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Summary 

Lake circulation, temperature structure and water quality parameters were observed using in-situ 
sensors between May 2017 and January 2019.  A range of conditions were captured, including 2 summer 
seasons, an extreme cold event, and 4 major discharge events (Haw River discharge > 1000 m3/s). 
Current and temperature profiles were monitored at four locations, near the inflow of the Haw River, in 
the narrows, and at the Highway 64 and Farrington Road causeways, recording observations 
approximately every 10 minutes.  Automated Vertical Profilers (AVPs), which are small floating platforms 
that collect wind observations and profiles of water temperature, conductivity, pH, dissolved oxygen, in 
vivo chlorophyll florescence and turbidity, recorded profiles every 30 minutes.  Two AVPs were deployed 
at three locations over the sampling period, near the Haw River inflow, near the water intake for the 
town of Cary, and in the New Hope arm uplake of the Farrington Road causeway.  The observations 
document the seasonal variation in temperature, thermal stratification and water quality of the lake, 
and reveal several modes of circulation.  Thermal stratification was established at all measurement 
locations by mid-April and persisted into September.   During times of thermal stratification and typical 
river discharge, a strong thermocline develops a few meters below the surface, separating cooler, low 
dissolved oxygen and high turbidity water below from warmer, higher in vivo chlorophyll florescence, 
and highly variable dissolved oxygen and pH water above the thermocline.  Winds blowing along the 
main axis of the lake drive an exchange flow in the New Hope arm, with water above the thermocline 
flowing in the same direction as the wind, and water below the thermocline flowing in the opposite 
direction.  The major discharge events disrupt the thermal stratification, and Haw River water typically 
flows away from the dam through the narrows into the New Hope arm of the lake, causing water level 
to rise, by as much as 5 m during the sampling period.  Both the wind-driven and discharge driven 
circulations demonstrate that flow in the New Hope arm often has a component away from the dam, 
complicating estimates of residence time for that portion of the lake.  During fall and winter when little 
thermal stratification was observed, water quality parameters were constant over depth, and the wind-
driven exchange flows were less energetic. Seiches, or natural oscillations of the lake, were also 
observed, and produce a flow that will help mix the lake.  Most prominent was a 3 hour oscillation seen 
throughout the lake.  An examination of transport between segments of the lake found clear evidence 
of transport of Haw River water into the New Hope arm, and that storage of water associated with 
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higher lake levels plays an important role in the volume balance of the lake.  Light penetration measured 
at a number of sites in the lake found the depth where 1 percent of the ambient light remained was 2-3 
m, with no obvious season cycle. 

1. Background and Objectives 
B. Everett Jordan Lake is a reservoir west of Raleigh and south of Durham in Chatham County, NC, 
Figure 1.  It is owned and operated by the US Army Corps of Engineers, which dammed and flooded the 
Haw River and New Hope River between 1973 and 1983.  The reservoir receives water input from the 
Haw River, Upper New Hope and Lower New Hope watersheds, Table 1.  Associated with these water 
inputs are nutrients, sediments and, in some cases, significant debris.  The Haw River watershed is mixed 
agricultural, rural and urban land use while the Upper and Lower New Hope watersheds are principally 
urban.  The primary outflow from the lake occurs over the Jordan Lake Dam and comprises the starting 
point of the Cape Fear River.  The Haw River drains the Haw River watershed and discharges into the 
southern Haw River arm of Jordan Lake approximately 5 miles upstream of the Jordan Lake Dam.  The 
Haw River provides 70 – 90 percent of the annual flow into the lake.  The Upper and Lower New Hope 
watersheds drain into the New Hope arm of Jordan Lake which extends approximately 17 miles 
upstream from the Dam.  The Haw River arm and the New Hope arm are naturally separated by a 
narrow channel referred to as the narrows.  The New Hope arm is further subdivided by two causeways 
with relatively narrow bridge openings, one where NC Highway 64 crosses the lake and the other where 
Farrington Road crosses the lake. 

Table 1.  Watersheds draining into Jordan Lake, (Tetra Tech, 2014) 
 Haw River Upper New Hope Lower New Hope TOTAL 
Acres 859,185 147,485 71,861 1,078,531 
Percent of Total 79.7 13.7 6.7 100 

 

As part of the UNC Nutrient Management Study, we initiated a multi-part observational program in 
January, 2017 to help clarify the impacts of watershed input on key processes controlling water quality 
in Jordan Lake and to help inform management actions designed to improve water quality in the lake.   

Specific objectives of this work are: 

1.) to identify water circulation and exchanges in the lake, in particular, the extent to which the 
large volume of water entering via the Haw River influences the New Hope arm of the lake;  

2.) to better quantify the response of important water quality parameters in the lake to a range of 
forcing conditions (variations in flow, temperature, light and wind) via high frequency (e.g., 
hourly) in situ observations to complement the less frequent (e.g., monthly) sampling done by 
the NC Division of Environmental Quality; and 
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3.) to better quantify phytoplankton dynamics, including nutrient limitation and productivity, in 
Jordan Lake that are causing the lake to be out of compliance with state water quality standards. 

This report covers the first two of these objectives.  A companion report by Paerl and Hall presents 
progress toward objective 3.  Data collected during this study, analysis routines and additional graphics 
are available at the Jordan Lake and Watershed project on the Hydroshare website: 
https://www.hydroshare.org/. 

 

2. Data Collection Plan and Methodology 
2.1 Water Circulation and Exchange 

Acoustic Doppler current profilers (ADCPs) were deployed to measure water velocities through the 
water column at four locations along the lake, the lower Haw River, the narrows, the highway 64 bridge 
and the Farrington Rd bridge, (red circles in Figure 2a, 2b).  Each ADCP is mounted on a bottom stand   

Figure 1.  Map of B. Everett Jordan Dam and Lake 
source https://commons.wikimedia.org/wiki/File:B._Everett_Jordan_Lake_Map.png 
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with the instrument pointed upward (Figure 3) sampling the water column above.  They were 
programmed to store 3-minute averaged water velocities every 10 minutes, with a vertical resolution of 
0.5 m.  The instruments were deployed on April 20, 2017 and recovered/redeployed in early October 
2017.  Recovery / redeployment involves pulling up each instrument, bringing it to shore, downloading 
data, reprogramming, and redeploying it, typically the following day.  A second recovery / redeployment 
was conducted in mid-April 2018 for the instruments in the narrows and under Hwy 64 bridge, and in 
early May 2018 for the instruments in the Haw and under the Farrington Rd bridge.  A final recovery for 
all instruments occurred in December 2018.  During the first recovery, it was discovered that the 
instrument in the lower Haw River failed to operate, due to what was believed to be a programming 
error.  Therefore, it was reprogrammed and redeployed at that location.  Unfortunately, the instrument 
also failed during the second deployment.  Thereafter it was removed and returned to the manufacturer 
for servicing.  In order to capture some velocity data in the lower Haw, the ADCP that was initially under 
the Farrington Rd bridge, was moved to the lower Haw in early May 2018.  In addition, some of the data 
downloaded during the second recovery of the instrument under the Hwy 64 bridge was corrupted and 
unintelligible.  A third deployment met with better success for all but the Hwy 64 ADCP which failed 
prior to recovery.  A summary showing the timeline of deployments of the ADCPs as well as the AVPs 
(described below) is given in Figure 4.  Observations span a broad range of conditions but simultaneous 
observations at all locations were only achieved during late summer 2018. 

Figure 2a.  Locations for ADCPs and thermistor 
strings in the lower portion of Jordan Lake 

Figure 2b.  Locations of ADCPs and thermistor string (circles) 
and the nutrient limitation bioassays (NC DEQ DWR station 
CFR086F) in the New Hope Creek arm of Jordan Lake. 
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Figure 4 - timeline of AVP and current profiler deployments in Jordan Lake.	
 

3.2 In Situ Water Quality Parameters 

Near each ADCP we deployed a mooring to measure temperature, irradiance, conductivity and water 
depth to aid in understanding thermal stratification and light extinction.  Each mooring consists of two 
parts, one suspended below a surface float and the other attached to the bottom using a taught line and 
submerged float, (Figure 5).  This arrangement allowed the full water column to be sampled while 
allowing for a possible change in lake level of as much as 30 ft.  Each mooring contained approximately 
20 HOBO temperature sensors (Figure 5) spanning the water column at 0.5 m intervals.  A conductivity 
sensor was included at 2.2 m below the surface and the upper few HOBOs also included light sensors.  
Pressure sensors were included on top of the surface float (to measure atmospheric pressure) and at the 
top and bottom of the surface and bottom mooring components to determine total water depth and 
position of the sensors over depth as total water depth varied with lake level.  Data was collected every 
6 – 12 minutes.  Due to fouling of the light and conductivity sensors, the part of the mooring attached to 
the surface float was recovered and cleaned monthly.  At that time, vertical profiles of  

Figure 3.  Acoustic Doppler Current Profiler (ADCP) in a typical mounting 
stand. 
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photosynthetically active radiation (PAR), (Li-Cor model LI-193 spherical sensor) and water quality 
indicators (Endeco-YSI multi-parameter probes models 6600 or EX02) were made from the attending 
boat to assist with calibration of the moored sensors and further enhance the data set.  Water samples 
were also collected at surface, mid-depth and near bottom for laboratory analysis by Paerl and Hall. 

The moorings were successfully recovered and redeployed in early October 2017 and mid-April 2018, 
with final recovery and removal in January 2019.  With only a few exceptions the sensors collected 
observations for the intended time periods.  Temperature data from all sensors on each mooring have 
been aggregated to provide information on temperature over depth and time and mapped onto a 0.5 m 
grid every 6 minutes for subsequent analysis.  Tracking of the relative depths of the surface and bottom 
moorings made use of the pressure measurements. 

Water quality and meteorological data were also measured in a semi-continuous manner using two 
Autonomous Vertical Profilers (AVP), Figure 6.  This floating platform has a computer controlled winch 
system that allows it to remotely raise and lower a multi-parameter probe and collect vertical profiles of 
key water quality properties including water temperature, conductivity, in vivo fluorescence, dissolved 
oxygen concentration, turbidity and pH.  The AVPs were programmed to perform profiles every 30 
minutes and data were collected with a vertical resolution of approximately 4 cm.  The profilers also 
measured wind speed and direction and had onboard cameras to record visual images of the lake.  Data 
were transmitted after each profile via cell phone to the Institute of Marine Sciences and displayed in 
near real time at the website: jordanlakeobservatory.unc.edu.  One AVP was deployed in the lower Haw 
River from May 17, 2017 through July 26, 2017 and from April 2018 until the present.  It was deployed in 
the upper section of the lake above the Farrington River causeway from July 26, 2017 until April 2018 
(Figure 7).  A second AVP was deployed in late 2017 near mid-lake, in the vicinity of the water treatment 
plant for the town of Cary (Figure 7).  The deployment timelines are also presented in Figure 4. 

Figure 5.  Moorings and typical Hobo sensor 
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Figure 6. Autonomous Vertical Profiler (AVP) 

 

                         
 

                

 

Figure 7c. AVP mid-lake deployment location 

Figure 7a. AVP deployment location in the lower Haw 
River 

Figure 7b. AVP deployment location in the 
northeast portion of Jordan Lake 
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3. Results 
The AVP, ADCP and mooring observations provide a rich description of the vertical structure of water 
properties at several locations, changes in these properties over time, and circulation present in the 
lake.  This section describes these observations, first presenting an overview of the seasonal variation, 
then exploring common patterns seen in the daily observations.  Plots of all observations on monthly 
time scales are presented in the appendix.  Stick plots of winds use the convention of pointing in the 
direction winds are blowing toward.  Also, turbidity is presented using a log scale to accentuate the large 
dynamic range of this parameter.   

3.1 Seasonal variation of lake inflows, discharge and in-lake conditions 

The monitoring program lasted about 20 months, from mid-April 2017 until late January, 2019, 
capturing nearly two full seasonal cycles.  Winds during this period were largely seasonal, being largest 
in magnitude and most variable in direction during fall and winter months and lighter and more typically 
out of the southwest during spring and summer.  The wind rose depicted in Figure 8 from the White Oak 
Creek AVP, using data collected over 2018, demonstrates the preferred orientation of the winds along 
the axis of the New Hope arm.   

The discharge from the Haw River, the 
largest river entering Jordan Lake, 
exceeded 1000 m3/s on 4 occasions, 
associated with a May 2017 storm, a late 
June 2017 storm, Hurricane Florence in 
September 2018, and a late November 
2018 storm (Figure 9).  Discharge over 
the dam, letting water out of the lake, 
typically begins soon after inflow 
discharge peaks, but at rates of 400 m3/s 
or less.  As a result of the difference in 
timing and rate of release, water level 
usually rises in Jordan Lake after large 
discharge events, typically about 1 m.  
Hurricane Florence, in September 2018, 
was exceptional because flooding already 
occurring in the lower Cape Fear River basin led the US Army Corps of Engineers to delay release of 
water from the lake, causing water level in the lake to rise by 5 m (Figure 9). 

Figure 8 – wind rose for the White Oak Creek AVP 
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Figure 9 – Wind, discharge, lake water level and depth-average along-channel velocity over the time of the field program. 
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The lowest panel of Figure 9 shows the magnitude and direction of the depth-average flow at each of 
the ADCP locations.  By convention positive flow is away from the dam, and negative flow is toward the 
dam.  The flow is generally small (less than 0.05 m/s) except during major discharge events.  For each 
event, flow is away from the dam (positive on the plot) at the narrows and at the Highway 64 and 
Farrington causeways.  Only the Haw River ADCP measured strong flow towards the dam during major 
discharge events suggesting that discharge coming down the Haw River caused water to back up into 
the remainder of the lake.  Flow at all sites is directed towards the dam when river inflow is small and 
discharge at the dam is relatively large.  

The last half of 2017 experienced little rain in the lake watershed, resulting in little inflow to the lake, 
and slowly dropping lake levels over this time period, with water levels ending the year nearly 1.5 m 
below the control value (marked by the dashed line at 66 m). A similar but shorter low-flow period 
occurred during summer 2018, resulting in a 0.5 m drop in lake level below the control value.  Thus 
water level in the lake varied significantly, by more than 6 m, during the measurement program. 

Maximum water temperature at the four mooring sites (Figure 10) varied from highs over 30 °C during 
July in 2017 and 2018 to lows of 2-3 °C seen in early January 2018, the latter associated with a strong 
extratropical cyclone (‘bomb’) that caused the lake to freeze over for about a week.   Temperature 
increases during spring 2018 were more rapid than in spring 2017, and warm conditions were more 
persistent in 2018, plateauing at 30 °C for nearly 3 months, compared to only a month in 2017.  
Temperature decreases during fall 2017 and 2018 occurred at comparable rates; during the decrease 
the temperatures in the upper reaches of the New Hope arm were often cooler than the temperatures 
in the narrows or near the Haw River during 2017, whereas in 2018 conditions were coolest near the 
Haw River. 

The vertical change in temperature at each mooring (Figure 10), a measure of the thermal stratification, 
was greater than 5 °C during May through August of both years, and was noticeably larger, reaching 
10 °C, during summer 2018.  Stratified conditions were more persistent during fall 2018 than during fall 
2017, possibly associated with the large discharge events which occurred that fall and caused the lake 
levels to increase dramatically.  The temperature difference at the Farrington site was less than the 
other sites during summer, possibly because of its smaller total water depth.  
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Figure 10 - time series of maximum temperature at each of the four mooring sites and b) maximum vertical 
temperature change at the 4 sites. 

The 30-day smoothed variation of a number of water properties from the White Oak AVP is shown in 
Figure 11.  These plots illustrate how properties vary over a year of time and with depth, where the 
depth has been stretched (as 100*z/H, where H is total depth and z is vertical position) to account for 
the changing water level of the lake.  Temperatures above 20 °C begin in early May and last until mid-
October, and are accompanied by pronounced oxygen depletion in the bottom third of the lake, 
decreased turbidity, and surprisingly, decreased in vivo chlorophyll-a florescence.  The acidity of the 
water, as measured by the pH, also appears to reach a minimum in the bottom waters during this time, 
though the unusually high pH in the surface waters likely relates to high primary productivity, despite 
the low chlorophyll-a florescence.  From January to early May of 2018 chlorophyll-a florescence is 
relatively high, as is pH, dissolved oxygen, turbidity and specific conductivity.  Similar seasonal patterns 
were observed at the other 2 AVP deployment sites. The summertime decrease in chlorophyll a in vivo 
fluorescence does not arise from a true decrease in chlorophyll a which actually exhibits an annual 
maximum in late summer (Wiltsie et al. 2018). Most likely the summertime depression in vivo 
fluorescence arises from the seasonal shift in composition from dominance by eukaryotes in the cooler 
seasons to cyanobacteria in the warmer seasons (see accompanying phytoplankton report by Paerl and 
Hall). A large fraction of the chlorophyll a within cyanobacteria is contained within light harvesting, 
antennae complexes that do not fluoresce. The result is that the amount of fluorescence per unit 
chlorophyll a decreases when cyanobacteria dominate the phytoplankton assemblage.  
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Figure 11 - time-depth variation of water quality parameters at the White Oak Creek AVP over 2018. 

 

3.2 Structure and circulation patterns 

We next describe typical modes of circulation and the accompanying temperature and water quality 
distributions seen in the lake.  These modes of circulation typically occurred over days to weeks.  
Identified are periods when lake levels are relatively steady and water motion is driven by the winds; 
periods when discharge into the reservoir increases abruptly, leading to large changes in lake level and 
to changes in thermal structure and water quality parameters; and the presence of periodic motions, 
identified as seiches or natural oscillations, whose character varies with position in the lake and also 
with the degree of thermal stratification. 
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3.2.1 Wind driven flow 

During normal flow warm weather conditions, the lake stratifies thermally with a relatively sharp 
thermocline two to three meters below the surface (Figure 12, left panel).  Algal biomass, as 
represented by in vivo chlorophyll fluorescence, is concentrated above the thermocline and diurnal 
cycles of dissolved oxygen and pH suggest significant primary productivity is occurring in this part of the 
water column during mid-day.  Oxygen levels are depleted and turbidity is highest below the 
thermocline. 

 

Figure 12.  Water quality parameters observed by the AVP deployment in the lower Haw River (left) during July 
2017, a period of normal flow, warm weather conditions, and from the New Hope arm (right) during December 
2017, a period of normal flow, cool weather conditions.  Vertical scale indicates Height Above Bottom. 

Current observations during warm, stratified conditions often exhibit oppositely-directly flow over 
depth, with the surface layer moving in the direction of the wind and flow beneath it moving in the 
opposite direction.  Figure 13, left panel, which displays observations from the Highway 64 mooring, 
shows this nicely.  The change in flow direction is roughly 2 meters below the lake surface and 
corresponds to the depth of the thermocline.  Current speeds are relatively strong, being 0.1 m/s in 
either direction. 

During fall and winter, as the lake cools, little thermal stratification is present and the water quality 
fields exhibit little change vertically, but do still change with time (Figure 12, right panel).  Some of the 
highest chlorophyll-a fluorescence values are observed during these conditions; values for December 
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2017 in Figure 10 exceed 100 µg/l.  Flow reversals with depth can still occur but the magnitude of the 
flow is muted, being only 0.01-0.02 m/s (Figure 13, right panel). 

 

Figure 13 – from top to bottom: winds, depth-averaged current and water level, currents, temperature, and 
discharge from the Highway 64 mooring for (left) July 2017 and for (right) December 2017. 

The much more vigorous flow observed during thermally stratified conditions has significant 
implications for exchange between sub-basins of the lake and for the residence time of waters in the 
lake.  The prevalent summer wind towards the NE will push surface waters towards the northern end of 
the New Hope arm, but at the same time cause water below the thermocline to move toward the dam.  
It is likely that the warm waters will pool and downwell in the New Hope arm, effectively flushing this 
portion of the lake despite little inflow from rivers and creeks. Winds towards the south will push warm 
surface waters towards the dam and draw deeper, cooler and oxygen-poor waters towards the north 
end of the lake.  The deeper waters may also be high in nutrient concentrations (from exchange with 
bottom sediments) and may fuel increases in primary productivity.  During unstratified conditions the 
wind-driven circulation is much weaker and this mode of water exchange will be less important. 

3.2.2.  Major discharge events 

As is clear from Figure 9, discharge into the lake from the Haw River and other minor rivers and creeks is 
typically very low, with brief but large discharge events occurring several times a year.  The major 
discharge events have a number of impacts on the lake, beyond a rise in water level that can 
dramatically increase the volume of water held in the lake (see section on transports below).   
Remarkable amounts of floating debris often accompany these events, with both natural and human 
sources (Figure 14).  The debris impacted the Haw River AVP, preventing it from profiling, until the 
debris could be removed.  This debris ends up along the shore and on the lake bottom.  Semi-annual 
cleanup events are organized to help remove tires, plastics, and other trash from the shore, e.g.,  
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Figure 14.  Pictures of debris near the AVP on June 20, 2017 during the second major discharge event. 

cleanjordanlake.org.  The extent that the debris directly impacts water quality in the lake appears to be 
largely undocumented. 

The response of the lake to Hurricane Florence in September 2018 is used as an example of the impact 
of major discharge events.  River discharge from the Haw peaked at over 1500 m3/s on September 17, 
2018 and the river water was 3-5 °C cooler than the lake water; it is obvious when it arrivesdat the Haw 
and narrows moorings as cooler water (Figure 15).  Currents at the Haw mooring were toward the dam 
(negative), whereas currents in the narrows were away from the dam (positive), demonstrating how the 
flow ‘backs up’ into the New Hope arm when major discharge events occur.  Water levels rose almost 
5 m in the lake in response to the inflows, and only began to fall in late September when release of 
water over the dam began.
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Figure 15 - depth-averaged current and water level, currents, temperature and discharge at the Haw mooring (left) 
and the narrows mooring (right) during September 2018, encompassing the passage of Hurricane Florence. Winds 
are from the Sanford airport. 

Water associated with the major discharge event was more turbid and of lower specific conductivity, 
pH, and in vivo fluorescence than the prevailing conditions at the AVP sites (Figure 16).  The Haw River 
water initially flowed into the lake along the bottom (note colder temperatures, lower conductivity and 
high turbidity near bottom on 9/16) although it quickly impacted the entire water column.  The physical 
change that these events imposed on the water column was extreme and persisted in this case for 
approximately two weeks, after which turbidity levels returned to more normal values, the water 
column re-stratified thermally, and a diurnal cycle re-emerged typical of normal flow conditions as 
described above. 

Similar time histories were observed for the other major discharge events.  All disrupted the vertical 
properties throughout the lake and were associated with flow away from the dam in the New Hope arm 
of the lake (Figure 9).  One source of variability between events was the strength of stratification prior 
to the discharge event, and the temperature (density) of the inflow relative to the lake conditions.  The 
2017 events began as mid-water intrusions because the river water temperature was in the middle of 
the range of temperature values present in the lake.  Another variation between events was the time 
until return to prior conditions, which was a week or less for smaller discharge events.  The timing of 
water release over the dam had a significant impact on the time to return to prior conditions as well.   

3.2.3 External and internal seiches 

The ADCP data also reveal bursts of regular oscillations; these often correlate to rapid changes in wind 
direction and produce a clear signature in the depth-averaged current record.  Figure 17 shows data 
from the Highway 64 and Farrington moorings from February 2018 that illustrate this phenomenon.  
About 6 times over the month there were one to several day occurrences of 0.05-0.15 m/s currents that 
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were essentially uniform over depth and which oscillated with a period of roughly 3 hours. The current 
bursts occured simultaneously at the mooring sites and three hour oscillations were also present in the 
pressure 

 

Figure 16 - AVP data (wind, temperature, conductivity, pH, dissolved oxygen, chlorophyll-a florescence, turbidity) 
from the lower Haw River (left) and White Oak (right) for September 2018 when Hurricane Florence impacted the 
lake. 

records for all but the Highway 64 mooring.  Taken together these observations strongly suggest an 
external seiche which is being excited by the changing winds.  These motions are free oscillations of the 
lake in which the lake surface rises at one end and falls at the opposite and forces water motions from 
the high water level end to the other that are essentially uniform with depth.  The lack of a signal in the 
pressure record at Highway 64 suggests this location is a node, or point with no vertical motion, within 
the lake.  Though the net movement of water produced by the seiche is likely small, the associated 
currents are quite strong, more than 0.1 m/s, and may play an important role in stirring or mixing the 
lake, especially near the causeways.   

There may also be longer period internal seiches.  In this case the thermocline within the lake tilts, 
similar to the lake surface, but for these motions the currents flow in opposite directions above and 
below the thermocline.  This type of motion was described in section 3.2.1 as a wind-forced response.  
This seiche is most obvious in the ADCP observations from the Haw and narrows moorings as alternating 
bands of positive and negative flow that appear to move upwards through the water column over a span 
of a day or two (Figure 18); the absence of a large signal at the other ADCP sites may indicate a 
complicated structure to the seiche (e.g. anti-nodes of thermocline displacement at the causeways) or 
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that it exists only in the southern reaches of the lake.  The internal seiche can also play an important role 
in vertically mixing the lake, as the change in velocity across the thermocline may promote turbulent 
mixing. 

 

Figure 17 - depth-averaged current, depth-resolved current, temperature and discharge from (left) Highway 64 and 
(right) Farrington moorings during February 2018.  Winds are from the Sanford airport 

 

Figure 18 - depth-averaged current, depth-resolved current, temperature and discharge from (left) the Haw and 
(right) narrows moorings from June 2018.  Winds are from the Sanford airport. 
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3.2.4 Time averaged velocity profiles 

The velocity measurements collected with the doppler profilers can be averaged over the deployment 
periods as a way to examine the circulation and exchange in the lake.  The averages were formed by first 
normalizing the depth, as was done for the AVP data in Figure 11.  The normalization addresses the large 
change in water levels in the lake.  A number of conclusions can be drawn from the averaged profiles 
(Figure 19): 1) that the winds and major discharge events force a circulation in the lake; 2) that there 
was significant variation in the average flow between deployments, with deployment 2 exhibiting the 
weakest flows; and 3) that the vertical variation in flow was different between sites but consistent over  

 

Figure 19 - averaged velocity profiles at the 4 mooring locations (each column)  over the 3 deployment periods 
(each row). 

the deployment periods.  The vertical variation in flow is worth further examination.  If only driven by 
river flow into the respective arms of the lake, a nearly constant velocity over depth would be expected, 
with a decrease to zero in the lowest meter above bottom.  Only the flow in the narrows is similar to this 
expectation, and even here, the mid-depth minimum seen in deployments 1 and 3, and the uplake flow 
seen near the bottom in deployment 2, indicate other forces are driving the flow.  All Farrington profiles, 
and the Haw deployment 3 profile, have the strongest flows at the bottom, toward the dam, and weaker 
or reversed flow near the surface.  These strongly suggest an exchange flow, likely wind driven, at least 
for Farrington, that is moving surface water away from the dam.  Interestingly, at Highway 64 during 
deployments 1 and 3 the opposite sense of exchange is seen, with weakest flow towards the dam at the 
bottom, and strongest at the surface.  These depictions of the flow make it clear that the circulation in 
the lake is more complicated than a plug flow model of water moving down the respective arms of the 
lake at a speed determined by the riverine inflow to that arm. 
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3.3 Transport estimates 

An effort was made to estimate a volume balance of the entire lake as well as transports between the 
segments of the lake.   

The entire lake balance evaluated if the gauged inflows from the river and creeks equaled the release 
over the dam for time intervals that began and ended at the same lake level to avoid the need to 
account for water storage or loss in the analysis.  We evaluated this over several time periods during the 
duration of the deployment and found the transport into the lake was typically about 90 percent of the 
flow over the dam, consistent with some small fraction of inflow not being accounted for by the gauged 
inflows, either from ungauged streams, or from inflow to the gauged rivers downstream of the gauge 
locations.  

Calculation of transports between 
lake segments from September 15 
– September 21, 2018 captures 
the passage of Hurricane 
Florence.  The interval stretched 
from before the storm until the 
maximum water level (Figure 20) 
corresponding to a period of high 
flow in the lake. 

The lake was defined as 4 
segments – below the narrows, 
above the narrows to the 
Highway 64 causeway, between 
Highway 64 and the Farrington Rd 
causeway, and above Farrington 
Rd.  Using GIS estimates of the 
surface area of each segment 
(and assuming the surface areas 
did not depend on the water 
level), the gauged inflows and 
outflows, and the change in water 
level, estimates of the volume 
exchanged between segments 
were computed.  Time series of 
the gauged inflows and outflows  

Figure 20 – (top row) time series of volume transport calculated at the doppler profiler locations over rising water 
during Hurricane Florence; (middle) gauged discharges into and out of the lake; (bottom) water level change. 
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and change in water level are presented in Figure 20 while the result of the volume exchange 
calculations  are depicted schematically in Figure 21. 

The segmented volume balances indicate that a large fraction of the discharge from the Haw River flows 
through the narrows and into the New Hope arm of the lake.  For the example shown in Figure 21, 219 
x106 m3 flowed through the narrows into the upper arm of the lake, compared to 247 x 106 m3 in gauged 
discharge from the Haw River, or about 90% of the total discharge over the rising water portion of the 
event.  A large fraction (roughly half) of this volume is ‘stored’ in the segment between the narrows and 
the Highway 64 causeway, with the rest moving farther up the lake.  A little more than half of the flow 
proceeding under the Highway 64 causeway was ‘stored’ between there and the Farrington Rd 
causeway, with the rest moving into the uppermost segment of the lake, above Farrington Rd.  Overall 
this method yielded a reasonable balance, with only a small residual unaccounted for (1.149 x106 m3 
Figure 21).   

One questionable aspect of this analysis is the assumption that the surface area of the lake does not 
change with water level.  The relationship between lake level and surface area, derived from 
topographic maps from before the reservoir was filled, indicates that the lake surface area and volume 
increase substantially for large water level rises above the control level, (Weiss et al., 1984).  For the 
Hurricane Florence event, the 5.2 m rise in water level should have resulted in roughly a doubling of the 
lake volume, from 265 x 106 m3 to more than 500 x 106 m3.  Unfortunately, the change in area of the lake 
with water level is only available for the lake as a whole, and not for the individual segments.  Repeating  

 

Figure 21 – schematic representation of the volume balance calculation over rising water levels during Hurricane 
Florence. The key in the upper right indicates color coding of values for the connections between lake segments. 
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the volume exchange calculation assuming the area increase with water level for each segment was 
proportional to its fraction of total area at the control level, substantially increased the unaccounted for 
residual over that reported in Figure 21.  We expect this is partially due to the relationship between 
surface area and water level varying between segments.  Unfortunately this information is not readily 
available and we are therefore unable to assess how much uncertainty may be due to other factors. 

An independent estimate of transports between the segments of the lake was made using the doppler 
profiler measurements.  Height-dependent cross-sectional area at each cross-section was multiplied by 
the time series of measured velocities as a function of height above the bottom to produce transport 
time series (in m3/s), Figure 20.  Integrating these over the same analysis interval yielded transport 
estimates that were surprisingly different than those computed based on the volume exchange.  We 
have expressed the ratio of the transport from the volume exchange divided by the transport from the 
doppler profilers as a scaling factor in Figure 21.  This scaling factor varies from 0.91 for the Haw doppler 
profiler, to 4.8 for the narrows doppler profiler.  The ratio indicates that the Haw profiler transport was 
about 10% greater than the gauged discharge from the Haw River while in the narrows the profiler 
estimate of transport was only 21% of the volume balance estimate.  The calculation was repeated for 
two other major discharge events and the scaling factors were quite consistent.  The calculation was 
also performed for falling lake water levels after a major discharge event and the scaling factors were 
much different except at Highway 64, which was between 0.85 and 1.07 for all cases.  

Part of the explanation for the discrepancy at the narrows probably results from a complicated cross-
channel current structure at the narrows ADCP deployment site.  The deployment is on a channel bend, 
and it is likely that the velocity core shifts from one side of the channel to the other with flow direction.  
This change would explain the relatively good correspondence between transport estimates when water 
is moving towards the dam versus the poor correspondence when water is moving away from the dam.  
The scaling factors at the Highway 64 and Farrington moorings were between .6 and 1.7, for all cases 
considered, suggesting these sites of constricted flow are more readily converted to transports.  

The transport study has important implications for estimates of residence times in various segments of 
the lake.  For an event like Hurricane Florence, which doubles the volume of the lake within a week and 
which clearly mixes the lake over depth, the typical methods for calculating residence of water parcels, 
i.e., dividing the lake volume by the discharge rate, are not appropriate.  An accounting for the change in 
stored volume as lake level changes must be included, as is done in residence calculations of estuaries 
with a significant tidal prism.  Future work is needed to reduce our uncertainty in segment exchange 
rates and would benefit from segment by segment data on the water level vs surface area relationship 
in the lake. 

3.4 Light profiles 

Light sensors were deployed on the moorings because light intensity plays a critical role in primary 
productivity.  Despite monthly cleanings, biofouling compromised the measurements, especially from 
late spring to early fall, introducing gaps in the time series of measurements.  Nevertheless, thousands 
of valid light profiles were collected at the mooring sites to help characterize the light penetration in the 
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lake waters.  Light levels are typically well described by an exponential decay, ebz, where b is the 
extinction coefficient.  The distribution of extinction coefficients from the mooring locations are peaked 
at values between -1 and -2 m-1 (Figure 22), with the most negative values at Farrington and the least at 
the narrows.  Median euphotic depths (1 percent light level) are 2.6 m for the Haw river and Highway 64 
moorings, 3.1 m for the narrows, and 2.3 m for the Farrington mooring.  For comparison, in open ocean 
waters with low plankton concentrations the 1 percent light level can be greater than 100 m.  The gappy 
nature of the time series makes it difficult to identify any seasonal pattern to the light levels, though 
minimum penetration (shallowest light levels) was prevalent August-October 2017. 

 

 

Figure 21 - distributions of extinction coefficients for the 4 mooring sites. 
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Figure A1. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for April 2017.  Also presented are discharge and computed volume 
flux at several locations in the lake. 
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Figure A2. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for April 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A3. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for April 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A4. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for April 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A5. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for May 2017.  Also presented are discharge and computed volume 
flux at several locations in the lake. 
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Figure A6. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for May 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A7. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for May 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A8. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for May 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A9. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the haw in Jordan Lake for May 2017.  Also presented are discharge and computed volume flux at several 
locations in the lake. 
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Figure A10. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for June 2017.  Also presented are discharge and computed volume 
flux at several locations in the lake. 
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Figure A11. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for June 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A12. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for June 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A13. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for June 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A14. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the haw in Jordan Lake for June 2017. 
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Figure A15. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for July 2017.  Also presented are discharge and computed volume 
flux at several locations in the lake. 
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Figure A16. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for July 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A17. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for July 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A18. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for July 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A19. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the haw in Jordan Lake for July 2017.  
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Figure A20. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for July 2017.  
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Figure A21. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for August 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A22. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for August 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A23. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for August 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A24. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for August 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A25. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for August 2017.  
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Figure A26. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for September 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A27. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for September 2017.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A28. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for September 2017.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A29. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for September 2017.  
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Figure A30. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for October 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A31. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for October 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A32. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for October 2017.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A33. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for October 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A34. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for October 2017.  
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Figure A35. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for November 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A36. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for November 2017.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A37. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for November 2017.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A38. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for November 2017.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A39. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for November 2017.  
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Figure A40. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for December 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A41. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for December 2017.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A42. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for December 2017.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A43. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for December 2017.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A44. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for December 2017.  
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Figure A45. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for January 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A46. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for January 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A47. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for January 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A48. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for January 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A49. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the white oak in Jordan Lake for January 2018.  
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Figure A50. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for January 2018.  
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Figure A51. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for February 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A52. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for February 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A53. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for February 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A54. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for February 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A55. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the white oak in Jordan Lake for February 2018.  
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Figure A56. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for February 2018.  
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Figure A57. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for March 2018.  Also presented are discharge and computed volume 
flux at several locations in the lake. 
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Figure A58. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for March 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A59. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for March 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A60. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for March 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A61. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the white oak in Jordan Lake for March 2018.  
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Figure A62. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for March 2018.  
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Figure A63. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for April 2018.  Also presented are discharge and computed volume 
flux at several locations in the lake. 
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Figure A64. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for April 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A65. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for April 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A66. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for April 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A67. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the white oak in Jordan Lake for April 2018.  
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Figure A68. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the haw in Jordan Lake for April 2018.  
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Figure A69. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the new hope in Jordan Lake for April 2018.  
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Figure A70. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for May 2018.  Also presented are discharge and computed volume 
flux at several locations in the lake. 
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Figure A71. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for May 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A72. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for May 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A73. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for May 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A74. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the haw in Jordan Lake for May 2018.  
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Figure A75. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the white oak in Jordan Lake for May 2018.  
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Figure A76. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for June 2018.  Also presented are discharge and computed volume 
flux at several locations in the lake. 
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Figure A77. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for June 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A78. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for June 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A79. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for June 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A80. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the haw in Jordan Lake for June 2018.  
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Figure A81. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at 
the white oak in Jordan Lake for June 2018.  
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Figure A82. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for July 2018.  Also presented are discharge and computed volume 
flux at several locations in the lake. 



107 
 

 

  

Figure A83. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for July 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A84. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for July 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A85. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for July 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A86. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
haw in Jordan Lake for July 2018.  
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Figure A87. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
white oak in Jordan Lake for July 2018.  
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Figure A88. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for August 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A89. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for August 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A90. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for August 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A91. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for August 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A92. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
haw in Jordan Lake for August 2018.  
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Figure A93. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
haw in Jordan Lake for August 2018.  
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Figure A94. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for September 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A95. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for September 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A96. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for September 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A97. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for September 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 



122 
 

  

Figure A98. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
haw in Jordan Lake for September 2018.  
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Figure A99. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
white oak in Jordan Lake for September 2018.  
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Figure A100. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for October 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 



125 
 

 

  

Figure A101. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for October 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A102. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for October 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 



127 
 

 

  

Figure A103. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for October 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A104. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
haw in Jordan Lake for October 2018.  
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Figure A105. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
white oak in Jordan Lake for October 2018.  
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Figure A106. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for November 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A107. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for November 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A108. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for November 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A109. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for November 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A110. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
haw in Jordan Lake for November 2018.  
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Figure A111. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
white oak in Jordan Lake for November 2018.  
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Figure A112. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for December 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A113. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for December 2018.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A114. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for December 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A115. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for December 2018.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A116. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
haw in Jordan Lake for December 2018.  
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Figure A117. Wind velocity, temperature, specific conductivity, pH, in vivo fluorescence, and turbidity at the 
white oak in Jordan Lake for December 2018.  
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Figure A118. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the haw in Jordan Lake for January 2019.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A119. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the narrows in Jordan Lake for January 2019.  Also presented are discharge and computed 
volume flux at several locations in the lake. 
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Figure A120. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the highway 64 in Jordan Lake for January 2019.  Also presented are discharge and 
computed volume flux at several locations in the lake. 
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Figure A121. Wind velocity, depth-averaged along channel velocity, water depth, along channel velocity, and 
temperature at the farrington in Jordan Lake for January 2019.  Also presented are discharge and computed 
volume flux at several locations in the lake. 


