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We all want to protect groundwaterWe all want to protect groundwater. . .



Automatic Flushing in the North 
G i iGeorgia mountains



. . . so, we must protect our
d istreams and rivers.



Creeks, rivers and streams have an ability to clean 
themselves of most organic pollutants given enough time 

d di t f fland distance of flow.



GENESIS:GENESIS:

• My background in stream ecology and on-siteMy background in stream ecology and on site 
systems combined with…

• Research in laterally sloping sand filter beds in y p g
Nova Scotia by the Centre for Water Resources 
Studies, DalTech, Dalhousie University, Halifax, 
N.S., and…

• A need for a simple and inexpensive effluent 
h d f f ili itreatment method for failing systems in our 

Ridge & Valley soils of NW Georgia.



THE MAIN IDEA:THE MAIN IDEA:

Just as streams and rivers have the innateJust as streams and rivers have the innate 
ability to cleanse themselves of most 
organic pollutants given time length andorganic pollutants given time, length and 
available oxygen, this same principle could 
be applied to treatment of effluent in thebe applied to treatment of effluent in the 
form of a laterally sloping long sand filter 
trench with additional polishing in atrench with additional polishing in a 
constructed wetland if needed.



1994 design by D.H. Waller for a sloping sand filter 
di l ti f tt tas remedial option for cottage system



Typical yp
Lateral 

Sand FilterSand Filter 
Bed -
Nova 

ScotiaScotia



View of design by 
D H WallerD.H. Waller
Note that system 
discharges afterdischarges after 
treatment.



Excluding theExcluding the 
National Forest

on the east, 
approximately 80%approximately 80% 

of Murray County 
soils would be 

deemed unsuitable 
for conventional 
on-site systems.y



Typical Ridge and Valley “Soil”Typical Ridge and Valley Soil



Common Problems with Ridge & 
V ll S il d SValley Soils and Systems

• FAILURES M C EH f i i i• FAILURES: Murray County EH often issues more repair permits 
than new installation permits due to limestone and shale soils with 
percolations from 90 to 500 minutes/inch. 

• E i ll D d A M t d t h• Economically Depressed Area:  Many property owners do not have 
expendable income to make expensive repairs, especially those 
using Advanced Treatment Systems.  A typical repair may be 
several hundred linear feet of conventional absorption field.

• Many systems are old and never functioned properly.

• Most property owners do not have expendable income to operate 
and maintain the Advanced Treatment Systems needed for repairsand maintain the Advanced Treatment Systems needed for repairs.

• Certain area waters are impaired, exceeding fecal coliform TMDL 
(319h Grant to Conasauga River Alliance and Limestone Valley 
RC&D Council)RC&D Council)



Conasauga g
soils have 
been 
involved at 
almost every 
repair maderepair made 
with sloping 
sand filterssand filters 
and wetlands 
in Murray 
County using 
319h grant 
f dfunds.



Close up of limestone cherty matrix typical of Ridge & 
V ll S il ith f il ( l it )Valley Soils with fossil (maclurite)



Problems with repairs using advanced 
t t t d di l th dtreatment and disposal methods:

• Initial Expensep

• Property owners don’t understand systems
( t t d t d th )(or want to understand them)

• Continuing maintenance and costs.Continuing maintenance and costs.

• Poor record of maintenance responsibility by installers of 
advanced treatment and disposal systemsadvanced treatment and disposal systems.

• Success rate of advanced systems is only 50% for new y y
systems or repairs in Ridge & Valley soils.



TYPICAL DESIGN OF SINGLE-PASS 
SAND FILTER



SingleSingle--Pass Sand FiltersPass Sand FiltersSingleSingle Pass Sand FiltersPass Sand Filters
Can be simple and inexpensive
Little or no maintenance
Removes most organics from effluentRemoves most organics from effluent
Great pretreatment for absorption fields
Readily recovers microbial community if shocked by chemicals or too much 
organic matter
T id i i h ( h h l 2 3 f f d)Treatment residence time is very short (through only 2 or 3 feet of sand)
Treatment results may be highly variable
No adjustment for peak flows
Very little Nitrogen or Phosphorus removal with single-passVery little Nitrogen or Phosphorus removal with single pass
Standard designs are uncommon as are mistakes in installations. Some states 
have adopted sand filter design criteria but more often are for recirculating sand 
filters
Sand size is critical and often over-looked. Small ‘cement sand’ is oftenSand size is critical and often over looked.  Small cement sand  is often 
substituted with poor results
Clogging at surface of sand is common, esp. when wrong sand size is used.
Access for maintenance is limited by most designs 
Unequal distribution by gravity leaves a plume of active treatment in sand andUnequal distribution by gravity leaves a plume of active treatment in sand and 
unused sands around plume



Micro-communities, not simply bacteria, live on the
film of effluent water surrounding each sand grain.
Oxygen is available in spaces between grains for
aerobic digestion. Virus removal is mainly through
adsorption as well as some phosphorus removal.adsorption as well as some phosphorus removal.



Use of sand and wetlands for 
i hisewage treatment is nothing new…



SO WHAT IS NEW?SO WHAT IS NEW?
1. Sloping sand filter trenches have similar p g

ability for removing organics over length 
as streams and rivers.

2 U l (50’ t 100’ f i ) l t l2. Uses long (50’ to 100’ for repairs) lateral 
flow in trenches rather than short 
vertical flow in conventional sand filters, 
resulting in many times more treatment 
for all parameters.

3 Handles peak flo s m ch better b3. Handles peak flows much better by 
spreading effluent downgrade by gravity 
into unsaturated areas.



5 Effluent cannot skip treatment by5. Effluent cannot skip treatment by 
nature of trench configuration.

6 Areas of sand do not dry out as much6. Areas of sand do not dry out as much 
as conventional sand bed filter, 
preserving the microbial communities 
for quick recovery when neededfor quick recovery when needed.

7. Allows for easy manipulation of 
treatment process by lineartreatment process by linear 
stratification, i.e., roughing filters, 
different sand sizes, additives (Fe+) 
for phosphorus or other removals andfor phosphorus or other removals, and 
addition of an anaerobic section 
following aerobic sections for more 
nitrogen removalnitrogen removal.



First Experimental System









What Was Learned?What Was Learned?What Was Learned?What Was Learned?

1. Sand filter treatment caused most of the1. Sand filter treatment caused most of the 
effluent to be absorbed within the filter to soils. 
Made it difficult to obtain regular samples.

2. Wetland/Shallow Gravel system did not 
receive enough water. System was oversizedreceive enough water.  System was oversized 
and plants died.

3 Laterally sloping sand filter trench resulted in3. Laterally sloping sand filter trench resulted in 
very high treatment; <1 fecal coliform/100 ml at 
end of filter.





Experimental Experimental 
DesignDesign

Piney Hills Piney Hills yy
SubdivisionSubdivision



Cross-Section Sand Filter TrenchCross Section Sand Filter Trench



Side Side 
PerspectivePerspectivePerspective Perspective 
Sand Filter Sand Filter 
TrenchTrench



Wetland CellWetland CellWetland CellWetland Cell



Final 
DisposalDisposal 

in 
Ab tiAbsorption 

Beds



Sampling Box after Wetland CellSampling Box after Wetland Cell
F l lif 1/100 lF l lif 1/100 lFecal coliform <1/100  mlFecal coliform <1/100  ml



Piney HillsPiney Hills -
Designg

3 conventional repairs, 
still failing.  
Conasauga Soils



Trench Sand FilterTrench Sand Filter
Piney Hills



Wetland Cell Designg
Piney Hills



Photos of Piney Hills systemPhotos of Piney Hills system



Photos of Piney Hills SystemPhotos of Piney Hills System



Photos of Piney Hills SystemPhotos of Piney Hills SystemPhotos of Piney Hills SystemPhotos of Piney Hills System



What Was Learned?What Was Learned?
1. Wrap sand filter in cases where1. Wrap sand filter in cases where 

groundwater or surface water may 
intrude into filter. Divert gutter water.g

2. Wetland Cell probably not necessary.

3. Manufactured sand (crushed granite) 
worked well but has too many fines.

4. Gravel layer with pipe should be installed 
over sand filter in trench.



Experimental System – Welch:
Or, How Many Problems Can You 

Fit on One Lot?Fit on One Lot?
• Older home, very small lot
• High groundwater• High groundwater
• Rock

S i• Springs
• Creeks and temporary streams
• Very bad soils
• Wells
• Failing system with direct discharge



Welch 
Design



Trench Sand Filter



Wetland Cell 

Sampling Box



Finished Wetland CellFinished Wetland Cell



What Was Learned?What Was Learned?

1. Wrap the sand filter whenever there is1. Wrap the sand filter whenever there is 
potential for high groundwater or surface water 
but provide ventilation.

2. In this case the wetland cell was necessary.  
Discharge from sand filter was anaerobic.

3. Resulting water quality after wetland cell was 
excellent: <1 fecal coliform/100 ml.

4. This spring the system stayed at discharge 
point most of the time.



Stratified Filter within Septic Tank



Denitrification Designg



Template for Stratified Treatment



D i f T ttDesign for Tattoo 
Studio and Residence 
System



Specifications forSpecifications for 
Stratified Filter –

Tattoo/ResidenceTattoo/Residence



System forSystem for 
Refugee g
Hospital -
S thSouthern 

SudanSudan



SLOPING GRAVEL-SAND & 
NATIVE PLANTS TREATMENT 

TRENCHTRENCH
Cross Section



Laboratory 
Models





Summary
Laterally sloping trench sand filters may be a 
simple and inexpensive method of effluent 
treatment for repairs or perhaps newtreatment for repairs or perhaps new 
installations. Requires little or no continuing 
costs or maintenance.
Proper sand size is absolutely critical (1 to 3 
mm.)
Wh d t f t i t i iWhere groundwater or surface water intrusion is 
possible, trench sand filters must be wrapped in 
several layers of poly-sheets and then properly 
vented.
Polishing by wetlands after trench sand filters is 
not necessar in most circ mstancesnot necessary in most circumstances.



Treatment of effluent using this method greatly g g y
enhances the probability of successful system 
repairs while protecting surface and 

d t b d i f l lif tgroundwater by reducing fecal coliform counts.

This method has the potential for significant p g
nutrient removal using stratified treatments 
within sand filter trenches.  Laboratory models 

d fi ld t t ill b i d ( t ti )and field tests will be required (more testing.)

Standardization of design and materials will be g
difficult, but sand has been overlooked as a 
proven method of improving effluent quality and 

t f it tsuccess rate of on-site systems.



ULTIMATE GOALULTIMATE GOAL



Questions?Questions?



Raymond R. King
Director of Environmental Health
North Georgia Health District 1-2North Georgia Health District 1 2
100 W. Walnut Ave., Ste. 92
D lt GA 30720Dalton, GA 30720
(706) 272-2342, ext. 312
rrking@dhr.state.ga.us


