Mixing and Matching for Turbidity
Control
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International Conference In
Raleigh Next February!
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Approach

Passive dosing Is any system that relies on
gravity flow in a conveyance to achieve
flocculation.

e Check dams with dry granular polymer
e Other granular polymer uses

e Polymer logs or socks (in pipes and other
structures)

Remember, polymer-treated water needs
to be settled or filtered prior to
discharge!
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Wattle with Polyacrylamide (PAM)

MOTES
UBE WTWIWM 12 TN. DTAMFTER FNCE|SF0R WATTLE.
UBE 2 FT. WOODEM STAKES WEITH A 2 IN. BY 2 IN. MOMINAL CACSS SECTION.

OHLY IMETALL WATTLE(S] TO A HEISHT IN DITCH 50 FLOW WILL MOT W
WATTLE AND SCOUR D BLOPES ANMD AS DIMECTED.

INSTALL A MININUM OF 2 UPSLOPE STAKES AND 4 DOWNSLOPE STAKES A
TO WEDGE WATTLE TO BOTTOM OF DITCH.

PROVIDE STAFLES WADE OF 0.125 IN, DIANETER STEEL WIRE FORNED INTD A
U SHAPL NOT LBSE THAM 12° IN LEMGTH.

EDGE OF PAVEMENT THETALL STAFLES ASPRONTMATILY EVERY 1 LINEAR BOOT ON BOTH SIDES OF WATTLE
AND AT EAGH EMD TO BECURE IT TO THE BOIL.

INSTALL MATTING IN ACCORDANCE WITH SECTION 1831 OF THE STANDARD BPECIFIGATLOMS.
PRIOA TO POLYACAYLANIDE (PAM) APPLEICATION, OBTAIN A BOLL BANPLE FROM PROJIECT

LOGATTON, AMD FROM OFFS WATERTAL, AND ANALYZE FOR APPROPRTATE PAM FLOCCULANT
TO BN APFLIND TO BACH WATTLA.

2 IN.— St Imst 7 2’ UPSLOPE
—Eupe FLOW

' \__2' DOWNSLOPE
CROSS SECTION STAKE
TRAPEZOIDAL DITCH
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The Basics: Simply fit the wattle across the ditch with
some erosion control blanket beneath it.
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Erosion Control Blanket
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Important! Make sure the lower spill
point of the wattles is below the height of
the ditch sides so bypass flow does not

OCCur.
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Sprinkle 100 grams of PAM (Y2 cup)
over the lower center portion of the
wattle and on the blanket above
and below.

-,
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Coir Wattle w/ Flaps Helps
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Installation Guide

Is there a gap at
the upturned
edge of the
wattle?

Weave wire
staples through
mesh at an angle

to the wattle-
space every 1 ft.

Fill gaps with
excess fabric
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Check Dam Pooling
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Simple Check Dams
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an use materials on hand...
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Sprinkle 100 grams (¥z cup) of PAM 705 on the lower, center
portion of the wattle where water is going to flow over.

!
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Must replace with new PAM every so often as the weather dictates
Mamtenance IS always |mportant'
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Very good results most of the time!

. Sediment Discharge per
Storm:

Fiber Aams
..Qﬂdﬂlp LL{"IB ‘J'ePAM 30

937 Ibs 2 Ibs d

9 Ibs
Site 2
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Cost Estimate Comparison

Site 1:

450’ Standard section $1.98 / foot

668’ Fiber check dams + PAM $1.32 / foot

461’ Fiber check dams only $1.70 / foot (spacing closer)
Site 2:

508’ Standard section $1.75 / foot

489’ Fiber check dams + PAM $1.63 / foot

The logs and wattles do not have to be
removed either, they can decompose in place.
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Dams

Storms simulated and water

samples collected:

- 4 minutes at 0.5, 1.0, 2.0, 1.0, and
0.5 cfs

- Soil added at 6,000 mg/L

- 4 samples were collected in each
bottle, 5 bottles total

- 3 consecutive “storms” run

- Sediment depth and length was
measured and a LIDAR scan was
taken
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Check Dams w/ PAM: Turbidity

Turbidity Reduction w/ PAM

250 ABY, 7O, B Fock PAN

W Rock MO PARN

| Bock we/ Excelsior w/ PARN

B Rock w,/ Excelsior MO
AN

W Excelsior w/ PAMN

m Excelsior O PARNK
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Need a Ditch or S e Wattles!
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New Alternative: Layfield Spring Berm
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Passive Treatment #2:
Rock~+Fabric

 Modified Type A Silt Check with addition of
excelsior (or coir) matting on top of
Sediment Control Stone

- e Sprinkle lower, center portion of
¢ fabric lined weir with 4 0z (Y2
cup) of PAM-705

e Reapply PAM after 0.5 inch
rainfall or greater
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TEMPORARY ROCK SILT CHECK TYPE 'A’ WITH
EXCELSIOR MATTING AND POLYACRYLAMIDE (PAM) DETAIL

EXCELSIOR
MATTING

SEDIMENT CONTROL STONE ———

NOTE

USE EXCELSIOR FOR MATTING MATERIAL AND ANCHOR
MATTING SECTION AT TOP AND BOTTOM WITH CLASS B STONE.
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INITIALLY APPLY 3.5 OUNCES OF POLYACRYLAMIDE (PAM)
TO TOP OF MATTING SECTION AND AFTER EVERY RAINFALL
EVENT THAT EQUALS OR EXCEEDS 0.50 INCHES.
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\/See Inset A
s

[2/3 CHANNEL) = J EXGELSIOR
| WIDTH | = MATTING

EXCELSIOR {
CLASS B STONE

MATTING i
SECTION A-A SECTION B-B
- *T = 12" MIN., 18" MAX.
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DPS w/ Corrugated Pipe
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Typical Demo Results
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Other Passive Approaches using
Granular PAM

PAM sprinkled on coir baffle in PAM sprinkled on erosion
basin (maybe) control matting down a slope
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Place PAM logs inside pipes

Discharge into basin/trap
before discharging off
site!
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Chamber Basin Design

100-200 NTU discharge here

4,000 — 5,00Q:BhREelsvEssEann

SOIL SCIENCES



Pipes w/ Logs In Ditches

/ had very clear wate

oy
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PAM Bucket?
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Keys to Making PTS Work for You

e Match flocculant to your soil or suspended
sediment and water chemistry.

 Reduce sediment load prior to flocculant
treatment.

e Keep the flocculant moist.
e Create high flow onto flocculant.

e Create high mixing (turbulence) after
flocculant.

e Allow for settling post-treatment.
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|deal Passive Treatment Zone!
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Innovative Treatment
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Active Treatment Systems

- - K o .
! : . i - - -
’ > = - ] TR )
. & aidln o & L - 3
i - d T o e o
. 19 8 L P

3 .-‘ ,f-a,ﬁ( ha

Richard A. McLaughlin, Ph.D.
Professor/Extension Specialist

DEPARTMENT OF CROP AND
NC STATE UNIVERSITY SOIL SCIENCES




DEPARTMENT OF CROP AND
NC STATE UNIVERSITY SOIL SCIENCES



Passive Treatment of Pumped Water

e \Water Is passed over solid flocculants in
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Passive Dosing with Flocculants In
Pipes

Cuts far flocculant
insertion v 1

T

Discharge point™
stabilized.” -
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Field Testing: Generate Turbid Water
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Pump to Stilling Basin
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Basin Design Treatments in
Stilling Basin
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Turbidity Reductions in Plymouth
Sediment Tests

] Stilling Basin
Outlet

B Sed. Bag
Outlet

No PAM
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Stilling Basin Outlet

Sed. Bag Outlet

Turbidity Reduction (percent)
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		Sediment #1		LG. BASIN		FLDB		WEIR		REDUCTION @ FLBD		REDUCTION @ WEIR

				(mean, NTU)		(mean, NTU)		(mean, NTU)		(percent)		(percent)

		Jute/coir Baffles		581.48		437.31		444.79		24.79		23.51

		No Baffles		584.19		447.75		407.63		23.36		30.22

		Jute/coir Baffles		562.88		17.06		16.22		96.97		97.12

		No Baffles		334.38		8.16		5.58		97.56		98.33

		Jute/coir Baffles		853.14		68.89		129.67		91.93		84.80

		No Baffles		1071.7		76.82		46.195		92.83		95.69

		Sediment #2		IN		FLDB		WEIR		REDUCTION @ FLBD		REDUCTION @ WEIR

				(mean, NTU)		(mean, NTU)		(mean, NTU)		(percent)		(percent)

		Jute/coir Baffles		758.25		616.56		603.71		18.69		20.38

		No Baffles		638.43		536.53		501.07		15.96		21.52

		Jute/coir Baffles		583.43		2.51		1.44		99.57		99.75

		No Baffles		340.29		4.56		1.84		98.66		99.46

		Jute/coir Baffles		314.29		88.71		50.247		71.77		84.01

		No Baffles		331.67		86.75		37.442		73.84		88.71
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Sed. Bag Outlet

Turbidity Reduction (percent)
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No PAM, Jute/Coir Baffles

No PAM,, No Baffles

NALCO 9909, Jute/Coir Baffles

NALCO 9909, No Baffles

SF N300, Jute/Coir Baffles
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Turbidity (NTU)
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Dosing System: Solution vs. Solid Block
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Sediment Bags and PAM?
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Sediment Bag and PAM Injection

Source Pond

—#— Source Pond
—A— Sediment Bag Alone
- & - Sediment Bag + PAM
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No PAM
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Sediment Bag Outlet
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Turbidity (NTU)
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PAM
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Source Pond
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Sediment Bag + PAM
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		6/19/06 13:29		.		264		.		.

		6/19/06 13:33		.		260		.		.

		6/19/06 13:37		.		239		.		.

		6/19/06 13:41		.		273		.		.

		6/19/06 13:45		.		245		.		.

		6/19/06 13:49		.		251		.		.

		6/19/06 13:53		.		262		.		.

		6/19/06 13:57		.		213		311.7391304348		.

		6/19/06 12:31		.				.		585

		6/19/06 12:46		.		.		.		508

		6/19/06 13:01		.		.		.		511

		6/19/06 13:16		.		.		.		356

		6/19/06 13:31		.		.		.		292						No PAM Average Reduction

		6/19/06 13:46		.		.		.		317		428.1666666667		0.2719210655		0.1775205821

		10/16/06 14:05		.		126		.

		10/16/06 14:09		.		25.5		.		.

		10/16/06 14:13		.		14.8		.		.

		10/16/06 14:17		.		13.6		.		.

		10/16/06 14:21		.		14		.		.

		10/16/06 14:25		.		14.3		.		.

		10/16/06 14:29		.		10.17		.		.

		10/16/06 14:33		.		9.28		.		.

		10/16/06 14:37		.		10.09		.		.

		10/16/06 14:41		.		9		.		.

		10/16/06 14:45		.		8.4		.		.

		10/16/06 14:49		.		9.88		.		.

		10/16/06 14:53		.		6.97		.		.

		10/16/06 14:57		.		8.24		.		.

		10/16/06 15:01		.		8.45		.		.

		10/16/06 15:05		.		7.14		.		.

		10/16/06 15:09		.		10.17		.		.

		10/16/06 15:13		.		7.29		.		.

		10/16/06 15:17		.		6.74		.		.

		10/16/06 15:21		.		7.16		.		.

		10/16/06 15:25		.		5.67		.		.

		10/16/06 15:29		.		5.27		.		.

		10/16/06 15:33		.		6.04		.		.

		10/16/06 15:37		.		8.31		14.68625		.

		10/16/06 14:07		.		.		.		456

		10/16/06 14:22		.		.		.		452

		10/16/06 14:37		.		.		.		402

		10/16/06 14:52		.		.		.		432

		10/16/06 15:07		.		.		.		374

		10/16/06 15:22		.		.		.		384

		10/16/06 15:37		.		.		.		355		407.8571428571		0.9639916813

		10/19/06 10:40		.		43.3		.		.

		10/19/06 10:44		.		15.9		.		.

		10/19/06 10:48		.		8.72		.		.

		10/19/06 10:52		.		8.54		.		.

		10/19/06 10:56		.		8.65		.		.

		10/19/06 11:00		.		10.22		.		.

		10/19/06 11:04		.		9.85		.		.

		10/19/06 11:08		.		8.28		.		.

		10/19/06 11:12		.		8.96		.		.

		10/19/06 11:16		.		7.21		.		.

		10/19/06 11:20		.		7.37		.		.

		10/19/06 11:24		.		7.98		.		.

		10/19/06 11:28		.		6.77		.		.

		10/19/06 11:32		.		5.91		.		.

		10/19/06 11:36		.		4.44		.		.

		10/19/06 11:40		.		5.78		.		.

		10/19/06 11:44		.		12.3		.		.

		10/19/06 11:48		.		7.32		.		.

		10/19/06 11:52		.		7		.		.

		10/19/06 11:56		.		7.27		.		.

		10/19/06 12:00		.		3.92		.		.

		10/19/06 12:04		.		8.46		.		.

		10/19/06 12:08		.		6.47		.		.

		10/19/06 12:12		.		6.36		9.4575		.

		10/19/06 10:41		.		.		.		531

		10/19/06 10:56		.		.		.		457

		10/19/06 11:11		.		.		.		469

		10/19/06 11:26		.		.		.		432

		10/19/06 11:41		.		.		.		330

		10/19/06 11:56		.		.		.		346

		10/19/06 12:11		.		.		.		361		418		0.9773744019

		10/20/06 11:32		.		32.8		.		.

		10/20/06 11:36		.		23.2		.		.

		10/20/06 11:40		.		19.6		.		.

		10/20/06 11:44		.		16.7		.		.

		10/20/06 11:48		.		7.95		.		.

		10/20/06 11:52		.		8.5		.		.

		10/20/06 11:56		.		8.35		.		.

		10/20/06 12:00		.		6.72		.		.

		10/20/06 12:04		.		5.32		.		.

		10/20/06 12:08		.		9.35		.		.

		10/20/06 12:12		.		21.6		.		.

		10/20/06 12:16		.		5.5		.		.

		10/20/06 12:20		.		5.39		.		.

		10/20/06 12:24		.		4.77		.		.

		10/20/06 12:28		.		7.59		.		.

		10/20/06 12:32		.		4.04		.		.

		10/20/06 12:36		.		6.67		.		.

		10/20/06 12:40		.		4		.		.

		10/20/06 12:44		.		8.49		.		.

		10/20/06 12:48		.		8.51		.		.

		10/20/06 12:52		.		7.09		.		.

		10/20/06 12:56		.		7.07		.		.

		10/20/06 13:00		.		4		.		.

		10/20/06 13:04		.		6.34		9.98125		.

		10/20/06 11:33		.		.		.		1181

		10/20/06 11:48		.		.		.		826

		10/20/06 12:03		.		.		.		581

		10/20/06 12:18		.		.		.		562

		10/20/06 12:33		.		.		.		502

		10/20/06 12:48		.		.		.		417						PAM average reduction

		10/20/06 13:03		.		.		.		435		643.4285714286		0.9844874001		0.9752844944
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Simple Dosing System

Active pumping, passive dosing
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Surface PAM Solution Application?
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Suriaica PAN Solution Agollcatiorn?
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Sheet1

										Lg Basin

				6/20/06		6/21/06				5/23/06

		0		1274		509				1428																		38552.3944444444		0		.		.		968		509		636.7142857143		206.6718125319				593

		5		1393		147																						38552.3979166667		5		.		.		1003		.

		10		1117		294																						38552.4013888889		10		.		.		955		.

		15		522		38.9				1242																		38552.4048611111		15		.		.		879		483								454

		20		717		28.6																						38552.4083333333		20		.		.		697		.

		25		507		19.5																						38552.4118055556		25		.		.		643		.

		30		585		14.6				1112																		38552.4152777778		30		.		.		604		348								326

		35		568		15.6																						38552.41875		35		.		.		408		.

		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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In North Carolina!

P 3 S S TS L AT ey e e ¥ o]
h P Bad 4 g 1.“:._ r"_-hnﬂ'_':’ig. "E: :3 . - A A 1’
At AV T n

.......

I |-'L,. {)r' AND -
NC STATE UNIVERSITY SOIL SCIENCES



Sand Filtration — Final Step
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Active Treatment: Durham

—o— Storm Pond
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Receiving Stream Turbidity Was Actually Reduced!
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September
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DATA SHEET

		CLEAR WATER COMPLIANCE SERVICES, INC.

		Remediation Solutions for the Real WorldTM – Stormwater, Groundwater, and Waste Water

		MONTHLY DATA SUMMARY FOR CESF OPERATIONS

														North Carolina - Chitosan Enhanced Sand Filtration (CESF)

																				Active Treatment System

														Year: 2008

		DATE		CESF PRECIP (Inches)		3rd PARTY PRECIP (Inches)		VOLUME DISCHARGED (Gallons)		DETENTION FACILITY pH (Grab Sample)		DETENTION FACILITY TURBIDITY (NTU) (Grab Sample)		SAND FILTER INFLUENT pH				SAND FILTER INFLUENT TURBIDITY (NTU)				SAND FILTER EFFLUENT pH				SAND FILTER EFFLUENT TURBIDITY (NTU)				UPSTREAM RECEIVING WATER pH (Grab Sample)		UPSTREAM RECEIVING WATER TURBIDITY (NTU) (Grab Sample)		DOWNSTREAM RECEIVING WATER pH (Grab Sample)		DOWNSTREAM RECEIVING WATER TURBIDITY (NTU) (Grab Sample)

		-		-		-		-		-		-		MIN		MAX		MIN		MAX		MIN		MAX		MIN		MAX		-		-

		4/20/08		N/A		0.43

		4/21/08		N/A		0.01

		4/22/08		N/A		0.23

		4/23/08		N/A		0.04

		4/24/08		N/A		0.00

		4/25/08		N/A		0.00

		4/26/08		N/A		0.00

		4/27/08		N/A		1.16

		4/28/08		N/A		0.68

		4/29/08		N/A		0.40

		4/30/08		N/A		0.00

				TOTAL		TOTAL		TOTAL		AVG.		AVG.										MIN		MAX		MIN		MAX		AVG.		AVG.

		Apr.-08		-		2.95		0		-		-		-		-		-		-		-		-		-		-		-		-

		5/1/08		N/A		0.00

		5/2/08		N/A		0.00

		5/3/08		N/A		0.00

		5/4/08		N/A		0.00

		5/5/08		N/A		0.00		0

		5/6/08		N/A		0.00		0																						6.71		117.0

		5/7/08		N/A		0.00		383		6.69		271.0										5.44		6.06		6.5		8.5		7.07		92.3

		5/8/08		N/A		0.07		46,920		6.45		881.0										5.71		6.06		2.2		8.6		6.44		65.4		6.57		21.10

		5/9/08		N/A		0.43		26,815		6.89		1000.0										4.76		6.20		3.2		9.3		7.10		95.6		7.15		69.50

		5/10/08		N/A		0.00

		5/11/08		N/A		0.94		5,982		6.86		573.0										6.04		6.33		6.0		8.8		7.07		395.0

		5/12/08		N/A		0.01		0		5.60		1000.0																		6.57		1000.0

		5/13/08		N/A		0.00		0		6.12		1000.0																		6.83		460.0

		5/14/08		N/A		0.00		26,339		6.94		1000.0										6.50		6.81		1.2		6.5		6.61		351.0		6.82		172.00

		5/15/08		N/A		0.11		0

		5/16/08		N/A		0.39		0

		5/17/08		N/A		0.00		13,916		7.10		1000.0										5.80		6.85		1.0		8.8		6.85		238.0		6.93		190.00

		5/18/08		N/A		0.57		0

		5/19/08		N/A		0.00		0

		5/20/08		N/A		0.43		9,823														6.59		6.86		2.1		9.6		6.48		561.0

		5/21/08		N/A		0.00		261		6.74		479.0										6.25		6.44		2.4		24.0		6.36		1000.0

		5/22/08		N/A		0.00		14,188		7.24		1000.0										6.77		7.16		4.1		22.5		6.62		695.0		7.03		916.00

		5/23/08		N/A		0.00		0		7.21		1000.0																		6.42		401.0

		5/24/08		N/A		0.01		1,900		6.92		999.0										6.71		6.72		13.7		21.0		6.76		307.0

		5/25/08		N/A		0.00		0

		5/26/08		N/A		0.00		0

		5/27/08		N/A		0.01		84,608		7.14		1000.0										6.58		7.01		5.7		18.2		6.63		171.0		7.02		104.00

		5/28/08		N/A		0.17		40,407		7.31		977.0										6.91		6.92		8.5		15.6		7.18		129.0		7.03		73.90

		5/29/08		N/A		0.00		0

		5/30/08		N/A		0.00		0

		5/31/08		N/A		0.00		0

				TOTAL		TOTAL		TOTAL		AVG.		AVG.										MIN		MAX		MIN		MAX		AVG.		AVG.		AVG.		AVG.

		May-08		-		3.14		271,542		7.09		909.2										6.25		7.16		2.1		24.0		6.64		466.3		6.94		220.93

		6/1/08		N/A		0.14		0

		6/2/08		N/A		0.00		0

		6/3/08		N/A		0.01		15,657		7.12		1000.0										6.50		6.94		2.7		12.4

		6/4/08		N/A		0.00		136,396		6.89		389.0										6.69		7.08		0.7		19.7

		6/5/08		N/A		0.00		91,484		6.89		412.0										6.91		7.10		0.6		18.3

		6/6/08		N/A		0.00		23,042		7.05		325.0										6.71		7.26		2.6		9.4		6.63		409.0

		6/7/08		N/A		0.00		0

		6/8/08		N/A		0.00		0

		6/9/08		N/A		0.00		0

		6/10/08		N/A		0.00		0		6.66		288.0

		6/11/08		N/A		0.00		0

		6/12/08		N/A		0.00		656														6.80		6.80		9.7		9.7

		6/13/08		N/A		0.00		0

		6/14/08		N/A		0.01		0

		6/15/08		N/A		0.41		0

		6/16/08		N/A		0.10		0

		6/17/08		N/A		0.01		0

		6/18/08		N/A		0.00		0

		6/19/08		N/A		0.00		0

		6/20/08		N/A		0.00		0

		6/21/08		N/A		1.18		0

		6/22/08		N/A		0.93		0

		6/23/08		N/A		0.01		24,865		6.64		1000.0										6.56		6.99		2.6		5.1		6.61		1000.0		6.67		492.00

		6/24/08		N/A		0.00		21,361		6.91		1000.0										6.59		6.81		9.1		18.6		6.79		646.0		6.72		303.00

		6/25/08		N/A		0.00		26,957		6.52		1000.0										6.76		7.04		5.1		19.9		6.73		501.0		6.86		76.10

		6/26/08		N/A		0.00		19,364		7.12		788.0										6.56		6.97		1.9		14.9		7.03		339.0		7.02		62.00

		6/27/08		N/A		0.01		0

		6/28/08		N/A		0.01		0

		6/29/08		N/A		0.81		0

		6/30/08		N/A		0.36		37,913		7.91		1000.0										6.78		7.31		0.7		22.2		6.67		1000.0		7.13		466.00

				TOTAL		TOTAL		TOTAL		AVG.		AVG.										MIN		MAX		MIN		MAX		AVG.		AVG.		AVG.		AVG.

		Jun-08				3.99		397,695		6.97		771.6										6.56		7.31		0.7		22.2		6.74		649.2		6.88		279.82

		7/1/08		N/A		0.00		118,893		7.75		1000.0										7.01		7.57		0.8		7.9		6.70		807.0		6.84		424.00

		7/2/08		N/A		0.00		67,891		7.71		833.0										7.08		7.59		1.4		7.0		6.76		197.0		7.28		250.00

		7/3/08		N/A		0.00		0

		7/4/08		N/A		1.13		0

		7/5/08		N/A		1.03		199,685														7.33		7.72		1.5		22.0		7.61		253.0

		7/6/08		N/A		0.59		78,601		7.85		1000.0										7.10		7.68		1.4		21.6

		7/7/08		N/A		0.01		139,769														6.92		7.23		0.9		23.6

		7/8/08		N/A		0.02		236,711														7.08		7.26		0.8		16.9

		7/9/08		N/A		0.54		271,000														7.18		7.41		0.9		23.8

		7/10/08		N/A		0.01		263,564														7.23		7.60		0.9		22.4

		7/11/08		N/A		0.04		205,545														7.45		7.64		2.5		23.4

		7/12/08		N/A		0.00		7,971														7.61		7.69		16.5		20.3

		7/13/08		N/A		0.00		37,944		9.55		145.0										6.71		7.86		4.1		24.7

		7/14/08		N/A		0.44		171,245														6.99		8.04		1.9		24.4

		7/15/08		N/A		0.00		54,844														7.10		8.14		1.2		23.7		7.09		603.0

		7/16/08		N/A		0.00		13,911		8.47		64.2										7.21		7.41		9.4		21.2		7.02		398.0		6.62		209.00

		7/17/08		N/A		0.00		117,672		7.71		178.0										7.31		7.75		6.2		24.1

		7/18/08		N/A		0.22		159,173		7.96		144.0										7.12		7.75		3.9		23.6		7.28		196.0		7.31		28.00

		7/19/08		N/A		0.53		108,625		8.41		123.0										5.73		7.78		3.3		24.0

		7/20/08		N/A		0.00		0

		7/21/08		N/A		0.00		36,893		8.63		141.0										6.28		7.08		3.5		21.3		7.22		96.8		6.70		76.60

		7/22/08		N/A		0.19		0

		7/23/08		N/A		0.09		17,756		8.62		138.0										7.08		7.24		1.0		3.9		7.13		130.0		7.51		105.00

		7/24/08		N/A		0.01		10,690		8.29		85.4										6.49		6.57		1.0		6.2		6.98		87.6

		7/25/08		N/A		0.00		59,984		7.21		175.0										6.76		7.12		1.2		7.8

		7/26/08		N/A		0.00		141,373		8.54		67.6										6.74		7.21		2.0		6.3		7.13		178.0		7.51		25.00

		7/27/08		N/A		0.03		0

		7/28/08		N/A		0.06		98,562		8.91		1000.0										6.70		7.63		1.5		9.0		7.24		1000.0		7.02		55.80

		7/29/08		N/A		0.00		160,205		8.20		152.0										6.60		7.28		1.8		8.6		6.95		162.0		7.20		14.80

		7/30/08		N/A		0.13		104,181		8.30		79.9										6.89		7.55		1.9		9.7		6.91		96.8		7.52		14.90

		7/31/08		N/A		0.03		141,559		9.16		52.5										6.65		7.28		0.8		8.8		6.87		85.0		7.29		21.70

				TOTAL		TOTAL		TOTAL		AVG.		AVG.										MIN		MAX		MIN		MAX		AVG.		AVG.		AVG.		AVG.

		Jul-08				5.10		3,024,247		8.31		316.4										5.73		8.14		0.8		24.7		7.07		275.7		7.16		111.35

		8/1/08		N/A		0.02		120,340		8.39		196.0										6.72		7.25		1.6		8.7		6.97		88.2		7.36		19.60

		8/2/08		N/A		0.05		0

		8/3/08		N/A		0.02		0

		8/4/08		N/A		0.00		90,372		9.12		60.3										6.74		7.12		2.7		9.8		7.13		58.9		6.95		24.30

		8/5/08		N/A		0.00		0

		8/6/08		N/A		0.02		0

		8/7/08		N/A		0.00		0

		8/8/08		N/A		0.00		0

		8/9/08		N/A		0.00		0

		8/10/08		N/A		0.12		0

		8/11/08		N/A		0.00		0

		8/12/08		N/A		0.00		0

		8/13/08		N/A		0.11		0

		8/14/08		N/A		0.00		0

		8/15/08		N/A		0.38		8,015														6.97		7.00		1.5		3.2

		8/16/08		N/A		0.00		0

		8/17/08		N/A		0.14		0

		8/18/08		N/A		0.00		91,377		7.42		209.0										6.74		7.43		1.7		9.6		7.12		251.0		7.01		56.40

		8/19/08		N/A		0.00		55,737		8.45		124.0										6.78		7.26		3.9		8.8		7.36		191.0		6.96		37.70

		8/20/08		N/A		0.42		71,741		8.70		83.5										6.83		7.23		2.8		8.5		7.11		148.0		7.09		21.60

		8/21/08		N/A		0.00		1,638		8.98		822.0										6.93		7.00		7.4		9.9		5.93		1000.0

		8/22/08		N/A		0.02		35,888		8.45		565.0										6.44		7.07		2.3		8.9		6.43		721.0		6.41		214.00

		8/23/08		N/A		0.00		0

		8/24/08		N/A		0.02		0

		8/25/08		N/A		0.00		58,807		9.38		102.0										6.43		7.06		0.9		7.6

		8/26/08		N/A		0.13		107,458		9.21		84.0										6.67		7.14		4.2		9.3		6.81		482.0		6.89		176.00

		8/27/08		N/A		2.09		64,141		9.24		103.6										6.05		7.31		2.8		41.0		6.54		899.0		6.48		195.00

		8/28/08		N/A		0.16		179,876		9.36		1000.0										5.80		6.74		11.1		50.0

		8/29/08		N/A		0.00		187,643		9.48		1000.0										5.55		6.33		1.0		46.1		6.62		492.0		6.19		248.00

		8/30/08		N/A		1.03		167,899		8.61		486.0										6.01		6.69		0.5		9.8		6.59		468.0		6.41		274.00

		8/31/08		N/A		0.08		0		7.01		264.0																		6.58		495.0		6.61		4.19

				TOTAL		TOTAL		TOTAL		AVG.		AVG.										MIN		MAX		MIN		MAX		AVG.		AVG.		AVG.		AVG.

		Aug-08				4.81		1,240,932		8.70		364.2										5.55		7.43		0.5		50.0		6.77		441.2		6.76		115.53

		9/1/08		N/A		0.00		0		7.18		212.0																		6.85		396.0		6.65		224.00

		9/2/08		N/A		0.00		26,111		7.34		378.0										5.79		6.94		2.8		9.2		6.74		424.0		6.75		256.00

		9/3/08		N/A		0.00		204,716		7.58		379.0										5.61		7.09		2.5		20.6		6.73		412.0		6.65		170.00

		9/4/08		N/A		0.00		350,132		6.56		94.8										5.92		7.31		4.6		16.3		6.91		67.8		6.55		29.00

		9/5/08		N/A		0.26		255,789		6.26		61.4										6.07		7.61		4.2		16.7		6.70		108.0		6.56		15.10

		9/6/08		N/A		4.25		71,498		7.36		151.0		5.59		6.85		19.4		766.5		5.64		6.74		6.5		24.8		6.31		1000.0		6.00		578.00

		9/7/08		N/A		0.00		68,182		7.35		1000.0										5.52		6.38		5.1		17.4		6.69		120.0		6.15		45.10

		9/8/08		N/A		0.00		72,545		6.78		554.0										5.78		6.38		5.1		16.4		6.76		87.9		6.52		9.79

		9/9/08		N/A		0.01		154,043		6.80		470.0										5.58		6.91		2.7		15.4

		9/10/08		1.19		2.44		124,483		6.73		309.0										5.86		6.92		2.9		32.7		5.53		605.0		6.18		1142.00

		9/11/08		0.00		0.00		147,128		7.45		1620.0										5.86		6.37		9.9		38.1		6.29		214.0		6.28		33.10

		9/12/08		0.00		0.01		236,307		7.81		756.0										5.87		6.81		1.0		37.8		6.54		728.0		6.21		31.60

		9/13/08		0.00		0.01		226,333		7.01		903.0										5.86		6.60		2.8		23.0		6.48		54.6		6.18		17.90

		9/14/08		0.00		0.00		154,173		6.61		504.0										5.83		7.02		1.5		23.5		6.49		48.7		6.46		19.20

		9/15/08		0.00		0.00		145,082		8.79		402.0										5.93		6.75		1.8		17.4		6.52		36.7		6.37		14.10

		9/16/08		1.53		1.07		113,258		7.70		1000.0										6.07		7.15		1.4		43.0		6.58		144.1		6.54		26.40

		9/17/08		0.01		0.01		197,924		6.68		1000.0										5.69		6.97		1.6		47.4		5.56		253.0		6.31		137.00

		9/18/08		0.00		0.00		142,508		5.82		988.0										5.94		6.92		0.7		13.1		6.05		168.0		6.24		9.68

		9/19/08		0.00		0.00		130,135		7.47		684.0										5.76		6.49		1.1		9.1		6.37		61.7		6.24		8.30

		9/20/08		0.00		0.00		283,549		5.95		595.6										5.94		6.31		1.0		8.5		6.09		36.0		6.12		6.72

		9/21/08		0.00		0.00		239,676		6.92		244.0										5.69		6.45		1.1		8.7		6.72		32.8		6.32		11.40

		9/22/08		0.01		0.00		335,000		6.86		220.0										5.68		6.65		1.2		9.0		6.46		31.2		6.19		14.80

		9/23/08		0.00		0.00		329,332		6.39		155.0										5.93		6.81		1.2		10.4		6.71		55.7		6.24		7.02

		9/24/08		0.00		0.00		260,648		6.64		228.0										5.96		6.77		1.2		8.4		6.35		39.3		6.32		6.21

		9/25/08		0.16		0.19		98,928		7.86		510.0										6.05		6.82		1.1		11.5		6.70		94.9		6.39		38.10

		9/26/08		0.69		0.76		254,403		6.87		301.0										5.67		6.68		1.5		13.0		6.41		257.0		6.25		6.60

		9/27/08		0.17		0.11		321,216		6.07		613.0										5.90		6.86		0.8		12.4		6.20		133.0		6.08		78.40

		9/28/08		0.00		0.00		120,283		6.61		496.0										6.08		6.94		2.0		14.3

		9/29/08		0.00		0.00		32,642		8.28		727.0										6.44		7.00		1.3		12.9		6.92		122.0

		9/30/08		0.05		0.00		0

				TOTAL		TOTAL		TOTAL		AVG.		AVG.										MIN		MAX		MIN		MAX		AVG.		AVG.		AVG.		AVG.

		Sep-08				9.12		4,865,197		7.00		579.7										5.52		7.61		0.7		47.4		6.41		192.7		6.34		112.90

		10/1/08		0.12		N/A		97,507		9.79		368.0										6.27		6.91		1.4		14.7		6.92		286.0		7.01		31.20

		10/2/08		0.17		N/A		88,332		8.95		171.0										6.33		6.79		1.5		14.8		6.96		81.4		6.94		6.54

		10/3/08		0.00		0.00		29,375		6.95		96.3										6.49		6.74		2.7		12.3		6.96		59.8		6.81		21.20

		10/4/08		0.00		0.00		0

		10/5/08		0.00		0.00		0

		10/6/08		0.00		0.00		5,774		8.91		94.4										7.07		7.29		4.0		25.9		6.71		31.1

		10/7/08		0.00		0.00		0

		10/8/08		0.00		0.00		0

		10/9/08		0.12		N/A		0

		10/10/08		0.01		0.00		6,161		8.25		178.0										7.21		7.34		7.4		13.7		6.84		23.2

		10/11/08		0.00		0.00		0

		10/12/08		N/A		0.00		0

		10/13/08		N/A		0.00		0

		10/14/08		N/A		0.00		0

		10/15/08		N/A		0.00		0

		10/16/08		N/A		0.12		0

		10/17/08		N/A		0.24		2,734		7.14		153.0										6.93		6.95		11.8		13.7		7.33		13.0

		10/18/08		N/A		0.28		20,358		8.66		646.0										6.21		6.51		4.3		11.6		6.79		296.0

		10/19/08				0.00

		10/20/08				0.00		60,190		8.73		286.0										6.43		7.17		1.1		14.0		6.94		263.0		6.61		92.10

		10/21/08				0.00

		10/22/08				0.00

		10/23/08				0.00

		10/24/08				0.00

		10/25/08				0.00

		10/26/08				0.00

		10/27/08				0.00		38,122						6.12		6.72						6.26		6.75		0.6		3.7		7.04		48.8		6.87		24.40

		10/28/08				0.00

		10/29/08				0.00

				TOTAL		TOTAL		TOTAL		AVG.		AVG.										MIN		MAX		MIN		MAX		AVG.		AVG.		AVG.		AVG.

		Oct-08				0.64		348,553		8.42		249.1										6.21		7.34		0.6		25.9		6.94		122.5		6.85		35.09

				Demobilized






Rain-Driven Liquid Doser

e Created In New Zealand

e Doses runoff with solution of coagulant or
flocculant based using rainfall
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Rain Displacement Dispenser

Figure 4. Rainfall Activated Flocculation Housing
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Rain Displacement Dispenser
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Figure 3. Rainfall Activated Flocculation System Housing Detail — Side View
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Rain Displacement Dispenser

Auckland
Regional Council
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NCSU Doser
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The Scale Problem

e PAM solutions of 1,000 mg/L can only
treat 1,000 times their volume (assume 1
mg/L treatment).

e 30 gal can treat 30,000 gal
e 1”/acre is 27,000 gal
e S0 30 gal treats 1 acre of 1” of runoff
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Remote Sampling
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The Construction Site Dream

 Virtually no exposed soil during rain
events

e Lined ditches, plenty of check dams with
polyacrylamide

e Sediment basins with inlet protection,
baffles, stable sides, surface outlet

e |nspectors, contractors, owners working
together!
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...and all our streams run clear!
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