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Short Biography

Dale Robertson is a Research Hydrologist with the U.5. Geological Survey, Wisconsin Water Science Center in Middleton, §
Wisconsin., He is an Adjunct Professor at the University of Wisconsin-Green Bay, Michigan Technelogical University, and
University of Toledo, and a Honorary Fellow with the Center for Limnology at the University of Wisconsin-Madison. His
current research with the USGS deals with modeling eutrephication and mixing in lakes, estimating loads and
concentrations of nutrients and sediment in streams over large geographic areas, such as the Great Lakes and
Mississippi River Basins, developing nutrient criteria for streams and rivers, and examining the effects of climate
change on the physical dynamics, ice cover, and productivity of lakes.
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Biogeochemistry - Hydrology/Limnology

Education
s+ B.S. in Biclogy, Chemistry, and Mathematics - 5t. Norbert College, DePere, Wisconsin, 1976-1981.

+ M.5. in Oceanography and Limnology - University of Wisconsin-Madison, Wisconsin., Thesis: "Interbasin Separation and Its Impact on the Annual
Heat Budgets of the Individual Basins in Trout Laks, Wisconsin," 1981-15984.

+ Ph.D. in Oceanography and Limnology - University of Wisconsin-Madison, Wisconsin. Dissertation: "The Use of Lake Water Temperature and Ice

Cover as Climatic Indicaters”, 1984-1589.

« Post-Doctoral Research Fellow, in Reservair Modeling - Centre for Water Ressarch, University of Western Australiz, Perth. 1585-1351.

Eutrophication - Mutrient Transport and Fate
Limnology

Water-quality modeling in Lakes
Watershed modeling (SPARROW)

Influence of environmental fackors,
watershed management strategies, and in-
lake management alternatives on the water
quality of rivers and lakes

Climate Change - Ice as climatic indicators
Regicnal loading estimates

Projects

Publications

Robertson, D.M.. Saad, D.A., Schwarz, G.E., 2014, Spatial Variability in Mutrient Transport by HUCE, State, and Subbasin Based on Mississippi/Atchafalaya
River Basin SPARROW Models: Journal of the American Water Resources Association. DOI: 10.1111/jawr.12153, [Link]

LzBeau, M.B., Robertson, D.M., Mayer, A.5., Pijanowski, B.C., and S=zad, D.A., 2014, Effects of future urban and bicfuel crop expansions on the riverine
export of phosphorus to the Laurentian Great Lakes: Ecological Madelling v. 277, p. 27-37, DOL: 10.1016/j.ecolmaodel_2014.01.016 [Link

Baldwin, Austin K.;Robertson, Dale M.;Saad, David A.;Magruder, Christopher, 2013, Refinement of regression medels to estimate real-time concentrations
of contaminants in the Menocmaonee River drainage basin, southeast Wisconsin, 2008--11. U.5. Geclogical Survey Scientific Investigations Report 2013-
3224, viii, 113 p.: seven appendixes [Link

Juckem, Paul F.;Robertson, Dzle M., 2013, Hydrelagy and water quality of Shell Lake, Washburn County, Wisconsin, with special emphasis on the effects of
diversion and changes in water level on the water quality of a shallow terminzl lake. U.5. Geological Survey Scientific Investigations Report 2013-5181,
Report: =, 77 p.: Appendix 1: POF file; Appendix 2: PDF file [Link]

Powers, 5.M.. Robertson, D.M., and Stanley, E.H., 2013, Effects of lakes and reservaoirs on annuzl river nitrogen, phosphorus, and sediment export in *
agricultural and forested landscapes: Hydrological Processes, DOI: 10.1002/hyp.10083. [Link

Robertson, D.M. and Saad, D.A., 2013, SPARROW models used to understand nutrient sources in the MississippifAtchafalaya River Basin: Journal of *

Environmental Quality. v. 42, no. 5, p. 1422-1440, DOI: 10.2134/jeq2013.02.0066. [Link

Current Projects

SPARROW Modeling - SPARROW Watershed
Modeling in the Central US and Canada

Winnebago Pool Lakes (Upper Fox TMDL)
- sessment of the Water Quality of the
Winnebago Pocol Lakes, Wis, and Their




Nutrient Loading from the Fox River has been shown
to drive Algal blooms and anoxia in Green Bay




Previous work by the USGS has shown ~50% of the

load comes from Lake Winnebago
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Updated data indicate that Winnebago contributes

closer to 60%

Average Total Annual Phosphorus Loading (Period Comparison)
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Algal Blooms in Lake Winnebago — 2010 example

~ All'4 Lakes are on the
e al i ey




Assessment of the hydrology, water quality, and response to simulated
changes in phosphorus loading of the Winnebago Pool Lakes, Wisconsin
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Specific Goals of Winnebago Pool Study

1. Determine how water quality of each of the pool
lakes responds to changes in phosphorus input,
and what types of load reductions are needed to
delist the Pool Lakes.

2. Evaluate the current (primarily 2009-11) water
quality of the four Winnebago Pool lakes.

3. Determine if there are long-term trends in water
quality.

4. Quantify the current water and phosphorus
budgets for the lakes (including internal
phosphorus loading).



Specific Goals of Winnebago Pool Study

1. Evaluate the current (primarily 2009-11) water
quality of the four Winnebago Pool lakes.

2. Determine If there are long-term trends In water
quality.



Lake Sampling — By Wisconsin DNR

Sampling
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Total Phosphorus - Winnebago (Center)
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Winnebago acts like a typical shallow lake, with concentrations increasing

throughout summer _
All Analyses are in Draft Form




Total Phosphorus - Throughout Winnebago
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3 Year Averages

Total Phosphorus

Ayverage May-Sept June-Aug
Morth 0.091 0.080
Center 0.083 0.083

Preliminary Data South 0.034 0.087
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> On Average pretty similar throughout the lake. All Analyses are in Draft Form




Total Phosphorus - Lakes
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> On Average pretty similar throughout all four lakes.

All Analyses are in Draft Form




Chlorophyll a - Lakes
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> Winnebago has less algae than the other three lakes.

All Analyses are in Draft Form




Secchi Depth - Lakes

— = Center Preliminary Data

m South
A North
—»—Poygan
Winneconne
Butte Des Morts

S
=1
o
[
O 20
=
(&)
O
[}
(92]

OO T T T
Jan-09 May-09 Sep-09 Jan-10

> On Average water clarity is better in Winnebago than the other 3 lakes.

All Analyses are in Draft Form




Overall Averages For 2009-11

June-Aug May- Sept June-Aug May-Sept
Total Phosphorus, mg/L TSI - Total Phosphorus
North 0.080 0.091 North 66.1 67.4
Center 0.083 0.089 Center 67.0 67.6
South 0.087 0.094 South 67.7 68.6
Lake Average 0.083 0.091 Lake Average 66.9 67.9
Outlet Average 0.102 0.093 Outlet Average 69.4 67.6
Secchi, meters TSI - Secchi
North 1.18 117 North 59.5 59.8
Center 1.14 1.12 Center 59.9 60.5
South 1.43 1.22 South 56.7 59.8
Lake Average 1.25 1.17 Lake Average 58.7 60.0
Chlorophyll a, ug/L TSI - Chlorophyll a
North 274 28.8 North 60.0 59.5
Center 28.9 30.2 Center 61.2 61.2
South 19.9 23.9 South 58.0 58.9
Lake Average 254 27.6 Lake Average 59.7 59.9
Outlet Average 246 22.4 Outlet Average 54.9 55.3
Total Nitrogen, ug/L TSI - Total Nitrogen
North 1.145 1.222 North 56.1 57.0
Center 1181 1.226 Center 56.6 57.2
South 1.075 1.171 South 55.2 56.5
Lake Average 1134 1.206 Lake Average 56.0 56.9
Outlet Average 1.276 1.208 Outlet Average 57.6 56.7
Dissolved Phosphorus, ug/L
North 0.017 0.020
Center 0.020 0.024
South 0.034 0.031
Lake Average 0.024 0.025 ..
Outlet Average 0.044 0.037 Prellmlnary Data




Overall Averages For 2009-11

June-Aug May-Sept June-Aug May-Sept
Total Phosphorus, mg/L TSI - Total Phosphorus
Poygan 0.094 0.090 Poygan 68.8 68.0
Winneconne 0.088 0.084 Winneconne 67.9 67.3
Butte des Morts 0.100 0.099 Butte des Morts 70.1 70.0
Winn. Fox Inlet 0.103 0.095 Winn. Fox Inlet 70.6 69.2
Winnebago 0.083 0.091 Winnebago 66.9 67.9
QOutlet 0.102 0.093 QOutlet 69.4 67.6
Secchi, meters TSI - Secchi
Poygan 0.72 0.65 Poygan 65.3 66.9
Winneconne 0.73 0.65 Winneconne 65.2 66.9
Butte des Morts 0.57 054 Butte des Morts 68.7 69.5
Winnebago 1.25 1.17 Winnebago 58.7 60.0
Chlorophyll a, ug/L TSI - Chlorophyll a
Poygan 324 385 Poygan 62.4 64.6
Winneconne 37.7 40.6 Winneconne 63.5 65.1
Butte des Morts 458 52.2 Butte des Morts 66.9 68.3
Winn. Fox Inlet 356 43.0 Winn. Fox Inlet 62.8 65.4
Winnebago 254 27.6 Winnebago 59.7 59.9
Outlet 246 22.4 Qutlet 54.9 55.3
Total Nitrogen, ug/L TSI - Total Nitrogen
Poygan 1520 1.498 Poygan 60.3 60.1
Winneconne 1419 1.416 Winneconne 59.3 59.2
Butte des Morts 1.656 1.612 Butte des Morts 61.6 61.2
Winn. Fox Inlet 1.723 1.621 Winn. Fox Inlet 62.0 61.2
Winnebago 1134 1.206 Winnebago 56.6 57.2
Qutlet 1.276 1.208 Qutlet 57.6 56.7
Dissolved Phosphorus, ug/L
Poygan 0013 0.009
Winneconne 0.007 0.005
Butte des Morts 0.004 0.004
Winn. Fox Inlet 0.007 0.003
Winnebago 0.024 0.025 ..
Outlet ’ 0.044 0.037 Pre“mlnary Data
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Long-Term Trends in the Water Quality of Lake Winnebago
Lakewide Average
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Specific Goals of Winnebago Pool Study

1. Evaluate the current (primarily 2009-11) water
quality of the four Winnebago Pool lakes.

2. Determine If there are long-term trends in water
quality.

3. Quantify the current water and phosphorus
budgets for the lakes (including internal
phosphorus loading).

4. Determine how water quality of each of the pool
lakes respond to changes in phosphorus input, and
what types of load reductions are needed to delist
the Pool Lakes.



Most of the Phosphorus comes with water,
so we first we need a good water budget:

Water Budget

Change In Storage = Inputs — Outputs

Ground water — Feinstein Model

AS=P+Q +Gy—E

Precipitation Surface water Evaporation

Oshkosh Met Station  Fox R + Farnsworth
Fond du Lac R
extrapolated



Inputs of Water to Lake Winnebago

Total Water Inputs to Lake Winnebago
Annual

Groundwater
0.2% |

Precipitation

8.5%
Near Shoreﬁ

6.1%

F,,,,,,,,,,,,,,,,,,
Fond du Lac

River
2.8%
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82.4%

Preliminary Data




Phosphorus Budget

Point Sources —
DNR estimates

e
Net P Input — GW+ S + Ps * + | Internal QO

A Concentration ‘ /
— Outflow
Precipitation Ground Water Monitored
Conc. From nearby Conc. From nearby
ELCR)Y lake study
Septic
Systems

Modeled here based on #
nearshore residents




o
Water and Phosphorus Budgets

LT

Water-Quality Studies in the !
Fox-Wolf Basin

A Streamflow

Y& Water Quality
Yk Streamflow/Water Quality this study

( 0 60 Miles




Estimating Loads at the Monitoring Sites —
Using a Regression Approach

Daily Concentration = f (flow, seasonality, time trend)

Form of the Fluxmaster Load Model

Ln (Conc) = aln (Q) + b sin (jday/365) + c cos (jday/365) +
d (decimal year) + e



Actua and Predicted TP Hux

for the Fox R. at Berlin
(Parameter 00665 at Station 243020)

T
=1
=
=
2
[T
o]
'w
[a]
=
-

|

aglfuy b

Explanation:
Flx 90 Confidence Intarval Precicted Flux =% actual Flux
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Average Total Annual Phosphorus Loading (2009-2011)
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Phosphorus Input from Ungaged Areas

SPARROW (USGS) Results




Average Annual Total Annual Phosphorus Loading
Surface-Water Runoff (2009-2011)
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Internal Phosphorus Loading — By USGS

LAKE WINNEBAGO|
I
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What is added from the Lake Sediments?




Internal Phosphorus Release

Sediment Release Rates - Winnebago

1A 1B 3A 3B 5A 5B 2A 2B 4A 4B 6A 6B 2C 2D 4C 4D 6C 6D

) Site )
<<<<<<<<Aerobic Release Rates>>>>>>>>>>>>>> <<Anaerobic Release Rates>>

Sediment Release Rates - Other Pool Lakes

B1-A B2-A B3-A B3-B B4-A W1-A W1-B W2-A P1-A P2-A P2-D P3-A B1-C B2-C B4-C P2-C P3-B W2-B

Site Preliminary Data




Lake Sampling — By USGS
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Lake Winnebago
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Temperature and Dissolved oxygen in Lake Winnebago — May-Oct, 2012

6 140 160 180

All Analyses are in Draft Form
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Internal Loading from May 1 — Sept 30:

Aerobic Diffusion > 32,000 kg




Inputs of Phosphorus Into Lake Winnebago

Total Phosphorus Inputs

Septic  |nternal Annual
Systems Sediments-

Boint S 0.1%  Diffusive
oint Sources \ 5.3%

3.6%

Groundwater >
0.1%

Precipitation -~
3.0%

Fox River
65.3%

Fond du Lac
River
6.9%

Preliminary
Data Total Ave. Annual P Load — 502,000 kg

** Internal Loading based on Aerobic Release Rates



Specific Goals of Winnebago Pool Study

1. Evaluate the current (primarily 2009-11) water
quality of the four Winnebago Pool lakes.

2. Determine If there are long-term trends in water
quality.

3. Quantify the current water and phosphorus
budgets for the lakes (including internal
phosphorus loading).

4. Determine how water quality of each of the pool
lakes respond to changes In phosphorus input, and
what types of load reductions are needed to delist
the Pool Lakes.



iy

sl \Wisconsin Lake Modeling Suite Applied to Lake Winnebago

% Phosphorus Predictions & Uncertainty Analysis = | E 28
Ob=erved spring overturn total phosphorus (SPO): g3 mgim"3 Wurrberg Model lnput -
Observed growing season mean phosphorus (GSM): N0 mgime3 et Eigs i Litalig,
. 0 kg
Back calculation for SPO total phosphorus: (0.0 mg'm"3
Back calculation GSM phosphorus: (0.0 mgm"3 % Confidence Hange: lH
Lake Phosphorus Model Low |Most Likely High Predicted % Dif.| Confidence |Confidence | Parameter Back Model
Total P Total P Total P | -Observed Lower Upper Fit? Calculation Type
{mg/m*3] (mag/m*3) | {(mg/m*3)| (mg/m*3) Bound Bound (kglyear)
l
Walker 1987 Reservoir 55 53 328 -38 -42 a8 221 FIT 0 GSM
Canfield-Bachmann, 1981 Natural Lake 74 72 266 -18 -21 22 207 FIT 1 GSM
Canfield-Bachmann, 1981 Arificial Lake 58 57 162 -34 -37 18 164 FIT 1 GSM
Rechow, 1979 General G5 63 31 -28 -3 43 264 FIT 0 GSM
Rechow, 1977 Anoxic 128 125 774 34 ar 92 22 FIT 0 GSM
Rechow, 1977 water load=50m/year 82 85 528 -G -7 59 357 P 0 GSM
REL;IU\"". ‘I;T? '.".'CI;.EFI ;UCIL;"JGIIH.]'EQ| I lh‘lrl-'h-f ........................ lh‘lr”.-‘ :‘:r‘;“- :-‘Irl;l‘- :'wlrl:l‘- r"r'.—'l'. r"r'.—'l'. :'1' I"‘ hlr‘.—“. .h‘lrl;’*.
Welher 1877 Borerel o8 ————e——sas 36— S re—— i
TOETWeTae, 1902 unueg Ueew i &3 &2 295 = - a5 28 g & o
Diiiull_r_'iigicl_.r‘;ilbiIIIE-'I : :: :: ::: J'? :: :: :"l? : :r‘g
.\'.U;;D‘II'.".'E;L;UI. ‘I;az SIICIIIU'-".' ;_CI‘F«.EF."RED. : E: E: :Ei :? :i :.‘l JIEE :_:T E -'\-"P\-‘III-J
i_CIIDEII_I-'.'-IEILp;EI. ‘ISTG : :: E: EE: :E :2 EE :?: i E S:ﬁg
T T : el &8 HEE g2a B ot B3 = & il
\/ Finizhed | Wrike Results | Dizplay Parameter Y alues | ? Help | Prellmlnary ReSUItS

All applicable models underestimate Inlake P concentrations

> Internal Loading underestimated




i Army Corps’ BATHTUB Program
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Looks like Internal Loading is underestimated in Lake Winnebago.




Daily Mass Balance Model (developed just for this study)
Predicted Changes in Phosphorus Concentrations

Predicted P Concentration in Winnebago

—o— Measured Concentrations

Predicted P Conc - Diffusion Only
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Preliminary Results

4/1 9/30

Looks like Internal Loading is way underestimated.




Revisit Internal Loading — Additional input from Internal
Loading because of Physical Mixing of the Sediments

Phosphorus Budget

Point Sources —
DNR estimates

/
Net P Input= P+ Gy +S +Pg+Q, — Q.+ | iornal

A Concentration ‘ \
L Outflow
Precipitation | Ground Water Monitored
Conc. From nearby Conc. From nearby
ELCR)Y lake study
Septic
Systems

Modeled here based on #
nearshore residents




Predicted Changes in Phosphorus Concentrations based on
Daily Mass Balance Model

Predicted P Concentration in Winnebago

—e— Measured Concentrations

+— Predicted P Conc. - Diffusionx5 Inlake Start

Predicted P Conc - Diffusion Only
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Internal Loading: 32,000 kg > 160,000 kg




Annual Inputs of Phosphorus Into Lake Winnebago

Total Phosphorus Inputs

Internal Average Annual
~ Sediments-

Mixing
20.2%

Internal
Sediments-
Diffusive

5.1%
\

Septic

Systems— .
0.1% N Fox River

— 52.1%
Point Sourcg”‘
2.9% /

[ |
Groundwate“r

0.1% |

TR ~ Fond du Lac
Precipitation | Near Shore Ri
2 4% \_Near Shore iver

11.8% 5.5%
Total Ave. Annual P Load — 629,000 kg Data

** Internal Loading based on ** Internal Loading represents 35% of the
Aerobic Release Rates and Mixing growing season loading

Preliminary




Phosphorus Budget

Point Sources —
DNR estimates

/
Net P Input= P+ Gy +S +Pg+Q, — Q.+ | iornal

A Concentration ‘ \
L Outflow
Precipitation | Ground Water Monitored
Conc. From nearby Conc. From nearby
ELCR)Y lake study
Septic
Systems

Modeled here based on #
nearshore residents




Schematic for the Eutrophication

Model Bathtub

(Simulations of Winnebago Pools)
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Example--Simulating the effects of Changes in Phosphorus Loading with Bathtub
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*** Not for the Winnebago Pool Lakes




Example--Simulating the effects of Changes in Phosphorus Loading with Bathtub
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Steps from here:

1.Finalize watershed modeling.
2.Finalize external loading to lake.
3.Finalize internal loading to lake.
4.Develop Response Curves.
5.Run Specific Scenarios.



Refinements in Phosphorus Input from Ungaged Areas

SWAT Preliminary Results




Steps from here:
1. Finalize

Phosphorus Response Secchi Depth Response

watershed
loading. :
2. Finalize external 1 -f 8
loading to lake. T e T e e e m e

3. Finalize internal
loading to lake.
4. Develop

NARIOS WITH AVERAGE HYDROLOGIC GONDITIONS

Response Curves. ElVZ4 e
5. Run Specific " -
Scenarios.




Hydrology, water quality, and response In
the Winnebago Pool Lakes to changes iIn
phosphorus loading

Questions??

Dale Robertson
608-821-3867
dzrobert@usgs.gov

a USGS
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