July Construction Stormwater Quality Workshop July 16-19, 2018

Effective Design of
Sediment Basins
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One DPP Rule for Water Quality

Rules Relating
to Water

Quality

DPP Administrative Rules
Title 20
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References

CITY AND COUNTY OF HONOLULU
STORM WATER BEST MANAGEMENT PRACTICE MANUAL

CONSTRUCTION
AUGUST 2017

SE-2 - SEDIMENT BASIN

_
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Sediment Basins (§20-3-41)

d §20-3-41 Sediment Basins. (a) Sediment basins are
excavated or depressed areas that are used to collect and
detain runoff to allow suspended solids to settle out of storm
water before storm water is Discharged to off-site areas.

d (b) The use of sediment basins shall be mandatory for
Category 5 Projects with 5 acres of Disturbed Area or greater
unless they are determined to be unnecessary or
Impracticable for the Project based on site conditions




City and County of Honolulu July 2018 | Construction Stormwater Quality Workshops

Sediment Basins (§20-3-41)
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Figure 4 Dlustration of parameters for designer an effective SCS (from Fifield & Evans, 2017)
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Sediment Basins Design Parameters

Use City BMP Manual:
WQR requirements:

d 2-yr 24-hr storm or 3600 cubic feet per acre (equivalent to 1”
rainfall)

 Depth: 3feet (2 ft. settling zone and 1 ft. storage zone)
 Length- Depth ratio must be less than 200

J Draw-down time between 36 and 72 hours.




City and County of Honolulu July 2018 | Construction Stormwater Quality Workshops

Sediment Basins Design Parameters

Example

* A=10 acre residential Development
* Design Volume - Honolulu Design rainfall = 1”7, that is 3,600 ft3/acre

Use City BMP Manual:

a
a

U

Design min. V=36,000 ft;

Depth: 2 ft. settling zone and 1 ft. storage zone; Length- Depth ratio
must be less than 200; Draw-down time between 36 and 72 hours.

Spmin- = 36,000/2 = 18,000 ft2;
L:W=3 min. (W*3W)=18,000; W = 80’ L = 240’

Pre-treatment, Skimmer/Perf Riser & Spillway

_
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Discharge Outlet Control Device
Effectiveness order:

1) Skimmer

2) Perforated pipe riser
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Discharge Control Device - Skimmer

Inlet [orifice Head = distance from

water surface to center

barrel or “arm”

of orifice

\ < Parmst & 820751 , i
T4 Instructions for Engineers 2/5/

FLOW CAPACITIES (IN CU. FT.) FOR THE FAIRCLOTH SKIMMER®

Skimmer size 1.5" 2" 25" 3" 4" 5" 6" 8"
24 hours 1,728 3,283 6,234 9,774 20109 32,832 51,840 97,978
2 day 3,456 6,566 12,468 19,548 40,218 65,664 103,680 195,956
3 day 5184 9,849 18,702 29,322 60,327 98,496 155520 293,934
4 day 6,912 13,132 24,936 39,096 80,436 131,328 207,360 391,912
5 day 8,640 16,415 31,170 48,870 100,545 164,160 259,200 489,890
6 day 10,368 19,698 37,404 58,644 120,654 196,992 311,040 587,868

7 day 12,096 22,981 43 638 68,418 140,763 229,824 362,880 685,846
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Discharge Control Device — Perf Riser

EF:_FH HIGH, & F‘EHFGH]'ATEI:I RISERS 'imﬁ%T EEHHE

oW: 24, COLUMMN: 12

FINH GRAOE WITH %" HOLES AT FILTER FABRIC,
154" VERTICAL SPACING SEE DETAIL BELOW

\ - —
24" DRAIN - . =7 T
,,"_ NLET FIPE =~ 1% % B

] b

_ A, 1500
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Discharge Control il Ponc
DeVICe _ Perf Rlser Riser Diameter (in.) 0.625

Hole Diameter (in.)
Area of Each Hole (in2)| 0.049063
Area of Each Hole (ft2.) =| 0.000341

InfEaces Lap # of Rows 21
T # of Columns 12
e Ay '
ohome o sacimant siorsge) L B tas | Area of all holes up to and include indicated row (ft2.) =| -,
- ] Larger Siorms :
Discharge Coefficient
Craved (1-172 16 Distance from d/2 below the centerline of the lowest hole
I Aock) Around / . .
JFetorsedRsar | o g o to d/s above the_ centerlln(_a of the hlghest submerged hole
B (ft.) (where d is the vertical spacing between holes (ft.),
. /F’“"’"”“‘- o 1 (assumes that bottom of pond is d/2 from bottom hole)| , -
ﬁ\k JET Aeoess Pil Crlet Pipe — Riser Hole Diameter (in.)
‘Watar Cual i —= (Min 3HK)
Riser Pipe (See Dalai) Diameter (in) |  1/4" 12" 314" "
1. The culiel pipe shall be sited o conirsl "
2. Baeraie Goeire it 4 s ® ' ]
- I 6 12 12 9
ans) & torg as he i Size Base lo Prevent -
oty OUTLET WORKS Hycrastatic Uphit 8 16 16 12 8
10 20 20 14 10
12 24 24 18 12
Hole Diameter (in.) Area of Hole (in2)
- 172, 32 mw 0.013
Q= Ch g—& (23) h 14" 0.049
3/8" 0.11
3hy 177 0.196
5/8" 0.307
3/4" 0.442
7/8" 0.601
1" 0.785
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Discharge Control Device - Perf Riser

Table 1 - Extended Detention C:

Water level at:
Ry Mur lewel at 172 hole spacing above hole)
1 2 3 4 5 fi 7 ] g 0 i1 12 13 14 15 16 i7 18 2 20 i 22 23 24

#rea of all holes up to and includs indiost=d oW (R2)=) 547 | gope | oooa | 001z | oois | oo | ooes | ooz | oo | oo | o041 | ooss | oo | oosa | oosr | oost | ooss | oo | oovs | oovs | oose | ooss | oo | noss | ooes

Discharge Coeflicient 0811 DET1 D& 0811 0a11 011 0E11 0811 0611 0811 0611 0811 0811 0811 0811 0811 0&11 0611 0811 0611 0811 0611 0811 0611

Distance from @2 below the centerfine of the lowest hol|
to d's abowe the centerline of the highest submerged
hole (ft.) {where d is the vertical spacing between holes|
{ft.}, (assumes that botborn of pond is &2 from botbom)
hole)) 2.625 0.125 0.250 0.375 0500 0.825 0.750 DETE 1.000 1.125 1.250 1.375 1.500 1625 1.750 1.875 2000 2125 2250 2375 2500 2825 2750 2875 3000

Head on riser pipe measured from di2 below the|
centerine of the lowest hole to the water surface (hehe)|

2628 0125 | 0280 D375 | 0500 DB25 | 0750 DETE 1.000 1125 1.250 1375 1.500 1625 1.750 1875 | 2000 | 2125 | 2280 | 2375 | 2500 2826 | 2375 | 2500 | 2825

e 0.005 0.013 0.025 0,033 0.053 0.080 D.0Bs 0.107 0.128 0.140 0.172 0.186 02 0.248 0375 0.302 0 0.381 0.3 0423 0455 0.3 0423 0455
Awerage Discharge (cfs)| .00 [ 0078 [LLek]] O.HE 0057 i) 0.0 0717 0738 [RL] 0,752 0175 [N 02 0237 054 0Ire i) 075 T30 2= U370 | 058 |
Wiokurme {cu ) 1750 | 1766 | 2387 ] 358 | 3308 503 &I, ] 1255 BZ5 816 | ooZn | 0ess | TiaE TITT3 | 15068 | 13974 | 19000 | 15850 | 16833 | T7BZE | TERS0 | TORES |

Met Wolume {cu i) B8 [:72) BT B BT R Tid TH TEZ 70 kil [l 50 =D 0| Gel o0 50T 053 oz 05 077 030

Dirain Time for Detension Pand Volume Draining from 112
wertical spacing above indicated row in 1.2 below (hours 0 88l | e 571 | 400 | 308 | 248 | 204 | 173 | st 123 | 145 | 120 | 118 111 102 | op4 | oot | 3es | o6 | oeo | ose | om 0.85

Total Drain Time (hours | 555




City and County of Honolulu July 2018 | Construction Stormwater Quality Workshops

Tracking Trend — Sediment Basin Design

Sediment Basins Design Parameters
Volume required per WQR:

O 2-yr 24-hr storm

1 3600 cubic feet per acre (equivalent to 1" rainfall)
Misconception = Volume is the only criteria to consider
Sources (Dr. Fifield)

Misconception based on EPA

1) 3-inch rain is representative of a 2-yr, 24-hr storm

2) A 3-inch rainfall will generate 1-inch runoff

3) 90% of runoff events will have a volume of 3,600 ft3/acre

_
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Sediment Basins Design Parameters

Modeling by Dr. Fifield shows
1) 1,800 ft3/acre for arid and semi-arid climates

2) 3,600 ft3/acre for humid climates

3) 5,400 ft3/acre for tropical climates
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Sediment Basins Design Parameters

Turbisant Accalerated
Flow Fliow
Zona Laminar Flow Zona Zane
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To creale a deposition zone, over-excavate
pond bottom at least 300 mm (12-inchas)
beginning at the base of the inflow pathway

B3N T LG Fileid

Figure 4 Dustration of parameters for designer an effective SCS (from Fifield & Evans, 2017)
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Sediment Basins Design Parameters

Based on Dr. Fifield, the parameters to be considered in the sediment basin
design:

O Solil particle size

Discharge rate

Long internal flow path

Detention time (non-flood flow)
Minimum treatment runoff volume
Storage volume

Spillway

Outlet Design flood
- infiow u%ﬂﬁm

Discharge Devices _{
(Skim Box/Perf risers) Rt e e Gl N

Capture of lorger diameter o =IEIHIERLISL=E=
suspended particles —

U Ny Ny Ny W U W My N

Capiure of smaller diameter
suspended particles

Figure 1 INustration of an effective sediment containment system (from Fifield & Evans, 2017)

_
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Sediment Basins Design Parameters

 Soll particle size

=

Constant Flow

Path of Particle Y¥hen
Terminal Velocity
Conditions Exist

Fall Distance

Path of Particle
When Acceleration
Caonditions Exisl

Additional Distance Requirement
for Tarminal Velocity Conditions

B

Horizontal Distance

©Dx0 i

Figure 2 Tlustration of how suspended particles may fall through a water column (from Fifield, 2011)

_
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Sediment Basins Design Parameters

Time for Suspended Particles to Fall 10 mm

d Soll particle size (0.40 in.) in Water at 0.0 Degrees Celsius
(32.0 Degrees Fahrenheit)

100000 —

5.7 HOURS
|| (0.001-MA)

Table1 Terminal velocities for small suspended particles (5G = 1.65) at different water temperatures as caleula 10000
by Stokes” Law (from Fifield, 2011).

Diameter | Diameter | Settling Velocity in 10~ Metres per Second Tvpe of
(microns) () 0°C 5°C 10°C | 15°C | 20°C Particle
10 0.01 5 6 7 8 0 Fine Silt XL
20 0.02 20 23 27 31 35 Medium Silt -§ EiRE
30 0.03 44 52 60 69 78 § A
40 0.04 78 92 107 122 130 Coarse Silt 22 R P R O R
50 0.05 122 | 143 | 167 | 101 [ 217 £ X fisecosps
60 0.06 176 | 207 | 240 | 275 313 B e Lo
70 0.07 239 281 327 375 426 | Very Fine Sand
80 0.08 312 367 427 400 356
20 0.09 305 4865 540 620 704
100 0.10 488 374 667 765 869
32°F | 41°F | 30°F 50°F 68°F 10 41—

0.00 0.01 0.02 003 0.04 0.05 006 0.07 008 0.09 010 011 012 013 0.14

1

Particle Diameter (mm) —

Figure 3 Ilustration of how soil particles might fall through water at 0°C (32°F).

_
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Sediment Basins Design Parameters

 Discharge Rates

How the Effectiveness of a Sediment Containment
System Varies for Variable Discharges

= 8 3 B
——
.--"""H

d

%

Met System Effectiveneass (%)
g &
_,..-"‘"’
L

=

\‘

o1 oz (4] LoL] as L#17] a7 [vE] o3 alo
Discharge from a Containment System

B 3G Jawaid 3. Rfladd.

Figure 5 How 5CS effectiveness mav vary with discharge rates (from Fifield, 2011}
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Sediment Basins Design Parameters

 Equations to design sediment basins
FQUATIONS FOR AN EFFECTIVE 5CS

Fifield (2011) and Fifield and Evans (2017) developed the following equations for estimating SCS
parameters assuming uniform internal flows exist within the laminar flow zone.

Minimum Pond Surface Area: SAmin=L x W = Qousfiow = Vierm

Minimum Internal Flow Distance: L =(L:W x SAyg)™

Minmmum Containment Volume: Volygg = dmn X SA

Minimum SCS Volume: Vol =(1 +¥) x Volmn = (1 + V) X dupin X SAmin

where dggn = minimum depth of the containment volume (m or ft.)
L = flow length of rectangular volume (m or ft.) u
W = width of rectangular volume (m or ft.) . S.;"; . LomiarFow Zone o
L:W = Length-Width Ratio 7
Qoufiow = Discharge from the SCS (m /sec. or ft.*/sec. )
Ve = Termunal velocity of design-size particles (m/sec. or ft./sec.)
¥ = Storage adjustment factor = 15%|

SIS
SLSSANS SIS IS SRt S S S IWT
SIIIAS TSI SIS
4 LSS L//// s 1

pcmd bolnom at least 300 mm (12-inches)
beginning at the base of the inflow pathway

Figure 4 Dlustration of parameters for designer an effective SCS (from Fifield & Evans, 2017)




City and County of Honolulu July 2018 | Construction Stormwater Quality Workshops

Sediment Basins Design Parameters

O Example
- A=10 acre
¢ 10-yr 1-hr storm Q = 15 ft3/sec

 Design Volume - Honolulu Design rainfall = 1”7, that is 3,600
ft3/acre

Step 1 — Min. Containment Volume [

D VOI - 10*3600 — 36,000 ftslsec SO S SIS

VAV AV A -1 A A
AV AV AV ar A SV SV SV

Develop and stabilize steep
inflow pathway

et o\ s s s Miginim ol

Reg e sid .

To creale a deposibion zone, over-excavabe
pend bottom at laast 300 mm (12-inchas)
beginning at the base of the inflow pathway

Figure 4 Dlustration of parameters for designer an effective SCS (from Fifield & Evans, 2017)

_



City and County of Honolulu July 2018 | Construction Stormwater Quality Workshops

Sediment Basins Design Parameters

d Step 2 — Min. surface area Grain Size Distribution Repor
" i 2432748 o 2 sz e EYE
¢ 1 Y \ 1 ST T | |
. . . . l [id [T |
L] T 0 n T q TS T
Assuming 15 micron soil particle ) O AN |
I (ot { IR N |
20 | by 1 o dfely )
P i it i tHIERIREE )\
2- @ ! 1 ! 1 ! N | B3 \"
V=0.00072 ft/ LY 108 NER s Y
— [ | [ I AL R
" Sec S ] ITf ! T AT
g N | ' [} [ | R AR
h o T I T U 1 T RN
¢ | i) m R \Q.
e ] [ 1| U I} [ ] ] -.»(>
—_ —_ —_ 1 hopt ] ] oe ™~
S... = Q/V =15/0.00072 = 20,800 ft? s HENHE o
min 1 i NN I H [hf Jo] o
- N L} 1h il [\ 3 "
| ! P llll [T v e
- . - . . - © L 1 () . i 1 il ’
Diameter | Diameter | Settling Velocity in 10~ Metres per Second Tvpe of 0 w 1 X L] w003
) ) GRAIN SIZE - mm,
(microns) | (mm) 0°C 5°%C | 10°C | 15°C | 20°C Particle P T N usﬂfjm WFines
= - - * Coase | Flne  |Coarse]l Modium Fine Silt | Sy |
10 0.01 5 i) 7 8 Q Fine Silt 00 o0 | 00 | on| 23 | 339 38.1 | 257
20 0.02 0 23 27 31 315 Medinm Silt [ TestResults (ASTIAD 622 & ASTM D 1140) Material Deseription
Cpening | Percent Spee” Pass? Brown sandy lcan CLAY
Stze Finet | tPorcony) | {x=Fait)
" 000
.‘\'/4' 1000 Alterberg Limils (ASTM D 4318)
Turalan Rooglerted ;{g ‘ggg PL= 16 LL= 35 Pl= 19
40 977 2
| Zame Laminar Flow Zane | Zone 460 915 USCS (D 2487)= CL%(M 145)= A-6(9)
1100 756
- Coefficients
y 2300 638 ” ! ”
y il 3 meomy  petd umen
' CESL LIS posgimey 22 03g- e ot
’ D2 mmf 456 L £
LSS SIS A S S S S WD DOWam| 397 Remarks
A LS ANS SIS SIS { DOitmml 338 Trsent Moisturc: 247
LSS S S S S S S S S I DO6Timmi 204
P DGR mmy 272
L DOU2Y mmy 238
Design flood L D.COL3 ram) 213 Date Received: 7-22.10 Date Tested: 7.23-10
infiow . Design fload ) Tested By: FB
Bkimmar culflow .
Develop and stabilize steep ' Chocked By > =
e inflow pathway g Title: _SAAE frmlar e i/,
iy = : " im specifieation providad)
| Sourro of Sample: Bering No: W3 Dopth: | 53.0° ;G616
=} . m_ﬁ;&zg&p(:wwﬂ ° °p S Date Sampled: 61610

Anticipated pond Figure 8 Example of a soil sieve analysis
To creale a deposition zone, over-excavate bettom level
pond bottom at least 300 mm (12-inches)

beginning at the base of the inflow pathway
BT L8 Flieid
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Sediment Basins Design Parameters

O Step 3 — Min. Internal Flow Length
L=(L:W*S,_. )05
L:W =3.0
L=(3*20800)°-5>= 250ft; W= 83 ft
 Step 4 — Min. depth:
D, = Vol/S,,

=36000/20800=1.73, say 2 ft

Turbulant Accelerated
Flow Flow
Zane Laminar Flow Zona Zane

PV AV A I S A A S A B VA S A
P

LSS =
FAr v PV AV A A AV SV AV S
VAV AV A S AV AV -1 S AV

Develop and stabilize steep
inflow pathway

\,_H_LTo creale a depesition zone, over-excavate
pend bottom at least 300 mm (12-inches)
beginning at the base of the inflow pathway

Figure 4 Mustration of parameters for designer an effective SCS (from Fifield & Evans, 2017)

 Step 5 — Assuming storage Factor of 30%;

SB Vol = 36000*1.3 =46,800 ft?

_
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Sediment Basins Design Parameters

. . . Grain Size Disfribution Report
Effectiveness of Sediment Basin: R el b e
1 ER 1 BT f
i . | Nl EREIN N |
About 35% of soil particle are smaller than | [T TR |
3 | L IR
E 2 : 1 1 : [ : :|| | [
. . . . [ ] [l i AN A I
= 1 1§ 1 [ T T 4T ]
15 microns (assumed), the efficiency is 0 1 1 N ]
= i ) K AR Y {
g 1 N T AN
04-250/4=RK0 B T 1 A K MR
100%-35%=65% N R
o % o . ’:szeim; T o8 G0
oy ¥ Cravel | !ﬁ Sand % Flnss
Cosse | Flne__ |Coarsel _ Modium | Fine Silt | Cioy
00 00 | 00 [on | 23 | 339 38.1 | s
L TastResalts (ASTIA D 422 & ASTM D 1140) Material Daser!p_ﬂon
] ] ] o;zl;lng P:::?l i :::::0 4:::::; Brown sandy lcan CLAY
To increase efficiency: g S
g;g lggg PL= 16 LL= 35 Pl= 19
;ég g{; USCS (D 2487)= CL AASKTO (K 145)= A-6(9)
-I: ;_’.',:g gg Cootticients
1) Increase surface area L8 g sty S oy
D419 tum 522 50= 0.0362 30= 0.0078 1§
b mm| 456 D= Cu® e
| 38:?::$ ¥ Foveniianily T
2) Add chemical (polymers) g o
J:O()T.Bmm 213 Date Received: 7-22-10 Date Tested: 7.23-10
1 Tested By: FB
Chncked'E:r:
Tite: _S455E fFrm b o popig/.
i _g;:;ﬁ;:gg;::;\g;}w\m Depth: |.5-3.0 Date Sampled: G-1¢-10

Figure 8 Example of a soil sieve analysis

_
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Sediment Basin Design

0 Needs sound engineering Design

Design parameters to be considered:
* Soil particle size

Discharge rate

Long internal flow path

Detention time (non-flood flow)

* Minimum treatment runoff volume
 Storage volume

* Spillway

e Outlet

* Discharge Devices

* (Skim Box/Perf risers)

e Chemicals

_
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Thank You!
Any Questions?




