Greywater Treatment
for Rural Homes

by Norman Bair

The author’s house in Dillinghai:.. #hoto to the right shows the greywater system
installed in the basement. Thermometsrs measure the difference between incoming
cold water and outgoing preheated water. The white tank isa Clivus Multrum compost-
ing tank with clean-out door; the wire from it goes to a Sears electric *'Bug Wacker.”

Because they live in a harsh climate
and a sensitive environment, Alaskans
have particular problems in dealing with
wastes of all kinds. The federal govern-
ment is installing costly and high energy-
consuming systems in the attempt to
meet the waste disposal needs of rural
Alaska; the U.S. Public Health Service
has been constructing water and sewer
systems throughout rural Alaska during
the past decade. These systems may be
appropriate in places other than Alaska,
but they are not always wise choices for
far northern use. Although the systems
serve their intended purpose, both their

installation and operating costs far exceed
reasonabie expenditures for the number
of people being served,

Alternative solutions for sewage dis-
posal are also being used in Alaska. These
systems cost from one-fourth to one-
tenth the amount that is being spent per
household by the Public Health Service.
Until recently, however, most of them
have been technically illegal.

The Alaska Department of Environ-
mental (DEC} adopted
new wastewater regulations on Decem-
ber 30, 1282. This revision finally allows
more innovative

Conservation

solutions for waste-

water treatment and disposal. The revised
code defines greywater for the first time
in State regulations.

Greywater is commeonly understood to

be water coming from sinks, showers and
washing machines, and not containing
toilet wastes. Previously, the State
required a minimum 1000-gallan septic
tank or holding tank for each residence
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with its own sewage system no matter
what kind of wasics cntered that system.
This requirement places an unNnNecessary
cost burden on homes that do not flush
toilel wastes inlo the sewer system,

Like many Adaskans, | did nor tirsr
learn of the wastewaler regulations by
reading ahout them, In 1976 1 began
building a house in Dillingkam, on Bristol
Bay, about 360 air mifes from Anchorage.
My design inchidded two toilets and a
garbayc chule inte a Clivus
Multrum composting toilel and yarbage
unit, a Swedish systom that has heen
lesled and used for many years in Scandi-
navia. This system uses no waler, so the
only wastewater from the honsa is grey-
water. The greywater waste flows into
an underground gravel leachbed 30 fleet
from (he house. When it came time to
close on the house mortyage, DEC would
not approve the wastewater disposal sys-
lemn because it did not include @ 1000-gal-
lan septic tank. My assertions about the
adequacy of the system tell on deaf ears
at DEC; my system simply wasn’t what
the regulations specified. To halt the high
interest on my interim canstruction loan,
| was able 1o obtain DEC's temporary
approval 1o allow a closing on the mort-
fgage.

Rather than giving up and installing a
costly septic tank, | decided to submit a
npraposal to the ACST's Northern Tech
nology program for a grant to construct
an cxperimental  greywater  treatment
systemn. Kyle Cherry, who was then
warking for DEC, helped me develup the
preliminary  design. After receiving the
grant, | continued to work with ideas
about such a system. What linally evolved
is a great improvement over the original
concepl,

feeding

SYSTEM DESIGN

There were several specific objectives
that | wanted the greywater trealment
system to moeel. First, the system had to
function well enough su that the treated
water would meet State health and safely
standards. That alse meant it had 10 be
ahle 10 handle comparatively large surges
cffectivaly,
water use is uneven, Second, | wanted a
do-it-yourself system that could be put
together in rural Alaska, The components
had to be inexpcnsive, easily obtained
and assemhled, and the syslcmn had to be

of  water singe  household

10

2 - Plastic 5-yallon buckoets

1 — Plastic 55-gallon dram liner
100 feet
8 feet — 2" ABS pipe

4 - 2" ABRS male adapters

3 2" ABS female adapters

4 — 2" ABS tees

2 — 2" ABS street AS-deqgree elhow
6 - 2" spud washers

2 — 3/4" Plastic hy male pipe threa
4 — 1" Stainless steel clamps

1 — 3" Stainless sleed clamp

1T —18"Wond 2 x 4

1 5" Biameter serap piece ot rub

the house plumbing system.

TABLE 1
MATERIALS LIST

1 — Plastic 55-gallon drum {a steel drum can be substituted
with the addition of a rubher lid)

3/4 polyethylene tubing

ABS cement and othor plumbing necessities for the rest of

E

d adapters

her inner tube

compact and simple to install, Third, the
syilern had Lo be casy to live with; |
wanted something durable and long-
lasting, simple to maintain, and prefer-
ahly not requiring service more than once
s year. Finaglly, | had onc additional re-
quirement; The system must provide a
means for recovering some of the heal
present in the wastewater,

The device that came out of the design
process is basically two buckets within a
bh-gallon drum. The buckets ballle the
water flow in the drum, allowing the
grease to vome oul of suspension, con-
geal and flnat to the top of the drum,
The system is assembled from non-cor-
TUSIVE  COMPUnents basically plastics.
Matreriais {Tahle 1) cost aboul $100 in
Anchovage. The system is compact enough
Lo it o a crawl space, and the required
plumhing is not ditficu!t.

Figure 1 shows a wvertical seclion
through the drum. To start the system,
and to test it for leaks, the drum is filled
with clean water. Greywater from Lhe
househeld draing enters the covered drum
and flows into the top bucket. Water
flowing out of that bucket 15 direcled to
the botiom ol the drum. The greases and
solids collect principally in the top buck-
et. Some solids collect in the bottom of
the drum; very little collects in the bot-
tom bucket where the water goes into the

outlet piping. Most of the grease that
dnoes not stay in the top bucket comes
out of suspension in the cold water at the
bottom of the drum and floats to the top
ot the drum where it collects. The treated

GREYWATER TREATMENT
AND HEAT RECOVERY SYSTEM

Figure 1. Vertical section through drum.
For clarity's sake, inflow pipe carrying
water from top bucket to bottom of the
dram is not shown.

The Morthern Engineer, Vol. 14, Nu, 4



grevwater that leaves the drum s piped
into the saine gravel leachhod that was
used betore the drum was installed,

The small circles shown at the edye of
the drum in Tigure 1 represent sections
through the polyethylene pipe that con-
stitutes the waste heal recovery portion
ot the system. (Not shown in the drawing
it the waterproof liner that separates the
greywaler fram the clean water in which
the heat recovery piping is imnersed.
Section 1003 (f} of the Unitorm Plumbing
Code requires the double-wall protection
provided by the liner; the code does nol
allow potable water piping to he im-
mersed  directly in non-potable waste-
water.} It amounts to o wvery slraight
forward heat exchanger.1 Cold household
water flows hrough the polyethylens
pipe at the bortom of the drum, where
the water is coolast, and then ascends in
lhe coiled piping to the top of the drum
into plumbing directing it to the domestic
water heater. This direction of tlow
maximizes heal recovery, The heat that s
in the wastewater is transferred Lhrough
the plastic liner, the clean water hetwean
the tiner and Lhe drum, and through the
polyethylene of the piping, to the cold
water fiowing through the pipe.

OPERATION AND MAINTENANCE

The greywater Treatment system in

been in

RETRTecH

sRrvice

Dillingham  has
October 1981, I has done an excullort
job of collecting the major porlicn of

The outlet pipe from the lower bucket disengaged from the out-
let fitting on the drum. This fitting is not glued so that the pipe
can be removed. Crossed 2 x 2's were used to support the upper
bucket; later Bair found a 2 x 4 “worked fine and was simpler.”
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Lhe greases and solids that may be in the
wastewater. Without any actual test intor-
mation being available, | can only describe
the effluent from the system as being
basically clear, with some small — barely
visible - globules of greasc.

The heat recovery system has also
worked well. The outler temperatiure ot
the circulating water is raised a minimum
of 10%F uver the inlel lemperalure; the
cold water temperglure has increcased by
as much as 1071 when hot wastewaler
flows into the drum. | estimate that it
saves about 30% on the demeslic hot
water heating energy consumption.

The system is designed so that three of
the pipe connections inside the drum
come apart, allowing the two five-gallon
buckets ta be lifted out for cleaning. It
appears Lo me  thal Lhe system will
have to he cleaned every one or two
yvears — depending on how careful the
horme's accupants arc in keeping greases
aut of the kitchen sink.

The new regulations require that grey-
water receive primary treatmenl, which
amounis to a mechanical separation of
the greases and solids without any anti-
baclerial or chemical purificalion  oxact
Iy what my system daes. During wet por-
tions of the year, the water table is just
four feet below the ground surface at
my Dillingham homesite. Because of thel,
discharging the treated wastewater to the
aravel leachbed canflicted with previous
regulations but is allowable under the

mew yules. This greywater treatment
system should mecl the new reguire-
ments, but it has not yet been recoynized
hy DEC officially.

BUILDING THE SYSTEM

lhe drum system for treating grey-
water can be located in a craw! space or
bascment that does net freeze, It should
be placed somewhere below the drain
lines yet still be accessible for ¢leaning
and scrvicing. The following is a basic
step-hy-step description of how to con-
struct the system, which takes ahout
three hours.

1. With a razur blade or box knife,
cut the flanges from six 27 spud washers
to make {Be careful
dlways to direct the sharp blade away
from your body when curting.} [hese

six. flat washers,

spud washers are available at most piumb-
ing stores,

2. Locate the inlet hole as high as pos-
sible on the plastic drum by halding a

vy

.

A 2" ABS male adapter and a 2" spud
washer; a razor hlade is used to cut off
the flange.

Top view of buckets and pipes.
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spud washer on the sloped ring, s0 it is
lying flat on a smanth surface with no
ridges, With a pencil mark a cirele tracing
the inside edge of the washer, Center the
male end of a straight ABS pipe fitting
over this circle and seribe a slightly
singhler circle using the inside edage ot the
fitting as a guide. This circle should he
2-3/8" in diametar, which 15 the siee of
the hole that will be cut out.

3. Select g place aronnd the drum from
the inlet location that will he handy for
the outlet pipe. This should be at leasl a
quarter of the way around the drum from
the inlet pipe. Scribe the hale with a pen-
cil on the highest horizontal band on the
drum helow the inlet hole, using the same
method as in step 2.

4. Cut out the holes using cither a
2-3/8" hole saw or by drilling the biygest
hale possible along the inside edae of the
circle, and then using a sheetrock ar simi-
lar saw to cut out the hole, A file can be
used 1o smooth the hole, so that one of
the male ABS acdapters can be threaded
through it. Drill @ 1/4"" hole in the drum
ahout 1 below rhe outlet pipe hole,
Water will leak out this hale it either the
plastic tiner or the polycthylene pipe ever
ruptures, letting you know thal some-
thing is wrong and needs to he fixed.

5. Coil the 100 fect of 3/4" polyethy-
lene pipa into the drum so that only one
cnd sticks out about one toot ahove the
lip of the drum. Pull at the end of the
pipe in the bottom ot the drum enouyh
to allow the coil to seat itself well within

The author's wife, Louise Fowler, lifting
the upper bucket out of the drum.

the dyum, and then pull this end up so
thar about a foot of it can stick out fram
the drum alongside the other end of the
coil.

G. Place the plastic drum liner inside
the drum and make sure that the liner
will not be stretched and torn from s
fastenings when the drum is filled with
water., It may e helpful to fill the liner

LA R iy

The outlet pipe that sits in the lower bucket is notched on the
sides to allow water to flow in while the pipe holds down the

bucket and keeps it from floating.
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in the drum with water Lo g level just
below the outiet hole. This will ensure
that the lincr is well seated hefare the
holes are cut intlo il. Locate the liner
against the two holes in the side of the
cdrum and, with o razor blade, cut out
holes in the liner Lo match the holes on
the sida.

7. Place a flattened spud washer over
the threads of all three 27 ABS male
adapters and thread two ol the adapiers
into the holes in the side of the drum.
Insert the plastic drum lincr over the
threads and place another flattened spud
washer un the threads protruding inside
the drum through the plaslic liner,
Apply three or four rotations of teflon
lape over the threads, and thread the
female ABS adapter onto the prolruding
threads as tightly as possible. {If there
is water in the drum, drain it out at this
point.)

B. Place one of the five-gallon buckels
into the bottom of the drum toward the
side where the oullet pipe is. Place the
piece of 2 by 4 wood on edye un the
bucket an inch or two off center, and
mark on the narrow edge of the hoard
where it rests on (he bottomn bucket. With
a saw, notch into the 2 by 4 about one
and a half inches so the ? by 4 will rest
sccurely on the fower bucket.

9, Make a 2-3/8" hole as high as pos-
sthle in the side of the second buckel,
On most buckets, this s just below a
thick reinforcing ridge. Fit the male and
female ABS  adapters with the two

Four months of grease accumulation, with the majority of the
grease appearing in the upper 5-gallon bucket. Grease marks on

bucket and pipes show how high the water has risen.
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Figure 2. Cut, dimensions, and relative position of pipes for grey-

water system {not to scalae).

flattened spud  washers  through  the
buckel {using the same procedure as on
the drum).

10. Cut all the pieces of 2 ABS pipe
as shown in Figure 2. Where angle cuts
are shown, the pipe can be cul slightly
innger than required. The end of the angle
cut is then flattened by cutting the pipe
w the proper length., The end of the 267
outlet pipe is cut sguare so that it will
lold the bottom plastic bucket down.
{The plastic buckets will Tloat put of
pasition it they are not held down.)
To allow the water ta flow into the bot-
lom ol the pipe, twe notched holes are
cut inta the opposite sides of the pipe
about 17 from its bottom end,

11. Place the plumbed vpper bucket
in the drum so that it rests partly on the
2 by 4 The top bucket should fit just
under the inlet fitting gl the lop of the
drum.

12. All except three of the ABS pipe
fittings are glued toyether, The slub pipc
pieces going into the two fitrings through
the crum and the one coming out of the
five-gatlon bucket arc jusl friction fil.
This allows the system to be taken apart
for cleaning and servicing.
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13, Wilh all the components asscmbled
inside the drum, the system is ready to be
plumhbed into the house sewer system.
The inlet fitting through the plastic drum
is sel at an angle. Two 27 ABS slrect

Upper bucket with beveled pipe that
carries water to hottom of the drum.

45's can he used to accept the inlet
pipe from any direction. Before cement-
ing them ftagether, set them at the proper
angle and with a pencil mark the align-
ment on the lwo fitlings and on the fitting
yoing into the drum where no cement
will cover the marks. After applying the
comenl, juin Lhe
ling up the marks.

14. After the cement has set far an
hour or so Ml the drum with elean water.
Then caretully pull the plastic liner away
from the drum sides, cnough to pour
clean water between the drum and the
plastic liner. This water is to provide
better heat bransfer belween the waste-
water and the cold water that will he
flowing through the polyethylene pipe
on its way Lo the hot waler heater, Check
lur any leaks outside the drum other than
the plannad one from the 1/4” hale.

15 Thread the remaining 27 ABS
male adapler into the bung hole in the
plastic hid of the drum. Place the two
ends aof the palyethylene pipe through
the hole. Make (woe 3/4" holes in the
picee of rubber inner tube, and insert the
pipe through the two holes. This rubber
will he clamped te the adapter with the
3" stainless steel band after atl the plumb-
ing 1s complete. This provides an airtight
seal on the rflrum system.

16, Inscrt the two threaded pipe adap-
ters inlo the pipe. 1 the adapters do not
g0 into the pipe easily, the pipe can be
heated by inserling its ends inlo hot
water. With the adapters insertect, place
two stainless steel hands on each pipe.
Tighten the clamps with the screws on
opposite sides of the pipe for a leak-proof
Joint. Connect the cold-water piping 1o
the cnd of the polyethylene pipe that ex-
tends to the bottom of the drum, and con-
nect the other end of the palyethylene
pipe to the waler line going to the hot
water heater. Test for leaks in the domes-
tic water system, preferahly with 100 psi
air, or with waler pressure if
compressor is available.

17. TFasten down the lid and the grey-
water realment and wasle-heal recovery
system is complete.

littings and guick!y

no air
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