STORMWATER TREATMENT NORTHWEST(
This issue summarizes two recently completed studies of manufactured systems:  a CDS unit, located in Issaquah and a Vortechnics, located in the Seattle area.  The CDS study is summarized by John Lenth of Herrera Associates, who were responsible for the project, for the City of Issaquah.  Thank you John.  The second study was conducted by Taylor Associates for the Washington Department of Transportation.  Gary provides the summary.  WE WOULD APPRECIATE YOU SENDING US ANY REPORTS THAT YOU HAVE RECENTLY COMPLETED ON PERFORMANCE OF STORMWATER TREATMENT SYSTEMS SO THAT WE MIGHT SUMMARIZE THEM IN THIS NEWSLETTER.  THAT IS A MAJOR PURPOSE OF THE NEWSLETTER. Thanks.  

CITY OF ISSAQUAH-CDS STUDY

Introduction:  The City of Issaquah has installed two Continuous Deflective Separation (CDS) stormwater treatment units to provide water quality treatment for urban stormwater runoff.  One unit is located on NW Birch Place and treats stormwater from a 45-acre area with mixed commercial and residential land uses.  The other unit is located at the corner of Newport Way SW and Wildwood Boulevard SW (at Newport Bridge) and treats stormwater from a 29-acre basin with primarily multi-family land use.  Effluent from both units is discharged into Issaquah Creek.  These units are designed to remove gross pollutants, including sediments, from stormwater using a non-blocking, indirect screening technique.

The installation and operation of these CDS units was funded in part through a grant from the Washington State Department of Ecology (Ecology).  As a component of the grant scope of work, a monitoring program was implemented over the period of September 2000 through June 2001 to evaluate the performance of the CDS unit located on NW Birch Place. The specific goals of this monitoring program were two-fold: 1) to estimate the pollutant removal efficiency of the CDS unit, and 2) to evaluate the actual hydrologic performance of the unit with regard to design expectations.

In addition to funding from Ecology (Centennial Clean Water Fund Grant No. G9900236), funding for this project was also provided by the City of Issaquah and CDS Technologies Inc., the manufacturer of the CDS units. 

Site Description: The NW Birch Place CDS unit is located near the center of downtown Issaquah in a 45-acre drainage basin.  Land use in the basin is predominately residential and commercial.  Because of this development, approximately 52 percent of the total basin area is covered by impervious surfaces.  Table 1 provides a breakdown of the impervious surface acreage by major land use categories (e.g., low-density residential, multifamily residential, commercial). 

Table 1.
Impervious surface area (acres) by major land use categories in the drainage basin  

	
	Impervious Surface Type

	
	LDR
	MF
	COMM
	CF
	Total

	Buildings
	4.6
	0.9
	2.3
	0.6
	8.5

	Pavement (including parking)
	0.6
	0.9
	2.4
	1.6
	5.5

	Road
	3.3
	0.4
	1.1
	0.1
	4.9

	Sidewalk
	0.8
	0.0
	0.4
	0.6
	1.8

	Dirt road
	1.7
	0.2
	0.1
	0.6
	2.5

	Total
	11.0
	2.4
	6.3
	3.5
	23.2


LDR: Low-density residential; MF: Multifamily; COMM: Commercial; CF: Community facilities.

Monitoring Design Overview:  To implement this monitoring program, an automated flow meter was installed in the CDS unit to continually record the volume and discharge rate of stormwater both entering the unit and bypassed around the unit during periods when system capacity was exceeded.  These data were analyzed to determine if the hydrologic performance of the unit is consistent with design expectations.   

Four or five water quality samples were also collected at the inlet and outlet of the unit, respectively, during 13 separate storm events that encompassed three distinct monitoring periods (i.e., summer, fall, and winter/spring).  Based on these data, pollutant removal efficiency for the unit was evaluated using the following two approaches:

· Paired Sample Analysis: Influent and effluent samples were collected at approximately the same time during each storm event.  These paired samples were then evaluated statistically to determine if there were any significant differences in the influent and effluent pollutant concentrations.  Instantaneous pollutant removal efficiency estimates were also calculated from the paired samples and evaluated for trends.  The paired sample approach was used to directly evaluate the pollutant removal efficiency of the CDS unit without factoring in performance reductions caused by stormwater bypassing around the unit.  

· Mass Balance Analysis: Water quality data and continuous discharge data were used to estimate influent pollutant loads for selected parameters during the fall and winter/spring monitoring periods.  The mass of pollutant material present in the sump of the CDS unit was also measured after each of the monitoring periods and compared to total influent loads in order to estimate pollutant removal efficiencies. This approach was used to evaluate performance on a “system” level, factoring in both the treatment efficiency of the CDS units and any potential performance reductions that might have occurred due to stormwater bypasses.

Results: The following sections summarize water quality data and present pollutant removal efficiency estimates based on the paired sample and mass balance analysis approaches described above.  These water quality data are derived from 63 discrete samples collected from the inlet and outlet, respectively, of the CDS unit over the summer, fall, and winter/spring monitoring periods. 

Paired Sample Analysis Results:  Monitoring results presented in this section are derived from pairs of samples collected at the inlet and outlet of the CDS unit over a range of flow conditions.  In general, storm events producing at least 0.1 inches of rainfall were targeted for the collection of these samples because smaller storms were not expected to generate significant runoff.  In practice, precipitation totals for sampled storms ranged from 0.26 to 1.80 inches.  Actual discharge rates at the outlet of the CDS unit during sample collection ranged from 0.04 to 1.72 cfs.  

In this analysis, performance of the CDS unit is evaluated based on instantaneous pollutant removal efficiency estimates calculated from the paired influent and effluent samples.  These results are summarized in Table 2 for each of the water quality parameters evaluated. 

Table 2.
Median pollutant removal efficiencies (percent) measured in the CDS unit during summer, fall, and winter/spring monitoring periods, and all monitoring periods combined.

	Parameter
	Summer
	Fall
	Winter/Spring
	All Periods

	Total solids
	15.8
	–4.8
	–3.8
	–3.8

	Total suspended solids
	–4.5
	–10.9
	–8.3
	–8.3

	Total phosphorus
	–5.5
	–13.6
	–5.2
	–5.9

	Total zinc
	–1.8
	NM
	NM
	NA

	Soluble reactive phosphorus
	–6.9
	NM
	NM
	NA


NM = Not measured

NA = Not applicable

Mass Balance Analysis:  The pollutant removal efficiency estimates presented in this section were derived by comparing measured influent TSS and TP loads to the mass of those pollutants recovered in the sump of the CDS unit.   Results from these comparisons are presented in Tables 3 and 4 for TSS and TP, respectively.  

Table 3.
Removal efficiencies for total suspended solids in the CDS unit during fall and winter/spring monitoring periods based on a mass balance analysis.

	
	Monitoring Period

	
	Fall
	Winter/Spring

	Mass in CDS Unit
	
	

	Separation chamber floating material total solids (kg)
	0.213
	0.881

	Sump total solids (kg)
	63.6
	127

	Separation chamber/sump standing water TSS (kg)
	0.339
	0.271

	Total
	64.2
	128

	Mass in Influent Water
	
	

	Influent TSS (kg)
	1,653
	829

	Removal efficiency (%)
	3.88
	15.4


Table 4.
Removal efficiencies for total phosphorus in the CDS unit during fall and winter/spring monitoring periods based on a mass balance analysis.

	
	Monitoring Period

	
	Fall
	Winter/Spring

	Mass in CDS unit
	
	

	Sump vegetative material total phosphorus (kg)
	0.030
	0.102

	Sump sediment material total phosphorus (kg)
	0.017
	0.038

	Separation chamber/sump standing water total phosphorus (kg)
	0.0008
	0.0024

	Total
	0.048
	0.142

	Mass in Influent Water
	
	

	Influent total phosphorus (kg)
	2.77
	2.35

	Removal efficiency (%)
	1.73
	6.04


Discussion:  Pollutant removal efficiencies measured in this study were low in comparison to treatment performance data from other studies of conventional stormwater treatment systems and hydrodynamic systems.  The low pollutant removal efficiencies observed in this study can most likely be explained by one or both of the following characteristics of the NW Birch Place CDS unit: 1) pollutant concentrations in stormwater were generally low, and 2) the particle size of stormwater solids tended to be small.  Median influent concentrations for TSS and total phosphorus (31 and 0.092 mg/L, respectively) in this study were generally at or below the theoretical threshold at which further reductions cannot be realized by stormwater treatment systems (Schueler 2000).  Based on analyses performed on influent samples, the average particle size of solids present in influent stormwater was approximately 0.034 mm.  According to the senior consultant for CDS Technologies Inc., particles this small are not effectively removed by the CDS unit (James 2001 personal communication).
References:  James, R.  March 2, 2001.  Personal communication (email to John Lenth, Herrera Environmental Consultants, discussing preliminary monitoring results from the Issaquah CDS performance monitoring study).  Water Resource Management, Orinda, California; Schueler, T.  2000.  Irreducible Pollutant Concentrations Discharged from Urban Stormwater Treatment Practices.  Technical note #75 from Watershed Protection Techniques 2(2):369–372. 

WSDOT VORTECHNICS STUDY

The report title is SR405 Vortechs Water Quality Monitoring Project (April 2002).  The study was conducted by Taylor Associates for the Washington State Department of Transportation.  The device was located on SR405 in northern King County, Washington:  a Vortechs model 11000.  Data were collected from March 2001 to February 2002. Removal efficiencies were calculated for several parameters on a per-storm basis and on an aggregated basis for all storm events combined. In summary, the removal efficiency results indicate:
· For TSS the aggregate removal efficiency for all storm events was 20 percent with fairly consistent removal from storm to storm.  

· Turbidity was reduced about 15 percent, with moderate variation between storms.

· For total zinc, the aggregate removal for all storm events was about 2 percent, with fairly consistent removal from storm to storm.  

· For dissolved  zinc, the aggregate removal for all storm events was about minus 35 percent, with great variation from storm to storm.  

· For total phosphorus, the aggregate removal for all storm events was about 15 percent, with moderate variation from storm to storm.  

· For orthophosphate (dissolved) phosphorus, the aggregate removal for all storm events was about minus 35 percent, with great variation from storm to storm.  

The authors concluded that based on TSS removal results, the Vortechs unit would "be unlikely to meet Washington Department of Ecology guidelines for emerging stormwater treatment technologies.  Ecology's basic criterion is 80 percent removal of TSS for influent concentrations greater than 100 mg/L and less than 200 mg/L, and 20 mg/L effluent concentration if the influent concentration is less than 100 mg/L, based on an assumed particle distribution.   The particle size distribution observed at the site was generally smaller than that defined by Ecology, which the authors concluded could be the reason for the low efficiency, and likely led to their choice of words "unlikely to meet" rather than will not meet.  Furthermore, the authors stated that they observed the movement of bedload in the pipe of sand and gravel into but not out of the unit, indicating that this material was removed but most importantly that the calculation of 20 percent removal is low.  The authors did not state but implied that the samplers were not picking up the bedload.  Field observations also indicated that sediment initially filled the upstream manholes and sumps. Not until this occurred did the Vortechs unit begin to accumulate sediment, implying that the device removes primarily coarse sediments. A maintenance frequency of once every two years appears appropriate.  

The unit serves a 28 acre watershed, and was rated to operate up to 17.5 cfs (Editor’s comment: Although not stated by the authors, this is the hydraulic capacity.  The treatment capacity is 25% of the hydraulic capacity.)
LAST ISSUE THIS YEAR

There will be one more issue for this year, in December.  We will present data on other studies of PNW stormwater treatment systems including a sand filter, swale, and infiltrating road ditch. 

NEW BOOK

Gary’s new book, Stormwater Treatment:  Biological, Chemical, and Engineering Principles has now been published and is available. Go to www.stormwaterbook.com for details.  As this constitutes an advertisement you can attach this page of the newsletter to the ordering form to save $20, as explained on the web site.

SHORT COURSE ANNOUNCEMENT

The following are offered by University of Washington, Professional Development Program.  The web site www.engr.washington.edu/epp/Pepl/peplcal.html provides further information, or contact Debra Bryant at 206-543-5539. 

· New Technologies and Concepts in Stormwater Treatment, February 5-6, 2003 

Contact Gary Minton at (206) 282-1681 or email: mintonrpa@cs.com if you would like to know more about the content of this course.
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