SAVANNAH RIVER SITE’S A-01
CONSTRUCTED WETLAND SYSTEM:

A MODEL FOR SUSTAINABLE
AQUATIC RISK MITIGATION

SynTerra Corporation
Greenville, South Carolina

12t International Symposium on
Biogeochemisty of Wetlands
April 23-26, 2018, Coral Springs, FL

©

synlerra

Matt Huddleston




A-01 Outfall

e Avg flow 0.97 mgd

e 250,000 to
2,600,000 gpd

e Copper toxicity
 NPDES limit 22 pug/L

e 190-ac watershed




Risk Mitigation

e Decrease exposure
concentration, duration, or

frequency
e Change form
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Research objectives

 Develop a conceptual model of a
constructed wetland system based on
copper biogeochemistry.

 Develop and evaluate a physical
model of a constructed wetland system
for mitigating ecological risks from

copper.
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Clemson Fig 24 & 48

		36403		36403		36403

		36405		36405		36405

		36406		36406		36406

		36407		36407		36407

		36408		36408		36408

		36409		36409		36409

		36410		36410		36410

		36411		36411		36411

		36412		36412		36412

		36413		36413		36413

		36414		36414		36414

		36415		36415		36415

		36416		36416		36416

		36417		36417		36417

		36420		36420		36420

		36421		36421		36421

		36422		36422		36422

		36423		36423		36423

		36424		36424		36424

		36437		36437		36437

		36439		36439		36439

		36445		36445		36445

		36452		36452		36452

		36500		36500		36500

		36522		36522		36522

		36542		36542		36542

		36558		36558		36558

		36583		36583		36583

		36588		36588		36588

		36595		36595		36595



Discharge
Limit 22 ug/L

Inflow

24-h Outflow

48-h Outflow

Sampling Date

Cu Concentration (ug/L)

Total Acid Extractable Copper in Model Constructed Wetland
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Clemson Bar Fig
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		36416		36416		36416

		36417		36417		36417

		36420		36420		36420

		36421		36421		36421
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		36452		36452		36452
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		36522		36522		36522

		36542		36542		36542

		36558		36558		36558

		36583		36583		36583

		36588		36588		36588

		36595		36595		36595
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Combined fig

		6/10/99		6/10/99		6/10/99		6/10/99

		6/17/99		6/17/99		6/17/99		6/17/99

		7/1/99		7/1/99		7/1/99		7/1/99

		7/8/99		7/8/99		7/8/99		7/8/99

		7/14/99		7/14/99		7/14/99		7/14/99

		7/20/99		7/20/99		7/20/99		7/20/99

		7/29/99		7/29/99		7/29/99		7/29/99

		8/4/99		8/4/99		8/4/99		8/4/99

		8/11/99		8/11/99		8/11/99		8/11/99

		8/25/99		8/25/99		8/25/99		8/25/99

		08/31/99		08/31/99		08/31/99		08/31/99

		9/1/99		9/1/99		9/1/99		9/1/99

		09/02/99		09/02/99		09/02/99		09/02/99

		09/03/99		09/03/99		09/03/99		09/03/99

		09/04/99		09/04/99		09/04/99		09/04/99

		09/05/99		09/05/99		09/05/99		09/05/99

		09/06/99		09/06/99		09/06/99		09/06/99

		09/06/99		09/06/99		09/06/99		09/06/99

		09/07/99		09/07/99		09/07/99		09/07/99

		09/08/99		09/08/99		09/08/99		09/08/99

		09/09/99		09/09/99		09/09/99		09/09/99

		09/10/99		09/10/99		09/10/99		09/10/99

		09/11/99		09/11/99		09/11/99		09/11/99

		09/12/99		09/12/99		09/12/99		09/12/99

		09/13/99		09/13/99		09/13/99		09/13/99

		09/14/99		09/14/99		09/14/99		09/14/99

		09/15/99		09/15/99		09/15/99		09/15/99

		09/17/99		09/17/99		09/17/99		09/17/99

		09/18/99		09/18/99		09/18/99		09/18/99

		09/19/99		09/19/99		09/19/99		09/19/99

		09/20/99		09/20/99		09/20/99		09/20/99

		09/21/99		09/21/99		09/21/99		09/21/99

		09/23/99		09/23/99		09/23/99		09/23/99

		9/28/99		9/28/99		9/28/99		9/28/99

		10/04/99		10/04/99		10/04/99		10/04/99

		10/05/99		10/05/99		10/05/99		10/05/99

		10/06/99		10/06/99		10/06/99		10/06/99

		10/12/99		10/12/99		10/12/99		10/12/99

		10/12/99		10/12/99		10/12/99		10/12/99

		10/19/99		10/19/99		10/19/99		10/19/99

		10/25/99		10/25/99		10/25/99		10/25/99

		11/8/99		11/8/99		11/8/99		11/8/99

		11/31/99		11/31/99		11/31/99		11/31/99

		12/06/99		12/06/99		12/06/99		12/06/99

		12/14/99		12/14/99		12/14/99		12/14/99

		12/28/99		12/28/99		12/28/99		12/28/99

		12/28/99		12/28/99		12/28/99		12/28/99

		01/17/00		01/17/00		01/17/00		01/17/00

		01/29/00		01/29/00		01/29/00		01/29/00

		02/02/00		02/02/00		02/02/00		02/02/00

		02/18/00		02/18/00		02/18/00		02/18/00

		02/27/00		02/27/00		02/27/00		02/27/00

		03/03/00		03/03/00		03/03/00		03/03/00

		03/10/00		03/10/00		03/10/00		03/10/00
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SRS Line Fig
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Clemson Line Fig
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Clemson Data

				31-Aug-99		2-Sep-99		3-Sep-99		4-Sep-99		5-Sep-99		6-Sep-99		7-Sep-99		8-Sep-99		9-Sep-99		10-Sep-99		11-Sep-99		12-Sep-99		13-Sep-99		14-Sep-99		17-Sep-99		18-Sep-99		19-Sep-99		20-Sep-99		21-Sep-99		4-Oct-99		6-Oct-99		12-Oct-99		19-Oct-99		6-Dec-99		28-Dec-99		17-Jan-00		2-Feb-00		27-Feb-00		3-Mar-00												10-Mar-00		MEAN		SD

		Inflow		50.7		55.4		53.4		54		68.2		55.2		44		48.8		50.4		43		41		41		41		35		51		38		36		44		30		37		27.2		39.7		34		47.5		54.5		50.5		47.9		49.3		61.3												60		46.3		6.7

		24-h Outflow		12.4		26.8		27.6		25.9		37.7		14.3		14.3		12.7		8.6		11.5		15.9		15.1		14.6		29		18		21		18		18		19		21.5		19.1		18.7		15.4		21		23.5		24.5		32.2		18																19.8		6.7

		48-h Outflow		4.7		29.2		18.5		28.6		11.8		8.4		9		8.8		6.3		3.3		8.9		8		13		11		11		7		12		13		13		10.7		15.8		2.5		2.5		19.5		17.5		21.5		11.1		17.9		11.7												19.7		12.5		6.8

				8/31/99		9/2/99		9/3/99		9/4/99		9/5/99		9/6/99		9/7/99		9/8/99		9/9/99		9/10/99		9/11/99		9/12/99		9/13/99		9/14/99		9/17/99		9/18/99		9/19/99		9/20/99		9/21/99		10/4/99		10/6/99		10/12/99		10/19/99		12/6/99		12/28/99		1/17/00		2/2/00		2/27/00		3/3/00												3/10/00		MEAN		SD

		Inflow		50.7		55.4		53.4		54		68.2		55.2		44		48.8		50.4		43		41		41		41		35		51		38		36		44		30		37		27.2		39.7		34		47.5		54.5		50.5		47.9		49.3		61.3												60		46.3		6.7

		24-h Outflow		12.4		26.8		27.6		25.9		37.7		14.3		14.3		12.7		8.6		11.5		15.9		15.1		14.6		29		18		21		18		18		19		21.5		19.1		18.7		15.4		21		23.5		24.5		32.2		18																19.8		6.7

		48-h Outflow		4.7		29.2		18.5		28.6		11.8		8.4		9		8.8		6.3		3.3		8.9		8		13		11		11		7		12		13		13		10.7		15.8		2.5		2.5		19.5		17.5		21.5		11.1		17.9		11.7												19.7		12.5		6.8

		Date		Site-specific Inflow		Site-specific Outflow		Generic Inflow		Generic Outflow

		6/10/99		0.024		0.0285

		6/17/99		0.045		0.013

		7/1/99		0.018		0.021

		7/8/99		0.018		0.0245

		7/14/99		0.019		0.01425

		7/20/99		0.04		0.01925

		7/29/99		0.087		0.0345

		8/4/99		0.025		0.022

		8/11/99		0.034		0.01925

		8/25/99		0.019		0.01325

		08/31/99						0.0507		0.0047

		9/1/99		0.013		0.0095

		09/02/99						0.0554		0.0292

		09/03/99						0.0534		0.0185

		09/04/99						0.054		0.0286

		09/05/99						0.0682		0.0118

		09/06/99		0.02		0.00595

		09/06/99						0.0552		0.0084

		09/07/99						0.044		0.009

		09/08/99						0.0488		0.0088

		09/09/99						0.0504		0.0063

		09/10/99						0.043		0.0033

		09/11/99						0.041		0.0089

		09/12/99						0.041		0.008

		09/13/99						0.041		0.013

		09/14/99						0.035		0.011

		09/15/99		0		0

		09/17/99						0.051		0.011

		09/18/99						0.038		0.007

		09/19/99						0.036		0.012

		09/20/99						0.044		0.013

		09/21/99						0.03		0.013

		09/23/99		0.034		0

		9/28/99		0.013		0.00275

		10/04/99						0.037		0.0107

		10/05/99		0.034		0

		10/06/99						0.0272		0.0158

		10/12/99		0.018		0.017

		10/12/99						0.0397		0.0025

		10/19/99						0.034		0.0025

		10/25/99		0.018		0.011

		11/8/99		0.016		0

		11/31/99		0.01		0.016

		12/06/99						0.0475		0.0195

		12/14/99		0.03		0.023

		12/28/99		0.025		0.015

		12/28/99						0.0545		0.0175

		01/17/00						0.0505		0.0215

		01/29/00		0.063		0.039

		02/02/00						0.0479		0.0111

		02/18/00		0.046		0.029

		02/27/00						0.0493		0.0179

		03/03/00						0.0613		0.0117

		03/10/00						0.06		0.0197

																																																																								MEAN		SD		MIN		MAX		% REMOVAL

				8/31/99		9/2/99		9/3/99		9/4/99		9/5/99		9/6/99		9/7/99		9/8/99		9/9/99		9/10/99		9/11/99		9/12/99		9/13/99		9/14/99		9/17/99		9/18/99		9/19/99		9/20/99		9/21/99		10/4/99		10/6/99		10/12/99		10/19/99		12/6/99		12/28/99		1/17/00		2/2/00		2/27/00		3/3/00		4/24/00		5/19/00		6/12/00		6/19/00		8/26/00
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SRS Data

		Copper												average

		Date		Inflow		Outflow 1		Outflow 2		Outflow 3		Outflow 4		outflow		% reduction

		6/10/99		0.024		0.026		0.029		0.025		0.034		0.029		0

		6/17/99		0.045		0.014		0.012		0.012		0.014		0.013		71

		7/1/99		0.018		0.023		0.017		0.024		0.02		0.021		0

		7/8/99		0.018		0.014		0.025		0.029		0.03		0.025		0

		7/14/99		0.019		0		0.012		0.031		0.014		0.014		25

		7/20/99		0.04		0.02		0.016		0.021		0.02		0.019		52

		7/29/99		0.087		0.026		0.039		0.034		0.039		0.035		60

		8/4/99		0.025		0.02		0.022		0.025		0.021		0.022		12

		8/11/99		0.034		0.016		0.021		0.019		0.021		0.019		43

		8/25/99		0.019		0.013		0.014		0.015		0.011		0.013

		9/1/99		0.013		0.01		0.01		0.009		0.009		0.010		27

		9/6/99		0.02		0.0061		0.0051		0.0056		0.007		0.006		70

		9/15/99		0		0		0		0		0		0.000		0

		9/23/99		0.034		0		0		0		0		0.000		100

		9/28/99		0.013		0		0.011		0		0		0.003		79

		10/5/99		0.034		0		0		0		0		0		100

		10/12/99		0.018				samples composited						0.017		6

		10/25/99		0.018				samples composited						0.011		39

		11/8/99		0.016				samples composited						0		100

		11/31/99		0.01				samples composited						0.016		0
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		2/18/00		0.046		0.027		0.023		0.027		0.039		0.029		37

		Date		Inflow		Outflow						Inflow		Outflow		Percent Removal		k		T 1/2 (h)
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		9/15/99		0		0.000				9/15/99		0		0.000		0

		9/23/99		0.034		0.000				9/23/99		0.034		0.000		100

		9/28/99		0.013		0.003				9/28/99		0.013		0.003		79		0.032361426		21.4

		10/5/99		0.034		0				10/5/99		0.034		0		100

		10/12/99		0.018		0.017				10/12/99		0.018		0.017		6		0.0011908003		582.0

		10/25/99		0.018		0.011				10/25/99		0.018		0.011		39		0.0102599268		67.5
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		1/29/00		0.063		0.039				1/29/00		0.063		0.039		38		0.0099911058		69.4
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Fig. 5.  Total acid soluble copper concentrations in inflow and outflow from a constructed wetland mesocosm system.
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Fig. 6.  Ceriodaphnia dubia reproduction in inflow and outflow from a constructed wetland mesocosm system receiving copper-contaminated water.  * Outflow significantly different from controls (p=0.05).
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Fig. 7.  Hydrosoil redox potential in a constructed wetland mesocosm system receiving copper-contaminated water.
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Fig. 2.2.  Copper adsorbed to Scirpus californicus shoots and roots in a model constructed wetland system.  Error bars represent standard deviation.
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Fig. 2.3.  Copper absorbed to Scirpus californicus shoots and roots in a model constructed wetland system.  Error bars represent standard deviation.
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Fig 4
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Fig. 2.4.  Scirpus californicus standing crop in a model constructed wetland system receiving copper-contaminated water.  Data are based on shoot densities assuming 6 g per shoot and 1.00:1.02 shoot to root ratio.  Error bars represent standard deviation.
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Fig. 2.5.  Copper sorption to Scirpus californicus in batch laboratory experiments.  Error bars indicate standard deviation.
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Fig. 2.6.  Mass distribution of copper in laboratory batch sorption experiments with senesced S. californicus shoot tissue.
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Fig.2.7.  Decomposition of S. californicus detritus in a model constructed wetland system receiving copper-contaminated water, October 1999 through March 2001.
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Decomposition of S. californicus detritus in a model constructed wetland system receiving copper-contaminated water, October 1999 through March 2001.
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Physical Model Results
(applied to full-scale wetland design)

 Total copper concentrations decreased below
target discharge level in outflow

 No observed toxicity in outflow

o /3% total copper removed from agqueous phase

o Copper half-life in water was ~24 h




Physical Model Results
(applied to full-scale wetland design)

» Hydrosoil supported sulfate reducing bacteria

* Bulrush detritus will accrete over time to provide
organic matter for dissimilatory sulfate reduction and
ligands

* Ecological risks to the receiving waters mitigated
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Total Recoverable Copper Concentrations (pg/L)
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Aqueous copper removal, 2001-2002
(Murray-Gulde et al. 2008)
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C. dubia survival and reproduction, 2001-2002
(Murray-Gulde et al. 2008)
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Conclusions

*The A-01 constructed wetland system has been
operational and NPDES compliant since 2001.

*The A-0O1 constructed wetland system received
recognition from the U.S. Department of Energy and
U.S. Environmental Protection Agency Region 4 as
a model application of sustainable technology,
having saved SRS over $60 million over the life of
the system.
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