Springfield, OR
6.5 MGD




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.




GENERAL SCHEMATIC (WHO, 1974)

FIG.18. DIAGRAM OF A SLOW FILTER, SHOWING CONTROL VALVES
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GENERAL SCHEMATIC (USEPA)
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ARI-O07-4% (Dy S. P, llansen)




MORE DETAILED SCHEMATIC
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GRAVITY FED SYSTEM
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TELESCOPING VALVE
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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)




DESIGN-

Parameter

Filtration Rate

SS VERSUS RAPID RATE

Slow Sand Filters
0.03z 0.1 gpm/fe

Rapid Rate Filters
2-4 gpm/ft?

Water Above Sand

~4-6 ft

~5 ft

Sand Bed Depth

~ 2448 inches

~ 2430 inches

Sand EffectiveSize (dy)

0.15z7 0.35 mm

0.45z0.55 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
biological (no chemicals)

Chemical and physical (depends
on proper coagulation)

Turbidity Removal

Variable even if optimized
<5 NTU by regulation

Not indicative of filter
performance or pathogen
removal.

Sub micron particles are not
readily removed.

< 0.1 NTU when optimized
Good indicator of filter
performance and pathogen
removal.
Coagulation/flocculation
removes even Sswmicron
particles.

Giardia Removal

>3.0log

>3.0log

Raw Water Turbidity

<10NTU

100+ NTU




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.




DESIGN RECOMMENDATIONS

EXAMPLE

Design parameters

Filtration rate
Area per filter bed

Recommended range of values

0.15 m3/m2+h (0.1-0.2 ma.-"m-’—’*hj]
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

1T 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
Precast concrete blocks with holes on the top
Porous concrete
Perforated pipes (laterals and manifold type)

Generally no need for further hydraulic calculations

Maximum velocity in the manifolds and in laterals = 3 m/s
Spacing between laterals = 1.5 m

Spacing of holes in laterals = 0.15 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




DESIGN MANUAL 1991

O- AT OAl T &£ $A
3AT A &EI OOAOE’
Hendricks & American Water
Works Association, 1991.
ISBN 9780898675511

Excellent resource that
covers design in great detall




3 OTHER DESIGN REFERENCES

The 3 other main design references include:

1.

2.

2AAT 11T AT AAA 30AT AAOAO A& O
30A0AO0 30AT AAOAOOh wYoXwagn
031 1T x 3AT A &EI OOAOEIT A& O ;
International Research Center for Community Water Supply
and Sanitation (Visscher et al., 1987)

031 1T x 3AT A &EI OOAOEITd6h 71
& Wood), 1974,

SLOW SAND FILTRATION

2012 Edition

Recom e;wded

http://www.who.int/water_sani
tation_health/publications/ssf/e

http://10statesstandards.com/ http://www.irc.nl/page/4530 n/index.html



DESIGN CRITERIAZ 3 OTHER REFERENCES

The design specifications for these 3 sources are summarized he

Comparison of Design Specifications

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

Design Period 7-10 Years 10-15 years Not Specified

Mode of Continuous 24 hr/day Not Specified
Operation

Filtration Rate  0.04z 0.08 gpm/ft2 0.04z0.08 gpm/ft2 0.03z 0.1 gpm/ft2
(flow ratep (0.1z2 0.2 m/hr) (0.1z2 0.2 m/hr)
filter area)

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

Supernatant 39z59in 79 in max 277391in,60inmax  36z72in
Depth (100z 150 cm, 200 cm (702100 cm, 150 cm (917183 cm)
max) max)




DESIGN CRITERIAZ 3 REFERENCES

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) 18z 35in
BedDepth* (45290 cm)

*The design should add these minimum sand bed depths to the amount of sand anticipat
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 nhot removed
to scraping when using this method of cleaning.




DESIGN CRITERIAZ 3 REFERENCES

Comparison of Design Specifications

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

Filter Sand 0.15z 0.35mm 0.15z 0.30 mm 0.157 0.30 mm

Effective Size

(do)

Uniformity 1.5z 3
Coefficient (U)

Other specifications include:

1.

Percent of fines passing the #200 sieve < 0.3% by weight
(can impact post sandlng turbldlty levels and length of filter to waste time

T AAAAA O OxAOE6 OEA A£ET AO 1 00¢Q
Acid solubility < 5% (can impact sand grain characteristics, effective size, ¢
uniformity coefficient if acid soluble)
Apparent specific gravity > 2.55



Ten States Standards
http://10statesstandards.com/index
.html

lllinois New York
Indiana Ohio
lowa Ontario

| T = Michigan Pennsylvania
Great Lakes — Uppger Mississippi Rier Board of State and
Provincial PubliciHealth andEnwfonmental Managers

—

Minnesota Wisconsin

Missouri


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.



PILOT TESTING

Pilot testing

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

AFAAOEAEI EOU | E¢
xEAT xA 1T AAA EC(

to discover O&M issues.




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

media.

Pilot Project Model
— 12—

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

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




INFO GAINED BY PILOT TESTING

Pilot testing can yield valuable information such as:

1.

2.

bk w

The flow to be expecte@will 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 effectémay require longer filteto-waste

times after ripening.
Ripening time(Use plots of turbidity and coliform)




STUDIES SHOULD REPLICATE FULL SCALE
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PILOT FILTER SCHEMATIC- GAC
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PILOT FILTER
SCHEMATIC
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PILOT FILTER
SCHEMATIC
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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. 127 36 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 helj
eliminate sidewall effects (shorcircuiting) of smaller
diameter filters.



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.

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



COVERED PILOT FILTERS?

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

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

~ oA o~



PILOT FILTER SAMPLE PORTS

Note the
sample ports
at various
locations to
evaluate

removal
mechanisms
throughout
the filter bed.

Figure 2. Schematic of Typical Pilot Slow Sand Filter Used 1 the Winthrop, ME Pilot Study




PILOT TEST MONITORINGE
RAW WATER

Raw Water

Raw water Turbidity Daily 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 Monthly Field or laboratory
and/or THM formation analysis
potential
Iron and Manganese Monthly Laboratory
Algae identification and Quarterly or with algae Laboratory or field
enumeration (toxins if blooms identification.
indicated) Laboratory or field test

strips for toxins.




PILOT TEST MONITORINCE
FILTER EFFLUENT

Filter Effluent

Filter effluent Turbidity Daily Field
Temperature Daily Field
Apparent color Weekly Field
pH Weekly Field
Alkalinity Weekly Field
Coliform (total and E. Weekly Laboratory
coli)
Dissolved oxygen Weekly Field
UV 254 Absorbance, Monthly Field or laboratory
TOC and/or THM analysis
formation potential
Iron and Manganese Monthly Laboratory
Algal toxins If indicated by raw Laboratory or field test
water testing strips for toxins.




PILOT TEST MONITORING
OTHER

Other

Filter head loss 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 afte|
each cleaning




PILOT TEST CONCLUSIONS

+AU DEIT O OAOO AT T AI OOEITT O OE

1. Flow
A Will it meet system demands?
A What sand characteristics are most appropriate?
A How much filter area do | need?
A Do | need to account for slower flows due to cold temps or
should they be covered?
2. Cleaning
A What frequency?
A How much ripening time? Cold water effects?
A How long can | go without a filter?
A Will | need multiple smaller filters, rather than fewer large
filters due to cleaning and ripening requirements?
A 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 ﬁ TN

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 S3SF is a feasible filtration method to meet present and future DOH Submittal #10-0604
regulatory requirements and other water quality goals. October 2010

Determine the operating parameters that optimize treatment capacity and
performance.

Determine costz 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

Prepared by:
The scope of the pilot study includes: Gty of Walla Walla Engineering Division
Darin Christen, E.LT.

o Routine pilot facility operation and water sample collection over a 9-12 month Frank Nichotson, P.

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.



RAW WATER QUALITY

Recommended Limits for RawVater
(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)




TEN STATES STANDARDS

NUMBER OF FILTERS

4.3.4.2 Number

At least two units shall be providedVhere 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.



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)
j Xo 1T £ OAT A EAT A OEI 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




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 gre needed Direct, Inline, DE, Slow Sand, or Cartridge/Bag
4. Construction costs Filtration Plants

Huisman and Wood (1974)
and Sharp et al (1994)
indicate a minimum area for
one filter of about 1,000 #t
(100 n¥). This is due to
construction costs being
lower per fe with larger filters
(economy of scale).

100,000,000

10,000,000

Small modular units are
common and can be very cos
effective

® Data m——— oy — ehah/Expansion



NUMBER OF FILTERS

How do you determine the number of filters needed?

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

Where:

1. HLR = hydraulic loading rate (gpnlft

2. Q =flow needed to meet demands (gpm)

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

4. N = total number of filter beds needed (assumes 1 filter is takehradffor

cleaning and storage can meet peak hour demands)

Example:How many filters are needed, given a peak day demand of 250 gallor
per capita per day and a community of 600 people. The peak design filtration |
is 0.1 gpm/f®. A minimum rate of 0.05 gpm#Ahas 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 | £ AAAE ££EI OAO Ol WYo6@YPS ET 1
1 (250 gpcpd x 600 people x 1 day/1440 minytesB.08 = 3 filters
(0.05 gpm/fe x (56ft x 20-ft))




NUMBER OF FILTERS

Are more filters better?
Equation fominimum 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 mi
50% of the PDD.

3 filters x 50% of PDD = a plant capacity of 150% x PDD
(1 filter oftline leaves 2 filters to meet 100% of PDD)

If 4 smaller filters were constructed, each filter would only need to be capable c
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,



SYSTEM DEMANDS

UOOAT AAIT AT AO AT A 1
20-year planning horizon
Average day demands (ADRDesign Goalg
Peak day demands (PDPpesign Goal .
Peak hour demands (use storage)
Avallable storage (3 days ADD
recommended)
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beds)z ability to meet PDD with largest
filter off-line.

Keep filtration rates below 0.1 gpmfft N | -
Avoid rapid flow changes (strive for weekly =
or monthly changes)
9. Plan for constant flow through filter
constant supply of nutrients for biological
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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.



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.

2. Allows for cleaning and reanding efforts.

3. Insulated from freezing (below ground, covered, or fully
enclosed) .

4. Covered as needed to prevent algae blooms and exclude
falling leaf litter.

5. Freeboard of 4 X W6 z 30 ¥Xnd) above overflow level.



FILTER WALLS- VERTICAL

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

lI .I .

o gravel pack

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 (WHO)




FILTER WALLS- VERTICAL

City of Sumpter (Baker Co)

3 cells
360,000 gpd
completed
In the spring of 200+ w., 7




FILTER WALLS- VERTICAL

Vertical Walls
Ramps allow to get equipment and new sand in and old sand out.
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FILTER WALLS- VERTICAL

s hrh,
Lt e

Vertical Walls " 4fy V0 ST PP
2A1 1T OAAT A OOl D C-  °
access to the filters used by the
City of Banks, OR.

Top of stop logs also serve as
scum outlet/overflow.



FILTER WALLSZ
SLOPED

Design showing sloped walls

8~ DRAIN /
T Ry — CONC COLLAR—

NO SCALE

with liner PIPE Pgngmnnqn®

EXTEND FULL LENGTH
OF TOP OF BERM




COVERED FILTERS

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

Wickiup Water District (Clatsop Co)

4x1 NOOTQOD wm
120 gpm (0.025 gpm/s_ .
Framework allows
for shade clothto be
used during the

summer




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




SLOW SAND DESIGN
UNCOVERED VS. COVERED

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

Uncovared SSF B

Covared SSF C

Biomass (mg C

20 a0 60 80 100
Time (days)

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




SLOW SAND DESIGN
UNCOVERED VS. COVERED FILTERS

Parameter

Temperature

Algae

Biomass Development

Removal Efficiency

Uncovered

More exposed to lower
temperatures which can
adverselyimpact biological
activity and increase filter
ripening times.

Algal growth/blooms in the
headwaters can increase

clogging

Covered

Less susceptibleo temperature
effects

Not as susceptible to localized
algae blooms.

Filter has a higher biomass and Overall biomass levels are lowe|

develops a more noticeable
schmutzdecke.

Equivalent

and schmutzdecke formation
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.

May be adversely impacted by
lack of schmutzdeckdayer




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 c
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
(0.031z7 0.10 gpm/ft)



FILTRATION RATE
(HYDRAULIC LOADING RATE)

Equation for Determine HLR: HLR =Q A * (N
Where:

HLR = hydraulic loading rate (gpn¥ft

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 X®. EO OE
number of filters with 1 filter taken out of service for cleaning

A\

Example Given a peak day demand of 250 gallons per capita pe
AAU AT A A AlTTTOITEOU 1T £ oo b,
250 gpcpd x 600 people
(1,000 fe/filter x (2 filtersz 1 filter) =150 gpd/ft (0.1 gpm/f¢)




FILTRATION RATE

Maximum
<0.1 gpm/ft

Rate may need
to be<0.05
gpm/ft2when
water temp <5
°C

Minimum
>0.02 gpm/f¢
to keep biota
viable



TEN STATES STANDARDS
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 as
possible and spaced so that
the maximum velocity of the
water flow in the underdrain
will not exceed 0.75 feet per
second.

Filter Float

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



UNDERDRAINS

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

For larger Installations
laterals are typically4 =~ T

H6 ET  AEAI S
main drains are X 1] ©

In diameter.




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.

l Maim drain

Figure 10: Common arrangements for the main drain of a slow sand filler
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UNDERDRAIN

City of Astoria (5 MGD)

Filter Cell #2
1993 filter rebuild
XYO 06# I

UNDERDRAIN
LATERAL, TYP™ —

SN\ 1/4” DIAMETER ‘ 6" TYP
ERFORATION, -
TYP

UNDERDRAIN | ATERAL PERFORATION DETAIL/ 3
NTS ol

| S

AS-BUILT 4.93




UNDERDRAINS

Main drai

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

|
|
|
| Ll

Spacing of lateral
drain pipes (s} is 1-2m

Detail “A™ Main drain
pipe

F

Diameter of 1 h
holes 2 to dmm - Spacing of holes 0.1 to 0.3m
L

-

Lateral pipe —




UNDERDRAINZ LATERAL SPACING

Streamlines forminga . _»
streamtube —

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

1
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e i e o e e e e

o e e e e L . e e e
C R R R R R R R ——

more even
distribution U g
of headloss - \ ,
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consistent -
filtration " fowpeth treugh the

gravel with similar headloss

rates aClOSSs resulting in an evenly more gravel resulting in

_ . , higher headloss and
the fllter distributed filtration rate. lower filtration rates.

Some streamtubes have
longer flow paths through




UNDERDRAIN

City of Astoria (5 MGD)

Filter Cell #2

1993 filter rebuild
Keep laterals spaced away
from filter walls to avoid

short-circuiting of raw
water down the filter wall

UNDERDRAIN
LATERAL, TYP™

™ 1/4” DIAMETER L 6", TYP
ERFORATION,
YP

——

UNDERDRAIN LATERAL PERFORATION DETAI
NTS

AS-BUILT 4-

— BOTTOM EDGE

OF FILTER

—~PLUG OR

CAP END,
e

8" PERFORATED-
PVC LATERAL

{ OR CENTERLINE

EL _VARIES

SEE
DETAIL / 3 \
TYP

FABRICATED
15"°x6" CROSS,.
TP

JPUSH IN
/ CONNECTION
| WITH GASKET

15" CENTER /
‘/A'\J IFOLD, /
HDPE PIPE/

2-20' LENGTHS

LENGTH, THI S
SIDE —

i
AND 1-10° J:l
=

PLUG OR CAP k<

END, TYP—




Detail “A™

UNDERDRAINS

Diameter of {: -
holes 2 to 4mm ] Spacing of holes 0.1 to 0.3m

—

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 pipes! 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/ 6i4d 3 2-6H6mm) 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. HeijnerSIb98%and Filtration for Community Water Supply, Planning,
Design, Construction, Operation and Maintenafd@ehnical Paper No. 24, The Hague, Netherlands: International Reference Center fo

Community Water Supply and Sanitation.




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 ingnger 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 inched/VVhere sand is to be reused in order to provide biological
seeding and shorteningocb EA OEDAT ET C BDOT AAOOh O/
| OAO6 OAAET ENOA xEAOAAU 1T Ax OAT A EC
sand is replaced on top of the new sand.



FILTER MEDIA

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




