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Integrated Pest Management Framework
Science Support for Decision Making Process

'« Biology
« Behavior
- Ecology

- Population
+ Location

Life

History Status

» Biological » Ecosystem

- Cultural services
* Physical & * Human
Chemical impacts )
EUSGS Our data & analyses help define a baseline of

channel characteristics & behavior.



Purpose of Work

Science Support for Decision Making Process

New control technologies requires holistic understanding
of a complex system

USGS collects data to aid in decision making process
Data Collection & Analysis Highlights

« Continuous gaging (velocity and water quality)

* Field measurements of hydraulics in and around the lock
* Dye tracing experiments to quantify mixing characteristics
» Seasonal targeted water quality synoptic surveys

* Ambient sound recording

EUSGS Our data & analyses help define a baseline of
channel characteristics & behavior.



Flow distribution In the Downstream Reach
Life is really simple, but we insist on making it complicated. —Confucius (misattributed)

_ To Mississippi River
Lock “at rest”:
gates & valves closed (only leakage)

& USGS

VI _To Lake Michigan )
1,651 cfs S
-138 cfs 'S

cfs

Power plant intakes capture all available flow
Pink reach is essentially a dead zone affected by many

factors
Implications for hydraulics at end of approach (and dye

fate)



Continuous Gaging
Keeping tabs

Water Quality Upstream and
Downstream

Velocity and Stage Downstream
Tracking water chemistry =

® 1. Upstream WQ Gage
® 2 Dowstream VelWQ Gage

» Specific conductance, DO, pH, | S = - oo el Ailary Gage
Chlorophyll-a, CDOM, Turbidity, Z :

& dissolved CO,
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Flushing the Lock of Dissolved Constituents
Mixing in the lock chamber

Research Questions:

1. How well can
constituents be
distributed through
the lock chamber?

2. What does it take to
flush the lock of
constituents?

October 19, 2015 F ‘ r .7 " ‘_ S : - hh {-;;_i.".%-;"-:;-.’(‘-S‘Ej’ﬂ:.;lqga_rf;h

« Dye injected f " "
into lock as it
filled

& USGS



Flushing the Lock of Dissolved Constituents
Mixing in the lock chamber
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Vertical Velocity (ft/s)
N0A with seccndary flow vectors (transverse)

Hydrodynamics of  .* —~ ]
Filling the Lock | v

Height above bottom (ft

Upwelling from ports

leads to:

* Very good mixing
process

e Nature of hydraulic
“traps” surface particles

* Transient (pulsating)
hydraulics
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Flus the Lock of Dissolved Constituents

F Global Positionifng System
: . (GPS) receiver

USGS 05538020
and FL2

o
W

Acoustic Doppler current
profiler (ADCP) Computer

1
™



Flushing the Lock of Dissolved Constituents
Mixing downstream and fate of transport
e o Oct. 20,2015 11:00t0 1221 DT Full lock with leakage
< 0.1 {background}

_ Oct. 20, 2015 15:01 to 15:50 CDT Post 17 min. flush 3




Flushing the Lock of Dissolved Constituents
Mixing downstream and fate of transport

@ 381-447 [}
0569-111 @ 448-528
@ 5260
@ 602-674
& 675-852
@ 853-1131

112-155 @ 529-601
156-204 @ 602-674
® 205-256 @ 675-852
® 257-295
@ 296332

EUSGS Preliminary model outputs

USACE-Chicago District




Synoptic Water Quality Monitoring

Seasonal sampling during important hydrologic events

Continuous Data A
Sensors (gages)

Transect Data across
stream /

Longitudinal Transect
Data

Site in Lock A
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Synoptic Water Quality Monitoring

What are we tracking?

» Vertical sampling points along
transect

* Insitu water chem.(3 pts / Vert):
— pH, SpC, DO, pH, Turbidity, Chl-a, CO,
e Grab Samples:
— Chlorophyll-a
* Dissolved Gas:
— 2 pts: below surface & 2/3 Depth

» Composite Samples (over vertical)
— Biological Oxygen Demand (BOD5)
— Alkalinity
— Major lons
— Nutrients
— Dissolved Organic Carbon (DOC)
— Dissolved Inorganic Carbon (DIC)

& USGS



Continuing Control Technology Testing

Interagency Cooperation>Smarter
Science

e Carbon Dioxide
— Reaeration study

* Hot water / Chlorine
e Sound
« Barge Entrainment / Mitigation

& USGS



Control: Hot Water / Chlorine

Hot water (>35° C), Ozone, Chlorine
 Individually and in combination

» 10 to 60 minute exposure

* Fish, invertebrates, plants

Hot water / ozone tested:

» Bighead Carp, Silver Carp, and Grass
Carp

e Zebra mussels
e Scuds

Next
 Hot water / chlorine on fish and

invertebrates;
* Hot water, ozone, and chlorine on aquatic

= USGS plants



Control: Sound

Brandon Road Activities
 Ambient sound recording complete
» Developing sound model (ERDC)

* Fish data to use in comparing to data
collected during the speaker
deployment

« Goalis to test engineering
feasibility at Brandon Road

L. e e
Other Related Activities §: W ..Ww;lww.w ol

. ] i o
e Hearing range (lab) byl s

SPL (08)

« Copperas Creek = ‘«'! ¥ | lh
. ® T ) i [ *ﬂnuM“ﬂ mw. 1*4"1{
experiment LR M f '*‘“MM
EUSGS jz_ o : 3(‘)3 :300 Cri)

SPL (dB)




Publications and Available Data ‘reviewed, awaiting approval

**in review
Brandon Road Related Pubs
In-lock dye concentration profiles doi: 10.5066/F77W69B7
Fixed fluorometer dye concentration time series doi: 10.5066/F74747Z7
Moving boat fluorometer data doi: 10.5066/F70G3H8C
In-lock water surface elevation data*
Moving boat velocity data doi: 10.5066/F76W986V
Spillway bathymetry*
Discharge time series data doi: 10.5066/F7S180NN

Two Upcoming Scientific Investigations Reports (SIR) on velocity/mixing and
water quality/CO, findings

N o o bk wbdRE

Other Control Pubs

* Responses of invasive silver and bighead carp to a carbon dioxide
barrier in outdoor ponds doi: 10.1139/cjfas-20

» Effects of carbon dioxide on juveniles of the freshwater mussel doi:
EUSGS 10.1002/etc.356715-04\72



Questions?
Frank L. Engel, Ph. D.
Geographer
U.S. Geological Survey
lllinois-lowa Water Science Center

fengel@usgs.gov

Building upper miter gates of Brandon Lock
1935 (2014-01-1& MCanal-0063)

| & M Canal old Lock 5 (18997?)
Joliet, IL
MWRD, lllinois State Archives

| & M Canal new Lock 5
Retrieved from the
Library of Congress

& USGS

Building lock house, Brandon Lock
1935 (2014-01-1&MCanal-0067)




