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1.  INTRODUCTION 

 
The North Carolina Division of Water Quality (NCDWQ) has conducted water quality 
sampling on Lake Rhodhiss at three to five year intervals since the early 1980’s.  In 
2000, NCDWQ classified this reservoir as mesotrophic and fully supporting all drinking 
water supply, aquatic life, and primary and secondary recreational uses, with no fish 
advisories.  During the 1999-2002 low flow years, both Valdese and Lenoir experienced 
taste and odor problems in their potable water supply and NCDWQ reported high 
dissolved oxygen above saturation levels, high pH and high chlorophyll levels.  However, 
by 2004, with six of seven water quality parameters identified as lake stressors (percent 
saturation DO, algae, chlorophyll a, pH, sediment, and taste and odor), NCDWQ 
reported that Rhodhiss Lake suffers from eutrophication and was impaired in its support 
of aquatic life.  In 2008, the North Carolina 303(d) list was updated to include Rhodhiss 
Lake for exhibiting high pH values. 
 
During the period 2005 – 2008, Carolina Land and Lakes RC&D received and 
administered a 319 non-point source grant from NCDWQ.  The federal portion of the 
project had matching from local government, NC agriculture cost share funds, and a 
grant from Duke Energy. The subsequent report (Knight, 2009 - Phosphorus and 
Nitrogen Loading and Export from Rhodhiss Lake, North Carolina) identified that 39% of 
the TP received into Lake Rhodhiss originated from non-point sources from the inflows 
of the 10 tributaries and the upstream reservoir inflow into Lake Rhodhiss and 61% 
came from three municipal WWTP point sources. In addition, the report concluded that 
54% of the total phosphorus input to Lake Rhodhiss was released downstream into Lake 
Hickory.  As a result of this report, a Lake Rhodhiss Watershed Restoration Plan was 
prepared by Western Piedmont Council of Government. 
 
The 2011-2012 NCDWQ sampling of Lake Rhodhiss (NCDWQ, 2013) had exhibited only 
one pH value that exceeded 9.0 and one chlorophyll value greater than 30цg/L.  Even 

though Lake Rhodhiss is on the 303d list for impaired waters (high pH), the NCDWQ 
(2013) reported much fewer exceedances of state water quality standards than in 2004 
and 2007.  No taste and odor problems were noted since 2002.  However, in August 
2012, algal densities were classified as a severe bloom, which included 
Cylindrospermopsis, a nitrogen fixing, blue-green algae, known to exhibit taste and odor 
problems. 
 
In 2009, a proposal to review and analyze the historic nutrient levels (phosphorus and 
nitrogen) in Lake Rhodhiss, as related to flow and subsequent algal blooms, was funded 
by the Catawba-Wateree Water Management Group (WMG).  The objectives of this 
report were to: 

1. Evaluate the historic-in-lake water quality data compared to NC State Water 
Quality Standards, 

2. Evaluate the historical nutrient loading and export from Lake Rhodhiss, and, to 
utilize the historic in-lake data from NCDWQ, Duke Energy, and the USGS for 
lake dynamics, nutrient levels, and biological activity as related to nutrient loading 
and export, and, 

3. Evaluate the historical nutrient concentrations measured in the Rhodhiss Tailrace 
as a measure of overall reservoir water quality. 

  



2.  SITE DESCRIPTION, DATA SOURCES, AND WATER QUALITY STATISTICS 

 
Rhodhiss Lake is the second most upstream reservoir on the Catawba River (Figure 1).  
Located between Lakes James and Hickory, Rhodhiss Lake was impounded in 1925 
following the completion of Rhodhiss Dam and Powerhouse.  Historically, Duke Energy 
used the hydroelectric station to generate electricity during periods of peak electrical 
demand and/or during periods of adequate inflows to maintain target lake elevations.  In 
addition to hydropower production, the lake provides drinking water to the municipalities 
of Granite Falls, Morganton, Lenoir and Valdese.  The lake is also popular among 
fishermen and boaters. 
 
Figure 1.  Impoundments on the Catawba River, North and South Carolina. 
 

 
 
 
Rhodhiss Lake is characterized by a short retention time (14.5 days on average) (Table 
1).  With minimum storage capability, relatively high inflows, relatively shallow depths, 
and a large watershed, Lake Rhodhiss is dynamic and, typically, inflow driven. 
 



Table 1.  Summary Characteristics of Rhodhiss Lake (updated from Duke Energy, 2007) 

 
Parameter Metric Units English Units 

NCDENR-DWQ 
Designated Use Classifications 

WS-IV, B; CA N/A 

Full Pond (Spillway Elevation) 303.3 m-msl 995.1 ft-msl 

Mean Lake Elevation4 302.2 m-msl 991.4 ft.msl 

Surface Area1 1102 ha 2724 acres 

Volume1 5.736 x 107 cubic meters 46,500 acre-feet 

Maximum Depth1 18.0 meters 59 feet 

Mean Depth1 6.3 meters 20.6 feet 

Shoreline1 171.8 kilometers 106.8 miles 

Total Watershed Area2 2823 sq. kilometers 1090 sq. miles 

Reservoir Direct Watershed Area3 1827 sq. kilometers 703.5 sq. miles 

Mean Inflow4 50.43 cubic meters per sec 1781 cubic feet per sec 

Mean Outflow4 45.65 cubic meters per sec 1612 cubic feet per sec 

Mean Retention Time4 14.5 days N/A 

Retention Time (Range)4 4 - 100 days N/A 
1Values Calculated from full pond (995.1 ft-msl) 
2Up-stream Reservoir Included 
3Does Not Include Up-stream Reservoir 
4Based upon monthly averages from 1929 – 2003 

 
This report included a 5-year continuation of a bi-monthly sampling of total nitrogen and 
total phosphorus in the Rhodhiss tailrace began by Duke Energy in 1997.  Continuation 
of the tailrace sampling through the summer of 2014, administered by Carolina Land & 
Lakes (CL&L), was conducted by the Hickory Pretreatment staff, sample transport and 
analysis was provided by Duke Energy. 
 
Historical data was provided by the following: 
 

Duke Energy – lake water quality data  1960 - 2004 
tailrace water quality data  1973 - 2004 
Hydro flows    1973 – 2014 

 
USEPA -  lake water quality data 1973 
 
NCDWQ -   lake water quality data 1981 – 2014 
 
DMR from WWTP - Valdese   1997 - 2014 

Morganton   1998 - 2014 
Lenoir    2003 - 2014 

 
USGS -  lake water quality data 1993 – 1994 
 
CL&L -   tailrace water quality data 2009 – 2014 

tributary nutrient loading 2007 – 2008 
  



 
Figure 2.  Map of Lake Rhodhiss Water Quality Sampling Locations, Potable Water Intakes, WWTP Discharges 

 

 
 
 
 
A water quality data base was compiled from all the sources for each of the sampling sites shown in Figure 2.  The Castle Bridge and Forebay 
locations were sampled by the NCDENR, Duke Energy, and the USGS.  Duke did not sample at the Huffman Bridge except during Duke’s 
relicensing (2004).  Even though the primary emphasis of this report is on the lower reservoir sites and the tailrace, the Huffman Bridge site was 
included since the NCDENR has referenced this site numerous times for exceedence of water quality standards and served as a reference for the 
water quality entering the lake .



 

Table 2.  North Carolina State Water Quality Standards for Lake Rhodhiss 

 

 
 



 
Table 3.  Summary Statistics of Rhodhiss Lake Water Quality Data, 1993-2014 

(Compilation of all available data). 
 

 
 
The summary water quality statistics (Table 3) provided a generalized pattern of reservoir behavior.  
Namely, the median seechi disc depths, turbidity and suspended solids trends reflect suspended 
sediment entering the lake and gradually settling out in the lake as the water progresses 
downstream in the reservoir.1 Also the highest median chlorophyll values were observed in the mid-
way transition zone, which is a typical reservoir characteristic (Thornton, et al, 1990). However, all 
lake locations periodically experienced high chlorophyll concentrations. The high dissolved oxygen 
and pH values were a result of pulses of high productivity in the surface waters, and, conversely, low 
dissolved oxygen and pH values were indicative of decomposition/respiration in the lower layers of 
the lake.  Small changes of CO2, either removed by photosynthesis or added due to 
decomposition/respiration would change the pH significantly due to the very low buffering capacity, 
i.e. very low alkalinity. 

                                                           
1 Huffman Bridge is located immediately downstream of the major inflows, i.e. the Catawba River, Warrior Fork, Johns 

River and Lower Creek and immediately downstream of the Morganton WWTP (Lenoir’s WWTP discharges into Lower 
Creek). 



 
The concentrations and ratios of the major anions and cations were very consistent with other 
piedmont waters originating from the weathering of igneous rock formations in the watershed.  The 
range of iron and manganese concentrations were a function of the composition of the residual clays 
and potential release of iron and manganese under reduced conditions, i.e. low dissolved oxygen in 
the lower depths. 
 
Even though the median concentrations of phosphorus and nitrogen indicate little change through 
the reservoir, the ranges of all nutrients at all locations indicate significant interaction and dynamics 
within the lake.  The median 29% reduction of phosphorus concentrations between the inflow and 
outflow indicated that phosphorus was retained within the reservoir; however, significant variability in 
phosphorus concentrations was observed.  Median nitrogen concentrations were fairly similar 
throughout the system, but again, as with phosphorus, exhibited great variability.  Based upon an 
average Trophic State Index (TSI) presented in Wetzel (2001), the comparison of the median 
Chlorophyll to Phosphorus TSI to the median Chlorophyll to Seechi disc TSI indicated that the lake 
was predominantly controlled by clay turbidity. 
 
A net nutrient balance (Table 4) revealed that, overall, Lake Rhodhiss retained or lost 46.6% of the 
yearly phosphorus input and 35.7% of the yearly nitrogen input. The molar N:P ratios suggest that 
tributary inflows were phosphate limited to plankton growth  while the WWTP input was phosphorus 
rich, relative to nitrogen.  Based upon the ideal molar ratio of 23 (see N:P ratios discussed in Wetzel, 
2001), the yearly lake nutrient mass exchanges (total input and total output) were suggestive of 
nitrogen being slightly limiting to algal growth within the reservoir. Although the net balance does not 
account for specific timing or spatial differences of in-lake mechanisms within the reservoir, the 
balance does reveal a significant loss of both nutrients from Lake Rhodhiss exported to Lake 
Hickory.  Reservoirs exhibiting short hydraulic retention times characteristically retain 50-70% of the 
loaded phosphorus (Wetzel, 2001). 
 
Table 4.  Net Nutrient Balance for Lake Rhodhiss, 2007. (Compiled from Knight, 2009). 

 

 
 
 
Two separate attempts (Giorgino and Bales, 1997, and Jain and Ruane, 2006) modeled the water 
quality of Lake Rhodhiss using the two-dimensional hydrodynamic water quality model CE-QUAL-
W2. Giorgino and Bales showed a simulated 30% reduced point source phosphorus load resulted in 
a 20% reduction of maximum algal concentrations, especially in late summer and early fall. Similarly, 



an increase in phosphate load from the Valdese WWTP discharge (pipe on the bottom of the lake) 
had little impact on algal concentrations.  But, when the increase was applied to a simulated surface 
WWTP discharge, algal concentrations increased 2-3 times compared to the simulations of the 
bottom discharge.  The Jain and Ruane model emphasized that nutrient patterns were very 
dynamic, and were driven by loadings that got diluted and redistributed by intermittent reservoir flow.  
In addition, phosphorus contributions due to point source and non-point discharges were not fully 
processed or utilized by the plankton before being released from the dam. The median and ranges 
of measured nutrient concentrations (Table 3) support their conclusion. The model also predicted 
that at high inflows, algal blooms were limited by short retention times.  Low inflows (high retention 
times, high light penetration, and favorable nutrient concentrations) allowed algal blooms to develop 
and persist.  These higher algal populations triggered high pH and DO values in the upper water 
column. 
 
 
 
3.  DETAILED WATER QUALITY ANALYSIS 
 
The previous section described generalizations of reservoir characteristics based upon medians and 
ranges of the various water quality parameters.  This section investigates the role of bathymetry 
(physical structures), hydrological events, light penetration, point and non-point nutrient sources that 
impact algal standing stocks and nutrient releases to Lake Hickory. 
 
3.1 Physical Structures 
 
3.1.1 Valdese WWTP Discharge 
 
The depth of the Valdese discharge pipe (Figure 3), as (Giorgino and Bales, 1997) modeled, was a 
major factor in the distribution of point source derived nutrients in the lake. The discharge depth was 
intentionally placed at the maximum depth in the old Catawba River channel to take advantage of 
the density driven currents of the cooler inflow to keep the effluent in the deeper portions of the lake. 
 
Figure 3.  Plan View of Valdese WWTP Discharge 

 

  



3.1.2 Rhodhiss Hydro 
 
Water velocities, as reported by Duke Energy (2007), for both the hydro intake (blue arrows, Figure 
4) and the tailrace (purple arrows, Figure 4) exhibited very different characteristics of water flow.  
The forebay withdrawal zone (lake surface to lake bottom) had the greatest flow from the intake 
invert (elev. = 957.1 msl) upwards. Above elev.≈ 978 msl, the velocities gradually decreased towards 

the surface.  During high intake flow rates, the withdrawal zone expanded with increased velocities 
towards the surface. At low flows, surface velocities decreased, with the maximum velocities at or 
above the invert.  The net result of the withdrawal zone was that the majority of the water released 
downstream originated from the deeper depths of Lake Rhodhiss. 
 
The velocities in the tailrace showed a net movement downstream with high turbulent mixing 
throughout the tailrace depths (illustrated by the purple vectors in Figure 4).  Due to the high 
turbulence, the water samples collected in the tailrace represented an integral of the forebay water 
column determined by the withdrawal zone characteristics.  Under most conditions, the water at the 
deeper depths in the reservoir composed most of the water released downstream. 
 
Figure 4.  Cross Section of Rhodhiss Hydro, Illustrating Approximate Water Velocities 

(Size of Blue Arrows represent approximate intake velocities at depth, Size of Purple Arrows 
represent approximate discharge velocities at depth) 

 

 
  



3.2 Hydrology 
 
Duke Energy (2007) calculated a daily lake water balance for each reservoir on the Catawba River 
for incorporation into an Hydrologic/Hydraulic Operations Model (CHEOPS©) used for various 

operational scenarios during the relicensing process.  The water balances were completed through 
2004.  For this report, the Duke water balance calculations were expanded to include actual 
operating data (daily generation, reservoir level, and spill) for the 2005-2014 period. The primary 
variables calculated from the daily water balances used for this report include: (1) Bridgewater and 
Rhodhiss generation flows and spill flows and, (2) local watershed inflows. Daily values were 
averaged to obtain monthly averages, which, in turn, were used to calculate yearly averages. 
 
The mean flow from Lake Rhodhiss over the 44 years was 1811 cfs, with the lowest flow of 857 cfs 
recorded in 2001 and the highest average flow of 3011 cfs observed in 1979 Figure 5).  The local 
watersheds contributed between 52 and 67 percent of the water inflow to Rhodhiss, these 
percentages were not correlated with the total amount water released from Rhodhiss but they do 
impact the amount of nutrient loading from non-point sources (see Section 3.5). 
 
Figure 5.  Lake Rhodhiss Mean Annual Flow from Rhodhiss Hydro and the Local Watershed, 

1970-2014. 

 
 
  



Average annual hydraulic retention times were useful generic information, but seasonal retention 
times actually drive the metabolic process within a reservoir. Average seasonal retention times were 
calculated for each year (Figure 6).  The seasonal periods were based upon the typical periods 
characteristic of Piedmont, monomictic lakes which exhibit 3 major periods throughout the year, 
namely: (1) a winter period (Oct-Feb) characterized by whole lake cooling which results in uniform 
water column temperatures (maximum vertical mixing), and exhibited decreased algal populations 
limited by mixing, low light, and low temperatures, (2) a spring period (Mar-June) of gradual to rapid 
warming, with the development of increased thermal stratification and reduced vertical mixing, and 
larger algal populations which prefer cool water, high light, and abundant nutrients, and, (3) a 
summer period (Jul-Sep) where the water column was characterized by warm surface temperatures 
and cooler bottom temperatures which exhibit maximum lake thermal stratification (minimum vertical 
mixing), the season was usually dominated by warm water algal communities preferring high light, 
minimum vertical mixing and, potentially, low nutrient levels. 
 
Figure 6.  Lake Rhodhiss Mean Seasonal Hydraulic Retention Times, 1970-2014 

. 

 
 
With few exceptions, the fall-winter retention times were less than 15 days: 1989 and 1999-2002 had 
longer retention of water in the winter (usually the period of higher inflows).  The spring warming 
period had, on the average, slightly higher retention times than the winter months, with 6 years 
experiencing retention times greater than 20 days.  The summer period had 11 years greater than 
20 days, 6 years greater than 25 days, and 3 years greater than 30 days. Although no minimum 
specific hydraulic retention time defines the amount of phytoplankton, the shorter the retention times 
the faster the plankton was flushed out of the system and less time to develop large populations. 
 
  



3.3 Lake Stratification 
 
Lake stratification is the process by which deeper, cooler layers of water become progressively 
isolated with a reduced tendency to mix vertically.  Typically, the extent and degree of stratification 
was dependent upon the surface heating (or cooling) and wind mixing.  However, significant inflow 
to reservoirs may result in advective induced stratification (Thornton, et al, 1990).  This appears to 
be the case for Rhodhiss reservoir.  Temperature profiles, both in May and August, show remarkably 
similar patterns between the four years representing a range of retention times (Figures 7A and 7B) 
indicating that the substantial inflow dominated the stratification process as well as the water column 
withdrawal zone induced by Rhodhiss hydro (Figure 4).  The dominance of advective flow was also 
noticeable by the similar increases of water column temperature between May and August for each 
year.  Stratification due to surface warming was limited to the upper few meters of the water column. 
 
Even though the temperature profiles did not exhibit a strong thermocline (not expected during high 
advective flow), a stable water column (minimum vertical mixing) was evident by the vertical 
dissolved oxygen concentrations and pH gradients.  Both parameters were heavily influenced by the 
plankton communities, i.e. photosynthesis in the euphotic zone2 adds O2 and removes CO2 while 
respiration and bacterial decomposition rates dominated in the lower depths (Figure 6).  The very 
low buffering capacity of the lake water (Table 3) enabled significant pH changes due to the addition 
or removal of CO2 by the biological processes.  Even though the supersaturated oxygen 
concentrations in the euphotic zone and high pH levels (> 9.0) exceed state water quality standards 
(Figure 7 and 8) these exceedances were indicators of high levels of phytoplankton production.  
Dissolved oxygen concentrations and pH values would probably decrease to below state standards 
at night as photosynthesis diminished with the onset of darkness.  Unfortunately no night time data 
were recorded. 
 
However, these high algal production rates were not mirrored in significant increases of algal 
standing crops as measured by chlorophyll concentrations.  Rather, the phytoplankton production 
was either respired by the plankton themselves or settled to the deeper depths where bacterial 
decomposition consumed them.  Also, transfer of phytoplankton production to higher trophic levels 
(zooplankton and/or fish) contributed to the overall biological production of the Rhodhiss ecosystem. 
 
In 2008, the North Carolina 303(d) list was updated to include Rhodhiss Lake for exhibiting high pH 
values (and presumably high DO saturation values)  based upon the observations collected in the 
late 1990’s and through 2004.  Even though the NCDWQ observed lower pH and DO values from 
the 2011 and 2012 sampling, Rhodhiss Lake remained on the 303d list.  Based upon the sample 
collections of NCDWQ and the availability of data, three distinct periods were used for water quality 
trend analysis, namely: data from 1973 – 1995, data from 1996 -2005, and data from 2006 -2014. 
 
The history of the frequency of occurrences of all measurements of pH and dissolved oxygen 
concentrations made in the euphotic (surface) zone (Figure 8) reveal that since 1973, 10-20% of the 
pH measurements exceeded the state standard and 25-45 % of the percent DO saturation values 
exceeded state water quality standard.  As mentioned previously, the higher pH and dissolved 
oxygen levels indicate that the photosynthetic rates of the plankton dominated the metabolic activity. 
A general trend of progressively higher pH’s towards the forebay was observed for all of the years; 
dissolved oxygen values also increased in the euphotic zone closer to the dam.  The pH values 
exhibited an overall rise throughout the years.  DO concentrations did not follow a similar increase. 
 
The frequency of occurrence of chlorophyll concentrations had a different trend.  The chlorophyll 
measured in 2006-2014 had a higher frequency of concentrations in the 15-20 ug/L range than 
previous years. But the chlorophylls measured from 1996-2004 period had the highest frequency of 
high concentrations.  These high chlorophyll values occurred during the time with the longest 
hydraulic retention times. Even though there was not a direct correlation between chlorophyll 
concentrations and hydraulic retention time, high retention times do seem to promote high 
phytoplankton populations. 
                                                           
2 approximated by 2 times the Seechi disk depth 



 
Figure 7A.  May Lake Rhodhiss Profiles for High Spring Retention Times (2001 and 2007), Low Retention Time (2004), and Mean Retention Time (2012) 

 

 



Figure 7B.  August Lake Rhodhiss Profiles for High Summer Retention Times (2001 and 2007), Low Retention Time (2004), and Mean Retention Time (2012) 

 



Figure 8.  Frequency of Occurrence of pH, O2 , and O2 Sat Measured in the Upper 6 m of Rhodhiss Lake and the total Reservoir Retention Time, 
May-Sept. 

 

 
 



 
3.4 Nitrogen and Phosphorus Concentrations 
 
All of the total nitrogen (nitrate-N plus Kjelhahl-N) and total phosphorus (TP) samples collected from 
Rhodhiss Lake exhibited a wide range of concentrations with no discernable trends (Figures 9-10).  
The numbers of samples from the three locations and the number of samples collected each year 
over the 42 year period was a function of the priorities of each organization that collected the data. 
Even though nitrate-nitrogen (NO3-N) samples were collected about the same frequency as total 
phosphorus, far fewer total Kjelhahl nitrogen (TKN) samples were analyzed, especially in the early 
years3 preventing the calculation of total nitrogen. 
 
The most complete yearly nutrient data set was collected by the USGS in 1993 (Giorgino and Bales, 
1997). Not only did they collect TP, NO3-N, and TKN in the surface water, but also collected these 
parameters from the deeper depths in Lake Rhodhiss. Their data, along with quarterly data collected 
by Duke Energy, enabled a fairly complete analysis of nutrient trends within the lake (Figures 11-13). 
This was particularly useful since1993 was a year with relatively high spring inflows from the local 
watershed (presumably high non-point phosphorus sources) and 1993 exhibited relatively high 
retention times during the summer growing season (Figure 6). 
 
Euphotic zone nitrite nitrogen concentrations collected at the Huffman Bridge were consistently 
lower than nitrate observed at the Castle Bridge and Forebay sites (Figure 11A).  Even though there 
was a slight increase in nitrate during the peak runoff in March, the majority of the nitrate in the lower 
reservoir probably originated from the Valdese WWTP.  The Huffman Bridge site was downstream of 
both the Lenoir WWTP4 and the Morganton WWTP5.  Both of these discharges probably got diluted 
from the watershed runoff as well as the flow from Bridgewater. The nitrate concentrations at 
Huffman Bridge gradually increased during the fall (less dilution water). Most significantly, even 
though nitrate in the surface water was relatively high in the spring, the NO3-N concentrations rapidly 
decreased in the spring and into the summer as the algal populations utilized NO3-N and converted 
the nitrogen to particulate organic nitrogen as evidenced by the increase in euphotic zone TKN 
values in the summer (Figure 11B).  At the same time, NO3-N levels increased in the deeper depths; 
either as a function of algal sedimentation and subsequent decomposition and/or input from the 
deep water discharge of the Valdese WWTP.  Apparently, rapid decomposition of the settled 
particulate matter did not allow organic TKN values to accumulate in the lower water. 
 
Phosphorus concentrations in the euphotic zone showed the opposite trend as nitrate-N.  Total 
phosphorus concentrations were consistently higher at the Huffman Bridge and decreased 
downstream through the reservoir (Figure 11C).  Phosphorus concentrations increased during the 
March storm event as particulate material was transported downstream with the runoff.  The 
phosphorus concentrations at the Huffman Bridge were indicative of phosphate adsorption onto the 
particulate material and subsequent settling in the reservoir.  The phosphate discharged from both 
the Lenoir and Morganton WWTP’s were rapidly adsorbed unto particulate material and, as inflow 
decreased in late summer, the concentration of phosphorus at the Huffman Bridge gradually rose 
since less dilution water was available in late summer and early fall.  With the adsorption of 
phosphorus on both inorganic and organic particles and subsequent sedimentation as the water 
slowed in the reservoir, the phosphorus was removed from the upper euphotic zone and 
accumulated in the deeper depths (Figures 11C and 12C). 
  

                                                           
3 TKN samples collected in 1973 were part of the USEPA nationwide Eutrophication Study (USEP, 1975) 
4 Lenoir WWTP is located on Lower Creek  
5 Morganton WWTP is located on the Catawba River 



Figure 9A.  Total Nitrogen Concentrations Measured at Huffman and Castle Bridges, 1973-2012. 

 

 
Figure 9B.  Total Nitrogen Concentrations Measured at Castle Bridge and Forebay, 1973-2012 

 

 
Figure 9C.  Total Nitrogen Concentrations Measured at the Forebay and Tailrace, 1973-2014. 

 

 
  



Figure 10A.  Total Phosphorus Concentrations Measured at Huffman and Castle Bridges, 1973-2012. 

 

 
Figure 10B.  Total Phosphorus Concentrations Measured at Castle Bridge and Forebay, 1973-2012 

 

 
Figure 10C.  Total Phosphorus Concentrations Measured at the Forebay and Tailrace, 1973-2014. 

 

 
  



Figure 11A.  Nitrate-Nitrogen in the Euphotic Zone, Rhodhiss Lake, 1993. 

 

 
 

Figure 11B.  Kjelhahl-Nitrogen in the Euphotic Zone, Rhodhiss Lake, 1993. 

 

 
 

Figure 11C. Total Phosphorus in the Euphotic Zone, Rhodhiss Lake, 1993 

 

 
  



Figure 12A.  Nitrate-Nitrogen in the Deeper Water, Rhodhiss Lake, 1993. 

 

 
 

Figure 12B.  Kjelhahl-Nitrogen in the Deeper Water, Rhodhiss Lake, 1993. 

 

 
 

Figure 12C. Total Phosphorus in the Deeper Water, Rhodhiss Lake, 1993 

 

 
  



Elemental stoichiometries of the seston and plankton can reflect the type and extent of nutrient 
limitation. In addition, the ratios of the elemental nutrients loaded into the lake often reflect the 
composition of the plankton (Wetzel, 2001). Progressively higher nitrogen to phosphorus ratios (N:P) 
(Figure 13A and B) greater than 23 reflects greater phosphorus limitation to phytoplankton. 
Reservoirs with short retention times typically have N:P ratios greater than 26.  The seasonal N:P 
ratios in the euphotic zone (Figure 13A) suggest severe summer phosphorus demand as the 
plankton moves towards the forebay.  Lower N:P ratios in the deeper depths reflect the increased 
phosphorus from settling phytoplankton, particulate material, or deep Valdese discharge. Little 
phosphorus from the inflowing rivers or the Valdese WWTP discharge reaches or remains in the 
surface euphotic zone. Based upon the N: P ratios observed at the upper reservoir locations, the 
nitrogen and phosphorus stoichiometries reflect the inflowing water nutrient ratios.  These ratios 
reflect potential nitrogen limitation.  Based upon the Algal Growth Potential Test reported by the 
NCDENR (2013), Rhodhiss waters were nitrogen limited.  However, during the summer months as 
the water approaches the forebay, the plankton became severely phosphorus limited forcing the 
natural phytoplankton to rely on high re-cycling rates of phosphorus to sustain growth and 
production rates.  Wetzel (2001) points out that the naturally growing algae may have similar growth 
rates as used for culture samples, but, due to high turnover rates of phosphorus by the natural 
plankton the similar growth rates occurred at much lower phosphorus concentration than the 
cultured samples. 
 
The depressed forebay chlorophyll concentrations reflect the phosphorus depletion and limitation. 
Under these conditions, algal populations actually increased in the fall reflecting the high euphotic 
zone turnover rates of phosphorus. Wetzel (2001) points out that the actual mass of phosphorus has 
relatively little influence on algal growth rates, rather the rate of re-cycling and cellular storage of 
phosphorus by the algae heavily influence algal growth rates.  However, as algae settle out of the 
euphotic zone or lost through the outfall, the rate of phosphorus loading into the reservoir controls 
productivity, not the standing crop. The availability of combined nitrogen and phosphorus 
intermittently limit photosynthesis, but in reservoirs, particularly those with high non-algal turbidity, 
available light in the euphotic zone pose a greater limitation to algal productivity.  Application of 
Carlson’s (2001) criteria for nutrient and non-nutrient limitations (Table 6), Rhodhiss’ primary 
production limitation was primarily light due to suspended clays. 
 
Table 6.  Causes for Deviation from Biomass-Based Trophic State Index (after Carlson, 1992) 

 

 
 

 
 
  



 
Figure 13A.  Nitrogen to Phosphorus Ratios and Chlorophyll in the Euphotic Zone, Rhodhiss Lake, 1993. 

 

 
 
 
Figure 13B.  Nitrogen to Phosphorus Ratios in the Deeper Water, Rhodhiss Lake, 1993. 

 

 
  



 
Trends of nutrient concentrations were analyzed as was the yearly differences for pH and O2. The 
frequency of occurrence of total nitrogen concentrations indicated reduced concentrations at the 
Castle Bridge site over the years, especially from 2005 to 2014 (Figure 14A).  Concentration 
differences of total nitrogen were less pronounced at the forebay site.  Typically maximum total 
nitrogen concentrations were observed prior to 2005 at both sites.  Forebay total nitrogen 
concentrations were highly variable between the years; the releases downstream showed the 
highest concentrations (Figure 14B).  Most of the nitrogen measurements were made from surface 
waters where nitrogen metabolism was highly variable (see previous section). This was in contrast 
to the tailwater samples which represented the withdrawal of the entire water column, including the 
bottom water.  All of the highly variable nitrogen concentrations were a function of varying loading 
rates, varying seston settling rates, decomposition rates, de-nitrification rates, and nitrogen fixation 
rates at different times and locations throughout the years. 
 
The frequency distribution of phosphorus concentrations generally exhibited lower values in more 
recent years, especially at the forebay location.  All of the sampled locations had the highest 
phosphorus concentrations during the 1973-2001 period. Generally the Castle Bridge site exhibited 
higher phosphate levels than the forebay due to the settling of phosphate particulates.  However, as 
phosphate concentrations decreased through the years, differences between the Castle Bridge site 
and the forebay were less pronounced. As with nitrogen, most of the data used for the exceedence 
plots came from samples which were collected in the surface water (usually less than 2 meters).  
The tailrace samples showed a consistent trend of lowered phosphate concentrations in Lake 
Rhodhiss through the years. As was discussed above, many processes, namely loading and 
subsequent transport and settling of particulates, influence the distribution of phosphorus.  Since the 
tailrace samples represent an integration of the entire water column due to Rhodhiss’ withdrawal 
zone, the tailrace samples provided a complete representation of the total reservoir phosphorus 
dynamics. 
 
  



Figure 14A  Frequency of Occurrence of Total Nitrogen Concentrations, Forebay and Castle Bridge Sites, 

         1973-2012. 
 

 
 
 

Figure 14B.  Frequency of Occurrence of Total Nitrogen Concentrations, Forebay and Tailrace Sites, 

          1973-2014. 
 

 
 
  



Figure 15A.  Frequency of Occurrence of Total Phosphorus Concentrations, Forebay and Castle Bridge 

          Sites, 1973-2012. 
 

 
 

 
Figure 15B.  Frequency of Occurrence of Total Phosphorus Concentrations, Forebay and Tailrace Sites, 

          1973-2014. 
 

 
 
 

  



3.5 Nitrogen and Phosphorus Loading 
 
3.5.1 WWTP, Bridgewater, and Local Watershed Nutrient Loading 
 
The phosphorus loading to Lake Rhodhiss from the three WWTP discharges (Figures 16A) showed 
a significant reduction since the late 1990’s.  The Valdese WWTP exhibited significant reductions 
throughout the entire period.  The Morganton WWTP had periodic reductions followed by peak 
loadings.  The Lenoir plant had consistent low levels of phosphorus loading.  As mentioned 
previously, the addition of phosphorus by the Morganton and Lenoir facilities were somewhat 
mitigated by the suspended material in the receiving streams. Reduced lake phosphorus 
concentrations were primarily the result of decreased phosphorus loading by the Valdese WWTP. 
 
Nitrogen loadings to the lake were somewhat consistent throughout the period, with periodic pulses 
primarily from the Morganton WWTP.  Valdese’s nitrogen loading decreased slightly over the years, 
but not near as significant as the phosphorus reduction.  Lenoir continued to contribute low amounts 
of nitrogen to the lake. 
 
Figure 16A.  Phosphorus Monthly Loading Rates into Lake Rhodhiss from WWTP Point Sources, 1997-2014 

 

 
 
Figure 16B.  Nitrogen Monthly Loading Rates into Lake Rhodhiss WWTP Point Sources, 1997-2014 

 

 
 
 



Figure 17A.  Comparison of Phosphorus Loading Rates from Major Sources into Lake Rhodhiss, 1997-2014 

 

 
 
Figure 17B.  Comparison of Nitrogen Loading Rates from Major Sources into Lake Rhodhiss, 1997-2014 

 

 
 
With the exception of the 2004 flooding originating from Hurricane Francis, water released from 
Bridgewater hydro contributed very low levels of phosphorus downstream to Lake Rhodhiss.  From 
1997 to 2003 most of the phosphorus load originated from the WWTP facilities (Figure 17A).  Since 
that time, phosphorus loadings were approximately equal from point and non-point sources, with 
periodic peak loadings from either source. 
 
Nitrogen loadings, on the other hand, primarily originated from the local watershed (Figure 17B) 
throughout the years6.  Most of the nitrogen originating from the watershed was nitrate-N rather than 
particulates measured as TKN. 
 
The dramatic reduction of phosphorus loading to Rhodhiss was revealed by the frequency of 
occurrence plots of the loading rates (Figure 18A).  Little differences were observed from the 
phosphorus originating from the local watershed, but very significant phosphorus reductions from the 
WWTP plants had occurred since 2005. Most of this reduction was attributed to the Valdese facility 
which discharged directly into Lake Rhodhiss. Nitrogen sources changed little from 1997 to 2014 
(Figure 18B).   
 

                                                           
6 As with phosphorus, the Francis flood in 2004, caused the greatest nitrogen loading to the lake 



 
Figure 18A.  Frequency of Occurrence of WWTP and Local Watershed Total Phosphorus Loading Rates, 

          1997-2014 
 

. 

 
Figure 18B.  Frequency of Occurrence of WWTP and Local Watershed Total Nitrogen Loading Rates, 

          1997-2014 

 

 
 

  



3.5.2 Lake Rhodhiss Nutrient Release to Lake Hickory 
 
In the previous sections, the loss of phosphorus throughout the lake was discussed as a function of 
particulate loading, settling to the deeper depths or sediments by either organic or inorganic 
particulates, or retention times.  The net result of these processes was demonstrated by comparing 
the total phosphorus loading to the total phosphorus export from the Rhodhiss hydroelectric facility 
(Figure 19A). Throughout the entire time from 1997 to 2014 phosphorus was continually released 
downstream, but always less than the total lake loading.  These data indicate that phosphorus was 
lost to the sediments and not released or re-suspended to the water column.  Internal phosphorus 
loading to Lake Rhodhiss was non-existent or insignificant. 
 
Conversely, total nitrogen inputs to Lake Rhodhiss were approximately equal to the amount of 
nitrogen released downstream.  Again, as previously discussed, the multitude of activities of varying 
loading rates, varying seston settling rates, decomposition rates, de-nitrification rates, and nitrogen 
fixation rates all contributed to sources and sinks of nitrogen.  But the overall metabolism of nitrogen 
resulted in no net gain or loss of nitrogen from Lake Rhodhiss.  
 
Figure 19A.  Comparison of Phosphorus Loading Rates Reservoir Releases, 1997-2014 

 

 
 
Figure 19B.  Comparison of Nitrogen Loading Rates Reservoir Releases, 1997-2014 

 

 
 
  



The period from 2005 to 2014 exhibited lower phosphate loading rates to Lake Rhodhiss than the 
previous eight years (Figure 20A).  This reduction of phosphorus loading to the lake was 
proportional to the reduction of phosphorus in the water released to Lake Hickory. In other words, 
Lake Rhodhiss retained phosphorus in proportion to the external loading.  
 
Nitrogen exhibited just the opposite trend as phosphorus. Namely, from 2005-2014, slightly more 
nitrogen was added to the lake than in the 1997-2004. Concurrently, the same increase of nitrogen 
into the lake was reflected in the amount of nitrogen released downstream.  These data indicate 
that, unlike phosphorus, that some of the nitrogen released downstream was derived in the lake, 
either by nitrogen fixation or interaction with the sediments.  
 
 
 
Figure 20A.  Frequency of Occurrence of Total Phosphorus Rates of Inflow and Outflow, 1997-2014. 

 

 
 
 

Figure 20B.  Frequency of Occurrence of Total Nitrogen Rates of Inflow and Outflow, 1997-2014. 

 

 
 

 

 

  



3.5.3 Lake Rhodhiss Nutrient Loading Summary 
 
During the period of 1997-2004, point source phosphorus loading to Rhodhiss Lake was 60% of the 
total loading.  This percentage was reduced to 43% by 2005-2014. The non-point source 
phosphorus loading increased by 18% between 1997 and 2014; whereas the total phosphorus 
loading to Lake Rhodhiss also decreased by 18%.  These reduced phosphorus loads were due to a 
75% phosphorus reduction from the Valdese WWTP and a 48% reduction from the Lenoir WWTP 
facility (Table 5). Bridgewater Hydro contributed only 11% of the phosphorus load throughout the 
years.  Rhodhiss Lake released 53% and 55% of the inflowing phosphorus to Lake Hickory from 
1997-2004 and 2005-2014, respectively. 
 
Approximately 20% of the total nitrogen input to the lake originated from the WWTP facilities. The 
non-point source nitrogen increased by 20% between 1997 and 2014. The total nitrogen loading to 
Lake Rhodhiss also increased by 20%.  While Valdese reduced nitrogen input by 48%, the 
Morganton WWTP increased nitrogen loads 44% between the years (Table 5). Bridgewater Hydro 
contributed 30% of the nitrogen throughout the years.  Rhodhiss Lake released 92% of the inflowing 
nitrogen to Lake Hickory from 1997-2004. However, the 2005-2014 period, 7% more nitrogen was 
released downstream than was added to the lake by all of the point or non-point sources.  
 
Phosphorus or nitrogen loading rates and subsequent nutrient concentrations within a reservoir were 
typically used to define the trophic status of waterbodies (Wetzel, 2001). However, the importance of 
these nutrients assumes that phosphorus, and to some degree nitrogen, was a limiting factor 
effecting pelagic algal7 communities. The trophic status of a reservoir, even though defined by many 
parameters, refers to the productivity and growth of limnetic algal communities. Yearly or summer 
mean chlorophyll concentrations and/or summer chlorophyll maxima have typically been used as 
surrogates8 for primary production when applied to nutrient loading models.  Based upon many of 
these models, Lake Rhodhiss should be extremely eutrophic (very high chlorophyll concentrations) 
since its phosphorus loading rate was 5.4 gm/m2/yr and nitrogen loading was 43.7 gm/m2/yr.  These 
values were 27 times and 15 times higher, respectively, than the permissible levels of nutrient 
loading described by Wetzel (2001).  Clearly, these models do not apply to Lake Rhodhiss and/or 
the plankton community was limited by other factors9.  NCDENR has consistently used (from 1982 - 
2013) pH and percent oxygen saturation as measures of water degradation and impairment10.  But, 
as previously discussed, these parameters were indicators of phytoplankton production and growth, 
not necessarily measures of algal populations (standing crop) or specifically, nuisance algal 
concentrations.   
 
 
  

                                                           
7 Nutrient loading may also effect macrophyte growth and distribution, by since Lake Rhodhiss has very little, if any, 

littoral macrophyte populations, the algal populations discussed refers to the phytoplankton in Lake Rhodhiss 
8 Chlorophyll concentrations are actually another measure of algal standing crop as are phytoplankton densities 
9 For example, refer to Table 6 
10 High pH and DO saturation resulting from high algal productivity rarely impairs other aquatic life or human use 



Table 5.  Net Nutrient Balance for Lake Rhodhiss, 1997–2014. 

 

 
 
  



4.  BIOLOGICAL DATA 
 
4.1 Phytoplankton 
 
4.1.1 General Phytoplankton Trends 
 
The phytoplankton data available for this report was sampled quarterly between 1993 through 2000 
(Duke Energy, John Derwort, personal communication).  Total algal densities11 exhibited very 
consistent yearly periodicity, e.g. low levels during the winter and typically higher levels in the spring 
and summer with numbers decreasing in the fall (Figure 21).  Only in 1995 did algal populations 
reach the NCDENR (2013) level of a “mild bloom”.  The phytoplankton levels did not appear to be 
limited by the total phosphorus or the water retention time. Phosphorus concentrations undoubtedly 
influenced the species dominance since, very rarely, did phosphorus concentrations decrease below 
20 цg P/L. Rhodhiss’ conditions favored algal species which had optimum growth rates and 

phosphorus tolerances greater than 20 цg P/L12.  

 
The autotrophic phytoplankton in Lake Rhodhiss exhibited a diverse assemblage of nearly all 
taxonomic groups typically found in temperate lakes.  The taxonomic diversity as well as the specific 
population levels (algal densities) was a response to specific requirements for light, temperature, 
nutrients (macro and micro), buoyancy regulation, competition, productivity, generation times, and 
predation.  Generally, within the same waterbody, the seasonal periodicity of the phytoplankton 
biomass remains fairly constant, with maxima and minima density and biomass typically out of 
phase with rates of productivity.  Primary productivity usually follows the annual cycle of solar 
radiation and the resultant seasonal temperatures.  The total amount of phytoplankton in Lake 
Rhodhiss followed this pattern described by Wetzel (2001).   
 
Algae are extremely diverse with a wide tolerance to changing environmental conditions found in the 
open water. Algal populations exhibit co-existence of many species, but usually, either spatially or 
temporally, the phytoplankton are usually dominated by one or two species in association with many 
rarer forms.  Rhodhiss phytoplankton followed this pattern. 
 
Phytoplankton possesses two major responses to changing environmental conditions. The first type 
of adaptive response requires cell growth and division (generation times) e.g. specific niche 
requirements, species competition, species size, etc. The second algal adaptive feature is control 
over metabolic processes e.g. types and levels of photosynthetic pigments, buoyancy control, 
carbon metabolism, rapid enzymatic dynamics, etc. within cells (shorter than generation intervals) 
(Harris, 1978).  The specific population dynamics of the phytoplankton in Lake Rhodhiss cannot be 
ascertained with samples collected three months apart. But rather, various assemblages of algae 
may share certain characteristics which provide inference as to major controlling factors. 
 
The size distribution13 of the Lake Rhodhiss plankton community (Figure 22) revealed that most of 
the algae (≈ 80% of the density) were less than 20 цm14.  The ultraplankton were characterized as 

having (1) high metabolic rates with high efficient nutrient uptake, (2) high nutrient recycling rates, 
(3) generation times in hours rather than days, (4) little loss due to sedimentation or predation, and, 
(5) population densities were determined by internal metabolic dynamics rather than external 
nutrient inputs (Wetzel, 2001). Communities dominated by small cells typically exhibit greater 
productivity per unit algal biomass than larger cells (as discussed previously, high pH and DO levels 
were indicators of high productivity).  
 

                                                           
11 See NCDENR (2013) for definition 
12 Wetzel (2001) grouped algae as follows: optimum growth and tolerance less than 20цg/l, optimum growth less than 20 

цg/l but tolerances greater than 20 цg/L, and optimum growth and tolerance greater than 20 цg/L   
13 The size of individuals within a species was calculated by dividing the total species biovolume by the density of that 

species to yield цm3 per unit counted.  For a simple assumption, the radius of a sphere was calculated from the resultant 

volume.  The calculated radius was used as the species size. 
14 Algae less than 20 цm are called ultraplankton, algae greater than 20 цm are classified as microplankton 



Based upon the previous discussion on lake stratification (high pH and O2, chlorophyll levels, 
advective flow, phosphorus and nitrogen relationships), the phytoplankton in Lake Rhodhiss 
exhibited both adaptive features to take advantage of the changing characteristics of the lake.  What 
cannot be addressed adequately by quarterly sampling only in the forebay was whether 
phytoplankton size decreased downstream as a result of predation or settling15. 
 
All forms of algae were susceptible to macro turbulence, influencing the available light or nutrients 
available to the algae. But under a stable water column (low vertical mixing), some algae have 
adapted to adjust their depth (either by buoyancy control or mobile forms with flagella). The primary 
factor influencing this adaptive strategy was to optimize light levels for photosynthesis.  A secondary 
benefit of depth regulation was increased nutrient uptake at deeper depths.  Forms exhibiting depth 
regulation were present in Lake Rhodhiss throughout the years, but greatly increased in August 
(Figure 22) probably due to increased water column stability.  Species of cyanobacteria (blue-green 
algae) and chrysophyceae (golden-brown algae) (Figure 25) were the dominate forms capable of 
depth regulation. Additionally, small numbers of euglenophyceae (euglenoids) and dinophyceae 
(dinoflagellates) were also present.  
 
The ability to convert atmospheric nitrogen (N2) to available nitrogen (primarily as NH3) was an 
adaption of some forms of cyanobacteria.  Nitrogen fixation rates usually increased during times of 
nitrogen deficiencies indicated by low molar N:P ratios (less than 23) (Wetzel,2001 and Smith, 
1983).  The total density of species of cyanobacteria capable of nitrogen fixation (identified by Issa, 
et.al., 2014) (Figure 24) revealed that highest number of nitrogen fixers were observed every 
August.  However, only in 1995, when N:P ratios were low (nitrogen limiting) did they reach 
significant population levels (≈ 13000 units per ml).  Only in 1997 and 1998, and possibly 1994 did 

algae capable of nitrogen fixation remain low at high N:P ratios (phosphorus limiting).  The 
remaining years showed little relationship to N:P ratios. 
 
 
Figure 21.  Total Algal Density (units/ml) of Lake Rhodhiss Forebay, 1993-2000 

.. 

 
  

                                                           
15 Larger algae are more susceptible to predation, especially by filter feeding fish, and exhibit increased settling rates 



Figure 22.  Size Distribution of Lake Rhodhiss Forebay Phytoplankton, 1993-2000. 

 

 
 
Figure 23 Total Algal Density (cell/ml) Compared to those Algae Capable of Depth Regulation vs. Total  

       Phosphorus Concentrations of Lake Rhodhiss Forebay, 1993-2000 

 

 
 
Figure 24  Total Algal Density (cell/ml) Compared to those Algae Capable of Nitrogen Fixation vs. N:P 

       Ratio Lake Rhodhiss Forebay, 1993-2000 

  



4.1.2 Seasonal Succession of Major Phytoplankton Species 
 
The seasonal succession of the types of phytoplankton (classes)16 (Figures 25 and 28) was similar 
each year with blue-green algae peaking in August concurrent with the golden-brown algae.  In 1996 
and 2000, the golden-brown algae peaked in May, prior to the blue-green maxima.  However, each 
year exhibited a different species assemblage within each class of algae.   
 
In 1996, when phosphorus levels were fairly high, Oscillatoria17 reached ≈13000 units per ml, 

however, in 1995 when phosphorus levels were about equal to 1996, all species of the 
cyanobacteria were low.  In 1997 and 1998 when phosphorus levels were lowest, Lyngbya 
dominated.  Chroococcus was present in fairly low concentrations in most of the spring-summer 
samples.  Even though Cylindrospermopsis were present in low numbers prior to 1999, it dominated 
the cyanobacteria in that year but did not reach high numbers. 
 
The chrysophyceae (golden-brown algae) were represented by three major species (Figure 27). 
Many of the chrysophyceae  were described as phagotrophic (consume bacteria), especially 
Ochromonas.  Synura typically has high phosphorus requirements and prefers cooler water.  In Lake 
Rhodhiss, its only appreciable numbers occurred in February, 1994.  Erkenia subaequiciliata 
dominated the chrysophyceae  community each year.  Little is known of its ecology, but has been 
reported to prefer cool water but may occur any time of year (Kozak et.al., 2014).  In Rhodhiss 
reservoir, this species was co-dominant with the cyanobacteria in August. 
 
Ever present, the bacillariophyceae (diatoms) peaked in the spring of 1995 and 1999 and in the fall-
winter of 1996 (Figure 28). Skeletonema potamos dominated the diatoms in 1995 and 1996 and was 
a co-dominate diatom with Cyclotella meneghiniana in 1999 (Figure 29). Diatoms usually had a cool 
water preference and typically dominated the plankton during the fall-winter mixing period (especially 
Melosira) and during the spring warming period when turbulent mixing kept them exposed to sunlight 
the euphotic zone.  As the water warmed in spring, the larger forms settled out of the euphotic zone.  
However, not every year were diatoms in abundance, again illustrating the highly variable nature of 
Lake Rhodhiss.   
 
The small chlorophyceae (green algae), represented primarily by ankistrodesmus, chlamydomonas, 
and unidentified coccoid greens, were always present in very low numbers (Figure 30) and  
never dominated the plankton community. The small, flagellated cryptophyceae (primarily 
Rhodomonas minuta with some Cryptomonas ovata) were ever present in Lake Rhodhiss (Figure 
31).  Even though these ubiquitous algae were found in most freshwater, regardless of the trophic 
state, little is known of their ecology (Wetzel, 2001).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

                                                           
16 The species chosen for the graphics represented species which had achieved significant levels throughout the 8 year 

period, or were present in the majority of the samples. 
17 Species underlined in the plots were listed as potential species which, at high numbers, could cause taste and odor 

problems, see next section. 



Figure 25  Cyanobacteria (Blue-green Algae) and Chrysophyceae (Golden-Brown Algae) Density (units/ml)  

        of Lake Rhodhiss Forebay, 1993-2000 

 
 
Figure 26.  Dominant Species of Cyanobacteria, Lake Rhodhiss Forebay, 1993-2000. 

 

 
 
Figure 27.  Dominant Species of Chrysophyceae (golden-brown algae), Lake Rhodhiss Forebay, 1993-2000. 

 

 



 
Figure 28  Bacillariophyceae (Diatoms) and Chlorophyceae (Green Algae)  Density (units/ml) of Lake 

       Rhodhiss Forebay, 1993-2000 

 
 
Figure 29.  Dominant Species of Bacillariophyceae (Diatoms), Lake Rhodhiss Forebay, 1993-2000. 

 
Figure 30.  Dominant Species of Chlorophyceae (Green Algae), Lake Rhodhiss Forebay, 1993-2000. 

 

 



 
Figure 31.  Dominant Species of Cryptophyceae (Cryptomonads), Lake Rhodhiss Forebay, 1993-2000. 

 

 
 
 
 



4.1.3 Taste and Odor Causing Algae 
 
During the 1999-2002 low flow years (Figure 5), both Valdese and Lenoir experienced taste and 
odor problems in their potable water supply.  Granite Falls did not report taste and odor problems 
with their potable water supply (see Figure 2 for intake locations).   The species found in Lake 
Rhodhiss known to have caused taste and odor problems in North American drinking water supplies 
(Wagner, 2016) were quite numerous (Table 6).  Most of the taxa were relatively rare in Rhodhiss, 
but, Oscillatoria and Lyngbya  exhibited the highest populations during the 8 year period.   
 
The algal populations, especially Oscillatoria and Lyngbya, were low in 1999 and 2000 (Figure 26).  
However, Granite Falls intake (located in the Lake Rhodhiss forebay) and did not report any taste 
and odor problems.  The Lenoir and Valdese water supply intakes were located in the vicinity of 
Castle Bridge (approximately 5 miles upstream) where taste and odor in the water supply required 
additional treatment.  Under low inflow conditions, the algal populations (presumably a cyanophyta 
species) appear to have bloomed upstream but dissipated by the time the water reached the 
forebay.  Additionally, the bloom causing the taste and odor problem was of short duration and the 
sampling in August failed to sample it. 
 

Table 6.  Potential Lake Rhodhiss Algal Taxon to Cause Taste and Odor Problems (after Wagner, 2016) 

 
 
 



4.2 Fisheries 
 

Threadfin shad (Dorosoma petenense) and Gizzard Shad (Dorosoma cepedianum) were the 
major forage fish in all of the Catawba-Wateree reservoirs and were a major source of food 
of all game fish.  Both species feed extensively on plankton by filtering water with gill rakers, 
and have been known to drive changes in the planktonic populations. As mentioned 
previously, extensive feeding by these fish typically will drive plankton to smaller sizes as 
they consume the larger forms.  Threadfin shad were principally open water feeders 
(limnetic) whereas Gizzard shad were both pelagic and littoral feeders. Unlike Gizzard shad, 
threadfin shad have a low temperature tolerance, and typically die around 6° C.  Both 

species are highly prolific with up to 20000 eggs per threadfin female and 400,000 eggs per 
gizzard shad female (SCDNR, 2016). 
 
On the average, Lake Rhodhiss had high populations of limnetic forage fish (Table 7), only 
Lake Hickory and Wateree had higher populations. The higher densities of forage fish 
(number/ha) indicated not only the high productivity of the system but also the potential to 
significantly alter the planktonic community structure.  
 
In all of the Catawba reservoirs, not only did the populations of the forage fish vary greatly 
from year to year, but the relative abundance of threadfin and gizzard shad varied 
significantly (Tables 7 and 8).  These variations were probably related to the winter water 
temperatures where threadfin die offs happen below 6° C, but stocking18, spawning rates, 

survival of larval and young fish, predation, as well as variations in lake productivity probably 
influenced forage fish numbers and relative abundance.   
 
In addition to similar forage fish densities, composition, and fluctuations between the 
Catawba-Wateree reservoirs, the composition and standing stocks of other fish species in 
Lake Rhodhiss were also comparable to the other reservoirs (Duke Energy, 2007, Tables 
E3.1-9, E3.1-10, and E3.1-11). These similarities indicate that the fish populations in Lake 
Rhodhiss were subjected to environmental variations experienced by other reservoirs and 
were not adversely affected by the higher pH and O2 exceedances of state water quality 
standards. 

 
 

                                                           
18 NC Wildlife Commission periodically stocked threadfin shad 



 
 
Table 7.  Limnetic forage fish densities (no./ha) in the Catawba-Wateree reservoirs as estimated from Hydroaccoustics sampling from 1993–2003 

   (Table E3. 1-7, from Duke Energy, 2007). 

 
 
  



 
Table 8.  Number and % Composition of Forage fish species,) in the Catawba-Wateree reservoirs as estimated with Purse Seine sampling from 1993– 

   2003 (Table E3. 1-8, from Duke Energy, 2007) 

 
 
 
 
 
 
 



 
5.  SUMMARY  
 
In 2000, NCDWQ classified this reservoir as mesotrophic and fully supporting all drinking water 
supply, aquatic life, and primary and secondary recreational uses, with no fish advisories.  During 
the 1999-2002 low flow years, both Valdese and Lenoir experienced taste and odor problems in their 
potable water supply and NCDWQ reported high dissolved oxygen above saturation levels, high pH 
and high chlorophyll levels.  However, by 2004, with six of seven water quality parameters identified 
as lake stressors (percent saturation DO, algae, chlorophyll a, pH, sediment, and taste and odor), 
NCDWQ reported that Rhodhiss Lake suffers from eutrophication and was impaired in its support of 
aquatic life.  In 2008, the North Carolina 303(d) list was updated to include Rhodhiss Lake for 
exhibiting high pH values and recommended a basin wide nutrient control program. 
 
The objectives of this report were to: 

1. Evaluate the historic-in-lake water quality data compared to NC State Water Quality 
Standards, 

2. Evaluate the historical nutrient loading and export from Lake Rhodhiss, and, to utilize the 
historic in-lake data from NCDWQ, Duke Energy, and the USGS for lake dynamics, nutrient 
levels, and biological activity as related to nutrient loading and export, and, 

3. Evaluate the historical nutrient concentrations measured in the Rhodhiss Tailrace as a 
measure of overall reservoir water quality. 

 
Data from 1973 through 2014 was collected by the USEPA, Duke Energy, USGS, and NCDENR and 
were compiled and collated for this report. 
 
Findings: 
 

1. Since 1973, 10-20% of the surface water pH measurements and 25-45 % of the percent DO 
saturation values exceeded state water quality standards (pH ≥ 9 and DOsat ≥ 110%). 

 
2. Rhodhiss Lake was characterized by a short retention time (14.5 days on average).  With 

minimum storage capability, relatively high inflows, relatively shallow depths, and a large 
watershed, Lake Rhodhiss is dynamic and, at most times, inflow driven. 

 
3. Significant inflow to Lake Rhodhiss resulted in advective induced stratification. Even though 

the temperature profiles did not exhibit a strong thermocline (not expected during high 
advective flow), a stable water column (minimum vertical mixing) was evident by the vertical 
dissolved oxygen concentrations and pH gradients. 

 
4. The high surface dissolved oxygen and pH values were a result of pulses of high 

phytoplankton productivity in the surface waters, and, conversely, low dissolved oxygen and 
pH values in the deeper water were indicative of decomposition/respiration. Small changes of 
CO2, either removed by photosynthesis or added due to decomposition/respiration 
significantly changed the pH due to the very low buffering capacity (alkalinity) of the water. 

 
5. The high algal production rates were not mirrored by significant increases of algal standing 

crops as measured by chlorophyll concentrations. 
 

6. The highest median chlorophyll values were observed in the mid-way transition zone, which 
is a typical reservoir characteristic. However, all lake locations periodically experienced high 
chlorophyll concentrations. 

 
7. Of the 377 chlorophyll samples collected from 1973-2014, only 9 (2.4%) were greater than 

the state standard of 40 цg/L. 

 
 



8. During the period of 1997-2004, point source phosphorus loading to Rhodhiss Lake was 60% 
of the total load.  This percentage was reduced to 43% by 2005-2014. 

 
9. The reduced phosphorus loads were due to a 75% phosphorus reduction from the Valdese 

WWTP and a 48% reduction from the Lenoir WWTP facility 
 

10. The non-point source phosphorus loading increased 18% between 1997 and 2014.  
Bridgewater Hydro contributed only 11% of the phosphorus load throughout the years. 

 
11. Rhodhiss Lake released 53% and 55% of the inflowing phosphorus to Lake Hickory from 

1997-2004 and 2005-2014, respectively. Even though ≈46% of the inflowing phosphorus was 

retained in Rhodhiss Lake, internal loading (phosphorus release from the sediment) was not 
evident. 

 
12. The median seechi disc depths, turbidity and suspended solids trends reflected suspended 

sediment entered the lake and gradually settled out in the lake as the water progresses 
downstream in the reservoir.   

 
13. The phosphate discharged from both the Lenoir and Morganton WWTP’s were rapidly 

adsorbed unto particulate material and, as inflow decreased in late summer, the 
concentration of phosphorus at the Huffman Bridge gradually rose since less dilution water 
from Bridgewater or the watershed was available in late summer and early fall. 

 
14. With the adsorption of phosphorus on both inorganic and organic particles and subsequent 

sedimentation as the water slowed in the reservoir, the phosphorus was removed from the 
upper euphotic zone and accumulated in the deeper depths and sediments. 

 
15. Approximately 20% of the total nitrogen input to the lake originated from the WWTP facilities. 

 
16. The non-point source nitrogen loading increased 20% between 1997 and 2014. 

 
17. Valdese reduced nitrogen input by 48%, the Morganton WWTP increased nitrogen loads 

44% between the years 1997 and 2014. 
 

18. Bridgewater Hydro contributed 30% of the nitrogen throughout the years. 
 

19. Rhodhiss Lake released 92% of the inflowing nitrogen to Lake Hickory from 1997-2004. 
However, during the 2005-2014 period, 7% more nitrogen was released downstream than 
was added to the lake by all of the point or non-point sources (indicating nitrogen release 
from the sediment or nitrogen fixation by the phytoplankton within Rhodhiss). 

 
20. Based upon many nutrient loading models, Lake Rhodhiss should be extremely eutrophic 

(very high chlorophyll concentrations) since its phosphorus loading rate was 5.4 gm/m2/yr 
and nitrogen loading was 43.7 gm/m2/yr.  These values were 27 times and 15 times higher, 
respectively, than the permissible levels of nutrient loading described by the models.  Clearly, 
these models do not apply to Lake Rhodhiss and/or the plankton community was limited by 
other factors. 

 
21. The seasonal molar N:P ratios in the euphotic zone suggest severe summer phosphorus 

demand as the plankton moves towards the forebay. Little phosphorus from the inflowing 
rivers or the Valdese WWTP discharge reaches or remains in the surface euphotic zone.  
Lower N:P ratios in the deeper depths reflect the increased phosphorus from settling 
phytoplankton, particulate material, or deep Valdese discharge.  

 
 
 



22. Based upon the Algal Growth Potential Test reported by the NCDENR, Rhodhiss waters 
were nitrogen limited.  However, during the summer months as the water approaches the 
forebay, the plankton became severely phosphorus limited forcing the natural phytoplankton 
to rely on high re-cycling rates of phosphorus to sustain growth and production rates.   

 
23. The autotrophic phytoplankton in Lake Rhodhiss exhibited a diverse assemblage of nearly all 

taxonomic groups typically found in temperate lakes.  The taxonomic diversity as well as the 
specific population levels (algal densities) was a response to specific requirements for light, 
temperature, nutrients (macro and micro), buoyancy regulation, competition, productivity, 
generation times, and predation. 

 
24. The phytoplankton in Lake Rhodhiss exhibited adaptive features to take advantage of the 

changing characteristics of the lake resulting in various species dominating the 
phytoplankton in any given year.  

 
25. Nitrogen deficiencies, relative to phosphorus, (low molar N:P ratios) also occurred some 

years which would trigger potential nitrogen fixing cyanobacteria populations to expand.  
 

26. The size distribution of the Lake Rhodhiss plankton community revealed that most of the 
algae (≈ 80% of the density) were less than 20 цm.  Communities dominated by small cells 

typically exhibited greater productivity per unit algal biomass than larger cells. 
 

27. What cannot be addressed adequately by quarterly sampling of plankton only in the forebay 
was whether phytoplankton size decreased downstream as a result of predation or settling or 
physiological changes. 

 
28. During the 1999-2002 low flow years, both Valdese and Lenoir experienced taste and odor 

problems in their potable water supply.  Granite Falls did not report taste and odor problems 
with their water supply.    

 
29. Under low inflow conditions, the algal populations (presumably a cyanophyta species) 

appear to have bloomed upstream but dissipated by the time the water reached the forebay. 
 

30. The species found in Lake Rhodhiss known to have caused taste and odor problems in North 
American drinking water supplies were quite numerous.  Most of the taxa were relatively rare 
in Rhodhiss, but, Oscillatoria and Lyngbya exhibited the highest populations during the 8 
year period.  

 
31. Cylindrospermopsis, a known species to cause taste and odor problems, was identified in the 

phytoplankton samples prior to 2001, but NCDENR reported Cylindrospermopsis in 2012 
samples. 

 
32. Forage fish (threadfin and gizzard shad) densities vary tremendously throughout the years, 

but may reach levels which significantly impact plankton populations through predation. 
 

33. The fish species and densities indicate that Rhodhiss Lake is a very productive fishery.  The 
composition and standing stock of fish was, on the average, higher than most Catawba-
Wateree reservoirs.  

 
34. The transfer of phytoplankton production to higher trophic levels (zooplankton and/or fish) 

contributed to the overall biological production of the Rhodhiss ecosystem. 
 
 
 
  
 



6. CONCLUSIONS AND RECOMMENDATIONS 
 
6.1 Conclusions 
 
Lake Rhodhiss did experience high nutrient loading, especially phosphorus, but rarely were algal 
blooms greater than 20,000 units/ml (a mild bloom, as defined by NCDENR). Non-point source 
loading of suspended sediment aided in the prevention of high densities of algae by (1) restricting 
light penetration to the upper few meters thereby reducing the euphotic zone, and, (2) adsorbing 
phosphorus, either derived directly from the watershed or derived from WWTP facilities, unto 
particulates which, when entering the lake, settled to the bottom effectively reducing phosphorus 
throughout Lake Rhodhiss and minimized phosphorus loading into Lake Hickory. Additionally, the 
inflowing water created the advective flow through the reservoir with the effect of minimizing vertical 
mixing and keeping phosphorus concentrations deeper in the water column reducing phosphorus 
availability to the phytoplankton in the euphotic zone. 
 
The phosphorus loading reductions from the Valdese and Lenoir WWTP was quickly realized by 
lowering phosphorus concentrations in the forebay, and especially lower concentrations entering 
Lake Hickory from the Rhodhiss Hydro.  The low molar nitrogen to phosphorus ratio of the inflowing 
water suggested that Lake Rhodhiss would be slightly nitrogen limiting to the phytoplankton.  But, as 
adsorbed phosphorus and as organic particulates settle to the deeper water and sediments, and 
reduced loads, phosphorus levels decrease shifting the algal nutrient limitation to phosphorus, rather 
than nitrogen.  This shift in the N:P ratio would discourage nitrogen fixing cyanobacteria and 
minimize the probability of taste and odor problems observed at the potable water intakes.  
Continued phosphorus reductions into Rhodhiss would also minimize the chance of further algal 
blooms. 
 
6.2 Recommendations 
 

 Continue to lower phosphorus loading from the WWTP’s 

 Since high pH and high DO levels were indicators of high photosynthetic rates, they should 
not be used as a measure of high algal population levels.  Based on lower phosphorus 
loading, and very infrequent high chlorophyll levels, Lake Rhodhiss should be removed from 
the NCDENR 303d list for impaired waters. 

 If taste and odor problems are encountered in the future, samples of the water should be 
taken to identify the organism responsible. 

 Sampling at frequent intervals e.g. twice monthly, in the tailrace of the hydro provides an 
excellent means to track changing water quality in the whole reservoir.  Sampling the hydro 
tailrace is a very cost effective means to track water quality compared to tributary sampling 
(with associated flows) and in-lake sampling, particularly only surface water. This would be 
very useful to interpret reservoir-to-reservoir water quality changes. 
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