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A Method for Estimating Materials Fluxes
from Coastal Wetlands into the Great Lakes,
with an Example from Lake Erie

Kenneih A. Krieger, Ph.D).
Water Quality Laboratory, Heidelberg College, Tiffin, Ohio 44883

Abstract

A method is presented in detail for the quantitative estimation of the flux of water and
dissolved or suspended materials through coastal wetlands of the Great Lakes where the
juneture of the wetland and lake is consiricted by a narrow opening. Application of the
method requires frequent {e.g., hourly or daily) data on atmospheric deposition, precipiia-
tion, evaporation, upstream discharges from tributaries, wetland water level changes, and
water chemistry data. at upstream and downstream locations, as well as a detailed
knowledge of wetland depth-area and depth-volume relationships. Data collected during
October 1989 are used to demonstrate the method.
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A Method for Estimating Materials Fluxes from Coastal
Wetlands into the Great Lakes, with an Example from Lake Erie

INTRODUCTION

The need to understand the water quality functions
of wetlands has long been recognized (Zedler and
Kentula 1985, International Joint Commission 1986,
Mitsch and Gosselink 1986), and within the past
two decades, models have been generated to ad-
vance this understanding for various types of wet-
lands (Mitsch et al. 1988). Along the shores of the
Laurentian Great Lakes, coastal wetlands are be-
lieved to play an important role in the amelioration
of pollution. The riverine wetlands at the flooded
mouths of Great Lakes tributaries (so-called “Great
Lakes estuaries’; Brantand Herdendorf 1972, Her-
dendorf 1990, Dyer 1990, Odum 1990) may be
especially important in reducing the loadings of
pollutants received from agricultural watersheds.
Mass balance studies of pollutants entering and
leaving tributary coastal wetlands of the Great
Lakes have not been conducted. Sageretal. (1985)
approached this type of study when they retated
carbon, nitrogen and phosphorus concentrations at
the mouth of a Green Bay, Lake Michigan, coastal
marsh to water levels measured during ebb and
flood phases of seiches.

The intent of this paper is 1o describe a method
for the guantitative estimation of the flux of water
anddissolved or suspended materials through Great
Lakes coastal wetlands, especially those surround-
ing tributary mouths. The environmental param-
eters that must be measured simultaneously, the
order of the steps that must be followed to calculate
the loads, the equations that are used in the calcu-
lations, and some loads computed using the method
are presented in detail.

Background

Wetlands along the shores and extending up the
tributaries of the Laurentian Great Lakes are thought
to function as sinks for a variety of materials,
including suspended sediments and sediment-bound
pollutants, such as pesticides, toxic metals and
organic chemicals (Klarer and Millie 1989,
MacCrimmon 1980). Buchanan (1982} estimated
that the Old Woman Creek wetland on the shore of
Lake Erie has been accumulating sediment fromits
agricultural watershed at the rate of approximately

one centimeter per year. It is thought that such
wetlands alsotransform some pollutants frommore
biotogically active forms to forms that have less
impact on the receiving lake. For example, ortho-
phosphate, which derives from natural sources as
well as from treated sewage effluent and agricul-
tural runoff, can cause undesirable algal growth in
the Great Lakes. The uptake of orthophosphate by
algae in the coastal wetlands, which intercept sur-
face runoff from Great Lakes tributarics, trans-
forms the orthophosphate into organic phosphorus
within the algae. The algae in the wetland are
transported into the lake during high rates of tribu-
tary flow (Klarer 1989), but the phosphorus 1s no
longer available directly to stimulate algal growth
in the lake. Depending on their individual chemicai
and physical properties, materials moving into and
through coastal wetlands follow most or all of the
hydrologic pathways shown in Figure 1.

Substantiation of the ameliorating effects of
coastal wetlands on the potlutant loads carried
down rivers from Great Lakes watersheds has been
lacking, except by the application of indirect evi-
dence from differences in pollutant concentrations
between the upstream and downstream ends of
wetlands (Klarer and Millie 1989, MacCrimmon
1980)). In order to use chemical concentrations (mg
L-1) as surrogates to determine mass transport
fusually reported in kilograms or metric tons of
material), such estimates have necessarily assumed
that the instantaneous discharge (flow rate, m¥s1)
of water into a wetland is equal to that discharging
from the wetland into the lake, which probably is
rarely the case because the water fevels of the
wetland and lake do not maintain an equilibrium.
This is itlustrated by Figure 2, which compares the
constantly changing levels of the Old Woman
Creek coastal wettand in northern Ohio and con-
tiguous Lake Erie.

The only valid estimation of the differences
between input and output of materials in a wetland
is derived by measuring both concentration and
discharge at each end of the system. With that
information, the estimated load of a substance
during a selected interval of time is calculated as:
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Load = Concentration x Discharge x Time =
kg/m3 x m3/sec. x sec. (1)

In estimating loading in free-flowing streams,
the time interva) represented by each chemical
sample in a series of samples is typically deter-
mined by calculating the mdpointin time between
it and the previous sample and the midpoint be-
tween it and the following sample. Thus, for a
sertes of samples that were collected at equal inter-
vals, the time at which the sample wascollected lies
at the midpoint of the interval represented by that
sample. For a series where the samples were col-
lected at unequal intervals, the time of sample
coliection will not coincide with the midpoint.
{Reter to Baker (1988) for a more detailed discys-
5101.)

At discharge measurement sites on upland
streams, such as most of the gaging stations oper-
ated by the U.S. Geological Survey (U.S.G.S))
{see. forexample, Shindel etal. 1990, discharge is
a function of the river stage (water depth): the
higher the swage, the greater the amount of dis.

vharge. At such sites the U.S.G.S. develops a
Cratiay curve” that plots the discharge at each
sireine stage, Rating tables are produced that list
thedischirge fin fT3/<) for cach Shige it increments
AL foar (0 05 em) A rating able ¢ Appendix

A) has been produced for discharge in the most
downstream f{ree-flowing reach of Old Weman
Creck. a second-order tributary to Lake Erie in
northern Ohio. On the basis of the rating curve and
a record of the siream stage gathered at 15-minute
intervals, the U.S.G.S. annually publishes the com-
puted mean daily discharges (in {t/s) for cach year.
Themeandaily discharges published for Old Woman
Creek for October 1989 are shown in Appendix B.

Thedownsiream reaches of most, it not all, Great
Lakes tributaries possess a much more complex
hydrology than the upstream, free-flowing reaches.
The complexity arises from the interaction of stream
and lake hydrologic processes in the stream reach
which lies at or bejow the lake stage. In these
regions, the discharge is no longer proportional to
Stream stage; therefore, the discharge cannot be
calculated in the same manner as for free-flowing
streams. The hydrology of these “flooded” stream
reaches (and their associated werlands) is con-
trolled by six primary interacting processes, one or
more ormore of which dominates atany given time.
They include (1) upland stream discharge; (2} se-
iches and storm surges. which irregularly raise and
lower the lake stage and thus fill and drain the
wetliand and stream channel, much as the regular
ocean tides do in tstuaries; (3) periodic and some-
what SeEiSOI’lal"ﬁll-and-drain"cyclcg in small tribu-



taries, whereby a barrier beach develops from lake
surf action and dams the tributary mouth, followed
by arising wetland water level behind the dam and
eventual breaching of the dam, which allows the
water level to drop suddenly (see Figure 2A); (4)
direct precipitation on the wetland water surface;
(5) evapotranspiration; and (6) seasonal, as well as
long-term, oscillations in lake level, which affect
the extentof downstream tributary flooding,. Seiches
and stormn surges frequently reverse the normal
flow of the tributary into the lake, instead forcing

an intrusion of lake water up the channel and into the
surrounding wetland. The rapid and ephemeral
events jnvolving the fill-and-drain cycles and storm
surges, seldom observed by most visitors to Great
L akes tributary mouths, have been documented on
videotape (Krieger and Wright 1990).

Methods are available for estimating discharge
in backwaier areas subject to reversing flows with
the use of varioustypes of multidirectional velocity
meters, including mechanical, electromagnetic and
acoustic velocity meters. The characteristics ofeach
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type of meter and the complexities of their use are
described by Kennedy (1984).

Difficulties have been encountered in the use of
single meters for measuring discharge at the
drowned mouths of tributaries and in the outlets of
coastal wetlands. Adequate measurement in some
circumstances may require that muliiple meters be
employed at several points horizontally and verti-
cally within a cross-section of the outlet. During
periods of low flow, the velocity is highly variable
over time and space, and flow may simultaneously
be in opposite directions at differcnt points in the
cross-section. Such flow reversals are only detect-
able by a battery of velocity meters strategically
placed in the cross-section. These requirements
make the measurement of stream discharge atlake
level cxpensive and computationally complex.

Because of the difficultics and expense in esti-
mating discharge with velocity meters in areas
under the influence of lake stage, and when meters
are not available, it is desirable to employ an
alternative approach that is independent of velocity
measurements. One approach that has been at-
tempted makes use of the differences, atany given
point in time, in the stages at three geographic
points—one located in the wetland a few hundred
meters upstream of the discharge point, another at
the discharge point—and the third a few hundred
meters offshore in the lake. The slope of the differ-
ences is used to calculate the expected flow rate of
water due to gravitation past the discharge point,
taking into account frictional forces and other
factors.

The present report describes an aliernative
method for estimating discharge and materials
fluxes between a coastal wetland and a lake. The
method relies on a detailed knowledge of the
bathymetry of the wetland and changes in area and
volumeof the wetland asdescribed by hypsographic
(depth-area) and depth-volume curves. The method
was developed specifically to determine the loads
of sediment, nutrients and pesticides moving
through the Old Woman Creek wetland into Lake
Ere (Figure 3). The downstream loads estimated
by this method were subtracted from the upstream
loads estimated by the standard approach described
above for free-flowing streams. The difference
was the amount estimated to be retained within the

wetland or changed to other chernical states before
leaving the wetland.

ethods of Data Collection for

Discharge and Water Chemistry

The data were collected at two instrumented sta-
tions on Old Woman Creek, onc located upstream
above the influence of Lake Erie and the other
downstream at a constriction near the mouth, where
fluctuating lake levels and the shifting barrier beach
continuously modify flows and water exchange
between the wetland and lake (Figure 3). At the
upstream site (Berlin Road, U.S.G.S. station
04199155), where the creek drains 83 percent of
the total watershed, stream stag was recorded and
water samples were collected. Electrical service to
a4 winterized building permittzd the year-round
operation of automated, refrigerated water sam-
plers(Isco Model 2700 for the collection of samples
for sediment, nutrient and pesticide analysis. A
submersible pump was permasently anchored in
the creek and pumped water into a plastic washtub
continuously for about one hour before and after
cach water sample was scheduled to be collected
by the autosampler. The autosampler was timed to
collect a water sample from the washtub every
eight hours (0400, 1200, 2000 hours). From April
through August, a second autosampler collected
pesticide samples from the same washtub. Details
of the collection, analytical and quality control
procedures are described by Baker (1988).

An identical sampling protocol was followed at
the downstream site, where samples were collected
from the middle of a wetland constriction about 30
meters upstream of the U.S. Highway 6 bridge
(Figure 3). An intake pipe with a submersible pump
at the end was suspended in the water column by a
lurge float, which kept the purip above the bottom
and about (1.5 meters below the surface.

It was not desirable nor feasible to analyze all of
the samples, since three were collected each day.
During low flow periods at both sites, only asingle
sample per day (usually at 1200 hours) was ana-
lyzed, and when no surface flow was presentata
site, several days were often allowed to elapse
between analyzed samples. When storm runoff
was presentupstream, as demonstrated by increased
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wrbidity in the samples, all three samples taken
cachday were analyzed to the point where turbidity
retumed to background levels; afterwards, analy-
sis of one sample per day was resumned until the
next storm event.

Conductivity (specific conductance), as an indi-
rect indicator of the ionic content of water, is a
sensitive marker of water masses from different
sources. For instance, groundwater entering Old
Woman Creek is rich in dissolved minerals, and
during low flow, the conductivity of the creek
watcr sometimes exceeds 100mS me1 (1,000pumhos
e 1)at 25°C. During storm runoff events, ground-
water is diluted by rain water, occasionally yield-
ing creek water conductivities below 40 mS m-!.
The conductivity of Lake Erie water is almost
always below 35 mS ml, with a western basin
mean of 28.2 mS m! (Krieger 1989). By contrast,
the conductivity of Old Woman Creek wetland
water has varied from 17.6 to greater than 100 mS
m-} (Krieger 1989, Krieger, unpublished Ohio Sea
Grant data). _

At the downstream site, the conductivity of
every sample collected throughout the year was
analyzed. Abrupt differences in conductivity be-
tween two adjacent samples indicated a change in
water masses due to changing water levels or the
influx of upland storm water. Thus, two or three
samples per day were analyzed as indicated by
conductivity changes and storm events.

ethod for Calculating Materials
Fluxes

Desermination of Stage Intervals The approach
used at the free-flowing upstrearn site to calculate
the time intervai represented by each sample, in
which the midpoints in time between the previous
and following samples delimit the interval, cannot
be applied to the downstream site at lake level.
During the time between samples at the lake level
site, the wetland stage may rise and fafl several
times, usually reflecting short-term intrusions of
lake water into the wetland. Water sampled at that
site derives fromthe lake or the wetland, depending
on whether flow is directed into or out of the
wetland at the time of sampling. Because the sam-
pling site is situated about 100 meters upstream of
the mouth, water flowing upstream past the sam-
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pling point could be wetland water rather than Jake
water, which may not yet have traveled that far
upstream. However, the identity of the water mass
sampled can be determined because the wctls'mld
and lake water masses have different conductivi-
ties, as noted above. In calculating materials load-
ing, a sample can represent only the water mass
from which it was taken; the alternate water mas‘s
must be represented by a different sample. Thus, it
is necessary to know all the time intervals when the
stage was rising and falling (hereafter called “stage
intervals™) and to apply the correct water chemistry
data to each stage interval.

Two questions must be answered before water
samples can be assigned to stage intervals. Firsg,
because the sampling site is slightly inland from
the mouth of the wetland (Figure 3), was the
magnitude of the stage change sufficient for the
water mass previously sampled at the end of the
pump intake line to be replaced by adifferent water
mass? For example, during a rising stage, was the
wetland water mass displaced by a mass of incom-
ing lake water at the intake point? Second, what
resolution is desirable forrecording stage changes?
Over a period of several days, a greater number of
rising and falling stage intervals will be observed in
stage data recorded every 15 minutes than in stage
data recorded hourly. Likewise, hourly data will
yield more stage intervals than will daily dat
(Figure 2B). The largest stage changes will usually
be apparentin the daily data. Because water samples
for this project were collected every eight hours, it
makes little sense to be concerned with changes
occurring during intervals as short as 15 minutes.
Many stage changes observed even in hourly data
are small (<0.10 ft.) and of less than three hours
duration (see sample stage data sheet, Appendix
©). In the computations that follow, only stage
oscillations of at least 0.10 foot (30.5 cm) as
recorded in the hourly data were used. Even so, five
OF more stage intervals may be found within some
24-hour periods. The stage intervals of at least 0.10
foot for October 1989, as recorded in the hourly
data shown in Appendix C, are characterized in
Table I and appear in Figure 2,

Assignment of Chemical Samples to Intervals
Once the stage intervals have been determined, itis
necessary toassign a water sample to each interval



so that sediment and chemical fluxes can be calcu-
lated. Because the number of analyzed samples
varies from less than one to three per day, it is often
necessary to apply a particular sample to more
stage intervals than the one during which it was
collected. Table 2 lists the dates and times when
samples were collected in October 1989.

A protocol for assigning samples to stage inter-
vals has been developed to ensure consistency of
the process. This protocol is presented in Figure 4
in a form similar to a dichotomous key. That 1s, at
each step, or couplet, a decision about the stage
intervat or the sample, if one was collected during
the interval, must be made. This protocol was
followed in the flux calculations, which are pre-
sented later in this report. An explanation of each
step is provided here.

Step 1 requires knowing whether a water sample
was collected during the interval under consider-
ation. If so, then it may be possible for that sample
to be used for the flux calculations for that interval,
as determined in steps 2, 3 and 4. If not, a sample
taken during another interval must be applied to
this interval in order to provide concentration data
for computing fluxes.

In Step 2, the direction of the stage oscillation
must be determined. If the water sample was col-
lected while the stage was failing, the sample in-
variably will represent water that has passed through
the wetland, Thus, that sample can be used to
calculate materials flux. On the other hand, if the
stage was rising, the sample may have been taken
from either a lake water mass or a wetland water
mass (because the sampling point is slightly up-
stream of the mouth).

Step 3 provides for determining whether the
water sample can be used to calculate the flux of
materials entering from the lake. Water may be
flowing out into the lake, despite the fact that the
wetland stage is rising in response (0 a rising lake
stage. This occurs when the total water input into
the wetland from precipitation and discharge from
the upland tributaries exceedsthe change involume
resulting from the rising stage, after accounting for
evaporation. An example of this is seen in the last
stage interval for the month of October 1989 in
Table 1. In such instances, the water sample col-
lected during the interval should be used to calcu-

7

late materials flux, and the flux should be added to
the total loading to the lake.

If water was flowing into the wetland from the
lake, as determined by the calculation in Step 3,
then the identity of the water mass (lake or wetland)
at the time of sampling must be determined before
a decision can be made whether to use the water
sample taken during that interval. This decision is
made in Step 4 by obscrving the conductivity of the
sample, since this property provides a “signature”
for lake water. Values below about 35 mS m'! in
the wetland result either from the intrusion of lake
water or from the influx of low-conductivity storm
water from upstream. If the sample conductivity is
jess than 35 mS m™! during arising stage with water
flowing in from Lake Erie, the sampled water mass
is assumed 1o be lake water. If higher conductivity
values are encountered underthat setof conditions,
itisassumed thata wetland water mass was sampled
and that lake water was entering the wetland but
had not yet progressed to the sample intake line.
Therefore, the present sample represents wetland
water, not lake water, and it cannot be used to
calculate materials flux into the wetland from the
lake. Step § then requires that the concentration
values of the nearest sample to that interval (either
before or after) with a conductivity less than 35mS
m-! during an inflow from the lake be used to
characterize the fluxes during that interval.

Under circumstances when the upstream tribu-
taries are discharging through the wetland ata high
rate after a rainstorm, the conductivity of the wet-
land water sometimes drops to values below 35mS
me1 as a result of the dilution of high-conductivity
groundwater with rainwater. The water mass is
unmistakably wetland or creek water under those
circumstances because of the strong outflow of
water into the lake.

In those instances when no water sample was
collected during a stage interval (Step 1), it 18
necessary 10 US¢ a SUrrogate water sample. In Step
6 it is determined whether the stage rose of fell
during the interval. If the stage fell, the values of the
last sample taken with a conductivity greater than
35 mS m! are used (Step 7a), since the wettand
was discharging to the lake. If it was a rising S1age,
once again the direction of flow must be deter-
mined (Step 7b). If the discharge was into Lake
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Erie, the values of the last sample taken with a
conductivity greater than or equal to 35 mS m-1 are
used (Step 8a). If the discharge was from Lake
Erie, the values of the nearest sample with a con-
ductivity less than 35 mS m-! during a rising stage
are used {Step 8b). The results of this protocol for
the month of October 1989 are shown in the far
right column for each interval in Table 1.

Calculation of Discharge for Each Stage Inter-
val In order 10 complete the protocol discussed
above for rising stage intervals (steps 3b and 7b),
and to compute fluxes for all intervals, data are
needed on precipitation, evaporation, surface dis-
charge intothe wetland fromits watershed, ground-
water exchange, and the change in volume of the
wetland. In essence, a water budget must be calcu-
lated for each stage interval, and it must take into
account each of the pathways in the conceptual
model shown in Figure 1.

Discharge for falling stages is calculated differ-
ently than discharge from rising stages, although
the same parameters are used. The following equa-
tions assume negligible groundwater interaction in
the mode! (Figure 1). An equation similarto Eq. (2)
below was constructed independently by Mitsch et
al. (1989), who also disregarded groundwater inter-
change in their computations.

Duringa falling stage interval, discharge through
the mouth of the wetland is calculated by the
equatiorn:

D = AV - Evap. + Precip. + D¢,
where:

)

D =discharge from the wetland during
the interval (in m3)

AV =V}, - Vel Vi = volume of water in the
wetland at beginning of the intervat and
Ve = volume at end of the interval

Evap = evaporation during the interval (in m3)
= total evap (in m) times mean arca (in m?)
of wetland during the interval; beginning
and ending areas are determined from the
hypsographic table (Appendix D}
Precip = precipitation during the interval (in m3)
=total precip (in m) times mean area (in m?2)
of wetland during the interval

D¢y = discharge from the total watershed via the
tributaries (in m3 sec't)
= DBeriin + Dother = 1.187(DBeslin), where
DBertin = mean hourly discharge at the
Berlin Road gaging station,
based on the hourly stages
reported by U.S.G.S. during the
interval, and
Doher = discharge from the remainder of
the watershed, extrapolated
from Dpgerlin-

During a rising stage interval, discharge iscalculated
with the equation:

D (in m3) = - [AV + Evap. - Precip. -Dgr]  (3)

Several points should be noted in regard to
performing the calculations. First, itis of interest to
know the total inflows into the wetland from Lake
Erie, as well as the total outflows from the wetland
into the lake. By adding the inflows and outflows
for a period of time, the net water budget for the
wetland is derived. Therefore, Eq. (3) results in a
negative discharge value when water flows in from
Lake Erie and a positive discharge value when
water flows out into Lake Erie.

Second, change in volume of the wetland is
determined from the depth-volume table by sub-
tracting the volume represented by the stage read-
ing at the beginning of the interval from the volume
represented by the stage reading at the end of the
interval. The depth-volume table, expanded from
one developed by Herdendorf and Hume (1991), is
presented in Appendix D.

Third, precipitation and evaporation data add a
degree of complexity to the calculations, in that
these data are measured on a daily basis, not syn-
chronized with the timing of stage intervals. Al-
though it is possible to extract detailed, continuous
data from the chart recordings, the manual effort
involved makes this option prohibitive. Thus, when
several stage intervals fall within a single day,
which is often the case, the daily evaporation and
precipitation values must be subjectively appor-
tioned among the intervals. Furthermore, evapora-
tion is measured from the evaporation pan directly
as net evaporation, rather than total evaporation.
Total evaporation (in mm) is calculated as:



Table I Stage inrervals, volume changes, precipitation, evaporation and sotal discharge at the Old Woman Creek wetland during Oclober 1989,

Inter- Interval (seconds)  Stages (feet) Rose/  Vol, (10°m?) Mean  Precip. Evap. Total
val Date Began - Ended Begin. End Fell Begin. End A Area(m?) mmit’m® mm m3 Dcr  Discharge
10°m®
1 10001 -
10/28 1300 6.11 R MOUTH CLOSED o

2 10/29 28/1300-29/0400 611 2.19 F 876 412 6064 429.4 0 Q 1.27 0.55 4.08 +6(99
(54,000)

3 1029 0400 - 2100 219 228 R 4123 4960 +837 2313 0 0 2.5 0.58 441 -4.53
(61,200)

4 1030 2100-0500 2.28 2.14 F 4960 3827 -11.33 242 0 0 0 0 2.08 +1341
(28,8000

5 10730 03500 - 1100 214 228 R 3827 4960 +11.33 2242 0 0 2245 017 1.49 - 1001
(21,600

6 10£30 1100 - 1600 228 213 F 4960 3791 1169 2230 0 0 2.24%23 0.4 124 +12.59
(18,000)

7 10730 1600 - 2200 2.13 226 R 3701 47714 +983 2199 0 0 0 0 1.56 -8.27
(21,600}

] 10731 2200 - Q500 226 212 F 47714 3155 -1009 2186 0 0 0 0 1.82 + 1201
(25,200)

9 1031 6500 - 1000 212 229 R 3755 5053 +1298 22313 0 0 ¢ 0 136 -11.68
{18.000)

10 1031 1000-1900 .29 125 F 5053 1383 -3%.70 1446 457 0.66  1.33 0.22 156 + 3670
(32,400

1 1631 1900 - 2400 135 142 R 1383 1457 +074 4248 0 0 0 0 1.55 + 0.1
(18.000)

* Some wetland water seeped through the sand barrier beach into Lake Erie,
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E = Precip. + Net Evap. (4)
Precipitation and pan evaporation data for October
1989 at the Old Woman Creek wetland are pre-
sented in Table 3. Of course, it 1s not necessary o
separate precipitation from evaporation in the wa-
ter budget model (Figure 1), but instead those two
components can be combined into a single net
evaporation term in the equations. When precipita-
tion exceeds total evaporation, the net evaporation
value will be negative.

To apply precipitation and evaporation to the
discharge equations, the measurements (in meters
rather than the original inches) mast be converted
10 volumes (m3) by multiplying them by the mean
surface area (m2) of the wetland during the interval
(Table 3). The mean surface area is derived from
the hypsographic table (Appendix D) by adding the
areas of the beginning and ending stages and divid-
ing by two.

Fourth, discharge from the entire watershed via
tributaries to the wetland (D) includes the
mainstem of O1d Woman Creck and perennial and
intermittent streams that enter the wetland directly
around its perimeter. Old Woman Creek, at the
gaging station where discharge is measured at
Berlin Road (DRerlin), drains 83 percent of the total
watershed. Another 15.5 percent of the watershed
is drained by tributaries below the gaging station,
and the surface of the wetland, when full, accounts
for 1.5 percent of the watershed. Thus, all dis-
charge values from the gaging station are multi-
plied by 1.187 (98.5%/83.0%) to estimate the total
surface discharge into the wetland. An additional
factor should be built into the equation in the future
to account for periods of very low flow in the
mainstem of Old Woman Creek, when there may
be no surface flow into the wetland from any other
mibutaries (i.e., Der = Dpenin). However, only a
small error in the total loading probably results
from the lack of inclusion of this factor because a
greal majority of the discharge, and therefore pol-
lutant and nutrient inputs, occurs during high flow
events, when the smaller tributaries, especially the
one draining 7.5 percent of the watershed east of
Berlin Road, are flowing.

The rating tables provided by the U.S.G.S. re-
port discharge in cubic feet per second. Te obtain
a discharge for the equations, an average creck
stage at Berlin Road is computed for the wetland
stage interval by dividing the sum of all hourly
creek stages by the number of hourly readings. The
average creek stage is converted 1o cubic feet per
second. The total cubic meters of water discharged
1§ then:

m3 = fi3/sec. x0.0283 m3/f13 x sec. (5
The discharges of Old Woman Creck at Berlin
Road in October 1989 are listed in Table 4 for each
sample interval at that site.

Fifth, no direct measurements of exchanges
between groundwater and surface water were made
during this study. The net groundwater exchange
for all intervals is assumed to be zero. Matisoff and
Eaker (1989, 1992) showed that diffusional fluxes
of solutes between Old Woman Creek wetland
sediments and the overlying water were insignifi-
cant in comparison to seepage fluxes, and that the
seepage fluxes composed an in significant propor-
tion of the total solute flux values obtained vsing
flux chambers. They found that groundwater input
occurred around the perimeter of the wetland,
varying in their studies from zero cubic feet per
second during a prolonged summer drought to 2.4
cubic feet per second after the drought subsided.
They also measured discharge through the barrier
beach, which ranged from 0.076 cubic feet per
second to 0.42 cubic feet per second for the period
of June through December. Thus,1tappears that the
maximum groundwater input rates could have ac-
counted for a significant proportion of total water
exchange in the wetland during some periods of
very low surface waier input, but that groundwater
input is probably insignificant when compared to
the very large volumes of water transported through
the wetland during high-flow periods (Table 4).

1



Table 2 Conductivity and concenirations of total phosphorus, soluble reactive phosphorus, and total suspended soltds in
waier samples collecied near the mowth of Old Woman Creel wetland fram 17 October (89101 7) through 3 November 1989
(891103). Conduciivity was read an all but one of the samples collected; a “-" indicates that the purameter was notmeasured
in that sample. Letiers io the left of sample dates are used 1o designate those samples discussed in the text.

Sofuble Total
Date  Time Total P Reactive P Sospended Ceonductivity
mg L1 mg L1 Solids, mg L~} mSm!
891017 Q400 0.163 0.002 50 53.5
N7 1200 0.156 0.006 51 528
891017 2000 - - - 530
891018 0400 - - - 529
891018 1200 157 0.007 53 529
BO1C18 2000 - - - 53.1
891019 0400 - - . 444
891019 1200 (L1iR 0.007 87 352
821019 2000 . . - 415
891020 0400 - - - 435
831020 1200 {113 0.0135 34 45.8
891020 2000 - . . 472
891021 0400 - - - 48.3
891021 1200 0.1k (1011 24 489
KO1021 2000 - - - 186
#91022 0400 - - - 48.2
841022 1200 0.087 0.006 17 4R8.6
RO1022 2000 - - - 492
291023 0400 - - - 503
891023 1200 0.100 0,003 13 51.9
891023 2000 - - - 5008
891024 0400 - - - 518
891024 1200 0078 0.001 10 512
801024 2000 - - - 524
891025 0400 - - - 519
291025 1200 0.078 04301 11 S22
891025 2000 - - - 529
801026 0400 - - - 52.2
91026 1200 0.076 (.00 12 52.1
RIIO26 2000 . . - §2.3
891027 D400 - - - 524
891027 1200 (1086 Q.01 14 -
891027 2000 0.274 0y 190} 584
RO1028 0400} 0237 GOE3 74 6012
RO1028 1200 {).242 a2 44 60.0
A RGT02R 2000 {.257 0006 &1 61.0)
B 891029 0400 01.2%7 0.006 77 61.5
C Y1029 1200 {1.253 0.007 65 61.2
D 291030 2000 {1258 0029 13 65.0
BY1031 (400 - - - 622
B91031 1200 - - - 593
E RO1031 2000 0.314 0422 155 653
s01107 (06 - - - H%.0
39110] 1200 - - - 69,1
F KI1101 2{NN} (1160 0019 50 61.0)
G ROT102 0300 0.138 0.020 18 540
Mo 891102 1200 (1L.0KI6 0.023 26 38
I RGIIU2 (KN 0135 (LO1R 6 459
J B NCREREISE4 4] 7R (ror4 40 26.4
ELVER E R S O B .05 54 6.4
SUTTY 20K SRR (013 T 128
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Table 3 Measured amounts and calcilated volume s of precipitation and evaporation during Qclober 1989 ai the Old
Waman Creek wetland.

Mean Mean PRECIPITATION EVAPORATION
Stage Area Measured Vol, Net Total Vol
Date (re 10%m? mm 10°m3 mm mm  103m3
1 57492 560.0 0 4] 2.6 2.6 148
2 57491 S68.6 0 0 386 186 2.19
3 57488 567.2 ) 0 4.04 4.04 2.9
4 574,86 566,73 0 0 3.23 1.23 1.83
5 574 85 h65.8 4 0 422 4.22 2.39
& 574 84 505.8 {) ] 249 249 141
7 57481 $64.0 0 0 .12 3.2 1.76
a 574,80 563.5 ] 0 1.61 1.61 091
9 574.78% 3620 0 ] 1.61 161 .91
I 57480 R3S 13.2 7.44 -10.72 2.4 1.40
11 57482 S564.4 0 0 3.35 3358 159
12 574.82 “h4 4 0 0 295 245 1.66
13 57481 S0 1] 0] 3.75 375 L
14 S74.80 SR3.5 0 0 3.75 375 2.1
15 574.79 5630 ] 0 i7qs 375 211
16 8740 5630 25.1 14.13 22422 ORE .50
17 574403 S6U.35 102 3.81 -4.66 5.54 116
I8 37487 3713 203 1.16 4 2.03 1.16
19 575.34 58K 4 333 * -23.57 - *
20 575.82 6204 1.27 * .9 * *
21 57395 6299 .25 * -1.81 * *
22 ST6.02 635.0 O 1] 0 0 0
23 37607 6387 (} 0 1.70 170 1.09
24 3761} 4.8 (] 0 1.19 1.19 076
25 576.11 5116 0 ¢ 1.80 1.80 1.15
26 376.11 [N ¥ ¢ 1.32 1.32 1.32 (.83
27 37611 116 ) 0 145 145 093
28 574,77 2621 4] i 178 1.78 b AL
19 872 M 2325 { { 249 2.49 0.5%
an 572.21 2233 {1 } 2M 224 0.50
31 571.90 1428 457 .66 202 155 022
Totals §9.92 50.54 +10.61 7931 4359

*The data collection imes varied hetween precipilation and evaporation on these dates, vielding
imcongruent data. Totals fﬁr the period 19-21 Oclober 1385 were precipitation 34832 mm. volume of
precipitation 21.34 I(} m3, net evaporation -26.29 mm, total evaporation 8533 mm. volume of

cvaporation 323 10 m?. Mean arca for the period was 6129 1 m~
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Table 4 Sample rime

$, discharge intervals, 1otai discharge per interval and fluxes of materials in Old Woman Creek at

Berlin Road in October } 959,

Sample | Interval Stage Mean Total — kg of materiab———

Date | Time | Beg. End Hrs | Beg. End  Mean Disch. cfs | Discharge 1°'m*| SRP =~ TP TS§

890930 | 1200 | 2400 ;
891001 | 1200 | 2400 2400 24 | 21 251 251 | 0.635 1.55 0.0140 | 0.043 | 109
891002 | 1200 | 2400 2000 20 | 251 353 252 : 0672 1.37 00096 | 0.037 63
891003 | 0400 | 2000 080 12 253 250 251 qQe3s 0.78 0.0070 ' 0023 55
891003 | 1200 [ 0800 2400 16 250 249 249 | 0562 0.92 00092 | 0.027 156
B91004 | 1200 | 2400 2400 14 249 247 248 | 0525 1.28 00124 | 0.037 128
891005 ; 1200 | 2400 2200 24 247 246 247 | 0491 1.20- 0.0084 | 0.031 96
891006 | 1200 | 2400 2400 24 246 245 246 | 0459 1.12 00090 | 0034 ; 157
891007 | 1200 | 2400 2400 24 245 242 243 | 0372 0.91 0.0055 | 0.031 9.1
891008 | 1200 | 2400 2400 24 242 241 242 | 0347 0.85 0.0026 | 0.027 [
891009 | 1200] 2400 2000 20 241 241 241 | 0323 0.66 0.0026 | 0.022 66
891010 | 0400 ] 2000 0300 12 241 241 241 0323 0.39 00016 ! 0.012 19
891010 | 1200 0800 2400 16 241 276 265 | 1313 2.17 00087 | 0.150 60.8
8910111 1200 | 2400 2400 24 | 276 267 2.7 1.783 436 0.1134 | 0458 | 349
891012 | 1200 1 2400 2400 24 267 261 264 | 17268 3.10 00372 | 0.161 = 186
891013 | 1200 | 2400 2400 24 261 259 260 | 1034 2.53 00152 | 0.111 15.2
891014 | 1200 | 2400 2400 24 259 256 258 | 0931 228 0.0160 | 009 9.1
891015 | 1200 2400 2400 24 256 253 254 | 0751 1.84 0.0184 | 0.083 74
891016 ; 1200 | 2400 2000 26 | 253 265 253 0710 145 0 0.080 87
891017 | 0400 | 2000 0800 12 | 249 313 306 ;. 7554 9,24 P 1.3213 | 3.142 | 3040
891017 | 1200 | 0800 1600 8 | 3)3 301 307 | 7.843 6.39 0.1981 | 2307 | 5815
891017 | 2000 | 1600 2400 8§ 301 291 296 | %169 4.21 0.1810 | 0960 | 1684
8910M8 | 0400 | 2400 0800 8§ | 29 287 289 3936 321 0.1380 0523 70.6
891018 | 1200 | 0800 2400 16 | 287 285 286 3474 5.66 0.0906 | 0657 | 679
891019 | 1200 | 2400 1600 16 | 285 454 355 | 28.23 46.02 19328 | 15509 ' 63968
891019 | 2000 | 1600 2400 8 | 454 417 437 | 7681 62.60 2.5040 | 14.148 : 38186
891020 | 0400 | 2400 0800 8 ! 417 359 384 | 4375 36.66 D 16130 | 6929 | 1099.8
891020 | 1200 | 0800 2400 16 | 350 316 330 | 1646 26.83 | 0.8854 ' 3783 | 6976
891021 | 1200 | 2400 2400 24 | 316 106 11| 9091 2223 0.3335 | 1867 | 1556
891022 | 1200 | 2400 2400 24 | 306 209 302 . 6485 15.86 03172 | 0936 634
891023 © 1200 2400 2000 20 | 299 293 206 5.169 10.53 0.0632 | 0432 421
891024 : 04001 2000 0800 12 | 293 289 29 4264 521 0.0365 | 0234 36.5
891024 | 1200 | 0800 2400 16 | 289 285 288 3.777 6.16 0.0246 | 0222 185
891025 | 1200 2400 2400 24 | 286 282 284 3.193 7.81 0.0156 | 0.250 234
891026 | 1200] 2400 2400 24 | 282 279 28| 2.805 6.86 00069 - 0103 ' 69
891026 | 1300 | mouth opencd .
891027 1 1200 | 2400 2400 24 | 279 277 278 | 24ss 6.01 00120 | 0180 | 180
891028 | 1200 | 2400 2800 24 | 277 276 276 | 2246 5.49 © 00165 | 0.165 11.0
B91029 © 1200 2400 1600 16 | 276 275 275 | 2146 3.50 | 00070 | 0.102 3.5
891030 | 2000 | 1600 0800 16 | 275 274 274 | 2050 3.34 | 003061 ! 0137 16.7
891031 . 2000 : 000 0800 24 | 274 278 276 | 2246 548 i 0.6521 1.052 438
891101 | 2000 | 0800 276 j|

I : Towal Discharge for k

| October §989 323.61 x 10%m? !

Through! i: ;
10726 1200 i 99525 | 53.465 | 13,8115
Aft .' -
1026 1300 07246 | 1739 | 999
Total i |
1(/89 106771 | 55204 139114
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xample of Materials Flux

Calculations

This method for calculating fluxes of materials
through wetlands was developed in order to spe-
cifically characterize the functioning of the Old
Woman Creek wetland as a sink, source or modi-
fier of the major pollutants entering it. As an
example, the fluxes of total phosphorus, soluble
reactive phosphorus and total suspended solids in
the samples collected from Old Woman Creek at
Berlin Road in October 1989 are listed in Table 4,
and the concentrations from which those fluxes
were derived are shown in Table 5. The fluxes of
water and materials through the wetland are shown
in Table 6. Eleven stage intervals were recorded
during the month. The first interval represented the
period {-28 Octoberat 1300 hours, when the mouth
of the wetland was closed and there was no inter-
change of surface water between the wetland and
Lake Erie, except for some unmeasured seepage
through the barrier beach into the lake and perhaps
some overtopping of surf over the beach. Stage
intervals 2 through 11 represented alternating peri-
ods of falling and rising water levels (also shownin
Table 1), beginning with the opening of the roouth
at 1300 hours on 28 October and ending at 2400
hours on 31 October.

The volume of precipitation and surface iaflow
from upstream are shown in Table 6 forinterval 1.
Upstream inflow is not shown for the remaining
intervals because the individual upstream sample
intervals did not correspond with the downstream
stage intervals. The uitimate objective was 10 ob-
tain flux estimates for the entire month, rather than
for individual sample or stage intervals. Total up-
stream inflow is shown in the botiom part of Table
6 for the two periods before and after 28 October at
1300 hours.

Discharge at the wetland mouth is shown in
Table 6 for each stage interval, negative values
indicating inflow from Lake Erie. Water flowed
from the wetland into the lake during the last rising
stage interval in October 1989 (interval 11) be-
cause the volume of upstream discharge into the
wetland exceeded the volume of evaporation plus
the increase in volume of the wetland during the
imerval,

The samples used to calculate materials fluxes
during each stage interval are shown in Table 2.
Two samples were collected during interval 2, both
representing the wetland water mass. Thus, the
average concentrations of the two samples (A and
B) were used. No samples were collected during
the mext three falling stage intervals, so it was
necessary touse samples A and Bagain to calculate
fluxes during those intervals, Sample C (Table 2)
was never used because it was collected during a
rising stage while lake water was entering the
wetland, yet it was taken from the wetland water
mass, as indicated by its high conductivity. Sample
D, collected during falling interval 10, represented
wetland water, and so was applied to fluxes for that
interval. Sample E also represented wetland water
but was collected during a rising stage (interval
11). However, because water was flowing out of
the wetland into the lake during the interval, it was
appropriate to use sample E for interval 11. Duning
the first four rising stage intervals after 28 October
(Table 1), water entered the wetland from Lake
Erie (Table 6); however, no samples collected
during those intervals represented lake water (as
judged by their conductivities), so the next lake
water sample encountered in the data (Table 2,
sample J on 3 November 1989) was applied to each
of those intervals.

The movement of soluble reactive phosphorus,
total phosphorus and total suspended solids into
and out of the wetland and the percentage loss of
each material between the upstream and down-
streamends are shownin Table 6. During the entire
month of Octaber 1989, 11.29kilograms of solabie
reactive phosphorusentered the Old Woman Creek
wetland viaatmospheric depositionor surface flow,
while 4.58 kilograms (net) moved out of the wet-
land into Lake Erie, equivalent to a loss of 41
percent of the input amount. The lost SRP (Soluble
Reactive Phosphorus) was either stored in that
form somewhere in the wetland ecosystem Of it
was changed to another form of phosphorus, such
asintraceltular phosphorusin algac. The fate of the
lost SRP should be the subject of additional inves-
tigation. Unlike the case for SRP, much (322 %)
rmore total phosphorus leftthe wetland thanentered
it during October 1989. The difference, which far
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. T I‘n
Table § Conductivity and concentrations of total phosphorus soluble reactive phosphorus and total suspended solids
waicr samples collected from Old Woman Creek at Berlin Road, October through early November 1989.

Soluble Total o
Date Time Total P Reactive P Suspended Conductivity
; -1 ; 1 S m-1
mgL-t mg L Solids, mg L m
891001 1200 0.028 0.009 7 88.9
891002 1200 0.027 0.007 5 33-(‘}
£91003 0400 0.029 0.009 7 89.
891003 1200 0.029 0.010 17 88.5
891004 1200 0.029 0.008 10 88.7
891005 1200 0.026 0.007 8 89.1
291006 1200 0.030 0.008 14 89.3
891007 1200 0.034 0.006 10 90.1
891008 1200 0032 0.003 9 90.5
891009 £200 0.033 0.004 10 91.0
891010 0400 0031 0.004 10 913
891010 1200 0.069 0.004 28 821
891011 1200 0.105 0.026 8 97.1
891012 1200 0.052 0.012 6 90.5
891013 1200 0044 0.006 6 90.3
891014 1200 0.042 0.007 4 91.5
891015 1200 0.045 0.001 4 919
891016 1200 0.055 0.000 6 924
891017 0400 0.340 0.143 33 88.9
891017 1200 0.361 0.031 9] 76.0
891017 2000 0.228 0.043 40 79.1
891018 0400 0.163 0.043 22 83.0
891018 1200 6.116 0.016 12 86.2
891019 1200 0337 0.042 139 586
891019 2000 0.226 0.040 61 547
£91020 0400 0.189 0.044 30 546
891020 1200 0.141 0.033 2 55.7
891021 1200 0.084 0.015 7
891022 1200 0.059 0.020 4 "}3;:
891023 1200 0.041 0.006 4 752
891024 0400 0.045 0.007 7 742
891024 1200 0.036 0.004 3 76.9
891075 1200 0.032 0.002 3 778
891026 1200 0.030 0.002
891027 1200 0.030 0.002 § §3;;
891028 1200 0030 0.003 2 81.6
891029 1200 0.029 0.002 1 82.5
891030 2p09 0.041 0.009 5 81.9
891031 2000 0.192 0.119 8 84.7
891107 2000 0.042 0.016 5 813
RO1102 2000 0.034 0011 5 822
891103 2000 0.035 0.013 5 839
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Table § Water and material fluxes through the Old Woman Creek wetland calculared for October 1989.

Surface  emsessecs-msemmmsecossss FLUXES,Kkg-«-----=--e---snmammoe---co-
Stage Precip. Inflow Discharsge Sample  Soluble Reactive Phosphorus  Total Phosphorus Total Suspended Solids
Interval 10°m3 10m3 10°m3  Used' Tn Out %Loss In Out %hloss Im Out % Loss
1 99 gt N 0.59¢0@ 0 % 19p O % 150 p 0 0%
296.4 9.95s@ 5358 13,8125
2 +6009 (A+B)2 +3.66 + 1659 + 42,998
3 -45 J - 0.06 -03 -181
4 +134 {A+B}2 +0.08 +3.7 + 945
5 -10.0 J -0.14 -08 - 400
[/ +12.6 (A+B}2 +0.08 +34 + 888
7 -83 J -0.12 -06 -Mm
8 +120 (A+B)f2 + 007 +33 + 847
b - 11.7 ) -0.16 -09 - 467
10 0.7 +397 D p02p  +118 01p +102 6p +2978
11 +08 E + (.02 +03 +126
Befure'f
10728
1300 499 296.4 0 10.54 0 0% 554 ¢ % 13,962 1] 0%
After
10/28
1300 0.7 273 Net 6539 0.74 +458 619% 1.8 +i842 10,233% 106 47403  44.720%
Total for
Oct. 89 50.6 4237 Out688.4 061 p +4.58 1% 20p +184.2 322% 156p +47.403 3137%
In -3435 1068 5.2 1391Zs
Net +653.9 11.29 total 57.2 tota 14,068 total

«See Table 2 for sample characteristics.
tMouth was closed throughoul the intcrval 128 October 1989 at 1300 hours, with some unmeasured sce page through barrier beach.
@p = precipitation and other atmospheric depasition; s = surface flow



exceeds the amount of the lost SRP, most likely
represents phosphorus stored within plankton and
adsorbed to particulate matter during the course of
the summer, which was exported primarily during
the opening of the mouth of the wetland {interval 2,
Table 6).

Summary and Conclusions

A method has been presented for the estimation of
the fluxes of water and materials between lakes and
their coastal wetlands where the two are separated
by a constricted Ppassage or “mouth.” The method
was developed specifically to determine annual
and seasonal fluxes at the mouth of the OldWoman
Creek wetland on the south shore of Lake Erie, but
it should be equally applicable to large lakes
throughout the world possessing similar types of
coastal wetlands, A quantitative knowledge of the
capacities of such wetlands to store, modify and
release various materials, especially sediment, nu-
mients and toxic pollutants, is essential to our
progress in understanding the functional values of
these shaliow aquatic ¢cosystems and the nature of
their interactions with the receivin g lakes.

Tocalculate awater budget and materials fluxes
for a single month is a very time-consuming and
tedious task. Before the method can be applied
efficiently (o estimate seasonal and annual mass
balances, it will be NECessary 1o computerize the
database and the mathematical calculations, This
should be the next step in the further development
and refinement of the method.
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of the U.S. Geological Survey, Madison, Wiscon-
sin, critically reviewed an earlier version of this
report. The U.S.G.S. provided continuous stage
data at the upstream and downstream sites and
developed a discharge rating curve for the up-
stream site through a cooperative agreement with
the Ohio Department of Natural Resources, Divi-
sion of Natural Areas and Preserves. This work is
a result of research sponsored in part by the Ohio
Sea Grant College Program, project R/ES-4 under
grant NA89YAA-D-SG 132 of the National SeaGrant
College Program, National Oceanic and Atmo-
spheric Administration, U.S. Department of Com-
merce, as well as with funding from the Ohio
Department of Natural Resources, Division of
Natural Areas and Preserves and additional grants
to the Water Quality Laboratory of Heidelberg
College.
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Appendix A Part of rating tabl 1 ' / '
e Ohin if g table published by U S.G.5.for OldWoman creek at Berlin Road, U.5.G .S Station 04199155,

Gage
Height Discharge in Cubic Feet per Second (Expanded Precision)
(feet) 00 01 02 03 04 05 06 o7 08 09
200 000 000 000 000 000 000 000 000 000 000
210 000 001 001 001 001 001 001 o 001 001
2.20 001 002 003 005 008 013 022 036 058 094
230 150 161 173 186 200 214 230 246 263 281
240 300 323 347 37 399 A28 A59 491 525 562
2.50 600 635 612 710 sl 793 837 883 931 982
260 1.034 1.089 1146 1206 1268 1333 1400 1471 1.544 1621
2.70 1.700 1.783 L868 1957 2050 2146 2246 2150 2458  2.569
2.80 2.685 2805 293 3059 3193 3331 3474 3623 37177 393
290 4,100 A064 443 4609 40 4976 5169 5367  SS572 5783
3.00 6.000 6.239 6.485 6.740 7.003 7274 7.554 7843 2140 8448
3.10 R.764 9.091 9428 9774 1013 1050 1085 1122 1159 197
3.20 1237 12.77 13.19 1361 14.05 14 .50 14.88 1526 15.65 1605
3.30 16.46 16.88 1130 1773 1817 1862 1508 1955 002 2051
340 21.00 2143 2187 w2 2 232 si70 2407 2466 2514
3.50 25.64 2614 2665 2737 2769 2823 W76 2931 W 3043
3.60 31.00 3147 3195 3243 3292 341 3391 344 3492 3543
3.70 35.95 3647 3700 3183 380 3861 1916 3972 4028 4084
3.80 4141 4199 42 57 43,16 4175 4435 495 4556 4617 4679
3.9¢ 4742 48.05 4869 4933 4998 5064 5130 5196  s264 5332
4.00 54.00 s455  S§5.11 ss67 5623 s6k0 5737 5794 5852 59.10
4.10 59.69 6027 6086 6146 6206 66 6326 6387 6449 65.10
4,20 65.72 6634 6697 6160 6823 k87 6951 7006 7081 7146
4.30 7211 a1 7344 1400 T4TT 2545 7602 7681 7149 78.18
4.40 7887 79.57 80.27 80.97 81.68 82.39 83.10 8382 R4.54  RS27
4.50 86.00 s662 8724 87187 8849 go12 €975 9039 9103 91.66
4.60 9231 0295 9360 9424 9490 9555 9620 9686 9752 98.19
470 98 85 9952 1002 1009 013 joz2 1029 1036 1043 1049
4 .80 105.6 1061 107.0 1077 108.4 109.1 109.8 1105 111.2 1120
490 1127 113.4 114.1 1148 1155 1163 wre 117 uss 192
500 1199 120.7 1214 1222 1229 1237 1244 1252 1259 1267
510 1275 gs 1290 1298 1305 LI a1 1337 13
520 1352 360 1368 1376 1334 1302 1400 1408 1416 1424
530 1432 \ia0 1449 1as7  mes 1473 1482 1490 1498 1307
540 151.5 152.3 153.2 154.0 154.9 1557 1566 1574 1583 1591
550 1600 1608 1616 1624 1632 1640 1648 1656 1665 1613
560  168.1 g9 1697 1706 1714 N R tE ST LLC 7586
570 1764 1772 1781 1789 1798 1806 1RLs  18n3 183l mi.g
580 1849 185.8 1866 1815 1884 1892 1901 9l 9Ls 1927
500 1936 {045 1954 1962 1971 1980 1989 1998 2007 ?;{”'6
600 2025 2034 2043 2052 s061 2070 2079 sos% 2098 2107
6.10 2116 2125 2134 2144 5153 2162 2172 R0 2190 ?,333
620 2209 nie 2228 2237 247 2256 1266 2115 2285 1o
630 2304 2314 2323 2333 43 2352 2362 272 2381 ot
620 2401 a1 2421 2430 2440 2450 2460 T 343.0 250
650 2500 a0 2520 2530 2340 2950 2560 2770 28 e0s
660  260.1 a6l 2621 2632 w642 2652 2603 7.3 2681 .
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Appendix B Meandaily discharges {(f31sec.) and hourly stages (ft.) published by the U.5.G.S. for October 1989 at Old
Woman Creek at Berlin Road.
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Appendix D Expanded hypsographic and depth-volume iable for Old Woman Creek wef!aud’

Deviation Deviation
from IGLDY IGLD USGS* Area Volume FromIGLD¥ IGLD USGS* Area  Volume
meters feet feet 103 l'llz 103 m3 meters feet feet 103 I'I‘l2 103 II'I3
20 s75.16  576.76 650 777 574.05 530 285
19 £T4.84 57644 646 712 574.00 529 277
I8 §14.51  576.11 642 48 573.95 528 269
576.10 641 646 573.90 527 261
576.05 637 636 573.85 526 253
S600 64 6 11 S22 S8 56 46
57595 630 618 573.80 525 245
575.90 626 608 57375 524 237
5§75.85 623 599 573.70 524 229
375.80 619 590 573.65 523 221
17 §74.18 57578 617 586 573.60 522 213
575.15 615 580 S73.55 521 205
575.70 612 571 573.50 520 197
57565 608 562 10 57188 573.48 519 194
575.60 604 552 573.45 515 190
575.55 601 543 57340 507 182
5§75.50 597 533 573.35 498 175
16 $7385 57545 593 524 7330 490 168
575.40 591 515 573.25 482 161
575.35 589 507 5§73.20 474 154
§75.30 587 498 0.9 57188 ST3.15 466 147
57325 S 489 STLI0 458 139
5§75.20 582 480 573.05 450 132
575.15 580 472
L5 §73.52  575.12 78 466 573.00 442 125
575.10 $77 463 572.95 434 118
575,05 7 572.90 426 111
37300 33 4 sT285 418 104
$74.90 %68 428 $72.80 405 98
574.85 572.75 390 93
574.80 g ::g 57270 374 89
14 S7T3.19 57479 $63 408 372.65 359 84
57475 $61 402 572.60 343 »
574.70 559 572.55 328 75
57465 <56 ggg 07 57090  §72.50 13 70
57245 297 65
574.60 554 376 572.40 282 61
574.55 551 368
572.35 266 56
574.50 549 360 572.30 251 s1
1.3 37286 57447 547 354 572.25 236 47
2;:,:3 gﬂ 351 $72.20 220 42
574. 34
3 0.6 57057  572.17 211 9
374.35 542 33 572.15 206 39
574.30 539 326 572.10 194 37
574.25 537 318 572.05 181 35
574.20 535 309
574.15 532 301
1.2 570.54  574.14 532 299
574,10 53] 293
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Appendix D Continued

Deviation
from IGLD¢ IGLD

USGS* Area  Volume
meters  feet  feet  103m2  13w)
572,00 169 N
57195 156 1
571.90 144 30
571.85 131 28
0.8 $70.24 57184 129 7
571.80 119 2%
57175 107 24
571,70 94 2
571.65 2 21
571.60 69 19
571.55 57 17
04 56991  STLSI & 16
571.50 46 s
57145 45 15
571.40 43 14
571.35 41 14
57130 39 13
571.25 38 13
571.20 36 12
03 569.59  57L.19 *% 2
57115 34 12
571.10 32 T
571.05 3 "
571.00 2 10
570.95 7 10
570.90 25 9
0.2 56926 570.86 24 9
00 56860 57020 18 P
Y %6794 5054 1 2
4 56729  568.89 2 1
'y 56663  568.23 1 03
Y 56634 56194 1 Y
10 56532 56692 1 03
12 S6466  S66.26 07 0.1
1A 56401 56561 03 093
$iniernationat Great Lakes Datmm
* USGS feet = IGLD feet + 1.60

¥ Bolded values were reported by Herdendorf and Hume
{1991); other values were inserpolated assuming lincar change

between the bolded values. Arcas and volumes arc

to 3 or fewer significant figures.
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The Heidelberg College Water Quality Laboratory

The Water Quality Laboratory (WQL), founded in 1969, is an envi-
ronmental research and education organization assodated with the
science departments of Heidelberg College. The WQL operateslarge
scale, long term programs that (1) monitor impacts of agriculture on
surface and ground water quality and (2) track progress associated
with agricultural pollution abatement programs. The laboratory
employs eight full time staff and several student technicians.

In its Lake Erie Tributary Monitoring Program, The WQL measures
the concentration of pollutants in the major rivers draining into Lake
Erie, including the Raisin, Maumee, Sandusky, Cuyahoga, and Grand
Rivers. This program continues to provide the most detailed and
longest term records available in the United State regarding the
concentration of sediments, fertilizers and pesticides in riversdrain-
ing intensive row crop agriculture.

Through its Cooperative Private Well Testing Program, the WQL |
works with local county organizations to provide a low cost well
testing program to residents who will allow data from their wells to
be added to a local data base. Since most ground water pollution
problems result from local causes, local data are essential to develop
appropriate and effective ground water protection programs. Since
1987 the program has included 340 counties in 15 states, and 37,000
private wells.

The data collected by the WQL are used extensively by public and
private organizations. In addition to the publication of reports and
articles, the WQL operates an Environmental Extension Prog.ram.
providing about 60 presentations per year {0 agriculmral, t?nwron-
mental and general audiences throughout Ohio and the Midwest.

Financial support for WQL programs comes from state and ft::deral
agencies, industries, private foundations, and participants in the
Cooperative Private Well Testing Program.



