

















Section 2F-2 — Surface and Perimeter Sand Filter

Sand Filter.
1. Base site data.
a. Given: 2.2-acre site (see Figure 7)

b. Light industrial-zoned (predominately building & parking)
1) 0.90 acre paved
2) 0.04 acre sidewalk
3) 0.38 acre flat roof
4) 0.02 acre filter practice
5) 0.86 acre pervious

c. % Impervious = (0.90 + 0.04 + 0.38 + 0.02) /2.2] x 100 = 61% *
* Note: impervious area < 75%, use Equation 3 to size sedimentation chamber area (for | >
75% use Equation 4).

Figure 7: Bucketsville distribution center site plan

Source: Story County, lowa
2. Compute WQv.
a. P =1.25inches rainfall (from Parts 2B and 2C)

b. From Tables 2 and 3 in Section 2B-1:
1) Flat roofs: Rv=0.86
2) Large impervious area: Rv =0.98
3) Small imp. area (streets): Rv =0.74
4) Filter surface area: Rv=1.00
5) Pervious areas (silty soils): Rv=0.13

Version 2; December 5, 2008 15



lowa Stormwater Management Manual

c. Weighted Rv =[(0.90)(.98) + (0.04)(.74) + (0.38)(.86) + (0.02)(1.0) + (0.86)(.13)] / 2.2
Rv =(0.88 +.03 + 0.33 +0.02 + 0.11) / 2.2 = 0.63
WQv =Rv xP =0.63 x 1.25-in = 0.78 inches
WQv =0.78-in x 2.2 ac x 1/12 = .14 acre-ft
WQv = .14 ac-ft x 43,560 ft*/ac = 6,098 ft*
d. Compute maximum head available (see site elevation sketch — Figure 8)
1) Low point in street = Elv 46.5 (subtract 2 feet to pass Q1o discharge) = Elev. 44.5
2) Invert @ storm drain system = Elev. 36.5
3) Invert out of filter bed = Elev. 37.0
4) Top of filter bed = Elev. 39.3
5) Allowable depth (2 x hf) = 44.5-39.3 =5.2 ft, use 2*h; = 5 ft

Figure 8: Bucketsville distribution center site profile
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3. Compute WQv Peak Discharge (Qwg). From Section 2C-7 and Modified NRCS WINTR55
procedure.

a. CN =1000/[10+5P+10Q,-10(Q. + 1.25Q,P)""]
P = rainfall depth for water quality storm — 1.25 inches
Q. = runoff volume, inches (equal to P x Rv)

b. CN =1000/[10 + 5(1.25”) + 10(.78") — 10[(.78")? + 1.25(0.78")(1.25")]°

c. CN=94.94Use CN =095
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Section 2F-2 — Surface and Perimeter Sand Filter

d. Uset.=0.1hour

e. Compute Qwg using WINTR-55 using modified CN and t; :
WINTR55 results for modified CN =95 and tc = 0.1 hr:
For 1.25-inch rainfall, q, = 768 csm/in
Qwo = 2.64 ft*/sec

f.  Compute 1-yr, 2-yr, and 10-yr peak discharge using conventional WINTR55 procedure:
1) For 61% impervious, B soils, CN=98 for Imp and CN=61 for open space
2) CN=84
3) Uset.=0.1hr
4) WINTRS55 results:

Design Storm | Runoff Volume | Peak discharge, Q | Unit discharge,
Event (inches) (cfs) gu (csm/in)
1-yr 0.943 3.45 1002.51
2-yr 1.426 4.89 1422.78
10-yr 2.590 8.82 2563.12

4. Size flow diversion structure (see Figure 9).

a. Size low-flow pipe to pass Qwq of 2.64 ft*/sec with 1.5 feet of head
1) Q=C*A*(2gh)°®
2) 2.64 ft¥/sec = 0.6 * A* [2(62.2 ft/sec?)(1.5 ft]>°
3) A=0.322 ft* = 0.785 d’ (d = diameter)
4) d=0.64ft=7.68in Use 8-inch diameter pipe

b. 10-year overflow elevation = 44.3 feet
c. Set low-flow orifice invert elevation @ 44.3 — [1.5 + ((0.5 * 8”)(1/12 ft/in))] = 42.47 ft
d. Set low-flow orifice invert elevation @ 42.5 feet

e. Compute overflow elevation in diversion structure (weir equation)
1) 10-year peak flow =8.82 cfs
2) Q=C*L*h¥
3) 8.82cfs=3.1*5.0ft*h¥
4) h=0.69 ft
5) Overflow elevation = 44.3 + 0.69 = 45 ft

f. Size outlet pipe with 2 feet of head
1) Q=C*A*(2gh)°*
2) 8.82cfs=0.6* A* [2(62.2 ft/sec?)(2 ft]*°
3) A=0.932ft’ = 0.785d?
4) D =1.09 ft = 13.08 inches Use 15-inch RCP outlet pipe

5) Setinvert @ Elev. 44.9 — [2 ft + ((0.5 * 157)(1/12 ft/in))] = 42.27 ft Use 42.3 ft

Version 2; December 5, 2008 17



lowa Stormwater Management Manual

Figure 9: Flow diversion structure
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5. Size sand filter bed.
a. Ar=(WQv) (dr) / [(k) (s + df) (ts)] Equation 7

b. Af = (6,098 ft3) (1.5-ft) / [(3.5 ft/d) (2.5-ft + 1.5-ft) (40-hr/24hr/d)]
c. Af=393ft>=16 ft x 24.5 ft Use 16 ft x 26 ft = 416 ft?
Where: d;= 1.5 ft

he = 2.5 ft

k = 3.5 ft/day (See Table 2)

t =40 hours

6. Size the sedimentation chamber.

Use Camp-Hazen Equation (for | < 75%) :

A, = (0.066/ft x (WQV) ft? Equation 8

= (0.066/ft) x (6,098 ft®) = 402 ft?

For 16-foot width, 402 ft* / 16-ft = 25.12 ft Use 16 ft x 26 ft (416 ft?)

7. Compute Vpmin = 0.75 X WQVv. Equation 9

Vmin = 0.75 x (6.098 ft°) = 4,574 ft*

8. Compute individual component volumes within the filtration structure.
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Section 2F-2 — Surface and Perimeter Sand Filter

a. Compute volume within the filter bed (Vy): Vi= Asx de X n
Vi =416 ft* x 2 ft x 0.4 = 332 ft°

b. Compute temporary storage above the filter bed (Vr.cemp): Vi.emp = 2 X g X A¢
Visemp = 2 X 2.5 ft x 416 ft* = 2080 ft*

c. Compute remaining volume for sedimentation chamber (Vs): Vs = Viin - Vi - Vi.emp
V, = 4,574 ftt— (332 ft* + 2080 ft* ) = 2,162 ft*

d. Compute height in sedimentation chamber (hs): hs = Vs/ As
hs = 2,162 ft* / 402 ft*= 5.38 ft
5.38 ft > available head of 5.2 ft
Increase length of sedimentation chamber to 28 ft: As = 16 ft x 28 ft = 448 ft?
hs = 2,162 ft> / 448 ft* = 4.82 ft Use hs = 5.0ft
hs = 5.0 ft (hs > 2*h¢and h > 3 ft
5.0 ft is less than available head of 5.2 ft OK

9. Compute overflow weir sizes.

a. From sedimentation chamber (size to pass 2/3 of WQv peak discharge)
Qu= C*L*h3?
0.67x2.64cfs=31xLx(1f)* L=057ft Use L =0.6 ft

b. From filter bed chamber (size to pass 1/3 of WQv peak discharge)
Qu= C**h3?2

0.33x2.64cfs=3.1xLx(0.2f)" L=314ft Use L =3.2ft
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Figure 10: Plan and profile of surface sand filter design example
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Manual

2F-3 Underground Sand Filter

BENEFITS

Low =<30% Medium = 30-65% High = 65-100%

Low | Med | High
Suspended Solids |
Nitrogen [ |
Phosphorous |
Metals H
Bacteriological |
Hydrocarbons |

Description: Multi-chamber structure designed to treat stormwater runoff through filtration, using a
sediment forebay and a sand bed as its primary filter media. In some cases, a third chamber collects
filtered runoff. Typically, an underdrain is used to return the filtered runoff to the conveyance system.
Typical Uses: High density/ultra-urban location where available land is restricted, such as a receiving
area for runoff from an impervious site.

Advantages/benefits:

Stormwater filters have their greatest applicability for small development sites — drainage
areas of up to 5 surface acres.

Good for highly impervious areas; good retrofit capability — good for areas with extremely
limited space.

Can provide runoff quality control, especially for smaller storms; generally provide reliable
rates of pollutant removal through careful design and regular maintenance.

High removal rates for sediment, BOD, and fecal coliform bacteria.

Precast concrete shells available, which decreases construction costs.

No restrictions on soils at installation site, if filtered runoff is returned to the conveyance
system.

Disadvantages/limitations:

Intended for space-limited applications.

High maintenance requirements.

Not recommended for areas with high sediment content in stormwater, or areas receiving
significant clay/silt runoff.

Relatively costly.

Possible odor problems.

Porous soil required at site, if filtered runoff is to be exfiltrated back into the soil.

Not recommended for residential developments due to higher maintenance burden.

Maintenance requirements

Inspect for clogging — rake first inch of sand.
Remove sediment from forebayv/chamber.
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A. Description

The underground sand filter is a design variant of the sand filter located in an underground vault
designed for high-density land use or ultra-urban applications where there is not enough space for a
surface sand filter or other structural stormwater control. It is intended primarily for extremely space-
limited and high-density areas. In this design, the sand filter is placed in a three-chamber
underground vault accessible by manholes or grate openings (Figure 2). The vault can be either on-
line or off-line in the storm drain system. Of the three chambers, the initial chamber is a
sedimentation (pre-treatment) chamber that temporarily stores runoff and utilizes a wet pool to
capture sediment. The sedimentation chamber is connected to the sand filter chamber by a
submerged wall that protects the filter bed from oil and debris. The filter bed is 18-24 inches deep,
and may have a protective screen of gravel or permeable geotextile to limit clogging. During a storm,
the water quality volume (WQV) is temporarily stored in both the first and second chambers. Flows
in excess of the filter's capacity are diverted through an overflow weir. The sand filter chamber also
includes an underdrain system with inspection and cleanout wells. Perforated drain piping under the
sand filter bed extends into a third chamber that collects filtered runoff. Flows beyond the filter
capacity are diverted through an overflow weir.

Due to its location below the surface, underground sand filters have a high maintenance burden and

should only be used where adequate inspection and maintenance can be ensured. For this reason, the
underground is considered a limited-application structural BMP.

B. Pollutant removal capabilities

Underground sand filter pollutant removal rates are similar to those for surface and perimeter sand
filters (see Section 2F-1).

C. Design criteria

1. Underground sand filters are typically used on highly impervious sites of 1 acre or less. The
maximum drainage area that should be treated by an underground sand filter is 5 acres.

2. Maintain a minimum of 2-foot separation from seasonal high groundwater level and the bottom of
the filter.

3. Use a three-chamber system as shown in Figures 1, 2, and 3.

4. Initial chamber serves as sedimentation (pre-treatment) to temporarily store runoff and utilizes a
wet pool to capture sediment. One foot of sediment storage is recommended.

5. Underground filter components:

Wet retention basin

Wet volume: (Vw) = A x depth (3 feet deep, minimum permanent pool storage)
Total minimum volume: Vi, = 0.75 x WQv

Vmin Split between volume within filter bed (voids), wet volume within sedimentation
chamber, volume above wet volume, and volume above sand bed.

6. Overflow weir elevation (in filter chamber) set at design treatment volume, sized to pass 2/3 of
WQV peak flow.
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Section 2F-3 — Underground Sand Filter

7. Flows above the filter capacity are diverted through an overflow weir.

8. Consult the design criteria for the perimeter sand filter (see Section 2F-2) for the rest of the
underground filter sizing and design steps.

Figure 1: Underground sand filter volumes
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Source: Claytor and Schueler, 1996

9. Sedimentation chamber connected to the sand filter by a submerged wall that protects the filter
bed from oil and debris. It should extend 1 foot above and below the design flow water level, and
be spaced a minimum of 5 feet horizontally from the inlet. In the event of plugging, provide for
bypass of flows. Access must be provided to both sides of the baffle.

10. A maximum of 6 inches between the top of the flow spreader and the top of the sand bed is
recommended to reduce sand disturbance. A flow spreader or pipe and manifold system
(minimum pipe diameter of 8 inches) can be used.

11. Filter bed is typically 18-24 inches deep; may have a protective screen of gravel or permeable
geotextile on top to limit clogging (King County, 1998).

12. The sand filter chamber also includes an underdrain system with inspection and cleanout wells.
Perforated drainpipes under the sand filter bed extend into a third chamber that collects filtered
runoff. Internal diameters of underdrain piping are a minimum of 6 inches and two rows of %-
inch holes spaced a maximum of 6 inches apart longitudinally, with rows 120 degrees apart (set
with holes downward). Maximum perpendicular separation between feeder pipes is 15 feet. All
piping is Schedule-40 PVC or greater wall thickness.

13. Drain rock is a clean washed ¥s-inch to 1.5-inch rock or limestone aggregate (lowa DOT #3), free
of silt and clay fines and organic material.

14. To prevent anoxic conditions, a minimum of 24 ft* of ventilation grate is provided for each 250
ft? of sand bed area.
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15. The underground vault should be tested for water tightness prior to placement of filter layers.

16. Underground sand filters are typically constructed on-line, but can be constructed off-line. For
off-line construction, the overflow between the second and third chambers is not included.

17. Adequate maintenance access must be provided to the sedimentation and filter bed chambers:
a. At grade access panels are provided for the entire length of the sand bed.

b. A dewatering valve is provided just above the sand bed. To assist with maintenance of the
sand filter, an inlet shut-off/bypass valve is provided.

c. Cleanout wyes with caps or junction boxes are provided at both ends of the collector pipes.

Cleanouts must extend to the surface of the filter. A valve box is provided for access to the
cleanouts. Access for cleaning all underdrain piping is provided.

D. Inspection and maintenance requirements

Table 1: Typical maintenance activities for underground sand filters

Maintenance Activity Schedule
Monitor water level in sand filter chamber Quiarterly and following
large storm events
Sedimentation chamber should be cleaned out when the As needed
sediment depth reaches 12-inches
Remove accumulated oil and floatables in sedimentation As needed (typically every
chamber 6 months)

Source: Claytor and Schuler, CRC, 1996

Additional inspection and maintenance requirements for underground filters are similar to those for
surface sand filter facilities (Section 2F-2).

4 Version 2; December 5, 2008



Section 2F-3 — Underground Sand Filter

Figure 2: Underground sand filter
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Figure 3: Underground sand filter components
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