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FACTORS FOR CONVERTING U,S. CUSTOMARY UNITS TO
INTERNATIONAL SYSTEM (51) UNITS

The analyses and compilations in this report were made with U.S5.
customary units of measurement. To convert U.5. customary units to
metric units, the following conversion factors should be used:

Multiply U.S5. customary units By To obtain metric units

cubic foot per second (ft3/s) 28.32 liter per second (L/s)

.02832  cubic meter per second (m3/s)

foot (ft) L3048 meter (m)

foot per second (ft/s) L3048 meter per second (m/s)
mile (mi) 1.609 kilometer (km)

pound (1b) L4536 kilogram (kg)

square mile mi%) 2.590 square kilometer (km2)






TIME OF TRAVEL OF SOLUTES IN LOUISIANA STREAMS

By Anthony J. Calandro

ABSTRACT

pPrediction of travel rates of water in streams is important for

poliution studies and in the event of accidental spills of contaminants,
This report summarizes the traveltime and dispersion of sclutes in 18
streams in Louisiana that were measured by injecting a fluorescent water
tracer. Nine of the eighteen streams were studied through a range of
discharges. The relations of unit concentration and traveltime to dis-
charge in these streams are presented graphically to enable prediction
of the traveltimes for contaminants downstream from accidental spills.

Tn addition, standard multiple-linear regression techniques, relat-
ing traveltime and dispersion characteristics to basin parameters, were
used to develop equations for estimating traveltimes, dispersion of sol-
utes, and peak concentrations for ungaged streams in Louisiana,

All data collected for water-tracer studies of Louisiana streams
are given in this report. Examples of use and application of the data
and the predictive equations are also given.

INTRODUCTION

The possibility of accidental spills of contaminants are of concern
to those using water from streams. This report provides a means for
water managers to predict the time of travel, the maximum concentrations,
and the duration of pollutants spilled in streams in Louisiana.

The purpose of this report is (1) to make available the results of
the numerous time~of-travel measurements made on streams in Louisiana
from 1968 to 1977, (2) to summarize graphically the observations of the
rate of longitudinal dispersion for solutes in the streams, and (3) to
present a regionalization of the data based on the 18 streams studied so
that predictions can be made for the many unmeasured streams in Louisiana,



These studies were made by the U.8. Geological Survey in coopera-
tion with the Louisiana Department of Transportation and Development,
Office of Public Works,

The studies were made by injecting a known amount of fluorescent
water tracer into the streams at selected sites and at selected flow
rates, As the water tracer moved downstream, it was monitored at sev-
eral points along the stream. Because traveltime varies with discharge,
two or more measurements were made for different flow rates within the
range expected to be equaled or exceeded 50 to 90 percent of the time.

The results of these studies apply only to pollutants and contami-
nants that are soluble in water, Additional considerations, outside the
scope of this report, must be made for estimating traveltime of mate-
rials that are not soluble in water.

Figure 1 is a map of Louisiana showing the reaches along the
streams where time-of-travel studies were made.

DATA~COLLECTION TECHNIQUES

A measured amount of fluorescent water tracer was injected in the
center of each stream at the upper end of a reach, Traveltime was meas-
ured by observing the movement of the water-tracer cloud along the
stream course. As fluorescence is related to concentration, a fluorom-
eter was used to define the intensity of the tracer cloud as it moved
downstream. Water samples were collected periodically at selected sites
downstream during the duration of the cloud. Some samples were col-
lected manually, and others by an automatic sampler located in the cen-
ter of the stream. The discharge at each sampling site was determined
from discharge measurements or from the stage-discharge relationship at
a4 gaging station on the stream,

ANALYTICAL TECHNIQUE

The water samples were first analyzed in the field with a fluorom-
eter to assure that samples were collected during the passage of the
entire water-tracer cloud. The final analysis of each water sample was
performed under laboratory conditions; the fluorometer was operated at
& constant temperature, and all samples were analyzed at the same tem~-
perature. The fluorometer was calibrated using a set of standard solu~-
tions of known concentration. The standard dye solutions were made by
a serial dilution process using distilled water and a sample of the
tracer used in the injection. A time-concentration curve was drawn for
each sampling site by plotting the concentration for each sample against
the actual time when the sample was taken, and a smooth curve was drawn
through the points,



PRESENTATION OF DATA

Traveltime was defined over a range of flows for nine streams by
making two or more time-of-travel studies on each stream at different
flow rates. One traveltime study was made for each of nine other
streams. For convenience of the user, the traveltime for these streams
was related to discharge at gaging stations rather than the discharge
in the reach, 1In the event of an accidental spill the discharge can be
obtained from a stage-discharge relationship for the gaging station,
whereas the discharge in the reach would be more difficult to determine.

Traveltime data are presented graphically (figs. 2-10) for a range
of discharges, with the traveltime charvacteristics of the tracer cloud
shown in relation to the distance traveled. Traveltime for the leading
edge, the peak concentration, and the trailing edge of the water-tracer
cloud were taken from the time-concentration curves for each sampling
site. All data collected for Louisiana streams are given in table 1.

For comparison of concentration data from two or more studies on
the same stream, all observed concentrations were reduced to "unit con-
centration” using a method developed by F. A. Kilpatrick (written com-
mun., 1970). For practical use, unit concentration is that concentra-
tion which would result at a point downstream from the injection of 1 1b
of tracer inte 1 ft3/s of streamflow. Peak unit concentration versus
traveltime is shown for 14 streams (figs. 2-15).

Time-of-travel curves for the Mississippil River from the Arkansas-
Louisiana State line to Head of Passes (fig. 1) have been published in
three separate reports (Martens and others, 1974; Calandro, 1976, 1977}.
The data on which those reports were based are included in this report.

EXAMPLE OF APPLICATION

A tank truck accidentally spills 1,000 1b of a soluble contaminant
into the Amite River at Grangeville, located 88 mi above the river mouth.
The traveltime and maximum concentration that can be expected near
Denham Springs, located 54 mi above the river mouth, can be determined
as follows:

1. Determine the -discharge at Darlington and at Denham Springs., The
U.8. Geological Survey can furnish the discharge from the stage-
discharge relation for Darlington and Denham Springs, For this
example, assume that the discharges for Darlington and Denham
Springs are 235 and 360 ft3/s, respectively,

2. To determine the peak traveltime: Enter figure 2B with the dis-
charge at Darlington (235 ft3/s) because the curves in figure 2
are veferenced to Darlington. The traveltime from Darlington to
Grangeville is 40 hours, and to Denham Springs is 102 hours.
Therefore, the traveltime of the peak concentration from spill



at Grangeville to Denham Springs is 62 hours (102 minus 40).
Estimates for the leading edge and trailing edge of the contam-
inate can also be made using figure 2A and 20, respectively.

3. To determine the maximum concentrations: Unit concentration (Cy)
is defined as the concentration, in micrograms per liter, produced
in 1 ft3/s of streamflow due to the injection of 1 1b of contam-
inant. It may be computed by the equation

CraxQ
C, =A%
™

where Cpax=maximum peak concentration, in micrograms per liter:
W=pounds of contaminant injected; and
Q=discharge, in cubic feet per second, at point of
interest,

Once this relationship is defined for a stream, peak concentra-
tions at any point and for a range of discharges may be computed
by the equation
C.W
Crax=—-.
Q

From figure 2D, Cy is 315 mg/L (micrograms per liter) for an
elapsed time of 62 hours. Therefore, the maximum concentration
expected near Denham Springs is 875 mg/L (Cmax=149%%%§li).

TIME OF TRAVEL, DISPERSION OF SOLUTES, AND PEAK CONCENTRATIONS ON
UNGAGED STREAMS

The equations presented in this section can be used to estimate the
traveltimes, dispersion of solutes, and peak concentrations in streams
in Louisiana for which data are not available. The equations were de-
veloped by relating the traveltime and dispersion characteristics to the
basin parameters of the streams measured. The equations can be used for
all unregulated streams in Louisiana that have drainage areas of less
than 2,000 miZ,

Standard multiple linear-regression techniques were used to deter-
mine the relation of basin parameters to the stream characteristics,
The regression analysis was made using four independent variables: dis-
charge, length of reach, slope, and drainage area. The order in which
these variables entered the step forward regression computation was
length, discharge, drainage area, and slope. Regression analysis con-
trols (F-levels) were set to allow entry and retention of all variables.
The length-discharge combination produced the greatest reduction in
standard error of estimate, Drainage area improved the standard error
of estimate enough to be included. Slope did not decrease the standard
error of estimate and was not included in the equations,

4



Equations listed below were developed by the multiple-regression
analyses, The standard error of estimate for each equation is also
shown.

Standard evrror of

Equation estimate, in percent
1.028 0,291
TL=5. 49 A 27
Q0556
0.984,0.0291
- L A
TP=7.01 5Ees 25
Q
[0.941,0.287
TT=9,38 55 27
Q
0.530
Cy=2 5 680 e 39

40.503;0.729

In the above equations

Ti=traveltime of the leading edge, in hours;

TP=traveltime of the peak concentration, in hours;

TT=traveltime of the trailing edge, in hours;

Cy#peak unit concentration, in

(micrograms per liter times cubic feet per second);

pounds

i=reach length, in miles;

Q=discharge, in cubic feet per second; and

A=drainage area, in square miles,

The following 1s an example computaiion of the traveltime for a
theoretical spill in an unmeasured stream. A tank truck accidentally
spills 1,000 1b of a soluble contaminant into the Bogue Chitto near
Clifton, located 51 mi above the rivey mouth. The traveltime and maxi-
mum concentration that can be expected at Franklinton, located 40 mi
above the mouth, can be estimated as follows:

1. Determine the discharge (Q) at Franklinton from a current-meter
measurement or from a stage-discharge relationship. (Assume the
discharge at Franklinton is 500 ftj/s)°

2. Determine the length of reach (L), in miles, from Geological Survey
15~minute topograpbic maps, Length of reach (L) is 11 mi
(51 minus 40 wmi),

3. Determine the drainage area af Pranklinton from $loss (1971) or from
Geological Survey topographic maps., TIn this case the drainage
area is 985 mi”.



4. By substituting these variables in the equations developed by the
multiple~regression analyses,

1,028 ,.,..,0.291
Traveltime of the leading edge (TL)=5.49 (L) &9852
5,556
{5003
=15 hours;
0,986 ...0.291
Traveltime of the peak concentration (IP)=7.01 (1L (282)
0.553
{500)
=18 hours;
0,91, ,,:.0.287
Traveltime of the trailing edge (TT)=9.38 {LL) (282)
. 0,543
(500}
=22 hours;
and
(500)0°530
Peak unit concentration (Cy)=2,480 0 503 0,799 =363 ug/L.
(985" (1

5. Compute the maximum peak concentration at Franklinton:

Cmax=§é§§%8999=726 ug/L.

The equations for determining the traveltime of the leading edge,
peak concentration, and trailing edge and for determining the peak unit
concentration have been reduced to graphical form, as shown in figures
16, 17, 18, and 19, respectively. To illustrate the use of the nomo-
graphs the preceding example is used. Enter the figures with drainage
area (985 mi2), Draw a straight line to the reach length (11 mi)., At
the point where this line intercepts the match line, draw a straight
line to the discharge (500 ft3/s) along the bottom line. The travel-
time of the leading edge, peak concentration, and trailing edge and the
peak unit concentration can be read (in figs. 16, 17, 18, and 19, re-
spectively) where this line intercepts the fourth line from the top.
The following results were obtained for this example:

From figure 16, TL=15 hours,
From figure 17, TP=18 hours.
From figure 18, TT=22 hours,
From figure 19, C,=363 ug/L.

-
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Figure 12.--Peak concentration of tracer cloud, Big Creek.

25

Dry Prong to Pollock
- / Discharge 21 1t°/s at Poilock —
- Pollock to mouth / -
Discharge 21 f13;'s at Pollock
s oy
] U T T T ] ] i ; i
2 3 4 5 7 10 20 30 40 70 100 2



POUND

PEAK UNIT CONCENTRATION, IN MICROGRAMS PER LITER TIMES CUBIC FEET PER SECOND

2000

1000

700

400

300

200

100

70

40

ELAPSED TIME, IN HOURS

Figure 13,--Peak concentration of tracer cloud, Dugdemona River.
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Figure 15,--Peak concentration of tracer cloud, Spring Creek.
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