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During 
Development: 
Consequences
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Options for Getting There
• Improved practices to 

retain sediment
• Reduce exposed soil area
• Treat water to remove 

fine sediment
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Improvement from Surface 
Outlet/Porous Baffles

• Will increase sediment 
capture from 60% to 
90+%.

• This will increase 
maintenance needs.

• Turbidity will still be 
an issue

• Now what?
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Turbidity Standard?

3,000 280

• Construction site 
runoff >1,000 NTU

• Remember 280 
NTU?

• Biological response 
at 10-20 NTU 



DEPARTMENT of CROP & SOIL SCIENCESNC STATE UNIVERSITY

Answer?  Flocculation!

Add a chemical to cause the sediment to settle
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How well does flocculation work?
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Traditional Jar Testing

Mix for set time

Add soil, PAM
Measure turbidity
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Mixing Time/Energy Effects
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Optimizing Methods to 
Introduce PAM

• Current practice: place granular PAM onto 
fiber check dams and, if present, ditch 
liner.

• Could distribution along liner provide more 
contact and surface area?

• Could a natural fiber liner provide more 
mixing/turbulence and/or floc removal?
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Soil addition

Water source 
(900 m3)

Wattle
Wattle without jute mattingWattle with jute matting

PAM on the weir of wattle PAM on jute matting

Jute 
matting

Sampling 
location

Testing Flocculation Methods
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Three Simulated Storm Events
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Results: Turbidity Reduction
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Conclusions
• Adding PAM to the swale system 

significantly reduced turbidity (as 
expected)

• The different methods of distributing the 
PAM didn’t have clear differences

• The addition of the jute liner also did not 
clearly change turbidity
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Flocculation in the Field:
Wattles for PAM delivery

• Function as an alternative to rock checks dams
• Effective delivery devices for polyacrylamide (PAM)
• Requires matting underneath and proper staking

Coir Excelsior
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Between here…                       and here

4 oz. (1/2 cup) PAM

1 oz.

1 oz.

2 oz.

Sprinkle 2 oz. 
of PAM on the 
weir (lower, 

center portion) 
and 1 oz. on 
both sides of 
the wattle.

Reapply after 
rainfall of ½” 
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PAM on Check Dams
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Wattles biodegrade…rock 
doesn’t
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Other Wattle Uses

Slope
Interrupter

Perimeter control (small area)
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Review of Other Turbidity 
Control Methods
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Tiered Basin: Sediment + 
Turbidity

Sediment 
Trapped Here

PAM Dosing Here

Flocs Settle Here
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Pumped Water: Lots of Options
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Dosing System: Solution vs. Solid Block
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Sediment Bag and PAM
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Sediment Bag Outlet
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PAM
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Sediment Bags and Flocculants
Pores Will Clog, Need More Bags
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Surface PAM Solution Application? 
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Surface PAM Solution Application? 
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		40		360		11																						38552.4222222222		40		.		.		641		.

		45		442		26.8				953																		38552.4256944444		45		.		.		549		363								325

		50		381		12.3																						38552.4291666667		50		.		.		348		.

		55		392		120.75																						38552.4326388889		55		.		.		467		.

		60		379		10.44				761																		38552.4361111111		60		.		.		554		357								332

		65		317		9.69																						38552.4395833333		65		.		.		537		.

		70		278		9.2																						38552.4430555556		70		.		.		446		.

		75		284		11.4				798																		38552.4465277778		75		.		.		409		356								313

		80		288		8.99																						38552.45		80		.		.		417		.

		85		250		9.44																						38552.4534722222		85		.		.		413		.

		90		236		11.4				619																		38552.4569444444		90		.		.		494		277								311

		95		206		9.31																						38552.4604166667		95		.		.		321		.

		100		157.3		8.26																						38552.4638888889		100		.		.		458		.

		105		148.1		8.81				625

		110		148.9		11.9

		115		114.1		9.17

				cu ft		gal		L		tot mg		lb		gal liquid at 1 lb/100 gal

		Volume		1350		10098		38372.4		191862		0.4226035242		42.2603524229		159.7441321586

				minutes for complete pump of volume @ 50 gpm

		Pump Time		27





ANOVA Mix

		

		Oneway Analysis of Turbidity By Mix

		Excluded Rows

		24

		Oneway Anova

		Summary of Fit

		Rsquare		0.389282

		Adj Rsquare		0.376005

		Root Mean Square Error		258.782

		Mean of Response		258.7596

		Observations (or Sum Wgts)		48

		t Test

		yes-no

		Assuming equal variances

		Difference		-404.51		t Ratio		-5.4149

		Std Err Dif		74.7		DF		46

		Upper CL Dif		-254.14		Prob > |t|		<.0001

		Lower CL Dif		-554.89		Prob > t		1

		Confidence		0.95		Prob < t		<.0001

		Analysis of Variance

		Source		DF		Sum of Squares		Mean Square		F Ratio		Prob > F

		Mix		1		1963580.5		1963581		29.3211		<.0001

		Error		46		3080534		66968

		C. Total		47		5044114.5

		Means for Oneway Anova

		Level		Number		Mean		Std Error		Lower 95%		Upper 95%

		no		24		461.017		52.824		354.7		567.35

		yes		24		56.503		52.824		-49.8		162.83

		Std Error uses a pooled estimate of error variance





ANOVA NoMix vs Basin

		

		Oneway Analysis of Turbidity By PAM

		Missing Rows

		17Excluded Rows

		24

		Oneway Anova

		Summary of Fit

		Rsquare		0.314926

		Adj Rsquare		0.291302

		Root Mean Square Error		335.7246

		Mean of Response		579.9161

		Observations (or Sum Wgts)		31

		t Test

		yes-no

		Assuming equal variances

		Difference		-526.55		t Ratio		-3.65119

		Std Err Dif		144.21		DF		29

		Upper CL Dif		-231.6		Prob > |t|		0.001

		Lower CL Dif		-821.51		Prob > t		0.9995

		Confidence		0.95		Prob < t		0.0005

		Analysis of Variance

		Source		DF		Sum of Squares		Mean Square		F Ratio		Prob > F

		PAM		1		1502569.9		1502570		13.3312		0.001

		Error		29		3268619.8		112711

		C. Total		30		4771189.7

		Means for Oneway Anova

		Level		Number		Mean		Std Error		Lower 95%		Upper 95%

		no		7		987.571		126.89		728.05		1247.1

		yes		24		461.017		68.53		320.86		601.2

		Std Error uses a pooled estimate of error variance

		Means Comparisons

		Comparisons for all pairs using Tukey-Kramer HSD

		q*		Alpha

		2.04524		0.05

		Abs(Dif)-LSD

				no		yes

		no		-367.02		231.6

		yes		231.6		-198.21

		Positive values show pairs of means that are significantly different.
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New Zealand Flocculant Doser
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North Carolina Version of New 
Zealand Doser

Rain collected into 
Tank floating in
Flocculant reservoir

Inner tank sinks, displacing
Flocculant solution into
Hose, dosing the runoff
In the pipe.
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Pump, Flocculate, Filter
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Pump and Treat: Hillsborough 
Street in Raleigh
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Questions?

rich_mclaughlin@ncsu.edu
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