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Percolation Test

Introduction

Percolation refers to movement of water through soil. Percolation tests are performed to determine the rate at which percolation occurs (i.e., the rate at which water moves through soil). Percolation rates are needed to determine whether or not given job sites will be suitable for certain engineering projects, such as reservoirs, sewage lagoons, sanitary landfills, and septic tank drain fields. In the first three of these, bottom soil should not have a high percolation rate. If it did, considerable water could be lost through the bottom of a reservoir, lagoon, or landfill. Such water loss would, of course, be undesirable for reservoirs; and in the case of lagoons and landfills, water loss could carry waste material with it and thereby contaminate groundwater in the area. On the other hand, relatively high percolation rates are needed for soils to be used for septic tank drain fields, so that the liquid part of sewage will percolate readily through the soil and thereby be removed from the septic tank and drainage pipes.

Percolation tests are performed in the field, in place, at locations where seepage is a matter of concern. They are performed, essentially, by digging a hole and measuring how long it takes a given depth of water to drain (seep) out of the bottom of the hole. For septic tank drain fields, the depth of the test hole should generally be about the same as the depth at which the drain pipe is to be placed. To ensure adequate percolation, some local ordinances require that septic tank drains be located at least 4 ft above underlying bedrock.

Hand auger

Timing device

Percolation tester: a particular tester known as a “Martin Perk-Tester” consists of a base stand, a 36-in. metal rule, and an adjustable metal rod. Electronic circuitry, powered by a dry-cell battery, provides meter readings on an instrument panel to indicate the water level in a percolation test hole (see Figure 16–1).

Test holes should be bored with an auger to the required depth. If a Martin Perk-Tester is used, the diameter of the hole may be as small as 4 in. After the hole is bored and cleaned of loose material, the bottom should be covered with 1 to 2 in. of gravel so that it will be less likely to become clogged with soil from the sides of the hole.

In order that “worst-case” conditions may be simulated more accurately, holes should be filled with water and allowed to stand for a long period of time (preferably overnight) before beginning a percolation test. This allows time for the soil to become completely saturated and for soils containing clay to swell [1].

After a test hole has been prepared in the manner just described, the percolation test is conducted by placing water in the hole and, in effect, determining how long it takes the water surface to fall 6 in. The percolation rate is normally reported in either inches per hour or minutes per inch, or both.

One procedure, given by Soiltest, Inc., manufacturer of the Martin Perk-Tester, is as follows [1]:

(1) Following the presoaking period, refill the hole with water and allow it to drop to a point below the topsoil.

(2) Place the test stand in position with the opening directly over the hole and the stand legs pressed firmly into the soil.

(3) Set the Perk-Tester on the test stand with the binding post situated over the curved cutout in the stand (see Figure 16–1). Using the level mounted on the tester, adjust the stand as needed.

(4) Turn the Perk-Tester on and press the test button. The meter should read full scale. This checks the battery and amplifier circuits.

(5) Install the grounding rod down through the binding post and well into the water. This rod must remain in contact with the water at all times during the entire process of testing.

(6) Insert the aluminum rule through the slot in the center of the Perk-Tester and lower it down into the hole until it penetrates the surface of the water. As the water is penetrated, the meter should read full scale. The rule should be adjusted so that the top edge of the rule slot on the Perk-Tester is in alignment with a suitable inch mark on the rule when the lower tip of the rule is only a short distance below the surface of the water. Note that reading.

(7) Prepare a stopwatch for timing the fall of the water and watch the meter pointer. When the water meniscus breaks away from the tip of the rule, the meter pointer will fall to zero. Start the stopwatch at this time.

(8) Slide the rule down into the water until it is 6 in. below the starting point and lock it. Again watch the meter pointer and stop the timer when it falls to zero. Record the elapsed time.

The procedure just described is for use specifically with a Martin Perk-Tester. It is possible, however, to perform a percolation test without using such a tester. All one needs are a timing device (e.g., a stopwatch) and a means of measuring how far the water surface has dropped. The latter can be determined by measuring down to the water surface from a fixed point, using a rule or yardstick. Figure 16–2 shows schematically how such a measurement can be made.

A procedure for conducting percolation tests, as given by the Public Health Service and intended mainly for septic tank drain field design, is as follows [2]:

(1) Six or more tests shall be made in separate test holes spaced uniformly over the proposed absorption-field site.

(2) Dig or bore a hole, with horizontal dimensions of from 4 to 12 in. and vertical sides to the depth of the proposed absorption trench. In order to save time, labor, and volume of water required per test, the holes can be bored with a 4-in. auger (see Figure 16–2).

(3) Carefully scratch the bottom and sides of the hole with a knife blade or sharp-pointed instrument, in order to remove any smeared soil surfaces and to provide a natural soil interface into which 
water may percolate. Remove all loose material from the hole. Add 
2 in. of coarse sand or fine gravel to protect the bottom from scouring and sediment.

(4) It is important to distinguish between saturation and swelling. Saturation means that the void spaces between soil particles are full of water. This can be accomplished in a short period of time. Swelling is caused by intrusion of water into the individual soil particle. This is a slow process, especially in clay-type soil, and is the reason for requiring a prolonged soaking period.

In the conduct of the test, carefully fill the hole with clear water to a minimum depth of 12 in. over the gravel. In most soils, it is necessary to refill the hole by supplying a surplus reservoir of water, possibly by means of an automatic syphon, to keep water in the hole for at least 4 h and preferably overnight. Determine the percolation rate 24 h after water is first added to the hole. This procedure is to ensure that the soil is given ample opportunity to swell and to approach the condition it will be in during the wettest season of the year. Thus, the test will give comparable results in the same soil, whether made in a dry or in a wet season. In sandy soils containing little or no clay, the swelling procedure is not essential, and the test may be made as described under item (5)(C), after the water from one filling of the hole has completely seeped away.

(5) With the exception of sandy soils, percolation-rate measurements shall be made on the day following the procedure described under item (4) above.

A. If water remains in the test hole after the overnight swelling period, adjust the depth to approximately 6 in. over the gravel. From a fixed reference point, measure the drop in water level over a 
30-min period. This drop is used to calculate the percolation rate.

B. If no water remains in the hole after the overnight swelling period, add clear water to bring the depth of water in the hole to approximately 6 in. over the gravel. From a fixed reference point, measure the drop in water level at approximately 30-min intervals for 4 h, refilling 6 in. over the gravel as necessary. The drop that occurs during the final 30-min period is used to calculate the percolation rate. The drops during prior periods provide information for possible modification of the procedure to suit local circumstances.

C. In sandy soils (or other soils in which the first 6 in. of water seeps away in less than 30 min, after the overnight swelling period), the time interval between measurements shall be taken as 
10 min and the test run for 1 h. The drop that occurs during the final 10 min is used to calculate the percolation rate.

It will be noted that the foregoing method provides a slightly different procedure for computing percolation rate. In any event, percolation rate is reported in either inches per hour or minutes per inch, or both.

When the Martin Perk-Tester is used, data collected during this test consist of the following:

Initial reading on the rule, r1 (in.)

Final reading on the rule, r2 (in.)

Elapsed time, T (min or h)

(Normally, the difference between r1 and r2 is 6 in.; hence, T represents the time taken for water to fall 6 in.)

If the Public Health Service procedure is followed, data collected are the drop in water level (normally in inches) and the associated time interval.

As mentioned, the percolation rate P is normally reported in either inches per hour or minutes per inch. When the Martin Perk-Tester is used, the rate in inches per hour can be calculated by dividing the difference between r1 and r2 (normally 6 in.) by the elapsed time T expressed in hours. In equation form,


(16–1)

The rate in minutes per inch can be calculated by dividing T by (r2 2 r1), with T expressed in minutes.

If the Public Health Service procedure is followed, the computation is the same except that the term (r2 2 r1) is replaced by the drop in water level.

A percolation test was conducted according to the procedure described for use with a Martin Perk-Tester. The following data were obtained:

Initial reading on rule, r1 5 18.00 in.

Final reading on rule, r2 5 24.00 in.

Elapsed time, T 5 1 h 24 min

Using Eq. (16–1), we obtain


(16–1)

or

As related in the introduction to this chapter, percolation rates are needed to determine whether or not a given job site will be suitable for certain engineering projects, including reservoirs, sewage lagoons, sanitary landfills, and septic tank drain fields. In most cases, several percolation tests are performed at various locations throughout a project site in order to obtain a representative value of the percolation rate. Table 16–1 gives some typical values and limitations of percolation rates, whereas Table 16–2 shows how percolation rates can be used in septic tank drain field design to determine absorption areas.

Table 16–1  Typical Values and Limitations of Percolation Rates [3]


Project
Slight
Moderate
Severe

Reservoir
Less than 0.2 in./h
Between 0.2 and 2.0 in./h
More than 2.0 in./h

Lagoon
Less than 0.6 in./h
Between 0.6 and 2.0 in./h
More than 2.0 in./h

Landfill
Less than 2.0 in./h
Less than 2.0 in./h
More than 2.0 in./h

Septic tank
Faster than 45
Between 45 and 60
Slower than 60

  drain field
  min/in.
  min/in.
  min/in.

Table 16–2  Absorption-Area Requirements for Private Residencesa [2]


Percolation Rate
Required
Percolation Rate
Required

(Time Required
Absorption Area
(Time Required
Absorption Area

for Water to
(ft2) per Bedroom,b
for Water to
(ft2) per Bedroom,b

Fall 1 in.)
Standard Trench,c
Fall 1 in.)
Standard Trench,c

(min)
and Seepage Pitsd
(min)
and Seepage Pitsd

1 or less
 70
10
165


2
 85
15
190


3
100
 30e
250


4
115
 45e
300


5
125
  60e,f
330

aProvides for garbage grinders and automatic-sequence washing machines.

bIn every case, sufficient area should be provided for at least two bedrooms.

cAbsorption area for standard trenches is figured as trench-bottom area.

dAbsorption area for seepage pits is figured as effective sidewall area beneath the inlet.

eUnsuitable for seepage pits if over 30.

fUnsuitable for leaching systems if over 60.

[1]  Soiltest, Inc., Operating Instructions for Martin Perk-Tester, Evanston, Ill., 1970.

[2]  U.S. Department of Health, Education, and Welfare, Public Health Service, Manual of Septic Tank Practice, Washington, D.C., 1963.

[3]  U.S. Department of Agriculture, Soil Conservation Service, Guide for Interpreting Engineering Uses of Soils, Washington, D.C., 1971.##
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