
V I I .  DETENTION AND FILTERING STRUCTURES 

7.1 General 

When sediment laden water i s  slowed o r  ponded, its a b i l i t y  t o  t ransport  

sediment i s  grea t ly  reduced. lSnder these conditions, sediment w i l l  s e t t l e  o u t  

of t h e  water and deposit. The e f f ic iency  of a detention s t ruc tu re  w i l l  depend 

on t h e  amount of t i m e  t h e  flow remains i n  t h e  detention area.  Larger s i z e  

p a r t i c l e s  s e t t l e  quickly while small  s i z e  p a r t i c l e s  require  a much longer t i m e  

t o  s e t t l e .  Figure 7.1 s h w s  t h e  s e t t l i n g  dis tance f o r  t h e  d i f f e r e n t  diameter 

p a r t i c l e s  used i n  t h i s  manual f o r  a 3O-minute t i m e  in terval .  Detention s t r u o  

t u r e s  presented i n  t h i s  manual w i l l  only pond one t o  two f e e t  of water and, a s  

can be seen i n  Figure 7.1, t he  t h ree  l a r g e s t  s i z e s  w i l l  quickly reach t h i s  

depth while t h e  smal les t  s i z e  w i l l  t ake  severa l  hours. 

F i l t e r i n g  s t ruc tures  a l s o  pool water allowing sediment t o  settle out  and 

deposit.  In addi t ion t o  detaining sediment laden water, a number of f i l t e r  

ba r r i e r s  a r e  ava i lab le  f o r  removing sediment from moving water. F i l t e r i n g  i s  

accomplished by a l l w i n g  t h e  sediment laden water t o  flow slowly through the  

small pores of a f i l t e r  material. 

Synthetic f ab r i c s  have become t h e  dominant mater ia l  used i n  t h e  design of 

f i l t e r i n g  s t ruc tu re s  . The fab r i c s  a r e  permeable and have numerous small pores 

which t r a p  sediments, both woven and nonwoven fabr ics ,  a r e  i n  use. These 

f ab r i c s  have a low permeability which means t h a t  water w i l l  pool behind a 

f i l t e r  s t ructure .  Because of t h i s  l o w  permeability f i l t e r  s t ruc tures  w i l l  not  

be su i t ab l e  f o r  use where high concentrations of water occur such a s  channels 

o r  gu l l ies .  F i l t e r  f ab r i c s  w i l l  t r a p  a l l  sand s i z e  p a r t i c l e s  and 60 t o  80 

percent of s i l t  and c l ay  s i z e  par t ic les .  Large p a r t i c l e  s i z e s  w i l l  tend t o  

s e t t l e  ou t  before they a r e  f i l t e r e d  bu t  t h e  d i s t i nc t ion  i s  not  necessary s ince 

a l l  of t h e m  s i z e s  will be removed i n  e i t h e r  case. 

Doteation and f i l t e r i n g  s t ruc tu re s  a r e  an e f f ec t ive  means of reducing the  

sediment rwld f ram an  area. Several f ac to r s  can decrease t h e i r  performance 

over a sho r t  period of t i m e ,  however, and maintenance of t h e  s t ruc tures  is 

important. F i r s t ,  s ince  these s t ruc tures  a r e  very e f f i c i e n t  sediment traps,  

they w i l l  accumulate largo deposits  of sediment a f t e r  r a in fa l l .  These struc- 

t u r e s  must be cleaned frequently o r  e l s e  t h e i r  eff ic iency w i l l  be reduced. 

The s t ruc tu re s  must be accessible  t o  maintenance equipment f o r  cleaning and 

should no t  be i n s t a l l e d  i n  locations where maintenance equipment access i s  
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Figure 7 . 1 .  S e t t l i n g  distance for di f ferent  diameter 
p a r t i c l e s  based on a 30-minute t i m e  
interval .  



limited. Second, erosion can jeopardize t h e  effectiveness of these s t r u e  

tu re r .  Common problems a r e  channels which form under o r  around s t ruc tures  

and/or t h e  clogging of f i l t e r  materials. Synthetic f i l t e r  f a b r i c  is a l s o  

suscept ible  t o  deter iorat ion from u l t r a v i o l e t  radiation. Structures should be 

inspected frequently and r epa i r s  made p row t l y  when damage has occurred. 

7.2 Procedural Guide 

The sediment trapping eff ic iency of both detention and f i l t e r i n g  struc- 

t u r e s  can be evaluated using t h e  following procedure. The height of ponded 

water is l imi ted  t o  two f e e t  f o r  both of these  s t ructures .  This height redu- 

ce s  t h e  p o s s i b i l i t y  of various s t r u c t u r a l  problem (undercutting o r  channeling 

around) and allawr room f o r  s torage of sediment. Urge sedimhnt deposition 

behind these  s t ruc tu re s  should be avoided s ince  it great ly  reduces t h e  

t rapping eff ic iency of t h e  s t ructure .  The procedure consis ts  of t h e  following 

f i v e  major stepe: 

1. Determination of t o t a l  water and sediment y i e l d  t o  t h e  structure.  

2. Determination of s t ruc tu re  length. 

3. Determinationof theamount of trappedsediment. 

4. Determination of ef f L e n t  s e t t l e a b l e  s o l i d s  concentration. 

5. Determination of t h e  required s tzuc ture  height. 

Worksheet 7.1 is provided t o  a i d  i n  executing t h e  detention and f i l t e r i n g  

s t ruc tu re  procedure. 

Step One: Determine t o t a l  w a t e r  and sediment y i e l d  t o  t h e  s t ructure .  

The procaduro mid. f o r  Chapter I V  computes water and sedimanlryield from 

an area. The s t e p  th rea  worksheet gives t o t a l  r a i n f a l l  excess i n  inches (last 
:* 

value i n  c u m  4) and t h e  s t e p  seven worksheet gives t he  t o t a l  sediment y ie ld  

i n  tons  (sum of column 5 ) .  The t o t a l  volume of water and sediment y i e ld  t o  

t h e  detention structure i s  given by t h e  f o l l w i n g  equation: 

where: V = volume of sedimant and water, cubic f e e t  
S W  

Pe = r a i n f a l l  excess, inches 



Worksheet 7.1. Detention and Filtering Structures. 

Step Om: Volume of Water and Sediment Yield 

Rainfall Excess, 'e 
a inches 

Catchmnt Area, A = acres 

Actual Sediment Yield, G = tons 
Y 

Duration of mnoff, 

Flow rate per unit area, 

Upland slope, 

Step Two: Miniarm Structure Length 

Maximuor Allowable Ponded Depth, dm = feet 

Detention Parameter 

Structure Length Coefficient, 

ninimum Structure Length 

Actual structura length used, Ld = feet 



7 . 5  

Worksheet 7 . 1  . ( continued). 

Volumo o f  sediment deposition 

a c u . f t .  

Depth o f  sediment deposition 

a f e e t  

Step Four: Mean Concentration of Effluent 

Step Five: Required Structure Height 

If d is greater than 0.5 f e e t  then add additional  freeboard, 
d df 
df = d - 0.5 

d 
f e e t  

Total  height  

Structure Height, Ad = 
'min / d m  + 0.5 + d, 

=d 

= f e e t  



A = area  i n  acres  

G = t o t a l  sedimhnt y i e ld  i n  tons  
Y 

Step Two: Dotermination of  s t ruc tu re  length. 

The length of a detention o r  f i l t e r i n g  s t ruc tu re  w i l l  depend on th. flow 

r a t e  through t h e  s t ~ c t u t e ,  t h e  duration of runoff , and the  height of t he  

s t ructure .  The f l w  r a t e s  through straw bales ,  syn the t ic  fabr ics ,  and rock 

o u t l e t s  a r e  given i n  Table 7.1. The flow r a t e  of synthet ic  f ab r i c s  can b e  

determined by t h e  F i l t e r i n g  Efficiency and Flow Rate Test  (Tes t  # I ,  developed 

by Virginia Highway and Research Council, 1980). These flow r a t e s  a r e  

generally not ava i lab le  f tom manufacturers. The permeability of t h e  f abrir as 

mcrasured using e i t h e r  a f a l l  head o r  constant head permeamstar should. not b e  

used f o r  f lw ra t e .  

The duration of runoff i s  determined by ca lcu la t ing  t h e  tima of i n i t i a l  

r a i n f a l l  excess (see task  t h r e e  of s t e p  th ree  i n  Chapter IV) and- subtracffng 

t h a t  tima from t h e  storm duration. The maximum depth of water vhich can pool 

behind a s t ruc tu re  i s  2.0 f e e t  f o r  detention s t ruc turaran-h  f i l t e r  f-, 1.5 

f e 8 t  f o r  brush f i l t e r  ba r r i e r ,  and 1.0 f e e t  f o r  straw ba l e  barr ier .  

mowing t h e  f l w  r a t e  through the  s t ruc ture ,  t h e  durat ion of runoff, and 

t h e  structure height,  a detention parameter, Kf , is  d e t e d n e d  tram. t h e  

following equation 

Kf f 1/2 K t d a e max 

where: Ka = flow r a t e  per  u n i t  a r ea  f o r  t he  s t ruc tu re  i n  f t / h r  

'e = duration of  runoff i n  hours 

dmax = max- allowable ponded depth i n  f ee t .  

Using t h e  dmtention parameter Xf and slope of t h e  land surface above the  

s t ruc ture ,  s m r t u r e  length coef f ic ien t ,  Cf , is  found &ing t h e  

nomograph f 8 figure 7.2. The miniPnnn s t ruc tu re  length is given by t h e  

following equation: 



The t o t a l  amount of sediment trapped by t h e  detention 

summing t h e  r e s u l t s  of Equation 7.7 f o r  each p a r t i c l e  

deposit ion is  given by: 

us = 20.2 G d 

and t h e  depth of deposition by: 

s t ruc tu re  i s  given by 

s ize .  The volume of 

where: Vs = deposited volume, cubic f e e t  

dd = deposit ion depth, f e e t  

S t a p  Four: Determine Se t t l e ab l e  So l i d s  Concentration 

The concentration of s e t t l e a b l e  s o l i d s  i n  t h e  water leaving a detention 

s t ruc tu re  is 

where: = 

given by t h e  following equation: 

(G  - Gd) 
= 8830 

'e A 

t h e  mean concentration of s e t t l e a b l e  Solids,  ppn 

ac tua l  sediment y i e l d  i n t o  t h e  detention s t ruc tu re  i n  tons 

sediment trapped i n  t h e  detention s t ruc tu re  i n  tons  

r a i n f a l l  excess i n  inches 

a r ea  above s t ruc tu re  i n  ac res  

S tep  Five: Determination of t h e  Required S t ruc ture  Height 

A detention s t ruc tu re  should have a t  l e a s t  0.5 f e a t  of freeboard above 

t h e  depth of wat8r and sediment. I f  t h e  depth of sediment trapped i s  greater  

than 0.5 f eot, then addi t iona l  freeboard i s  recommended where t h e  addi t ional  

f reeboard f l given by : 

where: 
df 

= addi t iona l  fraeboard i n  f e e t  i f  t h e  sediment deposition 
is grea te r  than 0.5 f e e t  

dd = deposit ion depth, f e e t  

The required height  of t h e  detention s t ruc tu re  is: - 



Worksheet 7). 1. Detention and F i l t e r ing  Structures. 

Step Onet Velum of Water and Sedimant Yield 

Rainfa l l  Excess , Pe 
m inches 

Catchment Area, A = acres  

A c t u a l  Sediment Yield, G = tons  
Y 

= cu. f t .  

Step Twos Minimum Structure  Length 

Maxinum Allowable Ponded Depth, d- m f e e t  

Duration of runoff , t =  hours 
e 

Flow r a t e  per u n i t  area ,  Ka 
t f a r  

Upland s lope, x 
= 

Dmtention Parameter 

Structure  Length Coef f i c i e n t  , =f 
= 

Hi- S t ruc ture  Length 

I f e a t  

Actual s t r u c t u r e  length used, Ld = f e a t  



Worksheet 7.1 . ( continued). 

S tep  Three: Sediment Trapping Eff ic iency 

Sediment 
S i z e  
( mm) 

( ) From i n p u t  d a t a  

( 2 ) ~ e e  Table 7.1 (Not needed f o r  f i l t e r  s t r u c t u r e s )  

1.414 

T o t a l  

( 3 ) ~ o r  F i l t e r  S t r u c t u r e s  see Figure 7.2 

Actual  
( 1  1 

Sediment 
Yield 

G ( t o n s )  
Y 

For Detention Strictures: 

///////// 

For Sand Sizes: 

F a l l  ( 2 )  

Velocity 
w ( f  t/sec) 

///////// 

Rock o u t l e t  flow rate, Ka f t/s ac 

Rock o u t l e t  length ,  
Lf 

= f e e t  

For t h e  s i l t  size: 

p from Figure  6.11 
9 

e G 
s Y 

( 3 )  
Trap 

Efficiency 
e 
9 

Sediment 
( 4 )  

Trapped 
G ( t o n s )  

d 



STRUCTURAL LENGTH COEFFICIENT, Cf 
5 - - 

P b, 2: 0 
0 0 0 0 

OT'L 



where: L = minimum s t ruc tu re  length, f e e t  
min 
VSw = volme of sediment and water, cubic f e e t  

C = s t ruc ture  length coef f ic ien t  
f 

If the  topography of t he  s i t e  f o r  t he  s t ruc ture  cannot accommodate tho 

necessary minimum length, a new location should be selected. I t  i s  important 

t o  keep i n  mind t h a t  detention and f i l t e r i n g  s t ructures  must be constructed 

p a r a l l e l  t o  t h e  contours of a slope. The required s t ruc ture  length can be 

reduced by se lec t ing  a f a b r i c  with an increased un i t  area flow r a t e  o r  by 

se lec t ing  a s t ruc tu re  with increased height. The length can a l s o  be reduced 

by se lec t ing  a s i t e  with a f l a t t e r  upland slope. The ac tua l  design length of 

t he  s t ruc tu re  i s  denoted by 
Ld 

Permeable Rock Outlets 

The flow r a t e  through a penneable rock o u t l e t  i s  much greater  than t h a t  

f o r  syn the t ic  fabr ics .  Detention s t ruc tures  cons is t  of an ea r th  berm and a 

permeable rock out le t .  The procedure f o r  detenaining t h e  length o f  a deterr  

t i o n  s t ruc tu re  is a s  follows: 

1. Divide t h e  rock o u t l e t  f l a ~  r a t e  (Table 7.1 1 by t h e  est-ted r a t i o  of 
berm length t o  to& o u t l e t  length. 

2. U s e  t h i s  f lw r a t e  t o  determine t h e  detention parameter (Equation 7.2 
and i n  determining t h e  s t ruc tu re  length coef f ic ien t  (Figure 7.2 1 . 

3. Calculate t h e  detention s t ruc tu re  length using Equation 7.3. The rock 
o u t l e t  length can be found by dividing t h e  s t ruc ture  length by the  e s t i -  
mated r a t i o  of berm length t o  rock o u t l e t  length. 

The trapping eff ic iency of detention s t ruc tures  improves a s  t he  r a t i o  of 

berm length t o  rock o u t l e t  length increases ( s e e  next s t e p ) .  The rock ou t l e t  

length can be varied t o  f i n d  t h e  most e f f i c i e n t  o u t l e t  s i z e  f o r  a s i t e .  

Step Thre- Sadiment Trapping Efficiency 

Flaw through a detention s t ruc tu re  i s  controlled by a permeable rock 

out le t .  The r a t e  a t  which t h e  pool drains  can be controlled by varying the  

length of t h e  rock o u t l e t  o r  t h e  type of rock used ( r ip rap  o r  gravel) .  The 

f a s t e r  t h e  pool drains ,  t h e  fewer f i n e  sediment s i ze s  w i l l  be trapped. 



Trapping e f f ic iency  of a detention s t ruc tu re  f o r  a sand s i z e  mater ia l  i s  given 

by t h e  f ol loving equation: 

where: e = t r a p  eff ic iency f o r  a given sediment s i z e  s 
K = flow r a t e  of t h e  rock o u t l e t  i n  f t / s e c  

w = f a l l  veloci ty  of t h e  p a r t i c l e  i n  f t/sec 

Lf = rock o u t l e t  length, f e e t  

Ld = s t ruc tu re  length, f e e t  

I f  f 
from Equation 7.4 is negative, then t h e  trapping eff ic iency w i l l  be 

zero f o r  t h a t  sediment s ize .  Table 7.1 a gives of f a l l  veloci  t y  f o r  each  pa^ 

t icle s i z e  and Table 7.lb f lw r a t e s  f o r  rock out le t s .  

For s i l t  s i z e  sediment, t h e  t r a p  eff ic iency is based on t h e  procedure i n  

Chapter V I  f o r  determining s i l t  y i e l d  from diversion s t ruc tures  (Step 5 )  .- 
This procedure i s  s implif ied f o r  diversion s t ructures .  

Fir&, t h e  s e t t l i n g  pararmter is given a s ,  

Second, t h e  t r a p  eff ic iency w i l l  equal t h e  r a t i o  of sediment s e t t l i n g  t o  

t h e  volume of sediment ava i lab le  t o  s e t t l e ,  o r  

For f i l t e r i n g  structures, t h e  trapping eff ic iency of t h e  s t ruc tu re  f o r  

t h e  sand s i z e s  equals 1.0 ( 100 per  cent)  and w i l l  vary f o r  t h e  s i l t  s i z e  (0.0 10 

mm) depending on t h e  percentage of s i l t  i n  t h e  incoming sed iasn t  y i e l d  t o  t h e  

f i l t e r  stru8ture. F igure  7.3 gives t h e  trapping ef f iciancy ( f o r  synthet ic  

f i b e r s  and &raw bales) f o r  s i l t  s i z e  p a r t i c l e s  a s  a function of t he  percent 

of silt. 

The amaunt of sediment trapped f o r  a p a r t i c u l a r  s i z a  is: 

where: Gd = amount of sediment trapped i n  tons  

G = sediment y i e l d  f o r  a p a r t i c l e  s i z e  (sum of colums 1-4, 
respect ively from the  Step Seven worksheet, Chapter IV) i n  tons  



T a b l e  7. la.  P a r t i c l e  P a l l  V e l o c i t y  and Rock Out le t  
and S t m c t u r e  Flow R a t e s .  

P a r t i c l e  S i z e  F a l l  V e l o c i t y  
( mm) ( f  t/s ec) 

T a b l e  7 . lb .  Unit Area F law Rates f o r  V a r i o u s  S t r u c t u r e  Types .  

S y n t h e t i c  F a b r i c s  (ave)  Flow R a t e  F low R a t e  
S t r u c t u r e  Type (f t/sec) ( f  t/hr) 

Rock O u t l e t :  

U p r a P  0.061 220.0 
C o a r s e  A g g r e g a t e  0.044 158.0 

S y n t h e t i c  F a b r i c s  (ave) -- 2.4 

S t r a w  B a l e s  -- 45.0 



PERCENT SILT 

Figure 7 . 3 .  S i l t  trapping e f f i c i e n c y  (from Simons, 
L i  & Assoc ia te s ,  I n c . ,  1982) .  



where: Hd = s t ruc tu re  height, f e e t  

The height  of t h e  rock o u t l e t  f o r  t he  detention s t ruc tu re  should equal the  

s t ruc tu re  height  without freeboard. 

7.3 Design of Detention Structures  

A detention s t ruc tu re  is a tenporary ridge of coupacted s o i l  located a t  

t h e  base of a disturbed area. It is  constructed on the  contour of a s lope and 

provides a l i nea r  sediment trapping area. Water i s  discharged from the  deten- 

t i o n  s t ruc tu re  through a permeable rock o u t l e t  t o  a s t ab i l i zed  o u t l e t  channel. 

Detention s t ruc tures  a r e  ea s i ly  combined w i t h  diversion and conveyance s t r u c  

tu re s  t o  form a complete sediment trapping system (see  Figure 7 .4 ) .  These 

s t ruc tures  a r e  designed t o  r e t a i n  t h e  e n t i r e  storm volume which is  then 

released slowly. Fairly long detention times can be developed i n  these struc- 

t u re s  which r e s u l t  i n  a high sediment trapping efficiency. 

Design Information 

A detention s t ruc tu re  cons is t s  of two components: 1) a perimeter bernt of 

coupacted s o i l ,  and 2)  a permsable rock out le t .  General design c r i t e r i a  f o r  

t he  perimeter berm a r e  given i n  Table 7.2, and Figure  7.5 shows a typ ica l  

c ross  sect ion of a per-eter berm. General design c r i t e r i a  f o r  a pernreable 

rock o u t l e t  a r e  given i n  Table 7.3. Figure 7.6 shows a typ ica l  permeable rock 

out le t .  

Planning Considerations 

A detention s t ruc tu re  is intended t o  c o l l e c t  sediment laden sheet  f lov 

and provide adequate sediment s e t t l i n g  t i m e .  These s t ruc tures  a r e  generally 

used a t  t h e  base of a s lope t o  t r a p  sediment and pro tec t  adjacent downslope 

1 and. 

If t ho  perimeter berm is t o  remain i n  place f o r  longer than 30 days, the 

berm should be s t ab i l i zed  with temporary o r  permanent vegetation. The l a t e r a l  

s lope of t h e  berm should be nearly zero f o r  maximum ponding length t o  develop. 

I t  i s  desirable  t o  maintain a s l i g h t  gradient toward the  rock o u t l e t  t o  faci-  

l i t a t e  drainage. 



Figure 7 . 4 .  Detent ion  berm w i t h  rock o u t l e t .  



Table 7 .2 .  General Design Criteria for  a Perimeter Berm. 

Height: 1.5 f e e t  minimum measured from upslope side of berm 

Topwidth: 2.0 f e e t  minimum 

Side Slopes: 2: 1 or f l a t t e r  

Compaction: Required. Compaction using the wheels or  
tracks of heavy equipment is adequate. 

Grade: Zero. Perimeter berm should be constructed paral le l  
t o  the contour of the upland slope. 



k 2 '  min. --A 

Figure 7.5. Typcial cross section of a perimeter 
berm. 



Table 7 . 3 .  General Design Criteria for  a Rock Outlet.  

Height: Minilaurn of  0 .5  f e e t  1-r than the  top of  the 
per* ter berm 

Topwidth: 2 .0  f e e t  minimum 

Side Slopes: 2: 1 o r  f l a t t e r  

Material: Riprap, 6 t o  12 inches i n  d i a m t e r  when high 
f 1-8 are  poss ible ,  o r  crushed stone 2.0 
inchea o r  larger when only low flows are 
expected. 



Typical riprap or gravel cross section 

Typical gabion cross section 

Riprap or gravel outlet  

/ 

Gabion outlet 

Figure 7 . 6 .  Rock outlet  types. 



Whenever possible ,  t h e  detention s t ruc tu re  should be b u i l t  before other  

construction begins. The berm should be adequately compacted t o  prevent 

f a i l u r e  and s t a b i l i z e d  with mulch and vegetation. The detention s t ruc tu re  

should be located i n  ac t i ve  mining a reas  t o  minimize possible  damages by 

mining and reclamation operations. Deposited sediment should be removed from 

behind t h e  s t ruc tu re  a f t e r  major s t o m  o r  when o n e t h i r d  of t h e  pond volume 

has  been f i l l e d  with sediment. 

Rock o u t l e t s  used with detention s t ruc tu re s  a r e  permeable and should be 

expected t o  leak. They a r e  not  intended t o  t r a p  sediments i n  t h e  pore open- 

ings  of t h e  rock. The outflow r a t e  can be grea t ly  reduced by adding syn the t ic  

f i l t e r  f a b r i c  over t h e  rock (see Figure 7.7). F i l t e r  f a b r i c  w i l l  c log  rapidly 

under these  condit ions and therefore  must be inspected frequently and replaced 

when clogging is evident. F i l t e r  f a b r i c  should never be incorporated within a 

rock o u t l e t  s ince  maintenance and inspection would be d i f f i c u l t  . 

In-Se m i c e  Performance 

Deposited sediment should be removed from behind t h e  detention s t ruc tu re  

a f t e r  major storms o r  when o n b t h i r d  of t h e  pond volume has  been f i l l e d  with 

sediment. The detention s t ruc tu re  should be designed with adequate room 

behind t h e  s t ruc tu re  t o  allow f o r  easy access by equipment f o r  cleaning. 

Detention s t ruc tu re s  should n o t  be i n s t a l l e d  i n  locat ions  where access by 

maintenance equipment i s  d i f f i c u l t .  

When sediment i s  removed from a detent ion s t ruc ture ,  t h e  berm and rock 

o u t l e t  should be c l e a r l y  marked t o  p r w e n t  damage t o  these  a r ea s  by equipment. 

Plaggetd s t akes  should be  placed along t h e  i n s ide  edge of t h e  berm ( s e e  

Figure 7.8) so t h a t  t h e  e q u i p n t  operator  can c l ea r ly  gage t h e  locat ion of 

t h e  berm and rock ou t l e t .  

If f i k t o r  f a b r i c  i s  used i n  conjunction with a rock o u t l e t ,  it should be 

replaced w m  sediment is removed from t h e  pond. F i l t e r  f a b r i c  should be 

inspected after major storms f o r  clogging. 

Specif icat ions  

Materials  used i n  t h e  construction 0 f detention s a c t u r e s  a r e  ea r th  

embankment, gravel, r ip rap ,  o r  gabions. Specif icat ions  f o r  embankment f o r  



berm constnaction and gravel f o r  rock o u t l e t s  are  given i n  sect ion 6 .6 .  

Speci f icat ions  f o r  riprap and gabions used f o r  constructing rock o u t l e t s  are 

given on t h e  fol lowing pages. 



/filter fabric 

figure 7 . 7 .  Rock outlet with f i l t er  fabric. 



Figure 7.8. Flagging t o  p r o t e c t  berm and rock 
o u t l e t  dur ing  maintenance. 



Specification - Uprap  f o r  Rock Outlets 

Description. This work s h a l l  cons is t  of construction of r iprap i n  accor- 

dance with these specif icat ions  a s  shown on t h e  plans o r  a s  directed. 

Materials. Riprap s h a l l  cons is t  of hard, dense, sound, rough fractured 

s tone a s  nearly cubical  a s  parct icable .  Thin s l a b  type stones and f lak ing  

rock s h a l l  not  be used. The s tone s h a l l  have a spec i f i c  gravi ty  of a t  l e a s t  

2.25. Removed concrete may be used f o r  r ip rap  provided i t  meets t h e  other  

requirements of t h i s  s e c t b n  and i f  approved. The s i z e  requirements f o r  t he  

two items of r ip rap  a r e  a s  follows: 

Guide f o r  Size  Determination 

siZB* I Vol- Weight s tone 
(cu.ft.1 ( l b s )  

6 in.  1 0*06=  
10 

*equivalent spherica 1 diameter 

9 in. 

Size  of stone and arrangament of r ip rap  s h a l l  be a s  s h a m  on plans. 

Stone s h a l l  be w e l l  graded i n  order  t h a t  t h e  voids can be f i l l e d ,  and a t  l e a s t  

5 0  percent of t he  mass s h a l l  be stones equal t o  o r  larger than t h e  stone s i z e  

ca l l ed  f o r  on t h e  plans.  Stone s i z e  s h a l l  not  be la rger  than twice the  mean 

diameter of t h e  riprap.  

Construction Recruiremants. Riprap s h a l l  be placed t o  conform t o  t h e  plan 

d e t a i l s .  The spaces between t h e  l a rge r  s tones  s h a l l  be f i l l e d  with smaller 

s tone of a su i t ab l e  s f  ze. Riprap may be machineplaced with su f f i c i en t  hand 

work t o  acconplish requiranents of t h i s  specification.  

Method of MeaauraMnt. Riprap w i l l  be measured by t h e  cubic yard by the  

method of amrage end areaa based on dimensions shown on t h e  plans o r  ordered. 

Basis of Payment. The accepted quan t i t i e s  w i l l  be paid f o r  a t  the  

contract  u n i t  p r i ce  f o r  each of t he  pay items l i s t e d  below t h a t  appear i n  t he  

b id  schedule. 

Payment w i l l  be made under: 

PAY ITEM PAY UNIT 

Riprap Cubic Yard 

Structure  excavation w i l l  be measured and paid f o r  separately.  

0.22 3 0 



Specification - Gabions 

Description. This work s h a l l  cons is t  of t he  construction of r ip rap  i n  

wire mesh gabions i n  accordance with these specif icat ions  a s  shown on the  

plans o r  directed. 

Materials. Wire - A l l  wire used i n  t he  manufacture and assembly of the  

mesh s h a l l  equal o r  exceed Federal Specification QQ-W-46 1G, Wire, S tee l ,  

Carbon (Round, Bare and Coated) including the  following spec i f i c  requirements : 

f i n i s h  5, c l a s s  3 weight of z inc  coating. Wire mesh f o r  Gabions (cage 

thickness 12 inches and greater)  s h a l l  be 1 1 gage (U. S .) , s o f t  temper. 

T i e  and connecting wire s h a l l  be supplied f o r  securely fastening a l l  

edges of t h e  gabions and diaphrama. Gabions s h a l l  be provided with 4 cross  

connecting wires i n  each c e l l  1/2 u n i t  high and 8 i n  each c e l l  one u n i t  high. 

Gabions s h a l l  a l s o  have inner  t i e  wires connecting t h e  f r o n t  face  t o  t he  r e a r  

f ace  a t  approximate spacing of 1 2  inches i n  both ve r t i ca l  and horizontal  

dimensions. Tie  wire s h a l l  meet t h e  s a m  specif icat ions  f o r  wire used i n  the  

mesh except t h a t  t i e  wire f o r  gabion cages s h a l l  not be more than 2 gages 

l igh te r .  

A l l  w i r e  used, including t i e  and connecting wire, s h a l l  be c e r t i f i e d  by 

m i l l  t e s t  r epo r t ( s )  showing compliance with spec i f i ca t in  requiremants. 

Rlprap - Riprap s h a l l  cons is t  of hard, dense, sound, rough fractured 

s tone o r  l o c a l  sandstone, a s  nearly cubical  a s  practicable.  Thin  s l a b  type 

stones and f lak ing  rock s h a l l  not  be used. Stone s h a l l  have a spec i f i c  gra- 

v i t y  of a t  l e a a t  2.25 and s h a l l  be r e s i s t a n t  t o  t he  ac t ion  of a i r  and water. 

Flaking o r  fragsmntal rock w i l l  not  be permitted. 

The s i z e s  of r ip rap  s tone f o r  gabions and s lope mattresses s h a l l  conform 

t o  t h e  following: 

Stone S ize  
Gabions (cage thickness 12 inches 
a t  grea te r )  4 t o  8 inches 

Construction Requiram6nts: Gabions s h a l l  be placed t o  conform w i t h  plan 

de t a i l s .  Riprap mater ia l  s h a l l  be placed i n  c lose  contact  i n  t h e  u n i t  so  t h a t  

maxinum f i l l  is obtained. The u n i t s  may be f i l l e d  by machine with su f f i c i en t  

hand work t o  accomplish requirements of t h i s  specification.  

Where t h e  length of t h e  u n i t  exceeds i ts horizontal  width, t he  gabion i s  

t o  be equally divided by diaphragms, of t h e  same mesh and gauge a s  t h e  body, 

i n t o  c e l l s  whose length does not  exceed t h e  horizontal  width. The u n i t  s h a l l  



be furnished with t h e  necessary diaphragms secured i n  proper pos i t ion  on the  

base sec t ion  i n  such a manner t h a t  no addi t iona l  ty ing  a t  t h i s  juncture w i l l  

be necessary. 

A l l  perimeter edges of gabions a r e  t o  be securely bound s o  t h a t  the  

j o in t s  fornmd by ty ing  have approximately the same s t rength  a s  t h e  body of the  

mesh. 

A l l  gabion u n i t s  s h a l l  be t i e d  together each t o  its neighbor along a l l  

contacting edges i n  order  t o  form a continuous connecting s t ruc ture .  

Wthod of Measurement. The quant i ty  t o  be measured under t h i s  item w i l l  

be t h e  nmber  of cubic yards of r ip rap  required t o  f i l l  t h e  gabions i n  accor- 

dance with t h e  dimensions shown on plans ,  o r  a s  ordered, completed and 

accepted. 

Basis of Payment. The accepted quant i ty  measured a s  provided above w i l l  

be paid  f o r  a t  t h e  contract  u n i t  p r i c e  p e r  cubic yard f o r  gabions. 

Payment w i l l  be made under: 

PAY ITEM P A Y  UNIT 

Ga bions Cubic yards 

S t ruc ture  excavation and s t r u c t u r e  b a c k f i l l  w i l l  be measured and pa id  f o r  

separate ly .  



7.4 Design of F i l t e r  Structures  

F i l t e r  s t ruc tures  a r e  temporary sediment bar r ie rs  consis t ing of synthet ic  

f i l t e r  f a b r i c  o r  straw bales  placed along t h e  contour of a slope. Several 

designs a r e  i n  common use and a r e  presented i n  t h i s  manual. F i l t e r  fence is  a 

l i n e a r  f i l t e r  ba r r i e r  constructed of synthet ic  f i l t e r  fabr ic ,  pos t s  and, 

depending on t h e  s t rength of t h e  f a b r i c  used, wire fence. Brush ba r r i e r  i s  a 

l i n e a r  f i l t e r  b a r r i e r  which makes use of residue materials a v a u a b l e  from 

c lear ing  and grubbing operations covered by synthet ic  f i l t e r  fabr ic .  A straw 

ba le  b a r r i e r  cons is t s  of a raw of entrenched and anchored straw bales.  

F i l t e r  s t ruc tures  can be ea s i ly  combined with other  sediment control  

p rac t ices  t o  form a complete sediment control  system. These s t ruc tures  a r e  

very e f fec t ive  a t  reducing t h e  amount of suspended sediment from an area.  

F i l t e r  f ab r i c s  have a low penmabi l i ty  and a r e  l imited t o  s i t ua t ions  where 

unconcentrated, overland flows a r e  expected. F i l t e r  s t ruc tures  a r e  not  ab le  

t o  handle t h e  volumes of water generated by channel flows. 

Design Inf onnation 

Improperly constructed f i l t e r  s t ruc tu re s  w i l l  have poor sediment trapping 

e f f ic iency  and high f a i l u r e  r a t e s .  Undercutting and end flow a r e  two major 

problems with t h i s  type of structure.  Careful i n s t a l l a t i o n  and adequate main- 

t enance a r e  e s sen t i a l  t o  t h e  effect iveness  of these sediment f i l t e r s  . 
Improper i n s t a l l a t i o n  can r e s u l t  i n  increased erosion and damage from sedi- 

ment. In general syn the t ic  f i l t e r  s t ruc tu re s  a r e  e a s i e r  t o  i n s t a l l  correct ly  

compared t o  straw ba le  b a r r i e r s  and may be preferable  i n  many cases. 

I n s t a l l a t i o n  proahdures a r e  presented f o r  both synthe t ic  f a b r i c  struc- 

tures ( f i l t e r  fence and brush f i l t e r  ba r r i e r )  and straw bale  bar r ie rs .  All  

i n s t a l l a t i o n 8  should be carefu l ly  inspected f o r  defects  a f t e r  construction. 

In s t a l l a t i on  Procedure - F i l t e r  Structures  

In most cases t h e  f a b r i c  should no t  extend t o  a height greater  than 36 

inches; higher heights  may back up volumes of water su f f i c i en t  t o  cause 

f a i l u r e  of t h e  s t ructure .  

The procedure f o r  i n s t a l l i n g  f i l t e r  fences a r e  given below. 

1. S e t  wood o r  s t e e l  pos t s  securely a t  i n t e rva l s  no grea te r  than 10 f e e t  
apar t .  Wood pos ts  should be a t  l e a s t  3 inches i n  diameter; with s t e e l ,  
only t h e  T-shaped pos ts  should be used. 



2 .  Fasten fence wire securely t o  t h e  upstream s ide  of the posts. Wire 
should extend i n t o  t h e  s o i l  a minimum of 2 inches, and be a minimum of 36 
inches i n  height. 

3 Excavate a trench 6 inches wide by 6 inches deep along the  upstream base 
of t he  fence. 

4. Staple o r  wire t h e  f i l t e r  f ab r i c  t o  t h e  fence, allowing the  f ab r i c  t o  
extend i n t o  t h e  trench a s  shown i n  Figure 7.9. The f ab r i c  should not 
extend over 36 inches above the  o r ig ina l  ground on t h e  wire fence. 

5. Backfi l l  and compact t h e  s o i l  over t he  f a b r i c  extending i n t o  t he  trench. 

6 .  If  a f i l t e r  fence is t o  be constructed across a d i tch  l i n e  o r  drainageway 
of lw  flow, t h e  ba r r i e r  should be of s u f f i c i e n t  length t o  contain t h e  
design storm volume from t h e  upland area. 

7. The fence should be constructed p a r a l l e l  t o  t h e  contours of t he  slope. 
The ends of t h e  fence should bend upslope a su f f i c i en t  distance t o  elimi- 
na t e  end flow a s  shown i n  Figure 7.10. 

The procedures f o r  i n s t a l l i n g  brush f i l t e r  ba r r i e r s  i s  s imi la r  t o  t h a t  f o r  

f i l t e r  fence and i s  i l l u s t r a t e d  i n  Figure 7.1 1. 

In s t a l l a t i on  Procedure - Straw Bale Barrier 

The i n s t a l l a t i o n  procedures f o r  straw bale  ba r r i e r s  a r e  given below and 

a r e  i l l u s t r a t e d  i n  Figure 7.12. 

1. Excavate a trench t h e  width of a bale  and the  length of t h e  proposed 
b a r r i e r  t o  a minimum depth of four  inches. 

2 .  Place bales  t i g h t l y  together i n  t h e  trench. Drive two sturdy wooden 
s takes  o r  s t e e l  rods through each ba le  and i n t o  t h e  ground t o  a depth 
s u f f i c i e n t  t o  securely anchor t he  bales. 

3 Wedge loose straw t i g h t l y  between bales  a f t e r  staking. 

4. Backfilu and compact t h e  excavated s o i l  against  the  ba t r ie r .  Backfilled 
s o i l  rhould conform t o  ground l e v e l  on t h e  downstream s i d e  and should b e  
b u i l t m p  t o  4 inches aga ins t  t he  upstream s i d e  of the  bar r ie r .  

5 .  The straw bale  b a r r i e r  should be constructed p a r a l l e l  t o  t he  contours of 
t he  slope. The ends of t h e  b a r r i e r  should bend upslope a su f f i c i en t  
dis tance t o  eliminate end flow. 



1. Set  posts  and excavate 
trench. 

2 .  T i e  wire fencing t o  
posts  

3 .  Attach f i l t e r  fabric  t o  
w i r e  fence,  allowing 
extension in to  trench 
as shown. 

4 .  Backf i l l  and compact 
excavated soi 1 .  

Figure 7 . 9 .  Building a f i l t e r  fence ( a f t e r  
Virginia S o i l  and Water Conser- 
vation Commission, 1980). 



Figure 7.10. F i l t e r  fence  a p p l i c a t i o n  showing proper  
t e r m i n a t i o n  t o  p reven t  end flow. 



1. Excavate trench along uph i l l  2.  Drape f i l t e r  f ab r i c  over 
edge of brush ba r r i e r .  brush ba r r i e r  and i n t o  

the  trench. 

3. Backfi l l  and compact excavated 4. Set  s takes  and t i e  down 
s o i l .  f i l t e r  f ab r i c  along the  

downhill edge> of the 
brush bar r ie r :  

Figure 7 .11 .  Building a brush f i l t e r  b a r r i e r  ( a f t e r  
Virginia  So i l  and Water Conservation 
Commission, 1980). 



1. Excavate trench. 2 .  Place and stake straw 
bales. 

3 .  Wldqe loose straw 
biitwaen bales. 

4 .  Backfil l  and compact 
excavated s o i l .  

Figure 7 . 1 2 .  Installation of straw barrier (after  
Virginia Soi l  and Water Conservation 
Commission, 1980). 



Planning Considerations 

The use  of f i l t e r  s t ruc tu re s  must be l imited t o  s i t ua t i ons  i n  which only 

low o r  modorate flows a r e  t o  be intercepted.  Use of these  s t ruc tu re s  i s  s p e  

c i f i c a l l y  excluded f o r  s i t ua t i ons  i n  which water is t o  be concentrated i n  a 

channel o r  drainageway. Experience has shown t h a t  use of straw bales  a s  check 

s t ruc tu re s  i n  d i tches  has resu l ted  i n  high f a i l u r e  ra tes .  Rock check struc- 

t u r e s  a r e  recommanded (see Chapter VI). It must be emphasized t h a t  while 

these  s t ruc tu re s  a r e  e f f i c i e n t  sediment f i l t e r s ,  they require  more inspection 

and maintenance than moat sediment cont ro l  s t ructures .  

The f i l t e r i n g  e f f ic iency  of straw bales  is lower than t h a t  f o r  syn the t ic  

f a b r i c  (see Figure 7.3).  F i l t e r  s t ruc tu re s  may be preferable  t o  straw bales  

because they a r e  capable of ponding sediment laden water t o  a g rea te r  depth, 

there fore  reducing t h e  required length of the structure. Failure r a t e s  a r e  

lawer f o r  syn the t ic  f a b r i c  s t ruc tu re s  conpared t o  straw ba le  ba r r i e r s ,  bu t  

poorly constructed f a b r i c  s t ruc tu re s  a r e  no t  uncommon. In s t a l l a t i on  procer 

d u e s  must be followed care fu l ly .  

In-Service Performance 

Deposited sediment should be removed from behind a f i l t e r  s t ruc tu re  a f t e r  

major storms o r  when one-third of t h e  sediment trapping volume has been 

reached. F i l t e r  s t ruc tu re s  should no t  be i n s t a l l e d  i n  locat ions  where access 

by maintenance equipmant i s  d i f f i c u l t .  F i l t e r  f a b r i c  should be checked a f t e r  

major storms f o r  clogging and damage. F i l t e r  f a b r i c  w i l l  d e t e r io r a t e  from 

exposure t o  u l t r a v i o l e t  rad ia t ion  and should be checked a t  r e g u l u  in te rva l s  

f o r  reduced s t rength  o r  t e a r s .  

During cleaning operations,  care should be taken with equipment t o  pre- 

vent  damage to t h e  f i l t e r  structure. If damage occurs, it should be repaired 

promptly. -paired sec t ions  of f i l t e r  f a b r i o  should be overlapped and bonded 

t o  exis* sec t ions  t o  prevent leakage. 

Specifications 

This  sec t ion  gives spec i f ica t ions  f o r  f i l t e r  f a b r i c  s t ruc tures .  The s p e  

c i f i c a t i o n  f o r  syn the t ic  f a b r i c  requi res  t h a t  f a b r i c  pass  two t e s t s  developed 

Sy t h e  Virginia  Department of Transportation t o  determine f i l t e r i n g  e f f i -  

ciency, f l w  r a t e ,  and s t rength.  Since these  a r e  nonstandard t e s t s ,  t h e  pro- 

cedures f o r  conducting t h e  t e s t  a r e  given. Manufacturers a r e  current ly  aware 



of these t e s t s  and so- give t h e  r e s u l t s  i n  t h e i r  published performance data 

o r  w i l l  comply with requests f o r  t h i s  information. 

N o  de ta i led  spec i f ica t ion  i s  given f o r  straw bales s ince these may vary 

with t he  typo of machinery and straw used t o  form the  bale. General guides t o  

s e l ec t ing  a durable straw ba le  are: 1) t h e  bale  should be wirebound around 

t h e  s ides ,  and 2 )  o l d  o r  water logged bales  should be avoided. Straw bales 

should be secured with wooden s takes  ( 2  inches x 2 inches mininrum) o r  rebar. 



Specification - F i l t e r  Fence and Brush F i l t e r  Barr ier  

Description. This work s h a l l  cons is t  of furnishing and i n s t a l l i n g  f i l t e r  

fences and brush f i l t e r  ba r r i e r s  i n  accordance with t h i s  provision and i n  

reasonably c lose  conformity with t h e  l i nes ,  grades and d e t a i l s  shown on t h e  

plans  o r  es tabl ished by t h e  Engineer. 

Phterials.  F i l t e r  c lo th  f ab r i c  s h a l l  be a pervious sheet  of propylene, 

nylon, e s t e r  o r  ethylene yarn and s h a l l  be c e r t i f i e d  by the  manufacturer o r  

suppl ie r  a s  conforming t o  t h e  following requirements : 

PHYSICAL PROPERTY TEST - 
F i l t e r i n g  Efficiency T e s t  1 90% (Min.1 

Flow Rate T e s t  1 0.3 Gal./Sq.Ft./Min. 
(Min. ) 

q e n s i l e  Strength @ 20% (Max.) 
Elongation T e s t  2 Extra Strength 50 Lbs. 

p e r  Linear Inch 
(Min. ) 

Standard Strength 30 
Lbs per  Linear 
Inch ( f i n .  ) 

*Requirements reduzed by 50% a f t e r  6 months of i n s t a l l a t i on .  

F i l t e r  c lo th  f a b r i c  f o r  above ground use s h a l l  contain u l t r a v i o l e t  ray inhibi- 

t o r s  and s t a b i l i z e r s  t o  provide a m i n i m u m  of 6 months of expected usable 

construction l i f e  a t  a t q e r a t u r e  range of O°F t o  120°F. 

Posts  f o r  f i l t e r  fence s h a l l  be rough o r  f i n i s h  4 inches by 4 inches - 
wood, 3 inches ( minFmnn) diameter wood, o r  1.3 3 pounds per  l i n e a r  f o o t  

(minimum) s t e e l  with a minimum length of 5 fee t .  

Wire fence reinforcement f o r  f i l t e r  fence using standard s t rength f i l t e r  - 
c l o t h  fabric a h a l l  be a mininnrm of 36 inches i n  height,  a minimum of 14- 1/2 

gaga and sh.1 have a mesh spacing of 6 inches o r  l e s s .  

ConsWiktion Requirements. F i l t e r  Fence s h a l l  be erected a t  locat ions  

sham on t h e  plans  o r  a s  approved o r  determined by t h e  Engineer. The 

Contractor s h a l l  have t h e  option t o  provide e x t r a  s t rength f i l t e r  c lo th  f ab r i c  

o r  t o  provide standard s t rength  f i l t e r  c lo th  f a b r i c  with a wire fence reinfor- 

centent. When standard s t rength  f i l t e r  c lo th  f a b r i c  i s  used f o r  f i l t e r  fence, 

t h e  f i l t e r  c lo th  f a b r i c  s h a l l  be reinforced with wire fence, and t h e  pos t  spa- 

c ings  s h a l l  no t  exceed 10 f ee t .  When ex t r a  s t rength  f i l t e r  c lo th  f a b r i c  i s  



used f o r  f i l t e r  fence, t h e  p o s t  spacings s h a l l  not exceed 6 f e e t  and the  w i r p  

fence w i l l  no t  be required. Posts s h a l l  be unif ondly in s t a l l ed  with not l e s s  

than 2. and not  more than 20. inc l ina t ion  toward the  po ten t i a l  s i l t  load area. 

The attachaunt of fence f a b r i c  t o  ex i s t i ng  t r e e s  w i l l  not  be permitted unless 

approved by t h e  Engineer. The f i l t e r  fence s h a l l  be maintained i n  an e f f e c  

t i v e  condition a t  a l l  times while i n  use. 

F i l t e r  c lo th  f a b r i c  s h a l l  be a minimum of 45 inches wide and s h a l l  be 

secured t o  t h e  poet  o r  f ence by su i t ab l e  s tap les ,  t i e  wire o r  hog r ings  i n  

such a manner a s  t o  prevent t ea r ing  of t h e  fabr ic .  The bottom of t h e  f i l t e r  

c lo th  s h a l l  be entrenched i n t o  t h e  ground a minimum of 8 inches t o  prevent 

water from flowing under t h e  fence. F i l t e r  c lo th  f a b r i c  s h a l l  be sp l iced  

together only a t  support pos t s  with a mi- of 6 inch overlap and securely 

sealed. The top of t h e  f i l t e r  c lo th  f a b r i c  s h a l l  be i n s t a l l e d  with a 1 inch 

tuck o r  with a reinforced t o  end section.  

I n  t h e  event t h e  f i l t e r  c lo th  f a b r i c  has decomposed o r  becomes inef f e c  

t i v e  p r i o r  t o  6 months a f t e r  i n s t a l l a t i on ,  t h e  f i l t e r  c lo th  f ab r i c  s h a l l  be 

replaced a t  t h e  Contractor's expense t o  o r i g i n a l  design. I n  t h e  event t h e  

f i l t e r  c lo th  f a b r i c  has decomposed a f t e r  6 month8 from t h e  i n s t a l l a t i o n  da te  

and t h e  f i l t e r  fence is s t i l l  required a s  determined by t h e  Engineer, the  

f i l t e r  c lo th  f a b r i c  s h a l l  be replaced with equal material  and w i l l  be paid f o r  

a t  o n b h a l f  t he  contract  u n i t  p r i c e  f o r  the  f i l t e r  fence. F i l t e r  fence 

mater ia ls  s h a l l  be ramoved when no longer required, a s  determined by the  

Engineer, and s h a l l  be disposed of by t h e  Contractor. 

Brush F i l t e r  Barriers: Brush b a r r i e r s  used along t h e  down h i l l  s i d e  of 

s lopes  s h a l l  h a m  standard s t rength  f i l t e r  c lo th  f a b r i c  attached a t  specif ied 

locat ioru t o  f o m  a bnrsh f i l t e r  bar r ie r .  The ba t toa~  of t h e  f i l t e r  c lo th  

s h a l l  be entrenched i n t o  t h e  ground a mininum of 8 inches and t h e  top of 

t h e  f i l t u a l o t h  s h a l l  be i n s t a l l e d  with a 1 inch tuck o r  w i t h  a reinforced 

top end s-on. 

B r u 8 ~  SOT bmsh f i l t e r  b a r r i e r s  s h a l l  be i n s t a l l e d  p r i o r  t o  any major 

earth-disturbing a c t i v i t y  and s h a l l  be trimmed su f f i c i en t ly  t o  prevent tear ing 

o r  puncturing of t he  f i l t e r  cloth.  The t o p  of t h e  f i l t e r  c lo th  s h a l l  be t i ed ,  

s tap led  o r  o t h e w i s e  s e a r e d  t o  t h e  top  o r  s lope of brush ba r r i e r  such t h a t  

t h e  i n t e g r i t y  of t he  s i l t  b a r r i e r  w i l l  be sound. Intermediate attachment o f '  

t h e  f i l t e r  c lo th  s h a l l  be with su i t ab l e  t i e s  o r  s taples .  A 6 inch overlap of 



c l o t h  f o r  v e r t i c a l  and horizontal  sp l i c ing  s h a l l  be maintained and t i gh t ly  

sealed. 

The f i l t e r  c lo th  f a b r i c  s h a l l  be maintained i n  accordance with the  

requiremanta f o r  f i l t e r  fence. When brush f i l t e r  ba r r i e r s  a r e  no longer 

required, a s  determined by t h e  Engineer, t he  f ab r i c  s h a l l  be c u t  a t  ground 

height  and disposed of by the  Contractor. 

Inspection and Maintenance: A l l  f i l t e r  fences and brush f i l t e r  bar r ie rs  

s h a l l  be inspected iaumdiately a f t e r  each r a i n f a l l  and a t  l e a s t  da i ly  during 

prolonged ra infa l l .  Any def ic iencies  s h a l l  be immediately corrected. In 

addit ion,  a da i ly  review of t h e  locat ion f o r  f i l t e r  fences and brush f i l t e r  

ba r r i e r s  s h a l l  be made i n  a reas  where construction a c t i v i t y  changes the  ear th  

contour and drainage runoff t o  ensure t h a t  t h e  f i l t e r  fences o r  brush f i l t e r  

ba r r i e r s  a r e  properly located f o r  effectiveness.  Where def ic iencies  e x i s t ,  

addi t ional  f i l t e r  fences o r  bmsh f i l t e r  ba r r i e r s  s h a l l  be i n s t a l l ed  a s  

approved o r  d i rec ted  by t h e  Engineer. 

Sediment deposi ts  s h a l l  be removed when t h e  deposit  reaches approximately 

o n b t h i r d  of t h e  volume capacity of t h e  f i l t e r  fence o r  brush f i l t e r  ba r r i e r  

a s  approved o r  d i rec ted  by t h e  Enginear and disposed of a s  directed by the  

Engineer. Any sediment deposits  remaining i n  place a f t e r  t h e  temporary f i l t e r  

fence o r  brush f i l t e r  ba r r i e r  i s  no longer required s h a l l  be dressed t o  con- 

form with t h e  ex i s t i ng  grade, prepared and seeded 

Method of Measurement. F i l t e r  fences w i l l  be measured i n  l i nea r  f e e t ,  

coupletbin-place. When t h e  f i l t e r  c lo th  f a b r i c  i s  required t o  be replaced 

a f t e r  6 months f roo t h e  i n s t a l l a t i o n  date,  t h e  replacement f i l t e r  c lo th  f abrrc  

w i l l  be measured i n  l i n e a r  f e e t  of f i l t e r  fence and paid f o r  a t  one-half the  

contract  u n i t  p r i c e  f o r  f i l t e r  fence. 

Brush f i l t e r  b a r r i e r s  w i l l  be measured i n  square yards of f i l t e r  c lo th  

coupleto- ibplace,  excluding laps.  The brush f i l t e r  b a r r i e r  w i l l  not  be 

measured far payment under t h i s  provision, but w i l l  be paid f o r  separately.  

B a s i s  of Payment. The accepted quant i ty  measured a s  provided above will 

be pa id  f o r  a t  t h e  cont rac t  u n i t  price. 

Payment w i l l  be made under: 

PAY ITEM 

F i l t e r  Fence 

Brush F i l t e r  Bar r ie r  

PAY U N I T  

Linear foo t  

Square yard 



When silt cleanout i s  approved or directed by the Engineer, s i l t  removal 

w i l l  be measured i n  cubic yards of vehicular measurement of haul and paid for 

separately. 

Seediag materials w i l l  be measured and paid for separately. 
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TEST 1 - FILTERING EFFICIENCY AND FLOW RATE TEST 

LABORATORY 

1. Scope 

This method is  used t o  determine t h e  f i l t e r i n g  eff ic iency and flow 
r a t e  of a f i l t e r  f a b r i c  i n  t h e  laboratory.  

2. Apparatus 

a. A flume 48 inches long by 32 inches wide by 12 inches high with a 
g u t t e r  at tached t o  one s i d e  ( s ee  Figures 7.13 and 7.14) . 

b. Two 20-gallon containers. 

c.  A s t i r r e r  on a 1/4 inch por tab le  d r i l l .  

d. Stopwatch. 

e. A DH-48 in tegra ted  water sampler with t en  500 m l  bo t t l es .  

3. Procedure 

S t re tch  a sample of t h e  f a b r i c  39 inches long by 12 inches wide 
across  t h e  f lume opening 32 inches u ide  and f a s t en  securely i n  place 
t o  assure  t h a t  a l l  t h e  sediment-laden water passes through t h e  
sample. Note: The flume. opening is  t h e  standard Length of a straw 
bale. 

Elevate t h e  f lune  t o  an 8 percent slope. 

Take a depth integrated,  suspended s o l i d s  sample fram an untreated, 
f a i r l y  sedim4n*free water supply. Continuously a g i t a t e  t h e  supply 
f o r  uniformity dur ing t h e  sampling process. 

Prewet t h e  f a b r i c  by passing 50 l i t r e s  of untreated, f a i r l y  
sedbmnt-free water throu* it. 

Mix 150 gram8 of minus 10  mater ia l  of a s i l t y  s o i l  ( s e e  gradation 
-0, Figure 7.15) i n  50 l i t r e s  of t h e  untreated water placed i n  
O m  of t h e  20-gallon containers. Thoroughly a g i t a t e  t h e  solut ion 
dth t h e  stirrer on t h e  1/4 inche por table  d r i l l  t o  ob ta in  a un~form 
mix. 

After uniformly mixing t h e  solut ion,  quickly dump t h e  solut ion 
behind t h e  f a b r i c  sample i n  t h e  flume. S t a r t  t h e  timer a t  dumping. 

Rinse t h e  mixing container with 1 t o  2 l i t r e s  of t he  f i l t r a t e  and 
dump i n t o  t h e  flume. 



Not@: Al l  d immiam a n  inrido 
moaswemma 

1- 32" 

Nail 

Figure 7 . 1 3 .  Side view (upper sketch) and top  view 
o f  flume ( a f t e r  Virginia S o i l  and 
Water Conservation Ccmmission, 1980).  



i 
Noh : 2 Side platasand a bottom plats on uwd to tarton tho sontpia of fob& in pbeo. 

F i g u r e  7.14. End view of flume ( a f t e r  Virginia 
S o i l  and 'dater Conservation Com- 
mission, 1980). 



Figure 7 . 1 5 .  Gradation curve for s o i l  used (af ter  Virginia 
S o i l  and Water Conservation Commission, 1980). 



h. Time t h e  flow of water through t h e  f ab r i c  u n t i l  t h e  water level 
drops t o  a po in t  10.5 inches behind t h e  fabr ic .  ~t t h i s  point  the 
flaw has es sen t i a l l y  ceased. 

i. Collect  a l l  f i l t r a t e  i n  a second mixing container. 

j. A t  t h e  corapletion of the  t e s t ,  a g i t a t e  the  col lected f i l t r a t e  u n t i l  
t h e  mixture is uniformly mixed. Obtain a depth integrated,  
suspended so l id s  sample from the  mixture during agi ta t ion.  

k. Process t h e  two suspencbd so l ids  samples by t h e  "nonfil terable 
residue" procedure described by t h e  American Public Health 
Association, e t  a l .  ( 1981. 

1. Calculate t h e  f i l t e r i n g  eff ic iency (FE) of t h e  f a b r i c  a s  follows: 

where 
"afte 

and SS a r e  t h e  suspended so l id s  value a f t e r  
b 

f i l t r a t i o n  an5 t h e  backq?ound leve l ,  respectively. 

m. Calculate t h e  flow r a t e  of t h e  f a b r i c  a s  follows: 

2 
Flow r a t e  ( gal. /f t .  /min) = 14.85/tinm (min.) 

n. Repeat s tep8 e through 1 f o r  t he  sama f ab r i c  sample twice more. 



TEST 2 - STRENGTH TEST 

This t e s t  determines t h e  s t ress -s t ra in  re la t ionship of a f i l t e r  
fabric.  

Apparatus 

A t e n s i l e  t e s t  device with a capacity of approximately 2,500 lb. 
equipped with a d i a l  t h a t  can be read i n  increments of 10 lb. o r  l ess .  
The device should have a r a t e  of t r a v e l  of 13 percent + 2 percent of t he  
gage length of t h e  f a b r i c  per  minute. The device s h a l l  have a t r a v e l  
dis tance of 20 inches m i n i m u m  and hold a 7 inch wide sample. 

Procedure 

Cut a sample of t he  f a b r i c  i n  t h e  d i rec t ion  perpendicular t o  the  
a x i s  of t h e  ro l l .  The sample should be 27 inches long by 7 inches 
wide. 

Securely f a s t en  the  sample of t h e  f a b r i c  i n  t h e  clamps of t h e  
t e s t i n g  device s o  t h e  length of t he  f a b r i c  between the  clamps i s  14 
inches. 

Place t h e  secured sanple i n  t h e  t e e t i n g  device. 

S t a r t  t h e  t e s t i n g  device and stopwatch simultaneously. 

Take load and elongation r e a d i n g  every 15 seconds up t o  2- 1/2 minu- 
t e s ,  o r  u n t i l  f a i l u r e  has occurred, whichever comes f i r s t .  

P lo t  t h e  load on t h e  v e r t i c a l  a x i s  versus its corresponding elonga- 
t i o n  on tho horizontal  axis.  

Determine t h e  p.ak load value, i f  it occurs p r i o r  t o  20 percent o r  
2.8 inches elongation. If the  peak load does not  occur before 20 
percent elongation, then record t h e  load a t  20 percent elongation. 

-pat s tep8 a through g f o r  a sample c u t  i n  t h e  d i rec t ion  perpen- 
&&cular t o  t h e  ax i s  of t he  r o l l  with a 1/2 inch long t e a r  crossways 
&k the middle of t h e  sample. 

Repeat s t eps  a through g f o r  a sample c u t  i n  t h e  d i rec t ion  p a r a l l e l  
t o  t h e  a x i s  of t h e  r o l l .  



7.5 Example Problems 

Example Problem 7.1 

Design a de ten t ion  s t r u c t u r e  t o  c o n t r o l  t h e  sediment y i e l d  from t h e  mecha- 

n i c a l l y  t r e a t e d  s lope  given i n  Example Problem 5.7. The topography of t h e  area  

w i l l  a l low a maximum de ten t ion  s t r u c t u r e  length  of 660 f e e t .  The s lope  of the  

a r e a  immediately u p h i l l  of t h e  planned s t r u c t u r e  loca t ion  is 0.030. A r a t i o  

of berm length  t o  rock o u t l e t  l eng th  of 100 w i l l  be used f o r  a r i p r a p  rock 

o u t l e t .  A l l  computations f o r  t h i s  example problem a r e  c a r r i e d  ou t  on t h e  

a t t ached  worksheet. 



Example Problem 7.1. Worksheet - ~etention Structure. 

Step One: Volume of Water and sediment Yield 

Rainfall Excess , 
'e 

a 2.12 inches 

Catchment Area, A 10 acres 

Actual Sediment Yield, G ;. 37.1 tons 
Y 

Step Two: Minimum Structure ~enq(lh 

Maximum Allowable Ponded ~epth, d- a 2.0 feet 

Duration of runoff, tc = 
17.0 hours 

Flow rate per unit area, = 
2.20 ft/hr 

Upland slope, sx'= . 0.03 

Detention Parameter 

Structure Length Coefficient, Cf = 118 

Minlmq Structura Length 

= 659 feet 

Actual structure length used, Ld = -  66 0 feet 
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Example Problem 7.1. (continued) 

Step Three: Sediment Trapping Efficiency 

( ' ) From i n p u t  da ta  

Sediment 
S ize  
( mm) 

(2)See Table 7.1 (Note needed f o r  f i l t e r  s t ruc tu res )  

(3)For F i l t e r  S t ructures  see Figure 7.2 

For Detention Structures: 

Actual ( 1 )  

Sediment 
Yield 

G ( tons)  
Y 

For Sand Sizes: 

Rock o u t l e t  flow rate, Ka 0.061 f t/sec 

Rock o u t l e t  length, Lf 6.6 f e e t  

For t h e  silt size: 

F a l l  ( 2  

Velocity 
w(f t/sec) 

e = P from Figure 6.11 
S s 

( 4 )  = e G 
Gd s y 

 rap'^ ) 
Efficiency 

e 
S 

Sediment 
( 4  

Trapped 
Gd ( tons )  



Example Problem 7.1 . (continued) 

Volume of sediment deposition 

arS = 20.2 G 
d 

= 570 ~ ~ . f t .  

Depth of sediment deposition 

= 0.228 feet 

Step Four: Mean Concentration o f  Eff luent 

=s 8,830 (G - Gd)/PeA 
Y 

= 8,830(37.1 - 28.2)/(2.12) (10) 

S tee  Five: Requited Structure Heisfrt 

Sf dd is greater than 0.5 feat then add additional f reehoard, df 

Total  height ' 

= 2.5 . f e e t  



Example Problem 7.2 

Design a f i l t e r  fence s t ruc tu re  t o  con t ro l  sediment y i e l d  from t h e  mechani- 

c a l l y  t r e a t e d  s lope  given i n  Example Problem 5.1. The topography of t h e  a rea  

w i l l  allow a maxirmun f i l t e r  fence length of 660 f e e t .  The s lope  of t h e  a rea  

immediately u p h i l l  of t h e  planned s t ruc tu re  locat ion i s  0.0 3. Computations f o r  

t h i s  example a r e  given on t h e  at tached worksheet. 



Example Problem 7.2. Detention and F i l t e r i n g  Structures. 

Step One: Volume of Water and Sedinlset Yield 
i. T o t a l  Rainfa l l  Excess, Pe - 2.12 inches 

Catchment Area, a =- 10 acres  

Tota l  Sediment Yield, G = 37.1 tons 
Y -  

Step Two: Minimum Structure  Len- 

Maxfrmm Allowable Ponded Depth, dm= = 2.0 f e e t  

Duration of runoff , 
tc 

17.0 hours 

Flow rate p e r  u n i t  area,  
Ka = 

2.4 fthr 

Upland slope, 
Sx 

= 0.03 

Detention Parameter 

Structure Length Coefficient,  Cf = 122 

Minimnu Structure  Length 

= 6 36 f e e t  

Actual s t r u c t u r e  length used, 
Ld 

=r 660 f e e t  



Example Problem 7.2. (continued). 

Step Three: Sediment Trapping Efficiency 

Sedfment 
S ize  
( md 

(3)For  F i l t e r  S t ructures  see 

1.414 

To ta l  

For Detention Structures: 

For Sand Sizesr 

e = 1 - 4 (K /w) (L(Ld) s a 
Rock o u t l e t  flow ra te ,  K 

a 

Actual (1 

Sediment 
Yield 

G ( tons)  
Y 

Figure 7.2 

( ) prom i n p i t  d a t a  
1 '  

( 2 ) ~ e e  Thble 7.1 (Note needed f o r  f i l t e r  s t ruc tu res )  

0.0 

37.1 

Rock o u t l e t  length, 
Lf 

--- f e e t  

For t h e  s i l t  size: 

F a l l  ( 2  

Velocity 
w(fYsec) 

-- -- 

e = P f tom Figure 6.1 1 
s s 

(4 )  r e G 
Gd s y 

--- 
///////// 

Trap (3 )  

Efficiency 
e 
s 

Sediment (4 )  

Trapped 
Gd ( tons )  

1 . O O  

///////// 

0 - 0  

36.4 



Example Problem 7.2. (continued). 

Volume of sediment deposition 

vs 20.2 G 
d 

Depth of sediment depoui9.on 

- 42(570) (0.03)/660 

0.18 f e e t  

Step Four: Mean Concentration of  Effluent 

C = 8,830 (G 
s Y - Gd)/PaA 
a 8,83O(3'. 1 - 36.4)/(2.12) (10) 

Step Five: Required Structure Height 

If dd is greater than 0.5 f e e t  then add additional freeboard, d 
f 

df = a, - 0.5 

= 0.0 f e e t  

Total height 

2.46 feet 



Discussion of Dtanple Problem ~ c s u l t s  

The sediment y i e ld  f o r  t h e  two previous problems was primarily i n  t he  s i l t  

s i z e  ran*. The gravol rock o u t l e t  reduces outflow from the  detention s t ruc ture  

and provides a s i l t  detention e f f ic iency  of 24 percent. The f i l t e r  fence t raps  

s i l t  i n  t h e  pore oponings of t he  f a b r i c  and provides a 62 percent f i l t e r  e f f i -  

ciency. The f i v c f o o t  long gravel rock o u t l e t  used i n  Problem 7.1 is the  

smallest  s i z e  o u t l e t  s t ruc ture  which could be r e a l i s t i c a l l y  constructed and 

properly maintained. 

In  general, t h e  cos t  of a detention s t ruc tu re  w i l l  be l e s s  than t h a t  of a 

f i l t e r  s+ructure s ince  mater ia ls  f o r  construction a r e  readily available.  

Sedimont trapping ef f iciancy of f i l t a r  s t r u c t u ~ e s ,  h w e v u ,  i s  much higher. 
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