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Nature, gives us a lot of information.
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Two-Stage Ditch Design
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Benefits of a Two-Stage Ditch




US EPA ARCHIVE DOCUM




US EPA ARCHIVE DOCUMENT




US EPA ARCHIVE DOCUMENT




US EPA ARCHIVE DOCUMENT

Improves ditch bank stability and
| reduces bank sloughing
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| Improved in-stream habitat
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Two Stage Site Selection Criteria

Is the 2-stage ditch installation accompanied by a
conservation buffer? (20 Points)

Is the project's drainage area less than 7,500 acres? (20
Points)

Is the depth of the ditch (top of bank to water) less than 10
feet? (20 Points)

Is there significant woody vegetation that must be
removed? (Significant means more than just a few scrubby
trees and shrubs) (30 Points)

Is there adequate area for spreading the spolil on-site? (20
Points)

Is the channel to be constructed a contiguous channel of
0.4 miles long or greater? (20 Points)
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Two Stage Site Selection Criteria
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2-Stage Ditch Costs
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wo-Stage Construction
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Design and Engineering Using

Simple Tools

CALCULATED EARTHWORK FOR TWO-STAGE
188,707  Earthwork Velume (cubic ft)
6,980 Earthwork Volume (cubic vds)
33 Earthwork Volume (cubic vds/linear ft)

CALCULATED COSTS FOR TWO-STAGE CONSTRUCTION

17

FARTHWORK COSTS FOR TWO-STAGE CONSTRU

Exuﬂtiln Cost ($ per cubic vd)

513,978 Total Earthwork Costs (5)
56.99 Cost per Linear Foot ()
Cross Section View Earthwork Balance: cut 94 sq.ft. Bench Elevation: 1.8 ft
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Breakdown of Project costs

Seed and Cost Breakdown ©Outiets
Seeding and

10% Erosion
Control Survey, Design
5% __and Inspection
20%

arth Work
65%
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Two-Stage Ditch Locations

2 Stage Ditch - Indiana
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Red Dots - interested in finding sites
Green Dots - implemented projects
White Dots - potential projects in planning
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wo-Stage Ditch Resources
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agricultural streams
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3. Does the two-stage ditch increase N removal?
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Two-stage sites to capture a range of ditch
characteristics, particularly age and N load
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Demonstration Project in Shatto Ditch, Indiana:
Experimental Design

e Upstream control reach: Upstream

— Trapezoid design control reach
(600 m)

e Downstream treatment:
— Two-stage design

e Before-After-Control-Impact
(BACI)

— 1 year of pre-restoration data
(2007)

— Up to 4 years post-restoration
data (2008-2012)

 Sampling:

— Continuous turbidity & depth
measurements (every 30 min)

T . Downstream
— Periodic surface water sampling

o - treatment
— Seasonal denitrification transects reach (600 m)
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What is the flow regime in Shatto Ditch?

E Two-Stage constructed
E * Flashy discharge 1
=] ¢ Typically, low flows Kl
g in late summer, high 2 .
0 flows in spring ﬁ
o L4
g e Benches inundated 8
- times in year 1, and ol
- 16 times in year 2 L
O . . e
E * Most Inundatlon Benches Inundated Days Inundation
events |aSted < 2 Year Heac: . Inundated Events
2008 Benches (top 5 cm)
E days, bUt tOtaI Benchestms 15cm > °
W inundation ranges Sresn T
v from 29-132 days. 009 genches(topsem) |,
: Benches (top 15 cm
Stream CTL
Stream TRT
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Benthic sediment size on stream bottoms
increased in older two-stage ditches

80 .
% Increase

o 60

©

) )

= _.‘,5 40 '

O3g \ Increase in

/%/M gravel and
— © ]
[ E=N cobble; slight
.. = I b) . .
Minimalorno ® 2 increase in clay
. . E +— _20 ]
iy

increase in o ? Sit
larger S 2 -40 [ Sand
substrates 5 EE Clay

o -60 - 1 Gravel

h I Cobble % decrease

-80

Creel Klase Crommer Bull CEAP
(Lyr) (Byrs) (4yrs) (7yrs) (10yrs)

Take Home: Two-stage effect on substrate is delayed; starts
to appear in ditches > 4 years old

Tank, Davis et al. unpublished data



Prediction 1: Two-stage will |, turbidity,
J, total suspended solids and |, total phosphorus

* Equipment
— HACH Hydrolab MiniSondes:

Turbidity = water clarity >
— Capacitance Meters: :
] ] Self-cleaning
Depth to estimate continuous Turbidity Sensor

www.hydrolab.com/sondes.asp
flow as well as frequency &
duration of floodplain inundation

e Linking continuous measurements
with sediment & nutrient export:

TSS (mg 1Y) log

Goal: use turbidity as a proxy for TSS, which
has been shown to correlate with TP
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Turbidity (NTU) log




Two-stage reduced water column turbidity in 4 of 5
streams, which correlates with reduced sediment

=
=
- 300
E /3 Trapezoid
: 250 - EE ?-stage
g paired t-test
0 Powers: S 200 =p<0.05
w turbidity E
S increased due | > 150 |
— to improper 9

. @)
m® | construction, = |
@) = 100
o bank % . .
oI slumping 50 | I I * I *
< SN BN BN BN NN
m 0’\;\\ ,\’\)\\ 2 \‘(6\ o \)(‘?) 6\;\6\

W T @Y GO e

Tank, Davis et al. unpublished data




Turbidity correlated with water column TSS in 2 of 4 streams

E — . s e Turbidity correlates
E o[ O s _, Fow - . *RAN strongly with TSS over
S :f oo * &7, ;g. FAS range of discharge
04 1"Ce @ 5 2 0346 0]
O T SR .
2. y e Relationship between
w = 02 o RID| . § <SHA streams not significantly
a 2 o) Z on S I R different (ANCOVA, p =
00 :. * *C 05,0 2 Q¢ _ O s 0670)
E Turbidity (log) Take home: With no additional
< R maintenance, the two-stage
o E — ditch slowed water velocity
(11] ? e RAN during storms and allowed
7)) g . o sediments to deposit onto
- N benches.

LOG(NTU)

Tank, Davis et al. unpublished data




Turbidity predicts TP across multiple agricultural streams

h 2.5 3.0
z . o 25 | 5 e o® 5 3.5
w M o) et o _ 30"
(] e ] 1

E 15 | o 15 S, 25
:. 104 % v 008 2'07 e cTL ? 20 -
u g s POW p < 0.000 O'Z I RAN O ZStge o '
o i -05 00 05 10 15 20 25 ' -05 00 05 10 15 20 25 % 15

C\D 35 3.0 O 10 7
Q T s0 R .’ — 05 | 2 = 0.044
m & zz o (@O e 201 ® OSOQ.?%%O ° 0.0 p 0.003

“lo % e © 15 b 5 Q@ o
> jW o 05 00 05 1.0 15 20 25
= RID f=o0157 051 SHA
: 22 p = 0.004 0.0 LOG(NTU)
u -05 00 05 10 15 20 25 -05 00 05 10 15 20 25 . POW
(a4 Turbidity (log) o RAN
< Turbidity was correlated with TP in 2 of 4 = RID
: L ¢ SHA

E streams, but relationship significant when
T data pooled from all 4 streams.
g Take- home: real-time turbidity may be useful in predicting TP

export from agricultural streams

Tank, Davis et al. unpublished data




Two-stage reduced TP in 2 of 4 streams, but is site dependent

= °* Two-stage decreased TP at 2 of 4 sites; TP varied
E among sites. Farming practices do matter. TP (pg 1)
< e Using paired data (TRT-CTL) from 4 streams, mean (SE)
S two-stage had significantly lower TP _ Trapezoid 2-stage
@ co.ncentrations (paired t-test, p=0.04) EE ) 30 (4)
@] < Paired sam.ples suggest two-stage could reduce 146 (14) \ 134 (21
- TP export; influences SRP 163(3) 201 (20)
LLl Manure applied to m 48 (3) 47 (3)
} two-stage reach.
E -~ 800)/ USDA'A'?'@S " crease in two-stage )/
> 200 A pow\
= 4 = @ ran N ™
= € SHA ] .
= Yy 2 8%, . ‘ll’!latllh.“lll't a ||gg.! 5 ‘I’ 2
Q. = * TR eeeeytt o OF o
- o T e ° ¢ 9
m '21 [ | ¢ Decrease in two-stage
- | 20— —F— —— ————————————————————————
10/1/2010 2/1/2011 6/1/2011 10/1/2011 2/1/2012 6/1/2012
Time (yr)

Tank, Davis et al. unpublished data
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Two-stage reduced SRP concentrations, but site dependent

ASRP concentration (ug/L)

-100 H

150

Shatto - Pilot Study

T Increase in two-stage

<
* QQ‘QQ A

"0/

:l' Decrease in two-stage

100 + *
50 - *
O 4
IS * »
*® *
50 4 ‘e o ®
-100 -
-150 T T T T T .
1/1/2006 1/1/2007 1/1/2008 1/1/2009 1/1/2010’ 1/1/2011 1/1/2012
400
USDA - 4 Sites
300 - -
A POW
200 -+ @ RAN
B RID
100 - ® sha " =

l4>

7/1/2010 11/1/2010  3/1/2011 (T17701T

Time (yr)

117172011

3/1/2012 7/1/2012

\/

e SRP not as variable;
reduced in 3 streams

e Using paired data: two-
stage reduced SRP
concentrations (paired t-
test, p=0.04)

P
mean (SE)

_ Trapezoid :
shatto  [EEEENWD

67 (2.1)

25 (2.7)

19 (1.3)

43(2.0) 50 (2.0)
A 15(03) 14 (0.3)

Take Home: Effects of two-stage on TP & SRP depend on land
management & quality of two-stage construction

Tank, Davis et al. unpublished data
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Take home: Benches “mature” through time. Two-stage denitrification
Improves as it ages without additional stream management

Denitrification rate

1.2

Main
channel

Foodplain

=
o

©
(o]
1

(ug N DM™ h™)
o o
N (o))

o
(N

0.0 -

in-stream young (1-3y) mature (>7Y)

Our initial estimates of N
removal were made on young
benches (i.e. Shatto Ditch)
Denitrification rates generally
higher on older floodplains

Older floodplains have richer
soils, which can support
higher denitrification rates

During flood events, two-stage
increases reach scale N-removal
2-14x relative to trapezoidal reach

N Removal (g/day)
per half-mile of two-stage

percent organic matter

14

8000

6000 H

4000 -

2000 -

12
10 -

o N B~ OO @

soil richness

lyr 3yr 5yr 7yr >10yr

Floodplain aae

s Main channel removal
3 Floodplain removal

3X 4x

13x

14x

Creel Shatto Klase Crommer Bull CEAP
(Lyr) (2yrs) (3yrs) (4yrs) (7yrs) (10yrs)

Tank, Davis et al. unpublished data



Did two-stage decrease NO,™ concentration?

E 2888 | shatto - Pilot Study ,I\ Increase ’,’n two_stage:
3000 - . : .
E 2000 | ., PN No decrease in
~ - * PR * 0‘0.0
= T o T I et NO," at Shatto over
u- é -gggg 1 * N ¢Decrease in two-stage 5 yea rs’ Ve ry high
S - ' ' ' ' .
g & 0%y g0 g0 g0 oty \20\,2 and variable
i Also no change
USDA - 4 Sites _—
] o 2000 | : . across 4 additional
- Z 1000 | . ,
T < 0 ol . sites over 2 years
-1 1 [ a pow . ® @ .
E 000 | | & o ° with more frequent
< iggg s sha o | | sampling
3129y 20 m%ﬁ 1\*‘20& \«,\20" \«,\20*2 L yi29%
o A\ A\
LLI Time (yr)
7, Take-home: NO; is currently too high in these streams to be reduced solely by
- 600m of two-stage . Efficacy would be improved if length extended and practice

combined with other land management practices to reduce NO; inputs.

Tank, Davis et al. unpublished data




Two-stage floodplains can reduce NO; in tile outflows

&

tile drains are a source of
highly-concentrated NO;

20 % NO;" Reduced

18 -
™1 TD2 TD3 ™4

16 -
pilot study: NO;™ concentrations reduced by 6-19%

14 -
12 -
as water flows along floodplain

10 -

S N 2 O

aerial schematic

Take-home: Retaining tile drain flow on benches during
base flow may improve N removal efficacy; trials planned.
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Tank, Davis et al. unpublished data
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Returning to our predictions on effects of two-stage :

1.

2.

Reduce water column turbidity, sediment and P export

Yes. Turbidity was lower in properly-constructed two-stage
ditches; TSS, TP, and SRP were also lower in two-stage.

Increase particle size of benthic sediments

Yes. But substrate effect takes time to appear, evident in two-
stage ditches 2 4 years old.

Increase reach-scale N removal

Yes. Two-stage denitrification was 2-14x higher; but nitrate was
not lower due to very high N loading.

Roley, S. S., J.L. Tank, M.L. Stephen, L.T. Johnson, J.J. Beaulieu and J.D, Witter.
2012. Floodplain restoration enhances denitrification and reach-scale nitrogen
removal in an agricultural stream. Ecological Applications. 22: 281-297.

Roley, S. S., J.L. Tank, and M.A. Williams. 2012. Hydrologic connectivity increases
denitrification in the hyporheic zone and restored floodplains of an
agricultural stream. J. Geophys. Res- Biogeosciences.. doi:10.1029/2012JG001950



wo-stage ditch efficacy improves when:

* Floodplain benches are inundated regularly.
—Shatto Ditch averaged 12 inundation events per year.

e Tile water flows across floodplains for as long as possible.
— Construct so that tile outlets are not rip-rapped.

* Floodplain benches “age” better when vegetated.
— Species identity secondary, does not affect N removal.

Take-home: The two-stage is a self-sustaining practice that
potentially reduce nutrients and sediment in agricultural
streams and can coexist with productive agriculture.
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Two-stage Infor
Nutrient and sediment abateme fww(WUniversity of Notre Dame)
Jennifer Tank tank.1@nd.edu
Rob Davis rdavis10@nd.edu

Site Evaluation and channel stability (Ohio State University)
Andy Ward ward.2@osu.edu
Jon Witter witter.jon@gmail.com

Implementation, outreach, and costs (The Nature Conservancy)
Carrie Vollmer-Sanders csanders@tnc.org

Kent Wamsley kwamsley@tnc.org

Economic valuation (University of Minnesota)
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Geoffrie Kramer kram0268@umn.edu




