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rhe disposal of sewage effluent, applied either to the
surface ©OX through a subsuxface grid, 1is via drainage
through the soil or via evapotranspiration (eT) from the
surface. Since precipitation £falling on the disposal field

adds to the effluent volume, precipitation must be considered.

Because both ET and precipitation mainly depend on climate,
a simple way to formulate the disposal requirement is to

determine the net difference between ET and precipitation:
the effluent applied in excess of this net difference must

pe disposed of by drainage as indicated by

p = (v/a) - (ET - P)

where D, ET, and P are respectively the equivalent surface
depths {(e.d.. cm) of drainage, evapotranspiration. and pre-
cipitation; v is the volume of effluent applied, A is the
area of the disposal field, and (V/a) is the equivalent
gurface depth of effluent applied.

The drainage and ET from wet soil are not easily
measured except with leak=-free lysimeters, and would be
very difficult toO measure in a disposal field. However,
estimates of the maximum ET can Dbe made and this will indi=-
cate the importance of BT for effluent disposal relative toO
drainage through the soil. The disposal £ield needs to be
designed to meet the drainage requirement reliably. seil
absorption of 1iquid waste can provide adequate on-site
disposal and treatment of liquid waste: monitoring studies
of the Small-Scale waste Management project at Wwisconsin
have shown that a wide range of soils are very effective
for disposing and purifying domestic,liquid waste, if the
disposal system is properly designed and constructed.
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The disposal of Sewage effluent, applied either to the
surface or through a Subsurface grid, is via drainage
through the soil or via evapotranspiration (ET) from the
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adds to the effluent volume, Precipitation must be considered,
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Evanotransniration Estimates

Evapotranspiration depends on the supply of water at
the evaporation Ssurface (if there is no water there will be
Nc ET) and on the weather; it depends on the weather because
heat ig required to change liquig water to vapor and the
weather governg the amount of heat Supplied. Since the
soil and vegetation on the disposal field is always wet,

ET depends Primarily on the weather., fhe main Source of
heat is the solar radiation, However, if the disposal field
is surrounded by dry land, heated air denerated over the
dry area travels with the wing to the wetter, and Cooler,
disposal field. This "advected" hot air can provide heat
and increase ET,

Evapotranspiration also is influenced by the vegeta-
tion on the disposal field. ©Trees and bushes with a large
silhouette catch more advected heat, similar €0 a clothes-
line, o0On the Other hand, when vegetatiop is dormant, BT ig
much reduced, Snow cover influences the absorption of solar

by biological activity in the field,

We will firsgs estimate the Maximum ET under nonadvec-
tive conditions, we then will consider how thisg would be
modified by snow and low temperatures, by advection, by
the vegetation cover (tall form trees or bushes and dor-
mant vVegetation), by the heat in the effluent, and by
biologically generated heat.

Maximum pp nonadvective conditions: Priestley ang
Taylo;Iz descrihe a simple method of estimating gr from

well-watered.surfaces that works well when there is no
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advected heat. mhis method, which is detailed in the
appendix, 1is suited to the creat Lakes region, and has been
confirmed by us and others.

_ In Table 1, we give the calculated maximum ET £from a
grass surface at Madison,, based on mean climate data for 20
years. We have assumed that the grass is never dormant in
winter and is never short of water; this will give over=
estimates of ET in the winter months. The estimates of ET
for the warm months are slightly larger than lysimeter mea=
surements made at Hancock, Wisconsin. ALlsO because this
estimate takes no account of heat flow into the soil in the
spring and out of the soil in the fall, spring values are
somewhat too large and fall values are too low; howevery,

t+his does not affect the main results.

Table l. Maximum ET? precipitation, p; and ET =P
for Madison, Wisconsin.

ET p  ET-P ET P ET - P
Month cm. cr cm Month cm cm cm
May 11.9 8.7 3.2 Nov. 0.9 4.7 -3.8
June 14.9 11.0 3.9 DecC. 0.5 3.7 -3,2
July 16.3 9.7 6.6 Jan. 1.3 3.2 ~1.9
Aug. 13.4 7.7 5.7 Feb. 2.4 2.4 0.0
sept. 7.8 8.4 ~0.6 March 4.5 4.9 0.4
Oct. 3.7 5.5 =l.8 April 7.4 6.8 0.6
potal 68.0 51.0 17.0 rotal 17.0 25.7 =8.7

By way of comparison, an effluent volume of 1 cubic meter/
day {264 gal/day) disposed on 200 square meters (2,150 sd.
ft.) is equivalenﬁ to 5 mm/day or about 15 cm/month. This
ig much in excess of the (ET=P) for any month, indicating
that effluent disposal must rely heavily on drainage.
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advected heat, This method, which is detailed ip the
appendix, is suited to the Great Lakes region, and has been
confirmed by us and others,

In Table 1, we give the calculated maximum ET from a
grass surface at Madisonﬁ based on mean climate data for 20
Years, We have assumed that the grass is never dormant in
winter and js never short of water; this will give over=-
estimates of g in the winter months, The estimates of pp
for the warm months are slightly larger thanp lysimeter mea-
Surements made at Hancock, Wisconsin, Also because thig

Table 1, Maximum gT; Precipitation, P: and ET -p
for Madison, Wisconsin,

ET P ET-p ET P ET=p
Month cm cm om Month cm cm cm
May 11.9 8.7 3.2 Nov, 0.9 4.7 -3.8
June 14.9 llco 3.9 DEC' 0.5 3.7 -3.2
July 16.3 9.7 6.6 Jan, 1.3 3.2 -1.9
Aug, 13.4 7.7 5.7 Feb, 2.4 2.4 0,0
Sept. 7.8 8.4 «0.5 March 4.5 4,9 -0.4
Oct, 3.7 5.5 1.8 April 7.4 6.8 0.6
Total 68.0 51.0 17,0 Total 17.0 25,7 .g.5







These data, shown in Fig., 1, are for well-watered grass and
alfalfa., The gp at Coshocton is similar to that calculated
for Madison, but is SOmewhat greater, as woulg be expected
for the lower latitude., gy is extreme for Brawley in the
Imperial Valley, where solar radiation is great apd advec=-
ticn occurs, Since there jig little Precipitation, ET could

200 mz) for about six months of the year, At Davis, a
Mediterranean climate, ET is substantially less than at
Brawley, but the ET could dispose of the effluent for 4
months of the year (there jig little Precipitation at Davis
during these months) ,

Even with the exXtreme ET, such as at Brawley, drainage
is essential o dispose of effluent for sSeveral months of

cate a 17-cm pp from November through aAprii, Lysimeter

measurements at Hancock, Wisconsin indicate the ET during

this period is 5 cm of less. '
Advection: Advection can double the ET from a small

seldom eéXceeding 259,
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Effect of vegetation: Grass, flowers, and deciduous
shrubs that become dormant during winter do not transpire,
In absence of Snow, this dormant veégetation shields the syr-

tion, Taller vegetation also catches snow, thug Providing
further gm shielding.

in winter=2/, There are few data on the ET of isolated trees,
eXcept for small seedlings, and only crude estimates can be
made. Scme data on the transpiration of trees ig given in
Table 2,

Table 2, Transpiration from evergreens,

Height T
Source Species {m) Season  m3/day
Minckleril white pine 9.8 Summer 0.0057
Minckleréé/ White pine 13,7 Summer 0.0057
Mincklerii/ White pine 17.7 Summer 0.025
Parkerig/ White pine 14.0 Sﬁmmer 0.18
Fritschen &
Doraiswamy ~ Douglas fir 28.0 Spring 0.05
Waggone 7 Jack pine 2.0 Summer 0.002

Parker's and Minckler's values are estimates based on
water loss of detached shoots, and may be questioned. The
last two are lysimeter Neasurements and are more reliable,
Provided the stomata do not change, the transpiration would
vary Proportiocnately with the Saturation deficité-. Satur=
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and the Jack pine would transpire 0.2 liter day'lmb-l. At
Madison and coshocton the summer transpiration would be
about the same as in Table 2, but at Brawley, with a large
saturation deficit, it would be 4-fold.

1£f the 2-meter high trees were planted on 2 meter
centers over a disposal field at Madison they would increase
the ET during the summer only 20%. puring cold winters,
transpiration would meet only a small part of the reguire=
ment because the saturation deficit is small and the stomata
are nearly closed at freezing temperaturesé/. Using larger
trees would not offer any advantage pecause fewer could be
planted on the disposal field. Additionally, planting
trees on the disposal field is a questionable practice
because roots will enter the gravelbed and grow into and
around the distribution system, thereby impairing it. A
row of trees could be planted around the system when a
éeepage bed is constructed or IOWS of trees could be planted
in soil separating seepade +renches, However, +he above
‘calculations clearly indicate that the additional transpir-
ation from evergreens does not justify risking damage to '
+he distribution system.

gffluent heat: We will make a calculation of the
maximum ET that would result from one cubic meter (264 gal)
of effluent added to the disposal field at 25°c (77°F),
assuming that the effluent is chilled to 0°¢ (32°F) and

that all the heat given up goes into evaporation. This

would give an extreme evaporation since all the heat will
not go into evaporation, and disposal fields must operate
above freezingd. The heat given up would be about 108 joules
(100,000 BTU or 25,000 kcal). since 2.5 million joules are
required to evaporate a liter, about 42 liters (0.042 m3 =
11 gal) would be evaporated. Thus, the heat in the effluent
would evaporate less than 5% of the total effluent.
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and the Jack pine would transpire 0.2 liter day impl, At
Madison and Coshocton the summer transpiration would be
about the same as in Table 2, but at Brawley, with a large
Saturation deficit, it would be 4-fold,

If the 2-meter high trees were Planted on 2 meter
centers over a disposal field at Madison they would increase
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Efflvent heat: we will make a calculation of the
maximum ET that would result from one cubic meter (264 gal)
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(100,000 BTU or 25,000 kcal). Since 2.5 million joules are
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would evaporate legs than 5% of the total effluent.
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Biclogical heat oroduction: Oxidation of effluent

generates energy in the form of heat which could contribute
to increased evaporation, Bernhardtg distinguishes between
"aerobic" Systems (page 30, Figure 2-14) and “anaercbic"
Systems (Figure 2-12), but his distinctions are not clear
since in both Systems "the lower pParts of the trenches are
frequently inundated." Thig unclear distinction is related
to the statement that "microbial €nergy increases the evapor-
ation rate" (page 143), Since energy released frop anaerobic
decomposition ig an order of magnitude lower than fronm
aerobic (R, F,. Harris, U.w, soil bacteriologist, Personal
communication), we can calculate the heat generated for
aerobic systems as a maximum,

mg/liter. Daily production for a family of four jis approxi-
mately 1,000 liters (1 m3 = 264 gal). Total Production is
then "250 grams COD" which is equivalent to 180 Srams of vola=-
tile solidség/. Since there is a Jeneration of 5.4 keal of
heat energy per gram of (organic) solids13 + & heat energy
yield of 983 keal is obtained, Evaporation of one liter

of water requires 600 keal, so we can evaporate approximately
1.64 liters of water per day. (b) Following standard technji-
ques, we use in some of our column exXperiments, a solution

©f 100 mg/liter dextrose and 100 mg/liter glutamic acid to
simulate the cop ©f septic tank effluent. Energy yields

of complete aercbic oxidation can be calculated from heats

of combustion in the Chemistry Handbook:

1 mole dextrose yields 673 kcal or 673/180 = 3.9 kcal/qg
1 mole glutamic acid yields 514 kcal or 514/132 = 3.9 kcal/g
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A daily production of 1,000 liters of the simulated
"effluent" contains 100 g dextrose and 100 g glutamic
acid, which represent a total potential heat release of
780 kcal. This would evaporate 1.3 liter of water, com-
Parable with the first calculation above.

Our estimates of heat production from aerobic decomposi-
tion indicate less than 0.2% of the effluent would be evapor-
ated from this source of heat. Anaerobic decomposition would
produce even less ET, 1If our estimates are within a factor
of ten, biological decomposition is irrelevant to effluent
ET.

Summary

Evapotranspiraticn brocesses can theoretically remove
significant volumes of effluent from subsurface disposal
systems in late spring, summer and early fall, pParticularly
if high~silhouette, good transpiring bushes and trees are
Present. However, the effectiveness of gp for on-site efflu-
ent disposal is determined by the difference between ET and
Precipitation =- the net zr loss. 1In humigd regions the net
ET loss is inadequate for disposal of effluent from a typical
household without using inconveniently large disposal areas,

The decrease of ET in winter at middle~ and high-latitudes

greatly limits ET for winter disposal; under freezing condi-
tions ET would be totally inadequate.

Soil disposal systems which should work all year long
under Wisconsin conditions, cannot he designed exclusively
on the basis of evapotranspiration removing the ligquid waste,
nor can this be the design basis for other regions in the
United States, particularly those high-latitude, cool~winter
locations. soil absorption of liquid waste remains the only
viable means for providing adequate on-site disposal and
treatment. This conclusion is quiﬁe acceptable because monji-
toring studies of the Small Scale Waste Management Project
have shown that a wide range of soils are very effective asg
purifiers of domestic liquid waste, if the disposal system is
Properly designed and constructed.,
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Biological heat oroduction: Oxidation of effluent

generates energy in the form of heat which could contribute
to increased evaporation. Bernhardtg/ distinguishes between
"aerobic" systems (page 30, Figure 2-~14) and "anaerobic”
systems (Figure 2=12), but his distinctions are not clear
since in both systems "the lower parts of the trenches are
frequently inundated.” This unclear distinction 1is related
to the statement that "microbial energy increases the evapor=
ation rate" (page 143). gince energy released from anaexrobic
decomposition is an order of magnitude lower than from
aerobic (R. F. Harris, U.W. soil bacteriologist, personal
communication}, we can calculate the heat generated for
aerobic systems as 2 maximum.

Two approaches can be raken to soclve this gquestion.
{a) Septic tank effiuent has COD of approximately 250
mg/liter. Daily preduction for a family of four is approxi=-
mately 1,000 liters (1 m3 « 264 gal). Total production is
+hen "250 grams COD" which is equivalent to 180 grams of vola-
"tile solidség/. since there is a generation of 5.46 kcal of
heat energy per gram of (organic) solidsié/, a heat energy
yield of 983 kcal is obtained. Evaporation of one liter
of water requires 600 kcal, so we can evaporate approximately
1.64 liters of water per day. (b) Following standard techni-
ques, we use in some of our column experiments, a solution
of 100 mg/liter dextrose and 100 mg/litex glutamic acid to
simulate the COD of septic tank effluent. Energy yields
of complete aerobic oxidation can be calculated from heats
of combustion in the Chemistry Handbook:

1 mole dextrose yields 673 kcal ox 673/180 = 3.9 kcal/g

1 mole glutamic acid yields 5l keal or 514/132 = 3.9 kcal/g
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APPENDIX

We will outline here, a simple procedure for estimating
the maximum ET from disposal fields for the nonadvective
conditions such as found in the United States east of the
Mississippi. Lysimeter data and more complicated procedures
outlined in Jenseng/ can be used for advective arid and semi-
arid conditions.

Drainage is difficult to measure or estimate butcan be inferred
by measuring the change of soil water in a disposal field with
a neutron meter following cessation of effluent input. The
disposal field must be covered completely with Plastic sheets
topped with a heavy straw mulch to Prevent ET. The drainage
often is a function of the water contenté*ég/.

Evapotranspiration formula: We, and many others, have
found the method of Priestley and Taylorl4 works very well
for estimating maximum ET over water surfaces, wet soil, and
vegetation that transpires well (many open Stomata), provided
temperatures are above freezing and that there is no advec-
tion. The estimate is:

ET ax ™ 1.28(s/(s+y)] R,

where s is the slope of the saturation vapor bressure curve
corresponding to ambient air temperature; v is the Psychro-
meter constant (same units as s); and Rn is the net radia-
tion in evaporation units of mm/day. Values of [s/{s+¥)]
are given in Table Al for different temperatures.

Net radiation: The R, can be found from the daily

solar radiatien and temperature as:

Ry = {1~ T)Rs= Rrn
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Table Al. Values at different temperatures of [s/(s+y)]
for sea level and 1,650 meters (5,000 it)
elevation, oT4, and vapor pressure.

vapor

TempP. s/ (s+y) cT4 Pressure
9c Sea Level 1,650 m mm/day mb
«30 0.058 0.068 6.10 0.38
-20 0.133 0.153 7.16 1.03
-10 0.261 0.2%4 8.36 2.58
0 0.406 0,446 11.02 6.11
5 0.482 0,523 11.90 8,72
10 0.555 0.595 12.83 12.27
15 0.623 0.660 l3.82 17.04
20 0.684 0.717 14.87 23.37
25 0.737 0.766 15.98 31.67
30 0.782 0.807 17.15 42,43
35 0.819 0.841 18.40 56.24
40 0.851 0.868% 19.71 73.78

I Interpolate from log mb vs. temperature.

where Ry is the solar radiatiocn, ¥ ijs the albedo (reflec=-
tance) of solar radiation by the surface and Rmp, is the net
long—~wave, +hermal radiation loss.
Rs is available from weaiger Eicords: however, it
usually is in units of cal cm “day or Langley/day
(1 1y =1 cal/cmz). mo convert to evaporation units of
mm/day we use the conversion of 1 mm = 67.5 c:al/cm2 when
temperature is below freezing and 1 mm = (59.5 = 0.05 TC)
cal/cm2 above freezing; for example at 10°%¢ 1 mm = 59 cal/bmz.
We will use an albedo r = 0.2. Although the albedo of
many vegetation surfaces is higher than 0.2, using this
value will overestimate ET. The albedo of snow is 0.6 or
more. _ .
The net thermal radiation loss, Ry, is calculated in
two steps. - We first calculate RTn(clear) for clear skies
according to the formula of Idso and Jackson8 .




Table Al. valyes at different temperatures of [s/(s+yi]
for sea level and 1,650 meters (5,000 £t}

Temp, S/ (s+y) cT4 Pressure
e Sea Level 1,650 m mm/day mb

1\
=30 0.058 0.068 6.10 0.38
=20 0.133 0.153 7.16 1.03
=10 0.261 0.294 8.36 2.58
0 0.406 0.446 11.02 6.11
5 0.482 0,523 11.90 8.72
10 0.555 0.595 12,83 12,27
15 0.623 0.660 13.82 17.04
20 0.684 0.717 14,87 23.37
25 0.737 0.766 15.98 31.67
30 0.782 0.807 17.15 42.43
35 0.819 0.841 18.40 56,24
40 0.851 0.869 19.71 73.78

Interpolate from log mp VS. temperature,

long~wave, thermal radiation loss,

R; is available from weafger ffcords: hpwever, it
Usually is in units of cal en day or Langley/ﬁay
(1 Ly = 1 cal/bmz). To convert to évaporation units of
mﬁ/ﬁay W€ use the conversion of lmm = 67.5 cal/em? when

cal/bmz above freezing; for example at 10% 3 ﬁm = 59 cal/bmz.

We will use ap albedo r = 0.2, Although the albedo of
Rany vegetation surfaces jig higher than 0.2, using thijs
value will Overestimate g7, The albedo of spow is 0.6 or
more, _

The net thermal radiation loss, RTn is calculated ip
two steps, we firse calculate RTn(clear) fog clear skieg
according to the formula of Idso and Jackson
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Rpn(clear) = (01%)00.261 exp(=7.77 « 107%p 2

This formula requires mean air temperature in degrees Celsius,
Tc’ and the black body radiation, cT4, corresponding to +the
absolute temperature, 7, cT4 is given in Table Al,

Clouds attenuate the loss of thermal radiation and se
a correction of RTn(clearb as found above, is needed to

account for cloudiness and give R The simplest Correcticn

™"
is

Ran' [RTn(C1ear)]CRG/RG(clear)]

This correction is fairly good and any error results in
slight underestimates of RTn and overestimates of BT,

Example calculation: we will go through calculations
of BT for July as an illustration, Base data for Madison are
given in Table a2, The solar radiation data are from Baker
and Klinkl » and also are available from the U. S. Department
of Commerce, Naticnal Climate Center, Pederal Building,
Ashville, Nc, 28801,

Table A2. cClimate data for Madison, Wisconsin,

Sclar radiation,
cal cm“‘zdav‘l

Clear Temp.
Month Mean day O¢

J 171 297 -8.1
F 246 418 -6.9
M 339 588 ~1.6
A 408 723 6.7
M 505 820 13.4
J 562 861 18.9
J 561 841 21.7
A 498 728 20.8
s 379 582 6.1
0 256 442 9.9
N 151 300 1.1
D 122 242 -5.5
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The major calculation is to find R_. To do this, we

first find RTn(clear). we have for July

Ry, (clear) = (15.2 mm/day)(0.26l)exp[-(0.000777)(21.7)2]
= (3,97 mm/day) exp (=0.366) = 2.75 mm/day

Then usipg RG/RG(clear), we find Rn,

Ry, = (2.75 mm/day) (561/841) = 1.83 mm/day

In order to get Rn = (1-r)RG— RTn’ we first convert RG
from (cal/tmz)/day to mm/day. In July, 1 mm = 59,5 =

(0.05) (21.7°C) = 58.4 cal/cm®, and

Rg = 561 (cal/cm’) /day = (561/58.4)mm/day = 9.61 mm/day

Then Rn ig found as

R, = (1 -0,2) (9.61 mm/day) ~ 1.83 mm/day = 5.86 mm/day

Having found R,r We then find the ET.

ET = (1.28) (0.700) (5.86 mm/day) = 5.25 mm/day

Multiplying by days in the month gives the data for Madison
- in Table Al; ET for other months was found similarly, except
that [s/(s+y)] = 0.406 was used to ensure highest estimates

of winter ET.




The major calculation is to find Rq. To do this, we
first fing RTn(clear). We have for July

(clear) = (15.2 mm/aay)(o.zsl)expc—(o.ooo777)(21.7)23
Rrn
= (3,97 mm/aay)exp(—0.366) = 2.75 mm/day

Then using RG/hG(clear), we find Ron

Rpy = (2.75 mm/day) (561/841) = 1.83 mm/day

In order to get Rn = (1-r)RG- RTn’ we first convert RG
from (cal/tmz)/&ay to mm/day. 1In July, 1 mm = 59,5
(0.05) (21.7%) = s8.4 cal/em?, ang

R, = SGl(cal/bmz}/Hay = (561/58.4)mm/ﬁay = 3.61 mm/day

Then Rﬁ is found as

R, = (1-0.2) (9.61 mm/day) - 1.83 mm/day = 35.86 mm/day
Having found R,» we then find the ET.

ET = (1.28) (0.700) (5.86 mm/day) = 5,25 mm/day

Multiplying by days in the month gives the data for Madison
in Table Al; gy for other months was found similarly, except
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We note that the ET in the winter months is overesti-
mated by assuming the grass is green and viable with low
reflectance and transpires as if the temperature were
close to 0°C but not freezing (we use [s/(s+¥)] = 0.406).
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