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(57) Abrégée/Abstract:

A compact, ground surface mounted wastewater treatment unit module. The module is surface mounted on a selected substrate
such as a scarified native soll. A watertight receiving basin Is located on the substrate. The basin Is at least partially filled with a
lower layer of packing media, suitable for support of biological growth, and then with at least a first and a final layer of a porous
granular media. A standpipe introduces wastewater to be treated, and such wastewater Is distributed to the packing at the lower
reaches of the basin. The wastewater flows up through the packing, and into the first layer of a porous granular media, and thence
upwardly and outwardly via capillary action and molecular attraction, and ultimately though the final porous granular media. Treated
wastewater Is elther collected or absorbed in an absorption foot interface between the final medium and the native earth below.
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ABSTRACT

A compact, ground surface mounted wastewater treatment unit module.
The module is surface mounted on a selected substrate such as a scarified
native soil. A watertight receiving basin is located on the substrate. The basin is
at least partially filled with a lower layer of packing media, suitable for support of
biological growth, and then with at least a first and a final layer of a porous
granular media. A standpipe introduces wastewater to be treated, and such
wastewater is distributed to the packing at the lower reaches of the basin. The
wastewater flows up through the packing, and into the first layer of a porous
granular media, and thence upwardly and outwardly via capillary action and
molecular attraction, and ultimately though the final porous granular media.

Treated wastewater is either collected or absorbed in an absorption foot interface

between the final medium and the native earth below.
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COMPACT SURFACE MOUNTED

ON-SITE WASTEWATER TREATMENT UNIT

COPYRIGHT RIGHTS IN THE DRAWING

[0002] A portion of the disclosure of this patent document contains
material that is subject to copyright protection. The applicant has no objeétion to the
facsimile reproduction by anyone of the patent document or the patent
disclosure, as it appears in the F’atent and Trademark Office pateht file or

records, but otherwise reserves all copyright rights whatsoever.

TECHNICAL FIELD

[0003] This invention relates to apparatus for the treatment of
wastewaters, and in particular, to apparatus for the treatment of wastewaters

such as sewage via biological processes in on-site systems.
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" BACKGROUND

' [0004] Methods and apparatus for the treatment and purification of

wastewaters such as domestic sewage using a biological filter has been taught in

| my previous patents, namely US Patent No. 4,997,568, issued March 5, 1991 for

a Procees and Apparatus for a Biological Reactor to Purify Water, US. Patent No. ,\
5,281,332 issued January 25, 1994 for a System for Treating Sewage or Other
Fluids, and U.S. Patent No. 5.632,896, issued May 27, 1997, for a Method for
Treating Sewage and Other Liquids; the disclosures.of each one'of the just
mentioned U.S. patents which may be referred to for further details.

Since the time of development ef such devices, however, sewage and waste
water disposal requirements have continued to become stricter. And, the need
for compact, highly efficient treatment systems at remote or difﬁcult sites has

grown, especially as second homes are built at remote locations or difficult site

specific issues, such as steep slopes or poor draining soils. Thus, the provision

of systems for small scale, on-site sewage treatment has become increasingly

Iimportant at remote locations which are not served by sewers. This is especially

true at locations which are on or adjacent to sensitive areas, or which are located
where the native soils are not conducive to installation of traditienal drain ﬁelds
for sewage treatment. Also, in order for traditional on-site septic systems to work
well, certain minimum soil and gro.und' water conditions are necessary, and rather
large lot sizes are often required. Locations meeting such requirements are
becoming less and less available, and even when they are available, they are

more and more expensive. Thus, there has been an increasing demand for high
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performance on-site sewage treatment systems, including for designs such as

- those which are taught in my prior art patents that were just noted above.

[0005] However, during the course of installation and maintenance of my
prior art sewage treatment systems, | have noted an increasing and as yet still
unmet need for a still more compact high performance on-site sewage treatment
system. | have also noted a need for a system which eliminates the need to dig
a hole into the native soil in order to install the apparatus. And, in some
situations, it would be advantageous for an on on-site wastewater treatment unit
to be suitable for relocation to another spot on the same property, or to another
piece of land at another location. Moreover, many of the compact aerobic
residential on-site sewage treatment systems sold by others have unacceptably
low performance, even when relatively new, as shown by various studiee such as
described by the article entitled “Aerobic Residential Onsite Sewage Systems: An
Evaluation of Treated-Effluent Quality,” by M. Maxfield, et al, in Journal of
Environmental Health, October 2003, pp. 14-19. In that study, in which samples
from' 184 residences with on-site sewage treatment systems were tested (and in
which seventy seven percent (77%) of the units were less than one year old), it
was shown that over a third of the three common brand name units installed,
namely Multi-Flo™, Norweco™, and Whitewater™ brand systems, failed to meet
the National Sanitary Foundation (NSF) certification standards for biological
oxygen demand (BODs) and total suspended solids (TSS) in the treated effluent.
And, over twb-thirds of the systems failed to meet the Washington State Board of

Health Treatment Standard 2 for BODs and TSS. Furthermore, an average of



10

15

20

25

30

CA 02506865 2010-05-19

- A

59% of the systems failed to meet Washington State standards for fecal
coliform in the treated effluent. Consequently, there still remains an as yet
unmet need for a compact, high performance on-site wastewater treatment
apparatus which produces nearly undetectable levels of the common sewage
contamination parameters including odour, fecal coliform bacteria, biological
oxygen demand, and total suspended solids, and which produces a purified
water product that can be disposed of without concern for human contact or
environmental pollution.

The invention in one broad aspect pertains to a wastewater treatment
module for treating contaminated wastewater in a biologically active
treatment bed. The apparatus includes, a substantially watertight basin, the
basin having an outer bottom surface adapted for placement on a substrate,
an inner bottom surface, and upwardly extending sidewalls, and a peripheral
rim having a selected elevation above the bottom, and the basin having a
selected containment volume V. A plurality of units of at least one mass
transfer packing media are located within the basin, the mass transfer
packing media sized and shaped to comprise a surface area adapted to
support the growth of biological organisms thereon, and a void area within
and between the packing media, and resulting when a plurality of mass
transfer packing media are packed together in a substantial void space
within the basin, the mass transfer packing media extends upward from the
inner bottom surface for a height H,. A standpipe, and a distributor pipe are
in fluid communication, the standpipe mounted to downwardly direct
wastewater to be treated toward the distributor pipe. The distributor pipe is
mounted in the basin, and comprises a plurality of discharge outlets adapted
to discharge wastewater therefrom so that the wastewater reaches the mass
transfer packing media. At least one screen layer is mounted above and
substantially covers the mass transfer packing media, the at least one
screen layer comprising a screen sized and shaped to substantially prevent
a granular media of preselected size from downwardly

penetrating the at least one screen layer to reach the at least one mass
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transfer packing, so as to protect the at least one mass transfer packing

media against receipt of granular media thereon. Above the at least one
screen layer and within the basin is a first granular media of a first
preselected size, the first granular media extending upward from the at least
one screen layer for a height H,. Above the first granular media are a
number N of upper granular media layers, each of a preselected size,
wherein N is a positive integer, and wherein the upper granular media layers
extend (1) for a height H, between the first granular media layer and the
elevation of the peripheral rim, (2) upward beyond the peripheral rim to a top
surface portion for a height H,, and (3) laterally outward from the basin and
downward toward the substrate to a peripheral edge.

The invention comprehends a method for treatment of a wastewater
having organic matter therein, wherein the wastewater is processed in a
septic tank and then in a treatment module. The method comprises
providing equipment, as noted above, including a watertight basin, a plurality
of units of at least one mass transfer packing media, the standpipe and a
distributor pipe, the at least one screen layer, and providing, above the at
least one screen layer, a granular or porous filter media having interstitial
pores, and the granular or porous fiiter media further comprising two or more
preselected media portions, the two or more preselected media portions
comprising at least (A) a first media portion, and (B) a final medial portion,
the final media portion being finer in size than the first media portion. The
method further comprises directing the wastewater to the septic tank,
directing the wastewater from the septic tank to the standpipe, and thence to
the distributor pipe, allowing the wastewater to move upward through the at
least one mass transfer packing media, allowing the wastewater to migrate
upward into the first media portion, allowing the wastewater to flow from the
first media portion to the final media portion, without saturating all of the final
media portion with the wastewater, and allowing the wasteWater to flow from
the final media portion to the substrate, wherein the wastewater is effectively
treated for removal of organic matter, so as to provide a treated wastewater
effluent.

43
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BRIEF DESCRIPTION OF THE DRAWING
[0006] In order to enable the reader to attain a more complete
appreciation of the invention, and of the novel features and the advantages
thereof, attention is directed to the following detai'led description when
5 considered in connection with the accompanying figures of the dréwing, wherein:
[0007] FIG. 1 provides a vertical cross-section view of a prior art on-site
~ wastewater treatment system which generélly employs the principles taughf by
my prior art patents listed above.
[0008] FIG. 2 provides a verticalcross-section view of my new
10 Wwastewater freatment system, showing modifications and improvements to the
septic tank end thepump tank, and also now including a novel surface mounted '
final wastewater treatment module which inco_rporates a eurface rnounted basin,
a standp'ipe for receiving wastewater to be treated, a distribution pipe situated in
the basin and connected to the stand‘pipe for receiving and distributing

15 wastewater to be treated, a packing in the basin for allowing biological treatment,
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a first or coarse screen above the packing in the basin, a second or fine screen

above the coarse screen, which coarse screen is suitable for retaining

~ thereabove a coarse sand layer located within the basin, and a medium sand

layer in the basin above the coarse sand layer, and additional medium sand
extending vertically and laterally beyond the basin so as to provide a sloping
outer sidewall along the sides and along the ends of the basin, and where the
sloping sidewall extends downward toward and in most suitable situations to the
native soil, so that an absorption footprint is provided for transport of the treated
wastewater to the native soil.

[0009] FIG. 3 provides a partial exploded perspective view of some of the
elements included in my final surface mountéd wastewater treatment module,
including a watertight basin having an upper overflow rim, and in this case,
wherein the basin is mounted on scarified native soil, and a standpipe for
receiving wastewater to be treated, a distribution pipe situated in the basin and
connected to the standpipe for receiving and distributing wastewater to be
treated, a packing in the basin for allowing biological wastewater treatment, an
upper coarse screen above packing in the basin, a fine screen above the upper
coarse screen, the fine screen suitable for retaining thereabove a coarse sand
layer, then a coarse sand layer above the fine screen and within the basin, and
then a medium sand layer in the basin above the coarse sand layer, and
additional medium sand extending vertically and laterally beyond the basin so as
to provide a sioping outer sidewall along the sides and along the ends of the

basin, and where the sloping sidewall extends downward toward and in most
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suitable situations to the native soil, so that an absorption footprint is provided for
transport of the treated wastewater to the native soil.

[0010] FIG. 4 is an enlarged vertical cross-sectional view, similar to that
first shown in FIG. 2, but now showing in detail the path of wastewater through
the compact surface mounted final wastewater treatment module, from the inlet
transport line, to the standpipe for receiving wastewater to be treated, to the
distribution pipe situated in the basin and connected to the standpipe for
receiving and distributing wastewater to be treated, to the packing in the basin for
allowing biological treatment, through the first or coarse screen above the -
packing in the basin, then upward through the second or fine screen above the
coarse screen, then upward through a first media layer which in one embodiment
IS provided by way 6f a coarse sand, and then upward within the basin through a
second media layer which in one embodiment is provided by way of a medium
sand, then upward and outward over the rim of the basin and thence through at
least one media layer to an outer layer, which in one embodiment can be
provided by further addition of a medium sand to and above the second media
layer, and then further outwardly and downwardly through the at least one outer
media layer, and thence through an absorption foot and into fhe native soil
below.

[0011] Figs. 5 and 6 show how the final treatment module is situated in
essentially level ground, i.e., locations in which the ground slopes from abbut 0to
about 5%, wherein the entire area below the outer media layer and external to

the basin is available as an absorption foot.
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[0012] First, FIG. 5 provides a plan view footprint of the basin as mounted
on-site at the surface above a scarified native soil, and illustrates use of a

suitable sand to provide an absorption footprint extending outwardly from the

~basin along an absorption length and an absorption width, to provide a selected

absorption area, which absorption area is equal to the absorption width times the
absorption length, less the basin width times the basin length.

[0013] Next, FIG. 6 provides a vertical cross-section view of the basin just
llustrated in FIG. 5, when the final wastewater treatment unit is surface mounted
on native soil, showing the use of a suitable sand on native soil to provide an
absorption width below the basin and mound.

[0014] FIGS. 7 and 8 show how the final wastewater treatment module is
situated in sloping ground, i.e., locations in which the ground slopes from about
5% to about 20%.

[0015] FIG. 7 provides a plan view footprint of the final wastewater
treatment unit including a basin as mounted on native soil in sloping ground, and
illustrates use of a suitable sand to provide an absomtion footprint extending
outwardly, both downhill from the basin along an absorption length and for an
additional five feet in the uphill direction, and along an absorption width, to
provide a selected absorption area.

[0016] Next, FIG. 8 provides a vertical cross-section view of the final
wastewater treatment unit and basin as just shown in FIG. 7, with the basin

surface mounted in a sloping location in native soil, showing how the basin is
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lodged on the slope, and also showing the use of a suitable sand on native soil to
provide an absorption area.

[0017] FIG. 9 is a perspective view of one embodiment of a suitabie
packing for the final treatment module, which in one embodiment can be

provided in one-half inch long sections of thin wall plastic pipe such as polyvinyl

~chioride (PVC) or the like.

[0018] FIG. 10 is a side view of the packing just illustrated in FIG. 9.

[0019] FIG.11 is a perspective view of one embodiment of the final
wastewater treatment module for a compact surface mounted wastewater
treatment system during construction, when utilizing an impervious liner below
the basin and an extemal collection pipe, such as may be used for collection of
the treated effluent for reuse.

[0020] FIG. 12 is a perspective view of one embodiment of a final
wastewater treatment module during system construction, showing the basin
after having been filled to the extent described for one embodiment herein with a
suitable packing such as that of the type shown in FIG. 9, for biological treatment
of the wastewater.

[0021] FIG. 13 is a perspective view similar to that just shown in FIG. 12
above, but now showing the addition of a first screen layer, such as may be
provided by a “window screen” size of screening synthetic fabric.

[0022] FIG. 14 is a perspective view similar to that just shown in FIGS. 12
and 13, but now showing the addition of a second screen layer, such as may be

provided by a “bridal veil” size of screening synthetic fabric, which second screen
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layer is sufficiently small in size so as to substantially prevent the migration of the
first media layer, such as a coarse sand, downward through the second screen
layer. ‘

[0023] FIG. 15 is a perspective view similar to those shown in FIGS. 12,
13, and 14, now showing the addition of the first media layer of coarse sand
which has in this embodiment been added above the second screen layer.

| [0024] FIG. 16 is a perspective view of a finished surface mounted on-site
final wastewater treatment module, showing how the final media layer is provided
upward and outward from the basis to provide for transport of treatéd effluent
upward from the basin and thence downward and outward toward either a
collection system as first illustrated in FIG. 11 above, or to an absorption foot in
contact with native earth, as illustrated in FIG. 4 above.

~ [0025] FIGS. 17, 18, and 19 illustrate various embodiments which may be
utilized for enhancing the quality of the final treated effluent, especially with
respect to reduction of nitrates in the treated effiuent.

[0026] In FIG. 17, the use of an air bubbling system in the second
compartment of a two compartment septic tank is illustrated, wherein a packed
bed is provided for upward contact between air bubbles and the effluent being
treated.

[0027] In FIG. 18, the use of an extended aeration media surface such as
a rectangular outdoor rug is shown, wherein the extended aeration media surface
is affixed to one or more walls of the pump tank, and wherein a portion of the

effluent to be treated is sprayed toward the upper end edge of the extended
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aeration media surface and is then allowed to trickle toward the bottom of the
pump tank.

[0028] In FIG. 19, instead of using an extended aeration media surface as
just illustrated in FIG. 18, the effluent to be treated is sprayed against one or
more sidewalls of the pump tank, and is then allowed to trickle toward the bottom
of the pump tank.

[0029] In FIG. 20, the construction details of the packed column treatment
device first shown in FIG. 17 above are described, now showing in this
embodiment a centrally located air supply tube, which delivers air to an air
delivery sparge, and a column housing as may be provided in PVC or other
suitable materials.

[0030] FIG. 21 shows the use of three on-site surface mounted final
wastewater treatment units operating in parallel, with the units placed on an
impervious concrete slab with internal collection trenches, so that the treated
effluent can be collected for reuse, for example, for irrigation service.

[0031] in FIG. 22, a vertical cross section of the three on-site surface
mounted final wastewater treatment units just illustrated in FIG. 21 is provided,
taken as if looking at section 22-22 of FIG. 21.

[0032] FIG. 23 shows in further detail the use of a high level alarm such as
a float in the standpipes just illustrated in FIG. 21.

[0033] The foregoing figures, being merely exemplary, contain various
elements that may be present or omitted from actual implementations and

process configurations of the wastewater treatment apparatus and process

10
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system taught herein, depending upon the circumstances. An attempt has been
made to draw the figures in a way that illustrates at least those elements that are
significant for an understanding of the various embodiments and aspects of the
invention. However, various other elements of unique wastewater treatment
apparatus are also shown and briefly described to enable the reader to
understand how various features, including optional or alternate features, may be
utilized in order to provide an highly efficient, high effluent water quality in a
compact, on-site, surface mounted wastewater treatment system that can be
provided in a desired size and configuration for providing a long lasting and

efficiently performing on-site wastewater treatment units.

11
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DETAILED DESCRIPTION

[0034] An improved apparatus and method for treatment of wastewater,
and especially for the on-site treatment of residential, is described and claimed
herein. More specifically, the improvement described herein is to a treatment
system which uses (1) an septic tank having two compartments, (2) an
intermediate pump tank, and (3) a final biological wastewater treatment module
which has a very small physical volume per gallon per day of influent wastewater
to be treated, while nevertheless providing high quality treated effluent.
Referring to FIG. 1, where one prior art system is depicted using the principles
disclosed in my prior art patents identified above, a raw wastewater or sewage
effluent is discharged (reference arrow 20) into septic tank 22 from indoor fixtures
24 via discharge conduit 26. A conventional cleanout system 28 is normaily
provided. To enhance performance, septic tank 22 may be provided as a two
compartment septic tank having first 30 and second 32 compartments, so that
flow (reference arrow 34) exits first compartment 30 and enters (reference arrow
36) the second compartment for treatment. Effluent (referencé arrow 38) from
the second compa'rtment 32 transits through an outlet screen 40 and passages
through septic tank outline line 42 and into pump tank 44. A pump 46 discharges
wastewater via transport line 48 to a basin 50. As depicted in this FIG. 1, prior
art treatment units included a basin 50 that was recessed a distance D into the
ground 52, with the distance D often running in the range of about two feet to
about four feet, more or less, depending upon the dimensions of the basin and -

the treatment system capacity, as well as the soil type. In that prior art design,

12
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the rim 54 of the basin 50 must be placed a -suitable and variable preselected
distance above the receiving surface 56 of the native earth 58. In such prior art
systems, the basin 50 has typically been provided with a cement basin having an
impermeable liner that prevented leakage of incompletely treated wastewater to
the ground 52 below the basin §0. Basins 50 are heavy, not economi_cally
transportable or moveable for long distances, and thus, are not suitable for being
sold as a package unit for long distance delivery to remote sites.

[0035] Turning now to FIG. 2, a novel, cbmpact ground surface 60
mounted final wastewater treatment module 62 has been provided. In addition,
improvements have been méde in the pretreatment system 63, including the
revised septic tank 22' and the revised pump tank 44'. Such a final wastewater
treatment module has been mounted on scarified surface 64 of native earth 66.
A substantially water impermeable basin 68, which may be provided in concrete
similar to basin 50 discussed above, but which in another embodiment may be
manufactured of lightweight fiberglass reinforced plastic (FRP) or other suitable
plastic or lightweight formable or moldable substance, is provided. As better
seen in FIGS. 3 and 4, basin 68 includes a bottom 70 having a lower outer
surface 70, and an upper inner surface 70y, upwardly extending sidewalls 72,
and an upper peripheral rim 74, over which wastewater flows outwardly from the
basin in the direction of referance arrows 76 (see FIG. 2). As noted in FIG. 4, the
basin 68 has a rim 74 height Hgr which may vary above the scarified surface 64 of

the native soil 66. In many applications, a low profile height of about 30 inches

will be adequate, but of course, the size and height Hg may vary depending upon

13
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soll type (i.e, whether the soil is type 1, 2, 3, 4; 5, or 6) 'in‘ that different soils
absorb water at vérying rates,'so the geometry may be altered accordingly. A
plurality of L_mits of at least one mass transter packing media 80 is provided.
Typically, a length Ly (see FIGS. 9 and 10)’of one-half inch long sections of ohe-

half inch diameter thin wall PVC (polyvinylchloride) pipe is adequate for such

media, but any of one of conventional media, including the raschig ring shape as

~Just noted or one of the variations of similar packing that is suitable for supporting

10

15

20

growth of biota and as is known to those of ordinary skill in the art and to which

- this specification is addressed, may also be utilized to perform the necessary

function of providing a surface for growth of biological organisms to contact the

wastewater transiting through such media. The packing média‘80 provides sites
for biological growth without plugging of rhedia 80, so that at least a portion of the
organic matter in the wastewater may be consumed by said biological growth.
Thus, the medium 'is provided as packing within the lower portion of basin 68 for
a depth H, as noted in. FIG. 4. The sélected packing 80 s sized and shaped to
comprise a surface area adapted to su'pport the grthh of biological organisms
thereon, and resulting, when packed together, in a void spaCe within the mass

transfer packing 80. This is quite important, as primarily due to the packing 80, |

have found such a size and shape advantageous, since the void area is

considerablywlérger than is the case with large gravel packed beds previously
utilized in prior art devices. Preferably, the solid volume occupied by the

packing 80 itself is less than about 33 %of the total volume of space filled by the

- packing 80, and more preferably, the solid volume occupied by the packing itself

14
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is less than about a15%: of the volume occupied by the packing itself, and yet
more preferably, the solid volume occupied by the packing itself is less than
about 5% of the space filled by the packing 80 itself, or even more preferably less
than about 4% of the spaced filled by the packing 80 itself. This void space
percentage is a key measure which allows compact unit operation and which is
uniquely provided in the present invention.’ By way of comparison, the prior art
system shown in FIG. 1 and discussed above and having a gravel fill in the basin
50 has a basin 50 volume of about 2.2 cubic feet per gallons of influent per day
to be treated, whereas in the present invention, the basin 68 has a volume of
about 1.0 cubic feet per gallon of influent per day to be treated. Yet, the
residence time of influent liquid in the prior art system and in the present
invention are comparable, with such residence time being about 1 hour per
gallon per day of treatment capacity; the improved treatment module 62 utilizes a
residence time of about 120 hours for a capacity of 120 gallons of influent to be
treated per day, whereas the prior art configuration illustrated in FIG. 1 utilizes a
residence time of about 134 hours for an equivalent 120 gallons of influent per
day capacity. In each of the prior art and the improved treatment module 62
designs, the peripheral rim 74 of baéins 50 or 68 will allow the treatment modules
to provide acceptable treatment of influent wastewater when a rim 74 length of
about 1 foot or more is provided for each four gallons per day of influent capacity.
[0036] Next, a standpipe 90 usually but not necessarily oriented
substantially vertically is provided, and a distributor pipe 92 is provided at the

lower end 91 of standpipe 90 and in fluid communication with the standpipe 90,
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are provided. The standpipe 90 is mounted to downwardly direct wastewater to
be treated toward the distributor pipe 92. The distributor pipe 92 is mounted at or
just above the upper bottom surface 70y of the basin 68. The distributor pipe 92
includes a plurality of discharge outlets 94 adapted to discharge wastewater
therefrom (see reference arrows 96 in FIG. 2) so that the wastewater 96 reaches
the mass transfer packing media 80. For many applications, a four inch size
PVC standpipe 90 and a four inch size PVC distributor pipe 92 are sufficient,
especially for stand alone single house on-site sewage treatment systems.
[0037] Mounted above packing 80 and at least substantially covering an
area interior to the peripheral rim 74 of the basin 68, at least one screen layer
100 is provided (see FIGS. 3, 13, and 14). The at least one screen layer 100
has, as a minimum the ability to substantially prevent a granular media such as
coarse sand 102 of preselected size from downwardly penetrating the at least
one screen 100 to reach the mass transfer packing 80, so as to protect the mass
transfer packing media 80 against receipt of granular media thereon. In one
embodiment, as illustrated in FIG. 3, the at least one screen 100 includes a

coarse screen 104 and a fine screen 106. The application of a coarse screen

104 above packing 80 is shown in FIG13. As shown in FIG. 14, | have found it
advantageous to utilize, as fine screen 106, a “bridal veil” synthetic fabric

material, which material is placed over the coarse screen 104 as shown in FIG.
13. Each of the at least one screens 100, or 104 and 106 as may be provided,
may include a suitably located central aperture defined by an interior edge line

108 or 108 A, respectively, for passage therethrough of standpipe 90, whose
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outer circumference should be of comparable dimensions to the size of edge line
108 or 108A.

[0038] | have also found it advantageous for the compact ground surface
mounted upflow aerobic treatment unit 62 as described herein to also include,
above the at least one screen layer 100, a first granular media 110 of preselected
size, which as shown for the embodiment illustrated in FIG. 3 can be coarse sand
102. Then, as also shown in the embodiment depicted in FIG. 3, a second
granular media 112 of a second preselec_:ted size is provided; this can be a
medium sand, as shown, or alternately might be a fine sand. In any event, there
Is a first layer of media, usually granular such as sand, and a final layer of media,
usually granular such as sand of a selected size. The final, or as depicted in
FI1G. 3, the second granular media 112 extends upward to a top surface portion
114. The preselected size of each succeeding granular media in a number N
(where N is a positive integer) of media layers is, for the embodiments illustrated,
smaller than the preselected size of the previous or N-1 media layer. As
mentioned above, normally, the first granular media 110 can be made up of
coarse sand 102. In such cases, the second granular media 112 can be
provided as medium sand.

[0039] Note in FIG. 2 and in FIG. 4 that the standpipe 90 has an upper
end 120, and the standpipe 90 extends vertically for a distance sufficient that the
upper end 120 extends above the top surface 114 of the final granular media,
which is a second media layer of medium sand 112 as depicted in FIGS. 2 and 4.

As shown in FIGS. 2 and 4, the final granular media, here, second media 112,
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extends laterally outwardly from said basin to a peripheral edge portion 122. As

shown in FIG. 4, the peripheral edge 122 adjoins scarified surface 64 of the

~ native earth 66. As seen in FIGS. 5, and 6, for systems 62 mounted on flat

ground, the peripheral edge 122 defines, inwardly of the peripheral edge, an

“absorption area or “foot” portion that provides a pathway for treated wastewater

to enter the native soil 66 therebelow. In contrast to the prior art system shown
in FIG. 1 above, in the present invention, the entire gross absorption area, that is
the absorption area A_ times the absorption width Ay is available for infiltration of
treated liquid, and no deduction in allowable area need be made for the area
occupied on the soil surface by the basin of length B, and width Bw. Thus, while
in prior art, the basin 50 was recessed into the earth, the ability to locate the
present system on the surface 64 of earth 66 means that gross absorption area
can be utilized, rather than net absorption area, for purposes of determining
availability of infiltration soil. Also, as seen in FIGS. 7 and 8, when mounted on
a sloping location, in prior art, the absorption foot was only be considered to
include the area downhill of the centerline 130 of basin 50, whereas with the
present invention, an area having a width Ay on the uphill side of basin 68 can
additionally be utilized for calculating absorption area.

[0040] | believe it to be advantageous, for packaging and transport of the
treatment unit 62, before installation, to manufacture the basin 68 in a
lightweight, moldable material. In one embodiment, basin 68 can be
manufactured in a moidable plastic. In another embodiment, a fiberglass

reinforced plastic may be utilized.
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[0041] Overall, the compact ground surface mounted biological treatment
unit 62 described herein is configured for upflow movement of wastewater, such
that the wastewater fed to the treatment module 62 ascends from the basin 68
through said first mass transfer media 80, and thence over the peripheral rim 74
of the basin 68, and then into either a second or other selected one of N layers of

media such as second granular media 112.

[0042] In the case of influent having levels of nitrates which may need
additional treatment to attain a desired effluent treatment standard, there are a
number of methods for providing such treatment in addition to the process and
apparatus already described. Thus, the wastewater treatment system as already
described may further include a nitrate treatment step or unit.

[0043] As illustrated in FIG. 2, the nitrate treatment unit includes a recycle
line 161 from the pump tank 44’ to the two compartment septic tank 22°. The two
compartment septic tank 22’ has a riser 152 with a lid 154 above the first
compartment 30 in the septic tank 22’. A water permeable container such as
sack 160 having therein a plurality of packing media such as media 80 is
provided within the sack 160 in the riser 152. A recycle line 161 provides
recycled wastewater from the pump tank 44’, and the wastewater is discharged
on to the packing media 80 wherein nitrate concentration in treated effluent from
said system is reduced such as by way of exposure to air and oxidation directly
or indirectly. As noted above, in one embodiment, packing 80 may be provided

by way of 7z inch lengths of 7z inch diameter PVC pipe.
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[0044] The system shown in FIG. 17 provides nitrate treatment unit by way
of an air sparged submerged packed column 170 in the second compartment 32
of the two compartment septic tank 22’. As better seen in FIG. 20, the air
sparged packed column 170 has, in one embodiment, an outer cylindrical PVC
shell 172, a lower retaining screen 174, an air line 176 running from an air pump
178 to a discharge opening 180 located adjacent the lower retaining screen 174,
and a plurality of packing media such as media 80 the retaining screen 174 and
contained within the PVC shell 172. As illustrated for this embodiment, the
packing media 80 is made up of a plurality of packing pieces of 2 inch lengths of
72 inch diameter PVC pipe.

[00435] Also, as shown in FIGS. 17and 18, in one embodiment, a suitable
nitrate treatment unit includes a recycle line 161 from the pump tank 44’ to a
spray nozzle 200 in the riser 152 in the first compartment 30 of the two
compartment septic tank 22°. Liquid in line 161 may be supplied by a single
pump 46 using a flow splitter 204, or with an independent second pump 46A as
seen in FIGS. 18 and 19. The spray nozzle 200 is oriented so as to aereate

recycled wastewater 202 discharged from the spray nozzle 200 into the first

compartment 30 of the septic tank 22’.

[0046] In yet another embodiment shown in FIG. 18, the nitrate treatment
unit is provided by way of an extended surface media 210 on at least one interior
212 wall of the pump tank 44'. A recyclé line 214 is provided within the pump

tank 44’. The recycle line 214 provides wastewater 216 from said pump tank 44’

and discharges the wastewater at nozzle 218 on to the extended surface media
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216 in the pump tank 44'. An orifice 220 or other suitable flow splitter may be
utilized to accomplish the split flow requirement. As illustrated in this
embodiment, the extended surface media 210 can be provided in the form of a
decomposition resistant outdoor rug.

[0047] In those situations normally encountered, the influent to the
wastewater treatment system normally includes suspended particulates. The
suspended particulates are substantially physically removed from wastewater by
a number N (where N is normally two or more) of | preselected granular media
portions.

[0048] More generally, it should be kept in mind when reviewing this
specification and the meaning of the claims below that the media 80, whenever
used, maybe in the form of a raschig ring or similar packing, and may be
provided in short pipe sections. The material for such pipe may be selected
from the group consisting of (a) polyvinyichloride, and (b) high density
polyethylene. While they have been described as being furnished in shapes and
sizes of approximately one-half inch long and in pipe sections are approximately
one-half inch in diameter, this is just for reference with respect to performance
seen in the experimental test unit which underwent extensive evaluation, and is
not intended to limit practice of this claimed invention to this size and shape, but
merely for exemplary purposes.

[0049] Turning now to FIGS 21, 22, and 23, it can be seen In FIGS. 21
and 22 that a plurality of wastewater treatment modules 62 can be provided on a

common impervious substrate, such as a concrete slab 230, where capture and
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collection of treated effluent is desired for further discharge or reuse, rather than
ground recharge through absorption into native earth. Where collection is
practiced, a curb 232 may be provided at the perimeter of slab 230, and
collection trenches 234 may be utilized for easy collection of treated effluent for
discharge to a pump tank 238, where the treated effluent may be pumped via
pump 239 to a desired use such as landscape irrigation 240. A plurality of
wastewater treatment modules 62 can be provided using a plurality of basins 68.
As shown In FIG. 21, three wastewater treatment modules 62 are provided. And
as further detailed in FIG. 23, each basin can include a standpipe 90 having a
level sensor 242 for sensing liquid level 244, for providing a control input to
contro!l panel 246 and regulate wastewater input rates to the treatment system.
[0050] The apparatus described herein is useful in a method of treating
wastewater in a compact, on-site treatment system of the type in which
wastewater is processed in a septic tank and then in a treatment bed module.
importantly, the process improvement of the development described herein is
characterized in that the aerobic treatment process includes providing in one
embodiment a watertight basin 68, wherein the watertight basin 68 is situated on
a scarified surface 64 of a native soil 66. Water is directed from the septic tank to
the standpipe, and thence to the distributor pipe. The wastewater is allowed to
move upward through the mass transfer packing media 80 and thence over the
peripheral rim 74 of the basin 68. The wastewater is allowed to migrate into the
first media portion 110, and thence to a final media portion, which, as depicted In

FIG. 2, Is media 112, without saturating all of the final media portion 112 with
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said wastewater. The treated wastewater is allowed to flow from the final media
portion 112 into said native soil 66. The wastewater is effectively treated for
removal of organic matter, so as to provide a treated wastewater effluent. This is
especially borne out by the detailed analytical data of testing shown in TABLE 1.
In TABLE 1, it is clearly shown that BOD, Fecal Coliform, TSS, and Ammonia
Nitrogen are efficiently and effectively controlled by the compact treatment
module 62 described herein. Thus, it can be said that the mass transfer packing
medium 80 provides sites for biological growth without plugging of the medium,
so that at least a portion of the organic matter in the wastewater may be

consumed by said biological growth. As the test data was actual data taken from
an on-site residential application, the sewage treatment value is self evident.

[0051] Importantly, when using the apparatus and method taught herein,
the treated wastewater effiuent can be discharged for reuse. Treated wastewater
can be abéorbed in an absorption foot interface between the final medium and
the native earth. For example, the treated wastewater can be directed into the
scarified native earth, for recharge of local groundwater. Or, the free liquid can be
collected into a storage device for reuse. Alternately, the treated wastewater
effluent can be reused for landscape irrigation.

[0052] Although the coarse sand, medium sand, and optional fine sand
can be of various preselected sizes, those of ordinary skill in the art and to whom
this disclosure is directed will be able to effectively evaluate and select the same.
For example, in one case, well washed sand with effective particle size <0.80-

2.00 mm and a uniformity coefficient <1.5, can be utilized without clogging
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through a fabric separator or screen 100. Then, a still finer medium washed
sand with an effective patrticle size <0.50-0.60 mm and-uniformity coefficient of
<1.6 can be used.

[0053] Water produced from sewage by this invention has nearly
undetectable levels of the common sewage contamination parameters including
odor, fecal coliform bacteria, biological oxygen demand and suspended solids.
The purified product can then be disposed of without concern for human contact
or environmental pollution. It can be reused for household, industrial or irrigation
purposes or, discharged safely as noﬁnal surface precipitation run-off into storm
sewers, ditches, streams or lakes. No separation or setback distances need be
provided from wells, surface water, buildings or property lines, nor does it need
particular soil or ground water conditions, as do standard systems.

[0054] Further details confirming performance of my new system can be
appreciated by a review of the test data which was obtained during an extensive
on-site test, as well as comparing such data to the performance achieved by prior
art systems similar to those described in my earlier patents referenced above.
First, in TABLE 1, a summary of Laboratory Results and a statistical analysis is
provided for the treatment of an “influent” raw wastewater from a residential site
in Poulsbo, Washington by my new “MODEL M32" wastewater treatment system
as described and claimed herein. TABLE 1 also shows the “effluent” treated
wastewater discharged from the system. Treatment results for BODs, TSS, and

- fecal coliform (CFU) are provided. Second, in TABLE 2, further details of data

are provided from testing of my “MODEL M32” as described and claimed herein.
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Finally, in TABLE 3, performance data is provided from earlier testing of prior art
system “MODEL M31” of the type as described in the prior art system depicted in
FIG. 1. Importantly, comparable treatment performance is now available in a
treatment system which does not require excavation for placement of a basin or
similar treatment container; rather, as depicted especially in FIGS. 2 and 4
herein, my new “MODEL M32" system allows placement of the treatment system
mound “on grade”. This simplifies criteria for location of such systems, and also
makes them easier to move in situations where location to new underiying
absorption earth is desirable.

[0055] Although various aspects and elements of the invention are herein
disclosed for illustrative purposes, it is to be understood that the soil surface
mounted upflow final wastewater treatment module as described herein is an
important improvements in the state of the art of structures and materials for
treating wastewater on small, on-site treatment systems. Although only a few
exempléry aspects have been described in detail, various details are sufficiently
set forth in the figures of the drawing and in the specification provided herein to
enable one of ordinary skill in the art to make and use the invention(s), which
need not be further described by additional writing in this detailed description.
Importantly, the aspects and embodiments described and claimed herein may be
modified from those shown without materially departing from the novel teachings
and advantages provided as described herein, and may be embodied in other
specific forms without departing from the spirit or essential characteristics

thereof. It is especially pointed out that the size, and shape of the basin, and the
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amount of sand necessary to provide an absorption area of suitable size, will
vary widely based on wastewater flow rates to the system and based on ground
or soil conditions below the unit and into which the residual treated wastewater is
absorbed. Therefore, the embodiments presented herein are to be considered in
all respects as illustrative and not restrictive. As such, this disclosure is intended
to cover the structures described herein and not only structural equivalents
thereof, but also equivalent structures. Numerous modifications and variations
are possible in light of the above teachings. It is therefore to be understood that
within the scope of the appended claims, the invention(s) may be practiced
otherwise than as specifically described herein. Thus, the scope of the
invention(s) is as described herein and as set forth in the appended claims, and
as indicated by the drawing and by the foregoing description, is intended to
include variations from the embodiments provided which are nevertheless
described by the broad interpretation and range properly afforded to the plain

meaning of the language of the claims set forth below.
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TABLE 1

Sumimary ofLébo Results and Statistical Anslys »s', Glendong BioFilter Model M32, Poulsbo, WA

m Foca Cotform, CEU
m

.. 143 726 <1 24 9- 74 <{-5 1 exws - 1soox1o-" <1 -402

# of 30 Day Mean Values¥ |- |
Range of 30 Day Msean Values | 270. 5—562.1 - 9.6X10° - 9224)(10“

| Average of 30 Day
Mean Values 1.5 - 274.1X10°

# of Effluent Mean Values
> 10/10/200 / Qof44 0 of44
~ #of 30 Day Means . |
Removal Efficiency, % . . |
@ 95% Confidence | . - '
"Range |
-Median, Effluent
interquartile Ranc

NOTES: 1. Labresultspmcededbya>or<muutcdasdwnmnbumpmodforusomallcalmumons
2. BODsandTSSammdtmms FeoalCohﬁ:rmngeomdncmun.

A Glendono BloFllter Model M32 was tested at & residential site in Poulsbo WA from July 10 2002 through May
8, 2003, a span of 302 calendar days that yielded 48 effluent data days. A summary of'the independent third party
laboratory’s res\ﬂts and statistical analyses derived ﬁ-om these data is presented in Table 1,
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"TABLE 2

Glendon BioFilter Technologies, inc.

Mode! M32, Minder Road Site
Effluent Removal Efficiency and 95% Confidence
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-
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Copyright 2003, GBY, Inc., all rights reservec

by Twiss Analytical, inc., 09/15/C2
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~ TABLE 2 (CONT.)
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o or greater than 30. At 95% confidence levei, both t and Z contain 0.025 in.each tail, . '

All Lower Bound values that are minus {-) are interpreted as a lower bound of zero (0).

Conﬁdenceintafvalzy_,+or-[tOfZ](aln"’) , Where Y, is the sample mean; s is the sample standard deviatloﬁ[the sum -
of the squared deviations divided by (n - 1)), and n'?is the square root of the number of samples. - |
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Lap daia certified bv Twiss Anaivtical, inc., 09/15/03 Copynght 2003, GE7, inc., 8 rights reserved
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WHAT IS CLAIMED IS:

1. A wastewater treatment apparatus for treating contaminated wastewater in a
biologically active treatment bed, said apparatus comprising:

(a) a substantially watertight basin, said basin having an outer bottom
surface adapted for placement on a substrate, an inner bottom surface, and
upwardly extending sidewalls, and a peripheral rim having a selected elevation
above said bottom, said basin having a selected containment volume V;

(b) a plurality of units of at least one mass transfer packing media located
within said basin, said mass transfer packing media sized and shaped to
comprise a surface area adapted to support the growth of biological organisms
thereon, and a void area within and between said packing media, and resulting
‘when a plurality of mass transfer packing media are packed together in a
substantial void space within said basin, said mass transfer packing media
extending upward from said inner bottom surface for a height Hq;

(c) a standpipe, and a distributor pipe, said distributor pipe in fluid
communication with said standpipe, said standpipe mounted to downwardly
 direct wastewater to be treated toward said distributor pipe, said distributor pipe
mounted in said basin, said distributor pipe comprising a plurality of discharge
outlets adapted to discharge wastewater therefrom so that said wastewater
reaches said mass transfer packing media;

(d) mounted above and substantially covering said mass transfer packing
media, at least one screen layer, said at least one screen layer comprising a

screen sized and shaped to substantially prevent a granular media of preselected
size from downwardly penetrating said at least one screen layer to reach said at

least one mass transfer packing, so as to protect said at least one mass transfer

packing fnedia against receipt of granular media thereon;

(e) above said at least one screen layer and within said basin, a first
granular media of a first preselected size, said first granular media extending
upward from said at least one screen Iayer for a height Hy;

() above said first granular media, a number N of upper granular media
layers each of a preselected size, wherein N is a positive integer, and wherein

sald upper granular media layers extend (1) for a height H; between said first
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granular media layer and the elevation of said peripheral rim, (2) upward beyond
said peripheral rim to a top surface portion for a height Hs, and (3) laterally
outward from said basin and downward toward said substrate to a peripheral

edge.

2. The apparatus as set forth in claim 1, wherein said substrate comprises

scarified native earth.

3. The apparatus as set forth in claim 2, wherein said peripheral edge defines,

inwardly of said peripheral edge, a gross absorption area.

4. The apparatus as set forth in claim 3, wherein said outer bottom surface of
said basin has a basin footprint area, and wherein said gross absorption area

minus said basin footprint area comprises a net absorption area.

5. The apparatus as set forth in claim 4, wherein said gross absorption area is

utilized for absorption of treated effluent.

6. The apparatus as set forth in claim 3, wherein said basin has a centerline, and
wherein said basin is installed on a slope with said centerline substantially
perpendicular to said slope, and wherein an absorption length A_ is defined
within said peripheral edge along said centerline, and wherein an absorption
width Aw is provided in a downhill direction from said centerline of said basin, and
wherein an adsorption width Ay is provided in an uphill direction from said
centerline of said basin.

7. The apparatus as set forth in claim 6, wherein said preselected width Ay is
approximately five feet.

8. The apparatus as set forth in claim 6, wherein said slope is five degrees or

greater.
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9. The apparatus as set forth in claim 1, wherein said substrate comprises a

substantially water impervious horizontal slab.

10. The apparatus as set forth in claim 1, wherein said substrate comprises a

substantially water impervious synthetic liner.

11. The apparatus as set forth in claim 1, further comprising, above said first
granular media of first preselected size, one upper granular media layer having a

second preselected size, said one upper granular media layer extending between

said first granular media and said top surface portion.

12. The apparatus as set forth in claim 11, wherein said preselected size of said
one upper granular media is smaller than said first preselected size of said first

granular media.

13. The apparatus as set forth in claim 1, wherein said first granular media

comprises coarse sand.

14. The apparatus as set forth in claim 1, wherein said upper granular media

comprises medium sand.

15. The apparatus as set forth in claim 1, wherein said standpipe further
comprises an upper end, and wherein said standpipe extends vertically for a
distance sufficient that said upper end extends above said top surface of said N

of upper granular media layers.

16. The apparatus as set forth in claim 1, wherein said basin is manufactured in

a lightweight easily transportable material.

33



CA 02506865 2011-07-18

17. The apparatus as set forth in claim 16, wherein said basin is manufactured in

a moldable plastic material.

18. The apparatus as set forth in claim 16, wherein said basin is manufactured in

fiberglass reinforced plastic.

19. The apparatus as set forth in claim 1, wherein said at least one mass

transfer media comprises a plurality of pipe sections.

20. The apparatus as set forth in claim 19, wherein each one of said plurality of

pipe sections comprises a preselected length of polyvinylchloride pipe.

21. The apparatus as set forth in claim 20, wherein said preselected length of

said pipe sections comprise one-half inch lengths.

22. The apparatus as set forth in claim 21, wherein said pipe sections are of

ohe-half inch diameter.

23. The apparatus as set forth in claim 1, wherein said distributor pipes are

within said basin and within said first mass transfer packing media.

24. The apparatus as set forth in claim 1, wherein said apparatus is configured

for upflow movement of wastewater, and wherein influent wastewater fed to said
treatment apparatus ascends through said first mass transfer hedia, and thence
through said first granular media layer, and thence through at least one of said N

number of upper media layers, and thence over said peripheral rim of said basin,

and then through at least one of said N number of upper media layers.

25. The apparatus as set forth in claim 1, wherein said at least one screen layer

comprises a coarse screen and a fine screen.
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26. The apparatus as set forth in claim 25, wherein said fine screen comprises a

bridal veil synthetic fabric material.

27. The apparatus as set forth in claim 1, wherein said basin comprises a

rectangular shaped concrete tank structure having an open top.

28. The apparatus as set forth in claim 1, wherein height Hg from said bottom

surface of said basin to said selected elevation of said peripheral rim is thirty

inches or less.

29. The apparatus as set forth in claim 1, wherein the ratio between said basin
volume V (in units of cubic feet) and the waste water treatment capacity of said

apparatus (in units of gallons of influent per day) is 1.0 or less.

30. The apparatus as set forth in claim 1, wherein said distributor pipe comprises

a perforated pipe is positioned substantially horizontally adjacent the interior

bottom surface of said basin.

31. The apparatus as set forth in claim 1, further comprising, in said standpipe, a

high level sensor.

32. The apparatus as set forth in claim 31, further comprising a control panel,
and wherein said control panel comprises a high level alarm responsive to said

high level sensor in said standpipe.

33. A system for treating wastewater comprising a plurality of water treatment
apparatuses as set forth in claim 1 positioned adjacently, and hydraulically

oriented for parallel influent flow.
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34. A multi-stage wastewater treatment system for on-site treatment of
wastewater, said wastewater comprising sewage having organic matter therein,
said system comprising:

(a) a septic tank for receiving untreated sewage;

(b) a pump tank operatively connected to said septic tank for receiving
wastewater from said septic tank; and

(c) the wastewater treatment apparatus defined in any one of claims 1

through 32, wherein the pump tank is operatively connected to the wastewater

treatment apparatus.

35. The system set forth in claim 34, wherein said septic tank comprises a
two-compartment septic tank, said two compartment septic tank configured for
receipt of said wastewater in a first compartment and transfer of said wastewater

to a second compartment after partial treatment of said wastewater.

36. The wastewater treatment system as set forth in claim 34, or in claim 35,
wherein said sewage further comprises nitrates at a sufficiently elevated level so

as to require treatment for reduction of nitrates, and wherein said wastewater

treatment system further comprises a nitrate treatment unit.

37. The wastewater treatment system as set forth in claim 36, wherein said
nitrate treatment unit comprises a recycle line from said pump tank to said two
compartment septic tank, and wherein said two compartment septic tank
comprises a riser above said first compartment in said septic tank, and wherein a
water permeable container having therein a plurality of packing media is provided

In said riser, and wherein said recycle line provides recycled wastewater from
said pump tank and discharges said recycled wastewater on to said packing

media, wherein nitrate concentration in treated effluent from said system is

reduced.
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38. The wastewater treatment system as set forth in claim 37, wherein said

water permeable container comprises a sack having %z inch lengths of 72 inch

diameter polyvinylchloride pipe therein.

39. The wastewater treatment system as set forth in claim 36, wherein said
nitrate treatment unit comprises a recycle line from said pump tank to a spray

nozzle in said first compartment of said two compartment septic tank, said spray

nozzle oriented so as to aereate recycled wastewater discharged from said spray

nozzle into said first compartment of said septic tank.

40. The wastewater treatment system as set forth in claim 36, wherein said
nitrate treatment unit comprises an extended surface media on at least one wall
of said pump tank, and wherein a recycle line is provided within said pump tank,
and wherein said recycle line provides recycled wastewater from said pump tank

and discharges said recycled wastewater on to said extended surface media In

said pump tank.

41. The system as set forth in claim 40, wherein said extended surface media

comprises an outdoor rug.

42. The system as set forth in claim 36, wherein said nitrate treatment unit
comprises an air sparged packed column in said second compartment of said

two compartment septic tank.

43. The system as set forth in claim 42, wherein said air sparged packed column
comprises an outer cylindrical shell, a lower retaining screen, an air line running
to a discharge location below said lower retaining screen, and a plurality of

packing media above said screen and contained within said shell.

44. The system as set forth in claim 43, wherein said packing media comprises a

plurality of packing pieces of %z inch.lengths of 2 inch diameter PVC pipe.
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45. The system as set forth in claim 35, wherein said wastewater further
comprises suspended particulates, and wherein said upper granular media layers

are sized and shaped to physically remove said suspended patrticulates.

46. The system as set forth in claim 35, wherein said mass transfer packing
media provides sites for biological growth without plugging of said media, so that

at least a portion of said organic matter in said wastewater may be consumed by

said biological growth.

47. The system as set forth in claim 35, wherein said mass transfer packing

media comprises a raschig ring.

48. The system as set forth in claim 47, wherein said raschig rings comprise

pipe sections.

49. The system as set forth in claim 48, wherein the material of composition for
said pipe sections is selected from the group consisting of (a) polyvinylchloride,

and (b) high density polyethylene.

50. The system as set forth in claim 49, wherein said pipe sections are

approximately one-half inch long.

51. The system as set forth in claim 50, wherein said pipe sections are

approximately one-half inch in diameter.

92. The system as set forth in claim 35, wherein a plurality of wastewater

treatment apparatus as defined in any one of claims 1 through 32 are provided.

53. The system as set forth in claim 52, wherein three wastewater treatment

.apparatus as defined in any one of claims 1 through 32 are provided.
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54. The system as set forth in claim 35, or in claim 52, or in claim 53, further
comprising an impervious substrate below said wastewater treatment apparatus,

said impervious substrate including a treated effluent collection system for

capturing said treated effluent.

55. A method for treatment of a wastewater having organic matter therein,
wherein said wastewater is processed in a septic tank and then in a treatment
module, said method comprising;

(a) providing a watertight basin, said watertight basin situated on a
substrate, said basin having a bottom surface adjacent said substrate, upwardly
extending sidewalls, and a peripheral rim over which water placed in said basin
passes;

(b) providing a plurality of units of at least one mass transter packing
media in said basin, said mass transfer packing media sized and shaped to
comprise a surface area adapted to support the growth of biological organisms
thereon, and resulting, when packed together, in a void space within said basin;

(c) providing a standpipe and a distributor pipe in fluid communication with
said standpipe, said standpipe mounted to downwardly direct wastewater to be
treated toward said distributor pipe, said distributor pipe mounted in said basin,
said distributor pipe comprising a plurality of discharge outlets adapted to
discharge wastewater therefrom so that said wastewater reaches said mass

transfer packing media,
(d) providing, above and substantially covering an area interior to said

peripheral rim of said basin, at least one screen layer, said at least one screen
layer comprising a screen sized and shaped to substantially prevent a granular

media of preselected size from downwardly penetrating said at least one screen
to reach said at least one mass transfer packing, so as to protect said at least
one mass transfer packing media against receipt of granular media thereon;

(e) providing, above said at least one screen layer, a granular or porous

filter media having interstitial pores, said granular or porous filter media further
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comprising two or more preselected media portions, said two or more
preselected media portions comprising at least (A) a first media portion, and (B) a
final media portion, said final media portion being finer in size than said first
media portion;

(f) directing said wastewater to said septic tank; |

(g) directing said wastewater from said septic tank to said standpipe, and

thence to said distributor pipe;
(h) allowing said wastewater to move upward through said at least one

mass transfer packing media;
(1) allowing said wastewater to migrate upward into said first media

portion;
(J) allowing said wastewater to flow from said first media portion to said
final media portion, without saturating all of said final media portion with said

wastewater,
(k) allowing said wastewater to flow from said final media portion to said

substrate:
() wherein said wastewater is effectively treated for removal of organic

matter, so as to provide a treated wastewater effluent.

56. The method as set forth in claim 55, wherein said wastewater passes

through a separator between said mass transfer packing and said preselected
media portions, said separator substantially preventing said preselected media

portions from migrating into adjacent preselected mass transfer media.

57. The method as set forth in claim 55, wherein said wastewater further
comprises suspended particulates, and wherein said suspended particulates are

substantially physically removed from said wastewater by said two or more

preselected media portions.

58. The method as set forth in claim 55, wherein said mass transfer packing

media provides sites for biological growth without plugging of said media, so that
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at least a portion of said organic matter in said wastewater may be consumed by

said biological growth on said mass transfer packing media.

59. The method as set forth in 55, further comprising the step of allowing

ambient air to pass through said unsaturated final media portion to evaporate a

portion of said wastewater.

60. The method as set forth in claim 55, wherein said wastewater comprises

sewage effluent.

61. The method as set forth in claim 55, wherein said first media portion

comprises coarse sand.

62. The method as set forth in claim 55, wherein said final media portion

comprises fine sand.

63. The method as set forth in claim 62, wherein said fine sand has an effective

particle size in the range of from 0.50 mm to 0.60 mm.

64. The method as set forth in claim 63, wherein said fine sand has a untformity

coefficient of less than about 1.5.

65. The method as set forth in claim 55, wherein said treated wastewater

effluent is collected for reuse.

66. The method as set forth in claim 65, wherein said collected treated

wastewater is stored for reuse.

67. The method as set forth in claim 66, wherein said treated wastewater

effluent is reused for landscape irrigation.
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68. The method as set forth in claim 55, wherein said treatment module is at
least partially situated on a scarified surface native earth, and wherein said

treated wastewater is directed into said scarified native earth, for recharge of

local groundwater.
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