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The Prairie Pothole Region
(PPR) covers approximately

700,000 km? of central
North America.

Photo Credit: U.S. Fish and Wildlife Service (Jim Stutzman)
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Photo Credit: Ducks Unlimited Canada



EXPLANATION
e Limits of glacial advances

Des Moines e o prominent g nd
Lobe tas of generally low-relief -

pacial terrain

Terrain Characteristics

* fresh glacial till
* no loess cover
* bands of knob and kettle terrain
* areas of level terrain

* poor surface drainage
* natural lakes, wetlands



Fresh Basal Till - Canada
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DML Supraglacial Till
Morgan/Pilot Knob Mbr
highly variable in texture: loam,
sand, gravel, silt.
Transmits groundwater.




DML Subglacial Till
(basal till)
Alden Member
uniform loam texture
higher bulk density.
ransmits little groundwater.
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Glacial Landform Features of
the Great Lakes Region

 Areas of level terrain

Kettle lakes
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* natural lakes and wetlands
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Arnolds Park, Lake Okoboji, Dickinson County photo by Timothy J. Kemmis



Watershed-Lake Interactions

surface water and groundwater
connections
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Different types of groundwater-lake Interactions

Lakes can be fed by
groundwater inflow

Lakes can lose water
by groundwater
seepage (outflow)

Lakes can both receive and
lose water as part of regional
groundwater flow system
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Figure 16. Lakes can receive ground-water inflow (4),
lose water as seepage fo ground water (B), or both




Lakes as part of regional groundwater flow systems
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Lakes in undulating terrain can be part of series of water bodies
where the water table intersects the land surface downslope



Water-table contour

Roundup Lake
1158.39

Island Lake
1155.28

Hackberry
Lake™ ——X

®
1155.56 _ 7

99 Crane

Lake ™
15275~ 1153.94

1 KILOMETER

Example where wells define the hydraulic head relations around a series
of lakes and identify groundwater flow paths



How to characterize groundwater
Inputs into a lake?

. Clear Lake approach: . coio
Nested wells (wells at 2
different depths) next to lake
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West Lake Okoboji
Watershed Approach

« We used a watershed approach to
evaluate shallow groundwater
contributions to lake water quality

« Because groundwater conditions at
distal locations discharge as
baseflow into streams that feed into
the lake

« Combined groundwater quality
with hydrologic properties
(recharge, flow rates) to quantify
Igrii)undwater nutrient inputs into the
ake




Drainage district
tile mains

Complicated
groundwater flow
system

Numerous small
lakes and ponds

intersecting flow
paths

© Monitoring well
~F 0051 2 3

4
Kilometers

Drainage crosses
watershed
divides



West Lake
Okoboji

Groundwater
Investigation

Network of 22 water
table wells

Purpose:

Characterize
groundwater nutrient

_. concentrations and loads
/ ot Conoctinala discharging into the lake

& ,/]ume Sioux River
' near Spencer

02550 100 150 200
R — o meters

© Monitoring well

0051 2
Kilometers
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Land Use

Row crop 32.2%
Perennial 26.6%
Residential 9.9%
Urban 5.5%

Golf course 1.7%

Legend
® Water monitoring wells
——— Commercial roads - 87 km

Type
Crops - 2497 ha

B urban - 427 ha
Golf Course - 129 ha
I Perennial Grass - 1905 ha
I Perennial Trees - 141 ha o
Residential - 764 ha

B Wator - 1887 ha 0 05 1 2 Kilomelers
T




Water table fluctuations
$ | | | e

P (mm)

300

250 -+
200 A
150 A
100 -

-D?HHDQDQ-@D7BD”un?ngne-7nvn@Qﬂﬂneﬂ

Depth to Water (m)
w

=1

——@— Lakeside
@ e Midslope
— . —  Upland

: £ A
% | g 4
A b4 & | ® o0 OOA. qﬁI \
/ 4 A % .
/ %\ / x I S
A "A / 4 '
\ /A -\ |
\ / Wl
\: I
v,

Static water

/ table next to
: lake

—
Larger water table
—— fluctuations in
uplands
L~

1]‘1"'1‘1"!1'1[1'1"1 LN B E B I B AR B A B |

2012 2013 2014



Relation of baseflow (Qb) to groundwater
recharge (R)
R—Qb =4S

Over long period of time 45 = 0 and thus R = Qb
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P (mm)

Baseflow as Recharge in West
Lake Okoboji Watershed
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Monthly baseflow in
Little Sioux River
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Baseflow and water table
fluctuations were significantly
correlated at monthly scale

(r=0.73 to 0.79; p<0.05)

Supports use of baseflow to
estimate groundwater
recharge in the watershed



Water table fluctuations —
continuous measurements

(m)

No seasonal trends

Narrow range of
fluctuation

Indicates little
groundwater recharge
occurring beneath
pavement
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Groundwater nitrate concentrations In
West Lake Okoboji watershed

18
Mean values:

18] Cropland.................... 8.8 mgl/l

e Perennial... . cusroomanes 0.1
Residential................. 2.4

12 4 Golf course................ 0.3
Bioswale..................... 24

10 4 Urban pavement........ ) 4

_ [

Crop  Perennial Resi- Golf Bioswale  Urban
dential course pavement

Nitrate-N Concentration (mg/l)
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Groundwater dissolved phosphorus
concentrations in West Lake Okoboji watershed
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= Mean values:
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Nitrate Load Allocation

Land cover types

NO3-N (mg/l) Groundwater Loading rate (kg/ha) Groundwater Load (Mg) Proportion of total
recharge (mm) GW load (%)
Area
(ha) 2012 | 2013 | 2014 | 2012 | 2013 | 2014 | 2012 2013 2014 2012 2013 2014 2012 | 2013 | 2014
Commercial 427 025 3.15| 64 9.0 7.5 0.00 0.02 0.24 0.00 0.01 0.10 0.0 0.1 0.8
Golf Course 129 | 052 033]| 0.17| 64 90 75 0.33 0.30 0.13 0.04 0.04 0.02 0.2 0.2 0.1
Perennial 2046 | 0.10| 005| 0.06| 64 90 75 0.07 0.05 0.05 0.13 0.09 0.09 0.7 0.5 0.5
Residential 746 211 2.56 1.66 | 64 90 75 1.35 2.31 1.24 1.01 1.72 0.93 2.3 94 ol
Crop 24971 1123 | 731| 6.28| 64 90 75 7.19 6.58 4,71 17.95 16.43 11.75 93.8 | 89.8 | 91.2
otal 1913 | 1830 | 12.89 /

Concentration X Recharge = Load per unit X

area

Area = Total Load

Row crop areas

contributed ~92% of

nitrate load to lake




Phosphorus Load Allocation

P concentration Groundwater Loading rate (kg/ha) Groundwater Load (kg) Proportion of total

(mg/l) recharge (mm) GW load (%)
Commercial 0.050 | 0.050 | 6.4 9.0 7.5 0.000 0.005 0.004 0.0 19 1.6 0.0 0.7 0.3
Golf Course 0.053 | 0.037 | 0.053 | 64 90 75 0.034 | 0.033 | 0.040 4.4 4.3 5.2 15 | 15 | 11
Perennial 0.077 | 0.060 | 0.116 | 64 90 75 0.049 0.054 0.087 100.8 110.5 178.4 ’ 343 | 40.1 | 37.9
Residential 0.100 | 0.073 | 0.300 | 64 90 75 0.064 0.066 0.225 47.7 49.2 167.9 16.2 | 179 | 35.7
Crop 0.088 | 0.049 [ 0.063 | 64 90 75 0.057 | 0.044 | 0.047 141.2 109.6 117.7 || 48.0 [ 39.8 | 25.0

Total 2041 | 2155 | ar07/ ]|

Phosphorus loads

more evenly

distributed among
different source areas




L_oads during study period were
below normal

500 120 - 2000
E ° .
£ 400 | \ 100~ | 1600
5 | =
[t I 80 a
° o
£ 300 1 £ 11200 <
3 @ g
(1 \ 2012-14 study + 60 3 S
= * oo period > ©
g 200 ‘e, Average recharge ) 800 9
- 40 o
-8 »: e 9 *-9-o_ g
3 100 A Z | 400
o .—-.__! I 20
O .,
]
0 , : : - Lo 0
0 20 40 60 80 100

Percentile




Vi of 1 Iabe 10m the L abeide Lab bosthelsw dook

N and P loads to lake from
shallow groundwater

« Volume of lake ~146,186 ac-ft

« Mass of N delivered to lake = 16.8 Mg

 Produces concentration = 0.093 mg/I (lake = 0.12 mg/l)
 Shallow groundwater may account for ~80% of nitrate

« Mass of P delivered to lake = 347 kg
 Produces concentration = 0.0019 mg/l (lake = 0.021 mg/Il)
 Shallow groundwater may account for ~10% of phosphorus



So what does this mean for nitrate loading?

 Nitrate contribution consistent with nonpoint source
loads from row crop watersheds (92% in Raccoon River
TMDL)

« Average nitrate concentration beneath cropped areas
(8.8 mg/l) and annual yields (4-7 kg/ha) lower than
expected due to drought

 QOther sources less significant

» Residential areas (5-9%) due to leaky sewers, septic
tanks, urban fertilizer

» Golf courses not important N or P sources



So what does this mean for P loading?

« P concentrations did not vary substantially and loads
more evenly distributed among source areas

P concentrations typical for lowa groundwater
« Highest beneath bioswale

Fill media may be source of P
Leached from decomposition of fill

Increase in P concentration in
Arnolds Park bioswale associated
with reducing conditions developing
In groundwater




Nitrate load reduction strategies

% Nitrate-N Reduction

Practice
[Average (Std. Dev.)]
Timing (Fall to spring) 6 (25)
: Source (Liquid swine
Nitrogen , 4 (11)
compared to commercial)
Management _ S : .
Nitrogen Application Rate | Depends on starting point
Nitrification Inhibitor 9 (19)
Cover Crops (Rye) 31 (29)
Perennial — Land retirement KS(QN .
Perennial — Energy Crops \72 (23)} watershed
Living Mulches 41716)
Extended Rotations 42 (12)
Drainage Water Mgmt. 555 b yd e
Shallow Drainage 32 (15)*
Edge-of-Field Wetlands ( 52 ) Ongmfr;g and
very effective
Bioreactors 43721)
Buffers 91 (20)**




Phosphorus load reduction strategies

Groundwater sources more ubiquitous

Can P concentrations in row crop groundwater get
any lower (0.07 mg/l)?

» P loads from residential areas should be targeted —
detailed source assessment needed

 Urban BMPs should use low-P fill media

Ag-runoff likely source for most P
delivery where traditional BMPs are

use change, etc)




Conclusions

« Surface and groundwater sources are interconnected in lowa’s

prairie lake systems a5 b2
 Watershed approach.is useful to,a%se_ss_hydrqlogy and nutrient
inputs ' % B4

 Nutrient inputs to lakes vary between N and P: Nitrate
primarily groundwater and tile drainage whereas P is
associated with runoff ' -

 Nutrient transport pathways into account-when implementing
of BMPs to get greatest bang for buck




The end... :

Questions?



