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S0I1, INFILTRATION CAPACITY AS A¥FECTED BY
SEPTIC TANK EFFLUENT APPLICATION STRATEGIES

D. L. Hargett E. J. Tyler R. L. Siegrist

On-site wastewater systems utilizing soii absorption depend upon the ability
of the soil to absorb and burify all of the wastewater applied. S0ils used
for absorption of effluents may have high initial infiltration rates and more
than adequate capacities to absorb the hydraulic load of wastewater, However,
with continued application of effluent, a clogging layer usually develops at
the infiltrarive surface. Thisg clogged zone Ccreates a barrier to flow, re-~
stricting the rate of infiltration, Clogging is not synonymous with soil
absorption failure becaunse flow, albeit reduced, continues through the
clogged zone. Some clogging may, in fact, be regarded as an enhancement to
purification,

Major factors influencing the development and intensity of so0il clogging are
the pattern of the wastewater application, the loading rate, and the waste-
water quality. Thig Paper reports results of & 21-month study that examined
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FACTORS AFFECTING S0IT, ABSORPTION

clogged layer in reducing soi] infiltration rate. Because the clogging zZone
affects different soils in dissimilar ways, Boumg recommended specific loading
rates for distinctive 801l textural g¥oups. These Tecommended rateg were

based on the interrelationship of each goil's unsaturated hydraulic conduc-~
tivity, ag influenced by texture, structure, ang borosity and the conductivity

techniqueg (Féderick, 1948; Bendixen, 1950; USPHS, 1967). Bouma's method
is, however, more direct than those using bercolation rate valueg empirically

to allow for itg imprecision and lon-recognition of important soij
Properties (Otig et. al., 1977), Nevertheless, the percolatiop test
Procedure, ip various forms, has been widely adopted by most states, and
continues to the the mogt popular technique for sizing soil absorption
systenms.

Application Pattern and Frequency

Sodil clogging is a complex Phenomenon that resultg from Many mechanismg that
act simultaneously, They can usually be grouped into physical, chemical ang
biological Processeg, Many investigatrors (Allison, 1947, McCalla, 1946,
1950; MeGauhey and Krone, 1967) have concluded that biological agents and
their activities and by-productsg are the most important cause of soil
clogging.

Severa] researchers (Bendixen et. al.,, 1850, Winneberger et. al., 1960; Jones
and Taylor, 1965; Thomag et. al., 1966) have Suggested that biological
clogging cannot predominate, Provided the 5011 absorption System remained at
least intermittently aerobic. Lysimeter studies showed that the infiltrative
Capacity of the 8011 was reduced more slowly when Periods of ponding were
interrupted with periods of aeration (Thomasg et. al., 1966),




application, uniform application over the entire absorption area, and periodie
resting by the use of alternating soil absorption Systems. Mogt of these

thus reduce clogging. Obviously, these approaches are not equally effective,
DOr are they equally well adapted for alj management situations,

these studiesg use lysimeterg with air-tight walls, which Create anaerobice
conditions within the soil below the clogging mat. Unfortunately, most
column studies have neglected the effect of redox conditions in soil clogging

clogged more slowly than aerated columns but infiltration rate recovery during
resting was more rapid in the aerated columns, These results Suggest that

data from laboratory column studieg nust be carefully interpreted before extra-
polation to field applicationg,

These aerated column studies, all of which were condueted only in sands, in-
dicate that application regimesg characterized by anaerobic conditions alternared

(resting)phase (Perry and Harrisg, 1975). These conditions are analogous to
dosing or short-cyele alternation of field soi] absorption systems,

the field. Likewise, it ig not well understood how application.frequency in-
teracts under field conditions with other management factors, particularly
application rate and wastewater quality. Although dosing and alternating
System designs have been frequently used in the field, their operation and
dynamics hag not been quantitatively evaluated. Thig study scught to further
validate the effects of wastewater application strategies under well-defined
field soil conditions.

MATERIALS AND METHODS

Exgerimental Design

Was applied at three rates and by two methods, with three replicates for each
€Xperimental condition, thug 18 total Systems. To provide a constant godfl
infiltrative surface area for edch of the cells, impermeable barrier rings

impressed into the soil intiltrative surface were uged. Based upon consideration
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of the volume of wastewater available from a trial household and that required
for the application rates selected, a single outer barrier, circular in

shape, with a diameter of 0.9 m (3 £t.) was chosen. Galvanized iron cul-—

vert pipe, 20 guage (0.036 in.), was fabricated into the required 0.9 m
diameter cylindrical sections 0.3 m (1 £t.) long with a single watertight seam.
Note that by using this controlled surface area for effluent application, no
sidewall absorption was available; however, the infiltrative surface area was
exactly known for effluent absorption and infiltration rate calculation.

The basic design STE loading rate for the soils at the site, based on soil
morphology, hydraulic conductivity characteristics, and percolation rates,
was approximately 2 cm/day (0.5 gal/ft?/day). This application rate was used
as the lowest loading rate, with higher loading rates stepped progressively
to 2X (4 cm/day) and 4X (8 cm/day). The wastewater application methods in-
cluded conventional (semi-continuous trickle flow) and once-daily-uniform
(dosed) application. The experimental layout of this study is presented in
Figure 1; this layout was based on plumbing convenience and efficiency. The
application rate and application method shall be referred to throughout this
paper as a "treatment', and shall be coded by numerical loading rate and
letter designatiom, respectively. For example, 2C denotes 2 cm/day conven-
tionally applied and 8D denotes 8 cm/day dosed.

To simulate conventional gravity trickle application, the conventiomal appli-
cation cells received an average of eight small intermittent applications of
septic tank effluent per day, trickled onto the gravel. The once-daily~-
uniform application cells received an average of only one dose of septic
tank effluent per day distributed over the cell infiltrative surface via a
mini-distribution network. The time of application and the actual daily
loading to the cells depended upen the residence waste@ater generation patterns.
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Figure 1. Experimental Layout




Site Characterization
————_xrcracterization

Wastewater Generation: The study Yesidence, a typical rural wastewater
source, housed two adults and tyo children (ages 2 and 9). The residents
produced an average of 795 L/d (210 gpd} of wastewarer. The plumbing features
of interest were one toilet, an automatic clotheswasher, but no automatie
dishwasher or garbage disposal; the water source was a well and the previous
wastewater digposal method was g drywell.

Soil Mbrghologz and Hydraulice Porperties: The soils at the site were identi-
fied initially using detailed soiil maps and verified from soil bore holes.

The soil profile was sampled and examined morphologically according to the

(CH H63.09). These tests were performed at the depth at which wastewater
would be applied to the soil infiltrative surface, 70 cm (28 in). At this

Site Design, Installation, and Operation

A backhoe was used to eéxcavate an area approximately 6.4 m (21 ft) wide and
11.9 m (39 ft.) long to a depth of 0.70 n (2.3 ft). The eighteen soil

picked to €Xpose the natural goi] Structure; loose soil was carefully removed.
An observation bort, PVC pipe 7.5 cm (3 in) e.d., was then carefully placed
near the center of each cell, with its base flush with the infiltrative suyr—
face. This pipe was perforated in its lower portion for hydraulic continuity
with the cell. Next, approximately 20 cm, (8:1in) of washed gravel was care—
fully placed within the cel]. A distribution hetwork appropriate to each
cell's method of STE application was installed and 10 cm (4 in) of additional
8ravel was added. Filter fabric (Dupont Typar) was Placed over the gravel in

at the bottom of the vessel, controlled by an electrically—operated solenoid
valve. The application vegsel was situated immediately on top of the drainage

To obtain STE for this experiment, the drain line connecting the existing




ground pumping chamber. Inside the chamber a 340 L (90 gal) basin received
the septic tank effluent., A 1/2-np effluent pump (Peabody Barnes, Model SE51)
and a high- and low~level filoat switch were situated in the basin to activare

110 1. (30 gal) of STE flowed into the receiving basin in the pumping chamber,
the high-level float switeh was activated which ip turn initiated a ten-min-
ute cam-timer sequence. After 18 seconds, the effluyent pump was activated
and discharged wastewater to the 18 cells, The pump continued to operate un-
til a low-level switch wasg triggered. At thig point, the application vessels
for the nine conventional application cells had been filled to the invert of
the overfiow ocutlet. The application vessejs for the nine dosed cells had
been filled to approximately 1/8 of the level of the overflow outlet, Approx-
imately 210 seconds into the cam~timer cycle, the discharge valves in the con-
ventional ceils were opened to allow the wastewater to drain onto the gravel

cells were not opened each cyele, but rather only every eighth cycle, or an
average of once daily. After pumping, the system was automatically reset and
ready for another cycle pending the accumulation of another 110 L of STE in
the pumping chamber. Application of wastewater to the 18 Systems was begun
in December 1978, and continued for 21 months until September 1980,

Monitoring

Wastewater: The wastewater application to the soil cells was monitored using
a4 continuous chart event-recorder (Cole—Palmer, Model No. 8364-30) to record

the time of day of each wastewater application. Electrical event-counters 2
tabulated the number of wastewater applications as well. Thege data, coupled :

S04l Absorption System Ponding: Effluent ponding above the infiltrative syr-
face of eacn cell was monitored via the observation port. Each observation
POTt was inspected to determine the depth of STE ponding, if any,

Spil Infiltration Rate: Bottom area infiltration rates for each cell were :
measured prior to the experiment and approximately bi-monthly thereafter, A i
constant-head, Permeameter—type device was developed for this purpose. Hy- i
draulic access to the infiltrative surface of each cell was gained through .
the observation port. The infiltromerar device maintained a constant one em

head at the infiltrative surface during measurement. After an equilibration

period, the volume of water infiltrating bPer unit time wag measured, Thisg

Procedure wag Yepeated until gz constant rate was determined. Effluent appli-

cation was Withheld during this measurement, Aftef.many monthg of'operation,

natural, persistent ponding conditions developed in some cells, TIn trhig case,

that same equilipbrium leve] of inundation was measured and the Permeameter

device was adjusted to make the infiltration Tate measurement using a hydrau-

lic head equal to the ponding depth. This approach was felt to €Xpress the
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RESULTS AND DISCUSSION

Seil Conditions
== bOnditions

loam. This soil is a well-drained member of the fine-silty, mixed, mesic,
Typic Argiudolls {Soil Survey Staff, 1975). The Plano soils are derived from
deep Ipess deposits over glacial +i11, They typically have very dark brown
friable silt loam A horizons, brown silty clay loam B? horizons to g depth of
about 45 inches, and IIB3 horizons of stratified sandy loam till.

depth yielded Dean values of 8 percent sand, 53 percent silt, and 39 pPercent
clay. This clay content barely falls in the silty clay loam USDA textural
class (more than 40 percent clay constitutes a 8ilty clay). Because of thig

nin/in), with a lean value of 9.2 min/cm (23.3 min/in). These percolation
rates are all lower (faster) than expected for thig soil, considering the

high clay content previously described. Percolation rates for Plano siit loam
soils are reported ag ranging from 17.7 to 23.6 min/em (45 to 60 min/in)

by Glocker and Patzer (1978). These variations from predicted behavior may
be at least partially explained by many large biopores (worm channels) present
in these Strongly structured soils.

as the unsaturated K at 50 mbar of tension was approximately (.02 em/day, a

K change of four orders of magnitude. Such conductivity relationships are
expected, since the larger pores, both structural and biotic, with the
8reatest conductivities, do not transmit fluids at these tensions. So0il moig-
ture tension under mature soil absorption systems is often in the range of
5025 mbars such that these low conductivitiag prevail (Bouma, 1975),

Wastewater Characterization é.
———————naracterization 3

effluent used in the study are summarized in Tables 1 apd 2, respectively.
As shown in Table 1, actual loading rates and frequencies differed only
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Table 1. Summary of wastewater loadingsa.

Design loading Actual loading Applications (no./daz)
_(cm/day) o (em/day) Conventional cells. Dosed::cells

2 2.2 8.18 1.02

4 4.2 8.18 1.02

8 8.2 8.18 1.02

Table 2. Summary of applied wastewater characteristieg?,

Parameter Mean Range No. Samples
BQDS, mg/L 153 92-225 10
COD, mg/1, 265 157-388 9
Susgpended solids, mg/7, 44 22-75 10
Volatile suspended solids, mg/I, 37 12-67 10
Ammonia nitrogen, mg/L 41 32.8-64.8 9
Total, phosphorus, mg /1, 18.4 8.5-27.0 11
pH - 7.5-8.0 -
Total bacteria, Loglo#/L - 8.08-9.76 9
Total coliforms, Loglo#/L - 7.65-8.52 9
Fecal coliforms, Loglo#/L - 7.60-7.66 9

a24—hour flow-composited samples.,
Soil Absorption Systems

the pattern with which this ponding appeared and became more strongly ex-
pressed with regard to application rate and method. Figure 2 summariges
ponding depths for the period from 12 te 20 months of Operation. The appli~
cation treatments began displaying ponding in the order 8C (8 cm/day i
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Conventional), 8D, 4C, 4D, and 2C, at 9. 11, 12, 13, and 15 months of operation,
Tespectively. The depth and persistence of ponding varied slightly in indi-
vidual cells and within treatments, but the between-treatment trends and

their magnitude were very comsistent. Only the 2 cm/day dosed treatment (2D)
never displayed inundation during the entire 21 months the study was copn-
ducted. The general trend of Figure 2 demonstrates increasing ponding depth
during the period for all treatments eXcept 2D. This corresponds with a
relative increase in hydraulic resistance and continually deteriorating infil-
trative capacity. Bouma (1975) used field observations of ponding depth in
soil absorption systems to aid in estimating the fiux across the clogged
barrier, and thus the hydraulic resistance of the barrier.

2, 4,8 Daily Loading (cm)
C BunvenﬁunalAppHcaﬁun

Dosed Qnee Daily

D
-
i)

Depth of Ponding [em)

& /

20 2 9 - 4 )] 8C
Effluent Application Rate and Method (Treatment)

Figure 2. Relative Hydraulice Resistance, as Depth of Ponding,
vs. Time, by Treatment




The hydraulic resistance of the clogged infiltrative surface, as indicated by
the magnitude of ponding depth in Figure 2, Strongly suggests rhat higher STE
loading Tates result in more rapid hydraulic decay of the soil absorption 5yg—-
tem, Thig trend is mogt strongly evidenced for conventionagl application, but
is alge quite obviousg for the doseg method. The ponding depth became up-
acceptably high in some 8C cells gt 2] months, one factor which Precipitated
termination of STE application. Whether the ponding rateg would have continued
to increase for all treatments Or may have come Lo some dynamic equilibrium
can only he Speculated,

although thig effect g very much dampened at the higher loading fegimes, Ag

trative surface. Recall that the 2¢ treatment ponded at 16 months, This
follows the favorabile effect of dosing espoused by Bouma et. al. (1974), In

at this application Tate, and hag Never experienced bPersistent ponding in over
nine yearg of operation (Converse, 1981).

Note that once ponding occursg as a persistent phenomenon in the dosed treat-
ments, that they no longer receive efflyent in a truly dosed sense. There-—

of the infiltrative surface, thep dosing can have little 1f any functional
effect on the System after ponding oceurs, However, ag indicated by the 2 cm/
day dosed treatment of thig study, and the experience of Boumg et.al. (1974),
once-daily dosing of effluent does appear to have significant advantages over
conventional 8ravity-trickle application {ip terms of maintaining infiltracive
tapacity,

Infiltration Rate: The 18 80il absorption cells had a meapn initial infiltra-
tion rate (IIR) of 202 em/day and a standard deviation of 42 cm/day. Bouma
(1971) reported an infiltration rate of 200 em/day for Plano subsoils, Fig-
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2, 4, 8 Daily Loading {cm)
C  Conventignal Application
D Dosed Onee Daily
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Mean lIR = 202 ¢in/day

21

/5 STE Application Stopped
After 21 Menths
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Figure 3. Operating Infiltration Rate, as Percent of Initial Infiltration
Rate (ZIIR), vg. time, by treatment,

infiltration fate, that is, a rate measured to correspond to the operating
conditions of ponding, if Present, at that time in the study, With proper
assumptions, an infiltration rate based on a common hydraulic head could be
calculated. Such corrected ZIIR valuesg would reduce the apparent infiltrative
capacity in Proportion to the depth of ponding. Tt ig more appropriate to
express infiltrative capacity in terms of Operational conditions, Ip reality,

Examining Figure 3, we see that early in the study (4 months) there was no
apparent trend in infiltrative capacity as influenced by either application
method or rate, It is important to note, however, that an average of only 46
ZIIR wag retained after only four months of wastewater application. After
Seven months of operation an effect associated with method of application had
developed. For each application Trate, the ZTIR wasg considerably higher for
the dosed cells than for the conventionally loaded cells. However, there wag
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no clear trend at this time based on application rate. The effect of appli-
cation method was even more strongly expressed at ten months and by this time
a4 strong rate effect had become evident, especially for the conventionally
loaded cells. At this time the ZIIR values ranked by treatment as 2D > 4D

2C > 8D > 4C > 8C. Between 4 and 10 months of operation the 8C, 8D, and 4C
treatments continued to decline whereas the other treatments had been gener-—
ally stable or variable.

Between 10 and 18 months of operation the infiltration conditions of all
treatments declined, but especially those which became ponded during this
period. At this time all of the treatments except 2D had become ponded and
their ZIIR values, all <15 percent, ranked as 2C > 4D > 4C > 8p > 8C. The
correlation between the Presence and magnitude of ponding and the relative
ZIIR values is highly evident for the 18 month data. Lower application rates
and dosed treatments continued to display the highest ZIIR values. However,
since all 4 and 8 cm/day treatments were ponded at this time, the effect of
dosing at these rates had become very small. Nevertheless, at 2 em/day dos-—
ing continuel to have an apparent advantage over conventional application in
terms: of maintaining intermittently aerobic . conditions and higher infiltration
rates.

The ZIIR values at 21 months were very similar to those at 18 months, suggest-
ing perhaps that some stabilization of the systems had occurred. However,

the dynamics of flow had actually deteriorated somewhat as. indicated by the
increased ponding depths betrween 18 and 20 months for all ponded cells (Fig-
ure 2). Although the variable %IIR remained relatively constant curing this
period, the forces required to drive the daily effluent load through the
clogged system had increased significantly. Thus, the hydrauliec resistance

of each of these treatments had continued to increase.

Wastewater application to the Systems was stopped after 21 months of opera-
tion, in September 1980. By late September, some 8¢ (8 em/day conventional)
cells experienced ponding depths-approaching the height (30 em) of the
corrugated steel sleeve confining the gravel. Overflow into the surrounding
s01l body would have resulted in loss of experimental control for those cells.
Because of these and other factors, the wastewater application study was un-
fortunately ceased.

After nine months of system rest infiltrative capacity was again measured (at
30 months or May 1981) to determine the degree of natural rejuvenation. Fig-
ure 3 shows that the %TIR values increased for all treatments during this
period. As indicated, all treatments improved in permeability. The average
increase in permeability was 16 percent of IIR, or about 1.8 percent increase
per month. Dosed treatments displayed a mean of 18.7% increase, whereas con-
ventional treaments showed 13.3% increase. These improvements in infiltra-
tive capacity are probably significant but appear to be rather sluggish. 1In
any case, at least for the 4 and § cm/day loaded cells, natural rejuvenation
was not great enough during this nine months to recommend that the systems be-
gin receiving effluent again. These cells ranged foom 16 to 28 ZIIR after
the rest period. After May 1981 other strategies for rejuvenating the cells
were pursued; these results constitute another experiment and will be
presented elsewhere.
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SUMMARY AND CONCLUSIONS

The effects of method and rate of application of septic tank effluent to rep-—
licated soil absorption systems in an undisturbed silty clay loam subsoil
were studied. Soil and wastewater Properties were thoroughly characterized
and each experimental factor was carefully controlled. Methods of wastewater
application included conventional (simulated) and dosed (uniformly once~
daily). Wastewater application rates were 2, 4, and 8 cm/day, with 2 cm/day
as the normal design loading rate based on soil properties. The primary
variables measured were depth of effluent ponding and infiltration rate; both
are direct indicators of the absorption capacity of the systems,

Interpretations of this study's results should be tempered by a degree of
caution because of the specific conditions and 1imited duration of the exper-
iment. Wastewater was applied for only 21 months; therefore, no absolute
statements regarding long-term effects should be related. Also, because soil
conditions were specific, it would be unwise to make general inferences to
distinctively different soil conditions. With these qualifications, the
following conclusions are developed from the results of this study.

1. The loss of infiltrative capacity is related to the amount and frequency
of wastewater applied over time.

2. The initial loss in system permeability ig very rapid regardiess of
application rate or method.

3. Loading rates higher than those appropriate for soil conditions cause the
most rapid and continuous long~term declines in infiltrative capacity.
Generally, the higher the loading rate the more rapid and severe the
loss in permeabilicy.

4. Conventional application, even at conservative rates, is likely to re-
sult in some degree of system ponding.

5. Dosing results in higher infiltration rates as long as the application
rate is not so high as to induce persistent ponding, thereby negating the
effect of dosing. At reasonable application rates, dosing can be useful
in maintaining higher infiltrative capacity than conventional loading.

6. Dosing has little, if any, long-term advantage over conventional appli-
cation for high loading rates. The short—-term advantage is to delay
ponding for one or two months.
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