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ABSTRACT

This paper proposes a method for sizing septic~tank absorption
fields. It also emphasizes the necessity for thorough on-site evalua-
tion of sloping, impermeable soils, such as those in the study area,
which is located in Greensboro in the Piedmont area of North Carolina.

Hydraulic conductivity, percolation, infiltration rates, and water
quality were determined on site. To characterize flow, it was necessary
to detefmine the relationship between design-flow rate and the water-
table rise in terms of soils and site parameters. The Dupuit-Forchheimer
assumptions were assumed to apply in the area. The method presented by

Harr in Groundwater and Seepage (1962) was used to determine the uniform

flow depth on sloping soils. It was then possible to determine the flow
rate, which in turn was used to estimate trench length. This method
was compared with the standard method as explained in Public Health

Service's Manual of Septic Tank Practices (1957), and the two showed

very close agreement.
Water-quality studies suggest that the principal constituents in

2+, Na+, and HCO§ and that most of the deep wells are

wells are Ca2+, Mg

producing water from two different aquifers. Water from most wells

is relatively hard. ©Nitrate and phosphorus were below the EPA limits.
The presence of fecal coliforms suggests fecal contamination, which

apparently is coming from the adjacent septic systems. These findings

indicate a potential health hazard to the community.
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SUMMARY AND CONCLUSIONS

Population groﬁth in the Pjedmont has resulted in an increasing
need for housing in the suburban and rural areas. With this growth,
pressure has been placed on the city governments to expand their sewage
lines into these developing areas. The cost to serve all of these
urbanizing areas is prohibitivé.w The alternative, therefore, is to use
individual septic systems. This fact came to public attention recently
in the Horsepen Creek area of Guilford County, N. C. where instead of
constructing a large sewage line leading to a central treatment plant,
it was decided to use a smaller line and permit more septic tanks for
private home owners.

A comprehensive study was undertaken in a controlled area to measure
the impacts of on-site treatment systems on water quality. This informa-
tion will be useful to leaders and the general public who need to be
aware of the effects of pollutants on water quality and the capability
of soils to absorb and properly treat domestic wastes.

There are approximately 90,000 people in Guilford County whose
waste treatment is accomplished by individual septic systems. The sew~-
age effluent from these individual septic tanks poses a possible menace
to both urban and rural populations.

In this study, the effect of domestic waste on water quality and water-
;able elevation was examined. The site is a sloping one and water from
upslope would most likely affect the height of the groundwater downslope.

There were no indications that provisions were made to reduce flow
from upslope or downslope length of flow. Cole Road running North to South
very close to the tenants' homes on the upslope side is intercepting all the

upslope flow, thereby acting as an interceptor drain. The techniques




described here should be adopted before absorption systems are installed
on problem sites. Different methods of sizing absorption fields were
compared and found to be in agreement. An example problem was also
demonstrated.

Without intensive investigations and a properly designed system,
these sites should not be used for absorption fields. However, the
tenants were quite satisfied with the performance of the septic systems.

A study of groundwater (aquifer) quality was performed since contamination
of groundwater is suspected because of cracks seen in some of the observa-
tion pits.

Considerable fecal coliform contamination was observed in deep and
shallow wells. A direct relationship between total solids and turbidity
was observed in the majority of the wells. Hardness of water from some
of the wells is within drinking-water standards, whereas from other wells,

it is above the recommended limits. A number of the deep wells are

producing water from two different aquifers. Nitrate and phosphorus
were below the EPA recommended limits, and heavy metals were in
negligible amounts.

Since the city sewer system is close to these homes, it would be
a wise decision to connect them to the system. Such a move will

eliminate a possible health hazard.
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RECOMMENDATIONS

‘The results of this study characterize the ability of the soils
on this.site to absorb and properly treat domestic waste. Although
there were some areas that exhibited good hydraulic properties (satu-
rated hydraulic conductivity, percolation), the overall picture is
that the soils are "poor'" and as such, may not be suitable for septic-
tank absorption fields.

"Results from a study of this nature should not be taken "lightly."
Certain provisions should be made before septic tank absorption systems are
installed on problem sites. An experienced person should be consulted
to conduct thorough investigations and properly design the systems.

Findings from this project should be made available to planners
and health officials who must make decisions regarding the permitting
of on-site treatment systems. Anticipated users of the results from
this project are:

1) Commissioners and County Planners

2) Local Public Health Departments

3) State and Federal Regulatory Agencies

4) TUrban, Suburban, and Rural Developers

5) Research Scientists Involved in Similar Studies






FACTORS TO BE CONSIDERED IN DISPOSING DOMESTIC WASTE ON
PROBLEM SITES AND APPRAISAL OF WATER QUALITY IN A PIEDMONT SETTING

INTRODUCTION

The movement.of city residents to suburban and rural areas has
produced a tremendous increase iﬁ the number of homes served by septic
tanks, which now are the largest single contributors of sewage to
groundwater in the United States (Bouwer, 1978). According to Miller
et al. (1974), the average flow of septic effluent is 0.15 to 0.3 m3
per person per day; septic tanks, thus, are a significant source of
"groundwater recharge.' Because sludge accumulates and digests in the
septic tank, the effluent contains relatively large concentrations of
nitrogen and phosphorus (Sikora et al., 1976). Because of improper
disposal of industrial waste in a number of situations, the groundwater
environment is féced with an ever-increasing number of soluble chemicals.
The vast subsurface reservoir of fresh water, which a few decades ago
was relatively umblemished by man's activities, is gradually becoming
degraded (Freeze and Cherry, 1979).

Problems of groundwater-quality degradation are in many ways more

- difficult to overcome than those of surface water. Due to the hetero-
geneous nature of the subsurface-flow systems, zones of degraded ground-
water are very difficult to detect. The U. S. Environmental Protection
Agency (EPA, 1977) has reported that almost every known instance of
aquifer contamination has been discovered only after a water-supply well
has been affected. Groundwater pollution often results in aquifers or

parts of aquifers becoming unusable as sources of water supply.



There is an ever-increasing need for houses in the suburban areas
of the Piedmont, and considerable pressure has been placed on city
governments to expand sewage lines into these areas. The cost to do
so is tremendous and a legitimate concern of citizens who are against
this expansion is displayed, especially if a treatment plant will be
located in an area where it is not wanted. The alternative is to use
septic systems. Therefore, a large~-scale study in these areas was
necessary to inform the public of the effect of seepage from septic
fields on water quality and water-~table elevation and the quantity that

a soill will absorb and properly treat.




OBJECTIVES

This investigation had the following objectives:

1.

2.

To characterize the physiographic, geologic, and soil conditions
of the site.

To determine the effect of domestic waste (septic systems) on
water-table elevation and water quality.

To determine and reemphasize the importance of on-site soil
and hydraulic investigations and the use of the information
in designing septic systems for problem sites. [Problem
sites can be defined as soils having very low permeability
(hydraulic conductivity), steep slopes (above 14%), high
water table, shallow depth to impermeable layer, and short
distances "to streams, lakes, and rivers.]



DESCRIPTION OF THE STUDY SITE

The area of study is approximately 44 acres, located north of
McConnell Road, on the east side of the city limits of Greensboro, N.C.
It is a fast-growing area, with septic systems on the east divide and
a city sewer line on the west (Figures 1 and 2).

As in the study érea, there are many places in the Piedmont where
the residents do not have access to the public sewer system, which is
the best method of sewage disposal, so they must use one of the on-site
disposal methods. Many times their choice is the one of least cost, but
not necessarily the best for the site. Some alternatives are outdoor
toilets, septic tanks, and evaporation fields. A field evaluation
should be done to choose the right system for each site.

If the septic system is well-constructed but soil properties and
other site parameters are 'poor," the system will fail, and it will fail
early. A commonly used system at this time is one in which tile lines
lead from the house to a septic tank, and the overflow from the septic

tank is dispersed over an area called a ''seepage field" (Manual of Septic

Tank Practice, 1967, and Methods of Preventing Failure of Septic Tank

Percolation System, 1967). The tile lines are laid in trenches and are

surrounded by small stones or suitable envelope material. The trenches
are then covered with earth and grassed. When soil properties and site
parameters are considered and the septic tank is well-constructed, the
system will function properly for many years. Septic system failures
are readily apparent in the study area. The site is soft (boggy); green
grass, a foul smell, and flies are present. Such systems constitute a

health hazard, so proper site investigations cannot be overlooked.
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Some of the tenants seem to compensate for poor soil absorption
qualities by having two or more lots. About four of the landowners have
very big "yard" areas, with the absorption fields located within the
additional lots. These owners have enough space for a second
absorption field, another possibility for problem soils. However, it
is important to remember that most absorption systems failed because
they were located on poorly drained soils. Therefore, several deep and
shallow wells were constructed on the experimental site to evaluate the
parameters causing pollution. The deep wells are located on the site in
a grid pattern as shown in Figure 1. Shallow wells are placed close to
the deep wells in the grassed area downslope from the septic fields.
Special attention was placed on data collected from the grassed area on
the east side adjacent to and downslope from the septic fields because the
assumption was made that water from the septic tanks would move downhill

to the stream and pond.



DESCRIPTION OF WELLS CN THE SITE

The site is underlain by bedrocks consisting of granite. The
bedrock is overlain by saprolite derived from weathering of the granite.
The deep wells are designed to sample groundwater in the underlying
geologic material, which is described by Heath as being predominantly
of granitic origin. It is deeply weathered and contains a large number
of unweathered bouldetrs that are liberally scattered throughout the
saprolite material above the bedrock. Groundwater is found in rock
fractures, coarse deposits within the areas along the streams, in the
saprolite and in discharge areas within the watershed. These discharge
areas form numerous seepage points and springs throughout the study
area.

A major objective 'in choosing the well sites was to cover a cross
section of the watershed so as to be able to thoroughly sample all
water-bearing material within the study area (Figures 1 and 14).

In order to place the wells on the study site in the desired
locations, a small motorized hydraulic digger was used to construct
wells less than 10-ft deep. This rig was found to be effective in the
flood plain area that consisted of "fill" materials and well-weathered
saprolite that was largely free of rocks and boulders. An air rotary
system was used on the upper-slopes, thus permitting well construction
to a depth of 40 ft, with no deference to lérge, unweathered granite
boulders. This large, modified air rotary éystem, with a pneumatic
hammer at the lower end of the drill pipe, combines the percussion
effect of the cable-tool and the rotating action of a rotary drill
and is commonly called a '"down-the-tool' hammer. The bit was a large,
heavy steel hammer, approximately 12 in. in diameter, equipped with

tungsten-carbide inserts and supplied with compressed air at a




pressure of 200 psi for the removal of éuttings. On several occasions,
some difficulty was encountered in drilling through layers of stiff
clay. This problem was solved by introducing water,. which essentidily
supplied a drilling fluid, Results were similar to those obtained
when hydraulic rotary drilling is used for the removal of cuttings
from the borehole. There was sufficient pumping in 'well development'
to remove all traces of introduced water.

Figure 15 is a diagram of a completed well. There are additional
structures not‘shown in the diagram. A protective section of 8-in.-diameter
steel tubing extends from the bottom of the concrete cap to approximately
1 in. above the P.V.C. casing. The protective metal tubing was also
capped with a metal 1id and locked for defense against vandals. In
addition, each well was fitted with a tripod stand for the installation
of water-level recorders.

The well casings, made of 6-in. P.V.C. pipe, were fitted with
screens constructed of 5-ft sections of 6-in. P.V.C. that were
capped at the end. The screens were made by sawing two rows of slots,
3 in. long, with 1/8~in. openings, spaced 3/8 in. apart over the
entire length of the 5-ft P.V.C, sections. Four rows of spacers were
attached to the bottom cap and the screen coupling to aid in centering
the casing in the borehole. The casing was placed in position
immediately after the borehole was completed, and a gravel pack,
consisgting of fine pea gravel, was placed to the depth of the well
screens and sealed with 6-in. alternate layers of bentonite and sand

as shown in the diagram.
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PROCEDURE

In order to characterize the site's ability to treat waste, the
following on-site investigations were done:
1. Topographic Survey
2. Soil-Type Evaluation
3. Hydraulic Conductivity Measurements
a) Auger Hole
b) Deep Pits
¢) Double-Ditch
4. Percolation Test
5. Profile Examination--from Observation Pits
a) Depth to Groundwater
b) Depth to Restricting Layer(s)
6. Infiltration

Topographic Survey

A topographic survey was done in order to determine slope and slope
length and drainage pattern (Figures 2 and 3). From a contour or
topographic map, the engineer can decide on the type of system that
will perform the best if a septic system is to be installed. The topo-
graphic survey was done by the grid method--that is, by staking the site
out in 100-foot square grids. Contours were plotted at ome-foot
intervals (Figure 2). The slope ranges from 0-27 in the flood plain to
approximately 14% just outside the study area. This range is acceptable,

since problem slopes range from 15--20% (Parker et al., 1977).
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The topographic survey is a vital part of the on-site investigations.
It can help the engineer decide on the most suitable waste-disposal
system. For example, on slopes the engineer might choose a serial
distribution system or mound disposal system. Along with the topographic
survey, a thorough visual survey should be done to note any abnormal or
outstanding features within the 100-foot grid (e.g., undulations, rock
outcrop, seeps, or springs). Slopes affect water movement, infiltration,
and runoff. Convex slopes cause water to move off much faster than concave
slopes, so they will dry faster and stay drier for longer periods of time.
These slopes are therefore more acceptable for septic absorption systems

if soil properties and other site parameters are within acceptable limits.

Soil-Type Evaluation

Soil-type evaluations were made from a detailed soil survey, and
soils were found to be a primarily complex association of Enon, Wilkes,
Mecklenburg, Helena-Sedgefield, and Iredell. (See Table 1 and Figure 4.)
Soils in the study area where the on~site investigations were done are
comprised mostly of Enon, Helena—Sedgefield, and Iredell.

‘Absorption sites for an area are best determined by on-site investi-
gations. Soil maps, often considered useful for this purpose, are not
as accurate as properly done on-site surveys, and therefore should be
used only as a guide in selécting a site for the disposal of septic
tank effluent.

In order to examine the soil system closely, pits were dug over the
site on a 200~-foot-by-150-foot grid, with auger holes at closer intervals.
Pit depths vary from five to ten feet. Marked changes in the weathering
of parent material were noted to occur in distances of a few feet. Soil

features range from a very thin grayish-brown top soil to over 15 in. of
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Table 1. *Soil survey legend. (N. C. A&T State University Environmental
Studies Laboratory, Guilford County, North Carolina)
Slope Conditions

Symbol Soil Type (%)

Ch Chewaclo sandy loam

EnB Enon fine sandy loam 0-6

EnC Enon fine sandy loam ; 6-10

EnD Enon fine sandy loam 10-15

HhB Helena-Sedgefield sandy loam 0-6

HhC Helena-Sedgefield sandy loam 10-15

irB Iredell fine sandy loam 0-6

MhB Mecklenburg loam 0-6

MhcB Mecklenburg clay loam 0~6

Wh Wehadkee silk loam

WkB Wilkes sandy loam 0-6

WkC Wilkes sandy loam 6-10

WkD Wilkes sandy loam 10-15

ML Made land

*Done by the USDA, SCS, Raleigh, North Carolina.
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dark brown top soil, from soft, well-weathered saprolite to hard
saprolite with fissures. Cobbles and boulders were observed from four
feet below soil surface to a ten-foot depth. In some pits, there is

a band of clay over a layer of well-structured clay loam. BRecause of
the differences in soil types and within soil profiles, the site can
be classified as a marginal one for year-round dwelling if the
domestic waste is to be treated by septic tanks. Geological characteristics
should be considered in evaluating the sites’ capacities to absorb septic
tank effluent, since they can control the path that water (e.g., waste
water) will take to reach the groundwater. In some pits, water was
observed to move in at different points, while no water was seen
seeping into others. Some pits showed good soil structure and others
showed poor structure. If these areas of good soil structure can be
pinpointed, an efficient absorption system could be located at such

a point. Since the study showed different soil variations over the
area, criteria should be established for the design of septic absorp-
tion fields on sites that exhibit such variatioms. One alternative
would be to select the area that will absorb and treat the effluent
properly, even if this means shifting the proposed foundation site.
Two other alternatives would be the use of a serial distribution
system or a mound system. An experienced person should decide on the
appropriate design. However, it is important to remember that most

absorption syétems failed because they were located on poorly drained soils.

Hydraulic Conductivity Measurements

It has been shown experimentally that the flow rate Q/t (volume/
time) depends on some value h. (See Figure 5.) If h is zero, there

will be no flow. The greater the value of h, the greater the flow.
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0/t

¥y

Vertical Soil Column

Horizontal Soil Column

x = h

Figure 5. Plot of Q/t ws. h for vertical and horizontal
positions for ¢lay soil (after R. W. Skaggs, 1975).

, REF LEVEL OR DATUM L

Figure 6. Dependence of flow on h where h = Hy - Hy (after R. W. Skaggs,
1975).
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Therefore, h can be called a driving force. It was found that the
flow rate for a given h depended on the type of soil. This effect
depends also on the value of the slope m. This m is also called the
hydraulic conductivity (K).

From the values shown in Figure 6:

n"Hl"Hz
Q/t =m _(H] - Ho -—= (1)

where L = Length of soil sample.

Q/t =m _(H] - Hy) XA --- (2)
L

where A = Area of soil sample and m is the hydraulic conductivity.
Equation 2 was developed from Figure 6 where the function of the
straight lines y = mx + b; b = 0.

Equation 2 is more conveniently written as:

Q =K Hy - H
At ('_'_f_)’

where K is the hydraulic conductivity. (m = K).
The hydraulic conductivity (K) or permeability, as it is often called,
can be defined as that quality of the soil that enables it to transmit
water. It can also be simply defined as the proportionality constant

between the hydraulic gradient (Hl - Hz) and the flux q = @ . Units
L At

of K are usually m/day, inch/hr. or cm/hr. Some writers prefer to use
the term permeability rather than conductivity.

Healy and Laak (1974) defined the hydraulic conductivity of a
seepage field as the number of gallons of clear water per day that
can be absorbed by the field. They went on to say that the conductivity
of a field depends on a number of factors, including the permeability
of the soil. In this sense, their hydraulic conductivity includes K.

However, .it should not be taken as the definition for the conductivity K.
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R. J. Otis et al. (1977) stated that permeability can be measured
quantitatively as the rate of water flow through a unit cross section
of soil (subjected to unit hydraulic gradient) in unit time, which is
how conductivity is universally defined.

Hydraulic conductivity is the term that will be used in the
remaining portion of this report to denote permeability. Hydraulic
conductivity is a very important soil property, and it should be
esfimated by more than one method if possible.‘

For this study, three field methods of determining the saturated
hjdraulic conductivity were compared:

1. Auger Hole Method

2. Pit Method

3. Double-Ditch Method

Auger Hole Method

The auger hole method is one of the most widely used methods in
determining conductivity in-situ. It was done according to discussions
by Bouwer and Jackson, 1974; E. C. Childs, et al., 19535 and D. Kirkman,

1955.

Pit Method

The pit method closely folléwed the procedure of Healy and Laak
(1974).  The pit depths range from 6'3" to 7'0" with
an average surface area of 24 sq ft (6' X 4"), (See Figure 7.).
Water was allowed to rise in the pits until an equilibrium condition
was reached. After this, the pits were pumped to some depth, and the
rise of water was timed. The conductivity was calculated using the
following equation:.

K = Ah A
At . 2.27(8Z - nd)
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For a more detailed discussion, please refer to the paper by Healy

and Laak, 1974.

Double~Ditch Method

For the double-ditch method, ditches or trenches 6-8 ft apart
(about the spacing of absorption field drains) were dug to the
impermeable layer. Water was poured into the ditches to bring the
area in and around them to saturation. (This was done for three days.)
Heads of 1.7 and 1.0 ft were maintained in the top and bottom
ditches respectively. (See Figure 8.) The time it took the water
to move from the 1.0-ft level to a marked point in the bottom ditch
was noted. Three replications were done at each location and the

conductivity was calculated.

Sample Calculations

1. ZLength of Ditches = 14.5 ft
Width of Ditches = 2.05 ft
’Depth of Water in Top Ditch (Hy) = 1.70 ft
Depth of Water in Bottom Ditch (Hp) = 1.0 ft
Rise of Water in Bottom Ditch = Loss of Water in Top Ditech = 0.167"' (2 in.)
Time Taken to Make Rise = 24 hrs.

Avg. Depth = (1.70 +1.0) = 1.35 ft
2

If datum is taken at point D, Figure 8, then,
Head in - Head out* = 2.9' - 1.0' = 1.9 ft
Length in - Length out = 0 - 6 = -6 ft

dh =_ 1.9 = -0.3167

dx 6.0
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The flow rate for this case is given by:

Q = -Kh{ dh; where £ is the length of the ditches into the paper.
dx
In this case, £ was 14.5 ft.

Taking an average value of h = 1.35' and dh = -0.31677,
dx
Q can now be written as:

Q = -K(1.35"' X 14.5') (-0.3167)
Q - 6.199K £t2 = K6.2 ft2

Total Volume of water entering or leaving ditch in 24 hrs. = 2.05' X

14.5' X 0.167' = 4.96 ft3. Then the flow rate is:

Q= 4.96 £t3 = 0.207 £t3 = 6.2k ft?
24 hrs. hr.
K = 0.0334 ft/hr. = 0.4 in./hr. = 1.016 cm/hr.
Using the equation for sloping soils, q = -KhyS, and Figure 8, we can

also write Q as:
Q = g€ = ~Kh,£S. (S = Slope.)

h, was determined from the following equation:

hyp = hy + SL = h, ln( hy - ho_)
hy - hy

S = 20%

h, was found to be 2.2'.

. 0.206 ft3 = K(2.2' X 14.5' X 0.2)

hr.

From which K = 0.032 ft/hr. = 0.39 in./hr. = 0.984 cm/hr. = 1 cm/hr.
Table 2 shows reasonably close agreement among the three field
methods. The range between each method seems to depend on variation
in the soil.
For soils with varying absorption capacities, serial distribution

may have to be used. With this type of distribution, each area may treat

the effluent according to its ability.
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Top
Bottom
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C
d = 1.2

D

~ L ——

Tigure 8. Schematic of the double~ditch method for

determining hydraulic conductivity (K).

Ho
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Table 2. Results of K determination in-situ.

Method Position No. K values in cm/hr.
Pit 1 1.372
Pit 2 1.499
Pit 3 2.235
Pit 4 2.515
Auger Hole 1 0.762
Auger Hole 2 1.046
Auger Hole 3 1.245
Auger Hole 4 0.584
Auger Hole 5 0.826
Auger Hole 6 1.580
Auger Hole 7 0.470
Double Ditch 1 1.015
Double Ditch ' 1A 0.980
Double Ditch 2 0,676
Double Ditch 2A 0.510
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Percolation Test

For purposes of the percolation test, percolation coefficient can
be defined as the rate at which clear water moves through the soil
profile under a known head. The method used was the standard test

by the Guilford County Board of Health Rules and Regulations Manual

Governing Septic Tank Systems (1976). This test is also similar to

the one demonstrated in the Agricultural Information Bulletin #349

of the Soil Conservation Service in an article written by William H.
Bender.

At present, septic absorption field design is based on inforﬁation
obtained from percolation tests, though some researchers (e.g., Healy
and Laak, October 1974, and Otis et al., 1977) believe the test is
too varied an indicator for determining the soil absorption capacity.
Possible alternatives could be the use of deep pits or trenches
(Healy and Laak, October 1974) and the "bottom" of the infiltration
curve (Figure 9), that is, the saturated infiltration rate.

Percolation tests performed throughout the study area showed a
range ©of approximately 0.9 in./hr. to 1.25 in./hr. An average rate
of 1.0 in. per hour is within the acceptable range for septic system

installations (Guilford County Board of Health Rules and Regulations

Manual Governing Septic Tank Systems, 1976, and Manual of Septic Tank

Practice, 1967). At this rate, the effective absorption area per
bedroom would be within the range of 340 ftz. Such sites can be used
for vacation homes and are marginal for year-round dwelling. The homes
adjacent to the study area are permanent residences with septic

systems, and wells supplying water for domestic purposes. The final

results of this project can be used to determine if these homes should
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be allowed to continue using septic systems or if they should be

connected to the city sewer line, which passes nearby.

Depth to Impermeable Layer

Depth to impermeable layer was established using observation
pits as well as auger holes. In many pits, the groundwater-bearing layer
is overlain by the impermeable layer. Determ%q?gg;the depth to the
restrictive layer is a very iﬁportant geologic factor in absorption-
system designs. On this site, the restrictive layer is fairly
shallow and is composed of clay and saprolite or of clay only. The
clay layer was found mostly downslope under sandy silt or silty
loam; saprolite could be seen in various stages of weathering.
As depth increased into the saprolite, dark-colored cracks could be
seen~-an indication that the groundwater has been moving up or
of downward water movement. These signs show that unfiltered effluent
can reach the groundwater if due consideration of soil and site properties
is not taken into account in designing the system. The restrictive layer
was found at depths of 60 cm to 1 m. On sloping soils, the impermeable
layer may intersect the ground surface, thereby causing untreated
water to surface or flow overland. Septic system failures are less
prevalent in areas of low rainfall. Another disadvantage of having
a shallow impermeable layer is that wastewater may pond, thus causing
effluent to surface in high rainfall areas. In other words, ponded
water will reduce infiltration and percolation. The example problems
clearly show that the closer the restrictive layer is to the soil

surface, the longer the trenches will need to be. The absorption field

will also be larger. This is also true of fine-textured soils (clay).




27

Depth to Groundwater

When septic absorption systems are located téo close to areas of
groundwater discharge (springs, seeps), there is a risk that untreated
water may surface. Likewise, 1f the systems are located close to a
recharge area, there is the possibility of contaminating the aquifers.
Determining the depth to the temporary or seasonal high water table is
essential. A soil absorption system cannot function efficiently if it
is subjected to prolonged flooding. One frequent cause of septic
system failure is the presence of temporarily high water tables due
to poor natural drainage, high rainfall during certain periods
(accompanied by low evapotranspiration), seepage from upslope areas,
and poor or insufficient drainage outlets. The seepage rate from the
absorption fields will be reduced by high water tables.

The seasonal high water table for the study site was determined
directly by auger holes and observation pits 1.5-3.0 m deep and some
wells were equipped with Leupold-Stevens type F water-level recorders.
Seasonal high water reaches its maximum elevation during the late fall
and early winter in the Piedmont area. Figures 10 and 11 give an
indication of the water level in the wells during the spring and summer
seasons (May and July 1979).

The site haé a slope range of 0 to 14%. Sloping sites are
usually better-drained than flat lands, so lateral water movement is
less frequently a problem. However, as stated earlier, sloping sites
with shallow impermeable layer, high water table, and upslope seepage
pose a problem in their use as absorption fields. If systems are to
function adequately on these sites, an experienced person should be

consulted.



Figure 10.

Contour of water surface after rainfall in May 1979.

surface rose due to heavy rains.)

{Contours at 5-ft intervals.)

(Water

8¢
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From wells equipped with water level recorders and observation
pits, it was conclusive that the domestic waste does have a definite
effect upon the groundwater elevation. There was a marked difference
in the behavior of the water table on the sewered side against that
of the unsewered side (septic system side). On the unsewered side,
water at times was about 10 to 12 in. from the surface for short
periods. This was not so on similar slopes on the sewered side.
With these differences in measured values, it is justifiable at this
time to evaluate the uniform flow depth, ho, and use the equation
presented by Harr to determine the flow rate, g, for sloping soils.

In characterizing flow through sloping soils, it is necessary to
determine the relationship between design-flow rate and the water-table
rise in terms of soil properties and site parameters. The flow rate
can be altered by installing an upslope or downslope drain or by
adjusting the length of the drain to maintain a predetermined water-
table depth. The seasonal high water, hy, was found by direct
observation (Figurelz); hl is taken to be uniform along the slope and
is controlled by the outlet in the flood plain and the upslope
seepage.

In characterizing the flow, the Dupuit-Forchheimer assumptions were
made. The assumptions are as follows:

(1) For surfaces with a small slope, the stream lines are assumed
horizontal and the equipotential lines vertical.

(2) The hydraulic gradient is equal to the slope of the free
surface and is invariant with depth.

Flow under these conditions is called uniform flow, and the flow rate
may be written as:
q = ~Kh,S (Harr, 1962) —-—----

where ho is the uniform flow depth, which is equal to hl from Figure 12,




|=n
f

normal flow depth

hy = h2 = flow depth before septic tanks were installed

hy = flow depth after septic tanks were installed

qp = flow rate after installation of septic tanks

g, = flow rate before septic tanks were installed o
o?

o =S = slope ed,sx’iace

Figure 12. The effect of septic systems on water—table elevation on sloping site.

Te
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and K 1s the saturated hydraulic conductivity. hy is in meters, S is

slope in meter/meter, and K is expressed in meter/day. ¢ is, therefore,
3 :

m-/m day.

Harr (1962) prescnted a method to determine h. and characterize

o

flow for sloping soils. This method is explained in Section 2.5 of

Groundwater and Seepage (1962). The equation is written as:

hy = hy + SL of hy In hy - h,
h3 - h,

where h, is an asymptotic uniform flow depth and the other quantities
are given in Figure 12.

As stated earlier, septic fields were already installed on-site,
therefore h; was determined by using observation pits on the west
divide, which has the city sewer system. Then Ah was added to hy (h, = hq)
to give h3. hy is the predetermined or minimum water-table depth
resulting from the installation of septic systems.

The following example demonstrates a method that can be used to
determine the design capacity of an absorption field:#

(a) hy was found to be 0.54 m

hg was limited to 0.70 m
S = 47

Length of Slope = 91.44 m (300')
hy - hy +SL =h_1n hy - h
3 1 o 1 o)
3 - ho
0.70 - 0.54 + 0.04 (91.44) = hy, In hy - hy
Ei3 - Eio

3.82 = hy In hy - h,
H3 - Ho

For f(h,) = 3.82, h, was found to be 0.7007 m. This was

found by trial and error, and it can be obtained from Figure 13.

#Values used were obtained in the field.
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4
scf,.é’g
! t!'" hy = 0.70 m
— oM
Rl hy = 0.54m
e SL = 3.6576 m> = (0.04 x 91.44)
m
g 27
=l
o]
i
it
o
<
w14
¢ ! ! 1
0 2 h . 4 5
lo) rd
Figure 13. Plot of 'f(ho) vs. hg.
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If the slope length is made 61 m (200') to get out of the
flood plain, then:
f(hy) = 0.70 - 0.54 + 0.04 (61 m) = 2.6.

2.6 = ho In hl - hy
hy= Ho

which yields hy = 0.704 m.

If water can be tolerated at 0.25 m or 10 in. below the

soil surface, then hy = 0.75 m.

f(ho)‘ 0.75 ~ 0.54 + 0.04 (91.44)% using the other values in (a)

£ (hy) 3.87

3.87 = hy In hy; - h

1 0
3~ Ho

giving an hy of 0.70062 m.

From the foregoing calculations, h, changes very slightly for long

slopes or large-slope times length {(SL) values. It seems that the

solution is not very sensitive to the slope length (L). This

statement is further strengthened by the following calculation

for qg.

ds will not change significantly since the change in h,

is very small.

Now that h, has been found, the flow rate can be calculated using

the following equation:

d¢
¢

qdn

dn =

qg + q, = -KhyS

total flux or flow

normal flow without effluent
-Kh;S

flow from septic system
0.7007 m

0.54 m for normal flow

*91.44 m

= Slope Length.
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P.V.C. Pipe

_ Concrete Cap

Bentonite Seal

Earth

36'

Bentonite Seal

Sand

Bentonite Seal

Gravel Pack

Well Screen

Figure 15, Graphic representation of deep well for sampling water within
the zone of saprolite material.
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Average K = 0.24 m/day (from Table 1).
dg = 9t — qp
qq = -KS (h, - hl)
qg = -0.24 m/day x 0.04 m/m x 0.1607 m
-qg = 0.00154 m3/m day
s is negative since flow is leaving the profile in the negative-
direction, or in the direction of decreasing head.
", qg = 0.00154 n3/m day.
Flow from a two-bedroom unit was estimated to be 200 gpd or 0.76

m3/day. This would require a single trench of __ 0.76 m3/day =
0.00154 m°/m day

4.92.5 m (1,619 ft), which is not practical.
If an inteceptor drain is installed upslope so that only the
flow, qgs will move downslope, then:

qg = KhgS.

4 = 0.24 m/day x 0.04 m/m x 0.7007 m = 0.0067 3m°/m day,
giving a trench of 113 m long (371 ft).

This approach will now be checked against other methods.

Comparison with other Methods

Using Percolation Results

For a one-inch-per-hour percolation, an absorption area of 340 sq

ft/bedroom is required (Manual of Septic Tank Practice, 1967). Therefore,

a. two-bedroom house would require 680 sq ft of space.
For a trench width of 2 ft, the total trench length would be

340 ft, i.e., 680 ft2 = 103 m (340 ft).
2 ft

The Guilford County Board of Health Rules and Regulations Manual

Governing Septic Tank Systems (1976) and the Manual of Septic Tank

Practice (1967) recommend maximum trench lengths of 100 ft and 200 ft,
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respectively. ZLengths of 113 ft, or 34 m, for each of three trenches
will fall within these limits. Four trenches 85 ft (26 m) each can
also be used.

The previous problem yielded a trench length of 113 m (371 ft).
Three trenches 38 m, or 4 trenches 28 m long, can be used. There is
good agreement between the two methods used to find the required

trench length.

Using Infiltration Rate

Infiltration rate was determined in the field on Iredell and Enon
soils using the double ring infiltrometer method as explained by Skaggs
(1976). The tests were carried out for 60 min and 75 min for the Enon
and Iredell soil types, respectively.

The saturated infiltration rate varied from 0.012 m/day to 0.020
m/day. (See Figure 9.) The infiltration rate was measured to determine
whether this property could be used to size the absorption fields.

Using a rate of 0.016 m/day or 0.048 cm/hr., a house discharging
0.76 m3/day will require an absorption field of:

0.76 m3/day + 0.016 m/day = 47.5 m2, or 512 ft2 and with a 2-ft

trench width.

Trench length = 512 ft2 = 256 ft

2 ft

Using Hydraulic Conductivity

An average hydraulic conductivity of 0.24 m/day (0.00055 ft/min),

was used in Healy and Laak's curve on page 1136 of Site Evaluation and

Design of Seepage Fields (October 1974), yields an acceptance rate

of approximately 0.35 gpd/ftz, which is equivalent to 1.46 cm/day

(0.0146 m/day). This acceptance rate would require an absorption
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field of 560 sq ft: 0.76 m3/day = 52.05 m? (560 sq ft). The trench
0.0146 m/day

length = 560 ft2 = 280 ft. These two latter methods show close agreement.
2 ft

In general, all methods compared did not differ significantly.

More work will be done with the infiltration procedure. These
tests will be run for much longer periods with more replications to
establish a good average saturétion rate value which can be transferred
to sites with similar characteristics.

Other determinations (distances to ditches, streams, ponds, and
man-made objects and rainfall) were made. All of the houses are at
safe distances from streams; however, two are close to lateral ditches
that take runoff from Cole Road to a natural water way. The recommended
minimum distance for location of septic absorption systems from streams,
ponds, ditches, and wells is 50 ft, to prevent seepage from septic fields

from reaching those areas (Guilford County Board of Health Rules and

Regulations Manual Governing Septic Tank Systems, 1976).

Rain gauges were installed on-site so that rainfall for the area
could be accﬁrately determinea. The year, 1979, saw unusually high
and uniform rainfall. At the end of July, the amount of rainfall was
15-17 in. above normal for the area, which kept the water table at a
high elevation,(within 15-40 in. of the soil surface). At ﬁimes, the
water-~table elevation was Qithin 12 in. of the soil surface, but only
for short periods. During periods of heavy rainfall, the smell of
raw sewage was detected around station 19, pits A3 and B4~C3, a
possible indication that raw sewage was surfacing or flowing in a nearby

ditch. Yet, the homeowners insisted that they had no problems.
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One cause for this seems to be that the rainfall was greater than the
infiltration capacity. Thus, the water table will rise and flow over
land. Other factors could contribute to this, among which are: a
shallow impermeable layer and low hydraulic conductivity.

A seepage field should be able to adequately absorb the septic
tank effluent as well as the rainfall for the area. This is an important
factor in the design of a septic absorption system.

When questioned about the care and upkeep of their septic systems,
most of the tenants said they pump once every 3=4 years at a cost
ranging from 20-45 dollars. One tenant said that the system has
never been pumped and has caused no problems for the 13 years he has

owned the house.

Three possible factors might explain this exceptionally gocd performance:

(1) A good absorption site.

(2) Cracks in saprolite (or rocks).

(3) Effluent surfacing and moving downslope.

It was hard to compare these results with the experience of the
homeowners. Some claimed that they have no idea of the design since
the absorption fields were built before they assumed ownership. (Some
septic systems were estimated to be over 20 years old.) However, they
did say that they had not encountered any problem with septic tanks
failing. Obsefvations have éﬂoWn that some of the absorption fields
are failing. Failure of the septic systems is evidenced by green grass,
owners' land filling (where wet conditions exist), smell of raw sewage
during periods of heavy rainfall, and double lots used for absorption
fields. For these reasons, we decided to make an in-depth study of

the water quality in the area in an up~coming paper.
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Water Quality Studies

The problem involved in the protection of groundwater resources
is to iden;ify the areas and mechanisms by which pollutants can enter
groundwater flow systems and to develop reliable predictions of the
transport of contaminants within the flow systems. This is necessary
as a basis for minimizing the impact of pollutant sources on groundwater
quality. Therefore, it is necessary to study the quality of groundwater
in regard to pollution.

Since fecal coliform bacteria, total nitrogen, dominant cations, and
anions are the major pollution indicators, these parameters were used
to esﬁimate the biological and chemical pollution at the selected
experimental site.

Samples from the deep and shallow wells were taken at different
intervals as listed in the following table:

Table 3. Sampling periods with dates. ‘
Sampling Periods in Sampling Periods in

Dates Deep Wells Shallow Wells
3-21-80 (A) Initial (stagnated for morec (a) Initial (before
than three months) washing)
5-14-80 (B) 24 hours after pumping
to dry
5-21-80 (C) 24 hours after rain (b) After rain
- (1.6 inches)
6-11-80 (D) 3 weeks after rain
7-1-80 (E) 24 hours immediately
after pumping to dry
7-23-80 (F) 24 hours after rain (3 inches)
8-7-80 (G) 24 hours after pumping to dry

(but with light rain in the
previcus night)
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Domestic wells were sampled once to correlate their data with the
above wells.

For the biological and chemical analysis, 500-ml sterilized bottles
were used to collect the samples. Biological analysis included: |
biochemical oxygen demand, total coliforms, and fecal coliforms. Chemical
analysis included: ©pH, turbidity, nitrite nitrogen (NOE), nitrate
nitrogen (NOS), total nitrogen (TN), total phosphorus (IP), orthophosphate
(OP), chlorides (Cl—), sulfates (SOZ-), bicarbonates (HCO;), calcium (Ca2+),
magnesium (Mg2+), soaium (Na+), and potassium (K+).

On the sampling, BOD, total solids, and turbidity were determinedv
by established methods (American Public Health Assoeiation, 1975) and
pH was measured on a (Fisher) Accumet 320 pH meter. Microbial methods,
total coliform, and fecal coliform were estimated on freshly collected
samples using M-Endo broth and MFC broth (Difco), respectively, as per
the millipore membrane technique.

The Technicon dutoanalyzer II automated methods (18) were used to
measure concentrations of the following chemical parameters: NOZ’ NO3,
N, TP, OP, Cl, whereasSO; and bicarbonates were determined by methods
presented by Jackson (1965). By using the Perkin-Elmer model 305B atomic
absorption spectfophotometer, Ca, Mg, Na, and K were estimated.

At different sampling periods, the obsérved trend for pH showed few
changes in the deep wells (Table 4) as well as in the shallow wells
(Table]i». A pH range of 5.0 to 7.9 was observed in the deep wells, with
the exception of wells numbers 9, 14, and 22, which had an acidic pH of
2.7, 3.2, and 3.0, respectively, after the first rainfall (C). A pH

range of 5.2 to 8.4 was observed in the shallow wells.
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Table 4.  pH determinations at different dates in deep wells.
Well 3-21-80 5~14-80 5-21-80 ' 6-11-80 7-1-80 7-23-80 8-7-80
No., A B C D E F G
1 5.95 7.4 .1 6.71 7.0 6.10 6.49
2 6.25 7.9 .3 6.89 7.4 6.69 v6.79
3 5.60 7.2 .9 6,27 6.9 6.19 6.42
4 5.60 7.4 .9 6.55 6.9 6.40 6.49
5 5.20 6.8 .6 6.90 6.7 6.90 7.11
6 5.65 7.4 4 6.56 6.8 6.19 6.44
7 5.80 7.2 .1 6.80 7.0 6.70 6.53
8 6.10 7.2 .0 6.47 6.9 6.38 6.42
9 5.20 7.2 .7 6,09 6.3 5.83 6.25
10 5.70 7.1 .2 6.25 6.5 6.00 6.21
11 6.20 7.9 .7 7.15 7.1 6.60 6.84
12 6.50 7.3 .8 6.92 7.2 6.81 6.70
13 6.10 7.7 .2 6.51 7.0 6.37 6.40
14 5.60 7.1 .2 6.45 6.5 5.90 6.15
15 6.35 7.6 .5 6.95 7.4 6.68 6.86
16 6.20 7.5 <9 6.50 7.0 6.41 6.28
17 6.15 7.6 .7 6.81 7.2 6.66 6.63
18 6.10 7.3 .8 6.60 7.0 6.41 6.51
19 6.35 7.6 .1 6.81 7.2 6.71 6.88
20 6.25 7.8 .6 6.68 7.0 6.51 6.81
21 6.25 7.6 .3 6.77 6.7 6.52 6.71
22 5.70 6.7 .0 6.18 6.3 5.89 6.88
23 6.40 6.9 .3 6.30 7.4 6.50 6.11
24 6.10 7.2 .7 7.05 7.1 6.59 6.35
25 6.05 7.0 .6 7.10 7.2 7.31 6.32
26 6.00 7.3 .3 6.40 7.0 6.21 —
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Table 5. Total solids in deep wells ‘at different dates (mg/L).

Well 3-21-80 5-14-80 5-21-80 6-11-80 7-1-80 7-23-80 8~7-80

No. A B C D E F G
1 388 346.0 339.0 256.8 327.2 200 200
2 482 551.2 387.6 181.4 354.0 360 360
3 118 303.2 269.0 224.8 181.2 200 200
4 252 310.0  242.8 213.8 233.6 240 240
5 238 379.8  413.4  314.2 208.0 200 240
6 234 264.8 681.8 118.8 241.6 160 160
7 288 557.0 331.6 195.2 211.6 120 280
8 414 487.0 387.4 394.0 126.4 160 360
9 188 294.0 197.8 165.0 48.8 120 40
10 168 284.2 159.6 123.6 132.0 120 160
11 380 470.2 337.2 285.6  157.2 240 280
12 436 499.2 382.2 286.6 338.0 - 80
13 252 310.4 293.4 210.8 219.6 200 280
14 486 228.4 248.0 96.0 139.2 1320 160
15 442 501.6 371.2 370.4 120.8 240 320
16 412 388.0  317.6 265.6 268.8 280 320
17 528 618.6 527.4 428.0 508.8 3280 280
18 378 324.8 321.4 305.2 316.8 360 360
19 418 2479.6 431.0 353.4 317.2 280 440
20 274 - 1976.2 504.0 627.0 1493.2 280 280
21 358 © 405.2 200.8 200. 6 186.4 3080 160
22 162 291.4 242.0 120.8 188.8 120 160
23 340 412.6 347.0 271.8 3180 360 400
24 324 452.8 348.0 297.4 314.0 320 360
25 378 460.6 317.2 293.8 338.4 7600 480

26 426 498.8 317.6 340.8 358.0 360 -
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Table 6 . Water turbidity in deep wells at different dates (units-ppm $iO,).

Well 3-21-80  5-14-80 5-21-80 6-11-80" 7-1-80 7-23-80 8-7-80

No. A B C D E F G
1 1.10 .23 .92 .54 .90 1.5 .80
2 .68 1.00 .96 .07 .00 .16 >1.50
3 1.16 .07 .26 .03 .00 .34 .34
4 .26 .37 .10 .03 .00 .16 1.05
5 1.05 1.36 1.00 .00 .26 .16 L3
6 .26 2.24 >1.50 .26 .37 .58 .41
7 3,00 3.72 >1.50 - 1.30 1.15 >1.50
8 .10 .13 .35 .30 .00 .12 .26
9 .20 .41 .16 .07 .00 .09 .19

10 .46 .71 .50 .07 .03 .23 .30

11 .34 .34 .10 .00 .00 .06 .19

12 .26 .50 41 .12 .00 .03 .34

13 .68 .71 54 .07 .03 1.36 1.36

14 2.66 1.05 >1.50 1.15 1.20 1.41 >1.50

15 .07 .23 .31 .00 .00 .16 .03

16 1.48 .04 .54 19 .00 .23 .95

17 .76 .23 .16 .09 .00 .34 1.05

18 .81 41 41 .19 .30 .50  1.25

19 .34 71 .72 .09 03 .45 >1.50

20 .20 1.25 >1.50 - >1.50 >1.50 >1.50

21 1.70 .67 e .58 .37 1.08 1.00

22 1.73 1.00 1.47 .54 .58 1.06 .72

23 .10 .26 .16 .09 .00 .16 1.05

24 .26 .46 .35 .03 .12 .09 .19

25 .26 .59 .13 .12 .00 .16 .90

26 .00 .03 .00 .00 .00 .00 ; -~
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Higher amounts of total solids were recorded for almost all deep
wells sampled aftér the first rainfall. The majority of the deep wells
showed higher quantities of total solids after rain (C) than after the
second pumping (E) (Table 5), and also comparable results were indicated
in Figure 16 for total solids after rain (C) and after final pumping (G);
these results coincided with the higher turbidity units (Table 6). A
high turbidity (1.3 to > 1.5) iﬁvgeep wells suggests cracks in the
saprolite formation or poor development of the well itself. Surprisingly,
initial water samples (A: stagnated for more than three months) from
shallow wells (Table 11) showed higher readings of turbidity and total
solids than the after-rain samples. Cascading water inside the wells
could also be a factor, and this would explain the milky appearance
of some of the samples from the deep and shallow wells. Since only
trace amounts of Fe and Mn were present, oxidation of dissolved
ferfoué iron and manganese to insoluble forms can be disregarded as a
factor contributing to higher turbidity values.

Biochemical oxygen demand (BOD) in deep wells and shallow wells,
sampled af different intervals, is shown in Tables 7 and 10 respectively.
The BOD showed no definite pattern in the deep wells. The deep wells
showed lower BOD values after the first rainfall (C) than after pumping
(E), possibly because of variation in the depth of the wells. However,
the initial samples for the shallow wells showed higher BOD values than
the samples taken after rain, with the exception of wells 3, 4, 6, and 12;
whereas, in the initial deep well samples, consistent BOD values were
found. This variation in BOD results may be due to the oxidation of
NHg to NO3, or possibly because dissolved oxygen (DO) might not have
traveled sufficiently far for complete surface oxygenation, since all

the wells have different depths.
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Microbial Contaminants in Water as Pollution Indicators

Coliform bacteria have served as indicators of fecal contamination
of water for many years, and their densities have been used as criteria
for the degree of pollution. Total and fecal coliforms are shown in
Tables 8 and 9, respectively, for deep wells, and total and fecal coli-
forms for shallow wells (shown in Table 12) are recorded for the samples
collected at different intervals.

A steady pattern was not found for either total or fecal coliferm
counts in the deep wells (Tables 8 and 9). Samples pumped (B) from
the deep wells had higher total coliform counts than initial samples (A),
éxcept for wells 2, 3, 7, 9, 22, and 24. There were not many differences
in total coliform counts between the first rainfall samples (C) and the
after=pumping samples (E), except for wells 1, 4, 8, 10, 15, 17, 18, 19,
24, and 26; whereas, the second-rain samples of the deep wells showed
higher total coliform counts compared to the after-pumping samples (G).
Samples collected two weeks after the first rainfall (D) also showed
higher total coliforms,

Fecal coliform counts were higher in samples, C, D, and F when
compared to samples E and G. TFecal coliforms for samples B and C did
not change significantly. In the initial sample (a), fecal coliforms
were observed but counts were not taken.

Presence of fecal colif;;ms is evidence of fecal contamination,
dpparently from the adjacent septic-field system. However, other sources
of contamination are apparent for wells that are on the other side of
the divide. Many studies have reported that an appreciable number of
micro-organisits were found after much longer distances of underground
movement-—as much as 830 m in sand and gravel (Bouwer and Chemney, 1974y

Gerba et al., 1975). Immobilization of fecal coliforms was reported
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Table 7. BOD changes in deep wells at different dates (mg/L).

Well 3-21-80 ' 5-14-80 5-21-80. 6-11-80 7-1-80 7-23-80 8-7-80

No. A B C D E F G
1 5.8 2.10 .93 1.79 .80 - 11.3 10.00
6.8 3.5 1.2 1.63 ©1.95 15.3 2.98
3 3.03 1.25 .45 .95 1.25 7.0 6.03
4 3.9 1.85 .15, .83 .58 7.0 3.95
5 3.22 2.4 .20 .70 2,00 7.4 2.75
6 4.8 2.7 2.55 .50 - 15.7 10.00
7 1.3 .70 .70 .74 1.20 9.8 .25
8 2.62 .85 .10 4.4 2.73 11.4 4.50
9 4.3 3.15 .10 .85 5.15 11.3 .85
10 .87 1.35 .30 .10 3.35 . 6.8 -
11 4.82 1.5 .85 5.2 5.55 15.1 3.15
12 3.8 1.4 2.38 .80 4.88 .80 .50
13 3,45 2.45 .40 .50 7.5 20.5 -
14 6.85 4.7 55 14.03 1.08 15.7 5.00
15 .75 2,90 2.0 9.07 1.95 10.5 -
16 3.03 4.0 1.6 16.16 2,17 4.1 -
17 1.68 6.15 1.85 .80 17.88 7.1 2.95
18 4.7 1.95 .78 - 9.0 11.1 -
19 . 3.38  11.15 2.63 2.0 1.85 - .40
20 2.45 4.1 4.0 - 3.5 28.3 .55
21 4.28 2.7 1.2 .53 1.88 4.5 .75
22 ©9.30 2.05 1.45 1.6 1.93 .90 3.40
23 2.46 .30 1.78 1.25 1.40 21.3 7.20
24 11.88 3.1 1.33 - 4.50 6.7 3.05
25 9.93 1.6 2.90 .20 2.95 5.7 2.15

26 5.38 7.05 1.15 3.0 3.28 8.2 -




50

Table 8. Total cqliform counts in deep wells at different sampling dates
(X * 10%/100 ml).
Wéll 3-21-80° 5-14-80 5-21—80 6-11-80 7-1-80 7-23-80 8-7-80
No. A B C D E F G
1 .7 5.25 10.50 2.25 53.70 28.5 1.75
2 TNTC 2.25 1.75 2.50 2.50 21.0 4.00
3 3.1 1.75 2.50 9.00 1.75 15.5 1.50
4 N 1.75 2.75 11.75 3.00 8.5 2.00
5 1.5 2.00 2.00 1,00 2.50 3.0 1.75
6 1.6 3.0 3.00 6.00 5.00 90.0 4.50
7 4.8 3.0 1.00 43,00 0.00 49.5 5.75
8 .5 .5 1.25 16.00 1.75 14.0 .75
9 3.4 1.5 .75 2.25 2.00 35.0 79.50
10 <5 .75 1.50 17.75 1.00 42.5 1.50
11 4.1 10.75 1.50 5.75 15.00 2.0 .50
12 1.0 17.25 .75 8.50 3.00 16.5 .50
13 2.9 5.75 .75 5.50 1.00 15.5 ;75
14 .2 TNTC 3.75 10.50 2.75 16.0 1.00
15 <5 67.00 1.00 10.00 2.00 10.0 38.75
16 3.9 29.25 .75 25.50 1.50 22.0 ; 1.00
17 <3 15.00 .75 54.00 1.00 1.0 .50
18 2.5 11.00 102.50 32.50 1.50 3.0 4.75
19 3.1 10.00 24,75 28.00 5.00 17.5 0.00
20 1.0 7.75 J.s25 16.25 3.25 29.5 1.00
21 4.2 3.75 5.00 19.50 1.00 1.0 0.00
22 18.6 5.75 3.50 20,00 0.00 9.25 0.00
23 .6 4.00 19.25 22;25 .50 13.25 .75
24 16.4 .1.50 5.00 17.75 1.50 2.25 1.00
25 2.2 2.50 4,50 4,00 4.25 6.60 1.50
26 2.5 3.00 3.00 79.25 4.75 9.25 no sample
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Table 9. Fecal coliform bacterial counts in deep wells at different
sampling dates (X - 102/100 ml),

Well 3-21-80 . 5-14-80  5-21-80 6-11-80 7-1-80 7-23-80 8-7-80

No. A B ¢ D E F G
1  no sample 25.5 34.50 16. 49 9.32 1.84 7.88
2 15.0 10.50 16.33 3.68 3.08 17.18
3 11.0 4.50 5.78 1.00 1.44 2.42
4 8.0 5.00 5.78 1.72 .40 1.96
5 3.5 2.50 3.51 1.00 .56 2.40
6 8.0 3.75 20.72 2.75 83.20 7.54
7 | 0.5 9.00 29.20 0.00  22.96  18.36
8 2.0 3.50 18.59 2.00 7.56 0.00
9 2.5 1.50 16.08 2.46 13.12 7.82

10 3.5 3.50 7.17 .96 8.08 0.00

11 31.0  10.50 12.90 1.92 .52 0.00

12 96.0 6.25 14.50 0.00 1.44 0.00

13 16.0 4.00  16.92 0.00  13.92 2.46

14 14.0 22.50 9.76 0.00 2.40 1.44

15 13.5 6.50 6.96 .96 .96 93,00

16 ‘ 8.5 4.00 8.04 .48 .48 2.46

17 13.0 5.00 7.00 1.44 .24 1.24

18 3.0 16.00 9.44 0.00 .72 9.32

19 1.0 . 11.00 13.42 1.72 4.32 0.00

20 11.5 7.00 13.24 20.60 4.80 0.00

21 16.0 .50 9.20 0.00 1.20 0.00

22 17.5 1.50 10.56 0.00 6.72 0.00

23 1.0 9.00 5.20 0.00 .96 4.42

24 4.0 8.00 6.41 .98 .48 2.44 "

25 2.5 12.75 6.22 1.72 14.4 1.44

26 15.5 17.00 16.96 31.56 20.52 not available
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Table 10. pH and BOD changes in shallow wells at different dates.

Well pH BOD

No. 3-21-80  5-21-80 3-21-80  5-21-80
, a b a b_
1 6.6 6.0 15.05 10.23
2 6.8 6.02 5.10 4.05
3 6.7 5.2 6.45 16.53
4 7.0 6.6 5.30 8.68
5 , 6.4 5.6 4.73 3.00
6 6.6 5.5 4.30 5.63
7 7.1 6.1 6.70 .60
8 — I . e
9 7.0 6.2 4.80 2.20
10 6.4 5.6 4,05 —_—
11 — - - -
12 8.4 8.2 7.90 12.95
13 6.2 5.6 4.80 -
14 I - - ' -
15 - - -- -
16 - - - --
17 6.8 6.3 49.40 5.95
23 6.5 6.2 8.10 7220
24 6.4 6.3 25,13 4,18
25 6.8 6.2 7.90 2.15
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Table 11. Changes in turbidity and total solids in shallow wells at
different sampling dates.
Well Turbidity Total Solids ‘
No. 3-21-80 5~21-80 3-21-80 5-21-80
’ a b a b

1 1.08 .002 226.6 247.6

2 1.36 . 360 507.4 353.6

3 .50 >1.500 155.4 386.4

4 1.21 .450 617.8 227.6

5 .07 .000 207.8 214.8

6 .54 .350 177.0 463.2

7 .72 >1.500 216.8 -

8 - - - -

9 1.00 .300 491.6 219.6
10 1.62 .660 435.8 322.8
11 - -- - ~-

12 .16 .110 193.8 287.6

13 .26 .500 37.8 93.2

14 - - -— -

15 -— - - -

16 - - - 5.95
17 1.25 <110 772.2 -

18 as - — -

19 - - - -

20 - - - -

21 - - -- -

22 - -— - -

23 1.74 .450 266.8 7.20
24 .63 .300 212.6 4,18
25 .50 .360 248.6 2.15
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Table 12. Total and fecal coliform counts in shallow wells at different
dates (X = 10%/100 ml).

Well . Total Coliforms * Fecal Coliforms

No. 3-21-80 5-21-80 3-21-80 5-21-80
- a b - a - - b
1 4.37 5.35 34 .52
2 3.62 3.975 .22 V40
3 3.75 19.50 .06 1.86
4 . 4.58 7.80 .30 1.58
5 4.30 .60 .033 .14
6 4.46 1.425 .09 .498
7 3.27 2.925 .01 .667
8 - - - -
9 9.10 2.15 1.20 .192
10 1.07 3.325 .055 .312
11 -- - - -
12 1.99 .60 .005 .056
13 .67 .05 .04 .017
14 - - - -
15 - | - - -
16 -- -~ - -
17 1.25 2.25 .24 .918
18 - -~ - --
19 - - - - -
20 - - = -
21 - - - --
22 - - - -
23 2.19 1.475 V42 .355
24 2,23 1.40 .40 .528

25 1.37 : 1.725 .01 .503
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through a few cm of soil profile (Brown, Slowey, and Nolj, 1978; Dazzo,
Smith, and Hubbell, 1972; Gerba, Wallis, and Melnick, 1975: Reneau

and Pettry, 1975). Under soil conditions of frequent saturation or

actual deposition of the bacteria in groundwater, migration might be
considerably extended; hence, the contamination of deep and shallow

wells., Subterranean cracks or channels may also facilitate rapid mass
migration of bacteria. Long underground distances for bacteria, however,
may be associated with the period of high rainfall. Increased levels of
total and fecal contamination were observed in shallow wells as

compared to deep wells. Under extreme conditions, the stability .of
coliform bacteria is lower than that of viruses (Scarpino, 1975) and higher
than that of Salmonella (Schiemann, Brodsky, and Ciebiu, 1978). Since the
majority of the wells exceeded the limits of EPA for total and fecal
coliform bacterial population, therefore it is apparent that these wells
are contaminated through septic-tank effluents and resulted in ground-

water pollution.

Water Quality Based on Nitrogen and Phosphorus

Groundwater should meet quality standards in regard to chemical
constituents as well as ~bacteriological characteristics.

All deep and shallow well samples taken at differént intervals were
analyzed for total phosphorus (TP), orthophosphate (OP), and total
nitrégen (TN). Their peaks are represented in Figures;l7—25. In all
cases, total phosphorus (TP) was greater than OP,

In all the samples (Figures 17-25 ), the wells showed lower values
of TP, TN, and OP. TN was consistent in all deep wells. After the
first pumping of the deep wells (Figure 18), highly varying values
were obtained for OP, whereas TP and TN values were more or less con-

sistent in all wells except 4 and 9 for TP aﬁd 12 for TN. This could
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be due to the use of detergents in the households. Total phosphorus (TP)

and OP trends fluctuated in respective wells as shown in Figure 19 and

are similar to each other. However, wells 6 and 9 showed higher values of
1.72 and 1.44 mg/l TN in samples (C) after the first rainfall. Increased

values of OP and TP were observed in samples (B) taken after the

first pumping compared to those taken after the first rainfall (C).

Total nitrogen values were conszd;rably similar for both times.

It is hard to conclude from this study a steady pattern. It is
also difficult to discuss these results with their obscure nature
(Figures 17-25). However, chemical distribution depends on waterflow,
chemical adsorption, precipitation, co-precipitation, and the complex
formation in the soil.

Total nitrogen is greater in the initial samples from shallow
wells (Figure 24) than in the after-rain samples (Figure 25), except
for wells 8 and 17. In general, TP showed higher values in initial
samples than in after-rain samples. The higher and lower values may
be attributed to the amounts of Fe and Al oxides in the soil.

Retention of PO, in the soil, however, increases with time because
adsorbed PO, slowly precipitates with Ca in this case instead of Al

and Fe. This again depends on pH. Nitrogen in sewage or other
fertilizer sources moving through the soil is oxidized to NO3, or if the
‘zone beneath the drainfield is anaerobic, increased NHg may be found.

NH3, NOy, and P were detected in traceable amounts, which were found to

be less than EPA limits.

Classification of Water Based on the Dominant Ions Present

2+

Dominant cations Ca?¥, Mg?t, Na®, k', and anions HCO3, C17, SO%‘,

and NOS were determined in deep well samples as outlined earlier, and
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the results are presented in Table 13. Since the above ions are
usually among those dominant in water samples, their concentrations
were used to determine the type of water. To achieve this, a percent-
age of equivalents per million (epm) of the above cations and anions
were utilized to determine the type of water from trilinear diagrams
proposed by Piper (1953). Trilinear diagrams are a useful means of
pointing out differences or similarities among waters. The water is
named according to the dominance of any ion or ions in it (calcium
bicarbonate water, calcium water, sodium chloride water, etc.). The
majority of the wells contain Ca, Mg, Na, HCO3 water, and second in
order are found to be Ca, Mg, HCO3 water. The presence of Na in most
of the wells suggests its probable seepage from septic systems into
groundwater as a result of high solubility and poor adsorption by
soil colloids. Because of considerable use of Na soaps in households,
it is quite likely that relatively high amounts are entering the
septic systems and seeping into subsurface flow systems.

The dominance of HCO; in the water samples is obvious because of
the pH range of the water samples, which is from 6.1 to 7.1. At

such a pH range, HCO3 is the dominant form of dissolved carbon.

Therefore, it is abundant in almost all of the samples.

Comparison of Water Quality by Means of Stiff Diagrams

With the major cations and anions data (in epm) of selected deep
wells (G), stiff diagrams were drawn and presented in Figures 26 to 29.
On the basis of distinctive shapes in stiff diagrams, comparisons of
chemical data from various wells can be made and wells grouped
together. TFrom the water quality standpoint, the wells that are possibly

producing from the same aquifer are grouped together.
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Table 13. Concentration of major cations and anions in selected
deep wells sampled on 8-7-80 (G).
epm
Well Cations Anions
No. Na K Ca Mg NO3 H003 Cl S04
1 0.8699 .0562  0.5988 1.1518 .045 2.40 .768 <.001
2 2.3358 .1023  0.4740  0.7980 .021 3.70  .667 . 354
3 0.6785 .0460 0.4740 0.4854  .07L  1.20 .254 .36
4 0.9787 .0358 0.5988 0.8803 .027 2.40 .423  .364
5 0.7612 .0435 0.5489 0.8638 .054 1.80 .468 .083
6 0.5698 .0460- 0.4241 0.5101 .045 1.50 .362 .052
7 0.4350  .0230 - 0.2994 0.3373 .008 1.10 .104 .625
8 1.3049 .0486 0.9980 1.4726 .053 3.30 .980 .052
10 0.6524 .0230 0.4241  0.4525 .022 1.20 ,240 .364
12 1.3049 .0486 0.8233 1.5385 .024 3.50 .211 1.040
13 0.9787 .0281  0.49%0  0.7157 .029 2.30 .095 .433
14 0.3262  .0230 0.1497 0.1234 .029 0.40 .092 .083
15 1.0309 .0639  1.0978 1.5385 . 018 3.20 .771 .729
16 0.8699 .0460 0.6986  1.1518 .028 2.60  .479 521
19 1.4136 .0639  1.0479 1.7277 .019 3.95 .369 .883
22 0.5176 L0179  0.2495 0.1974 .007 1.05 .127 .156
23 1.5746 .0511 0.6487 1.2916 .098 2.30 .956° 416
24 1.6833 .0281 0.4740  0.9955 .074 2.70 .881 .396
25 1.7399 .0281 0.5988 1.1929 .061 2.50 .797 L4411











































