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A Tool to Estimate Contaminant Travel Time in the Chipola River System for
the City of Port St. Joe, Florida

By Mitra B Khadka, Ph.D., G.I.T. 83 and Jim Cichon, P.G. 2830

ABSTRACT

The Chipola River, a major tributary to the Apalachicola River, is a vital natural resource
to the residents of the Florida Panhandle and a primary source of drinking water for the City of
Port St. Joe. Increasing land use activities (e.g., agricultural, settlement, and transportation) in the
river basin make the Chipola River vulnerable to accidental releases of various contaminants.
Information on flow velocities, water travel times and mixing rates within a river are needed to
protect the drinking water supply from contaminant spills. Florida Department of Environmental
Protection (FDEP), Division of Water Resource Management’s Source and Drinking Water
Program contracted with the FDEP, Florida Geological Survey (FGS) to model the 72-hour travel
time of all surface waters feeding the surface water intake for the City of Port St. Joe on the Chipola
River. The FGS developed an ArcGIS-based Time of Travel Modeling Toolset (TOT) that uses
U.S. Geological Survey (USGS) National Hydrography Dataset Plus version 2 (NHDPlusV2)
datasets and Python scripting to estimate travel times along the Chipola River.

Further, a dye-trace study was conducted along a portion of the Chipola River to estimate
the streamflow velocities and water travel times. Rhodamine WT (RWT) dye was introduced at
two locations on two occasions on April 1% and 29" of 2019. Dye concentration measurements
were made downstream from the dye introduction sites at five locations along the river. Based on
dye plume travel times, mean velocities were calculated for each sub-reach between measurement
sites for the leading edge, peak concentrations, and trailing edge at 10% of the peak concentration.
Estimated streamflow velocities were higher for the sub-reach upstream of Scotts Ferry bridge in
relation to the Dead Lakes sub-reach. Calculated travel time data from this dye-trace study were
used to calibrate and evaluate the results from the TOT.

Comparison of the travel times calculated from dye-trace data and estimated from the
model for the Chipola River indicate that the TOT estimates the travel times with reasonable
accuracy. The model errors range from 0.7 to 15.9% prior to calibration and less than 3% after
calibration for sub-reaches upstream of Dead Lakes. The FGS-developed TOT can be used to
determine the time it takes for contaminants to reach the City of Port St. Joe public water-supply
intake from a point of spill. This information is critical for Surface Water Treatment Plant (SWTP)
operators to decide when and how long operations of water-supply intake need to be suspended to
protect public health in the event of a contaminant release to the Chipola River.



INTRODUCTION

Accidental or intentional introduction of hazardous materials to the Chipola River and its
tributaries is a major concern for the City of Port St. Joe’s Surface Water Treatment Plant (SWTP)
because the river is a primary source of drinking water for residents of the City. It is critical to
know how much time it takes for contaminants to reach a public water supply intake from the point
of a spill. This information allows SWTP operators to make informed decisions as to when, and
how long, to suspend operations of a public water-supply intake in the event of an upstream
contaminant spill. Water resources managers and planners often rely on travel time and dispersion
data for a wide range of flow conditions to make such decisions.

Transport models are effective tools for the rapid estimate of travel times and mixing of
water within a stream. Many excellent models are available to make these types of calculations.
However, a model must be calibrated and verified to a specific river system to gain accuracy and
confidence in the results. All models must be provided with information from which streamflow
velocities, rate of the transport, and mixing can be estimated.

Dye tracers (e.g., Rhodamine WT) have been widely used to simulate the transport and
dispersion of contaminants in streams and rivers because they behave in the same manner as the
water particles (Hubbard et al., 1989). Measured tracer-response curves produced from the
injection of a known quantity of dye-tracers provides an efficient method of obtaining data
required to estimate the rate of transport, dilution, and mixing of contaminants in streams and
rivers. Subsequently, these data can be used to verify surface water flow and calibrate a transport
model.

The FGS took 44 river and stream discharge measurements and conducted two dye-traces
to address the need for travel time data, and to estimate the rate of transport of contaminants, in
the Chipola River basin and its receiving river, the Apalachicola River. Dye-trace data along with
river discharge measurements during multiple field visits were used to validate and develop a
surface water flow model for the Chipola/Apalachicola River.

PURPOSE AND SCOPE

The Safe Drinking-Water Act Amendment of 1996 directs each state to prepare a source-
water assessment for all public water supplies (EPA, 1996). States are required to determine the
sources of drinking water, identification of potential contaminants to be monitored, and the
intrinsic susceptibility of the water supplies to those contaminants. The Chipola River in west
Florida, a major tributary to the Apalachicola River, is a primary source of drinking water for the
City of Port St. Joe.

This report presents the results of a study conducted to estimate travel times, streamflow
velocities, and longitudinal dispersion rates for the Chipola River. A geographic information
system (GIS) based Time of Travel Modeling Toolset (TOT) was developed based on the study.
Rhodamine WT (RWT) was introduced at two locations on two different dates: April 1, 2019 and
April 29, 2019. Dye concentration measurements were made downstream from the sites of
introduction at five locations along the river. The data collected from this study were used to



evaluate and validate the GIS-based TOT developed by the FGS. The tool retrieves real-time
USGS gage daily-discharge data and estimates river flow velocities to predict travel times, which
are needed for quick and effective emergency response by SWTP operators in an event of a
contaminant release in the river system.

DESCRIPTION OF THE STUDY AREA

The Chipola River basin covers approximately 1,280 square miles extending from the
southeastern Alabama in Houston County, to just south of the Dead Lakes area in central Gulf
County, Florida (Figure 1). The Chipola River itself originates at the confluence of Marshall Creek
and Cowarts Creek in Jackson County, Florida. Elevation of the river ranges from 85 ft at its
headwaters to 5 ft at the mouth, resulting in an average channel gradient of about 0.9 feet/mile.
The river flows south-southeast from its headwaters, then due south into Dead Lakes just before
reaching the Apalachicola River. The Dead Lakes were formed when the Apalachicola River
deposited sand bars blocking the mouth of the Chipola River (NWFWMD, 2017). As the river
flows out of Dead Lakes, it connects with the Chipola Cutoff near the town of Wewahitchka. The
Chipola Cutoff, a natural diversion, channels about 25% of the Apalachicola’s flow westward to
the Chipola River (FDEP, 2002).

In Florida, the Upper Chipola River Basin lies within the Dougherty Karst District that
encompasses northern portion of Bay and Calhoun Counties and all of Jackson County. The
Marianna Karst Plain, the northern province of the Dougherty Karst District in the Chipola River
Basin, encompasses most of northern and central Jackson County (Williams et al., in preparation).
The topography of the Upper Chipola River Basin in the Marianna Karst Plain is relatively flat,
sloping downward to the south, dominated by low-lying swampland. Geologically, it consists of
thin surficial quartz sand and clay and Oligocene and Eocene residuum over carbonate rocks of
the Floridan aquifer system. Carbonate rocks at and near the surface include Ocala Limestone to
the north, undifferentiated Marianna/Suwannee Limestone to the south with some Chattahoochee
Formation found near the southern edge of the Marianna Karst Plain (Scott et al., 2001). The
carbonate rocks at and near the surface give the Upper Chipola River Basin its karst topography,
which is characterized by many notable caves, sinkholes, and conduit networks. These carbonate
rocks are frequently exposed along the channel of the Chipola River (Barrios and Chelette, 2004).

South of the Marianna Karst Plain, the Chipola River incises through higher elevation
terrain comprised of Citronelle Formation capping the carbonates that had been at and near the
surface to the north (Scott et al., 2001). The Compass Lake Karst Hills are west of the Chipola
River and the Sneads Hills are to the east. Springs are common along this reach of the Chipola
River and along with some sinkholes and closed topographic depressions, reveal the continuing
impact of karst in this southern portion of the Dougherty Karst District (Williams et al., in
preparation). South of the Compass Lake Karst Hills and Sneads Hills, the elevation of the
landscape decreases and the dominant east to west paleoshoreline ridges of these hills transition to
ridges which developed a NW-SE orientation as the Apalachicola Delta formed. This change in
paleoshoreline ridge orientation marks where the Chipola River enters the Apalachicola Delta
District (Williams et al., in preparation). The Chipola River has continued to incise through the
Citronelle Formation and undifferentiated Quaternary sediments of the Upper Delta province
(Scott et al., 2001). Dead Lakes and the two-part confluence of the Chipola River with the



Apalachicola River are in the Lower Delta of the Apalachicola Delta District (Williams et al., in
preparation).

The Floridan aquifer system across the Dougherty Karst District is semi-confined and is
comprised of the Chattahoochee Formation, undifferentiated Marianna/Suwannee Limestone, and
the Ocala Limestone (Scott, 1993). Groundwater flows through the fractures and cracks developed
in the limestone of the Floridan aquifer system and discharges into springs, the Chipola River, and
its tributaries. Groundwater also flows through matrix permeability of the Floridan aquifer system,
contributing to flow of these surface-water bodies. There are at least 63 reported springs of various
magnitudes in the basin which feed the Chipola River (Barrios and Chelette, 2004). Jackson Blue
spring is the largest and the only first magnitude spring (discharge greater than 100 cubic feet per
second) in the basin. During low- and medium-flow regimes, the Chipola River and its tributaries
are dominantly supplied by groundwater from the Floridan aquifer system. Higher flow regimes
are more dominated by surface waters. Mean annual discharge for the Chipola River at Marianna,
based on 19 years of record from 2000 to 2019, is approximately 745 cubic feet per second (USGS,
2019); whereas, mean annual discharge at Altha, based on 100 years of record from 1919 to 2019,
is 1,471 cubic feet per second (USGS, 2019). Mean annual precipitation in the basin, as recorded
at Wewahitchka station from 1901 through 2017, is 62 inches (Florida Climate Center, 2019).

The study area used for the travel time model contains the entire Chipola River upstream
of the City of Port St. Joe surface water intake located on the Chipola River and the Apalachicola
River upstream of the intake, extending just north of the city of Albany, Georgia (Figure 1). This
extent was chosen based on several model runs under various discharge measurement conditions
(Figure 2, Appendix A). These model runs show that the river distance for a three-day travel time
from the Chipola River Intake rarely extends upstream further than Lake Seminole, located just
north of Chattahoochee and the Florida state line. This allows the Time Travel Model Tool to run
efficiently ~ without  performing  unnecessary  calculations along the  entire
Apalachicola/Chattahoochee/Flint River basins. The study reach for dye tracing extends
approximately 70 miles from Magnolia Bridge in Jackson County to the Port St. Joe surface water
intake on the Chipola River in Gulf County (Figure 3).

The City of Port St. Joe has two surface water intakes. One intake is located on the Chipola
River at 2.5 river miles from the river mouth and another one is located at the city of Port St. Joe.
(Figure 1). These two intakes are connected by a 17-mile long canal, which transports water from
Chipola River to the surface water treatment plant located at the City of St. Port Joe. The intake
on the river controls the water flow to the canal and the intake at the end of the canal allows water
to enter the treatment plant. All calculated travel times reported here are to the intake on the
Chipola River from an upstream site. In an event of contaminant release in the river, the intake on
the river will be shut off, halting water supply to the canal, and essentially preventing the
contaminant from being transported to the treatment plant.
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DEVELOPMENT OF TIME OF TRAVEL MODELING TOOLSET

The modeling processes used NHDPlusV2 datasets and Python scripting to estimate travel
time along a river network. NHDPIlusV2 is a geo-spatial, hydrologic dataset built by the U.S.
Environmental Protection Agency (EPA) and the U.S. Geological Survey (USGS). It incorporates
data from the USGS National Hydrography Dataset (NHD), the USGS National Elevation Dataset
(NED), and the USGS Watershed Boundary Dataset (WBD) (McKay et al, 2012). The datasets
contain values of flow velocities based on the mean annual discharge on gaged rivers and estimated
velocity/discharge calculations based on mean annual discharges on non-gaged rivers.

The datasets used in the Chipola/Apalachicola study area are stored in an ArcGIS®
geodatabase named TOT.gdb (TOT — Time of Travel Modeling Toolset). A custom Python
toolset was created to read data from TOT, perform calculations, and visually display travel time
information in a geographic information system (GIS) environment. Along with the NHD
flowlines and active USGS gages, three spatial layers and three nonspatial layers are included in
TOT. These include:

1. Wetlands (spatial) — FDEP Northwest Florida Water Management District
(NWFWMD) 2015-2016 land use and U.S. Fish and Wildlife National Wetlands
Inventory datasets

2. 100-year flood plain (spatial) - FEMA national flood hazard layer (NFHL)

NHD catchments (spatial) - EPA/USGS NHDPIlusV2 dataset

4. PlusFlowlineVAA (nonspatial) - EPA/USGS NHDPIlusV2 dataset for value added
attributes

5. Enhanced Runoff Method (EROM, nonspatial) - EPA/USGS NHDPIlusV2 dataset
for enhanced unit runoff method

6. elevslope (nonspatial) - EPA/USGS NHDPIlusV2 dataset for derived elevation and
slope for NHDFlowline features

(98]

Toolset Overview

NHDPIlusV2 and Python scripting was used to develop the travel time model. The
modeling technique was based in a GIS and executed using a Python toolset (TOT) consisting of
the following three tools:

e Segment Travel Time — calculates travel time for each flowline segment.

e Accumulative Travel Time — sums travel time of each flowline segment starting at
the intake on the river and moving upstream. Therefore, assigning each segment a
cumulative travel time that can be symbolized based on days from the intake.

e Build Buffer — creates a 200-foot polygon buffer around all water features based on
the travel time in days selected in the tool.

The tools must be used in this order to obtain the buffered travel time polygon.



Segment Travel Time Tool

The first tool uses real time USGS gage daily-discharge measurement values and equations
(Jobson, 1996) to estimate velocity and travel time for each NHDPlusV2 flowline segment. The
tool accomplishes this by accessing the USGS REST (Representational State Transfer) web service
via HyperText Transfer Protocols (HTTP) and obtains the latest daily discharge measurements for
each gage in the study area. These values, along with values obtained from additional NHDPlusV?2
datasets, are used to calculate travel time. To view the equations this tool uses, see Appendix B.
Attribute fields, displaying travel time and velocity, are added to the PlusFlowlineVAA table for
each flowline segment based on the options chosen in the tool. Detailed information can be
obtained from within the tool’s help section or by reviewing the metadata that accompanies the
tool (Appendix C).

Accumulative Travel Time Tool

This tool uses the segment travel time values calculated by the Segment Travel Time Tool
and saved in the PlusFlowlineVAA table. A cumulative sum of these values, starting at the City
of Port St. Joe Chipola River intake and traveling upstream, is produced and added as a new field
in the NHDFlowline table. NHDFlowline segments can be symbolized, based on these values, to
represent a three-day travel time. Detailed information showing queries and classification methods
can be found within the Accumulative Travel Time Tool help section or by reviewing the metadata
that accompanies the tool (Appendix C).

Build Buffer Tool

This tool uses the accumulated travel time values produced in the Accumulated Travel
Time Tool, the Federal Emergency Management Agency (FEMA) 100-year floodplain layer, the
National Wetlands Inventory, and the NWFWMD 2015-2016 land use layer to create a 200-foot
polygon buffer around all water features based on the travel time in days selected in the tool as
requested by FDEP Division of Water Resource Management. NWFWMD land use was used to
include all other water bodies in the model because it is the most current and accurate data for
lakes, ponds, and wetlands in the area.

The build buffer tool creates a selection of NHDFlowlines based on input from the
maximum travel time field, and then intersects this selection with the catchment feature class layer
thereby choosing catchments by location. All flood plain, wetlands, and water features within the
selected catchments are then selected and a 200-foot buffer is created around all these features. An
example of the TOT produced 72-hour travel time with 200-foot buffer for the day of May 31,
2019 is shown in figure 4. The 72-hour travel time buffer zone is dependent to the real-time river
hydrologic conditions and can vary by date. In the event of a spill, it is recommended the TOT be
run that day, since TOT uses real-time river gauge data combined with historical data to model the
72-hour travel time. Detailed information can be obtained from within the tool’s help section or
by reviewing the metadata that accompanies this tool (Appendix C).
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During model runs, many new fields are created in the PlusFlowlineVAA and
NHDFlowline tables. In addition, a new buffer feature class is added to the TOT geodatabase after
each Build Buffer tool run. It is recommended that these fields/feature classes be deleted on a
regular basis to keep the geodatabase clean. Data can be saved by exporting tables and/or feature
classes within the ArcMap environment. Old model-run fields and feature classes can then be
deleted in the TOT geodatabase.

DYE TRACES
General Description of Dye Tracing

Specialized dyes for tracing are commonly used in surface water travel time studies
because they are water soluble, environmentally safe, and imitate the characteristics of water
particles. A measure of the movement of a dye is, in effect, a measure of the movement of the
solutes in the stream and of their dispersion mechanisms (Jobson, 1996). This is a conservative
measure of travel time since some contaminants will travel at a slower pace due to the density of
the contaminant. A travel time study is generally conducted by introducing a known quantity of
water-soluble tracer into a stream and measuring the variation in concentrations of the tracer as it
moves downstream. Time-concentration curves are the basis for determining time-of-travel and
dispersion characteristics of streams. Time-concentration curves are developed by plotting dye-
tracer concentrations measured at defined time intervals at downstream points from a dye
introduction point. Theoretical characteristics of a time-concentration curve for a stream are
described in Appendix D.

Dye Introduction Method

Prior to dye release, multiple reconnaissance surveys of the Chipola and Apalachicola
River basins were carried out to identify river access points and to conduct discharge
measurements. Discharge measurements were made at several sites in the Chipola River, its
tributaries, and the Apalachicola River using a Sontek acoustic doppler M9 River Surveyor (Figure
2; Appendix A). Based on river accessibility, stream discharge, and current velocity, dye
introduction and measurement sites were selected (Figure 3). On March 7, 2019, prior to dye
introduction, charcoal packets were installed at four sites, Magnolia Bridge, Scotts Ferry Bridge,
Dead Lake Bridge, and about three miles downstream from the confluence of Chipola River and
Chipola Cutoff. The packets were left in the water for a week to check the background
concentration of RWT in the river water. In addition, background concentrations were measured
at each site using a RWT sensor mounted on a Hydrolab HL4 datasonde at the time of charcoal
packet deployment. Background concentrations were also checked during the dye introduction and
measurement time prior to dye arrival at Scotts Ferry Bridge by a RWT sensor. We observed
consistency in background concentrations between two different dates. Background concentrations
at Scotts Ferry Bridge were 0.59 ppb and 0.74 ppb on March 7, 2019 and prior to dye detection on
April 2, 2019, respectively. Detection limit of the Hydrolab HL4 datasonde is approximately 0.04

ppb.
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Rhodamine WT dye was used as the dye tracer for this travel time study. RWT was chosen
for its non-reactive, water-soluble, non-toxic, and low-concentration detectability characteristics.
Dye was introduced into the Chipola River at two sites on two different dates by following the
techniques and methods developed by USGS (Hubbard et al., 1989). The first dye introduction
was made at Magnolia Bridge on April 1, 2019 and the second dye introduction was carried out at
Scotts Ferry Bridge on April 29, 2019. RWT dye used at Magnolia Bridge was at 20% stock
solution, produced by Sensient Technologies, and purchased from Ozark Underground Lab
(OUL). RWT at 21.3% stock solution (same batch as reported by Martin and McCutcheon, 1998),
produced by Crompton & Knowles and provided by FDEP Division of Water Resource
Management, was used at Scotts Ferry Bridge. Before introduction, a sample of Crompton &
Knowles rhodamine was retained for OUL laboratory use in preparing standards for sample
analysis. A sample of dye obtained from OUL was not retained because they were the source of
the dye and all water samples were analyzed there. OUL used the same batch of RWT dye from
their inventory to prepare standards for the analysis of water samples collected during first dye
trace study on April 1, 2019. The dye was transported to the introduction sites in sealed containers.
While being transported, the dye was kept in a separate vehicle from the auto-samplers, Hydrolab
data sondes, and sample bottles to avoid cross-contamination.

The volumes of dye injected at Magnolia Bridge and Scotts Ferry Bridge were 15.8 gallons
and 17.7 gallons, respectively. A single release point was used for dye introduction at each site.
Dye was released from right bank of the river at the Magnolia Bridge and in the middle of the river
from a boat at the Scotts Ferry Bridge. Those were the points with preferable release conditions:
high current velocity and visible turbulence (Figure 5). A single release point was decided to be
appropriate for this river because downstream distance calculated for complete lateral mixing of
dye for each introduction site was not greater than two miles. Accelerated complete lateral mixing
is required for more accurate representation of streamflow velocity. The mixing distance was
calculated based on river flow and channel characteristics just downstream from each introduction
site (Hubbard et al., 1989). For quality control, those introducing the dye wore Tyvek coveralls,
shoe covers, and gloves with the seams taped between the gloves and coveralls. Directly after the
introduction, all coveralls, shoe covers, and gloves where sprayed with a bleach and water solution
to obliterate any dye on the protective clothing. All protective clothing and dye cartons were
immediately placed into garbage bags and taped shut for disposal. Additionally, all personal
clothing worn under the protective clothing was changed, bagged, and taped closed to prevent
cross-contamination. Prior to dye introduction, the county sheriffs’ offices, Northwest Water
Management District, and Florida Fish and Wildlife Conservation Commission were contacted
notifying them each time about the dye introduction.

For the dye introduced at Magnolia Bridge on April 1, 2019, five monitoring sites were
established downstream for measurement of dye concentration at Peacock Bridge, SR20 Bridge,
Scotts Ferry Bridge, Dead Lakes Bridge, and Chipola River intake (Figure 3). Dye was not detected
by RWT sensor at downstream sites, Dead Lakes Bridge, or Chipola River intake, even after a
week of the dye introduction. Non-detection could be attributed to two possible reasons: 1) dye
dilution due to significant additional water contribution from tributaries along the Dead Lakes and
2) dye being bound up against the bank in plants, roots, sediments, and within stagnant flow zones.
On the day of introduction, we observed the dye spanning the full width of the river suggesting
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good river-dye mixing after the initial introduction, supporting a conclusion that dye dilution was
the more likely explanation for non-detection at Dead Lakes Bridge and the Chipola River intake.

Dye released at Scotts Ferry Bridge on April 29, 2019 was detected downstream at Upper
Dead Lakes, Dead Lakes Bridge, and Chipola River intake (Figure 3). Prior to the second dye
introduction, it was confirmed that the dye from the first introduction was fully dispersed or
completely flushed out of the system. The confirmation was based on the following facts: (1)
Travel time calculations based on the velocities measured by Sontek acoustic doppler M9 prior to
dye introduction suggested that it would take only 94 hours (about 4 days) for the dye introduced

Figure 5. Introduction of Rhodamine WT into the Chipola River at Magnolia Bridge on April 1,
2019 just before sunset.

at Magnolia Bridge to completely pass the Chipola River intake site, (2) RWT dye is susceptible
to photochemical decay at a rate of approximately 5 percent per day (Kilapatrick,1993) and
accordingly sufficient time had passed for tracer decay, and (3) The background concentration of
RWT measured by the sensor prior to first dye introduction (i.e., 0.47 ppb) was consistent to the
background concentration measured prior to the second dye introduction (i.e., 0.46 ppb) in Dead
Lakes at Dead Lake Bridge.
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Dye Concentration Measurement

Three different methods of detection were used to measure RWT concertation in the river
water: datasondes with Rhodamine WT (RWT) sensors, discrete water sampling using ISCO
automated water samplers, and charcoal packets. The RWT sensors were deployed at all
measurement sites, while auto-samplers were used at all the sites except Upper Dead Lakes and
Dead Lakes Bridge due to site inaccessibility. Charcoal packets were used for background
measurement of rhodamine in the river water prior to first dye introduction and for dye
measurement at Chipola Intake site after second dye introduction at Scotts Ferry Bridge. Overall
use of charcoal packets in this study was limited because charcoal packets provide insufficient
resolution and cumulative concentrations of the dye over the period the charcoal packet is
deployed. On the other hand, charcoal packets were used for background sampling because they
are well-suited for that purpose. Charcoal packets provide the cumulative concentration that has
migrated past the sampling site and can capture dye at a very low concentration. For all other
samples collected in this study, all of which require high-temporal resolution data, a datasonde
with a RWT sensor, and/or ISCO auto-sampler were used. These instruments can be deployed for
long time periods, with semi-continuous data/sample collection ranging from every minute to
every hour.

The RWT sensor was mounted on an OTT Hydrolab HL4 datasonde. The RWT sensor is
a Turner Designs Cyclops-7 submersible fluorometer. The sensor converts the measured
fluorescence of the dye to a concentration. Prior to each dye introduction, the sensors were cleaned
thoroughly with DI water and calibrated with RWT Calibration Standard produced for Turner
Designs Rhodamine WT Sensors. In cases of longer deployment (more than two days at Dead
Lakes Bridge and Chipola River intake), calibration was checked, and the sensors were cleaned
every other day to minimize algae interference. If the sensor was left for several days uncleaned,
algae and cyanobacteria would accumulate around the sensor and chlorophyll pigments therein
could emit fluorescence causing false-positive data measurements. The sensors were attached to
bridge piers, suspended in the water column (from 1 to 3 ft below water surface), and placed in the
middle of the river channel at each measurement site. The sensors were programmed to log a
measurement every 5 minutes when the RWT concentration was below 1.5 ppb. A secondary
interval was set to increase the measurement rate to every minute as soon as the RWT
concentration was greater than or equal to 1.5 ppb.

In addition to in-situ measurement of dye concentration, discrete water samples were
collected using ISCO auto-samplers. Two auto-samplers were used at each site. Samplers were set
up at 1-hour intervals with 30-minute time offsets to each other, so that water samples could be
obtained at every 30 minutes. Water was pumped from about 1-ft below water surface by extending
a high-density polyethylene tube (inner diameter 3/8”) to as far out into the river channel as
possible. A new, decontaminated tube was used for each deployment. Auto-sampler water storage
bottles were cleaned and decontaminated with bleach water followed by DI water before and after
each sampling. The ISCO water samples were transferred to 50-ml conical vials, stored in a cooler
with ice to prevent thermal degradation of RWT, and transported to the FGS lab, where they were
kept in a refrigerator at about 4°C until analysis.
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Sensor deployment and water sampling were performed until the dye plume’s trailing edge
declined to 10% of peak concentration. River discharge measurements were made at each
introduction and measurement site prior to dye release and during the passage of the tracer cloud
(Table 1). The charcoal packets and selected water samples were sent to Ozark Underground
Laboratory with overnight delivery shipping in a cooler for analysis of RWT concentrations. Water
samples for RWT analysis were selected based on the first arrival time, peak arrival time, and
trailing edge of dye plume. All RWT data are presented in Appendices C and D.

Development of Time-Concentration Curves

RWT sensor data for each site were reviewed and plotted to develop time-concentration
curves. Background sampling was conducted using charcoal packets deployed on March 7, 2019
and collected on March 19, 2019 prior to the first dye introduction. No RWT was detected in the
river water prior to the dye introduction (Appendix E). Based upon those results, all RWT sensor
data were adjusted by subtracting the sensor’s average concentration values preceding the arrival
of the dye, which reflects background concentration. RWT sensor data may have background
concentrations different than zero because the sensor measures fluorescence and converts this
value to a concentration based on the calibration performed. When background fluorescence values
at the measurement site are different than the calibration standard of O ppb, the calculated
concentration of dye may be greater than or less than zero. In this study, river water fluorescence
might be impacted by organic matter content, causing a false background reading. Raw RWT
sensor data and adjusted data collected at SR20 Bridge are presented in Figure 6 as an example of
the adjustments made to the data. RWT sensor data from all measurement sites are presented in a
separate spreadsheet as a supplementary material (Appendix F).

Time-concentration curves were developed by fitting smooth curves to the RWT sensor
data. Smooth curves were fitted to the data by using Locally Weighted Scatterplot Smoothing
(LOWESS). LOWESS is non-parametric method for fitting a smooth curve to data points. It does
not assume data distribution shape in advance, avoiding a curve that might misrepresents the data.
It is commonly used for data smoothing because of its ease of use and a flexible approach to
represent data. The final time-concentration curves were then used to determine the travel times
for the arrival of the leading edge, peak concentration, trailing edge at 10% of the peak
concentration, and the trailing edge of the plume for each measurement site. Time-concentration
curves for each dye introduction are presented in Figures 7 and 8. Time-concentration curves for
discrete water sample data obtained from the ISCO auto-samplers and analyzed by Ozark
Underground Laboratory are shown in Figure 9. No dye was detected by the RWT sensor or the
auto-sampler at the Chipola River intake site. A charcoal packet installed at Chipola Intake site
during the second dye trace introduction on April 29, 2019 detected 2.07 ppb of RWT after 7 days
of dye introduction at Scotts Ferry Bridge. Given the fact that charcoal packet provides only
cumulative concentration over the installed time period, it is difficult to determine the first arrival
time, and/or peak arrival time of dye plume. Therefore, information from only one charcoal packet
is insufficient to determine the travel time for Dead Lakes Bridge and Chipola Intake sub-reach of
the Chipola River.
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Travel Time and Streamflow Velocities in the Chipola River

Travel times and streamflow velocities were calculated by using the time-concentration
curves developed from data collected at the measurement sites. Mean velocities for each sub-reach
(the length of river between two measurement sites) were calculated for the leading edge, peak
concentration, and trailing edge at 10 percent of the peak concentration (Tables 1 and 2). However,
it should be kept in mind that streamflow velocities between the dye introduction site and first
measurement site downstream may not accurately represent the mean stream flow velocity because
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Figure 6. Raw and adjusted concentrations of RWT dye measured by the Hydrolab HL4 RWT
sensor at SR20 Bridge, Chipola River on April 1, 2019.

of incomplete lateral mixing. Dye travels some distance downstream from the introduction site
without completely mixing across the channel. In this study, estimated complete mixing distance
was about two-miles downstream from the introduction site. Knowing the travel time and flow
velocities in the river is critical for SWTP operator’s emergency response to contaminants released
into the river.

There were significant discrepancies in RWT concentrations between the RWT sensor data
and ISCO auto-sampler data. These discrepancies did not allow for the determination of
longitudinal dispersion in the Chipola River. Therefore, results of this study are unable to
determine the concentration of a contaminant that can be expected at the Chipola intake site during
a contaminant event upstream. The results of this study do, however, provide contaminant travel
time.

Data collected by RTW sensors might have been affected by field conditions. For example,
algae, turbidity, and organic matter in river water can interfere with RWT sensors. Increased
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Figure 7. Time-concentration curves for RWT dye released at Magnolia Bridge, Chipola River on
April 1, 2019 and measured by Hydrolab HL4 RWT sensors at downstream sites.

259

o
i

,_.
o
L

—
(=1
n

Legend

— Upper Dead Lakes
— Dead Lakes Bridge

RWT concentration (ppb)

u _—

0 100 200 300

Time after dye introduction (hrs)

Figure 8. Time-concentration curves for RWT dye released at Scotts Ferry Bridge, Chipola River
on April 29, 2019 and measured by Hydrolab RWT sensors at downstream sites.

17



180 ~

160

140 A
=)
& 120 -
& 100 - .
I —e—Peacock Bridge
5 807 —e—SR20 Bridge
§ 60 —e—Scotts Ferry Bridge
=
2 40 -

20 - ’}

0 .

0 20 40 60 80 100
Time after dye introduction (hrs)

Figure 9. Time-concentration curves for RWT dye released at Magnolia Bridge, Chipola River on
April 1, 2019 and measured in discrete water samples collected by ISCO auto-sampler at
downstream sites.

water turbidity and organic matter content was expected in the Chipola River at the time of dye
introduction due to the impacts of Hurricane Michael. Hurricane Michael was a Category 5
hurricane which struck the Florida Panhandle on October 10, 2018. The hurricane caused massive
damage to the flood plain forests in the Chipola River Basin. The fallen trees enriched the soil and
sediments with organic matter, which were transported to the river by elevated rainfall from the
hurricane and afterward from Winter 2019 through April 2019. Despite the discrepancies in
concentration, estimated travel times from both data collected by RWT sensors and ISCO auto-
samplers matched each other very well (Figure 10). This provided confidence in the travel time
estimates.

Stream flow velocities estimated from the leading-edge travel times represent the fastest velocity
of the respective stream sub-reach, while streamflow velocities for peak concentration give the
mean streamflow velocities, and the velocity estimated from trailing edge at 10% of the dye plume
would be the slowest streamflow velocities. These velocities provide SWTP operators information
on when and for how long to stop pumping water from the Chipola River in case of contaminant
spills in the river. The velocities of the leading edge of the dye plume ranged from 0.2 to 1.8 feet
per second (ft/sec). The velocities of the peak concentrations of the dye plume ranged from 0.1 to
1.4 ft/sec. The velocities of the trailing edge at 10% of the peak concentrations of the dye plume
ranged from 0.1 to 1.2 ft/sec. Estimated streamflow velocities were relatively higher for the sub-
reach upstream of Scotts Ferry Bridge. The lowest streamflow velocities for all travel times were
for the Dead Lakes sub-reach (Table 1 and 2). Stream flow velocities determined from the dye
trace studies were used to calculate water travel times in the Chipola River (Tables 1 and 2).
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Figure 10. Travel time calculated from Hydrolab RWT sensor data vs ISCO auto-sampler data.

It is important to note, downed trees blocking the Chipola River post Hurricane Michael
may have changed the historical flow regime. During both dye traces, downed trees were covering
both the floodplain and the river. At the same time, work crews were clearing debris in and along
the river which may have affected water velocities. The degree to which these activities have
affected the flow of the river or will affect the flow of the river in the future are unknown.

Streamflow velocities in Dead Lakes near Chipola Cutoff are affected by backwater flow
of the Apalachicola River. When the Apalachicola River water level increases, it creates a
damming effect and impedes the streamflow in the Chipola River. The damming was intensified
following Hurricane Michael, and seasonal high rainfall events, (Winter 2019 through April 2019),
throughout the Apalachicola, Flint, and Chattahoochee basins. It took approximately 128 hours
(5.3 days) for the dye plume to pass the 16-mile long section of Dead Lakes between Upper Dead
Lakes and Dead Lakes bridge sites, presumably due to this high-water event. Discharge
measurements conducted during high Apalachicola River water level events show that the average
water velocity at Dead Lakes Bridge is approximately 0.25 — 0.30 ft/sec. Discharge measurements
taken when the Apalachicola River is at average stage show an average water velocity range of
0.40 — 0.60 ft/sec. From the dye trace performed during high water, the average water velocity
from Scotts Ferry to Dead Lakes bridge was approximately 0.15 ft/sec. This indicates the water
velocity over the entire stretch of the lake is approximately half that measured at Dead Lakes
bridge (the southern end of the lake). Based on this water velocity variability and lack of detailed
studies on how the Apalachicola River affects the water velocity through Dead Lakes, a
conservative velocity value was applied in the GIS model for line features covering Dead Lakes
(see Evaluation of Time of Travel Modeling Toolset). Due to the size and flow dynamics in Dead
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Lakes, the dye tracing results indicate that the lakes can store a contaminant for several days.
Additionally, the slow water movement in low flow zones means a contaminant could be more
easily bound up in vegetation, roots, organic matter, and stalled in stagnant flow zones. This might
impact the public water supply to the City of St. Port Joe for more than 10 days in the event of a
contaminant spill upstream from Dead Lakes.

Due to the large volume of water in Dead Lakes, contaminants will be significantly diluted
as they complete passage through Dead Lakes. Within the 16-mile section of Dead Lakes, we
observed dilution of RWT from its peak concentration of 24.8 ppb to peak concentration of 1.3
ppb. As with all data reflecting dynamics of the Chipola River System, these streamflow velocities
and calculated travel times represent a temporal snapshot based on river physical and hydraulic
conditions during the time of the dye trace studies.

To adequately represent the flow during changing river conditions, travel time data
calculated from the dye trace studies were used to validate and calibrate TOT. The calibrated TOT
retrieves real-time river discharge data from USGS gauge stations on the Chipola and Apalachicola
River and predicts the travel times at a time of contaminant spill, taking an account for current
flow regimes.
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Table 1. Travel-time and mean streamflow velocities for the Chipola River, calculated based on the data collected by Hydrolab RWT sensor.

measurement site (hr)

Travel time after dye introduction to

Mean velocity for each
component of the dye plume for
sub-reach upstream from the

site (ft/s)
River Trailin
distance River edee atg Time for Trailing
. downstream . Leading | Peak % Trailing | dye plume | Leading | Peak | edge at 10%
Site discharge 10% of .
from dye edge conc. edge to pass site edge | conc. of peak
. . (ft3/s) peak
introduction conc (hr) conc.
(miles) '
Rhodamine WT dye introduction (15.8 gal) at 19:47 on April 1, 2019 at Magnolia Bridge
Magnolia Bridge 0.0 990.7 0.00 0.00 0.00 0.00 NA NA NA NA
Peacock Bridge 10.1 1374.1 8.30 10.60 13.70 17.30 9.00 1.78 1.40 1.08
SR20 Bridge 28.0 1609.1 25.90 29.90 35.20 38.00 12.10 1.59 1.37 1.17
Scotts Ferry
Bridge 42.0 1816.3 52.00 63.40 NA NA NA 1.18 0.97 NA
Rhodamine WT dye introduction (17.7 gal) at 18:30 on April 29, 2019 at Scotts Ferry Bridge

Scotts Ferry
Bridge 0.0 1871.4 0.00 0.00 0.00 0.00 NA NA NA NA
Upper Dead Lake 3.1 NA 4.40 10.30 17.00 NA NA 1.03 0.44 0.27
Dead Lake Bridge 15.9 2630.5 127.40 | 157.10 238.00 255.30 127.90 0.18 0.15 0.10
Chipola River
Intake 27.8 NA NA NA NA NA NA NA NA NA
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Table 2. Travel-time data and mean streamflow velocities for the Chipola River, calculated from RWT data measured in discrete water
samples collected by ISCO auto-sampler.

Travel time after dye introduction to
measurement site (hr)

Mean velocity for each
component of the dye plume for
sub-reach upstream from the

site (ft/s)
River miles River Trailing Time for Trailine edee
. downstream | . Leading | Peak | edge at 10% | Trailing | dye plume | Leading | Peak ? 3
Site discharge . at 10% of
from dye edge | conc. of peak edge | topasssite | edge | conc.
. . (ft3/s) peak conc.
introduction conc. (hr)
Rhodamine WT dye introduction (15.8 gal) at 19:47 on April 1, 2019 at Magnolia Bridge

Magnolia Bridge 0.0 990.7 0.00 0.00 0.00 0.00 NA NA NA NA
Peacock Bridge 10.1 1374.1 8.50 | 10.50 13.71 NA NA 1.74 1.41 1.08
SR20 Bridge 28.0 1609.1 25.50 |30.70 34.90 NA NA 1.61 1.34 1.18
Scotts Ferry
Bridge 42.0 1816.3 50.00 |59.00 NA NA NA 1.23 1.04 NA
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EVALUATION OF THE TIME OF TRAVEL MODELING TOOLSET

A run of TOT was performed on April 3, 2019. The model run contained daily discharge
measurement data for April 2, 2019 for all active USGS gages in the study area, as well as
NHDPlus average estimated discharge, slope, and drainage area data for each flowline segment.
Table 3 compares the results of TOT travel time estimates and the travel time calculated based on
the auto-sampler data. The comparison reveals an error range of 0.7% to 15.9% (Table 3).

The error is because the NHDPlusV2 datasets are based on the 1:100000 hydrography.
Therefore, the flowline distances between study area sample sites may be off by one mile or more
when using a detailed hydrography dataset. By adjusting these distances in the NHDPlusV2 dataset
permanently to match actual river miles, the peak concentration error between laboratory verified
travel time and TOT modeled travel time is less than 3% for sub-reaches upstream of Dead Lakes
(Table 4). Flowline segment distances were adjusted throughout the NHD layer in the GIS model
to calibrate the flowline segments with the dye trace results. Model error for the sub-reach between
Dead Lakes Bridge and the Chipola River intake was not estimated because the dye was
significantly diluted in the Dead Lakes and the influx of Apalachicola River water further diluted
the dye to the point of non-detection soon after the Chipola/Apalachicola Cutoff confluence.
Continuous monitoring over multiple water stage conditions is required to predict the error.

The leading-edge arrival time of a contaminant was modeled using Jobson’s equation, see
Appendix B, equation 5 (Jobson, 1996). In the Jobson study, data was collected from 980 sub-
reaches from about 90 different rivers and the travel time of the leading edge is approximately 89
percent of the travel time of the peak concentration (Jobson, 1996). Based on the April 1, 2019
and April 29, 2019 dye traces conducted on the Chipola River, the correlation between leading
edge travel time and peak concentration travel time is approximately 83 percent. Therefore, the
equation for travel time of the leading edge was adjusted from 89 percent to 83 percent of the peak
concentration (see equations 5 and 6; Appendix B).

The dye trace conducted on April 29, 2019 was performed under less than ideal conditions
due to time constraints. Water levels in the Apalachicola River were at or near flood stage. With
levels that high, the Apalachicola River acts as a hydrologic dam to the Chipola River at the
Chipola Cutoff confluence just south of Dead Lakes. This backs up and slows the velocity of water
moving south through Dead Lakes. Discharge measurements obtained at Dead Lakes bridge during
average flow regimes indicate an average velocity of approximately 0.40 — 0.60 ft/sec. When the
Apalachicola River is damming the Chipola River, discharge measurements at the bridge indicate
an average velocity of approximately 0.25 - 0.30 ft/sec, while the dye trace data indicates an
average velocity of 0.15 ft/sec from upper Dead Lakes to Dead Lakes bridge, or approximately
half the flow velocity at Dead Lakes bridge. With limited data on how Apalachicola River water-
levels effect the Chipola River, it was decided to adjust the parameters of the model so that an
average velocity of 0.3 ft/sec (half the highest average velocity at Dead Lakes bridge during
average water level conditions) flows through Dead Lakes flowline segments. An even more
conservative estimate of model travel time can be run using the maximum velocity. This approach
will result in travel times 0.8 to more than 1 day faster than under the average velocity model
output. Additional daily data collected on Apalachicola stage and discharge/velocity at Dead
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Lakes over multiple high- and low-water level events would allow for improved velocity
calculations over the entire Dead Lakes reach.

RECOMMENDED USE OF TIME OF TRAVEL MODELING TOOLSET

By default, the Segment Travel Time Tool will calculate the peak and leading-edge travel
times. These calculations use the average velocity. It is recommended to run this base scenario and
then rerun the model using the max velocity optional button. The results of these two model runs
will provide a range of when a contaminant should arrive at the Port St. Joe Chipola River intake.
An ultra-conservative approach would be to run the Accumulative Travel Time tool on both the
base model run leading edge and maximum velocity leading edge fields. This will produce a range
of the fastest possible times a contaminant may appear at the intake.

In the NHDPlusV2 flowline dataset, impounded rivers and streams are attributed as lake
and pond features. In this study area, these lake and pond features often occur at the headwaters of
small tributaries to the Chipola River. Travel time for lakes is estimated based on the time required
to replace lake volume (McKay, 2012). In most cases, where lakes are touching a flowline that is
included in the three-day travel time, the 200-foot buffer will encompass these lakes. In places
where the buffer does not include adjacent lakes, it is recommended to include these features as if
they were in the three-day travel time.

Use of TOT requires access to the internet. If this connection is unavailable the model will
fail to produce a result. In the event internet access is not available, the PlusFlowlineVAA table in
the TOT geodatabase contains time of travel fields representing the mean monthly and mean
annual flow in days for each flowline segment. The data used to calculate these fields is based on
30 years of USGS stream discharge measurements and is part of the NHDPlus dataset. TOTMA
is the field in PlusFlowlineVAA that represents the mean annual time of travel in days. Also in
PlusFlowlineVAA, monthly mean time of travel fields will have TOT followed by a numeric
month number from 01 to 12. The PlusFlowlineVAA table can be joined to the NHDFlowline
feature class to produce an offline travel time model, e.g. run TOT without internet. The 200-foot
buffer can be produced by selecting all flowlines that represent a three-day time of travel and then
using select by location to select all wetlands and flood plains that intersect these lines. The ArcGIS
buffer tool can then be used to create the final polygon feature.
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Table 3. Comparison of travel times estimated by TOT and calculated from the dye trace study for the Chipola River.

Dye trace travel time
after dye introduction

Modeled travel time using active USGS gage discharge

to measurement site measuremgnts, NHDPlus data, and J obgon travel time Model error
(hr) equations (hr). Model run on April 3, 2019

. River miles River Leading Peak Leading | Peak .Leadlng cdge Peak conc. diff. | Leading | Peak

Site downstream from | flow edee conc edoe conc diff. modeled vs. modeled vs. lab edee conc
dye introduction | (ft3/s) g ' & ' lab ' g '
Rhodamine WT dye injection (15.8 gal) at 19:47 on April 1, 2019 at Magnolia Bridge

Magnolia
Bridge 0.0 990.7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Peacock
Bridge 10.1 1374.1 8.50 10.50 9.83 11.04 1.33 0.54 15.14% | 5.14%
SR20
Bridge 28.0 1609.1 25.50 30.70 27.13 | 30.48 1.63 0.22 6.4% | 0.72%
Scotts Ferry
Bridge 42.0 1816.3 | 50.00 59.00 44.18 | 49.64 5.82 9.36 11.7% | 15.9%

25




Table 4. Travel-time model data after calibration vs. travel time calculated from dye trace data for the Chipola River.

Dye trace travel time
after dye injection to

Modeled travel time using active USGS gage discharge

measurement site measurements, NHDPlus data, and Jobson travel time Model error
(hr) equations (hr). Model calibration from April 1 dye trace.
River miles River
. downstream Leading Peak Leading Peak Leading edge diff. | Peak conc. diff. | Leading | Peak
Site flow
from dye edge conc. edge conc. modeled vs. lab modeled vs. lab edge conc.
) . (ft3/s)
introduction
Rhodamine WT dye injection (15.8 gal) at 19:47 on April 1, 2019 at Magnolia Bridge
Magnolia Bridge 0.0 990.7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Peacock Bridge 10.1 1374.1 8.50 10.50 8.63 10.40 0.13 0.10 1.5% | 0.95%
SR20 Bridge 28.0 1609.1 25.50 30.70 25.30 30.48 0.20 0.22 0.78% | 0.72%
Scotts Ferry Bridge 42.0 1816.3 | 50.00 59.00 50.12 60.39 0.12 1.39 0.2% 2.4%
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SUMMARY AND CONCLUSION

Information on flow velocities, water travel times, and mixing rates within a stream are
critical for understanding the degree of potential hazard an accidental contaminant release poses
in ariver system. The Chipola River, a major tributary to the Apalachicola River, is a major source
of drinking water to the City of Port St. Joe. To protect the water supply from a contaminant spill,
FDEP Division of Water Resource Management’s Source and Drinking Water Program contracted
with the Florida Geological Survey (FGS) to model the 72-hour travel time of all surface waters
feeding the surface water intake on the Chipola River. The FGS developed an ArcGIS based Time
of Travel Modeling Toolset (TOT) that uses USGS NHDPlus V2 datasets coupled with real-time
river gauge data and Python scripting to estimate travel times along the Chipola River.

Dye trace studies were conducted in the Chipola River on April 1, 2019 and April 29, 2019
to estimate the streamflow velocities, water travel times, and to calibrate and validate TOT results.
The estimated velocities of the leading edge of the dye plume ranged from 0.2 to 1.8 ft/sec. The
velocities of the peak concentrations of the dye plume ranged from 0.1 to 1.4 ft/sec. The velocities
of the trailing edge at 10% of the peak concentrations of the dye plume ranged from 0.1 to 1.2
ft/sec. Estimated streamflow velocities were relatively higher for the sub-reach upstream of Scotts
Ferry bridge. The lowest streamflow velocities for all travel times were for the Dead Lakes sub-
reach. Data from the dye trace studies were used to calibrate and verify the results from TOT.
Comparison of the travel times calculated from dye trace data and estimated by TOT for the
Chipola River indicates the model tool estimates the travel times with reasonable accuracy. The
model errors range from 0.7 to 15.9% prior to calibration and less than 3% for all sub-reaches
upstream of Dead Lakes after model calibration.

Long term effects of Hurricane Michael on Chipola River flow dynamics are not yet
completely known. Additionally, the Apalachicola River plays significant role in the Chipola
River’s flow in the Dead Lakes region south. Additional daily data collected on Apalachicola stage
and discharge/velocity at Dead Lakes over multiple high- and low-water level events would allow
for improved velocity calculations over the entire Dead Lakes reach improving the TOT result.
However, as demonstrated in this study, the TOT produces accurate useable results (Figure 4),
even after the Chipola River basin was affected by Hurricane Michael, which Port St. Joe SWTP
operators can use to protect the city’s drinking water supply.
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APPENDIX A — FGS DISCHARGE MEASUREMENTS

SiteID Station Name Date Time Velocity (ft/s) |Discharge (cfs)
MBCR  |Magnolia Bridge 6/12/2018 10:23:59 AM 1.235 884.449
MBCR  |Magnolia Bridge 6/12/2018 10:28:34 AM 1.174 855.909
LTCR Look N Tremble Bridge 6/12/2018 12:32:34 PM 2.38 1464.86
LTCR Look N Tremble Bridge 6/12/2018 12:36:37 PM 2.364 1413.32
CR20 Chipola River SR20 Bridge 6/12/2018 1:50:00 PM 1.109 1696.97
CR20 Chipola River SR20 Bridge 6/12/2018 1:55:05 PM 1.073 1703.34
DLCR Dead Lakes Bridge 6/12/2018 3:05:30 PM 0.399 2935.76
DLCR  |Dead Lakes Bridge 6/12/2018 3:13:47PM 0.377 2844.14
CRIT Chipola River above intake 7/20/2018 10:15:50 AM 1.844 5425.49
CRIT Chipola River above intake 7/20/2018 10:19:25 AM 1.907 5592.32
CRBL Chipola River Bryant Landing 7/20/2018 10:33:11 AM 0.16 673.001
CRBL Chipola River Bryant Landing 7/20/2018 10:35:46 AM 0.156 685.588
CRBL Chipola River Bryant Landing 7/20/2018 10:37:58 AM 0.147 649.574
CFBL Bryant Landing Confluence 7/20/2018 10:46:03 AM 2.021 4616.47
CFBL Bryant Landing Confluence 7/20/2018 10:48:41 AM 2.141 4933.53
DLBR Chipola River below DL Bridge 7/20/2018 11:50:43 AM 0.908 1810.36
DLBR Chipola River below DL Bridge 7/20/2018 11:53:07 AM 0.943 1877.76
CTOF Chipola Cutoff 7/20/2018 12:10:06 PM 1.524 3872.21
CTOF Chipola Cutoff 7/20/2018 12:11:58 PM 1.486 3531.17
APCO Apalachicola River above cutoff 7/20/2018 12:30:07 PM 1.83 11436.65
APCO Apalachicola River above cutoff 7/20/2018 12:33:28 PM 1.981 12067.07
CR90 Chipola River US 90 8/8/2018 9:27:58 AM 1.556 842.198
CR90 Chipola River US 90 8/8/2018 9:31:24 AM 1.439 795.853
WDCK  [Waddells Mill Creek 8/8/2018 10:23:49 AM 0.36 33.779
WDCK  |Waddells Mill Creek 8/8/2018 10:25:33 AM 0.332 33.796
CR162  |Chipola River CR162 8/8/2018 10:50:16 AM 0.62 408.687
CR162  |Chipola River CR162 8/8/2018 10:53:21 AM 0.64 428.314
CCCR2 _ |Cowarts Creeck CR2 8/8/2018 11:42:24 AM 0.091 100.227
CCCR2 _ |Cowarts Creek CR2 8/8/2018 11:46:03 AM 0.08 104.149
MBCR  |Magnolia Bridge 8/8/2018 12:50:03 PM 1.374 1105.659
MBCR  |Magnolia Bridge 8/8/2018 12:53:05 PM 1.355 1093.653
DCCR73 |Dry Creek CR73 8/8/2018 2:00:00 PM 0.9088 373.5145
CRPB Chipola River Peacock Bridge 8/8/2018 2:25:03 PM 1.639 1734.704
CRPB Chipola River Peacock Bridge 8/8/2018 2:28:30 PM 1.609 1686.588
TCCR73 |Tenmile Creek CR73 8/8/2018 3:07:03 PM 1.676 112.642
TCCR73 |Tenmile Creek CR73 8/8/2018 3:08:55 PM 2.069 118.028
FCCR73 |Fourmile Creek CR73 8/8/2018 3:29:57PM 1.23 115.553
DLCR Dead Lakes Bridge 8/8/2018 4:23:10 PM 0.649 4422.924

29




SiteID Station Name Date Time Velocity (ft/s) |Discharge (cfs)
DLCR  |Dead Lakes Bridge 8/8/2018 4:33:30 PM 0.665 4522.609
RCCR71 |Rocky Creek CR71 8/9/2018 10:05:26 AM 2.441 78.898
RCCR71 |Rocky Creek CR71 8/9/2018 10:06:56 AM 2.236 82.522
SCCR71 |Sink Creek CR71 8/9/2018 10:24:35 AM 0.484 6.383
LTCR Look N Tremble Bridge 8/9/2018 10:57:43 AM 247 1743.792
CR20 Chipola River SR20 Bridge 8/9/2018 11:40:37 AM 1.233 2021.837
CRMC  |Chipola River Marianna Caverns 8/9/2018 1:57:51 PM 1.356 657.174
CRMC  |Chipola River Marianna Caverns 8/9/2018 2:01:10 PM 1.234 627.366
MM90  |Merritts Millpond US90 8/9/2018 2:35:37PM 0.73 304.512
MM90  |Merritts Millpond US90 8/9/2018 2:39:09 PM 0.856 337.046
MM90  |Merritts Millpond US90 8/9/2018 2:37:17 PM 0.561 279.427
MBCR  |Magnolia Bridge 10/30/2018  9:44:22 AM 1.002 959.274
MBCR  |Magnolia Bridge 10/30/2018  9:48:15 AM 0.995 936.764
CRPB Chipola River Peacock Bridge 10/30/2018  |10:51:34 AM 1.259 1421.31
CRPB Chipola River Peacock Bridge 10/30/2018  |11:05:54 AM 1.224 1411.25
LTCR Look N Tremble Bridge 10/30/2018  [12:22:49 PM 1.717 1609.03
LTCR Look N Tremble Bridge 10/30/2018  [12:27:02 PM 1.863 1721.96
CR20 Chipola River SR20 Bridge 10/30/2018  |1:33:40 PM 1.059 1947.95
CR20 Chipola River SR20 Bridge 10/30/2018  |1:39:24 PM 1.115 2021.99
DLCR  |Dead Lakes Bridge 10/30/2018  |3:08:37 PM 0.525 3157.29
DLCR  |Dead Lakes Bridge 10/30/2018  |3:20:02 PM 0.609 3138.08
DLCR Dead Lakes Bridge 3/7/2019 1:03:31 PM 0.529 3840.771
DLCR  |Dead Lakes Bridge 3/7/2019 1:12:50 PM 0.475 3888.896
MBCR  |Magnolia Bridge 4/1/2019 9:42:28 AM 1.179 992.435
MBCR  |[Magnolia Bridge 4/1/2019 9:53:38 AM 1.196 989.069
CRPB Chipola River Peacock Bridge 4/1/2019 10:38:28 AM 1.428 1376.42
CRPB Chipola River Peacock Bridge 4/1/2019 10:42:17 AM 1.435 1371.836
CR20 Chipola River SR20 Bridge 4/2/2019 10:09:58 AM 1.078 1626.49
CR20 Chipola River SR20 Bridge 4/2/2019 10:17:06 AM 1.076 1591.855
CRSF Chipola River Scotts Ferry 4/4/2019 10:05:33 AM 0.609 1797.572
CRSF Chipola River Scotts Ferry 4/4/2019 10:09:40 AM 0.623 1834.985
DLCR  |Dead Lakes Bridge 4/4/2019 11:32:33 AM 0.257 1844.98
DLCR Dead Lakes Bridge 4/4/2019 11:43:11 AM 0.29 1904.805
CRIT Chipola River above intake 4/4/2019 12:58:58 PM 1.842 7590.336
CRIT Chipola River above intake 4/4/2019 1:09:21 PM 1.866 7506.551
CRIT Chipola River above intake 4/4/2019 1:13:38 PM 1.897 7550.867
CRCO Chipola River below cutoff 4/29/2019 12:01:42 PM 2.481 11028.039
CRCO Chipola River below cutoff 4/29/2019 12:03:54 PM 2.554 11343.878
DLBR Chipola River below DL Bridge 4/29/2019 12:17:20 PM 0.886 2561.726
DLBR Chipola River below DL Bridge 4/29/2019 12:19:15 PM 0.877 2516.918
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SiteID Station Name Date Time Velocity (ft/s) |Discharge (cfs)
CRSF Chipola River Scotts Ferry 4/30/2019 11:45:20 AM 0.561 1792.558
CRSF Chipola River Scotts Ferry 4/30/2019 11:50:35 AM 0.598 1950.247
DLCR  |Dead Lakes Bridge 4/30/2019 3:04:48 PM 0.329 2727.919
DLCR  |Dead Lakes Bridge 4/30/2019 3:12:59 PM 0.304 2532.992
DLCR Dead Lakes Bridge 5/10/2019 10:17:42 AM 0.348 2223.791
DLCR  |Dead Lakes Bridge 5/10/2019 10:25:38 AM 0.323 2200.447
CRSF Chipola River Scotts Ferry 5/10/2019 11:15:56 AM 0.549 1567.238
CRSF Chipola River Scotts Ferry 5/10/2019 11:19:07 AM 0.537 1550.421
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APPENDIX B - JOBSON (1996) TRAVEL-TIME EQUATIONS

Equation for peak velocity
Q

V, = 0.094 + 0.0143 x (Dg) *°¥° x (Qq) ™07 x (5)°1%9 x =

Dq

Vip = 025+ 0.02 X (Dg)*% x (Qq) ™ x (5)°159 x Dg
a

Equation for maximum probability velocity

Equation for travel time of the peak
Distance

Ty = —————
PV, x3600

Equation for minimum travel time of the peak
Distance

Trp =
™ " V., X 3600

Equation for travel time of the leading edge
T, =0.83 x T,

Equation for minimum travel time of the leading edge
T, =0.83 X Ty

D, = drainage area of flowline segment

Q, = estimated mean annual discharge of ungaged stream
Q = current estimated discharge of ungaged stream

S = slope along flowline segment
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APPENDIX C - TOOL METADATA

Segment Travel Time tool window

Z 1 Segment Travel Time

¥ Input location of GDB containing required MHD files.

[ calculate fastest travel time from mazx velocity? {optional)

[] Show velocity field? {optional)

Travel ime field name:

| SeqTOT

1 Segment Travel Time

This tool calculates flow velocities (in
meters/second) and travel times (in days) of
individual NHD flowline segments that are
associated with nearby USGS gage sites.
The code reads the latest daily discharge
value for each USGS gage in the study area
through a Representational State Transfer
(REST) web semvice. This value is used in the
Jobson travel time calculations to obtain
velocity and travel time for each flowline
segment.

By default the tool calculates the average
velocities, using these values to calculate the
leading edge and peak time of travel {in days)
for each flowline segment. If the max velocity
button is checked the tool uses the fastest
velocities to calculate the leading edge and
peak travel time (in days) for each flowline
segment.

Ok Cancel Environments... << Hide Help Toal Help
1 Segment Travel Time
Title 1 Segment Travel Time
SUMMARY

This tool calculates flow velocities (in meters/second) and travel times (in days) of individual
NHD flowline segments that are associated with nearby USGS gage site numbers. The code
reads the latest daily discharge value for each USGS gage in the study area through a REST
web service. This value is then used in the Jobson travel time calculations to obtain velocity and
travel time in days for each flowline segment.
By default the tool calculates the leading edge and the peak velocities, using these values to
calculate the time of travel in days for each flowline segment. If the max velocity button is
checked the tool calculates the fastest travel time in days for each flowline segment.

USAGE

Use this tool with the TOT geodatabase and its files. *Do not rename or remove any files
from the geodatabase* The PlusFlowlineVVAA table will be updated with newly calculated
travel times in days for each flowline segment.
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SYNTAX

SegTOT_TOT Toolbox (inLoc, {inMax}, {inVel}, inSeqg)

Parameter

inLoc

inMax (Optional)

Explanation Data Type

Dialog Reference Workspace

Input the location of the TOT geodatabase. The
geodatabase must contain the following files:

e Catchment

e elevslope

e EROM

e FLALGA_Flood

e FLALGA_Wetlands

e Gageloc

e NHDFlowline (with USGS site numbers)
e PlusFlowlineVAA

There is no Python reference for this parameter.

Dialog Reference Boolean

Would you like to calculate the fastest travel time
based on the maximum flow velocity of a river
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inVel (Optional)

inSeg

segment?

UNCHECKED - Calculates the peak (average) and
leading edge travel time in days for each river
segment. Calculation uses average velocity.
Result is added to PlusFlowlineVAA table based
on field name entered. Leading edge travel time
will have an "I" added to the end of the entered
field name.

CHECKED - Calculates fastest travel time in days
for each river segment. Calculation uses
maximum velocity. **Add Max (or something
that represents fastest travel time) to the
travel time field name to distinguish it from peak
or leading edge travel times. Don't use spaces in
field names. This could cause issues in ArcMap.
Use "_" to represent spaces. This travel time
represents the fastest time a contaminant can
travel in the river if it stays in the highest
velocity path the entire way.

There is no Python reference for this parameter.

Dialog Reference

Create an additional field that shows velocites of
individual segments?

UNCHECKED - No velocity field added

CHECKED - Creates an additonal field that shows
the average velocities (in meters/second) of each
river segment. If the fastest travel time button is
also selected the fastest velocity (in
meters/second) is displayed. The velocity field is
added to the end of the PlusFlowlineVAA table.
"_vel" will be added to the end of the entered
travel time field name.

There is no Python reference for this parameter.

Dialog Reference

Input a name for the new field to be added to the
PlusFlowlineVVAA table. This field will be used in
the next tool. If the input field name already
exists in the table, the field name will be
automatically incremented. If the parameter is
left blank, the default field name, "SegTOT", will
be used. It is recommended to add the date in
the field name for reference. Example:
SegTOT_Junel02019 or SegTOT_MaxJunel102019
(if you select calculate fastest time button).

Don't use spaces in field names. This could cause
issues in ArcMap. Use "_" to represent spaces.
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Field names will remain in the PlusFlowlineVAA
table until they are deleted. It is recommended to
delete old travel time measurements regularly. If
you wish to save old records make a copy of the
PlusFlowlineVAA table and save it in a different

location.

There is no Python reference for this parameter.

Accumulative Travel Time tool window

&
i

% Input PlusFlowlineVAA table

M=
@ Select field containing segment TO
v
Mew field name for accumulative TOT in NHDFlowline dataset
| AccToT |
oK Cancel Environments. .. << Hide Help

36

2 Accumulative Travel Time

This tool sums the travel times of each
individual flowline segment, starting at
the city of Port 5t. Joe surface water
intake on the Chipola River, and assigns
each segment an accumulative travel
time.

Tool Help



2 Accumulative Travel Time

Title 2 Accumulative Travel Time
SUMMARY

This tool sums the travel times of each individual flowline segment, starting at the intake, and assigns
each segment an accumulative travel time.

USAGE

Use this tool with the TOT geodatabase and its files. *Do not rename or remove any files from the
geodatabase* The NHDFlowline feature class will be updated with newly calculated accumulative
segment travel times. The NHDFlowline feature class can be symbolized by right clicking the feature
class in the ArcMap table of contents menu and selecting properties. Click the symbology tab. Select
Quantiles, then graduated colors. In the value dropdown select the name of the field you wish to
symbolize and the color ramp. Under classification choose the number of classes (5 or 6 is good). Click
classify button. Select manual for method and enter integers (to represent days) in the Break Values
column with the exception of the last value. Keep this value the same. The last class will look similar to
this: 4 - 37066.7.

Alternatively, you can do a definition query to only show lines representing a certain number of days.
After selecting properties click the Definition Query tab instead of symbology. Click the query builder
button, select the field created from the tool and set it less than or equal to the number of travel time
days. Example: AccTot_may31 <= 3. Hit okay. This will show you only those lines that have a travel
time of three days or less. You can also symbolize these lines by days (of travel time) by using the
method above. If you wish to see all the lines again you will have to delete the query that was made in
the Definition Query tab.

SYNTAX
days3_TOT Toolbox (inVaa, inSeg, inTOT)
Parameter Explanation Data Type
inVaa Dialog Reference Table

Input the PlusFlowlineVAA table from the TOT geodatabase.

There is no Python reference for this parameter.

inSeg Dialog Reference
Field
Select the field from the PlusFlowlineVAA table
that contains the individual flowline segment
travel times calculated using Tool 1. Do not
select a velocity field or this tool's travel times
will be inaccurate. Velocity fields will end in
"_vel". Example: Select SegTOT_may312019
(peak travel time) or SegTOT_may312019I
(leading edge travel time).

There is no Python reference for this parameter.

inTOT Dialog Reference String
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Input a name for the new field to be added to the
NHDFlowline feature dataset, that will contain the
segments' accumulative travel times. If the input
field name already exists in the table, the field
name will be automatically incremented. If the
parameter is left blank, the default field name
"AccTOT" will be used. Use "max", "peak" or
"I" in your field name to distinguish it as fastest
flow, peak flow or leading edge flow. Fields will
remain in the table until they are deleted. It is
recommended to delete fields regularly. If you
wish to save the data, export the NHDFlowline as
a new feature class/shapefile. This can be done
by right clicking on NHDFlowline in the table of
contents window, selecting data, and then export
data.

There is no Python reference for this parameter.

Build Buffers Travel Time tool window

&
i

% Input location of GDB containing required MHD files. 3 Build Buffer
| &% | |
 Input NHD Flowline feature dass This tool builds a _pol'_.,fgn:un feature class
= that buffers the primary river, all feeder
| | = rivers and streams, lakes, ponds and
% Select field containing accumulative TOT other water badies, and the 100-year
v| flood plain upstream of the city of Port
] St. Joe surface water intake by 200
3 | feet.
0K Cancel Environments. .. << Hide Help Tool Help
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3 Build Buffer

Title 3 Build Buffer
SUMMARY

This tool builds a polygon feature class that buffers the primary river, all feeder rivers and streams, all
lakes, ponds and other water bodies, and the 100-year flood plain upstream of the intake by 200 feet.

USAGE

Use this tool with the TOT geodatabase and its files. *Do not rename or remove any files from the
geodatabase* The tool will create and delete multiple intermediate files within the geodatabase. The
resulting feature class is named Flow_FW_Buffer. Rename this feature class in the TOT geodatabase if
you intend on running more simulations. This can be done by opening ArcCatalog and navigating to the
folder containing TOT.gdb. Open the gdb, select Flow_FW_Buffer, and change the name as you would
in windows explorer. Make sure the feature class is not open in another program (i.e., ArcMap).

Example: Flow_FW_Buffer_may312019_max or Flow_FW_Buffer_may312019_peak. It is recommended
that you regulary delete or move these feature classes to avoid cluttering up the geodatabase.

SYNTAX
buffer_TOT Toolbox (inLoc, inFlow, inTOT, inTime)

Parameter Explanation Data Type
inLoc Dialog Reference Workspace
Input the location of the TOT geodatabase.

There is no Python reference for this parameter.

inFlow Dialog Reference Feature Class

Input the NHDFlowline feature class from the TOT
geodatabase.

There is no Python reference for this parameter.

inTOT Dialog Reference Field

Select the field from the NHDFlowline feature
class that contains the accumulated flowline
segment travel times calculated using Tool 2.

Example: AccTOT_may312019_max or
AccTOT_may312019_peak.

There is no Python reference for this parameter.

inTime Dialog Reference Long

Input the travel time threshold, in days, that will
be buffered. The default is 3 days.
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APPENDIX D - DYE TRACE TRAVEL TIME EQUATIONS

C'F, peak concentration of dye plume
T,, travel time of leading edge of dye plume

Tp, travel time of peak concentration of dye plume

T‘, travel time of centroid of dye plume

Twp* travel time of trailing edge of dye plume where
dye concentration is reduced to 10 percent of
the peak concentration

T, travel time of trailing edge of dye plume

CONCENTRATION —>

|
I
I
|
I
!
I
Ly
I
b
I
I
b
I
I
I
l |
||

|
T T

! P ] 1lp )
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A typical time-concentration curve (Hubbard et al., 1989)

The mean travel time (¢.) for the flow in a reach is the difference in elapsed time of the centroids
of the time-concentration curves defined for the upstream and downstream section of the reach:

te = Tetner) — Tc(n)

Where 7 is number of the sampling sites. The travel time of the leading edge, peak concentration,
10% of the peak concentration, and trailing edge along a stream reach are, respectively:

ti = Tiney — Timy

tp = Ty — Tpay
tiop = Twopm+1) — Tiopm)

te = Tene) — Tem

The time (#s) necessary for the entire dye cloud to pass a sampling point is:

Tq = Teeny — Tiny
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APPENDIX E - CHARCOAL PACKETS AND ISCO-AUTOSAMPLER DATA

0 L —

== UNDERGROUND

=== LABORATORY 1572 Aley Lane * Protem, MO 65733 * (417) 785-4289 * fax (417) 785-4290 * contact@ozarkundergroundlab.com

Certificate of Analysis
Revised

Date of revised certificate: May 22, 2019

Date of original certificate: May 21, 2019

Samples collected by: James Cichon, Mitra Khadka
Date samples shipped: May 8,
2019

Client: FDEP - Florida Geological Survey Date samples rec'd at OUL: May 10, 2019
Date analyzed by OUL: May 15,
3000 Commonwealth Blvd., Suite 1 2019
Included with certificate of
Tallahassee, FL 32303 analysis:

Project name/location: Chipola River, Florida
DSF06

Contact person: James.Cichon@dep.state.fl.us

Project number:

Table of results and copy of sample collection

data sheets

Results for charcoal and water samples analyzed for the presence of rhodamine WT (RWT) dye.

Peak wavelengths are reported in nanometers (nm); dye concentrations are reported in parts per billion (ppb).

All results are for charcoal unless otherwise indicated.

Station
OUL Station Name Date/Time Date/Time RWT

Peak Conc.

Number | Number Placed Collected nm ppb

4/30/19

D6776 CRIT CRIT1 1000 5/6/19 1106 567.8 2.07

D6777 MBCR MBC1 3/7/19 0815 | 3/19/19 1300 ND

D6778 CRSF SFC2 3/7/19 1000 | 3/19/19 1000 ND

D6779 DLCR DLC1 3/7/19 1200 | 3/19/19 1055 ND

D6780 Laboratory control charcoal blank

D6781 CRLL LLCl1 3/7/19 1140 | 3/19/19 1130 ND

D6730 CRPB PB 4.3 Water 4/2/19 0200 ND

D6731 CRPB PB 54 Water 4/2/19 0330 ND

D6732 CRPB PB 5.5 Water 4/2/19 0430 574.6 9.31

D6733 CRPB PB 5.6 Water 4/2/19 0530 574.6 110

D6734 CRPB PB 5.7 Water 4/2/19 0630 574.6 166

D6735 CRPB PB 4.7 Water 4/2/19 0600 574.6 169

D6736 CRPB PB 4.8 Water 4/2/19 0700 574.2 155

D6737 CRPB PB 5.8 Water 4/2/19 0730 574.2 113
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Station RWT
OUL Station Name Date/Time Date/Time Peak Conc.
Number | Number Placed Collected nm ppb
D6738 CRPB PB 4.9 Water 4/2/19 0800 574.6 84.4
D6739 CRPB PB 5.9 Water 4/2/19 0830 574.6 28.6
D6740 Laboratory control water blank
D6741 CRPB PB 5.10 Water 4/2/19 0930 574.6 17.1
D6742 CRPB PB 5.11 Water 4/2/19 1030 574.6 8.04
D6743 CRPB PB 5.12 Water 4/2/19 1130 574.8 3.33
D6744 CR20 SR20 1.9 Water 4/2/19 2000 ND
D6745 CR20 SR20 1.11 | Water 4/2/19 2200 574.2 1.57
D6746 CR20 SR20 1.12 | Water 4/2/19 2300 574.8 9.58
D6747 CR20 SR20 1.13 | Water 4/3/19 0000 574.2 343
D6748 CR20 SR20 1.14 | Water 4/3/19 0100 574.6 55.9
D6749 CR20 SR20 7.15 | Water 4/3/19 0230 574.6 69.7
D6750 CR20 SR20 7.16 | Water 4/3/19 0330 574.6 44.9
D6751 CR20 SR20 1.18 | Water 4/3/19 0500 574.6 21.2
D6752 CR20 SR20 1.20 | Water 4/3/19 0700 574.6 7.57
D6753 CR20 SR20 1.22 | Water 4/3/19 0900 574.6 2.36
D6754 CRSF SF 5.17 Water 4/3/19 1230 ND
D6755 CRSF SF 4.3b Water 4/3/19 2000 ND
D6756 CRSF SF 4.8b Water 4/4/19 0100 574.4 1.00
D6757 CRSF SF 4.10b Water 4/4/19 0300 574.0 4.96
D6758 CRSF SF 4.13b Water 4/4/19 0600 574.2 11.9
D6759 CRSF SF 4.18b Water 4/4/19 1100 574.2 8.18
D6760 Laboratory control water blank
D6761 CRSF SF 4.21b Water 4/4/19 1400 574.6 10.1
D6762 CRSF SF 5.1c Water 4/4/19 1730 574.6 7.86
D6763 CRSF SF 5.5¢ Water 4/4/19 2130 574.8 5.32
D6764 CRSF SF 5.12¢ Water 4/5/19 0430 574.6 1.88
D6765 CRSF SF 5.17¢ Water 4/5/19 0930 574.2 2.90
D6766 CRIT CRIT4.14 Water 5/1/19 1300 ND
D6767 CRIT CRIT4.2b Water 5/2/19 1400 ND
D6768 CRIT CRIT4.11b | Water 5/3/19 0800 ND
D6769 CRIT CRIT4.13b | Water 5/3/19 1200 ND
D6770 CRIT CRIT4.15b | Water 5/3/19 1600 ND
D6771 CRIT CRIT4.17b | Water 5/3/19 2000 ND
D6772 CRIT CRIT4.19b | Water 5/4/19 0000 ND
D6773 CRIT CRIT4.21b | Water 5/4/19 0400 ND
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Station RWT
OUL Station Name Date/Time Date/Time Peak Conc.
Number | Number Placed Collected nm ppb
D6774 CRIT CRIT4.22b | Water 5/4/19 0600 ND
D6775 CRIT CRIT4.24b | Water 5/4/19 1000 ND

Note: Dye concentrations are based upon standards used at the OUL. The standard concentrations
are based upon the as sold weight of the dye that the OUL uses. If the client is not using OUL dyes,
the client should provide the OUL with a sample of the dye to compare to the OUL dyes. FGS used
OUL dye for sites CRPB, CR20 and CRSF so the OUL standards were used for those sites. FGS
used a Crompton & Knowles rhodamine dye for the site CRIT and so all results for that site use a

standard made from that dye.
Footnotes: ND = No dye detected
Thomas J. Aley, PHG and RG
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APPENDIX F - HYDROLAB RWT SENSOR DATA

Due to volume, data are in digital form only as a supplementary material. Data are
available upon request.
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