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TIME OF TRAVEL OF SOLUTES IN SELECTED REACHES OF THE
SANDUSKY RIVER BASIN, OHIO
1972 AND 1973

by Arthur 0. Westfall

ABSTRACT

—————— e

A time of travel study of a 106-mile (171-kilometre) reach
of the Sandusky River and a 39-mile (63-kilometre) reach of
Tymochtee Creek was made to determine the time required for water
released from Killdeer Reservoir on Tymochtee Creek to reach
selected downstream points. In general, two dye sample runs were
made through each subreach to define the time-discharge relation
for approximating travel times at selected discharges within the
measured range, and time-discharge graphs are presented for 38
subreaches. Graphs of dye dispersion and variation in relation
to time are given for three selected sampling sites. FOE
estimating travel time and velocities between points in the study
reach, tables for selected flow durations are given. Duration
curves of daily discharge for four index stations are presented
to indicate the low-flow characteristics and for use in shaping
downward extensions of the time-discharge curves.

INTRODUCTION

The U.S. Geological Survey, 1in cooperation with the Ohio
Department of Natural Resources, made a time-of-travel study of a
part of the Sandusky River basin extending from the outlet of
Killdeer Reservoir on Tymochtee Creek to State Street in Fremont
(figs. 1 and 2). The study, made during April 1972 to September
1973, covered 145 river miles (233 km).

The purpose of the study was to determine the time required
for water released from Killdeer Reservoir at mile 39.4 (km 63.4)
on Tymochtee Creek to reach selected downstream points and to
move pollutants past water intakes at Tiffin and Ballville. The
methods and equipment used were those described by Wilson (1968)
and Kilpatrick, Martens, and Wilson (1970). The results of the
study are given in tables 1 and 2.
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*Reach

T2=16

1615

15-14

~14-13

13-12

13-11

12-11

11-10

Table 1.--Summary of dye studies on Sandusky EKiver, Ohio,

Description

Tymochtee Creek at SR 53
to bridge in SE 1/4
sec.8, T15, RI14FE

Bridge in SE 1/4 sec.8,
T1S, R14E to SR 587

SR 587 to Mexico Road

Mexico Road to Heck Road

Heck Road to St. Johns Road

Heck Road to USGS gage
near Mexico

St. Johns Road to USGS
gage near Mexico

USGS gage near Mexico
to farm lane in NE 1/4
sec.1, T1N, R14E

See

footnotes at end of table.

Dist-

ance
(mi)

1.0

4.1

6

2.6

3.4

Streamflow
Disch- Dura-

Date

6=1"2-71.2
4-18-73
10-26-73

6= 1="712
4-18-73
9=12-73

5-25-72
4-17-73
9-11-73

6="1=-72
9=30=173

5-30-72
a~14=73
10=23=13
10=16=72
5=24~T2
G- 6=73

§=23-12
10-24-73

arge
(£t3/s)

a/318
a/522
a/43

a/3u44
a/528
as/ueé

a/231
a/552
a/ui

a/338
a/u8
a/290
a/816
a/u4

a/338
a/282
a/59

a/330
a/u2

tion

(%)

30
22
75

29
22
73

38
22
73

29
12

32
16
75
29
33
67

29
0.5

Leading

Travel
time
(hrs)

0.85
0.67
2245

4.83
3.83
5. 17

6.83
4.25
22.33

6.08
35425

17.58
7.33
b/110
20.58
3.17
10.33

6.25
31.25

197.2=73

Dye Cloud
edge Peak
Avg. Travel

vel. tinme

(ft/s) (hrs)
179 17
228 092
0.54 3617
1.22 5.83
1.54 4.75
0.39 2075
0.81 8 17
1230 5.17
0.25 29.42
0.74 7.08
013 48.75
0.34 1933
0.83 8.08
0.06 br/132
0.48 2325
1.20 3.67
037 13.42
0.81 7.08
0.16 39.50

Avg.
vel.
(ft/s)

1.30
1.66
0.42

1.01
1.24
0.28

0.68
1.07
0.19



*Reach

10-8A

Table 1.--Summary of dye studies on Sandusky River, Chio,

Description

Farm lane in NE 1/4 sec.1,
TN, RI4E,; 'to Ella
Street in Tiffin

Diversion dam to Huss
Street in Tiffin

Huss Street in Tiffin to
bridge in NW 1/4 sec.5,
72N, RASE

Bridge in NW 1/4 sec.5,
T2N, R15E to bridge in
NW 1/4 sec.21, T3N, R15E

Fort Seneca to bridge in
NW 1/4 sec.21, T3N, R15E

Fort Seneca to 01d Fort

01ld Fort to bridge near
center of sec.32,
T4N, RASE

Bridge near center of
sec.32, TUN; R15E, to
USGS gage near Fremont

See footnotes at end of table.

Dist-
ance
(m1)

2.7

Streamflow

Date

5- 4=72
4-16-73
8-29-73

5- 4-72
9- 4-73

5- 4-72
9-12-72
8-30-73

5= U=72
8-28-173
5=22-~72
8=30=il.2

=8 B8=92
8=2/1—13

B =2
9- 6-72

5= 272
Y=_6=172

Disch- Dura-
tion

(%)

arge
(ft3/s)

a/261
a/600
as/78

c/u82
c/65

c/u82
c/u8
c/88

c/u474
c/97
c/652
c/917

c/548
c/113

c/558
c/58

c/655
c/62

35
20
61

34
75

34
82
68

35
66
28
66

311
62

30
717

28
76

Leading

Travel
time
(hrs)

10.83
5.42
30.50

4.33
17.00

2.00
5«92
4.42

6.83
16.17
U<i92
2.83

9.00
20,25

6.00
2:%. 67

3125
11.25

1972-73--Continued

Dye Cloud
edge Peak
Avg. Travel

vel. time

(£t/s) (hEes)
0.36 12,33
0.72 6.33
0.13 38. 17
099 5425
0«25 20.33
2.04 2.17
0.69 825
0.92 5.33
1.26 1.58
0.53 19.25
1475 1.08
Q57 3.42
0.84 10.00
0.s37 22.75
0.63 6.58
0.18 24.25
2.04 358
0.59 12.58

Avg.
vel.
(ft/s)

0.32
0.62
0.10

0.82
0.21

1.88
0.47
0.76



*Reach

3=2

Table 1.--Summary of dye studies on Sandusky River, Ohio,

Streamflow

Dist-
Description ance Date
(mi)

USGS gage near Fremont 2<3: TH=S20~12
to diversion dam at 11- 7-73
Ballville

Diversion dam at Ballville 21 " B=l =77
to State Street in 8=31-72
Fremont 8=23-73

a/ At USGS gage near Mexico (04197000).
b/ Fragmentary data.

c/ At USGS gage near Fremont (04198000).
Note: Duration data are for base period,

Disch- Dura-
arge tion
(ft3/s) (%)

c/645 28
c/134 59

c/655 28
c/76 71
c/257 47

1931-60.

* Numbers correspond to site numbers shown in figure

Leading

Travel
time
(hrs)

B d >
24.17

2.50
8.50
5.08

1972-73--Continued

Dye Cloud
edge Peak
Avg. Travel

vel. tinme

(ft/s) (hrs)

0.50 7183
0.14 42.75
1.60 3500
0.47 9292
0<79 6.17

AvVg.
vel.
(ft/s)

0.43
0.08

1. 33
0.40
0.65



*Reach

21=20

20-19

19-18

18=17

17-16

16=-15

15-14

Table 2.--Summary of dye studies on Tymochtee Creek,

Description

Killdeer Reservoir outlet
to USGS gage
(discontinued)
Marseilles

near

USGS gage (discontinued)
near Marseilles to SR 294

SR 294 to bridge in SE 1/4
sec.29, T3S, R13E

Bridge in SE 1/4 sec. 29,
T3S, R13E, to bridge in
SE 1/4 sec.20, T3S, R13E

20,
in
R13E

Bridge in SE 1/4 sec.
T3S, R13E to bridge
SW-1/42 secs 15, " I3S,

15,
in
R13E

Bridge in SW 1/4 sec.
T3S, R13E to bridge
SW Nisseceill,” T3S,

Bridge in SW 1/4 sec.
T3S, RI3E to SR 53

10,

See

footnotes at end of table.

Dist-
ance
(mi)

1.2

15

1.8

Streamflow

Date

5= 3-173
S5=1i~73
9-18-73

1=20=12
o—43=13

8= 8=172
5=12~73
7=11=13

I=21=32
o= il=13
U=did=i3

7-24-72
5- 2-73
7-11-73

1=25-712
14— ll=2
1=10=173

71-19=92
10=26=12

Disch—- Dura-
tion

arge
(ft3/s)

a/75
a/35
a/19

a/9.0
a/77

a/6.9

a/94
50

a/11
a/136
a/40

a/17
a/102
a/us

a/16
as/118

a/36

a/11
a/57

(%)

22
32
40

50
22

53
19
27

48
15
30

42
18
29

43
17
32

48
26

Ohao, 1972-73
Dye Cloud

Leading edge Peak

Travel Avg. Travel

time vel. time

(hrs) (ft/s) (hrs)
3525 055 S TS
5.25 0.34 6.50
Ba25 022 10.00
14.83 0.25 16.92
3.92 095 4.67
13.25 0.24 19.58
8.92 0.82 4.50
5.08 0.64 6.42
9.58 0.24 12.00
1.92 1.418 2425
2= 45 0482 3.50
15.08 0.27 19292
S5kl 0,80 583
8.00 0.51 9,50
6.58 0.39 8.50
267 0397 315125
4.75 0.54 6.00
8.50 0526 10225
4525 05N 5alD

Avg.
vel.
(ft/s)

0.47
0.27
0.18



*Reach

14-13

13=02

12-11

11-10

Table 2.--Summary of dye studies on Tymochtee Creek, Ohio,

Description

SR 53 to bridge in SW 1/4
sec. 34, ‘125, RI3E

Bridge in SW 1/4 sec.
T2S, RI13E to U.S.
Highway 30 N.

34,

U.S. Highway 30 N to
bridge in NW 1/4 sec.
2SS, RI3E

27,

Bridge in NW 1/4 sec. 27,
T2S, RA3E to bridge in
SW 1/4 sec. 16, T25, RA3E

Bridge in SW 1/4 sec.
T2S, R13E to bridge
SE 1/4 sec. 9, T2S,

16,
in
R13E
Bridge in SE 1/4 sec. 9,

T2S, R13E to bridge in
NW 1/4 sec. 10, T2S, R13E

See footnotes at end of table.

Dist-
ance
(mi)

Streamflow Leading
Disch- Dura- Travel

Date arge tion time

(ft3/s) (%) (brs)
I=V1=72 a/13} 48 10.33
10—=25-72 a/57 26 4.58
6-28-72 b/10 53 10.33
10=19=72. - b/50 34 4.08
7-17-73 b/u4o0 36 4.58
6-27-172 b/%.1 354 25.67
5= 8-73 b/56 33 10.33
6- 8-72 b/18 46 9.08
10=-18-72 b/52 34 5.08
4-19-73 b/160 20 2.67
- 6-72 by42 37 4.83
5-10-73 b/231 15 2411
T=19-173 "b/16 48 8+25
4- 6-72 byu2 36 3.42
4=-20=73 b/179 18 1= 67
7=19~173 tb/18 46 5583

1972-73--Continued

Dye Cloud
edge Peak
Avg. Travel

vel. time

(ft/s) (hrs)
0.30 12.25
0.617 6.00
0.22 11.92
0«55 5.00
0.49 5.6
0.18 28.58
0.42 10e 15
0.33 10.75
0.59 6 .25
e b2 3.25
0.56 575
1..29 2.617
0.33 10.42
Q.73 4.17
1.49 2.08
0.43 T<15

Avg.
vel.
(ft/s)

0.25
0.51

0.19
0.45
0.40



Table 2.--Summary of dye studies on Tymochtee Creek, Ohio,

Dist-
*Reach Description ance
(mi)
8-7 Bridge in NW 1/4 sec. 10, 2.9
T2S, R13E to Riester Road
8-6 Bridge in NW 1/4 sec. 10, 5.4
T2S, R13E to USGS gage at
Crawford
7-6 Riester Road to USGS gage 2.5
at Crawford
6-5 USGS gage at Crawford to 2.0
Hurd Road
5-4 Hurd Road to SR 103 1.6
4-3 SR 103 to bridge in SW 1/4 1. 4

sec. 18, T1S, RI13E

See footnotes at end of table.

Streamflow
Disch-
Date arge

(ft3/s)
6-14~72 b/50
5=15-73 by/162
G~ FI DA 2
6-14-72 b/62
5-15-73 b/165
4- 5-72 bsuo0
5=10=73 b/228
T=18=13 by23
4- 4-72 bsu2
5-10-73 9/209
T=18=73 "b/29
4- 4-72 b/u2
5=~ 9=~93  b/83
1=18=73 . B/32

Dura-
tion

(%)

34

20
45

31
19

37
16
4y

3il
1):7
40

37
28
40

Leading

Travel
time
(hrs)

9.67

9.58
41.08

10.25
5. 25

3. 17
1.42
4.67

2.83
1.50
4.00

2.33
1.83
3.33

1972-73--Continued

Dye Cloud
edge Peak
Avg. Travel

vel. time
(ft/s) (hrs)
0.44 10.42
0.82 1133
0.19 52.83
0.36 12.25
0.70 6.17
0.90 3.83
2.02 1.67
061 5.75
0.83 3.42
157 1283
0. 59 4.83
0.90 3.08
Ta Tk 207
0.63 4.00

Avg.
vel.
(ft/s)



0t

Table 2.--Summary of dye studies on Tymochtee Creek, Ohio, 1972-73--Continued

Dye Cloud
Streamflow Leading edge Peak
Dist- Disch- Dura- Travel Avg. Travel Avg.
*Reach Description ance Date arge tion time vel. time vel.
(mi) (ft3/s) (%) (hrs) (ft/s) (hrs) (ft/s)
8=p Bridge in SW 1/4 sec. 18, 3.1 W= 502 ‘b2 37 5«05 D..99 6.92 0.66
215, R13E to SR 53 5=F9=93 b/82 28 383 M.19 4.50 1.01
5=10-73 b/203 i 3. 17 143 3.83 a9
T=8-73 - by/od 40 7.50 0.61 9.00 0.50
2-1 SR 53 to bridge on Sandusky See results of Reach 17-16 Sandusky River study.
River in SE 1/4 sec. 8,
T1S, R14E

a/ At USGS gage near Marseilles.

b/ At USGS gage at Crawford.

Note: Duration data are for base period, 1931-60.

* Numbers correspond to site numbers shown in figure 2.



The following factors may be used to convert the English
units published herein to the International System of Units (SI):

Multiply English units by to obtain SI units
feet (ft) 0.3048 metres (m)
miles (mi) 1.609 kilometres (km)
cubic feet per second 0.2832 cubic metres per second
(ft3/s) (n3/s)

TIME OF TRAVEL

Time of travel and, to a lesser degree, dispersion
characteristics were determined by injecting a fluorescent dye
(rhodamine BA, UO0-percent or rhodamine WT, 20-percent) as a
tracer material into the river and observing its downstream
movement by fluorometric analysis at selected sampling sites.
The time required for the dye to move from the dosing point to
the downstream sampling point 1is the average velocity of the
water in the reach and is called the "time of travel". Assuming
no difference in discharge, time of travel for reaches of equal
length may vary if there are natural differences in channel
characteristics, such as slope, roughness, debris, or vegetation,
or differences resulting from dam, weirs, bridges, and other such
features. To a lesser degree, time of travel may vary
periodically or seasonally because of vegetal growth in summer or
ice formation in winter.

DISPERSION CHARACTERISTICS

A dye 1introduced into a stream moves in the same manner as
the water particles, and by monitoring the movement of the dye
the movement of the water 1is defined. The dispersion
characteristic is indicated by the time required for the dye
cloud, from 1leading edge to trailing edge, to move past the
sampling point. This is called "time of passage" of the dye
cloud. Time of passage 1is inversely related to rate of flow.
When discharge decreases, the movement of water 1is increasingly
affected by meanders, channel roughness, pools and riffles,
vegetation, and natural or artificial dams, which increase the
dispersion of the dye. Conversely, when discharge increases,
channel characteristics are dampened and the dye cloud tends to
stay together.

11



For best definition of the dispersion characteristic, the
entire dye cloud should be measured as it passes the sampling
point. However, measurement of the entire cloud from leading
edge to trailing edge requires considerable time. Because time
of +travel determinations at a maximum number of sites was the
primary interest in this study, the time of dye passage was
measured only through the peak concentration. Examples of time-
concentration curves, showing time of passage of the dye clouds
from leading edge to peak concentration, are given in figures 3
oSS,

TIME-DISCHARGE RELATION

Time of travel can be presented as a function of discharge.
Time of travel versus discharge generally plots as a straight
line on logarithmic coordinates. Figures 6 to 43 show the time-
discharge relation for each subreach. Also shown are the average
discharge and minimun 7-day discharge for recurrence intervals of
2 and 10 years for subreaches on the mainsten.

The minimum average discharge for 7 consecutive days with a
10-year recurrence interval is often used 1in low-flow studies.
One of the aims of time of travel measurements is to define the
time-discharge relation at that flow. However, the chance of
this flow occurring during the time allotted for time of travel
studies is slight. Extension of the time-discharge curves 1is
accepted practice but should be done with extreme caution,
especially when long downward extensions are made. Flow-duration
curves are helpful in determing the shape of the extension.

Flow-duration curves are cumulative frequency curves and are
used in studying the flow characteristics of a strean. The
duration curve shows the percent of time specified discharges are
equalled or exceeded during a given period. It combines in one
curve the flow characteristics of a stream thrcughout the range
of discharge, without regard to the sequence of occurence
(Searcy, 1959). The slope of the <curve at the 1lower end
indicates basin characteristics: A flat slope shows sustained
low base flow from surface or ground storage; and a steep slope
shows little storage. Downward extensions of the time-discharge
curves should be tempered by the degree of the rate of change of
the lower end of the duration curve. Duration curves for the
index gaging stations are shown in figures 44 to 47.

12
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IN MICROGRAMS PER LITRE

DYE CONCENTRATION,

100
80
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40
30

20
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FIGURE 3.--DISPERSION AND VARIATION OF CONCENTRATION
OF DYE WITH TIME AT SITE |, STATE STREET
IN FREMONT, SANDUSKY RIVER.
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DISCHARGE IN CUBIC FEET PER SECOND AT USGS GAGE NEAR MEXICO
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FIGURE 6.-- TIME-DISCHARGE CURVES FOR SANDUSKY RIVER,
FROM TYMOCHTEE CREEK AT SR 53 TO BRIDGE IN SE I/4

SEC. 8, TIS, RI4E.
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DISCHARGE

5000 | i R ) o 4 ) (S e v o (o b
4000}
30001 ; Site 16-15 8
Distance 4.0 miles
2000}
Li50
10
1000 5
800
— : | 20
600 i 20 Average discharge
400 &
w : | 10
300} °© 30 Peak concentration
200} £ 40
=} Leading edge - 5.0
[0
W 50
100
= =
80 = 60 2.5
— z
601 =
o = 9 1.5
a0l 5
3 80 0
301 85)
5. 90
201 -
w L 0.5
95 :
Minimum 7 day-2 year discharge
o] 03
8- et :
Minimum 7 day - |Oyear discharge
R W 0 e 0 U e TR | (e 1 5 1 e (W e L e 18
Ol 02 03 04 06 0810 2 3 4 6 8 10 20 30 40 60 80 100
TRAVEL TIME IN HOURS

FIGURE 7 .-- TIME-DISCHARGE CURVES FOR SANDUSKY RIVER,
BRIDGE IN SE 174 SEC.8,TIS,RI4E TO SR 587.
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FIGURE 8.--TIME -DISCHARGE CURVES FOR SANDUSKY RIVER,

FROM SR 587 TO MEXICO ROAD.
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FIGURE 9.-- TIME-DISCHARGE CURVES FOR SANDUSKY RIVER,

FROM MEXICO ROAD TO HECK ROAD.
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FIGURE 10.-- TIME -DISCHARGE CURVES FOR SANDUSKY RIVER,
FROM HECK ROAD TO ST. JOHNS ROAD.
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DISCHARGE IN CUBIC FEET PER SECOND AT USGS GAGE NEAR MEXICO
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FIGURE 1! .--TIME-DISCHARGE CURVES FOR SANDUSKY RIVER,

FROM HECK ROAD TO USGS GAGE NEAR MEXICO.
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FIGURE 12 .-~ TIME -DISCHARGE CURVES FOR SANDUSKY RIVER,
ST JOHNS ROAD TO USGS GAGE NEAR MEXICO, OHIO.
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DISCHARGE IN CUBIC FEET PER SECOND AT USGS GAGE NEAR MEXICO
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FIGURE |3.-- TIME -DISCHARGE CURVES FOR SANDUSKY RIVER,

FROM USGS GAGE NEAR MEXICO TO FARM LANE IN
NE I/4 SEC.1, TIN, RI4E.
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DISCHARGE IN CUBIC FEET PER SECOND AT USGS GAGE NEAR MEXICO
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FIGURE 15.-- TIME-DISCHARGE CURVES FOR SANDUSKY RIVER,
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IN CUBIC FEET PER SECOND AT USGS GAGE NEAR FREMONT
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FIGURE 20.-- TIME-DISCHARGE CURVES FOR SANDUSKY RIVER,

OLD FORT TO BRIDGE NEAR CENTER OF SEC 32, T4N, RISE.
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FIGURE 22.-- TIME-DISCHARGE CURVES FOR SANDUSKY RIVER,
USGS GAGE NEAR FREMONT TO DIVERSION DAM AT

BALLNVALLE.
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FIGURE 24--TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK

FROM KILLDEER RESERVOIR OUTLET TO USGS GAGE

NEAR MARSEILLES.
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FIGURE 25--TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK
FROM USGS GAGE NEAR MARSEILLES TO S.R.294.
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FIGURE 26-- TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK
FROM SR 294 TO BRIDGE IN SE /4 SEC.29, T3S, RI3E.
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FIGURE 27-- TIME -DISCHARGE CURVES FOR TYMOCHTEE CREEK
FROM BRIDGE IN SE I/4 SEC. 29, T3S, RI3E TO BRIDGE
IN "SE 1/ SEC RO 198, RIDE.
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FIGURE 28.-- TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK
FROM BRIDGE IN SE I/4 SEC.20, T3S, RIBE TO BRIDGE IN

SW 1/4 SEC.15. T3S, RI3E.
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FIGURE 29--TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK
FROM BRIDGE IN SWI/4 SEC.15, T3S, RI3BE TO BRIDGE IN

SW /4 SEC.10, T3S, RI3E.
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FIGURE 30.- TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK
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FIGURE 3I.--TIME -DISCHARGE CURVES FOR TYMOCHTEE CREEK

FROM SR53 TO SWI/4 SEC34, T2S, RI3E.
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FIGURE 33.-- TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK
FROM US. HIGHWAY 30N TO BRIDGE IN NW /4 SEC.27, T2S,

RISE.
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FIGURE 34.--TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK

FROM BRIDGE
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FIGURE 35.-- TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK
FROM BRIDGE IN SW1I/4 SEC.16,T2S, RI3E TO BRIDGE IN

SE /4 SEE R, Tes5  RISE.
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FIGURE 36-- TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK

FROM BRIDGE IN SE I/4 SEC.9,T2S, RI3E TO BRIDGE
IN-NW/4A SEC. 10, T2S, ‘RISE.
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FIGURE 37.-- TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK

FROM BRIDGE IN NWI/4 SEC.10, T2S, RI3E TO REISTER ROAD.
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FIGURE 39.-- TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK
FROM REISTER ROAD TO USGS GAGE AT CRAWFORD.
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FIGURE 40.--TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK,
FROM USGS GAGE AT CRAWFORD TO HURD ROAD.
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FIGURE 41.--TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK,
FROM HURD ROAD TO SR 103.
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FIGURE 42 --TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK,
FROM SR 103 TO BRIDGE IN SWI/4 SEC.18, TIS, RI3E.
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FIGURE 43.-- TIME-DISCHARGE CURVES FOR TYMOCHTEE CREEK,
FROM BRIDGE IN SWi/4 SEC.18,TIS,RISE TO S.R. 53,
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DISCHARGE DATA

The discharge data given in tables 1 and 2 were obtained
from the records for the streamgaging stations at Fremont and
near Mexico on the main stem and at Crawford and Marseilles on
Tymochtee Creek. Dye runs were made during times of no surface
runoff or supplemental releases from Killdeer Reservoir. The use
of discharge data from such index stations rather than point
discharges has several advantages: Historical discharge data can
be used to estimate travel time during rare hydrologic events,
discharge data for use 1in estimating time of arrival of
accidental spills 1is readily available, and the amount of
supplemental discharge regjuired to dilute or disperse pollutants
within a desired time can be computed.

Travel rates determined from the peak-concentration curve of
the time-discharge graphs can be used for approximating
predictions of stream-temperature travel time or for biochemical
oxygen-demand studies. Discharge data for use in applying the
graphs are published in the annual report, Water Resources Data
for Ohio. Current discharge data may be obtained from the U.S.

Geological Survey, Columbus, Ohio.

ESTIMATING TRAVEL TIMES

Time of travel of discharge at flow rates other than those
measured can be determined by use of the +time-discharge graphs.
For a selected discharge, travel times can be obtained from two
or more graphs and summed to obtain the total travel time between
points on the stream. For convenience of the user, tables 3 and
4 have been compiled from these graphs for selected flow
durations. Travel time between points can be obtained by
summation of individual reach times or by subtraction of
cumulative times. Travel times for values of flow duration lying
between those shown on the table can be closely approximated by
interpolation, although the relation is not strictly linear.

Travel times for discharges lower than those selected for
the tables can be calculated by a downward extension of the time-
discharge curves. It 1is emphasized that the shape of the
extension should be guided by use of the flow-duration curves.
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Table 3.--Travel time and velocities of solutes for selected flow durations in the
Sandusky River, Ohio

Computed dye cloud travel time and velocity
70-percent flow duration

Site Distance Leading edge Peak concentration

number (niles)
downstream In Cumu- Velo- In Cumu- Velo-
Reach end of Figure In Cumu- reach 1lative city reach lative caty
reach number reach lative (hrs) (hrs) {mph) (hrs) (hrs) (mph)
17—16 16 6 1.0 1.0 253 2«3 0.43 342 322 0.31
16=-15 15 7 4.0 5.0 14.2 16.5 «28 18.0 2 a2 <22
15-14 14 8 3.8 8.8 19..1 35.6 s 20 25+ 0 46.2 oS
14-13 13 9 3281 11-9 34.0 69.6 .09 46.0 922 .07
13-12 12 10 4.1 16.0 93.0 162.6 .04 110 202.2 .04
12-11 14 12 2.6 18.6 11.4 174.0 «23 15. 2 217. 4 - 17
11=10 10 13 3.4 22.0 271 201.1 S 34.3 25107 =10
wl10- 9 9 == 2.4 24.4 a/34 23541 .07 a/uo0 291.7 .06
© g9- 8 8 {15 2529 27.3 14.9 250.0 19 17..9 309.6 .16
87 7 16 2<8 301 4.7 254.7 .60 62 3158 .45
=6 6 i 4.7 34,8  b/13 2007 36 b/ 16 331..8 <29
6= 5 5 19 5'eil 39.9 24.3 292.0 521 27:5 35'9.38 <19
5- 4 4 20 2.6 42.5 18.2 310.2 . 14 20. 4 3495 s 13
-3 3 21 4.5 47.0 9.8 320.0 .46 1.1 390.8 <41
3= 2 2 22 23 49.3 38.0 358.0 .06 67.0 457.8 -03
2=, 1 1 23 AN | 5240 9.6 367.6 .28 1z.1 469.9 22

e o s e s, e e

See footnotes at end of table.



Table 3.--Travel time and velocities of solutes for selected flow durations in the
Sandusky River, Ohio—--Continued

Computed dye cloud travel time and velocity

60-percent flow duration
Peak concentration

Leading edge

50-percent flow duration
Peak concentration

Leading edge

In Cumu- Velo- In Cumu- Velo- In Cumu- Velo- In Cumu- Velo-

Reach reach lative «city reach lative «city reach lative «city reach lative «city
(hrs) (hrs) (mph) (hrs) (hrs) (mph) (hrs) (hrs) (mph) (hrs) (hrs) (mph)

17-16 19 19 . 0553 2.6 2.6 0.38 a5 15 067 2.0 250 20550
16-15 T35 13.4 <35 14.5 7.1 <28 8.8 10..3 <45 11.0 13.0 - 36
15-14 15.0 28.4 « 25 19.3 36.4 «20 11+1 21. 4 .34 14.0 27.0 .27
14-13 23.5 51,9 13 31.0 67.4 .10 115< 3 36.7 20 19..5 46.5 .16
13-12 6520 11659 .06 76.0 143.4 .05 42.0 78.7 .10 48.5 95..0 .08
12-11 4 12423 35 109 15453 <24 59 84.6 U4 7.4 102.4 «35
a11-10 20.0 144.3 - 17 24.5 178.8 .14 1358 98.4 25 16.6 119.0 .20
©10- 9 a/24 168.3 .10 a/30 20858 .08, az17 115. 4 14 a/20 139.0 12
9= 8 108 1791 - 2 13.0  221.8 22 17 1231 38 953 148.3 «31
g="i7 357 18218 .76 4.7 226.5 .60 3.0 1261 =93 Bei6 5159 . 1:8
7=-.6 b/10 192.8 ~ 4T bs12 238.5 «39 . /7.6 . 13355 62 by8.9 ' 160.8 .53
6— 5 190 2 211.8 .27 20.6 259.1 25 18.8 148.5 .34 Nes 1 177.5 2134
5- 4 13.9 22551 il 9 1580 27U <6 <17 10.5 159.0 «25 17, 18952 <22
4=-3 7.7 233.4 <58 8.6 1« 283.2 52 5.9 164.9 .16 6 4" 1956 .67
3- 2 26.0" 259.U +< 09 U750  330.2 +05 17.1. .182.0 - 13 2l 2 L2228 .08
2—4 626545 U4y 9.0 -339.2 3,0 5«2 18die.2 D2 6ol 229.2 42

—_—————————

See footnotes at end of table.



Table 3.--Travel time and velocities of solutes for selected flow durations in the
Sandusky River, Ohio--Continued

Computed dye cloud travel time and velocity

40-percent flow duration
Peak concentration

Leading edge

30-percent flow duration
Peak concentration

Leading edge

In Cumu- Velo- In Cumu- Velo- In Cumu- Velo- In Cumu—- Velo-
Reach reach lative «city reach lative «city reach lative «city reach lative «city
(hrs) (hrs) (mph) (hrs) (hrs) (mph) (hrs) (hrs) (mph) (hrs) (hrs) (mph)
17-16 Vel tela 0491 125 155" 0k67 0.9 0.9 1.11 1.2 1.1 10583
16-15 50 617 o/l 8.3 9.8 .48 5.0 59 .80 6.3 7S .63
15-14 7/ 13 .8 < 5l 1929 19.9 «38 5.9 417<8 .64 742 14.7 +953
14-13 957 2355 32 11.8 Fele 7 « 26 6.2 + 1850 50 7s3 22:0 42
13=12 262 49 .71 .16 30.0 617 .14 16.6 34.6 025 T8.7 4057 22
12-11% 4.0 5327 .65 4.8 66.5 .54 2l $3733 .96 3575 1 43219 - 81
S11-10 9.3 63.0 ST 10.8 77.3 3 6.3 4356 .54 Tia 28w Sl . u7
10=9 a/11 74.0 w22ea/3 90.3 saalt. 2 5038 sa3. ar8s6. 59,7 «28
9- 8 52 1922 .56 6.6 96.9 .Uy 3.9 54,7 .74 4.8 645 .60
8- 17 2.3 8NS5 e 22 2.6 9935 1208 1295656 (e 22056655 1.40
J=aib b/5.8 8il=3 « 831G b6, 506 o412 BZ4.5 51.1 #2084  br5.0  T1.2 .94
6~ 5 11.6 98.9 U4y 12.8% - 418.8 240 9.0 101 «57 1050258025 <51
5- 4 T3 10648 Ll Bobual27.4 «30 6.0 7651 U3 6.6, .88.1 «39
4- 3 [T S 1 g .98 Seilial 3255 .88 8.5 79,6 1.29 3.9 9230 115
3= 2 T1.2. 12256 2.1 15.7 48,2 .15 Tab. 5871 el 9. 3. 1041 25
2==1 3L T 2653 it 456-- 15248 «59 2+ ~89.8 1.00 3.3 104.4 -82

a Estimated from graph of
b Estimated from graph of

velocity vs distance for sites 10 and 8A.

velocity vs distance for sites 7 and 5A.



Table 4.--Travel time and velocities for selected flow durations in
Tymochtee Creek, Ohio

Computed dye cloud travel time and velocity
50-percent flow duration

Site Distance Leading edge Peak concentration

nunber (niles)
downstreanm In Cumu- Velo- In Cumu- Velo-
Reach end of Figure In Cumu- reach lative city reach lative «city
reach number reach 1lative (hrs) (hrs) (mph) (hrs) (hrs) (mph)
21=20 20 24 [, 1+2 1625 16.5 0.07 222 222 005
20-19 19 25 245 3.7 14.0 30.5 +18 16.8 3920 =I5
19-18 18 26 2.2 5.9 11.3 41.8 .19 16. 1 15.1 .14
18-17 17 27 1.5 7.4 12.0 53.8 -13 1529 71.0 + 09
I e 5 16 28 2.8 102 2357 17.5 <12 28.5 995 s 10
16-15 15 29 1.8 1260 8.8 86.3 <20 1123 110.8 .16
15-14 14 30 lis'5 13.5 9.3 95.6 + 16 11. 4 122.2 =13
o14-13 13 31 2.4 15..6 11.4 10.7 .18 3.3 T35-5 - 16
13-12 12 32 15, 1753 8.4 115. 4 .18 10.2 145.7 .15
1T2=11 11 33 2.9 20.0 20.8 1365 2 .14 2326 169+3 il
11-10 10 34 220 22.0 109 147.1 18 12219 182.2 - 16
10— 9 9 35 18 23.8 929 157 <0 o 1! 12..2 194. 4 sl
9= 8 8 36 Vo 255 1.6 164.6 .22 959 204.3 s 1
8- 6 6 38 5.4 30.9 60.0 224.6 .09 78 282.3 « 07
6- 5 5 40 2.0 32<9 7.6 232.2 «26 95 291.8 <2l
5- 4 4 41 1.6 34.5 12.3 244.5 - 13 7755 308.9 09
4- 3 3 42 1.4 35«9 7.8 25243 + 18 9ol 3118.'5 <14
3= 2 43 3 39.0 18.5 270.8 « V7 23.5 342.1 =13



Table 4.--Travel time and velocities for selected flow durations in
Tymochtee Creek, Ohio.--Continued.

Computed dye cloud travel time and velocity

40-percent flow duration 30-percent flow duration
Leading edge Peak concentration Leading edge Peak concentration
Reach In Cumul- Velo- 1In Cumul- Velo- In Cumul- Velo- 1In Cumul- Velo-
reach ative city reach ative «city reach ative «city reach ative «city

(hrs) (hrs) (nps) (hrs) (hrs) (mph) (hrs) (hrs) (nps) (krs) (hrs) (mph)

21-20 1<l 7.7 0.16 9.8 9.8 0L 12 4.5 4.5 0.27 5.4 Sl 0522
20-19 B.7 16. 4 .29 10.4 20,2 .24 5<5 10.0 .45 6.6 12.0 .38
19-18 Fad 24.1 «29 102 30.4 22 55 195 .40 6.9 18<9 =32
18=17 2.8 26.9 .54 3.5 33..9 U3 2.8 18.3 .54 3.4 22.3 - 44
17-16 135D 40. 4 « 21" 1620 49.9 - 18 8.2 26.5 .34 Ik 32.0 <29
16-15 6.0 4é.4 .30 7.6 57.5 .24 4.3 30.8 242 5.4 37.4 «33
15-14 6.5 52.9 .23 8.0 65.5 - 19 4.8 35.6 =3 5.9 43.3 « 25
14-13 7.8 60.7 2l 9%i5 75.0 22 5.4 41.0 39 6.8 50. 1 <31
813—12 52 65.9 «29 6.4 81.4 <23 36 4u.6 <42 4.3 54.4 =35
12-11 13.6 195 <21 1556 97 .0 .19 9.4 54.0 §3%:  10.d 65. 1 -2,
11-10 6.8 86.3 «29 8.2 ~105.2 .24 4.3 58.3 U7 Slard 70.4 .38
10-9 bl 92.0 - 32 1«0 “112.2 .26 37 62.0 <49 L.e 75<0 -39
9-8 4.1 96. 1 <41 Se3ee 1175 «32 246 64.6 .65 32 78. 2 s D3
8-6 31.2 127.3 <17 4050 =U57.5 <14 17.3 81.9 31 21.4 99,6 .25
6-5 38 A3 <53 4.7 162.2 U3 2.3 84.2 + 87 2.8 102.4 <AL
5-4 3.8 134.9 42 4.7 166.9 .34 2.1 86.3 .76 2.6 '+ 1050 «62
4-3 3.4 138.3 - 41 4.2 1711 .33 2.0 88.3 .70 2.4 107.4 «58
3-2 7.5 145.8 41 9.2 1803 .34 4.2 92:5 .74 5.0 Ti2o4 <612
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