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The United States Geological
Survey (USGS) was established
on March 3, 1879, just a few hours
before the mandatory close of the
final session of the 45th Congress,
when President Rutherford B.
Hayes signed the bill appropriating
money for sundry civil expenses of
the Federal Government for the
fiscal year beginning July 1, 1879.
The USGS began operations in
Indiana and Kentucky almost
immediately (we have early reports
in our library from 1887).




The history of the Lowsvnle Dlstrlct encompasses more than two centurles The dlstrlct S
history is rooted in the role it had in developing Ohio River navigation, notably at the Falls
of the Ohio at Louisville, Ky. The Louisville and Portland Canal Company, with the help of
Army engineers, operated a canal around the Falls from 1830 to 1874 when Congress
handed over full jurisdiction to the Corps. In 1875, the Corps began constructing locks
and dams along the entire length of the Ohio River. Today, the district operates eight lock
# « and dam systems along the Ohio. The district acquired its flood risk management mission
- after Congress, spurred by the 1937 flood in Louisville, appropriated the funding for
projects meant to reduce flood risk?.
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The USGS has supported the
mission of the USACE almost
since the start. For example.
USGS cartographers were
commissioned for service in the
Army Corps during World War I;
this partnership is where much of
the science of aerial photography
was developed®. The USGS also
operates MANY stream and lake
gages in support of USACE
operations. As a federal partner,
continuing this support of the
USACE at Rough River is a basic
component of the USGS mission.

1. http://nationalmap.gov/ustopo/125history.html




Background

* 1In 1938 Congress approved an act
that authorized the building of a
dam on Rough River to help control
flooding in the Ohio River Valley.

e Construction of the dam did not
begin until November 1955.

» The reservoir formed by Rough
River Dam is located in
Breckinridge, Grayson, and Hardin
Counties.

« The dam is 135 feet high, 1,500 feet P \_-"
long and 819 feet wide at the base. pg g / 7 _
Rough River Lake covers 5,000 ‘1 G

Information from Kentucky State Parks:

acres, with a shoreline of 221 miles.
http://parks.ky.gov/parks/resortparks/rough-river/history.aspx
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placed on top. Native soils underlie the central portion of Rough River dam with local

The conduit was constructed early in the project and the earthen embankment
geologic formations visible on each side.



Background

&

Upstream view of conduit construction at the transition to the
stilling basin (lacation of current headwall), showing native
soils on river side of excavation and rock on opposite.




Background

EARTH FILL

A sand filter and series of 12" sand-filled relief wells were installed as part of the original construction; these
relieved pore pressures and facilitated consolidation during and after construction. As with all USACE
projects, monitoring began almost immediately and piezometers were installed in all critical areas to
monitor the phreatic surface. These piezometers were measured manually by USACE personnel (monthly
at a minimum and continuously during events) along with other sensors including (but not limited to)

seismometers, USGS lake-level and streamflow-measurement gages, and water quality sensors
(temperature).

y

\
\

ZUSGS ot




Extensive piezometer network
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Rough River Dam is now almost 60 years old; the USACE is,
therefore, as part of their maintenance activities, planning
substantial repairs and construction to ensure continued safe
operation of the dam.

The purpose for the new instrumentation is for:

e assessing the site conditions prior to construction,
 monitoring during construetion, and
* monitoring post construction for a given period.

This will ensure the project is successful and the safety of the
public. These data will also provide valuable insight for future
modeling efforts, will advance science, and improve the kKnowledge
of these systems. Given this, high-resolution, real-trme data are the
best means to meet these goals.
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Why do we need high-resolution data?

Understanding the hydrologic and hydraulic properties of the
system and(or) detecting potential problems in time to take
corrective action are the ultimate goals; given this, changes
occurring within the system are better detected (less obscured)
with higher resolution data. This improvement is easily observed in
signal-processing analyses of sinusoidal waveforms (aliasing,
distortion, artifacts, etc.).



http://www.usgs.gov/visual-id/specs/slides/slide.html/wiki/File:AliasingSines.svg

But Is this applicable in nature?

Yes. For example, earth tides are a common, relatively harmless,
example of what can be observed with higher-resolution data;
critical hydrologic & hydraulic issues are, therefore, also more
effectively observed.
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Earth tides are caused by the forces
exerted on the Earth's surface by the
Moon and the Sun. Changes in
ground-water level resulting from
Earth tides are actual diurnal
fluctuations of the head in the
aquifer. As a result of Earth tides,
water levels will peak near moonrise
and moonset, and be lowest near the
upper and lower culmination of the
Moon (Ferris and others, 1962).
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Multiple piezometers and pending
earthwork dictated site design.

Requirements

. Pending construction initially
limited “hard-wired” sites;
required use of wireless telemetry
(spread-spectrum radio)

. Required individual PZ
installations to be sturdy, yet
semi-portable (potential site
impacts from pending earth work)

. Required SDI-12 “intelligent”
communications (Serial Data
Interface at 1200 Baud — digital /

low power) — SDI-12 sensors are Example of

typically “plug and play” earth works that
might be seen
on a dam
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Semi-permanent sleeves allow flexibility in site
management as they may be easily relocated
(and reused at other sites, thus saving money).




Electronics selected were both custom and “ off the
shelf” units built by SUTRON™ and INW™.

=t —-‘-:"h-‘-'h-_
A Instrumentation Northwest, Inc.
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“Off the shelf” NWI AquiStar PT12 transducer for use in larger

1.25” ID piezometers

These units utilize
SDI-12
communication
protocol

Vented units
measure both
pressure and
temperature.

Temperature is
not NIST certified
and is for internal
QA/QC only as a
“secondary”
sensor.




Custom-built NWI Modified PT12 transducer for use in

0.5”"ID piezometers

These are 4-20 mA
\\\ — 7 / vented units that
f / | g convert to SDI-12 at
the surface via a
secondary board
attached to the
radio.

Measure pressure
only.

Experience is
showing that these
units tend to drift
slightly more than
others units (more
maintenance
required to meet
USGS QA/QC).
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SDI-Link Wireless Bridge




Data-Collection Platform (DCP)
and Satellite Telemetry

Sutron
0210 Xlite

Sutron




2 permanent master stations with satellite
transmitters; upstream (station 1) and
downstream (station 2)




Satellite Telemetry - GOES & SatLink2
Size of window (10-seconds) dictates amount / rate of data

DOMSAT

Domestic Satellite
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DCP

Data Collection Platform

DAPS

Data Access and Processing System Databases

Wallops Island, VA (USGS & USACE)
EROS, SD
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Inute data
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Downstream units (station 2); 30-minute data
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Operational Processes

" How long did this take?
® \What issues did we face?

" What are the products?

= USGS ’




Original site recon — July, 2012




* Site design, contracting, procurement, and installation was completed
within 6 months.

*PZ risers were pre-assembled to save time / costs and entire site was
constructed / operational in 4 days.

* Coordination and communication was EXCELLENT!




Installation required 6 USGS personnel; SUTRON
engineers scheduled time on-site to assist (great public

/ private partnership); USACE personnel provided
technical guidance and oversight.
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Installation — February, 2013

(lucky break in the weather!).

30 PZs downstream, 10 PZs upstream
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Installation of subsequent stilling-basin unit with a permanent “CSG”
design (March, 2013 to December, 2013). Flush-mounted standpipe torn
off wall during large release and replaced with non-contact radar. Note
that USGS also operates a streamflow-gaging station approximately 150

yards downstream as well.

USGS 03318010 ROUGH RIVER NEAR FALLS OF ROUGH AT DAM, KY

25 27 29
2813 2013 2813
isional Data Subject to Revision ====

31
2013




Radar has worked very well with only one weather-related failure
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Data are archived permanently at USGS and USACE
and available via the internet (secure-access only) and
as raw data from LRGS (satellite).

Data is NOT available at this time to the public due to security issues.

Available Parameters Available Period Output format Days (7)
[C] All 16 Available Parameters for this site @ Graph
62611 Water level, NAVD [PZ13A] 2013-02-07 2013-04-29 © Graph w/ stats -~ or --
62611 Water level, NAVD [PZ20] 2013-02-07 2013-04-290 | © Graph W*::‘:’ stats
- 2 o ;
62611 Water level, NAVD [PZ22] 2013-02-07 2013-04-29 | - ?{??h w/ (up to 3) parms rew
7] 62611 Water level, NAVD [PZ23 2013-02-07 2013-04-29 | — L 9DI€ End date
62611 Water level, NAVD [PZ23] 2013-02-07 2013-04-29 TEIb-SEDEII'EItEd 2013-04-:
62611 Water level, NAVD [PZ24] 2013-02-07 2013-04-29 | ) I
626 Vater level, N ) [PZ35 2013-02-07 2013-04-29
52611 Water | [, NAVD [PZ35] 2013-02-07 2013-04-29
00010 Temperature, water [PZ35] 2013-02-08 2013-04-29
62611 Water level, NAVD [PZ36] 2013-02-07 2013-04-29
00010 Temperature, water [PZ36] 2013-02-08 2013-04-29
62611 Water level, NAVD [PZ38] 2013-02-07 2013-04-29
00010 Temperature, water [PZ38] 2013-02-08 2013-04-29
62611 Water level, NAVD [PZ50] 2013-02-07 2013-04-29
00010 Temperature, water [PZ50] 2013-02-08 2013-04-29
62611 Water level, NAVD [PZ51] 2013-02-07 2013-04-29
00010 Temperature, water [PZ51] 2013-02-08 2013-04-29
[[] 70969 DCP battery voltage 2013-03-23 2013-04-29
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Example web-based data:

USGS 373713086295601 ROUGH RIVER DAM STATION 2

Grounduwater level above MAVD 1988,
feet, [P237]

Apr Apr Apr Apr Apr Apr Apr
23 24 25 26 27 28 29
2013 2013 2013 2013 2013 2013 2013

———- Provisional Data Subject to Revision --——

Tenperature, water, degrees Celsius,

USGS 373713086295601 ROUGH RIVER DAM STATION 2
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Apr Apr Apr Apr Apr Apr Apr Apr
a2 23 24 25 26 a7 28 2q
2813 26813 2813 2813 2813 2813 26813 2813

==== Provizional Data Subject to Revision ==—==

Tenperature, water, degrees Fahrenheit,
[PZ37]




Operational Notes for phase 1

" Upstream sites transmit 15-minute data; downstream sites
transmit 30-minute data. GOES transmission windows drive
data-acquisition and transmission rates at this time.

" Temperatureis a “secondary” sensor and is not NIST certified;
USGS KY WSC received a USGS waiver to transmit due to data
status as internal-use only.

" This is alarge, complex network; however, even through the
“debugging” period, it has remained operational at 95% or
better.
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QA/QC

®  USGS must, by policy, adhere to rigid QA/QC
and documentation standards as presented
in “U.S. Geological Survey Techniques and
Methods 1-A1" 1.

®  Data and all site plans and operations must
be reviewed and approved by USGS
headquarters personnel from the USGS
Office of Groundwater.

®  Data are processed according to USGS
QA/QC procedures 1 — spikes, shifts, and
other routine / expected anomalies are
corrected or removed prior to records
becoming “approved” — data remain
“provisional” until then.

1. Cunningham, W.L., and Schalk, C.W., comps., 2011, Groundwater technical procedures of the U.S. Geological Survey: U.S. Geological
Survey Techniques and Methods 1-A1, 151 p.
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Next steps — phase 2

" Additional sensors
" Additional open-hole piezometers (7)
" New fully-grouted piezometers (63)

" MUCH faster data

" On-site fiber optics and parallel processes

® Maintain GOES transmission for direct feed into
USACE and USGS databases

" On-site management
" GUI-driven software at dam office
® GUI-driven software on drilling rig

ZUSGS [l
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Next steps

Grouted Piezometer
Open Piezometer

Vibrating-wire transducer
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Next steps

5 new master
stations with
satellite telemetry

Fiber optics
running to on-site
office

Secure internet
access to site

110V line power at
all master stations
with battery
backup




Wireless

SDI-Link

Input

- EXISTIMG HEADWATER MASTER STATION
Satlink
vz
; Wireless
Fiber o el
, Radio
Cable Fiber Ethernet 9710 SOl | S0I-Link .
Converter T Iaster

Companent

Regulator Battery Power

AC Power
Input

MEVY TAILWATER MASTER STATION

Satlink
V2

Wireless

Radi
Fiber o 501 | sOi-Link adio

Converter sk Naster

Component
Power

30 Stations

105tations

Next steps

7 additional open-hole
piezometers

1 additional master station
added to reduce data to be
retrieved via SDI-12 protocol
and sent in respective GOES
window

Fiber-optic transmission (5-
minute on-site and secure
internet; SDI-12 com protocol
Is limiting factor here)

GOES (15-minute data).




Next steps

63 fully-grouted vibrating-wire
transducers

Parallel processing and RS-232
communications protocol at
master station for 5-second
data acquisition rates

Fiber-optic transmission to on-
site systems (5-second on-site
and secure internet)

GOES transmission to USACE
and USGS databases (15-
minute data).




Next steps

RX
from
DCPs

OM-51TE OFFICE

Fiber
Converter

Wirdess
Satdlite TY

GOES Satdlite

P with
XConnect
Software
AndHMI

GOES Ground
RecaveSite

[nternet

DRILLING RIG

PC with
HIWI

On-site system added for rapid data acquisition during construction activities.

GOES system maintained for backup and data archival.
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Questions?
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