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1.0 INTRODUCTION

Normandeau Associates has retrieved and compiled all reasonably available, relatively recent (1992-
present) and project-pertinent water quality data for the Claytor Lake Hydroelectric Relicensing
Project. The project area includes the New River from Allisonia to the U.S. Rt. 460 bridge in Glen
Lyn, including multiple stations in the Claytor Lake impoundment. Water quality parameters
included in the database focus on those that are of greatest concern to the resource agencies, in
particular dissolved oxygen and temperature. Additional parameters include selected traditional
limnological indicators of water quality including total phosphorus, chlorophyll-a and secchi depth as
well as some parameters of human health consideration including PCBs, pesticides and heavy metals
in sediments and fish tissue. Data were gathered from a variety sources. We depended heavily on the
Virginia Departments of Environmental Quality (VADEQ) and Game and Inland Fish (VADGIF) for
their extensive and largely relevant data files. VADEQ has considerable upriver, in-lake and
downriver data for a wide variety of targeted water quality parameters. VADGIF has recently (2004-
present) maintained continuous temperature recorders up- and downriver of, but not within, Claytor
Lake. Additional data sources included Virginia Tech and the Friends of Claytor Lake (through their
contractor, Ferrum College). The U.S. Geological Survey has additional water quality data for sites
in Allisonia and Eggleston, but most of it was older then 1992 and none of it was particularly
applicable to this effort’s water quality focus. Other minor sources of data may be available, but it is
believed that this compilation represents the vast majority of the most pertinent water quality data.
Data descriptions and locations are provided in Table 1 and Figure 1.

It should be noted that this report is draft only at this stage. VADEQ will be the final arbiter with
regard to what data is included in the final report, and they have not yet had the opportunity to review
this report. A final report will be prepared after review and comment by VADEQ and various
interested parties.
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Table 1. Source and Nature of Claytor Lake Water Quality Data.
Source Date Time Location Depth Parameter Comment
VADEQ 1992-2006 Single DEQ Stations Varies with DO (mg/1) Monthly values
measurement location only in some years
1992-2006 Single DEQ Stations Varies with Temperature (°C) Monthly values
measurement location only in some years
VDGIF 4/26/2004- Hourly 2 upstream Shallow Temperature (°C) | Continuous data,
12/13/2006 3 downstream but no associated
DO
Kirkpatrick 7/2001-8/2002 | Monthly Claytor Lake 0-35m DO (mg/1) Monthly values for
Thesis Mile 0 — Mile 20 1+ years
7/2001-8/2002 | Single Claytor Lake 0-35m Temperature (°C) |Monthly values for
measurement Mile 0 — Mile 20 1+ years
Friends of 1996-2006 Single FOCL — Varied TP (ug/l) Six samples per
Claytor Lake measurement Stations 1-12 CHLa (pg/l) season
Secchi Depth (m)
Source and Nature of Claytor Lake fish Tissue and Sediment Data.
Source Date Time Location Depth Parameter Comment
VADEQ 1996-2004 Single DEQ Stations Not applicable | Total PCBs Occasional samples
measurement
1996-2004 Single DEQ Stations Not applicable |Total PAHs Occasional samples
measurement
1996-2004 Single DEQ Stations Not applicable | Various metals Occasional samples
measurement
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Figure 1. Sampling locations map
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2.0 RESULTS

2.1 CLAYTOR LAKE DI1ssOLVED OXYGEN AND TEMPERATURE

VADEQ and Virginia Tech are the two primary sources of Claytor Lake dissolved oxygen and
temperature data. VADEQ has been collecting these data in the lake since at least the mid-90s. Early
data are limited to surface and bottom measurements, a few select locations and occasional summer
months whereas the more recent data (2002-present) generally includes monthly sampling from late
April to late October at multiple locations and at multiple depths. Even so, the most complete dataset
we could find was gathered by a graduate student at Virginia Tech. Kilpatrick (2003) collected
monthly dissolved oxygen and temperature data from July 2001 to August 2002 from multiple
Claytor Lake locations and by 1-2 meter profiles. We present some of this data for discussion and
supplement with VADEQ dissolved oxygen and temperature data.

Figure 2 presents Claytor Lake temperature data at 11 downstream to upstream stations as found in
Kilpatrick (2003) and shown on Figure 1. Data are from the October 1, 2001 to August 1, 2002.
Each plot shows temperature as a function of depth and time. Note that as one moves upriver in the
impoundment (upper left to lower right), maximum depth decreases, as reflected in the plots. There
are several things to be seen in this figure. First, it is apparent that there was some level of
temperature stratification for the period sampled. Only during the January through April period was
temperature more or less equal, top to bottom, in the lake. This pattern held throughout the lake,
regardless of location, although it was less pronounced in the upper portions of the reservoir, due to
reduced depth. In limnological terms, Claytor Lake would be call a temperate, monomictic lake,
meaning that it is located in the temperate zone and mixes completely (top to bottom) once per year
(in this case for a period of several months).

Figure 3 presents the dissolved oxygen data for the Claytor Lake, again based on Kilpatrick (2003).
As with temperature, there was also some level of dissolved oxygen stratification for most of the
period sampled. And like temperature, dissolved oxygen levels were more or less equal from top to
bottom in the lake from January through April. This pattern held throughout the lake, regardless of
location, although it was less pronounced in the upper portions of the reservoir, due to reduced depth.
It is especially important to note that dissolved oxygen levels below 5 mg/l were found at some level
in the lake from October 1 to mid-December 2001 and from May 1 to August 1 2002. More
significantly, by mid summer, dissolved oxygen levels greater than 5 mg/l were limited to water
depths of less the 6 meters.

In combination, these temperature and dissolved oxygen patterns may be particularly significant for
certain species of fish. Optimal dissolved oxygen levels are often 5 mg/l or greater for many species
and some of those species also prefer temperatures of 20°C or less. Marginal conditions may exist
when dissolved oxygen is between 2 and 5 mg/1 or temperatures are between 20 and 24°C. For some
fish species, conditions are unsuitable if dissolved oxygen falls below 2 mg/l or temperature exceeds
24°C.

Figure 4 presents Claytor Lake temperature but modified to indicate the general suitability for fish
habitat. Here, green indicates optimal temperatures (less than 20°C), pink indicates marginal
temperatures (greater than 20°C but less than 24°C) and red indicates unsuitable temperatures. Not
unexpectedly, Figure 4 shows that temperature in Claytor Lake was optimal for certain cool water
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fish species most of the period sampled. However, by sometime in May and continuing through the
sampling period (and also through September, based on other data collected by VADEQ),
temperatures are marginal (May and probably September) or unsuitable (June, July and probably
August) in the surface waters (<16 meters) of Claytor Lake. For those parts of the lake where
maximum depth is less than 16 meters, there was no available cool water for perhaps 5 months out of
the year.

Figure 5 presents Claytor Lake dissolved oxygen levels, again expressed as suitability for coolwater
fish habitat. Here green represents suitable dissolved oxygen levels greater than 5.0 mg/l, pink
represents dissolved oxygen levels greater than 2 mg/l and less than 5 mg/1 and red is for conditions
where dissolved oxygen levels are less than 2 mg/l. As with temperature, Figure 5 indicates that
suitable dissolved oxygen levels were found throughout the lake for most of the sampling period.
However, there are extended periods when deeper waters have marginal or unsuitable levels of
dissolved oxygen. During the fall, low dissolved oxygen levels were largely limited to the very deep
waters (20 meters or even deeper). During the summer, however, marginal and even unsuitable
dissolved oxygen level were found within 2-3 meters of the surface, limiting the volume of water that
contained suitable dissolved oxygen levels to the only the shallow surface waters. Review of other
available data indicates that this condition can continue through September; thus, we conclude that
there may be several consecutive months when all but the shallowest water of Claytor Lake contains
less than optimal dissolved oxygen.

Actual habitat suitability is a joint function of both temperature and dissolved oxygen, so we really
need to look at both combined to get a sense of the overall suitability of Claytor Lake for coolwater
fish. Figure 6 presents the combined temperature/dissolved oxygen suitability of regime for Claytor
Lake for the October 2001 to August 2002 period. Although it can be seen that there are still
substantial periods of time when thermal and oxygen conditions are suitable for coolwater fish, it can
also be seen that there were several months when conditions were marginal or even unsuitable. These
severe conditions occurred top to bottom in the lake and from one end to the other, indicating that
there was a period of time (at least two months from these data and perhaps 3 or 4 months based on
other data) when there was no refugia anywhere in Claytor Lake for certain fish species.

Kilpatrick (2003) noted that 2002 was a particularly bad water quality, probably because of less-than-
normal river flow. In fact, data collected by VADEQ in late August of 2002 showed that conditions
could be considerably worse, at least at that time. Figure 7 presents the dissolved oxygen and
temperature profile for Claytor Lake at a sampling location just upstream from Claytor Lake dam,
under the power lines. In this figure, it can be seen that at the end of August in 2002, dissolved
oxygen levels did not exceed 3 mg/l at any depth in this location, were at approximately 2 mg/l from
about 2 meters to 12 meters and were at essentially zero from 14 meters to the bottom. No additional
water quality data has been found for September or October of 2002, so it is not known how long this
extreme condition persisted. Even so, downstream dissolved oxygen data collected on September 20,
2002 found dissolved oxygen levels only slightly above 3 mg/l. This indicates that whole lake low
dissolved oxygen conditions may have persisted for nearly one month.

It can be concluded from available data that warm water temperatures and low dissolved oxygen
levels combine to make significant areas of Claytor Lake unsuitable for coolwater fish species. In
some years, unsuitable or marginal conditions occur at all depths and all areas in the lake and may
persist for two or more months.

20979 Claytor Lake Information Report-Draft.doc 5/7/07 8 Normandeau Associates, Inc.
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2.2 DISSOLVED OXYGEN AND TEMPERATURE CONDITIONS IN THE NEW RIVER
DOWNSTREAM OF CLAYTOR LAKE

VADEQ has periodically measured dissolved oxygen and temperature in the New River downstream
of Claytor Lake. Sample stations are established at river mile 81.72 at the Rte. 11 bridge in Radford,
river mile 75.53 at the Rte. 114 bridge, river mile 56.22 at the Rte 730 bridge in Eggleston and at
river mile 30.15 at the Rte 460 bridge Glen Lyn. Review of the data indicates occasional dissolved
oxygen concerns (5 mg/l or less) in the upper portion of the river nearest Claytor Lake (from river
mile 87 to near river mile 75 at the Rte. 114 bridge) but general adequate to excellent dissolved
oxygen levels in the middle and lower portions (from river mile 75.53 at the Rte 114 bridge to river
mile 30.15 at Glen Lyn. Data are generally not concurrent at each site which makes it difficult to
draw firm temporal and spatial conclusions about dissolved oxygen in the New River downstream of
Claytor Lake. However, two concurrent sets of dissolved oxygen data are available from the area of
concern and are presented in Figure 8. Here is can be seen that on September 20, 2002, a year
previously cited as being one with low dissolved oxygen levels in Claytor Lake, oxygen levels were
only slightly above 3 mg/l immediately below the dam, increased to perhaps 5 mg/l at the Rte. 11
bridge in Radford and then continued to increase to about 6.5 mg/1 at the Rte. 114 bridge. On
September 8, 2005, dissolved oxygen levels were again slightly less than 5 mg/l immediately below
the Claytor Lake dam but rose quickly to more than 7 mg/l by the Rte. 11 bridge in Radford. Other
spot data are presented in the figure for the Rte. 11 and Rte. 114 bridges that represent the lowest
dissolved oxygen values recorded for these two stations. It can be seen that dissolved oxygen levels
at the Rte. 11 bridge have occasional been in the low to mid 4 mg/] range, but at the Rte. 114 bridge,
levels have never been measured at less than about 5.9 mg/1.

It is concluded that dissolved oxygen levels in the New River immediately below Claytor Lake are
occasionally below 5.0 mg, probably as a direct result of low dissolved oxygen values in Claytor
Lake. Levels recover fairly rapidly in the free flowing, shallow river below the dam and it appears
that dissolved oxygen values are always above 5.0 mg/l by the Rte. 114 bridge.

2.3 UPSTREAM AND DOWNSTREAM (OF CLAYTOR LAKE) TEMPERATURE MONITORING

In addition to the dissolved oxygen and temperature monitoring program undertaken by VADEQ,
VADGIF has maintained continuously recording temperature monitors upstream and downstream of
Claytor Lake since spring of 2004. These data are useful for evaluating the recent thermal history of
the river and to help determine the influence of Claytor Lake on the downriver temperature regime.
Figure 9 presents an upstream to downstream evaluation of average monthly temperatures. Here,
Weaver (2006) plots the temperature difference between an upstream reference station and several
downstream stations. In this convenient presentation format, if the lines for a downstream station plot
below the zero line (which is the upstream reference value subtracted from itself), then temperature at
the downstream station is colder than the upstream station. If the lines plot above the reference line,
than downstream temperatures are warmer than the upstream station. In reviewing the plot, a clear
pattern emerges. During the late summer, fall and early winter, all downstream stations are warmer
than the upstream station. During the late winter, spring and early summer, the reverse is true, with
all downstream stations being colder than the upstream station. This pattern exists because of the
volume of water contained in Claytor Lake, relative to the volume of water in the river. Both the lake
and river respond thermally to ambient air temperature (and solar insolation), but the lake responds

20979 Claytor Lake Information Report-Draft.doc 5/7/07 12 Normandeau Associates, Inc.
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much more slowly than the river because it has much greater volume to heat or cool. Consequently,
temperatures downstream of Claytor Lake are modified by the thermal mass of the lake, even at a
distance as great as 29 miles downstream such downstream temperatures are warmer than upstream
temperatures during the times when ambient air temperatures are declining and are colder when
ambient air temperatures are warming.

We also looked at the continuous temperature data immediately downsteam of Claytor Lake and
compared these data to spot measurements taken immediately upstream of the dam in an attempt to
determine at what level in the lake water that was being discharged from the dam originated. The
intake screens at the dam are located from 6.4 to 20.4 meters below the lake surface. The intake
screen mid-point is located at 13.4 meters. It is reasonable to expect that water being discharged from
the lake would originate at least from this zone and perhaps beyond. In Figure 10, we plot continuous
temperature as measured 0.25 miles downstream of Claytor Lake versus time (April 2004 to
November 2006). We overlay two temperatures on this plot that were gathered from period spot
measurements from VADEQ’s routine sampling program. One measurement is the approximate
temperature at 13.4 meters and the second is the average temperature for water from 6.4 to 20.4
meters. It can be seen that both values track downstream temperature very closely. Thus, we can
conclude that the expected river temperature immediately downstream of Claytor Lake can be closely
approximated by knowing the in-lake temperature at either 13.4 meters or average over depths of 6.4
to 20.4 meter.

2.4 SELECTED WATER QUALITY DATA FROM THE FRIENDS OF CLAYTOR LAKE AND
FERRUM COLLEGE

The Friends of Claytor Lake and Ferrum College have jointly conducted a water quality sampling
program at Claytor Lake since 1996. Sampling locations are shown in Figure 1. The focus of this
program has been on parameters that help define the trophic status of the lake as well as certain
bacterial investigations. Since bacterial contamination is unrelated to Claytor Lake hydroelectric
operation, we focus only on trophic state parameters in this report. Figure 11 presents a summary of
the trophic state indices as determined from Carlson’s Trophic State Index (TSI) (1977) approach for
the water quality parameters total phosphorus, chlorophyll a and secchi depth. Each parameter is
averaged for all sampling stations and sampling dates to produce a single TSI for each year of
evaluation. The three TSIs for each year are then averaged to produce a single, combined TSI. In
general, the TSI for each parameter has ranged between values of 50 and 60, with some occasion
outliers in the 40s and 60s, for the entire period of record. According to Carlson, TSIs in the 50s are
indicative of eutrophic or nutrient-rich conditions while TSIs in the 40s would be in the upper
mesotrophic or moderately enriched range. TSIs in the 60s would represent upper eutrophic
conditions. From Figure 11, it can be seen that no long-term trends in trophic state are apparent.
Trophic state in Claytor Lake seems be neither worsening nor improving over the 12 years of data
collection.

Although Claytor Lake trophic state seems to be relatively stable or a whole lake basis, longitudinal
differences in the lake are apparent. Figure 12 presents the average TSI for the index parameters for
each station for all of the years combined. Here, station CL 1 represents the most downstream station
while station CL 12 is the most upstream location. In this figure, it can be seen that trophic state
based on total phosphorus and secchi depth generally declines from upstream to downsteam,
whileTSI based on Chlorophyll a tends to start out very low, in a lower mesotrophic range, rises to a
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Figure 11.
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Figure 12.  Claytor Lake Sampling Station Trophic State Based on TP, Chl a and SD
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maximum half way down the lake and then declines gradually from mid-lake to the dam. These
patterns are likely explained by the hydrodynamics of Claytor Lake. In the upper portions of the lake,
Claytor Lake behaves more like a river. High nutrient levels appear to be mostly associated with
suspended solids, which results in lower algae concentrations. At the lower end of the impoundment,
the lake behave more like a typical lake, with lower nutrient levels and higher secchi depth, most
likely due to sedimentation, but highly chlorophyll-a levels that a more in line with expectations,
given the total phosphorus levels. The middle portion of the lake represents a transition zone with
both river and lake characteristic, which apparently contributes to the highest TSI values found in the
lake.

In summary, Claytor Lake can be characterized as a moderately eutrophic, riverine impoundment,
with characteristics of both rivers and lakes. Trophic state has been largely stable for more than a
decade.

2.5 VADEQ SEDIMENT AND FISH TISSUE QUALITY DATA

VADEQ has conducted a sediment and fish tissue sampling program upstream, within and
downstream of Claytor Lake, for a number of years. These data have indicated impairment of both
river and lake segments and have resulted in the issuance of advisories regarding fish consumption.
Although the operation of Claytor Lake has little if any influence of these toxicity issues, we have
compiled the data in this report. Figure 13 shows those riverine and reservoir areas that are listed as
impaired by VADEQ.





