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Abstract 

Introduction 

A new method, with heat as a tracer, was developed for measuring rate and direction 
of intragravel waterflow through salmon spawning gravel. A commercial flowmeter 
was calibrated in the laboratory under controlled environmental conditions. Flow 
measurements comparing the flowmeter with a dye-tracer method were made in an 
artificial stream channel at Young Bay and in two low-gradient streams at Trap Bay in 
southeast Alaska. 

The method requires a standpipe. Once the standpipe is in place, a flow reading can 
be taken in 3 to 5 minutes. The flowmeter response is linear for flow rates up to 150 
centimeters per hour and then becomes curvilinear. A correction factor applied to the 
instrument response can extend the range to about 500 centimeters per hour. The 
flowmeter demonstrated excellent reproducibility in the laboratory. The equipment is 
self-contained, and all necessary supplies are available on the open market. 

Keywords: Spawning habitat, flow equipment, streams, intragravel waterflow, 
groundwater, flowmeter. 

The rate of water seepage through salmon spawning gravel and the dissolved 
oxygen content of this water influence the survival of incubating embryos and the 
quality of resulting fry. Dissolved oxygen is a biological requirement for embryo 
development, and intragravel waterflow transports dissolved oxygen to the embryo 
and removes metabolic waste from the surroundings (Cordone and Kelley 1961). 
Separating the effects of these two parameters on embryo development is difficult 
because they interact. Very little information has been publishedon intragravel 
waterflow in natural stream systems. Most published data have been from studies 
conducted in the laboratory with permeameters, packed glass columns, or from 
artificial channels, all of which deal principally with permeability instead of direct 
flow-rate measurements. 
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Dye-Tracer Method 

Dye-Dilution Method 

Salt-Dilution Method 

The equipment and method described here will allow waterflow in natural stream . 
systems to be measured quickly and easily, once standpipes are in place. Until now, 
essentially three methods were used to measure intragravel waterflow in natural 
stream systems. Each method required a tracer and was time consuming to use. 
Before discussing two methods of measuring intragravel waterflow that were 
compared in this study, I will review these three methods and also a method in 
development. 

This method has limited use for measuring seepage through salmon spawning 
gravel but has been used extensively for measuring surface flow in streams, 
canals, drainage ditches, and sewers. Dye is injected into the stream gravel at point 
"A," and the time until the dye appears at point "B" is measured. Usually a standpipe 
is installed downstream, where water samples are periodically taken and visually 
inspected for dye; where the dye is not visible, a turbidity meter or fluorometer is 
used to detect it. Sometimes water is pumped directly from the standpipe to the 
detection device, providing for continuous monitoring. The flow of dye from the 
injection point is not necessarily dispersed over a large area of the streambed, 
neither vertically nor laterally. At times, discrete channels of flow do not carry water 
directly downstream; therefore, only by chance does a sampling point intercept the 
through-flow channel. Moreover, this is not a practical method of measuring 
intragravel waterflow when many measurements are required. 

This method, developed by Wickett (1954) and later modified by Pollard (1955) and 
Terhune (1958), is the most extensively used method of the three, and yet only about 
a dozen publications report on its use for measuring intragravel waterflow in natural 
stream systems. Determining the total number of samples taken in these studies is 
difficult; however, I estimated the total number of sites to be about 100, representing 
a total of about 400 actual flow determinations. About 70 percent of those measure-
ments were taken at shallow depths (8-20 centimeters) in freshwater systems during 
a study of various species of trout. This represents very few measurements for the 
30-year span since the method was developed. This method is too time consuming to 
be a practical means of measuring intragravel waterflow in studies in which large 
numbers of flow determinations are to be made. 

In this method, a perforated standpipe is driven or placed in the streambed; dye is 
put into the standpipe, and samples are withdrawn at timed intervals. The samples 
are visually compared with a set of standards of known dye concentrations to 
determine the dilution rate. The apparent velocity is computed from a calibration 
curve showing the relation between known velocities and dilution rates for specific 
types or sizes of stream gravel. 

This method is described by Gangmark and Bakkala (1958). To my knowledge, 
these authors have been the only users of the salt-dilution method in a natural 
stream system. The principle of operation is essentially the same as for the dye- 
dilution method. A perforated standpipe is driven into the streambed. A salt solu 
tion is introduced into the standpipe, and the rate of dilution is measured with a 
conductivity, meter. , , : 
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Other Systems and 
Variations 

Study Area 

Equipment and 
Methods 

Other methods and equipment, or variations of existing methods, have been used to 
measure flow in artificial streams or in a laboratory, with permeameters or glass 
columns. In the last 14 years, Pinchak (1973, 1982; Pinchak and others 1979; 
Pinchak and Petras 1981) has spent much time and effort in developing a self-
contained, rugged, reliable, and quick method of measuring intragravel waterflow. 
Pinchak's system has a tiny self-heating thermistor that is placed directly into the 
stream gravel. The thermistor is heated above the temperature of the surrounding 
environment, and the flow of water past the thermistor cools it. This cooling changes 
the resistance of the thermistor; the change in resistance is then calibrated to the 
flow past the thermistor. The thermistor resistance, however, also changes with a 
change in the environmental temperature surrounding the thermistor; therefore, the 
thermistor cannot distinguish between an increase in flow and a decrease in the 
surrounding temperature. 

Pinchak and others (1979) then developed a dual-bridge system that alternately 
measures flow past the sensor and the environmental temperature. This local 
environmental temperature information permits a correction of the velocity-bridge 
measurement to account for changes in the environmental temperature. Pinchak 
further improved the system by adding automatic electronic checks on the operation 
of the temperature and velocity bridge circuits. In addition, he has added a micro-
computer to automatically correct for changes in the local environmental temperature 
and to allow rapid data acquisition and control (Pinchak and Petras 1981). Because 
the principle of operation requires that the thermal conductivity of the surrounding 
media be considered, an enormous amount of calibration is required for each therm-
istor probe. Although much calibration has taken place, the final product has not 
been assembled and still needs to be calibrated. 

Laboratory facilities were located in the Federal Building, Juneau, Alaska. Field tests 
were done in an artificial stream channel at Young Bay on Admiralty Island, 21 kilo-
meters (km) southwest of Juneau and in two low-gradient streams known as Bambi 
and Main Stream located at Trap Bay on Chichagof Island, 72 km southwest of 
Juneau. 

Two methods of measuring intragravel waterflow are reported here: dye-tracer (time-
in-travel) method and Geoflo7 groundwater flowmeter method. The dye-tracer method 
was developed to be used as a standard of comparison for the groundwater flow-
meter method. The first method is not necessarily more accurate than the second, 
but it provides direct evidence of flow through the intragravel environment. 

 

 
1 The use of trade, firm, or corporation names in this publication 
is for the information and convenience of the reader. Such use 
does not constitute an official endorsement or approval by the 
U.S. Department of Agriculture of any product or service to the 
exclusion of others that may be suitable. 
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Dye-Tracer Method 

Geoflo Groundwater 
Flowmeter Method 

Although this method is partially described in the introduction, I provide more detail 
here. Stainless-steel hollow inlet and outlet probes with a 0.95-centimeter (cm) outer 
diameter were driven into the gravel bed to known depths (usually 36 cm) and at 
known distances apart. The downstream probe was 20 cm from the upstream probe 
if the probe could be driven into the substrate and if flow was actually observed at 
that point, or 15 cm from the upstream probe if the conditions for the 20-cm location 
could not be met. All probes were held in place and parallel to each other by a shoe 
(fig. 1). Dye was injected into the two upstream probes, and a timer was started. 
Water was pumped from the downstream probe through a 0.078-cm inner diameter 
(I.D.) silicone tube to a Model 111 Turner fluorometer with a microsample continuous-
flow door (fig. 1). I used a potentiometric recorder to record the response of the 
fluorometer to the continuous flow sample. Because the chart speed and the lag time 
(time required to flow from stream to fluorometer) were known, distance over time 
could be calculated. An alarm attached to the fluorometer sounded when the 
response to the continuous-flow sample exceeded the background noise. Several 
hours were often required to obtain a single flow reading. Because of upwelling, 
downwelling, and lateral flow within the interstitial pore space, it is only by chance 
that I was able to place the dye-injection (upstream) probe and the suction (down-
stream) probe in the same through-flow channel. If there was no flow response after 
3 or 4 hours, the attempt to take a flow reading at that site was terminated. 

This method of measuring intragravel waterflow rate underestimates the actual flow 
rate. I used the distance between the upstream and downstream probes to calculate 
flow rates; however, this is the shortest distance between two points (a straight line). 
Water actually has to travel around, under, or over pebbles and rocks; therefore, it 
travels a greater distance than that used to calculate flow rates. The error would not 
likely be greater than twofold over such a short distance between probes. The flow is 
real and does in fact go from point A to point B; therefore, the method is suitable for a 
standard of comparison. 

During the summer of 1981, I used a Geoflo model 20 with an 8.9-cm diameter 
probe to measure intragravel waterflow. A model 30 with a 4.4-cm diameter probe 
was used thereafter. The operating procedure is the same for both models, and the 
only difference between models is the probe diameter. This method of measuring 
intragravel waterflow uses a flow sensor to measure rate and direction of flow inside 
a standpipe placed in the streambed. The manufacturer claims the flowmeter is 
accurate within 5 degrees for direction and within 7 percent for flow velocity for a 
range of 0 06 to 30.48 meters per day. Calibration of the flowmeter and selection, 
placement, and packing of the standpipe are important for reliable flow measure-
ments. Following is a brief description of the flowmeter, its calibration, and the 
standpipe. 
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Figure 1—Equipment for measuring intragravel waterflow with the 
dye-tracer method. 

Geoflo Groundwater Flowmeter—The groundwater flowmeter is a portable, 
self-contained instrument for measuring the direction and rate of very slow, lateral 
flow of groundwater through permeable, saturated soils (K-V Associates 1981). Its 
primary use thus far has been to monitor wells and provide groundwater flow infor- 
mation in support of hazardous waste plume tracing and spill recovery projects. The 
Geoflo groundwater flowmeter is described in detail in the owner's operation and 
maintenance manual (K-V Associates 1981). Provided with the instrument are the 
calibration chamber and a Tl-58c calculator program for resolving the five compass 
vectors that determine principal flow direction. 
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Figure 2—The probe sensor unit and the control and readout panel 
for the Geoflo model 30 flowmeter. 

The flowmeter (fig. 2) comprises two main units: the flow sensor unit and the control 
and readout unit. The flow sensor unit contains a compass for directional indexing 
and a heat probe at the bottom center of the sensor surrounded by five pairs of 
diametrically opposed thermistors; that is, each thermistor within a pair is equidistant 
and in opposite directions from the heat probe (fig. 2). The heat probe creates a 
transient, short-duration, point source of heat that is transmitted through the porous 
soil or gravel matrix. Any net movement of the interstitial water mass creates a 
thermal conductance bias that is linearly proportional to the flow rate. Any thermal- 
conductance bias (flow) is displayed as a digital readout on the control unit display 
panel. The plus and minus (+,-) signs on the digital readout indicate flow direction. 
With the heat source in the center of a circle of thermistors, flow of water is in the 
direction of temperature rise in any given pair of thermistors. The 10 thermistors are 
arranged into two groups: group 1 through 5 and group -6 through -10. The values 
obtained by the thermistors in the second group are always electronically subtracted 
from the values obtained by their counterpartsin the first group. 



 
Figure 3—Calibration (flow) chamber showing placement of sorted 
substrate, slitted pipe, and flow sensor probe. 

Calibration—The calibration chamber (fig. 3) consists of a 15.2-cm flow tube, a 
metered flow pump, a filter, and an inflow and outflow port. A 5.1-cm I.D. slitted 
polyvinyl chloride (PVC) pipe, the same as that used in the field, is inserted into the 
15.2-cm flow tube. The flow tube is filled and packed with a uniform medium to 
coarse sand. The 5.1-cm slitted pipe is filled with and packed with the same sand as 
or coarser sand than that found in the surrounding substrate to a point 3.5 cm above 
the center line of the flow tube. This indexes the position of the thermistors to flow 
through the central portion of the flow tube. The permeability of the sand inside the 
5.1-cm slitted pipe must be equal to or greater than the surrounding media; 
otherwise, waterflow past the thermistors will be restricted, forcing greater flow 
around the slitted pipe. 

An independent laboratory analysis of the model 30 by Melville and others (1985) 
points out the potential problems associated with channelization around the slitted 
pipe, Care should also be taken in the selection of slit width in the slitted pipe and 
number of slits to be used. Kerfoot and Massard (1983) discuss the effect of number 
and width of slits on accuracy and sensitivity of groundwater flow measurements. 
The flow sensor probe is inserted into the 5.1-cm slitted pipe, and water is circulated 
at a constant rate from the outlet to the inlet of the flow tube. A span control on the 
readout panel of the instrument (fig. 2) allows an adjustment of the instrument's 
response to the velocity of water being pumped through the flow chamber. A 
correction factor is used for flow rates greater than 150 cm per hour. 
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Figure 4—A hydraulic probe placed inside a slitted 5.1-centimeter in-
side diameter schedule 40 polyvinyl chloride (PVC) standpipe and 
used to work the standpipe into the stream gravel. 

Figure 5—Standpipe placed in streambed and backfilled with sorted 
sand from streambed.
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The time required for the instrument's response to peak is the information needed 
to formulate the correction factor to make the response of the flowmeter linear for 
flow rates of up to about 500 cm per hour. For this particular flowmeter and sub-
strate, I defined the correction factor as 90 seconds divided by the time required 
for the response of the flowmeter to reach its maximum (peak) value, for each flow 
reading that peaked in less than 90 seconds. The correction factor, thus, will always 
be greater than one. 

Standpipe—The standpipes are made of 5.1-cm I.D. schedule 40 PVC, with four 
rows of 0.26-cm slits throughout 20.3 cm of the lower section of pipe (fig. 4). The 
standpipes can be placed into the streambed gravel with the aid of a hydraulic 
sampler as described by McNeil(1964), or any device delivering enough water 
pressure to sufficiently displace the gravel below the standpipe to work the pipe 
down to a depth of about 40.6 cm. The hydraulic probe is placed through the stand-
pipe as shown in figure 4. A high pressure stream of water from the hydraulic probe 
allows the probe, arid standpipe to be w6rked and forced into the streambed to the 
desired depth. The hydraulic probe is then slipped out of the standpipe, leaving the 
standpipe in placeJn the streambed gravel as shown in (fig. 5). 



This method of standpipe placement was easy and fairly rapid once the gear was on 
location. The method, however, severely disturbed the sample site. The time required 
for the site to stabilize is not known. It was easiest to position these standpipes in a 
recently made redd or in the same location from which a sample of gravel had just 
been taken. Sorted and sized sand of known porosity was poured into the standpipe 
and intermittently tamped to pack the sand. This fprced the sand between the pipe slits 
and minimized settling, thereby assuring a more constant environment. The magnitude 
of the effect produced by site disturbance or loose packing material is not known; 
therefore, as stable an environment as possible was maintained. The standpipe and 
and were the same type as that used for calibration in the laboratory. 

Once the standpipes were in place and stabilized, the flow-sensor probe was 
inserted into the sand-filled portion of the standpipe, and a flow reading was taken, 
which required about 3 minutes. Each flow measurement measured the flow of water 
through an area of about 11.3 cm2. About 75 readings were made on a fully charged 
pair of batteries. 

Results and 
Discussion 

Dye-Tracer Method 

Only 55 percent of the attempts to measure intragravel water velocity actually 
resulted in a velocity determination with the dye-tracer method, which is why values 
are missing in the column under the dye-tracer method of table 1. The low success 
rate is because flow from the dye-injection probe traveled either below, above, or 
around the suction probe or the velocity was, in fact, less than the distance between 
probes divided by the elapsed time at termination. 

 

Geoflo Ground water 
Flowmeter Method 

Initial calibration with the model 20 flowmeter demonstrated excellent reproducibility 
as is shown by the data points in figure 6. Extensive calibration with the model 30 
flowmeter showed that two factors (temperature and size of substrate) severely 
affected the flowmeter's response to waterflow. As can be seen from figures 7 and 8, 
water temperature affects the slope of the regression line. As the water temperature 
is decreased, the instrument's response is increased, thereby increasing the slope of the 
regression line. The instrument's response also increased as the size of the 
substrate decreased; contrast the slopes of the regression lines of figure 7 with 
those of figure 8. 

The temperature and substrate had an influence on flow values similar to the effect 
that Pinchak (1973) demonstrated with his self-heating thermistor system. The self- 
heating thermistor system, however, is influenced by the effect of water temperature 
on thermistor resistance, whereas the Geoflo system is affected by thermal different- 
ces between paired thermistors. Both systems encounter variation in thermal conduc- 
tance through porous media. The variation in thermal conductance need not be a  
problem, however, with the Geoflo system because the substrate used to calibrate  
the instrument is also used for the field measurements. Calibration of the Geoflo at  
various temperatures within the range to be expected in the field was still needed. 

The instrument response to flows greater than about 150 centimeters per hour 
was curvilinear (fig. 9) and required a correction factor. The time required for the 
instrument response to peak also varied with flow (fig. 10). All peak times greater 
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Table 1—Intragravel waterflow velocity at various depths on 2 low-gradient 
natural streams with 2 methods of measuring flow 

 

Figure-&r-PIotted data points of mean flovy for 3 separate days of 
calibration with the model 20 Geoflo groundwater flowrrieter. 
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Figure 7—Flowmeter calibration curves at 5, 10, and 15° C for 
substrate between 1 and 2 millimeters in diameter. 

Figure 8—Flowmeter calibration curves at 5, 10, and 15° C for 
substrate between 2 and 3.38 millimeters in diameter. 
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Figure 9—Corrected and uncorrected instrument response data to 
flow over a wide range of flow rates.

Figure 10—Plotted data'points showing the time required (elapsed
time) for the instrument to reach its highest (peak) value over a wide 
range of flow rates. 
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than 90 seconds and corresponding flow rates were linear, and all peak times less 
than 90 seconds and corresponding flow rates were curvilinear. The flowmeter read- 
ing was multiplied by the correction factor; then the corrected flowmeter reading was 
regressed with measured flow rate through the calibration system as shown in figure 
9. The response time also varied with temperature, substrate size, and sensitivity 
setting. Calibration may not be necessary for high flows that require a correction, 
particularly in low-gradient streams. In three low-gradient streams in southeast 
Alaska, only 11 of 796 flow determinations required a correction. 

A Comparison of Data 
From the Two Methods 

Because there is no way to measure intragravel waterflow in precisely the same 
interstitial pore space with two separate methods and because the spatial variation 
in intragravel waterflow is quite large, comparisons between the two methods are 
relative. Flow measurements with the dye-tracer method were made beside the stand-
pipes used in the Geoflo method for each site. In other words, site represents stand-
pipe number. The flow rates as shown in table 2 varied considerably from site to site" 
with both methods. The flow rates measured with the dye-tracer method tended to 
be much higher than those from the Geoflo method. The difference may have been 
a result of the method, the spatial variation, or the disturbance of the streambed 
environment. The latter was likely a major contributor. The standpipes remained in 
place and tended to become stabilized. The dye inlet and outlet probes, however, 
were driven into the streambed just before a measurement was taken; they were 
then removed and used again at the next site. When the values in table 1 are 
combined with those in table 2, a low flow value from the Geoflo method generally 
agreed with a low value from the dye-tracer method. 

Much lower flows were measured in the natural streams (table 1) than in the artificial 
channel (table 2). This is not surprising because the artificial channel had a 3-percent 
gradient, whereas the natural streams had gradients of less than 1 percent. 

  

Table 2—Intragravel waterflow velocity with 2 methods, the Geoflo Model 20 and the dye-tracer, in an 
artificial channel 

13 



Conclusion Work continues toward developing a quick, easy, and reliable method of measuring 
intragravel waterflow in natural salmon spawning streams without the aid of stand-
pipes. Until such a method becomes available, the equipment and methods describ-
ed in this paper represent state-of-the-art methodology for measuring water seepage, 
through salmon spawning gravel. 

 

English Equivalents 1 millimeter = 0.0394 inch 

1 centimeter = 0.394 inch 

1 square centimeter = 0.155 square inch 

1 meter = 3.281 feet or 39.37 inches 

1 kilometer = 0.621 mile 

1 centimeter per hour = 0.787 foot per day 
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