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A stabilized pad of aggregate underlain with filter cloth located at any point where traffic will be 

entering or leaving a construction site to or from a public right-of-way, street, alley, sidewalk or 

parking area. 

 

 

 

 



 

The purpose of a stabilized construction entrance is to reduce or eliminate the tracking 
of sediment onto public rights-of-way or streets. Reducing trackout of sediments and 
other pollutants onto paved roads helps prevent deposition of sediments into local storm 
drains and production of airborne dust. 

 

A stabilized construction entrance should be used at all points of construction ingress 
and egress. NPDES permits require that appropriate measures be implemented to 
prevent trackout of sediments onto paved roadways. 

 

The stabilized construction entrance plan should be reviewed as part of the project 
traffic control plan.  

 Construct on level ground. 
 

 Stabilized construction entrances are rather expensive to construct and 
when a wash rack is included, a sediment trap of some kind must also be 
provided to collect wash water runoff.  

 

Stabilized construction entrances are not very effective in removing sediment from 
equipment leaving a construction site. Efficiency is greatly increased, though when a 
washing rack is included as part of a stabilized construction entrance. Build on level 
ground. 
 
 + Advantages:  
 

 Does remove some sediment from equipment and serves to channel 
construction traffic in and out of the site. 

 

 

 

 



 

 

 

The aggregate for stabilized construction entrance aprons shall be 1 to 3 inches in size, 
washed, well-graded gravel or crushed rock. The apron dimensions recommended are 
30 ft. X 50 ft. And 6 inches deep.  
 

 Entrance must be properly graded to prevent runoff from leaving the 
construction site.  
 

 When wash areas are provided, washing shall be done on an area stabilized 
with crushed stone which drains into a properly constructed sediment trap or 
basin (pond). 

 

 
 Inspect monthly and after each rainfall.  
 Replace gravel mat when surface voids are no longer visible. Periodic top 

dressing with additional stone will be required.  
 All sediments deposited on paved roadways must be removed within 24 

hours. 
 Remove gravel and filter fabric upon completion of construction.  
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A section of rock protection placed at the outlet end of culverts, conduits or channels. 
Grouted riprap and concrete rubble are also used for pipe outlet stabilization. 

 



 

The purpose of the rock outlet protection is to reduce the velocity, and energy of water, 
such that the flow will not erode the receiving downstream reach. 

 

This practice applies where discharge velocities and energies at the outlets of culverts, 
conduits or channels are sufficient to erode the next downstream reach.  
 
Rock outlet protection is usually less expensive and easier to install than concrete 
aprons or energy dissipaters; it also serves to trap sediment and reduce flow velocities. 
Rock size should be increased for high velocity flows. 

 

Rock outlet protection may need continual maintenance because large storms often 
wash away the stone and leave the area susceptible to erosion. Grouted or wire-tied 
rock riprap can minimize maintenance requirements. 

 
Rock outlet protection is effective when the rock is sized and placed properly. When this 
is accomplished, rock outlets do much to limit erosion at pipe outlets. If runoff is 
sediment-laden, a sediment trap below the pipe outlet is recommended.  
 
Permanent rock riprap protection should be designed and sized by the engineer as part 
of the culvert, conduit or channel design. 

General recommendations for rock size and length of outlet protection mat shown in the 
rock outlet protection figure. Best results are obtained when sound, durable, angular 
rock is used. 

 

 



 

Inspect monthly and after each rainfall. Replace rocks as needed. 
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A temporary barrier of straw bales or similar material used to intercept sediment laden 
runoff from small drainage areas of disturbed soil. Purpose the purpose of a straw bale 
dike is to reduce runoff velocity and cause position of the transported sediment load. 

 

 

 

 

 



 

 

 

The straw bale dike is used where there are no concentrations of water in a channel or 
drainage way, and where erosion would occur from sheet flow. These barriers are 
typically constructed, below disturbed areas subject to sheet flow of runoff to intercept 
and detain sediment. 

 

 Straw bale dikes are not to be used for extended periods of time 
because they tend to rot and fall apart. 

 Suitable only for sheet flow on slopes of 2% or flatter. 

 Not appropriate for large drainage areas, limit to one acre or less. 

 Straw bales lose their effectiveness rapidly due to rotting, thus constant 
maintenance is required. 

 Not recommended for concentrated flow, channel flow, and live 
streams. Bale bindings of jute or cotton not recommended. 

 
 

When installed and maintained properly, straw bale dikes remove approximately 67% of 
the sediment transported in construction site runoff. This optimum efficiency can only be 
achieved through careful maintenance with special attention to replacing rotted or 
broken bales. Barrier should be constructed on a level contour to prevent concentration 
of flow against a small portion of the barrier. 

 

 



 

RECOMMENDED STANDARDS AND SPECIFICATIONS 

Design & Sizing Criteria 

1. Bales shall be placed on the contour and in a row with ends tightly abutting the 
adjacent bales.  
 

2. Maximize pending by locating barrier away from the toe-of-slopes. This also 
provides access for maintenance.  
 

3. Each bale shall be embedded in the soil a minimum of four inches and placed so 
the bindings are horizontal. Bindings placed on soil will soon disintegrate and 
cause the barrier to fail. 
 

4. Bales shall be securely anchored in place by either two stakes or re-bars driven 
through the bale. The first stake in each bale shall be driven toward the 
previously laid bale at an angle to force the bales together. Stakes shall be driven 
flush with the bale. 
 

5. Bales shall be removed when they have served their usefulness so as not to 
block or impede storm flow or drainage. 
 

 

 
 
 
 

 



 
 

 
 

 

Inspect monthly and after each rain event. Remove and properly dispose of detained 
sediments when silt depth reaches 6”. 

 

 

 

 



 

 

 

 

 



 

 

 

 



� 	 b � � � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �



� � � � � � � � � � � 	 b � Þ


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �
? ( * , 7 # " 4 " 2 < * " , ' # & $ ( " / ' ( * . # + $ ( 4 ' O * . $ 4 & . < 4 0 $ 5 4 ) # & 0 ( - * 7 * " % , * ( * " # + 4 $ % ( * 5 % & $ ( 4 ) ) * .4 ' " # $ $ 4 ' - 4 & & * ) 5 # " 4 ) # & 0 ( - * " % 0 - ( # + 3 4 2 % & 4 . % $ ( / " < * . 4 " * 4 9 U - * $ 4 & . < 4 0 $ , 4 2 < * + % ) ) * . 3 % ( -7 * 4 : $ % Y * . 0 " 4 1 * ) ( # * & - 4 & ' * + % ) ( " 4 ( % # & Ø

k l m l n o p q m r s n t o u q s mv w w x y z { | y x y } ~ � � � � � z } y � � � � � �� � � � � � � � � � � � � � � 	 � � � � � � � �¨ ( � � � � � � � � � � � � @ � � � � � � � � > � � � � > � � � ) A 	 � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � �� � � } � � � � z } y � � � � � � � � � � � y } � �� � ¨ � � � � � � � � � � � � � @ ¨ � A Â � �v x } � ¢ � { } y � � £ � ¤ � �¯ ¦ � � � � � � � � � � � � � � � � � � � � � � > � � � � � � � �� � � � � � � � 	 è � � � � � ª � � �¯ ¦ � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � > � � � 	� � � � � � � � � � � � � � � � � � � � � � � � � 	 © � � � � �ª � � � � ¯ � � � � � � � � � � � � � �

n o u q m k «v � � � z y { } � � ¬ � � } �  � ®¯ � � � � � � � � � � � � � °� � � � � � � � � � � °± � � � � � � � °² { ¢ ³ � } ¤ � x x � } { � } � ´ � µ � � { x  � ®¶ � � � � � · � � � � � °¸ � � � � � � � � °� � � � � � � � °¹ � � � � � � � � � � � � � � � � °� � � � � � °¶ � � � � � � � � � � � � � � � � º � � � � °r q k » n l «¤ � � } � � ¼ ½ ¾ � } z � � �� � � 	 � � � � � Â � � Â � � � � � � � � � � � �¬ v ¿ ¿ ¢ { � y � ³ �� � � � Â � � Â � � � � � �
	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ Ýd È É j Ç h Ê ñ



� 	 b � è � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �ÌØ M N G L M Ô M N I æ Ò Ô N æ JÍ U - * $ * 4 " * 4 $ % & ' ) / . * ( - * * & ( % " * ' # & $ ( " / ' ( % # & $ % ( * < # / & . 4 " 2 5 4 " # / & . $ ( # ' O 7 % ) * $ 5 4 ) # & 0$ ( " * 4 , $ 4 & . ' - 4 & & * ) $ 5 4 ' " # $ $ ' - 4 & & * ) $ ( # $ * " 1 * 4 $ 4 < 4 " " % * " + # " / ( % ) % ( 2 ( " * & ' - * $ 5 7 4 " 4 ) ) * ) ( #4 " # 4 . 3 4 2 ( # O * * 7 $ * . % , * & ( # + + 7 4 1 * . 4 " * 4 $ 5 4 & . 4 ) # & 0 ( - * 7 * " % , * ( * " # + 1 * - % ' ) * 4 & .* × / % 7 , * & ( + / * ) % & 0 4 & . , 4 % & ( * & 4 & ' * 4 " * 4 $ # " ' - * , % ' 4 ) $ ( # " 4 0 * 4 " * 4 $ 9Í @ / " ( - * " , # " * 5 $ 4 & . < 4 0 < 4 " " % * " $ 4 " * / $ * + / ) 3 - * & $ % ( * ' # & . % ( % # & $ # " ' # & $ ( " / ' ( % # & $ * × / * & ' :% & 0 " * × / % " * 4 . 8 / $ ( , * & ( $ # " " * ) # ' 4 ( % # & # + ( - * < 4 " " % * " ( # , * * ( ' - 4 & 0 % & 0 + % * ) . ' # & . % ( % # & $ 4 & .& * * . $ . / " % & 0 ' # & $ ( " / ' ( % # & 5 4 & . ( # ( * , 7 # " 4 " % ) 2 ' ) # $ * # " ' # & ( % & / * < " # O * & 5 . 4 , 4 0 * . # "% & ' # , 7 ) * ( * ' / " < $ 9u M L � æ N K N � Õ G � M N H G æ Ò H Ô N � I Ô � N MÍ > 4 & . < 4 0 < 4 " " % * " $ ' 4 & < * / $ * . 4 $ 4 ( * , 7 # " 4 " 2 . % 1 * " $ % # & $ ( " / ' ( / " * < * ) # 3 ( - * ( # * # +* 6 7 # $ * . 4 & . * " # . % < ) * $ ) # 7 * $ 4 & . . # 3 & $ ) # 7 * # + * 6 7 # $ * . $ # % ) 4 " * 4 $ 9 U - * 2 ' 4 & 4 ) $ # < */ $ * . 4 $ 4 ( * , 7 # " 4 " 2 $ * . % , * & ( Ï . * $ % ) ( % & 0 < 4 $ % & 9Í Ü % , % ( ( - * . " 4 % & 4 0 * 4 " * 4 / 7 $ ( " * 4 , # + ( - * < 4 " " % * " ( # A ` 4 ' " * $ # " ) * $ $ 9Í P * 0 " 4 . * . $ 4 & . < 4 0 $ , 4 2 " / 7 ( / " * 3 - * & " * , # 1 * . 5 $ 7 % ) ) % & 0 $ 4 & . 9Í > 4 & . < 4 0 < 4 " " % * " % & $ ( 4 ) ) 4 ( % # & ' 4 & < * ) 4 < # " % & ( * & $ % 1 * 9Í > 4 & . < 4 0 < 4 " " % * " $ - 4 1 * ) % , % ( * . . / " 4 < % ) % ( 2 + # " ) # & 0 : ( * " , 7 " # 8 * ' ( $ 9Í ^ - * & / $ * . ( # . * ( 4 % & ' # & ' * & ( " 4 ( * . + ) # 3 $ 5 , 4 % & ( * & 4 & ' * " * × / % " * , * & ( $ # + $ 4 & . < 4 0 $% & ' " * 4 $ * $ 9
	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ Ýd È É j Ý h Ê ñ



� � � � � � � � � � � 	 b � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �
t K Ô M N G K J HÍ > 4 & . < 4 0 $ Ì U - * < 4 0 $ - # / ) . < * , 4 . * # + 3 # 1 * & 7 # ) 2 7 " # 7 2 ) * & * 5 7 # ) 2 * ( - 2 ) * & * # " 7 # ) 2 4 , % . *+ 4 < " % ' 5 , % & % , / , / & % ( 3 * % 0 - ( W # / & ' * $ 7 * " $ × / 4 " * 2 4 " . 5 , / ) ) * & < / " $ ( $ ( " * & 0 ( - * 6 ' * * . % & 0T ` ` 7 $ % % & ' # & + # " , 4 & ' * 3 % ( - ( - * " * × / % " * , * & ( $ % & ? > U D . * $ % 0 & 4 ( % # & P T \ ] Z 5 4 & . / ) ( " 4 1 % # ) * ($ ( 4 < % ) % ( 2 * 6 ' * * . % & 0 \ ` Û % & ' # & + # " , 4 & ' * 3 % ( - ( - * " * × / % " * , * & ( $ % & ? > U D . * $ % 0 & 4 ( % # &P W T X X 9 » H M æ � ò � N J K � G H Ò æ Ô K I I M � Ô K ò J M ó C 4 0 . % , * & $ % # & $ 4 " * & # , % & 4 ) 5 4 & . , 4 2 1 4 " 2< 4 $ * . # & ) # ' 4 ) ) 2 4 1 4 % ) 4 < ) * , 4 ( * " % 4 ) $ 9 > 4 & . : + % ) ) * . < 4 0 $ $ - # / ) . 0 * & * " 4 ) ) 2 4 " * S W : T ` % & ' - * $) # & 0 5 A Z : A ] % & ' - * $ 3 % . * 5 Z : ] % & ' - * $ ( - % ' O 5 4 & . 3 * % 0 - 4 7 7 " # 6 % , 4 ( * ) 2 _ `Í [ # ' O $ # ' O $ Ì ? & 4 ) ( * " & 4 ( % 1 * ( # $ 4 & . < 4 0 $ 5 4 " * " # ' O $ # ' O $ 5 3 - % ' - 4 " * , # " * * ) # & 0 4 ( * . ( - 4 ($ 4 & . < 4 0 $ 4 & . ' # & ( 4 % & 7 * 4 : $ % Y * " # ' O 9 ? " # ' O $ # ' O $ - # / ) . < * , 4 . * # + 4 ) # # $ * ) 2 3 # 1 * &, 4 ( * " % 4 ) 5 $ / ' - 4 $ < / " ) 4 7 5 3 - * & / $ * . + # " + % ) ( " 4 ( % # & 9 ? ( % 0 - ( * " 3 * 4 1 * 5 $ / ' - 4 $ 4 0 * # ( * 6 ( % ) * 5 % $< * ( ( * " + # " . % 1 * " $ % # & 9 ä # ( * ( - 4 ( < / " ) 4 7 " # ' O $ # ' O $ 4 " * & # ( 4 $ $ ( / " . 2 4 $ 0 * # ( * 6 ( % ) * # & * $ 5 < / (' 4 & < * " * ' 2 ' ) * . # & $ % ( * $ % & ' * ( - * 2 × / % ' O ) 2 < % # . * 0 " 4 . * 9q Ò H Ô K J J K Ô G æ ÒÍ ^ - * & / $ * . 4 $ 4 ) % & * 4 " $ * . % , * & ( ' # & ( " # ) ÌÍ ; & $ ( 4 ) ) 4 ) # & 0 4 ) * 1 * ) ' # & ( # / " 9Í U / " & * & . $ # + $ 4 & . < 4 0 " # 3 / 7 $ ) # 7 * ( # 7 " * 1 * & ( + ) # 3 4 " # / & . ( - * * & . $ 9Í c * & * " 4 ) ) 2 5 $ 4 & . < 4 0 < 4 " " % * " $ $ - # / ) . < * / $ * . % & ' # & 8 / & ' ( % # & 3 % ( - ( * , 7 # " 4 " 2 $ # % ) $ ( 4 < % :) % Y 4 ( % # & ' # & ( " # ) $ / 7 $ ) # 7 * ( # 7 " # 1 % . * * + + * ' ( % 1 * * " # $ % # & 4 & . $ * . % , * & ( ' # & ( " # ) 9Í > 4 & . < 4 0 < 4 " " % * " $ $ - # / ) . < * $ * ( < 4 ' O 4 ( ) * 4 $ ( T + * * ( + " # , ( - * ( # * # + 4 $ ) # 7 * 3 - * " *7 " 4 ' ( % ' 4 ) 9 	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ Ýd È É j ç h Ê ñ



� 	 b �   � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �
Í ; & $ 7 * ' ( $ 4 & . < 4 0 < 4 " " % * " $ < * + # " * 4 & . 4 + ( * " * 4 ' - " 4 % & + 4 ) ) * 1 * & ( 5 4 & . 3 * * O ) 2 ( - " # / 0 - # / ( ( - *" 4 % & 2 $ * 4 $ # & 9Í [ * $ - 4 7 * # " " * 7 ) 4 ' * $ 4 & . < 4 0 $ 4 $ & * * . * . 9Í ; & $ 7 * ' ( $ 4 & . < 4 0 < 4 " " % * " $ + # " $ * . % , * & ( 4 ' ' / , / ) 4 ( % # & $ 4 & . " * , # 1 * $ * . % , * & ( $ 3 - * & 4 ' ' / :, / ) 4 ( % # & " * 4 ' - * $ # & * : ( - % " . ( - * < 4 " " % * " - * % 0 - ( 9Í [ * , # 1 * $ 4 & . < 4 0 $ 3 - * & & # ) # & 0 * " & * * . * . 9 [ * , # 1 * $ * . % , * & ( 4 ' ' / , / ) 4 ( % # & 5 4 & . ' ) * 4 & 5" * : 0 " 4 . * 5 4 & . $ ( 4 < % ) % Y * ( - * 4 " * 4 9ä # & * 9B % ( 2 # + U 4 ' # , 4 > / " + 4 ' * ^ 4 ( * " D 4 & 4 0 * , * & ( D 4 & / 4 ) V # ) / , * ; ; 5 B # & $ ( " / ' ( % # & > ( # " , 3 4 ( * "E # ) ) / ( % # & E " * 1 * & ( % # & 5 ß 4 & / 4 " 2 A _ _ T 5 U 4 ' # , 4 E / < ) % ' ^ # " O $ ! & 1 % " # & , * & ( 4 ) > * " 1 % ' * $ 9- ( ( 7 Ì Ï Ï 3 3 3 9 ' % ( 2 # + ( 4 ' # , 4 9 # " 0 Ï E 4 0 * 9 4 $ 7 6 ê - % . ë _ X A ì , 4 & / 4 )B ? Ü U [ ? ä > 5 > ( 4 ( * # + B 4 ) % + # " & % 4 P * 7 4 " ( , * & ( # + U " 4 & $ 7 # " ( 4 ( % # & 5 B # & $ ( " / ' ( % # & > % ( * C * $ (D 4 & 4 0 * , * & ( E " 4 ' ( % ' * $ Q C D E $ R D 4 & / 4 ) 5 D 4 " ' - S ` ` T 9- ( ( 7 Ì Ï Ï 3 3 3 9 . # ( 9 ' 4 9 0 # 1 Ï - × Ï ' # & $ ( " / ' Ï $ ( # " , 3 4 ( * " Ï , 4 & / 4 ) $ 9 - ( ,! & 1 % " # & , * & ( 4 ) E " # ( * ' ( % # & ? 0 * & ' 2 5 B # & $ ( " / ' ( % # & > % ( * > ( # " , ^ 4 ( * " [ / & # + + B # & ( " # ) 5 ä 4 ( % # & 4 )D * & / # + C * $ ( D 4 & 4 0 * , * & ( E " 4 ' ( % ' * $ + # " > ( # " , ^ 4 ( * " E - 4 $ * ; ; 5 P * ' * , < * " A _ _ _ 9- ( ( 7 Ì Ï Ï ' + 7 / < S 9 * 7 4 9 0 # 1 Ï & 7 . * $ Ï $ ( # " , 3 4 ( * " Ï , * & / # + < , 7 $ Ï ' # & î $ % ( * 9 ' + ,> D [ B 5 > ( # " , 3 4 ( * " D 4 & 4 0 * " = $ [ * $ # / " ' * B * & ( * " 5 B * & ( * " + # " ^ 4 ( * " $ - * . E " # ( * ' ( % # & 5 ; & ' 9- ( ( 7 Ì Ï Ï 3 3 3 9 $ ( # " , 3 4 ( * " ' * & ( * " 9 & * ( Ï@ % + % * ) . 5 ß 9 > 9 5 @ % * ) . D 4 & / 4 ) # & > * . % , * & ( 4 & . ! " # $ % # & B # & ( " # ) 5 S ` ` S 5 @ # " * $ ( * " E " * $ $ 5 > 4 & ( 4C 4 " < 4 " 4 B ? 9

	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ Ýd È É j é h Ê ñ



� � � � � � � � � � � 	 b � ©


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �

« I Ù M L K Ô G I æ � H K Ò Õ ò K Ú ò K N N G M N H óô õ ö ÷ ø ù ú û õ ü ô ÿ + , - ÿ . /

« I Ù M L K Ô G I æ � N æ I Ó H æ I Ó H H æ � Ô M Ò L æ N M� M N H K Ô G J M Ô Ù K Ò H K Ò Õ ò K Ú H óô õ ö ÷ ø ù ú û õ ü L ú �  � Ù ô õ ö � ø û
	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ Ýd È É j ð h Ê ñ



� 	 b � � � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �

	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ Ýd È É j ñ h Ê ñ



� � � � � � � � � � � 	 b � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �
? ( * , 7 # " 4 " 2 < * " , ' # & $ ( " / ' ( * . # + # 7 * & 0 " 4 . * . " # ' O # " < 4 0 $ # + 0 " 4 1 * ) % & $ ( 4 ) ) * . 4 ( ( - * ( # * # + 4$ ) # 7 * 5 # " ( - * 7 * " % , * ( * " # + 4 . * 1 * ) # 7 % & 0 # " . % $ ( / " < * . 4 " * 4 9

k l m l n o p q m r s n t o u q s mv w w x y z { | y x y } ~ � � � � � z } y � � � � � �� � � � � � � � � � � � � � � 	 � � � � � � � �¨ ( � � � � � � � � � � � � @ � � � � � � � � > � � � � > � � � ) A 	 � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � �� � � } � � � � z } y � � � � � � � � � � � y } � �� � ¨ � � � � � � � � � � � � � @ ¨ � A Â � �v x } � ¢ � { } y � � £ � ¤ � �¯ ¦ � � � � � � � � � � � � � � � � � � � � � � > � � � � � � � �� � � � � > E B : W B - * ' O P 4 , $ )¯ ¦ � � � � ¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � > � � � 	� � � � � � � � � � � � � � � � � � � � � � > E B : \ > ( # " ,P " 4 % & ; & ) * ( E " # ( * ' ( % # & )

n o u q m k «v � � � z y { } � � ¬ � � } �  � ®¯ � � � � � � � � � � � � � °� � � � � � � � � � � °± � � � � � � � °² { ¢ ³ � } ¤ � x x � } { � } � ´ � µ � � { x  � ®¶ � � � � � · � � � � � °¸ � � � � � � � � °� � � � � � � � °¹ � � � � � � � � � � � � � � � � °� � � � � � °¶ � � � � � � � � � � � � � � � � º � � � � °r q k » n l «¤ � � } � � ¼ ½ ¾ � } z � � �c " 4 1 * ) @ % ) ( * " C * " , $ E - # ( # $¬ v ¿ ¿ ¢ { � y � ³ �c " 4 1 * ) @ % ) ( * " C * " , $ P " 4 3 % & 0

	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ çd È É j Ç h Ê ñ



� 	 b b � � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �c " 4 1 * ) + % ) ( * " < * " , $ 4 " * . * $ % 0 & * . ( # % & ( * " ' * 7 ( 4 & . . * ( 4 % & $ * . % , * & ( : ) 4 . * & 3 4 ( * " + " # , 4 & / & 7 " # :( * ' ( * . 4 " * 4 5 . * ( 4 % & ( - * $ * . % , * & ( 5 4 & . " * ) * 4 $ * ( - * 3 4 ( * " % & $ - * * ( + ) # 3 9^ - * " * 4 ( * , 7 # " 4 " 2 , * 4 $ / " * % $ & * * . * . ( # " * ( 4 % & $ * . % , * & ( $ $ / ' - 4 $ ÌÍ ä * 4 " ( - * ( # * # + $ ) # 7 * $ 9Í ? ( ' # & $ ( " / ' ( % # & $ % ( * 7 * " % , * ( * " $ 9Í D 4 2 < * / $ * . 4 $ ' - * ' O . 4 , $ 4 ' " # $ $ # & * # " , # " * ) 4 & * $ # + ' # & $ ( " / ' ( % # & ( " 4 + + % ' ( * , 7 # " 4 " 2" # 4 . $ 5 # " / & $ / " + 4 ' * . " % 0 - ( $ # + 3 4 2 $ / < 8 * ' ( ( # ' # & $ ( " / ' ( % # & ( " 4 + + % ' 9Í Ü % , % ( ( - * . " 4 % & 4 0 * 4 " * 4 / 7 $ ( " * 4 , # + ( - * < 4 " " % * " ( # X 4 ' " * $ 4 & . ( # 0 * & ( ) 2 $ ) # 7 % & 0 4 " * 4 $ 9Í ä # ( " * ' # , , * & . * . ( # < * < / % ) ( # & ) 4 & . $ ' 4 7 * . 4 " * 4 $ . / * ( # ( - * . % + + % ' / ) ( 2 # + ' ) * 4 & / 7Í c " 4 1 * ) + % ) ( * " < * " , $ 4 " * # & ) 2 ( * , 7 # " 4 " 2 4 & . , / $ ( < * " # / ( % & * ) 2 , 4 % & ( 4 % & * . . / * ( # ' ) # 0 0 % & 0+ " # , , / . 4 & . $ # % ) # & 1 * - % ' ) * ( % " * $ 9Í B # & $ ( " / ' ( 4 ) # & 0 4 ) * 1 * ) ' # & ( # / " + # " % & ( * " ' * 7 ( % & 0 $ - * * ( + ) # 3 9Í E " # 1 % . * 4 & / & . % $ ( / " < * . # " $ ( 4 < % ) % Y * . # / ( ) * ( $ / % ( 4 < ) * + # " $ - * * ( + ) # 3 9Í ? ) ) # 3 4 , 7 ) * " # # , + # " $ * . % , * & ( " * , # 1 4 ) * × / % 7 , * & ( < * ( 3 * * & ( - * < * " , 4 & . ( # * : # + : $ ) # 7 * 9Í ; & $ ( 4 ) ) 4 ( % # & % & $ ( " * 4 , < * . $ " * × / % " * $ ) 4 " 0 * " # ' O 5 $ ( 4 O % & 0 # + 3 # 1 * & 3 % " * $ - * 4 ( - % & 0 Q 0 4 < % # & $ R 54 & . . 4 % ) 2 % & $ 7 * ' ( % # & 9Í @ # " 4 , # " * 1 * 0 * ( 4 ( * . ' # & ( " # ) 5 ' # & $ % . * " a " 0 4 & % ' @ % ) ( * " C 4 " " % * " $ 9 ; & # " . * " ( # ) * $ $ * & ( - *' - 4 & ' * # + . % $ 7 ) 4 ' * . , 4 ( * " % 4 ) 5 ' # & $ % . * " > 4 & . C 4 0 C 4 " " % * " $ 5 # " > % ) ( @ * & ' * $ 9 c " 4 1 * ) + % ) ( * "< * " , $ 4 " * , # " * * + + * ' ( % 1 * 3 - * & ' # , < % & * . 3 % ( - 4 & * " # $ % # & ' # & ( " # ) C D E 9s � M Ò k N K Õ M Õ n æ I Óa 7 * & 0 " 4 . * . " # ' O < * " , $ $ - # / ) . < * < / % ) ( # & 4 ) * 1 * ) ' # & ( # / " 5 . * $ % 0 & * . + # " 4 , 4 6 % , / , + ) # 3 " 4 ( * # +` 9 A T ' / < % ' + * * ( 7 * " $ * ' # & . Q ' + $ R 7 * " $ × / 4 " * + # # ( # + < * " , 9 í $ * T Ï W ( # T % & ' - . % 4 , * ( * " " # ' O + # "$ - * * ( + ) # 3 4 & . T ( # X % & ' - . % 4 , * ( * " " # ' O + # " ' # & ' * & ( " 4 ( * . + ) # 3 9 @ # " & # & : ( " 4 + + % ' 4 " * 4 $ 5 # 7 * &	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ çd È É j Ý h Ê ñ



� � � � � � � � � � � 	 b b b


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �0 " 4 . * . " # ' O < * " , $ $ - # / ) . < * ' # & $ ( " / ' ( * . 4 , % & % , / , # + A ] % & ' - * $ - % 0 - 4 & . S W % & ' - * $ 3 % . * 5 3 % ( -$ % . * $ ) # 7 * $ # + S Ì A # " + ) 4 ( ( * " 9 ^ # 1 * & 3 % " * $ - * 4 ( - % & 0 Q 7 # / ) ( " 2 & * ( ( % & 0 R % $ " * ' # , , * & . * . % & 4 " * 4 $ # +' # & ' * & ( " 4 ( * . + ) # 3 ( # O * * 7 " # ' O $ % & 7 ) 4 ' * 9 U - * 3 % " * $ - # / ) . < * 0 4 ) 1 4 & % Y * . S ` 0 4 / 0 * 3 % ( - A % & ' -. % 4 , * ( * " - * 6 4 0 # & 4 ) , * $ - 9 E " # 1 % . * , / ) ( % 7 ) * < * " , $ % & $ * " % * $ ÌÍ ! 1 * " 2 T ` ` + * * ( # & $ ) # 7 * $ ) * $ $ ( - 4 & X 7 * " ' * & (Í ! 1 * " 2 S ` ` + * * ( # & $ ) # 7 * $ # + X : A ` 7 * " ' * & ( 9Í ! 1 * " 2 A ` ` + * * ( # & $ ) # 7 * $ 0 " * 4 ( * " ( - 4 & A ` 7 * " ' * & ( 9; + ( - * # 7 * & 0 " 4 . * . " # ' O < * " , % $ ' # & $ ( " / ' ( * . % & 4 ( " 4 + + % ' 4 " * 4 5 ( - * < * " , $ - # / ) . < * 4 , 4 6 % , / , # +A S % & ' - * $ - % 0 - 9k N K � M J Ñ K Ú Ñ M N L HÍ c " 4 1 * ) < 4 0 $ $ - # / ) . < * , 4 . * # + 3 # 1 * & 7 # ) 2 7 " # 7 2 ) * & * 5 7 # ) 2 * ( - 2 ) * & * 5 # " 7 # ) 2 4 , % . * + 4 < " % ' 9C 4 0 $ $ - # / ) . - 4 1 * 4 , % & % , / , / & % ( 3 * % 0 - ( # + + # / " # / & ' * $ 7 * " $ × / 4 " * 2 4 " . 5 , / ) ) * & < / " $ ($ ( " * & 0 ( - * 6 ' * * . % & 0 T ` ` 7 # / & . $ 7 * " $ × / 4 " * % & ' - Q 7 $ % R % & ' # & + # " , 4 & ' * 3 % ( - ( - * " * × / % " * :, * & ( $ % & ? > U D . * $ % 0 & 4 ( % # & P T \ ] Z 5 4 & . / ) ( " 4 1 % # ) * ( $ ( 4 < % ) % ( 2 * 6 ' * * . % & 0 \ ` Û % & 4 ' ' # " . 4 & ' *3 % ( - ? > U D P W T X X 9 C 4 0 . % , * & $ % # & $ 4 " * & # , % & 4 ) 4 & . , 4 2 1 4 " 2 < 4 $ * . # & ) # ' 4 ) ) 2 4 1 4 % ) 4 < ) *< 4 0 $ 4 & . + % ) ) , 4 ( * " % 4 ) 9 c * & * " 4 ) ) 2 5 0 " 4 1 * ) < 4 0 $ 4 " * S W : T ` % & ' - * $ ) # & 0 5 A Z : A ] % & ' - * $ 3 % . * 5 Z :] % & ' - * $ ( - % ' O 5 4 & . 3 * % 0 - 4 7 7 " # 6 % , 4 ( * ) 2 _ `Ï W ( # T% & ' - . % 4 , * ( * " 0 " 4 1 * ) R 9Í ^ - * & / $ * . 4 $ 4 ) % & * 4 " ' # & ( " # ) + # " $ * . % , * & ( " * , # 1 4 ) ÌÍ ; & $ ( 4 ) ) 4 ) # & 0 4 ) * 1 * ) ' # & ( # / " 9Í U / " & ( - * * & . $ # + ( - * 0 " 4 1 * ) < 4 0 < * " , / 7 $ ) # 7 * ( # 7 " * 1 * & ( + ) # 3 4 " # / & . ( - * * & . $ 9Í c * & * " 4 ) ) 2 5 0 " 4 1 * ) < 4 0 < 4 " " % * " $ $ - # / ) . < * / $ * . % & ' # & 8 / & ' ( % # & 3 % ( - ( * , 7 # " 4 " 2 $ # % ) $ ( 4 :< % ) % Y 4 ( % # & ' # & ( " # ) $ / 7 $ ) # 7 * ( # 7 " # 1 % . * * + + * ' ( % 1 * * " # $ % # & 4 & . $ * . % , * & ( ' # & ( " # ) 9Í ^ - * & / $ * . + # " ' # & ' * & ( " 4 ( * . + ) # 3 $ ÌÍ > ( 4 ' O 0 " 4 1 * ) < 4 0 $ ( # " * × / % " * . - * % 0 - ( / $ % & 0 4 7 2 " 4 , % . 4 7 7 " # 4 ' - 9Í í 7 7 * " " # 3 $ # + 0 " 4 1 * ) < 4 0 $ $ - # / ) . # 1 * " ) 4 7 8 # % & ( $ % & ) # 3 * " " # 3 $ 9Í B # & $ ( " / ' ( 0 " 4 1 * ) < 4 0 < 4 " " % * " $ 3 % ( - 4 $ * ( : < 4 ' O # + 4 ( ) * 4 $ ( T + ( + " # , ( - * ( # * # + 4 $ ) # 7 * 5 # " 4 $+ 4 " < 4 ' O 4 $ 7 # $ $ % < ) * % + ( - * ( - " * * + # # ( $ * ( < 4 ' O % $ & # ( 7 - 2 $ % ' 4 ) ) 2 7 # $ $ % < ) * 9
	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ çd È É j ç h Ê ñ



� 	 b b � � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �Í [ * , # 1 * " * ( 4 % & * . $ * . % , * & ( $ 3 - * & . * 7 ( - " * 4 ' - * $ A Ï T # + < * " , - * % 0 - ( # " A + # # ( 5 3 - % ' - * 1 * "# ' ' / " $ + % " $ ( 9Í ; & $ 7 * ' ( , # & ( - ) 2 4 & . 4 + ( * " * 4 ' - " 4 % & + 4 ) ) 9 [ * $ - 4 7 * < * " , 4 $ & * * . * . 5 " * 7 ) 4 ' * ) # $ ( # " . % $ :) # . 0 * . " # ' O 9Í [ * , # 1 * 0 " 4 1 * ) + % ) ( * " < * " , 4 ( ( - * * & . # + ' # & $ ( " / ' ( % # &ä # & * 9U 4 ' # , 4 E / < ) % ' ^ # " O $ ! & 1 % " # & , * & ( 4 ) > * " 1 % ' * $ 5 ß 4 & / 4 " 2 A _ _ T 5 B % ( 2 # + U 4 ' # , 4 > / " + 4 ' * ^ 4 ( * "D 4 & 4 0 * , * & ( D 4 & / 4 ) V # ) / , * ; ; 5 B # & $ ( " / ' ( % # & > ( # " , 3 4 ( * " E # ) ) / ( % # & E " * 1 * & ( % # & 9- ( ( 7 Ì Ï Ï 3 3 3 9 ' % ( 2 # + ( 4 ' # , 4 9 # " 0 Ï E 4 0 * 9 4 $ 7 6 ê - % . ë _ X A ì , 4 & / 4 )B ? Ü U [ ? ä > 5 > ( 4 ( * # + B 4 ) % + # " & % 4 P * 7 4 " ( , * & ( # + U " 4 & $ 7 # " ( 4 ( % # & 5 D 4 " ' - S ` ` T 5 B # & $ ( " / ' ( % # & > % ( *C * $ ( D 4 & 4 0 * , * & ( E " 4 ' ( % ' * $ Q C D E $ R D 4 & / 4 ) 9- ( ( 7 Ì Ï Ï 3 3 3 9 . # ( 9 ' 4 9 0 # 1 Ï - × Ï ' # & $ ( " / ' Ï $ ( # " , 3 4 ( * " Ï , 4 & / 4 ) $ 9 - ( ,í 9 > 9 ! & 1 % " # & , * & ( 4 ) E " # ( * ' ( % # & ? 0 * & ' 2 5 P * ' * , < * " A _ _ _ 5 B # & $ ( " / ' ( % # & > % ( * > ( # " , ^ 4 ( * " [ / & # + +B # & ( " # ) 5 ä 4 ( % # & 4 ) D * & / # + C * $ ( D 4 & 4 0 * , * & ( E " 4 ' ( % ' * $ + # " > ( # " , ^ 4 ( * " E - 4 $ * ; ; 9- ( ( 7 Ì Ï Ï ' + 7 / < S 9 * 7 4 9 0 # 1 Ï & 7 . * $ Ï $ ( # " , 3 4 ( * " Ï , * & / # + < , 7 $ Ï ' # & î $ % ( * 9 ' + ,B % ( 2 # + ? / $ ( % & 5 U * 6 4 $ 5 D 4 " ' - 5 S ` ` W 5 ! & 1 % " # & , * & ( 4 ) B " % ( * " % 4 D 4 & / 4 ) 9

	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ çd È É j é h Ê ñ



� � � � � � � � � � � 	 b b Þ


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �

ô õ ö ÷ ø ù ú û õ ü 
 õ ö � �  ú ô õ ö � ø ûk N K � M J � G J Ô M N ò M N L H � G J Ô M N H M Õ G L M Ò Ô G J K Õ M Ò � K Ô M N � æ NN M J K Ô G � M J � Ù G Ú Ù � J æ � H ó

	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ çd È É j ð h Ê ñ



� 	 b b è � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �

	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ çd È É j ñ h Ê ñ



� � � � � � � � � � � 	 b b �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �
> , 4 ) ) < 4 " " % * " $ ' # & $ % $ ( % & 0 # + " # ' O 5 $ 4 & . < 4 0 5 # " * 4 " ( - < * " , $ 7 ) 4 ' * . 4 ' " # $ $ 4 . " 4 % & 4 0 * $ 3 4 ) * # ". % ( ' - 9 U 2 7 % ' 4 ) ) 2 5 ( - * 2 4 " * / $ * . % & ' # & 8 / & ' ( % # & 3 % ( - # ( - * " ' - 4 & & * ) 7 " # ( * ' ( % # & ( * ' - & % × / * $ $ / ' - 4 $1 * 0 * ( 4 ( % # & ) % & % & 0 4 & . ( / " + " * % & + # " ' * , * & ( , 4 ( $ 9

k l m l n o p q m r s n t o u q s mv w w x y z { | y x y } ~ � � � � � z } y � � � � � �� � � � � � � � � � � � � � � 	 � � � � � � � �¨ ( � � � � � � � � � � � � @ � � � � � � � � > � � � � > � � � ) A 	 � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � �� � � � � � � � � � � � � � � � � � 	 � � � �� � � } � � � � z } y � � � � � � � � � � � y } � �� � ¨ � � � � � � � � � � � � � @ ¨ � A Â � �v x } � ¢ � { } y � � £ � ¤ � �¹ � � � � � � � � � � � � � � � F � � � > � � � � � � � � � � � 	 �� � � � Â � � Â � � � � � �
n o u q m k «v � � � z y { } � � ¬ � � } �  � ®¯ � � � � � � � � � � � � � °� � � � � � � � � � � °± � � � � � � � °² { ¢ ³ � } ¤ � x x � } { � } � ´ � µ � � { x  � ®¶ � � � � � · � � � � � °¸ � � � � � � � � °� � � � � � � � °¹ � � � � � � � � � � � � � � � � °� � � � � � °¶ � � � � � � � � � � � � � � � � º � � � � °r q k » n l «¤ � � } � � ¼ ½ ¾ � } z � � �� � � 	 è � � � � � ª � � � � � � � � �¬ v ¿ ¿ ¢ { � y � ³ �� � � � � ª � � � � � � � � ¦ � � � � � � � �

	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ éd È É j Ç h Ê ñ



� 	 b b   � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �B - * ' O . 4 , $ " * . / ' * ( - * 1 * ) # ' % ( 2 # + $ , 4 ) ) ' # & ' * & ( " 4 ( * . + ) # 3 $ 5 7 " # 1 % . * 4 < 4 " " % * " + # " $ * . % , * & ( 5 4 & .- * ) 7 . % $ 7 * " $ * ' # & ' * & ( " 4 ( * . + ) # 3 $ 5 ( - * " * < 2 " * . / ' % & 0 7 # ( * & ( % 4 ) * " # $ % # & 9B - * ' O . 4 , $ 4 " * 4 7 7 " # 7 " % 4 ( * 3 - * " * 4 ( * , 7 # " 4 " 2 , * 4 $ / " * % $ & * * . * . ( # " * ( 4 % & $ * . % , * & ( $ $ / ' - 4 $ ÌÍ ä * 4 " ( - * ( # * # + $ ) # 7 * $ 9Í ? ( ' # & $ ( " / ' ( % # & $ % ( * 7 * " % , * ( * " $ 9Í D 4 2 < * / $ * . 4 $ ' - * ' O . 4 , $ 4 ' " # $ $ # & * # " , # " * ) 4 & * $ # + ' # & $ ( " / ' ( % # & ( " 4 + + % ' ( * , 7 # " 4 " 2" # 4 . $ 5 # " / & $ / " + 4 ' * . " % 0 - ( $ # + 3 4 2 $ / < 8 * ' ( ( # ' # & $ ( " / ' ( % # & ( " 4 + + % ' 9Í B - * ' O . 4 , $ $ - # / ) . & # ( < * / $ * . % & ) % 1 * 5 + ) # 3 % & 0 $ ( " * 4 , $ 9 U - * 2 $ - # / ) . & # ( < * / $ * . 4 $ 4$ ( 4 & . : 4 ) # & * $ / < $ ( % ( / ( * + # " # ( - * " $ * . % , * & ( ( " 4 7 7 % & 0 . * 1 % ' * $ 9 P # & # ( % & $ ( 4 ) ) ' - * ' O . 4 , $ % &' - 4 & & * ) $ 5 3 - % ' - - 4 1 * 4 ) " * 4 . 2 < * * & ) % & * . # " 1 * 0 * ( 4 ( * . 9 Ü * 4 1 * $ ' 4 & ' ) # 0 ' - * ' O . 4 , $ 5( - * " * < 2 " * . / ' % & 0 ( - * % " + % ) ( * " % & 0 4 & . 1 * ) # ' % ( 2 . % $ $ % 7 4 ( % & 0 + / & ' ( % # & $ 9Í B - * ' O . 4 , $ # & ) 2 7 * " + # " , ( - * % " + / & ' ( % # & # + " * . / ' % & 0 1 * ) # ' % ( % * $ # + ' # & ' * & ( " 4 ( * . + ) # 3 $ 4 & .* & * " 0 2 % + ( - * 2 - 4 1 * < * * & $ % Y * . 4 & . ' # & $ ( " / ' ( * . ' # " " * ' ( ) 2 4 & . 4 " * , 4 % & ( 4 % & * . 7 " # 7 * " ) 2 9Í B # & $ ( " / ' ( 4 ) # & 0 4 ) * 1 * ) ' # & ( # / " + # " % & ( * " ' * 7 ( % & 0 $ - * * ( + ) # 3 9Í E " # 1 % . * 4 & / & . % $ ( / " < * . # " $ ( 4 < % ) % Y * . # / ( ) * ( $ / % ( 4 < ) * + # " $ - * * ( + ) # 3 9Í ? ) ) # 3 4 , 7 ) * " # # , + # " $ * . % , * & ( " * , # 1 4 ) * × / % 7 , * & ( < * ( 3 * * & ( - * < * " , 4 & . ( # * : # + : $ ) # 7 * 9Í ; & $ ( 4 ) ) 4 ( % # & % & $ ( " * 4 , < * . $ " * × / % " * $ ) 4 " 0 * " # ' O 5 $ ( 4 O % & 0 # + 3 # 1 * & 3 % " * $ - * 4 ( - % & 0 5 4 & . . 4 % ) 2% & $ 7 * ' ( % # & 9Í B - * ' O . 4 , $ $ - # / ) . < * % & $ ( 4 ) ) * . 4 $ $ # # & 4 $ ' # & $ ( " / ' ( % # & 3 % ) ) 4 ) ) # 3 4 & . < * / $ * . % & ' # & :8 / & ' ( % # & 3 % ( - # ( - * " $ * . % , * & ( " * . / ' ( % # & ( * ' - & % × / * $ 7 " % # " ( # " * ) * 4 $ % & 0 ( - * + ) # 3 # + + $ % ( * 9Í	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ éd È É j Ý h Ê ñ



� � � � � � � � � � � 	 b b ©


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �Í D 4 8 # " + ) # 3 $ Q 0 " * 4 ( * " ( - 4 & S 2 * 4 " . * $ % 0 & $ ( # " , R , / $ ( 7 4 $ $ ( - * ' - * ' O . 4 , 3 % ( - # / ( ' 4 / $ % & 0* 6 ' * $ $ % 1 * / 7 $ ( " * 4 , + ) # # . % & 0 9Í í $ * 0 * # ( * 6 ( % ) * + % ) ( * " + 4 < " % ' / & . * " ' - * ' O . 4 , $ * 6 ' * * . % & 0 A ] % & ' - * $ % & - * % 0 - ( 9u Ù N M M L K G Ò Ô � � M H æ � I Ù M I Ó Õ K L H ÖA 9 [ # ' O B - * ' O P 4 , : / $ / 4 ) ) 2 ( - * $ % , 7 ) * $ ( 4 & . ) * 4 $ ( * 6 7 * & $ % 1 * # 7 ( % # & 9Í > ( # & * $ - # / ) . < * 3 * ) ) 0 " 4 . * . 3 % ( - 4 $ % Y * " 4 & 0 * + " # , A 9 X ( # T 9 X % & ' - * $ % & . % 4 , * ( * " 5. * 7 * & . % & 0 # & * 6 7 * ' ( * . + ) # 3 $Í [ # ' O ' - * ' O . 4 , $ $ - # / ) . < * ( " % 4 & 0 / ) 4 " % & ' " # $ $ $ * ' ( % # & 3 % ( - $ % . * $ ) # 7 * $ # + A Ì A # " + ) 4 ( :( * " # & ( - * / 7 $ ( " * 4 , $ % . * 4 & . S Ì A # " + ) 4 ( ( * " # & ( - * . # 3 & $ ( " * 4 , $ % . * 9S 9 > 4 & . C 4 0 B - * ' O P 4 , : 4 " * ) % 0 - ( * " 4 & . , # " * , 4 & 4 0 * 4 < ) * ( - 4 & " # ' O . 4 , $ 9Í > 4 & . < 4 0 ' - * ' O . 4 , $ $ - # / ) . - 4 1 * 4 , 4 6 % , / , + ) # 3 ( - " # / 0 - " 4 ( * # + ` 9 A ' / < % ' + * * (7 * " $ * ' # & . Q ' + $ R 7 * " $ × / 4 " * + # # ( # + $ / " + 4 ' * 3 % ( - 4 , % & % , / , ( # 7 3 % . ( - # + A Z % & ' - * $4 & . < # ( ( # , 3 % . ( - # + W ] % & ' - * $ 9 C 4 0 $ $ - # / ) . < * + % ) ) * . 3 % ( - ' ) * 4 & ' # 4 " $ * $ 4 & . 5 7 * 40 " 4 1 * ) 5 # " + % ) ( * " $ ( # & * 9Í C 4 0 $ - # / ) . < * S W : T ` % & ' - * $ ) # & 0 5 A Z : A ] % & ' - * $ 3 % . * 5 Z : ] % & ' - * $ ( - % ' O 5 4 & . 4 7 7 " # 6 % :, 4 ( * ) 2 W ` 7 # / & . $ % & 3 * % 0 - ( 9Í C 4 0 , 4 ( * " % 4 ) $ - # / ) . < * 7 # ) 2 7 " # 7 2 ) * & * 5 7 # ) 2 * ( - 2 ) * & * 5 7 # ) 2 4 , % . * 5 # " ' # ( ( # & < / " ) 4 73 # 1 * & + 4 < " % ' 5 , % & % , / , / & % ( 3 * % 0 - ( # + + # / " # / & ' * $ 7 * " $ × / 4 " * 2 4 " . 5 D / ) ) * & < / " $ ($ ( " * & 0 ( - * 6 ' * * . % & 0 T ` ` 7 # / & . $ 7 * " $ × / 4 " * % & ' - Q 7 $ % R 4 $ . * ( * " , % & * . < 2 ? > U DP T \ ] Z 9Í E V B 7 % 7 * $ , 4 2 < * % & $ ( 4 ) ) * . ( - " # / 0 - ( - * $ 4 & . < 4 0 . 4 , & * 4 " ( - * ( # 7 ( # 4 ) ) # 3 + # " ' # & :( " # ) ) * . + ) # 3 ( - " # / 0 - ( - * . 4 , 9 E % 7 * $ - # / ) . < * $ ' - * . / ) * W ` # " - * 4 1 % * " 5 - 4 1 % & 0 4 & # , :% & 4 ) % & ( * " & 4 ) . % 4 , * ( * " # + W % & ' - * $ 9T 9 c * # ( * 6 ( % ) * : ! & ' 4 $ * . B - * ' O P 4 , Q # " U " % 4 & 0 / ) 4 " > % ) ( P % O * R : , 4 2 7 " # 1 % . * ( - * , # $ ( * + + * ' ( % 1 *+ % ) ( " 4 ( % # & # + $ * . % , * & ( ) 4 . * & 3 4 ( * " 9Í B # & $ % $ ( # + 4 ( " % 4 & 0 / ) 4 " / " * ( - 4 & * + # 4 , $ * 3 & % & ( # 4 3 # 1 * & 0 * # $ 2 & ( - * ( % ' + 4 < " % ' 9P % , * & $ % # & $ % & ' ) / . * A ` : A W % & ' - * $ - % 0 - % & ( - * ' * & ( * " 5 3 % ( - 4 S ` : S ] % & ' - < 4 $ * 9 ? S + # # (4 7 " # & * 6 ( * & . $ < * 2 # & . < # ( - $ % . * $ # + ( - * ( " % 4 & 0 ) * 4 ) # & 0 % ( $ $ ( 4 & . 4 " . $ * ' ( % # & # + \ + * * ( 9? $ ) * * 1 * 4 ( # & * * & . # + # & * $ * ' ( % # & ' 4 & < * # 1 * " ) 4 7 7 * . 4 & . $ ( 4 7 ) * . 3 % ( - 4 & 4 . 8 4 ' * & ($ * ' ( % # & 9Í ; & $ ( 4 ) ) 3 % ( - * & . $ ' / " 1 * . / 7 ( # 7 " * 1 * & ( 3 4 ( * " + " # , + ) # 3 % & 0 4 " # / & . ( - * * & . $ 9Í U - * + 4 < " % ' + ) 4 7 $ 4 & . ' - * ' O . 4 , / & % ( $ 4 " * 4 ( ( 4 ' - * . ( # ( - * 0 " # / & . 3 % ( - 3 % " * $ ( 4 7 ) * $ 9^ % " * $ ( 4 7 ) * $ $ - # / ) . < * ä # 9 A A 0 4 / 0 * 3 % " * 4 & . $ - # / ) . < * ] ( # A S % & ' - * $ ) # & 0 9	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ éd È É j ç h Ê ñ



� 	 b b � � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �Í U - * ) * 4 . % & 0 * . 0 * , / $ ( < * $ * ' / " * . 3 % ( - " # ' O $ 5 $ 4 & . < 4 0 $ 5 # " 4 $ , 4 ) ) O * 2 $ ) # ( 4 & . $ ( 4 :7 ) * $ 9Í× / 4 ) ( # # " < * ) # 3 ( - * - * % 0 - ( # + ( - * ' * & ( * " 5" * 7 4 % " $ $ - # / ) . < * , 4 . * % , , * . % 4 ( * ) 2 9Í ? ' ' / , / ) 4 ( * . $ * . % , * & ( $ - # / ) . < * " * , # 1 * . + " # , ( - * / 7 $ ( " * 4 , $ % . * # + 4 ' - * ' O . 4 , 3 - * &( - * $ * . % , * & ( - 4 $ " * 4 ' - * . 4 - * % 0 - ( # + 4 7 7 " # 6 % , 4 ( * ) 2 # & * : - 4 ) + ( - * # " % 0 % & 4 ) - * % 0 - ( # + ( - *. 4 , Q , * 4 $ / " * . 4 ( ( - * ' * & ( * " R 9 ; & 4 . . % ( % # & 5 4 ) ) 4 ' ' / , / ) 4 ( * . $ * . % , * & ( $ - # / ) . 4 ) $ # < *" * , # 1 * . 7 " % # " ( # " * , # 1 % & 0 4 ' - * ' O . 4 , 9Í [ * , # 1 4 ) # + 4 ' - * ' O . 4 , $ - # / ) . < * ' # , 7 ) * ( * . # & ) 2 4 + ( * " ( - * ' # & ( " % < / ( % & 0 . " 4 % & 4 0 * 4 " * 4- 4 $ < * * & ' # , 7 ) * ( * ) 2 $ ( 4 < % ) % Y * . 9 E * " , 4 & * & ( 1 * 0 * ( 4 ( % # & 4 & . , / ) ' - % & 0 $ - # / ) . " * 7 ) 4 ' *4 " * 4 $ + " # , 3 - * " * ( - * ' - * ' O . 4 , - 4 $ < * * & " * , # 1 * . 9ä # & * 9U 4 ' # , 4 E / < ) % ' ^ # " O $ ! & 1 % " # & , * & ( 4 ) > * " 1 % ' * $ 5 ß 4 & / 4 " 2 A _ _ T 5 B % ( 2 # + U 4 ' # , 4 > / " + 4 ' * ^ 4 ( * "D 4 & 4 0 * , * & ( D 4 & / 4 ) V # ) / , * ; ; 5 B # & $ ( " / ' ( % # & > ( # " , 3 4 ( * " E # ) ) / ( % # & E " * 1 * & ( % # & 9- ( ( 7 Ì Ï Ï 3 3 3 9 ' % ( 2 # + ( 4 ' # , 4 9 # " 0 Ï E 4 0 * 9 4 $ 7 6 ê - % . ë _ X A ì , 4 & / 4 )B ? Ü U [ ? ä > 5 > ( 4 ( * # + B 4 ) % + # " & % 4 P * 7 4 " ( , * & ( # + U " 4 & $ 7 # " ( 4 ( % # & 5 D 4 " ' - S ` ` T 5 B # & $ ( " / ' ( % # & > % ( *C * $ ( D 4 & 4 0 * , * & ( E " 4 ' ( % ' * $ Q C D E $ R D 4 & / 4 ) 9- ( ( 7 Ì Ï Ï 3 3 3 9 . # ( 9 ' 4 9 0 # 1 Ï - × Ï ' # & $ ( " / ' Ï $ ( # " , 3 4 ( * " Ï , 4 & / 4 ) $ 9 - ( ,í 9 > 9 ! & 1 % " # & , * & ( 4 ) E " # ( * ' ( % # & ? 0 * & ' 2 5 P * ' * , < * " A _ _ _ 5 B # & $ ( " / ' ( % # & > % ( * > ( # " , ^ 4 ( * " [ / & # + +B # & ( " # ) 5 ä 4 ( % # & 4 ) D * & / # + C * $ ( D 4 & 4 0 * , * & ( E " 4 ' ( % ' * $ + # " > ( # " , ^ 4 ( * " E - 4 $ * ; ; 9- ( ( 7 Ì Ï Ï ' + 7 / < S 9 * 7 4 9 0 # 1 Ï & 7 . * $ Ï $ ( # " , 3 4 ( * " Ï , * & / # + < , 7 $ Ï ' # & î $ % ( * 9 ' + ,ä # " ( - B * & ( " 4 ) U * 6 4 $ B # / & ' % ) # + c # 1 * " & , * & ( $ 5 P * ' * , < * " S ` ` T 5 % & ( * 0 " 4 ( * . > ( # " , ^ 4 ( * "D 4 & 4 0 * , * & ( Q % > ^ D R P * $ % 0 & D 4 & / 4 ) + # " B # & $ ( " / ' ( % # & 9ï 4 , < * " ! & 0 % & * * " % & 0 c 4 % ( - * " $ < * " 0 5 D 4 " 2 ) 4 & . 5 ? 7 " % ) 5 A _ _ A 5 > * . % , * & ( 4 ( % # & 4 & . ! " # $ % # & B # & ( " # ) 5? & ; & 1 * & ( # " 2 # + B / " " * & ( E " 4 ' ( % ' * $ 5 í > ! E ? 9^ 4 $ - % & 0 ( # & P * 7 4 " ( , * & ( # + ! ' # ) # 0 2 5 ? / 0 / $ ( S ` ` A 5 > ( # " , 3 4 ( * " D 4 & 4 0 * , * & ( D 4 & / 4 ) + # "^ * $ ( * " & ^ 4 $ - % & 0 ( # & 5 E / < ) % ' 4 ( % # & $ ì _ _ : A A ( - " # / 0 - _ _ : A X 9
	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ éd È É j é h Ê ñ



� � � � � � � � � � � 	 b b �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �

� Ù M I Ó Õ K L H I K Ò ò M I æ Ò H Ô N � I Ô M Õ æ � I N � H Ù M ÕN æ I Ó L K Ô M N G K J � N æ L Ô Ù M I æ Ò H Ô N � I Ô G æ Ò � N æ Ú M I Ô ó

� Ù M I Ó Õ K L H K N M L æ H Ô M � � M I Ô G � M� Ù M Ò � J K I M Õ G Ò H M N G M H ó

ô õ ö ÷ ø ù ú û õ ü . ù Û ü õ ö � Ù �  � Ù

ô õ ö ÷ ø ù ú û õ ü . ô 
 Á ,
	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ éd È É j ð h Ê ñ



� 	 b � � � � � � � � � � � �


 � �  � � � � 
 � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  � � �

	 j Ô Á Õ j Â Ä È Â Ô d h Å Å e Ä È Â Ä Ã h Â Ä f h Å Æ éd È É j ñ h Ê ñ



 

 

 

 

 

 

 



 

 

 

 
 

 



 

 

Selection of fabric tensile strength and bursting strength characteristics shall be 
supported with wire mesh in and as recommended by the fabric manufacturer. Filter 
fabric material shall contain ultraviolet ray inhibitors and stabilizers to provide a 
minimum of six months of expected usable life at a temperature range of 0° f. to 120° f. 

 

 

 



 

 

 Filter fences are to be constructed on a level contour to maximize the available ponding area 

and prevent concentration of flow against the fence.  

A. Posts shall be spaced a maximum of 6 feet apart and driven securely into the ground a minimum 

of 30 inches. 

  

B. A trench shall be excavated approximately 8 inches wide and 12 inches deep along the line of 

posts and upslope from the barrier.  

 

C. When standard strength filter fabric is used, a wire mesh support fence shall be fastened 

securely to the upslope side of the posts using heavy- duty wire staples at least 1 inch long, tie 

wires or hog rings. The wire shall extend into the trench a minimum of 4 inches.  

 

D. The standard strength filter fabric shall be stapled or wired to the fence, and 20 inches of the 

fabric shall extend into the trench. When extra-strength filter fabric and closer post spacing are 

used, the wire mesh support fence may be eliminated and the filter fabric stapled or wired 

directly to the posts.  

 

E. The use of joints should be avoided when joints are necessary, filter cloth shall be spliced 

together only at a support post, with a minimum 6 inch overlap and both.  Ends securely 

fastened to the post.  

 

F. The trench shall be backfilled with 3/4-inch minimum diameter washed gravel or compacted- 

native material. 

 

 

 

 

 

 

 

 



 

 

Maintenance requirements inspect monthly during dry periods and immediately after 
each rainfall. Repair as necessary. Sediment must be removed when it reaches 
approximately one third the height of the fence, especially if heavy rains are expected. 
Filter fences should not be removed until the upslope area has been permanently 
stabilized 
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A temporary basin with a controlled storm water release structure formed by 
constructing an embankment of compacted soil across a drainage-way, or other suitable 
locations. 

 

 

 

 

 



 
To collect and store sediment from sites cleared and/or graded during construction or 
for extended periods of time before reestablishment of permanent vegetation and/or 
construction of structures. It is intended to help prevent damaging erosion on the site 
which results in silt-laden runoff. The basin is a temporary measure (with a design life 
less than 1 year) and is to be maintained until the site area is permanently protected 
against erosion or a permanent detention basin is constructed. 

 

Sedimentation basins are suitable for nearly all types of construction projects. Basins 
should be located at the storm water outlet from the site. A typical application would 
include temporary dikes (berms) and/or channel to divert runoff to the basin inlet. 

Many development projects in Maricopa County will be required by local ordinances to 
provide a storm water retention basin which may be easily converted from a 
sedimentation basin. 

 

Sediment basins must be installed only within the property limits where failure of the 
structure would not result in loss of life, damage to homes or buildings, or interruption of 
use or service of public roads or utilities. Also, sediment basins and basins are attractive 
to children and can be very dangerous. Local ordinances regarding health and safety 
must be adhered to if fencing of the basin is required, the type of fence and its location 
shall be shown on the SWPPP. 
 

 Generally temporary sedimentation basins are for disturbed upstream 
drainage areas of 10 acres or more. 

 Because of additional detention time, sediment basins may be capable 
of trapping smaller sediment particles than traps. However, they are 
most effective when used in conjunction with other BMPS such as 
seeding or mulching. 

 Basins may become an “attractive nuisance” and care must be taken to 
adhere to all safety practices. 

 Sediment basins are only practical and effective in removing sediment 
down to about the medium silt size fraction. Sediment-laden runoff with 
smaller size fractions (fine silt and clay) will pass through untreated 
emphasizing the need to control erosion to the maximum extent first. 

 
 

 



 

 
 Sediment basins are at best only 70-80 percent effective in trapping 

sediment which flows into them. Therefore, they should be used in 
conjunction with erosion control practices such as temporary seeding, 
mulching, diversion dikes, etc. To reduce the amount of sediment 
flowing into the basin.  

 Whenever possible, construct the sedimentation basins before clearing 
and grading work begins. 

 

To improve the effectiveness of the basin, it should be located so as to intercept the 
largest possible amount of runoff from the disturbed area. The best locations are 
generally low areas below disturbed areas. Drainage into the basin can be improved by 
the use of diversion dikes and ditches. The basin must not be located in a stream but 
should be located to trap sediment-laden runoff before it enters the stream. The basin 
should not be located where its failure would result in the loss of life or interruption of 
the use or service of public utilities or roads. 

 

The sediment basin may be formed by partial excavation and/or by construction of a 
compacted embankment. It may have one or more inflow points carrying polluted rtmoff. 
Baffles to spread the flow throughout the basin should be included. A securely anchored 
riser pipe is the principal discharge mechanism along with an emergency overflow 
spillway. The riser pipe shall be solid with two l-inch diameter dewatering holes located 
at the top of the sediment storage volume on opposite sides of the riser pipe as shown 
in the attached figure. Outlet protection is provided to reduce erosion at the pipe outlet. 

 The sediment basin volume is the sum of the sediment storage (1 foot in 
depth) & a settling volume of 2 to 4 feet in depth. The total volume is 3,600 cubic 
feet per acre of upstream disturbed soil for a sediment basin. 

Commuting the settling zone volume: the settling zone volume may be approximated by 
assuming a 2 foot depth above the sediment storage volume and extending the 3:1 side 
slopes as necessary, or by computing the precise volume as outlined below. The 
maximum settling zone depth shall be 4 feet. 

 



 
 

Basin surface area:  

The settling zone volume is determined by the basin surface area which is computed 
using the following equation: (sa) = 1.2q10/vsed  

Where q10, is the design inflow based on the peak discharge from a 10-year, 24-hour 
duration design storm event from the tributary drainage area as computed using the 
methods described in flood control district of Maricopa county’s hydrologic design 
manual. Provide a minimum of 3600 cubic feet total volume per acre of drainage. 

The settling velocity of the design soil particle which is medium silt (0.02 mm) has a 
settling velocity (vsed) of 0.00096 ft/sec. As a rule it will not be necessary to use a 
particle size of less than 0.02 mm for a temporary sediment basin. Note that in choosing 
vsed of 0.00096 ft/sec the surface area equates to a surface area (sa) of 1250 sq. Ft. 
Per cfs of inflow (reference 1).  

Settling depth (sd) should not be less than 2 feet and is also governed by the sediment 
storage volume surface area and relationship to the basin length (l). The basin length is 
defined as the average distance from the inlet to the outlet of the basin.  

The ratio of l/sd should be less than 200.  

The settling volume is therefore the surface area (sa) times (sd), required settling depth.  

To complete the design of the sediment basin:  

Total sediment basin volume and dimension are determined as outlined below: 

A. The details shown in the attached figure may be useful in designing the sediment 
basin. 

B. Determine basin geometry for the sediment storage volume calculated above 
using 3 feet in depth and 3:1 side slopes tom the bottom of the basin. Note, the 
basin bottom is level. 

C. Extend the basin side slopes (at 3:1 max.) As necessary to obtain the settling 
zone volume at 2 foot depth minimum or as determined above.  

D. Adjust the geometry of the basin to effectively combine the settling zone volume 
and sediment storage volumes while preserving the depth and side slope criteria. 

E. Provide an emergency spillway with a crest elevation 1 foot above the top of the 
riser pipe.  

F. Provide baffles to prevent short-circuiting. A 6:1 aspect ratio between the basin 
length and width of the basin is desirable. 
 

 



 

 

Inspections should be made regularly, especially after each storm event of 0.5 inches or 
more. Sediment should be removed when it fills one half of the basin’s total sediment 
storage area. The effectiveness of a sediment basin is based less on its size than on 
regular sediment removal. 
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Design and Sizing Criteria 

Grates and spaces of all inlets should be secured to prevent seepage of sediment-laden 
water. All inlet protection measures should include sediment sumps of 1 to 2 feet in 
depth and with 2:l side slopes. 

Installation Procedure for Filter Fabric Fence 

A. Place 2 inch by 2 inch wooden stakes around the perimeter of the inlet a 

maximum of 3 feet apart and drive them at least 8 inches into the ground. The 

stakes must be at least 3 feet long. 

B. Excavate a trench approximately 8 inches wide and 12 inches deep around the 

outside perimeter of the stakes.  

C. Staple the filter fabric (for materials and specifications, see silt fence bmp) to 

wooden stakes so that 32 inches of the fabric extends out and can be formed into 

the trench. Use heavy-duty wire staples at least m inch in length.  

D. Backfill the trench with 3/4 inch or less washed gravel all the way around. 

 

For systems using filter fabric: inspections should be made on a regular basis, 
especially after large storm events. If the fabric becomes clogged, it should be replaced. 
Sediment should be removed when it reaches approximately one-half the height of the 
fence. If a sump is used, sediment should be removed when it fills approximately one-
half the depth of the hole. 
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A temporary pit or bermed area for washout of concrete trucks, tools, mortar 
mixers, etc. The concrete wash-out area must be located as far as possible away from 
the watercourse and other drainage ways. Unless the entire project site is located within 
the floodplain, the concrete wash-out area must also be located above the floodplain. 
The washout area must be contained by constructing a temporary sub-surface pit or by 
using impervious structural barriers to contain concrete waste while it hardens. The 
wash-out area must be lined with an impervious material to hold wash water while it 
evaporates. The wash-out area must be built with adequate capacity to hold concrete 
wastes and potential rainfall, and prevent overtopping and runoff. 

 

 

 

 

 



 

 

Improper washout of concrete trucks, tools, etc. may allow fresh concrete or cement 
laden mortar to enter a storm drainage system. 

 

Concrete transit mixers must be cleaned in the designated wash-out area only. 

Effective when vehicles, tools, and mixers can be moved to the pit location. 

Where this is not practical, temporary ponds may be constructed to allow for settling 
and hardening of cement and aggregates. Washout area/pits are appropriate for minor 
amounts of wash water which result from cleaning of aggregate materials or concrete 
trucks, tools, etc. 

 

None 

 

1. Wash out into a slurry pit which will later be backfilled. Do this only with the 
approval of the property owner. 

2. Wash out into a temporary pit where the concrete wash can harden, be broken 
up, and then properly disposed of off-site. 

 

Design & Standards Criteria 

1. Locate wash out pits away from storm drains, open ditches, or storm water 

receiving waters. 

2. DO NOT wash out concrete trucks into-storm drains, sanitary sewers, street 

gutters, or stormwater channels. 

3. Washout cannot be connected to any storm water facilities, or retention basins. 

 

 

 



 

 

Properly dispose of hardened concrete products on a routine basis to prevent the 
buildup of waste materials to an unmanageable size and to maintain percolation of 
water.  All materials used to construct the temporary wash-out area must be removed 
from the construction site following construction. Ground disturbance at the wash-out 
area must be permanently stabilized at the end of construction. 
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