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ONSTITE RECLAMATION OF RESIDENTIAL CREYWATER

Robert L. Siegrisc William C. Bovle

~In conventicnal approachas to domestic wastewater management, the discrete
wastewater flows produced by individual water-using fixtures and appliances
are collected jeintly and handled as a single combined waste stream. 4n al-
ternative approach is to segregate the individual waste sources iato two or
more waste streams and provide appropriate treatment based upon the charac-
rarizzics of each wastawater and the intended disposal/reuse method. To its
proponencs, this appearad as a logical strategy which could facilizate water
conservation and wastawater recycling as well as enhance wastewater disposal,
Based upon inZuirive judgments ard the results of early characterizacion
studies, the concept of segregating the greywater or wastewaters generated
through basin, sink and appliance usage evolved. Since they are not contami-
nated directly bv human excrement, strategies are often progosed involving
onsite recvcling or casual disposal of greywater. Improved treatment unic
rasponse, reducsed trezatment requirements and a lesser hazard to the environ-
ment and public health than that associatasd with normal domestic wastewater
cfren appear as supporting arguments.

A series of field and laboratory studies were undertaken at the University of
Wisconsin in 1977 to investigate greywater management. The objectives of
thase efforcs were to characterize residential greywater and identify the
performance capabilities of septic tanks, =oil absorption systems, intermit-
tent sand filtars, and inhouse recyele units. This paper presents a svnopsis
of these afforns dealins with the raw waste characterization and the perfor-
mance of septic tanks, and intermistent sand filters. Additional derails
regarding these and relaced studies may be found in Siegrist et al., 1981,
Saw, 1331, aAnderson er al., 1581 and forthcoming publicatioms.

MATERIALS AMD METHODS

Research Facilicy Characteristics

To enable this investigation, the plumbing systems at four Wiscoasin homes
were modifisd so that the gravwaters from various fixtures and appliances

wera transported in mewly installed drainage pipes, separate from cthe tcilet
wastas, The characteristics of the study homes are shown In Table 1. ac
each of the four homes, the greywaters wers transportad to selected treatmenc
uaits. 4 brief description of these at ezch home foilows.

Fome l: 4t home 1, a septic tank, sand filter basin and twe sampling wells
were insralled as shown in Figure 1. The septic tank uvtilized was a precasc
concrete tank, approximarely 1.7 m in diameter with a liquid depth of 0.9

and a total lijuid volume of 1983 L. The inlet and outlet were bafiled with
semi-circular fiberglass baffles attached zo the rank wall., The characteris-
tirs of rthe sand filter are depicted in Fizure 2., The media finally selactad
was a coarsa filrzer sand with effective size of 1,37 mm and uniformity coef-
ficient of 1.30. The inicial saturated hydraulic conductivicy of this sand

-

was 520 m/d. The filcer was 1.2 m deep and 1.07 @ in diameter. A section of
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3.8 cm dizmecar plasctic pipe perforated with 7.9 mm diameter holes served zs

the underdrain. Approximartely 15 cm of 2.5 cm washed hardrccA overlain bhv 10~
cm 0f 0.6 cm pea gravel servad as the support media for 63 cm of filter sand.
Uniform distribution of graywatsr over the sand surface was supplied bv a ro-
tating aluminum sprinkler arm 4.7 mm in diasmeter and perforated with I am
feles. Two distinetly differesnt strategies were used co apply STE to the

and filter during this study. During the first series of filter rtuns

Prase I), the daily loading was designed to be applied ia intermiccanc doses
of 3 cm, with che actual dosing schedule and daily loading determined by the
greywater genération pattern wichin the home. During Phase II, the daily
Loading was designed £o be applied in hourly doses of 1.35 cm, with a high-
level float switch provided to activate extra doses of 4.0 cm during perloda
of high Flow.
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Curing the second phase of operation with the sand filter at home 1, aight
sand columns were also employed to evaluate the efrfacts of filtaer grain size
and nydrauniic loading on filter performence (Saw, 128l). The cast acrylic
columns were $.3 cm in diameter and contained 9 cm of 2.5 cm gravel, 6 cm of
0.6 cm pea gravel and 68 cm of filter sand (Figure 3). The factorial desizn
used in this experiment consisted of duplicaze columns with two sand sizes
and twe daily loading rates. The sands were a coarse sand with an effactive
size of 1.02 om and uniformicy coefficient of 1.44 and 2 medium sand with an
affective size of 0.17 mm and a uniformity coafficient of 2.82. The daily
loading rates were 15 and 30 cm/day, to be applied in 2% hourly doses/day at
the same time the sand El‘ter unit received its hourly dose.

Hdome 2: At home 2, a septic tank and two sampling wells were installad. T
graywarar septic tank was rfabricated from a concrete manhole with an inside
diamecer of 1.2 m and a liquid depth 0f 0.9 m yielding a liquid volume of
1038 L. The inlet and cuzlac were bafflad with open-ended tees.

he

Homzs 3-4: At both of these homes, proprietary greywater recycle systems
wera installad within the dwellings. The units, manufactured by Aquasaver,
inc., @mployed the unit processas of sedimentation, paper cartridge filtra-
tien (20 u) and chlorine disinfection for purifying bathing and laundry grev-
water for reuse in flushing toilets and lawn irrigation. A discussion of the
parrormance evaluztions of these units may be found in Siegrist et al., 1931
and Anderson et sl., 1981.

Monitoring Procadures

Volumetric flow data were collected autcmatically for rvaw greywater and

flow streams assoclated with each unit process using specially altered water
meters and Ilow indicating switches interfaced with occurrence counters and
continucus strip-chart recorders. Data were collected over many multi-day -
rerieds and analyzed cn an hourly and daily basis. Qualitative characceri-
zation was also accomplished through collection of grab and 24-hour flow
composited samples with analyses for various parameters performed accerding
to Standard Methods (1976). Svstem operations were monitored with occurrance
counters and continuous strip-chart recorders as well as elapsad time indi-
cators and power meters. Maintenance requirements were delineated in a log.
With tne propristary recycle units, user acceptance was assessed through
recordings in a user log and responses to a final questionnaire. Addicional
details regarding the monitering procedure may be found in Siegrist et al.,
1981 and saw, 1981,

RESULTS AND DISCUSSICY

Grevwater Charzcteristics

The daily ver capitaz generation of grevwarer was measurad 2t Homes 1, 2 and 4



yialding the results shown in Table 2. The mean daily flow ranged from 75.7
to 126.7 Lped while the maximum daily flow varied from 239 to 364 Lped. At
the thre= homes, the greywater flow represented 71.0 te 79.4% of tha toral
wastewater flow.

The qualirative characteristics of the raw greywater at the four homes are
summarized in Table 3, These data clearly demoastrate that grevwater does
contain significant concentrations of potential pollutants including 30Dg,
solids, and nitrogen. Comparisen of the data for those homes with kicchen
sink wastes included (Home 1 and 2} versus those without (Homes 3 and %) re-
vealed that inclusion of the kitchen wastes significantly increases the con-
taminant load in the greywater stream. At all four homes, high levels of
facal organisms were routinely measured suggesting that the greywater may

have been routinely contaminated by fecal matter. Assuming ng bacterial pop-
ulatior changes during a 24-hour sampling period, to yield 10° fecal coli/lQ0
ml would have required that approximately 1.2 g of wer fecal matter (@ 2.7 x=
10” fecal coli/wet gram of human feces), were contributed to a 320 Lpd grev-
water stream. When compared to total residential wastewater, greywater com-
prised of all household basins, sinks and appliances possesses lower concen-
trations of most conventional pollutants with the exception of BODg. If the
kitchen sinks wastes are excluded, the pellutant concentrations in the grey-
water are significantly lower than in the tctal residential waste stream,

A cursory study was also performed to determine the settling propertiss and
size distribucicn of particles in greywater {(Saw, 1981). Results of analysas
of two to four samples (24%~hour flow composited), from Homes 1 and 2 revealed
that little settleable or floatable material was present. after 60 minutes of
quiescent settling, the total solids presenc were raduced by less than 14%.
Subjective estimates of particle size distribution were achieved by selective
fileration on a variety of membrane and glass fiber filters. Based upon this.
analysis, over 30 percent of the solids present in the greywater had diamezers
less than 0.45 microns, while over 25 percent had diameters greater than 20
micrens. While limited, these studies suggested that simple sedimentation or
mechanical filcration would be relatively ineffective for greywater renova-
ticn. Olsson {1968) reported similar findings for individual greywaters from
an apartment complax in Sweden. '

Sentiz Tank Performance

The saptic tank effluent (STE) characteristics are delineated in Table 4.
Septic tank treatment effectively reduced the suspended solids in the grey-
water by approximately 50 to 70 percent. The other parameters measured were
arfected to a lesser degree while total and fecal coliform levels were
reduced by only a few percent,

The results of this study ara compared with those reperted by Brandes (1978)
and Kristiansen et al., (1979 in Table 3. 1In general, the results of this
study are similar to those reported previcusly. When compared to the septic
tank effluent quality achieved with total residential wastewater, the
effluent quality with greywater is quite similar. The only potentially sig-
nificant differences exist in the nitrogen and phospharus concentrations
which are lower in greywater STE.

Intermitcent Sand Filcrationm -

Sand Filtar: During the first phase of operation, the sand filter was dosed
intermitcencly with septic tank effluent beginning on Nevember 27, 1979
{(Table 6)., Applicaticn was continued until the hydraulic conductivity de-
creased fo the point whers it was continuoualy ponded between doses. This
occurred after 119 days of operation and afrer loading to the filter
totalled approximately 44.6 m, applied in 5 toral of 784 doses. Applicacion
to the filter during this period averagad 2.9 doses per davy at 5.7 cm/dose,



vielding a toctal daily loading of 33 cm/dav. Actual individual filter
dosings and daily loadings depended on the grevwater generarion patterns in
the homea.

Visual cbservation of the filter with time revealed that the hydraulic con-
cuctivity gradually dacreased. Afcer 119 days of operaticvn, the surface was
continuously ponded and the filter run was terminazed. In an attempt to ra-
juvenate the filter, the sand media was allowed to drain for 24 hours and was
then raked to a depth of 10 to 13 cm. The filter surface was smoothed out and
a sacond filter run began. The hydraulic conductivity of the filter afcer
raking was similar cto that of clean sand, vet after only 27 davs of cperation
the filter surface was continuously ponded and the filter run was terminated.
The filter was again rejuvenated by raking and a third run of 28 days was
achieved. During the initial f£ilter run, the filter air zemperature varied
from 2 to 10°C while that of the STE ranged from 8 to 10°C.

The effluent quality achieved with the sand filter during the first filter rum
is summarized in Table 7. Removals were very poor and virtually no aicrifi-
cacion occurred. The limited pollutanc removals in the filter were most
lixely due to the coarse media employed and the application method utilizing
only 6 to 7 doses per day. It seems reasonable that the couarse media and
lcading regime were not amenable to physical aand chemical removal processas
and the potentially short coacact times and relatively cool temperatures did
net favor biological activicy. The cool temperatures during start up un-
doubtadly hindered the development of a heaithy biomass during this cun. In
light of the ccarse media and the limited pollutant removals, a filter rum of
only 119 days was unexpectedly short.

To enhance the poor periormance exhibited by the saad filcer during phase I,
2 new mode of operation was selectad. During phase II, the filter was to ra-
ceive 1.35 cm doses each hour of the day with additional 4.0 cm doses during
periods of high flow. The daily loadinz was to be approximately the same.
Prior to initiation of this phase, the top 25-30 cm of the filtar bed were
remcved and the underlying media was dosad with 10% Hy0,. After flushing
with tapwater, 25-30 ¢m of new sand were added. The sprinkler arm, under~
drain, and filter effluent pump basin were alse cleaned with 3% He05.

Operation of the filter during phase II began cn July 15, 1980 (Table 6).
application to the filter continued unctil the hydraulic conductivity de-
creased to the point where continuous ponding occurred. This oceurred after
149 days of operation during which time the loading to the filter rotalled ~
approximately 58.3 m applied in a total of 3,348 hourly doses (1.35 cm/dose)
and 326 high-level doses (4 cm/dose) (Table 6). The total daily loading to
the filcer during this period averaged approximately 39 cm/day. This loading
was applied in an average of approximately 22.5 hourly doses/day and 2.2 nigh-
level deses/day. Actual individual filter doses and daily loadings depended
on the home greywater generation patterns.

After the first filter run, a combination of surface raking and hydrogen pero-
xide treatment was used to rejuvenate the filter. Immediately after termina-
tion of the filter run, approximately 50% of the ponded surface was raked
vigorously to a depth of 15 cm. The 7 to 10 cm of ponded watar slowly
drained through the filter during the next 20 min. The unraked sand surface
was black and malodorous and covered with a thin {1 to 2 mm) mat of black
solids. The raked area indicated a black discoloration to approximately 10
cm into the bed. After smoothing che sand bed, 5.7 liters of 133 1,0, were
dosed on the filter. The filter was placed back into service approximately
45 minutes after this freatment. Subsequent measurements indicated that the
aydraulic conduccivity of ths sand bed apparently had not been significancly
rejuvenatad by the rakinz and the level of E;0, treatment emploved. This was
supported by the fact that a succeeding filfer run laszed only 45 days until
continuous pounding reoccurrad. During this period, the filcer air temperature

ranged from 10 to 20°C and the STE temperature ranged from & to 10°7.



The sand filter effluent quality achieved is summarized in Table 8. Effluent
quality was comsistently high with BCDg and T5§ concentrations of 6 and 10
mg/L, represanting removal afficilencies of 97 and 83 percent, respectivaly.

In addition to near complete nitrification of the influent, approximately 43
of the applied nitrogen was removed in the filtar with a significant fraccion
apparently due to mechaniswms other than simple retention or assimilarion in
biomass. (Siegrist et al., 198L). Total and fecal coliform concentrations wera
reduced by 97 and 99%, respectively, but concentrations in the filrer effluent
remained relatively high,

Sand Celumns: The sand column studies were iniriated in Julv, 1980 in paral-
lel with the phase II filter run. The lengch of filter run for each columm
are presented in Table 6 along with the average dosing frequency and daily
loading., Within one month after startup, all medium sand columns were con-
tinuously ponded. In the two replicate coarse sand columns loaded at 20 em/d
some ponding was noted after 220 days of loading and continuous ponding was
present at the end of the 316 day study pariod. Yo ponding was observed in
the twe coarse sand columns loaded at 14 cm/d and final measuraments inditca-
ted the infiltration rates of these two columns remained high after 315 days
of operation. During the study period column air temperature ranged from 4
to 28°C and the STE temperatures varied from 7 to 12°C.

The effluent quality achieved during the column studies is delineated in
Table 3. The effects of sand size and hydraulic loading on effluent quality
were not pronounced except in the case of the high loaded medium sand columns
whaere a lower quality effluent was produced. The efrfluents from.all four
ccarse sand columns were of telatively high quality with the lower lcaded
celumns preducing only a slighrly better effluent. MNitrification was pre—
valent in all but the high loaded medium sand, but was greatest with the low
loaded coarse sand. From 26 to 35% of the applied nitrogen was not accountad
for in the column effluents, This is similar to the experience with the sand
filrer. Twc to three log reducfions in fecal coliforms through the column
still resultad in high 2fflvuent comcentrations.

Operation of the sand columns differed from the sand filter in two distinct
wavs: the average daily loadings tc the columns were lower and there were ao
surge deses during pericds of high greywater production. While it is diffi-
cult zo say for certain, these operational differences may have heen respon-
sible for the increased filter ruas and volumes of STE processed in the
coarse sand columns compared to the filter. The effluents frem the coarsa
sand columns and the sand filter were comparable and of a high qualiey.

Sand Filtracion Symopsis: It is difficule to directly compare the sand £il-
tracion results of this study to those of previous investigations due co the
type of eZfluent applied and/or the method of application. Experience to
dac2 with intermittent sand filtravion of domestic wastewater has been
primarily associated with treatment of total domestic wastewater, typically
frem primary settling tanks, septic tanks or lagooas. Under these circum—
starces, high quality effluents are produced and filter runs vary depending
on influent wastawater qualicty, loading rate and sand media size (U.S. EPA,
1980). Filcration of 20 cm/d of household STE applied in 4 to 6 doses/day
typlcally vields filter run lengths of 3 to 6 months. The filter runs ob-
served with greywater STE ir this study suggested that multiple loading of
wastewater to the filter may enhance effluent purification and run length of
coarse sand filters. The sand filcer loaded 24 times daily at 39 cn/day pro-
ducad a signiiicantly langer filter run chan that loaded 6.6 doses/day at
approximataly the same daily loading. Effluent qualitv was also substantial-
iy better in the filter receiving more frequent dosas. These findings were
further corroborated in the cearse sand column filter runs at L4 and 30 cm/
day. Similar rvesults with primary treated residential wastewater have been
reported previously (Furman et al., 1953). There is little doubt that inter-
mittent sand filtration of greywater STE can yield a high quality effliuent

~



similar cc chat preduced with total household STE. OQuestions remain however
concerning whether leager filter runs and/or higher loading rates can be
achieved with graywater 3TE as compared to total household wastewacer STE. A
study is in progress at the University of Wisconsin addressing these issues.

SUMMARY AND CONCLUSTONS

Field studies were conducted by the University of Wisconsin at four Wisconsin
homes (Table 1) to inveszigate the characteristics of untreaced graywater and
the performance capabilities of septic tanks and intermittent sand filters.
The following comclusions are developed from the results of these efforts.

1) The average greywater flow measured at each of three homes ranged from
75.7 to 126.7 Lpad (Table 2).

2) Household greywater from four homes was found to contain sufficient con-
centrations of organic matarials, solids, nutrients and fecal bacteria ro .
wWAITAaNI management on & par with that for tocal household wastewater (Tabla 7).

3) (At two hemes, treatment of raw grevwarer through septic tanks with average
detenciorn times of 6 days yilelded 52 and 73% reductions in the suspended
solids concentrations and ccnversion of nitrogen in an organic form to an
ammonli Zorm. Impacts onr the other measured paramerers were minimal (Table 4),

%) The septic tank effluent (STE} quality produced with gravwater and total
wastewater 1s quite similar, the only notable exceptions being reduced nu~
trient concentrations in the greywater STE (Table 5.

5} Filcration of greywater STE through 68 ¢m of a coarse sand (E.S. = 1.37 o,
Y.C. = 1.30) was accomplished at an average daily loading of 38 cm/day. (8.7
gpdfftz) appiied in an average of 6.6 doses/day (Phase I). After L19 davs of
opsration, the filter was continuously ponded (Table 5). Rejuvenation of the
filter by vigorous raking to a 10 cm depth and releading resulted in subse-
quent runs of only 27 and 28 days.

%) During the first filter run {Phase 1), remsval of BODg averaged only 617
and suspended solids removals were near zero (Table 7). Alchough no nicrifi-~
cation cccurred, 23% of rthe applied nitrogen was removed in the filter.
Coliform concentrations were reduced by less than one log. The pocr parfor-
mance was attributed to the coarse media used, the application merthod (only

6 to 7 doses/day) and cool oparating temperaturss (2-10°C).

7) During Phase II, intermittent filtration of greywater STE through A8 cm

of a similar coarse sand was accomplished at an average daily loading of

3% cm/day 9.9 gpd/ftz) applied in an average of 22.5 hourly doses/day and 2.2
‘high-level doses/day (Table 6). After 149 days of operation tha filtar sur-
face rerained continuously ponded. Analyses of rthe filter media wikh depth
indicated that a buildup of organic materials had occurred not only ar Zhe
surface but with depth (Siegrisc et al., 1981). Rejuvenation of the filter

by raking tc a 10 cm depth and treating with HoOs (0.7 cm of 13% H,05)

vielded a subsequent filtar run only 30% as long as the first. -

8) The erfluent quality achieved with hourly filter dosing was significantl=
better than that with six to seven random doses per day. Concentrations of
20Dg and suspended solids averaged only 6 and 10 mg/liter, respectively, re-
presenting removals of 97 and 837 (Table 8). In addition to near complete
nitrification, approximately &3% of the applied nitrogen was removed in the
filter with a large fraction apparently due to mechanisms other than simple
retention or assimilation in biomass. The enhanced performance of the filter
during phase II was presumable due largely to the smaller dose volumes which
provided Ior longer contact times. Alse, fluctuations in daily loading and
short-term peak loading were reducad during phasa IT.

9) Sand cclumns operated in parallel with the sand Silter during phase IT
vieldad filcer yuns of 316 days at 30.2 cm/d and runs in axcass of this at
4.4 em/d on a similar coarsa-grained sand (E.S. = 1,02, U.C. = 1.44)(Table Ay,



In centrasc, medium sand celumns (E.S. = 0.17 mm, U.C. = 2.82) loaded a- thesa

rates wers all ponded continuously within 39 davs of starcup. During these
studies desing also occurrad at 1 hour intervals, Sut no axtra high-lavel
doses occurred during periods of high flow.

10) Effluent qualicy with the coarse sand columns was very good aad similar
to that of the phase II sand filter run. Unexpectedlv, the medium sand
columns exhibiced poorer effluent qualicy (Table 3).
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Table 4. Septic
______________________ T “Home L T Home 2 - =
Paramneter Ynit hao. Maan Range Ha. Mean ranze
20D, mg/L 25 218 7-330 i1 13a 75-290
coD” mg/L 21 502 159-749 3 409 181761
TS ng/ L 23 659 5346-399 9 2384 l125-3624
VS mg/L 23 279 120-548 9 227 92-600
133 ag/L 21 52 18-93 3 33 22-30
IVS8S mg/L 19 37 0-72 4 23 13-33
IKN - agN/L 22 18.6 12.4-27.7 9 13.1 3.4-19.9
ﬁHQN mgN/L 20 10.3 3.6-18.0 7 3.5 4.1-6.9
ﬁojN ag/L 20 0.2 0-1.2 7 0.6 0-2.7
TP ngP/L 13 3.2 1.0-7.8 4 5.5 3.2-7.4
Alkalinicy mgCaC03/L 16 342 128-408 8 422 363-368
Turbidizy NTU 13 32 34-75 & 51 30~43
pH - 3 - 5.8-7.% 4 - 6.4-7.53
Total Coliform  Log #/L 20 7.96 7.32-3.38 4 3.96 7.90-3.76
Facal Coliform Log #/L 22 7.09 6.00-8.50 1O 7.3 A.79-8,15
“Home 1: Taak volume = 1984 L; Detention time =~ /.2 days; Data Pariod =
Nov.'79-Feb.'8L. Home 2: Tank volume = 1058 L; Deteation time = 6.9 davs;
Data Period = Sept.'79-lov.'80.
Table 3 Comparison of Septic Tank Effluent Qualicy
Grevwater Total
Paramecer Unic Home 1% Home 2% Brandes Kristiansen® 3SWMP
{1973) et al(1979) (19378
200 mz,/L 216 139 149 LO7-160 138
CoD mg/L 5302 409 366 307-370 327
158 mg/ L ‘52 38 162 28-43 49
TEN mgh/L 13.56 13.1 11.3 13-26.2 45
UHON mgN/L 140.3 3.5 1.7 3.9-17.9 31
2" ngP/L 3.2 5.5 1.4 - 13
o) - 6.8-7.6 6.4=7.5 5.8 - -
Total Coliform Log #/L  7.96 8.96 8.38 - -
Fecal Coliform Log #/L  7.09 7.31 7.15 5.27-6.70 5.7
dRefer to Table 4. o L
bRanga of mean values for three systems. Multi-chambersd tanks. BO"7 value.
fable 5. Greywater Sand Filtration Characteriscics
unit Medig Doses Loading Run Length
E.S. U.c. No/d Volume Caily rotal
{mm) : (em) {em/d) {m) (days)
Filcer-1 1,37 1.30 6.6 5.7 37.4 44,6 119
-1z 1.37 1.30 22.5 1.35 39.2 38.3 149
(2.2)% (4.0)2
Column L 1.02 1.44 24.0 1.26 30.2 85.4 314
2 1.02 1.44 25.0 1.286 30.2 95.4 3le
7 1.02 1.44 24,0 0.A80 14.4 >45.5 >31%
3 1.02 1.45 24.0 0.60 4.4 »45.5 >316
3 0.17 2.82 2L.0 1.33 28.0 10.6 38
& 0.17 2.82 22.3 1.33 29,7 23.6 86
5 0,17 - 2.82 23.3 0.64 14,2 12.2 836
4 9.17 2.82 21.6 Q.64 13.8 0.5 43




Tacle L.

ristics ac 3tudy Residences

Graywatar

KS,BsS,B/3,CW,LS

X$,BS,B/S,CW,LS,

" Characreristic Eome 1 Home 2 Home 3 Home &

Residents
Adults 2 2 2 2
Children(age) 2(5,2) 1(2; 3(4,6,14) 2(17,19)

Water-Using Fixturas
Toilects 1 L 2 1
Bachtubs 1 1 1 1
Showers L 1 i 1
Bath basins 1 1 2 1
Clotheswasher 1 1 i 1
Dishwasher - 1 - -
Kitchen Sink 1 i 1 i
Garbage Disposal - - - -
Warter Sefcener 1 1 i 1

Water Supply Well Well Weall Well

Waste Disposal 5TSAS? 5TSas? i1 sTsas?

aSeptic tank - soil absorption system; bHolding cank.

Table 2. Daily Creywater Flow Characteristics

Parameter Unic Home 1 dome 3 Home &

Mean LECD 80.6 75.7 125.7

S.D. -- 52.2 657 .6 38.1

93% C.I. LPCD 7L.2-90.1 56.8-94.5 S 112.8-140C.4%

Range LPCDh 7.6-259.3 14.2-274.2 47.3=-364.3

Fraccion 4 71.0 73.8 79.4

Data Poincs Davs 121 51 6%

Data Period - 11/79-12/80 3/80-6/81 12/79-10/80

KS,BS,3/5,0W,LS

e Y P ——

“Events included in greywater stream;

KS

==

kitchen sink; BS = bathrecom sink:

E/S = bath or shower; OW = clotheswasher; LS = laundry sink; WS = water
softaner.
Table 3. Average Raw Greywater Qualicy
Parameter Unit Home L Home 2 Home 3 Home. 4
BODS og/L 291 271 147 125
20D mg/L 622 BOG 276 242
TS ag/L 6586 925 810 794
v ng/L 274 289 179 128
133 mg/L 136 139 92 36
TVSS mg/L 90 122 33 33
TKN agN/L 18.4 - 17.4 3.7 3.8
NHQN mgN/L 4,5 l.a 1.2 0.5
40, N mgN/L Q.6 0.1 0.4 0.5
gy mgP/L 4.8 12.9 .3 1.0
Turbidity NTU 38 67 - 42
Total Colifarm Log #/L 7.90 2,91 7.44 7.21
Fecal Coliform Log #/L 7.28 7.78 6.68 5.54
Greywater Events® Ks,Bs,B/S, XS,BS,B/S, BS,B/S,CW, B/S,0CH,
smamem = == CWLLS CWLLS L. =a==££:’_-.._. ==msm
®fvents included in total greywater straam: KS = kiechen sink; 35 = bathroom
sink; B/S = bath or shower; CW = clotheswasher; LS = laundry sink;



Greywater Sand Filter Effluent Quality - Phase I

Taktle 7.
Parameter Unic Sand Filter Effluent” Removal
N Mean Range Influeng? AR
8025 mg/L 7 33 35-147 215 61
oD ng/L 3 232 201-213 473 51
ISs mg/L 4 45 13-80 41 G
TVSS ag/L 3 4 0-3 22 52
T5N ag/L 8 14.5 6.0-24.2 22.0°¢ 33¢
NH,N mgN/L 7 8.5 0.7-16.9 - -
NOaN mgN/L 7 0.2 0-0.4 - -
Turbidity qJTU 8 20 3-132 32 62
Total Coliform Log#/L 6 7.25 6.41-3.45 8.08 85
Facal Coliform Logi/L 8 .35 5.30-7.89 7.27 3l
337 cm/d in 6.6 dosas/day through 68 cm of coarse sand, E.S5. = 1.37 mm, U.C. =
1.30. "Mean septic tank effluent during filter run. CTotal nizrogen.
Table 8. (Creywater Sand Filter Effluent Qualicy - Phasa TII
Parameter Unit Sand Filter Efflusnc® Removal
Yo. Mean Range Influenc?® JR
BDD5 mg/L 3] ) 2-9 216 97
CoD ng/L 7 112 11-312 528 78
158 mg/L 7 10 4=17 60 83
TVSS mg/L 7 3 0-14 46 3%
TEN mgN/L 7 3.0 1.2-5.2 15.5°¢ 43¢
NH, N mgN/L 7 0.3 0-1.0 . - -
NOLN mgM/L 7 5.9 2.0-12.8 - -
Turbidicy NTU 5 2 1-4 54 96
Total Coliform Log#/I 5 6.34 5.30-6.95 7.84 97
Fecal Coliform Log#/L 3 4.78 3.18-6.18 .91 39
339 cm/d through 68 cm of coarse sand, E.§. = 1.37'mm, U.C. = 1.30 ‘Wean
septic tank effluent during filter run. CTocral aitrogen.
Table 9. Sand_Column‘Mean.Effluent Quality . -
Parameter Unit STE Coarse Sand” Medium Sand®
1 2 8 3 4 3 5
BODj mg/L 243 18 13 13 10 54 50 15 14
oD mg/L 519 5L 49 30 33 180 206 70 37
T3S mg/L 53 15 13 i1 11 27 39 24 10
IVsS mg/L 46 7 & . 6 7 11 24 13 3
TKY mgl/L  15.2 3.5 3.7 2.4 2.0 0.6 12.0 8.3 7.0
NH,N mg¥/L 6.6 0.5 1.0 0.3 0.3 6.3 5.9 4.1 2.2
NO,N mgN/L 0.3 3.9 3.4 6.5 5.8 0.3 0.4 3.¢  3.¢
Total Coliforms Log#/L 8.30 6.17 5.88 5.87 5.545 5.83 6.78 5.88 4.51
fecal Coliforms Logi#/L 6.90 4.38 4.48 4.34 -4.20 4.43 5.08 4,89 3,00
Loading emfd - 30.2 30.2 14.4 1l4.4 28.0 29.7 14.7 13.8
BCoarse sand: E.S. = 1.02 mm, U.C. = 1.44 Medium sand: E.S. = 0.17 mm,

G.C. = 2.82,



