Simulating water quality and hydrology
responses to growing biomass feedstocks
In the Mississippi River Basin
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Background

e Because of concerns about Gulf hypoxia, a number of
government agencies and other entities are working to reduce
nutrient loadings to Mississippi River Basin (MRB).

— USDA ARS developed assessments on contributions of MRB tributary
basins and potential reductions in nutrient and sediment loadings that
can be achieved through conservation practices.

— Federal agencies in the Hypoxia Task Force led by the USEPA are working
with the twelve MRB states to identify priority watersheds and develop
state nutrient reduction strategies.

— NGQOs, stakeholders, and local communities forged partnerships to
implement a plan for reducing nutrient losses.
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Background — Biomass production and water quality

Impacts of biofuel-based land-use change on water quality and
sustainability in a Kansas watershed
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Concerns about corn ethanol and its

RACT

h in ethanol production in the United States has sparked interest in potential land-use change
ssociated environmental impacts that may occur in order to accommeodate the increasing
r grain feedstocks. In this study water quality and sustainability indicators are used to eval-
Inpacts of land-use change to increase corn and grain sorghum acreage for biofuel production
fv Lake watershed in northeast Kansas. Water quality indicators include sediment loads per
land acreage and the relative increase of total nitrogen, total phosphorus and sediment loads

to the baseline conditions. Sustainability indicators include land-use, water use, and nutrient
Incies. Hay, Conservation Reserve Program (CRP), and winter wheat were selected as targeted
for conversion to biofuel feedstocks. The Soil and Water Assessment Tool (SWAT) was used
e 6 different scenarios. each at 10 land-use change increments, for a total of 60 simulations.
imonstrate that increased corn production generates significantly greater sediment loads than
grain sorghum preduction and larger relative increases in nutrient loads. Expansion of cern
brahum cropland by replacing hay or CRP land-uses resulted in the highest sediment loads
e increases in nutrient loads. Expansion of corn or grain sorghum by replacing winter wheat
roduced the lowest relative changes in nutrient and sediment loads and therefore may be a
hinable land-use change. Corn had a higher yield potential per km? compared to grain sorghum,
n better land, nutrient and water use efficiencies.

Impacts motivated this DOE funded
research.

e These two projects evaluated the
potential effects of adding future
cellulosic biomass production in the
Mississippi River Basin.
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21, 2009. Accepted August 3, 2009.

Many studies have compared com-base
ethanol on a per unit basis and have ge
that cellulosic ethanol will result in fawel
consequences, including nitrate (NO; )
takes a system-wide approach in consid
and the relative areal extent of hypoxia i
of Mexico (NGOM) due to the introducti
for biofuel production. We stochastically
loading to the NGOM and use these res
the areal extent of hypoxia for scenarios|
Independence and Security Act of 2007"
2015 and 2022 Crops for ethanol include
switchgrass; all biodiesel is assumed to
Our results indicate that moving from corn
ethanol production may result in a 20-perc
on mean values) in NOy~ output from the

Atchafalaya River Basin (MARB). This decr|
the EPA target for hypoxic zone reduction.
nutrient management strategy will be need
km? areal extent of hypoxia in the NGOM E‘.
the Mississippi River/Gulf of Mexico Watergag
Force evenin the absence of biofuels, given ‘

[ssessment of large-scale biofuel crops
ral regions of Michigan
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ABSTRACT

Corn-based ethanol production compromises goal
of reducing nitrogen export by the Mississippi River

Simon D. Donner*’ and Christopher J. Kucharik*

The challenges we face in transitioning to a global production of biomass as renewable
feedstock sources in a way that is both economical feasible environmentally sustainable
are ubiquitous. In this study, the Soil and Water Assessment Tool (SWAT) was used to
predict the possible long-term environmental implications, specifically water quality, due
to large-scale bioenergy cropping system expansion based on four landuse scenarios and
15 bioenergy crop rotations for four watersheds, totaling 244 model simulations. The study
area consists of four watersheds totaling 53,358 km? located in Michigan. The results
suggest that perennial grass species are the most suitable for large-scale implementation,
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whereas traditional intensive row crops should be implemented with caution on such

Edited by Robert Howarth, Cornell University, Ithaca, N, and accepted by the Editorial Board January 21, 2008 (received for review September 1, 2007)
a broad scale. Row crops also had the highest increases of high priority areas for sediment,
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Corn cultivation in the United States is expected to increase to meet

demand for ethanol. Nitrogen leaching from fertilized corn fields

to the Mississippi-Atchafalaya River system is a primary cause of

the bottom-water hypoxia that develops on the continental shelf

of the northemn Gulf of Mexico each summer. In this study, we
. - . .
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and water cycling and downstream transport of nitrogen and water
across the Mississippi-Atchafalaya River Basin to agricultural land
use practices and climate variability (4, 10-16). First, we used
USDA data to generate a series of spatially explicit land use
scenarios including a control case (based on 20042006 mean land
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nitrogen, and phosphorus. Based on the data from this study, it is not recommended that
marginal land be converted to any bicenergy rotation in aress with preexisting high
nitrogen levels. Statistical analyses demonstrate that perennial grass species significantly
reduce sediment on all lands except marginal lands. With the exception of row crops
cultivated on marginal lands and all agricultural land, the majority of bicenergy crops
significantly reduce total phosphorus loads.
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Scientific questions s s T

bioenergy needs while
maintaining or decreasing

Where are there trade-offs or
complementarities between
biomass production and
¥ water quality?

nitrogen, phosphorus, and
suspended sediments run-off
in the Mississippi River
Basin?

AR

Whatarethe | How might nutrient loadings M can Ioadlngs be m|n|m|zed by
contributions of tributaries to the Gulf change under conservation practices in
on downstream water assumptions about future conjunction with biomass

quality in the Gulf? biomass production? production?




Watershed modeling of the Mississippi River Basin

e Joint effort by Argonne National Laboratory
(ANL) and Oak Ridge National Laboratory
(ORNL) with support of DOE Bioenergy

Technologies Office A\) ‘\f\ ”

e Developed watershed models for each river ... \ ' !
basin in the Mississippi River drainage to Missouri Ve [_\ ;
assess water quality outcomes for biomass (Q‘jsis ipph,. w’j ?
production ' Ohio /
— Historical baseline landscape ‘,) /‘.«ji'
— Potential biomass future scenarios Qﬁ?;fﬁii. fssee
* Evaluated management practices associated ' '?-;gez;pi
with growing biomass crops

. \#. -ls
— Multi-purpose buffers ¥

— Tillage

— Cover crops

— Restricting tile drainage

— Nitrogen fertilizer management
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Future biomass production scenarios

e DOE’s resource assessments were conducted in Crop
2011 and 2016 exports
(’/00’

e A partial equilibrium model for the US
agricultural sector estimated the most I

profitable allocation of land to crop options,
including biomass crops and residues, from the
producer’s perspective.

Regional
crop
production
& acreage

Ag sector prices

Agricultural sector in all 3,110 counties and demands

* Available ag and pasture land is based on the USDA \
baseline for 10 y and then interpolated linearly.

Each year, price depends on demand and previous-

years supply for food, feed, industry, and export. Livestock
«  Profitability is estimated from crop budgets and production
yields, for a range of fixed farmgate prices for biomass. Outputs:
* Biomass yields are modeled for food, feed, fiber and  Annyal changes in county land
energy Crops use, production, & prices
* Represents 8 major crops and hay, livestock, food and
feed markets. For more information, see the Billion Ton 2016 Report:

www.energy.gov/sites/prod/files/2016/12/f34/2016_billion_to
n_report_12.2.16_0.pdf
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Economic projection of future landscapes (S60/dt, 1%)
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https://bioenergykdf.net/map?model=bt16

Composite transitions in land-area 2015 to 2040

Base-case scenario

1% annual yield increases
e $60/dt farmgate price

Corn (2015): 87.9

“Idle '(261—5_'): ?2.9- T

§ other Crops (2015262 =

Corn (2040): 84.7

= = Other Crops (2714_0}_223

E—

" idle (2040): 23.1

Soybeans (2015): 341/ / /

Wheat (2015): 55.9°
Herbaceous Energy

IPasture (2015): 47.0

Hay (2015): 57.6
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Soybeans (2040): 6.0

Woody Crops (2040): 14.2

Wheat (2040); 45.7

Crops (2040): 49.8

Pasture (2040): 9.8 B

Hay (2040): 56.0

High-yield scenario
* 3% annual yield increases
e $60/dt farmgate price

Corn (2040): 74.4

Corn (2015): 87.9

- = = ~ Other Crops (2040): 205 [
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Wheat (2015): 559 e
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~ Wheat (2040): 42.0

Soybeans (2015): 84.0 Soybeans (2040): 59.9

idle (2015): 13.0 Idle (2040); 23.1

Hay (2015): 57.7 Hay (2040): 56.4



Watershed modeling of the Mississippi River Basin

* The Soil Water Assessment Model (SWAT)
was used to evaluate current and

potential future landscapes.

White-Red
e MRB tributary basin models )

— Upper Mississippi River Basin (ANL)

— Ohio / Tennessee River Basin (ANL/ORNL)
— Missouri River Basin (ANL)
— Arkansas White-Red River Basin (ORNL) «a

— Lower Mississippi River Basin (ANL)

Gulf of Mexico
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How can we meet sustainability requirements for

Integrated production of food, feed and fuel?

Where might there be
hotspots with potential
impairments to water quality
and what are opportunities
for improvement?
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Soil erosion
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| Corn|Soybean|Wheat (11.2%)
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Urban (7.0%)
Water (2.7%)
Wetland (4.8%)
Other Crops (1.2%)
Forest (22.0%)
CRP lands (1.9%)

Alfalfa|Hay| Pasture|Range (19.1%)
Four Years Rotations (C,5\W,P) (30
Calibration Gauge

Validation Gauge

Reservoirs

WWT (100 - 30,000 Ton Niyr)
Industries (100 - 30,000 Ton Niyr)

®

Watershed loadings:
N, P, SS

|

Biofuel feedstock:
grain, residue,
perennial, energy
crop

Land use changes

Agricultural
management and
practices

Yield increase

Future production
scenario

Climate

Basin and watershed
scales




SWAT models represent historical landscapes

fopograpy Other model
drivers, inputs
Water use == Land use, . Climate
crop rotation
Sub basin ==, » Tile drainage
{&= Fertilizer v llege
* lrrigation
¢== Soil type » Point source

» Reservoirs

=
. . L SWAT
Calibration and validation
with 20-years measurements Hydrology: A
Pes—— Hydrologic Crop * Runoff
Cycle Growth * Evapotranspiration
» Groundwater
Ty + Integrated 4 * Soil moisture Y,
m JM _ m USGS STATID: 06935065 . u: Si m u | ati 0 n Water \
™ ¥ ~N e ¥ Quality: Crops:
Nutrient * Nutrients  Biomass
b < > Routing » Erosion * Yield
‘ Cycle .
* Pesticides )
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Missouri River Basin (MoRB)
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SWAT simulation and

regional analysis for a potential scenario

Future scenario

* Soy bean acreages
increase by 130 ha.

 Wheat acreages
increase by 23 ha.

o Corn acreages remain
same.

e Switchgrass grown
primarily in pasture land
in Kansas River
watershed

’E S Upper Missouri Rwer .fh

{.

Changes in annual loadings (kg for nitrogen,
phosphorus, tonne for sediments

» 200
é Suspended sediments
g 0 Total nitrogen -
Nitrate \ /
100 +—
Organic nitrogen /
50 |
\ /
(50) Organic phosphorus f
Soluble phosphorus \ ]
(100) —— \
To\al phosphorus/
(150)

Upper Yellowstone Middle  Middle Lower Platte River\ Kansas River Lower
Missouri River Missouri Missouri Missouri
River River River River

r\'{ Yellowstone Rnrar Mdd'E Missouri RWE

r/hgddle Lower Missouri Ruer
\W\
\?\‘\ Platte River J
Jous.
(\w_/x—f< Kansas River
“;\- Loweér Missouri River
**%J‘\ %:\%
1
/

0 125 250 500
e Vgl S

Baseline year: 2007

Wu and Zhang, 2015. ANL/ESD-15/13. Argonne National Laboratory.
Zhang and Wu. 2013. ANL/ESD-13/12. Argonne National Laboratory.
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Identify hot spots for nitrogen, phosphorus & sediment
loadings in Missouri River Basin under a future scenario

Nitrate &5 Organic 8 Total
Nitrogen . -~ -« Phosphorus

Changes (kg
[ -103-0
[s0-10. hat g = 5
I 10.0-285

Upper Missouri River

Total sediments, Total

1@”‘“5‘“9"'“’ JMaze issaun R and organic nitrogen,
Soluble ~T 3 Total, organic, and
phosphorus % ot .  Middie Lower Missourl River - soluble phosphorus
Paere i <——— Nitrate

b Kansas River |
1 Lower Missouri Rive

Wu and Zhang, 2015. ANL/ESD-15/13. Argonne National Laboratory.
Zhang and Wu. 2013. ANL/ESD-13/12. Argonne National Laboratory.
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Upper Mississippi River Basin (UMRB)

Upper Mississippi
River Basin

N
0 150 200 200 200
[  — NP
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Incorporate land use and management in the
Upper Mississippi River basin

Scenario

e Cornincreases 3.8 million
acres.

» Corn yield increase.

e 1.5 million acre increase in
idle land.

e Corn stover is harvested to

4.8 million decrease in
pasture and hay.

* No till increases 3.9 million
acres; conventional- and
reduced-tillage decrease
1.3 million acres.

a total of 48 dry metric tons.

Changes in corn yield, fertilizer application,
and tillage, and harvest indices

Corn yield
(dry ton/ha) v

=¥ T

-4.40 - 0.00
0.01-0.50
0.51-1.00
N 101 -1.50
I 151 -2.00
I :o1-228

Nitrogen
fertilizer
(kg/ha) :lﬂ"

-0.05 - 5.00
5.01 - 10.00
10.01 - 15,00
B 15.01 - 20.00
B :0.01 - 30.00
I 30.01-93.30

Corn grain
and stover
harvest

Y
=~ for corn
g

indices ove

0.61-0.70
B 071080
B 0.8 -0.90
N o1 -0.92

No till

(ha)

1,001 - 2,000
I z.001 - 5,000
B s.001 - 20,000
I z0.001 - 160,092

Compare with baseline year 2006

¥ OAK RIDGE Argon ne & Demissie, Yan, Wu, 2012, ES&T
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Estimated changes of nutrients, sediments, and hydrology
under a potential scenario

Changes relative to baseline
year (2006)

Nitrate Total Phosphorus

Change of Loadingm Change of Loadings »

Effects associated with biomass
production are mixed

Kitrogen, Phosphorus l I\
Sediment I l

Flow l
Evapotranspiration I

(2022-2006) (2022-2006)
NOz (KgN) Per ha TP (kg per ha)
= - -0.46 - -010 . .
=§Z ﬁfg B 0.00 - 005 Soil moisture content
[ -0.14-0.10 |:|;“-“4 -0.00
B o5 [ 1001-015
[1001-005 [ Jo16-0.30
[1006-0.10 B 0.21 - 0.45
I 0.11-1.16 B 0 46 - 1.46
U.S. DEPARTMENT OF Energy Ef'flCIency &
#;QQEIE{BSE Arggﬂﬂgkg Demissie, Yan, Wu, 2012. ES&T ENERGY  renewable Energy
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How do switchgrass, stover harvest, and yield influence
water quality and quantity in Upper MRB?

M Total N loading (g/L) Total NO3 loading (g/L)

r 8.0

Corn yield

Stover harvest

-9
o
Loadings per liter of ethanol
produced

increase | ™
* No change in acreages * 24% stover is collected e Grown on 10% of , ! 0.0
« Increased yield for corn for biomass pasture land Baseline
and ethanol ¢ Supplement fertilizer ¢ Fertilizer applied Corn yield Stover SWG
* Increased fertilizer applied * High yield range increase 24% harvest high yield
|_ application
i m Total P loading (g/L) Total sediment loading (kg/L) - 0.4
- - - - | _0
Biofuel production (Billion gallons) o3 s
. - @
T3
Fo2 £5
. ‘ : !;
Fo1l %
£
: %
Baseline year: 2006 . . : . -l oo 3
4.0% 7 . Baseline
Evapotranspiration ‘ eld st WG \
orn yie OVEr .
increase 24% harvest high yield SWItChgraSS

0.0% -

* On per volume of fuel production basis, nutrient and
Basin flow sediment loadings decrease when crop yield and
cellulosic biomass production from stover and
switchgrass increases.

-4.0% -

e

Surface runoff
-8.0%

1]
£
T

wl

[1:]
£

1]
<=
=

o
by

o X
'22.
=
a

4]

.

1%

)]

[-V]

[ =]

1]
=
(@]

-12.0%
Ve mn Shighyeras » Evapotranspiration increases whereas surface runoff
increase  harvest and flow decreases.
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Ohio River Basin (ORB)

| Ohio River Basin
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Potential effects of potential biomass production on water
guality quantity in Ohio River Basin

Scenarios
* 1% yield increase, $50/dry ton BAU Potential scenario
biomass. Evapotranspiration ~ ° 5 Ev?'apotranspiration

— Corn, soybean, wheat, and idle land
areas to gain 444, 91, 26, and 451
thousand hectares; hay and pasture to

Vo T
0 % T :"I 0 %+ ______ ﬁ

Change in hydrology (%)

decrease 1012 thousand hectares. " s T i 2
= . Soil water & Soil water =
— Stover harvest up t018%, total 7.3 o 3 f g
million dry-tons. -1 Flow g - Flowg |
— Increased conservation tillage and Total
decreased conventional tillage. ‘[Sogrone——pesAlos 0 ——

* Business as usual (BAU): 1% corn
yield increase.

» Compare with baseline year 2006.

: o = Total
| Sediments phosphory
| I
: ] |l 2
= X
sl .
I p I
I I
! e T
=50 -]
= T

otal nitrogen s Total nitrogen

=
8 ‘
8

Change in water quality (%)
F

U.S. DEPARTMENT OF Energy Efﬁciency &

%OAK RIDGE Argon ne é Demissie, Yan, and Wu, 2017. GCB Bioenergy, doi: ENERGY rcrcwabie Energy
_ National Laboratol‘y NATIONAL LABORATORY 10. 1111/gcbb 12466
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Tennessee River Basin (TRB)
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SWAT simulation of biomass crops in the
Tennessee River Basin

e \We compared two potential future scenarios, a base case and high-yield
scenario with the current landscape.

e Dominant biomass crops included willow, miscanthus, and switchgrass.

e SWAT model calibration and comparisons against data were challenging
because of the influence of dams and the sparse availability of field
measurements for this river basin.

e \We developed solutions including comparison against synthetic,
intermediate response variables derived from gage-derived
measurements. This required the development of a new calibration
methodology, SWATopt.

e SWAT model performance was reasonably good (median model
efficiencies = 0.83 and 0.72 for runoff calibration and validation; percent
biases generally within =25% for runoff and =70% for water quality) for
most subbasins.
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Future biomass crops in the Tennessee River Basin
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36°N

34°N

33°N

36°N

34°N

Hay was converted to
miscanthus and willow,
whereas pasture
converted to switchgrass
(overall pasture
increased).
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Simulated water quality in the Tennessee River Basin

Key findings:

= Large decreases in median total N loadings and concentrations...
= ... because less fertilizer was required to grow miscanthus and willow than hay.

= No significant change in sediment or total P (opposite sig. responses of soluble and
sediment-bound components).

N loadings

ORGN

NO3

SURNO3

GWNO3

Sediment, P loadinas

TSS

P

ORGP

MINP

SOLP

SEDP

% change in loading

Base case - Current

ne

ns

ns

ns

ns

ns

Flow, concentrations

FLOW

TSS

P

ORGP

MINP

N

ORGN

NO3

B S
A .
.

% change in flow, concentration

Definitions

TN: total N

ORGN: organic N

NO3: nitrate

SURNOZS: nitrate in surface runoff
LATNOS: nitrate in lateral flow
GWNOS: nitrate in groundwater flow
TSS: total suspended sediment

| TP: total P

ORGP: organic P

SOLP: soluble P

SEDP: mineral P attached to
sediment

MINP = SOLP+SEDP

%OAK RIDGE

National Laboratory
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SWAT-simulated changes in water quality from a

2015 baseline in the Tennessee River Basin
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Arkansas White-Red River Basin (AWRRB)
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Future biomass crops in the Arkansas-White-Red River Basin

60
8 f—
.E 02008
40
« 02022
o
m 2030
S 20
-
< ll
o\o 0 T T |_I il | [T
© & & X o S o o
(\\}@ Q,(b(\ {b(o \b\ (\0’0 ‘z\(s\ \\‘)&Q) ‘006\ . C§° @0 0%'0 Q\O {b&\QJ\\ 0’8\
§ & O ) o K
N N & QY o S
o < & @ <
% > < )
Current landscape Future scenario
e — POLYSYS Realization - 2022
[ Jcom I 7aiowidie croptand [ Wheat %2:;. =:::: = ::nurn
;}m e I vay [ | othercrops [l Deveioped [l on Coppice wood
i,::::::m=:\:m B Fasture " =::::n 5;:“ I High yiekd sorghum
W sovtean [ shruiand 5 Y 54 g -va:'bl -w::'"“ . i 1:0

$50 farmgate price for switchgrass

27 Managed by UT-Battelle 1% annual yield increase

for the Department of Energy



Results for Arkansas-White-Red River basins

Key findings:

» Substantial decrease in simulated median nitrate loadings and TN loadings
= Smaller decrease in median total phosphorus (TP) and sediment (TSS)

= Smaller decrease in water yield
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Percent Change in Mean Annual Loading
28 | Bioenergy Technologies Office Bioenergy future (1% annual yield increase, $50/dt)



SWAT-simulated changes in water quality for the Arkansas-

White-Red River basin
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Lower Mississippi River Basin (LMRB)
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Four major basins contribute to Lower Mississippi River basin
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Spatial distribution of nutrients and sediments from MRB to
the Gulf of Mexico

= Upper Mississippi River basin
accounts for ~50% of nitrogen

Ohio/Tennessee loadings to Lower Mississippi

River basin Upper Mississippi river basin.

15.0 River basin
/ = Ohio/Tennessee river basin
contributes to a majority of flow
10.0 and phosphorus.
issour | Missouri_ River basin is
River responsible to most of the

5.0 basin sediments.

< = Lower Mississippi River basin

contributes 17% of the
0.0 streamflow, 42% of the
Flow (1000 cms) Sediments (10E9 Nitrate (10E6  Total Phosphorus Sediments’ 10% of the nitrate’

Afansas tonne) tonne) (10E5 tonne) and 16% Of the phOSphorus
River into Gulf of Mexico.
asin

Ha, M., Z. Zhang, & M. Wu. 2018. Science of the Total Environment, 10.1016/j.scitotenv.2018.03.184.
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Cross-cutting insights

« The Upper Mississippi, Ohio River, and Missouri River basins have been
identified as major sources of nitrogen, phosphorus, and suspended sediments
to the Gulf of Mexico.

» Our results suggest that loadings in these and other basins can be reduced by
growing biomass such as switchgrass, short rotation woody crops and the
degree of reductions can vary across tributary basins.

e Assumptions regarding biomass crop replacement and associated
management (fertilizer, tillage, and others) were important to the outcomes.

* In watersheds and economic scenarios where annual crops, hay, or pasture
were replaced by perennial biomass crops, SWAT predicted improvements in
water quality. Harvesting annual crop residues also had beneficial effects on
reducing nitrogen.

» Evapotranspiration increased, surface runoff and soil water decreased under
the potential scenarios examined in most basins.

» In all basins, geographic variation in water quality outcomes occurred, with
some areas serving as nutrient or sediment sources and others as sinks
relative to that simulated from a current landscape.
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| essons learned

 As DOE labs, our expertise is in modeling management of biomass crops,
economic assumptions, projected land management, and simulating water
quality implications.

 Model fitting at large regional scales was challenging, and approaches such as
functional validation and use of synthetic data such as USGS regional loading
models were helpful.

« Watershed modeling requires attention to many variables not of immediate
Interest (conventional crops, tile drainage, point sources, dams and reservoirs).
Therefore collaborations, e.g., SWAT developers, USGS, USACE, TVA were
Important.
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Conservation practices

* Biomass feedstock specific

« For short-rotation woody crops, P Gl
. . Practices on Agricultural
filter strips S
. ags . TrribLlJtarry Basins of the
» For perennial grasses, fertilization

« For conventional crops:
— Stover removal rates
— Fertilizer management (type,
timing)
— Riparian buffers
— Tile drain mitigation

https://energy.gov/eere/bioenergy/articles/volume-2-2016-billion-ton-report-
analyzes-potential-environmental-effects
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Two river basins with different feedstock profiles

Arkansas-White-Red River Basin lowa River Basin
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‘Best’ practices revealed trade-offs between indicators

a) miscanthus b) switchgrass
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Larger trade-offs between yield and
nitrate than yield and TSS or TP,
primarily caused by variation in
fertilizer amounts.



Trade-offs: Locally ‘best’ practice depends on indicator

NO3: Conventional till, least fertilizer, tiles only on flat land

Practices that minimize NO3 for high yield sorghum (HYSG)

(Pie charts repressnt proportion of area af HRUS repressnted by each practice)

e

I 101 kg N NT. C-1 tiles

~J _
[N [T 101 kg N. €T, 01 tiles

e =

155 Area of HYSG (5q km)
) 3 00-08
10-22

[ EEREY

Lot
80 Kilometers 7%

A

0 20
[EEE
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Practices that maximize yield for high yield sorghum (HYSG)

(Pie charts represant propertion of area of HRUs reprasented by each practice)
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TP: Mostly no till, least fertilizer, tiles only on flat land
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Practices that minimize TP for high yield sorghum (HYSG)
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Win-win opportunities occur where the
same practice benefits yield and water
guality indicators
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Geospatial results — lowa River Basin

Tile drain (<2%) Cover crop Nitrogen Buffer _50m, Buffer 50m, main
management basin stem
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» Loadings of nutrients
and sediments exhibit
strong heterogeneity
across the
landscape.

= Removal of
sediments and
phosphorus is
correlated with the
size of flow and
stream network when
buffer is installed.

I -29.99 - -20.00
I -19.99 --10.00
P 9.99--500
P 499--250
[ 249-100
1.01--050
-0.49 - -0.20
-0.19-0.00
0.00
0.01-0.20
0.21-050
P os1-1.00
[ 101-250
B z51-500
I s.01-10.00
B 0.01-20.00
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Key findings — lowa River Basin

Removals Relative to a Potential Scenario (%)

Suspended Sediments Total Phosphorus Total Nitrogen Nitrate
Buffer, 50m, entire lowa River stream
network 22.7% 22.7% 10.8%
Nitrogen.fertilizer management 5 6% 9.9% 10.9% 11.4%
(scheduling)
Tile drain (<2% slope) 1.8% 1.7%
= Riparian buffer is most effective in = A combination of the four conservation
reducing suspended sediments. Degree practices could result in substantial
of reduction increases with buffer improvement in this region.
coverage. = Results may be applicable to regions
= Limiting tile drainage to the land with with similar soil, climate, landscape, and
less than 2% slope could significantly crop systems.

reduce nitrate loadings to downstream
communities.
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Simulation of riparian buffers in Lower Mississippi River basin

Multipurpose-
buffer installed

Changes of nutrients and sediments in regional

for biomass watersheds relative to baseline year 2012
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Benefit analysis of riparian buffer in agriculture land in

Lower Mississippi River Basin

= Buffer can be harvested as biomass.

= Use nutrients trapped in the soil to
grow switchgrass as buffer.

= Factors considered: buffer installation,
fertilizer savings, biomass value, crop
production.

Findings:

= Net returns increase with increase of
switchgrass yield, switchgrass market
price, and fertilizer prices; and
decrease with an increase of buffer

installation cost and crop land loss to
buffer.

= Results vary from state to state in the
lower MRB.

. National Laboratory NATIONAL LABORATORY

Costs and benefits of RB ($/halyear)
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Summary — Management practices and water gquality

» Riparian buffers were highly effective at reducing loadings of sediment and
phosphorus in lands growing annual crops and residues (IRB and LMRB).

 Filter strips for short-rotation woody crops and corn/soy bean were effective in
reducing all loadings with no significant effect on willow yield (AWR and IRB).

« Cover crops were effective in reducing nutrients and sediments runoff from annual
crop land with residual harvest (IRB).

» Avoiding tile-drains on >1% slope was effective in reducing nitrogen loadings and
still provided a yield benefit (AWR and IRB).

« Scheduling of nitrogen fertilizer reduced nitrogen loadings comparable to that
associated with planting a riparian buffer (IRB).

« Compared with conventional till, no-till production of annuals was associated with
lower phosphorus and sediment loadings, but not lower nitrate loadings (AWR
and UMRB)

 Integrating multi-purpose riparian buffer planted in switchgrass is an attractive
strategy to effectively trap nutrient loss from agricultural land while producing
biomass for energy production (LMRB).

« The profitability of implementing buffers is constrained by switchgrass price, the
cost of installation of buffer, and loss of conventional crop acreage (LMRB).
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