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Preface 

This bulletin has two objectives, both 
aimed toward providing assistance to the 
people of Oregon. The first is to explain 
how a soil functions in a septic tank 
drainfield, why soil suitability must be 
determined before permitting drainfield 
installation, and what properties of th e 
soil, because of their significance to drain
field performance , should be evaluated 
during a site inspection. The second is 
to outline appropriate courses of action 
that may be taken following either ap
proval or denial of a site by regulating 
agencies, and to show how these alterna
tives depend on the properties of the 
soil. 

This publication was conceived by 
Mark Ronayne, of the Oregon State De
partment of Environmental Quality 

(DEQ). He asked for my help in pre
paring a document explaining the DEQ 
subsurface sewage disposal program. My 
reply was that the bulletin should stress 
the vital role of the soil in drainfield per
formance, and that is the philosophy be
hind this publication. Mark, Bob Paeth, 
DEQ soil scientist, and Moyle Harward, 
OSU Department of Soil Science re
viewed th e manuscript and contributed 
many helpful suggestions. Others who 
took the time to review the manuscript 
and offer helpful comments include Jack 
Osborne, DEQ, and Charles Hagedorn 
of the OSU Department of Soil Science. 

J. Herb ert Huddleston 
Extension Soils Specialist 
Oregon State University 



Contents 
What is Soil? ------------------------------------------------------------------------------------------ 5 

The Roles of Soil in Drainfield Performance --·------------------------------------- 6 

Acceptance of wastewater ----------- ---------------------------------------- 6 

Treatment of waste ---------- ------------------------------------------------------------ 7 

Disposal of effluent ---------------------------------------______________________ ··-------- 8 

Evaluation of Soil Potential for Subsurface Sewage Disposal ______________ 9 

Soil and site features that affect subsurface sewage disposal _____ 9 

Soil properties that indicate soil performance ------------------------------10 

Exceptions to limiting features ---------------------------------------·------ -------15 

What does a soil evaluator do? ------------------------------------- ---------------- 16 

Your role in site evaluation -- ----------------------------------- --- -------------- 17 

If Your Soil is Suitable ------------------------------------------------------------------.. ________ 18 
Procedures __ _ ___ _ _ ______ __ ________ ______ __ ____ __ _ _ _ ___ __ _____ _ _ _ __ __ __ _ ____ _ _ _ ___ _ _ __ __ _ ______ 18 

The standard subsurface sewage disposal system ------------------·----- 18 

Dosing systems -----------------------------------------·------------------------------------- 20 

The replacement area ________________ ---------------------------------------------------- 21 
Costs _____ ____________ _______ _______________ ___________________ _______ _____________________ _____ 21 

If Your Soil is Unsuitable ---------------------------------------------------------------------- 21 

Heed the advice of the soil ------------------------------------------------------------ 21 

Appeals ______ .. __________ ··----------. ·----------------------··------------------------------- 22 
Variances ___________________________________________________________________________ . ___________ 22 

Allowable alternatives --------·----------------------------------------------------------- 23 

Experimental systems -------------------------------------------------------------------- 23 

For Further Information _____________________________ ··----------··---------------------------- 25 

Soils -------------------------------------------------------------··---------····-------------------- 25 
Stan <lards· __ ____ _______ ___________ ___ __________ ______ _______ _____ __________________ ___________ ___ 25 



TH1NKING ABOUT A HOME in the coun
try? If so, you'll need some kind of 

on-site sewage disposal system. Almost 
without exception, the natural soil at a 
proposed homesite is the medium in 
which treatment and disposal of house
hold wastes must occur. Some soils will 
work for this purpose, others won't. The 
information in this bulletin will help you 
make your own preliminary evaluation 
of the soil at a proposed homesite, al
though it is not intended to be a do-it
yourself manual. 

Oregon state law is quite specific with 
regard to soil standards and design cri
teria for subsurface sewage disposal 

systems. The Department of Environ
mental Quality (DEQ) is the regulatory 
agency empowered to enforce these laws. 
The rules require that a DEQ representa
tive who has received soil science train
ing visit each proposed homesite and 
evaluate the soil according to the estab- 
lished standards. Approval means that 
construction may proceed; denial means 
it may not. The decision depends pri 
marily on interpretation of soil proper 
ties. This depends, in turn, on a knowl
edge and understanding of what soil is, 
what it does in a drainfield, and what 
soil properties indicate drainfield per
formance. 

What Is Soil? 

Perhaps you have thought of soil as 
nothing more than the dirt under your 
feet, or the stuff that gets tracked into 
the house . But soil is much more impor
tant than that. It is the source of nutri
ents, water, and physical support for 
plant growth. It is therefore an essential 
resource in the food production process, 
which supports life on earth. 

Historically, soil has served an equally 
important role as the recipient of body 
wastes produced as a by-product of food 

Figure 1. Profile of Amity silt loam in Linn 
County . Prominent horizons are the dark
colored Al, the light-colored A2, and the 
dark subsoil B. A fine wheat crop indicates 
the high agricultural value of this soil. 

consumption. If not overloaded, the soil 
treats these wastes, and in the process 
recycles nutrients back through the food 
chain . Only recently have population 
pressures either caused overloading of 
the soil's capacity to handle wastes, or 
led to complete bypassing of soil dis
posal with artificial sewage treatment 
plants. In areas lacking public sewers, 
however, we still depend on the soil to 
safely dispose of human wastes. 

I have a good friend, a geologist , who 
jokingly refers to soil as merely the over
burden which has to be swept off the 
much more interesting rocks beneath. 
He knows better, and so do you. Soil 
does indeed form from rocks. But soils 
are not just broken-up fragments of hard 
rock. Moisture, temperature, plants, and 
animals all exert forces on rocks through 
processes called weathering . The rocks 
respond by changing. They are physi
cally broken and chemically altered. 
Some minerals are destroyed; others are 
created. Some materials are completely 
lost from the soil system; others are 
added to it. The result is a highly organ
ized , unique natural body called soil, 
and it is quite different from the rocks 
beneath. The properties and behavior of 
this thin film of life-sustaining substance 
must be understood before we can pre
dict how a given soil will behave for any 
given management objective . 
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Soils form in response to forces ex
erted by climate and organisms, acting 
through time on a parent material in a 
specific landscape position. Parent rocks 
are changed into an organized system 
that has a set of distinct layers called 
horizons. Each horizon has physical and 
chemical properties which distinguish it 
from all other horizons. Particle size 
(texture), degree of aggregation ( struc
ture), color, density, and porosity are 
important physical properties. The 
amount of organic matter, the acidity or 
alkalinity, the nutrient-supplying power, 
and the kinds and amounts of elements 
in the soil are important chemical prop
erties. 

An orderly vertical sequence of hori
zons is called a soil profile. The soil pro 
file is a kind of signature that identifies 

every soil we look at. It embodies a 
record of everything that has happened 
to the soil since the parent rock began to 
change. Thus soil profiles are very much 
like history books. All we have to do is 
learn how to read their pages, and the 
information needed to evaluate soil be
havior for applied uses will be quite 
apparent. 

Learning how to read the Oregon 
book of soil is not easy. So far we have 
recognized more than 750 different kinds 
of soil in Oregon. Many areas remain to 
be studied in detail, so many new soils 
undoubtedly will be discovered. Never 
theless, we know enough about Oregon 
soils to realize that several of them are 
quite suitable for standard septic tank 
drainfields, while others are not suitable 
without extensive, and expensive, modi
fications. 

The Roles of Soil in Drainfield Performance 

Soil, more than any other factor, de
termines the success or failure of septic 
tank-drainfield sewage disposal systems. 
When the toilet is flushed, or wash-water 
is drained, all wastes and wastewater go 
directly into a septic tank. Primary treat
ment occurs there . The word septic lit
erally means putrefactive, that is, a sep
tic tank is one in which putrefaction 
takes place. Putrefaction is the decay of 
organic matter by certain bacteria and 
fungi in an anaerobic ( without oxygen) 
environment. Anaerobic decay is rela
tively slow, so primary treatment is lim
ited to the settling and partial decompo
sition of large organic solids. Gases 
evolved during this process rise to the 
surface of the liquid, carrying along fats 
and greases, which together form a 
floating scum. 

Because complete treatment cannot 
occur in a septic tank, wastewater ef
fluent, which contains small organic sol
ids and fecal and pathogenic bacteria, 
passes out of the sept ic tank into a soil 
drainfield. There, providing that all the 
necessary soil conditions are met, sec
ondary treatment occurs . The end result 
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is water that has been sufficiently 
cleansed to be safely discharged into 
surface or ground -water. 

Soil must do three things for us if a 
drainfield is to function properly. It must 
accept the sewage effluent, it must treat 
the waste, and it must dispose of the 
wastewater. Failures occur when the 
soil is unable to carry out any one of 
these roles. Failures, though not always 
visible, may result in seepage of un
treated effluent to the surface, or leak
age of inadequately treated effluent di
rectly into surface streams or ground 
water. In either case, failures are a po
tential health hazard because of the con
centration of patho~ens, increased ni
trate levels in drinking water, or the 
presence of stagnant pools in which 
mosquitoes and other insects breed and 
multiply . 

Acceptance of wastewater 
Acceptance depends on a soil property 

called in-filtration. Infiltration is the entry 
of liquid into the soil at the interface 
between water and soil. Infiltration de
pends mainly on the texture, structure, 



and porosity of a soil. Texture refers to 
the proportionate content of coarse 
(sand) , medium (silt) and fine (clay) 
soil particles. Structure is the aggrega
tion of particles into larger units ( peds) 
within the soil. Porosity is the content of 
pores or voids , which serve as conduits 
for liquids and gases. In general, coarse
textured soils have better infiltration than 
fine-textured soils. However, aggregation 
of tiny silt and clay particles into struc 
tural units may form relatively large 
pores in the soil. Thus soils with good 
structure tend to have better infiltration 
than soils with poor structure . 

Infiltration can also be related to soil 
permeability. Permeability represents the 
rate of movement through the soil of 
water that has previously passed into the 
soil. Permeability is related mainly to the 
amount and size of pores in the soil. Rap
idly permeable soils seldom have limiting 
infiltration. Slowly permeable soils, 
though, may become saturated adjacent 
to the infilh·ation surface . Like a bath 
tub that is already full, no more water 
can enter the soil until that which is al
ready in it has drained away. This can 
happen either when natural conditions 
saturate the soil, or when a soil is over
loaded with wastewater. 

In the standard septic tank drainfield, 
the primary infiltrating surfaces are the 
sidewalls of disposal trenches. The rate 
of infiltration depends on the properties 
of the soil in which trenches are dug. 
While it is usually very difficult to in
crease the natural infiltration rate of soils, 
it is often all too easy to reduce the infil
tration rate. The greatest hazard arises 
from digging trenches in medium and 
fine-textured soils when they are too wet. 
The smearing and compacting that oc
curs destroys natural soil structure and 
clogs pores with fine particles. Infiltra
tion across these surfaces is extremely 
slow. Great care during construction is 
therefore imperative . 

One of the greatest barriers to infiltra
tion is often created by the waste treat-

ment process itself. Under wetter-than
desirable conditions, a dense, nearly im 
permeable mat of organic matter and 
iron compounds may form on the bottom 
and sidewalls of the trench. This mat 
clogs the pores and seals the soil. Addi
tional wastewater then fills the trench, 
and untreated effiuent may surface either 
above or at the end of the trench. Be
cause remedies for this situation are 
difficult and expensive, it is better to try 
to prevent mat development by avoiding 
wet soils, guarding against overloading 
with wastewater, and designing systems 
that minimize the time during which soil 
is wetter than desirable. 

Treatment of waste 

Waste treatment in the soil is a bio
logical process . Soil is full of myriads of 
tiny microorganisms, mainly bacteria and 
fungi. These organisms thrive on raw, 
undecomposed organic matter-exactly 
the kind of stuff contained in sewage 
effiuents. There's only one catch. The 
vast majority of these soil decomposers 
need oxygen to live and function norm
ally. To be sure, there are some anaer
obic ( without oxygen) decomposers. 
These can be effective in certain situa 
tions, like sewage lagoons, and in the 
septic tank itself. But the standard drain
field depends on aerobic processes, and 
adequate aeration is essential to mini
mize the formation of organic mats that 
seal absorption surfaces. Resting of an 
absorption area by intermittent dosing 
may be particularly effective in this re
gard ( see page 20). In any event, satu
ration conditions in the soil must be held 
to an absolute minimum if failure is to 
be avoided. 

In addition to microorganisms and 
oxygen, waste treatment also requires 
time . Time is needed for sufficient de
composition of organic wastes, and for 
die-off of pathogenic organisms. The time 
provided is governed by the rate of move
ment of wastewater through the soil, the 
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soil permeability. Effective treatment re
quires permeability that is neither too 
fast nor too slow. 

Permeability depends both on the 
amount and size of soil pores and on the 
moisture content of the soil. A soil has 
greater permeability when saturated be
cause all the pores are filled with water, 
and water moves faster through large 
pores than small ones. Reducing the 
moisture content drains the large pores 
first, forcing water to move more slowly 
through smaller pores. This is the de
sired condition for effiuent treatment. 
The rate of flow provides time needed 
for decomposition, and the larger, air
filled pores provide oxygen needed by 
bacteria. 

Very coarse sandy soils, gravelly soils 
full of large voids, and shallow soils 
over fractured bedrock may have too 
rapid permeability, especially when sat
urated. Effiuent may move through these 
soils so quickly that sufficient decompo
sition and die-off cannot occur. This 
constitutes disposal without treatment, 
and it poses a very real health hazard, 
particularly if drinking water supplies 
could be contaminated. 

Compact clayey soils, and soils that 
contain a clayey horizon, a dense layer, 
rock or a hardpan often have very slow 
permeability. Additions of wastewater 
can readily cause some or all of the soil 
to become saturated. As a result, decom
position rates are greatly retarded, path
ogenic organisms don't die off as rapidly, 
and viable pathogens may travel con
siderable distances in the saturated soil. 
Inadequately treated effluent may seep 
to the surface, causing foul odors and a 
threat to the spread of diseases. 

Medium-textured soils with good 
structure and no claypans or hardpans 
usually have permeabilities adequate for 

. effective treatment. Effiuent moves 
through the soil fast enough to prevent 
a build-up of saturated conditions in the 
drainfield, but slowly enough to allow 
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adequate time for decomposition and 
die-off of pathogenic organisms. 

Because permeability is so important 
for treatment, soil scientists or sanitari
ans who evaluate your soil look very 
carefully for clues in the soil profile that 
indicate its permeability. 

Disposal of effluent 

When we install a septic tank drain
field, we are asking th e soil to get rid of 
not only pathogens and organic waste, 
but also all the extra water in the effiu
ent. Inadequately treated liquid must 
not surface, or seep out on a sideslope, 
for that constitutes a failure and a health 
hazard. Similarly, direct discharges from 
septic tanks into road ditches or streams 
are not acceptable, because they consti
tute disposal without treatment. So what 
happ ens to all that extra water applied to 
the soil? 

Some of the water may be utilized by 
plants growing in the soil above the 
seepage field. A little water may be lost 
by evaporation from the soil. But most 
of it eventually flows through the soil to 
the groundwater, and from there ulti
mately back into surface water flows. By 
this time, however, treatment should 
have been sufficient for safe discharge 
into a free water body without concern 
about potential health hazards. 

As with acceptance and treatment, 
disposal also depends on permeability . 
The soil or underlying substratum must 
be permeable enough to prevent satura
tion. Excessive permeability does not 
present a disposal problem so long as 
the effluent has received adequate soil 
treatment before entering an excessively 
permeable layer. Otherwise we risk dis
posal without treatm ent. Moderately 
permeable soils usually are satisfactory 
for disposal. Soils with very slow perme
ability pose difficulties with disposal, and 
will cause difficulties with acceptance 
and treatment as well. 



Evaluation of Soil Potential for Subsurface Sewage Disposal 

Soil evaluation requires interpretation 
of soil properties that affect drainfield 
performance. Therefore, the principles of 
soil behavior for subsurface sewage dis
posal described in preceding pages 
should be understood in order for the 
following material to be meaningful. 

Soil and site features that affect 
subsurface sewage disposal 

Several attributes of soils and the land
scapes they occupy affect the perform
ance of a septic tank-drainfield system. 
Features that restrict the flow of water 
through the soil, cause the soil to be 
saturated , or allow rapid disposal with
out treatment are examples. Several 
features are listed here, with a brief 
description of the ·specific effect of each 
feature on soil performance for subsur
face sewage disposal. 

► Restrictive layers-These are for
mations in or beneath the soil that limit 
the downward movement of water. Solid 
bedrock and silica cemented hardpans 
( duripans) , both of which are common 
in central and eastern Oregon, are es
sentially impermeable. Other soils have 
slowly permeable layers through which 
water will move, but at rates consider
ably slower than through overlying soil. 
Claypans, hard , dense silty layers (fragi
pans), shrink-swell soils, and fine
textured soils with poor structure all may 
be restrictive. 

Restrictive layers interfere with water 
movement, and may cause saturation of 
the soil above them. If these layers are 
too close to the surface, water ponded 
above them may interfere with waste 
treatment. Restrictive layers also may 
divert water flow laterally, causing water 
or effiuent to seep to the surface on a 
slope. 

► Water tables-Wh en groundwater 
encroaches on a drainfield, it threatens 
failure due to inadequate infiltration and 
inadeguat e treatment. Contamination of 
groundwater with nitrates or pathogens 
is also a real possibility. Thus, it is essen-

Figure 2. Restrictive layer in soil. The dark 
subsoil is a claypan that restricts water 
movement. Perched water tables are at or 
near the surface of this soil for several 
months of the year. 

tial to separate a drainfield from ground
water with enough aerated soil to allow 
adequate treatment before disposal by 
discharge into the groundwater reservoir. 

Water tables are of two types, perma
nent or temporary. Permanent water 
tables are at the surface of a saturated 
zone that extends downward for several 
feet. The depth to the permanent water 
table may fluctuate seasonally, but the 
groundwater reservoir never disappears. 
Household wells are drilled into the 
permanent groundwater supply. Drain
fields should never be installed in soils 
where seasonal levels of the permanent 
water table are near the bottom of dis
posal trenches. 

Temporary water tables are at the 
surface of thin zones of saturated soil. 
The water is held up, or perched above 
a restrictive layer . They occur only in 
rainy seasons and disappear during dry 
seasons, though th ey may be created by 
irrigation. While there is little threat of 
contamination of drinking water sup 
plies, temporary water tables in or near 
a drainfield will reduce infiltration and 
treatment. On the other hand, temporary 
water tables can be allowed nearer a 
drainfield than permanent water tables, 
especially if the duration is for only a 
short time . 
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► Soil slope-As slope increases , the 
probability of effiuent surfacing on the 
sideslop e also increases . The effect of 
slope alone is compounded by the pres
ence of restrictive layers . This is because 
of their tendency to perch water and 
divert it laterally. If the soil lacks a re
strictive layer, relatively steep slopes may 
be approved for drainfield sites . If the 
soil has a restrictive layer, the allowable 
slope is less and depends on th e depth 
to the restrictive layer . Regardless of re
strictive layers, installation of any sys
tem becomes more difficult and construc
tion costs increase as slope increases. You 
would be wise to seek a disposal site that 
has no more than a few percent slope. 

► Coarse-grained substratum-Coarse
grained material is gravelly or cobbly 
soil that contains very few fines. It has 
excessive permeability that could easily 
lead to disposal without treatment. For 
that reason there must be enough soil 
between the bottom of the drainfield 
and a coarse-grained layer to ensure ade
quate treatment before rapid disposal. 

► Surface water-Sites on which 
water collects or stands for any length of 
time are not suitable for drainfields. 
Standing water may indicate a slowly 
permeable soil, a saturated soil, or peri
odic flooding. Or it may be the result of 
runoff from surrounding slopes or drain
age from roofs, driveways, streets, or 
parking lots. Whatever the source, excess 
water is likely to overload the system, 
decrease the amount of treatment, and 
increase the likelihood of contamination 
of streams. 

► Soil stability-Land areas subject 
to mass movement must be avoided. It 
only takes small movements to disrupt 
distribution pipes in disposal trenches. 
Larger movements might cause break
ages in plumbing connections, or even 
crack the septic tank. An even greater 
hazard may be created by applying 
effiuent to an unstable soil. The extra 
water may increase hydraulic pressure 
and lubricate potential slip surfaces 
enough to cause a landslide. Obviously , 
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Figure 3. Hummocky topography often is 
the result of mass movements of soil. This 
area would be hazardous for home con
struction and drainfield installation . 

the septic tank and drainfield may not 
be the only casualties of such mass 
movements. 

► Disturbed soils-Cut and fill oper
ations invariabl y destroy natural soil 
structure and often cause considerable 
compaction. Infiltration and permeabil
ity are likely to be greatly reduced. It 
may take several years for natural proc
esses to restore porosity and permeabil
ity for satisfactory drainfield perform
ance . 

► Setback requirements-Minimum 
separation distanc es between disposal 
fields and various natural and manmade 
features must be maintained. The rea
sons for setbacks are, in general, to guard 
against contamination of streams, ground
water, or drinking water supplies; to 
prevent surfacing of effiuent; and to 
avoid interference by groundwater . Rec
ommended setbacks for a number of fea
tures are given in Table 1. 

Soil properties that indicate soil 
performance 

Suitable drainfield sites must not be 
restricted seriously by any of the fea
tures just discussed. How, then, do you 
know whether any given soil can live up 
to all these expectations? Is the soil suffi
ciently permeable? Are restrictive layers 
present? If so at what depth? How can 
you tell if there may be a water table 



Table 1. Required Setbacks for Septic Tanlc Drainfields. 1 

Distance Feature 

10 feet 

20 feet 

25 feet 

50 feet 

• Boundary of property served by community water supply 
• Water mains 
• Building foundations 

• Curtain drain upslop~ from disposal area 

• Boundary of property served by individual or public water supply 
• Escarpments or man-made cuts that do not intersect restrictive layers 

• Escarpments or man-made cuts that do intersect restrictive layers 
• Curtain drain downslope from disposal area 
• Springs, perennial streams, or man-made groundwater interceptors upslope 

from disposal area 
• Unstable landforms 

100 feet • Springs , perennial streams, or man-made groundwater interceptors down
slope from disposal area 

• Water supply wells 

1 Oregon Administrative Rules, Chapter 340, Subdivision 71-020 ( 2). 

problem, especially in the summer when 
the soil is likely to be dry? 

The answers to these and other ques
tions are found by reading and interpre
ting the characteristics displayed in the 
horizons of the soil profile. With careful 
observation, and a knowledge of the prin
ciples of soil behavior, the probable per
formance of a soil absorption system can 
be det ermined with a reasonable degree 
of certainty. Here are some of the clues: 
► Permeability-The rate of water 

movement through soil depends on the 
number, size, and continuity of pores in 
the soil. Porespace relationships depend 
in turn on soil texture and structure. Soil 
scientists can determine texture in the 
field by working moist soil between 
thumb and forefinger. Coarse-textured 
sandy and loamy soils tend to have large, 
well-connected pores, hence good per
meability. Fine-textured clayey soils tend 
to have smaller pores, and the pathways 
through them are often intricate and 
tortuous. Permeabi lity is much slower. 

Soil structure can augment or even 
countera ct texture-related perm eabi lity. 
Structur e forms by -aggregation of indi
vidual soil particles into larger unit s 
called peds . Some soils have good struc-

Figure 4. Cleavage planes in this subsoil 
( B horizon) have formed strong blocky 
structural peds. This is a clayey soil, but 
good structure gives it good permeability. 
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ture in which peds are well formed and 
very distinct. Pores in these soils are 
well-connected and conduct water effi
ciently. Other soils have poorly devel
oped structure, with indistinct peds and 
ill-defined channels. Water moves very 
slowly through these soils. Close obser
vation of the size, shape, and distinctness 
of structural peds can provide important 
clues to permeability. 

Other clues to permeability are visible 
pores and root distribution. Some holes 
in soil peds can be seen, especially with 
the aid of a small hand lens . Such visual 
observations can help indicate both size 
and continuity of pores . Roots distributed 
throughout the soil indicate that the soil 
has adequate porosity for root penetra
tion, and that the soil remains aerated 
for substantial periods of time. Con
versely, a mat of roots spread out hori
zontally is a likely indicator of a restric
tive layer. Roots also enhance permea
bility by providing large, continuous 
channels. Near or total absence of roots 
does not necessarily mean that soil per
meability is too slow for a drainfield, 
but it does raise a warning flag. 
► Water tables-Water standing in a 

test hole at the time of evaluation is con
clusive evidence of a problem . But what 
about seasonal water tables that are not 
likely to be present when the soil is ex
amined? Soil colors provide the neces
sary information. Gray colors are the re
sult of iron that is chemically reduced, 
due in part to lack of oxygen in saturated 
soil. They indicate that the soil is wet 
most of the time. Brown, red-brown , and 
yellow-brown colors are the result of 
oxidized iron that coats soil particles, 
just like rust on an iron gate. They indi
cate well-aerated soils that are rarely 
saturated. 

Splotches of one color throughout a 
matrix of another color are called mot
tles. Some soils may have small gray 
mottles in a brown matrix. Others may 
have bright yellowish-brown mottles in 
a gray or dull brown matrix. Both kinds 
of mottles indicate periodic saturation, 
and they show that the level reached by 
fluctuation of the water table was at 
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least this high. A common situation is to 
find mottles in the soil immediately 
above a restrictive layer. In this position 
mottles are the mark left by seasonally 
perched water. Because mottles are one 
of the best indicators of water table po
sitions, even in dry soils, they are one of 
the most important characteristics a soil 
evaluator looks for . 

Black colors result from organic mat
ter accumulation. They are usually found 
only in surface soils. A few soils, how
ever, are jet black to depths of 2 or 3 
feet. This is because wetness has re
tarded organic matter decomposition, in 
the same way that wetness interferes 
with drainfield treatment. Wet alluvial 
floodplain soils, or wet alkaline soils may 
have these deep black colors. Again, soil 
color indicates a limitation for subsur
face sewage disposal. 
► Restrictive layers-Restrictive lay

ers are restrictive because they have slow 
permeability. Evidence of their presence 
includes massive, compact soil lacking 
structure, fine-textured soil with poor 
structure, few visible roots or pores, and 
the presence of mottles. In moist soil, 
there may be a noticeable increase in 
moisture content just above a restrictive 
layer . 

Solid bedrock is impermeable, but in 
soil it's sometimes difficult to tell how 
solid or permeable underlying bedrock 
is. In western Oregon there usually is a 
transition zone of weathered bedrock 
( saprolite) between hard rock below 
and soil above. We have to evaluate the 
texture and structure of the saprolite to 
determine if it is restrictive. In Eastern 
Oregon, solid rock more often directly 
underlies the soil, and it can be oh
served readily. 

Impervious hardpans are cemented 
with both carbonates and silica. The ce
ments may be difficult to detect except 
by a trained soil scientist. However, ce
mented hardpans are difficult to dig 
through, though the degree of cementa
tion varies. Some hardpans are rather 
easily broken with a spade, while others 
are nearly as hard as bedrock. Another 
clue is the presence of a horizontal root 



Figure 5. The li~ht-colored layer below 
the knife tip is a duripan. It is cemented 
with silica and restricts water movement 
and root growth. Duripans are common in 
central and eastern Oregon. 

mat at the top of hardpans. Hardpans 
perch water, so mottles may be present, 
too. 

► Coarse-grained materials-Gravelly 
(rock fragments up to 3 inches in diam
eter) and cobbly (rock fragments 3 to 
10 inches in diameter) soils are not a 
problem as long as large voids between 
coarse fragments are filled with enough 
fines ( sand, silt, and clay) to provide 
adequate treatment. In examining these 
soils, we look carefully to see if there 
are numerous large empty spaces. If so, 
they could transmit water very rapidly, 
leading to disposal without treatment. 
We also estimate the proportion of gravel 
and cobbles in the whole soil, and judge 
whether the soil matrix is predominantly 
sand or contains a fair amount of silt and 
clay. If coarse-grained material is pres
ent, the depth to it must be measured. 

Figure 6. Coarse-grained materials. Below 
a depth of 15 inches, the soil is almost all 
sand and gravel. Permeability is very rapid, 
and is likely to preclude adequate effiuent 
treatment. 

► Site factors-Soils are integral parts 
of landscapes, and soil evaluation re
quires careful observation of the land
scape positions of both the drainfield 
site and the surrounding terrain. With a 
good eye, it is relatively easy to de
termine if the site is in a floodplain, or if 
runoff from surrounding slopes is likely 
to collect. Slope percentages are easily 
measured with levels, and with practice 
can be estimated quite closely. Land
scape evaluation can help identify water
ways, springs or other features that will 
require specific setbacks. Jack-straw trees 
and hummocky ground are good indica
tors of unstable soils. And perhaps most 
important of all, careful observation of 
landforms, plus an understanding of 
how soils fit the landscape, can help a 
great deal in locating the site most 
likely to meet all the criteria for success
ful performance of a drainfield. 
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Figure 7. Floodplains are unsuitable sites for septic tank drainfields-and for houses. Use 
of the land for pastures is compatible with the Hooding hazard. 

Figure 8. White salt crusts, saltgrass (foreground), and greasewood (background) are 
indicative of seasonally high water tables, even in low-rainfall areas of eastern Oregon. 
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Exceptions to limiting features 
Under certain situations, a feature 

which normally would render a site un
suitable for subsurface sewage disposal 
may be waived by the evaluator , and the 
site approved. The major consideration 
in these situations is whether drainfields 
installed under these circumstances 
would threaten water quality or public 
health. Situations that may qualify for 
a waiver are as follows: 

► Rural areas-Some counties have 
rural zoning classifications that ensure 
very low densities of residential devel
opment. If in addition low volumes of 
sewage effluent are involved (no more 
than for a single-family home), specific 
depth requirements to restrictive lay
ers, water tables, or coarse-grained ma
terials may be waived. It may be possi
ble, also, to consider installing a drain
field in disturbed soil, or on steep slopes. 

► Geographic areas-Eastern Oregon 
has a lot of soil that is shallow to bedrock. 
Eastern Oregon also has limited rainfall. 
With less natural moisture to create prob
lems associated with soil saturation, sys
tems can be installed in shallow soils, pro
vided that the rainfall is low enough , re-

strictive layers are deep enough, soil 
above restrictive layers is permeable 
enough, and slopes are not too steep. 

► Capping fill-Adequate treatment 
requires some minimum vertical separa
tion between the bottom of a drainfield 
and any restrictive layer, water table, or 
coarse-grained material. If any of these 
limiting features should be a little closer 
to the soil surface than allowed by cur
rent standards, it may be possible to 
achieve the necessary separation by add
ing fill to the surface. The drainfield is 
still installed in natural soil, but not as 
deep. The fill must have a texture very 
nearly the same as the natural soil's 
texture. 

► Repairs-Many older drainfields 
have been installed in soils that would 
not now be considered suitable. Several 
of these systems are failing, or may fail 
in the near future. Because of the danger 
of failing systems, it is much better to 
attempt to repair the system so that it 
works properly most of the time . Thus, 
some of the limiting features may be 
waived to allow repair of these older 
systems . 

Figure 9. Shallow soil over basalt in Union County. Many areas of eastern Oregon range
land are underlain by bedrock at shallow depths . 
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What does a soil evaluator do? 

The DEQ representative who evalu
ates your soil is trained to read and in
terpret the physical features of the soil. 
In many count~s, the evaluation is done 
by sanitarians employed by the local 
health department. In other counties, 
DEQ staff perform the evaluation. A few 
counties have hired professional soil sci
entists to assist with the work. 

The sanitarian or soil scientist who 
visits your property must check the char
acteristics of soil and site for evidence of 
any of the features that may prevent 
adequate subsurface sewage disposal. 
This requires a careful examination of 
the soil profile as exposed in test pits. 
The evaluator determines soil texture, 
examines soil structure, and looks for 
telltale mottles. He or she decides 
whether restrictive layers are present, 
and if so at what depth. The soil is 
studied for information provided by root 

distribution and layers of coarse-grained 
materials. Soil slopes are measured and 
the relationship between slope and depth 
to restrictive layers is evaluated. The 
soil scientist scans the surrounding land
scape, looking for signs of unstable land
forms, groundwater seepage, and exces
sive runoff. If any of the exceptions to 
limiting features are applicable, they are 
considered in the evaluation. All these 
bits of information provided by the soil 
and the landscape are synthesized to 
make a final judgment as to the suitabil
ity for installation of a septic tank drain
field. 

There's one more thing the evaluator 
must consider which you should know 
about. Any proposed disposal site should 
be large enough to accommodate instal- . 
lation of a complete replacement drain
field, in the event the first one fails. This 
poses an important additional site cri
terion. It's not enough to have a suitable 

Figure 10. Rotational slumps in roadcuts, and the unevenness of the landscape in the 
background, are symptoms of unstable soils. If a house were built on this site, water added 
to the soil from the drainfield could initiate a larger failure that could damage or destroy the 
house. 
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area just big enough for one drainfield. 
If that's the situation , you probably won't 
be able to get a construction permit. So 
once again, G.areful examination of the 
distribution and extent of soils on the 
landscape is an important part of site 
evaluation. The story told by the profiles 
of soils in test pits is critical to the proc
ess, but that information must be ex
tended to a larger area . 

After all is said and done, the evalu
ator must fill out a report of the suitabil
ity evaluation. There are only two possi
ble outcomes: approval or denial. If it is 
the fo1mer, see page 18. If the latter, go 
to page 21. 

Your role in site evaluation 

Before anything can happen you must 
visit the office of the local agency re
sponsible for site evaluations. Pick up 
all the forms necessary to apply for an 
evaluation report. Look them over so 
you know exactly what is wanted. There 
will never be a better time to get ques
tions answered, and improperly filled out 
forms only cause delays. When you re-

tum the forms, you will probably have 
to pay an evaluation fee. 

The next step is to have test pits dug 
at the site you wish evaluated. This is 
usually your responsibility although some 
counties will dig the pits for you, for a 
fee of course. Three pits in the area of 
your proposed drainfield are usually ade
quate . Each pit should be about 5 feet 
deep and 3 or 4 feet square. Small 
trenches dug with a backhoe are most 
common, though you may dig the in
spection pit by hand. Figure 11 shows a 
typical test pit. 

Initial site selection and exact location 
of test pits are also your responsibility. 
That's a bit of a paradox, because selec
tion of the most probable site can best 
be done by trained soil scientists. How
ever , if you follow the guidelines dis
cussed in this bulletin you should be 
able to pick appropriate spots for the 
test pits . 

When the pits are ready, notify the 
office where you applied for an evalua
tion. Normally an evaluation will be 
made within 20 days. Should the evalua-

Figure 11. Typical test pit for soil evaluation. This pit was dug with a backhoe, but a hand
dug pit of similar size is just as good. 
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tor feel that the test pits are not located 
in the most representative spots , he may 
suggest other places for you to prepare 
additional pits. These will be evaluated 
at no extra charge, provided they are 

ready for inspection within a reasonable 
time. This is very important, because it 
does provide you with an opportunity to 
seek advice on the best place to locate 
a drainfield. 

If Your Soil is Suitable-

With an approved evaluation report 
in hand, it's now appropriate to start 
thinking about getting a system put in 
the ground. Here are some procedural 
items you will need to follow, and some 
general facts about system sizes and 
costs that you may find useful. 

Procedures 
Before construction can begin there 

are still a few things you must do, and a 
few others that aren't required but that 
are a good idea. For the most part, 
though, you can turn over major respon
sibility to your contractor or builder. 

► Validity of evaluation report-In 
general an approved evaluation report 
remains valid until a construction permit 
is issued. Only if something happens to 
change the conditions under which ap
proval was granted would the report be 
come void. For example, site modifica
tion by cut and fill, or installation of a 
well too close to the disposal area, would 
disqualify the site and invalidate the 
report. 

► Application for a construction per
mit-A permit is absolutely essential be 
fore installation of a subsurface sewage 
disposal system can begin. This requires 
another set of forms. You can get them 
at the same place you got the application 
for an evaluation report. It also requires 
another fee. If you wish, you may ask 
your contractor to apply for the permit. 
Be sure, though , th at your contractor 
has a valid license to install septic tank
drainfield systems. The construction per
mit will be issued either to the land 
owner or contract purchaser, or to an 
authorized contractor. It is valid for 1 
year from the date of issue and is renew-
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able only upon reapplication and repay
ment of the permit fee. 

► Construction and monitoring-Most 
contractors are familiar with the required 
construction standards. They also have 
acquired valuable experience with tech
niques needed to adhere to standards. 
Still, it's a good idea to carry on some 
informal monitoring yourself. That way 
you can assure yourself that you're get 
ting your money's worth, that the sys
tem is given maximum opportunity to 
function properly, and that maintenance 
or repair costs will be kept to a mini
mum. Things to watch for are smeared 
sidewalls, addition of fill materials in the 
proper sequence, and care to avoid 
clogging of voids with fines (see the dis
cussion of the disposal trench on page 
19) . You can also observe to see that set
backs requirements are being met. 

► Certificate of satisfactory comple
tion-It is the responsibility of the per
mit holder ( you or your contractor) to 
notify DEQ when construction is com
pleted. The system will then be in
spected, and if it complies with stand
ards, the certifica te of satisfac tory com
plet ion is issued to the permit holder . 
The system cannot be put into operation 
until this certificate is issued. 

The standard subsurface sewage 
disposal system 

A standard system is made up of the 
following components: septic tank , distri
bution unit, and two or more disposal 
trenches which together constitu te the 
absorption field. 

► The septic tank-Th e function of 
the septic tank was described earlier 
( page 6). Tanks may be built of con-



crete, fiberglass, or steel. Th ey are de
signed to facilitate settling and pretreat
ment of sludge. A hole in the top pro
vides access for cleaning. 

Tank size depends on the anticipated 
maximum daily sewage flow. The major 
factor here is the number of occupants 
of a home, but additional facilities like 
garbage disposals ( which are not recom
mended for homes that depend on sep
tic tanks and drainage fields) may neces
sitate the use of a larger tank. For most 
two, three-, or four-bedroom homes, a 
1,200-gallon tank is probably large 
enough. 

The tank normally is installed below 
the ground surface on a level, firm base. 
Obviously soils with high shrink-swell 
potential should be avoided. Plumbing 
connections must be water tight to pre
vent leakage into or out of the tank. The 
location must be readily accessible for 
cleaning. Periodic sludge removal is an 
essential maintenance operation that pre
vents clogging of the absorption field 
and back-up of sewage into household 
plumbing fixtures. Pumping every 2 to 
3 years usually is adequate. If you wish 
to have a garbage grinder, though, you 
will have to clean out your septic tank 
three times as often. In any case, peri
odic cleaning is an investment well worth 
making, as it assures proper operation 
and longevity of the system. 

► The distribution unit- There are 
several ways of transmitting efHuent from 
the septic tank to the disposal tr,enches 
of the absorption field. Gravity fed sys
tems on level ground may employ either 
a distribution box or a header manifold 
to direct effiuent equally into all dis
posal trenches. Systems on sloping 
ground simply discharge effluent into 
the first disposal trench and provide for 
overflow from one trench into the next 
one downslope. Pressure distribution 
systems use a pump to equalize efHuent 
loading on each trench. 

Careful placement and construction 
are the keys to successful operation of 
distribution units. They must be seated 

on a firm base in the soil. Otherwise 
settling or other soil movement may con
tort the system, causing efHuent to 
back up or leak out, or to be distributed 
unevenly to disposal trenches. It is best 
to install the distribution unit in soil 
carefully dug out by hand. Too often 
holes dug with power equipment have 
loose soil in the bottom, which causes 
the distribution unit to tilt when the soil 
settles. 

► The disposal trench-The standard 
trench is 2 feet wide and 18 to 24 inches 
deep. Smearing and compaction of side 
walls should be avoided during excava
tion, but if it should happen, sidewalls 
should be roughened to expose natural 
soil. Then, 6 inches of coarse gravel are 
placed in the bottom of the trench. A 4-
inch perforated plastic pipe is laid on 
the gravel in the center of the trench. 
Depending on the type of absorption 
field, the pipe is laid either on the level 
or with a slight gradient. Then more 
coarse gravel is placed around and on 
top of the pipe, covering it to a depth of 
2 inches. That makes a total of 12 inches 
of gravel. The gravel is covered with 
straw, newspaper, or untreated building 
paper to prevent clogging of pores with 
soil material. Finally, the trench is back
filled with natural soil, mounded at the 
surface to allow for settling. 

Figure 12. The conventional septic tank
soil disposal system. 
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► The absorption field-There are 
three basic ways to arrange disposal 
trenches in an absorption field. An equal 
distribution system utilizes two or more 
parallel trenches. Effiuent flows by grav
ity from a distribution box or header 
manifold into disposal trenches with dis
tribution pipes, either level or on a very 
slight gradient. This system is used on 
level ground . 

The loop system, too, is designed for 
use on level ground. Trenches are par
allel, but they are connected at both 
ends. Effiuent is free to flow from one 
pipe into another. Trenches and pipes 
must be level. 

The serial system is designed for in
stallation on sloping ground. Trenches 
are dug along the contour and parallel 
with each other. Trenches and distribu
tion pipes must be level. Effiuent flows 
into the first trench high on the slope. 
When that trench fills, an overflow pipe 
allows effiuent to flow into the next 
trench downslope, then to the next one, 
and so on. 

Regardless of the type, the size of the 
absorption field depends on volume of 
sewage generated, soil texture, depth to 
restrictive layer, and highest level of 
seasonal groundwater. You can find exact 
specifications from tables in DEQ rule
books. In general, a field must have at 
least two disposal trenches, each 50 to 
125 feet long. Sidewalls of adjacent 
trenches should be at least 8 feet apart. 
A typical -example of an absorption field 
for a three-bedrnom home would have 
three 100-foot trenches on 10-foot 
centers. 

Dosing systems 

In the past, most standard systems 
have utilized gravity flow to carry effiu
ent continuously to the drainfield. One 
effect of gravity distribution is the tend
ency for effiuent to collect in either one 
end or the other of disposal trenches. 
Another effect is to keep the soil con
tinuously moist. Both effects encourage 
formation of organic mats (see page 7) 
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Figure 13. Standard disposal trench. The 
geologic hammer indicates the depth of 
gravel beneath the distribution pipe. Build
ing paper laid on top of the gravel prevents 
clogging of the voids with soil material when 
the trench is backfilled. 

that may bring about premature system 
failure . 

Dosing systems provide for intermit
tent flow to the drainfield. Between 
doses the soil is allowed to "rest." Al
ternate dosing and resting at prescribed 
intervals minimizes the time a soil is sat
urated and maximizes the time during 
which air is available to microbial de
composers in the soil. Optimum aeration 
increases both the rate and the extent of 
treatment, and it can greatly retard for
mation of the mats that seal trench walls. 
Thus dosing can prolong the life of the 
drainage system and keep down mainte
nance or repair costs. 

There are many ways to construct 
dosing systems. Two complete drain
fields in separate areas of your building 
site is one way. ~Although each drainfield 
may be gravity fed, alternate dosing to 



first one field then the other at weekly 
intervals, provides the resting period 
desired. Another way is to inter.finger 
disposal trenches in a single, enlarged 
area. It's somewhat like pushing two 
combs together so the teeth are inter
meshed. This system is a little more effi
cient in space utilization, and is prob
ably cheaper to install, too. A third vari
ation is to use a low-pressure distribu
tion system. This utilizes a pump to dis
tribute effiuent evenly to all of the side
wall area in a drain.field, and has much 
the same effect as intermittent dosing of 
separate drain.fields, except that ponding 
in one end of a trench is less likely to 
occur. 

If you have a coarse-textured soil, 
free of limitations, a dosing system may 
not be necessary. But if your soil is 
medium or fine textured, or has one or 
more limiting features that make the site 
marginally acceptable, then a dosing 
system could prove to be a real valuable 
investment. 

The replacement area 

As indicated on page 16, a proposed 
disposal site must be large enough to 
install a complete new drainfield, if nec
essary. This potential replacement area 
must be kept free of all development, 
surface traffic, or soil modification that 
would make it unsuitable for an absorp
tion field. So as you think about where 
buildings and driveways are likely to go, 
it would be well to mark off the replace-

ment area right from the beginning and 
use it only for lawn or garden. 

Costs 
Installation costs for a standard sys

tem at 1977 prices are approximately 
$1,400. That includes $100 for permit 
fees, $200 to $300 for a septic tank, and 
$900 to $1,000 for pipes, gravel, and 
other materials, excavation costs, and 
labor to install the system. It does not 
include costs of indoor plumbing. These 
costs, of course, will vary according to 
the size of septic tank and drainfield 
required. If you decide to go to a dosing 
system, the costs will be somewhat 
higher. 

The only routine maintenance costs 
are those for periodic pumping to re
move sludge from the septic tank. That's 
about $100, and it only needs to be done 
every 2 or 3 years. It's a pretty small 
price to pay to avoid a premature failure . 

Repairs are costly. Fixing a broken 
plumbing connection may not be too 
expensive, but if the drain.field fails, the 
very least cost would be that of a 
new absorption field. It's quite likely, 
though, that additional engineering will 
be required to overcome the conditions 
that led to failure in the first place. The 
result could be a $2,000 to $3,000 job. 
Obviously, it's far better to avoid re
pairs with a little conservatism in the 
initial stage, careful attention to con
struction techniques, and periodic pump
ing of the septic-tank. 

If Your Soil is Unsuitable-

A negative evalua tion report is cer
tainly a disappointing, if not traumatic 
experience. But it may be a blessing in 
disguise, too. Before you do anything 
else you should visit with the person who 
evaluated your soil to find out exactly 
why the soil was considered unsuitable. 
Then you may wish to consider one or 
more of the following alternatives. 

Heed the advice of the soil 
The information provided by inter

preting features read from the soil pro
file tells us that the probability of satis
factory performance of a standard sys
tem is very low. To ignore this message 
would invite frequent and costly repairs 
and create a potential health hazard. 
While it might be possible to find engi-
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neering solutions to overcome the limita
tions present, such solutions can be very 
costly, with no guarantee of success. Be
yond that, soil characteristics that pro
hibit use of a site for a drainfield often 
are merely symptomatic of even more 
severe limitations for general homesite 
development. For example, denial of a 
site because of unstable soil may have 
the positive effect of preventing disas
trous property damage and financial 
losses that could occur from a landslide 
that would have destroyed the entire 
house. Similarly, floodplain soils should 
be avoided not only because of threat of 
failure of the sewage disposal system , 
but also to guard agains t loss of life and 
property. High water tables are bad for 
drainfields, but they also cause chronic 
problems with water in the basement, 
frequently backed up sewers, or wet and 
muddy yards. Sites that are shallow to 
coarse-grained material or fractured bed
rock, especially where there are several 
older houses in the area, hold the dis
tinct possibility that shallow wells could 
be contaminated by leakage ( disposal 
without treatment) from nearby drain
fields. 

In short, soil and site characteristics 
that are problematic for drainfields may 
pose even more serious limitations , with 
much more drastic consequences, for 
homesite development. You need to find 
out exactly what these limitations are, 
and consider very carefully whether it's 
worth any further effort, and expense, to 
arrange for a workable sewage disposal 
system. 

Appeals 

It is your prerogative to request that 
the decision be reviewed by the appro
priate official of the Department of En
vironmental Quality. The site will be 
revisited and an independent evaluation 
made. Although it doesn't happen often, 
the original decision could be overturned, 
and you may proceed to apply for a 
construction permit. 
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Variances 

Standards established by law must be 
interpreted literally and applied strictly. 
Soil evaluators can not grant exceptions, 
other than for rural areas and geographic 
areas ( page 15), even though it might 
appear that one or more of the require
ments might be relaxed a little without 
endangering public health or water 
quality. Under the law, only DEQ Vari
ance Officers are permitted to make such 
decisions. 

Under what circumstances might a 
variance be considered? The only gen
eral criteria are that 1) any installation 
must function well enough to avoid pub
lic health hazards associated with degra
dation of water quality, and 2) strict 
adherence to standards would create un
reasonable or impractical burdens on a 
landowner. For example, suppose a 9-
acre site on a uniform 3 percent slope 
has a restrictive layer a couple of inches 
above the established minimum depth . 
A request to install a system for a two
bedroom home might be granted, if the 
system were located near the upslope 
margin of the property . Low sewage 
volume, plus low residential density, 
plus plenty of soil downslope from the 
system , could be sufficient to ease con
cerns about health and water quality. 
Any future request to enlarge the sys
tem, however, probably would be de
nied. The most common situations in 
which variances have been approved in
volve soils that are just a few inches too 
shallow to restrictive layers and/ or 
perched water tables. These situations 
often are remedied by using a capping 
fill . . 

The variance procedure requires an 
application accompanied by a nonre
fundable fee ($150 in 1977). The ap
plication must include a copy of the 
original site evaluation report and plans 
for the proposed disposal system. The 
variance officer will conduct a public 
hearing and render his decision shortly 
thereafter . If a variance is granted, con
struction may proceed under the condi-



tions specified to allow for limiting soil 
or site features. 

Allowable alternatives 
Under a limited number of circum

stances, septic tank effiuent may be 
treated and disposed of without using 
a standard drainfield . Present law allows 
three such altern atives: 
► Sewage stabilization ponds-Sew

age lagoons are very shallow ponds that 
treat effiuent by aerobic decomposition. 
Disposal is principally by evaporation. 
Thus, a lagoon can be used only in east
ern Oregon and parts of southwestern 
Oregon, where evaporation exceeds pre
cipitation. The bottom of the pond is 
intentionally impervious, to prevent pos
sible contamination of groundwater. 

Lagoons are only appropriate where 
there's plenty of wide open space. One 
lagoon may serve a cluster of homes, as 
long as the lagoon itself is reasonably 
isolated. A strong fence should be 
erected around the pond to protect pub
lic health. 

► Effluent irrigation-Large acreages 
are required for this method. It is not 
practical for handling low volumes from 
single-family homes, but may be feasi
ble if farm animal wastes are included. 

The system requires availability of 
land that is not accessible to the public. 
Effiuent must be treated and disinfected 
before it may be applied to the land. 
Either flood irrigation or a sprinkler sys
tem may be used . The area must be large 
enough and the soil permeable enough 
to prevent effiuent runoff. Consersely, 
permeability must not be so rapid as to 
threaten groundwater contamination. 
Any crop may be grown on the land ex
cept crops intended for human con
sumption or dairy cattle pasture . The 
overall system must have a reserve hold
ing capacity sufficient to store effiuent 
during periods when it cannot be applied 
to the land. 

► Holding tanks-These provide only 
a very temporary solution. A holding 
tank is simply a tank that receives and 
stores all effiuent from a building. The 

capacity can only be made to store 2 or 
3 weeks' effiuent . Then it has to be 
pumped out and the contents trans
ported to a treatment facility. 

Holding tanks may be appropriate 
either where very low volumes of waste 
are generated , or where usage is very 
occasional. Warehouses, fairs, and ro
deos are examp les. Temporary use of 
holding tanks for residences may be per
mitted in an unsuitable soil only if com
munity sewer hookups will be avail
able within 5 years . Obviously the fre
quent pumping required is expensive, 
and this option really should not be con
sidered for routine disposal of household 
wastes. 

Experimental systems 
Many otherwise good locations for 

homesites canno t be developed because 
the soils are unsuitable for standard sub
surface sewage disposal systems. If new 
ways could be found to safely treat and 
dispose of household wastes on these 
soils, much of the development pressure 
on areas of suitable soil, which often are 
areas of good agricultural land, would be 
removed. That's precisely why studies of 
experimental systems have been under
taken. Research at Oregon State Univer
sity has focused on distances of effluent 
flow through various soils and times re
quired for adequate treatment. 

The DEQ is not a basic research 
agency, but it does have an experimental 
program that allows evalua tion of pro
posed new systems under condition _s of 
normal household use . The program, de
scribed briefly in the following section, 
depends on voluntary cooperation of 
individual landowners. 

► What is required of you?-Consider 
these facts before deciding whether or 
not to apply for participation in the ex
perimental program . First, it's expen
sive. You must bear the cost for fostalling 
an experimental system, and costs can be 
as high as $10,000. Second, there's no 
guarantee of success, and DEQ assumes 
no liability. Experiments can have only 
two outcomes, success or failure. If the 
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system does not work, it is your responsi
bility to try something else, or abandon 
the homesite. Obviously you will be as
sisted in every way possible, but you still 
foot the bill. Third, you must agree to 
provide a property easement so that 
DEQ personnel can have access to moni
toring equipment installed with the 
system. Monitoring is needed for at least 
2 years. Fourth, studies of experim ental 
systems can not be done for every home
owner who volunteers to cooperate . Re
search priority must be given to site con
ditions and types of systems representa
tive of similar conditions commonly found 
elsewhere in Oregon, so that successful 
results will have broad application to 
the solution of environmental problems. 
► What kinds of experimental systems 

are there?- At this writing, experiments 
fall into two broad categories: modifica
tions of standard systems, and innova
tive, often complex designs . In time, 
the list of experiments is likely to change, 
depending on outcomes and funding 
levels . 

Modifications of standard systems in
clude experiments with dosing systems, 
use of tile drains to lower water tables, 
oversized drainfields , and adaptations 
to steep slopes. 

Dosing is known to work, but informa
tion on the frequency and magnitude of 
loading is scanty. We know the system is 
better, but not how much better, or how 
long system life can be extended. 

Tile drains have long been used to 
lower seasonal water tables in agricul
tural fields. Mi~ht they also be used to 
lower water tables around a drainfield? 
Perhaps, but we need to know if it can 
be done without contaminating the water 
leaving drain tiles. 

Drainfields that have two or three 
times the normal amount of disposal 
trench are being tried in some slowly
permeable soils. The idea is that, if there 
are no limitations other than permeabil
ity, perhaps distribution of efHuent 
throughout a larger volume of soil might 
provide adequate treatment and disposal. 

Some deep, well-drained, permeable 
soils occupy stable but steep slopes. As 
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long as the soil is capable of treating 
efHuent, can we design a system of dis
posal trenches that will inject efHuent 
into the soil without downslope surfac
ing? There's reason to think it can be 
done, and some experiments are planned. 

Among the more innovative designs 
are evapotranspiration systems, sand fil
ters, mounds, and composting toilets. 
Costs for any of these are likely to be 
considerably higher than for modified 
standard systems. 

An evapotranspiration system is some
what like a sewage lagoon, except there's 
no free water body. The bottom and 
sides of the excavation are lined with 
impervious plastic. The interior is filled 
with gravel which is capped with a 
loamy soil. EfHuent is injected into the 
gravel, and treatment occurs by aerobic 
decomposition. The intent of the design 
is to accomplish disposal by evaporation 
and by uptake and transpiration of water 
through plants grown on the surface of 
the soil cap. Losses by evaporation and 
transpiration must exceed additions of 
precipitation and effiuent, so areas of 
low precipitation in eastern and southern 
Oregon are the only ones where these 
systems might be feasible. A slight modi
fication of this design removes the im
pervious liner and permits some disposal 
by absorption as well . 

Sand filters provide pretreatment of 
efHuent before discharge into a standard 
drainfield. A large concrete box is built 
on top of the ground and filled with at 
least 2 feet of sand. EfHuent is fed into 
the top of the sand and withdrawn at 
the bottom . The idea is to partially treat 
the efHuent so that not so much is re
quired of the standard drainfield. In the 
event the drainfield is temporarily inop
erative due to floods or groundwater, the 
hazard to health and water quality is 
cosiderably reduced . 

Mounds are simply piles of sand 
placed on top of natural soil that is un
suitable because it is very shallow. The 
entire drainfield is installed in the 
mounded sand. EfHuent is treated as it 
percolates throttgh the sand. Eventually 



it enters the natural soil for ultimate 
disposal. 

A composting toilet is similar to a 
vault privy but is designed for installa
tion in a home or vacation cabin. Human 
wastes and solid garbage are reduced 
to compost by microbial decomposition . 

A separate system must be provided to 
treat and dispose of waste water from 
the kitchen, laundry, and bathrooms. 
Either a small septic tank or a gravel 
filter accepts this "gray water, " which is 
then discharged into an undersized 
drainfield. 

For Further Information 

This publication has stressed the prin
ciples of soil behavior for subsurface 
sewage disposal . These principles are 
used to evaluate specific sites, but the 
specific soil conditions likely to be found 
at any given site are not discussed. That 
information is available in soil survey 
reports. Similarly, soil suitability stand
ards and design specifications were not 
included. They are available from the 
DEQ. 

Soils 
Several counties have available mod

em, detailed soil surveys. These maps 
show both the kinds of soils and their 
distribution on the landscape. The text 
that accompanies the maps contains in
formation about each soil, including rat
ings for subsurface sewage disposal and 
homesite development. Soil maps are 
not 100 percent accurate for parcels as 
small as a septic tank drainfield. The 
soil map can provide general informa
tion about the area, however, and an 
indication of problems that might occur . 
Areas for which soil maps are available 
are listed in Table 2. 

Where can you get help reading a 
soil map and finding out more about the 
soils? One place is the local office of the 
Soil Conservation Service. They have the 
maps (if your area has been surveyed) 
and can help locate your property on the 
maps. They can find the appropriate in
terpretative information. Even if ther e is 
no up-to-date soil survey of your area, 
SCS people may be able to provid e some 
information on the soils in that region. 

A few counties have hired profes
sional soil scientists to assist with the 
subsurface sewage disposal program . Ex-

plain your situation to them and seek 
their advice . In some cases, these same 
people perform the actual site evalua
tion. 

Oregon State University can help, too. 
OSU Extension agents in each county 
have soil survey information and may be 
able to advise you on soil conditions of 
your property. They, in turn, can call on 
the Department of Soil Science staff at 
Oregon State University for consulta
tion. The Department staff does not 
make individual site visits but can assist 
when special problems arise . 

Standards 
The standards for subsurface and al

ternative sewage disposal are published 
as a chapter of Oregon Administrative 
Rules. The rules also give further de
tails on design specifications and on the 
various options available to a landowner 
who applies for a permit. 

DEQ staff administer the program 
from several regional locations as well 
as the central office in Portland. How
ever, each county has an office through 
which the DEQ may be reached. In 
some areas the County Health Depart
ment handles the subsurface sewage dis
posal program for DEQ. They would 
have all the necessary application forms, 
perform the evaluation, and could an
swer your questions about the program . 
In other counties , DEQ regional staff do 
the evaluations. In these counties the 
local contact office, usually the county 
planning office, has application forms 
and can provide limited information. 
They can also direct you to the appropri
ate regional officer for further informa
tion . 
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Table 2. Soil Survey Information Available in Oregon 

1. Areas for which only old soil surveys ( 1920-1958) are available 
Astoria area Grand Ronde Valley ( Union Co.) 
Baker area Jackson County 
Columbia County Linn County 
The Dalles area Polk County 
Eugene area Umatilla County 

2. Areas for which modern soil surveys ( since 1958) are available 
Alsea area 
Benton County area 
Curry area 
Deschutes area 
Marion County area 
Prineville area 

Sherman County 
South Umpqua area 
Tillamook area 
Trout Creek-Shaniko area 
Yamhill area 

3. Areas for which modern soil surveys are completed but not yet published 
Gilliam County 
Grant County Central Part 
Hood River Area 
Klamath County, Southern Part 
Malheur County, Northeast Part 
Morrow County 
Multnomah County 
Polk County 
Wasco County, Northern Part 
Washington County 

4. Areas for which modern soil surveys are in progress 
Clackamas County Lake County, Southern Part 
Columbia County Lane County 
Coos County Linn County 
Douglas County Area Umatilla County 
Harney County Area Union County 
Josephine County 

5. General Soil Maps of Drainage Basins in Oregon. 1 

1-1, 17, 18 North, Mid, and South Coast 
1-2, 3 Willamette River Basin, Sandy River Basin 
1-4 Hood River Basin 
1-5 Deschutes River Basin 
1-6 John Day River Basin 
1-7 Umatilla River Basin 
1-8 Grande Ronde River Basin 
1-9 Powder River Basin 
1-10 Malheur River Basin 
1-11 Owyhee River Basin 
1-12 Malheur Lake Drainage Basin 
1-13 Goose & Summer Lake Drainage Basin 
1-14 Klamath Drainage Basin 
1-15 Rogue River Basin 
1-16 Umpqua River Basin 

1 State Water Resources Board. 1969. Oregon's Long-Range Requirements for Water. Appendices I-1 
through I-18. Available from the Department of Soil Science, Oregon State "Oniversity. 
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