
,.. 

; 

Oscar Experiment 
High-Density Network 
Data Report 

Event 3 April16-17, 1981 

M. T. Dana 
R. C. Easter 
J. M. Thorp 

December 1984 

Prepared for 
U.S. Environmental Protection Agency 
under a Related Services Agreement 
with the U.S. Department of Energy 
Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battelle Memorial Institute 

()Battelle 

PNL-5152 PT 3 

UC-11 

su 



NOTICE 

Although the research described in this article has been founded 
wholly or in part by the United States Environmental Protection 
Agency (EPA), it has not been subjected to EPA review and therefore 
does not necessarily reflect the views of EPA and no official 
endorsement should be inferred. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any 
agency thereof, nor any of their employees, makes any warranty, express or 
implied, or assumes any legal liability or responsibility for the accuracy, com­
pleteness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 

PACIFIC NORTHWEST LABORATORY 
operated by 

BATTELLE 
for the 

UNITED STATES DEPARTMENT OF ENERGY 
under Contract DE-AC06-76RLO 1830 

Printed in the United States of America 
Available from 

National Technical Information Service 
United States Department of Commerce 

5285 Port Royal Road 
Springfield, Virginia 22161 

NTIS Price Codes 
Microfiche A01 

Printed Copy 

Pages 

001-025 
026-050 
051-075 
076-100 
101·125 
126-150 
151-175 
176-200 
201·225 
226-250 
251·275 
276-300 

Proce 
Codes 

A02 
A03 
A04 
AOS 
A06 
A07 
A06 
A09 

A010 
A011 
A012 
A013 

• 

, 

' 



3 3679 00057 7736 

OSCAR EXPERIMENT HIGH-DENSITY NETWORK 
DATA REPORT 
Event 3- April 16-17, 1981 

M. Terry Dana 
R. C. Easter 
J. M. Thorp 

December 1984 

This research has been 
funded as part of the 
National Acid Precipitation 
Assessment Program by 
the U.S. Environmental Protection Agency 
under a Related Services Agreement 
with the U.S. Department of Energy 
Contract DE-AC06-76RLO 1830 
Interagency Agreement EPA-DW930059 

Pacific Northwest Laboratory 
Richland, Washington 99352 

Pr~L-5152 PT 3 
UC-11 



PREFACE 

This report is one of a series of four reports that summarize data taken 

by Pacific Northwest Laboratory at the high-density network component of the 

Oxidation and Scavenging Characteristics of April Rains (OSCAR) experiment in 
April 1981. Four storm events were studied during the experiment, and a 

separate report has been prepared for each event: 

PNL-5152, Pt. 1. Event 1 April 8-9. 1981 

PNL-5152, Pt. 2. Event 2 April 13. 1981 

PNL-5152, Pt. 3. Event 3 April 16-17. 1981 

PNL-5152, Pt. 4. Event 4 - April 21-23, 1981 

The OSCAR experiment was a cooperative project, and reports from other 

participants are noted in the introduction. 
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SUMMARY 

The OSCAR (Oxidation and Scavenging Characteristics of April Rains) 

experiment, conducted during April 1981, was a cooperative field investigation 

of wet removal in cyclonic storm systems. The high-density component of OSCAR 

was located in northeast Indiana and included sequential precipitation chemis­

try measurements on a 100 by 100 km network, as well as airborne air chemistry 

and cloud chemistry measurements, surface air chemistry measurements, and 

supporting meteorological measurements. 

Four separate storm events were studied during the experiment. This 
report summarizes data taken by Pacific Northwest Laboratory {PNL) during the 

third storm event, April 16-17. The report contains the high-density network 

precipitation chemistry data, air chemistry and cloud chemistry data from the 

PNL aircraft, and meteorological data for the event, including standard 

National Weather Service products and radar and rawindsonde data from the 

network. 
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SECTION 1 

INTRODUCTION 

The Oxidation and Scavenging Characteristics of April Rains (OSCAR) 

experiment, conducted during April 1981, was a cooperative field investigation 

of wet removal by cyclonic storms. The design and operational aspects of the 

experiment have been described in detail in an earlier report( 1), and a brief 

summary is given below. This report is one of a series of four volumes that 

present data collected at the high-density network during each of the four 

OSCAR storm events. This particular report covers the April 16-17, 1981, storm 

event. 

The report is divided into three sections: meteorological data, precipi­

tation chemistry data, and aircraft data. It should be noted that the report 

is limited in scope to data collected by Pacific Northwest laboratory {PNL) 

participants in the experiment. Other relevant data collected at the high 

density network are being/have been reported elsewhere and include: Brookhaven 

National Laboratory (BNL) surface air chemistry and aircraft data,(a) Argonne 

National Laboratory {ANL) aerosol data,{ 2) and hydrogen~peroxide measurements 
made by G. Kok.(3) 

The primary design requirement for OSCAR was to characterize, in as much 

detail as possible, the physicochemical and dynamical features of selected 

cyclonic {or "frontal") storm 

the North American continent. 

systems as they traversed the eastern portion of 

The formal objectives of the study were: 

• To assess spatial and temporal variability of precipitation chemistry 
in cyclonic storm systems and to test the adequacy of existing net~ 

works to characterize this variability 

• To provide a comprehensive, high-resolution data base for prognostic, 
regional deposition model development 

(a) Benkovitz, C. M. et al. Oxidation and Scavenging Characteristics of April 
Rains Data Report. Report in preparation by Atmospheric Sciences Division 
of Brookhaven National Laboratory, Upton, Long Island, New York for U.S. 
Environmental Protection Agency. 
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• To develop increased understanding of the transport, dynamical, and 
physicochemical mechanisms that combine to make up the composite 

wet-removal process, and to identify source areas responsible for 

deposition at receptor sites. 

The OSCAR field experiment was designed to maximize the attainment of 

these goals, within the practical and financial limitations imposed. Two 

complementary, sequentially operated precipitation chemistry networks formed 

the foundation of the experiment. Spatial and temporal resolution were the 

primary factors considered in network design. A nested high-density and 

intermediate-density network design was chosen to allow both regional coverage 

over the MAP3S/RAINE geographical region, and intensive measurements over a 

limited area to resolve wet-removal mechanisms in cyclonic storms. The 

networks are depicted schematically in Figures 1.1 and 1.2. The high-density 

network consisted of 47 stations in a 110 by 110 km area in northeast 

Indiana/northwest Ohio. 

Additional measurements in support of the two networks characterized 

surface and aloft air chemistry, 
variables. The April operational 

cloud chemistry, and meteorological 

period for OSCAR was chosen so that most 

precipitation would be rain rather than snow and the storm systems would still 
be more cyclonic rather than convective in nature. 
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SECTION 2 

METEOROLOGICAL DATA 

This section describes the synoptic weather events that occurred during 
the April 16-17 storm (Event 3), with particular emphasis on weather in the 
high-density network area. Event 3 was unique in that no surface frontal 
system was associated with the precipitation over the high-density network, 
which began during the afternoon (local time) of April 16. The precipitation 

resulted from the influx of a deep layer of moist air from the Gulf of Mexico 
into Texas early in the period, and the formation of an upper trough along the 

east slopes of the Rocky Mountains which moved eastward in step with the 

moisture pattern . Because of this non-frontal nature, the intermediate-density 
network was not activated during Event 3. 

Data utilized in the analyses and interpretations include standard 
National Weather Service (NWS) products and data collected as part of the high­

density network experiment. Surface weather charts at 3-hour intervals 
(Figures 2. 1 th rough 2.12), and upper air charts for 850mb and 700mb at 
12-hour intervals (Figures 2.13 through 2.18) show the progression of the 
precipitation area which accompanied the upper air trough as it moved eastward 

over the sampling networks. Photographs of the NWS weather radar at Fort Wayne 
airport (FWA) show the changing precipitation pattern over the high-density 

network (Figu res 2.20 through 2. 22). A series of rawinsonde observations taken 
at FWA during the surface and aircraft sampling periods show the changes in the 

temperature and moisture profiles which occurred (Figure 2.23). Plots of total 
and hourly precipitation amounts over the network sites are presented (Fig­

ures ?..24 through 2.32). Trajectory charts for 24 and 30 hours back in time 
are drawn to show estimated source regions for air parcels transported at 305m 

(1000 ft) above ground level (AGL) and at 850mb (Figures 2. 33 and 2.34). 

The surface weather map for 2100 Greenwich Mean Time (GMT), April 15 

(Figure 2. 1), shows all of the eastern United States covered by the large high 
pressure area that had settled over the region in the wake of the storm which 
had produced rain for OSCAR Event 2. A weak stationary front lay along the 
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Gulf of Mexico coastline, and a frontal wave was s i tuated in Saskatchewan with 
the warm front reaching upper Michigan. Deep onshore flow of Gulf air (to at 

least 500 mb) coming around the backside of the eastern high was producing an 

area of precipitation in the Texas-Oklahoma panhandle, and an upper trough was 
forming east of the Rocky Mountains. 

At 1200 GMT, April 16 (Figure 2. 2), the high was centered over Chesapeake 
Bay. The eastern portion of the frontal remnant in the Gulf of Mexico had 

passed south beyond the tip of Florida. It extended northwest through southern 
Louisiana into Texas then curved southward. The Canadian front (about 100 
miles north of t he Canadian border) now lay east-west from Lake Superior to the 

Continental Divide and westward. The upper level trough, which was an 

important feature in producing precipitation dur i ng Event 3, had moved to the 
Plains states . Areas of upper moisture and precipi tation associated with this 
trough had increased in size and moved to northern Missouri and into Iowa. 

Overrunning and thickening cloud types were advancing from the southwest 
over Fort Wayne early on April 16, and rain was forecast to begin by evening. 

A decision was made 
density network was 
out that afternoon . 

to sample on the high-density network; the intermediate­
not activated . Precipitation-chemistry collectors were set 

By 1500 GMT (Figure 2.3), the main mass of precipitation 

was over Iowa, and isolated areas of precipitation were reported in Illinois, 

Kentucky, and southern Indiana. 

By 1800 GMT, April 16 {Figure 2.4), a narrow band of precipitation 
associated with the upper trough stretched from Iowa eastward into central 
Indiana. ~Y 2100 GMT precipitation had spread over northern Indiana and 
Illinois and into Wisconsin (Figure 2.5). Aircraft sampling over the high­
density network took place between 2000 GMT April 16 and 0100 GMT April 17. 

Photographs of the FWA radar screen for 1845-2110 GMT on the 16th 
(Figure 2. 20) show how the area of precipitation increased in size as it 
approached and entered the southwestern portion of the high-density network. 

(The position of the high-density network with respect to the radar coverage is 
shown in Figure 2. 19). Rain amounts were lighter i n the central section of the 

network (Figure 2.24). After 2240 GMT nearly all t he precipitation cells shown 
by radar were located north of FWA (Figures 2.21 and 2.22) . There was a trend 
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toward formation of a line of precipitation cells that became quite solid by 
0141 GMT on April 17. Total precipitation falling on the high-density network 
ranged from less than 0.5 to 8.5 mm. The first surge of precipitation across 
the network put down measurable rain at nearly all sites between 2100 GMT, 
April 16 and 0100 GMT April 17 (Figures 2.25 and 2.26). During the following 
6 hours (0100-0700 GMT) hourly amounts were quite light (Figures 2.27 through 
2.29). A second band of precipitation crossed the network between 0700 and 
1000 GMT on the 17th (Figures 2.30 and 2.31), and sites on the southern tier of 

the network continued to receive light precipitation until 1300 GMT on the 17th 

(Figure 2.32). 

Rawinsondes were taken at 2040 and 2245 GMT on April 16 and at 0025 
April 17 (Figure 2.23). At 2040 GMT, April 16, the air was quite dry below 
750 mb, but a moist layer above 750 mb extended to at least 400 mb . By 

2225 GMT the moist layer extended down to to 850 mb, but some drying aloft was 
noted at about 650 mb. The sounding for 0025 GMT on the 17th shows moist upper 
layers at 800mb and 650mb. From 500mb to the sounding cutoff at 400mb, the 
air is relatively moist. The wind direction profiles were quite consistent 
during the aircraft sampling period though the speed at 650mb showed an 

increase on the 2225 GMT sounding. The 850mb wind direction field over the 
FWA network changed little between 1200 GMT on the 16th and 0000 GMT on the 

17th (Figures 2.13 and 2.15), but 700mb winds during the same period showed 
backing from west toward southwest (Figures 2.14 and 2.16). During the 

following 12 hours, the wind at both levels became more westerly (Figures 2.17 
and 2.18). 

At 0000 GMT, April 17 (Figure 2.6), the precipitation area was still 
intact over northern Indiana and Ohio and southern Lake Michigan. The east­
west line of radar echoes shown in Figure 2.22 indicates part of this larger 
area of precipitation. The upper trough was now showing signs of filling, but 

moisture was still evident in the vicinity of convergence zones over the 
Mississippi River valley from Wisconsin to Arkansas at 500mb and below. Two 

low centers had developed on the east-west front along the Canadian border, one 
in Saskatchewan and the other in Manitoba. A cold front from the low in 

Manitoba dropped southward through North Dakota then southwestward to beyond 
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the Rocky Mountains. These fronts were still not near enough to Fort Wayne to 
have any effect on the weather over the sampling network. 

Surface weather maps for 0300 and 0600 GMT, April 17 (Figures 2.7 and 
2.8), show the area of precipitation moving slowly eastward. The cold front to 
the west had reached Minnesota, South Dakota, and Wyoming at 0900 GMT 

(Figure 2.9). At 1200 GMT, April 17 (Figure 2.10) , the precipitation reports 
from Michigan, New York, and Pennsylvania southwestward to Tennessee and 

Arkansas were closely matched by the moisture pattern aloft at 850 mb. Though 
the upper trough had become quite broad by this time, the mesoscale layer of 
moist air aloft remained coherent and continued to produce precipitation over 
the Ohio River valley. The cold front had just crossed into Wisconsin and Iowa 

and then trailed westward. The MAP3S region at both surface and aloft was 
still experiencing southwesterly and westerly ai r f low from around the back 

side of the high pressure cell, which now had its center well out over the 
Atlantic. 

At 1500 GMT, April 17 {Figure 2. 11), the preci pitation area associated 
with the upper trough had moved to eastern Ohio . The cold front to the west 

had reached Wisconsin and Iowa. Figure 2.12 shows three positions of this 
front during the 12 hours preceding its arrival at the high-density network. 

This figure also shows the eastward progression of the leading edge of the non­
frontal rain area which was sampled during Event 3. By 0000 GMT, April 18, 

this precipitation area was over Vermont, New Hampshire, and Maine and was 
producing scattered showers and thundershowers along the Appalachian Mountains 
to Tennessee. The upper trough was still evident, but had become very shallow 
above 20,000 ft. The high level moisture pattern had moved over New England. 
The cold front was now in eastern Michigan and northern Indiana and trailed out 
to Kansas. A few thundershowers accompanied it, but FWA received no 

precipitation, although frequent lightning was observed to the north of FWA 
during the evening of the 17th (local time). 

To obtain a first impression of air-mass trajectories, 24- and 30-hour 

back trajectories at 305 m (1000 ft) AGL and at 850 mb were calculated. The 
winds used in calculating the trajectories are from NWS rawinsonde data. No 
estimates of vertical motion were included in the calculations. Wind flow maps 
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were constructed for each observation time. Wind speed for locations between 
rawinsonde stations were interpolated, and wind velocity was vector averaged 
over intervals of 6 hours to gain a first estimate of air parcels' locations 

back in time. 

The 305-m back trajectories (Figure 2.33) are plotted for three separate 
arrival times at FWA. The estimated source regions for the three trajectories 

show a clockwise displacement with time from eastern Ohio to western North 
Carolina, then finally to northeast Kansas for respective start times of 1500 
and 2100 GMT on April 15 and 1200 GMT on April 16. 

The 24-hour 850-mb level back trajectories are shown in Figure 2.34. The 

short travel trajectory for the plot ending at 1200 GMT on April 16 is a result 
of light winds. The two subsequent trajectories show effects of increasing 
wind speeds and the gradual clockwise shift in wind direction with time at 
850mb. The probable source regions are central Illinois for air arriving over 

FWA at 1200 GMT April 16, and central Arkansas and the Texas panhandle for 
arrivals at 0000 GMT and 1200 GMT on April 17 • 
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SECTION 3 

PRECIPITATION CHEMISTRY DATA 

Precipitation samples for chemical analysis were collected at the 47 sites 

of the OSCAR intensive network as shown in Figure 1.2. Each site was outfitted 

with a standard weighing rain gauge and an automatic sequential bulk collector 
(ASBC). Details on collector design and construction and of sampling and 

handling procedures may be found in the overview report.(!) The ASBC consisted 

of a 1000 cm2 funnel, tubing, and a box containing a manifold of nine collector 

bottles, or stages. 

and, except for the 

As precipitation occurred, the stages filled in sequence, 

last stage (which was allowed to overflow if necessary), 

were sealed by hollow floating balls. The first eight stages each contained 

67 ml of sample, or about 0.7 mm of precipitation. 

larger (1130 ml), giving a total rainfall capacity 

The ninth stage was much 

of 16.7 mm. All sample 

contact surfaces in the collector were polyethylene or polystyrene. 

Since the ASBC funnels were not automatically exposed, the collectors were 

deployed as close as possible to the predicted onset of precipitation so as to 

minimize dry deposition. In the case of event 3, the prerainfall exposure time 

averaged 3.6 hours, and was 11 to 12 hours at several sites. 

Soon after the event, the collectors were returned to the central staging 

area and the stages separated, identified, sealed, and stored at refrigerator 

temperature. The samples were shipped by air freight to the PNL precipitation 

chemistry laboratory for chemical analysis. The event 3 samples arrived at the 

laboratory within a few days of the storm. 

Complete location, rainfall, and chemical analysis results for each site 

are listed in Appendix A. An examination of the chemical stability of the 

samples during the period of analysis is presented in the data report for 

event 4.( 4) The following subsections describe the chemical and rainfall 

results graphically and statistically. 
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INDIVIDUAL SITE DATA 

Figures 3.1 through 3.3 show, for all sites, concentrations of the major 

ionic species [504-, H+ (from pH), NOj. NH!, ca++] and rainfall rate versus 

stage number. Each figure shows results from sites in each north-south 

"column" of sites (see Figure 1.2). The rainfall rates are stage averages, 

using stage start and end times derived from the stage volumes and rain gauge 
chart records. 

Figure 3.4 show the rainfall rates plotted versus time (on April 16-17, 

1981). The rainfall rates here are not stage averages as in Figure 3.2, but 
are real-time rates determined from rain gauge chart records. Figure 3.4 
illustrates the showery and spatially inhomogeneous rainfall rates for this 

event, which were noted also in Section 2. Since a large portion of the rain 

fell in a short time at many sites, there is considerably more error potential 

in defining stage timing. Therefore, time plots for concentrations are not 

presented, as they were for the other OSCAR events. 

The assessment of the potential for dry deposition and scavenging of local 

material affecting early stage concentrations is likewise difficult. Concen­

trations of calcium are considerable in the first stages of most sites, which 

suggests similar local effects as observed for events 1, 2, and 4. 

SPATIALLY AVERAGED DATA 

Figures 3.5 through 3.7 show volume-weighted concentrations for the 

stages, averaged over all the active sites. These concentrations, Cj, 

were calculated using 

where i = 

j = 

c j; = 

v j i = 

site number 

stage number 
corresponding species 

stage rain volumes. 

Ec .. v .. 
i J 1 J 1 

[ v .. 
Jl 

concentrations 
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The weighted averages, incidentally, are the same as the arithmetic averages 

for all stages except the "last" stage (usually the ninth) since all the 
volumes are the same. 

Figures 3.8 through 3.10 show ratios of selected species for site­
composite stages. The ratios are generally constant with accumulated rain­

fall. In particular, the sulfur/nitrate does not increase with stage number, 
suggesting different relative scavenging rates from those for the other 
events). A potentially significant effect is the tendency for higher rainfall 

rates in the later stages, a different pattern than was exhibited in events 1, 

2 and 4. 

Simple statistics for single stages and all stages combined are listed in 

Table 3.1. The number of sites, N, is less than 47 for the single stage 

statistics and less than 423 for the combined statistics because of missing 

values for certain species {see Appendix A for reasons for missing values), and 

because some sites had less than g stages of rainfall (see Figure 3.1). Listed 
are minima, maxima, arithmetic means and standard deviations, and geometric 

means and standard deviations for concentrations. Stages 3 through 8 are not 
listed because the results for these stages follow the general trends shown by 

the preceding figures, and the statistical variability exhibited by stage 2. 
Stage 1 and g statistics reflect the event beginning and ending situations, the 

latter being influenced by the much larger stage volume and subsequently longer 

time averaging. The stage 9 values have lower variances probably because of 

the much larger averaging time resulting from the large stage volume and the 

lower likelihood of dryfall contamination. The "All" row does not show this 

feature because the treatment of all the sites includes all the stages, rather 
than the composites of all the stages for each site. 

Similar statistical calculations were performed on the event average 
(volume-weighted mean of all stages) concentration data; the results of these 

are listed in Table 3.2. Since some (or all) stage concentrations from certain 
sites are missing for various reasons (see Appendix A), those sites whose event 

average for a species represents less than 80% of the total precipitation 

collected at the sites were not included in the summary statistics. The 
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TABLE 3.1. OSCAR High-Density Network Event 3 Statistics for Single Stages and 
All Stages Combined. Units are: umho/cm for Conductivity; ueq/l 
for H+, Anion Sum, and Cation Sum; wmol/L for All Other Species. 

Arithmetic Geometric 
Species Stage N Min Max Mean S.D. Mean S.D. 

SOij- 1 44 42.0 240.D 1Dl.D 35.7 95.6 1.4 • 
2 35 17 .D 33D.D 7D.1 49.9 61.4 1.6 
ALL 149 9. 7 330.D 71.6 41.9 61.7 1.7 

NO- 1 44 18.0 160.0 85.7 31.3 79.8 1.5 3 
2 35 15 .o 305.0 61.9 47.5 52.7 1.7 
ALL 149 8.5 305.0 63.8 39.1 53.7 1.8 

Cl- 1 44 9.3 45.0 22.7 10.3 20.5 1.6 
2 35 0.3 99.0 17.5 16.7 12.4 2.5 
ALL 149 0.3 99.0 17.6 13.4 13.3 2.2 

Anion 1 46 0.0 676 .o 297.1 119.9 295.2 1.4 
Sum 2 35 55.6 1064.0 222.4 162.4 192.9 1.6 

ALL 152 0.0 1064.0 220.9 134.9 193.3 1.8 

Conductivity 1 40 27 .o 140.0 57.3 23.3 53.4 1.4 
2 33 14.0 77 .o 45.2 16.1 42.3 1.5 
ALL 134 9.5 140.0 47.4 22.6 42.5 1.6 

K+ 1 44 0.3 199.5 71.8 55.5 37.6 5.2 
2 34 22.9 154.9 77.1 33.4 70.0 1.6 
ALL 144 0.3 239.9 74.8 45.3 56.2 2 .8 

NH+ 1 44 19.0 330.0 78.0 47.9 68.9 1.6 4 
2 35 3.9 190.0 48.7 32.2 39.1 2.1 
ALL 149 3.9 330.0 55.9 36.6 46.9 1.9 

Na + 1 44 5.4 51.0 21.7 12.3 18.8 1.7 
2 35 1.7 96.0 16.3 17.3 10.6 2.6 
ALL 149 0.8 96.0 16.3 14.6 11.0 2.6 

ca++ 1 41 10.0 57.0 31.2 10.1 29.6 1.4 
2 35 3.7 62.0 16.4 11.2 13.9 1.8 
ALL 139 1.1 62.0 18.0 13.0 13.4 2.3 

• 
Mg++ 1 41 5 .8 47.0 17.5 8.9 15.6 1.6 

2 35 1.3 39.0 9.1 7.4 7.2 1.9 
ALL 140 0.4 47.0 9.7 8.7 6.4 2.7 • 

Cation 1 43 o.o 501.3 253.3 94.4 255.0 1.3 
Sum 2 34 51.6 323.9 183 .6 68.1 170 .2 1.5 

ALL 141 o.o 501.3 196 .1 98.2 177.6 1.7 
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TABLE 3.2. OSCAR High-Density Network Event 3 Statistics for Site Event 
Data. Chern Coverage is the Fraction of the Precipitation for 
Which Chemistry Data for the Corresponding Species was Available; 
Sites with Chern Coverage Less Than 0.80 were not Included in the 
Statistics. N is the Number of Sites Used for Each Species. 
Units are: ~n for Precipitation, umho/cm for Conductivity; ueq/£ 
for H+, Anion Sum, and Cation Sum; umol/£ for Other Species. 

Species N 

Precip. 40 

Conduc. 

Ani on 
Sum 

H+ 

NH+ 
4 

Na+ 

Cation 
Sum 

35 

39 

39 

39 

40 

39 

39 

39 

38 

38 

39 

Arithmetic 
Min Max Mean S.D. 

Geometric 
Mean S.D. 

Chern Coverage 
Mean S.D. 

0.2 8.5 2.5 

27.0 94.0 48.7 

42.0 158.6 76.0 

33.7 155.0 69.3 

7.3 52.7 18.9 

84.6 524.9 236.7 

2.5 180.5 73.8 

19.0 147.1 57.7 

5.0 57.4 18.0 

6.8 49.2 21.6 

3.3 40.4 11.9 

91.3 435.5 210.9 

1.7 2.0 

16.9 48.1 

25.8 77.4 

26.9 68.8 

10.7 17.3 

89.5 236.9 

39.1 59.5 

26.7 55.8 

13.1 15.5 

9.8 20.1 

7.6 10.5 

71.6 204.0 

2.0 

1.4 0,95 

1.5 0.99 

!.5 0.99 

1.7 0.99 

1.5 0.99 

2.2 0,98 

1.6 0.99 

1.9 0,99 

1.6 0.97 

1.8 0.98 

1.4 0.98 

0.09 

0.06 

0.06 

0.06 

0.03 

0.07 

0.06 

0.06 

0.07 

0.07 

0.04 

average fraction of the total precipitation represented by the averages for 
each species is listed as "chem coverage." 

SCATTER PLOTS AND SPECIES CORRELATIONS 

To demonstrate the relationships among species concentrations for ind'i­

vidual observations, scatter plots are shown for the major species in 
Figures 3.11 through 3.14. Presented are plots for stage 1, stage 2, and all 

stages combined from all sites. The regression relationships shown differ 
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greatly between stages 1 and 2 (the regression line is only plotted if r2 > 
0.5), but for stages following stage 1, they are quite uniform. Figures 3.15 

through 3.18 are plots of weighted average concentrations (cf. eq. 3.1) for 

each stage including all sites. The stage numbers are shown as the data points 

exhibiting the trend of the relationships with accumulated rainfall during the 

event. 

As with the other events, the scatter is quite large for stage 1 for the 

species pairs that include H+ and NH4. Stage 1 in these cases contributes most 

of the outliers to the all-stage plots. Sulfate and nitrate, however, have 

strong positive correlations for all stages, possibly reflecting their common 

long-range sources. Moreover, the relationship between the two (i.e., the 

slope of the regression line) is constant as the event progresses, as was seen 

in the ratio Figure 3.10. The site-composite plots for the stages include 

considerable smoothing of the variations over the sites, and demonstrate the 

strong positive correlations among the major species that are normally observed 

for multiple events at one site. 

SPATIAL DISTRIBUTIONS 

In this subsection, the precipitation chemistry data for the April 16-17 

storm are examined for spatial patterns in the concentration and deposition. 

The location of the high-density network in northeastern Indiana was largely 

chosen because of the absence of strong pollutant sources on or near the 

network, with the hope that wet deposition would be relatively uniform across 

the network. For the April 16-17 storm, the spatial distribution of the 

precipitation chemistry shows high variability {the highest of all 4 OSCAR 

events). Much of this variabflity may be attributed to the light and highly 

variable nature of the precipitation during the event, although variability in 

air chemistry over the network must also have affected the precipitation 

chemistry. 

Figures 3.19 through 3.23 show the spatial distributions of total sulfur, 

N03, H+, NH~, and Caf~ concentrations over the network for the entire storm 

event. The spatial distributions of event total deposition for the same five 

species are shown in Figures 3.24 through 3.28. Some patterns are weakly 
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apparent in the data. In the concentration figures, few if any of the higher 
concentrations are found in the southern half of the network. The deposition 
patterns reflect the total precipitation pattern somewhat (Figure 2.24). The 

overall variability in all the patterns is substantial. The geometric standard 
deviations for the major ions averages 1.7 (see Table 3.2). 

Figures 3.29 through 3.33 shown the spatial distributions of the same five 
ions in the first collector stage. The spatial distributions for the first 
stage show less organization than the event totals, even though the overall 

variability is somewhat lower for the first stage data than the event totals • 

(Compare the stage 1 rows in Table 3.1 to Table 3.2. H+ is an exception.) 

Much of the variability in the precipitation chemistry can be attributed 

to the high variability in the precipitation. Total precipitation amounts had 

a geometric standard deviation of 2.0 over the network. Temporal variability 

of the precipitation should also be considered. Examination of the individual 

site precipitation data (Figure 3.4) shows that two main precipitation periods 

occurred during the event: one at the start and one near the end, separated by 

about 8 hours. Some of the sites were more influenced by the first period, 
while some were more affected by the latter. A large number of air chemistry 

measurements were made over the network shortly before the onset of 

precipitation. These data (presented in Section 4) also show a high degree of 

variability, and thus must also be considered as a cause of spatial variability 

in the precipitation chemistry. 

[Note: The contour lines shown in Figures 3.24 through 3.38 were drawn by 
a relatively unsophisticated contouring algorithm that utilized a simple l/r3 

weighting to interpolate between the sites. The contours have been presented 
simply to display any dominant spatial patterns in the data (or the lack of 

them), and are not intended to be a rigorous analysis of the spatial distri­
butions of the data.] 
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FIGURE 3.1. Sulfate 
a) - g) 
Oefi ned 

• 

+ and H (from pH) Versus Stage Number. 
show Site Columns, North-South, as 
by Figure 1.2. 
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FIGURE 3.2 . Precipitation Rate and Nitrate Versus Stage Number 
a) - g) Show Site Columns, North-South, as 
Defined by Figure 1.2 
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FIGURE 3. 3. Ammonium and Calcium Versus Stage Number. 
a) - g) Show Site Columns , North-South, 
as Defined by Figure 1. 2 
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FIGURE 3.4. Precipitation Rate Versus Time (April 17, 1982). a) -g) Show 
Site Columns, North-South, as Defined by Figure 1.2. 
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FIGURE 3.11. Species-Pair Plots for Sulfate and H+ {from pH) 
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FIGURE 3.12. Species-Pair Plots for Nitrate and Sulfate 
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FIGURE 3.13. Species-Pair Plots for Nitrate and H+ {from pH) 
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FIGURE 3. 14. Species-Pair Plots for Sulfate and Ammonium 
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SECTION 4 

AIRCRAFT DATA 

During the April 16-17 storm event, two aircraft made sampl ing flights 
over or near the high-density network: the PNL Douglas DC3 and the PNL Cessna 
411. The BNL Islander was not used . The aircraft and their sampling 
instrumentation are described in the OSCAR overview report(1). The aircraft 

were used for t wo types of sampling: fi rst , to measure trace gas and aerosol 
concentrations in l ow- level inflow areas of the storm, and second, to col lect 
cloud water samples in the storm for chemical analysis (only the DC3 

performed in-cloud sampling). 

The DC3 made a single sampling flight on April 16, from 2040 to 2440 

GMT. During the first portion of the flight, clear-air sampling was performed. 
In-cloud sampling was performed during the last hour of the flight . The Cessna 

411 also made a single clear-air sampling flight, from 1940 to 2415 GMT . 

CLEAR AIR DATA 

Most of the impor tant clear-air measurements aboard the aircraft involved 
filters (for aerosols, so2, and HN03) or real-time, trace-gas analyzers (for 
so2, o3, and NOx). On the April 16 flights, the DC3 collected two sets of 

filter samples , and the Cessna col lected four sets of filters. The aircraft 
flight tracks during this sampling are shown in Figures 4.1 through 4. 3. As 
can be seen, all of the sampling was to the south and west of FWA and was at 
altitudes between 700 and 1000 m MSL. Winds during the filter sampling (at the 
sampling altitudes) were from the south to southwest 190 to 230 degrees). The 
data from these filter samples, along with data from the operational real-time 
instruments averaged over the filter collection periods, are presented in 

Table 4. 1. The data show considerable variability between the different 
samples, particularly the so2 and HN03 data. 

Real - time measurements made aboard the DC3 during its two filter collec­
tions are shown in Figures 4. 4 and 4. 5. As seen in Figure 4.3, the sampling 

during both collections was in nearly the same location, but at different 

4.1 



TABLE 4.1. Summary of Clear Air Measurements by Cessna and DC3 on April 16 

Aircraft: Cessna Cessna Cessna Cessna DC3 DC3 
Sam~ling Period ~GMT}: 2016-2059 2106-2138 2143-2217 2225-2407 2122-2158 2206-2248 

Altitude (m MSL): 810 830 1020 950 1000 700 

Temperature (C): 10 10 9 10 10 12 

Relative Humidity (%): 52 55 51 49 37 46 

Filter Pack Measurements 

H+ (~g/~3 as H2so4): o. o. o. o. .1 0. 
(~mo 1/m ) : o. o. 0. o. • 001 o . 

NH4 (llg~m 3 ): .5 .7 . 5 .4 .3 .9 
(:.amot/m ): .03 .04 .03 .02 .02 .05 

NOj (:.ag~m3 ): 1.2 2.4 .5 .5 .6 .6 
(11mol/m ): .019 .038 .008 .008 .01 .01 

HNOd (ll~/m3 ): 4.1 3.8 3.5 1.2 .3 .6 
(~m 1/m ): .065 .061 .057 .020 .004 .010 

S04- (~~/m 3 ): 1.0 .6 1.8 .6 1.3 2.5 
(~mol/m ): .010 .006 .019 .006 .013 .026 

so2 (~g~m
3 ): 16. o. 52. 14. 3.4 15. 

(11mol/m ): .25 o. .81 .21 .053 .24 

Real -Time Measurements(a) 

so~ (pp~): 3.0 7.0 
(1.1 o 1/m ) : .12 .28 

NOx (pp~): .7 11. 
(umol/m ): .03 .45 

03 (ppb): 81. 64. 

bscat (1o- 4 m-1): 0.4 0.4 0.3 0.3 0.05 0.2 

CNc(b) (cm-3): 2300. 12000. 

(a) Measurements were averaged over the filter collections ~eriod . 
Averages may not correspond exactly to the filter data because of sections of 
missing data or calibration checks. 

{b) Condensation or Aitken nuclei. 
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altitudes (1000 vs . 700 m). Both the real-time and filter data show higher 
concentrations (by factor of 2 or more) during the second sampling , indicating 
significant vertical changes between 700 and 1000 m. The real-time data during 
the second collection (Figure 4.5) also show significant spatial variation over 
he sampling track, particularly apparent in the so2 and NOx data. 

Real-time measurements made aboa rd the Cessna during its filter collec­
tions are shown in Figures 4. 6 and 4. 7. The so2 data from the Cessna are only 
qualitative, as inadequate instrument zeroes were obtained during its flight . 

Nonetheless, the data demonstrate qualitatively the spatial variation of so2 
concentration during the sampling . As can be seen, significant variations in 
so2 concentration did exist over the network . 

IN CLOUD DATA 

One set of cloud water samples were collected aboard the DC3, using the 
supercooled cloud water collectors . The aircraft flight track during the 
collection is shown in Figure 4.3 . Winds during the sample collection were 
from the west. Data for these samples are summarized in Table 4.2. The 
samples were obtained at a rather high altitude (3400 m), because the aircraft 
was unable to locate solid low- level clouds at the time of sampling . Thus, it 
is quite likely that the samples do not reflect the chemistry of lower level 
air that could be expected to have higher pollutant loadings and a greater 
influence on precipitation chemistry . Compared with the precipitation 
chemistry measurements, the Cl- and Na+ concentrations in the cloud water are 
relatively high, both in an absolute sense and relative to so4- and NOj. This 
greater abundance of non-anthropogenic species indicates that the samples were 
collected from air having a relatively low pollutant loading. The low "virtual 
airborne sulfate concentration" (product of cloud water sulfate concentration 

and cloud liquid water concentration), which averaged 0.1 g/m3 for the two 
samples, also supports this conclusion • 
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TABLE 4.2. Cloud Water Samples Collected on April 16 by the PNL DC3 

Collection Liq. Sample 
Time 
{GMT} 

Alt. Temp. Wate5 Vol. Ion Anion Cation 
..J!!!L .LfL {gm/m ) ~ _!!!!_ Cond. Bal. S04- NOj ...£!.::.. ~ .Jt__ NH4 Na+ L caH MgH ~ 

2350-0021 3400 -3 • 07 27 • 5.18 6.5 .36 14.0 26.0 16.0 70.0 6.6 25.0 27.0 2.4 14.0 5.11 100.6 
2353-0023 3400 -3 .07 22. ISA ISA ISA 16.0 27.0 28.0 87.0 ISA 28.0 26.0 13.0 7.1 3.3 !SA 

... Notes: 

1. UnitsH+~n~~~~nn~~!~·c:~~~n Sum- ~eq/t . ... 
Other species - ~mol/t 

2. !SA means insufficient sample for the analysis 
3. Ion balance is 2*(Cations - Anions)/(Cations + Anions) 
4. On all samples, P04-- was below the detection limit (0.2 ~mol/t) 
5. Samples were collected with the supercooled cloud water collectors. 
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APPENDIX A 

DATA TABULATIONS 

OSCAR intensive network site 1 ocat ions are shown in Figure 1. 2 and 

detailed in Table A.l. 

Complete precipitation chemistry and rainfall data for Event 3 are listed 

in Table A.2. Each page contains data from one of the 47 sites. The 

collection efficiency is the total rainfall collected by the sequential 

collector, divided by the total rainfall measured by the accompanying weighing 

rain gauge. For sites where the collector overflowed, and thus collection 

efficiency was impossible to compute, "OVF 11 is printed. "START" is the day and 

time of the start of fi 11 i ng of each stage, "DT" is the duration of each stage, 

and "R-RATE 11 is the rainfall rate {stage volume/DT). "ION BAL" is the ion 

balance check, given by 

(Cation Sum - Anion Sum)/0.5(Cation Sum + Anion Sum) 

(difference of ion totals divided by the mean). The AVG figures are volume­
weighted averages for all stages (equivalent to the event-average values), 

calculated using Equation 3.1. Additional codes, generally following those 

used by the MAP3S Precipitation Chemistry Network, are listed below. 

< Less than detection limit (given) 

NAP No analysis performed 

ISA Insufficient sample for analysis 
RPC Rejected--probable contamination 

A .1 



TABLE A.l. High-Density Precipitation Chemistry Site Positions 

Site Site 
No. Latitude Lon2itude No. Latitude Longitude 
11 41.591 85.603 45 41.129 84.862 
12 41.639 85.378 46 41.175 84.646 
13 41.638 85.199 51 40.995 85.659 
14 41.575 85.038 52 41.001 85.423 • 
15 41.561 84.849 53 41.032 85.293 
16 41.588 84.720 54 40.966 84.966 
21 41.377 85.624 55 40.986 84.817 
22 41.430 85.403 56 41.058 84.710 • 
23 41.439 85.194 57 40.929 84.561 
24 41.443 85.059 58 41.015 84.391 
25 41.394 84.892 61 40.806 85.679 
26 41.409 84.701 62 40.844 85.464 
27 41.435 84.482 63 40.914 85.231 
31 41.276 85.582 64 40.798 85.153 
32 41.331 85.464 65 40.791 84.966 
33 41.305 85.178 66 40.860 84.756 
34 41.306 85.069 67 40.810 84.521 
35 41.251 84.859 71 40.663 85.693 
36 41.309 84.564 72 40.665 85.466 
37 41.338 84.431 73 40.665 85.303 
41 41.175 85.645 74 40.668 85.092 
42 41.136 85.489 75 40.665 84.858 
43 41.143 85.152 76 40.644 84.628 
44 41.198 85.019 

• 

• 

A.2 
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TA~LE A.~ OSCAQ HI~~·MENSTTY NETWORK P~ECTPTTATTON CH~MISTRY 
ANO RAJ~IFALL naTA. 

S!TF. 11 

COLLECTION EFFICIENCY = 0.~4 

STAGE 

1 
2 
3 
4 
5 
0 

AVG 

1 
2 
3 
4 
5 
b 

AV!; 

1 
2 
3 
4 
5 

' •vG 

STlRT 
o•v 

4•17 
4•17 
4•17 
4•17 
4•17 
4•17 

S02 

NAP 
NAP 
NAP 
NAP 
RPC 
NAP --

FREE H 

1?5,9 
138,0 
190,5 
93,3 

RPC 
?b,q 

\14,9 

(GMT) 
HR 

o.ee 
0 .~H 
t,94 
8,44 
8,48 
8,52 

S04 

130,0 
92,0 

140,0 
~1.n 

RPC 
2' • () 
qf.~,A 

NH4 

eq,o 
&7,0 
84,0 
74,0 

RPC 
2, • 0 
67.0 

DT 
HR 

(1,03 
1.02 
6,50 
O,OA 
0,1')4 
o.oa 

N02 

0. 1 
0.2 
0.2 
0.2 
RPC 
0.2 
0.2 

NA 

2&.0 
31.0 
53,0 
21,0 

RPr. 

2.• 
26.7 

UNITS ARE UMOL/L UNLESS NOTED 

R•RATE 
M!'-.1/HR 

22.~6 
O.M 
o. 11 

16.76 
16,76 
1&.7& 
o.ss 

N03 

11 o.o 
90,0 

\40.0 
1b,O 

RPC 
15.0 
A6,2 

1 • 1 
o.a 
1 • 4 
5.q 
RPC 

<0,4 
1 • A 

LAB PH 

3,qo 
3,86 
3,72 
4,03 

RPC 
4.57 
3,qQ 

CL 

30,0 
33,0 
150,0 
20,0 

RPC 
3.q 

27,4 

CA 

:n.o 
t&.n 
30.0 
23,0 

RPC 
4.1 

22.0 

CONO 
Uf-1~0/C~ 

75.0 
68,0 

100,0 
51,0 

RPC 
tt,O 
61.0 

P04 

<0.2 
<0.2 
<0,2 
<0,2 

RPC 
<0,2 --
17 .o 
7.1 

15,0 
8.7 
PPC 
o.q 
q.A 

•0.13 
•0,08 
•0,12 

0,00 --•0,01 
-0,07 

A~ SL.IM 
UfQ/L 

400, 
307, 
470, 
25~. 

RPC 
b I • 

299, 

CAT SUM 
U€Q/L 

350, 
2A3, 
atq, 
25~. 

RPC 
nt. 

;na. 



TARLE A.2. CONTINUED. 

SITE 12 

COLLECTION EFFICIENCY = 0.93 IINTTS ARE UMOL/L IJ~LESS NOTFD 

• 
STAGE START { r,M T) DT R•RATE LA8 PH c 01\.10 ION PAL 

DAY HR HR t.4M/HR UMHO/CM 

I 4•17 o.so 0.6'5 1 • 1 0 3.72 94.0 -n.na • 
2 4•17 1 .15 0. 7tl o.q? 3.q& 51.0 .o.ot 
3 4•17 ! • a q 2.04 0.35 3.&2 120.r'J -0.06 
4 4•17 3.93 '5.02 0.13 3.74 91.0 -o.o& 

AVG n.33 3.74 ,c~.q.o -o.oa 

502 504 NO?. N03 CL P04 A" SI)M 

tt~I'J/L 

! I\J4P 130.0 0.2 tto.n 3'5.0 <0.?. aos. 
2 NAP t;c;.o ~.! 60.0 t q. 0 cn.2 2fl9. 
3 NAP t4o.o 0,3 140.0 52'.0 <0.2 472. 
4 NAP !20,0 0.2 120.0 32.0 <0.2 3q2. 

AVG •• 1 t 3. & 0,2 107.2 34.6 •• 3flq. 

FRH H NH4 NA K CA MG CAT SUM 
llEr:l/L 

! tqo.s 9?.n 36.0 ! • 1 23.0 1 2. () Jqo. 
2 t09.6 U6.0 1q.o 2.3 10.0 ••• 207. 
3 ?.3q.q aq.o 53.0 2.3 20.0 1 1 • n l146. 
4 !82.0 88.0 34.0 1 • R 22.0 q,2 3f>A. 

AVG tA0.5 7A.Ii 3S.S 2,0 tA.7 "·3 '3S2. 

• 

• 

A•4 



TARLE A •? • r:n~tTTNUE'O. 

SITE B 

COLLECT!O~ EFFICIENCY = n.e~ UNITS ARE IJMOL IL UNLESS NOT EO 

" STAGE START (GMT) DT R•RATE LAB PH CONO ION SAL 
DAY HR HR MM/HR UMMO/CM 

I 4•17 0.9? 0.99 0,7& 3,7q 80,0 •O,OS 
2 4•17 1 • q 1 &,qo 0. 11 3,81 74,0 .. 0,03 
3 4•17 A,81 0.22 3,34 3,qn 72,0 -o.oq 
4 4•17 <i,03 0,04 18,26 4,40 22,0 •0,05 
~ '"-17 CJ,07 0,02 18,2& 4,52 !SA 0,02 

AVG 0. 41 J,q& ~2,0 •O,OS 

502 504 N02 N03 CL PM AN S Uf~ 
IJFQ/L 

I o.l 11 o ,n 0. 1 qfi,O 31,0 en,~ 31.!9, 

2 0.2 97,0 0.1 q3,0 30.0 <0,2 317. 
3 cll,2 9R,n cn,t 98,0 2S,O <1'1,2 310, 

• O.l 28,0 0.3 ~!3. 0 '5,2 <0,2 84, 
5 NAP 21.0 0.3 t 6. 0 3.& <0,2 &2. 

AVG 0. I 7&,5 0. I 71,3 20,7 .. 24'5, 

FREE H NH4 NA • CA MG CAT SUI"' 
liEQ/L 

I 1&2.2 80,0 31 • n 3.2 20,0 8,3 333, 
2 154,9 72.0 33,0 3.4 1'5,0 7.0 307, 
3 125.9 7~.0 2&,0 2.3 21.0 8.7 2q2, 

• 39,8 24,0 3.9 <0,4 s.o I • 4 ~I • 
5 30,2 22.0 2.b <0,1.1 3.3 o.• ~3. 

1VG t1 0, q 59.0 21,2 2.0 t 1.1. 0 5.8 ?33, 

• 



TAALF. 4 • ? ' r.nrntNuEn. 

SITE 1 4 

COLLECTION EFFICIENCY : 0.84 UNITS ARE LJMOL/L IH-ILF.:SS NnTFO 

' 
STAGE START (GMT) OT ~-RATE LAB PH CO~JO TON RAL 

DAY HR HR 1-!M/HR UMHO/CM 

I 4•17 o.7s 1 • 1 0 0.71 4.05 155.0 -o.na 
2 4•17 1.85 3.16 0.25 3,R6 75,0 0,00 
3 ll•17 s.ot '5.6& 0,21 3.70 II 0 .o -n.na 
4 4•17 8.66 0.76 1,03 3,qs 62,0 •0,02 
5 4•17 9.42 0,05 15.24 11,22 33.0 -o.os 
6 4•17 q,41 0. 0 1 15.24 4,24 13A •• 

AVG o,a7 3,q3 67,0 -o.na 

502 504 N02 N03 CL P04 AN SUM 
Uf~/L 

I NAP at.o NAP &e.n 19.0 <0.2 zaq, 
2 NAP 80,0 q1.n 3'5,0 -<1),6 !SA 2CI2, 
3 NAP 140,0 NAP 130,0 a&,o <0.2 456. 
4 NAP 78.0 NAP 65,0 t 8. 0 <0,2 ;;nq, 
5 NAP 45,0 NAP 38,0 6.2 <0,2 136. 
6 NAP 42,0 NAP 35.0 7.2 <0,2 12i:l, 

AVG •• 82,A Cl7.0 6'5,7 17,7 •• 2,R, 

FRFE H NH4 "' K CA MG c" SU~1 

UEO/l 

I 8CJ.t 60.0 ta,o 2.5 23.0 t 2. 0 24(1, 
2 138,0 77.0 37,0 2 .I 11 • 0 8.0 2q?. 
3 tqq,s 100,0 41,0 2.2 25.0 15,0 423. 
4 112,2 63,0 14.0 1.2 16.0 6.0 234, 
5 60,3 43.0 6.2 <2,0 s.o 2.2 130, 
6 57.'5 40,0 5.7 <2,0 !SA l SA !SA 

AVG n;;.q 67,3 22.lJ I • S 1 , • 6 8.6 2b4, 

• 

• 

·-· 



TAALE A • 2, r:ONTTNtiF.I'l. 

SITE IS 

COLLECTION ~FFIC!ENCV = 0.3q UNITS ARE UMOL/L UNLESS NOTEO 

STAGE START (GMT) OT R•~ATE LAA PH co•m ION 8AL 
oov HR HR MM/HR U~Hn/CM 

I «•17 o.3t~ o.s& 3,03 S.bt 27.0 -n.3t 
2 4•17 o.qo MOE MOE MOE MOE --
3 4•17 4.t15 MOE MOE MOE MOE --

AVG -· 5.61 27.0 -0.31 

502 504 "1n2 N03 CL P04 AN SliM 
UI:Q/L 

I NAP 72.0 NAP 72.0 1&.0 <0.2 232. 
2 MOE MOE MOE MOE Mr"JE MOE MOE 
3 MOE MOE MOE MOE MOE MOE MOE 

AVG -- 72.0 -- 72.0 u; .o -- 232. 

FREE H NH4 NA • CA MG CAT SU~ 

liE OIL 

I 2,5 36,0 15.0 l,q 40.0 17 .o 16C'i. 
2 MOE MOE MOE MOE MOE MOE MOE' 
3 MOE MOE MOE MOE MOE MOE MOE 

AVG 2.5 36.0 15,0 l,q 40,0 17 ,o l6q, 

' 

• 



TAALF. A, 2, CnNTTNUED, 

SITE 16 

COLLECTION EFFICIENCY • O,U2 UNITS ARE UMOL/l UNLESS NOTED 

• STAGE SURT (GMT) OT ~-RATE LAR PH CONO JON RAL 
DAY HR HR MM/~R UMHO/C"1 

I 4•17 0,77 0,36 4,3~ 4,11 43,0 •0,07 • 2 4•17 1 • 1 3 0,05 30,48 4,19 32,0 o.no 
3 4•17 1,18 8,38 0,19 4,29 2&,0 -o,oq 
• 4•17 9,5& 0,32 3,05 4,14 3B,O •0,16 

AVG 0,62 4,18 34,4 •0,07 

502 S04 NO? •n3 CL P04 AN SUM 
Ul:!l/L 

I <0,2 '57 ,0 NAP '52,0 13,0 <0,2 17'}, 
2 <0,2 35,0 NAP 34 .o 12,0 c0,2 11 6. 
3 <0,2 31,0 tHP 30,0 14,0 <0,?, 1 0 ~. 

• NAP 49,0 NAP 4q,o tq,o c0,2 166, 
AVG -- 42,4 -- 40,4 14,0 -- 139, 

FREE H NH4 NA K CA Mr, CAT SLIM 
IJE~/L 

I 77,6 33,() 11 • 0 I • 7 15.0 7.2 1~~. 
2 ,4,6 23,0 &.~ t • I 6,5 J,g 1 t & • 
3 51,3 27,0 7,4 I • 2 3,0 I • q g7, 

• 72,4 37,0 t 4. 0 I • 4 5,6 2.g 142. 
AVG 65,9 2g.3 q,u I • 3 7,7 ••• 12q, 

' 

• 

A·• 



HALE A.2, I':ONT I NIJEI'l. 

SITE 21 

COLLECTION EFFICIENCY = o.uo lJNITS ARE UMOL/l UNLESS NOTED 

STAGE START (GMT) DT R•RATE LAA PH CONO InN SAL 
OAY HR HR MM/HR UMHO/CM 

I 4•1~ 23.26 o.u3 3.7q 3.70 too.o •0.21 
2 4•16 23.6q o.t~; q .17 4.04 ua.o •O.Jl.l 
3 4•16 23.87 0.'5~ 0.47 !SA !SA •• 

AVG 2.qq 3.1U 74.0 •0.17 

S02 S04 N02 N03 CL PO/J AN SUM 
IJEQ/L 

1 o.t tas.o NAP ton.o 29.0 <0.2 419. 
2 o.1 r,t.o f..!AP 52.0 17.0 co.2 1 9 t • 
3 0.2 58 .o NAP sq.o 21.0 <0.2 196. 

AVG 0 • I 99.'5 •• 74.7 22.~ •• 297 • 

FREE H NHI.l NA K CA ~G CAT SUM 
UE~/L 

I 199.5 57.0 te.o 2.3 23.0 R.3 339. 
? 91.2 3'3.0 t2.0 I • I q.o ••• 166 • 
3 !SA 42.0 21.0 <0.4 !SA !$6. !SA 

AVG 14S.a l15.7 ts.s I • ~ u;. o 6.4 253. 

• 



TA8Lf A,2, r.nNTINUEO, 

SITE 22 

COLLECTION EFFICIENCY = 0,98 UNITS ARE UMOL/L UNLESS N0TED 

• 
STAGE START (G~T) "T R•RATf LAB PH CONO rnN BAL 

OAV HR HR M~/HR UMHO/CM 

I 4•16 23,42 0,22 3.04 3,7q ~q.o •0.18 • 
2 4•1& 23,65 0,22 !.04 4,0& 47.0 •0.24 
3 4•1fl 23,87 0,22 3.04 4,04 47,0 •0.17 
4 4•17 o,oq 0,10 3,04 Q,02 53.0 --AVG 3.04 3,95 &0,0 •O.lq 

502 804 N02 N03 CL P04 .,, SUM 
IJE~/L 

I NAP 120,0 NAP 11o.o 2q,o <0,2 :nq, 
2 NAP 64.0 NAP 56,0 22.0 <0,2 206, 
3 NAP s~.o NAP 56,0 18,0 <0,2 190, 
4 NAP &3,0 NAP &7,0 24,0 <0,2 217. 

AVG -- 7R.4 -- 7 3.1 23.1 -- 25~. 

FREE H NH4 '" K CA MG CAT sw 
UEO/L 

I 162.2 6&,0 18,0 3,0 24,0 10,0 317. 
2 87.1 38,0 9,0 «1,5 1 0. () 4.2 16?. 
3 91,2 38,0 1 t • 0 <1,5 6,8 3,3 160, 
4 CJ'5 1 5 '51a0 17,0 ct,S !SA !SA !SA 

AVG 111.2 'H .e 13.2 0,9 13,& '5.8 2t3, 

• 

• 



TA~LE' A,?, CONTtf\JllF:O. 

S!TI: 23 

COLLECT InN EFF!ClE~tCY = 1.02 UNITS A~E UMOL/1.. Ur>..ILF.SS r-.!OTEn 

SUGE START fGMTl DT R•R"TE LAB PH COND tnN AAL 
OAY HR HR "1M/I-IR UMHO/C~ 

I 4•1& 23.7& 0.21 l.oq a.2~ 48.0 •0.21 
2 4•1& 23,Q7 0,10 &.8& 4.07 aq.o -0.1& 
3 4•17 0,07 0,07 q.27 4.37 2h.O •0,08 
4 4•17 o.1a 0,07 q.27 4.20 34.0 ·0.03 
~ 4•17 0.21 0.07 CJ.27 a.tCJ 35.0 o.o3 
~ 4•17 0.28 0.07 CJ.4fl 4.06 48.t) o.ot 
7 4•17 0.31) o.o& 11.03 4.13 41.0 0.17 
8 4•17 o.at o.o2 11.03 4.20 35.0 --

AVG 7.20 ll.te 3q,q •0.04 

502 504 N02 N03 CL PD4 '" su• 
IJE:~/L 

I 0.1 CJ\,0 NAP q?,O 30.0 <0.2 304, 
2 NAP &5.0 NAP 70.0 22.0 c0.2 222. 
3 <0.2 31 • 0 NAP 33.0 14,1) <0,2 10CJ .. 
4 NAP 38,0 NAP 40,0 1l.l,l) <0,2 t 30. 
5 NAP 3~.0 NAP :n. o 115.0 <0.2 122. 
~ NAP 53.0 r>-.1AP s&.o 22.0 <0,2 tR£1, 
7 0. I 3Q,O ~AP 43.0 17.0 <0.2 13A, 
8 NAP 34,0 NAP 37.0 35,0 <0.2 1110. 

AVG 0 .I 49.5 ·- 52.2 tQ,CJ ·- 1 71 • 

FREE H NH4 NA K CA "G CAT SliM 
ltF.:t'J/L 

I '52,'5 &2.0 30,0 6.0 30.0 tR.o 24&. 
2 85.1 44,0 t q. 0 I • I t3.0 7.0 p~q. 

3 42,7 25,0 7.9 <t,f) 7.7 ••• t 0 1 • 
4 , 3. t 34.0 t 2. 0 c 1 • 0 ~-· 2.R 12&. 
~ ~4.fl 31J.O II. 0 ct.o 5.6 2.7 t?.fl. 
6 87,1 sa.o tCJ,O <2.0 b.~ 3.7 t~s. 

7 7 4. 1 51,0 PI.O <2.0 &.& 3.5 1h3, 
8 63.1 43.0 1&,0 <3.0 tSA !SA !SA 

A\IG 6&.8 44,0 1&.7 I • 0 tn.B b. I 1&2. 

• 



TAALF. A • 2 r C:nNTTNIIED. 

SITE 24 

COLLECTION EFFICIENCY = n.CJll Ill\! T TS ARE: IJMOL/l IJNLE:SS NO TEO 

• 
STAGE START (GMT) OT R•RlTE LAB PH COND tOt-.1 AAL 

~•v HR HR "'M/HR lWHO/CM 

I 4•11> 23.q6 0.28 2,55 3,qr; 74,0 -o. t t • 
2 4•17 0,24 O,OA 8,47 4,20 41 • 0 •O,OQ 
3 4•17 0,32 0.15 4,72 4,10 44,0 •0,04 

• 4•17 0,47 0,(18 q,\1 3,'14 63,0 -0,06 
s 4•17 0,54 0,04 q,l7 3,~3 !SA o,oq 

AVG 5,07 4,01 55,5 •O,Ob 

S02 S04 N02 Nr'l'3 CL P04 A' I SW-1 
IIEQ/L 

I NAP I 0 0. 0 <O,t 130,0 41 • 0 <0~2 371. 
2 NAP 52,0 0.1 67,0 23,0 <0.2 tQ£1, 
3 NAP 5a.o < 0. 1 62,0 23,0 <0,2 1q3, 
a NAP 73,0 < 0. 1 CJO,O 31,0 c0,2 267, 
5 NAP 76,0 <0.1 qs,o 34,0 <0,2 281, 

AVG •• 70,4 0,0 88.1 30,0 •• ?.SCJ, 

FREE H NHa NA K CA MG CAT SUM 
liEQ/L 

I 112.2 83,0 47,0 a,q 28,0 15,0 333. 
2 63.1 51,0 25,0 ~ .. II , 0 7,7 1 77 • 
3 7q,4 sr;.o 25.0 o,q 8,4 ••• lRb, 
a 114.8 70,0 38,0 I , I 8,5 S,7 252. 
s 147,q 81,0 1.15,.0 I , 0 q,1 1>,3 307, 

AVG qe,q bb,IS 35,0 1,8 13,5 B,O 2£15, 

• 

• 



TARLF ~ • ? , CONTINUEO. 

SITF: 25 

COLLECTION EFF!CIE'CY • ? (NO IH INGAliGE DATAl 
UNITS ARE Uf..tOL/L UNLESS NO TEO 

STAGE START (G~AT) OT R•RATE LAB PH CONO ION "AL 
DAY -· HR r-'M/HR Ut.1MO/C~ 

~OE •nE MOE •oE !SA !SA --
AVr; -- -- -- --

502 so• N02 N03 CL P04 AN SUM 
UEQ/L 

1 !SA !SA !SA !SA !SA !SA TSA 
AVG -- -- •• •• •• -- --

FREE H NHO NA ' CA "G CAT su• 
IIEQ/l 

I !SA !SA !SA !SA !SA !SA !SA 
AVG •• •• •• •• •• • • • • 

,, 



TABLE A • 2, CONTJNUF.:n. 

S!TF ?6 

COLLECTION EFFICIENCY = 1.08 UNJTS ARE Ut.AOL/L UNLESS "-lnTtn 

• 
STAGE SURT (GMT) DT R·IUTE LAR PH CONO ION R4L 

OAV HR HR t.AM/HR Ut.1HO/CM 

I £1•17 o.oo 0.2c;l 2.31 3.90 CJ£1.0 o.oo • 
? 4•17 0,2CJ o .15 0. 7 5 !SA !SA --

AVG 1.78 3.CJO qa.o o.oo 

SO? sao N02 N03 CL P04 AN SUM 
IIE!';l/L 

I NAP 130,0 ~AP 130,0 4'5,0 c0.2 £135. 
2 NAP 330.0 NAP 3nr;.o qq.o c0.2 10f:IA. 

4VG •• 15.--.& •• ISS.O 52.7 • • 52'5. 

FREE H NHO NA < c• Mr, CAT su• 
UFO/L 

I 125,CJ 140,0 '51,0 •• 6 32.0 23.0 ti3S • 
2 !SA tqo.o q6.0 15,0 &2,0 39.0 !SA 

AVG 125,9 147.1 S7.A •.s 3&.3 25.3 43'5. 

' 

• 



TAI3LF." A.2. cnNTTNIJEO. 

51 TE 27 

COLLECTION EFFICIEfi!C::Y = 1 • 23 UNTTS ARE LJ~OL/L IHILESS fi 10Ttn 

STAGE START (GMT) DT R•RATE LAR PH CDNO ION 8AL 
DAY HR HR MM/HR IJN'HO/CM 

! 4•!7 0.42 0.04 15.00 J.<H 80.0 .. o.os 
2 4•!7 o.ll, q.30 n.o7 4.09 52.0 o.ot 
3 4•17 9.77 0.06 I! .25 3.6q 80.0 •0.03 
4 4•17 q.83 o.ot 1t.2S !SA !SA --

AVG 0.22 3.95 70.7 ·0.02 

502 504 N02 N03 CL P04 Hl SLIM 
!JEQ/l 

I NAP II o .o NAP too.o 30.0 c0.2 35(). 
2 NAP &5.0 ~lAP 77.0 2q.o c0.2 236. 
3 NAP !00.0 N.P !10.0 35.0 c0.2 ~ll5. 
4 NAP sc;:.o NAP S3.0 17.0 c0.2 1~0. 

4VG -- 90.1 -- q3.a 30.7 -- 305. 

FREE H NH4 NA • CA "G CAT SUM 
llf~/L 

! 123.0 75.0 32.0 4.5 31.0 1~.0 333. 
2 8 t. 3 67.0 35.0 3.4 16.0 to.o 23q. 
3 128.8 86.0 36.0 5.3 27.0 !2.0 334. 
4 !SA 2&.0 16.0 4.8 !SA 13.0 !SA 

AVG 1 ! ! • 0 73.8 :n.s 4.4 24.7 13.3 30?.. 



TABU: 4,?. CONT!NUEn. 

SITE ~I 

COLLECT!nN EFFICIENCY • I .I 4 IJ~IITS ARE UMOL/L UNLfSS "lOT EO 

STAGE START (GMTl OT Q•FU TE LAa PH cnr'm ION 9AL 
DAY HO HR MM/HQ UMHO/CM 

I 4•16 23,1R 0.46 o,oq 3.88 !SA -- • 
AVG o.aq 3,88 -- --

S02 so• N02 N03 CL P04 AN SUM 
UF.I:I/L 

I NAP 150,0 NAP 13!'1,0 41,0 <0,2 471, 
AVG -- 1'.50,0 -· 130.0 at.o •• a 71 • 

FREE H NH4 NA K CA MG CAT SUM 
lJEhl/l 

I 1 3 t • 8 130,0 so.o q • I !SA !SA !SA 
AVG 131.8 130.0 so.o q • I •• •• --

• 

• 



TA~ll: A • 2, CONTINUED. 

SITE 32 

COLLECTION EFFICIENCY = 1,40 UNITS ARE U~OL/L lJNLESS ~OTEO 

STAGE START (G'Tl OT R•RHE LAB PH corJo ION RAL 
OAY HR HR MM/HR UMHO/CM 

I 4•16 23.77 o.3u 1.cn £1,3q sq,o .n,to 
2 4•17 0,11 0,03 t,q3 !SA !SA •• 

AVG 1,93 4,3q SQ,O •0,10 

S02 so a N02 N03 CL P04 AN SU"' 
UEQ/L 

I NAP II 0, 0 "lAP 120,0 4 1 • 0 <0,2 3AI, 
2 !SA !SA !SA !SA !SA !SA !SA 

AVt'; •• 1 1 n, o •• 120,0 41,0 •• ~at. 

FREE H NH4 " K CA MG CI'IT su~ 

UEQ/L 

I 40,7 II 0, 0 51 • 0 6,3 43,0 2&,0 34&, 
2 !SA !SA rs• !SA !SA !SA rs• 

AVG 40,7 II 0, 0 51,0 &,3 U3,0 ?b,O 34b, 

"' 



TAALF A •?' CliNT PIUE:n. 

SITE 33 

CDLLECTIO" EFFICIEt.ICV = ? (NO RAINGAUGE DATAl 
UNITS ARE UMOL/l UNLESS t-1nTEO 

• 

STAGE START (GMT) DT lh•IH TE LAR PH C 0 t-ID !ON HAl 
OAY HR HR MM/1-!q U~liO/CM 

I MOE MOE MOE MOE 4.98 ~O.t'J •• 
AVG •• o.CJ8 60.0 •• 

502 504 NO? N03 CL P04 "' SIJf.! 
UEO/L 

I NAP 140.0 N.P 160.0 4'5.0 <0.2 4AS. 
AVG •• 140.0 •• t6o.o LIS.O •• 4A5. 

FREE H NH4 NA K CA MC, CAT SUI-A 
UFr.I/L 

I to.s q2.0 LIS.O 5,3 !SA !SA TSA 
AVG tn.s 92.0 45.0 5,3 •• •• •• 

• 

• 



TABLE A •?, r.nNTTNUEO. 

SITE 34 

COLLECTION EFFTC!niCY = o.t~a UNITS 4RE LJMOL/l UNLESS f,JrHF.:D 

STAGE START (GMT) DT R•PATE Ll8 PH CONO ION RA.L 
DAY HR HR MM/HR UMHO/CM 

4•\b 23.47 7.36 0.11 !SA !SA Cl.oo 
4VG 0. 11 •• •• o.oo 

S02 504 N02 N03 CL P04 A 'I SUM 
UErl/L 

I !SA !SA !SA !SA !SA !SA o. 
AVG •• •• •• •• •• • • •• 

FREE H NH4 NA ' CA MG CAT Stl~ 

UE!Hl 

I !SA !SA !SA !SA !SA !SA n. 
AVG •• •• •• •• •• • • •• 

'" 



TABLF A.2, CI1~1TINUE11. 

SITE 35 

COLLECTION EFFICIENCY • 1,0'; UNITS ARE llMOL/L l/f\JLESS NOTED 

• 
STAGE START (GMT) OT R•RATE' LAR PH COf\!r'/ ION AAL 

DAY HR HR ~M/HR \Jt-AHO/C"'l 

I 4•1& 23.25 0,12 5.32 4,55 43,0 •0,1'5 
2 4•16 23.37 0,12 5,33 4,23 48,0 •0.15 
3 4•16 23.50 9,56 0,07 4.31 57,0 •0,21 

AVG 0.20 4,34 IJQ,3 -0,17 

502 504 N02 N03 CL P04 AN SUM 
Uf.Q/L 

I NAP 83,0 NAP A7,0 24,0 <0.2 277, 
2 NAP 72,0 NAP ~~.~.o 30,0 c0,2 ?58, 
3 NAP en ,o NAP 120,0 41.0 c0,2 355, 

AVh •• Rll,O •• 97,0 31.7 • • 2 1H, 

FREE H NH4 NA K CA Mr. CAT SUM 
tJEQ/L 

I 28,2 68,0 17.0 2,8 35,0 26,0 23~. 

2 58,9 61,0 2'3,0 <1,0 22,0 18,0 223, 
3 49,0 70,0 39,0 2,5 33,0 30,0 286, 

AVG 4S,3 66,3 26,3 I • 8 30,0 24,7 2t19, 

• 

• 



TARLE A.2. CONTJ"'UED. 

STTE 3b 

COLLECTION EFFICIENCY = o.q1 UNITS ARE UMOLIL UNLESS NOT!'D 

·" STAGE START (GMT) OT R•RATE LAR PH CONO !ON 8AL 
DAY HR HR MM/HR UMHO/CM 

1 4•16 23,SA o.t2 15.85 4.2~ 50.0 •0.24 
2 4•16 23,71 0.2A 2,SS 4.05 5t.o .. o.oe 
3 4•1& 23,qq C),72 0,07 LI,Ot 71.0 •0.17 
4 •·17 q.71 o.oa 17,56 ll.~~ 38.0 -0.06 
5 4•17 ().75 0. 71 0.41 4,32 31.0 ... n.os 

AVG o.zq 1.1.14 so.s -0.13 

S~2 SOll N02 NOl CL P04 AN SliM 

UF.P/L 

1 NAP t 1 0. 0 0,? n.o 21,0 <0.2 311.1. 
2 NAP &l.I.O 0,1 ~2.0 23,0 <0.2 .:n 3. 
3 NAP 11 0. 0 0,1 130.0 ao.o <0.2 390. 

• NAP 5q.o 0.3 53.0 11.1.0 <0.2 185, 
5 NAP tli.l • 0 0,3 3A,O ~.9 <0.2 135. 

AVG -- 81 .q 0,2 75,b 23. t -- 2o3, 

FRE!' H NH4 NA " CA MG CAT SlJM 

UE~/L 

1 se.q 53.0 1.-.o q,5 44.0 1 t • 0 247. 
2 ~q. J 48.0 19.0 !,q 15,0 •.6 1q7, 
3 97.7 87,0 46.0 3,1 32,0 15,0 328. 

• 55.0 sc;.o 14. 0 1,5 t 8. 0 6,2 17•. 
5 47.9 4LI.O 7, I o,q II, 0 3,5 12C). 

AVG 72.& 59.2 22.2 3,R 25.7 8,7 227. 

,., 



TA8LE A • 2, CDNTINUED. 

SiTE 37 

COLLECTION EFFICIENCY = o.q& UNITS ARE UMOL/L UNLESS NOTEP 

• 
STAGE START (GMT) OT R•RATE LAe PH cnNn ION ~AL 

OAY HR HR MM/1-!R UMHO/C~1 

I ll.•tfJ 23,R3 0,19 3,fJ6 3,94 ISA •l'l,tb 
2 4•17 0,02 0,19 3,6& 4,04 as.n 0,00 
3 4•17 0.21 q,72 0,07 3,q2 60,0 •0,01 

• 4•17 9.93 0,71 0,77 3,R7 77.0 -o.oq 
AVG 0,24 3,94 59.4 •0.06 

502 S04 N02 N03 CL PD4 AN S!JM 
IIF.:Q/L 

I NAP 120,0 o.t 90,0 20,0 <0.2 350, 
2 0.2 ss.o 0.1 4~.0 14,0 <0,2 H,q, 
3 0.1 62,0 0.1 7R,O 29.0 <0,2 231, 

• o.1 110.0 0. I II 0 .o 31 • 0 <0 .. 2 ~61, 
AVG o.1 85,l1 0. I 7 q. 1 23,1 -- 273, 

FREE H NH4 NA ~ CA MG CAT SUM 
UED/L 

I 114 • R 81,0 19,0 2.5 28,0 13,0 2••· 
2 91.2 39.0 9.6 2.4 ••• 3.1 u~~ • 
~ 120.2 SR,O 27,0 o.a 7.2 4.2 ?.29, 

• 134,9 89,0 33.0 •• 2 23.0 12. 0 ~31. 
AVG 114,2 ~'5.'5 21,'5 2 •• tb,6 ••• 253, 

• 

• 



TA!=;LF" A •?' r:ONTINUFn. 

SIH • 1 

COLLECTION EFFICIENCY : ? (NO RAtNGAUr;E DATA) 
UNITS ARE U1~0l/L UNLESS W'ITEn 

,, 
STAGE STAAT (G•TJ OT R•RATE LAR PH CONO ION elL 

OAY HR HR MMIHR lJMHOICM 

I MOE MOE MQF MOE 3.70 1~0.0 •• 
AVG •• 3,70 too.o •• 

S02 SQ4 N02 N03 CL P04 AN SUt-1 
IJEr;J/L 

1 NAP 240.0 NAP 160.0 36.0 <0.2 67&. 
AVG •• 2"0·0 •• t&o.o 36.0 .. 676. 

FREE H ~IH4 NA K CA MG CAT SUM 
IJHI/L 

I tqq,s 120.0 ?8,0 9.8 !SA !SA !SA 
AVG 199,5 120.0 28,0 9.8 •• •• --

"' 



TA8Lf A • ~' cnNTINUED. 

Sl TE •?. 

COLLECTI~N EFFICIENCY = n.ql IJNI TS ARE UMOL/L IJNLFSS ~IOTI:D 

• 
SHGE STA~T (GMT) DT R•RATE L4B PH CONO ION B4L 

OAY HR HR MM/HR UMI-IO/CM 

I 4•1b 22,51 0.6, t.OCJ ti.07 '53,0 •0,08 
2 4•1& 23,17 c;I,2S O,OR 3,92 77,0 ·0,0'5 

AVG 0.15 3,qq &s.o •0.07 

502 sna N02 NOJ CL P04 AN SUM 
UEQ/L 

I NAP 72.0 !SA 7li.O 22.0 <0 0 2 2£10, 
2 NAP II 0,0 NAP CJ4.0 28,0 <0,2 3ll:'.. 

AVG -- c;lt.n ·- ~4.0 25,0 -- 2c;l l. 

FREE H NHa '" K CA "r, CAT SUM 
IJF:Q/L 

I A'5.1 S'S,t'l t 5. 0 2,0 23.0 q.? 222. 
2 121),2 88,0 28.0 3,7 27,0 ts.o 32U. 

AVG 102.7 7t,5 21.5 2,9 25,0 t 2. 1 273. 

• 

• 



TAPI.~ 6.. 2. CONTJNUEI'). 

SIH 43 

COLLECTION EFFICIEt>.ICV = n.6t UNITS 1\RF.: UMOL/L IJNLESS NOTEO 

• STAGE START (G•Tl DT R•RHE LAB PH CDNO ION BAL 
DAY HR ~· MM/HR UMI-!I'l/C'-1 

I 1.1•17 B ,1 t ().65 t,!-q 4,1.13 30.0 •0.14 
AVG t.6q 4,43 30.0 •O,tU 

502 504 N02 N03 CL P04 ,O,N SliM 
IIEQ/L 

I NAP s~.o NAP 53,0 q,b <0,~ 16q. 
AVG -- 53,0 -- 53,0 q,b -- t&q. 

FREE H NH4 NA K CA •G CAT SUM 
liE OIL 

I 37.2 tq.o 7,5 O,h 2A.O 13.0 146. 
AVG 37.2 tq.o 7,5 0,6 2a.o 13.0 1llh. 

,. 



TA~LE A • 2, COIIJT!f\IUF.:f"'). 

Sl TE •• 
COLLECTION EFFICIENCY = o.a1 !!NITS ARE UMOL /L UNLESS f.IOTE"O 

• 
STAGE START (r,MT) DT R•IU TF. LAB PH CONn ION AAL 

OAY HR HR ~M/HR UMHQ/Ct.l 

I 4•16 22.81 10.24 o.o1 !SA !SA o.oo • 
AVG 0.07 -- -- o.oo 

S02 so• N02 N03 CL P04 AN Stlt-1 

UEO/L 

I !SA !SA !SA !SA !SA !SA o. 
AVG -- -- -- -- -- -- --

FREE H fi1H4 NA K CA MG CAT SUM 
UEQ/1. 

t !SA !SA !SA !SA !SA !SA o. 
AVG -- •• -· -· •• -· --

• 

• 



TABI..f A • 2, CONTINUED, 

SITE 45 

COLLECTION EFFICIENCY = 1,27 Uf\IITS ARE UMOL/L UNLESS NOTED 

• STAGE START (GMT) OT R•RATE LA~ •H CONO ION BAL 
DAY HR "" ~M/HR lJMHn/CM 

I 4•1& 23,00 q.f>6 0.07 6.44 44,0 o.ot 
2 4•17 s.~6 0,48 0,52 4.42 !SA •0,10 

AVG o.oq ~.·H 44.0 •0.02 

502 sou N02 N03 CL •o• A'J SUM 
UEQ/L 

I 0,2 (J2.0 NA. 83,0 22,0 <0.2 ?.8(J. 
2 "'" so.n NAP &(J.O 111. 0 <0.2 ?.43. 

AVG 0,2 M, 7 -- 79.2 t9.8 -· ?.76. 

FREE H fi.IH4 ''A " CA MG C •T su~ 

Uff.l/L 

1 0,4 65.0 19,0 3,& ss.o £17.0 2(J2. 
2 38.0 49.0 15,0 l,5 34.0 23.0 2.?0, 

AVG 1().7 &o., 17.(J 3.& 49.2 ~0.4 272. 

.. 

,, 



TABI.f A •?' C:ONTTN!JE'O. 

SITE "' 
COLLECTION EFFICIENCY = ? (NO PAINGAUGE DATA) 
ll~IITS ARE UMOLIL UNLESS NOT EO 

• 

STAGE START (GMT) OT R•R•TE LAij PH CONO I n"-J BAL 
DAY HR HR MM/HR UMHn/CM 

• 
I MOE MOE MOE MOE 4.44 !SA -0.32 

AVG •• "·tl" •• •0.32 

502 so• N02 N03 CL P04 HI su~ 
IJE~/L 

I "'" 160,0 NAP 140.0 31.0 <0.2 "q 1 • 
AVG •• 160,0 •• 140.0 31.0 •• ta<H. 

FREE H NH4 NA K CA MG CAT SUM 
IJfr:I/L 

I 36.3 110.0 28.0 3,7 55.0 33.0 354, 
AVG 36.3 110.0 28.0 3,7 55,0 33.0 354. 

• 

• 



TARU: A • t'' CONTTI\IUEO. 

SITE 51 

COLLECTION EFFICIENCY : o.ea Uf>!!TS AOE UMOL/L U~ILESS ~In TEO 

' STAGE START (G~Tl OT R•R.ATE LAB PH CONO tnN AAL 
OAY HR HR \t"''/HR Uf-AHO/C~ 

I 4•17 8,36 0.16 £1.157 5.9. £16,0 -0.35 • 2 4•17 8,52 0,52 1. 44 4,44 22.0 •O.Z4 
3 4•17 17,04 0.15 5,12 £1,38 22.0 -0.07 

AVG 2.71 4,SA 30,0 •0.22 

S02 so• N02 N03 CL P04 AN su~ 

UE~/L 

I NAP 130,0 NAP 120,0 25,0 <0,2 40'5, 
2 NAP 3q.o NAP 2b,O •.1 <0,2 t 0 8. 
3 NAP 2q,o NAP 18.0 ••• <0.2 AO, 

AVG •• 66.0 •• 54,7 11 • 2 • • , Q~. 

FREE H NU£1 NA K CA MG CAT SUM 
UEf1/L 

I 1.0 67.0 11. 0 3,3 51,0 41.0 ?.~4. 

2 3&,3 '·' 2,0 0,4 12.0 8,0 AS. 
3 4\,7 8,5 I • & ci'J,4 1,1 "·' 15, 

AVG 2&,3 21.4 &,9 1,2 25,4 17.9 t48. 

,, 



TARLf A • 2, CONTTNUEn, 

SITE 5? 

COLLECTION EFF!C!E"CY ; I • 0 4 U"!TS ARE UMOL/L UNLESS NnTE() 

• 
STAGE START (GMT) OT Q•RATE LAR PH CONO ION BAL 

DAY HR HR MM/MR UMMO/CM 

I /.1•17 7,73 0,21 3. 1 7 4. 2 1 so.o •0,14 • 
2 1.1•17 7 ,'HI 0,62 1,0& ~. t 0 38,0 -o.os 
3 4•17 R,57 o,oe t,sq !SA !SA --

AVG t,sq 4,15 1.11.1,0 •0,10 

502 504 N02 N03 Cl P04 AN SUM 
IIEr.l/ l 

I <0,2 Qi.I,O "'p 71.1,0 12,0 <0,2 274, 
2 <1'1,2 44,0 NAP 32,0 6,4 cO,?. 1?6, 
3 NAP 45,0 NAP 'B,O 1 0. 0 <0,2 133. 

AVG -- 67.0 -- '5, • 3 0,3 -- tCJ'i, 

FREE " Nl-!4 NA K CA MG CAT su~ 

IJEn/L 

I &1.7 5B ,0 12.0 4,6 36,0 1 5. 0 238. 
2 7q,ll 14,0 2,4 0,6 8. 1 3,7 120. 
3 !SA 25,0 4,3 0,8 !SA !SA !SA 

AVG 70,5 35.,1 7,0 2,5 2?,0 0,4 t 7 q. 

• 



TABLE: " • ? , CONTTNIJEO. 

SITE 53 

COLLECTION EFFtCJFNCY • o.7fl UNITS ARE UMOL/L UNLESS NOTED 

'" STAGE START (GMT) DT R•RATE LAB PH CONn JON BAL 
DAY HR HR MM/HR UMHn/CM 

• I IJ•t& 22.AO CJ.37 o.oCJ a.sCJ 38.0 -o.os 
2 4•17 8.17 0.64 1.1CJ 4.23 28.0 ·0.12 

AVG 0.1& t.a.3a 3'3.3 ·0.08 

502 so• N02 N03 CL P04 "' su~ 

IIEQ/L 

1 NAP 8'3.0 NAP 4CJ,O 16.0 <fl.2 231. 
2 NAP vs.o NAP 23.0 6,4 cn.2 ••• 

AVG •• 60.5 •• 36.8 11. s • • 16CJ. 

FRE~ H NHU NA K CA "G CAT Slll-1 
Ufn/L 

1 25.7 67.0 14.0 4,7 34.0 20.0 210. 
2 s.,.CJ 3,0 2.3 co.« 7.8 3,0 8A, 

AVG 41.2 37.1:) s.s 2,5 21.7 12.5 1 5.1\. 

" 

A•31 



TAALF ,. • 2. r:OMTTNUEI). 

SITE 54 

COLLECTION EFFICIENCY = t • 7 7 UNITS ARE IJMOL/L UNLESS N{lTE:D 

• 
STAGE START ( I';M T) OT R•RATE LAR PH CONO Tflf-.1 RAL 

DAV "" HR MM/I-IR UM!-10/CM 

I 4•16 22.67 Q,4Q 0.07 4,52 at.o -o.oe • 
2 4•17 8,1b 0,56 0,98 4.27 30.0 -n.otr, 

AVG o.t2 4.3CJ 3~.0 •0.07 

502 so• N02 N03 CL P04 AN SUM 
UEf.!/L 

I NAP 83,0 NAP 74,0 \ 7. 0 <0.2 257. 
? NAP 40,0 NAP 2Q,O 5.7 <0,2 115. 

AVG •• &3,5 •• 53.5 II • q •• 1Q2. 

FREE H NH4 NA < CA MG CAT SUM 
IJEQ/L 

I 30.2 71,0 11.0 4.3 33,0 24.0 23&. 
2 53.7 12.0 2.7 <0,4 12,0 7.7 1 0 8. 

AVG ao.q 44,2 10,5 2.3 23,5 16,& 17A, 



TAALF " • 2, Cf1NTPHifD. 

SITE ss 

COLLECTION EFFICIENCY = 1.37 1/Nl TS ARE UMOL/L UNLESS 1\I()JE'D 

,, 
STAGE START (GMT) or R•RATE LAB PH COND TON RAL 

DAY HR HR M"l/HR UMHO/CM 

1 l.J•lb 22,RA Q,43 ('1,07 5,2'8 31,0 -o.ts 
' n.so a.31 .. o.tt 2 4•17 8.12 1,3(' 3&,0 

l 4•17 8,82 0,?6 t,qA £1,13 41,0 -0.04 
AVG o.1e Q,QO 35.,6 -o. t 1 

502 sna N02 NOl CL PM AN SUM 
IJE~/L 

1 0.2 59.,0 NAP Q3.,0 zn.o <0.2 231. 
2 <0,2 82,0 NAP 7Q.,O 18.,0 <0.2 ?.'51;, 
3 0.1 ss.o ~AP Qf'I.,O B.S <0,2 t&S, 

AVG 0. 1 6&.2 -- 73.,0 1&.1 -- 221 • 

FREE H NHU NA ~ CA MG CAT SUM 
IJEQ/L 

1 5.2 32,0 1 4. (I 5.2 40,0 31.0 \QA., 
2 qq,o st.o 20,0 2.6 32.0 21.0 22q. 
l 74.1 3t.o 5.6 3.1 1 a. o a.s !Sq. 

AVG 40,2 3A,6 11.8 3.7 2q.q 21.1 '""· 

,, 

" 



TABLE ~>.?, rnNTt~ur:n. 

SITE 56 

COLLECTION EFFICIENCY = 1.10 UNITS ARE UMOL/L UNLESS WH El') 

• 
STAGE START fG'-'Tl OT R•RATF t A. q PH CONO rnr-.1 BAL 

DH HR HR i'<IM/~R UMHO/C"-' 

1 4•U• 23,05 0, II 1.~8 Q,£12 I~A 0,01 • 
2 4•16 23,16 10,37 0,06 4,01 &o.o •0,11 
3 4•17 q.s~ O,Otl 6,71 4,00 54,0 -0.1? 

AVG 0, II 4,05 58.2 -o.oq 

502 504 N02 '103 CL P04 AN SlJM 
1JEQ/L 

I NlP 8b,O NAP fl~.o 1 3. 0 !Sl 2'53. 
2 NAP too.o NAP 77,0 l 7. 0 c0,2 ~9/J, 

3 NlP A6,0 NIP 75,0 t~.o !SA 2h0, 
lVG -- q4,3 -- 7'5,1 tS,ll -- 279, 

FREE H NH4 NA • c• MG CAT SliM 

IJEO/L 

I 38,0 91,0 13,0 4,q :n.o 21,(} 255, 
2 97,7 &1,0 18,0 2,2 27,0 15,0 2~3. 
3 100,0 &4,0 12.0 ct,O 19,0 8,2 230, 

AVG R8,7 66,6 15,7 2 ,I 26,0 lt1,3 25£1, 

• 

• 



TABLE A..2, r:r:HITT~JUF.D. 

SITE 57 

COLLECTION EFFICIENCY = ? (NO RA.!NGAUGE OATA) 
UNITS ARE UMOL/L UNLESS Nf'lTED 

"' 
STAGE START (GMT) OT R"RATE LA.R PH C:OND ION F.!AL 

OAy HR HR M~/HR Ut.otHO/CM 

• I MOE MOE MOE MOE 4.07 5a.o -o.o& 
AVG •• 4.07 SR.O -o.o& 

S02 so• N02 N03 CL pna A tl.l S l!f.l 
IJEQ/L 

I NAP q6.0 NAP 6q.o 15.0 <0.2 276. 
AVG •• q6.0 •• 6q.o 15.0 •• 276. 

FREE H NH4 NA • CA 14G CAT SUM 
UEQ/1_ 

I 85.1 70.0 2ll.O 1.6 25.0 14.0 2Sc:l, 
AVG 85.1 70.0 2ll.O I • ~ 25.0 tll.O 2Sq. 

• 

•• 



TAALE A •?, CO~IT INUF:n • 

SITE SR 

COLLECTION EFFICIENCY • 1.65 UNITS A~F. IIMOL /L UNLESS NOTED 

• 
STAr;E START (G~Tl OT Q•R4TE LA9 PH CONn IOr..J PAL 

QAY HR HR M~~/HQ IJ"''HQ/CM 

I 4•17 9.~q 0.04 14.~A 4.20 51.0 •0.06 • 
2 4•17 q.73 o.o3 14.~8 4.36 37.0 ·0.04 

AVG 14.68 4.26 u.s.3 •Q.06 

502 S04 N02 N03 CL P04 '" SUM 
tiEQ/L 

I NAP 87.n ~!AP &B.O 14.0 <0.2 256. 
2 NAP 54.0 NAP 56.0 zo.o <0.2 184. 

AVG -- 73.4 -- 63. 1 16.5 -- 226. 

FREE H NH4 NA K CA MG CAT S!J"' 
UEO/L 

I ~3.1 q~.o 17.0 1.4 23.0 ••• 24011 
2 43.7 62.0 17.0 >.7 20.0 s.• 111,. 

AVr; 55.1 82.,0 17.0 I • q 21 •• 7.2 214. 

• 

• 



T.&.RLF A.2, cnNTTNUED. 

SITE 61 

COLLECTION EFFICIE,CV = fl.qo tJNITS ARE IJMOL/L UNLESS ~JnTED 

,, 
STAGE START (GMT) OT R•RATE LAB PH CONO ION AAl 

OAY HR HR MM/Hq UMHO/CM 

1 4•16 21.8~ 10.02 0.07 4.06 5B.o -0.11 
2 4•17 7,AI) 0,44 1,68 4,64 14.0 •0,07 
3 4•17 8,30 0,22 3.26 4,15 40,0 •0,03 
4 4•17 8,52 O,OCJ 3,.26 4,22 !SA -o.oq 
s 4•17 8,&1 0,02 3,26 I SA !SA --

AVG 0,24 4,22 37 •. 3 •0.07 

S02 504 N02 N03 CL P04 AN SUM 
UErl/L 

1 NAP Q4,0 NAP 58,0 12.0 <0,2 258, 
2 NAP t7. t') NAP 15.0 ••• <t"1,2 56. 
3 NAP so.o NAP 33,0 7.8 !SA 141 • 

• NAP aq.o NAP 36,0 a.1 <0,2 143. 
5 NAP 57.0 NAP 41,0 t3,0 <0,2 tbB, 

AVG -- 53,2 -- 3'5,6 e.q -- 1 s 1 • 

FREE H NH4 NA K r:A MG CAT SUM 
UEO/L 

I 87.1 '50.0 12.0 ••• 28,0 1t .o 23t • 
2 22,q 11 .o I • 7 <t.o 3.7 1 • 3 52. 
3 70,8 42.0 s.q <1,0 6.5 z.• 136. 
4 &0,3 22,0 6.0 <t.o 13.0 8,2 t 3 t • 
5 !SA ?.4,0 ••• 7.5 !SA !SA !SA 

AVG 60.3 3£1,4 b.b 1 • 5 12.8 5.3 t3Q, 

• 

• 



TARLE " • .?. , r:nNTifiJUED. 

SJTE" b2 

COLLECTION EFFICIENCY • 1.14 UNITS ARE UMOLIL UNLI:SS NOTED 

• 
STAGE START (GMT) OT R•RATE LAB PH CONO !ON BAL 

OAY HO HO M!oi/HR U!oo~H('I/CM 

I a-t& 22.q4 9,3q 0,07 4,67 33,0 •O,tf.. • 
2 4•17 8,33 0,05 14,09 a,t2 45,0 •0,07 
3 4•17 A,3a 0,03 14,09 1.1,17 !SA •0,01 

AVG o,te a.27 3q,o •0,09 

502 so a N02 N03 CL PO a '" SUM 
UEO/L 

I 0, I 73,0 NAP 57,0 ~.3 <0,~ 212. 
2 0,1 02,0 NAP 42,0 A,S <0,2 I 7 5, 
3 0,2 46,0 NAP 30,0 5,7 <0,2 t?B, 

AVG 0,1 ,?.,3 -- 44,A 8, I -- t 7 R, 

FREE H NHa NA K CA MG CAT SUM 
UEI"J/L 

I 21,4 41,0 &,7 1.7 3'5,0 20,0 181 • 
2 75,9 tl4,0 5,3 <1,0 t2,0 &,8 103, 
3 67,6 3&,0 a,a ct,O &,2 2,7 126. 

A.Vr, 53,2 40,9 5,& 0,& t9,3 10,8 1 , 1 • 

• 

• 



TARLF A, 2, C()NT I ~!lJE:D, 

STTF: 63 

COLLECTION EFFICTE'CY = n.95 UNITS ARE IJMOL/t. UNLESS f\lnTE:O 

"' SHGE START (GMT) OT R•R4TE LAB PH cmm Jnf..l BAL 
DAY HR HR MM/J.IR UMHn/CM 

I 4•1& 22,45 9.4q o.o7 4.'lo 40,0 ·n.t3 
2 4•17 7,qtl 0,&0 1.15 4,37 28.0 • (I. t 1 
3 4•17 8.54 0,47 1.47 4,05 4A.O -o.o-s 

AVG o,zo 4,26 38.7 •0.10 

S02 504 N02 N03 CL P04 AN SUM 
UEQ/l 

I NAP 65.0 NAP 67,0 11 • 0 <0,2 248. 
2 NAP 45.0 NAP 29,0 4.q .c0,2 124 • 
3 NAP 62.0 NAP 52.0 q.5 .c0,2 1~6. 

AVG -- 64,0 -- aq.3 e.5 -- 1 ~ 6. 

FREE H NH4 NA K CA MG CAT SUM 
UEQ/L 

I 31.& as.o 13,0 ~.7 3&.0 23.0 217. 
2 42.7 2'5.1'1 2.4 <t.() 12,0 8.7 111 • 
3 sq.t 47,0 7. I <( 1 • 0 \1,0 5.6 17b, 

AVG sa.s 40,0 7,5 2.2 tq,7 12.4 1,A • 

• 

,, 



TAALf A •?., cnNTJNUEn. 

SITE '4 

COLLECTION EFFICIENCY • o.•• IJI\IITS ARE UMOL/l UNLE:SS t<JnTEn 

STAGE START (GMT) DT R•RATE LAB PH CONO ION • AAL 
DAY HR HR ~M/HQ UMHO/CM 

I 4•1b 22.23 6.70 o.to 4.60 33.0 -o.oq t 
2 4•17 4. 1n 3.75 o.tR 1.1.07 51.0 -o.n7 
3 4•17 8.68 o.o.? 30.38 4.34 25.0 0.03 • 4•17 A.70 o.o2 30.38 4.40 tq.o o.tt 
5 4•17 8.73 o.o2 30.3A 4.35 ?2.0 o.o7 
• 4•17 8.75 o.o2 23.08 4.27 3t.o o.oo 

AVG 0.3b 4.31 30.1 o.ot 

802 504 f\102 N03 CL P04 AN SUM 
UED/L 

I 0. 1 6&.0 NAP 5~.0 12.0 <0.2 202. 
2 0.1 70.0 NAP S4.0 12.0 <0.2 ~06. 
3 o.t 30.0 NAP 23.0 4.2 <0.2 87. 
4 o.t 20.0 NAP 13.0 3.2 <0.2 s.. 
5 o.t 2'5.0 NAP tq.n •• 8 c0.2 74. 

• NAP 42.0 NAP 3&.0 7.5 c0.2 128. 
AV!; o.1 42.2 -- 33.7 7.3 -- 125. 

FRE~ H NH4 "' K CA MG CAT SUM 
!JE!Ul 

I 25.1 SQ,.O 13,.0 2.7 26,.0 16.(1 lAI.I. 
2 AIS.l 5&"0 7 •• c1.o 14.0 7.5 1q2. 
3 as.7 23.0 ••• ct.n s.3 2 •• qo. 
• 3q.8 ta.o I • 6 ct.o 2.b I • 0 63. 
5 lU. 7 ?4.0 3. I c s • 0 2 •• I • 0 en. • 53.7 38.0 5.0 c t • (l tn.o 5.4 128. 

AVG 48.8 35.5 5.• o.5 10.1 5.6 122. 

• 

• 



TARLE A • 2, CONTIN!Jfl). 

SITE &5 

COLLECTION EFFICIENCY = o.qo IJNTTS ARE UM0L/L \INLESS NO TEO 

STAGE START [GMTl DT R•RATE LAA PH CONn rnr-.1 AAL 
DIY HR HR MM/MR UMMO/CM 

t 4•1b 22.02 tll.88 Q. I 1 4.29 so.o •0.13 
2 4•17 4.90 3,85 0,19 3,99 57.0 •O.OE-
3 4•17 8.7'5 0,25 2,q3 A • 11 35.0 -o • <H 
4 1.1•17 9.01 O,b7 0,55 4,20 35.0 •0,03 

AVG 0,22 Q,t4 45,6 •0.06 

502 S04 N02 N03 CL P04 AN su~ 

IIEO/L 

t "'p 91.1,0 NAP 83,0 lf-1,0 <0,2 287, 
2 NaP 74.0 ~AP 61,0 10,0 .r:0,2 219, 
3 NAP 42,0 NAP 39,0 5,8 <0,2 129, 

" NAP £1'5,0 NAP Ut,O b,& <0,2 13A, 
AVG •• b6,4 •• '58,1 1 0. 0 • • 201. 

FREE H NH4 NA • CA MG CAT SUM 
UEQ/L 

1 51,3 77,0 14,0 1 • q 32,0 22:,0 252. 
2 102.3 70,0 7,7 ct,O ~.7 4,4 206, 
3 67,6 41,0 •• 1 ct,O 5.2 2,3 128. 

" &3,1 45,0 •• 2 ct,O 7.2 3,7 134, 
AVG 72,2 60,1 8,0 0,5 14,1 8,7 187. 

' . 



HBLf A • 2, Cf1NTINIJE:O. 

qnE •• 
COLLfCTION EFFICJE'ICY • 0 1

1HI U"ITS ARE UMOLIL UNLESS NOTED 

' 
STAr;F:: START (GMT) OT R•RATE LAB PH CONO TON BAL 

OAY HR HR MM/HR UMHO/CM 

1 4•16 22.56 10.3/J 0.07 4,07 63,0 •0,09 
2 •·17 8,90 0,20 3,55 4,24 32,0 •0,07 
3 4•17 •• 10 0,07 t0,43 "· 32 ?5,0 o,oo 

" 4•17 9,17 0,07 10,43 4,07 tLO,O •0,02 
AVG 0,26 4,U, 41,5 -n.os 

502 504 :\102 f'm"3 CL PQa AN su~ 

UF(,l/L 

I NAP en ,0 NAP en ,o 27,0 <0,2 312. 
2 NAP 45,0 NAP 32,0 ••• <0,2 12b, 
3 NAP 3~.0 ~J AP 23,0 •• 2 <0,2 q I • 

• NAP 56,0 NAP 50,0 7 •• <0,2 1 7 0. 
AVG -- 57,5 -- 49,0 1 n. a -- i 7 5. 

FREE H NHa NA • CA MG CAT SUM 
UEntL 

I AS, 1 qo,o 2e,o 1 • I 2&,.0 14. 0 ?RIJ, 
2 57,5 33,0 s.o <1,0 7.5 ~.7 t 1 A I 
3 47,9 27,0 2 •• <C\,0 ••• 2 • I q I • 
• RS,t ss.o 5. I <t,n 7 •• 3. I Hb. 

AVG &8,9 51 • 2 10,2 n.3 1 1 • 4 5.7 1~5. 



TARLE A,?, CnNTPJIJf.:n. 

SITE •7 

COLLECTION EFFICIENCY = o.o5 UNITS ARE UM0L/L UNLESS ".InTEl) 

"' STAGE START (GMT) OT R•IH TE LA~ PH CONO ION BAL 
OAY HR HR ~M/Io!R t)MI-!0/CM 

I 4•16 22,57 0,03 21.7& Q,l)ll so.o •0.02 
2 4•16 22,60 0,03 21.76 4,2q 28,0 •0,02 
3 4•1& 22,&3 10,1.l7 0,07 4,20 t&O,O 0,04 
4 4•17 9,10 o,oe f',zq 4,30 2&,0 0,03 
5 4•17 q .1 A O,OA 8,29 4,11 £11,0 o,oe 

" 4•17 q,i!1 0,08 8,29 4,11 40,0 0.10 
7 4•17 9,35 O,OA ~.29 4,04 48,0 0. 1 1 
8 4•17 9,1.13 O,Ob 8,29 4,22 31 • l'l O,t2 

AVG 0,49 4,15 38,2 O,OS 

502 sna NC!CI N03 CL Prl4 AN SliM 
UEQ/L 

I <0,2 62,0 NAP 44,0 14,0 cn,2 182, 
2 0,2 32,0 NAP 30,0 11 • 0 <0,2 105, 
3 0 ,I 53,0 NAP 41,0 12,0 <0,2 tsq, 

" <0,2 32,0 NAP ?.2.0 3,4 <0,2 ••• 
5 0,1 42,0 NAP 40,0 4,0 <0,2 129, 

" 0,1 3o.o NAP 40,0 4,5 <0,2 t23, 
7 0 ,I 48,0 f',IAP 50,0 5,3 <0,2 15 t • 
R 0, I 32,0 PIIAP 29,0 3,8 <0,2 07. 

AVG 0,1 42,8 -- 37,2 7,5 -- 130, 

FREE H ~-4 NA K CA MG COT SUM 
lJEQ/1. 

I 91,2 35,0 5,4 <1,0 tb,O 7,2 17 p,. 
?. 51,3 27,0 7,0 <1,0 5,0 3,0 103, 
3 &3,1 4&.1) t 1 • (I < 1 • 0 14,0 q ,I 16&, 
4 50,1 24.0 3. 1 <1,0 5. 1 2.3 q2, 
5 77,6 47,0 3,4 <1,0 a. 1 1,7 1 4 0. 

• 77.& LiR,O 2,7 <1,0 2,8 o.• 136, 
• 7 q1,2 68,0 3,3 <1,0 2,4 o.• 16q, 

8 60,3 37,0 3.~ < 1 • 0 3,2 o.• 109, 
AVG 70,6 41,1, 5,0 -- ~-~ 3,3 137. 

' ' 



TABLF=' A.2, CONTTNI!F:O. 

SITE 71 

COLLECTION EFFICIENCY = t.os UNITS ARE UMOL/L IJNLESS NOTED 

• 
STAGE ST"RT (GMTl OT R•RATE LA8 PH CONO TO~! AAL 

DAY HR HR MM/HR IJMHO/CM 

I 4•H 21.'50 CJ,qq 0,07 4.04 61.0 -o.o1 • 
? 4•17 1,llq o.st o.eo 4.01 5?.0 0,07 

AVG o.to 4.03 57.6 0,02 

S02 so• N02 ~03 CL P04 AN SUM 
UErJ/L 

I 0,1 R4.0 NAP 70,0 14,0 <0.2 252. 
? NAP "57.0 NAP 45.0 8,4 <0.2 11;7. 

AVG 0,1 73.7 •• 60.4 1 1 • q ·- 22(), 

FRI'E H NH4 NA • CA ~~G CAT SliM 
UEOIL 

1 ql,2 sq,o 13,0 2,7 3!.0 11.0 2'50 • 
2 CJ7.7 i?ti,O 8,5 <2,0 1&.0 8,4 17q. 

AVG ~n. 1 45,6 t1. 3 1,7 2'5.3 10,0 2?.3. 

• 

.. , 



ThALl: /. •? r r:nNT!NllF:f"l. 

SITE 72 

COLLECTION EFFICIENCY = 0.7CJ UNITS ARE U~OL/L UNLE:SS NOTED 

"' STAGE STAPT (GMT) OT •-•nE LAR PH coNn !ON RAL 
OAV HR "" ~M/HR Uf-4HO/CM 

,, 1 4•16 21.oq 1£1.&4 n.l'l~ a.t3 52.0 o.oo 
2 4•17 11. 7q 0.07 ~.oe 4.43 31.0 •0.1~ 

AVG o.oq 4.21 aa.q •0.07 

502 504 N02 N03 CL P04 AN su• 
IJE~/L 

1 NAP 7&.0 NAP 71.0 t 2. 0 co.~ 23S. 
2 NAP "5q.() NAP &&.o •.a <0,2 t.~n. 

AVG -- &R.5 -- &q.3 tO.CJ -- 217. 

FREF. H NH4 NA K CA MG CAT su~ 

UE~/L 

1 74,1 67.0 1 2. 0 2.7 27.0 12.0 234. 
2 37.2 3CJ.('I q.1 1.2 23.0 q.& t52. 

AVG 61,1; 57.5 11.2 2.2 25,6 11,2 21'1fl, 

• 

. . 



TAF:ILE A , 2, CONTTNUF.:n. 

SITE 73 

COLLECTION EFFICIENCY = 0.47 UNITS AR~ UMOL/L UNLESS NOTI:O 

• 
SUGE START (GMTl DT R•RATE LAB PH CONn InN BAL 

!JAY HR "" MM/1-!R U~Hn/CrA 

I 4•16 21,9'4 II • & 0 o.t2 4,35 2R,O .. o.t3 • 
2 1.1•17 q,~l.l MOE MOE !54 !SA --

AVG -- 4,35 28,0 ·0.13 

502 504 N02 N03 CL P04 '" SUM 
UE:Q/L 

I NAP 4?.,0 flU P 3c;l,0 tl,O co.~ 1 36. 
2 NAP 57,0 NAP 57,0 10.0 <0,2 Pll. 

AVG -- 1.12,0 -- 3q,o t~.o <0,2 13"'· 

FREE H """ NA ' CA MG CAT SU"' 
llfl'l/L 

I lUI • 7 31.0 12,0 <1.0 1 0. 0 5.8 119. 
2 !SA 37.0 to.o I. 3 t7. 0 8.4 !SA 

AVG 44.7 3t.n 12,0 <1.0 t 0. 0 5.A 11 q. 

.. 

.. 



TARLE" A • 2, CONTINUEn. 

SITE 74 

COLLECTION EFFICIENCY • 1.34 U~ITS ARE UMOL/L U~ILESS ~OTF.D 

..• STAGE START CG•Tl OT R•RATE LAB PH COND ION BAL 
DAY HR HR ~M/HR UMHO/C~ 

I 4•17 8.23 3.th 0.21 &.20 39.(1 .. o.oe. 
2 4•17 11 • ~ 0 0,58 1 ,13 ~.43 36,0 ·0. t 0 
3 11•17 ll.QA 0.23 0,74 4,47 30.0 -0,02 

AVG o. 3 7 4,&q 36,6 -0,08 

502 504 N02 N03 CL P04 AN SUM 
UEQ/L 

I 0. I aq,o NAP 81.1,0 1'5.0 <0,2 277. 
2 o.1 &8,0 NAP 71,0 to.o <0.2 1?17, 
3 NAP 48,0 NAP ~5.0 7.6 <0,?. tsq, 

AVG 0.1 75,0 -- 74,q 11 • q -- 237. 

FREE H Nt-ll.l NA K CA ~-IG C>T SUM 
!!EQ/L 

t 0.6 130,0 11 • 0 "·' 33,0 20,0 25&, 
2 :37.2 aq.o 6 •• 2.4 32.0 18.0 1•s. 
3 33,q 43,0 •• 2 2.4 27,0 s.o t'5<;, 

AVG 20,& 84,2 8.6 5.1 31,9 17.7 218. 

• 



TABLE A • 2, Cl'lNTTN!!En. 

51 TE 75 

C0LLEC7ION EFFICIENCY = t,OA !Jt>.l IT 5 ARE UMrJL/L UNLESS NOTED 

• 
SHGE START (GMT) OT R•RATE LA8 PH cnt-1n !ON BAL 

OAY HR HR MM/HR U~HI'l/C~ 

I 4•16 21.85 0.! q '3,46 4,11 57.0 •0,05 l 
2 4•16 22,04 10,89 0,06 3,A9 74,0 •0,02 
3 4•17 e,cn 0,33 2.00 4,38 26,0 •0,0~ 

4 4•!7 '9,26 0,2« 2,74 4,01 51.0 0,03 
5 4•17 q,so 3,te 0,?1 £1,87 •• 6 0. 0 1 
& 4•17 12.6~ o.ot 65,64 4,35 3!.0 o.o~ 
1 4•17 12,69 o.o1 65,6/J 4,49 19,0 0,06 

• tl•l7 12.70 0. 0 1 65,&4 4,52 17.0 0.05 
AVG 0,34 4,22 36.7 0,00 

502 S~4 N02 Nn3 CL P04 AN SUI-'! 
UEO/L 

I NAP .6.0 NAP 75.0 22.0 <0,2 289, 
2 NAP 96,0 N4P 73,0 27,0 <0,2 292, 
3 NAP 45,0 NAP 37,0 ••• <0,2 136, 
4 NAP 67,0 NAP 55,0 ••• ISA 19q, 
5 ,.1 A.P 15. !'! N4P 14,0 5.3 <0,2 ••• 
6 NAP 46,0 NAP 4,,0 6.~ <0,2 145. 
1 NAP 27,0 NAP 2li,O 3.6 <0,2 A2. 
8 N.AP 23,0 N.P 21,0 3.4 <0,2 70. 

AVG -- 53.6 -- 44,5 11 • 3 -- 1,.,3, 

FREE H NH4 "' K CA MG CAT SIJf.A 
UEQ/L 

I 77,6 Pi&.o 24,0 5.1 2!i.O 15.0 27'5. 
2 l?.'3.P. &Pi.n ?2.0 6.3 2 t • n q.o 2,A;c;. 
3 41.7 49.0 7,3 I • • 8,8 4.2 126. 

• rn. 7 n.o •.s ! • ~ 8,2 2 •• 21)£1. 

'; 1 ~. 5 22.0 3.5 <2.0 "·' I • • sn. 
• ll4.7 6?..0 5.2 I • A 1£J.tl 3.7 1 4 q. • 
1 32.4 33.0 3. 1 1.0 7.3 I • 'i •1. 

' 30.? 27.0 2.3 < 1 • 0 6.2 I • 1 10. 
AVG 60.0 s~.o 1 0. 1 2.3 12.3 5. I 1 61 • 

•• 



TABLF 4,2, CI'INTINUEfJ, 

SIT F. 76 

COLLF.CTION I!FFICIENr;Y = 1,05 UNITS ARE UMOL/l llNLESS "'JnTEn 

STAGE START (GMT) OT R•RATE LAB PH CONO I O~J All 
OAY HR HR MM/HR UMHO/C~ 

"' I 4-17 8,54 0,25 2,b6 6,60 75,0 0,21! 
2 4•17 8,7q 0,25 2,66 4,2& 33,0 .o. o s 
3 4•17 q,o4 0,21 3,\q 4.25 30,0 -0,17 
4 4•17 CJ,24 0,21 3.20 4,13 3&,0 0,00 
5 4•17 9,415 0,02 43,«H 4.71 q.5 o.oq 
6 4•17 q,46 0,01 79.915 4,22 30,0 -o.o& 
7 4•17 9,41 0,01 1q.qs 4,34 23,0 -o.o1 

" 4•17 9,48 0. 0 t 79,1;14 4,42 19,0 •0,03 
q 4•\7 9,Liq 3.55 o,qt !SA TSA 0,00 

AVG 1.~9 4,36 31.9 o.oo 

S02 504 f-102 N03 CL P04 .,, SLIM 
11€f"J/L 

I NAP 160,1'1 NAP 18,0 27.0 4.3 378, 
2 NAP 53,() ti.JA p 3A,O 7.7 c0,2 !52. 
3 NAP so.n .. p 37,0 &.q cQ,2 144, 
4 NAP 42,0 NAP 33.0 s.s c0,2 123. 
5 NAP q.7 NAP s.s 2.7 c0,2 31 • 
b NAP 3R.O ~lAP 29,0 s.4 c0,2 1 t 0. 
7 NAP 30,0 t-.!AP 2t.O 3.7 c0,2 ~s. 
a NAP 25.0 ~·p t7. 0 3.8 c0,2 71 • 
q !SA !SA !SA !SA !SA !SA o. 

AVG -· st.o -· 25,2 1.a 0.5 ~5. 

FREE H ~H4 NA " CA MG CAT SUM 
liEQ/L 

I 0.3 330.0 32.0 .?3.0 ~7.n 21.0 501, 
2 '55,0 47,() •• 2 2.4 1 1 • 0 s.r l 4 4. 
3 56.2 aq,o 3.2 1.4 4.3 I • 6 1 2 2. 

" 74,1 32,0 3.q 1.0 3.• t • ~ 122. 
5 1 q. 5 10.0 o.a cl),4 1 • I 0 • I_J 33. 
6 60,3 30,0 3,3 ct.o u.o 1 • " 104, 
7 45.7 25,0 2.5 I • 3 3 •• I • 2 A4. 

• 3A,O 2o,n 2.2 •1 • 0 3.1 I • I '"· • q rs• !SA !SA !SA !SA !SA o. 
AVG 1.13. b b7,q 6.• 3.6 B.S •.3 0 I • 
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