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ABSTRACT

Longabucco, P. and M. R. Rafferty. 1998. Analysis of material loading to Cannonsville Reservoir: advantages of event-
based sampling. Lake and Reserv. Manage. 14(2-3):197-212.

Eight years of monitoring data are reviewed and analyzed for the West Branch of the Delaware River, the major
tributary supplying Cannonsville Reservoir: 3 years are from the early 1980s, the other 5 years include 1991-1996.
Phosphorus, nitrogen, and sediment loads were measured at the mouth of the West Branch using an approach of
intensified sampling during runoff events and routine sampling during baseflow intervals. Total river loads of nutrients
and sediment are reported on a water-year basis; selected analytes are reported on a monthly basis. Additionally,
phosphorus inputs are partitioned inte nonpeint and point source loads. The point source phosphorus load decreased
about 75% during the 1990’s study period primarily due to upgrades at the largest municipal wastewater treatment plant
in the watershed. Annual nonpoint source phosphorus loads were variable over the study period: dissolved phospherus
ranged from 6,600 kg y! to 20,800 kg - y?, while particulate phosphorus ranged from 7,400 kg -y to 115,000 kg y*. Most
of the annual loads of nonpoint source phosphorus, sediment and ammonia were delivered during runoff events. The
loads determined through event-based sampling are compared to loads calculated using two other load estimation
approaches; an export coefficient technique and fixed frequency sampling combined with the loading software FLUX.
The natural variation in nonpoint source loads is examined in the context of seting management goals for improving
water quality.
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Material loading largely drives the water quality of
lakesand reservoirs, and alongwith hydrologicloading,
is a primary forcing function in mass balance models.
Loading can be externaland internal, although internal
sources are usually reflective of earlier external inputs.
External loads can derive from either point sources or
nonpoint sources. Point sources are discharges, often
contingal, which have awell-defined pointofentryinto
a water body, such as a pipe carrying effluent from a
wastewater treatment facility. Nonpoint sources are
diffuse; inputs from them are often episodic and
associated with runoff-producing events. Anthro-
pogenic nonpoint sources are a leading concern as
these have often beenidentified as negativelyimpacting
water quality {(e.g., Novotny and Chesters 1981) and,
thus, the logical target of control efforts when
attempting to remediate or prevent problems,
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Loading estimates are invaluable in establishing
cause and effect relationships for various lake water
quality problems, and essential to drive related mass-
balance water quality models (Effler and Whitehead
1996). For example, as phosphorus (P). is generally
considered to be the primary nutrient controlling
eutrophication (e.g., Vollenweider 1968, Hutchinson
1973, Dillon 1975, Carlson 1977), it is'a _common
management approach to quantify the relationship
between P loading and trophic state, and establish a
target P load consistent with desn‘ed water—quahty or
trophic-siate objectives,

The temporal nature of external loadlng and
related lake impacts will dlctate the samp]mg needs of
a tributary monitoring program i intended to establish
cause and effect relationships _b_g:t_wee_r_l _Inpt__lts and lake
water quality. In the casé: of nonpoint source loads,
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monitoring over a range of runoff conditions, with
particular emphasis on high flow periods, is generally
necessary to obtain reliable estimates of fluvial material
loading (Dolan et al, 1981, Richards and Holloway
1987, Young et al. 1988). For a given number of con-
centration samples, loading estimates will usually be of
greater precision if sampling efforts are weighted toward
high flow periods and runoff events, as these intervals,
while usually short in duration, often account for a
large fraction of the annual tributary load (Walker
1987). Additionally, as nonpoint source inputs
associated with runoff are highly dependent on
meteorological and hydrologic conditions, itisdesirable
1o assess the attendant natural variability in material
loadings thatcan occur, particularly from the standpoint
of evaluating the extent to which systematicreductions
from control efforts may be masked by these variations.

The purpose of this paper is to present the results
of a long-term, event-oriented monitoring program
thatmeasured fluvialloading of nutrients and sediments
to a eutrophic drinking water supply, Cannonsville
Reservoir, from its largest tributary, the West Branch of
the Delaware River (WBDR). The loading estimates
were used to support testing and calibration of a
nutrient-phytoplankton model developed for
Cannonsville Reservoir (Doerr etal. 1998), and appli-
cation of the model in a preliminary assessment of
management measures for Cannonsville (Owens et al,
1998a). Specifically, we: 1) reviewed nutrient and
sediment concentrations; 2) identified trends in these
concentrations; 3) presented estimates of river loads;
4) partitioned nonpoint and point source loads of P;
5) identified long-term trends in point source loading
of P, and; 6) documented inter-annual variations in
nonpoint source loads. The results of the monitoring
program are also used to highlight the importance of
event-based sampling when quantifying nonpoint
source inputs by comparing our load estimates to
estimates made using other less data-intensive
techniques. Theimplications of accurate Ioad estimates
and inter-annual variability in nonpoint source
contributions are then examined in the context of
setting target loads reflective of desired water quality.

Site Description

The WBDR is the primary source of water for
Cannonsville Reservoir, an upstate drinking water
supply for the City of New York., The river is
approximately 80 km in length, drains inasouthwesterly
directionand islocated almost entirelywithin Delaware
County, New York (Fig. 1). Long-term average river
discharge rate, as measured at the U.S. Geological
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Survey automated gauge station in Walton, for the
44-year period of record ending September 1996, is
16.4 m** s* (watershed runoff of 60.1 cm - yr) (USGS
1997).

The WBDR drains an area of 910 km? and com-
prises about 80% of Cannonsville Reservoir’s total
drainage basin. Presentland use is little changed from
thatin 1980 which was 70% wooded, 25% agricultural,
and 2% urban/industrial, with dairy farming being the
predominant agricultural use (Brown etal. 1986). The
watershed’s current human population is essentially
the same as it was in the early 1980s, about 18,000. In
1990, 8,016 people resided in the four incorporated
villages located in the watershed and were served by
sewers and wastewater treatment plants that discharge
to the WBDR. The watershed and its characteristics are
described more fully in Brown et al. (1983).

During the study period, there were seven per-
mitted point sources that discharged directly to the
WBDR: five are publicly-owned wastewater treatment
plants (WWTP); two are industrial discharges. The
Walton WWTP, which receives both domestic sewage
and food waste from a dairy process facility, is the
largest (~1 MGD} and most significant point source in
the watershed. All of the WWTPs provide secondary
treatment; Walton upgraded to a new system with P
removal in 1993,

History

Cannonsville Reservoir began filling in 1963 after
damming of the WBDR at Stilesville was completed.
Surveys of the reservoir (Schumacher and Wager 1973,
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Figure 1.-West Branch of the Delaware River watershed and
Cannonsville Reservoir,




USEPA 1974, Wood 1979, Brown et al. 1986, Bader
1993, Effler and Bader 1998) have reported conditions
typical of eutrophication since the early 1970s through
he present day. Excess loading of nutrients, primarily
rom both point and nonpoint sources in the
ratershed has been identified as the principal cause of
the eutrophic conditions (Wood 1979, Brown et al.
, 1983, 1986, Effler and Bader 1998). Internal
joading of P appears to be an insignificant contributor
to. the reservoir’s eutrophication (Brown et. al 1986,
ffler and Bader 1998). Recent studies { Doerr et al.
1998, Owens et al. 1998a ) have identified dissolved P
as. the most important nutrient in regulating algae
growth in the reservoir for much of the year.
o Numerous estimates of external P 10ad1ng to
Cannonswlle Reservoir have been made using various
estimation techniques (Table 1). The estimates from
the 1970s and 1980 were based on very limited water
quality sampling data from the WBDR and other
minor tributaries. Another, more recent, estimate
(Bader 1993) used an export cocfficient method to
determine P loads, All of these analyses considered
the WBDR to be the major external source of nutrients
to Cannonsville and, while the estimates vary to some
- “degree, all exceed the critical P mass load, based
“on Vollenweider’s (1975) model, of approximately
20,000 kg 'y* (Bader 1993) that would be expected to
‘lead to eutrophic conditions in the reservoir.
. None of the sampling effortsin the 1970s attempted
to resolve the dynamics of P (or other material) con-
© centrations during runoff events, making it difficuit to
* ascertain the reliability of the resulting load estimates.
. Atthe time, the importance of characterizing material
- flux during high flow regimes was perhaps not fully
realized. Research has shown that much of the annual
loads of nutrients and sediment can be delivered to a
receiving water body during extreme hydrologic

Table 1.-Summary of total phosphorus load estimates
for Cannonsville Reservoir based on limited tributary
water quality data or use of export coefficients.

Reference Load
(kg 10°-y")

Hydroscience 1975 76-117
USEPA 1974 83.7
Bricke 1975 49.2
Goodale 1975 39.7-69.7
Wood 1979 26.7 - 32.0
Brown and Rafferty 1980 17.2-24.1
Bader 1993 23.9-67.7
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conditions, i.e., periods of intense rainfall or high
stream flows resulting from runoff events (e.g., Alberts
etal, 1978, Bloomfield et al. 1984, Brown et al. 1989,
Longabucco and Rafferty 1989, Heidtke and Auer
1992). In the Northeast, those runoff events occurring
inlate winter-early spring particularlyinfluence annual
loading as they typically involve combined rainfall/
snowmelt which often produces the highest flows of
the year.

It was not until 1980 that event sampling became
the key element of water guality monitoring in the
WBDR. Unlike the earlier estimates (Table 1), loads
computed for the March 1980-September 1982 interval
(initially presented in Brown etal. 1983), and themore
recent October 1991 - September 1996 interval, were
based on a monitoring program that emphasized
intensive sampling during runoff periods. The
information collected by both of these efforts forms
the basis of the analysis presented here,

Methods

Sampling and Data Collection

Precipitation was calculated as the average of
monthly totals (NOAA 1980-1982, 1991-1996) recorded
at four meteorological stations within the watershed
(Walton, Delhi, Kortright and Stamford - Fig. 1). Mean
dailyand hourly river discharge data (USGS 1981-1983,
1993-1997) were obtained from the U.S. Geological
Survey for the Walton gauge station.

The monitoring strategy used during the 1980s
(Brown et al. 1983) and the current investigation
(1990s) was similar. Itwas based onastratified sampling
scheme where sub-populations (strata) are separately
sampled according to the degree ofvariability that they
exhibit. In the context of hydrological data collection,
a minimum of two temporal strata are defined by
baseflow, produced by groundwater contributions, and
high flow, produced by rainfalland / or snowmeltrunoff
events (Reckhow et al. 1980). Since there is generally
greater variability in concentration and flow rate in the
high flow stratum, more frequent measurements will
produce a more precise and accurate estimate of the
population average (load) (Reckhow etal. 1980). This
general approach, the intensification of sample and
data collection during the relatively short periods of
runoff events, combined with less frequent baseflow
sampling, was employed to determine nutrient and
sediment losses from the WBDR watershed. A runoff

event was defined as any time a rise in river stage ofat.- .=\

least 0.5 ft (0.152 m) was measured at the Walton gauge
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station. Nearly every rainfall or snowmelt event as
defined above was sampled. The event was considered
tostart with the beginning of river rise and was deemed
over when concentrations of P and sediment returned
to approximately baseflow levels, or when another
event began,

The sampling protocol used during the 1980s is
described in detail in Brown et al. (1983), Briefly,
whenever possible, a baseline sample was collected
before significant river rise began. Samples were then
collected at 2- to 4-hr intervals on the rise and 6- to
8-hr intervals on the fall, or more frequently during
major rainfall/snowmelt events. The stage of the river
was monitored by a Stevens Telemark unit installed at
the Walton gauge which reported instantaneous river
stage via telephone query. Samples were collected at
least once a week during dry weather periods.

The sample collection frequency used during the
1990s was refined through examination of data from
the 1980s and was dictated by changes in river stage
over time. Samples generally were collected system-
atically at every 0.5-ft change in river stage or at evenly-
spaced minimum frequencies within each stratum as
defined by stage (Table 2), whichever occurred first. A
baseline sample was taken before significant river rise,
marking the beginning of the event. River stage was
again monitored by telephone through use of the
Telemark device installed at the Walton gauge.

Sampling was conducted at Beerston (Fig. 1),
located approximately 8 km downstream of the Walton

Table 2.-Sampling protocol for WBDR at Beerston,
1991-1996.

Stage at USGS Gauge in Walton Frequency
(ft) {m) of Samples
£3.00 (<0.91) 1-wk?
3.01-3.50 (0.92-1.07) 2- wk!
3.51-4.00 (1.07-1.22) 3-wk!
4.01-4.50 (1.22-1.38) 4 wk'
4.51 - 6.00 (1.38-1.83) 1-d!
6.01-7.50 (1.83-2.29) 24!
7.51 - 8.50 (2.29 - 2.5G) 3-d?
8.51-9.00 (2.59-2.74) 4-4d!
9.01-9.50 (2.75 - 2.90) 5-a?
9.51-10.00 (2.90 - 3.05) 6 d*
10.01-11.00 (3.05 - 3.35) 8-d*
11.01 - 13.00 (3.36-3.97) 12-d?
>13.01 (>3.97) 24 gt

gauge and 0.8 km upstream of Cannonsville Reservoir
where State Highway 10 crosses the river. The watershed
areaincreasesabout 6% between Walton and Beerston.
Grabsamples were collected during low-flow conditions
by wading to approximately mid-channel and
immersing a 4-L plastic jug. Under higher flow
conditions, a weighted jug was lowered from the road
bridge to collect the sample.

The majority of samples was collected during
events. Yearly totals averaged 214 and ranged from
94 to 381, with the more hydrologically active years
generally having more samples, In the 30-month study
of the 1980s, 31 evenis were monitored, while in the
60-monthstudy of the 1990s, 70 events were monitored.
Large events were relatively infrequent; in fact, during
each study period, nearly 70% of the monitored events
produced only £2.0 cm of runoff, while approximately
10% produced >3.5 cm.

Sample analyses for both the 1980’s and 1990's
investigations were performed at the New York State
Department of Health laboratory using identical or
updated methodologies. Samples were routinely
analyzed for total phosphorus (TP), total dissolved
phosphorus (TDP), soluble reactive phosphorus (SRP),
nitrate plus nitrite (NQ,), total ammonia (T-NH,),
and total suspended sediment (TSS) (USEPA 1983,
APHA 1992). Filtration of water through a 0.454m
membrane filter prior toanalysis was used to define the
dissolved P fraction. Particulate P (PP) was computed
as the difference of TP and TDP. In 1995 and 1996,
analyses for soluble and particulate organic carbon,
chloride, and chlorophyll ¢ were added to support
testing of the nutrient-phytoplankton mode! for
Cannonsville (Doerr et al. 1998) and an investigation
of allochthonous sources of trihalomethane (THM)
precursors (Stepczuk etal. 1998); loads of these analytes
are not considered here,

Computation of Loads from Point and
Nonpoint Sources

River flow at Beerston was estimated by increasing
mean daily and hourly flow values for the WBDR at
Walton by a factor of 1,06 to account for the additional
watershed contributing area between Walton and
Beerston. Total river loads were computed as the
product of flow rate and concentration of samples
collected at Beerston. For non-event periods, loads
were calculated on a daily basis using the mean daily
flow and a sample concentration. For events, hourly
loads were calculated using hourly flows and event
sample concentrations. These hourly loads were then
summed to produce both daily loads and total event
loads. Annual loads were calculated as the sum of the




ater-year (October through September), rather
_calendar year, throughout this paper.

' Concentrations used to compute daily and hourly
yads were either from actual samples or estimated. If
ample was collected on a given day or hour, that
nple’s concentration was used to compute the daily
r hourly load. For intervening times without samples,

imple linear interpolation between the preceding and
ext sample concentrations was used to estimate
oncentrations for those times. When a baseline sample
as missing, the concentration from the last collected
on-event sample was assumed to be representative
ntil the river began to rise. Also, when a sample was
iissed at the end of an event, the concentration from
the next non-event sample was used for the event end
point. The basic load calculation method is illustrated
here for an event in January 1996 (Fig. 2).

- Nonpoint source P loads were estimated by sub-
tractmg computed point source loads from total river
loads calculated at Beerston. Phosphorusload estimates
for the Walton WWTPwere based on effluentsampling
(seven consecutive 24-hr composite samples collected
quarterly) by the New York State Department of
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Figure 2.1.oad estimation technique illustrated for January 26-31,
1996, event: a) hourly flow rates, actual and interpolated TP
concentrationsand, b) product of each hourly flowrate and an actual
or interpolated concentration,
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Environmental Conservation, and sample (usually
wecekly or twice-weekly collection ofa 24-hr composite)
and daily flow data from the treatment plant’s self-
monitoring reports. Loads for the other point sources
were provided by the New York City' Department of
Environmental Protection (Cutietta-Olson 1997).
Analysis of a limited number’ of Walton. WWTP
effluent samples for TDP showed: that ‘the ﬁow-’

weighted average dissolved P fraction was 62%. (n=29,
range = 27%-100%) during the 1980°s study, and 59%
(n=49, range=11%-100%) in the 1990s after the plant'-_
was upgraded. Eight samples collected from: the:
Stamford WWTP in the 1980s averaged 929 dissolved -
{range = 80% - 98%) which is more typical of domestic:
sewage (Black and Veatch 1971), Based on: th_e above’

sample results, 60% of Walton’s P 1oad was assumed 10

be dissolved, while P loads from the other WWTPs m”

the watershed were assumed to be 927 'dl L

Load Estimation Compdﬂbbn&

Theevent- basedmomtormg efforts of our program _': :
were resource-intensive, requiring considerable effort_-
and funding to achieve the level of samp}mg thatwas’ -
deemed necessary to adequately 1 measure: 1oad' from
me "
in the field and costs of analyses, without subsmntAally-'.' '

the WBDR, Alternate methods which can reduc

compromising accuracy, are desirable. Howev

difficult to determine howwell 2 methad hzis est:mé.ted -

loads because, generally, the “true” load is not: kno"

The actual load can never be known exactly, but the
data collected through our program are so’ extensive:
compared to typical (e.g., ﬁxed-ﬂequency) samphng '
programs that we have used our-loads as a basis to
evaluate the estimates made prior to 1980 (Table 1) as.

well as estimates made using two other methods, iess
labor-intensive than our own, & :

Thefirstofthese twoisa pollutant export coefﬁaent

approach, which involves no direct water. quahty
sampling. Export coefficients for different’ types of
land use are selected from literature compﬂauons of
values {(e.g., Reckhow et al, 1980) or are watershed—
specific values. The coefficients are typically derived
from published results of monitoring studies; which
measured loads of one or more materials from a
particular land use or combination of land uses over
short time periods. Applying the coefficients (e.g.,
units of kg ha') to the area of each type of land use in
a watershed gives an estimate of the annual amount of
matcrial delivered to the outlet of the watershed. Bader
(1993) used this technique to estimate an annual
nonpoint source TP load for the entire Cannonsville
Reservoir drainage basin. We compare his estimate 1o
the annual loads measured by our event-based
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monitoring program and analyze the differences.

Techniques that integrate the material concen-
trations of grab samples collected intermittently or on
afixed intervalwith continuous (i.e., gauged) flowdata
to produce unit loads may be used in situations where
intensive collection of event-based samples is not
feasible. These techniques are more attractive than the
export coefficient method because they utilize some
actualwater quality datafrom thewatershed in question.
Typically, regression or ratio estimation (Beale 1962,
Tin 1965) isused to estimate concentrations for periods
when samples are notavailable (e.g., Dolan etal. 1981,
Young et al. 1988). For these techniques to produce
accurate results, though, a strong relationship between
flow and concentration is necessary to predict con-
centrations for periods of no samples from flow data.
The load estimation program FLUX, developed by
Walker (1987), uatilizes such flow-concentration
relationships. FLUX is an interactive, user-friendly
software that supports estimates of loads from
intermittent, routine or event sampling over a period
forwhich a continuous flow record is available (usually
as average daily values). We use FLLUX in our second
comparison to contrast the results of our event-based
program with estimates developed from a fixed-
frequency sampling protocol typical of many less
resource-intensive monitoring programs. Samples
collected undera fixed-frequency protocol may include
both high- and low-flow samples, but efforts to weight
sampling towards high-flow periods are usually not
made.

For this comparison, a subset of samples wasselected
from our database that mimicked a weekly sampling
protocol. Only samples taken on a specific day of the
week, or the one closest to that day, were included. If
more than one sample had been collected on the
designated day, only the first sample was used. Two
data sets were created that simulated a weekly (ie.,
52samples- yr') sampling program: one for October 1,
1980 - September 30, 1982, and one for October 1,
1991 - September 30, 1996. These sample concen-
trations were utilized with adjusted (+ 6%) mean daily
river flows from the Walton gauge to estimate loads at
Beerston with FLUX, The software has several options
to improve accuracy and reduce bias based on the
number and type of samples (Walker 1987, Effler and
Whitchead 1996). For the loading estimates presented
here, an option was used thatstratifies the samples into
groups based on flow. This often has the effect of
increasingaccuracyand reducing potential bias (Walker
1987). Daily loads of PP, TDP, SRP, TSS, T-NH,, and
NO, were generated by FLUX and compared to our
“true” daily loads determined through event-based
sampling. Also, daily loads were summed bywater-year
and compared on an annual basis.

Results and Discussion

Precipitation and Runoff

Substantial inter-annual differences are evident in
precipitation and runoff volume via the WBDR over
the 8-year study period (Fig. 3). Annual precipitation
(Fig. 3a) and runoff volume (Fig. 3b) were below
average for 5 of the 8 years; in fact, runoff volume in
1995 was the third lowest for the 44-year period of
record. In contrast, runoff volume in 1996 was the
second highest on record, and a new record peak
discharge at Walton was set during the January 19-20,
1896, rainfall/snowmeltevent, which has been classified
as at least a 70-year storm (Lumia 1998),

Seasonal variations in runoff, driven by variations
in precipitation and the timing of winter thaws, were
observed among the study years as illustrated for 1994,
1995 and 1996 (Fig. 4). For example, while the timing
of runoff was quite similar in 1994 (Fig. 4a) and 1996
(Fig. 4c), the magnitude during event periods
(identifiable by spikes in runoff volume in Fig. 4)
was generally much greater in 1996. Events in 1995
(Fig. 4b) were modest, showing only small increases in
tiver flow. Years 1994 and 1996 had relatively wet
summerswith 15% and 19%, respectively, of the annual
runoffvolume occurring fromJune through September,
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Figure 3.-a) Annual precipitation in the WBDR watershed, and
b) annual runeff volume of the WBDR during study period.




a) Water-Year 1994

Oct Dec Jan Feb Mar May Jun Jul Aug Sep

Nov Apr

: -Figure 4.-Daily runoff velumes of the WBDR at Walton for § years
f the study period: a) water year 1994; b) water year 1595; ¢) water

“whereas in 1995 less than 3% occurred during that
‘time. All 3 years were similar in that about 20% of
the annual runoff occurred from October through
December. As will be shown later, the amount and
timing of runoff can have a considerable effect on the
loading of nonpoint source pollutants from the
watershed.
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Nutrient and Sediment Concentrations

Substantial variability in nutrient and sediment
concentrations was observed over the course of the two
study periods (Table 3). Volume-weighted eventmeans
were higher than baseflow means forall analytes except
NO,. Wider ranges in concentration were observed__
durmg events than in baseflow for PP; TSS 'T-NH; in-
both study periods, and for TDP and SRPin the: 19805 :
Eventand baseflow meansand ranges ofthe 19805 were- -
similar to those of the 1990s for most analytes,
following excephons Wider ranges in PP. and TSS S

these are directly attributable to’ ‘the januaty;lg 90,
1996, event, which produced the highest; observed :

varied from 0 to 100%, but averaged 72%. Parumlate
P concentration had a strong, direct correlatxon w1th_._-
TSS concentration (r=0.96, n~1708), as d1d SRP'wnth_'

were typlcally observed during periods :(__) 3
(~14m* s' or more), while the highest concentrai_:mns S
usually occurred during periods of su_rfz_i__c_e_mnof‘f The

Table 3,—Volume-weighted mean concentrations and concentration ranges of nutnents and sedlment in’ the WBDR
at Beerston for the two study periods during event and baseflow periods. S .

Analyte 1980s 1990s
Event Baseflow Event . Baseﬂow :
X Range X Range X Range X : Range
PP 150 2-1,060 6 1-50 140 21,920 8 1-76
TDP 82 16 - 420 88 14 - 260 36 5-130 31 4-440
SRP- 81 11-890 34 9 -240 26 1-98 15 0 - 400
NO2 590  60-1,300 680  160-1,500 730 200-1,450 760  10-1,430
T-NH,* 210 5- 650 59 5-870 48 3-230 19 2.170
TSS 971  1.3-750 5.4 0.2-25.9 93.4 14-1350 53  02-295

*Concentrations in pg - L
*Concentrations in mg * I\
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largest and most rapid changes in concentration
occurred when river flow rose during runoff events as
illustrated by the increase of TP from 36 to 200 ug - 1.
in 7 hr of the January 27, 1996 event (Fig. 2a). During
dry-weather periods of low baseflow (~10 m* s or less),
P concentrations were observed to increase over time
as river discharge decreased. Most of the P was in the
dissolved form as TSS, and correspondingly PP,
concentrations were usually quite low. This inverse
relationship of concentration to flow is characteristic
ofa constantloading source (e.g., Manczak and Florczyk
1971), presumably in: this case the Walton WWTP. The
effect of this facility on instream concentrations
becomes more discernible as ambient flow decreases.

Nutrient and Sediment Loads

Annual loads delivered to Cannonsville Reservoir
by the WBDR varied over the study period (Table 4)
with the greatest difference for most analytes obsetved
between the years of 1995 and 1996. Years with greater
runoff volumes generally produced higher loads.
However, there were inconsistencies. For example,
1993 and 1994 had nearly the same annual runoff, but
loads in 1994 were about one-half to two-thirds those of
1993 for most analytes, particularly P forms and TSS.
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Runoff volume in 1981 was 20% less than in 1982, yet
1981’s P and TSS loads were as much as 60% greater,

The widest fluctuations in annual P inputs to
Cannonsville Reservoir during the study period have
resulted from variations in nonpoint source load-
ing (Table 4). Annual nonpoint PP loading in 1996
(115,000 kg) was 15 times greater than that in 1995
(7,400 kg). Less dramatic, but still major, inter-annual
variations were observed in nonpoint loads of TDP and
SRP. Three-fold differences were observed in loads of
these analytes; TDP ranged from 6,600 kg in 1995 to
20,800 kg in 1996, and SRP ranged from 5,000 kg in
1995 to 16,300 kg in 1981. Most of the annual WBDR
loads of PP, TDP and SRP, for all years, were nonpoint-
derived.

Nonpoint PP loads were more variable than either
nonpoint TDP or SRP loads (Table 4). However, when
the PP load from the unusually wet year of 1996 is
eliminated from the analysis, the coefficients of variation
(CV) for all three forms of P were more similar. Loads
of TSS, which is almost completely derived from
nonpoint sources, were the most variable, exhibitinga
20-fold difference between 1995 (3,800 metric tons)
and 1996 (76,200 metric tons). The vast majority of
nitrogen delivered to the reservoir, and available to
support phytoplankton growth, was supplied as NO,.
Annualloads of NO, typically exceeded T-NH, loads by

Table 4.-Nutrient and sediment loads (kg' 10%) and runoff volumes (m®- 10°) of the WBDR at Beerston by water-

year. Phosphorus nonpoint source loads in parentheses.

WY Runoff Total Load
PP TDP SRP TSS T-NH, NO,
1980~ 272 204 (18.92) 16.8 (12.5) 135 (10.5) 14,300 44.2 145
1981 419 345  (32.0) 252  (19.8) 20.6 (16.3) 17,700 31.6 305
1982 522 21.2  (19.9) 23.0 (18.4) NS 18,700 NS NS
1992 a0 181 (182 190 08 N sew i w3
1993 581 349 (33.3) 227 (18.9) 169 (18.7) 23,200 23.6 399
1994 587 17.6  (16.6) 157  (12.0) 11,6 (9.0 11,100 15.2 420
1995 342 8.2 (7.4) 96 (6.6) 7.1 (5.0) 3,800 9.0 245
1996 785 116. (115.) 23.6 (20.8) 160 (13.9) 76,200 30.6 616
cw 1.10 .368 .391 1.12 501 322
[.B11]* [.521] [.206]

* Runoff volume and loads are for sampling period of March-September 1980,
® Cocfficients of variation determined using only loads based on entire year of sampling (i.e., 1980 excluded); those for

phosphorus are for nonpoint source loads.

¢ Coefficients of variation with 1996 loads excluded for comparison.

NS = Not sampled.




at ast a factor of 10, Loads of T-NI, were more
atiable than NO,, however, ranging from 9,000 kg in
05 to more than 44,200 kg in 1980 (Table 4). An
explanation for the apparently larger T-NH, loads of
the 1980s (and higher concentrations dunng events;
see Table 3) is lacking since resolution of point versus
nonpoint derivation of nitrogen was not supported by
he monitoring program.
_© Annual point source loads of TP [total load of
>} TDP minus nonpoint load of PP+TDP in Table 4]
during the 1980’s study period ranged from 6,500 kg
(1982) to 10,700 kg (1980); loads in the 1990s ranged
from 3,400 kg (1996) to 14,100 kg (1992). Records
from the Walton WWTP, which in the 1980s and early
1990s accounted for 70 to 80% of the entire point
source load to the WBDR, show that discharge from the
facility hasincreased somewhatover the period 1980 to
1992, This fact, along with unusually high effluent P
concentrations during part of 1992, explain the larger
point source load seen in 1992,
After 1992, point source loads decreased signifi-
cantly. The 1993 TDP and PP loads were 52% and 68%
Jess, respectively, than 1992 levels. This reduction is
largely reflective of the upgraded treatment system
constructed at Walton in late 1992, and further
* improvedin 1993, which resulted in much lower effluent
P concentrations. Additional operational refinements
atWalton have produced even greater reductionssince
then; the entire point source TP load to the WBDR
reached a low of 3,400 kg in 1996, only 32% of which
was contributed by the Walton WWTP. Loading of TDP
from point sources in the watershed decreased by 70%
during the 1992 - 1996 interval.

Phosphorus from the WBDR tended to be loaded
to Cannonsville Reservoir in pulses (Fig. 5) coinciding
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with runoff events. The largest inputs of both PP and
TDP were delivered in late winter-early spring, months
typically dominated by rainfall/snowmelt events,
followed by lesser amounts delivered during rainy
periods in the fall and early winter.: Cannonsville
Reservoir is usually at its lowest level by September or
October due to drawdown and reduced summer inflows
(see Owens et al. 1998b). Thus, fall and spnng Tunoff.
recharges the reservoir in terms of both water vo]ume :
and nutrient supply. Phosphorus loadmg was: lowest -
during the summer period (]une through Sep tember) B
(Fig. 5). : :
Amounts dehvereddunngrunoﬁ' eventsconstl ted' -
the bulk of the annual load of most analytes (Table 5). -
However, the number of days on which events occurred.
was small, often 50 per year or fewer. Simi ariy, ‘the
portion of river runoff volume conveyed durmg these’

events was between about a quarter and. half of the -

annual total. Event loads of NOx, an analyte fthat-.‘.'_
exhibited little variation in mstream' oncentration
during the course of an évent, were approxunatelyi_.
proportional to event runoff volume, as evidenced by .
roughly equivalent percent event volume and loads
(Table 5). However, for PP, TDP, T-NH ‘and TSS; the§ :
percent annual load delivered durmg events was:
substantially higher than the percent annual runoff 3
volume associated with those events because ‘con- .
centrations of these analytes mcreased consxderabiy :
during event periods (see Table 8)." :
The timing and duration of events can hav 5
significant effect on loads as seen ‘when' ompanng 3
1993 to 1994 (Table 5). A greater portion Hf runoff
volume and loading occurred during évents i e
than did in 1994, which may explain, in'par 'why the" :

annual loads were higher in 1993 than' i 1994 even
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Table 5.-Number of days on which events occurred, and percentages of annual runoff volume and annual load

occurring during those events,

wY Days Volume Pp: TDP* TSS T-NH, NO,
#) (%)
1980* 17 33 93 68 92 50 26
1981 27 34 98 72 93 83 33
1982 38 37 85 60 87 NS NS
1992 53 37 97 52 84 57 36
1993 47 54 95 74 95 81 50
1994 51 40 78 53 82 51 38
1995 22 23 56 34 61 36 22
1996 93 56 97 80 98 77 58

* Nonpoint source loads.

* Number of days and percentages for partial monitoring year of 224 days.

NS = Not sampled.

though these 2 years had virtually the same annual
runoffvolume (see Table 4). Furthermore, most of the
events 0f 1993, particularly those producing high river
flows, occurred during late winter and early spring
when frozen ground and snowmelt would produce
more surface runoff, while no events occurred in late
spring or summer thatyear. In contrast, the winter-early
spring events of 1994 were generally of lesser magni-
tude, and several events occurred in late spring and
summer when precipitation tends to run off less,
producing smaller material loads,

Most of the annual loading of PP and TSS to
Cannonsville Reservoir occurred during runoff events
inallyears (Table 5). Thiswasalso the case for TDP and
T-NH, except in 1995, the lowest runoff year in the
monitoring program, Thus, a disproportionate share
of the annual nonpoint source P, sediment and
ammonia loads is delivered to Cannonsville Reservoir
during those relatively few days when events occur.
These results, in addition to the considerable varia-
bility observed in concentrations during events (see
Table 3), establish the need to sample during runoff
€vents to support an accarate determination of loads
for these materials.

Based on the extremes of weather that occurred in
1985 and 1996, nonpoint source loads measured in
those same years may be considered as approaching a
likely range for present-day nutrient and sediment
inputs from the WBDR watershed. The 1996 loads were
greatly influenced by the January 19-20 event. This
single event accounted for 74%, 34%, and 75% of that
year’sPP, TDP, and TSSloads, respectively. Conversely,

1995 was the third lowest flow year on record with only
a few modest events and very little snowmelt, So, it is
not surprising that, for most analytes, the nonpoint
sourceloads of other years fall between those measured
in 1995 and 1996 (Table 4).

While the January 19-20, 1996, event produced
untusually prodigious loads of some analytes, single
large events have accounted for asubstantial portion of
the annual loading of nonpoint source sediment and
nutrients in other years aswell. In 1981, 1992, 1993 and
1996, one large event produced from one-fifth to
nearly half of the year’s nonpoint TDP load (the
remainder being delivered during other, smaller
events and baseflow periods). These single large
events also dominated the annual nonpoint source
loading of PP and 1SS, producing between 60% and
85% of each year’s total loads. Since these large events
do not appear to be uncommon occurrences, ade-
quate monitoring of them is crucial to accurate
determination of nonpoint source loadings. Without
it, loads could be seriously underestimated.

Reservoir Response to Changes in
Phosphorus Loads

Considerable reductions have been achieved since
1992 in P loads emanating from point sources (Fig, 6),
primarily due to treatment upgrades at the Walton
WWTP. Yet, Cannonsville Reservoir remained eutrophic
in1993and beyond (Efflerand Bader 1998). Reductions
in pointsource Ploadingand anyresultant amelioration
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‘Figure§.-Annual peintandnonpointsource phosphorus loadsinthe
“WEDR for the study years. Point source foad in 1980 is for entire
year; nonpoint source load is for March - September.

“of the reservoir’s eutrophication problem must be
‘weighed against the major inter-annual variations in
‘nonpoint source P loading (Fig. 6). Phytoplankton
‘growth in the reservoir appears to be largely driven
y TDP loading (Doerr et al. 1998). Inter-annual
variations in nonpoint source loading of TDP, which
‘are large compared to the reduction in point source
loads (Fig. 6), may tend to mask improvements in
reservoir water quality expected from point source
reductions over the short term. Additionally, even
greater inter-annualvatiations occurin nonpointsource
PPloading (Fig. 6). The dynamics of PP and productivity
in thissystem are complex, involvinga balance between
depositional losses in the reservoir and the reaction
rate that defines the conversion of PP to a dissolved
form of P that can support phytoplankton growth
(Auer et al. 1998). Though this fraction is decidedly
less potent than TDP in supportingalgacin the reservoir
(Aueretal. 1998), model (Doerr etal. 1998) simulations
indicated that the very large PP load of 1996 would
elicit a noticeable response in phytoplankton growth.
This response was manifested in predicted chlorophyll
concentrationsin Cannonsville Reservoir thataveraged
3 pg- L lower over the growing season when the 1996
PPload wasset to zero in model simulation., Simulations
conducted for 1994 and 1995 indicated the effect of PP
on reservoir chlorophyll concentration wasless thanin
1996 because the PP loads those years were not nearly
aslarge as that of 1996 (Fig. 6). Thus, natural variations
in PP loading should also be expected to mask point
source reductions, Based on the results of our loading
studies and the modeling analyses of Doerr et al.
(1998) and Owens etal. (1998a), itappears thatbeyond
further point source reductions, management efforts
in the Cannonsville watershed must be directed
primarily at nonpoint sources of dissolved P to be
successful inameliorating the reservoir’s eutrophication
problem, Nonpoint source reductions of PP should
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also be sought, thoughitshould be recognized that thé i

initial benefitwould likely be less than for the dissolved
fraction.

Loads Based on Event Sampling versus
Other Estimation Techniques

Utilization of exportcoefficients for different types

of land use to estimate material loads is attractive
because it avoids the time and costs of event sampling,
Using this method and employing a low and high
coefficientvalue for each of the various land uses in the
watershed, Bader (1993) estimated arange for nonpoint
source TPloads from the entire Cannonsville Reservoir
drainage basin of 11,600 to 54,700 kg with a “most
likely” vatue of 23,100 kg. Qur “true” nonpoint TP
loads from just the WBDR alone ranged from 14,000
to 186,000 kg in 1995 and 1996, respectively. The loads
for the remaining 5 whole water-years that we moni-
tored are probably more typical: the average for these
is 38,500 kg. Bader’s most likely value for the entire
drainage basin, reduced by 20% to represent just the
WBDR input, differs from our average load by 20,000
kg, an underestimation of nearly half. Interestingly,
several of the export coefficients used in Bader’s
(1993) analysis are reported as derived from studies
conducted in the Cannonsville watershed, whichwould
have been expected to improve the estimate. Use of
other, less site-specific, export coefficients taken from
the literature may have produced loads that differed
even more from the true loads than reported here.

The export coefficient approach as used by Bader
(1993) islimited to estimates of annualloads; generating
loads forsmaller time steps, such asweeks or days, is not
possible. Simple methods of load estimation, such as
this, provide only rough estimates of material loadings
and have very limited predictive capability (USEPA
1992). [A full discussion of the limitations and applica-
bility of the export coefficient method is presented in
Reckhow et al. {1980} and Reckhow and Chapra

(1983)1. Common uses of this method are as a screen-
ing tool in situations where a first approximation of
annualloading is soughtand when making preliminary
relative comparisons ofloadsfrom differentwatersheds.
The export coefficient method does not address the
seasonal and inter-annual variability in nonpoint loads
(e.g., Fig. 5, Table 4) associated with meteorological
and hydrological variability and, thus, is of limited
value when applying the results to rigorous decision-
making for management purposes. There is a danger
in estimating loads using export coefficients derived
from 1 or 2 years of detailed monitoring as illustrated
by comparing calculated coefficients for nonpoint TSS

and TDP for our years of monitoring on the WBDR g
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Sediment export ranged from 44 kg - ha' in 1995 to
890 kg - ha' in 1996 and nonpoint TDP export, in the
same years, from 0,078 to 0.243 kg ha'. There are ob-
vious differences among years, and if only one of these
yearswere available to represent exportcoefficients for
the WBDR watershed then, clearly, 1995 would seriously
underestimate an “average” year, while 1996 would
considerably overestimate it.

The load estimation technique of applying the
FLUX program (o a weekly grab sampling protocol
yielded mixed results when comparisons were made
between annual FLUX loads and the true loads based
on event sampling (Table 6). Annual loads of PP and
TSS, materials strongly associated with events, were
considerably underestimated by the weekly sampling
program and application of FLUX for all years except
1993 for which annual loads were overestimated. Years
inwhich loadswere dominated by alarge event, such as
1981 and 1996, showed the greatest deviation from the
true loads of most analytes. For example in 1981, the
annual TDP load was underestimated by 5,100 kg or
20%, while in 1996, the annual PP load was under-
estimated by 89,000 kg or 77%. Drier years with fewer
events, such as 1992 and 1995, show better agreement
for most analytes.

Total annual loads of NO, estimated by the weekly
sampling program and application of FLUX were close
to true loads (Table 6). FLUX loads of T-NH, agreed
fairly well with true loads except for a substantial
underestimation in 1981. This anomaly is likely
associated with the limited T-NH, data set of the 1980s
(analysis of T-NH, was performed for only 1 year)
which, when used with FLUX, resulted in a poor
flow-concentration relationship for this analyte and,

thus, poor concentration estimates during periods
when samples were not available.

While some of the annual load estimations
produced by FLUX and the weekly sampling program
matched well with the corresponding true load, the
temporal structure of loading was often notaccurately
reproduced. These temporal inaccuracies can be seen
when the difference between FLUX and true loads of
several analytes are plotted on a daily time step for
the 1990s (Fig. 7a-c). A good example is NO, in 1996:
the annual FLUX load is quite close to the true load
(Table 6), but considerable differences emerge in the
daily loads (Fig. 7c). Overestimation of NO, loads on
some days cancels the large underestimation in January
1996, The most substantial underestimations by FLUX
for all analytes (Fig. 7a-c) tend to coincide with runoff
event periods (Fig. 7d)}. Overestimation of daily loads
of all analytes by FLUX resulted during the late March -
early April 1993 interval because concentrations
predicted by FLUX using a flow-concentration
relationship for the recession of this event were higher
than what actually occurred. Much of the flow in the
recession of that event was contributed by snowmelt
which tended to dilute concentrations to less than what
was predicted for such high flows using the flow-
concentration relationship produced by the weekly
sample data set. This again emphasizes the need to
adequately sample runoff events since events with
similar flows may not have similar concentrations due
to differences in ambient conditions preceding and
during the event.

The performance of FLUX with a weekly sampling
program was best in years that had fewer and smaller
events (e.g., 1995), For years with large events where

Table 6.—Difference between loads estimated by weekly grab sampling and application of FLUX (F) and “true”
annual loads (T), and difference as percent of true annual load in parentheses. Negative or positive valuesindicate
underestimation or overestimation, respectively, by FLUX.

wY Total Annual Difference (F-T)
PP* TDP* SRP* T-NH_? NO TSSs®

1981 -22,400 (-65) -5,120 (-20) 4,410 {-21) -14,500 (-46) -14,700 (-5) -12,300 (-70)
1982 -10,100 (48) -1,170 (-5) NS NS NS -7,620 (-56)
1992 -3,060 (-17) -740 (-4) NS -6 {<-1) 9,830 (-3) 230 {-3)
1993 8,900 (+26) 900 {+4) 1,470 (+9) 23 (<+1) 7,070 (+2) 2,990 (+13)
1994 -8,020 (-46) -1,140 (-7) -560 (-5) 2,530 (-17) -5,370 {-1) -5,590 (-50)
1995 -3,030 (-37) -1,260 (-13) -590 (-8) -1,780 (-20) 260 (<+1) -1,490 (-39)
1996 -89,500 (-77) -5,490 (-23) -3,220 (-20) 2,590 (-8) -1,900 (<-1) -21,700 (-29)

*Differences in kg,
bDifferences in kg - 103
NS = Not sampled.
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Figure7.—a-c) Difference hetween “true” dailyloads of PP, TDP, and
NO, und those estimated by weekly sampling and application of
FLUX for the 1990s {A=FLUX-TRUE; e.g., a negative value indicates
underestimation by FLUX); d) Mean daily flow of WBDR at Walton
for comparison; spikes indicate events.

material concentrations varied widely over different
flow regimes, the loads calculated by FLUX often
deviated considerably from true loads. Analytes
exhibiting the greatest differences in mean
concentration between event and baseflow periods,
i.e., PPand TSS (seeTable 3), showed the mostdeviation
from true loadswhen estimated using FLUX and weekly
grab sample concentrations. The natural variability in
concentrations, and therefore loads, during events
does not appear to be adequately represented with the
relatively few samples collected each year by a weekly,
fixed-frequency sampling program, particularly when
only 1 or 2 years of sampling data are available as with
T-NH, in the 1980s. The comparison presented here
underscores the limitations of a fixed-frequency sam-
pling program to support estimates of loads for the
WBDR, that doubtless apply to many other systems.
Inaccuracies in time-series of daily and seasonal loads
of nutrients and sediment (e.g., Fig. 7) that can extend
to longer time frames (e.g., years; Table 6) are to be
expected.
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The effects that temporal inaccuracies in loads
based on fixed-frequency sampling can have on model
outputwere evaluated with the nutrient-phytoplankton
model developed for Cannonsville Reservoir (Doers
et al. 1998), which runs on a daily time step. Simula-
tions of chlorophyll in the eplhmmon of the reservoir
during the growing seasons of 3 smdyyears (1994—1996) ;
based on the true loads and the loads estimated. by
FLUX with fixed-frequency (weekly) - sampies, are -,

compared (Fig. 8a-c). The chlorophyll concentrations
predicted by the model were quite similar ini 1994 (Fig: -

8a) for the two datasets, averaging only 0.5 ug- L I

when the FLUX loads were used as: mputs In 1995 '

period (Fig. 8b) The greatest devaa(:tonswere observed _
in 1996 (Fig. 8c), a year in which FLUX loads differed -

considerably from true loads (Flg 7 Table 6) Chloro— S

averaged 3 ug - L lower for the entire 1996 groivmg_ o
season, and as much as 8 pg * Lt iower fo t_he mld-

were run discretely for each year startmg at the onset of

the growmg season (i.e., 1n1t1al reservmr condmons S
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measurements made in April of each year; see Doerret
al. 1998), the effects of load inaccuracies on reservoir
water quality predictions might be expected to be even
greater if the model were run on a continuous basis for
successive years, The results of this analysis demonstrate
that output from water quality models can be sensitive
to the inaccuracies in loads introduced by a
fixed-frequency sampling program, Such loads may be
more accepiable in analyses with long time-steps, (e.g.,
annual} or to support screening-type evaluations.

Implications of Load Inaccuracies When
Setting Load Reduction Goals

The reduced ability of a non-event oriented
monitoring program to detect inter-annual variability
in nonpoint source loads and quantify the dispro-
portionateamountofnutrientsand sediments delivered
during relatively few event days may hinder efforts to
appropriately establish load reduction goals for the
purpose of reversing eutrophication or other water
quality problems. In the case of Cannonsville Reservoir,
a primary forcing function of water quality is tributary
P inputs. Reducing tributary inputs will be a principal
means of effecting an improvement in future water
quality of this reservoir. Yet, without accurate infor-
mation on tributary loading, reduction goals could be
improperly set. As a simple example, we will assume
there is no point source TP load to Cannonsville
and Bader’s (1993) “mostly likely” TP load value of
23,100kg, determined by the exportcoefficientmethod,
represents the annual nonpoint input. One might
then expectwater quality to begin to improve were this
amountreduced by 3,100 kg to reach the Vollenweider
critical load reported by Bader for Cannonsville of
20,000 kg y"'. However, WBDR nonpointloads of TP in
our “typical” monitored years were considerably greater
than 23,100 kg, averaging 38,500 kg. Reducing TP
loadsin these years by only 3,100 kg would undoubtedly
have had little or no noticeable effect and the imple-
mented management programwould likely be branded
a failure.

Inter-annual variability in nonpoint source loads
focuses attention on another factor to consider when
setting target loads for water bodies, Traditional
allocation methods for wastewater discharges tostreams
typically consider impacts for a given design condition:
usually, the 10-year, 7-daylow flow. Based on probability,
this assumes that in 9 out of 10 years, stream water
qualitywill be satisfactory due tofactorssuch assufficient
dilution or assimilation. No corresponding design
condition isin common use for determining acceptable
inputs to lakes or reservoirs, however. If averageannual
or seasonal loads are used as the basis for setting load
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limits reflective of a desired water quality or trophic
state objective in reservoirs or lakes, this implies that,
on average, and all other factors being equal, every
other year water quality would not be acceptable,
Loading maxima rather than averages may be a more
appropriate consideration for these water bodies. If
the stream protection analogue were applied to lakes,
then the 10-year maximum loading mightbereasonable
to usewhen determining the load reductions necessary
for achieving the desired water quality condition. This
would extend a degree of protection to lakes similar to
that given streams and rivers. For lakes that serve as
water supplies, 9 out of 10 years with satisfactory quality
may be an unacceptable design parameter. In these
cases, a 25- or 50-year condition may be more suitable,
Certainly the use ofanaverage loadingisnotappropriate
for water supplies unless additional treatment is
provided to compensate for the unsatisfactory water
quality that would likely occur, based on probability,
every other year.

Clearly, inter-annual variability in nonpointsource
loads and subsequent effects on lakes and reservoirs
must be considered when attempting to establish load
limits and implement a successful management
program. Thus, it is desirable when setting loading
goals to obtain the best possible estimates of current
tributary inputsand theirinter-annual variability, Based
on the results of our monitoring, several years of
event-oriented sampling, particularly of the fall and
spring runoff periods, combined with routine baseflow
sampling, would appear to improve the accuracy of
annual loads considerably over export coefficient
methods as well as provide estimates of inter-annual
variability. Techniques that combine a fixed-frequency
or intermittent sampling scheme with actual flow data,
such as the weekly grab sampling and FL.LUX method
tested here, may improve estimates over those from
export coefficients, but are not as reliable as the
eventbased program. The FLUX method may be
acceptable for some analytes during more “typical
years” (e.g., TDP in 1982, 1992- 1994; Table 6), but for
other materials (PP, TSS, T-NH,) it would appear that
inaccuracies in load estimates, both annually and for
sinaller time steps, may often be too great for informed
management decisions to be made. At the very least, a
generous margin of safety should be incorporated into
the goal-setting process when managers are forced to
use load estimates based on limited data sets.

Summary

Our monitoring program measured total annual
TP loads from the WBDR that ranged from 17,800 to




00 kg. Loading from unmonitored tributaries
d direct drainage, added to the WBDR inputs, would
esult in a present-day TP load range for Cannonsville
Reservoir of about 20,000 to 166,000 kg ' y. Annual
Joad estimates for Cannonsville made by previousinves-
tigators (Table 1) using limited water quality dataoran
export coefficient method, all fell within this range of
iies, though none predicted a range as large.

The results of our study indicate that event
pling is necessary to reliably assess contributions
m nonpoint sources. It is also essential to monitor
years with different runoff conditions to observe varia-
bilityin concentrations and defermine possible ranges
f expected loadings, This is particularly important
when assessing receiving lake water quality, through
use of models or other means, overvarioushydrologic/
‘meteorologic scenarios that cover a realistically wide
range of conditions.

The natural variability in nonpoint source
ontributions, on both seasonal and annual scales, has
jmplications when setting target loads related to
‘improved water quality or trophic state. This variability
‘may mask the effects of pointsource reductionson lake
ater quality. Wide rangesinloadsshould beidentified
where they exist and appropriately accommodated
when establishing material loading goals for
“Cannonsville Reservoir, or other water bodies, and
implementing a management program that will have a
chance af success.
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