
OPERATIONS

2013. North Clackamas County Water Commission, OR.  SSF Cleaning 
(photo taken by Chris Johnsen, NCCWC)

Wickiup Water District, Oregon



Critical Variables

1. Raw water characteristics (temperature, particle characteristics, color, algae, 
nutrients, organic compounds, oxygen content).

2. Sand size (d10) and uniformity (U)
3. Flow control and air binding
4. Head loss allowed
5. Sand bed depth
6. Filtration rate and variability
7. Maturity of the sand bed and biological organisms
8. Filter cleaning (frequency, length of time the filter is out of operation, ripening 

period)

CRITICAL VARIABLES THAT CAN 
IMPACT PERFORMANCE



FILTRATION 
RATE

Filtration rate should be continuous
1. Good for dissolved oxygen
2. Good for nutrient supply
3. Good for biological mechanisms
4. Influent flow should not scour sand surface
5. 0.1 gpm/ft2 maximum filtration rate
6. 0.03 gpm/ft2 minimum filtration rate
7. Cold temperatures may need lower filtration rates 

(e.g., 0.05 gpm/ft2 when water temp < 5°C)
8. Controls should be in place to prevent the tail water 

(effluent side) from dropping below the sand bed 
during operation (e.g., an effluent weir) ɀ this helps 
prevent vacuum conditions and air entrainment.



FLOW CONTROL ƵINLET VS OUTLET
Flow control can be practiced at the inlet or outlet.  Inlet flow control can be either 
operated as constant rate or declining rate modes.

1. Inlet flow  Control ɀ Constant Rate
Uses a throttling valve plus a flowmeter or V-notch weir prior to each filter.  The 
operator uses the flow control valve to set the desired filtration rate.  As the 
resistance of the filter bed increases, the water level rises.  When it reaches the 
overflow pipe the bed should be cleaned.
Å Requires less operator involvement
Å Ensures a more constant rate of filtration
Å Allows operator to see headloss development as headwater rises
Å Low headwater at the beginning of filter runs may make filters more 

vulnerable to freezing in the winter if filters are not covered or insulated
2. Inlet Flow Control ɀ Declining Rate

Uses a hydraulic control valve with a flowmeter and valve at the raw water line 
prior to each filter that regulates flow while maintaining a constant water 
surface elevation above the filter.  Effluent flow decreases as the filter plugs.  
Å Headwater level is not indicative of headloss development (piezometers or 

pressure gages are needed)
Å Decline in effluent rate or approach to terminal headloss indicates cleaning



CONSTANT 
RATE INLET 
CONTROL 

Å Starts off with a lower headwater level
Å Influent valve is set to the desired rate (e.g., 0.1 

gpm/ft2)
ÅOutlet valve is fully open
Å The filter will need to be cleaned when the 

headwater approaches the overflow
 

What goes into the filter will go out of the filter (filter effluent or to waste/inlet)
Headloss builds up towards the end  of the filter run as it plugs up causing headwater to rise
Cleaning unplugs filter allowing headwater to drop
Excess water produced is re-circulated (pumped) to influent or sent to waste (gravity)

To waste 
or return 
to inlet

Overflow

Filter 
inlet

Filter
Drain

Filter 
effluent



FLOW CONTROL ƵINLET VS OUTLET
3. Outlet Flow Control (declining rate)

Uses a control valve and flowmeter on the outlet pipe from each filter.  As the 
filter plugs, the filtration rate will decrease, even if the headwater level is 
increased.  The level of water on top of the filter can be controlled by using float 
switches  to turn on and off raw water pumps or control inlet control valves.  
Excess water can also be diverted out an overflow and directed back to the 
source. 
Å Most common
Å Fairly simple control method although operator involvement is higher if no 

automation is used 
Å Higher rates may be implemented faster for emergency situations, since 
ÙÏÕ ÄÏÎȭÔ ÈÁÖÅ ÔÏ ×ÁÉÔ ÆÏÒ ÈÅÁÄ×ÁÔÅÒ ÔÏ ÒÉÓÅ ÁÓ ×ÉÔÈ ÃÏÎÓÔÁÎÔ ÒÁÔÅ ÉÎÆÌÕÅÎÔ 
control.

Å Ability to maintain higher headwater level provides better protection from 
freezing.

Å Higher headwater level provides raw water storage should influent flows 
be interrupted due to power failure or intake shutdown due to damage or 
to avoid high turbidity events. 

Å Headwater level is not indicative of headloss development (piezometers or 
pressure gages are needed)



DECLINING 
RATE 
OUTLET 
CONTROL 

What goes into the filter will go out of the filter (Excess can be overflowed if needed)
Headloss builds up towards the end  of the filter run as it plugs up causing headwater to rise
Cleaning unplugs filter allowing headwater to drop and yield to recover
Influent water is balanced with effluent or excess can be overflowed from headwater

Overflow

Overflow

Filter 
inlet

Filter
Drain

Filter 
effluent

ÅStarts off with a higher headwater level
Å Influent valve is adjusted to keep filter from 

overflowing
ÅOutlet valve is partially closed at first and then is 

gradually opened as the yield drops due to filter 
plugging

Å The filter will need to be cleaned when the yield 
cannot keep up with demands

 



FLOW MEASUREMENTS

Flow can be measured using weirs (square, v-notch), orifice plates, 
or flow meters.

Flow calculation for V-notch 
weir with a 60 degree angle:

Q = 1.44 H5/2

Where:
Q = ft3/second
H = height of water level above 

weir crest (ft)



FLOW MEASUREMENTS

Flow calculation for rectangular weir:

Q = Cw * (2*g)0.5 * b * H3/2

Where:

Q = ft3/second
H = height of water level above weir crest (ft)
g = 32.2 ft/s2 (gravity)
b = length of weir crest (ft)
Cw = weir coefficient where Cw = 0.40 + (0.05 * (H/P)) where P = 

distance in feet from floor of channel to weir crest



FLOW MEASUREMENTS
Rectangular weir flow determinations:
Flow calculations for rectangular weir ɀ Yellow cells 
indicate acceptable range of filtration rates from        
0.03 ɀ 0.1 gpm/ft2 (with unit conversions for H & P in 
inches and Q in gpm, MGD, or gpm/ft2)

Q = Cw * (2*g)0.5 * b * H3/2                     Cw = 0.40 + (0.05 * (H/P)

Weir
Parameters

Q
(gpm)

Q
(MGD)

Q (gpm/ft2) w/ 1,000 ft2 
Filter Area

H
(inches)

P 
(in)

Cw

(ft3/s) b = 1 ft b = 2 ft b = 3 ft b = 1 ft b = 2 ft b = 3 ft b = 1 ft b = 2 ft b = 3 ft

0.25 72 0.4002 4.3 8.7 13.0 0.006 0.012 0.019 0.004 0.009 0.013

0.5 72 0.4003 12.3 24.5 36.8 0.018 0.035 0.053 0.012 0.025 0.037

0.75 72 0.4005 22.5 45.1 67.6 0.032 0.065 0.097 0.023 0.045 0.068

1 72 0.4007 34.7 69.4 104.1 0.050 0.100 0.150 0.035 0.069 0.104

1.25 72 0.4009 48.5 97.1 145.6 0.070 0.140 0.210 0.049 0.097 0.146

1.5 72 0.4010 63.8 127.7 191.5 0.092 0.184 0.276 0.064 0.128 0.192

1.75 72 0.4012 80.5 160.9 241.4 0.116 0.232 0.348 0.080 0.161 0.241

2 72 0.4014 98.4 196.7 295.1 0.142 0.283 0.425 0.098 0.197 0.295



CLEANING 
(SCRAPING/HARROWING)

Factors that impact filter cleaning:
1. Cleaning method (scraping or harrowing)
2. Cleaning mechanisms (hand shovel or larger equipment)
3. Presence of 2 or more filter beds (the more filters, the 

smaller the area to be cleaned at any one time)
4. Room to stage equipment, stockpile sand, etc.
5. Other provisions to minimize down time  during 

cleaning
6. Monitoring capability (individual and combined filter 

effluent turbidity, taps to sample for individual filter 
effluent coliform bacteria, turbidity, and other 
parameters, and filter-to-waste effluent taps for 
monitoring coliform and turbidity during the ripening 
period)

7. Ability to measure sand bed depth (keyway, staff gage 
(shown), etc.) 

http://www.krdistrict.org/cip%20weir%20table1.htm


WHEN TO CLEAN
Cleaning is needed when either terminal head loss is reached 
(i.e., headwater reaches the overflow level) or when filter 
effluent is unable to keep up with system demands.

This graph
shows head loss
increase, while
permeability 
decreases 
towards the end
of each filter run.



PREDICTING WHEN TO CLEAN
Daily measurement of headwater (influent or supernatant water) and tailwater (effluent or 
permeate water) levels can be used to develop plots of headloss versus time (like the one 
shown below), which can then be used to predict when the filter will need to be cleaned.

Note: The clean bed headloss through 4-ft of media is only about 10 inches, depending on effective size and 
filtration rate, which only amounts to a decrease in filter run of 2-3 days as compared with a 3-ft deep bed 
(HL ~ 8 inches)

Headloss = headwater elevation ɀ tailwater elevation

For the graph shown, if the terminal headloss = 5-ft
then cleaning is predicted to be needed in 50 days = 5-ft / (0.1ft/day)



PREDICTING WHEN TO CLEAN

Headloss  development is exponential 
towards the end of a filter run

Headloss = headwater elevation ɀ tailwater elevation



CLEANING METHOD

Cleaning can be
accomplished 
by either:
1. Scraping or
2. Harrowing
 

2009. Wickiup Water District in Clatsop County, OR



SCRAPING PROCESS

Scraping Process (also called dry skimming)

1) Water is lowered to approximately 2-ΧΨȱ ÂÅÌÏ× ÔÈÅ ÓÁÎÄ ÌÅÖÅÌ 
(to be able to safely walk and maneuver machinery around);

2) Schmutzdecke and plugged sand (1-2 cm) is scraped with 
either flat shovels or specially designed machinery;  

3) The debris is then conveyed out of the filter bed using a wheel 
borrow or dump truck;  

4) The beds are leveled;
5) Slowly re-filled from the bottom with filtered unchlorinated 
×ÁÔÅÒ ÔÏ ÁÂÏÕÔ ΧΨȱ ÁÂÏÖÅ ÔÈÅ ÓÁÎÄ ɉÔÈÉÓ ÐÒÅÖÅÎÔÓ ÓÁÎÄ ÓÃÏÕÒ 
that may occur from top filling)

6) Slowly filled from the top the remaining amount; and
7) Filtered to waste until fully ripened.



SCRAPING 
PHASE 1

Shut off raw water inlet
and let filter drain down
(overnight for larger filters)
Or use supernatant drain
for smaller filters
 

Filter to be Scraped
Overflow

Raw Water
Inlet                     Supernatant Water

Supernatant         Schmutzdecke         Weir
Drain            Inlet Box   

                      Sand Bed                                                                                To
           

                                                Support Gravel & Under Drain                                                    Clearwell

                                              Filtered Water  for Backfilling                                                   FTW
                                                                                                                             Drain                 Drain



SCRAPING 
PHASE 2

ÅShut off the effluent valve to the clear well;
ÅOpen the supernatant drain to drain off any 

remaining water; and 
ÅDrop the weir to lower the water level 2-ΨΪȱ 

below the sand.
 
Filter to be Scraped

Overflow

Raw Water
Inlet                     Supernatant Water

Supernatant         Schmutzdecke         Weir
Drain            Inlet Box   

                      Sand Bed                                                                                To
           

                                                Support Gravel & Under Drain                                                    Clear well

                                              Filtered Water  for Backfilling                                                   FTW
                                                                                                                             Drain                 Drain



SCRAPING 
PHASE 3

Å Scrape the schmutzdecke and roughly ¼ - ½ inch (0.635 ɀ 1.27 cm) of 
sand from the filter.

Å Close the supernatant drain, raise the weir and then begin re-filling from 
the bottom with filtered water at a rate below that which would fluidize 
the sand (around 0.3-0.6 ft/hr (0.1 ɀ 0.18 m/hr or 0.0374 ɀ 0.0748 gpm/ft2)) 
This purges air from the sand bed.  

Å Continue filling until the supernatant water is 12 inches above the sand 
bed ɀ this prevents scouring when raw water is introduced from the top.

 
Filter to be Scraped

Overflow

Raw Water
Inlet                     Supernatant Water

Supernatant         Schmutzdecke         Weir
Drain            Inlet Box   

                      Sand Bed                                                                                To
           

                                                Support Gravel & Under Drain                                                    Clearwell

                                              Filtered Water  for Backfilling                                                   FTW
                                                                                                                             Drain                 Drain



SCRAPING 
PHASE 4

Å Stop filling from the bottom and introduce raw water 
from the top to fill to a supernatant depth of 4-5 feet.

Å Begin filtering to waste at around 0.1 gpm/ft2 for 24-48 
hrs for ripening until turbidity is < 1 NTU and coliform 
counts are < 10 CFU/100 ml.

 

Filter to be Scraped
Overflow

Raw Water
Inlet                     Supernatant Water

Supernatant         Schmutzdecke         Weir
Drain            Inlet Box   

                      Sand Bed                                                                                To
           

                                                Support Gravel & Under Drain                                                    Clearwell

                                              Filtered Water  for Backfilling                                                   FTW
                                                                                                                             Drain                 Drain



SCRAPING

Scraping
 Schmutzdecke on the left and sand on the right

2013. North Clackamas County Water Commission, OR.  SSF Cleaning (photo taken by Chris Johnsen, NCCWC)



SCRAPING METHOD

Scraping Method
1. hand shovel
2. larger equipment

2013. North Clackamas County Water Commission, OR.  SSF Cleaning (photo taken by Chris Johnsen, NCCWC)

Photo courtesy of Stephen Baker, WA DOH



SCRAPING BY HAND
Hand Scraping Tools
1. Asphalt lute (top)
2. Snow shovel (lower right)
3. Flat blade, square point 

transfer shovels (lower left)
4. Wheelbarrow or 5-gal buckets 

(for removal from filter bed)



SCRAPING BY HAND
Hand scraping at Empire, Colorado, filter:

1. Scrape schmutzdecke and top 0.5 cm 
of sand bed into windrows using 
asphalt lute

2. Shovel scraped material from 
windrows into 5-gallon buckets [or 
could use wheelbarrow] for removal

3. Cleaning Rate = 205 ft2 / person / hr

Note: 
Å Avoid treading directly on schmutzdecke
Å Use plywood and planks to keep from treading on or running 

wheelbarrows on sand bed



SCRAPING BY HAND
Hand scraping filter:



SCRAPING BY HAND

Scraping
1. hand shovel

Photos courtesy of Stephen Baker, WA DOH

Water Eductor



SCRAPING BY 
HAND

Water Eductor



WASHING SAND

Washing Sand
hand shovel => eductor => 
Washer =>
Sand filter or stockpile

Photos courtesy of Stephen Baker, WA DOH



Used sand         
                      Conveyor    Cyclone                Conveyor  
                  Rotary
                                                                            Screens     
        Sand
Hopper          Static Cone       Density                         Stockpile
         Separator
              
  Reject
   
 Overflow to waste 

SAND WASHING PROCESS

This diagram illustrates the sand washing and grading process



SCRAPING MACHINES

Scraping
1. larger equipment

2013. North Clackamas County Water Commission, OR.  SSF Cleaning (photo taken by Chris Johnsen, NCCWC)



SCRAPING MACHINES

Scraping
scraping blade

2013. North Clackamas County Water Commission, OR.  SSF Cleaning (photo taken by Alan Schacht, 
NCCWC)

The blade height 
can be set for 
precise filter 
media skimming 
thickness 
tolerances 



SCRAPING MACHINES

Scraping
1. larger equipment

2013. North Clackamas County 
Water Commission, OR.  SSF 
Cleaning (photo taken by Chris 
Johnsen, NCCWC)



SCRAPING MACHINES
53' 0ÕÍÁ ΨΪΦΦ Ȱ3ÁÎÄ 3ËÉÍÍÅÒȱ
skimming thickness tolerances 
between 0-100 mm (0 ɀ 4 inches) at a rate 
of up to 16,000 ft2/hr (4,240 ft3/hr)

2011, City of Salem , OR SSF Cleaning Machine
53' 0ÕÍÁ  ΨΪΦΦ Ȱ3ÁÎÄ 3ËÉÍÍÅÒȱ



Scraping
USG Puma 2400

USG Puma 3000
www.youtube.com/embed/AtX65tbf1q8

www.youtube.com/embed/g259QNQRbDY

http://www.youtube.com/embed/AtX65tbf1q8
http://www.youtube.com/embed/g259QNQRbDY
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Scraping
USG Puma 2400

USG Puma 3000
www.youtube.com/embed/AtX65tbf1q8
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HARROWING PROCESS

Harrowing Process (also called  wet harrowing)
1. 7ÁÔÅÒ ÉÓ ÌÏ×ÅÒÅÄ ÔÏ ÁÐÐÒÏØÉÍÁÔÅÌÙ άȱ ÁÂÏÖÅ ÔÈÅ ÓÁÎÄ ÌÅÖÅÌȠ
2. Water is introduced to provide a cross flow at a rate of about 20 gpm/ft2 

of cross-ÓÅÃÔÉÏÎÁÌ ÁÒÅÁ ɉÅȢÇȢȟ ΧȟΦΦΦ ÇÐÍ ÆÏÒ άȱ ×ÁÔÅÒ ÄÅÐÔÈ ÉÎ Á ΧΦΦ-ft long 
filter);

3. Filtered, unchlorinated water is introduced from the bottom to provide a 
ȰÂÁÃËÆÌÏ×ȱȟ ×ÈÉÃÈ ËÅÅÐÓ ÄÅÂÒÉÓ ÆÒÏÍ ÓÉÎËÉÎÇ ÉÎÔÏ ÔÈÅ ÆÉÌÔÅÒ ÂÅÄȠ

4. Stiff tined rake or harrow equipment is run over the top of the sand;  
5. The debris (not sand) is then conveyed out of the filter bed from a harrow 

drain located just above the sand bed;  
6. The beds are leveled;
7. Slowly re-ÆÉÌÌÅÄ ÆÒÏÍ ÔÈÅ ÂÏÔÔÏÍ ÔÏ ÁÂÏÕÔ ΧΨȱ ÁÂÏÖÅ ÔÈÅ ÓÁÎÄ ɉÔÈÉÓ 

prevents sand scour that may occur from top filling)
8. Slowly filled from the top the remaining amount; and
9. Filtered to waste until fully ripened, which is typically shorter than 

scraping.



HARROWING EQUIPMENT

Harrowing Equipment
Wet harrowing can be done with a chain harrow, comb-

toothed harrow, or a stiff tined rake.



HARROWING SMALL FILTERS

Wet harrowing is a common
method of cleaning small 
filters.

Basic process:
1. ,Ï×ÅÒ ×ÁÔÅÒ ÌÅÖÅÌ ÔÏ ͻάȱ ÁÂÏÖÅ

the top of the sand.  
2. Use a rake or rake-like 

Mechanism
3. ÁÇÉÔÁÔÅ ÔÏÐ Ψȱ-Ωȱ ÏÆ ÓÁÎÄ 

while slowly backflushing with
filtered, but unchlorinated water

 



HARROWING SMALL FILTERS

Harrowing small
3-gpm filters using a
stiff-tined
garden rake.

2012. Jewell School District #8 in Clatsop County Oregon.



HARROWING PIPING

Blue Future Filters rely on a wet harrowing process



HARROWING VALVE

Harrowing

           Harrowing Valve 
            and Waste Line
 

2012. Camp Yamhill in Yamhill County Oregon.



HARROWING VALVE WASTE LINE

        Inlet float control valve

                Harrowing 
                   Valve  &
                 Waste Line
 

2012. Camp Yamhill in Yamhill County Oregon.



HARROWING

Harrowing
As seen before,
the 
schmutzdecke 
is different in 
covered filters

2012. Camp Yamhill in Yamhill County Oregon.



ENSURE ADEQUATE ACCESS

Access to Filters
 Make sure ample 

room exists to enable 
cleaning.  Protection 
from the elements 
not only facilitates 
cleaning operations, 
but also prevents 
freezing and longer 
ripening times.

ΨΦΦίȢ *Å×ÅÌÌ 3ÃÈÏÏÌ $ÉÓÔÒÉÃÔ Υήȟ /2Ȣ  Ȱ"ÌÕÅ &ÕÔÕÒÅȱ ÃÏÖÅÒÅÄ ÆÉÌÔÅÒ ɉÌÅÆÔɊ ÁÎÄ ÒÁ× ×ÁÔÅÒ 
control tank (right)



SCRAPED VS HARROWING

Parameter Scraped Harrowed 
(wet harrowed)

Biomass Development Biomass and schmutzdecke take 
longer to develop due to the 
removal of biomass

Biomass and schmutzdecke 
restore at a faster rate, however, 
the sudden release of nutrients 
can cause dissolved oxygen to 
dip as microbial grazing 
intensifies.  Keeping influent 
water flowing and filtering to 
waste at a higher initial rate can 
help to replenish depleted 
oxygen levels.

Removal Efficiency Equivalent once filter is properly 
ripened

Equivalent once a filter is 
properly ripened ɀ usually takes 
less time to accomplish this.

Filter life Impacted by removal of top ~2 
cm of plugged sand layer

Little media loss leads to longer 
filter life.  Media is more 
susceptible to deep bed clogging 
if not done properly.



FILTER RIPENING

1. Turbidity
2. Coliform Counts (CFU/100 ml)

Incubator                                                        IDEXX Quanti-Tray Sealer


