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INTRODUCTION

The largest freshwater discharge event on record to the Chesapeake Bay occurred
in the spring of 1993 as a result of several climatological factors. In 1993, as much as 92
inches of snow was recorded for the winter in some parts of the upper Susquehanna River
watershed. This snowpack was washed out by a single strong rainstorm that lasted
approximately nine days. The average precipitation for this storm in the basin above
Harrisburg was 7.5 inches. The total stormflow for the Susquehanna River from this
storm exceeded that of the flow from Hurricane Agnes, a devastating storm that occurred
in 1973. Peak flow measured at Conowingo Dam during the spring storm event of 1993
was 500,000 cubic feet per second (cfs), approximately half of peak flow measured for
Hurricane Agnes (1,130,000 cfs). However, because of its longer duration and the larger
residual of stored water in the watershed, the 1993 storm transported a total of 816
billion cubic feet of water through the Conowingo Dam, compared to Hurricane Agnes'’
total discharge of 521 billion cubic feet. During both storm events, a significant quantity
of sediment material, including the associated trace element contaminants, was
transported into the Bay from the watershed. In order to study the dynamics of
contaminant transport and to calculate accurate loads during this period of high flow in
1993, the United States Geological Survey (USGS) conducted a short-term intensive
\hwdatcr quality sampling study on the Susquehanna River at the Conowingo Dam in

aryland.

The Susquehanna River is the largest tributary to the Chesapeake Bay,
contributing approximately 50% of the freshwater inflow to the Bay. It drains an area
that is impacted heavily by agriculture, and coal and mineral mining industries.
Additionally there is a significant number of municipalities that discharge effluents into
the Susquehanna River. There are therefore significant sources of trace element
contaminants from the Susquehanna watershed and mobilization of these to the
Chesapeake Bay can be strongly enhanced during a large storm event. A second and also
potentially important reservoir of trace element contaminants is stored in the sediments
behind each of the three dams in the lower Susquehanna River. These are, in order of
upstream to downstream, Safe Harbor, Holtwood, and Conowingo. During high
discharge, scouring of stored sediments behind each dam can occur. According to Lloyd
Reed of the U.S. Geological Survey, (personal communication, 1993), scouring occurs at
the Conowingo Dam when discharge exceeds 200,000 cfs. This discharge level was
exceeded during most of the storm event in March/April , 1993.

METHODS

Water samples were collected at the Conowingo Dam site during March 25
through May 4, 1993. Samples were collected using ultra-clean techniques two to three
times per day for the nine day period of highest flow (March 25 - April 3, 1993), and an



additional 11 times for the remaining 32 days of high flow. Samples were analyzed for
suspended sediment, dissolved aluminum (Al), and total-recoverable and dissolved
fractions of arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), mercury
(Hg), nickel (Ni), lead (Pb), strontium (Sr), and zinc (Zn). Data for this study are in the
Appendix to this Addendum, entitled 1993 Trace Element Data for the Susquehanna
River at Conowingo Dam, MD. Loads of trace elements are calculated with a log-linear
regression model that fits parameters for discharge, time, and seasonality to the
concentration data. When there is not a significant relationship between the parameters
of the regression model, loads are calculated by the Interpolation/Integration (II) model
that interpolates concentration data, multiplies these by daily mean discharge
measurements, and then integrates over the year. Methodologies for sampling and
analysis are described in detail in the Fall Line Toxics Program 1992 Final Report.

RESULTS

Figure 1 presents a time series plot for discharge and suspended sediment
measurements at Conowingo Dam, MD, for the period covering 1992 and 1993. The
maximum discharge occurred in the spring of each year. However the plot also
emphasizes that discharge was much higher in the spring 1993 than in 1992, and that
storms which generate high discharges are an important mechanism for the mobilization
of sediments. Concentration data for total-recoverable and dissolved Pb and Zn during
this time period are presented in similar format in Figures 2 and 3, respectively. These
two trace elements are normally associated with the particulate phase of surface water
and therefore concentrations of total-recoverable Pb and Zn are correlated to discharge;
particularly during the spring storm events. During base flow, total-recoverable
concentrations of these 2 elements vary within a small range around the reporting limits
of this study. Dissolved concentrations of Pb and Zn do not show a correlation to
discharge or seasonality.

Figureé 4 presents the time series plot for discharge and the concentrations of
dissolved and total-recoverable Cr at Conowingo Dam in 1993. There appears to be no
relation between discharge or seasonality with either phase of Cr.

Interestingly enough, the concentration of total-recoverable Cu exhibits a dual
behavior at the Conowingo site. Figure 5(a) presents the time series plot for dissolved
and total-recoverable Cu. During most of this time period, there was no more than a
minimal correlation between discharge and total-recoverable Cu concentration (R=0.79
for the entire two year period). In fact there are several base flow concentration values
that fall within the mid- to upper-range of stormflow data. However, during the storm
event in late March and Aprl, 1993, the behavior of Cu concentration changes and
follows the discharge profile very closely. Figure 5(b), which is an expanded version of
the 1993 storm event portion of the time series, emphasizes this point. The average total-
recoverable Cu concentration was also slightly higher during this storm event than for
base flow in 1993; 4.09 + 1.97 (1 S.D.) as compared to 2.53 £ 1.51. The data suggest that
total-recoverable Cu concentration is not related to discharge rates, except during
abnormally high stormflows. There were no discernible relationships or trends for
dissolved Cu during this study period.

Quality control data for all the trace elements presented in this addendum are
given in the Fall Line Toxics Program 1992 Final Report. Briefly, all blank data for
total-recoverable Cu, Pb, and Zn were less than the reporting limit. Dissolved blank data
for these trace elements had measurable concentrations, but with values significantly less



Discharge and Suspended Sediment
at Conowingo Dam, Maryland
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Figure 1. Time series of suspended sediment concentration and instantaneous discharge for the Susquehanna River at
Conowingo Dam, MD for the time period from 1992 to 1993.




Total-Recoverable and Dissolved Lead
at Conowingo Dam, Maryland
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Figure 2. Time series of total-recoverable (tot.-rec.) and dissolved Pb (aq.) concentrations and instantaneous discharge for the
Susquehanna River at Conowingo Dam, MD for the time period from 1992 to 1993. Reporting limits for total-recoverable and
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Total-Recoverable and Dissolved Zinc
at Conowingo Dam, Maryland
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Figure 3. Time series of total-recoverable (tot.-rec.) and dissolved (aq.) Zn concentrations and instantaneous discharge for the
Susquehanna River at Conowingo Dam, MD. Reporting limits for total-recoverable and dissolved Zn are 10 and 0.08 pg/L,

respectively.




Total-Recoverable and Dissolved Chromium
at Conowingo Dam, Maryland
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Figure 4. Time series of total-recoverable (tot.-rec.) and dissolved (aq.) Cr concentrations and instantaneous discharge for the
Susquehanna River at Conowingo Dam, MD for 1993. Reporting limits for total-recoverable and dissolved Cr are 1 and 0.2

png/L, respectively.
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Figure 5. Time series of total-recoverable and dissolved Cu and instantaneous discharge
for the Susquehanna River at Conowingo Dam for (a) 1992 to 1993 and (b) during the

spring storm event of 1993. Reporting limits for total-recoverable and dissolved Cu are 1
and 0.02 pg/L, respectively.
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than the environmental data. Quality control data for Cr indicated that contamination by
this element may have occurred in 1992 and in part of 1993.

DISCUSSION

Trace Element Concentrations

Much of the trace element concentration data collected during the storm event of
1993 exhibited predictable behavior related to the elevated suspended sediment loads.
The elements Pb and Zn are examples of soft-metal trace-element contaminants that are
easily scavenged onto particulate surfaces. Sources of the contaminated suspended
sediments during a storm event include runoff from the watershed as well as scouring of
stored sediments from behind the dams of the lower Susquehanna River. During high
flow, scouring is probably a significant source of sediment with trace elements sorbed to
it. Data for Al and Fe concentrations, presented in the Appendix, also correlate well to
suspended sediment loads.

The environmental geochemistry of Cr in this system is not obvious from the
results of this study. Sources of Cr to the Susquehanna River are probably primarily
industrial or atmospheric deposition. It is not obvious from the data that Cr is being
stored in sediments behind the Conowingo Dam, or that storms in general have a major
influence on the behavior of this trace element. More study is required for better
understanding of the geochemical behavior of Cr.

The dual behavior of total-recoverable Cu in 1993 at Conowingo Dam suggests
that there are multiple sources of this trace element in the Susquehanna watershed.
During base flow, Cu sources may include drainage from active or abandoned coal and
mineral mining operations, and industrial effluents such as from the steel and iron
industries. During stormflow, it is possible that the Cu concentration is being augmented
by sediments scoured from behind the dam, but if this were a significant source of Cu,
one would expect to see elevated Cu concentrations whenever discharge was high enough
to induce sediment scouring. While scouring occurred during almost the entire high
stormflow period, from March 25 through April 28, most of the Cu concentrations for
this period were within the range of base flow concentrations. There were five points that
exceeded this range and these occurred only during the first three days, when peak flow
occurred in 1993 storm event. The induction of a different source of Cu, other than
sediment scouring, during abnormally high stormflow provides a better explanation for
elevated concentrations and the unusual relationship to discharge during this storm event.
The most likely alternate source is from municipal effluents.

Municipal effluents, contaminated from Cu plumbing used for water supplies,
have been suggested as a general source of this trace element into river systems.
However, since many of the sewage treatment plants in the Susquehanna River watershed
have recently installed secondary treatment, municipal effluents are probably not a
primary source of Cu during base flow. This is not necessarily the case for stormflow.
Many of the municipal sewage treatment plants in the Susquehanna watershed have
combined sewage treatment, in other words they combine storm drain effluents with
municipal sewage. Treatment plants can become overwhelmed during unusually high
flow, such as occurred in the spring of 1993, and be forced to discharge raw sewage
directly into the Susquehanna River or its tributaries. Under very high flow regimes, Cu
becomes correlated to discharge, and this may be related to the municipal overflows
during storm surges. This would also explain the slightly higher Cu measurements that
occurred at the peak flow of the storm event.



Concentration data for the other trace elements, As and Cd, were consistently
below detection limit, so interpretation of their geochemical behavior during the 1993
storm event is not possible.

Load Estimates
Concentration data collected and mean daily discharges for river flow throughout

1993 were used to estimate annual loads of contaminant trace elements for that year.
These load data are presented in Table 1.

Table 1. Annual loads of total-recoverable and dissolved trace elements for the
Susquehanna River at Conowingo Dam, MD. Units are in metric tons per year. Load
values in italics were calculated with the Integration/Interpolation model (II). For
constituents using the II model with censored data (measured concentrations less than the
reporting limit), the load estimates were calculated twice to determine a range in values.
Censored data were assigned a value of zero for the calculation of a lower boundary or
"minimum load," and a value of the analytical reporting limit for the calculation of an
upper boundary, or "maximum load." All other load estimates (in normal print) are
calculated with the log linear regression model (AMLE, Cohn) and ranges in loads are
statistical estimates of variance (* 1 standard deviation) made by the model. Both models
are described in detail in the Fall Line Toxics Program, 1992 Final Report.

Al As Cd Cr Cu Fe Pb Zn
“Diss, | L,111-] 3.09- | 0286-] 12.5- | 39.5- | 962.0- 1 3.327- | 160.3
1388 | 287 | 4.70 17.5 464 | 964.0 | 5.760
TR 12.4- 0- 79.9- | 111.3- |76,448-] 119.0- | 992.5-
49.2 46.0 93.8 | 1352 {90363 | 162.6 | 1314

The upper ranges of annual load estimates for total-recoverabie Cr, Cu, Pb, and
Zn are presented in bar graph format in Figure 6. For comparison, load estimates for
1992 are included in this graph. The spring portion (March, April, and May) of the
annual load for each trace element is indicated as the stippled portion of each bar to
evaluate the relative contribution of the large storm event to the annual load. Total loads
for Cr, Cu, Pb, and Zn in the Susquehanna River at Conowingo Dam were consistently
higher in 1993 than in 1992. The differences between the spring contributions of loads
for each year are, however, more significant. For example, the spring contribution of the
total annual Zn load delivered to the Chesapeake Bay in 1992 was 37% of the total
annuat load, while in 1993, a more significant 70% of the annual Zn load was transported
in the spring. This same phenomenon was demonstrated for all of the other total-
recoverable loads, and demonstrates the importance of stormflow to annual contaminant
loads. The increased contaminant loads from the spring storm event of 1993 can be
partially actributed to elevated concentrations of the contaminants, but more importantly
to the large volume of water that was discharged from the watershed.



Annual Loads -of Contaminant Trace Elements
at Conowingo Dam, Maryland
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Figure 6. Annual load estimates of total-recoverable Cr, Cu, Pb, and Zn for the Susquehanna River at Conowingo Dam, MD.
The spring contribution of each load (March, April, and May) is indicated as the stippled portion of each bar.
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CONCLUSIONS

The results of this study suggest the following conclusions:

(1) Contaminant concentrations of trace elements that are associated with particulate
phases, for example Pb and Zn, are comrelated with discharge, particularly during
very large storm events such as occurred in the spring of 1993.

(2) The concentration behavior of Cu is more complex than for some of the other
trace elements, having multiple sources that are apparently similar in importance.

(3) Scouring of stored sediments from behind the Conowingo Dam may contribute
significantly to the suspended sediment load, and hence contaminant trace
element loads of Pb and Zn.

(4) All annual load estimates for 1993 were higher than had been observed in 1992.
This was at least partially due to the large volume of water that was transported
during the spring stormflow of 1993, and a disproportionately large fraction of the
annual load was contributed during this storm event.
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APPENDIX
1993 TRACE ELEMENT DATA FOR THE SUSQUEHANNA RIVER
AT CONOWINGO DAM, MD
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