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ABSTRACT

Natural stream flow and sediment load have affected Old 
Woman Creek and its estuary for eons. Recently, humans have 
superimposed their effect on the watershed. The future will 
bring even greater human modification including increased 
suburbanization and a new highway bridge across the National 
Estuarine Sanctuary. The primary objective of this study was 
to establish baseline sediment and discharge data to permit 
the monitoring of future change within the fluvial system.
Eight cross-sectional profiles were monumented and surveyed 
for future erosion assessment. Nine other cross-sections 
were repeatedly surveyed while collecting discharge, sediment 
concentration, sediment yield, water depth, and stream velocity 
data. Analysis of these data led to formulation of mathematical 
relationships between a station’s depth and discharge as well as 
sediment yield and discharge. Further analysis showed that 
the magnitude and variability of discharge during a particular 
storm was primarily a function of geomorphologic province, 
drainage area, estuary level, and human impact. A maximum of 
153 cubic feet/second was recorded entering the estuary. The 
magnitude and variability of sediment concentration during a 
particular storm was a function primarily of human disturbance 
of the land and, secondarily, of soil erosion potential and 
channel composition. Large amounts of sediment were transported



during brief periods of intense precipitation; on 2/25/85, 
14.5 ounces/second were contributed to the estuary by the 
creek.

A permanent stage recorder should be established to 
continuely monitor water contribution to the estuary from
the creek.
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INTRODUCTION

Natural stream flow and sediment load have af­
fected the morphology of Old Woman Creek and its estuary for eons 
(Fig. 1). Recently, humans have superimposed their effect on 
the watershed and its drainage network. The future will bring 
even greater human modification to the area including a new 
State Route 2 bridge across Old Woman Creek National Estuarine 
Sanctuary and increased suburbanization. Baseline data is 
needed now to assess these future effects.

Stream channel processes are essentially a matter of 
sediment and water transfer and can be investigated using em­
pirical data and analytical procedures. This approach re­
quires the measurement of stream discharge, sediment load, and 
channel morphology. It has not been done before in the Old 
Woman Creek system and forms the basis of this investigation.

Objectives

The primary objective was to establish baseline sediment 
movement, channel morphometry, and stream discharge data for 
monumented points within the Old Woman Creek system. These 
data and points are suitable for future comparison and remeasure­
ment studies. These include work on the effects of urban en­
croachment within the watershed and the effects of relocating 
State Route 2 to the south across Old Woman Creek. This latter

1
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issue has been declared a "priority research" topic by 
N.O.A.A. and O.D.N.R. (1983, pp. 62-63).

There were six ancillary goals that extended the nature 
of the research from that of data collection to analysis. 
Specifically studied were:

1) the effect of land use and soil association on 
sediment load;

2) drainage area - stream discharge relationships;
3) water depth - stream discharge relationships;
4) stream discharge - suspended sediment yield 

relationships;
5) relative and absolute sediment contributions made 

by selected reaches and tributaries ;
6) the effect of geomorphological province on stream 

discharge and sediment load.
In addition, the effects of future urbanization in the Old 
Woman Creek watershed were predicted by analogy with other 
studied and urbanized watersheds.

Previous Research

Buchanan (1982, pp. 191-193) has shown that sediment size, 
accumulation rates, and stream discharge have fluctuated sig­
nificantly during the Holocene within the site of today's Old 
Woman Creek estuary. About 8,000 years ago, stream gradients - 
velocities were higher than now and the channel of Old Woman 
Creek consisted of coarse to fine sands and silts. Later, as 
the level of Lake Erie rose, channel gradients - velocities
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were reduced so that channel deposition became increasingly 
dominated by finer sediments; within the last 100 years, only 
silts and clays have accumulated but they have done so at an 
agriculturally accelerated rate of 0.4 inches/year, possibly 
ten times faster than the 8,000 year average (Buchanan, 1982, 
p. 176). The majority of this sediment originates from ag­
ricultural land on the Till Plain (Fig. 2) where present ero­
sion is estimated at 2.6 tons per acre per year (Buchanan,
1982, p. 176).

Present "average flow rates along the stream are quite 
low (less than 0.1 foot (3cm) per second) even during months 
of greater precipitation; but these rates can accelerate to 
over ten times this amount (greater than one foot (30 cm) per 
second) during storm events" (Buchanan, 1982, p. 72). "Flow 
rates in the upper basin reflect the greatest variability over 
both long and short-term intervals. Stagnant flow was often 
encountered at the uppermost sampling point during the summer 
months. In contrast, out-of-bank flooding and torrential flow 
were viewed only in the upper basin during significant precip- 
itational events” (Buchanan, 1982, p. 74). "Observed flow 
rates at downstream sampling points were lower yet more consis­
tent than rates observed in the upper basin ...reflecting the 
averaging of minor variations in basin precipitation and the 
larger channel volume in the lower basin. During and after high 
flow storm events, increased discharge in the lower basin is man 
ifested more by higher stream levels than by significantly 
accelerated stream flow rates" (Buchanan, 1982, p. 75).
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Humans now have the numbers and technical ability to 
change one or more parameters in a fluvial system and, thereby, 
initiate a whole series of natural responses. Engineering 
structures are one example of human interference and the 
result of urbanization is another.

Urbanization significantly influences a stream and 
its watershed by affecting the nature of the storm hydrograph 
and by altering discharge, channel cutting, and sedimentation 
rates. For example, if one accepts population/square mile 
as an indication of urbanization, Hammer (1972) found that 
average annual floods (one with a 1.78 year recurrence inter­
val) increased by about 18% per square mile of watershed ur­
banized. In 1964, Harris and Rantz also attempted to compare 
increase in water yield with increase in urbanization. They 
stated that yield in the San Francisco Bay area has increased 
markedly in the years following 1955 when urban development 
greatly increased. Prior to that time, the ratio of storm out­
flow and channel seepage on a control watershed was 1.18. After 
1955, they reported the ratio to be 1.70 (an increase of 44%) 
and attributed this increase to the 5% increase in impervious 
area due to urbanization. Graf (1977) showed that South Branch's 
drainage area became more efficient in collecting water 
quickly as it became more suburbanized. The lag time between 
rainfall and stream response was reduced and the flood peak 
increased enough to suggest corrective measures be taken in this
watershed.
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Upstream urbanization also caused downstream channel cut­

ting and sedimentation. Such sedimentation is markedly high 
during the construction of housing developments (Wolman, 1967). 
Guy and Ferguson (1963) indicated that approximately 25,000 
tons of sediment were deposited for each square mile of resid­
ential construction at Lake Barcroft. They also noted that 
with urbanization a coarser sediment will tend to be deposited 
in the reservoir than when rural conditions are prevalent.
After construction has concluded, impervious areas contribute 
increased runoff coupled with decreased sediment yield to 
the channel, thereby, causing erosion and widening to occur 
(Wolman, 1967; Hammer, 1972). However, the total effect of 
a given amount of impervious area on its drainage basin is 
largely dependent on the type and density of storm sewers. 
Without guttering connected directly to sewers, the effects of 
impervious areas associated with detached houses is minor (Ham­
mer, 1972). Carter (1961) came to the same conclusion. Ham­
mer (1972) also feels that the effects of urbanization may de­
crease over time from his study on streets and houses more than 
thirty years old.



METHODS

This research provided a series of mcnumented and sur­
veyed cross-sections that will act as baseline data for future 
studies. Two types of sample stations were established. One 
type was created primarily for stream discharge and sediment 
load determination but could also be used for future erosion - 
sedimentation studies. The second type was solely for future 
erosion - sedimentation assessment.

Stream Discharge and Sediment Load Determination Stations

Discharge - sediment load stations were established and 
monumented at critical points within the Old Woman Creek 
watershed (Fig. 1). In all, nine well distributed stations 
together gauged each branch of Old Woman Creek, the important 
tributary junctions, most soil associations, each geomorphic 
province, and sites immediately upstream of the proposed State 
Route 2 bridge (Fig. 1; Appendix A). Of these nine stations, 
seven are presently being used as nutrient sampling sites by 
the Sanctuary Biologist, D. M. Klarer, and five were used for 
grab sediment sampling by D. B. Buchanan (1982). Station lo­
cation, therefore, was based first on geographical and physical 
criteria and second on a desire to unify this study with those 
done in the past.

Stations 2 and 3 were on the west branch, stations 4, 5, 
6, and 7 were on the middle branch, station 9 was the only
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station located on the relatively short and narrow east branch, 
and stations 8 and 10 were on the main creek at or near impor­
tant creek junctions (Fig. 1; Appendix A). Stations 4 and 
5 were on the Till Plain, stations 2, 6, and 7 were in the Berea 
Escarpment, and stations 3, 8, 9, and 10 were located on the 
Lake Plain. Each station was photographed (Appendix A) and its 
cross-section surveyed and monumented by a galvanized pipe 
topped by an one inch diameter, yellow, plastic plug engraved 
"O.D.N.R. 433-4601". The channel cross sections were surveyed 
using a Kern GK1A automatic level, staff, and tape (Plate 1). 
Instantaneous current velocities were measured for all stations 
except 6 by cup-type, Pygmy or Gurley, current meters; the 
former was used to measure velocity in shallow water (Plate 3) 
while the latter was used in deeper water (Plate 2). At station 
6, mean velocity was determined from culvert gradient, radius, 
and roughness and from daily maximum water depth (Appendix 3). 
Bridges exist at each station and acted as a sampling platform 
during periods of high flow.

Discharge was derived from velocities determined by the 
Manning Equation (station 6, Appendix 3) or the mean section 
method (other stations, Fig. 5). The latter method overcame 
the problem of velocity variation at different points in the 
cross section (Goudie et ail., 1981). Each segment area was 
calculated from the following formula:

a. =w.(d.1 +d.n)l ill i2
2
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and each segment discharge was calculated from:

*1 = ai<Vil + Vi2}
2

where d... and d.0 are marginal depths, and v._ and v.n are ll i2 & ^ ’ ll i2
marginal velocities in the verticals measured by the current
meter at 0.2 and 0.8 total depth and averaged (Fig. 5).
Total area (A) and discharge (Q) were obtained by summing
the segment contributions as follows:

n
A = 5; a. 

i=)
n

Q = Si;i=l 1
For maximum accuracy, a large number of subsections were used 
per cross section. Instantaneous discharges were calculated 
in this manner at a variety of river stages on 10/1/84, 11/29/
84, 12/2/84, 12/15/84, 2/25/85, 2/26/85, 3/1/85, 3/1/85, 4/7/
85, and 4/19/85 in order to define the relationship of stage
to discharge at a particular station (Fig. 10). Future workers 
may use these stage-discharge rating curves in conjunction with 
a continuous trace of creek level (stage) to provide a quick 
record of discharge.

Ninety to one hundred percent of sediment in most non- 
mountainous areas of the world have been shown to move as 
suspended load (Table 7). This is also probably true for the 
entire Old Woman Creek system but, in the Lake Plain and Till 
Plain, suspended load accounts for even more of the total load. 
A depth integrated sampler was used in this study to collect
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a single, instantaneous, suspended sediment sample from each 
station for 12 days during the autumn of 1984 and the winter 
and spring of 1985. However, all such sediment sampling de­
vices are incapable of catching the entire sediment load be­
cause they do not measure the sediment moving close to the 
bed (Leopold e_t al. , 1964, p. 220). The concentration of sus­
pended load (C) that was collected was determined by filtering 
the samples under vacuum through prewashed, predried, and pre­
weighed filter paper. The filter paper was then redried and 
weighed and the sediment concentration (C) was expressed as 
dry weight per volume of mix (ounces/cubic foot). Test - re­
test analysis was done on 10/1/84 by collecting two different 
sediment samples from each station and analyzing them separately. 
The best precision was +0% (station 9) while the worst was 
+25% (station 7). The rest of the stations averaged +7%. Sed­
iment concentration (C) was then converted into approximate 
sediment yield (G)(ounces/second) by multiplying C x Q; no 
equal discharge increment or equal transit rate techniques were 
applied while sampling. The sediment yield data allowed ap­
proximate rating curves to be constructed to show the relation­
ship between a particular station's stream discharge and sed­
iment yield (Fig. 11). Such sediment rating curves are often 
found in the literature and are particularly efficient predic­
tors of sediment yield when a continuous measure of stream 
discharge is available (Gregory and Walling, 1973, p. 166). 
Campbell (1962) also used sediment rating curves as measures of
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soil erosion within a catchment. However, the use of sediment
rating curves has also been criticized because the commonly

2high coefficients of correlation (r ) between G and Q tend to 
be reported without mention of G's original derivation from 
Q (once again) x C.

Erosion Assessment Sites

Eleven erosion assessment sites were established within 
the drainage area (Fig. 1). Each is composed of a monumented, 
photographed, and surveyed cross-section and each will be 
usable as baseline data for future studies. Site location 
was done carefully so as to position cross-sections in im­
portant reaches such as both upstream and downstream of the 
proposed State Route 2 bridge; cross-sections were also 
distributed over space with two sites in the Berea Escarpment, 
five sites on the Lake Plain, and a site on the Till Plain 
(Fig. 1; Appendix B). Cross-sections were monumented with 
a galvanized pipe topped with a one inch diameter, yellow, 
plastic plug engraved "O.D.N.R. 433-4601" and surveyed with 
a Kern GK1A level, tape, and Philadelphia rod (Plate 1). In 
cases of deep water, a boat was employed as a platform.
Site photographs appear in Appendix B.



RESULTS

Many questions about the sediment movement, water move­
ment, and morphology of Old Woman Creek still remain unsolved 
or only partially answered. Among those issues falling into 
this category are the relationship between sediment yield and 
stream discharge at a site, the interreaction between drainage 
area and discharge, the relative sediment and discharge con­
tribution of different creek segments on different days, the 
effect of land use and soil association on sediment load, and 
the general morphology of the channel. Stream discharge 
measurement, sediment load sampling, and surveying were used 
in this study to answer these and other related questions.
The average and maximum sediment yield (ounces/second), sedi­
ment concentration (ounces/cubic foot), mean velocities, 
maximum velocities, stream discharge, and maximum stream depth 
are shown in Table 1. For the purposes of discussion, the 
data will be divided and analyzed by geomorphic province and 
station.

Till Plain

The most headward tributaries of the Old Woman Creek 
system begin on the Till Plain at about 885 feet elevation 
(Fig. 2). They descend toward the Berea Escarpment at an

11
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average stream gradient of 0.34% or 18 feet per mile (Buchanan, 
1982, p. 70) and drain an area dominated by row crops-fallow 
land (Fig.4; Table 4) and the silt loams and loams of the 
Mahoning-Bogart-Haskins-Jimtown Soil Association (Fig. 3;
Table 6). Mahoning soils represent about 40% of the associa­
tion in terms of area and are among the most easily eroded in 
Ohio (Fig.3; Table 6) . "The intensive agricultural develop­
ment of this soil type ... has no doubt reinforced the natural 
erodability of this material and caused it to be a major source 
of sediment currently being deposited in Old Woman Creek 
estuary" (Buchanan, 1982, p.55). Sediment yield from the 
watersheds Till Plain might exceed 15,000 tons per year; of 
that approximately 5,000 tons per year is composed of silts 
and clays (Buchanan, 1982, p.58). The silts and clays are 
easily"transported into the creek by a single precipitation 
event" (Buchanan, 1982, p. 58). Although they often settle 
to the local channel bottom during the considerable periods 
of no or low discharge on the Till Plain, most fines are 
eventually moved to the estuary by large flows induced by a 
major storm or snow melt. However, the coarser fractions 
that make it to the ditches and creeks of the Till Plain tend 
to remain there in the source areas (Buchanan, 1982, p.58).

Stations 4 and 5 are located on the Till Plain (Figs. 
1,2). Station 4, with only 22% of Station 5's drainage area, 
always has a higher sediment concentration than station 5
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(Table 1). However, station 5 always has more maximum cross- 
sectional velocity and stream discharge than station 4 (Table 
1). On 11/29/84, sediment concentration was higher (0.0430 
and 0.0397 ounces/cubic foot) at stations 4 and 5 than at 
the other stations in the other geomorphologic-soil regions; 
it is so because of the availability of sediment and the con- 
centrative effects of the no flow condition. This concentra- 
tive effect was most pronounced on 12/2/84 at station 4, when 
its highest recorded sediment concentration of 0.2031 ounces/ 
cubic foot was measured. With the onset of flow on 12/15/84, 
sediment concentration for both stations decreased to approx­
imately its 11/29/84 level. On 2/25, discharge increased 
dramatically but sediment concentration did not rise as 
quickly (Figs. 6c, 6d) . Discharges of the following day were 
reduced by 40-50% but sediment concentration diminished by 
even more to levels not recorded since before 11/29/84. 
Possibly the available "plug" of sediment had been pushed 
through by the comparatively high velocities of 2/25/85 
(which exceeded 1 cubic foot/second at station 5). Sediment 
concentration continued to drop from 2/26/85 through 3/1/85 
to 3/23/85 when the lowest level of 0.0128 and 0.0047 ounces/ 
cubic foot were recorded at stations 4 and 5, respectively.
By early April, both spring planting and rainfall had occurred 
and sediment concentration again rose; the third largest flow
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of the year was recorded on 4/7/85 at stations 4 and 5 (Table 1). 

Station 4

It is located upstream of the Berea Escarpment in the 
Mahoning-Bogart-Haskins-Jimtown Soil Association, 3.5 miles 
southeast of Berlin Heights where County Line Road crosses 
over the creek (Figs 1,2,3; Appendix A.4). Station 4's 
bottom is covered in fine sediment, has a thalweg elevation 
of 840.9 feet, has approximately 2.3 square miles of drainage 
area contributing to it, and is about 0.6 miles north from the 
usual beginning point of flow (Fig. 1). Station 4 is not 
being used as a nutrient sampling site by David Klarer 
(Sanctuary Biologist) but was used as a sediment sampling 
station (number II) by Buchanan (1982). Station 4's data is 
heavily influenced by agricultural activity; 67% of the sub­
basin was in row crops and 77% was fallow (Table 4). Only 
18% of the creek's upstream extension had forested banks in 
10/84 (Fig. 4). Station 4's data are considered more repre­
sentative of the Till Plain than those of station 5 which 
are affected by local channel pooling (J. Foltz, personal 
communications, 1986).

Raw sediment data and summary sediment data for station 
4 are found in Table 1. Analyses of these data and other field 
evidence show the following:
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1. Station 4’s sub-basin is highly erodable because of 
soil type (Fig. 3; Table 6) and the effects of cropping. Of 
all the stations, station 4 had the largest number of daily 
first place rankings in sediment concentration (Fig 8a) and 
sediment concentration per square mile of watershed (Table 2). 
The first places occur during any season; measured sediment 
concentration on 11/29/84, 12/2/84, 3/1/85, and 4/7/85 of 
0.043, 0.203, 0.022, and 0.102 ounces/cubic foot were the 
highest recorded for any station on those dates (Fig 8a).

2. During periods of field preparation, high levels 
of sediment concentration were recorded at station 4(e.g. on 
4/7/86) (Table 1).

3. The mean recorded sediment concentration at station 
4 (0.0539 oz/ft^) was the highest of any station (Table 1). 

Buchanan (1982, Table 8-1) also showed that this station had 
the highest mean sediment concentration among his 1977 collec­
tions .

4. The maximum recorded sediment concentration at
3station 4 was 0.203 oz/ft on 12/2/84 during a no flow period. 

In times when stream discharge was occurring, the concentra- 
tive effect of pooling was lost, and the maximum recorded

3sediment concentration became 0.1021 oz/ft on 4/7/85 (Table 
1). Buchanan (1982, Table 8-1) reported grab sample
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concentrations of up to 2.668 oz/ft during a minor storm 
event on 7/21/77 but his collection or lab procedure might have 
been different, than our’s leading to larger sediment con­
centration numbers.

5. The minimum recorded sediment concentration at 
station 4 for both this study and Buchanan's 1982 work was 
0.011 oz/ft3 recorded on 4/19/85 (Table 1). This minimum is 

higher than the minimum sediment concentration of all stations 

except station 10.

6. The relationship between stream discharge and 
suspended sediment concentration is poor with a correlation 
coefficient of less than 0.40; such scatter is to be expected 
because suspended load is not a capacity load. Poor relation­
ships between suspended sediment concentration and both maximum 
and mean cross sectional velocities also were experienced.

7. At station 4, there is an especially predictable 
relationship between sediment yield (G) and stream discharge

1 944Q(Q); (G = 0.0282 QX ’ ) (Fig. 11).

8. Despite very high sediment concentrations, daily 
sediment yield through station 4 is not high when compared to
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other stations (Fig. 8b). The maximum sediment yield recorded 
was only 0.76 oz/sec during the late February thaw (Table 1).

Water movement and depth data for station 4 are presented 
in Table 1. Analysis of these data and other field evidence 
show the following:

1. Station 4 is located near the headwaters of the Old 
Woman Creek's middle branch and had relatively low discharges 
throughout the study period. Both its mean and maximum dis­
charges were the second lowest recorded (Table 1). No flow 
occurred 33% of the time (flow usually began in the Escarp­
ment during no-flow events at 4) (Fig. 9; Table 1). Even 
when no discharge was occurring, there was water pooled in 
the channel up to a gauging station depth of 1.16 feet (Table 
1). In order for flow to occur at this station, water depth 
must exceed a threshold value to overcome local channel 
morphology. The deepest no flow reading at the gauging station 
was 1.16 feet while the shallowest reading with discharge was 
1.34 feet. Empirically, flow should begin somewhere between 
those two values; the stage rating curve mathematically predicts 
a slightly deeper value of 1.57 feet to achieve a discharge of 
0.1 cubic feet /second (Fig. 10).

2. At station 4, there was an especially predictable
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relationship between gauging station depth (D) and stream
discharge (Q). The rating relationship was: Q = II.OODqs 

2- 17.20 (r“ = 0.94) (Fig. 10); power, log, or exponential 
best-fit equations did not improve this correlation coeffi­
cient .

3. It may be possible to roughly predict station 4's 
instantaneous discharge (QgTA4) by utilizing the observed 
discharge at station 7 (QgTA7) and the following formula: QSTA4
= 0.0034QgT^7 (r = 0.89). When discharge at station 7 was 
less than 6.4 cubic feet/second,flow at station 4 was absent; 
therefore, only greater than 6.4 cubic feet/second were 
used to find this relationship.

4. The maximum measured discharge at station 4 occurred 
on 2/25/85 and was 16.8 cubic feet/second. Mean discharge was 
only 2.8 cubic feet/second. Only station 9 reported lower 
readings (Table 1).

5. Station 4 has the 8th largest watershed and usually 
( 8 out of 9 times) it recorded the 8th largest discharge 
(Table 1).

6. The maximum recorded velocity was 0.73 feet/second 
on 2/25/85 at station 4 (Table 1). Buchanan (1982, Table 5-1) 
recorded a maximum 0.1 feet/second at this station on 7/28/77.
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7. The maximum recorded depth at station 4 was 2.9 feet 
on 2/25/85.

Station 5

It is located just upstream of the Berea Escarpment in 
the Mahoning-Bogart-Haskins-Jimtown Soil Association, 0.9 
miles southeast of Berlin Heights where Bellamy Road crosses 
the creek (Fig. 1, Appendix A.5). Its bottom is composed of 
fine sediment with a thalweg elevation of approximately 773.2 
feet. Station 5 has approximately 8.0 square miles of water­
shed contributing to it. It is being used by David Klarer 
(Sanctuary Biologist) as a nutrient sampling site and was 
used as a sediment sampling station (number III) by Buchanan 
(1982). Station 5's data is heavily influenced by agricultural 
activity: 52% of the sub-basin area was in row crops and 15% 
was fallow (Table 4). Fifty percent of the 8.4 miles of creek 
below station 4 and above station 5 had wooded banks in 10/84 
(Fig. 4).

Table 1 shows both raw and summary data for station 5. 
Apparent are numerous parallels between station 5 and the other 
Till Plain station, 4, which lies upstream (Fig. 1). How­
ever, there are also striking differences between them, caused, 
it is believed, by the large pool at station 5 and/or by the 
difference in the length of wooded stream margins (18% above 
station 4 was wooded whereas 59% between station 4 and 5 had
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tree cover (Fig 4). These differences between the two Till 
Plain stations are enough and in such a direction as to 
recommend the emphasis of station 4's data over those of 
station 5 as descriptors of the "typical" stream characteris­
tics of the Till Plain. Nevertheless, the main points of 
station 5's sediment data are summarized below:

1. When compared to the smaller watershed of station 
4, station 5’s subbasin does not contribute as much sediment 
to the creek in either ounces/cubic foot/square mile or normal 
concentration terms (Tables 1,3).

2. Station 5 never ranked first in terms of daily 
sediment concentration. Rather, it had two second and two 
third highest rankings to put it in fifth position in total 
first, second, and third placings among the nine stations 
(Fig 8a).

3. The mean recorded sediment concentration was 0.025 
ounces/cubic foot (Table 1). The maximum recorded sediment 
concentration occurred during spring planting on 4/7/85 and 
was 0.051/ounces/cubic foot. This was more than that recorded 
during the late February thaw even though the stream discharge 
on 2/25/84 was about six times that of 4/7/85. The minimum 
recorded sediment concentration was 0.0047 on 3/23/85 (Table 1).
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4. There was generally a direct relationship between 
stream discharge and sediment concentration (Fig. 6d).

5. The power relationship G = 0.0092 Q1'316 (where G 
is sediment yield in ounces/second and Q is stream discharge 
in cubic feet/second) best describes the relationship between 
sediment yield and discharge (Fig. 11).

Water movement and depth data for station 5 are presented 
in Table 1. Analysis of these data and other field evidence 
show the following:

1. Station 5's watershed was the sixth largest of the 
nine stations and exhibited relatively moderate amounts of 
discharge. Its mean discharge was the fifth largest and its 
maximum discharge was the 4th largest recorded (Table 1).
When flows less than 0.1 cubic feet/second were recorded, they 
were usually a function of the pool directly beneath the 
Bellamy Road bridge rather than the stream reach itself; 
riffles lie within view of station 5 and typically displayed 
visible stream flow. In order for measurable flow to occur 
at this station, water depth must exceed a threshold value 
of about 1.9 feet (based on the stage-discharge rating formula 
and empirical evidence).
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2. At station 5, there was an especially predictable 
relationship between gauging station depth (DGS) and stream 
discharge (Q). The stage-discharge rating relationship is: 
Q = 60.33(Dgs-112.26) (r2 = 0.94) (Fig 11).

3. It may be possible to estimate station 5’s instantan­
eous discharge (Qg-p^g) by using the observed discharge at 
station 7 (Qg-p^y) and the following formula: Qgp^g =
0130 1-39 2

^STA7 (r-1 = 0.86). When discharge at station 7 was
less than 4.2 cubic feet/second, flow at station 5 was absent; 
therefore, only QgTA7 greater than 4.2 cubic feet/second were 
used to find the relationship between the discharge of stations 
5 and 7.

4. Maximum measured discharge on 2/25/85 was 60.2 
cubic feet/second. Mean discharge was 12.8 cubic feet/second 
which, relative to the other stations, is a moderate value 
(Table 1).

5. Maximum recorded velocity was 1.02 feet/second on 
2/25/85 at station 5 (Table 1). Euchanan (1982, Table 5-1) 
recorded a maximum of 0.1 feet/second at this station on 
7/28/77.
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6. The maximum recorded depth at station 5 was 3.5 feet 
on 2/25/85.

Berea Escarpment

Immediately downstream from the relatively flat and 
predominately row-cropped Till Plain is the Berea Escarpment 
with its greater relief, steeper slopes and more diverse land 
uses; in October, 1984, 49% of the Escarpment was row-cropped 
or fallow. Twenty two percent was woodland, 13% was orchard, 
and 11% was urban (Figs. 2,4; Table 4). Several soils are 
found on the Berea Escarpment and support its land use; in order 
of area covered, the three largest are the Mahoning-Bogart- 
Haskins-Jimtown (BGHJ), Arkport-Galen (AG), and Allis-Fries 
(AF) soil associations (Fig. 3, Table 6). Soil texture varies 
according to association and type from the finer silty clay 
loam (AF) through silt loams and loams (BGHJ) to coarser loamy 
fine sand (AG); soil erodability generally increases with 
decreasing grain size and thus BGHJ and AF soils are poten­
tially more erodable than the coarser AG soils (Table 6). The 
transportation potential of the creek within the Escarpment 
is high; the 1.1% (58 feet/mile) average gradient (Buchanan, 
1982, p. 71-72) is about three times that of the Till Plain 
and is enough to keep the 2.3 miles of channel free from 
siltation. Hence, any fines brought into the Escarpment from 
the Till Plain or from direct overland flow are flushed through
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quickly to the Lake Plain, estuary, or Lake Erie.
Station 6 is located in the Berea Escarpment while sta­

tions 2 and 7 are in the transitional zone where the Escarp­
ment drains into the Lake Plain. For the purpose of discussion, 
all three stations have been included in the Berea Escarpment 
province. Stations 2,6, and 7 all exhibit smaller mean 
sediment concentration per square mile than did the Till Plain 
stations (Table 2). Stations 6 and 7 had less sediment concen­
tration than either of the Till Plain stations lying upstream 
(except on 10/1/84) (Table 1). Apparently, this situation was 
caused by the Escarpment's greater amount of sediment-free 
base flow, more exposed bed rock, less agricultural soil 
disturbance, and fewer acres of highly erodable soil.

Station 2

It is located in the transitional area between two 
geomorphic provinces (Berea Escarpment and Lake Plain) and 
two soil associations (Mahoning-Bogart-Haskins-Jimtown and Ark- 
port- Galen), 1.3 miles northwest of Berlinville where Huff 
Road crosses the west branch of Old Woman Creek (Figs. 1,2,3; 
Appendix A.5). Station 2's shale and cobble bed has an approx­
imate elevation of 630 feet and has about 4.8 square miles of 
drainage area. The bed was artificially channalized away from 
the bridge abutments by the county during the survey period 
but, with the thaw of late February (Table 5), the bed naturally
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relocated to about its previous position. Much of station 
2's watershed is in the Till Plain although it itself is in 
the transition between the Escarpment and the Lake Plain. 
Consequently, 64% of the total watershed was in row crops or 
fallow and 20% was in woodland in October, 1984. However,
within the Escarpment portion of the total watershed, land use
was very different ; 52% was in row crops or fallow and 30% 
was in woodland (Table 4). Of a total upstream length of about 
6.8 miles, 75% had a forested bank and 32% had a fallow or
row cropped stream bank (Fig. 4). Station 2 was not being used
as a nutrient sampling site by David Klarer (Sanctuary Biologist) 
nor as a sediment sampling station by Buchanan (1982).

Raw sediment data and summary data for station 2 are found 
in Table 1. Analysis of these data and other field evidence 
show the following.

1. Suspended sediment concentration at station 2 was 
always comparatively low because the immediate upstream area 
lacks a readily available sediment supply. In the daily 
sediment concentration rankings, station 2 recorded no overall 
first, second, or third places (Fig. 8a) and it usually had 
the lowest concentration of all the Escarpment stations.

2. The mean recorded sediment concentration at Station 
2 (0.0119 Oz/ft^) was the lowest of any station (Table 1).
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The maximum recorded sediment concentration occurred at station
32 on 12/15/84 and was 0.0275 oz./ft. ; this was lower than that 

recorded at any other station on that day (Table 1). Another 
large suspended sediment concentration for station 2 occurred 
on 4/7/85 when plowing and rainfall coincided. Minimum sed­
iment concentration at station 2 was recorded on 3/23/85 and 
was only 0.0036 oz./ft.3.

3. Generally, there is a good direct relationship be­
tween stream discharge and sediment concentration (i.e. as 
discharge increases so does concentration and vice versa) (Fig. 
6A). However, during the high discharges of the late February 
1985 thaw, newly available sediment became limited and the 
graphed sediment peak did not correspond to that of stream 
discharge (Fig. 6A).

4. At station 2 there is a predictable relationship 
between sediment yield (G) and stream discharge (Q):
G = 0.0045Q1’33 (Fig. 11).

5. Daily suspended sediment yield through station 4 was 
low compared to other stations nearby (Fig. 8b; Table 1) because 
the banks are often wooded the creek bottom is bedrock-gravel, 
and some of the soils are of the resistant Arkport-Galen Assoc­
iation (Figs. 3, 4).



27

Water movement and depth data for station 2 are presented 
in Table 1. Analyses of these data and other field evidence 
show the following:

1. Station 2's watershed is the seventh largest of the 
nine stations and so is its mean discharge and maximum dis­
charge (Table 1). There was always flow at station 2 and its 
discharge-drainage area relationship for selected days is shown 
in Figure 9.

2. A stage-discharge rating curve for station 2 could 
not be established because the channel cross-section was sub­
stantially altered by the County Engineer during the study 
(Appendix A.2).

3. It may be possible to predict station 2's instan­
taneous discharge (Q^^) by using the observed discharge at

0 95station 8 (QST4g) and the following formula: QSTA2 = 0 • 19<3sTA8 
(r2 = 0.88).

4. The maximum recorded velocity was 2.91 feet/second 
at station 2 (Table 1). On 4/19/85 it recorded a maximum 
velocity that was faster than all other stations and on sev­
eral other days it ranked in the top three in terms of vel­
ocity (Fig. 8c).
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5. The maximum recorded depth was 1.0 feet on 12/15/84 
(Table 1).

Station 6

It is located in the sandstone Berea Escarpment at a 
thalweg elevation of 680.2 feet, 0.4 miles west of Berlin 
Heights on the downstream end of a large, corrugated culvert 
carrying the middle branch of Old Woman Creek beneath Berlin 
Road (Figs. 1, 2; Appendix A.6). Station 6's nine square miles 
of watershed is composed of Mahoning-Bogart-Haskins-Jimtown 
soils (Fig. 3) and two geomorphic provinces, the Escarpment 
(where it itself is located) and the larger, agriculturally 
dominated Till Plain (Fig. 2). Consequently, 77% of the total 
watershed was in row crops or fallow, 14% forested, 6% in or­
chards, and 4% urban in October, 1984. However, if only the 
smaller Escarpment area is considered, a much different pic­
ture of land use appears; specifically, in October, 1984, 46% 
was in row crops or fallow, 17% in forest, 19%> in orchard, and 
11% urban (however, most of the storm sewer drainage from 
Berlin Heights is directed by pipe to a point downstream of 
station 6 and upstream of station 7)(Fig. 4; Table 4). Be­
tween station 6 and the more upstream station 5, are 3.6 miles 
of channel; of this 50% was forested on at least one bank 
whereas 19% was fallow, 5% was in orchard, 13% was in pasture, 
and 11% was effected by urbanization in October, 1984 (Fig. 4). 
Station 6 is being used as a nutrient sampling site by David
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Klarer (Sanctuary Biologist) and was used as Site VII by Bu­
chanan (1982) to collect grab sediment samples.

Raw sediment data and summary data for station 6 are 
listed in Table 1. Analysis of these data and other field 
evidence show the following:

1. Sediment concentration at station 6 was always low 
compared to the other eight stations because the immediate 
upstream area lacked a ready sediment supply and has a sig­
nificant, sediment-free, base flow. In the daily sediment 
concentration rankings, station 6 recorded no first, second 
or third places (Fig. 8a).

2. There are major sediment concentration reducing 
properties of the reach between stations 5 and 6 and possibly 
a slower erosion rate than on the Till Plain (Table 3)

3. The mean recorded sediment concentration at station 
6 (0.0160 oz./ft. ) is lower than any station except 2 (Table 
1). The maximum recorded sediment concentration occurred at 
station 6 on 12/15/84 and was 0.0366 oz./ft.3 (Table 1). 
Another sediment concentration measurement approximated that 
of 12/15/84 and occurred during the spring planting on 4/7/85. 
Although it,was a significant concentration for station 6, the 
4/7/85 reading was the third lowest for the basin as a whole 
on that day (Table 1).
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Minimum sediment concentration at all Escarpment stations oc­
curred on 3/23/85. At station 6, this reading was 0.0028 oz./ 
ft.3 (Table 1).

4. Generally, there is a good direct relationship be­
tween stream discharge and sediment concentration (i.e. as 
discharge increases so does suspended sediment concentration 
and vice versa)(Fig,6E). However, during the high discharges 
of the late February thaw, newly available sediment became 
limited and the graphed sediment peak did not correspond to 
that of the stream discharge (Fig. 6E).

5. The relationship between sediment yield (G) and
stream discharge (Q) is best described by the following:

1 53G = 0.0045Q ' . Its correlation coefficient of 0.78 is
not as high as at the other Escarpment stations (Fig. 11).

6. Station 6 with its larger watershed and stream 
discharge usually had more sediment yield than station 5 
with its smaller watershed and greater sediment concentration. 
However, on 2/25/85 and 2/26/85 this did not happen because 
o:^ flooding (and loss of sediment-charged water) between 
stations 5 and 6 (Table 1)(J. Foltz, personal communication, 
1986).

Water movement and depth data for station 6 are presented
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in Table 1. Analyses of these data and other field evidence 

show the following:

1. Station 6 has the fourth largest watershed of the 

nine stations and also the fourth largest mean and maximum 

discharges (Table 1). All recorded discharges were above 0.1 

cubic feet/sec, because of the base flow contribution of the 

Escarpment. However, during the summer and fall, station 6's 

flow was small compared to its basin area because the Till 

Plain portion of its basin contributed little to stream flow 

(Fig. 9).

2. The discharges at station 6 were calculated from 

depth indirectly using the Manning Formula (Appendix C); no 

stage-rating curves were, therefore, developed for this station. 

These calculated discharges appear reasonable because they are 

always lower than the nearest downstream station (7) and 

higher than the nearest upstream station (5) (except on 2/26/85 

when there was over-bank flooding along the reach).

3. It may be possible to approximately predict station 

6’s instantaneous discharge (Qg^g) by using the observed dis­

charge at station 7 (QgT47) and the following formula:

QSTA6 = °-51QSTA7 (r °‘97)’

4. The maximum calculated discharge at station 6 occurred
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on 2/25/8o and was 65 cubic feet/second. Mean discharge was 
15.75 cubic feet/second (Table 1).

5. No maximum velocities are available for station 6.

6. The maximum recorded depth at station 6 was 1.4 
feet on 2/25/85.

Station 7

It is located in the transitional area between two geo- 
morphic provinces (Berea Escarpment and Lake Plain) and two 
soil associations (Mahoning-Bogart-Haskins-Jimtown and Allis- 
Fries), 0.9 miles northwest of Berlin Heights where Mason Road 
crosses the middle branch of Old Woman Creek (Figs. 1, 2, 3; 
Table 5; Appendix A.7). Station 7’s sand - sandstone bed has 
an approximate thalweg elevation of 617.1 feet. Its 10.54 
square miles of drainage area (Fig. 1) contains mostly Mahoning- 
Bogart-Haskins- Jimtown soils (Fig. 3) and all three geomorphic 
provinces (Fig. 2). The Till Plain dominates the watershed in 
area terms and, consequently, 64% of the total watershed was in 
row crops or fallow and only 14% was forested, 8% was in or­
chard, and 5% urban in October, 1984. However, if only the 
sub-basin of station 7 is considered then a much different pic­
ture of land use emerges; specifically, in October, 1984, only 
8% was in row crops or fallow, 21% was in forest, 25% was in
orchard, and 20% was urbanized or suburbanized (Fig. 4; Table 4).
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Between stations 7 and the more upstream station 6 are 0.95 
miles of channel; of this, 93% was forested on at least one 
bank whereas the remainder was residential. However, there 
are also drinking water storage pools and sewer outfalls 
along the reach of Old Woman Creek between stations 6 and 7 
which significantly effected the water and sediment data. 
Station 7 is being used as a nutrient sampling site by David 
Klarer (Sanctuary Biologist) and was used as Site IV by 
Buchanan (1982) to collect grab sediment samples.

Raw sediment data and summary data for station 7 are 
found in Table 1. Analysis of these data and other field 
evidence show the following:

1. Sediment load and stream discharge at station 7 re­
flects the input and extraction effects of humans as well as 
local geomorphic, soil, and land use factors. During periods 
of low water, the Berlin Heights water plant removed water 
from the middle branch of Old Woman Creek, held it in basins 
above station 7 and, thereby, usually reduced the reach's 
erosion potential (except on 11/29/84). Conversely, during 
higher flows, the input of water from village storm sewers 
combined with natural flow to increase the erosion of bottom 
sediment which had accumulated during lower flow; holding 
basins were not influential during such high flows because 
by-pass gates precluded further basin infill (J. Foltz, per­
sonal communication, 1986).
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2. Sediment concentration at station 7 was usually com­
paratively low because the immediate upstream area lacks a 
ready sediment supply and has a significant, sediment-free 
base flow. This is despite the significant impact of humans 
upstream and the longitudinal gradient which is steeper than 
in the other geomorphic provinces (Fig. 8a).

3. The pattern of sediment concentration through the 
year for stations 6 and 7 were broadly similar and there is 
good association between stream discharge and sediment con­
centration except on 11/29/84 and 2/25/85; apparently, 
sediment availability was the limiting factor on 2/25/85 
(Figs. 6E, 6F). However, the actual daily suspended sedi­
ment concentration was slightly higher at station 7 nine out 
of 12 times (Table 1).

The mean recorded sediment concentration of station 7
3(0.0186 oz./ft. ) is higher than that of the other Escarpment 

stations but lower than that of the remaining stations (Table 
1). The maximum recorded sediment concentration occurred at 
station 7 during spring planting on 4/7/85 and was 0.0399 oz./

3ft. ; this was the fourth lowest concentration measured that 
day (Table 1). Minimum sediment concentration at all Escarp­
ment stations occurred on 3/23/85. At station 7, this reading

o
was 0.0040 oz./ft.°.
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5. The relationship between sediment yield (G) and 
stream discharge (Q) is best described by G = 0.0044Q1'42 (Fig. 

11). Maximum yield occurred during the biggest flow event on 
2/25/85 (3.385 oz./sec.) and was much greater than the yield 
measured on the same day at station 6 (2.21 oz./sec.) located 
only 0.95 miles upstream. Stream discharge had increased by 
about 50% in this short distance largely because of storm 
sewer input from Berlin Heights.

Water movement and depth data for station 7 are presented 
in Table 1. Analysis of these data and other field evidence 
show the following:

1. Station 7 has the third largest drainage area of the 
nine stations and also the third largest mean and maximum dis­
charges (Table 1). All recorded discharges were above 0.1 cubic 
feet/second because of the base flow contribution of the Escarp­
ment. Discharge patterns on Figure 6F mirror those of station
6 on Figure 6E but the actual discharges are very different with 
those of station 7 always higher (Fig. 9; Table 1).

2. At station 7, there was a predictable relationship 
between gauging station depth (DGg) and stream discharge (Q).
The stage-discharge rating relationship is: Q = 46.70DGS - 27.67
(r2 = 0.86).
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3. It seems possible to approximately predict the instan­
taneous discharges of stations 4, 5, and 6 from the measured 
discharge of station 7. The relationships follow:

'STA4
- °'0034«st!? , 2 (r = 0.89) *

A , 1 39 , 2 * *
!STA5 - °-13%T.17 (r = 0.86)

STA6
= 0 540^'^®U‘°^WSTA7

o(r = 0.97)

4. The maximum measured discharge at station 7 occurred 
on 2/25/85 and was 96.3 cubic feet/second. Mean discharge 
was 23.5 cubic feet/second (Table 1). Only stations 8 and
10 reported higher readings.

5. Station 7 recorded more first places in the daily 
maximum velocity rankings than any other station (Fig. 8C).
Its maximum recorded velocity was 3.83 feet/second on 2/25/85 
(Table 1).

6. The maximum recorded depth at station 7 was 2.7 feet 
on 2/25/85 (Table 1).

Lake Plain

The Lake Plain lies immediately downstream of the more
steeply sloping Berea Escarpment. In October, 1984,

♦ Only Qg-p^.y greater than 6.4 cubic feet/second were used 
Only QSTA7 greater than 4.2 cubic feet/second were used
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48,o of the Lake Plain was field cropped or fallow, 27% was 
wooded, 7% was in orchard, and 4% was urbanized or suburban­
ized (Fig. 4; Table 4). Several soils are found on the Lake 
Plain and support its land use; in order of area covered, the 
largest two are the Kibbie-Tuscola-Colwood (KTC) and Del Ray- 
Lenawee (DL) Soil Associations (Fig. 3; Table 6). Soil tex­
ture varies according to association and type from the finer 
silt clay-loam (DL) through silt-loam (DL and KTC) to the 
fine sandy loam of KTC; soil erodability seems to increase 
ith decreasing grain size and, thus, lower erosional rates 

are probable on the KTC soils (Table 6). -Soils of the KTC 
association are less prone to erosion because of their coarser 
texture even though the slopes on which the soils developed 
are identical to the Del Ray soils" (Buchanan, 1982, p. 56).
The average gradient of Old Woman Creek over the easily eroded 
lacustrine sediments of the Lake Plain is only 0.13% (7 feet/ 
mile) (Buchanan, 1982, p. 72). Because this gradient is 
about one-third that of the Till Plain and one-ninth that of the 
Escarpment, the transportation potential of the wide, meander­
ing Old Woman Creek in the Lake Plain is relatively low. Thus, 
the majority of sediment accumulation in the basin 
should occur within the Lake Plain channels (Buchanan, 1982. 
p. 72). In fact, there were many days when the Lake Plain ac­
cumulated sediment in its channels but also a few days when its 
flow was able to scour the bottom and move material into or 
through the estuary (Table 3). "The clays now being deposited
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in the estuary probably originate from both the upper till 
plain and lower lake plain. Because of the proximity of the 
lake plain to the estuary, the amount of clay reaching the 
estuary from each source area is probably roughly equal. The 
coarser silts and fine sands now being deposited in the 
estuary are probably eroded from fields on the lake plain 
near the estuary and have short transport distances"(Buchanan, 
1982, p. 58).

Stations 3, 8, 9, and 10 are located on the Lake Plain.

Station 3

Its deep, silt and clay cross-section is located on the 
Lake Plain at a thalweg elevation of about 587.7 feet, 2.8 
miles north of Berlinville where Chapin Road crosses the west 
branch of Old Woman Creek (Figs. 1, 2; Appendix A.3). Station 
3's 8.1 square miles of watershed is composed of Kibbie- 
Tuscola-Colwood, Arkport-Galen, and Mahoning-Bogart-Haskins- 
Jimtown soils (Fig. 3) and three geomorphological provinces, 
the agriculturally diverse Lake Plain, the Berea Escarpment, 
and the field-crop dominated Till Plain (Fig. 2). Of station 
3's total watershed, 60% was in field crops or fallow, 22% was 
forested, 4% was in orchards, and 4% was urbanized or suburban­
ized in October, 1984 (Fig. 4; Table 4). However, if only the 
smaller sub-basin between stations 2 and 3 is considered, a
slightly different picture of land use appears; specifically,
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in October, 1984, 67% was in field crops or fallow, 24% was 

forested, 7% was in orchard, and 4% was urbanized or suburban­

ized (Fig. 4; Table 4). Station 3 is being used as a nutrient 

sampling site by David Klarer (Sanctuary Biologist) and was 

utilized as Site VIII by Buchanan (1982) to collect grab sed­

iment samples.

Raw sediment data and summary data for station 3 are 

found in Table 1. Analyses of these data and other field evi­

dence show the following:

1. Station 3's sediment concentration was usually rel­

atively high and never affected by periods without

stream discharge. Its suspended sediment concentration was 

always higher than that of station 2, immediately upstream.

In the daily sediment concentration ranking, station 3 re­

corded three firsts, one second, and two third places (Fig.

8a). This puts station 3 into second place behind station 4 

in total number of placings. All first places in daily sed­

iment concentration occurred in March and April when stream 

discharges were low (Fig. 8a; Table 1). Station 2 lies just 

upstream from station 3 but did not place at all in the same 

daily sediment concentration rankings (Fig. 8a); this suggests 

that station 3's sub-basin is an important erosional area.

2. The relatively high suspended sediment concentration 

at station 3 may have been caused, in part, by a feed lot within

its sub-basin.
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3. Station 3's sub-basin can be a moderate to high 
erosion region. On 10/1/84 and 2/25/85, station 3's sub­
basin produced large residual suspended sediment concentra­
tion/square mile of watershed which is indicative of sub­
basin erosion; only station 8 had higher residual suspended 
sediment concentration/square mile on these dates. More 
minor erosion occurred on four other days while deposition 
happened on 12/15/84 and 4/7/85 (Table 3). Low gra­
dients promoted deposition while humans and especially the 
feed lot activity promoted erosion in this sub-basin.

4. The mean recorded sediment concentration of station
33 (0.0368 oz./ft. )was lower than that of stations 4 and 

8 (Table 1). The maximum recorded sediment concentration of
30.0718 oz./ft. occurred during the late February thaw and was 

greater than that of the Escarpment stations for that date.
3The mini mum suspended sediment concentration of 0.0073 oz./ft. 

occurred on 12/2/84 (Table 1).

5. There was a good direct relationship between station 
3's stream discharge and sediment concentration except on 3/23/ 
85 (Fig. 6B). Station 3 was one of the few stations to ex­
hibit an exaggerated suspended concentration peak on 2/25/85
to mirror that of stream discharge; apparently, there was 
plenty of available sediment in this sub-basin during times of 
even the highest recorded flow.
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6. There is a good relationship between sediment yield
(G) and stream discharge (Q). It is best described by 

1 439G = 0.0108Q ' (Fig. 11). Maximum yield occurred on 2/25/85 
during the biggest recorded flow event (3.303 oz./ft.3) and 

was the third largest measured that day (Table 1).

Water movement and depth data for station 3 are presented 
in Table 1. Analysis of these data and other field evidence 
show the following:

1. Station 3 had the fifth largest drainage area and
the sixth largest mean and maximum discharges (Table 1). However, 
discharge at station 3 was highly variable. On 10/1/84 its 
sub-basin contributed more flow than expected (from its area) 
to the discharge of the west branch (Fig. 9A;.Table 1). Yet 
on 11/29/84 and 12/2/84, station 3 recorded two no flow days 
even though station 2 (upstream) had flow (Table 1).

2. At station 3, there was a predictable relationship 
between gauging station depth (F^g) and stream discharge (Q).
The stage - discharge rating relationship was Q = 26.74D~0-74 962 GS 
(r = 0.87) (Fig. 10).

3. It may be possible to approximately predict station 
3's discharge (QSTA3) by using the observed discharge at 
station 8 (QSTAg) and the following formula: QSTA3 = O.llQ^g
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2(r = 0.85). When discharge at station 8 was less than 7 cubic 
feet/second, flow at station 3 was absent; therefore, only QSTA8
greater than 7 cubic feet/second were used to find this re­
lationship .

4. The maximum recorded discharge at station 3 occurred 
on 2/25/85 and was 46.0 cubic feet/second. Flooding happened 
upstream by the gun club and probably reduced this recorded 
maximum from what it would have been otherwise (J. Foltz, per­
sonal communication, 1986). The mean discharge was 11.5 cubic 
feet/second at station 3 (Table 1).

5. The maximum recorded velocity at station 3 occurred 
on 2/25/85 and was 0.72 feet/second, substantially lower than 
that of station 2 (Table 1).

6. The maximum measured water depth at station 3 was 
4.6 feet which is exceptionally deep; only station 8 and
10 on the lower Lake Plain recorded depths equal to or greater 
than it (Table 1).

Station 8

It is located on the Lake Plain at a thalw'eg elevation 
of about 586.3 feet, 2 miles northwest of Berlin Heights 
where the Norfolk and Western Railroad crosses the creek. Its
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bed is composed of fine sediments. Station 8 is the pivotal 

site of this study because it is just downstream of the junc­
tion between the western and middle branches of Old Woman 
Creek and above any back-water effect of the estuary (Figs.
1, 2; Appendix A.8). Station 8's 20 square miles of water­
shed is composed of several soil associations (Fig. 3) and 
three geomorphic provinces (Fig. 2). Of station 8's total 
watershed, 61% was in field crops or fallow, 3% was in pasture, 
18% was wooded, 6% was in orchard, and 4% was urban in October, 
1984 (Fig. 4; Table 4). However, if only the smaller water­
shed between station 8 and both stations 3 and 7 is considered, 
a different picture emerges; 41% was in field crops or fallow, 
11% was in pasture, 25% was wooded, 5% was in orchard, and 4% 
was urbanized or suburbanized in October, 1984 (Fig. 4; Table 
4). Station 8 is being used as a nutrient sampling site by 
David Klarer (Sanctuary Biologist).

Raw sediment data and summary data for station 8 are 
found in Table 1. Analysis of these data and other field 
evidence show the following:

1. Average suspended sediment concentration at station 
8 was higher than that of the other Lake Plain stations and 
second only to that of station 4 on the Till Plain (Table 1). 
Station 6 placed first twice and second three times in the 
daily sediment concentration rankings (Fig. 8a) but recorded 
no first places during its five largest recorded discharges
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(Table 1). The highest sediment concentrations were recorded on 
10/1/84, 12/15/84, and 3/24/85 and happened after a significant 
rainfall event, not during a melt period (Table 5). This may 
suggest that rain drop impact is important to local sediment 
production.

2. Station 8's sub-basin can be a sporadically important 
erosive area. Channel deposits accreted by low flows and other 
sub-basin material can be readily mobilized by even moderate 
precipitation (Tables 1, 5). In residual suspended sediment 
concentration/square mile terms, station 8's sub-basin produced 
more than any other sub-basin on 10/1/84 and 3/24/85 (Table 3). 
Net erosion also occurred on 12/15/84.

3. The low gradient channel within station 8’s sub-basin 
can also be sporadically important as a depositional area; seven 
out of 11 times it was a net accretor suggesting lots of bed 
and floodplain (?) deposition (Table 3).

4. The mean recorded sediment concentration at station
38 (0.040 oz./ft. ) is higher than any station except station

4 on the Till Plain. The maximum recorded sediment concentra-
3tion of 0.083 oz./ft. occurred on 12/15/84 after a significant 

rainstorm and was the second largest recorded on that date 
(Fig. 8a; Tables 1, 5). The minimum sediment concentration of
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0.0085 oz./ft.^ occurred on 3/2/85. There is a very good 

relationship between stream discharge and sediment concen­
tration except on 2/25/85 when available sediment could not 
satisfy the sediment capacity of the flow (Fig. 6G).

6. The relationship between sediment yield (G) and 
stream discharge (Q) is best described by: G = 0.0062Q^"^®^ 

(Fig. 11). Maximum yield occurred on 2/25/85 during the 
biggest recorded flow event and was the second largest 
recorded that day (Table 1). On this date, there was over­
bank flooding downstream of station 7 and at the confluence 
of the middle and west branches of Old Woman Creek. This 
reduced stream discharge at station 8 enough so that its 
recorded flow did not even equal the combined discharge of the 
upstream stations 3 and 7. In turn, this flooding produced 
a lower than expected sediment yield at station 8 on 2/25/85 
(Figure 11; Table 1).

Water movement and depth data for station 8 are presented 
in Table 1. Analysis of these data and other field evidence 
show the following:

1. Station 8 has the second largest drainage area of the 
nine stations and also had the highest mean discharge and the 
second highest maximum discharge (Table 1). Solely, station 
10 surpassed station 8 in discharge and then only when the
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estuary bar was open; when it was closed, station 10 became, 

functionally, a part of the estuary. Thus, station 8 is 

pivotal to understanding the totality of stream input into 

the estuary.

2. At station 8, there was an extremely predictable 

relationship between gauging station depth (°Qg) and stream 

discharge (Q). The stage-discharge rating relationship 
was QST4S = 57.49D - 161.34D (r2 = 0.99) (Fig. 10).

These'results are very encouraging especially since the station 

is strategic to the estuary; they suggest that a permanent 

stage recorder be established here.

3. It may be possible to roughly predict the discharge 

of stations 2, 3, 7, and 10 by using the observed discharge 

at station 8 (QgTA8) anc* the following formulae:

;STA2 0.19QSTAg <r2 = 0.88)

STA3
(r2 = 0.85)

!STA7 = °-83«sta8 (r2 = 0.82)

Q'STA10= 1-45«stIs (r2 = 0.91) **

*
When discharge at station 8 was less than 7.0 cubic feet/sec- 

ond, flow at station 3 was absent; therefore, only QST^7 greater 
than 7.0 cubic feet/second were used to find Qg-j^g-

Q data for 4/7/85 at station 10 was effected by a transitional 
bar situation and, therefore, excluded.
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4. The maximum recorded discharge was 105.2 cubic feet/ 
second on 2/25/85 (Table 1). This was 37 cubic feet/second 
less than the combined discharges of stations 3 and 7 which 
lie upstream on different branches of Old Woman Creek. This 
lessening of discharge with increasing drainage area was un­
expected but might be accounted for by over-bank flooding 
just downstream of station 7 and at the junction of the west 
and middle branches on 2/25/85. By the next day, discharge
at station 8 had dropped markedly to 67.5 cubic feet/second 
(Table 1). Mean discharge was 33.5 cubic feet/second.

5. When the estuary mouth bar was open (12/15/84, 
2/25-26/85, 3/1-1/85), there was a simple relationship 
between the relative discharges and the relative drainage 
areas of stations 7, 8, and 10.

6. The maximum recorded velocity was 2.7 feet/second 
on 2/25/85 (Table 1).

7. The maximum recorded water depth at station 8 was 
4.6 feet on 2/25/85 (Table 1).

Station 9

It is located on the Lake Plain at a thalweg elevation 
of about 597.0 feet, 1.6 miles northwest of Berlin Heights
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where Deehr Road crosses the east branch of Old Woman Creek 
(Figs. 1, 2; Appendix A.9). Station 9's 1.1 square miles of 
watershed is composed of two geomorphic provinces, the Lake 
Plain and the Escarpment (Fig. 2) and the Del Ray-Lenawee 
(DL), Mahoning-Bogart-Haskins-Jimtown (MBHJ), and Allis- 
Fries soil associations (Fig. 3). The soils range in tex­
ture from silty clay loam through silt loam to loam and 
most have high erosion potentials (Table 6). DL and MBHJ 
soils have already suffered significant erosion from their 
gentle slopes. However, the natural erodability of Allis- 
Fries soils might be unrealized because its woodland cover 
is still largely undisturbed by agriculture (Buchanan, 1982, 
p. 56). Of station 9’s total watershed, 35% is in field 
crops or fallow, 39% was wooded, and 17% was in orchard in 
October, 1984 (Fig. 4; Table 4). Station 9 is being used 
as a nutrient sampling site by David Klarer (Sanctuary Biolo­
gist ) .

Raw sediment data and summary data for stations 9 are 
found in Table 1. Analysis of these data and other field 
evidence show the following:

1. Station 9's daily sediment concentrations were 
usually the lowest recorded on the Lake Plain (Table 1). How-

3ever, on 2/25/85, the sediment concentration (.211 oz./ft. ) 
at station 9 was the largest recorded at any of the nine 
stations (Fig. 8a). The timing of this high sediment load
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at station 9 corresponded with that of its largest recorded 
flow suggesting that abundant sediment within the watershed 
was available to the first large flow.

2. Station 9's basin displayed an inconsistent ero­
sion pattern in residual suspended sediment concentrations/ 
square mile terms; some days it recorded low to moderate 
erosion, on others it had moderate erosion, and on 2/25/85 
the basin produced 0.19 oz./ft.3/mi.2 which was the highest 

recorded for that date or any other (Table 2).

3. The mean recorded sediment concentration at station 
9 was 0.037 oz/ft. . The maximum recorded was 0.211 oz./ft.3 

on 2/25/85 which was higher than that of any station for that 
date. The minimum recorded sediment concentration was 0.0053

3
oz./ft. on 3/1/85 which was the lowest of any station that 
day.

4. At station 9, there is a poor relationship between 
sediment concentration and stream discharge (Fig. 6H). One 
big flow created a correspondingly large rise in sediment 
concentration but, afterwards, variations in discharge were 
not reflected by corresponding variations in sediment concen­
tration. Rather, sediment concentration continued to fall from 
2/25/85 to 3/24/85.
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5. The relationship between sediment yield (G) and stream
discharge (Q) is best described by the following formula:

1.69G = 0.0098Q ’ but the correlation coefficient was only
0.68.

Water movement and depth data for station 9 are presented 
in Table 1. Analysis of these data and other field evidence 
show the following:

1. Station 9, located on the minor eastern branch of 
Old Woman Creek, has the smallest drainage area of all nine 
stations and also had the smallest mean discharge (2.45 cubic 
feet/second) (Table 1). Maximum discharge was 8.1 cubic 
feet/second but all other measured discharges were less than 
4.0 cubic feet/second.

2. At station 9, the relationship between gauging 
station depth (DGS) and stream discharge (Q) was poor 
probably because of the small sample size and the difficulty 
in measuring velocity. Depths never exceed 0.6 feet and 
during lowest water, it was difficult to take undisturbed 
sediment samples and to make accurate velocity measurements.
As a result, velocity and sediment readings were not collected on 
11/29/84, 12/2/84, and 4/19/85 when the creek was very shallow.

2. The maximum recorded velocity at station 9 was 3.29
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cubic feet/second on 2/25/85 (Table 1). No velocities were 
recorded at station 9 on 11/29/84, 12/2/84 and 4/19/85 be­
cause of measurement difficulties in the very shallow water. 
However, on five other dates, station 9 recorded the highest 
maximum velocities of any station (Fig. 8C).

4. The maximum recorded depth at station 9 was 0.6 
feet (Table 1).

Station 10

It is located 2.8 miles north-northwest of Berlin 
Heights where Darrow Road crosses Old Woman Creek and just 
downstream of the junction of the east branch with the 
main portion of the creek (Fig. 1; Appendix A.9). It is 
0.1 miles upstream of the proposed State Route 2 bridge. 
Station 10 is on the Lake Plain at a thalweg elevation of 
about 570.1 feet (Fig. 2; Appendix A.9) and at such a level 
it felt the backwater effect of the estuary when it was 
high (Fig. 7). When the estuary was high(e.g. 10/1/84, 
11/29/84, 12/2/84, 3/23-24.85, 4/19/85), station 10, in 
effect, became a part of the estuary and had no perceptable 
flow even though water depth exceeded 5.0 feet (Table 1). 
Station 10's 22 square miles of watershed is composed of 
three geomorphic provinces (Fig. 2) and five different 
soil associations (Fig. 3). Significant erosion from the
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gentle slopes covered by Del Ray soil probably occurs on the 
lacustrine plain just upstream of station 10. However, be­
cause the Del Ray soils comprise only a relatively small area 
(3% of the entire basin)(Table 6) compared to the highly 
erodable Mahoning type (27% of the entire basin), Del Ray 
sediment contribution to the estuary must be limited (Buchanan, 
1982, p.56). Of station 10’s total watershed, 58% was in 
field crops or fallow, 20% was wooded, 6% was in orchard,
3% was in pasture, and 4% was urbanized or suburbanized in 
October, 1984 (Fig. 4; Table 4). However, if only the smaller 
sub-basin was considered a different picture of land use is 
created; 64% was in field crops, 28% was wooded, and 5% was 
in pasture in October, 1984 (Fig. 4; Table 4). Station 10 
is being used as a nutrient sampling site by David Klarer 
(Sanctuary Biologist) and was used as Site V by Buchanan (1982) 
collect grab sediment samples.

Raw sediment data and summary data for station 10 are 
found in Table 1. Analysis of these data and other field 
evidence show the following:

1. Suspended sediment concentration at station 10 was 
always relatively high. The station had the highest sediment 
concentration twice, on 12/15/84 and 2/25/85, and almost always 
ranked within the top three stations in daily sediment concen­
tration (Fig. 8a;.Table 1). When there was flow at station 
10, upstream channel scour produced significant amounts of
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suspended sediment. However, station 10' s sediment concen­
tration was usually less than the sum of concentrations from 
stations 8 and 9 suggesting some sediment deposition in the 
lower Lake Plain before the remainder entered the estuary. 
Estimation of how much sediment settled out along the lower 
reaches of Old Woman Creek (where gradient is low and estuary 
induced slack flow occurs) is beyond the scope of this study 
but resurvey showed periodic sediment accumulations of more 
than one foot at station 10 (J. Foltz, personal communication, 
1986). Such channel bottom sediment accumulations occurred 
on the declining limbs of storm hydrographs and were the 
primary contributors to the future sediment loads of future 
high flows.

2. Station 10’s sub-basin is a low net erosive con­
tributor in suspended sediment concentration/square mile 
terms (Tables 2, 3). Only on 4/7/85 was there any increase 
in residual suspended sediment concentration/square mile 
over that of stations 8 and 9 combined (Table 3).

3. The mean recorded sediment concentration at station
310 was 0.0358 oz./ft. . The maximum recorded suspended sedi-

3ment concentration was 0.0945 oz./ft. on 2/25/85 when a dis­
charge of 153.1 cubic feet/second was occurring. The minimum 
recorded sediment concentration was a rather large 0.012
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ounces/cubic foot on 3/1/85 (Table 1).

4. The relation between suspended sediment concentration 
and stream discharge was uniquely poor, probably due to the 
effect of the estuary (Fig. 61).

5. At station 10, the relationship between stream 
discharges greater than 0.1 cubic feet/second and sediment 
yield (G) was poor. Maximum recorded sediment yield for the 
entire basin occurred at station 10 on 2/25/85 and was 
0.1445 ounces/second.

Water movement and depth data for station 10 are pre­
sented in Table 1. Analysis of these data and other field evi­
dence show the following:

1. Station 10 had the largest drainage area of the 
nine stations and, thus, relatively large discharges could be 
expected and did occur there. However, no flow events happened 
on half of the field days and these reduced station 10's mean 
discharge to 31.9 cubic feet/second, the second highest cal­
culated (Table 1). Station 10 is in close proximity to the 
estuary (in terms of both horizontal and vertical distance) 
when the estuary mouth bar is open and the level of Lake Erie 
is low (Fig. 7). Such conditions occurred on 12/15/84.
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2/25-26/85, and 3/1-2/85. When Lake Erie rises or the bar 
closes, station 10 tends to become a functional part of the 
estuary and both discharge and sediment data change substan­
tially .

2. At station 10, there was no predictable relation­
ship between gauging station depth and stream discharge due 
to the effect of high estuary levels.

3. It may be possible to predict station 10’s instan­
taneous discharge (Qg-pAio^ ^y using the observed discharge
at station 8 (Qg-p^g) and the following formula:

0.97 2QgT4io ~ 1,4^ST'\10 (r = 0.91). However, knowledge of
the bar condition and estuary level is imperative to the cor­
rect use of this relationship; it cannot be used when the 
estuary level is high enough to preclude flow at station 10. 
Thus, the relationship could not be developed using 10/1, 11/29, 
12/2/84, 3/23-24/85, 4/7/85, and 4/19/85 data.

4. The maximum measured discharge at station 10 occurred 
on 2/25/85 and was 153.1 cubic feet/second. This was the 
largest discharge recorded during the study at any station 
(Fig. 8d; Table 1). The mean discharge of 31.9 cubic feet/ 
second was heavily effected by the many no flow days.
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5. The maximum recorded velocity at station 10
was 0.99 feet/second on 2/25/85. Buchanan (1982, Table 5-1) 
reported velocities up to 0.16 feet/second at this station 
on 8/11/77.

6. The maximum measured water depth at station 10 
was 5.85 feet in a no flow situation on 11/29/84. Maximum 
depth with flow was on 4/7/85 at 5.1 feet but this was an 
anamalous transitional bar situation. True maximum depth 
with flow was probably less than 5.0 feet.



DISCUSSION

Stream Discharge

The magnitude and variability of stream discharge during 
a particular storm is primarily explained by four factors: 
geomorphic province, drainage area, estuary level, and hu­
man impact.

Geomorphic Province

Of the three geomorphic provinces, the Berea Escarpment 
had the greatest effect on stream flow. The structure and 
lithology of the Escarpment contributed significant amounts, 
of base flow to the creek and, thus, stations 2, 6, and 7 
recorded discharge even during the most dry periods. On 
10/1/84, 11/29/84, and 12/2/84, station 6 had flow even 
though its upstream stations did not (Table 1).

Drainage Area

Drainage area (A^) and discharge (Q) were directly re­
lated in most cases. In a relative sense, both mean and max­
imum discharge tended to increase with increasing drainage 
area (Tables 1, 4)j only stations 5 and 3 were out of expec­
ted order. No consistent absolute relationship between Q
and A, for the various stations could be determined even d
during the large flow of 2/25/85. At bank-full-flow, most

57
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research papers from various regions of the world show that 
the exponent in the relationship Q = varies from 0.65 to
0.81 (Leopold e_t al. , 1964, p. 251) but exponent values from 
Old Woman Creek for the nine station on 2/25/85 showed a 
wide range, from 1.55 to 3.5.

Estuary Level

Estuary level was determined by the presence or absence 
of its mouth bar and the level of Lake Erie. When the bar 
was closed, the estuary level tended to increase; when Lake 
Erie was high and the bar open, the estuary level was also 
high. During the estuary's high level periods, measurable 
stream discharge at station 10 ceased because its water sur­
face level was not different enough from that of the es­
tuary per se (Fig. 7). At these times, station 10 became 
functionally, a part of the estuary. Discharge at no other 
station was effected in this manner.

Human Impact

Although urbanization, suburbanization, and roads cover 
only about 8% of the Old Woman Creek watershed, their local 
effect on the magnitude of flow is already large. Between 
stations 6 and 7, 28% of the land is urbanized, suburbanized, 
or under roads and a storm sewer brings the resultantly large 
amounts of runoff water quickly to the creek (J. Foltz,
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personal communication, 1986) (Fig. 4). As a result, measured 
discharge at station 7 was as much as 100% larger than that at 
station 6 even though station 7's drainage area was just 8% 
larger. Conversely, during periods of low water, the Berlin 
Heights water plant removed water from the creek above station 
7 and held it in basins before distribution. Thus, even now, 
there is substantial local impact of humans on the discharge 
of Old Woman Creek. Future urbanization, suburbanization, and 
road building will increase the impervious area and require 
more storm sewers. This, in turn, will increase the size of 
the average annual flood by reducing the lag time between 
rainfall and runoff. For example, Hammer (1972) found that 
the average annual flood (recurrence interval of 1.78 years) 
increased by 18%/square mile of watershed urbanized. However, 
the total effect of a given amount of impervious area on its 
drainage basin is largely dependent on the type and density 
of its storm sewers.

Sediment Concentration

The magnitude and variability of sediment concentration 
during a particular storm was primarily explained by soil 
type, channel composition, discharge, and land use.

Soil Type

K-factors relatively express the potential erodability 
of a soil type and range, in Ohio, from 0.17 to 0.49 for
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highly erodable soils. Within the Old Woman Creek watershed, 
Mahoning, Allis, and Del Ray soils have K-factors exceeding 
0.40 and, thus, have significant potential for erosion (Table 
6). The natural erodability of Allis soils might be unre­
alized in the watershed because its woodland cover was still 
largely undisturbed by agriculture (Buchanan, 1982, p. 56). 
However, in any case, both Allis and Del Ray soils cannot 
be important contributors of sediment to the estuary because 
their areal coverage is so small (less than 4%). Mahoning 
soils have a higher K-factor than either Allis or Del Ray 
soils and cover almost seven times as much area as the other 
two soils combined. "The intensive agricultural development 
of this soil type...has no doubt reinforced the natural 
erodability of this material and caused it to be a major 
source of sediment currently being deposited in Old Woman 
Creek estuary" (Buchanan, 1982, p. 55). Sediment yield from 
the watershed's Till Plain might exceed 15,000 tons per year; 
of that approximately 5,000 tons per year is composed of 
silts and clays (Buchanan, 1982, p. 58). Although they often 
settle to the local channel bottom during the considerable 
periods of no or low discharge on the Till Plain, most fines 
are eventually moved to the estuary by large flows induced 
by a major storm or snow melt. Station 4’s sub-basin is 
covered by the Mahoning-Bogart-Haskins-Jimtown Soil Assoc­
iation (Fig. 3). It is extensively used for agriculture
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and is highly erodable; of all stations, station 4 had the 
largest number of daily first place rankings in sediment 
concentration (Fig. 8a).

Channel Composition

The channel is composed of fine sediments at all sta­
tions except 2, 6, and 7. Mean sediment concentration at 
each of these three stations was lower than the other six 
stations even though their mean velocities were, in general, 
higher (Table 1). This suggests that local channel com­
position is related to sediment availability and, in turn, 
to suspended sediment concentration.

Discharge - Velocity

High discharges and velocities were not, necessarily, 
associated with high sediment concentrations Rather, cropping, 
raindrop impact, and sediment availability were more impor­
tant determiners of sediment concentration than either dis­
charge or velocity at some stations. For example, on 2/25/
85, all stations had their largest discharge and velocity 
but only three recorded their largest sediment concentration 
(Table 1).

Land Use

Field preparation in the spring and harvesting in the 
autumn heavily effected the recorded sediment concentrations. 
Raindrop impact on the disturbed fields was an especially
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erosive agent on the Till Plain; measured sediment concen­
tration on 4/7/85 at stations 4 and 5 during cropping were 
higher than their other days with measurable flow.

Feed lot activity above station 3 was also an impor­
tant local contributor to sediment load. Station 3 
recorded three firsts, one second, and two thirds in the 
daily sediment concentration rankings as a result (Fig. 8a).

Urbanization and suburbanization and roads cover only 
about 8% of the Old Woman Creek basin but their local effect 
on the magnitude of the sediment load can be large. Be­
tween stations 6 and 7, 28% of the land is urbanized, sub­
urbanized, or under roads and a storm sewer brings the re- 
sultantly large amounts of low sediment water quickly to 
the creek. Both Wolman (1967) and Hammer (1972) cite other 
cases of where impervious areas contribute increased 
runoff coupled with decreased sediment yield to the channel 
and mention that the combination caused erosion and widening 
to occur downstream. Guy and Ferguson (1963) noted that 
urbanization tends to contribute coarser sediment to the 
streams than when agriculture was prevalent.

Woodlots and especially channel banks lined with 
trees tended to provide less sediment to the creeks than
did agriculture.



CONCLUSIONS 
AND RECOMMENDATIONS

Stream Flow

Several conclusions about the stream flow of Old Woman 
Creek can be made:

1. Stream depth at the gauging station (DGg) and dis­
charge (Q) are related at most stations. The following for­
mulae allow a station’s instantaneous discharge to be estim­
ated from its gauging station depth on a particular day:

STA3 = 26.74Dgs - 74.96 n

C\| 0.87)

!STA4 11.00Dgs 17.20 , 2 (r = 0.94)

'STA5 = 60.33DGg - 112.36 (r = 0.94)

1 Use Manning Formula and Dqs
■STA6 (see Appendix C)
'STA7 = 46.70Dgs - 27.67

(r2 = 0.86)

'STA8 = 57.40Dgs - 161.34
(r2 « 0.99)

Power, log, or exponential best-fit equations did not improve 
these correlation coefficients. Figure 10 presents the stage­
rating curves for five different stations. These allow dis­
charge to be quickly and easily estimated by graphical means 
from a single depth measurement at a station's gauging point.
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2. It may be possible to estimate the instantaneous 
discharge of most stations from measurement at only two 
stations (7 and 8) and the following formulae:

i = o 19Q^'93 , 2 Q (r = 0.88)STA2 u• ^STA8
i = o HQ4‘ ^ 2 Q (r = 0.85)STA3 U-XX^STA8

Q'STA4 = °-0034QSTA7 , 2 (r = 0.89) restrictions apply 
see p. 36

'STA5 = °-13QSTA7 / 2 (r = 0.86) restrictions apply 
see p. 36

= 0 54Q4‘STA6 WSTA7 , 2 (r = 0.97)
= 1 450°* 97STA10 WSTA8 / 2 (r = 0.91) restrictions apply 

see p. 46

3. The magnitude and variability of stream discharge 
during a particular storm was primarily a function of geomorphic 
province, drainage area, estuary level, and human impact.

The Berea Escarpment had the greatest effect on stream 
flow of the three geomorphic provinces. Its structure and lith­
ology contributed significant base flow to the creek and its 
stations, therefore, always had measurable discharge. This was 
true even when stations upstream or downstream of the Escarpment 
were without flow.

Drainage area and discharge were directly related in most 
cases. In a relative sense, both mean and maximum discharge 
tended to increase with increasing drainage area (Table 1); only
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stations 5 and 3 were out of expected order. No consistent 
absolute relationship between discharge and drainage area 
could be determined for any day or station.

Estuary level was determined by the estuary's mouth bar 
and the level of Lake Erie primarily. When the estuary level 
was higher than the water surface elevation at station 10, no 
flow was measured at the station. At these times, station 10 
became, functionally, a part of the estuary. Discharge at no 
ether station was affected in this manner.

The local effect of urbanization, suburbanization, and 
roads on discharge is already high. Between stations 6 and 
7, 28% of the land was urbanized, suburbanized, or had roads 
on it and a storm sewer brings the resultantly large amounts 
of runoff quickly to the creek (Fig. 4). As a result, 
measured discharge at station 7 was as much as 100% larger 
than that at station 6 even though station 7's drainage area 
was just 8% larger (Tables 1, 4). Conversely, during periods 
of low water, Berlin Heights water plant lowered creek levels 
further by removing water for basin storage. As urbanization 
and suburbanization proceed through time, the average annual 
flood size will be increased by reducing the lag time between 
rainfall and runoff.

4. The maximum recorded discharge at each station gen­
erally reflected the station's relative drainage area. The 
maximum recorded discharges for all stations occurred on 
2/25/85 and were:
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QMAXSTA2 = 22.0 cubic feet/second
QMAXSTA3 =46.0

QMAXSTA4 =16.8

QMAXSTA5 =60.2

QMAXSTA6 6b 
QMAXSTA7 =96.3

QMAXSTA8 =105-2 
QMAXSTA9 = 8•1
QMAXSTA10=153.1 Tt It

Flooding on 2/25/85 occurred between stations 5 and 6, and 7 
and 8 as well as at the junction between the middle and west 
branches of Old Woman Creek. This flooding no doubt reduced 
recorded discharge readings downstream of station 5 but, in 
any case, the estuary was receiving 153.1 cubic feet/second 
of disharge on 2/25/85.

5. Incidences of no discharge were highest at station 
10 (influenced by the estuary's backwater effect) and on the 
Till Plain.

Sediment Load

Several conclusions about the sediment load of Old
Woman Creek can be made:
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1. Buchanan (1982, p. 57) stated that "the highest ero­
sion rates in the basin are likely to occur in the upper Till 
Plain of the basin where soil texture, higher slopes, and ag­
ricultural activity have served to maximize all the erosional 
factors involved. The wooded midsection of the basin prob­
ably contributes less eroded material because of land cover, 
even though the slopes here are the steepest in the basin.
The lower lake plain soils probably contribute slightly less
eroded material per acre than the Till Plain soils, in part as
a result of soil texture but also because of lower slopes."
This present study generally concurs with the above statement
from Buchanan (1982) and found that the highest mean sediment 

✓ 3concentration (0.054 oz./ft. ) did, indeed, occur on the Till 
Plain at station 4. Slightly lower mean concentrations occur­
red at stations on the Lake Plain whereas much lower ones were 
recorded at the Escarpment stations (Table 1). However, it is 
also true that many stations could sporadically record high 
sediment concentrations. Stations 3, 8, 9, and 10 on the 
Lake Plain all recorded the highest sediment concentration for

3a particular day (ranging up to 0.212 oz./ft. ) (Fig. 8a;
Table 1). The sub-basins of stations 3, 4, 7, 8, and 9 also 
recorded net erosion events (Table 3).

2. There were no clear, consistent relationships between 
the daily sediment concentrations of any two stations and it 
was obvious that sampling technique, land use, sediment
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availability, local rainfall, local soil types, local relief 

and slope, and time lag between rainfall and runoff were 
some of the many variables that complicated the picture.

3. The biggest sediment yield for all stations occur­
red on 2/25/85 when channels were scoured by a big discharge; 
14.45 oz./sec. moved past station 10 towards the estuary on 
that day. Following the big discharge, there was a tendency 
for sediment supply to become limited along most reaches and 
for recorded sediment yield and concentration to drop-of-L

rapidly.

4. The power relationship G = pQ^ (where G is sediment 

yield in oz./sec. and Q is stream discharge) well represented 
the association between sediment yield and discharge at most 

stations. They follow:

STA2 ' 0.0045Q1'53

STA3 ‘ °'0108q1'44

'STA4 ■ 0-0282Q1-245

GSTA5 ’ °-°°92Q

°STA6 * °-°°49Q

GSTA7 = °-0044«

1.467

1.42

°STA8 * °-0062q1'462

1.316

The two lowest exponents come from the Till Plain reiterating 

the fact that high sediment yields per unit discharge occur­
red there. Other research has found similar values for the 
exponent including Walling (1971) whose values were generally

between one and two.
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5. The magnitude and variability of sediment load during 
a particular storm event was primarily a function of soil type, 
channel composition, discharge, and land use.

A soil type's K-factor relatively expresses its poten­
tial erodability. In Ohio, K-factors range from 0.17 for 
sandy soils to 0.49 for highly erodable material. Within the 
Old Woman Creek basin, Mahoning, Allis, and Del Ray soils have 
K-factors which exceed 0.40. However, only the Mahoning soil 
covers a significant area within the basin. It has been 
intensively used by agriculture and is a major source of sed­
iment currently being deposited in the estuary (Buchanan, 1982, 
p. 55). Sediment yield from the Mahoning-Bogart-Haskins-Jim- 
town soils of the Till Plain might exceed 15,000 tons/year; 
of that, approximately 5,000 tons/year is composed of silts 
and clays (Buchanan, 1982, p. 58). Most fines are eventually 
flushed into the estuary or lake by sporadic large flow events 
but, in between, they commonly settle on the channel bottoms. 
Station 4 on the Till Plain had the largest number of daily 
first place rankings in sediment concentration (Fig. 8a).

The channel is composed of fine sediments at stations 
3, 4, 5, 8, 9, and 10. Mean sediment concentration at each 
of these stations was higher than the other 3 stations 
even though the mean velocities of the 6 stations were, usually, 
smaller. This suggests that local channel composition is 
related to sediment availability and, in turn, to suspended
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sediment concentration.
High discharges were not necessarily associated with 

high sediment concentrations. Rather, cropping, raindrop 
impact, and sediment availability were often more important 
determiners of sediment concentration. For example, on 2/25/ 
85, all stations had their largest discharge and velocity 
but only three recorded their largest sediment concentration 
(Table 1).

Land use heavily affected the recorded sediment concen­
trations. Field preparation in the spring and cropping during 
the autumn affected the system significantly; measured sed­
iment concentration on 4/7/85 at stations 4 and 5 during 
cropping were higher than that of other days having some flow. 
Feed lot activity above station 3 also contributed significant 
sediment to the Old Woman Creek system; station 3 recorded 
three firsts, one second, and two thirds in the daily sediment 
concentration rankings as a result (Fig. 8a). Urbanization, 
suburbanization, and roads cover about 8% of the Old Woman 
Creek basin. However, locally their concentration is higher 
and their impact greater. Between stations 6 and 7, 28% of 
the land is urbanized, suburbanized, or under roads and a 
storm sewer brings the resultantly large amounts of low-sediment 
runoff quickly to the creek. Wolman (1967) and Hammer (1972) 
have investigated areas where such increased, low-sediment 
runoff has caused downstream erosion and channel widening.
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In summary, sediment concentration in the Old Woman Creek system 
is determined first by the level of human land disturbance and 
second by its soil erosion potential (the K-factor). Construc­
tion of all types including that of the proposed State Route 
2 bridge tends to contribute large amounts of relatively coarse 
sediment to the stream.

6. Large amounts of sediment are transported during 
brief periods of intense precipitation (Buchanan, 1982, p. 183). 
Sediment deposited in the channels following the last big flow 
event are scoured by the next large flow. If this major dis­
charge event persists, however, sediment concentration will 
drop-off as sediment availability in the channel diminishes.

7. Erosion assessment sites were monumented and surveyed 
as a part of this study (Appendix B) so that future erosion 
can be monitored.

Recommendations

1. Make hourly velocity and depth measurements at sta­
tion 8 during pre-storm, storm, and post-storm periods to 
establish representative hydrographs for this important stations.

2. Establish several permanent recording rain guages 
at well distributed sites within the Old Woman Creek basin.
Data from them could be used in a variety of ways including 
calculating the lag time between rainfall and runoff at
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station 8.

3. Establish a permanent stage recorder at station 8 
after the stage-discharge relationship presented here is 
verified by more measurements (see 1 above). This stage 
recorder will measure the amount of water entering the 
estuary from the creek system and be a useful companion to 
the water level recorders in the estuary and near the es­
tuary mouth in Lake Erie which are already in operation. 
Finally, the data collected by the stage recorder will be 
useful historically in recording the changes that increasing 
urbanization, suburbanization, and road building cause.
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FIGURE 1
Watershed of Old Woman Creek

Station and Site Locations
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Figure 2. Location of the Three Geomorphic Provinces Within 
the Old Woman Creek Drainage Basin. Sources: Her- 
endorf, 1966; Carney, 1911; Buchanai, 1982, p. 35.

□ lake Plain

□ 3erea Escarpment 

W Till Plain



□
 □□(SR

Figure 3. Soil Associations 
Sources: Redmond 
p. 50

Within the Old Woman Creek 3asin.
— — ’ 1-971; CiiS/OSU, 1975; Buchanan 1982,
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FIGURE 5

An Example of Velocity Area Stream Gauging By 
Mean Section Method (Goudie et al., 1981)

Hania*t*l »«r« i*!ic*i« c*r»*l »«i«r ■•atari*! titthi af #.J ta* 0 1 ««»ik

Explanation:
d is water depth at a vertical (e.g. 6 or 8 m) where velocity 
will be measured

vl is velocity at 0.2 total depth (d) on a vertical (e.g. 8 or 
8 m)

v2 is velocity at 0.8 total depth (d) on a vertical
w is the horizontal distance between successive verticals where

velocity -as measured

Each segment area (a.^) is: 
, - w,(dU + di2}

Total discharge (Q) is from: 
nQ ’ I
i-l *

Each segment's discharge (q^) is:
(^4^i2)ai

where w is the mean of a ver­
tical's velocities (e.g. 
v at 0.2 and 0.8d) or the 
velocity at 0.6d.

Total cross sectional area (A) is 
n

A - 2. a.
i-l 1
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FIGURE h

Daily Station Discharges - Suspended Sediment Concentrations
nct/Ri a* riaaxt as

fiGOM aD

STATION 4 COUNTY LINE RO.
STATION 5 BELLAMY RQ.

Exolanation:
A Represents suspended sediment concentration• Refer to 

the right ordinate for the measured value for a given 
day. Raw data from Table 1-

• Represents stream discharge- Refer to the left ordinate 
for the measured discharge for a given day. Raw data 
from Table 1*
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Daily Station Discharges - Suspended Sediment Concentrations
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Explanation:
Represents suspended sediment concentration. Refer to the 

right ordinate for the measured value for a given day- 
Raw data from Table 1-

• Represents stream discharge- Refer to the left ordinate 
for the measured discharge for a given day- Raw data 
from Table 1-
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{continued}

Daily Station Discharges-Suspended Sediment Concentrations
FIGURE 61
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STATION 10 DARROW RD.
Explanation:
^Represents suspended sediment concentration. 

Refer to the right ordinate for the measured value for a given day.Raw data from Table 1.
Represents stream discharge- Refer to the left ordinate for the measured discharge for a given day. Raw datafrom Table 1.
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FIGURE 7

Water Surface Elevation of Lake Erie, the Old Woman Creek Estuary, 
and Old Woman Creek at Station 10

Explanation:^ Lake Erie surface elevation-i Old Homan Crk. 
Old Homan Creak's estuary surface altitude 

x Hater surface altitude at Station 10 
5aily Range
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FIGURE 8

Daily Station Rankings For Suspended Sediment Concentration, 
Suspended Sediment Yield, Maximum Velocity, & Stream Discharge 

Fig. 8a Sediment Concentration Fig. 3b________ Sediment Yield

3 4 5 2 6 7 8 9 10
Maximum velocityFig.. 3c

12
11
10
9
8
7
6
5
4
3
2
1

2 3 ^4 ' 5 6 7 2*3 4 3 9 10 5 6 7 a 9 lo
Station Station

jii-Daily 1st Place T " •! Daily 2nd Place 1 Daily 3rd 
Ranking Ranking Ranking

Note: Consult Table 1 for raw data
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FIGURE 10

Stage/Discharge Rating Curves*

0 10 20 30 40 50 60
Discharge

VRote” ------
1. Raw data is available fro® Table 1
2. Stage/discharge rating curve for 

station 2 is omitted because its 
channel was artificially modified
by the County Engineers during 1984- 
1985.

3. Stage/discharge rating curve for 
station 6 was oaitted because the 
discharge figures were produced 
from the Manning Formula. One 
element of the Manning Formula is 
hydraulic radius which involves use 
of depth data. Thus station 6's Q is 
already adjusted to deprh.

4. Stage/discharge rating curve for 2
station 9 was omitted because of low r

5. The rating curve for station 10 was omit 
ted because estuary drowning effected it
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(continued)

Sediment Yield/Discharge -iUt ing Curves
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TABLES



'ABLE 1

Daily Measured Stream Discharge. Suspended Sediment Concentration. Suspended Sediment Yield. 
Maximum Water Deptn. and Mean-Maximum Velocity for all Stations

io/v 11/29/ 12/2/ 12/15/ 2/25/ 2/26/ 3/1/ 3/2/ 3/23/ 3/24/ 4/7/ 4/19 TOTAL
1984 1964 1984 1984 1985 1985 1985 1985 1985 1985 1985 19e5 MEAN MAXSTATION 2

% 01.5 00.8 00.7 006.8 0022.0 12.4 05.0 03.1 01.8 004.2 008.8 02.1 005.8 022.001.17 00.39 00.53 002.75 0002.15 01.33 00.71 —- 00.36 000.65<5 002.70 00.31 001.19 002.75
01.75 00.31. 00.37, 018.68, 0047.25, 16.47- 03.55 — 00.65, 002.71, 023.73 00.66. 010.56 047.25V^rnax. 00.52 00.64; 00.66= 001.96s 0002.91= 02.4?| 01.47 01.05s 01.05= 001.17= 002.00- oi.osr 001.41 002.91

V,mean 00.27 on.25- 00.19- 001.05= 0001.32 01.44^ 00.832 00.59s 00.40= 000.81s 001.45i OO.63C 000.77 001.32D'max. 00.8 00. S ~ 00.7 * 001.0 0000.9 00.7 OC, 5 00.5 00.5 000.5 000.6 30.3 000.65 001.00
STATION 3

/*a 11.4 | 00.0 00.0 014.2 0046.0 , 26.2 , 06.4 05.4 . 01.5 , 007.0 017.5 02.7-p 011.5 046.0
002.98 0007.16= 03.09s 01.35= 01.67= 001.66 004.48 01.7e 003.68 007.1876.75s^id 00.00 00.00 042.27 0330.26 80.87 — 07.28 02.50= 011.75 076.40 04.7^ 070.54 330.28

\ _max. 00.27 00.00 00.00 000.27 0000.73 00.44 00.15 00.12 00.07 oon.15 000.37 00.15 000.23 000.73V^mear. 0C.20, 00.00 00.00 000.22. 0000.57, 00.33, 00.09- 00.08, 00.02, 000.11 000.27 00.07_ 000.16 000.57
D'max. 03.1 = 02.9 02.9 003.7 = 0004.6 = 03.9 S 03.5 = 03.4 = 03.0 = 003.3 = 003.3 I 02.? * 002.31 004.6

STATION 4
si 00.0 00.0. 00.0 . 001.1 - 0016.8 06.8 , 02.5 , 02.8 00.1 O00.9 _ 002.5 , 00.0 002.8 016.6
c“ — 04.3- 20.31= 004.53s 0004.53 03.28s 02.24= — 01.28= 002.14s 010.21= 01.11 005.39 020.31cl 00.00 00.00 00.00 004.98 0076.02 22.28 05.60 — 00.13 001.92 028.56 00.00 019.93 076.02
V^max. 00.00 00.00 00.00 000.12 0000.73 00.34 00.19 00.21 00.04 000.10 00G.19 00.00 000.16 000.73
V,mean 00.00, 00.00 00.00 000.03 0000.43 00.22 00.10 00.11 00.01 000.04 000.11 00.00 000.09 000.43
D'max. 01.0 = 01.2 01.1 002.2 0002.9 02.3 01.9 01.9 01.4 001.7 001.fi 01.4 001.67 002.9

STATION 5
-a 00. c 00.0 P 00.0 003.6 0060.2 30.4 13.4 13.4 g 03.0 O10.9 017.3- 01.1 _ 012.78 060.2
C“ 02.0 02.97s — 004.19 0004.5 02.71 01.05 01.34- 00.47 001.37a 05.05“ 01.3C? 002.54 005.05
$ 00.00 0G.00 00.00 015.07 0270.58 87.29 14.05 17.94 01.41 014.92= 087.26 01.43 067.77 270.58
• max. 00.00 00.00 00.00 000.14 0001.02 00.81 00.40 00.42 00.14 000.33 000.47 00.35 000.34 001.02V^meap 00.00 00.00 00.00 000.05-a 0000.66 00.37 00.18 00.19, 00.05, 000.16- 000.25 00.02- 000.16 000.66
D * max. — 01. P — 002.8 - 0003.5 03.0 03.4 03.4 - 03.1 * 003.2 S 002.9 03.Ol 003.03 003.5

STATION 6
02 = 0065 25 15 15 04 3 015 5Sb 02 02 - 020 020 04 3 016 065

02.21 01.02, 00.90, 003.66 0003.40 01.81 00.78, 01.04 00.18 000.5P 002.41 00.13 001.60 003.66
Gc 04 02 = 02 = 073 0221 45 12 = 16 1 009 068 01 038 221
V^mean 02.3 - 02.3 t 02.3 - 004.4 - 0006.3 - 04.7 - 04.0 - 04.0 - 02.8 - 004.0 = 004.' 1 02.8 2 003.69 006.3
D’ max. 00.3 00.3 00.3 000. S 0001.4 00.9 00.7 00.7 00.4 O00.7 000.3 00.' 000.68 001.4

STATION 7
-3Q* 04.2 - 03.8 l 03.3 - 021.3 - 0096.3 - 48.3 - 22.5 = 19.4 s 08.0 - 018.5 = 029.5 = 06.4 3 023.5 096:3

01.11. 03.34= 00.62- 003.44, 0003.52- 02.61- 00.95 01.14. 00.4C, 000.75- 002.20, 33. -"I 001.86 003.99
Cc ^ .66= 12. 02.04s 073.19= 0338.52= 125.92s 21.35, 22.04= 03.16= 013.77s 117.57= 02.6rf 061.45 338.52
T-’unax. Cl.815 01.90? 01.70; 003.52; 0003.83i 02.89= 01.60= 01.71= 01.06s 001.41s 002.23= oo.act orn.04 003.83
V^mean 00.46~ 00.48, 00.45!: 002.45" 0001.87" 01.10 00.58 00.46 00.26 000.50 000.74- 00.3 9 000.76 002.44
D * m&.\. 00.6 00.9 - 00.6 - 000.6 0002.7 02.3 02.0 G1.9 01.8 002.0 002.1 01.7 001.62 002.7

STATION 6
Q* 19.2 J 041.6 I 34.1 | 26.8 ? 11.7 3f02.4 = 07.0 5 0105.2 = 67.2 - 025.8 = 051.2 09.9 l 033.5 105.2
C“ 11.94= 01.25, 01.47? 008.26s 0006.53- 02.12, 01.29* 00.85, 00.89, 007.79= 004.79, 00. Q2 004.02 006.26
G7 226.3-8= 03.00= 10.28= 343.43s 0696.66s 143.40= 43.93= 22.75= 10.404 200.75= 245.49= 09. loi 163.18 696.66
V^rnax. 00.84= 00.12s 00.36s 001.48= 0002.79 02.30s 01.64= 01.02 00.47 000.95 001.54 00.37= 001.16 002.79
V linear 00.37^ 00.05, 00.15, 000.62a 0001.30, 00.93, 00.33, 00.453 00.21, 000.42 , 000.73, 00.2d 000.48 001.30
D * max. 02.1 * 02.9 - 02.9 - 003.6 = 0004.6 - 03.7 - 03.5 * 03.4 ~ 03.1 f U03.6 - 002.? - 03.7 i 003.49 004.6

STATION 9
r-Z- 00.5 __ __ 000.9 0008.1 , 03.8 02.1 01.4 01.09 001.4 002.8 __ 002.45 008.1Cb 02.23 — — — 0021.12= 01.26 00.53 00.60 00.99 C01.51 001.14 — 003.67 021.12

01.11, — — — 0170.87, 04.78- 01.11. 00.84, 01.06, 002.11. 003.19, — 023.14 170.87
v~max. 02.565 — — 01.5R 0003.295 02.30= 02.72= 01.89= 02.00= 002.19s 002.11= — 002.29 003.29
V^mean 01.32= — — 00.41 0001.87" 01.183 01.57= 01.31= 00.78* 001.32= 001.32 — 001.23 001.87
D'max. 00.2 — — 00.4 0000.6 00.6 00.4 00.4 00.3 000.3 000.4 00.2 00G.37 000.6

STATION 10
Q. 045.4 } 00.0 , 00.0 00.0 0153.1 | 72.4 4 43.0 \ 027.2 1 41.5 = 00.0 2 00.0 3 00.0 031.9 152.1

04.06= 02.02 01.23* 008.46; 0009.45: 03.31: 01.17!* 01.277 01.26“ 02.49= 006.54- 01.3C£ 003.58 009.45
0C.00 00.00 00.00 383.64= 1445.13= 239.37= 50.31= 52.71= 00.00 00.00 176.34= 00.00 391.58 1445.T2

V“max. 00.00 00. on 00.00 000.51 0000.99 00.47 00.27 OC. 31 00.00 00.00 00Q.25 00.00 00C.23 000.99
V,mear. 00.00 00. no 00.00 000.34 , 0000.76- 00.36, 00.23, 00.23, 00.00 00.00 000.12, 00. on 00C.17 000.76
D' max . — 05.85 05.7 002.8 = 0004.3 - 04.1 = C3.9 = 03.9 - 05.4 05.6 005.1 = 05.0 004.70 005.85

EXPLANATION
^ C is stream discharge in cubic feet per second _g -
~ C is susnenoed sediment concentration in ounces/cubic foot x ID ii-a- D-OMoz/ft' would be recorded on 

this taoie as 0M«D0> -Cl ounce/cubic foot is approximately equivalent to 1 gram/liter}
£ G is suspenoec sediment yield in ounces/secono x 10”“ ana is the product of G x C

V max* is the maximum velocity in feet /second measured in any vertical CVli Vc, V3, VM, etc*-. Fig* S>
* V mean is tne mean velocity in feet/second of all vertical meaurements 

I max* is tne maximum water depth in feet at a station

- Represents tne highest reading of a particular parameter on a particular day -Conly depths with flow are
- considered}

Represents the second highest reading of a particular parameter on a particular oay isee depth restric-
- tier aoove>
= Represents the third hignest readinn of a particular parameter on a particular day -Csee depth restriction 

above}
—Represents no data for that parameter for that particular day
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TABLE 2

Daily Suspended Sediment Concentration Per 
Square Mile of Watershed

Station ! 
; 
io/i 11/29 12/2 12/L5 2/25 2/26 3/1
1984 1984 1984 1984 1985 1985 1985

3/2 3/23 3/24 4/7 4/19 1 Total
1985 1985 1985 1985 1985 1 Mean Max.

1

2 ! 0.24 0.08 0.10 0.52 0.37 0.23 0.12 n/d 0.06 0.13 0.46 0.35 10.24-" 00.52
3
4
5
6

s * 0.37 0.88 0.38 n/d 0.17 0.21 0.21 0.55 0.22 ]0.42- 00.88'0.83
0.55 0.93 4.41 * !l. 75*=) * * * * n/d 04.411.95 1.95 1.48 0.9711 * * * 0.17 0.06 0.17 0.64 0.16 10.31- 00.640.53 0.57 0.34 0.131

! 0.11 0.01 0.06 0.35 0.02 '0.163 00.370.22 0.10 0.09 0.37 0.35 0.18 0.08
7 jo. 0.11 0.04 0.07 0.38 0.04 !0.18- 00.3811 0.32 0.06 0.33 0.33 0.25 0.09
3 10.60 0.06 0.07 0.41 0.33 0.11 0.06 0.04 0.04 0.39 0.24 0.05 ' 0.20- 00.601 -
9

10
0.54 0.39 1.36 1.03 n/d !3.31- 19.0612.01 n/d n/d n/d 19.06 1.14 0.48

* * 0.06 * • 0.30 * '0.23^{ * 0.38 0.43 0.15 0.05 00.431

Explanation:
* Represents the ranking of the »ean suspended sediaent concentration par

square aila recorded for a particular station
* Represents a day tilth no streaa discharged no suspended sediaent con­

centration per square aile were calculated on those days-
n/d Represents no data for a particular day 

Note:
All recorded suspended sediaent concentrations par nilr are in ounces 

per cubic foot x 10 per square aile
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TABLE 3
Station-By-Station Increases In the Daily, Residual 

Suspended Sediment Concentrations/Square Mile

Station
Sub-basir i 

Area „ 
(miles 'l 

The
10/1 
1984

2 -2 S 2(oz.xlO */ft. /mi !)Daily Suspendedi Sediment Concentration/Mile
11/29 12/2 12/15 2/25 2/26 3/1 3/2 3/23 3/24 4/7 4/19
1984 1984 1984 1985 1985 1985 1985 1985 1985 1985 1985

2 4*. 85 +0. 24 +0..08 +0.,ii +0. 57 +0. 44 +0. 27 +0. 15 n/da +0.,07 +0. 13 +0. 56 +0. 06
3 3. 27 +1., 70 no Q no Q +0. 07 +1.,58 +0.,54 n/da . n/da +0..40 +0.,31 +0. 54 +0. 45

4 2. 31 no Q no Q no Q +1. 96 +1..96 +1..42 +0. 98 n/da +0. 55 +0. 93 +4.,41 no <3
5 5. 63 no Q no Q no Q 0 0 0 0 0 0 0 0 0

6 1. 83 +0..11 0 0 0 0 0 0 0 0 0 0 0

7 0. 71 0 +3 .27 0 0 +0..17 +1..13 +0. 25 +0.14 +0..31 +0..23 +0.,82 +0. 31
8 1. 32 +3.. 10 0 +0..09 +1. 39 0 0 0 0 0 +4..06 0 0

9 1. 11 +2..01 n/da n/da n/da ♦19.03 +1..14 +0. 48 +0.54 +0,,89 +i.. 36 + 1..03 n/da

10 0. 92 no <9 no Q no Q 0 0 0 0 0 no Q no Q +0..46 no <9

Note:"no Q" represents no stream discharge for a particular station and day
"n/da" represents the lack of sufficient data to calculate residual sediment concen­

tration/mile'11

Explanation of Table 3: Residual suspended sediment concentration/square mile is a way of 
looking at the effect of a particular sub-basin on a stream's sediment load. It is 
calculated by the following formula:

(C of a particular station 1)-(C of the station Immediately upstream)
a.

Where: 1 _2C is suspended sediment concentration in ounces x 10 /cubic foot (see Table 1) 
a is sub-basin area in square miles (Table 3)

- 2 
Stations recording net increases in residual suspended sediment concentration/mile 
for a give day are allocated a plu3 (+) sign followed by the magnitude of that increase.
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TABLE 7

Relative Contribution of Bedload and Suspended Load
*to Total Sediment Load

Proportion of total sediment load (%)
River Bedload Suspened Load
Upper Niger, Baro1 6.5 93.5
Lower Niger, Shintaku^ 5 95
Benue, Yola

. . 2Alpine Mountain rivers
6
70

94
30

Central Asian rivers
a. Mountainous 15-23 77-85
b. Hilly 5-15 85-90
c. Lowland 1-3 97-99

Volga, USSR 2
2Mississippi, USA

Tyne, Bywell, UK3

o CO 1 h- O1 O

0.3-2.0

13

98-99.7
90-99.7

87
East Deveon Catchments

Catchment 1 11 89
Catchment 2 1.3 98.7
Catchment 3 1.8 98.2
Catchment 4 2.8 97.2
Catchment 5 2.2 97.8

Sources:
3fCTable 7 has been taken from Gregory and Walling (1973, 

Table 4.4C)
S.E.D.C.O. (1959) (values of suspended load include both 

wash load and suspended load totals)
2Jarocki (1957)
3Hall (1967)
Sailing (1971)
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APPENDIX A.1

Discharge -
Sediment Location Description
Station

2 l-3mi NW of Berlinville where Huff Rd. crosses the 
creek. It is at art, elevation of about b3CT ancl has 
approximately 4.3ml of watershed contributing to it.
It is downstream of the Berea escarpment and is not 
being used as a nutrient sampling site. It is located 
in the transitional area between the Mahoning-Bogart- 
Haskins-Jimtown and the Allfs-Fries Soil Association.

3 2-flmi N of Berlinville where Chapin Rd. crosses the
creek. It is at an elevation of approximately 536' and 
has approximately 3-lmi of drainage area
contributing to it. It is downstream of the Berea
escarpment and is being used as a nutrient sampling 
site. Buchanan (1982) used this same site for grab 
sampling and called it station VIII. It is located in 
the Kibbie-Tuscole-Co 1 wood Soils Association.

A 3?mi- SE of Berlin Heights where County Line Rd.
crosses the creek. It is at an elevation of about 340- V 
and has approximately 2.3 mi1" of drainage area 
contributing to It. It is upstream of the Berea
escarpment and is not being used as a nutrient sampling 
site. Buchanan (1982) used this same site for grab
sampling and called it station II. It Is located in
the Mahoning-Bogart-Haskins-Jimtown Soils Association.

5 .'Imi SE of Berlin Heights where Bellamy Rd. crosses
the creek. It is at an elevation of approximately 773-2’ 
and has approximately 3-Q mi of watershed 
contributing to it. It is upstream of the Berea 
escarpment and is being used as a nutrient samoling 
site. Buchanan (1982) collected grab samples here and 
called it station III. It is located in the Mahoning- 
Bogart-Haskins-Jimtown Soils Association.

6 Station 6 is about 0.4miW of Berlin Heights where
Berlin Rd. crosses the well incised creek opposite a 
cemetary. It is at an elevation of approximately bfiG-2' 
and approximately l-O mi^ of drainage area 
contributing to it. It is upstream of the Berea 
escarpment and is being used as a nutrient sampling 
site. It is located in the Mahoning-Bogart-Haskins- 
Jimtown Soils Association.



APPENDIX A

Station Location Descriptions i Station Photographs i 
and Station Cross-sectional Profiles
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APPENDIX A•1 

(Continued)

Discharge -
Sediment Location Description
Station

. Tmi MW of 
creek. It 

Berlin 
is at 

Heights where Mason Rd. crosses 
an elevation of about L>17' and 

the 
has 

approximately 10-SMmi contributing to it. It is 
downstream of the Berea escarpment and is being used as 
a nutrient sampling site. Buchanan (1982) collected 
grab samples here and called it station IV. It is 
located at the Mahoning-Bogart-Haskins-Jimtown and 
Alice-Fries Soils Association transition.

8 E mi MW of Berlin Heights where the Norfolk and 
Western Railroad crosses the creek and just downstream 
of of the junction between the western and middle 
branches of Old Woman Creek. It is at an elevation of 
about 5BL>' and has about SO-Omi of drainage area 
contributing to it. It is downsteam of the Berea 
escarpment, upstream of the proposed location of Route 
2, and is being used as a nutrient sampling site. It 
is located in the transitional zone between the Kibbie- 
Tuscola-Colwood and Lenawee-De) Rey Soils Associations.

9 l-bmi NW of Berlin Heights where Deehr Rd. crosses the
creek. It Ls at an elevation of about ST7' and has 
about l.lmicof watershed contributing to it. It is 
downstream of the Berea escarpment and is being used as 
a nutrient sampling site. It is in the Lenawee-De1 Rey 
Soils Association.

10 E-3mi NNW of Berlin Heights where Darrow Rd. crosses 
the creek and just downstream of the junction of the 
east branch with Old Woman Creek proper. It is at an 
elevation of approximately 570' and has about HE mi1" 
of watershed contributing to it. It is downstream of 
the Berea escarpment, 0..Imi upstream from the proposed 
location of Route 2, and is being used as a nutrient 
sampling site. Buchanan (1982) collected grab samples 
here and called it station V. It is in the Kibbie- 
Tuscola-Colwood Soils Association.
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APPENDIX A.2 
Station 2

View of station 2's cross section from north

channel to the northView of station 2 and the
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APPENDIX A.3 
Station 3

View looking north from station 3
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APPENDIX A.4 
Station 4

View of station 4's cross section from the north

F
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APPENDIX A.4 
(continued) 
Station 4

F
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APPENDIX A.5 
Station 5

F

View to the SE of station 5
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APPENDIX A.5 
(continued)
Station 5

View to the northwest of station 5
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APPENDIX A.6 

Station 6

View of station 6 during spring flow on 4/85

View of station 6 during lower flow
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APPENDIX A.6 
(continued) 
Station 6

Cross sectional Profile
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APPENDIX A.7 

Station 7

F

View to the south of station 7
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APPENDIX A.7 
(continued)
Station 7

CROSS SECTIONAL PROFILE
LOCATION ; STATION 7

DATE July 12* South Siat* flason Road drtdot DATUM: ibsolutt
HORIZONTAL DISTANCE-
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APPENDIX A.8 
Station 8

F
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APPENDIX A.8 (continued)
Station 8

J< ipa
!» I J

CROSS SECTIONAL profile



APPENDIX A.9

Station 9

General view looking northwest from station 9
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APPENDIX A.10

Station 10

General view of station 10's cross-section from north
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APPENDIX B

Erosion Assessment Site Descriptionst Site Photographsn 
and Site Cross-sectional Profiles
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APPENDIX 8-1 

Locational Descriptions

Erosional
Assessment

Approximate
Elevation

Site

C It is on the west branch-, approximately 
0-25 miles downstream of the Ohio 

S^b'
Turnpike-. 8-75 miles downstream 
from station 2-. and 80' south of 
the Hason Road bridge- It is 
within the area of the Kibbie-Tus- 
cola-Colwood Soil Association and 

D It is 
the Lake Plain- West pin next to post 
on the middle branch-, approximately 
1 mile upstream from station b-. east 
of State Route bl-. at the end of 

720'

bJhipporwi 11 Road-, just east of an 
orange-, wooden ranch style house-, 
west of a yellow brick house-, and 
adjacent to a cable telephone support- 
It is in the Mahoning-Bogart-Haskins- 
Jimtown Soils Association- 

E It is on the middle branch-. 7S0' upstream 
of the Ohio Turnpike-. 450' upstream 
of the Berlin Heights Water Works-, 
and 0-4 miles downstream of station 

bSO'

b- It is in the Hahoning-Bogart- 
Haskins-Jimtown Soils Association 
and is at the foot of the Berea 

F It is 

Escarpment. East pin in adjacent to 
a sycamore on the floodplain but 
near the channel while the west pin 
is adjacent to a fence post- 
on the middle branch-. 300 feet up­
stream from station 7-. on the Hask 

blT

Farm-, and directly on the southwest 
edge of a parking lot- It is in the 
Hahoning-Bogart-Haskins-Jimtown 
Soils Association and it is in the 

G It is 
Lake Plain-Berea Escarpment transition 
on the main trunk of the creek-, ap­
proximately 0-fl miles upstream of 
station 10-. east of Barrows Road-, 

sas1

on the property of Wayne Jenkins-, 
and on the outside of a meander just 
upstream of a steeo bank- West pin 
in adjacent to large trees- On the 
Lake Plain and in the Kibbie-Tuscola- 
Colwood Soils Association.
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APPENDIX 9-1 
{continued}

Locational Descriptions

Erosional
Assessment
Site

Approximate
Elevation

H It is on the east branch-i LOO' upstream rrom
the main trunk of the creek-. 0-2 miles 

S7S'

upstream from station ID-, and at the 
foot of a hill* iiiest pin is sat next 
to a willow- It is in the Kibbie- 
Tusccla- Colwood Soils Association and 

I It is 
in the Lake Plain-
on the main trunk of the creek-. 400' SbS’
north of station 1C and just upstream 
of the proposed Route 2 bridge- East 
pin is located at the base of a multi- 
branched willow* It is in the Lake 
Plain and is also in the Kibbie-Tuscola- 

j It is 
Colwood Soils Association-
on the main trunk of the creek-, south
of the railroad bridge-, south of the 
large oaks on the western and southern 
shores of the creek-, and 0*4 miles 
downstream of site J- Pin is set be­

Sfac'

neath a low slung willow branch on the 
northern creak bank- It is in the.
Lake Plain and is also in the Kibbie- 
Tuseola-Colwood Soils Association-
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APPENDIX B•5

Erosional Assessment Site C

View of the Best 
Nason Road

Pin {Arrow! and Adjacent 
Bridge is in Background.

to Post •
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APPENDIX B■3

Erosional Assessment Site D

South Pin Adjacent to Cable Pole-Support

Southern Portion of Profile With Highi Northern Bank Visible
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APPENDIX B.S

Erosional Assessment Site F

rv
.%

Rod-man is at Northern Witness Pin at the Southwestern Edge

View of Cross-sectional Profile to South
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APPENDIX B•7
Erosional Assessment Site H

Rod Base is on West Pin With 
Plain Creek

East Brank Behind- 
are Visible to the

T rees 
North

Harking
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APPENDIX 3-a

Erosional Assessment Site I

Willows on East {Left! Bank Nark Site I- Darrow Road Bridge is
Visible Farther South.



137

30NV1SIQ 1VQI1H3 A



APPENDIX B-F

Erosional Assessment Site J

F

Looking West From Site J
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