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Foot per second (ft/s) Meter per second (m/s) 0.3048 
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Parts per billion (ppb) Micrograms per liter (ug/1) 1.00 
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TIME-OF-TRAVEL STUDIES FOR THE 

LITTLE ANDROSCOGGIN RIVER, MAINE 

By William J. Nichols, Jr.1 , Barry M. Reed 2, and 

Fred W. Greenlaw 3 

ABSTRACT 

Time-of-travel studies were conducted at flow durations of 

20, 80, and 95 percent on the Little Androscoggin River from 

South Paris to Auburn, Maine. The river is about 29.3 miles 

long, and drains an area of about 354 square miles at its mouth. 

Traveltimes were determined by tracing the movement of 

rhodamine WI, a soluble fluorescent dye. The dye was injected 

into the river at the upstream end of each reach studied and 

water samples were collected at the downstream end of the study 

reach and analyzed for dye concentrations. 

Time-of-travel data were related to stream discharge to 

estimate traveltime for a water-soluble contaminant traveling 

between any two points at any discharge in the low-to-high flow 

range. 

The discharges of the Little Androscoggin River at the time 

of the study ranged from 40 to 950 cubic feet per second at the 

Auburn gaging station. Traveltimes from South Paris to Auburn, 

Maine, ranged from 51 to 648 hours. 

Hydrologist, U.S. Geological Survey
2Hydrologic Field Assistant, U.S. Geological Survey 
3Chemist, Maine Department of Environmental Protection 
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INTRODUCTION 

This report presents the results of several individual 

dye-tracer time-of-travel studies made during 1978 on the Little 

Androscoggin River. The Little Androscoggin River at Auburn, 

Maine, drains an area of 354 square miles. The reaches studied 

extend from South Paris to Oxford, Maine (10.2 mi), from Oxford 

to Mechanic Falls, Maine (9.1 mi), and from Mechanic Falls to 

Auburn, Maine (10.0 mi), as shown in figure 1. 

Streamflow was measured for each reach for each study and 

represents discharges that are, on the average, equalled or ex-

ceeded 20, 80, and 95 percent of the time, based on the flow 

duration curve of the Little Androscoggin River near Auburn 

(fig. 2). 

This study was conducted jointly by the Survey (U.S. 

Geological Survey) and the MDEP (Maine Department of Environ-

mental Protection). The time-of-travel study was conducted by 

MDEP. The Survey supplied detailed flow data. Data derived in 

this project are being used to calibrate a waste-load allocation 

model used by MDEP. 
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FIELD PROCEDURES 

Injection and sampling sites for the time-of-travel studies 

were located through field and map reconnaissance. The studies 

were performed on May 23-25, July 11-17, and September 25 to 

October 11, 1978. Dye was injected into the Little Androscoggin 

River at South Paris, Oxford, and Mechanic Falls, Maine. Water 

samples were collected at Oxford, Mechanic Falls, and Auburn for 

analysis of dye concentration. 

In each study, dye was injected instantaneously at one or 

more points per cross section or by line injection across the 

entire width of the stream. Water samples were collected by 

ISCO 1/ point samplers. Periodic grab samples were taken at the 

midpoint of the river cross section. 

RESULTS 

Drainage areas are given in table 1 for all sites in the 

project area where streamflow data are available. Flow rates for 

the Little Androscoggin River varied during the periods studied 

because of a series of dams between South Paris and Mechanic 

Falls, Maine. The reach between South Paris and Mechanic Falls 

is influenced by four dams. The dam at South Paris is downstream 

from the dye injection site and is not regulated by any 

operation. The dam at Thompson Lake outlet is used to maintain 

1/ The use of brand names in this report is for identification 
purposes only and does not imply endorsement by the Survey. 



the lake level of Thompson Lake. The dam at Welchville is used 

to maintain lake levels of Hogan and Whitney Ponds, and the 

fourth dam at Mechanic Falls is used to store water for the local 

paper mill for use in their paper-making process. These dams 

affected the flow velocities and traveltimes of the dye cloud 

between South Paris and Mechanic Falls by altering storage in 

these reaches. 

During the period of the study, refurbishing of the dam at 

Welchville significantly affected the flow velocities at the 

Oxford measuring site by storing an abnormal amount of water in 

the reach. During high flows at Oxford, w-a-s was being ponded. 

During low flows, intermittent repairs were being made and water 

passed the measuring site under normal conditons. This resulted 

in higher velocities at lower flows at Oxford as shown in 

table 2. The time versus dye concentration curves shown in 

figures 7-9 were affected by these dams and are a reflection of 

the storage of water behind the dams. Much longer passage times 

occurred than would be expected under unregulated flow 

conditions. Because the regulation of these dams was erratic and 

data for their operation incomplete, the analysis of this data is 

limited to the period being studied and should be used 

cautiously. 
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Table 1.--Drainage area at key locations 

Location of sampling site Drainage area, in 
or gaging station square miles 

Gaging station on Little Androscoggin 
River at South Paris (01057000)* 75.8 

Little Androscoggin River at South Paris 92.8 
Stony Brook at South Paris 14.6 
Little Androscoggin River at South Paris 
(sewage treatment plant) 108 

Pennesseewasee Lake Outlet at Norway 30.0 
Little Androscoggin River at Oxford 152 
Thompson Lake Outlet at Oxford (01058005)* 47.7 
Little Androscoggin River at Welchville 216 
Little Androscoggin River near 
Mechanic Falls 229 

Range Brook at Mechanic Falls 18.8 
Bog Brook at Mechanic Falls 45.3 
Gaging station on Little Androscoggin 

River nr Auburn (01058500)* 328 
Little Androscoggin River at Auburn 354 

*U.S. Geological Survey gaging station, downstream order number 
in parentheses. 



Plots of dye concentration versus time are presented for 

each sampling site (figs. 3-5). Time of arrival of the leading 

edge, centroid (center of mass of the dye cloud), peak concentra-

tion, and trailing edge (10 percent of peak concentration) were 

obtained from the time-concentration curves developed for each 

sampling section and are summarized in table 2. The curves were 

extended to those concentrations. The arrival times were related 

to discharge and are shown in figures 6-8. Dye concentrations 

were adjusted for background values only. 

Figure 6 shows the relation between traveltime of the 

leading edge, peak concentration, and centroid of the dye cloud 

versus discharge for the subreach South Paris to Oxford. All 

discharges are referenced to the U.S. Geological Survey gaging 

station near Auburn, Maine. 
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Table 2.--Summary of time-of-travel results, May 23-25, 
July 11-17, and September 25 to October 11, 1978 

Injection site---- South Paris Oxford Mechanic Falls 
Distance to 

sample site 10.2 miles 9.1 miles 10.0 miles 
Sample site Oxford Mechanic Falls Auburn 
Date 5-23 7-11 9-25 5-23 7-11 9-25 5-23 7-11 9-25 

Measured discharge 
at injection site 
(ft3/s) 223 23.0 2.40 383 30.8 12.8 653 132 56.0 

Measured discharge 
at sampling site 
(ft3/s) 383 30.8 12.8 653 132 55.8 953 174 72.1 

Mean velocity at 
sampling site 
(ft/s) 1/ .93 .14 .91 1.35 2.00 1.34 2.53 2.04 .80 

Traveltime 
leading edge 
(hours) 11 71 276 11 45 98 20 88 270 

Peak travel time 
(hours) 20 96 334 14 50 113 26 101 326 

Centroid travel 
time (hours) 26 120 348 15 53 127 28 105 335 

Traveltime 
trailing edge 
(hours) 40 196 430 18 67 165 35 125 464 

Approximate peak 
concentration 
(ppb) 4.0 1.2 4.3 13.0 19.0 15.5 13.0 9.8 8.7 

1/ Velocities at Oxford and Mechanic Falls were affected by dam operations 
at high flows causing velocities to be higher at lower rates of flow. 

1? 



The time-of-travel of peak concentrations of water-borne 

contaminants at any point along the reaches studied can be esti-

mated as follows: 

1. Obtain the discharge at the USGS gaging station on the 

Little Androscoggin River near Auburn from the observed 

gage height-discharge relationship. 

2. Divide this discharge by the drainage area of the gaging 

station to obtain runoff in cubic feet per second per 

square mile. 

3. Multiply the cubic feet per second per square mile 

obtained by the drainage area at the point of interest 

to estimate discharge there. 

4. Reference the discharge obtained to the same value in 

figure 6 to obtain estimated time-of-travel of the peak. 

Similar curves of traveltime versus discharge for the subreaches 

Oxford to Mechanic Falls and Mechanic Falls to Auburn are shown 

in figures 7-8, and can be used in the same manner described 

above. Figure 9 shows cumulative traveltimes plotted against 

stream distances. The curves were constructed by summing the 

traveltimes for the specified discharges between successive 

sampling sites below South Paris, Maine. 

Because of the numerous dams within the study area, a fur-

ther refinement of the peak traveltimes versus stream distances 

was compiled in figure 10. Figure 10 shows individual travel-

times versus stream distances for each subreach, with the dis-

charges at injection sites used as the flow reference. 

13 
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CONCLUSIONS 

Discharge data for stations operated within the study 

reaches are available from the U.S. Geological Survey office in 

Augusta, Maine. The range of discharge at the Little Andros-

coggin River at Auburn for this study was from 40 to 9S0 ft3/s. 

The applicability of the time-of-travel data is for relatively 

uniform discharges, therefore use of these data for periods of 

rapidly changing discharge or where study flows are substantially 

exceeded should be avoided. Table 2 includes time-of-travel data 

for instantaneous dye injections. Contaminants that are grad-

ually introduced into a water body have longer passage times than 

would occur with an instantaneous injection, as used in these 

studies. 

These time-of-travel studies were performed during periods 

of dam operations and the results are dependent on the dam opera-

tions remaining the same. Any alteration can drastically affect 

river traveltimes. 

19 



SELECTED REFERENCES 

Kauffman, C. D., Jr., Armbruster, J. T., and Voytik, Andrew, 
1976, Time-of-travel studies Susquehanna River, Binghamton, 
New York, to Clarks Ferry, Pennsylvania: U.S. Geological 
Survey Open-File Report 76-247. 

Shindel, J. L., Wagner, L. A., and Hamechev, P. H., 1967-75, 
Time-of-travel and dye dispersion studies at selected 
streams in the Oswego River basin, New York: New York 
State Department of Environmental Conservation Report 
Inv. RI-17. 

U.S. Geological Survey, 1978, Water Resources Data for Maine, 
Water Year 1978: U.S. Geological Survey Water-Data Report 
ME 78-1, 230 p. 

Wilson, J. F., Jr., 1968, Fluorometric procedures for dye 
tracing: U.S. Geological Survey Techniques of Water-
Resources Investigations, book 3, chap. Al2, 31 p. 

20 



USGS LIBRARY RESIGN 

1 1 0 0 11 IllH H 111 0 
3 1818 00071392 3 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27

