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1.0 INTRODUCTION
The bottom of Onondaga Lake is a subsite of the Onondaga Lake Superfund site. The
remedy for the lake bottom is described in a 2005 Record of Decision prepared by the New York
State Department of Environmental Conservation (NYSDEC) and the United States
Environmental Protection Agency (USEPA). The remedy for the lake bottom includes
performance of a pilot study to evaluate methods to prevent the formation of methylmercury in
the deep water areas of the lake, called Sediment Management Unit (SMU) 8. Before an
effective pilot study can be conducted, more information is needed about deep water circulation
that is ongoing within the lake. The primary objective of this study is to quantify horizontal
dispersion in the hypolimnion of Onondaga Lake in order to guide the design of a system for
electron acceptor (oxygen and/or nitrate) addition. The measured horizontal dispersion
coefficient will likely be used in a hydrodynamic/transport model to assess sizing and
configuration options for an electron acceptor addition system.
This document describes a plan for work to be conducted by the Upstate Freshwater Institute
(UFI) for Honeywell during 2008 to directly measure horizontal mass transport and mixing in the
hypolimnion of Onondaga Lake. The deep water sediments of Onondaga Lake release
methylmercury to the water column under conditions of low oxygen and nitrate concentrations in
the overlying hypolimnetic waters. Water column measurements suggest that accumulation of
methylmercury in the hypolimnion during summer stratification could be substantially reduced
or eliminated through maintenance of adequate electron acceptor (nitrate and/or oxygen) levels
above the sediment-water interface (UFI and Syracuse University (SU) 2007a). Under
contemporary lake conditions, an engineered system may be required to maintain adequate
electron acceptor concentrations in the hypolimnion. Quantification of horizontal dispersion in
the hypolimnion is necessary for the design of an electron acceptor addition system. Direct
measurements of the horizontal dispersion will be obtained by conducting a hypolimnetic dye
tracer study during the period of thermal stratification in 2008.
During summer stratification, hypolimnetic pools of oxygen and nitrate are consumed in the
oxidation of organic matter and reduced chemical species. These redox reactions occur largely
at the sediment water interface, but also occur to some extent in the water column. Effective
operation of an engineered system for electron acceptor addition requires that (1) a minimum
electron acceptor concentration be maintained at the sediment-water interface; (2) electron
acceptor concentrations in the hypolimnion are lower than in the epilimnion; and (3) a relatively
uniform distribution of electron acceptor be maintained.
P:\Honeywell -SYR\444151 - 2008 SMU 8\09 Reports and Work Plans\2008 Dye Tracer Study\UFI WorkPlan 2008 Dye Study 0608revs.doc
June 24, 2008

1

WORK PLAN TO PERFORM A DYE TRACER STUDY
TO EVALUATE TRANSPORT AND MIXING IN THE
HYPOLIMNION OF ONONDAGA LAKE

The dye tracer will be placed directly into the lower waters of the Onondaga Lake. During
different tests within this dye tracer study, the dye tracer will be placed at more than one
location. The major bathymetric features of Onondaga Lake are the North Basin and the South
Basin separated by a relatively shallow “saddle”. Because of its relative shallowness, the saddle
could act as a physical barrier to transport of the additive chemical from one basin to another.
Horizontal dispersion in the hypolimnion of a stratified lake is a transport process that has
received relatively little attention in either scientific or engineering studies. As a result, there are
few direct measurements in other lakes. Peeters et al. (1996) conducted dye tracer studies in the
hypolimnion of four Swiss lakes and reported horizontal diffusivities between 0.02 and 0.3 m2/s.
Like all transport processes in surface waters, the magnitude of dispersion in the hypolimnion of
lakes is likely to be quite system-specific, so that applying measurements from one lake to
another would be accompanied by significant uncertainty. Results from this dye tracer work will
be compared with measurements of horizontal dispersion reported in the literature.
Horizontal dispersion is not a constant property, but rather varies in time in response to
wind, lake inflow and outflow, and thermal stratification, with wind being the most important of
these influences (Wüest et al. 2000). Horizontal dispersion also varies spatially within stratified
lakes, with higher turbulence levels in the surface and benthic boundary layers and much weaker
turbulence in stratified interior layers (Wüest and Lorke 2003). With the goal of maintaining
relatively uniform concentrations of nitrate and/or dissolved oxygen in the hypolimnion, the
critical conditions would be low-wind, relatively quiescent conditions. Under these conditions,
horizontal dispersion will be relatively small, leading to the greatest amount of non-uniformity in
hypolimnetic oxygen or nitrate concentrations. As a result, this project will specifically target
low wind/mixing conditions in the lake. In addition, at least one dye tracer test will be
conducted during a period of active wind-driven turbulence. It is planned that the dye tracer
work will provide measurements of horizontal dispersion on at least four days during the
summer. This dye tracer work will provide direct measurements of the horizontal dispersion
coefficient, a key parameter that would be used in the design of an electron acceptor release
system.
2.0 MATERIALS AND METHODS
A large number of fluorescent dyes are commercially available, but relatively few are
suitable for water tracer studies (Wilson et al. 1986). Dyes that have been used in tracer studies
include fluorescein, lissamine FF, rhodamine B, and rhodamine WT. The properties of
rhodamine WT are well-suited to most studies and this is the dye most commonly used as a
water tracer (Martin and McCutcheon 1999). Wilson et al. (1986) outlined the following
desirable properties of rhodamine WT for tracer studies: (1) high solubility in water; (2) high
fluorescence – easily detectable; (3) fluorescent in a part of the visible spectrum not common to
materials generally found in water, thereby reducing the problem of background fluorescence;
(4) harmless in low concentrations; (5) inexpensive; and (6) reasonably stable in a normal water
environment. Additional properties of rhodamine WT are presented in Table 1.
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Table 1 Properties of Rhodamine WT (after Martin and McCutcheon 1999)
Property

Rhodamine WT

Available form

21.3 percent solution and powder

Specific gravity

1.11 to 1.13

Wavelength of excitation (nm)

558

Maximum emission wavelength
(nm)

582

Minimum detection limit (µg/L)

0.013

Temperature correction coefficient
(°C-1)

-0.027

Tendency to sorb to:
Inorganic solids

Moderate

Organic solids

Moderate

Photochemical decay rate constant
(d-1)

Less than 0.0001 to 0.002

Health and safety are primary considerations in the application of dye tracers, including
potential toxic effects on lake biota and effects on human health. Concentrations of dye known
to affect biota are generally much higher than those required for tracer studies (Martin and
McCutcheon 1999). In the presence of high nitrite concentrations (more than 1 mg/L)
rhodamine WT has been found to form the carcinogen diethylnitrosamine (DENA). The
potential for DENA formation is low in Onondaga Lake and other surface water bodies because
of relatively low nitrite concentrations. The maximum nitrite concentration measured in
Onondaga Lake in 2007 was 0.311 mg/L, and 97 percent of the measurements were less than 0.2
mg/L. The USEPA and the US Geological Survey have adopted a policy that prohibits the
injection of fluorescent dyes in quantities that would result in dye concentrations greater than 10
µg/L at drinking water intakes.
A Material Safety Data Sheet (MSDS) for rhodamine WT is provided in Appendix B.
Hazardous Materials Identification SystemR ratings are presented in the MSDS for health
(moderate hazard), flammability (slight hazard), and reactivity (slight hazard). The MSDS lists
lethal concentrations for 50 percent of the sample organisms of greater than 320 mg/L and 170
mg/L for rainbow trout and Daphnia magna, respectively. According the to Environmental and
Water Quality Operational Studies by the U.S. Army Corps of Engineers (see Appendix B),
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"Rhodamine WT has been chosen as the dye most suitable for use in inflow studies ..." and
"poses no known environmental or health hazards when used in unpolluted waters. " Rhodamine
WT has been selected for use in the study described herein, based on the characteristics listed
above and experience using this dye in similar tracer studies.
To prepare for this dye tracer study, the following activities will take place:
1. Equipment will be tested. This equipment includes a GPS sensor, YSI 6130 rhodamine
WT sensor (fluorometer) connected to a YSI multiprobe for measurement of dye
concentration, temperature, and depth, and a portable computer. Specifications for the
YSI 6130 are listed in Table 2 below, and a manufacturer’s brochure for this sensor is
provided as Appendix C.
Table 2 YSI 6130 Rhodamine WT Sensor Specifications
Detection Limit

0.5 µg/L

Range

0 to 200 µg/L as true dye; 1,000 µg/L as
dye tracer

Accuracy

Plus or minus 1.0 µg/L or plus or minus 5
percent of reading

Depth

61 meters

2. An initial supply of rhodamine WT dye will be purchased.
3. Software will be developed to allow reliable recording and display of field measurements
on the on-board computer to be used during a test. Because the dye cloud will not be
visible from the boat, the ability to compare the current position of the boat relative to the
position of the dye cloud as identified from earlier measurements will be invaluable.
4. A pre-test will be conducted in Onondaga Lake in late June or early July before the first
dye tracer test is conducted. A small amount of dye (approximately 1 liter) will be
released and tracked for a period of hours. The amount of dye will be too small to allow
the dispersion coefficient to be determined, but the pre-test will allow testing of the
individual sensors (GPS, fluorescence, depth, temperature), the recording of
measurements on the on-board computer, the software to be used to display these
measurements, and the general protocol of the test to be assessed onsite. Using the range
of horizontal diffusivities reported by Peeters et al. (1996) we estimate that after 8 hours
the dye cloud will have an area between 576 and 8640 m2 and an average dye
concentration between 4 and 58 µg/L. It will require between 3 and 48 hours for
concentrations to fall below the drinking water limit of 10 µg/L.
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5. The following protocol has been established by Honeywell for notifying NYSDEC,
USEPA, and Onondaga County about the upcoming dye tracer tests.
a. Items included in notification:
i. Scope and purpose of work - Add safe dye to bottom waters to measure natural
dispersion within the deepest portions of the lake in the South and North Basins.
ii.Lake activity - One or two boats will be moving slowly in a portion of either the
South Basin or the North Basin for 2 to 3 days.
iii.Frequency of dye application - The first effort is scheduled for the week of June
23. The other four efforts will take place intermittently between mid-July and
early October. Specific timeframes for the other four efforts have not yet been
determined. Follow up notifications will be provided once the additional tracer
study timeframes are established.
iv. Effects of dye - The dye will not be visible given it is being released in small
quantities into deep, stratified lake waters. The dye (Rhodamine WT) is
commonly used for tracing work in sewers and has no effects on human health or
the environment particularly at the low concentrations being applied. Use of this
dye is acceptable to NYSDEC who has reviewed the work scope.
b. Contacts notified by Honeywell:
i. Joe Mastriano (OCDWEP), and Bob Geraci (Onondaga County Parks)
ii. Tim Larson (NYSDEC project manager) and Tom Biel (NYSDEC Region 7 rep)
who in turn can notify others at NYSDEC and at other state agencies as
warranted.
iii. Bob Nunes (USEPA Region 2 project manager) who can notify other federal
contacts as warranted.
iv.Field team leaders including Neil Ringer at SUNY-ESF.
3.0 PROTOCOLS FOR DYE TRACER TEST STUDY
The goal is to conduct four successful dye tracer tests over the course of the summer to early
fall 2008 time period. UFI has conducted such dye tracer tests before in rivers and in the surface
waters of reservoirs. However, a review of the literature indicates that very few groups in the
world have done this for lower waters of a stratified body of water. As a result, it is likely that
unanticipated situations and/or circumstances will occur.
The intent is to conduct the first dye tracer test in mid-to-late July following the pre-test.
The first dye tracer test will involve some testing of the detailed protocol to be used over the
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course of the study Other tests will take place over the course of the summer and early fall,
separated in time by at least one week. A preliminary schedule for dye tracer tests is presented
in Table 3. This schedule provides a general framework for the dye tracer study and is subject to
change as a result of weather conditions and the outcomes of earlier tests. The objective of the
dye tracer tests is to measure dispersion under a range of lake conditions, with a focus on weak
to moderate mixing conditions. As a result, most of the tests will begin during days following
major wind or major runoff events. At least one mid-summer period, where calm winds have
persisted for two to three days, will be targeted. At least one dye tracer test is also planned to be
conducted during a period of active wind-driven turbulence. In addition, a period in the interval
between mid-September and early October, ideally during a period of calm winds, will be
targeted. Any major public events occurring on the lake, such as the fishing derby, will be
avoided. “Blackout” dates during the summer of 2008 established to date in consultation with
Honeywell, the SMU 8 Technical Work Group, and with the Onondaga County Department of
Water Environment Protection are June 28-29 (free fishing), July 12-13 (Hydrofest in Willow
Bay), and July 19, 2008 (fishing tournament). Effort will continue throughout the summer and
early fall to identify other “blackout” dates that may be identified in the future.
Table 3 Preliminary Schedule for Dye Tracer Tests in Onondaga Lake During 2008
Test

Timing

Location

Pre-test

Late June to early July

South Basin

1

Mid-to-late July

North Basin

2

Mid-August

South Basin

3

Early September

North Basin

4

Mid-September to early October

South Basin

Every reasonable effort will be made to give NYSDEC at least one weeks notice of dye
tracer tests when possible. Because of the weather-dependent nature of this work it is likely that
one week advance notice may not be possible for every test. Every reasonable effort will also be
made to notify NYSDEC in a timely manner of any changes to the schedule outlined in Table 3
and also to specify test start dates once they are identified. In order to mobilize equipment and
supplies, and to provide reasonable notification, the decision about a date during which to
conduct a dye tracer test will be made in conjunction with Honeywell and NYSDEC by noon on
the day before dye is to be released. This decision would be based on weather conditions over
the previous days and on the weather forecast.
Individual dye tracer tests will be separated by intervals of time of at least one week, so that
any lingering amounts of dye that remain in the lake from the previous test will be dispersed or
otherwise undetectable when a new test is initiated. To confirm this, on the day before a dye test
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is to begin, dye concentrations will be measured over the entire basin (north or south) where the
release is to occur. If measurable concentrations are found, the test would be delayed. The goal
is to ensure that dye concentrations are at undetectable concentrations prior to the beginning of a
new test.
The intent is to commence dye tracer tests on Tuesdays or Wednesdays, thus providing five
to six days of dilution prior to the baseline water column/zooplankton sampling that is conducted
on Mondays. Release of the dye will occur shortly after sunrise to allow as much time as
possible for dye tracking over the course of the day. The dye will be released from a boat into
the lake below the lake thermocline at a water depth in the range of 15 to 18 meters (i.e., 49 to 59
ft). The release will be made through a small diffuser that is designed to induce a small amount
of mixing with the ambient lake water (e.g., Peeters et al. 1996 and Goudsmit et al. 1997). The
dye will be diluted with ambient lake water, taken from the lake at the depth of release. The
objective of this initial dilution is to adjust the density of the resulting dye solution so that it
matches as closely as possible the density of the ambient lake water at the depth of release (e.g.,
Peeters et al. 1996 and Goudsmit et al. 1997). Thus, the released dye will be neutrally-buoyant
and will not, by itself, tend to rise or sink in the water column due to density effects. The dye
release will occur over a relatively short period of time, likely 5 to 10 minutes. A buoy will be
deployed to mark the location of the dye release. In terms of position on the lake surface, the
release point will be at either of the two deep points, in the vicinity of either north deep or south
deep. It is a goal to conduct at least one successful dye tracer test in each of the two basins of the
lake.
After allowing for some initial spreading of the dye cloud, monitoring of dye concentration
will begin (see the standard operating procedure presented as Appendix D). During monitoring,
position of the boat will be determined using the GPS sensor and recorded on the on-board
computer at a regular interval. The sensors on the YSI Sonde will be interrogated at the same
time interval recorded on the onboard computer. The general approach will be to “sweep” across
the dye cloud in both longitudinal and lateral directions, where each sweep will begin outside the
dye cloud, continue through the cloud, and end where the edge of the cloud on the opposite side
will be identified (e.g., Peeters et al. 1996). The depth of the sensors will be adjusted to identify
the extent of dye tracer movement in the vertical direction.
The fluorometer apparatus will induce some mixing as it is towed through the dye cloud.
However this mixing will be: (a) weak because the towing will be as slow as reasonably possible
(approximately 2 knots); (b) of a small scale because the fluorometer probe that will be towed is
small (approximately 30 centimeters (12 inches) in size; and (c) sustained over a period of
perhaps 10 to 20 seconds at any position as the apparatus is towed. The field objective is to
measure sustained, large-scale mixing over tens to hundreds of meters, which will not be affected
in any significant manner by the towing of instruments. The sampling approach also provides
flexibility to measure various dye shapes in an implementable manner.
This type of dye tracer study is based on the dye being released and remaining at a
significant water depth, so visual identification of the dye cloud from the boat will not be
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possible. Multiple buoys may be deployed and moved over the course of the day to mark the
location of the edge of the dye cloud as it spreads. In addition, software will display the
following graphical information on the on-board computer screen: (1) a map of the lake; (2)
current position of the boat (from the GPS sensor); and (3) the location of and concentrations
within the dye cloud as determined from measurements made up to that point in time. The YSI
multiprobe has a weighted protective guard intended to keep it vertical and additional weight can
be added. The field team will determine during the pre-test if additional weight is needed. The
YSI also has a depth sensor, so depth will be recorded along with dye concentration. In addition,
the depth of the YSI will be tracked with a depth finder. It will be important to keep the YSI
nearly vertical so that the GPS coordinates are representative of the actual location of the sensor.
An additional sampling rig (boat, crew, fluorometer, CTD sensor) will be used if it is found that
two boats are required to track the dye cloud.
Dye tracking will continue over the entire course of the day until detectable concentrations
are no longer found. The quantity of dye to be released will be estimated so that detectable
concentrations will remain for the daylight period. However, the time period over which
detectable dye concentrations will persist will be strongly dependent on the magnitude of mixing
that occurs during each test. If a test is conducted under quiescent conditions, detectable
concentrations may remain during the day after the dye release. If this is the case, then
monitoring will continue the following day.
Experience indicates that the protocol described above will lead to successful tests.
However, unanticipated or unforeseen circumstances or conditions may occur. As a result, this
protocol may be modified over the course of the summer. Within a week after the completion of
each test, Parsons/Honeywell and NYSDEC will be briefed on how the test proceeded, discuss
any problems that occurred, and present recommendations as to how future tests could be
modified to maximize effectiveness.
4.0 HEALTH AND SAFETY
Health and safety is the highest priority. The UFI Safety Plan (Appendix C of UFI and SU
2007b) prepared for previous Onondaga Lake field activities will be used for this investigation
and will be strictly followed by all personnel. Any task outside of the current scope defined in
the Safety Plan, such as dye deployment and dye measurement, will have new job safety
analyses completed as warranted before the task begins. Copies of the UFI Safety Plan will be
maintained at the support zone and on the boat.
5.0 DATA MANAGEMENT AND REPORTING
Processing of the dye measurements will lead to quantifying the dispersion coefficient over
the course of each test. It is possible that the measurements will indicate that the dispersion in
the hypolimnion is anisotropic, meaning that dispersion in the longitudinal (along the long axis
of the basin) is different from lateral or transverse mixing. In addition, it may be found that the
dispersion is scale-dependent, meaning that the rate of increase of the size of the dye cloud (i.e.
the dispersion coefficient) becomes larger as the size of the cloud itself increases.
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A detailed analysis of the data from each of the dye tracer tests will be provided in a final
report to Honeywell and discussed with the SMU 8 Technical Work Group as input to the design
of the nitrate application field trial planned for 2009. Output from this dye tracer study will also
be applied to the comparison of boat-based and pipe-based delivery of nitrate and/or oxygen to
the lake’s hypolimnion. Results from the dye tracer work will be provided by January 2009. As
indicated in the Remedial Design Work Plan, the draft SMU 8 dye tracer report is due to
NYSDEC by July 22, 2009.
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APPENDIX A
CALCULATION OF DISPERSION COEFFICIENT

The following is an illustration of how dye data would be used to compute the dispersion
coefficient, which could be used directly in a 3-dimensional hydrodynamic transport model (e.g.,
EFDC) to simulate the performance of various designs for the delivery of nitrate and/or oxygen
to the hypolimnion of Onondaga Lake. If we make the very idealistic assumption that the dye
spreads horizontally as a circular cloud, the dispersion coefficient E can be computed from the
rate of increase of the diameter D of the cloud as:

E=

1 d
(D2 )
2 dt

In practice, the derivative in this equation is approximated by a finite difference. Assume
that the field data indicates that the diameter of the dye cloud is 50 meters 3 hours after the
release, and 150 meters 6 hours after the release. The dispersion coefficient over this period is
then:

E≈

1 ( D2 ) 2 − ( D1 ) 2 1 (150) 2 − (50) 2
=
2
2
6−3
t2 − t1

= 3300 meter 2 / hr
= 0.93meter 2 / sec

In practice, the dye cloud will likely have an irregular shape. In addition, the longitudinal
dispersion coefficient (along the long axis of the lake basin, roughly northwest-southeast) will
likely be different from the lateral dispersion coefficient (across the width of the basin, roughly
southwest-northeast). In this case, more complete and complicated equations are used to
compute the both the longitudinal and lateral components of the dispersion coefficient (Fischer et
al. 1979).
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APPENDIX B
MSDS FOR RHODAMINE WT
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APPENDIX C
BROCHURE FOR YSI 6130 RHODAMINE WT SENSOR
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1)

Test method:

Rhodamine WT Sensor – In-Situ Water Tracing
2)

Applicable matrix or matrices: fresh, brackish, and sea waters, <61 m depth

3)

Detection limit: 0.5 µg/L.

4)

Scope and application: In situ measurement of rhodamine WT dye for water and pollutant
tracing. This procedure is used for time of travel, dispersion, and mixing studies in surface
waters.

5)

Summary of test method: The YSI 6130 is an optical sensor that can be used in conjunction
with YSI 6-Series sondes and handheld display-loggers. This arrangement allows for manual or
automatic collection of rhodamine WT dye concentration and various other parameters (e.g.,
temperature, dissolved oxygen, specific conductance, pH, turbidity, depth, GPS location). Dyes
such as rhodamine WT mimic the movement of water molecules. The concentration of a dye
tracer is directly proportional to its fluorescence. Therefore, the spread of a dye plume over time
is a measure of transport of water or a waterborne substance under the conditions in which the
study was performed.

6)

Definitions: none

7)

Interferences: The following substances share excitation or emission spectra with rhodamine
WT and can cause interference: algae; certain salt compounds; naturally occurring colored
organic compounds; and manmade organic pollutants (i.e., dyes, petroleum distillates,
detergents). Turbidity can be a significant source of physical interference through inhibition of
transmitted and emitted light. Chlorine is a quenching agent of rhodamine WT. Photochemical
decay is a major loss process for rhodamine WT. Rhodamine WT can also be loss through
sorption processes. Dye losses by sorption, photochemical decay, and quenching are rarely large
enough to impact time of travel, or dispersion measurements (YSI Environmental 2001).

8)

Safety: Standard field safety procedures should be applied. Keep work area clean and clutter
free. The submersible cable should be stowed in an organized fashion and not left in a location
where it could become a tripping hazard.

9)

Equipment and supplies: Rhodamine WT dye (20%), appropriate field sheets, GPS, connection
cables, and YSI handheld display-logger.
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10) Reagents and standards: Rhodamine WT dye (20%).
11) Reference Solution: Rhodamine WT dye (20%).
12) Sample collection, preservation, shipment and storage: No water samples collected.
13) Quality Control: Inspect sensor for fouling.
14) Calibration and standardization: The YSI 6130 rhodamine WT sensor should be calibrated
within 24 hours of use in a dye tracer study. The calibration should include at least 3 standards
that span the range of dye concentrations expected to be encountered in the study. The standards
should be prepared from the same batch of rhodamine WT dye that will be used in the tracer
study. In this case,

Rhodamine WT Liquid
Aniline Corp.
Specific gravity: 1.15 gm/mL
Active ingredient 20% by weight
The steps below describe the preparation of standards for a 3-point calibration (1, 50, 100 µg/L).
1. dilute 4.3 mL of rhodamine WT dye to 1 L
4.3 mL rhodamine dye ×1.15 gm/mL = 4.945 gm dye
4.945 gm dye × 20% by weight = 0.989 active dye
0.989 gm dye × 1,000,000 µg/gm = 989,000 µg/L solution
2. 10 mL of 989,000 µg/L solution diluted to 1 L = 9890 µg/L solution
3. 10 mL of 9890 µg/L solution diluted to 1 L = 98.9 µg/L solution (used as 100 µg/L
standard)
4. dilute 500 mL of the 98.9 µg/L solution to 1 L – 49.5 µg/L solution (used as 50 µg/L
standard)
5. dilute 20 mL of the 49.5 µg/L solution to 1 L = 0.99 µg/L (used as 1 µg/L standard)
15) Procedure for measuring dispersion in a lake or reservoir:

1. Release dye into water body. The dye release should occur over a relatively short period of
time, approximately 5-10 minutes. The released dye should be neutrally-buoyant and not, by
itself, rise or sink in the water column due to density effects. The dye may have to be diluted
to match the water density (temperature and salinity) at the target depth. A diffuser can be
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used to promote mixing of the dye with the ambient water. The appropriate quantity of dye
released can be estimated from equations presented in Martin and McCutcheon (1999).
2. Mark the location of the dye release with a buoy and allow some time for initial expansion of
the dye cloud.
3. After allowing for some initial spreading of the dye cloud, monitoring of dye concentration
will begin. During monitoring, position of the boat is determined by a GPS sensor and is
recorded at a regular interval. The sensors on the YSI sonde will be recorded at the same
time interval. The general approach is to “sweep” across the dye cloud in both longitudinal
and lateral directions, where each sweep begins outside the dye cloud, continues through the
cloud, and ends where the edge of the cloud on the opposite side is identified. The depth of
the sensors will be adjusted to identify the extent of dye tracer movement in the vertical
direction.
4. Dye tracking will continue over the entire course of the day until detectable concentrations
are no longer found. The time period over which detectable dye concentrations will persist
will be strongly dependent on the magnitude of mixing that occurs during each dye tracer
study. If a study is conducted under quiescent conditions, detectable concentrations may
remain during the day after the dye release. If this is the case, then monitoring will continue
the following day.
16) Calculations: The following is an illustration of how dye data would be used to compute the
dispersion coefficient, which could be used directly in a 3-D hydrodynamic transport model (e.g.,
EFDC). If we make the very idealistic assumption that the dye spreads horizontally as a circular
cloud, the dispersion coefficient E can be computed from the rate of increase of the diameter D of
the cloud as

E=

1 d
(D2 )
2 dt

In practice, the derivative in this equation is approximated by a finite difference. Assume that the
field data indicates that the diameter of the dye cloud is 50 meters 3 hours after the release, and
150 meters 6 hours after the release. The dispersion coefficient over this period is then
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E≈

1 ( D2 ) 2 − ( D1 ) 2 1 (150) 2 − (50) 2
=
2
2
6−3
t2 − t1

= 3300 meter 2 / hr
= 0.93meter 2 / sec

In practice, the dye cloud is likely to be of irregular shape. In addition, the longitudinal
dispersion coefficient (along the long axis of the lake basin, roughly northwest-southeast) is
likely to be different from the lateral dispersion coefficient (across the width of the basin, roughly
southwest-northeast). In this case, more complete and complicated equations are used to
compute the both the longitudinal and lateral components of the dispersion coefficient (Fischer et
al. 1979).
17) Method performance: See #3 above
18) Pollution prevention: Health and safety are primary considerations in the application of dye
tracers, including potential toxic effects on lake biota and effects on human health.
Concentrations of dye known to affect biota are generally much higher than those required for
tracer studies (Martin and McCutcheon 1999). In the presence of high nitrite concentrations (>1
mg/L), rhodamine WT has been found to form the carcinogen diethylnitrosamine (DENA). The
potential for DENA formation is low in most surface water bodies because of relatively low
nitrite concentrations. The USEPA and USGS have adopted a policy that prohibits the injection
of fluorescent dyes in quantities that would result in dye concentrations >10 µg/L at drinking
water intakes.
19) Data assessment and acceptance criteria for quality control measures: Assessment of results
is done at UFI facilities (post collection). Acceptance criteria for quality control include
consideration of field notation concerning interferences and presence of data points outside
parameter detection range values.
20) Corrective actions for out-of-control or unacceptable data: Identify data that fail QA/QC,
record throughout data transfer to client. Analyze cause of unacceptable data (i.e., instrument
error or interferences). Return instrument to manufacturer for repair and recalibration if deemed
necessary.
21) Contingencies for handling out of control or unacceptable data: Calibration and
standardization procedures listed above (#14) ensure that data are within specification.
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22) Waste management: This procedure generates no hazardous waste.
23) References:

Fischer, H. B., E. J. List, R. C. Y. Koh, J. Imberger, and N. H. Brooks. 1979. Mixing in Inland
and Coastal Waters. Academic, New York.
Martin, J. L. and S. C. McCutcheon. 1999. Hydrodynamics and Transport for Water Quality
Modeling. CRC Press, Boca Raton, FL. 794 p.
YSI Environmental. 2001. White paper: Water Tracing, In Situ Dye Fluorometry and the YSI
6130 Rhodamine WT Sensor. www.ysi.com.
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