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of prime agricultyral lang, Surface discharge is an alternative dispogal

method, However, to avoig environmentel and health Problemg, discharge

& proper decigion on thege alternatives, the homecwner must examipe both
the in-houge Procesggesg (5). a8 well gg treatment optiong which might

best meat the local water quality objectivesg, A geners] matrix depicting

. .
1Sa.nitary Engineer, Small Scale Waste Manegement Project (SSWMPJ, Depart.
ment of Civiz and_Environmental Engineering, Uhiversity,of Wisconsin,
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been underway since 1973.. 11 addition, disinfection studies in the 1g,..
ofatory &nd field have been undertaken, g brier description of this work

is Presenteg beloy,

¢rust development (7). Tensiometrie fieasurements were g1go taken to
characterize and bossgibhly predict filter run lengths, Various mainten-
ance techniques, such gg resting,-raking Or removing the ¢rusted gand

surface were also studieq &8 methods of reJuvenating clogged sandg.




‘Effectiva Size Uhiformity
- (mm) Coefficient
0-19‘-0;22 3.3'-)4-0
0.43-0,45 3.0-3.3
0.65 1.4

TABLE 3. Wastewater Characterigticg at the Park Street Iaboratory

Bon5(mg/z) TS8(mg/2)

Mean Mean
1000 Gallon Septic Tank _ ‘ 53 25-54

Extendeq Aeration Aerobie Treatment tnit 20-34 50-85

determine the length of Tfilter rums, Verious types of maintenance, such
&8 reking the gang surface, removing the top layer of saﬁd or resting the
filter bed fop some period of time were aléo.investigated. Disinfection

of the sang Tilter effluents vig dry-feed chlorination ang witra-violet



The fielg experiments have been conducted since September, 1973 (3).
Three systems have been constructed at three rurail homes located op

University of Wisconsin experimental faymg, The system at the Ashland

in area gng contained 24 to 30 inches (61.0-76,2 em) of washed sand. The
sand was underlain by 6 inches (15.2 cm) of pee gravel and 6 inches (15,2

em) of coarse gravel. The effective gize and uniformity coefficient of

inexpensgive,
TABLE 4. Sands Useq for Fleld Experiments

Effective'Size Uniformity

(m ) Coefficient
Ashland Experimental Faym 0.43-0.45 3.0-3.3
Electric Research Farm 0.19-0.22 3.3-k.0

Arlington Experimental Farm 0.28 2.8




removable cover to be fastened to the top of the fjlter. The covers
bPrevented the accumulation of debrig on the sand surface, reduced odor,
eliminated freezing problems and allowed easy access to the sang surface.
An open space of approximately 16 inches (40.7 em) existeq above the sang

surface to gllow intermittent ponding of wastewater above the sand.

the bed, 3 splash plate wag Placed underneath the outlet elbow to reduce
erosion of the sand surface, The collection system at the filter bottom
consisted of a 4 ineh (10.2 cm) perforated pipe which was vented above
the Qand surface. PFurther deseription of the sand filters can b% found
in the literatyure (2). 7 |

The hydraulie loading rates employed for the sand fllter studies
ranged from 2-ho gal/day/sq £t (0.08-1.6 m/day) with the rates primarily
between 2-10 gal/day/sq £t (0.08-0.} m/day. Excessive groundwater infij-
tration sometimes caused thé rates to become exceedingly high. Tha sand
Tilters were dosed (k to 13 times/day) by a submersible pump with a
controlled volume of wastéwate;. This was dependent upon the amount of

wastewater generated each day.

RESULTS AND DESIGN RECOMMENDATIONS

Septic Tank-Intermittent Sand Filter

SBand Clogging and Maintenance
Throughout the fielg end laboratory studies & record wes maintained

of the infiltration rate of sands loaded with septie tank effluent,




in a forthéoming bpublication, In thig Paper, a general discussion high-
lighting slgnificant Tindings will be Presented,

Figure 1 shows the infiltration rate decline of a sang loaded with
Septic tank effluent. The data iﬁ this figure wag generated at the Ashland
fleld sand filter. The sang had an effective size of 0.43 my and an ini-
tial seturated hydraulic conductivity of 565 gal/day/sq £t (23 m/day). |
The average hydraulic loading rate wag L.85 gal/day/sq £t (0.2 m/day).
This figure is shown because it represents the characterigtie infiltration
rate reduction that was found in both the field and laboratory studies,

The length of this filter run Was approximately 150 days; however,
it was foung from other filter runs and the laboratory sand columns that
run lengths varieqd depending upon the loading rate, the strength of the
wastewater, maintenance performed to the sangd surface and the gand size,
An important finding was that the pattern of infiltration rete reduction
wag similar in all of the studies. 4g shown in Figure 1, a logarithmie
decline in infiltration raté bccurred leading to continuous ronding of
the sand and an Wtinate infiltration rate between 0.5 ana 1.0 gal/day/
8¢ £t (0.02-0.04 m/aay). |

An initiai time period at the start-up of the sand filters did not
show this logarithmic Infiltration rate'decline. The leﬁgth of this time
Deriod largely influenced the length of the filter runs. larger sand
slze, lower hydraulic loading rates ang lower wastevater organie strengths

increased filter run lengths,
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FIGURE 1. Infiltration Rate Decline of Sang

loaded with Septic Tank Effluent
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Sand Effective Size 0.43 my
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that during the initial start up period g largg increase occurg in the
microbial activity within the sand. Products of microbiagl growth, sueh
as cells, slipesg angd Polyseccherides accumulate throughout the sand bed,’
This growth ig especially high in the top 2-4 inches (5.0—10.2 em) of

Fl

sand, Eventually thege growth products reduce the volume of %he Sand

tank-sang filter systems, g hydraulie loading rate of 5 éal/day/aq £t
(0.2 n/day) 1s recommended for determination of the required surface

area of the gand filter. Due to the clogging effect of sepfic tank ef-
fluent it is-reégﬁﬁénded'that‘an additional sand filter éf equal gize be
installeqd, Application of effluent onto the sand filters would slternste
between the two beds. Tipme rerlads of loading and resting has beepn found
to be dependent upon the effective 8ize of the gangd. These values are

ligted in Table 5,



TABLE 5. Septic Tank-Sand Filter Operation Schedule

Sand Loading and Resting Periog
Effective Size Uniformity
{mm ) Coefficient (months)
0.2 - 3-b ‘ 1
0.4 _ _ 3
0.6 1.b 5

For example, if a sand with an effective size of 0.4 mm and unifor-
mity coefficient = 3 1is usgd, the operation and maintenance schedule woulgd
be as the following. The entire wﬁstewater load is applied to the first
sand filter for 3 months. The flow ig then switched to the second sand
filter and the Tirst filter is reked to g depth of 2 to L inches (5.1~
10.2 em). Wastewater ig reapplied to the first filter after 3 months of
rest. After the éecond 3 month loading of the filter the top b inches
(10.2 em) of the sand is replaced with clean sand. The firgt filter b

then rests for 3 months while the second filter is in operation. Total

malntensnce to esch filter involves raking the sand surface ang removing

the top sand crust once each yesr.

Effluent Quality

loaded with septic tank effluent at an average rate of 5 gal/day/sq £t
(0.2 m/day) has been published previously (3). More recent data has been

similar, =so only selecteg parameters are Presented in Table 6.
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TABLE 6. Septic Tank-Sand Filter Effluent Quality Data

Septic Tank Sand Filter Chlorinateq

Effluent Effluent Effluent
BOD; (mg/%) 123 9 3
1SS (mg/2) 48 6.9 6
Ammonia ~N (mg/2) 19.2 0.8 « 1.1 1.6
Nitrate -N (mg/4) 0.3 1 19.6 - 20.4 18.9
Orthophosphate {mg/2) 8.7 6.7 - 7.1 T.9
Fecel Coliforms (#/100 m1) 5.9 x 10° (0.5 - 0.8) x 103 2
Totel Coliforms (#/100 m1) 9.0 x 105 1.3 x 103 3

NOTE: Loading rate average: 5 gal/day/sq £t (0.2 n/day). Numbere

llsted are mean values.

Concentrations of BOD5 and TSS were slgnificantly reduceqg by the
sand fllters. Almost complete nitrification of the septic tank effluent
was also achieved by the sand filters, Orthophosphate concentrations
were reduced approximately 207, One to two log reductions of total ang
fecal coliforms were obtained through the sana filters; however, effiuent
concentrations will not ‘meet current surface discharge recommendations
of 1000/100 ml and 200/100 ml respectively. Chlorination of the sand

filter effluents reduced the coliform levels below the reccmmendations.

Aerobic Uhit-Intermittent Sand Filter

Send Clogging and Maintenance

A record of the infiltration rete of sands loaded with aerchic unit
effluent was also maintained for the fleld and leboratory studies.
Numerous curves were generated and a detailed discussion on the subject
will be pregented in a foethccming publication., A general discussion

covering the major findings will be bresented here.
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Figure 2 shows the decline in iﬁfiltration rate with time when an
aercbic unit effluent is applied to a gang. The data in this figure was
generated at the Electric Farm field sand filter. The sand effective
size was 0.22 mm ang the initial sapurated hydrsulic conductivity was 418
gal/day/sq £t (17 m/day). fThe averéée hydraulic loading rate was 6. 3 gal/
day/sq £t (0.25 m/day). The infiltration rate reduction in this figure
represents the general pattern found in both the laboratory and field
gtudies,

As shown in Figure 2, an immediste logarithmic decline in Infiltra-
tion rate occurred during the first month of gapplication. This was due
to an accumulstion of suspended solids, which were strained from the
wastewater, Thig mat of accumylated golids formed on top of the sand
surface and did not penetrate into the sang. The formation of the solids
mat continued throughout the filter run indidating 8 non-degradeble
rature of the suspended solids in the effluent of the aeroblc treatment
unit. PFlow rates through the crust ranged form 50 to 100 gal/day/sq e
(2-k m/day) at this time.

During the remaining filter run, infiltration rates ranged from 3
.to 100 gal/day/eq ft (0.12—& m/day). The range of infiltration rates
wag dependent upon the amoﬁnt of time the crusted material oh top of the
sand remained unpended with wﬁstewater When continuous ponding ccecurred,
infiltration rates decreased to as low ag 3 gal/day/sq ft (0 12 m/day);
however, when the crust was allowed to dry end ersck oren, infiltration
rates were as high as 100 gal/day/sq £t (L m/day). Eventually, continuoug
ponding predeminated causing infiltration rates to lower below the 5 to
6 gal/day/sq ft (0.20~0.24 m/day) loading rate. When wastewnter ponding |

above the sand reachea 12 inches (30.5 em), the filter run was ended.
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At this time, an accumulation of suspended solids on top of the sang had
become 3/Lh to 1-1/2 inches (1.9-3,8 em) in depth. It is important to
note that even at failure, the ultimate infiltration rate was 2 3 0 gal/
day/sq ft (0.12 m/day).

Sand columns studied in the laboratory also showed an infiltration
rate reduction asg shown in Figure 2. The total run length, however, was
shorter due to a higher suspended solidg concentration and highef hydrau-
lic loading rates. Larger sand sizes offered little increase in toteal
run'lengths; however, they appeared to have a higher ultimate infiltra-
tion rate at the end of the filter run. Ultimate Infiltration rates in
the laboratory ranged from 3.2 to 9.4 gal/day/sq £t (0.13-0.38 m/day).

Various maintenance techniques were studied to regenerste the clogged
sand filters and columns. Results showed that removal of the solids mat
from the top of the sand surface restored the infiltrative capaclty to
20-100 gal/day/sq £t (2-4 m/day). Thig capacity was approximately equal
to the sand capacity after the initial logarithmic decline in infiltra-
tion rate at start-up. This allowed succeeding filter runs to be run
without the need fof resting the zanq bed, thus eliminating the need for
alternate filters. Apparehély little active biclogicsal decompogition
occursg below the sand surface, due to the low soluble organic material
in the aerobic unit effluent. This statement is only true when the sand
surface remains serobic and at a high oxidation reduction potential. It
also assumes that the aerobic treatment wnit is properly operated and
maintained,

The length of filter runs eppeared to be dependent upon the mass of
© susgpended solids applied to the sand surface. The mass is determiﬁed by

the hydraulic loading rate and the concentration of suspended solids in
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the serobic unit effluent. At loading rates ranging from 4-§ gal/day/
sq ft (0.16-0.24 m/dey) and suspended s0lids concentration = 50 mg/%,
filter run lengths of one year have been experienced. At the same loading
rate and suspended solids éoncentrations = 100 mg/2 filter rum lengths of
8ix months have been experlenced.

Based on these findings a hydraulic loading rate of 5 gal/day/sq £t
(0.2 m/day) is recommended for determination of the required surface
area of the sand filter. Maintenance to the sand filter is recommended
at six month intervals and involves the removal of the solids mat from
the top of the sang surface along with 1 inch of send. After replacing
1 inch of top sand, wastewater may be reapplied to the filter. No
alternate filter appears to be necessary, if the aerobic treatment unit
is propefly operated and maintalned. Periodic blological end hydraulic .
upsets can be assimilated by the sand filters; however, extended time

prerlods of these upsets have led to shorter filter runsg.

Effluent Quality

A detailed analysis of the effluent quality from sand filters loaded
with serobic unit effluent at an average rate of 3.8 gel/day/sq £t (0.15
m/day) hes been published previously (3). A few selected parameters are
bresented in Table 7. Further data from sand filfers loaded at an
average rate of 6.3 gal/day/sq £t (0.25 m/day) has shown similer findings.

An importent finding to note is that there is little difference in
the effluent quality of the serobic unit-sand filter effluent and the
septlc tank-sand filter effluent listed in Table 6. This isg especially
true after chlorination of the sand filter effluents, which reduced the
coliform levels below recommended standards for primary contact recrea-

tional waters,
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TABLE 7. Aerobic Unit-Sand Filter Effluent Quality Data

Aerchic Unit Sand Filter Chlorinateqd
Effluent Effluent Effluent
BOD; (mg/4) 26 2 -4 4
798 (mg/L) L8 9 -1 T
Ammonia ~N (mg/R) 0.4 0.3 0.4
Nitrate -N (mg/%) , 33.8 36.8 37.6
Orthophosphate (mg/%) , 28.1 22,6 23.4
Fecal Coliforms (#/100 m1) 1.9 x 101‘ 1.3 x 103 8
Total Coliforms (#/100 m1) 1.5 x 10° 1.3 x 10* 35

NOTE: Loadlng rate aversge: 3.8 gal/day/sq £t (0.15 m/day).
Numbers listed are mean vilues.,

Disinfection Alternatives

. Dry Feed Chlorinators

The evaluation of commercially availabie dry feed chlorinators was
rerformed at two home sites located on Universgity experimehtal ferms,
Experiments involved the chlorination of sand filter effluent over an 18
month time period. The sang filtered effluent was collected and flowed
by gravity through a dry feed chlorinator and finally into a chlorine
contact chamber. The filtered effluent dissolved the tablets in the
chlorinator as i1t trickled past the tablets, while the contact chember
provided detention times ranging from 3-21 hours {4),

Residusl chlarine concentrations are equally Important in the evalu~-
ation of chlorinator performance. A range of residual chlorine concen-
trations of 0.1 to 1.0 mg/f were measured after 4.5 to 18 hours of
contact time. Since residual chlorine concentrations > 0.05 mg/% can be
toxic to aquatic plant and animsl life (8), acceptable discharge of this

effluent will be dependent upen the dilution effects of the recelving water.
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A hypochlorite tablet uptake rate of 0.6 to 0.9 tablets/1000 gal.
(3.8 m3) was measured for the aerobic unit-sand filter effluent at n
Tlow rate of 100-150 gal/day (0.38-0.56 m3/day). For the septic tank-
sand filter effluent at a flow rate of 280 gal/day (1.06 m3/day), a rate
of 1.0 tablet/1000 gal. (3.8 m3) was found. Using these uptake rates,
an approximate cost of chemical for chlorination was determined. For
flow rates of 100 to 280 gel/day (0.38-1.06 m3/day) the cost would range
from $15 to $54 per year. |

A major problem asscclated with the use of dry feed chlorinators was
the lack of control of the hypochlorite dose to the wastewater. 'This vas
due to the periodie improper dissoiving of the hypochlorite tablets.
Various operation and maintenance techniques have been suggested to

correct this problem (k).

Ultraviolet Light Irrediation

Initiel studies én the use of wltraviolet irradistion as & disinfec-
tion method of sand filter effluent have also been performed. A commer-
clally available U.V. water purifier was installed and is being tested
at & home site located on 8.University experimental farm. Experiments
ﬁave examined the U.V. irradiation of serobic unit-send filter effluent
and of geptic tank;sand filter eféluent. The capacity of the U.V. water
purifier was specified at 4-16 gal/min; however, initial tests were per-
formed et & rate of 4 gal/min baged on previous laboratory studies. The
wnit was also equipped with sutomatlic wipers, which periodically clean
the quartz jacket surrounding the U.V, lamp, In an attempt to arrive at

a simple and practical unit, the cleaning system was not used in the

study.
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The U.V. lamp was operated continuously; however, sand filter effluent
was pumped through the unit on an intermittent bateh basis dependent upon
the flow rates from the sand filters. A summary of four monthsg of opera-
ting date are presented in Table 8. During the initial two montﬁs, U.V.
irradiation of aerobic unit-sand filter effluent was performed while in
the latter two months U.V. irradiation of septic tank-sand fllter effluent
was performed. Results from these tests show that no detectable numbers
of fecal or total coliform per 100 ml of U.V. effluent were present.

It should also be noted that cleaning of the quartz jacket surroundiig
the U.V. lamp has not been required in four months of operation. Power
requirements to operate the lamp continuously have been approximqtely
1.5 kwhr/dey. At U4/kwhr, this represents an operation cost of approxi-
mately $22/vyr.

4 large drawback in the use of U.YV. Irradiation as a method of
disinfectioﬁ for small on-site wagtewater systems 1s the large initial
capltal investment. From the initial resﬁlts of this study, it appears
that a much smeller and simpler U.V. wnit could be built to adequately
disinfect sand filter effluent. By doing this, initial capital costs
cduld be reduced considerabiy, thua making the process more econonically

attractive.

Cost Analysis

The cost-effectiveness of any on-site wastewater treatment and
disposal system is an important consideration. TFor the surface discharge
disposal system proposed here, the costs are largely dependent upon the
amount of wastewatef to be treated, the availability of quality f%lter

éand and the amount of maintenance required by the system. A cost
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anelysis involving the aepplication of septic tank effluent and aercblec unit
effluent onto send filters has been performed. A summary of this analysis
is presented in Table 9. Assumptions in the analysis include a three bed~
room home, s family size of five, wastewater production of 50 gal/cap/day
(0.19 m3/cap/day) and the availability of a send with effective size = 0.k
mn end uniformity coefficlent of = 3.5. It is noted that sampling costs
are not inclﬁded in the cost analysis. Since discharge 13 to surface
waters, state regulatory agencies may require some type of monitoring
program.

The cost ranges pregented in Table 9 suggest that the two alterna-
tives examined in this paper have similar, albeit high costs, when éom-
pared with septic tank-soil absdrption fields, or with sewered waste
treatment systems for small communities. These costs could likely be
reduced if water conservation was pracficed and quite possibly if waste
segregation were employed. It must be recognized, however, that isolated
systems can-onl} be evaluated on a case by case b&s;s and conclusions on

cost effectiveness cannot be drawn by exsmining national averages.

APPLICATION OF SURFACE DISCHARGE TREATMENT SYSTEMS

Individual Home Sites and Community Syatems

Although 1t has been shown technically that a high quality effluent
can be produced at individual home gites, numerous regulation, mainten-
ance and institutionél problems must be solved before widespread use of
such systems occurs (6). Unlike conventional subsurface disposal systems,
surface discharge systems must be concerned with a point of final disposal,
Whether the disposal point is a stream, lake, ditch, underground drain

tile or an open field, potential environmental and health problems must
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TABLE 9. Initiml Capital Costs and Annual
Operation and Maintenance Costs

Unit
Septic Tank (1000 gal)
' Equipment and Installation Cost

Maintenance Cost

Aeroblc Trestment Unit
Equipment and Installation Cost
Maintenance Cost
Operation Cost, 4 kwhr/day at LU¢/kxwhr

Wet Well Pumping Chember
Equipment and Installation Cost
Operation Cost) 1/4 kwhr/day at k¢ /kwhr

Sand Filter _
Equipment end Installation Cost

Maintenance Cost

Chlorination and Settling Chamber
Equipment and Instellation Cost
Operation Cost! (Chemical)

Ultraviolet Irradiation Unit
Equipment and Installation Cost

Operation Cost! 1-1/2 kwhr/day at b4é¢/kxwhr
Maintenance Cost, Cleaning end Lamp Replacement

'Does not include pump replacement
#ndetermined

Cost, in Dollarg

350~-450
10/yr

1300-2000
35/yr
60/yr

250-350
Yiyr

10-15 dollars/sq ft
1 dollar/sq ft/yr

TO0-1000
4Yo/yr

1100-1500

20/yr
"
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be éonsidered. These probiems are Iin turn dependent upon the number of
systems within a prescribed area. A;other problem is to insure the per-
formance of maintenaﬁce to the treatment system,.which ig required for
proper oﬁeration.

There is, however, a rational approach to the golution of these prob-
lems. The first step would involve the installation of a few experimental
systems. These systems would be maintained by an installer or other
trained pers&nnel who are bonded and under contract with the homeowner.
Monitoring and regulation of surface discharge systems should be performeau
by some regional or local governing agency. Such sgencies may include
state regional offices, county offices or sanitary districts. These
- people would insure that the system is operating properly and also that
proper maintenance is being performed. Undoubtedly unforeseen management
problemg will occur during the experimental period. Solutions to these
problems can only be determined if experimental systems are installed and
tested.

If step number one proves successful, regulatory officials should
carefully outline a pelicy on the future use of surface discharge systems.
Due to the relative complex;ty of such systems, a suggested policy out-
line includes a basic set of regulations followed by & case by case
ﬁpproval. The basic set of regulations should specify the following
conditions and regquirements:

l. the type of home where a surface discharge ayst;m may be used,
i.e., an existing home, a seasonal home, new homes installed
with low flow fixtures, etc. (Sand filter systems are ideally
suited for seasonal homes or homes installed with low flow

fixtures. The periodic use of seasonal homes would reduce the
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amount of periodic maintenance to the sand filters. Waste
segregation and low flow devices would reduce the probability
of hydraulic upsets and lower the nutrient discharge concentra-
tions of nitrogen and phosphorus.);

-2, the number of homes having surface discharge sysﬁéms allowsble
within a defined region, i.e., a housing complex surrounding 8
lake or a amall town on & trout stream may have to be concerned
with nitrogen, phosphorus and bacteriologicsal concentrations;
hence, only a limited number of systems may be allowsble;

3. the procedure for properly designing the surface dilscharge sys-
tem;

L. a contracted agreenment between the homeowner and a separate
entity to ilhsure the system is properly operated and meintained;

5. the discharge requirements and the amount of monitoring fequiréd
by the governing agency; and

6. the legal authority of the governing agency when violatibn of
the regulations occurs.

A more detailed and comprehensive discussion concerning regulatory

methods for on-site seweragé systems can be found in the literature (6).
;In conclusion, this paper has exsmined onlyrone gseries of on-gite
wagtewater treetment to aéhieve surface water quality standards. The
impact of in-house waste segregation, water conservation, product and
apﬁliance selection and recycle will all be significant.- In'addition,
the need for other treatment processes within the flow sheet to provide
for nutrient removal or other effluent polishing will greatly alter the
cost effectiveness of the system. Many of these alternatives are cur-

rently being evaluated by SSWMP and future reports will be forthcoming.
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