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• Don’t go into detail on the C&D (construction and development) Rule here, but 
mention that the history is covered in more detail in the next slide 

• AASHTO CoP members surveyed are generally representatives of state DOTs.  Not 
all states returned surveys. 

• Surveys covered current practices in turbidity prevention, treatment, monitoring, 
and administration of such programs. 
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C&D Rule formally known as “Guidelines and Standards for the Construction and 
Development Point Source Category” 
Good place to explain numeric effluent limit (permit violation for exceeding 
limitation), as opposed to a Numeric Action Level (simply requiring additional actions 
be taken). 
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First survey included more general questions about practices, the second survey 
included more detailed follow-up questions intended to gather more information.  
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Nearly all respondents agreed that BMP implementation and maintenance are 
important factors for successful erosion and sediment control 
 
At 77%, enforcement ranked nearly as high. 
 
Only 10% of state DOTs indicated that flocculant use was an important factor – 
however, over half of responding states (54%) have used enhanced coagulation or 
flocculation technologies (e.g., chitosan, polyacrylamides (PAMs), alum, or 
electrocoagulation) at construction sites. 
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Most responding states have design practices, standard specifications and/or 
contractual requirements to address the timing and size of disturbance 

 

How these practices/requirements are implemented or enforced varies widely 
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Top responses were sedimentation basins with physical enhancements such as silt 
curtains, baffles, skimmers and/or settling tubes (86% of respondents), followed by  
Grassed/vegetated swales or buffer areas (82% of respondents).  
 
Over 72% of respondents employed erosion control compost/mulch and 50% use 
passive treatment systems with flocculating agents.  
 
Between 27% and 37% of respondents use sand filters, infiltration basins/trenches, 
active treatment systems with flocculating agents, or level spreaders.   
 
Only two respondents (9%) indicated they used distributed or low impact 
development measures for the purposes of reducing turbidity.  
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The next several slides will provide an overview of conventional and enhanced 
erosion and sediment control controls followed by a discussion of more advanced 
coagulation and flocculation technologies that can be used to reduce turbidity in 
construction site runoff. 
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Site drainage planning may incorporate either dispersal of runoff or alternatively may 
focus on minimizing the number of outfalls 
Perimeter controls may include  
 - special construction entrances with course stone that helps to 
remove sediment from tires.  This may require maintenance as the pore spaces fill 
with sediment. 
 - silt fences, fiber rolls, silt dikes 
 - berms or diversion ditches 
 - vegetated buffer strips 
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- Improper installation of silt fences appears to be common (e.g., in areas of 
concentrated flow, not trenched in, or with filter fabric on the wrong side of the wire 
backing), and this highly degrades their effectiveness/reliability. 
- The 2012 USEPA construction general permit actually requires outlet structures that 
withdraw water the surface (like the one pictured above) in order to minimize 
discharge of pollutants, unless it is infeasible. 
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PAM – polyacrylamide 
DADMAC (actually poly-DADMAC): diallyldimethyl ammonium chloride 
PAC – polyaluminum chloride 
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Floc blocks can get buried in sediment very easily, and must be placed carefully to 
avoid this.  Floc blocks can be tailored to meet the needs of that site’s soil type.  
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Note that the header tank allows there to be a delay between initial rainfall and 
delivery of chemical, since runoff will likely not reach the treatment area precisely 
when rainfall commences. 
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Active treatment systems generally have pH and turbidity sensors, along with valves 
to recycle water that needs retreatment.  Retreatment (recycling) is common in areas 
with high turbidity. 
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- Electrocoagulation automatically adjusts to the level of incoming turbidity, because 
higher turbidity is associated with higher conductivity.  The higher conductivity allows 
more electricity to flow.  Therefore more treatment results without operator control. 
- Electrocoagulation systems have been approved for use in Washington State 
without an operator on the site, but the operator must be able to respond quickly to 
automatically generated phone/pager notification. 
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The next several slides will provide an overview of turbidity monitoring techniques 
including sampling, turbidity measurement, and a comparison of methods.  
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Stage samplers do not accept any fluid after they are filled.  They were primarily 
designed for collecting samples in remote locations. 
 
Note that these methods must be combined with other procedural considerations, 
such as on-site analysis vs. laboratory analysis or not compositing vs. time-weighted-
compositing vs. flow-weighted compositing of samples 
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Two surveys was sent to AASHTO Water Quality Community of Practice Members as 
part of this project. 
 
Note that five respondents stated that they did not use any sampling technique, so 
that all states that sample use grab sampling at least occasionally, and all but one that 
sample use in-situ WQ probes at least occasionally.   
 
The actual language in the survey was:  
How often, generally at your agency, is each sampling method employed (0 = never 
used,  1 = low frequency of use, 2 = moderate frequency of use, 3 = high frequency of 
use): 
  Grab: obtaining samples manually at discharge points – Frequency 
  Stage: installing sample bottles in a basin or outlet so that they fill as the water rises 
(stage) during storm events – Frequency 
  Simple automatic sampler: a device designed to obtain one or more samples after 
flow or rainfall is detected; time-weighted composites – Frequency 
  Fully automated sampler: a programmable device which obtains samples based on 
flow or stage and which records flow and rainfall; flow-weighted composite samples – 
Frequency 
  Water quality probe/turbidity meter: a device which records turbidity directly in 
discharge for a discrete sample (e.g., once a day, week, etc.) – Frequency 
  Water quality probe/turbidity meter: a device which records turbidity directly used 
in a continuous recording mode (15 minute data for example during runoff). - 
Frequency 
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An example of time-weighted compositing would be to take a sample every hour of 
discharge and average them 
An example of flow-weighted compositing would be to take a sample after a specified 
amount of flow has gone past a flow meter.  This method, of course, requires 
installation of a flow meter. 
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Interestingly, one state (GA) specifically has allowed their use. 
 
Because of the limitations of stage samplers, they were not included in the rest of the 
comparative analysis of sampling methods. 
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These have electromechanical systems to deliver samples to different bottles.  There 
are many configurations for sample bottles, and it is possible to use one large one or 
many smaller bottles.  In theory, it is possible to composite over a hundred aliquots 
into a sample, although the practical maximum might be notably lower, because 
these systems require some time to process any given sample (taking sample, 
flushing lines, etc.).  For short, intense rains and flow-weighted compositing, sample 
collection might get queued, with samples not actually getting taken when they are 
supposed to. 
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Battery use is affected by the frequency of turbidity readings that are taken.  One 
reading every 15 minutes is common. 
Although turbidity sensors can be dried out without damaging the sensor, a partially 
covered sensor can result in erroneous readings.  Also, some (non-turbidity) sensors 
can be damaged by drying out. 
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Labor and training costs drop because the more technical aspects of automatic 
samplers can be controlled by one system supervisor 
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There are some pretty  wide tolerances in each standard.  For instance, ISO 7027 
turbidimeters may use light with a wavelength of 860 ± 60 nm, and EPA Method 
180.1 allows the sensor to be at 90 ± 30° to incoming light.  Both detection angle and 
wavelength of light used will affect the response of the turbidimeter to various 
sources of turbidity. 
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Each turbidimeter should be calibrated to the formazin standard (or a secondary 
standard if necessary), and must read the same value for formazin, but the 
substances causing turbidity in stormwater runoff are very different than formazin in 
color, particle size distribution, and particle shape, all of which affect turbidity 
readings differently for different meters.  
 
Turbidimeter Standardization Notes:   
Washington State Department of Transportation (2010) specifies a model of 
turbidimeter in the Standard Sampling Procedures section of its Highway Runoff 
Manual.   
South Dakota’s DOT (2010) also specifies a model of turbidimeter in its Special 
Provision for Construction Practices in Streams Inhabited by the Topeka Shiner (an 
endangered minnow), but then allows an equivalent to be used.   
Caltrans (2012b) provides Standard Operating Procedures for Manual Field 
Measurement of Turbidity with a commonly used meter, but does not require this 
model to be used. 

37 



-Be sure to point out that the monitoring requirements for the proposed permit were 
stricken from the final CGP, but that this proposed permit represents the best guess 
as to current thinking of the EPA on how they might implement monitoring 
requirements in the future, should they choose to do so. 
-Proposed CGP: Three samples should be taken such that the beginning, middle, end 
of the work day’s discharge are sampled. 
-In-stream monitoring is sometimes required for sensitive waters in state CGPs 
-Washington specifically allows the use of transparency tubes on smaller sites, while 
Georgia specifically allows stage samplers 
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Larger particles may have a slight tendency toward settling.  Models using 
vacuum/compressor pumps may help in this by using faster sampling velocities. 
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Larger particles may have a slight tendency toward settling.  Models using 
vacuum/compressor pumps may help in this by using faster sampling velocities. 
 
WQ require careful installation and maintenance to ensure probe is fully covered 
during storms, protected from damage by large objects and doesn’t get buried in 
sediment.  Sediment may accumulate and may need to be removed on a regular basis 
to ensure the probe does not get buried. 
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Unsafe sampling conditions during storms may be a serious consideration in the 
decision of which sampling method to use.  Each site is different. 
 
Automatic samplers do get stolen or damage, or even washed away into streams if 
not secured properly. 
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These are just a few of the costs that may be incurred.  Additional costs are on the 
next page. 
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Automatic samplers can become less costly for programs with large numbers of 
sampling locations, lots of sampling events per year, or programs where locations will 
not change for long periods of time. 
 
Estimates of labor or outsourced services must be considered for these tasks and 
combined with hard costs from the previous slide to arrive at an estimate of total 
program costs. 
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-As every state may have different requirements, these must be consulted for each 
project. 
-NALs require reactive measures to improve discharge quality 
-NELs exceedance is a violation of the permit  This is a more serious consequence, 
and warrants more caution to avoid unnecessary exceedance.  By increasing 
sampling, the reported turbidity is more likely to be close to the actual event mean 
turbidity, and unnecessary exceedances will be avoided. 
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Manual grab sampling is highly adaptable, and has low capital, maintenance and 
training costs. These are strong drivers for choosing manual sampling in the situations 
listed above. 
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Automatic sampling can reduce labor costs and logistical headaches, because 
sampling efforts don’t have to be made at precise time, but can be spread out.  It also 
eliminates safety concerns that may develop during heavy rainfalls.  Finally, it can 
perform flow-weighted compositing automatically (with a flow meter), which not 
only gives a more accurate representation of the event mean turbidity, but reduces 
analytical costs and effort.  These are strong drivers for choosing automatic sampling 
in the situations listed above. 
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In-situ probes can provide real-time data with remote communication equipment, 
dropping response time to problems significantly.  They provide near-continuous 
(usually every 15 minutes) data, to help understand (and potentially resolve) turbidity 
issues better.  There are no analytical costs (although labor would be required to 
retrieve the data with remote communication.  Those factors drive the choice for in-
situ probes in the above situations.   
 
These probes are most commonly used in receiving waters. 
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- Explain what representative discharge sampling locations are. 
- This concept has been used for decades (ex. 1992 USEPA’s  “National Pollutant 
Discharge Elimination System Stormwater Sampling Guidance Document” for 
industrial discharges discusses it) 
 
USEPA’s 2011 proposed CGP allowed the use of representative discharge sampling 
locations based on similarities of exposed soils, slope, and type of stormwater 
controls. 
 
Sampling the location predicted to have the highest turbidity may, of course, make 
turbidity appear worse than normal, and should only be used when there is a low 
danger of exceeding regulatory turbidity levels.  There is not much regulatory 
precedent for this logic in representative locations, although it is well-established in 
other areas of stormwater work. 
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The C&D Rule contained provisions that provided sampling exemptions for projects 
with disturbed areas of less than 10 acres. 
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“Enhanced sampling plan” refers to sampling more often than required by 
regulations. 
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“Enhanced sampling plan” refers to sampling more often than required by 
regulations. 
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“Enhanced sampling plan” refers to sampling more often than required by 
regulations. 
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“Enhanced sampling plan” refers to sampling more often than required by 
regulations. 
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“Enhanced sampling plan” refers to sampling more often than required by 
regulations. 
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