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DESIGN
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(a 5 MGD) was taken by Frank Wolf in 2010. Other photos are from GoogleMaps
downloaded in 2013.



GENERAL SCHEMATIC (WHO, 1974)

FIG.1. DIAGRAM OF A SLOW SAND FILTER
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The control devices are shown in greater detail in Fig. 18.

CKA&d A&a | aO0OKSYFTGAO FTNRBY GKS wmMdpTn
design manual (Huisman & Wood, 1974. pg 18).




GENERAL SCHEMATIC (WHO, 1974)

FIG.18. DIAGRAM OF A SLOW FILTER, SHOWING CONTROL VALVES

Raw water —= A ‘
o

.‘: To drain
Ventflation
7

Suparnatant wWater —e——p
to waste

U'Flner-bedi PRI

c
Fiitorad water for —a-
backfilling

clear well

Filtered water
10 waste or

to raw-water
rasarvoir

To drain

This is figure 18 showing more details on the filter controls. Figure 18 is from the 1974
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1974. pg 64).



GENERAL SCHEMATIC (USEPA)

EFFLUENT FLOW
BLOW BAND FILTER CONTROL BTRUCTYURE CLEARWELL
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TYPICAL COVERED SLOW SAND-FILTER INSTALLATION

CRI-37-4% (By S. 7. llansen)

This is another schematic from the USEPA.



MORE DETAILED SCHEMATIC

Pipe Gallery Weir Structure
Access Access

} Freeboard
-

Overflow ] Head Space
Adjustable [ Vent

Headwater

(Supernatant Water) Weir

Raw water

Schmutzdecke

Filter 3and Filtered Meter Vault
Water
Supernatant <= Keyway [or other landmark) at minimum sand depth _

. <= Keyway prevents bypass of headwater down sidewal!
drain To

Disinfection

Filtered Water for Backfilling ¢ Filter To Waste
From Adjacent Filter (Drain to Daylight)

Drain
To
Daylight

A more detailed schematic is shown here, beginning with the raw water inlet into the filter
box. The filter box is equipped with a drain and water for backfilling with filtered water.
Supernatant (or headwater) filters through the sand bed and support gravel, out of the
under drains through a flow meter and control valve and into a flow control structure. The
adjustable weir keeps the sand bed fromradatering when the filtration rate declines

towards the end of a filter run. The weir is adjustable to facilitate draining the filter bed
during cleaning. Filtered water then flows to the clearwell for disinfection. Piezometers are
shown where they can be used to measure headloss across the filter bed as well as the

tailwater level.



Monitoring for Process Control

h, (schmutzdecke + sand bed)

hy (schmutzdecke)

1— h (sand bed)

T
@

Hose bib (HB)/sample portfor applied
water turbidity (NTU), temperature,
dissolved oxygen (D0}, and coliform
counts

— ho(gravel &d
»— hy (drain

HGL

<=Piezometers=>

Effluent
Flow

Control

ra.in orifice) h. (underdrain)
pipe)

Hose bib for
combined filter
HB for individual filter  _gfuemt NTU
effluentNTU, DO &
Coliform From
adjacent
filter

Valves shown are for illustration purposes only and
should be chosen based on the specific application and
function they are intended to serve

¢tKA& A& |y SEIFYLXS
monitoring points.
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h, (total headloss)
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chlorine
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HE for finished water
chlorine, temp, and pH

To Distribution —e—




GRAVITY FED SYSTEM

Pipe Gallery
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TELESCOPING VALVE

Pipe Gallery Weir Structure
Gravity Fed Slow Sand Filter Room with Watertight Access
Walk-in Access Screaned
£
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1 Head Space Separation of
Raw & Filtered
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Filter Sand
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<= Keyway pravents bypass of headwaterdownsidewsll Water

(Tailwater)|

Filter To Waste

(Drain to Daylight) Filter To Waste

Filterer! water (Drain to Daylight) -
from Adjacent  To Adjacent Filter——

Filter for for Backfilling Disinfection
l Drain to Daylight Backfilling Contact Tank

HB for chlorine,
temp, and pH m
To
Distribution —e— [

Telescoping Valve




DESIGN- SS VERSUS RAPID RATE

Parameter Slow Sand Filters Rapid Rate Filters

Influent Flow Continuous Intermittent

Filter Box X -designedto overflow X -not intendedto overflow

Filter Media X -sand X -sand
- GAC (rare) - anthracite
- GAC (more common)

Underdrain X X

O" AAE x AOE X -slow filling from bottom X - highrate (and low rate)
mechanisms of filter z removal of flow designed to suspend &
entrained air not media wash the media
expansion.

Surface Agitator X

(breaks up media
during backwash)

This slide compares slow sand and rapid rate filtration, both utilize similar media (sand),
however, there are some important differences. For example, slow sand filters are design
to operate continuously, where rapid rate plants are meant for intermittent operation.



DESIGN- SS VERSUS RAPID RATE

Parameter Slow Sand Filters Rapid Rate Filters

Filtration Rate 0.03z 0.1 gpm/fg 2-4 gpm/ft2
Water Above Sand ~4-6 ft ~5ft

Sand Bed Depth ~ 2448 inches ~ 2430 inches
Sand EffectiveSize (dy) 0.15z70.35 mm 0.4570.55 mm

Retention Time above Sand 15 hrs

9 min

Retention Time in Sand Bed 3.2 hrs

2 min

Cycle Length 1-6 mo

1-4 days

Removal mechanisms Chemical, physical, and Chemical and physical (depends
biological (no chemicals) on proper coagulation)

Turbidity Removal Variable even if optimized < 0.1 NTU when optimized
<5 NTU by regulation Good indicator of filter
Not indicative of filter performance and pathogen
performance or pathogen removal.
removal. Coagulation/flocculation
Sub micron particles are not ~ removes even suimicron
readily removed. particles.

Giardia Removal >3.0 log >3.0 log
Raw Water Turbidity <10NTU 100+ NTU

Filtration rates for rapid rate filters is roughly 40 times that of slow sand filters and the sand
effective size is roughly twice that of slow sand media. Retention time above the slow sand
bed is measured in hours rather than minutes and the filter run is weeks long rather than
days long for rapid rate plants. The removal mechanism for slow sand filters incorporates a
biological process without the addition of any coagulation chemicals. Coagulation is critical
for effective rapid rate filtration. Due to the coagulation, rapid rate plants are far less
sensitive to elevated raw water turbidity. In spite of all these differences, the removal
efficiencies for Giardia are the same at-8@ and both are capable of producing finished
water with very low turbidity.



COMMON DESIGN PITFALLS

Common Design Pitfalls

Inappropriatesource water quality => inappropriate application

Not conducting a pilot study

Improperly designed under drains

Poorly designed filter piping

Inadequate flow control and air binding

Insufficient head loss allowed

Insufficientsand bed depth

Inappropriate filtration rate and variability

Poorly specified sand and gravel media (effective size, uniformity, etc.)
10. Poor access to filter bed for cleaning andsanding

11. Insufficient sample ports

12. Failure to have the operator involved in design process

13. Failure to provide a good O&M manual with filter cleaning/ripening protocol

1.
2.
3.
4.
5.
6.
7.
8.
9.

Even with the best design, there are a number of variables that can have a big impact on
performance. Raw water characteristics like turbidity, color, and colloidal content for
example. Other critical variables include sand size and uniformity, flow control and
management of air binding, headloss development, sand bed depth, filtration rate and flow
variability. Allowing sufficient time to mature once a filter has been newly sanded (usually
4 ¢ 6 weeks) and allowing the filter to ripen once cleaned{28 hours) are very critical to
optimal performance.
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DESIGN RECOMMENDATIONS
EXAMPLE

Design parameters Recommended range of values

Filtration rate 0.15 m3/m2-h (0.1-0.2 m3/m2+h)
Area per filter bed Less than 200 m=
(in small community water supplies to ease manual filter cleaning)

Number of filter beds Minimum of two beds

Depth of filter bed 1 m (minmum of 0.7 m of sand depth)

Filter media Effective size (ES) = 0.15-0.35 mm; uniformity coefficient (UC) = 2-3

Height of supernatant water 0.7-1 m (maximum 1.5 m)

Underdrain system

Standard bricks

Precast concrete slabs Generally no need for further hydraulic calculations

Precast concrete blocks with holes on the top

Porous concrete

Perforated pipes (laterals and manifold type) Maximum velocity in the manifolds and in laterals = .3 m/s
Spacing between laterals = 1.5 m
Spacing of holes in laterals =015 m
Size of holes in laterals =3 mm

Source: Vigneswaran, S. and C. Visvanathan. 1995
http://www.nesc.wvu.edu/ndwc/pdf/OT/TB/TB14_slowsand.pdf

There are a number of design references, such as the one shown here.
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DESIGN MANUAL 1991

_@J
O- AT OAl 1 £ sAFEE S
3AT A &EI OOAQE’ 1
Hendricks & American Water
Works Association, 1991.
ISBN 9780898675511

Excellent resource that
covers design in great detalil

¢CKS GalydzZf 2F 5SaArady F2NI {ft2¢6 {FyR CAftGNI G
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3 OTHER DESIGN REFERENCES

The 3 other main design references include:
1. 2AAT T 1T AT AAA 30AT AAOAO £A&I O
30A0A0 30AT AAOAOOGHh woXxXxwan
2. 031 1T x 3ATA &EI OOAOQEIT A& O
International Research Center for Community Water Supply
and Sanitation (Visscher et al., 1987)
. 0311 x 3AT A &EI OOAOEiIToh 71

& Wood), 1974;

2012 Edition

SLOW SAND FILTRATION

R ded
ecomgnended

Standdrds for
WateriWorks

http://www.who.int/water_sani
- tation_health/publications/ssf/e
http://10statesstandards.com/ http://www.irc.nl/page/4530 n/index.html

There are, however, 3 main design references that have either stood the test of time, like
the manuals on slow sand filtration produced by the World Health Organization and the
International Research Center for Community Water Supply and Sanitation or that are
commonly referenced by State regulatory agencies, such as the Ten States Standards.



DESIGN CRITERIAZ 3 OTHER REFERENCES

The design specifications for these 3 sources are summarized hel

Reference

Comparison of Design Specifications

WHOManual

(Huisman & Wood, 1974)

IRC Manual
(Visscher eal., 1987)

Ten States Standards
(2012)

Design Period  7-10 Years 1015 years Not Specified
Mode of Continuous 24 hr/day Not Specified
Operation

Filtration Rate

0.0470.08 gpm/ft2

0.0470.08 gpm/ft2

0.03z 0.1 gpm/ft2

(flow ratep (0.120.2 m/hr) (0.120.2 m/hr)

filter area)

Filter Units 2 minimum 2 minimum 2 minimum
(a.k.a.cells)

Supernatant 39z59in 79 in max 27z39in,60inmax  36772in
Depth (1007 150 cm, 200 cm (707100 cm, 150 cm (917183 cm)

max)

max)

15



DESIGN CRITERIAZ 3 REFERENCE:S

Comparison of Design Specifications

Reference WHOManual IRC Manual Ten States Standards
(Huisman & Wood, 1974) (Visscher etl., 1987) (2012)

Minimum Filter 28z 35 in (7@ 90 cm) 18z35in 19in
BedDepth* (45290 cm) (48cm)

*The design should add these minimum sand bed depths to the amount of sand anticipa
to be removed during cleanings throughout the design life of the filter (estimates of sand
removal can be determined based on cleaning data obtained during pilot testing). Filters
designed for harrowing only need to account for minor losses, since sand is not removed
to scraping when using this method of cleaning.

16



DESIGN CRITERIAZ 3 REFERENCE:S

Comparison of Design Specifications

Reference WHOManual IRC Manual Ten States Standards
(Huisman & Wood, 1974) (Visscher etl., 1987) (2012)

Filter Sand 0.15z 0.35mm 0.15z0.30 mm 0.15z0.30 mm
Effective Size

(o

Uniformity 1.5z3 <3z5
Coefficient (U)

Other specifications include:

1.

Percent of fines passing the #200 sieve < 0.3% by weight

(can impact post sanding turbidity levels and length of filter to waste time
TAAAAA O OxAOE6 OEA £ET AOC 1 060Qq

Acid solubility < 5% (can impact sand grain characteristics, effective size, i

uniformity coefficient if acid soluble)

Apparent specific gravity > 2.55

17



TEN STATES STANDARD:!

2012 Edition

Recom¥ended Ten States Standards

Standdrds for htt ://lOstatess;sgldards,Com/mdex

Member States and Provinces
lllinois New York

Indiana Ohio

lowa Ontario

| Ty = Michigan Pennsylvania
Great Lakes — Upper MiSsissippi River Board of State and
Provincial Publiciealth and Envifonmental Managers

Minnesota Wisconsin

Missouri

Since the Ten States Standards were developed with the participation of many state
agencies, are widely recognized, and lay out fairly concise specifications for slow sand
filters, 1 will use this reference to discuss a little about each specification.

18


http://10statesstandards.com/index.html
http://10statesstandards.com/index.html

TEN STATES STANDARDS

APPLICATION TO BE BASED ON STUDIES

4.3.4 Slow Sand Filters

The use of these filters shall require prior engineering
studies to demonstrate the adequacy and suitability of this
method of filtration for the specific raw water supply.

19



PILOT TESTING

Pilot testing

Recommend dyear pilot study in
order to account for seasonal
variability of source water
variables (required in some
cases)

Pilot testing is to determine
ARAAOEAEI EOU | Ec¢
xEAT xA 1T AAA E(
to discover O&M issues.

2010. Walla Walla, WA Pilot filters

A pilot study of at least a year should be conducted to determine the suitability of slow
sand filtration for the available source water and required system demands. Pilot testing
can also uncover unanticipated O&M issues.

20



PILOT TESTING BENEFITS

Pilot testing
Pilot testing is relatively easy and can be used anytime to test
cleaning procedures, model ripening times, or evaluate new

Pilot Project Model

<< |t can be done on a
small scale
(1991- Alsea, OR)

or a very large scale >>
(2010- Walla Walla, WA)

Pilot tests can be small scale like the one on the left with-mn&éB diameter column or

large scale like the 4 pilot columns on the right. The one on the left was used to pilot

media used in Alsea, Oregon. The pilot study used by Walla Walla Washington in 2010 was
used to evaluate media from 3 different sources in 3 of the columnsh dolimn was

used to evaluate the effects of a roughing filter.

21



INFO GAINED BY PILOT TESTING

Pilot testing can yield valuable information such as:

1. The flow to be expectewill the proposed design be enough
to meet demands or will more sand bed area be needed?).
Cleaning frequencyAs sand is removed during cleaning, the
frequency of cleaning can yield information about how many

years the sand will last before-sanding is needed.

. O&M requirementsthat may change seasonally

. If algae growth will have an adverse impact

. Cold temperature effect$may require longer filteto-waste
times after ripening.

. Ripening time(Use plots of turbidity and coliform)

Pilot testing yields information on what raw water characteristics may adversely impact
performance and operation such as algae, cold temperatures, etc.. Pilot test results can be
used to evaluate different sand characteristics and determine how much filter area is
needed to meet the anticipated demand. It can also be used to estimate operation and
maintenance costs associated with cleaning andaeding.

22



STUDIES SHOULD REPLICATE FULL SCALE

Supertnatant Water

Schmutzdecke

Filter Bed

T AT T AT AT

Underdrain System ——

T

Scum Overflow

Raw Water In

Supernatant Drain

Filter Bed Drain (to Waste)
Backfilling Bed w Treated Water
Treated Water Waste Valve
To Clear Well

Orverflow Weir

Ventilation

10 Flow Control

11 Gutlet Chamber

[T=-- R N-r RS I - P

So what are the features of a full scale plant that should be considered in designing pilot
filters? Most properly designed slow sand filters have the same basic design elements,
with some variations. There is a raw water inlet (#2 in the diagram) and usually some way
to remove surface scum (#1) and drain the headwater for cleaning (#3). In a mature filter,
there is the schmutzdecke filter skin, filter bed, and underdrain system with some sort of
effluent flow control, which is typically either a valve or moveable weir. The underdrain
system also functions to drain the filters for cleaning or resanding. During cleaning, the
filter bed should not be completely drained, but rather drained just enough to allow the

bed to be walked upon or to allow machinery to safely operate during cleaning. In this
example, this level is dictated by the design of the outlet chamber (#11) and overflow weir
(#8). In other cases, this level is controlled by valves. The water level is maintained in this
example by the overflow weir indicated by #8 in the diagram. Once cleaned, there is often
the ability to slowly refill the filter bed with filtered water from another filter as shown by

#5. This allows air that gets into the filter bed during cleaning to be purged. This

Gol Ol FAEET Ay Ie O2yiAYy dzS aft adayelthe filterbbdd SvhiehS | Rg I G SN
protects the bed from scouring that can occur when top filling with raw water commences.
There should be the ability to filter to waste for at least 48 hours until ripened (#4).
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PILOT FILTER
SCHEMATIC

Intent is to replicate full
scale design.

Pilot testing schematics can
be simple, but should
clearly show key features
that can simplify operation
and improve data
collection.
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A schematic is an excellent way to ensure that key features of-adalé plant are
incorporated into a pilot filter. Pilot testing schematics can be simple, but should clearly
show key features that can simplify operation and improve data collection. This is a
schematic of the pilot filter used at Humbug Mountain State Park in Curry County, Oregon.
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PILOT FILTER SCHEMATIC- GAC

This design is set
up to evaluate a
layer of granulated
activated carbon
(a.k.a. GAC sandwic
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This design incorporates a layer of granular activated carbon for organics removal. This is
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PILOT FILTER
SCHEMATIC

SUPPORT POST

FOR ACCESS
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This is another schematic of a pilot filter used by the City of Walla Walla inZ010



PILOT FILTER
SCHEMATIC — J
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This is a section view of the filter used by the City of Walla Walla, WA.



PILOT FILTER
SCHEMATIC

UNDER DRALN PIPE DETAIL
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This is another schematic of a pilot filter.

Under Drain
Pipe

Control Valve

Raw Uater Ta

Overflou Leir
iltered U2

Filtered Water 1

Shut-0ff Valve
Backfilling ¥a

/‘k te

-

Filter Drain

28



PILOT FILTER COLUMN

Pilot Filter Material
1. PVC, concrete, fiberglass, etc. (5 gallon buckets have been
used). Design some durability into it in order to retain filter
for future studies
Pilot Filter Size
1. 8-12 ft high (replicate full scale filter)
2. 12736 inch diameter
3. Diameter dictated by room needed to fit under drains,
sample ports, etc. and accommodate cleaning. A joint
constructed just above the sand bed can facilitate cleaning
small diameter filters. A lip below the sand surface can hel,
eliminate sidewall effects (shorcircuiting) of smaller
diameter filters.

Pilot filters can be made out of various materials, but should be made fairly durable so that
they can be retained for future studies. Pilot filters should be designed in order to
accommodate the entire sand bed, support gravel and under drain system as well as the
headwater that would be expected from the full scale installation. Larger diameter filters
can help mitigate shottircuiting at the sidewalls, however, a lip built into the filter below

the sand bed can help compensate for smaller diameter filters.
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PILOT FILTER MEDIA

Pilot Filter Media

1. The media should be the same as that intended to be used
the full scale installation.

2. Multiple, identical filters should be used to evaluate various
sources or specifications of sand.

3. Pilot filter media should be delivered and washed as would
done at full scale in order to help estimate the time needed
wash out fines and for the filter to fully mature.

. The filter bed and support gravel layers should be installed
the same depth anticipated to be used at full scale.

Filter media and support gravels should be supplied, washed, and installed in a similar
manner to that anticipated with the full scale installation. This helps to determine the filter
washout and maturation periods that more closely resembles$atile conditions. The

pilot filter should also be covered or left uncovered like the anticipateesitdle design.
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COVERED PILOT FILTERS?

Pilot Filterz to cover or not to cover
1. Pilot filters should be covered if the intended faltale desigr
includes a cover. If not, it may be advantageous to have t
ability to cover the pilot filter in order to observe difference
in filter performance.

Note that covered
filters may not
develop a discernable
schmutzdecke, rather
they may exhibit a
layer of darker sand at
the surface when
maturing.

Tillikum Retreat Center, OR# | OAOAA 0" 1 OA &0000As £

The pilot filter should also be covered or left uncovered like the anticipateddale

design. It may be advantageous to incorporate provisions for covering the pilot filter in
order to study differences in filter performance or to evaluate filter covers at a later date.
This photograph of excavated media was taken in 2012 at the Camp Tillicum Retreat in
Yamhill County, Oregon for a newly installed-athle filter that was being filteretb-waste
until fully mature.
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PILOT FILTER SAMPLE PORTS

Note the -
sample ports

at various
locations to
evaluate
removal
NEERISNS
throughout E—
the filter bed. e

Lower Sand
Region

water calumn

Figure 2. Schematic of Typical Pilot Slow Sand Filter Used in the Winthrop, ME Pilot Study

Here is another example of a pilot filter. Note the sample ports at various column depths.
This is not typical, but it demonstrates how a pilot filter can be used to evaluate the
removal mechanisms at work throughout the filter bed.
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PILOT TEST MONITORINCGE
RAW WATER

Raw Water

Raw water

Turbidity

Temperature

Apparent color

pH

Alkalinity

Coliform (total and E. coli)
Dissolved oxygen

UV 254 absorbance, TOC
and/or THM formation
potential

Iron and Manganese
Algae identification and
enumeration (toxins if
indicated)

Daily

Daily

Weekly
Weekly
Weekly
Weekly
Weekly
Monthly

Monthly
Quarterly or with algae
blooms

Field

Field

Field

Field

Field

Laboratory

Field

Field or laboratory
analysis

Laboratory

Laboratory or field
identification.
Laboratory or field test
strips for toxins.
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PILOT TEST MONITORINGE
FILTER EFFLUENT

Filter Effluent

Sample location

Filter effluent

Parameter

Turbidity

Sample frequency

Daily

Laboratory or field
analysis needed
Field

Temperature

Daily

Field

Apparent color

Weekly

Field

pH

Weekly

Field

Alkalinity

Weekly

Field

Coliform (total and E.

coli)

Weekly

Laboratory

Dissolved oxygen

Weekly

Field

UV 254 Absorbance,
TOC and/or THM
formation potential

Monthly

Field or laboratory
analysis

Iron and Manganese

Monthly

Laboratory

Algal toxins

If indicated by raw
water testing

Laboratory or field test
strips for toxins.
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PILOT TEST MONITORING
OTHER

Other

Sample location

Parameter

Filter head loss

Sample frequency Laboratory or field
analysis needed
Daily Field

Flow rate

Daily and with changesField

Filter run length

Record cumulative dayField

Cleaning frequency

Record events and Field
unusual circumstances

Depth of Sand

Initial amount and Field
amount remaining aftel
each cleaning
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PILOT TEST CONCLUSIONS

+AU DPEIT O OAOO AilTAI OOEIT O OE

1. Flow
Will it meet system demands?
What sand characteristics are most appropriate?
How much filter area do | need?
Do I need to account for slower flows due to cold temps or

should they be covered?
Cleaning
What frequency?
How much ripening time? Cold water effects?
How long can | go without a filter?
Will | need multiple smaller filters, rather than fewer large
filters due to cleaning and ripening requirements?
How long will the filter last & how deep will the bed need tc
be to make it last given the cleaning required?




PILOT TEST PLAN AND REPORT

Document the pilot test plan and

results for future reference ( T,
e wal WALLA

1.2 Study Goals and Testing Objectives CITY OF WALLA WALLA
SLOW SAND FILTRATION PILOT STUDY

The goals of the pilot study are
WORK PLAN

* Determine if 35F is a feasible filtration method to meet present and future DOH Submitta #10.0604
regulatory requirements and other water quality goals. October 2010
Determine the operating parameters that optimize treatment capacity and
performance.

Determine costs of the pilot facility that can be used to estimate net present
value costs for construction. operation, and maintenance of a full-scale facility

1.3 Scope and Testing Approach

Preparedy
The scope of the pilot study includes: Gty of Wl Waila Engineering Dvsion

Oarin Ghisten, L.

Frank Nicholson, P .

Routine pilot facility operation and water sample collection over a 9-12 month

period.
Analyses of samples.

Evaluations of the data and a final pilot study report.




TEN STATES STANDARDS

RAW WATER QUALITY

4.3.4.1Quality of raw water

Slow rate gravity filtration shall be limited to waters

having maximum turbidities of 10 units and maximum
color of 15 units; such turbidity must not be attributable
to colloidal clay.Microscopic examination of the raw
water must be made to determine the nature and extent
of algae growths and their potential adverse impact on
filter operations.
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RAW WATER QUALITY

Recommended Limits for Raw/Vater
(Source Water Characteristics)

Turbidity

True Color

ColiformBacteria

Dissolved Oxygen (DO)

Total Organic Carbon (TOC)

Iron & Manganese

Algae

<10 NTU
(colloidal clays are not desirable)

< 5platinum color units
< 800 /100 ml (CFU or MPN)
>6 mg/l (filtered water DG 3 mg/l)

< 3.0 mg/l
(low TOC to prevent DBP issues)

Both < Img/l Each
< 200,000 cells/{depends upon type)

Even with the best design, there are a number of variables that can have a big impact on
performance. Raw water characteristics like turbidity, color, and colloidal content for
example. Other critical variables include sand size and uniformity, flow control and
management of air binding, headloss development, sand bed depth, filtration rate and flow
variability. Allowing sufficient time to mature once a filter has been newly sanded (usually
4 ¢ 6 weeks) and allowing the filter to ripen once cleaned{28 hours) are very critical to

optimal performance.
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TEN STATES STANDARDS

NUMBER OF FILTERS

4.3.4.2 Number

At least two units shall be provide®Vhere only two
units are provided, each shall be capable of meeting the

plant design capacity (normally the projected maximum
daily demand) at the approved filtration rat&Vhere
more than two filter units are provided, the filters shall
be capable of meeting the plant design capacity at the
approved filtration rate with one filter removed from
service.
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NUMBER OF FILTERS

How do you determine a reasonable filter area?

An individual filter should be small enough to allow it to be cleaned in 1 day.
Determine the filter size as follows:

Area of 1 filter = (cleaning rate in fi{person’/hr)
x (no. of people available for cleaning)
x (hours allotted to cleaning)

Example:
Cleaning rate: 1,000 f&/5 persons/hr (Cullen and Letterman, 1985)

i Xxo 1T &£ OAT A EAT A OET OAI AA >

Number of people: 2 minimum (think safety)

Hours estimated for cleaning: 2.5 hrs (desired)

Area of 1 filter: 1,000 f&/5 persons/hr x 2 people x 2.5 hrs
=1,000f8 => 20 x 5ffilter
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NUMBER OF FILTERS

Is there such thing as too small?

The minimum size of a filter depends upon the:
1. Cleaning method and equipment access needs
2. System demands

3. If covers e_ire needed Direct, Inline, DE, Slow Sand, or Cartridge/Bag
4. Construction costs Filtration Plants

indicate a minimum area for

one filter of about 1,000 # B
(100 n?). This is due to © 10000001
construction costs being
lower per fEwith larger filters
(economy of scale).

Huisman and Wood (1974) 100,000,001
and Sharp et al (1994)
10,000,000

T T
1 100
Capacity

Small modular units are

Mew Rehab/Exp

common and can be very cos
effective
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NUMBER OF FILTERS

How do you determine the number of filters needed?

Equation for number of filters needed: N=1+ (Q/(HLR *A))
Where:

HLR = hydraulic loading rate (gpnft

Q = flow needed to meet demands (gpm)

A =The sand bed surface area of one filter bed) (ft

N = total number of filter beds needed (assumes 1 filter is takefiraffor
cleaning and storage can meet peak hour demands)

Example:How many filters are needed, given a peak day demand of 250 gallol
per capita per day and a community of 600 people. The peak design filtration |
is 0.1 gpm/ft. A minimum rate of 0.05 gpmAhas been identified through pilot
testing for operation during cold conditions and to accommodate filters left in
service that may be near the end of their filter run. There is also a desire to lim
OEUA i &£# AAAE 4£EI OAO Oi WwWod@Y®d EIT 1
1 +(250 gpcpd x 600 people x 1 day/1440 minytesB.08 = 3 filters
(0.05 gpm/fgx (56ft x 20-t))

The number of filters needed, can be determined using this equation. This equation
assumes that the filters are all to be of equal size, only one filter is takdmeft a time

for cleaning, and that peak day demand is the design flow for the plant (i.e., peak hour and
fire flow demands can be met by available distribution system storage). Notice, the desire
to keep the filter area to a manageable size in order to facilitate cleaning operations and
minimize filter downtime. A low rate of 0.05 gpm/sqft is chosen for design as it represents
what may be needed should scraping have to occur during colder water temperatures or
for filters left in service that may be near the end of their filter run during the remainder of
the year (cleaning should generally be scheduled to avoid very cold weather).
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NUMBER OF FILTERS

Are more filters better?
Equation forminimum number of filters needed: N=1+(Q/(HLR *A))

In the previous example, 3 filters were determined to be needed, any 2 of whicl
are capable of meeting 100% of the peak day demand (PDD) to allow for 1 filte
being taken out of service for cleaning. This means that each filter is able to m
50% of the PDD.
3 filters x 50% of PDD = a plant capacity of 150% x PDD
(1 filter offline leaves 2 filters to meet 100% of PDD)

If 4 smaller filters were constructed, each filter would only need to be capable ¢
meeting ~33% of the peak day demand to allow for 1 being taken out of service
4 filters x 33% of PDD = a plant capacity of 132% x PDD
(1 filter oftline leaves 3 filters to meet 100% of PDD)

The capital cost involved with fewer large filters should be carefully weighed
against the benefits of having a higher number of smaller filters (smaller overal
plant capacity, more operational flexibility, shorter time cleaning each filter,
although more filters to construct and maintain)
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SYSTEM DEMANDS
UOOAT AAT AT AO AT A

. 20-year planning horizon :

. Average day demands (ADRDesign Goal

. Peak day demands (PDRpesign Goal .

. Peak hour demands (use storage)

. Available storage (3 days ADD
recommended)

. Account for cleaning/ripening (Min 2 filter r.. o ciy of Asoria, or
beds)z ability to meet PDD with largest
filter off-line.

. Keep filtration rates below 0.1 gpm#ft

. Avoid rapid flow changes (strive for weekly
or monthly changes)

. Plan for constant flow through filter
(constant supply of nutrients for biological
health)

For planning purposes, system demands should be estimated for a minimum of 20 years
into the future. Filters should be designed with enough surface area to meet peak day
demands with the largest filter out of service without making drastic flow changes. Even
though installations may be small, a minimum of two filters should be installed to allow for
taking one filter offline for several days during cleaning and ripening. The filter area should
be large enough to meet these demands, while maintaining a filtration rate between 0.1
and 0.16 gpm/ft2. Should storage not be enough to meet peak hour demands, then the
filter area should be expanded to meet these demands as well. Typically this is not needed
when storage is capable of meeting 3 or more days of average demand.
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TEN STATES STANDARDS

STRUCTURAL DETAILS & HYDRAULICS

4.3.4.3Structural details and hydraulics

Slow rate gravity filters shall be so designed as to provide:

a. acover,
b. headroom to permit normal movement by operating
personnel for scraping and sand removal operations,

c. adequate access hatches and access ports for handling of
sand and for ventilation,

d. an overflow at the maximum filter water level, and

e. protection from freezing.
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FILTER BOX

Filter boxes and earthen cells

1.

Water tight. Filter boxes should be watertight, not merely to
prevent loss of treatment water, but to exclude ingress of
groundwater, which might contaminate the treated effluent.

If possible, ensure the floor is above the highest water table.
. Allows for cleaning and reanding efforts.

. Insulated from freezing (below ground, covered, or fully

enclosed) .

. Covered as needed to prevent algae blooms and exclude

falling leaf litter.

. Freeboard of £ X W& 7z 30 ¥nd) above overflow level.
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FILTER WALLS- VERTICAL

Vertical Walls
Short circuiting of the filtetbed along vertical walls can be mitigated by
using a keyway (6x8 cm), rough sloped walls, or a batter.

gravel pack

ingle under
. drain floor

10 cm of lean concrete or stabilized
sand as working platform

Figure 12: Method of preventing the short circuiting of the filter bed
along the vertical wall (WWHO)

This diagram shows three mechanisms to prevent short circuiting along the interface with
vertical side walls and the filter sand bed. The WHO manual indicates that the most
effective precaution is to give the walls a slight outward batter, so as to obtain the
advantages of sloping walls and to use grooved or roughened surfaces.
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FILTER WALLS- VERTICAL

City of Sumpter (Baker Co)
T WY R R

3 cells
360,000 gpd
completed
In the spring of 2007

This photograph shows how a circular basin can be divided to provide more cells, making
cleaning easier since only 1/3 of the basin needs to be cleaned at a time.
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FILTER WALLS- VERTICAL

Vertical Walls
Ramps allow to get equipment and new sand in and old sand out.

Ramps allow to get equipment and new sand in and old sand out of vertical walled filter
boxes. This photograph shows the two of the filters for Falls City, OR.
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FILTER WALLS- VERTICAL

Vertical Walls

2A1 T OAAT A 0061 P (-
access to the filters used by the

City of Banks, OR.

Top of stop logs also serve as

scum outlet/overflow.

Removable stop logs allow for cleaning filters used by the City of Banks, OR.
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FILTER WALLSZ
SLOPED

Design showing sloped walls
with liner

These schematics show the construction of aground filter with a liner and sealed pipe
penetrations.
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COVERED FILTERS

If covered and/or housed in a filter building, make sure
ample room exists to enable cleaning.

2012. Camp Yamhill in Yamhill County Oregon.
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COVERED FILTERS

Protection from freezing
%OA1T EZ OEA &£EI OAOO AOA AT A
they may not provide enough protection from freezing
temperatures. These filters were eventually enclosed in a

building.

CKAE LK20G2 aK2ga + O20SNBR 4. f dzS CdzidzNB¢ TFA
2009. The green tank on the left is the filter, the taller green tank on the right is the raw

water control tank, and the small grey tank in the middle is the effluent control tank. These
filters are designed to be harrowed rather than scraped. Harrowing will be discussed a little

later.
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COVERED FILTERS

Wickiup Water District (Clatsop Co)

4 x| NP0 BQD
120 gpm (0.025 gpm/s
Framework allows

for shade cloth to be
used during the
summer
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COVERED FILTERS

Thames Water (London England)
Positive air pressure support a plastic film cover at Thames
Water.

Plate 2.2 - Internal view of a slow sand filter covered by plastic film supported

by positive air-pressure at Walton, Thames Water
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SLOW SAND DESIGN
UNCOVERED VS. COVERED

Note the difference in biomass development following scraping
(Campos et. al, 2002/2008)his should be considered in sizing system

Uncovered S5F B

Covered S5F C

-
5
5]
o
E
g
E
2
m

20 a0 60 80 100
Time (days)

Figure 3 Development of biomass in (a) uncovered S5SF B, and {b) covered S5F C (Note:
Bicmass concentration plotted on logarithmic scale).

Note the difference in biomass development following scraping (Campos et. al, 2002/2006).
This information can be obtained during a pilot study.
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SLOW SAND DESIGN
UNCOVERED VS. COVERED FILTERS

Parameter

Temperature

Uncovered Covered

More exposed to lower Less susceptibleo temperature
temperatures which can effects

adverselyimpact biological

activity and increase filter

ripening times.

Algae

Algal growth/blooms in the Not as susceptible to localized
headwaters can increase algae blooms.

clogging

Biomass Development

Filter has a higher biomass and Overall biomass levels are lowe

develops a more noticeable and schmutzdecke formation

schmutzdecke. may appear norexistent or
present as an easily suspended
inert, black carbonaceous depos
of about 1 mm in thickness.
Biomass is significantly
correlated to bacteria counts.

Removal Efficiency

This table shows some of the differences experienced in filters with and without a cover.

Equivalent May be adverselyimpacted by
lackof schmutzdeckdayer

Although there are some important differences, deciding to cover the filters may be
dictated by site constraints (space, temperatures, etc.) and the amount of filter area

needed (is it practical?).
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TEN STATES STANDARDS
FILTRATION RATE

4.3.4.4 Rates of filtration

The permissible rates of filtration shall be determined by the
quality of the raw water and shall be on the basis of
experimental data derived from the water to be treatetihe
nominal rate may be 45 to 150 gallons per day per square foot ¢
sand area (1.86.1 m/day), with somewhat higher rates
acceptable when demonstrated to the satisfaction of the
approving authority.

457 150 gpd/ft
(0.031z 0.10 gpm/f®)
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FILTRATION RATE
(HYDRAULIC LOADING RATE)

Equation for Determine HLR: HLR=Q F* (M
Where:

. HLR = hydraulic loading rate (gpnt

. Q = flow needed to meet demands (gpm)

. A =The sand bed surface area of one filter bed (ft

. N = total number of filter beds needees? iX®. EO OE
number of filters with 1 filter taken out of service for cleaning

Example:Given a peak day demand of 250 gallons per capita pe
AAu AT A A AiiiOITEOU I £ a0 b,
250 gpcpd x 600 people
(1,000 feffilter x (2 filtersz 1 filter) =150 gpd/ft (0.1 gpm/fE)

This equation is used to determine the filtration rate (or hydraulic loading rate) of slow sand
filters.
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FILTRATION RATE

Maximum
<0.1 gpm/fe

Rate may need

to be<0.05
gpm/ft2when <
water temp <5
oC
Minimum

>0.02 gpm/fe

to keep biota
viable
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TEN STATES STANDARDS oy
UNDERDRAINS =

4.3.4.5underdrains

Each filter unit shall be equipped with a main drain and an adequ.

number of lateral underdrains to collect the filtered water.

The underdrains shall be
placed as close to the floor ag
possible and spaced so that
the maximum velocity of the
water flow in the underdrain
will not exceed 0.75 feet per
second.

The maximum spacing of
laterals shall not exceed 3 fee
if pipe laterals are used.
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UNDERDRAINS

underdrains are
typically made using
perforated pipe
laterals (PVC, NSB1)
due to minimal head
loss.

For larger installations
laterals are typically 4
no ET AEAI
main drains are X 1 o
in diameter.

underdrains are typically constructed of PVC @8} which has minimal head loss.



UNDERDRAIN CONFIGURATIONS

Common configurations include laterals that connect to a main
drain system. Smaller filters will often have only 1 main drain
like the one shown on the right.

S
"
™
o
m
—

«~—Main drain

Lateral drain

L pain drain

Figure 10: Common arrangemeants for the main drain of a slow sand filter

Common configurations include laterals that connect to a main drain system. Smaller filters
will often have only 1 main drain like the one shown on the right.
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UNDERDRAINS

City of Cannon Beach FILTER BASIN NO 2

|, Access Ramp
for Cleaning/

Resandin
=

Ey

BASIN HYDRAULIC_CONTROL
MANHOLE SFF /. \ (TYP OF 2)

/ OVERFLOW o N
PRAN |E 70.0 (TYP) O( UAOAOI EA

m\[ CATEITAG

- x J’

Here is a plan view of the underdrains for the City of Cannon Beach, Oregon.



UNDERDRAIN

City of Astoria (5 MGD)

Filter Cell #2
1993 filter rebuild
XYoo 06# | Al E /s
XTI 6 06# EAAA/HSS
5 1 AOAOA ‘

UNDERDRAIN

0 1 ABAO CATRRNS, Tl

a

a

a6 EITA O
bo AOAEI

\
™ 1/4" DIAMETER l_ aTe |
Y$§FOI$A TION, =

UNDERDRAIN LATERAL PERFORATION DETAIL/ 3\
NTS —

AS-BUILT 4.-93

This shows a detail of the lateral pipe perforations of the underdrain system for filter cell #2
for the City of Astoria, Oregon.
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UNDERDRAIN
Main drain pipe
Velocity in laterals and main |
drain should not exceed
0.75 fps (0.23 m/sec.)

|
f
)
| L

Spacing of lateral {
drain pipes (s) is 1-2m £

Detail “A™

Main drain
pipe

Diameter of _—
holes 2 to 4mm Spacing of boles 0.1 to 0.3m

Lateral pipe —* °©

Velocity in the laterals and main should not exceed 0.75 fps (0.23 m/sec). This diagram

shows the configuration of the main drain pipe and laterals. Note the spacing of laterals at
3¢5feetapart(dH YSGSNB O ® 5N} AYpKaESAAT KRl RSO SN
and spaced every 4 to 12 inches apart ©Q.3 meters).
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UNDERDRAINZ LATERAL SPACING

Streamlines forminga
streamtube —

4
%/ Streamlines with 20-in lateral spacing Streamlines with 80-in lateral spacing
(shorter & more uniform flow paths) (longer & more variable flow path)

Closer
lateral
spacing

leads to a
more even . N :
distribution N . n
of headloss o @ s :
and more 20-inches 80-inches

. (0.5m) (2m)
consistent
Streamtubes have similar

1 1 Some streamtubes have
flltl’atlon flow path through the longer flow paths through
gravel with similar headloss

rateS aClrosSs resulting in an evenly more gravel resulting in

- ) ) higher headloss and
the ﬁlter distributed filtration rate. lower filtration rates.

i \
L Gravel o)

This diagram illustrates how the spacing of laterals can impact the flow of water through
the underdrains (indicated by streamlines) and the resulting increase in headloss and
decrease in filtration rate with larger lateral spacing.
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UNDERDRAIN

City of Astoria (5 MGD)

Filter Cell #2
1993 filter rebuild
Keep laterals spaced away

from filter walls to avoid e %GN
short-circuiting of raw XK i

— BOTTOM EDGE
OF FILTER

6" PERFORATED-
PVC LATERAL

water down the filter wall { OR CENTERLINE

EL_VARIES
urs;pmu 3\ e U

UNDERDRAIN
LATERAL, TYP™~

2-20"
LENGTHS, -
THIS SIDE—

JPUSH IN.
/ CONNECTION
| WITH GASKET

‘\;/4" DIAMETER L e e |
vggram TION, FABRICATED

156" CROSS,_ Ll
v ~

15" CENTER /
MANIFOLD, /
HDPE PIPE/

PLUG OR CAP
END, TYP—

UNDERDRAIN LATERAL PERFORATION DETA T ﬁ ‘ﬁ
NTS /

AS-BUILT 4.

Keep laterals spaced away from filter walls to help prevent sidewall effects where unfiltered
water can slip past the filter media down the sidewall.



UNDERDRAINS =L

Diameter of
holes 2 to 4mm e Spacing of holes 0.1 to 0.3m
(85

Lateral pipe — ' ©

Underdrain DesignParameters Recommended Specification

Maximum Velocity in Laterals* 0.75 fps (0.23 m/sec)

Maximum Velocity in Main Drain! 0.75 fps (0.23 m/sec)

Spacing of lateral drain pipest 36 inches (91.4 cm)

Spacing of bottom lateral drain 47 12 inches (0.17 0.3 m)
holes? (include air release holes @ ends on top of laterals)

Diameter of drain holes? 5/ 6i450 3 2Hmn() 2
(needs to be determined through hydraulic calculations)

Material Non-Corrosive and meeting NSF-61 (e.g., PVC)

1Source: 2012 Edition of the Recommended Standards for Water Works (Ten States Standards). Visscher et., al. (see footnote 2)
recommended 1.64 fps (0.5 m/sec).

2Source: Visscher, J.T., R. Paramasivam, A. Raman, and H.A. HeijnerSIb983and Filtration for Community Water Supply, Planning,
Design, Construction, Operation and Maintenarff@ehnical Paper No. 24, The Hague, Netherlands: International Reference Center foi
Community Water Supply and Sanitation.

Design recommendations from the IRC manual are included here. One addition is the
provisions for air release holes at the ends on top of the laterals to purge air pockets in the
laterals upon initial filling.



TEN STATES STANDARDS /»;‘
FILTER MEDIA
4.3.4.6 Filter material

a. Filter sand shall be placed on graded gravel layers for a minimum depth of
inches.

b. The effective size shall be between 0.15 mm and 0.30 fmanger sizes may
be considered by the reviewing authority; a pilot study may be required.

c. The uniformity coefficient shall not exceed 2.5.

d. The sand shall be cleaned and washed free from foreign matter.

e. The sand shall be rebedded when scraping has reduced the bed depth to r
less than 19 inche$Vhere sand is to be reused in order to provide biological
seeding and shorteningoc EA OEDPAT ET ¢ POT AAOOh Oy
I OAO6 OAAET ENOA xEAOAAU T Ax OAT A E
sand is replaced on top of the new sand.
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FILTER MEDIA

Plan the work and provide an adequate budget so recommended media
specifications and placement practices are able to be folloggdvill pay off
in the long run!

City of Astoria
Slow Sand Filter

Sand Media Replacement

She
Project Team:
o

D

ONE CALL CENTER
(800) 332-2344

Plan the work and provide an adequate budget for megitawill pay off in the long run!
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SAND BED DEPTH RECOMMENDATI

MINIMUM SAND DEPTH GUIDELI
20 Z 24 INCHES

39

Inches

Various sources all fall within 835 inches, however, most recognize @4 inches as a
minimum level the sand bed ought to be allowed to operate with.
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SAND BED DEPTH e A w3 Q

] Headwater | Sedimentation
According to the WHO manual, (B9Yi 6 Q

biochemical and adsorption removal
mechanisms are in effect immediatel
below the schmutzdecke down to a
depth of around 24nches.

. (1-2 cm)
Therefore the total bed thickness

would need to be at least 24 inches if oo hem

order for these two mechanisms to b
fully effective. I AOT OPOI

Additional sand is needed to
accommodate the amount of sand

anticipated to be removed due to Sand Support | SupportGravel
cleanings over the design life. (15¥i 6 q

As covered in the discussion on removal mechanisms, a certain amount of sand ranging
from20¢iné Aad YSSRSR (2 SyadsaNB (KIFIdG GKS NBY2 G
entire life of the filter bed. In order to ensure this, an added sand allowance is needed to

account for successive cleanings over the life of the filter.
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SAND BED DEPTH FORMULA
Formula for determining depth of sand:

Di = [Y (R *Jcraping] + D

Re-arrange to find design life: Y =,@D;) / (R * ;Crapmg

Where:

Y = years of operation before sand bed needs rebuild
D, = initial sand bed depth (inches)

D; = final sand bed depth before rebuilding (inches)

R = sand depth removal per scraping (inches/scraping
fscraping= frequency of scraping (scrapings/year)

This is used to determine the additional sand allowance needed to account for successive
cleanings over the life of a filter.
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SAND BED DEPTH EXAMPLE
Example: D=[Y (R * §.aping] + O
Given:

1. D= initial sand bed depth (inches)
. D;=24 inches

. fscraping= 6 Cleanings per year
.2 B 2A0 T O0Al 1T &£ X8Q Ai
. 'Y = #year design life (before reanding is needec

Di =7 yrs * (0.5 in/scraping * 6 scrapings/year)] + 24 |
= 45 inches

Therefore, an additional 21 inches (53 cm) of sand is

needed to allow for scraping over 7 years.

This example shows how one would use the same formula to determine the additional
sand allowance needed to account for successive cleanings over the life of a filter.

76



FILTER MEDIA - SILICA

Silica sand
Durable
Inexpensive
Readily available

Removal mechanisms occur in the pores where suspended
solids are trapped, microorganisms grow, and air and water
flow.

Using media with an appropriate effective size and uniformity
ensures an optimal pore space.

aSRAI aStSO0A2y Aa ONRGAOFf G2 LINPLISNI 2LISNF
durability and availability.
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FILTER MEDIA Z GRAIN SIZE

There are many different
OCOAAAOGe 1T £ OAT A

range as follows: -
POOL FILTER SAND

US Sieve Size 20-40 QUIKRETE —

Particle size (0 85-0 425 mm) -

e

O3 Al Ao OA (;AO AOI| | z2@ndni(#Y sidvd)

SAN ey |

NET WEIGHT - 100 LBS.
(454 kg)

CLEAN-GRADED-KILN DRIED
| MONTEREY SANDS
[ S D FoX oot VT SUroood RUTie |
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FILTER MEDIA - SIEVE SIZES [EOEERE=mm

3.350
2.360

H 2.000
Sieves larger than the T150

#4 sieve are designated 0.850
by the size of the 0.600

. . . 0.425
openings in the sieve. 0300

0.250
0.180
0.150
0.106
0.088
0.075
0.053

Smaller sieves are numbered according to th
number of openings per inch.

10
openings
per inch

Examplel YX&® OEAOA EO i
wire. What is the opening size?
i xEOAOTEI @ ®80WQEO
XaP8WXQd B P8ENED
| DATET ¢ xEAOE B 0W038dn
®8 d¢ A.Gnm B

Sieves are numbered in one of two ways. Sieves larger than the #4 sieve are designated by

the size of the openings in the sieve. Smaller sieves are numbered according to the number

of openings per inch. The thickness of wire must be accounted for in determining the

opening. For example, a #10 sieve has 10 openings per inch. The openings are only 0.0787
AYyOKS&a 6ndn YYUO 06SOFdzaS GKS aAsS@gS Aa YIRS d
wires within an inch to make up 10 openings per inch, the wire accounts for the remaining
ndumMoé AYyOKSaod
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FILTER MEDIA - EFFECTIVE SIZE (D,()

Effective Size ()
Range should be 0.2 mm to 0.35 mm

A The effective size gives a good
indication of the permeability characteristics of sand.

A D,,is the size of grain such that 10% by weight of the total
sample is smaller. (i.e., 10% of the sand, by weight, is finer
than a given grain size).

#70 Sieve (70 openings/inch = 0.212 mm opening

(10% passes — ; »
through to the pan) .+ + * * 10% (by weight) of this sample

0 > is smaller than 0.2 mm
10% Lo
]

One critical sand specification is the effective size. The effective size (or diameter) is
typically expressed as;fand indicates the grain diameter in millimeters at which 10% of
the total grains of a given sample are smaller and 90% of the total grains are larger, based

on weight. The effective size for slow sand media should be between 0.2 mm to 0.35 mm.

Ten States Standards recommends a range of @A.85 mm, but the 0.15 mm
specification often only restricts production without any added benefit.
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FILTER Z DETERMINING {3

Effective Size ()
Range should be 0.2 mm to 0.35 mm

A sieve analysis is done to determing,By:
1. Passing a known amount of media through a
series of progressively smaller sieve sizes; and

2. Weighing the amount of media retained on each

The effective size is determined by doing a sieve analysis. So for example, you take a
measured quantity of sand and weigh it. Then you sift it through a series of sieves with
progressively smaller screens and weigh the portion of sand retained on each sieve.
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FILTER MEDIA - Percentage retained on any sieve:
DETERMINING [ =100% x (weight of soil retained / total soil weigt
Cumulative percentage retained on any sieve:
=t percentage retained
Percentage passing the sieve:
=100% t percentage retained

Sieve # | Diameter | Mass of soil retained| Percent | Cumulative Percent
(mm) on each sieve retained Retained Passing
(9) (%) (%) (%)

0.850 1.00% 0.00% 100%

0.600 5.50% 550% === 95%
0.425 17.00°/é 22.50% m==p 78%

0.300 25.00% 47.50% === 53%
0.212 25.50% 73.00% 271%
0.150 15.50% 88.50% 12%
0.106 40 8.00% 96.50% 4%
0.075 10 2.00% 98.50% 2%
N/A 25 0.50% 99.00% 1%

Total => 500 gramsample

Then you determine the % of the sample, by weight, that passes (is finer than) each
successive sieve. This example shows how data from a sieve analysis is tabulated.



FILTER MEDIA Z DETERMINING {3

Effective Size (R)

Range should be 0.2 mm to 0.35 mm

A The results are plotted (% passing vs. sieve/grain
size (mm)).

A D10 is where a horizontal line drawn from the 10%
passing mark intersects the grain size.

% Weight Passing

e O

02 03 04 05 06 o094 08 09 10 11 12 13 14 15

Sieve Size (mm)

The tabulated results are plotted on a graph of % passing versus sieve (i.e., grain,gize). D
is where a horizontal line drawn from the 10% passing mark intersects the sievelsate

sieve size intersected is thg D
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FILTER MEDIA - UC

Uniformity Coefficient (UC)
Range should be 153.0

A Dy, is the size of grain such that 60% by weight of the total
sample is smaller. (i.e., 60% of the sand, by weight, is finer
than a given grain size).

Dg=0.3 mm % #50 Sieve (50 openings/inch = 0.3 mm opening)
(50% on #100 sieyAm————

plus 10% in pan) i

Dyo= 0.15mm £ ZE,  #100 Sieve (100 openings/inch = 0.15 mm openi
(10% passes

0 . : :
e e 60% (by weight) of this sample is small¢

than 0.3 mm (50% + 10%)

Dgo= 0.3 mm

10% is smaller than 0.15 mm i d
UC = RQyD;p= 0.3 mm/0.15 mm = 2.0

CKS dzyAT2NN¥AGE O2STTADABYIRSRSENZMERROEE ARE D
Similar to D, Dy, is the sieve size through which 60% of the sample by weight passes and
40% is retained. You will not usually sggrBferenced, however, it is used to determined

the uniformity coefficient, which is an important specification for slow sand filter sand.
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FILTER MEDIA - UC DGo

Uniformity Coefficient (UC) = 153.0 UC — -

%% g
4 )

+ This particle-size distribution represents a soil in which
the particles are distributed over a wide range, termed
well graded

(%)

Well Graded Poorly Graded Gap Graded

Percent finer

» This particle-size distribution represents a type of soil in
which most of the soil grains are the same size. This is
called a uniformly graded soil.

Sieve Numbers
0 100 60 4030 1
PR )

If the grain sizes vary greatly, the
smaller ones will fill the spaces between
the larger particles, making it easier for
the filter to clog.

Percent finer (%)

The uniformity coefficient is related to the distribution of grain sizes of soils. Uniformly
graded soils have soil grains that are mostly the same size. This keeps the pore spaces
between the grains open. Well graded sand has a broader size distribution (higher
uniformity coefficient), which results in the fines filling up the pore spaces of the media
resulting in less space for biological removal mechanisms to work and higher head loss.
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FILTER MEDIA Z DETERMINING UC

Quiz:

What is Q,, Dspand UC for this sieve analysis?

Sieve Diameter | Mass of soil| Percentretained | Cumulative | Percent
# (mm) retained on (%) Retained | Passing
each sieve (%) (%)

©)

N
20 0.850 0.00% ———= 100%

30 ) 0.600 LU 70%

50 O 0.300 60%

7Y .
70 0.212 S 20%

100 0.150 10%

200 0.075 ) 5%

Pan N/A 0%

Quiz¢ What is d10, d60 and UC for this sieve analysis?



FILTER MEDIA Z DETERMINING UC  Cumulative percentage retained on any sieve:
D10 =0.15 mm =1 percentage retained
D60 = 0.3 mm Percentage passing the sieve:
UC = d60/d10 =0.3/0.15=2.0 =100% t percentage retained

Sieve Diameter | Mass of soil| Percentretained | Cumulative | Percent
# (mm) retained on (%) Retained | Passing
each sieve (%)

©)
0.850 0.00%———= ,0.00%  100%

0.600 LR 4 70%

0.300 60%

7Y [T 3
70 Q 0.212 Vit 20%

100 0.150 10%

200 0.075 5%

Pan N/A 0%

Answer: Dy=0.15 mm, = 0.3 mm and UC = 0.3/0.15 = 2.0. This example illustrates how
the mass retained on each sieve relates to the determination of d10, d60 and UC.



FILTER MEDIA Z DETERMINING UC

DGo

D, Dspand UC can also be determined UC e

graphically

Low Uc

narrowly graded sand

=]
=
o
0
©
o
=
2
=
<

o | Large pore space allows rapid
02 03 04 05 06 07 08 089 10 1.1 ©oveen diffusion and unsaturated
flow around the sand particles.

Sieve Size (mm)

D10 = Effective Size.

D10 = Particle diameter such that 10% of the particles are finer.
D30 = Particle diameter such that 30% of the particles are finer.
D60 = Particle diameter such that 60% of the particles are finer.

This slide shows how to identify DDy, and UC graphically.

10

High Uc
widely graded sand

Inclusion of small particles filling
interspaces between large particles
encourages clogging.
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Fl LTE R M E D |A http://www.slowsandfilter.org

Recommended effective diameter (7 0.2 mm to 0.35 mm

3? O e L nddB, ' R + 15 mm
 effective'size - iu effective size. - effective size
.a"" uc~<2 4 N >". X . Tl » . :‘ AT . uc < 2

Shown here are sand sizes from 0¢1®.35 mm. Photo from www.slowsandfilter.org.

89


http://creativecommons.org/licenses/by-nc-sa/3.0/us/
http://www.slowsandfilter.org/

Sieve Analysig good sand

Camp Tilikum Lane 30 Sieve Analysis (% Passing)
o . Di1o = 0.142 (0.15 - 0.3 mm Rec per TSS, o.15 - 0.35 WHO)
Y Passmg U=2.37(<2.5Rec perTSS, 1.5 - 3 WHO)

120%

100%

80% :
' . D&, 0. 337 mm

60%
=0.142mMm

U

40% . ¢=Deo/D1o = 2'37
- =#-Lane 30 (% Passing)

0.45
Sieve Size (mm)

This chart illustrates the results of a sieve analysis for sand primarily within the
recommended specifications.
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Sieve Analysig not so good sand

Camp Tilikum Lane 20/30 Sieve Analysis (% Passing)
0 . D1o = 0.457 (0.15 - 0.3 mm Rec per TSS, o0.15 - 0.35 WHO)
Y Passing U= 1.59 (<2.5Rec per TSS, 1.5 - 3 WHO)

100% —
Nl o.-07z7mm
80% . D,,=0.457 mm

70% . <=
60%

50%

£0%
) =#-Lane 20/30 (%
30% Passi
assing)

20%

10%
o

0%

Sieve Size (mm)

This chart illustrates the results of a sieve analysis for sand with an effective diameter larger
than the recommended specification, although the uniformity coefficient is just within the
specifications.
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OTHER MEDIA CONSIDERATIONS

. % of fines passing #200 sieve llccmcx

< 0.3% by weight
. Acid solubility
< 5%
. Apparent Specific Gravity

> 2.55
. Minimum depth
20-24 inches before rsanding “"’”Mé’i’ﬂ%g’”‘ -
. Availability e e e ——
A Local supply options (keep transport costs low)
A Redundant/backup supply (e.g. 2 or more quarries)
A Ability to meet specifications
A Consider ability to clean/stockpile scraped media
. NSF61 or equivalent (tested for contaminants)

% of fines passing the #200 sieve should not be more than 0.03% by weight. The more
fines, the longer it will take for turbidity in a newly sanded filter to clear. Acid solubility
should be less than 5%. Media with more acid soluble content, think of limestone, could
eventually end up with an undesirable effective diameter or uniformity coefficient in the
presence of acidic waters. Sand beds are typically 30 to 36 inches in depth and should not
be allowed to drop below 2@4 inches. Some references indicate lower levels may still
provide adequate filtration, but as discussed earlier, this may inhibit removal mechanisms
that occur deeper in the sand bed. Another thing to consider is where the sand is going to
come from. Finding one or more local sources keeps transportation costs low. Not all
guarries can provide sand meeting the desired specifications. Some systems have made
provisions for cleaning and stockpiling sand that has been removed during the scraping
process. This sand should then be analyzed for conformance with the desired
characteristics and can then be-used in subsequent rsanding efforts.
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Sources of Sand

. CEMEX, Vancouver, WA & Boardman, OR
Kleen Industrial Services, Danville, CA
Knife River Corporation, Corvallis, OR & Stayton, OR
Naselle Rock and Asphalt, Naselle, WA
Fazio Brothers, Vancouver, WA

Others???

Some suppliers of slow sand filtration sand.
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OTHER MEDIA CONSIDERATIONS

Monitoring Media Depth

Incorporate a means of monitoring media depf#
A Keyway (also mitigates sidewall effects
A staff gage

Design should incorporate a way to measure sand bed depth. A keyway can serve to both
indicate the minimum sand depth (when the top of the keyway is reached), while
interrupting flow down the sidewall.
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OTHER MEDIA CONSIDERATIONS

Monitoring Media Depth

Incorporate a means of monitoring media depth

MARKS ON LINER SIDE 1— (M
AT 18" SAND DEPTH } / CELL 3

RALS AT

27 LATER
| 2Rk
ool S I

SHST_H H A'ﬁ‘_ 14

~ 15" CENTER MANIFOL
~ PVC PIPE

NW FILTER [ J
TOP, € |6

{ I o F biA

14 PVC
d- |HEADER,
EXISTING

\~ e
H 7/
e /
| q‘ | l
J |
¥ \
\

5.

CKAA O2yaiNHzOGA2Yy LYy akK2ga aYlINjlaeg 0 wmyé
(cell #3) for the City of Astoria (1993)
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RECOMMENDED MEDIA SPECS

Media specifications (silica sanddummary

Filter SandSpecification Recommended Range

Effective Diameter (d10) 0.27 0.35 mm

Uniformity Coefficient (U) 157 3.0

% fines passing #200 sieve < 0.3% by Wt.

Acid Solubility <5%

Apparent Specific Gravity >2.55

Minimum Depth 20-24 inches

Delivery/Installation Sand washed prior to installation

NSF/ANSI Standard 61 Certified or equivalent

This table summarizes some of the main specifications for sand and bed depth.



SUPPORT GRAVEL

Support gravel prevents migration of sand down§

underdrains, while allowing passage of filtered
water.

Proper gradation is key to prevent migration
Rounded rock is used to promote drainage

Example shown* is for a rapid rate plant

(City of Grants Pass)

Top Layer 1  Filter sand
(Silica sand w/ = 0.45 mm 0.55 mm)
Layer 2 #50 garnet sand
Layer 3 #12 garnet gravel
, AUAO 1
, AUAO Y
Bottom layer XT Wé @ M6 COAOAI

*Anthracite is on top of filter sand, but is not shown.
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TEN STATES STANDARDS
SUPPORT GRAVEL

4.3.4.7Filter gravel

(GLUMRB)

The supporting gravel should be similar to the size and depth
distribution provided for rapid rate gravity filtersSee
4.2.1.6.£2. (e.g. 4.3.1.6.eSupport Media (for rapid rate

gravity filters))

Sand

Smaller Gravel

Course Gravel

Underdrain




TEN STATES STANDARDS
SUPPORT GRAVEL, CONT.

4.3.1.6.ez Support Media (for rapid rate gravity filters)

4.3.1.6.e.1.Torpedo sand (often used to backfill utility pipes)
A threeiinch layer of torpedo sand shall be used as a supporting

media for filter sand where supporting gravel is used, and shall
have: - o T

IH|“I

. ]| m
a. effective size of 0.8 mm : : 2 » :
Ol ws8o gY7rgl '

. uniformity coefficient
not greater than 1.7.
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TEN STATES STANDARDS
SUPPORT GRAVEL, CONT.

4.3.1.6.e.2.Gravel- Gravel, when used as the supporting media shall consist of
cleaned and washed, hard, durable, rounded silica particles and shall not inclu
flat or elongated particlesThe coarsest gravel shall be 2.5 inches in size when
gravel rests directly on a lateral system, and must extend above the top of the
perforated laterals.Not less than four layers of gravel shall be provided in
accordance with the following size and depth distribution:

Size Depth

3/32 to 3/16 inches 2 to 3 inches
3/16 to 1/2 inches 2 to 3 inches
1/2 to 3/4 inches 3to 5 inches
3/4 to 1 Y2 inches 3to 5 inches
1% to 2 Y2 inches 5 to 8 inches

Reduction of gravel depths and other size gradations may be considered upon
justification to the reviewing authority for slow sand filtration or when proprietar
filter bottoms are specified.

100



SAND & GRAVEL

ASTM E11 standard sizes for woven wire test sieve cloth

Mesh Mesh Mesh Mesh
No. Size . Size No. Size No. Size
(mm) (mm) (mm) ()]

There are standard mesh sizes for grading sand and gravel. Some of these mesh sizes likely

to be used in slow sand filters identified under ASTM E11 are shown here for reference.
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SUPPORT SAN

Concrete Sand

i ABEBAS

Fine Aggregate grade 1 or 2 (HAor 2)

Angular to subangular

QTRo6 @ YXod | AOE ji8syY @ @o8XY iiQ
Washed and screened

Used in production of ready mixed concrete

Commonly used for pipe bedding & Backfill

Meets ASTM C33 standard

A
A
A
A
A
A
A

t K2G2a 2F AN GBSt FTNRBY tKAfQA ¢2L1A2Af3 LyO®:
http://www.philstopsoil.com/stone_and_sand.html
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S U P P O RT Angru ar_ Su/b,.gn’giylat\
GRAVEL éﬁﬁi 8eSS

Pea Gravel (CA6)
Round to sukangular river rock
QFRn6 @ YXa& ji8yY @
j x8xn i1 o2 Qraisdq
Washed but may contain smaller sedimer="

Commonly used for decorative
landscaping,

retaining wall backfill, or where finer
aggregates are needed when drainage
through stone is

A desired.

#8 Gravel (a.k.a. #8 pea gravel) 74
Qfn6 @ YR ji8Y @ w8Qa ESS Tt \}{g:‘

| #8 Peéa Gravel ig“

¢2L) LK2G2 2F 3INIGSEt FNRBY tKAfQa ¢2LA2Af3 LYy
http://www.philstopsoil.com/stone_and_sand.html
Bottom photo of gravel from The Gravel Gupon Brown. http://thegravelguy.com/gravel/
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FILTER MEDIA SubAnger ound

C 900!
LA™ 9 J
#57 gravel

X6 @ YI jwYBie:w iligs Yarkbag

#4 gravel
IXTWo O

‘ i ‘ &'\‘ﬁ X v @
#57 Gravel f“ ®

Photos of gravel from The Gravel Gupon Brown. http://thegravelguy.com/gravel/
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[

FILTER MEDIA %? y—
“ \)J :

OTi 6 xAOEAA (
MWWMWWMWWWWW

A olnch

Z 9Z Sz v
|||Ihll

dH\l\HlHIl\l\ll |l|l

IXTWwo 7A0EAA

oE 6T 0\
.\\\\\l\h\l\\(\\\\m\ l
=

t K2G2a 2F AN GBSt FTNRBY tKAfQA ¢2L1A2Af3 LyO®:
http://www.philstopsoil.com/stone_and_sand.html

105



DPOR DA

em, OR (Gravel Layer 0, Size d, Size
d D,=0.272 0 Top4 inches No.Bsieve (236mm)  No.dsieve (475 mm)
> AUAO
AAT A AUARO Middle 4 inches No.4sieve (75 mm)  0.5inches
O
oJo AUAO , p i
Bottom 10 inches 0.5 nches (.87 nches

E RS
BT S 7y _
I =
-
1 ::‘ P
1 £ ‘
L '4%
E 4
= )
3 &
= N
E - .
I
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SUPPORT MEDIA

3 layers of support gravel can be adequate, but 4 or more layers
recommended due to product and placement uncertainties.

D10 D90 Depth
Layer (mm) (mm) (inches)
TopLayer Q7T al 6 XTXao
(2.0 mm) (1.4 mm)

Considerations
Durability
Cost
Availability

Middle Layer YTQWo6 £€TQWo
(4.0 mm) (5.6 mm)

Bottom Layer YTno WiTQwd 6
(16 mm) (23 mm)

Eachsuccessivdayer shouldbe gradedsothat its smaller(D, )
particle diametersare not more than four times smallerthan
thoseof the layerimmediatelybelow.

The grains of the bottom layer should have an effective
diameterof at leasttwice the sizeof the drainholesor slots.

* The gravel support using three layers as specified will work if the orifices into the unc
drain pipe are less than 8 mm in diameter. If the orifices are larger, more than three la
of gravel may be needed.
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SU PPORT M EDIA £ Discard
Example of a 4 layer support media for use with | IESECEIE

a filter sand with an effective size (D10) of 0.2
i1 ATA Xrnoée AOAET Ei i ANINBSETEE
Discard 4; —_—
| osmm ] —— Xl

Top Layer(0.8-1.2 mm) — —
————— m
N I S— beep  Discard

2ndlayer XTRo O
JdLayerj XT1 6 O

4h Layerj XT Wo

Depth

(inches) Specification

Layer Size Range

173206 17216 Largest Size/Smallest Size = 1.5

Top Layer 3 Smallest Size in Top Layer /Dy, Filter
(0.8 mm) (1.2 mm) sand = 4.0

5 5 Largest Size/Smallest Size = 2.00
2" | ayer 1/160 1/ 80 i A
1780 x 1/(usesmm) (3.175 mm) Largest Slze/Smallgs;7S|ze of Top Layer

Largest Size/Smallest Size = 2.00

3 Layer 1/ 80 1/ 40 ; ; o
17406 x 143826 mm) (6.35 mm) LargestSnze/SmaIIj%tO&ze of 2" Layer =

Largest Size/Smallest Size = 2.00

Sl EE (25 Largest Size/Smallest Size of 31 Layer =

underdrain piping
with 10 of

4" Layer 1/ 40 1/ 20
1/ 20 x 1/(635mm) (12.7 mm)

4.0
Smaiiést Size = 2x Drain Diameter
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SUPPORT MEDIA

4-5 Layer Option
Filter sand ;= 0.2 mm
) .
Qo
Qo
Qo

|

WHO (Huismar

B10G09 & Wood)
sic003 | $10.0) 910 10 100
4-5 Layer Option| d10 (in) | d90 (in) | & WHO between|d90/d10 of sam doo
dio > p lower/d10
2xDrain’?‘.1 e 4.~Iay<_ar52 or Supper «4)
times d1( 4 if d90/d10 of

sand |same layek1.4)

Sand

Top Gravel

2nd Gravel

3rd Gravel

4th Gravel

5th Gravel
Drain
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SUPPORT MEDIA

Rapid Rate Filter (City of Grants Pass)

Top Layer 1 (#50 garnet sand w§©0.25 mm)

Layer 2 #12 garnet gravel

, AUAO Q

, AUAO 1

Bottom layer X T W6 @ M6 COAOA _

WHO (Huismar
B10G09 & Wood)

d10 top | d10 lower/d10 AWWA

AWWA
Grants Passising| B10009 ravel |upper &3 where] B10609
Garnet Sand as d10 (in) | d90 (in)| & wHo |, 9 pp d9o
. . between|d90/d10 of sam
Filter Medium dio > p lower/d10
2xDrain’>‘.1 il 4.~Iay<_ar52 o = upper 4)
“ftimes d1( 4 if d90/d10 of
sand |same layek1.4)

Sand
Top Gravel
2nd Gravel
3rd Gravel
4th Gravel
5th Gravel

Drain

#DIV/0!
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SUPPORT MEDIA

Opal Creek, OR (Blue Future Filters)

I - 85 CU 1 PER CELL 3 T 7
Filter sand Q,= 0.3 mm RN e /

wo 41D , AUA ¢ < e

2" OF | PEA GRAVEL _\:)}‘ ot
. £
2" OF J™-1" GRAVEL —/?% L
‘/i;;z orese

8" OF 1.5 GRAVEL

AWWA | WHO (Huismar]
B10609 & Wood)
Opal Creek, AWWA d10 top | d10 lower/d10 AWWA
Oregon ST gravel |upper &3 where| e
(Blue Future CHD ) | BB < e between|d90/d10 of sam akT
. d1o0 > lower/d10|
Filters) 2xDrain’>4 and 4.5layer<2 or Slupper €4)
Ytimes d1q 4 if d90/d10 of |"PP
same layek 1.4)

Sand
Top Gravel . 9.07
2nd Gravel 7.01 8.00
3rd Gravel 0.86 171
0.00 0.00 #DIV/0!

4th Gravel
5th Gravel #DIV/0! #DIV/O! | #DIV/O!

Drain
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SUPPORT MEDIA

City of Salem, OR

Filter sand ;= 0.272 0.33 mm
I o i AUAO YI @
s AUAO b4 Top4inches No. 8 sieve (2.36 mm)

, AU Ao ¢ Middle 4 inches No. 4 sieve (4.75 mm) (.5 inches

(875 inches

Gravel Layer d,, Size dy Size

No. 4 sieve (4.75 mm)

Bottom 10 inches (.5 inches

AWWA | WHO (Huismar]
B10609 & Wood)

AWWA d10 top | d10 lower/d10 AWWA
City of Salem ST ravel |upper 3 where| e
yOre on ' G ()| O (i CEIDm) | & e bgtween dgg/dlo of sam 620

9 dio > p lower/d10
2xDrain’>‘.1rand 4.~Iay<_ar52 o Supper «4)

“ftimes d1( 4 if d90/d10 of

sand |same layek1.4)

Sand
Top Gravel
2nd Gravel
3rd Gravel
4th Gravel
5th Gravel

Drain

8.74
2.01 5.38
2.67 4.68
0.00 0.00 #DIV/0!
#DIV/0! #DIV/0! | #DIV/O!
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SUPPORT MEDIA

More layers of support gravel is often needed,
due to product cost and availability.

For material size and layer depth, follow the latest:

1. Guidelines in Appendix D of ANSI/AWWA
B100 Standard; or

2012 Edition AWWA Standard
Ten States Standardy ‘
for slow sand filter Crandla Tl

- yranular rilter
construction Material

A | STANDARD

@
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SUPPORT MEDIA

Support Media Installation

For material washing/handling/delivery/installation
recommendations, follow the ANSI/AWWA B100 Standar(E\Ns

AWWA Standard

Desired layer elevations should be marked on filter wall
and each layer added and screeded level and even with t GramilacTikier
mark Material

The elevation of the top surface of each layer shall be
checked using water that is introduced into the filter as a
guide with the media withirr 0.5 inch of the desired level
and the areas above and below the desired level within
10% of each other.

@

Support gravel should washed prior to placement of filter
sand (see AWWA B100 Standard).
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FILTER FABRIC?

City of Astoria
Filter Cell #2
(1993 filter rebuild)

Filter fabric

between sand : : 2 : :

and gravel L - 3} I%%ET ; :/Lrg;__gmv&
often gets L6 R 37 e
clogged as in 3“7 GRAVEL VEDIA 2% AN N — “*»ZH%»RAVEL
this case. This L E— F =

fabric was

discarded and :

is not needed iy e g

1 REMOVE EXISTING GRAVEL MEDIA AND STOCKPILE FOR REUSE.
Wlth proper REMOVE PVC LINER AND DISPOSE. REPLACE
gravel

WITH HYPALON LINER. SEE DETAIL j 5 e
' = fs
gradations FILTER SECTION o

3/8"=1"-0"

A filter fabric layer originally installed for filter cell #2 for the City of Astoria, Oregon was
later removed in 1993 due to clogging.
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TEN STATES STANDARDS
SUPERNATANT WATER (HEADWATER)

4.3.4.8 Depth of water
on filter beds

Design shall provide a

depth of at least 3 6
feet of water above the 7
sand. Influent water shalls

not scour the sand
surface.

Wickiup Water District, OR
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HEADWATER

Purpose is to provide driving head
Provides retention/settling
Little benefit to exceeding a depth of3 feet
Shallow levels may increase algae due to sunlight penetratiol
Important to include:
1. Side stream influent piping if harrowing
Overflow

2.
3. Drain Headwater | Sedimentation
4.

4751t

Backflush piping (48-6 © 6 q

Schmutzdecke Biological
(1-2 cm)
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INFLUENT ENERGY DISSIPATION
O)1 £ OAT O xAOAO OEAIT 110 OA
Energy Dissipation (to avoid sand scouring)

Energy dissipation
helps to keep
sand from
scouring and
erosion of the
filter cell liner.

2011. City of Corbett, OR

This is filter influent piping for the City of Corbett, OR.
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INFLUENT ENERGY DISSIPATION

Jewell School District #8 (Clatsop Co)

3 cells (Blue Future)

18 gpm (0.1 gpm/sf)
Completed in 2010

Cleaned using wet harrowing

Even in smaller covered filters, influent energy should be minimized.
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