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Executive Summary


To investigate the types and amounts of materials used for erosion and dust control on California construction sites, we examined product data, surveyed contractors and manufacturers, reviewed Storm Water Pollution Prevention Plans and inspected construction sites. 

Findings

· Over 394 erosion control and dust suppressant products are available to contractors.

· Our survey showed that wattles are the most widely used erosion control product followed by blankets, mulch, and liquid or powder products.

· Building materials and construction waste exposed to storm water can leach harmful constituents.

· Selection of cost effective water sampling & monitoring methods for construction sites are site specific.

· More than half of construction sites visited show poor housekeeping, best management practice non-compliance and lack of BMP maintenance.

· Almost half of the examined SWPPPs were inadequate.

· The California Water Resources Control Board SWPPP database is not up-to-date or maintained.

· Oversight of the SWPPP process is lacking.

· The most effective deterrents to sediment and pollutant release from construction sites combine education and enforcement.

Recommendations

· Encourage good construction site housekeeping including installation and maintenance of BMPs.

· Encourage contractors to choose dust suppressant and erosion control materials with low water solubility and low concentrations of harmful constituents that will biodegrade and not bioaccumulate.

· Decrease exposure of building materials and construction waste to storm water by requiring covered waste receptacles and stockpiles. Make use of Spanish labeling on these receptacles. 

· Maintain soil infiltration rates by reducing compaction during construction activity.

· Renovate badly compacted soil to increase infiltration rates.

· Maintain soil cover to reduce soil erosion whenever possible.

· Educate day-laborers, in Spanish if necessary, on proper BMP installation and maintenance.

· Implement electronic submittal of SWPPPs. 

· Improve SWPPP preparation and phasing of BMP installation.

· Require that SWPPPs be site specific and increase inspections.

· Implement a “maid service” to provide maintenance of erosion control and good housekeeping practices

· Maintain drain inlets to reduce sediment entry into drains.

· Maintain regular street sweeping operations to reduce sediment entry into drains.

· Maintain wattles and other erosion control materials during construction activities.  In particular, do not drive over or remove wattles during construction.

· Require submission of storm water runoff test results to California WRCB and develop database for construction site storm water runoff pollution.

· Develop and implement a testing program for all materials used for erosion control or dust suppression to determine potential toxicity.
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Introduction

This is the final report on agreement number 01-269-250-0.  The project consists of seven tasks directed at determining the types and amounts of materials being used for dust suppression and erosion control on California construction sites.  The majority of the work has been done by Libby Raskin, a post-graduate researcher and Angela DePaoli, a graduate student researcher working with Professor Michael J. Singer in the Department of Land, Air and Water Resources.  An electronic version of this report and all of the Microsoft Access tables will be available on line at http://erosion.lawr.ucdavis.edu.  In this report we describe the processes used to obtain information and provide the findings for each of the tasks. 

Erosion control management has proven to be a difficult task for many construction sites, both in California and outside, as reflected in numerous reports of inadequate SWPPPs and BMP non-compliance. In addition, ineffective BMPs, either by design, improper installation or lack of maintenance, exacerbate the challenge of controlling erosion and sediment from construction sites. 

The following examples of problems observed at construction sites in California provide background for our study and final recommendations. References cited in this report can be found starting on page 73.

In 1997, the San Francisco Bay Regional Water Quality Control Board aggressively investigated construction site erosion control practices (Mumley, 2000). Common observations included no permit on site, deficient or undeveloped SWPPPs, non-implemented SWPPPs, and improper and ineffective erosion control measures. As a result of these findings, the Regional Board reported that increased enforcement and education has improved NPDES permit compliance to greater than 90%.

In contrast to the subsequent improvements reported by the SF Regional Board, is the November 2000 investigation by the Santa Clara Valley Audubon Society (SCVAS) of dozens of active construction sites larger than 5 acres in Santa Clara County, also within the SF Bay Water Quality Control Region (SCVAS, 2002). Using video and still cameras, the investigators found that an overwhelming majority of the sites were in violation of the Clean Water Act during the 2000-01 and 2001-02 rainy seasons. Although City of San Jose inspectors routinely observed violations, the report states that stiff enforcement action or regular monitoring of problems was rare. In addition to failing and inappropriate BMPs, the investigator’s review of construction site SWPPPs showed much variation in adequacy. Furthermore, document retrieval from the City of San Jose proved frustrating throughout the duration of the investigation due to inconsistent and disorganized record keeping. 

In other locations, similar problems have been found.  For example, a 1994 investigation of 128 North Carolina construction sites found that 16% of BMPs in erosion control plans were not implemented. BMP failure resulted from technical inadequacy, poor installation, or poor maintenance. Of those that were implemented and that failed, 55% were not installed properly, 27% were poorly maintained, and 18% were technically inadequate. The report comments that installation problems often occur when erosion control plans contain vague field information and the construction crews lack proper training (Paterson, 1994).

An April 1998 inspection sweep of 363 construction sites by the North Carolina Division of Land Resources (NCDLR) found 22% not in compliance and 19% causing offsite sedimentation (NCDLR, 1998).

In a 1993 survey of 62 state highway erosion control experts, 30% reported that at least 50% of BMPs specified in highway erosion control plans were never installed and 20% indicated that 50-75% were installed. Only 21% stated that 100% of erosion control plan BMPs were installed (Mitchell, 1993). 

Inadequate clearing and grading ordinances in many communities may contribute to poor construction site erosion control. In a survey of 43 local government programs, 44% of respondents indicated that soils were often still exposed after their time-limit expired, 56% reported that revegetation efforts were frequently unsuccessful due to poor planting or seeding techniques, 44% indicated that cleared slopes were not adequately stabilized, 33% noted that no time-limit was imposed for revegetation, and 67% stated that erosion and sediment controls were not adequately maintained (Corish, 1994). 

A survey of 810 construction sites by the Maine Department of Environmental Protection (MDEP) found 46% of residential sites, 38% of commercial sites and 33% of road construction sites not in compliance with Maine’s Erosion and Sediment Control Law. The survey showed that the smaller the site and the flatter the site, the more likely for it to be in compliance. In addition, sites close to a natural resource were less likely to be in compliance (56%) compared to those far from a natural resource (53%), even though the closer sites were more likely to use BMPs (MDEP, 2004).

A survey sponsored by the Montana Department of Transportation of personnel from 16 state DOTs found that improper BMP installation was the main cause of erosion and sediment discharge. In addition, the most prevalent reason for the difficulties and breakdowns in BMP installation was lack of training and communication in field personnel (MDOT, 2003).

Other countries also battle with erosion control non-compliance. The Brisbane City Council (Australia) monitored construction sites for four years and found that only 50% met erosion and sediment control requirements (Taylor, 2002).

Task 1.  Compilation of information

This task directed us to compile a comprehensive list of soil amendments, soil treatments and other materials used or applied in large quantities, applied frequently, and/or meant to be applied during the rainy season in the State of California to construction sites.

We did a comprehensive search of the literature, and of web sites to find the kinds of materials that could be used for erosion and dust control on construction sites.  We created a Microsoft Access 2000 database containing 31 tables to catalog the information (Table 1 and the web site).  We found 458 products and list 185 manufacturer’s names and contact information for the manufacturers.  The products have been sorted into categories of similar materials including blankets, liquids and powders, and mulch products (Table 1a).  Few have created other tables that provide information on recommended application rates and toxicity of materials.
Table 1.  List of Access 2000 tables on the web site and in the appendix.

	Table Number
	Table Name
	Subject
	Record Count
	Fields

	34
	Application Rate
	Manufacturer recommended application rate for liquids, powders and mulch erosion control products
	276
	Brand Name, Application Rate, Product ID

	35
	Ash Aquatic Toxicity
	LC50 and EC50 values for several fly ash and MSWI ash samples
	13
	Material Type, Material Source, Toxicity, Data Source

	36
	Bibliography
	References cited in report
	109
	ID, Author 1, Reference

	37
	Blankets Product Data
	General composition of brand name erosion control blankets
	102
	Brand Name, General Composition, Product ID

	38
	BMP Manuals
	BMP manuals examined in report
	14
	Code, Agency, State, Year, Title, Pages, www

	39
	BMP Table
	BMPs described in BMP manuals
	171
	BMP Name, 13 fields for 13 BMP Manuals

	40
	Brand Name Usage
	Brand name products used by respondents in survey
	36
	Brand Name, Product ID, General Composition, Number of Users, Number of Users Reporting Amount, Total 2002 Amount


Table 1. (continued)

	Table Number
	Table Name
	Subject
	Record Count
	Fields

	41
	Chemical List
	Chemicals listed in MSDS of products in Product List table
	81
	Chemical Name, CAS No., Formula, Water Solubility, Toxicity

	42
	Contractor Survey General Category Use
	General categories of products used by respondents in Contractor Survey
	134
	Contractor ID, Tackifiers, Soil Binders, Soil Drying Agents, Mulch, Blankets etc., Wattles etc., Dust Suppressants

	43
	Element Aquatic Toxicity
	One to four LC50 or EC50 values for 18 metals
	18
	Element Name, CAS Number, Toxicity 1, Toxicity 2, Toxicity 3, Toxicity 4

	44
	Erosion Control Specialist General Category Use
	General categories of products used by respondents in Erosion Control Specialist Survey
	31
	ECS ID, Tackifiers, Soil Binders, Mulch, Blankets etc., Wattles etc., Dust Suppressants

	45
	Green Dye Toxicology
	Solubility and LC50 values for green dyes used in mulch and tackifier
	7
	ID, Dye Name, CAS No., Water Solubility, Aquatic Toxicology, Data Source

	46
	IECA General Category Use
	General categories of products used by respondents in IECA Survey
	26
	IECA ID, Tackifiers, Soil Binders, Soil Drying Agents, Mulch, Blankets etc., Wattles etc., Dust Suppressants

	47
	Laboratory Fee Summary
	Price range and avg. price of tests in Laboratory Fee table 
	26
	Lab Test Name, Average Price, Price Range


Table 1. (continued)

	Table Number
	Table Name
	Subject
	Record Count
	Fields

	48
	Laboratory Fees
	Prices for various storm water pollutant tests from six laboratories
	6
	ID, County, Turnaround, TSS, Settable Solids, Turbidity, Oil & Grease, pH, Conductivity, TDS, Alkalinity, Residual Chlorine, VOCs, SVOCs, Phenols, MBAS, Phosphates, Phosphorus, Pesticides, Herbicides, Metals (Title 22), Chromium VI, Metals (Individual), NO3, NH3, BOD, COD, TOC, Total Coliform

	49
	Liquids & Powders Chemical Data
	Connector between Liquids & Powders Product Data table and MSDS Chemical List table
	292
	Brand Name, Product ID, Chemical ID

	50
	Liquids & Powders Product Data
	Manufacturer supplied composition, solubility, pH and ecological information for liquid and powder products
	212
	Brand Name, General Composition, Ecological Info, pH, Water Solubility, Product ID

	51
	Manufacturer Survey General Data
	General categories of products sold in California
	32
	Manufacturer ID, Tackifiers, Soil Binders, Mulch, Blankets etc., Wattles etc., Dust Suppressants


Table 1. (continued)

	Table Number
	Table Name
	Subject
	Record Count
	Fields

	52
	Manufacturers
	Manufacturers of products in Product List table and in survey
	185
	Company Name, Contact Name, Telephone, Address, www, Company ID

	53
	Manufacturers Survey Products Sold
	Amounts sold in CA of general erosion control materials, 2002
	62
	Product Type, Material, Amount Sold, Year

	54
	Mulch Chemical Data
	Connector between Mulch Product Data table and MSDS Chemical List table
	76
	Brand Name, Product ID, Chemical ID

	55
	Mulch Product Data
	Manufacturer supplied composition information
	64
	Brand Name, General Composition, Product ID

	56
	Pollutants (Building Materials)
	Constituents found in building material leachates
	117
	ID, Material, Category, Use, Constituents, Water Source, Data Source

	57
	Product List
	Brand name list of erosion control products, dust suppressants and waste materials
	458
	Brand Name, Use, Type, MSDS, Product ID, Company ID

	58
	Product Testing Sources
	Organizations that test erosion control products; includes summaries of relevant research studies
	7
	Organization, Report Name, Report Summary, Report Details, www

	59
	Respondent Use By Region
	Counties and regions of California in which survey respondents used products
	50
	County/Region, Respondent Count


Table 1. (continued)

	Table Number
	Table Name
	Subject
	Record Count
	Fields

	60
	Survey Data
	Compilation of specific data in all surveys
	493
	ID, Product Type, Brand Name, Product ID, Total 2002 Amount, Contractor Application Rate, Manufacturer Application Rate, County/Region, City, Location Type, Comments

	61
	SWPPP and Construction Site BMPs
	Best management practices indicated in SWPPPs and found on construction sites
	27
	ID, BMP Type, Number of SWPPPs Using BMP, % of SWPPPs, Number of Sites Using BMP, % of Sites

	62
	SWPPP and Construction Site Data
	Specific information about SWPPPs and observational information about construction sites
	32
	ID, Acreage, Map Indicates BMP Type and Location, Type of Site, SWPPP Designer, SWPPP Comments, Quality of SWPPP, Site Visit Comments, BMPs Used On-Site, Non-Compliance BMP Type 


Table 1. (continued)

	Table Number
	Table Name
	Subject
	Record Count
	Fields

	63
	Water Monitoring Equipment
	Portable water- monitoring- equipment product data
	46
	Product Name, Product Type, Analytes, DO, pH, Conductivity, ORP, Turbidity, Resistivity, Salinity, TDS, Total Dissolved Gas, Depth, Barometric Pressure, Temperature, GPS, Price, Power Source, Memory, Range, Communication, Unattended Logging, www

	64
	Water Sampling Devices
	Automatic and mechanical water sampling device product data
	12
	Product Name, Product Type, Price, Weight, Power Source, Telemetry, www, Notes


Table 1a: Product List Summary

	Product Type
	Product Count

	Bags
	2

	Blankets
	102

	Cement Kiln Dust Materials
	5

	Coal Combustion Products
	59

	Geofibers
	1

	Liquids & Powders
	213

	Mulch
	64

	Rolls, Logs & Wattles
	12

	Total
	458


Task 2.  Investigate and report the recommended and actual rates of application, the potential for entering runoff, and any non-label use of construction materials.

We created three one-page survey instruments that were sent to 1378 contractors, 204 erosion control specialists (names were obtained from the CPESC, Inc., for Erosion Control Specialists certified in California), and 199 California members of the International Erosion Control Association, to determine what materials were being used in California and their actual rates of use. A fourth survey was sent to 151 manufacturers to identify the kinds and amounts of erosion control materials sold in California. An example of one survey is in Appendix 1 at the end of this report. Our Contractor list came from the SWPPP applicant database on the State Water Resources Control Board website. From this database, we selected for company names with the word “contractor” or “homes” and that applied for a permit in 2002. The 151 manufacturers surveyed came from our own list.  Table 2 summarizes the responses received from the three user survey groups.  Seventy of the 261 responses contained no information and 36 respondents (191-155) provided only general information from the top of the survey.  We used the remaining detailed data in the analysis that follows. We feel that the response rate was very good, as surveys often don’t generate a return rate of more than 10%.  Respondents to this survey include erosion control professionals, consultants, engineers, agency officials, contractors, and a farmer. Table 2 summarizes the response data for all three surveys. The subsequent tables report on the detailed results from the surveys that contained useable data.

Table 2. Number of respondents, and percentage responding from all surveys.

	Survey Type
	Number Sent
	Number Returned
	Surveys with No Data
	Surveys with General Data
	Surveys with Specific Data
	Surveys with County or Region

Data

	Contractor
	1378
	185 (13%)
	51
	134
	114
	  91 

	ECS
	  204
	  43 (21%)
	12
	  31
	  23
	  20

	IECA
	  199
	  33 (17%)
	  7
	  26
	  18
	  16

	Total
	
	261
	70
	191
	155 
	127



Table 3 is a summary of the product use and products sold data from respondents in all four surveys.  The amounts and types of products sold in California from the 32 Manufacturer respondents are listed in Table 3a. In addition to the data in Table 3, the three user surveys also provided more detailed information about where materials are used, rates of application, brand names and amounts used in 2002. The more specific data are contained in the Access table called Survey Data (155 respondents for 493 products) and are most easily described by reviewing and summarizing the data in each field: County/Region, Product Type, Brand Name, Total Amount Used 2002, Contractor Application Rate, Manufacturer Application Rate, Location Type, Comments.  All surveys containing specific data for any of the fields are included in this table. In the following paragraphs and tables, we summarize the data by these categories.


Among the respondents, rolls, logs and wattles were the most frequently used materials for erosion control. These materials were followed by blankets, mulches and tackifiers.  Soil binders, drying agents and dust suppressants were much less frequently reported as being used.

Table 3. Percentage of Contractors, ECS and IECA respondents who use specific classes of materials and percent of manufacturers selling materials in California.

	Material
	Contractors
	ECS
	IECA
	Manufacturers

	
	(% using the material)

	Tackifiers
	21
	37
	69
	53

	Soil binders
	13
	13
	19
	44

	Soil drying agents
	19
	NA
	8
	No data

	Mulch
	45
	87
	77
	16

	Blankets
	57
	73
	81
	19

	Rolls, logs, wattles
	82
	80
	92
	19

	Dust suppressants
	38
	27
	31
	53


NA not applicable

Table 3a. Manufacturer survey summary of products sold in California.

	Material
	2001
	2002
	Other

	Bags (geotextile)
	
	5,000 units
	

	Blankets, etc.
	
	2,778,650 sq. yds. +

1,172,241 lbs.
	

	Liquids & Powders

(asphalt emulsion)
	
	5,000 gallons
	

	Liquids & Powders

(calcium lignosulfonate)
	30 x 55 gallon drums
	
	


Table 3a. (continued)

	Material
	2001
	2002
	Other

	Liquids & Powders

(enzyme stabilizer)
	160 gallons
	160 gallons
	

	Liquids & Powders

(magnesium chloride)
	250 gallons + 1158 tons
	500 gallons + 580 tons
	

	Liquids & Powders

(polymers, acrylic or polyacrylamide)
	8,097 lbs. + 440 gallons
	301,641 lbs. + 140,000 gallons
	3,400 gallons (1997-2003)

	Liquids & Powders

(resin emulsion)
	
	21,067 gallons
	

	Liquids & Powders

(tall oil)
	300 tons
	400 tons
	

	Liquids & Powders

(vegetable product)
	
	3,315 lbs.
	840 lbs. (2003)

	Liquids & Powders

(tackifiers/stabilizers, material unknown)
	1,224 lbs.
	4,000 lbs. + 22,176 gallons
	

	Mulch

(wood and recycled fiber)
	10,254.5 tons
	10,112 tons + 1,250 cubic yards
	

	Rolls, Logs, Wattles
	1,447,317 linear feet
	7,829,312 linear feet + 204,000 lbs.
	


County/Region summary

Most respondents with specific information (127, 82%) report a location of use for their products, usually a county and/or city, although some report a region. The locations span 44 counties and 6 regions. The Access table called Respondent Use by Region organizes these data in addition to their original location in the Survey Data table. See Table 4 for county and region data. Some respondents use products in several regions. 

Table 4. Respondents by county or region sorted by number of respondents in each area.

	County/Region
	Respondent Count
	County/Region
	Respondent Count

	San Diego
	18
	Amador
	2

	Riverside
	13
	Monterey
	2

	Orange
	12
	Mendocino
	2

	Placer
	10
	Yuba
	2

	Contra Costa
	9
	Trinity
	2

	Sacramento
	9
	San Luis Obispo
	2

	Napa
	8
	Humboldt
	1

	Los Angeles
	7
	Tehama
	1

	Alameda
	7
	Santa Barbara
	1

	Santa Clara
	6
	Sutter
	1

	Ventura
	6
	Siskiyou
	1

	Sonoma
	6
	Calaveras
	1

	Statewide
	5
	Northern California
	1

	Stanislaus
	5
	San Francisco
	1

	Solano
	5
	Merced
	1

	San Joaquin
	5
	Tuolumne
	1

	Santa Cruz
	5
	Fresno
	1

	El Dorado
	4
	Modoc
	1

	Marin
	4
	Lassen
	1

	Shasta
	4
	Tulare
	1

	Southern California
	4
	Madera
	1

	San Mateo
	4
	Central California
	1

	Butte
	3
	
	

	San Bernardino
	3
	
	

	Yolo
	2
	
	

	Central Coast
	2
	
	

	Bay Area
	2
	
	

	Lake
	2
	
	


Products Use and Amounts by Type Summary

Product types are listed in the Survey Data table as specifically as provided by the respondent. Not all respondents report an amount. When they do, the units are not consistent and may be posted as “lots”, acres, gallons, linear feet, square feet, cubic yards, number count, or tons. Of the materials listed in the Survey Data table, 389 (79%) include an amount. The following tables show the number of users for each product type, the number of users posting an amount for the product type, and the amount used for each type. Since contractors may use more than one type within a category, the number of users for the general category that report an amount is also indicated.  Tables 6 through 12 organize the product types, user number, and amount data by category for Blankets, Dust Suppressants, Lime & Fly Ash, Mulch & Fibers, Binders & Tackifiers, Wattles, and Miscellaneous. Table 5 summarizes the amount data by user number and general category. 

Table 5. Product use summary for 2002 sorted by product category.

	Category
	Total Amount 2002
	Number of Respondents for Total Amount

	Blankets
	266 acres; 6,052 rolls; 5,100 lbs.; 16,710 linear feet
	70

	Binders & Tackifiers
	2,297 acres; 258 tons; 25 road miles; 117,720 gallons
	35

	Fly Ash
	1 ton; 20 cubic yards
	3

	Lime
	3,540 tons; 31 acres; 500-1,000 sacks; 120 cubic yards
	15

	Mulch & Fibers
	1,873 acres; 2,133 tons; 200 gallons; 1,317 bales; 31,810 cubic yards
	59

	Wattles
	11 tons; 27 pallets; 21,005 rolls; 1,444,035 linear feet
	103


Tables 6 through 12 are more detailed summaries of the amounts of materials used sorted by type of material.

Table 6. Number of users and quantities of different blanket materials used in California in 2002.

	Product Type: Blankets
	Number of Users
	Number of Users Reporting Amount
	Amount

	
	C
	IECA
	ECS
	Total
	
	Acres
	Rolls
	Lbs.
	Linear Feet
	Square Feet

	Blankets (unspecified)
	13
	4
	7
	24
	20
	28
	     47
	1,500
	  3,000
	2,429,400

	Blankets, coconut fiber
	4
	1
	5
	10
	9
	
	   522
	
	
	   906,080

	Blankets, excelsior or straw
	
	1
	
	1
	0
	
	
	
	
	

	Blankets, fabric
	1
	
	
	1
	1
	
	       9
	
	
	

	Blankets, geotextile
	7
	
	
	7
	4
	
	
	
	     150
	   390,900

	Blankets, hemp
	
	
	1
	1
	1
	
	       2
	
	
	

	Blankets, jute
	5
	
	
	5
	5
	
	
	
	10,560
	1,875,000

	Blankets, mat
	1
	
	
	1
	1
	
	
	
	
	     20,000

	Blankets, mesh
	4
	
	
	4
	3
	
	
	
	
	     17,000

	Blankets, mesh (jute)
	1
	
	
	1
	1
	
	     20
	
	
	

	Blankets, netting
	3
	
	
	3
	3
	
	
	
	  2,500
	       6,000

	Blankets, netting (jute)
	11
	1
	2
	13
	8
	
	   110
	3,600
	
	   107,675

	Blankets, polypropylene and coconut fiber
	1
	
	
	1
	1
	
	
	
	
	       9,000

	Blankets, straw
	8
	3
	3
	14
	12
	   5
	5,235
	
	
	1,121,800 

	Blankets, straw and coconut fiber 
	3
	4
	4
	11
	9
	 10
	   100
	
	     500
	1,777,560

	Blankets, straw, jute and wood fiber
	
	1
	
	1
	1
	
	
	
	
	   300,000

	Blankets, synthetic
	
	1
	
	1
	0
	
	
	
	
	

	Blankets, wood and corn fiber
	1
	
	
	1
	1
	
	
	
	
	   750,000

	Blankets, wood fiber
	2
	
	
	2
	2
	
	       7
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Total
	
	
	
	
	70 unique users
	43
	6,052
	5,100
	16,710
	  9,710,415

(=223 acres)


C=contractor, IECA = International Erosion Control Association, ECS = Erosion control specialist

Table 7. Number of users and quantities of different dust suppressants used in California in 2002.

	Product Type: Dust Suppressant
	Number of Users
	Number of Users Reporting Amount
	Amount

	
	C
	IECA
	ECS
	Total
	
	Tons
	Gallons
	Miles of Road

	Dust suppressant (unspecified)
	3
	
	
	3
	3
	40
	17,000
	

	Dust suppressant, lignin sulfonate
	
	
	2
	2
	2
	
	  1,800
	10-20

	Dust suppressant, magnesium chloride
	2
	
	1
	3
	3
	25
	75,000
	

	Dust suppressant, water
	24
	
	2
	26
	
	
	
	

	Total dust suppressant users
	34
	


Table 8. Number of users and quantities of lime & fly ash used in California in 2002.

	Product Type: Lime & Fly Ash
	Number of Users
	Number of Users Reporting Amount
	Amount

	
	C
	IECA
	ECS
	Total
	
	Tons
	Acres
	Sacks
	Cubic Yards
	Square Feet

	Lime
	19
	1
	
	20
	16
	3,540
	27
	500-1,000
	120
	183,900

	
	 
	
	
	 
	 
	
	
	
	
	

	Fly ash
	 3
	
	
	 3
	 3
	       1
	
	
	  20
	  54,000


This table does not include one contractor who describes his lime use as “lots”; however, this information is included in the Access Survey Data table.

Table 9. Number of users and quantities of different mulch and fiber materials used in California in 2002.

	Product Type: Mulch & Fibers
	Number of Users
	Number of Users Reporting Amount
	Amount

	
	C
	IECA
	ECS
	Total
	
	Acres
	Tons
	Gallons
	Bales
	C. Yards
	Sq. Feet

	Bonded fiber matrix
	14
	4
	3
	21
	17
	   870
	139
	200
	
	
	2,640,000

	Mulch (unspecified)
	20
	4
	3
	27
	22
	   150
	603
	
	
	31,210
	3,845,000

	Mulch, paper
	1
	
	2
	3
	2
	
	124
	
	
	
	

	Mulch, recycled green waste
	1
	
	
	1
	0
	
	
	
	
	
	

	Mulch, sawdust
	
	
	1
	1
	1
	
	15
	
	
	
	

	Mulch, stable waste
	
	
	1
	1
	1
	
	5
	
	
	
	

	Mulch, straw
	6
	6
	12
	24
	19
	   500
	1,093
	
	1,317
	
	

	Mulch, straw (with tack)
	3
	
	
	3
	1
	
	
	
	
	
	1,350,000

	Mulch, wood and polyester fiber
	
	
	1
	1
	1
	
	25
	
	
	
	

	Mulch, wood chips
	2
	1
	5
	8
	5
	
	98
	
	
	     600
	

	Mulch, wood fiber
	10
	
	
	10
	6
	
	31
	
	
	
	6,552,840

	Mulch, wood fiber (with guar)
	
	1
	
	1
	1
	     23
	
	
	
	
	

	Mulch, yard waste
	1
	
	
	1
	0
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Total
	
	
	
	
	59 unique users
	1,543
	2,133
	200
	1,317
	31,810
	14,387,840

(=330 acres)


Table 10. Number of users and quantities of different soil binders and tackifiers used in California in 2002.

	Product Type: Binders & Tackifiers
	Number of Users
	Number of Users Reporting Amount
	Amount

	
	C
	IECA
	ECS
	Total
	
	Acres
	Tons
	Road Miles
	Gallons
	Square Feet

	Soil binder (unspecified)
	 5
	1
	
	   6
	  4
	     70
	
	
	
	     302,840

	Soil binder, lignosulfonate


	
	
	1


	   1


	  1


	
	176
	
	
	

	Soil binder, polymer
	 5
	1
	3
	   9
	  8
	   200
	
	25
	   4,125
	  1,100,000

	Soil binder, tall oil
	
	1
	
	   1
	  1
	
	  
	
	 75,000
	

	Tackifier (unspecified)
	7
	1
	
	   8
	  8
	1,515
	    2
	
	 
	  1,312,500

	Tackifier, petroleum distillate
	  5
	2
	1
	   8
	 5
	
	
	
	   4,525
	  2,000,000

	Tackifier, plant product
	5
	7
	7
	 19
	13
	  100
	  80
	
	
	  5,500,000

	Tackifier, polyacrylamide
	3
	1
	
	   4
	  3
	
	
	
	
	  7,747,900

	Tackifier, polymer
	3
	1
	
	   4
	  3
	
	
	
	 34,070
	

	
	
	
	
	
	
	
	
	
	
	

	Total
	
	
	
	
	35 unique users
	1,885
	258
	25
	117,720
	17,963,240

(=412 acres)


Table 11. Number of users and quantities of different wattles used in California in 2002. 

	Product Type: Wattles
	Number of Users
	Number of Users Reporting Amount
	Amount

	
	C
	IECA
	ECS
	Total
	
	Pallets
	Rolls
	Tons
	Linear Feet

	Wattles (unspecified)
	52
	6
	  6
	64
	56
	  3
	  3,712
	10
	  927,710

	Wattles, coir
	  1
	
	  2
	  3
	  3
	
	       80
	
	         400

	Wattles, fiber
	  4
	1
	
	  5
	  4
	
	
	  1
	  213,850

	Wattles, straw
	30
	10
	12
	52
	42
	24
	17,213
	
	  302,075

	Wattles, straw and coir
	
	
	  1
	  1
	  0
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Total
	
	
	
	
	104 unique users
	27
	21,005
	11
	1,444,035


This table does not include one contractor who describes his straw wattle use as “lots”; however, this information is included in the Access Survey Data table.

Table 12. Number of users and quantities of different miscellaneous materials used in California in 2002.

	Product Type: Miscellaneous
	Number of Users
	Number of Users Reporting Amount
	Amount

	
	C
	IECA
	ECS
	Total
	
	Tons
	# Count
	Gallons
	Linear feet
	Square feet

	Asphalt emulsion, SS1-H
	1
	
	
	  1
	  1
	
	
	2,400
	  2,400
	

	Gravel bags
	4
	
	
	  4
	  3
	  70
	  465
	
	
	

	Hay bales
	3
	
	
	  3
	  3
	
	  600
	
	
	

	Hydroseed
	4
	
	
	  4
	  3
	
	
	15,000
	15,000
	107,200

	Mulch, gravel
	
	
	1
	  1
	  1
	150
	
	
	
	

	Plastic sheeting
	2
	
	
	  2
	  2
	
	
	
	
	120,000

	Sand bags
	2
	
	
	  2
	  2
	
	3,000
	
	
	

	Silt Fence
	11
	1
	
	12
	10
	    1
	
	
	81,550
	

	Wattles, rock
	1
	
	
	  1
	  1
	
	
	
	  2,000
	


Brand Name Data Summary

Only 37% of the total respondents (58/155) that give specific information provide a brand name. The average was low, in large part because of the poor response rate of the contractors compared to the ECS and IECA returns (Table 13).

Table 13. Number and percent of respondents reporting product brand names.

	Survey
	Respondents with Specific Data
	Brand Name Listed

	Contractor
	114
	32 (28%)

	ECS
	  23
	14 (61%)

	IECA
	  18
	12 (66%)

	Total
	155
	58 (38%)


Thirty-six brands are named in the surveys. All brand names, the number of users and those who report amounts appear in Table 14.  The Access Table called Brand Name Usage contains these data with an additional field for general composition. For more details on composition and chemicals of these products, see Tables 15 (Liquids & Powders), 16 (Mulch & Fibers), and 17 (Blankets). Mention of the brand names or lack of mention does not imply any recommendation or lack of recommendation by the State, the University or the authors of this report.

Table 14. Brand Name Use and Amount

	Brand Name
	Number of Users
	Number of Users Reporting Amount
	2002 Amount

	North American Green
	16
	13
	15 acres; 153 rolls; 2,818,800 sq. feet

	Ecology Controls M-Binder
	15
	12
	100 acres; 79 tons; 5,450,000 sq. feet

	California Straw Works Straw Wattles
	8
	7
	76,000 linear feet

	EarthGuard®
	8
	5
	4,525 gallons; 2,000 sq. feet


Table 14 (continued)
	Brand Name
	Number of Users
	Number of Users Reporting Amount
	2002 Amount

	EcoAegis®
	7
	5
	260+ acres; 200 gallons; 300,000 sq. feet

	Earth Saver™
	5
	4
	30,600 linear feet

	UltraTack™
	4
	3
	7,747,900 sq. feet

	Soil-Sement®
	4
	4
	25 miles of road; 100 acres; 2,925 gallons

	Curlex®
	4
	4
	14 rolls; 3,000 linear feet; 300,000 sq. feet

	Dust-Off®
	3
	3
	25 tons; 75,000 gallons

	Mirafi®
	3
	3
	24,500 sq. feet; 8-9 rolls

	Terra-Lock™ 50
	3
	2
	100+ acres; 100 gallons

	EcoFibre®
	3
	1
	6,550,000 sq. feet

	Greenfix® Erosion Control Blankets
	3
	3
	5,500 rolls; 40,500 sq. feet

	EcoAegis II®
	3
	1
	100 + acres

	EarthGuard® Fiber Matrix
	2
	2
	22 acres

	Rolanka BioD-Watl™
	2
	2
	280 linear feet

	Soil Saver™
	2
	2
	1,370,000 sq. feet

	GEOCOIR®/DeKoWe®
	2
	2
	562,500 sq. feet

	Landlok® Blankets
	2
	2
	99,000 sq. feet

	Envirotac II® Soil Stabilizer
	2
	1
	2,000 gallons

	Conwed Fibres® Hydro Mulch 1000 
	1
	1
	25 tons


Table 14. (continued)

	Brand Name
	Number of Users
	Number of Users Reporting Amount
	2002 Amount

	Conwed Fibers® 3000
	1
	1
	25 tons

	Conwed Fibers® 2000
	1
	1
	1 ton

	BonTerra CS2™
	1
	1
	2,880 sq. feet

	TOPEIN™S
	1
	1
	75,000 gallons

	Soil Master WR
	1
	1
	14,520 gallons

	Dustac® 100
	1
	1
	176 tons

	Landlok® BioLog®
	1
	1
	200 linear feet

	Landlok® Turf Reinforcement Mat
	1
	0
	

	Mat Grass-Mat™
	1
	1
	750,000 sq. feet

	NaturesOwn Mulch
	1
	1
	7,000 lbs.

	Soil Guard™
	1
	1
	500 + acres

	PolyPavement™
	1
	1
	1,100 gallons

	Pyramat®
	1
	0
	

	EarthWorks Gorilla Hair
	1
	1
	1 ton


Table 15. Brand Composition: Liquids & Powders.

	Brand Name
	General Composition
	MSDS Chemicals

	Dustac® 100
	calcium lignosulfonate
	calcium lignosulfonate

	Dust-Off®
	magnesium chloride, magnesium sulfate
	magnesium sulphate heptahydrate magnesium chloride

	
	
	

	EarthGuard®
	copolymer of acrylamide/sodium acrylate; petroleum distillate (20.5-22.5%), sodium metabisulfite (0.6-0.8%)
	distillates (petroleum), hydrotreated light sodium metabisulfite

	Ecology Controls M-Binder
	ground muciloid seed coat
	unknown

	Envirotac II® Soil Stabilizer
	acrylic co-polymer (39-43%), residual monomers (<0.1%), ammonia (<1.0%)
	ammonium hydroxide

	PolyPavement™
	vinyl acrylic copolymer (96+%), emulsifier (1+%), surfactant (1+%)
	unknown

	Soil Master WR
	polyvinyl acetate
	unknown

	Soil-Sement®
	acrylic and vinyl acetate polymer (5-50% by wt)


	unknown

	
	
	

	Terra-Lock™ 50
	sodium acrylate/acrylamide copolymer (50%) dispersed in mineral oil, petroleum distillates (35% by wt), surfactant, impurities include acrylic acid(<0.5% by wt) and acrylamide (<0.10% by wt)
	acrylamide/sodium acrylate polymer sorbitan oleate 

distillates (petroleum), hydrotreated light      naphthenic


Table 15. (continued)

	Brand Name
	General Composition
	MSDS Chemicals

	TOPEIN™S
	tall oil by product (42-48% by wt), nonylphenol polyethylene glycol ether as surfactant, hydrochloric acid (<1.0%)
	unknown

	UltraTack™
	anionic polyacrylamide, 
	unknown


Table 16. Brand Composition: Mulch & Fibers

	Brand Name
	General Composition
	MSDS Chemicals

	Conwed Fibers® 2000
	wood fiber, guar gum
	guar gum

	Conwed Fibers® 3000
	wood fiber, polyester fiber
	guar gum

	Conwed Fibres® Hydro Mulch 1000
	wood fiber, green dye
	unknown

	EarthGuard® Fiber Matrix
	copolymer of acrylamide/sodium acrylate; petroleum distillate (20.5-22.5%), sodium metabisulfite (0.6-0.8%), wood/cellulose fiber
	distillates (petroleum), hydrotreated light 

sodium metabisulfite

	EarthWorks Gorilla Hair
	recycled redwood
	unknown

	EcoAegis II®
	softwood fiber, guar gum (<10%), green dye
	guar gum

	EcoAegis®
	softwood fiber, guar gum (<10%)
	guar gum

	EcoFibre®
	wood fiber, green dye (<0.1%)
	C.I. Basic Green 4, oxalate

	NaturesOwn Mulch
	wood fiber
	unknown

	Soil Guard™
	wood fiber, guar, polysaccharide, methine dye
	unknown


Table 17. Brand Composition: Blankets.

	Brand Name
	General Composition

	North American Green
	straw, coconut or mixed fiber

	Curlex®
	various

	Greenfix® Erosion Control Blankets
	straw or coir fiber, polypropylene netting

	Mirafi®
	various

	Soil Saver™
	jute

	Landlok® Blankets
	various

	GEOCOIR®/DeKoWe®
	coir fiber

	Pyramat®
	polypropylene

	Mat Grass-Mat™
	wood and corn fiber, rayon netting

	Landlok® Turf Reinforcement Mat
	polyolefin fiber, polypropylene netting

	BonTerra CS2™
	straw, coir, polypropylene


Application Rate Data

Application rate data for contractors and manufacturers, pertaining to the survey is contained in the Access Survey Data table. Twenty-eight respondents provide application rate information for 50 products. Of these respondents, 20 gave application rate information for 21 products with brand names (see Table 18). When brand names are provided, the contractor application rate can be compared to manufacturer recommended rates.  Eight of the 21 products (40%) listed in Table 18 were applied in excess of the manufacturer’s recommended application rate: EarthGuard® (3 instances), EcoAegisII® (1 instance), Ecology Controls M-Binder (2 instances), EnvirotacII® (1 instance), and Soil Master WR (1 instance). In addition, three had possible excess application rates. 

Those items with application rates and no brand name include a variety of materials: bonded fiber matrix, mulch, soil binder and tackifier. In the mulch category, twelve respondents reported application rates ranging from 1.5 to 2 tons per acre for straw mulch, three wood-fiber mulch users reported rates ranging from 0.75 to 1.5 tons per acre, and one stable waste mulch user applied 10 tons per acre. We have insufficient data to make conclusions about the appropriate rates of use of materials. Use of materials in excess of manufacturer’s recommendations may be based on the user’s experience with the materials or with the general concept that if a small amount is good, more is better.  In the vast majority of cases, in which no known toxicity exists, excess use of materials is not bad but may have a negative impact on the cost of erosion and dust control. 

Table 18. Comparison of contractor application rate to manufacturer recommended application rate based on survey responses.

	Brand Name
	Amount Used in 2002
	Contractor Application Rate
	Manufacturer Application Rate
	Excess



	EarthGuard®
	200 gallons
	8 gallons/acre
	2-5, 2-8, or 4-10 gallons/acre depending on use
	Possibly

	EarthGuard®
	
	8 gallons/acre
	2-5, 2-8, or 4-10 gallons/acre depending on use
	Possibly

	EarthGuard®
	
	6-8 gallons/acre
	2-5, 2-8, or 4-10 gallons/acre depending on use
	Possibly

	EcoAegis II®
	
	3,500 lbs./acre
	Depending upon slope, soil and weather, apply 2700 to 3500 lbs./acre.
	No

	EcoAegis II®
	100 + acres
	3,500 to 4,000 lbs./acre
	Depending upon slope, soil and weather, apply 2700 to 3500 lbs./acre.
	Yes

	EcoAegis®
	
	2,000-3,000 lbs./acre
	3500 to 4100 lbs./acre
	No

	EcoAegis®
	60 acres
	3,500-4,200 lbs./acre
	3500 to 4100 lbs./acre
	Possibly

	EcoAegis®
	100 + acres
	3,500 to 4,000 lbs./acre
	Depending upon slope, soil and weather, apply 3500 to 4100 lbs./acre.
	No

	EcoFibre®
	
	1,500-3,000 lbs./acre
	1800 to 2000 lbs./acre
	Possibly

	Ecology Controls M-Binder
	10,000 lbs.
	80-150 lbs./acre
	40 to 160 lbs./acre.
	No

	Ecology Controls M-Binder
	
	250 lbs./acre
	40 to 160 lbs./acre
	Yes

	Ecology Controls M-Binder
	100 acres
	130 lbs./acre
	40 to 160 lbs./acre
	No

	Ecology Controls M-Binder
	30 tons
	150 lbs./acre
	40 to 160 lbs./acre
	No

	Ecology Controls M-Binder
	300 lbs.
	175 lbs./acre
	40 to 160 lbs./acre
	Yes


Table 18. (continued)

	Brand Name
	Amount Used in 2002
	Contractor Application Rate
	Manufacturer Application Rate
	Excess



	Ecology Controls M-Binder
	50,000 lbs.
	120-200 lbs./acre
	40 to 160 lbs./acre
	Possibly

	Envirotac II® Soil Stabilizer
	
	300 gallons tackifier + 400 lbs. mulch + 1,000 gallons water per 1.5 acre
	109 to 113 gallons/acre
	Yes

	Hydro Mulch (Conwed, unspecified)
	
	2 tons/acre
	1,500 to 4,000 lbs./acre
	No

	Soil Master WR
	14,520 gallons
	165 gallons/acre
	55-110 gallons/acre
	Yes

	Terra-Lock™ 50
	
	6-8 gallons/acre
	1-10 gallons/acre
	No

	TOPEIN™S
	75,000 gallons
	550 gallons/acre
	Dilute 1:1 to 1:12 depending upon use. Apply 0.20 to 1.2 gallons of dilution/square yard.
	No

	UltraTack™
	
	5 lbs./acre
	3-5 lbs./acre
	No


Comments

A number of the respondents include comments about the materials they use. Table 19 is organized by product type. When mentioned by the respondent, the brand name is included. Most respondents are happy with the materials they are using.  

Table 19. Survey comments made by survey respondents.

	Product Type
	Brand Name
	Respondent Comments

	Asphalt emulsion, SS-1H
	
	Used to stick new asphalt to existing asphalt.

	Blankets (unspecified)
	Curlex
	Curlex is a fantastic product needing little to no maintenance.

	
	North American Green
	Efficacy: good

Subject to rilling and tenting, contractor does not like.

Efficacy: good


Table 19. (continued)

	Product Type
	Brand Name
	Respondent Comments

	Blankets, coconut fiber
	GEOCOIR®/DeKoWe®
	For slope erosion stabilization with no hydroseeding, tough to maintain proper surface contact.

	
	Greenfix® Erosion Control Blankets
	We use different brands in different situations based on roll size, price and availability.

	
	North American Green C125
	Post hydroseeding, easy to apply with DOT system and proper staples.

	Blankets, excelsior or straw
	
	Too expensive, not very effective, used mostly in small areas where it is cost effective.

	Blankets, geotextile
	Landlok® Turf Reinforcement Mat
	Used to stabilize drainage ditches that required permanent vegetation.

	
	Pyramat®
	Used to stabilize 1 x 3 foot berms in retention pond. Expensive product.

	Blankets, netting (jute)
	
	Best product: seeding with rye grass.

Not effective

Jute netting is less effective on cobbly, colluvial soils because net-soil contact is difficult to maintain.

	Blankets, straw
	North American Green S75
	Post hydroseeding, easy to apply with DOT system and proper staples.

	
	North American Green S150
	Post hydroseeding, easy to apply with DOT system and proper staples.

Efficacy: good

	
	Greenfix®
	Works well

	Blankets, straw and coconut fiber
	North American Green SC150
	Efficacy: excellent

Post hydroseeding, easy to apply with DOT system and proper staples.

Efficacy: good

	Blankets, straw, jute and wood
	Curlex
	Efficacy: excellent


Table 19. (continued)

	Product Type
	Brand Name
	Respondent Comments

	Bonded fiber matrix
	
	Efficacy: excellent

	
	EcoAegis®
	Used as temporary stabilization for permanent vegetation.

Efficacy: 90-95% for 9-12 months.

	
	EcoAegis II®
	Efficacy: excellent

Used as temporary stabilization for permanent vegetation.

Efficacy: 90-95% for 6-9 months

	
	Conwed Fibres®
	Efficacy: good

	Dust suppressant, magnesium chloride
	Dust-Off®
	Magnesium chloride tends to break down very quickly when there are organics on the roads(wood chips) and generally works much better on normal roads when the first full application is followed up four weeks later with a lighter application. Magnesium chloride deteriorates quickly with overuse and requires maintenance (light watering) to maintain its integrity.

	Dust suppressant, water
	
	Applied daily

Used as needed for small offsite construction and fly ash disposal areas.

	Gravel bags
	
	Bags need to be placed tightly together to hold the fines from the soils back. The bags rot in then sunlight over time and are usually damaged by trucks and equipment on job sites as the workers are not careful around them.

	Lime
	
	Efficacy: works well

	Mulch
	
	Mulch is site generated clipped native cover.

	
	Hydro Mulch (Conwed, unspecified)
	Efficacy: good

Efficacy: excellent

Efficacy: good


Table 19. (continued)

	Product Type
	Brand Name
	Respondent Comments

	Mulch, paper
	
	For stronger applications, we combine the polymer with paper mulch to assist as a binder. This application is very effective. The only product that works better is some sort of ground cover. The polymer alone works better on soils containing higher contents of silts and clays. The paper mulch mix works better for the sandier soils but also works universally. The supplier uses this product all over southern California.

	Mulch, stable waste
	
	Typically, the sawdust and stable waste are spread and disked, then covered with straw mulch after reseeding.

	Mulch, straw
	
	Efficacy: excellent

Straw mulch needs to be crimped or trackwalked in windy situations. Crimping may allow for somewhat lighter applications. Heavier applications (more than 2 tons/acre) may inhibit cover crop germination and growth.

	Mulch, straw (native)
	
	We try to use native mulch similar to the seed we are using. Elymus glaucus or fescues are my favorites.

	Mulch, straw (rice)
	
	Excellent

Most cost effective mulch.

	Mulch, straw (with tack)
	
	Straw with tack is a standard for us – in that it is reasonably priced. It can be blended in with the soil and it seems to work the best.

	Mulch, wood chips
	
	Excellent erosion control, controls weeds, encourages natives.

	Mulch, wood fiber (with guar)
	
	Efficacy: 80-85% for 3-6 months

	Plastic sheeting
	Visqueen
	Used to cover stockpiles.

	Silt fence
	
	Efficacy: good

	Soil binder (unspecified)
	
	Efficacy: good


Table 19. (continued)

	Product Type
	Brand Name
	Respondent Comments

	Soil binder, polymer
	Soil-Sement®
	Used as dust suppressant on road.

Dust control

	Soil binder, tall oil
	TOPEIN™S
	Efficacy: excellent

	Soil stabilizer
	EarthGuard®
	Efficacy: excellent

Efficacy: excellent

	Tackifier, plant product
	Ecology Controls M-Binder
	Good for temporary control

Good for locking straw

Used for tacking straw and wood fiber mulches.

Efficacy: good

Efficacy: good

Efficacy: excellent

Used for hydroseeding stream banks.

Used on straw

Efficacy: excellent

	Tackifier, plant product (guar)
	
	Applied over straw

	Tackifier, polyacrylamide
	UltraTack™
	Works for 3 to 1 slope

I like a hydroseed mix with tack, that way you get more immediate and long-term protection. A tack with dye is cheap and looks pleasing to city inspectors. The more application, the better the performance, usually.


Table 19. (continued)

	Product Type
	Brand Name
	Respondent Comments

	Tackifier, polymer
	Soil Master WR
	Good for temporary control

	
	Envirotac II® Soil Stabilizer
	Dust control

For stronger applications, we combine the polymer with paper mulch to assist as a binder. This application is very effective. The only product that works better is some sort of ground cover. The polymer alone works better on soils containing higher contents of silts and clays. The paper mulch mix works better for the sandier soils but also works universally. The supplier uses this product all over southern California.

	Wattles
	
	Efficacy: good

Better than silt fence

Efficacy: good

Efficacy: excellent

Used in areas where water would be running. Views on all erosion control products: you typically need to adjust recommended application rates and add more after the first rain.

	Wattles, coir
	Rolanka BioD-Watl™
	Used on slopes to slow the flow of water and as filters around drains. They hold up better than the bags of sand and gravel and take less effort. One wattle can replace three bags. I like wattles because they are easier to handle and take less storage space than piles of sand or gravel. They also take less manpower to distribute and are more visually appealing to the public and inspectors, however they are definitely more costly.

Used for stream bank toe protection.


Table 19. (continued)

	Product Type
	Brand Name
	Respondent Comments

	Wattles, fiber
	
	Efficacy: good

	Wattles, straw
	
	Efficacy: great

Works well but not perfect

Used on upper slopes as water breaks and as seed collection basins.

Worked well

	
	Earth Saver™
	Efficacy: excellent

Excellent

	
	California Straw Works Straw Wattles
	Difficult to apply in rocky soils

Efficacy: good

Used on relatively flat surfaces and as check dams. Performed well on clayey soils and are less of a maintenance headache than silt fences.

Efficacy: excellent


Task 3.  Perform a background search and if appropriate and feasible reanalyze data generated by other research efforts on storm water impacts from construction materials.


To better understand storm water impacts from construction materials, we performed a background literature search on this topic and organized the data into the Access Pollutants (building materials) Table. Building material pollutant information comes from storm water runoff and laboratory leachate research found in the following databases: TOXLINE, Environmental Engineering Abstracts, TRIS Online, Civil Engineering Database (ASCE), Water Resources Abstracts, Pollution Abstracts, ASFA 3: Aquatic Pollution and Environmental Quality, Web of Science, Dissertation Abstracts,  and Conference Papers Index. The 68 studies, published between 1978 and 2004, with data on 117 materials, are contained in the Access Pollutant Table in the appendix and on the web site. An example of the information in the Access table is shown in table 20.


The Pollutant Table lists pollutants that may leach from actual and potential generic building materials. The data are organized into 6 fields: material, type, use, pollutant/constituent, water source, and reference. In addition, the materials are categorized by type: building material (89 items), erosion control materials (10 items), pesticides (4 items), miscellaneous (3 items), and construction and demolition waste (11 items), which includes materials created from construction and demolition waste and the waste itself. Because most of the erosion control material solubility and toxicity data appear in other Access tables, those listed in the Pollutant Table are generic materials.

Table: 20 Building Material Pollutants

	Material
	Category
	Use
	Constituent
	Water source
	Study reference

	Resins
	construction & demolition waste
	
	isocyanates, phothalic, anhydride
	leachate
	Symonds (1999)

	Oils & fuels
	construction & demolition waste
	
	hydrocarbons
	leachate
	Symonds (1999)

	Fly ash
	construction & demolition waste
	sub base waste
	heavy metals
	leachate
	Symonds (1999)

	Wood preservatives pentachlorphenol
	building material
	
	dioxins, furans
	storm water
	Fisher (1999)

	Roofing components, zinc
	building material
	
	zinc
	storm water
	Karlen (2001)

	Termiticide
	pesticide
	
	chlorpyrifos
	storm water
	Carr (1997)

	roofing
	building material
	
	zinc
	storm water
	Pitt (2000)

	Wood preservatives
	building material
	
	copper, chromium, arsenic, pentachlorophenols
	storm water
	Pitt (2000)

	Wood preservatives, creosote
	building material
	
	PAHs
	storm water
	Pitt (2000)

	Wood preservatives, CCA
	building material
	
	copper, arsenic, chromium
	leachate
	Hingston (1999)

	Roofing, zinc
	building material
	
	zinc, cadmium
	storm water
	Gromaire (2001)

	Pipe, PVC
	building material
	
	organotin compounds
	tap water
	Sadiki (1996)

	Herbicide
	pesticide
	roof sealant
	(R,S)-mecoprop
	storm water
	Bucheli (1998)

	Roofing, galvanized
	building material
	
	zinc
	storm water
	Sorme (2002)

	Roofing, copper
	building material
	
	copper
	storm water
	Sorme (2002)

	Gasoline
	building material
	
	hydrophobic VOCs
	storm water
	Lopes (2000)


Table 20. (continued)

	Material
	Category
	Use
	Constituent
	Water source
	Study reference

	Wood preservatives, ACZA
	building material
	
	arsenic, copper, zinc
	leachate
	Eldin (2002)

	asphalt cement concrete,  MSW ash
	building material
	road building
	aluminum
	leachate
	Eldin (2002)

	Portland cement concrete, with plasticizer
	building material
	road building
	aluminum, calcium
	leachate
	Eldin (2002)



Building Materials, the largest category, includes concrete, aggregate, adhesive, solder, road building materials, roofing materials and components, siding, treated wood, paint, pipe, sealer, plasticizer, coating, and unconfined combustion wastes. The smaller Erosion Control category contains mulch, blankets, bonded fiber matrix, tackifier, wheat straw and aspen wood chips. Construction and demolition waste as a whole, specific waste from construction, such as resin, oil and fuel, and materials made from the waste, such as aggregate and concrete, are found in the Construction and Demolition Waste category. The Pesticides category includes herbicides and insecticides that are associated with construction sites or building materials. A few items such as road salt and road degradation dust are placed in the miscellaneous category.


The Use field applies to those materials in loose form that may have a variety of applications, such as fly ash, some of which include the following: road building, embankments, soil stabilizer, and backfill.


Most of the research reported in the Pollutant Table examined pollutants and constituents in storm water runoff or in laboratory leachate studies, therefore the Water Source field will usually show Storm Water (47 instances) or Leachate (57 instances).  This table also includes a few studies on tap water, ground water and drain water relevant to building materials.


The majority of research examines the presence of metals in runoff or leachate, therefore most of the pollutants listed are metals such as copper, zinc, cadmium, chromium, cyanide, aluminum, iron, silver, molybdenum, lead, boron, nickel, antimony, and vanadium. Other items found in runoff and leachate from these investigations include PAHs, VOCs, organo-tin compounds, phthalates, pentachlorophenols, dioxins, furans, sulfate, bitumens, nitrate, phosphate, increased TOC, COD and TDS, and high pH. One study found aspen wood chip leachate (1% undiluted leachate) acutely toxic to trout. Six blankets listed in the Access product table use aspen fiber.


In the Miscellaneous category, we added road degradation dust, which can range from 1,734 to 11,000 kg/ha of road per year, depending upon road type (Munkshack, 1990). Although it is not a construction site issue, the degraded road paving material, whether particulate or soluble, will end up in storm water. A look at the items in the Pollutant Table with road building in the Use field may give a general idea of a few of the constituents in road degradation dust that may wash off with storm water.


 The Pollutant table does not address the potential to be leached (leachability). Some materials may have a low concentration of a pollutant yet have high leachability or high concentration and low leachability (van Houdt, 1991). Nevertheless, slow leaching of metals and organics can be an important source of pollutants over the long-term (Lalor, 2003). One study in France found that 50% of zinc found in Paris runoff comes from zinc roofing which makes up 40% of all roofing in Paris (Gromaire, 2001). As construction density increases, so does the pollutant load from these materials (Davis, 2000). Ultimately, the accumulation of material leachate data can help us choose materials with fewer environmental impacts.

An example of potential pollution from an unlikely source is the presence in mulch and tackifiers of a green dye. A number of mulch and tackifier (41 items) materials in the Product List contain green dye for metering when hydroseeding or hydromulching. Most (5 dyes) belong to the triphenylmethane family of basic dyes commonly used in the pulp and paper industry. One mulch product contains C.I. Basic Yellow 96, a paper dye belonging to the methine family. The concentration of dye in mulch is usually 1% or less by weight. Solubility may vary from insoluble to very soluble. All have a strong affinity for fibers, clay, and other particulate materials and are slowly degraded.  In one study on rainbow trout, the extensive sorption of dye on gills and mouths blocked respiration (Milanova 1997). Aquatic toxicology data are contained in the Access table called Green Dye Toxicology as shown below in Table 21. One mulch product with 0.5% by weight of C.I. Basic Green 4 dye with a recommended application rate of 1200 lbs/acre would result in 60 lbs/acre of green dye. 

Table 21. Green Dye Water Solubility and Aquatic Toxicology

	Dye Name
	CAS No.
	Water Solubility
	Aquatic Toxicology
	Data Source

	C.I. Basic Green 1
	633-03-4
	40g/L
	LC50/fish/ 96h/          1-10mg/L
	BASF Company MSDS

	
	633-03-4
	40g/L
	Resistant to biodegradation. Bioaccumulation in aquatic organisms is low. Has very high mobility in soils. 
	Hazardous Substances Data Bank (NLM)

	C.I. Basic Green 4
	569-64-2
	50g/L
	LC50/fish/ 48h/<1mg/L and LC50/fish/ 66 - 5600µg/L


	BASF Company MSDS and PAN Pesticide Database

	
	569-64-2
	Very soluble
	LC50/96hr/bluegill/ 0.0305mg/L, LC50/96hr/salmon/ 0.338mg/L, LC50/96hr/rainbow trout/0.0998mg/L, LC50/96hr/frog/0.173mg/L, LC50/96hr/asiatic clam/122mg/L, LC50/96hr/mayfly naiad/0.0790mg/L, LC50/96hr/eel /0.25mg/L, LC50/24hr/fingerling channel catfish/0.14ppm
	Hazardous Substances Data Bank (NLM)


Table 21. (continued)

	Dye Name
	CAS No.
	Water Solubility
	Aquatic Toxicology
	Data Source

	C.I. Basic Green 4, oxylate
	18015-76-4
	Slight to insoluble
	LC50/fish/ 140-790µg/L
	Solubility from Conwed Proplus™ Slikcolor™r MSDS; toxicology from PAN Pesticide Database

	
	
	
	LC50/rainbow trout/96h/0.39-0.77mg/L
	Milanova (1997)

	Triphenylmethane, unspecified
	519-73-3


	insoluble
	No data
	Acros Organics N.V. MSDS

	Triarylmethane, unspecified
	none
	insoluble
	LC50/fish/ 96h/       0.1-1mg/L
	BASF Company MSDS

	C.I. Basic Yellow 96 (Basazol Yellow 46L)
	16793-11-7
	miscible
	EC50/Microtox/

15min/10.7mg/L
	Solubility from BASF MSDS; toxicology from Milanova (1997)


Task 4.  Determine what current good housekeeping best management practices are used in the construction industry.


Soil disturbance during construction is a widely known part of the land development process that can lead to a significant increase in erosion and the need for sediment control throughout the duration of construction.  Erosion is a three-step process involving detachment, transportation, and deposition of soil particles.  Erosion rates from construction sites have been measured to be 2 to 40,000 times greater than before ground disturbance (Wolman and Schick 1967).  Excavation and vehicular movement during construction activities dramatically increase soil erosion rates and become a major contributor to non-point source pollution (NPS) (Herzog et al. 2000).

Sediment resulting from construction has been identified as one of the foremost non-point source pollutants of our waterways.  The reduction of sediment has become an important aspect of construction planning and has contributed to the creation of a large number of erosion and sediment control materials (See Task 1 results).  Best management practices (BMPs) are a combination of structural, vegetative, and management practices to reduce sediment pollution.  Sediment loads into watersheds are inherently variable and site dependent (Daniel et al. 1979).  Surface runoff from construction sites carries suspended solids that may pollute water and damage fish and wildlife habitat. Increased sediment loads into water bodies can significantly impact aquatic organisms (Donohue et al. 2003).

We used selected Storm Water Pollution Prevention Plans (SWPPPs) in close proximity to UC Davis to determine what Best Management Practices (BMPs) were being used in California and to determine the efficacy of the plans.  We envisioned a three-part process.  First we selected plans and examined them to determine if they were adequate.  Second, we would inspect each site to determine if the plans had been implemented properly and third, we would continue inspections throughout the rainy season to determine if the implemented plans were effective.  At the time we initiated this, we also expected to sample storm water runoff, but this was not done during 2003-2004.

For part 1, we randomly selected 75 Storm Water Pollution Prevention Plans (SWPPPs) over 5 acres from Placer, El Dorado and Sacramento counties from the SWPPP applicant database on the State Water Resources Control Board website. We selected these three counties because of the rapid growth of a wide range of construction activities in various stages of construction of residential and commercial buildings and their proximity to Davis. The terrain within the counties ranges from primarily flat in Sacramento County to steep slopes in El Dorado County.  The implementation of Best Management Practices (BMPs) and compliance with the SWRCB General Permit were evaluated in this study. To insure that the selection was random, 3 sub-tables containing sites with active permits were created from the SWPPP database and given random numbers by the Access program. We chose the first 25 random records for each county. Individual site SWPPPs were requested on October 29, 2003 (Appendix 3) through the RWQCB. The letter, mailed to the landowner listed with the associated WDID number, requested that the SWPPP be mailed to the RWQCB office 10 days from the date of the letter, (October 24, 2003).  

Prior to the SWPPPs submission, a checklist with a scoring system was made to rank the perceived effectiveness of the SWPPP so that field visits could be made to qualitatively determine if the use of BMPs throughout the selected sites was correct (Appendix 2, Table 22).  In order to make the checklist the Erosion and Sediment Control Field Manual by the California Regional Water Quality Control Board, San Francisco Bay Region was used to produce field guidelines.  Two meetings were conducted to determine the possible efficacy of the checklist.  The first meeting was with Dr. Michael Singer, Libby Raskin and Angela De Paoli and produced a need for a rating system within the checklist for the first review of the SWPPP and the field visits.  The second meeting was with Libby Raskin, Angela De Paoli, Kathleen Groody, Richard Muhl, Dannas Berchtold and one other RWQCB inspector.  During this meeting the checklist was refined to include the expertise of the RWQCB inspectors. 


We determined that the most important component of a high quality SWPPP was site specificity.  This is reflected in the ranking system in Table 22. SWPPPs with direction on BMP locations and types of materials were given higher scores, whereas sites with little to no site specificity were given lower scores.

Table 22. SWPPP Scoring System

	Grade
	Definition

	5
	Excellent=Site specific, BMP locations given in map and text, highly site specific

	4
	Good=Map provides good information on BMP locations, little to no information in the body of the text, some BMPs left to the contractor to determine, site specific

	3
	Average=General BMPs listed, information given is on general waste controls and BMP maintenance, few to no specific recommendations, moderately site specific 

	2
	Below Average=General BMPs listed, little to no site specific BMPs given in text or on map, partially site specific

	1
	Poor=No body of text and/or no site map provided, no BMP types are listed or recommended, not site specific


An 80% return rate of the SWPPPs to the RWQCB was expected.  The final response rate was <50% (Table 23).  The Active SWPPPs are those SWPPPs that were currently under construction during the inspection period over the winter of 2003-2004. Terminated SWPPPs are those that were submitted to the RWQCB in response to our letter, but the landowner stated construction was completed. The letters column includes letters that were mailed to the RWQCB stating the project is complete and the final column includes the request letters that were undeliverable due to a bad address. 

Section 308(b) of the Clean Water Act, requires that the SWPPP “shall be provided, upon request” to the RWQCB for public access (SWRCB 1999).  Although required by law, many of the requested SWPPPs were not available for review.  The Regional Board received many reasons from landowners as to why the SWPPPs were not supplied.  Some of the comments on why SWPPPs were not sent to the Regional Board are : 1) who is requesting the information and why?  2) Would provide the information but only if the land owner knew the name of the party requesting the SWPPP. 3) Many of the people who the requests went to were worried about third party lawsuits.  4) Job has been completed.5) Property has been sold to someone else.  Because there is no time constraint on when SWPPPs must be provided to the RWQCB, many SWPPPs were not received by the time this study began (30 days after the letter was sent).

Table 23. Classification of responses to the request for SWPPPs.

	County
	No response
	Active SWPPP
	Terminated SWPPPs
	Letters stating project is complete
	Undeliverable Address

	Placer
	13
	9
	1
	0
	2

	Sacramento
	14
	7
	1
	1
	2

	El Dorado
	6
	16
	0
	2
	1

	Total 
	33
	32
	2
	3
	5


All 32 active SWPPPs were reviewed. They represented a wide range of quality (Tables 24, 24a).  The SWPPP content and construction site visit data are contained in the Access table called SWPPP and Construction Site Data (Tables 62A and 62B).

Table 24.  Number of SWPPPs by type (residential, commercial or other), designer, and quality of individual SWPPPs according to the criteria in Table 23.

	Number of SWPPPs Examined
	Average

Acreage
	Number of SWPPPs by Type
	Number of SWPPPs by Designer Type
	Number of SWPPPs by Quality

	32
	84
	R
	C
	A
	O
	Ct
	E
	Cs
	Ow
	1
	2
	3
	4
	5

	
	
	21
	5
	3
	4
	1
	17
	10
	4
	3
	12
	9
	2
	6


R=residential
         Ct=contractor
  
 

C=commercial          E=engineer          

A=apartment            Cs=consultant      

O=other                    Ow=owner       
  


The SWPPPs were written by contractors, engineers, consultants, and individual landowners.  The average score for the 32 SWPPPs received was 2.87, slightly below average.  SWPPP quality was found to be, to a certain extent, related to the designer.  It appeared that consultants wrote the highest scoring plans.  SWPPPs designed by engineers (53%)had 59% of their SWPPPs score below average (Table 24a). The major reason SWPPPs scored below average was that they were only partially site specific, with little or no site specific BMPs given in the text or maps (Table 62A).  

Table 24a. SWPPP Quality by Designer Type

	SWPPP Grade
	SWPPP Designer Count

	
	Consultant
	Contractor
	Engineer
	Owner

	5
	4
	0
	2
	0

	4
	0
	0
	1
	1

	3
	4
	0
	4
	1

	2
	2
	0
	10
	0

	1
	0
	1
	0
	2


SWPPP preparers most frequently recommended five primary BMPs for erosion and sediment control.  Silt fence and wattles were the most recommended BMPs followed by stabilized construction entrances, gravel bags, mulch, and tackifier (Table 25). 

Table 25. Number of each kind of BMP Recommended by SWPPP preparers and number of sites that used the recommended kind of BMP.

	BMP Type
	# of SWPPPs Recommending
	% of SWPPPs Using
	# 0f Active Sites Using
	% of Sites Using

	Berm
	3
	9%
	 
	 

	Blankets/geotextiles
	2
	6%
	4
	12%

	Check dams
	5
	15%
	 
	 

	Concrete washout
	1
	3%
	4
	12%

	DI protection
	5
	15%
	 
	 

	Dumpsters
	 
	 
	2
	6%

	Entrance/exit stabilization
	12
	36%
	1
	3%

	Existing vegetation
	2
	6%
	2
	6%

	Filtration, secondary
	1
	3%
	 
	 

	Gravel bags
	8
	24%
	12
	36%

	Hay bales
	3
	9%
	1
	3%

	Hydromulch/bfm
	5
	15%
	 
	 

	Hydroseed
	4
	12%
	2
	6%

	Geotextiles
	 
	 
	 
	 

	Mulch, straw
	8
	24%
	3
	9%

	Sediment basin
	1
	3%
	1
	3%

	Sediment trap
	4
	12%
	 
	 

	Silt fence
	15
	45%
	2
	6%

	Staging area
	8
	24%
	 
	 


Table 25. (continued)

	BMP Type
	# of SWPPPs Recommending
	% of SWPPPs Using
	# 0f Active Sites Using
	% of Sites Using

	Street sweeping
	1
	3%
	 
	 

	Tackifier
	8
	24%
	4
	12%

	Tire wash
	 
	 
	1
	3%

	Track walking
	3
	9%
	 
	 

	Wattles
	21
	64%
	11
	33%

	Silt sacs
	3
	9%
	5
	15%

	Secondary filtration
	1
	3%
	2
	6%

	Winterized stockpiles
	1
	3%
	
	

	Housekeeping
	1
	3%
	
	


Site visits helped determine what BMPs were currently being used and if they reflected the recommendations of the SWPPPs. Correlations between SWPPPs and current site conditions could often not be made due to various factors, including that construction was complete, and the current construction phase did not match the phase on the SWPPP.  Perhaps most important was that most SWPPPs were not site specific enough to relate them to the site condition. 

Site visits revealed that BMPs, such as wattles, gravel bags and silt sacs recommended in the SWPPPs were used frequentlyon-site and that most of the remaining recommendations were used much less frequently.  During the site visits, 50% of the sites were found with construction complete (Table 26).  In addition, due to variations in construction phasing, the BMPs that were found in use may have been due to current site conditions and not based on recommendations made in the SWPPP.

Table 26. Number of sites visited and the stage of construction of each active site.

	Number of Sites

Visited
	Number of Sites Completed
	Number of Non-Active Sites
	Number of Active Sites in Each Phase
	Number of Active Sites with BMPs

	32
	15
	1
	Grading
	Production
	Landscaping
	16

	
	
	
	4
	11
	1
	


Of the BMPs used on-site,10 BMPs and sediment control issues were found out of compliance with the General Permit (SWRCB 1999).   Items most often found not in compliance were sediment in street or gutters, sediment in drain inlets, concrete washout not maintained and uncovered stockpiles (Table 27).

Overall, the SWPPPs lacked specificity to insure primary sediment control and containment of overland flow.  A majority of the plans left issues of erosion and sediment control up to the contractor.  This deficiency in direction may lead to inappropriate recommendations or lack of proper sediment controls.  Although sediment is a major pollutant from constructions sites, non-visible pollutants (NVP) that are bound to

Table 27. Number of each type of non-compliance found at construction sites.

	Type of Non-Compliance
	Number of Each Type of BMP Non-compliance Found at Construction Sites

	Concrete washout not maintained
	5

	DI with concrete materials
	1

	Entrance/exit not stabilized
	2

	Landscaping sediment not contained
	2

	Portable toilets on or near storm drain
	2

	Sediment in Drain Inlets
	5

	Sediment in street or gutters
	8

	Uncovered stockpiles
	3

	Wattles not maintained
	1

	Unprotected Slopes
	2


sediment particles become a concern when sediment is discharged off-site.  NVP from construction materials may stay suspended in overland flow and will not be contained even with proper erosion control measures.  These concerns should be addressed in the SWPPP design to significantly reduce the potential discharge of NVPs. The two necessary conditions to reduce NVPs is to reduce exposure of their sources and to reduce transport by overland flow.  We make recommendations in this report in other sections about the need to cover waste building materials and to stop the use of “pig pens” at construction sites.  Adopting these recommendations will greatly reduce the exposure of the source of NVPs to rainfall and overland flow.

Reducing the volume of overland flow is difficult and under the best possible conditions, some overland flow will be generated by normal rainfall.  Maintenance of soil infiltration rate by reducing soil compaction and maintaining surface cover will help to maximize infiltration rate and reduce overland flow volume. Once clay size (<2m) material is entrained, it is difficult and expensive to remove it from overland flow.  The best management practice is to reduce detachment of clay-size material from the soil by maintaining adequate soil cover on erodible areas during the rainy season.  Sedimentation ponds are frequently constructed to assist with removal of clay-size suspended sediment, but they often fail because the detention time is insufficient to allow the clay particles to settle.  Chemical treatment to flocculate the particles is possible, but expensive.

The design of a SWPPP takes experience and a substantial understanding of erosion and sediment control practices.  One reason engineers may have difficulty writing site specific SWPPPs may be due to the lack of routine field experience with erosion control issues.  Engineers mostly work on projects during the initial design phase and may not focus on a site’s current and surrounding conditions during active construction.   In contrast, private consultants that work with various erosion and sediment control issues may be more familiar with the specific needs in a SWPPP document because of their routine field encounters with BMP efficacy.  In addition, consultants generally have more field experience out on sites for which they have written plans.  This field experience enables them to see flaws in their SWPPP designs and enable them to make adjustments in future plans.

Since many of the SWPPPs left erosion and sediment controls up to the contractor, BMP costs play a key role on what BMPs are installed.  It has been found that since developers do not see an immediate return from the initial investment of BMP installation, there is little economic incentive for developers to apply erosion controls.  There have been new fees and educational approaches to improve erosion controls, but changes have been slow (Herzog et al. 2000).  

Site visits to the active construction sites showed there is little correlation between what is recommended in the SWPPP to what conditions are found on-site.  A majority of the SWPPPs do not include phasing information.  This lack of phasing changes to BMPs leaves contractors to determine sediment controls throughout construction. Based on field observations, the sites that were in the production phase were found to have the most sediment in storm drains and contaminated runoff in the streets and gutters.  The use of pigpens (uncovered and/or uncontained trash receptacles used on construction sites) were observed having paint residues, concrete bags, silicone caulking, stucco materials and many other wastes generated from construction activities.  Additional research is needed to determine the full range of materials and associated chemicals in off-site discharge.

The most severe problem found on construction sites was the general lack of good housekeeping.  Good housekeeping techniques and procedures are used to control or minimize the potential for pollutant discharge off-site.  Good housekeeping requires sites to be maintained and that workers keep up on inspections and training.  Many sites in this study were found with sediment in the roadways from construction activities.  The lack of drain inlet maintenance and general street sweeping to remove sediment from the roadways and gutters was a major problem in a majority of sites (Table 27). Although many of the inspections were conducted during working hours, some inspections were done before and during rain events and confirmed that responsible personnel on sites were not performing general site inspections and BMP maintenance before storm events.  The use of wattles was common throughout many construction sites, but their continued function is unclear.  Many wattles appeared to be not functioning due to an excessive amount of sediment trapped in them, chronic smashing of wattles from construction vehicles, and removal during landscaping activities.  

During the inspections the worst housekeeping was found in areas where construction was almost complete or in locations with little area for storage, such as apartment complexes. 

Kaufman (2000) looked at the effectiveness of Michigan’s soil erosion control law and how the law related to slope stabilization, soil stability and water management.  Through his study it was discovered that there is a general lack of integrating “existing technical knowledge of erosion processes and control with policy” (Kaufman 2000).  Of the 30 sites examined in that study, only four performed above the mean of the scoring scale.  The problems found with California’s storm water program are therefore not state specific, but are a nation wide problem as found in Kaufman’s study.  

Task 5.  Develop and or propose new alternative strategies to divert flow, reduce or eliminate exposures and for treatment of contaminated storm water prior to release.

Numerous field and laboratory studies have evaluated the efficiency, effectiveness, and performance of erosion and sediment control BMPs. Drawing conclusions from the tests results can be difficult. A review and analysis of these numerous BMP studies concludes that inconsistent study methods and reporting can make wide scale assessments difficult, if not impossible (Strecker, 2000). Furthermore, the author states that different monitoring strategies and data evaluation significantly contribute to the range of BMP effectiveness found among these many studies. As a supplement to these field and laboratory studies, surveys of erosion control professionals and managers can provide a window on the perception of construction site BMP success and performance.

A 2002 survey of 27 Iowa County Engineers asked respondents to list successful and unsuccessful erosion and sediment control measures. The largest number of respondents (44%) selected silt fence as an unsuccessful BMP. At the same time, the largest number of respondents (26%) selected silt fence as a successful BMP. Three BMPs were second among those most frequently selected. Each was listed by 11% of respondents: seeding, rip rap, and matting (Muste, 2002).

Paterson’s 1990 survey of 34 North Carolina Erosion and Sediment Control Administrators found that only 3 out of 11 construction site practices were considered to be good or excellent: sediment basin (94%), sediment trap (73%), and riprap channel (72%). Administrators chose pre-fabricated silt fence, straw bale, and brush barrier as the worst performers (Paterson, 1994).

The 2003 Montana DOT survey of 16 state DOT personnel asked respondents to assess BMP effectiveness. Straw bale was the most often selected ineffective BMP (50%), followed by silt fence (25%), hydroseeding (19%), and silt fence check dams (19%). Blankets and silt fence were the most often selected successful BMPs, listed by 38% of respondents each (MDOT, 2003).

The 1993 survey of 62 state highway erosion control experts by Mitchell asked respondents to rank in order of importance the efficacy of temporary and permanent erosion control measures. The top 3 most effective temporary erosion control methods reported by respondents were hydroseeding with mulching (35%), manual seeding with mulching (21%), and artificial covering (16%). The top 4 most effective permanent erosion control measures were hydroseeding with mulching (27%), manual seeding with mulching (23%), sodding (18%) and riprap (18%) (Mitchell, 1993).


Our findings indicate that before new alternative strategies are created, changes need to be made in how SWPPPs are submitted, approved, and implemented.  It is clear from the results from task 4 that the system for logging SWPPPs does not work well.  We recommend that SWPPPs be submitted electronically and that they proscribe what must be part of the SWPPP before it is approved.  Once approved, additional inspectors are needed to insure that the best management practices are properly implemented and maintained during the course of construction.


We recommend that individuals who implement BMPs be properly trained so that the erosion control materials are installed properly.  Most important is that the erosion control materials be maintained.  Frequently, BMPs failed because the erosion control materials were not maintained or were removed to provide equipment access.  

Strategies to Reduce Impact of Construction Site Pollutants on Water Quality


Construction and erosion control materials used on construction sites can release pollutants into storm water. The specific pollutants, modes of release, and strategies to control their release are different for each of these two categories of materials. 


The primary characteristic of an effective erosion control material or method is twofold: interception of raindrop energy and slowing of overland flow. Numerous, well researched Best Management Practice guidance manuals provide detailed descriptions, diagrams and instructions on the proper application, installation, location and maintenance of specific and effective materials and methods to control erosion and sediment (see Tables 38 and 39). Many of these manuals are available online and frequently updated so there is no reason to repeat that information here. Alternative strategies, whether a method, material or a policy, are those that are not integrated into commonly used BMP manuals or those that are included in manuals but not used or are overlooked. Our recommended alternative strategies include policy changes, education, refinement of specific methods, and enforcement of non-toxic material use. The best and most appropriate strategies, when properly implemented, installed and maintained, are those described in currently available BMP manuals. 

On a larger scale, effective strategies embrace both education and enforcement by combining good construction site housekeeping, proper installation and maintenance of BMPs, enforcement of BMPs, site specific Storm Water Pollution Prevention Plans, use of non-toxic, biodegradable materials and appropriate selection and application of materials to site specific conditions. 


Erosion and dust control materials of greatest concern to storm water quality are those materials most commonly used by contractors or used in the greatest quantity, are the most mobile, and are the most harmful to aquatic life. From our contractor surveys, we found wattles (83% of respondents) and blankets (63% or respondents) the most commonly used erosion control materials on construction sites. These products are made with natural materials. With their high C:N ratio, we do not expect release of N into the environment. Both items, when properly installed and maintained, have low water quality impacts. Loose materials, such as liquids, powders and fibers, have a greater potential for degrading water quality. Of the materials in this category, survey respondents used mulch and fibers (56%), dust suppressants (36%), tackifiers (30%), soil drying agents (18%), and soil binders (14%). Many of the liquid and powder products are proprietary mixtures, the ingredients and their concentrations unknown. Most manufacturers do not supply environmental data and very few provide aquatic toxicity LC50 values for their products. Without specific water quality tests that report aquatic toxicity for these brand name products, it is difficult to rank their potential harm to the environment. Recommendations can be made based on laboratory leachate studies and product testing research, although they may be less specific or direct. Total quantities used by survey respondents of these materials are also difficult to rank since amounts used in 2002 were indicated in a variety of units (see Tables 5-12).  

Water Quality Issues by Material Type

Mulch & Fibers, Dust Suppressants, Tackifiers & Binders, Green Dye Materials

1) Mulch and Fibers:

Water quality concerns for these materials include constituents leached from the mulch or the mulch material itself when removed from a construction site by storm water. When mobilized by storm water, mulch can enter or clog storm drains. Overuse of materials may increase the potential for mobilization. Only one of the 5 brands listed in the survey with an application rate in excess of the manufacturer recommended rate was a mulch product. The other four were tackifiers or binders. Most mulch materials are non-toxic except when ground from treated wood that can leach copper, arsenic, chromium, or pentachlorophenols (see Table 56). Some states, like Pennsylvania, require contractors to use only mulches which have been chemically analyzed and certified (PDOT, 2003). Other materials, both bonded fiber matrix and incorporated wheat straw, can increase TOC and COD in storm water runoff (SDSU, 2000). 

Strategies for reducing impact on storm water:

· Avoid overuse of mulch by applying appropriate application rate

· Use blankets on steeper slopes

· Apply mulch, fibers and/or tackifier specific to slope and soil type

· Use organic tackifier in appropriate amounts to immobilize mulch, if necessary, timed to avoid rainfall events

· Use biodegradable mulch with non-toxic dyes 

· Require environmental and aquatic toxicity data from manufacturer when using brand name products

· Require certified physical and chemical analyses of all mulch 

· Limiting the release of storm water runoff from construction sites with properly installed and maintained BMPs will help prevent TOC and COD increases in storm water runoff due to erosion control material leachates

2)  Dust Suppressants:

The contractor surveys revealed that 36% of respondents (68) used dust suppressants. Of these, 31 indicated composition. Water was the most common dust suppressant (26/31, 84%), followed by magnesium chloride (3/31, 10%), and lignosulfonate (2/31, 6%). The survey showed that few contractors use non-water liquid or powder dust suppressants. 

Strategies for reducing impact on storm water:

· Require use of biodegradable, non-toxic dust suppressants

· Require environmental and aquatic toxicity data from manufacturer when using brand name products

· Apply appropriate amounts timed to avoid rainfall events

3) Tackifiers and Soil Binders:

In the contractor surveys, six tackifier or soil binder material types were listed by 36 respondents that supplied composition information: plant-based (53%), polymer (36%), petroleum distillate (22%), polyacrylamide (11%), lignosulfonate (3%), and tall oil (3%). Some respondents used more than one type. The top 4 of the 11 brands reported in this category by respondents included Ecology Control M-Binder (15 users), EarthGuard® (8 users), UltraTack™ (4 users), and Soil-Sement® (4 users). Ecology Controls M-Binder, a plant by-product, is made from ground muciloid seed coats. EarthGuard® is a biodegradable copolymer of acrylamide/sodium acrylate with 20.5-22.5% petroleum distillate. UltraTack™, a polymeric anionic polyacrylamide, which has negligible degradation potential and shows limited solubility. Of the 4 top products, only the manufacturer of Soil-Sement®, an acrylic and vinyl acetate copolymer, provided aquatic toxicity data: LC50 (72hr) goldfish 12,500-20,000ppm and LC50 (48hr) Daphnia magna 3,482.8ppm.  

For total amount used in 2002 of these products when reported by respondents, see Table 14. Water quality concerns may arise from normal and/or excess application of tackifiers and soil binders. A Caltrans study of seven tackifiers and abinders showed significantly higher measurements for TOC, BOD, Ca and Mg than runoff from bare soil, although Caltrans states that “significance of these va4riations is difficult to ascertain” (Caltrans, 2002). See http://www.dot.ca.gov/hq/env/stormwater/special/newsetup/_pdfs/new_technology/CTSW-RT-02-035.pdf. Significant removal of soil stabilizers and binders from soils by first rainfall events is also a concern (NCSU, 2002; Caltrans 2002). Bare soil plots with or without PAM showed erosion rates 20 times higher after the first seven rain events than those mulched with straw and seeded (NCSU, 2002). Furthermore, slope steepness limits PAM efficacy. Construction site PAM tests with and without mulching on 2:1 slopes failed to show turbidity or erosion reduction (NCSU, 2002). Table 58 contains details from these two studies.

Strategies for reducing impact on storm water:

· Limit PAM used for erosion control to low slopes for short periods

· Select highest quality PAM for site and soil specific conditions

· Apply appropriate amounts (.5 to 1 lb of PAM per 1,000 gallons of water) even though manufacturer recommends 3 to 5 lb of PAM, (California Storm Water BMP Handbook)

· Time application of PAM since efficacy progressively declines with each rainfall event

· Require use of non-toxic, biodegradable tackifiers, soil binders and soil stabilizers 

· Require environmental and aquatic toxicity data from manufacturer when using brand name products

Mulch and tackifier may contain green dye for metering when hydroseeding or hydromulching. Toxicities of these dyes (Table 21) are based on the dye alone, not when bound to fiber or particulate materials. Four out of five show LC50 values <1mg/L. Because we found no studies that investigate the environmental fate of these dyes when bound to mulch fibers, we cannot at this time determine their ultimate safety. One mulch dye manufacturer, Amerimulch, explains that the color is designed to last one season. Fading of color over time results from decomposition of the fiber, not from the washing or wearing away of the dye. The manufacturer also points out that some contractors leave colored mulch in large piles before use, which doesn’t allow the mulch dye to dry out. Consequently, driveways are left with stains from the dye. If the dye is resistant to biodegradation, as is C.I. Basic Green 1, what is the ultimate fate of this dye and its effect on the environment? Most manufacturers do not supply information about biodegradation, fate and aquatic toxicity of mulch dyes. Some states require contractors to use only materials with non-toxic green dye. In the Pennsylvania Department of Transportation’s Construction Specifications, wood fiber must be “tinted with nontoxic, green dye and containing an organic tackifier approved for use with wood fibers” (PDOT, 2003). Additionally, recycled cellulose fiber, and cellulose/wood fiber mixtures must also contain nontoxic green dye. On a more positive note, mulch with non-toxic, biodegradable dyes are available to contractors.

Strategies for reducing impact on storm water:

· Use mulch and tackifier with biodegradable, non-toxic green dye

· Require environmental and aquatic toxicity data from manufacturer when using brand name products

Strategies to Reduce The Impact of Construction Materials 

on Storm Water

Non-visible pollutants from construction materials are released into storm water when uncovered materials, supplies and waste are exposed to storm water or are released into storm drains during cleaning operations. Preventing contact of these materials with storm water and proper cleaning of equipment decreases the need to sample and analyze storm water for construction material pollutants since the materials are not exposed to storm water or released into storm drains. Stopping pollutant release at their source is the simplest, easiest and cheapest solution for protecting storm water quality.

Strategies for reducing impact on storm water:

· Require covers for all waste receptacles

· Eliminate “pig pens”

· Locate waste receptacles and outhouses away from storm drains

· Require covers for stockpiles

· Install and maintain equipment cleaning areas away from storm drains

· Provide Spanish labels and instructions on all waste receptacles and cleaning areas

· Use green building materials, specifically, those that do not leach harmful constituents

· Provide incentives and education on use of green building materials

When Water Quality is Compromised by Construction Site Pollutants

Strategies for Sampling and Analysis

To fully appreciate the variety of potential leachates from building materials, their waste, and construction materials created from waste, one should examine Table 56. This collection of laboratory and field studies on construction materials lists constituents found in laboratory leachates and storm water runoff. If building materials and/or waste are exposed to storm water, due to poor construction site housekeeping, they can potentially leach pollutants like those in Table 56. In this instance, storm water runoff may require sampling and analysis. When the exposed building material or waste is identifiable or known (paint, solder, lime, soil amendments, etc.), constituents of concern must be selected for testing and analysis. For a list of water quality indicators associated with common non-visible pollutants on construction sites, see Table 3-2 of the Caltrans Construction Site Storm Water Quality Sampling Guidance Manual, http://www.dot.ca.gov/hq/construc/stormwater/SamplingGuidanceManual.pdf.  The manual recommends that the composition of the specific construction material, if known, is the first criterion for selecting which analysis to use. Additionally, pollutants and materials listed in Table 56 can supplement the Caltrans indicator list. 

When the exposed building material or waste is not identifiable, as in an uncovered “pig pen” waste receptacle, selection of specific constituents for testing and analysis is difficult or impossible. In this case, all potential non-visible pollutants should be selected for testing, like those listed in Table 31. Although expensive, this is the cost of poor housekeeping. Furthermore, high laboratory test fees may encourage better housekeeping on construction sites. The non-visible pollutants listed in Table 31 originate from the List of Common Potential Non-visible Pollutants at Construction Sites (Table B-1) in the California Storm Water Quality Task Force Construction Storm Water Sampling and Analysis Guidance Document, Appendix C, August 2003, http://www.cabmphandbooks.com/Documents/Construction/Appendix_C.pdf.  Because this list contains common non-visible construction site pollutants, it would be a good place to start in the selection of tests and analyses. 

When pollutants in storm water runoff are unknown, sampling and analysis can help establish the source of the pollutant. By examining the water quality indicators and their source materials in the three tables discussed above (CSWQTF, Caltrans and Table 56 of this report), the pollutant source can be narrowed. With this knowledge, contractors can track down the pollutant source and eliminate the problem. 

Education and Enforcement

Policy Strategies for Reducing Impact of Construction Materials on 

Storm Water

The most effective deterrents to sediment and pollutant release from construction sites combine education and enforcement. An Australian study focusing on the reduction of storm water pollution from construction sites found that building site practices improved significantly in municipalities that implemented an information/education program followed by an enforcement program. As a consequence of this program, the percentage of sites with sediment leaving the site decreased from 71% to 28%. In another finding, the percentage of sites with suitable waste receptacle lids increased from 17% to 41%. The study confirms earlier findings that education alone is ineffective in initiating improvements in construction site practices that reduce sediment and pollutant release (City of Victoria, 2003). For the entire study, see http://www.clearwater.asn.au/resources/371_1.pdf. Similarly, a North Carolina study of 17 construction sites in three counties examined the effectiveness of different environmental policies, regulations and incentives on reducing sediment in nearby streams. The findings suggest that enforcement style and frequency of inspections are significantly more important to stream quality than the stringency of regulations in each of the three counties. Developers prefer a flexible, problem-solving approach with regulators, rather than a rigid, command and control enforcement style. In addition, the study found that fines are ineffective in protecting water quality (Reice, 2000). The authors make the following recommendations:

· Provide sufficient inspectors to visit each construction site at least weekly

· Give inspectors the authority and knowledge to implement innovative solutions to erosion problems on a site-specific basis

· Empower the inspectors to issue severe penalties (stop-work orders) in the case of sedimentation violations

· Raise the maximum level of fines to a meaningful amount

· Educate the development community to the damage that sedimentation does to stream communities

Summary of Alternative Strategies

Materials & Methods, Education, and Policy

Materials Selection:

By initiating mandatory use of non-toxic, environmentally-friendly erosion and dust control materials, the SWRCB can play an important role in the improvement of storm water runoff quality. All categories of materials have biodegradable, non-toxic products on the market. In addition, by holding manufacturers accountable, they will increase their efforts to provide environmental data and environmentally-friendly products to their customers. 

Methods for Erosion and Pollution Control:

By initiating mandatory use of closed and covered waste receptacles on construction sites, the SWRCB can play another important role in the improvement of storm water runoff quality. Labels and waste management instructions in Spanish will help laborers comply with rules and best management practices. Other erosion control methods may require fine-tuning. Overuse of materials can also compromise water quality. Contractors should be aware of manufacturer recommended rates, even though they believe that more is better. Lastly, appropriate use of materials, by slope, soil type, and by timing with rainfall will help preserve water quality.

As an alternative strategy to ease the challenges of construction site housekeeping, we recommend that contractors “contract out” their housekeeping duties. We propose a solution that may help the industry reduce NOVs and fines while keeping costs low.  The proposed solution may also go far to reduce toxic chemical release to runoff water from construction sites. The solution is construction site maid service. Contractors with one or more NOVs should be required to hire an independent construction site maintenance service to oversee housekeeping and erosion control BMP upkeep during the rainy season. Duties would include many of the infractions that we observed on our construction site visits such as covering waste and stockpiles, maintaining entrances and exits, managing toilet placement, replacing crushed wattles, street sweeping, storm drain clearing, and concrete washout patrol, etc. By removing worst offenders from their list, inspectors would have fewer sites to manage that were also better maintained. Most important, this would ensure a decrease in storm water runoff and improve runoff quality from the worst sites, without hiring more inspectors. Contractors would then be more “green” and would save the cost of litigation and fines.

Education: 

Persistence in the education of contractors and laborers is paramount, both in the proper installation and maintenance of BMPs, in the reasons for erosion and sediment control, and in the selection of environmentally friendly building and erosion control materials. 

Policy:

Enforcement is essential, although expensive. Implementation of the discussed strategies above will decrease the work-hours necessary for enforcement and inspection. Other policy strategies that can facilitate oversight, inspection, and accountability on construction sites include electronic submittal of SWPPPs, agency review of all SWPPPs, and centralized collection, database storage, and analysis of storm water runoff test results from construction sites. 

Task 6.  Draft cost-effective and fair methodology for storm water sample collection and analysis report

Introduction and general recommendations

Water sampling and monitoring requirements vary for visible and non-visible pollutants in storm water. Waste and stockpiles exposed to storm water can potentially leach a variety of pollutants (see Building Pollutant Table 20). Furthermore, evidence from construction site visits (Task 4) show that the commonly used uncovered “pig pen” waste receptacles contain a range of building material & supply debris. Consequently, whether or not waste and stockpiles on construction sites are covered will affect the selection and number of tests performed on the sample. 

Visible Pollutants

Our investigation of active construction sites revealed three main visible storm water pollutants in streets, gutters and drains: sediment, straw mulch debris, and concrete washout water. If sampling and testing of storm water is required, a number of scenarios are possible, some of which include the following:

1. If waste and stockpiles are covered, test only for sediment.

2. If waste and stockpiles are uncovered, test for sediment and all non-visible pollutants in Laboratory Test Table (Table 31).

3. If waste and stockpiles are covered and storm water is gray, test for pH.

4. It waste and stockpiles are covered, though concrete washout area is not maintained or doesn’t exist, test for pH.

Non-Visible Pollutants

Non-visible pollutants in construction site runoff can originate from waste piles, building materials and supplies, concrete washout, vehicle maintenance, pesticides, portable toilets, erosion control materials and road building materials (Pollutant Table 20). Our investigation of active construction sites found BMP non-compliance that would result in the release of non-visible pollutants into storm water runoff. As with visible pollutants, if waste and stockpiles are uncovered, test for all non-visible pollutants in Laboratory Test Table, unless a spill of a known material has occurred. For construction sites that are well maintained with all BMPs in compliance, test selection for non-visible pollutants in storm water runoff will require more thought and research. For example, erosion control material or dust suppressant composition and solubility information can be found in our Access database. This data may help narrow laboratory test selection for a particular constituent. If SWPPPs required contractors to list all materials used in erosion and dust control as well as all materials used in construction that were left in uncovered disposal areas, then inspectors would have prior knowledge of what materials to test for.  Without that information, it is impossible to predict what NVPs might be in storm water. When specific building materials are known to contribute to storm water pollution, the Caltrans “Pollutant Testing Guidance Table” can provide information on pollutant indicators, suggested field analyses and laboratory tests for numerous construction site building materials. See

http://www.dot.ca.gov/hq/construc/stormwater/sw_attachments/attachment_s.doc.

Cost Effectiveness

Cost effectiveness of laboratory vs. on-site testing depends upon how often a construction site will need storm water runoff testing, the number of constituents that need testing, the availability of trained construction site personnel for on-site testing, and whether or not sampling and monitoring is outsourced. By utilizing the cost and fee information in the Access Laboratory, Sampling and Equipment tables (Tables 48, 63, and 64), contractors can estimate which method is most cost effective for monitoring storm water runoff at their construction site.

Independently derived pollutant leachate, aquatic toxicity, and environmental data (biodegradation, bioaccumulation, solubility, etc.) from all building materials, dust suppressants and erosion control materials, especially brand name products that are proprietary mixtures are needed to fully design best management practices. 

Storm Water Runoff Test Results

If the California Water Resources Control Board were able to receive copies of storm water runoff test results, an enormous amount of data could be accumulated that might help answer questions about which pollutants are found in construction site runoff.


To better understand the costs relating to storm water collection and analysis, we gathered price and product information on water sampling and water monitoring devices. With this information, we examined cost effectiveness by comparing manual (grab) sampling to automatic sampling devices. In the investigation of cost effective storm water monitoring, we collected laboratory fee data for visual and non-visual storm water pollutants and compared the costs of laboratory use with the costs of on-site field monitoring.  

Information on types and amounts of construction and erosion control material leachates in storm water runoff are needed to fully design best management practices.

Water Sampling Devices, Monitoring Equipment, & Laboratory Fees 

Product and price information for storm water sampling and monitoring equipment were gathered from manufacturer and distributor web sites and by telephone conversations with manufacturers or their distributors. Prices varied among distributors. Laboratory fee data were collected from web sites, by email questionnaire or through telephone conversations with the laboratory.  The tables and fields in the Access database are listed in Table 28.

Table 28. Sampling device, monitoring equipment and laboratory fee data contained in three Access tables.

	Table Name
	Fields

	Water Sampling Devices
	Product Name, Product Type, Price, Weight, Power Source, Telemetry, www, Notes

	Water Monitoring Equipment
	Product Name, Product Type, Analytes, DO, pH, Conductivity, ORP, Turbidity, Resistivity, Salinity, TDS, Total Dissolved Gas, Depth, Barometric Pressure, GPS, Price, Power Source, Memory, Range, Communication, Unattended Logging, www

	Laboratory Fees
	ID, County, Turnaround, TSS, Setteable Solids, Turbidity, Oil & Grease, pH, Conductivity, TDS, Alkalinity, Residual Chlorine, VOCs, SVOCs, Phenols, MBAS, Phosphates, Phosphorus, Pesticides, Herbicides, Metal (Title 22), Chromium VI, Metals (Individual), NO3, NH3, BOD, COD, TOC, Total Coliform


Water Sampling Devices


The Water Sampling Device table (Table 64) provides price and product information on nine power-operated and three mechanically operated portable storm water sampling devices. Both types of samplers allow retrieval of the sample at a later time. 

Description and Costs

Mechanical: With no power requirements, passive mechanical devices collect first flush samples or may be adjusted to collect time-weighted composite samples. They can be placed in the ground, situated in a pipe or suspended from a grate. Prices for the three mechanical samplers vary between $355 and $757.

Automatic: Automatic storm water samplers range from the simple to the complex and comprehensive. All require a power source, usually battery, though a few allow solar panel hook-ups.  Storm water samples from these devices may be discrete, composite or a combination of the two. Collection bottles may be single or multiple, usually with a choice of polyethylene or glass. Programming allows for flow-weighted, time-weighted, or water-level triggering of devices by flow meter or rain gauge attachments. Additional features include data logging, refrigeration, telemetry, and multi-parameter sonde attachment. Several samplers provide alerts to email, pagers or cell phones. One device collects samples for VOC testing. Prices for the eight non-VOC samplers range from $895 to $5,900. The VOC storm water sampler costs $7,000. See Table 29 for an example from the Access Water Sampling Devices table.

Water Monitoring Equipment

The Water Monitoring Equipment table provides price and product information on 46 portable devices, including both in-situ and handheld equipment, suitable for monitoring visible and non-visible pollutants in storm water runoff (Table 63). All are battery operated. Most require calibration and maintenance. The products are organized into five main types: Single Parameter Handheld (12 items), Multi-Parameter Handheld (14 items), Photoionization Monitors (3 items), Photometers (11 items), and Sondes/Probes (6 items).  See Table 30 for an example from the Access Water Monitoring Equipment table.

Description and Costs


Single Parameter Handheld: Numerous products exist on the market for single-parameter water quality monitoring. Typical parameters available include pH, turbidity, chlorine, dissolved oxygen, oxidation-reduction potential, total dissolved solids, conductivity, or salinity. The 12 items in this category include 6 turbidity meters, 5 pH meters and 1 chlorine meter. Most of the turbidity meters measure 0 to 1,000 NTUs with ± 2-3% accuracy. Other capabilities may include data storage, unattended logging or an RS-232 port for downloading data to a computer. Prices range from $675 to $1,950.  Two types of pH meters are listed in the table: spot-checkers with electrode and meter in one unit and handheld devices with a sensor attached by cable to a meter. Most measure 0.00 to 14.00 pH with ± 0.01 pH accuracy and include temperature.  The two spot-checkers are the most economical at $75 and $275. Those with separate sensor, cable and meter units range from $250 to $525. 

Multi-Parameter Handheld: Of the 14 multi-parameter devices listed in the table, 12 are of the sensor-cable-meter style and two are palm-sized with meter and electrodes in one unit. Exchangeable sensors arranged in various configurations allow these devices to simultaneously measure a combination of 4 to 13 of the following parameters: dissolved oxygen, pH, conductivity, ORP, TDS, resistivity, salinity, total dissolved gas, turbidity, temperature, depth, or barometric pressure. Additionally, two can test for specific ions: NO3-, NH4+, Cl-, F-, K+, Ca2+.  Other capabilities may include data storage, remote monitoring, GPS, unattended logging, or an RS-232 port for downloading data to a computer. Prices range from $125 to $7,500; more specifically, 5 products are $125-$1,000, 5 products $1,001-$3,000, and 4 products are $3,001-$7,500.

Photoionization Monitors:  The three handheld devices listed in the table can monitor VOCs in water typically through measurement of the head-space in collected water samples. All have data storage and RS-232 ports. The most sensitive of the three can measure VOC levels of 0.1 to 10,000 ppm and 1 to 999 ppb. Prices range from $2,995 to $3,245. 

Photometers:  The table lists 11 portable colorimeters and spectrophotometers that can test for a variety of analytes, three of which can test for more than 90. Those of interest to storm water monitoring include numerous metals, nitrate, ammonia, ammonium, phosphate, organophosphonate, phosphorus, COD, TOC, phenols, surfactant, MBAS, alkalinity, petroleum hydrocarbons, and herbicide. Additionally, several can test for suspended solids, DO, pH, turbidity, conductivity, and salinity. Most include an RS-232 port. Three offer data storage. Prices range from $495 to $1,995 with 8 below $1,000 and 3 above $1,000.

Sondes & Probes:  These in-situ devices collect water quality data, usually for long-term, unattended monitoring. Sensors fit into probes that are then placed in a sonde. These devices can measure up to 17 parameters simultaneously including DO, pH, conductivity, ORP, TDS, resistivity, salinity, total dissolved gas, turbidity, ammonia, ammonium, nitrate, chloride, open channel flow, and temperature. Of the 6 products listed in the table, all have internal data storage, RS-232 and SDI-12 ports. Several offer GPS and remote monitoring. Prices range $2,150 to $7,510.

Laboratory Test Fees


Six State Certified Laboratories with offices in eight counties were selected from the California Department of Health Services web site for pricing information. Table 31 provides a summary of the average price and price range for tests of visible and non-visible pollutants listed in Appendix B of the Construction Storm Water Sampling and Analysis Guidance Document, August 2003.  The specific fees for each of the six laboratories are contained in the Access table called Laboratory Fees and the summary data in Table 31 are contained in the Access table called Laboratory Fee Summary. Turnaround time for test results ranges from 5 to 20 days, the average for all six laboratories is 12 days.

Table 29. Example of Storm Water Sampling Device characteristics.

	Type
	Product  Name
	Price
	Weight
	Power
	Telemetry
	www
	Notes

	Battery Operated
	Global Storm water Sampler SS201
	995.00
	22 lbs.
	12 AH gel cell, minimum 4 months
	no
	m/ss101.html


http://www.globalw.co
	Sample is triggered by rain gauge or raised water level in storm drain. Includes two 4,000ml polyethylene bottles: takes first flush sample in one bottle and a time-weighted composite sample in the second bottle.

	Battery Operated
	Hach Sigma 900 Portable Wastewater Samplers
	2,036.00-2,471.00
	28 lbs.
	12 VDC or AC adapter, 5 year lithium battery
	yes
	http://www.americansi

 HYPERLINK "http://www.americansigma.com/products/downloads/aws3405.pdf"
gma.com/products /dowloads/aws3405.pdf
	Program by time or flow. Can collect composite or discrete samples. Polyethylene or glass bottles in a single or multiple bottle (up to 24) configuration. Can store up to five sampling programs and 400 sample collection times/dates. For remote communications and data transfer via wireless cell modem, the Sigma 1000 Wireless Remote Monitor can track significant events in multiple locations.


Table 30. Example of Water Monitoring Equipment table.

	Type
	Name
	Price
	Power
	Memory
	Range
	Communications
	Unattended Logging
	www

	Handheld, Multi-Parameter
	DKK-TOA WQC-24 Multi-Parameter Water Quality Meter
	3,495.00
	2 AA batteries or AC adapter (meter); 3 AAA batteries (sensor)
	stores 3,360 data sets; logging at 15 minute intervals for 35 days
	
	RS-232, remote monitoring
	yes
	http://www.colep

 HYPERLINK "http://www.coleparmer.com/catalog/product_view.asp?sku=&cls=&par=0,7300,7372,7377&cat=1&sch=597&sel=0556622&lstBool=true"
armer.com/ catalog

	Handheld, Single-Parameter
	LaMotte 2020 Portable Turbidity Meter
	795.00
	9 V alkaline battery with AC adapter
	
	0 to 1,100 NTU
	RS-232
	
	http://www.lamott

 HYPERLINK "http://www.lamotte.com/pages/domwat/2020.html"
e.com/ pages/domwat/2020.html

	Photometer
	Hach DR/890 Colorimeter
	929.00
	4 AA alkaline batteries, six
	stores 50 readings
	
	RS-232
	
	https://ecommerce

 HYPERLINK "https://ecommerce.hach.com/stores/hach/pdfs/Literature/L1983.pdf"
.hach.com/stores/ hachpdfs/Literature/L1983.pdf


Table 30. (continued)

	Type
	Name
	Test Factors
	DO

Mg/L
	DO

%Sat
	pH
	Conduct-ivity
	ORP
	TDS
	Turbid-ity
	Resist-ivity
	Salinity
	TDG
	Baro-metric Pressure
	GPS
	Depth

	Handheld, Multi-Parameter
	DKK-TOA WQC-24 Multi-Parameter Water Quality Meter
	NO3-, Cl-, F-, Ca2+, K+, NH4+, chlorophyll
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	no
	yes
	no
	no
	yes
	yes

	Handheld, Single-Parameter
	LaMotte 2020 Portable Turbidity Meter
	
	no
	no
	no
	no
	no
	no
	yes
	no
	no
	no
	no
	no
	no

	Photometer
	Hach DR/890 Colorimeter
	90+ analytes, including metals, ammonium, chlorine, COD, surfactant, fluoride, hardness, hydrazine, nitrate, nitrite, ammonia, oxygen demand, phosphate, phosphonates, phosphorus, silica, sulfate, sulfide, suspended solids, tannin and lignin, TOC, triazole, volatile acids
	
	
	
	
	
	
	
	
	
	
	
	
	


Table 31. Average price and price range of laboratory tests for six state certified laboratories.

	Lab Test
	Average Price per analysis
	Price Range per analysis

	
	$

	Alkalinity 310.1
	18.00
	10.00-25.00

	BOD 405.1
	46.00
	25.00-75.00

	Chromium VI  7196
	93.00
	75.00-110.00

	COD 410.1,410.2, or 410.4
	31.00
	10.00-50.00

	Conductivity 120.1
	17.00
	10.00-25.00

	Herbicides 8151
	198.00
	125.00-275.00

	MBAS 425.1
	48.00
	25.00-85.00

	Metals, Individual ICP
	25.00
	10.00-50.00

	Metals, Title 22
	232.00
	200.00-285.00

	NH3 350.1,350.2, or 350.3
	39.00
	25.00-65.00

	NO3 300.0
	32.00
	15.00-50.00

	Oil & Grease 413.1,413.2 or 1664
	90.00
	40.00-150.00

	Pesticides 8081A
	155.00
	120.00-200.00

	pH 150.1
	16.00
	7.00-25.00

	Phenols 420.1
	78.00
	33.00-150.00

	Phosphates 300.0
	35.00
	15.00-50.00

	Phosphorus 365.2
	36.00
	25.00-30.00

	Residual chlorine 330.5
	28.00
	15.00-50.00

	Setteable Solids 160.5
	22.00
	10.00-35.00

	SVOCs 8270C
	314.00
	180.00-450.00

	TDS 160.1
	22.00
	10.00-30.00

	TOC 415.1
	50.00
	40.00-75.00


Table 31. (continued)

	Lab Test
	Average Price per analysis
	Price Range per analysis

	Total Coliform SM9221B or SM9221E
	53.00
	30.00-90.00

	TSS 160.2
	22.00
	10.00-30.00

	Turbidity 180.1
	19.00
	10.00-30.00

	VOCs 8260
	$179.00
	$100.00-$275.00


Cost Effective Sampling


There are two options for sampling storm water runoff: manual (grab sample) or automatic. Costs for equipment, labor, training and maintenance vary for each method. The quality of the samples may also vary. Although manual sampling has low equipment costs, labor costs are higher than for automatic sampling. With automatic sampling, labor costs are lower yet equipment, training and maintenance are much higher. As an additional advantage, automatic samplers can ensure sample and data collection for all rainfall events, and thereby save on fines when manual samples are missed. One manufacturer’s cost comparison of manual versus automatic storm water sampling finds that automatic samplers pay for themselves by reducing labor costs. In the analysis, a 22-acre site with four sampling stations and eight months of seven rain events required $3,680 (labor) and $610 (equipment) for manual sampling and $940 (labor) and $4,770 (equipment) for automatic sampling. The automatic sampling costs in this study do not include set up, maintenance and training. Though initial equipment costs are much higher for automatic sampling, costs disappear the following year and return only when new equipment is needed.

For more details on this study, see http://www.stormwatersamplers.com/pdf/Manual%20vs%20Automatic%20Sampling.pdf

Mechanical storm water collection devices, like the three listed in the Water Sampling Device table, can provide a simpler and much cheaper alternative ($355 to $757) to automatic sampling for contractors who want to avoid sending out personnel for grab samples unnecessarily. However, sending out personnel during rainfall events, unnecessarily or not, will help contractors keep abreast of construction site runoff.


Manual storm water sampling is the most cost effective method for well-maintained construction sites with little storm water runoff.  As the number of rainfall events that lead to construction site runoff increases, and therefore, the number of samples that need collection, automatic sampling becomes more cost effective. Mechanical devices, if used properly, are the most economical and require little training.


Long term water quality monitoring has shown that frequent samples are required over a long time period to develop a quantitative picture of stream water quality.  Such intensive sample collection is not cost effective for construction sites, especially small sites that are active for a short time.  One possible strategy would be to contract with consulting firms or university researchers to establish monitoring of selected large-scale developments.  The cost could be jointly shared by the SWRCB and the contractor or land owner.  Over time, a well documented history of impacts of construction could be developed and the efficacy of BMPs determined.

Cost Effective Monitoring


Field monitoring of storm water runoff can offer a contractor timely and useful data. In contrast, test results from a laboratory make take 5 to 20 days. Because many of the portable devices require training and maintenance, some contractors may not have the option of field monitoring and will need to rely on laboratory test results. 

Visible pollutants: Visible pollutants, like sediment, alert the contractor to runoff problems right away, which can then be attended to promptly. If the contractor needs this visual observation verified and/or quantified, a variety of field instruments can monitor turbidity and suspended solids. Six portable turbidity meters and two photometers for suspended solids measurement are listed in the Access Water Monitoring Equipment table. One of the photometers can measure both items. Comparing average laboratory test costs for TSS and turbidity, the photometer that measures both suspended solids and turbidity would pay for itself after 23 uses. The cheapest turbidity meter would pay for itself after 36 uses. Because the photometer can be used for numerous other tests, it could potentially pay for itself after many fewer uses.

Non-visible pollutants: Non-visible pollutants in storm water runoff are more varied (see Table 31), more difficult to pinpoint and require more expensive testing than visible pollutants. The non-visible pollutants listed in Table 31 originate from the List of Common Potential Non-visible Pollutants at Construction Sites (Table B-1) in the California Storm Water Quality Task Force Construction Storm Water Sampling and Analysis Guidance Document, Appendix C, August 2003, http://www.cabmphandbooks.com/Documents/Construction/Appendix_C.pdf.  Since this list contains common non-visible construction site pollutants, it would be a good place to start in the selection of tests and analyses. The appropriate tests depend entirely on what materials are used in construction and what materials are exposed to rainfall. Few, if any of these tests is related to a single pollutant and hence knowledge of the materials used on the site is critical to making appropriate analytical choices.  

Most NVPs result from poor construction site housekeeping, such as improper waste storage and management, equipment/vehicle maintenance and washing, fueling, spill management, materials handling and storage, stockpile management, sanitary/septic waste management, and herbicide/pesticide management. 

Erosion control materials themselves may also be a source of non-visible pollutants. 

Blankets & Mulch: Elevated TOC and COD were measured in runoff from wood fiber blanket, straw-coconut blanket, straw blanket, bonded-fiber matrix, and incorporated wheat straw (see Access Product Testing Sources, SDSU report, Table 58).  Analytical tests (Table 31) for total organic carbon, chemical or biochemical oxygen demand or specific carbon compounds would be appropriate in cases where blankets and mulches have been used for erosion control.

Polyacrylamides: According to the California Stormwater BMP Handbook, polyacrylamides, when improperly used or over-used, may be considered a non-visible pollutant. The handbook recommends that polyacrylamides designated for erosion and sediment control be water soluble and pass through a sediment control BMP before discharging to surface water. In addition, the Handbook suggests application rates of no more than .5 to 1 lb. of polyacrylamide per 1,000 gallons of water per acre even though manufacturers may recommend 3 to 5 lbs. The one survey respondent that supplied application rate information for a polyacrylamide product used 5 lbs./acre and also commented that more works better. Timing of polyacrylamide application is also of concern since efficacy progressively declines with each rainfall event. The NCSU study (see the Access Product Testing Sources, Table 58) recommends limiting use to low slopes for short periods. Ultimately, contractors should use only the highest quality polyacrylamides that are site and soil specific.  

In locations where polyacrylamides or other chemical tackifiers are used, it is appropriate to test storm water for either the original material or decomposition products of the materials (Table 31).  

Survey Materials: For chemical/composition information on brand name products listed in the surveys, we created two tables condensing information from our Access tables on these materials. Table 32 organizes composition/chemical information gleaned from manufacturer’s product information and Table 33 supplements that table with chemical/solubility/aquatic toxicity data on the chemicals listed as major constituents in the MSDS sheets of these products. Many manufacturers do not list chemical ingredients on MSDS sheets. Survey brands soluble in water include Dustac® 100, Dust-Off®, and Terra-Lock™ 50. 
Table 32. Product information from manufacturer.

	Product
	General Composition
	Ecological Information
	pH
	Water Solubility

	Dustac® 100
	calcium lignosulfonate
	biodegradable
	4-5
	soluble

	Dust-Off®
	magnesium chloride, magnesium sulfate
	unknown
	6.5
	complete

	EarthGuard®
	copolymer of acrylamide/sodium acrylate; petroleum distillate (20.5-22.5%), sodium metabisulfite (0.6-0.8%)
	biodegradable
	unknown
	dilutable

	Ecology Controls M-Binder
	ground muciloid seed coat
	unknown
	unknown
	negligible


Table 32. (continued)

	Product
	General Composition
	Ecological Information
	pH
	Water Solubility

	Envirotac II® Soil Stabilizer
	acrylic co-polymer (39-43%), residual monomers (<0.1%), ammonia (<1.0%)
	unknown
	5.0 to 9.5
	dilutable

	PolyPavement™
	vinyl acrylic copolymer (96+%) emulsifier (1+%), surfactant (1+%)
	emulsifier and surfactant are biodegradable; CA Dept. of Fish & Game Test#LN-93-48-1: LC50@7,450ppm
	unknown
	insoluble/dilutable

	Soil Master WR
	polyvinyl acetate
	unknown
	unknown
	unknown

	Soil-Sement®
	acrylic and vinyl acetate polymer(5-50% by wt)
	LC50(72hr) goldfish 12,500-20,000ppm; LC50(48hr) Daphnia magna 3,482.8ppm
	4.0-9.5
	dilutable

	Terra-Lock™ 50
	sodium acrylate/acrylamide copolymer(50%) dispersed in mineral oil, petroleum distillates (35% by wt), surfactant, impurities include acrylic acid (<0.5% by wt) and acrylamide(<0.10% by wt)
	biodegradable
	7.5 (1% solution)
	soluble

	TOPEIN™S
	tall oil by product (42-48% by wt), nonylphenol polyethylene glycol ether as surfactant, hydrochloric acid
	LC50(96hr) fish 400mg/L, EC50(72hr) fresh water algae 1000mg/L, EC50(48hr) Daphnia magna 2000mg/L; biodegradable
	6-8
	insoluble

	UltraTack™
	anionic polyacrylamide, 
	degradation potential is limited
	unknown
	limited


When non-visible pollutants in storm water runoff require identification, it would be helpful to determine their source, and thereby narrow the number and specificity of tests.  It is possible for a number of these tests to be done on-site. By looking at a worst-case scenario, the cost effectiveness of field monitoring can be evaluated. If the construction site is a housekeeping disaster and storm water runoff requires monitoring, testing for a full range of pollutants will be necessary. Photometers can test for a number of the pollutants listed in Table 31.  For example, if the Hach DR/2400, the most expensive photometer ($1,995), is used to measure all the items in Table 24, excluding BOD, pesticides, turbidity, settelable solids, alkalinity, TDS, SVOCs, and coliform, the device would pay for itself by two uses. Test results may be stored and downloaded to a computer for record keeping. On a smaller scale, if a contractor finds that a recent application of magnesium chloride dust suppressant coincides with a rainfall event, monitoring runoff with the Hanna 98129 Combo conductivity/pH meter ($125) would pay for itself after seven uses, not including any pH measurements. 

If high laboratory test fees encourage good housekeeping, then contractors should use a laboratory when testing for non-visible pollutants in storm water runoff, though laboratory tests may be less useful for the contractor since they are not timely. On the other hand, if poor housekeeping is readily apparent and the contractor promptly improves the situation, then timeliness may not be important.

Laboratory testing is the most cost effective method for monitoring storm water runoff on well-maintained sites with little runoff. In contrast, construction sites with the most runoff producing rainfall events, the worst housekeeping, and the poorest management of erosion control materials will require the most storm water monitoring. Field monitoring with portable devices is the most cost effective method for these high maintenance sites and provides contractors with timely information that may help manage construction sites and minimize runoff problems.

Table 33. Product chemical, solubility and toxicity information.
	Product Name
	Major MSDS Chemical
	Water Solubility
	Aquatic Toxicity

	Dustac® 100
	calcium lignosulfonate
	soluble in water
	LC50/96hr/Oncorynchus mykiss (rainbow trout)/5,200ppm. (British Columbia Ministry of Environment)

	Dust-Off®
	magnesium chloride
	543g/L@20C
	Aquatic toxicity: LC50/48hr/Leuciscus idus melanotus (fresh water fish)/7700mg/L; LC50/48hr/Gambusia affinis (fresh water fish)/17750mg/L; EC50/24hr/Daphnia magna/3190mg/L; LC50/25hr/Daphnia magna/3391mg/L; EC50/72hr/Scendesmus subspicata (algae)/2200mg/L. (ECB)



	
	magnesium chloride hexahydrate
	1670g/L@25C
	unknown


Table 33. (continued)

	Product Name
	Major Chemical
	Water Solubility
	Aquatic Toxicity

	EarthGuard®
	distillates (petroleum), hydrotreated light
	15mg/L@20C
	Biodegradation: 4-12% after 28 days. Aquatic toxicity: LC50/96hr/Pimpephales promelas (fresh water fish)/45mg/L; LC50/96hr/Lepomis macrochirus (fresh water fish)/1740mg/L; 
LC50/48hr/Salmo sp./1.60mg/L; LC50/96hr/Diatomus forbesi 
(invertebrate)/140mg/L; EC50/15day/Anabaena doliolum (algae)/5.97mg/L. (ECB)

	Terra-Lock™ 50
	sorbitan oleate
	<10g/L@20C
	Biodegradable

	
	acrylamide/sodium acrylate polymer
	highly soluble in water
	unknown

	
	distillates (petroleum), hydrotreated light naphthenic
	very low
	Biodegradation: 6% after 28 days. Inherently biodegradable in water, but not readily so. In water, the substance is likely to be adsorbed onto particulate 
matter, and will ultimately be biodegraded by micro-organisms. Aquatic toxicity: LC50/96hr/Oncorhynchus mykiss (fresh water fish)/>5000mg/L; 
LC50/96hr/Salmo gairdneri/>1000mg/L; EC50/96hr/Daphnia 
magna/>1000mg/L; EC50/96hr/Scenedesmus subspicatus 
(algae)/>1000mg/L. (ECB)


Maid Service: Construction Site Housekeeping Alternative


Our investigation of BMPs revealed extensive poor housekeeping on construction sites, a task difficult for some contractors even after several Notice of Violations (NOV) or large fines. Furthermore, some contractors would rather pay large fines than stop construction site work. With the current system, the question remains; to what degree do NOVs and fines stop BMP non-compliance and repeat offenders?

We propose a solution that may help the industry reduce NOVs and fines while keeping costs low.  The proposed solution may also go far to reduce toxic chemical release to runoff water from construction sites. The solution is construction site maid service. Contractors with one or more NOVs should be required to hire an independent construction site maintenance service to oversee housekeeping and erosion control BMP upkeep during the rainy season. Duties would include many of the infractions that we observed on our construction site visits such as covering waste and stockpiles, maintaining entrances and exits, managing toilet placement, replacing crushed wattles, street sweeping, storm drain clearing, and concrete washout patrol, etc. By removing worst offenders from their list, inspectors would have fewer sites to manage that were also better maintained. Most important, this would ensure a decrease in storm water runoff and improve runoff quality from the worst sites, without hiring more inspectors. Contractors would then be more “green” and would save the cost of litigation and fines.

Task 7.  Final version of the cost-effective and fair methodology for sample collection and analysis report.


This report serves as the final version.  

Final Summary


To investigate the types and amounts of materials used for erosion and dust control on California construction sites, we examined product data, surveyed contractors and manufacturers, reviewed SWPPPs and inspected construction sites. A literature search of building material impacts on storm water quality provides additional information on potential non-visible pollutants. These data, along with BMP non-compliance findings on construction sites, help clarify water sampling cost-effectiveness and issues. 

Erosion and Dust Control Materials on Construction Sites


Our assemblage of erosion and dust control product information for blankets, mulches, liquids and powders, demonstrates the multitude and variety of materials available to contractors and erosion control professionals. Because liquid and powder products have the highest potential for degrading water leaving a construction site, most of the composition, solubility and toxicity data pertain to these materials.  Because most liquids and powders are mixtures, the ingredients and percent composition often remain proprietary secrets. In addition, the availability of information on environmental attributes, decomposition and fate of these mixtures is also lacking. Only 22% of manufacturers supply environmental information on product sheets, MSDS or websites.


The four largest categories of liquid or powder products on the market include plant & animal based materials (52 items), vinyl acetate or acrylic copolymers (35 items), polyacrylamides (32 items),  and petroleum products (21 items). Results from the manufacturer survey show that all of these categories are sold in California. Many are soluble in water, including polyacrylamides, petroleum products, polyvinyl acetate polymers, lignin polymers, salt solutions, wetting agents, enzyme products, and most plant and animal based products.  Occasionally manufacturers provide aquatic toxicity information (LC50) for their products: petroleum products (28-510 mg/L), polyacrylamides (15-1,000 mg/L), polyvinyl acetate materials (100-3,482 mg/L), vinyl acrylic copolymer (7,450 mg/L), and a wetting agent (>1,000 mg/L). In the contractor survey, the 11 brand name products named by respondents belong to the following categories: vinyl acrylic copolymers (4 users), plant based products (3 users), petroleum products (2 users), and polyacrylamides (2 users). Most liquids and powders are applied as tackifiers, soil binders or soil drying agents and are used by 55% of survey respondents. Of the contractors using dust suppressants (36%), 38% of these respondents use water. Other liquid and powder materials listed in the survey include lime (10% of respondents) and fly ash (2% of respondents). In addition to type of material usage, the survey also indicates that some contractors apply more than the manufacturer recommended rate for tackifiers and binders. Our inspections of active construction sites found that 25% of contractors used tackifiers. 


As with liquids and powders, contractors can also choose from a variety of mulches and fibers (64 items). Most are composed of wood fibers though other constituents may include polyester or polypropylene fibers, newsprint, recycled wood, recycled paper, cotton fiber, corn fiber, straw, shredded tires, wetting agents, tackifier, petroleum distillates and green dye. In our survey, 56% of respondents use an assortment of mulches made from wood fiber, wood chips, polyester fiber, straw, paper, sawdust, stable waste, recycled green waste and yard waste. Some of the wood fiber and straw mulch users add tackifier. As with tackifiers, some contractors apply more than the manufacturer recommended rate. Non-brand application rates for mulch range from 0.75 to 2 tons per acre. On active construction sites, 19% applied straw mulch and 13% used hydroseeding.


Blanket, mat, netting, and geotexile products (102 items) are numerous and varied. Materials may include straw, coir fiber, wood fiber, corn fiber, jute, aspen, recycled plastic, rayon, polyolefin, polyester, nylon, polypropylene, and wire. In our survey, 63% of respondents use blankets, mats or netting. Of those reporting specific materials, the four largest types listed include straw blankets (14 users), jute netting (13 users), straw with coconut fiber blankets (11 users), and coconut fiber blankets (10 users). On active construction sites, 25% of contractors used blankets or geotextiles.


Wattles, the most widely used product, are manufactured in a variety of widths and lengths, usually from straw or coir fiber, encased in coir or poly netting (11 items). One product is made from aspen excelsior. In our survey, 83% of respondents use wattles. Of those reporting a specific type, 85% are made from straw. On active construction sites, 69% of contractors used wattles.

With an availability of numerous tackifiers, binders and dust suppressants, contractors can choose materials with low solubility and low concentrations of harmful constituents that will biodegrade and not bioaccumulate. 

Building Materials on Construction Sites


Building materials and their waste, as revealed by the literature, can add to urban storm water pollutant loads. By substituting environmentally friendly building materials for those known to leach harmful constituents, contractors can play an important long-term role in improving storm water runoff quality. Furthermore, by covering waste and stockpiles, contractors prevent known leachates from entering storm water. The continual accumulation of information on all construction site materials, including data on constituents, solubility, toxicity, bioaccumulation and biodegradation, will help regulators keep abreast of non-visible storm water runoff quality from construction sites.

Best Management Practices on Construction Sites and SWPPPs


Our examination of 32 Storm Water Pollution Prevention Plans and 16 active construction sites in three California counties added to our investigation of good housekeeping best management practices currently used on construction sites. 


The seven most frequently found BMPs on the 16 construction sites include the following: gravel bags (12 sites), wattles, (11 sites), silt sacs (5 sites), blankets (4 sites), concrete washout (4 sites), tackifier (4 sites), and straw mulch (3 sites). In the SWPPPs, the seven most frequently drawn or indicated BMPs include the following: wattles (21 plans), silt fence (15 plans), entrance/exit stabilization (12 plans), straw mulch (8 plans), gravel bags (8 plans), tackifier (8 plans), and staging area (8 plans).

For installation guidance, contractors may consult a plethora of BMP manuals published by city and county agencies or independent consultants. We examined 13 manuals from 11 states to investigate BMP priorities outside of California. Over 165 methods and materials are identified. Seven BMPs are described in at least 12 manuals: blankets, check dams, construction entrances, slope drains, inlet protection, mulching, and silt fences. 

BMP Non-Compliance on Construction Sites

In addition to BMP selection and use, the construction site visits also revealed types and quantities of BMPs not in compliance. Overall, more than half of sites (69%) showed BMP non-compliance. We observed ten BMP types not in compliance: the top four included sediment in street or gutter (50%), concrete washout not maintained (31%), sediment in drain inlet (31%), and uncovered stockpiles (19%).

SWPPP Issues

Our review of 32 SWPPPs revealed a number of problems with the SWPPP process, database, and quality of the documents. 

Of the 75 “active” construction sites selected from the California State Water Quality Control Board web site SWPPP database, 10 (13%) were no longer active or had wrong addresses. Furthermore, a straight-forward “request for SWPPP” letter to property owners sent by Region 5 RWQCB retrieved only 50% of the remaining 65.


The 32 SWPPPs received showed a range in quality, primarily in depth, detail and site specificity. All were graded 1 to 5 (poor to excellent): poor (9%), below average (38%), average (28%), good (6%), and excellent (19%). Almost 50% were below average or poor in quality. The process for creating submitting, reviewing and approving SWPPPs should be improved.  We recommend that SWPPPs be submitted electronically and that the contents be proscribed so that they are site specific.  Once submitted and approved, inspections should be made to insure that the recommended BMPs are properly implemented and maintained.

Strategies to Reduce Impacts from Erosion Control Materials & Construction Materials on Storm Water

Erosion and dust control materials of greatest concern to storm water quality are those materials most commonly used by contractors or used in the greatest quantity, are the most mobile, and are the most harmful to aquatic life. From our contractor surveys, we found wattles (83% of respondents) and blankets (63% or respondents) the most commonly used erosion control materials on construction sites. These products are made with natural materials. With their high C:N ration, we do not expect release of N into the environment. Both items, when properly installed and maintained, have low water quality impacts. Loose materials, such as liquids, powders and fibers, have a greater potential for degrading water quality. Of the materials in this category, survey respondents used mulch and fibers (56%), dust suppressants (36%), tackifiers (30%), soil drying agents (18%), and soil binders (14%). Many of the liquid and powder products are proprietary mixtures, the ingredients and their concentrations unknown. Most manufacturers do not supply environmental data and very few provide aquatic toxicity LC50 values for their products. Without specific water quality tests that report aquatic toxicity for these brand name products, it is difficult to rank their harm to the environment. Recommendations can be made based on laboratory leachate studies and product testing research, although they may be less specific or direct. Total quantities used by survey respondents of these materials are also difficult to rank since amounts used in 2002 were indicated in a variety of units (see Tables 5-12).

The following are recommendations for limiting the pollution originating from materials used on construction sites.

Mulch and Fibers:

· Avoid overuse of mulch by applying appropriate application rate

· Use blankets on steeper slopes

· Apply mulch, fibers and/or tackifier specific to slope and soil type

· Use organic tackifier in appropriate amounts to immobilize mulch, if necessary, timed to avoid rainfall events

· Use biodegradable mulch with non-toxic dyes 

· Require environmental and aquatic toxicity data from manufacturer when using brand name products

· Require certified physical and chemical analyses of all mulch 

· Limiting the release of storm water runoff from construction sites with properly installed and maintained BMPs will help prevent TOC and COD increases in storm water runoff due to erosion control material leachates

Dust Suppressants:

· Require use of biodegradable, non-toxic dust suppressants

· Require environmental and aquatic toxicity data from manufacturer when using brand name products

· Apply appropriate amounts timed to avoid rainfall events

Tackifiers and Soil Binders:

· Limit PAM used for erosion control to low slopes for short periods

· Select highest quality PAM for site and soil specific conditions

· Apply appropriate amounts (.5 to 1 lb of PAM per 1,000 gallons of water) even though manufacturer recommends 3 to 5 lb of PAM

· Time application of PAM since efficacy progressively declines with each rainfall event

· Require use of non-toxic, biodegradable tackifiers, soil binders and soil stabilizers 

· Require environmental and aquatic toxicity data from manufacturer when using brand name products

Materials with Green Dye:

· Use mulch and tackifier with biodegradable, non-toxic green dye

· Require environmental and aquatic toxicity data from manufacturer when using brand name products

Other Education and Enforcement Strategies:

· Require covers for all waste receptacles

· Eliminate “pig pens”

· Locate waste receptacles and outhouses away from storm drains

· Require covers for stockpiles

· Install and maintain equipment cleaning areas away from storm drains

· Provide Spanish labels and instructions on all waste receptacles and cleaning areas

· Use green building materials, specifically, those that do not leach harmful constituents

· Provide incentives and education on use of green building materials

· Provide sufficient inspectors to visit each construction site at least weekly

· Give inspectors the authority and knowledge to implement innovative solutions to erosion problems on a site-specific basis

· Empower the inspectors to issue severe penalties (stop-work orders) in the case of sedimentation violations

· Raise the maximum level of fines to a meaningful amount

· Educate the development community to the damage that sedimentation does to stream communities
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APPENDIX 1 Erosion Control Professional Survey









Date:____________

Company Name:__________________________________________________________

Name of individual completing this survey:____________________________________


Please provide contact information (address, phone, email):________________________

Please check off those products you have used in 2002.

	Material Category
	Yes
	No

	Tackifiers
	
	

	Soil binders including fly ash
	
	

	Soil drying products such as lime
	
	

	Mulch (including BFM)
	
	

	Blankets ( mesh, netting, mats, etc.)
	
	

	Wattles, rolls or logs
	
	

	Dust suppressant 
	
	


If you did not check off yes on any of these products, you need not continue with this survey.  Please return the survey to us in the self-addressed stamped envelope or FAX it to 530-752-1552.  Thank you for your help.

For each of the material categories you have checked, please list the name of the product, the amount of each product used in 2002 and where in the state the product was used. If you need more room, please use the back of this page.

	Product Name/ Brand Name
	Approximation of Amount Used
	Application Rate
	Location of Use (County/City)
	Product Efficacy Comments

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


May we call you if we need more information?  If so, please give us a contact number.

Thank you.

APPENDIX 2 SWPPP draft inspection report

SWPPP Written By: Consultant, Engineer, self


Site ID #________________

DRAFT

Inspection Record

Scheduling



SWPPP
Start Date______________
End Date__________________ ECM Installed____________ Grading Dates _________


Inspection




Work progressing in accordance with project schedule? YES/NO




Earthwork completed during dry months YES/NO




1-4 mo.
4-6mo.

6-8mo.

8-10mo.
10-12mo.




6-10

4-6

0-4

4-6

6-10





Underground work completed during dry months?  YES/NO




1-4 mo.
4-6mo.

6-8mo.

8-10mo.
10-12mo.




6-10

4-6

0-4

4-6

6-10


If time change have been made is there an amended schedule and changes to BMPs made?  YES/NO


Products added_______________________________________________

Comments




Preservation of Existing Vegetation


SWPPP
Are there planned areas of existing vegetation? YES/NO




Is existing vegetation planned for use as a BMP? YES/NO


Inspection




Is existing vegetation marked off with construction fencing?  YES/NO




Did the site preserve the areas as planned? YES/NO

Comments




Slope Grading


SWPPP
Are there slopes on site?  YES/NO




What is the range of slope ratio? _____________




Is there planned slope protection? YES/NO




What BMP is planned for slope protection? ___________________




Is trackwalking recommended? YES/NO


Inspection





Is planned slope protection in place? YES/NO




Was planned BMP implemented? YES/NO




Has the site been trackwalked? YES/NO




Is trackwalking against contour? YES/NO 




Scale: Up-Down 10





Sideways 0




Is the slope terraced?  YES/NO




Length _____________  Depth ________________

Comments




Temporary Seeding & Mulching


SWPPP





Are there proposed areas that will be disturbed & unvegetated during the rainy season? YES/NO




Recommended erosion control for exposed soil areas.___________________________


Inspection





Has temporary seeding or mulching been used? YES/NO




What type_____________________________




Scale: % Cover_________________________




What form of erosion protection is used? __________________________

Comments




Permanent Seeding & Mulching


SWPPP





Are there planned areas for permanent vegetation?


Inspection




Has permanent seeding or mulching been installed? YES/NO




What type_____________________________




Scale: % Cover_________________________




What form of erosion control has been used? ____________________________




Condition: Is it Sluffing off, Sticking

Comments




Hydroseeding/ Hydromulching


SWPPP




Recommended areas for hydroseeding/mulching? YES/NO


Inspection



Vegetable fibers (straw/hay) Hay or straw applied at a rate of 4,500 kg/ha, anchored in with tackifier, netting or crimping.



Wood chips evenly distributed depth of 50mm-75mm



Hydraulic Mulches Recycled paper or wood fiber



Hydraulic Matrices Bonded Fiber Matrix 3,000-4,000 lbs/acre



Was this BMP used?



Does the BMP appear to be working?



% Cover______

Comments




Dust Control


SWPPP



Recommended rate_____________



Recommended method: Water, CaCl2, MgCl2, NaCl, silicates, surfactants, copolymers, petroleum products, Lignin sulfonate, Vegetable oils, spray-on adhesives.  


Inspection



What method is being used for dust suppression?

Comments




Erosion Control Blankets


SWPPP
Are there recommendations for ECB? YES/NO



Is it planned for slope/ channel/ outfall



Is a specific product recommended? YES/NO



What product_________________________


Inspection



Slope Ratio: __________



If a channel: Is the channel engineered as directed on site plans?



If a slope: Was the blanket installed from top of slope to toe of slope?



Was the ECB trenched in 6 in. deep and 6 in. wide? YES/NO



Scale_________________________________________



Is there direct contact with the soil? YES/NO



Scale_________________________________________

Comments




Straw Wattles


SWPPP



Are there recommendations for straw wattles?


Inspection



Is there intimate contact with soil? YES/NO



Scale_____________________________



Are the wattles trenched in? YES/NO



What depth?_______________________



Is the extra soil placed on the uphill/ flow side? YES/NO



Are the wattles staked in every 3-5 feet with 1-2” stakes?



Scale____________________________



Do the wattle ends have good contact with each other? YES/NO



Are the wattles maintained well, Condition flat, full of sediment, ineffective, good condition

Comments




Stabilized Construction Entrance


SWPPP



Are the locations of entrances listed on the SWPPP map? YES/NO



Are installation instructions given? YES/NO


Inspection



Entrance elevation lower than street elevation? YES/NO



Angular rock used YES/NO



Is 8” thick course aggregate used? YES/NO



Is there tracking? YES/NO



Is it maintained? YES/NO



Is it working? YES NO



Scale____________________________________________________



Is geotextile used? YES/NO



Is the entrance length a minimum of 50’,



Scale 0-10
10-20

20-30

30-40

40-50+




0-2
2-4

4-6

6-8

8-10



Width (10-15’)



Depth (6-12”)

Comments




Tire Wash


SWPPP



Is a tire wash recommended? YES/NO


Inspection



Is there a tire wash on-site? YES/NO

Comments




Outlet Protection- Energy Dissipation


SWPPP



What type is recommended? ________________________________________

Inspection



Is the pipe unprotected or is there an energy dissipater? YES/NO



What type of energy dissipation is used?________________________________

Comments




Check Dams


SWPPP



Are check dams recommended in the SWPPP? YES/NO



What materials are recommended? ___________________________________


Inspection



Were check dams installed according to recommendations? YES/NO



Scale_______________________________________________



Are the check dams maintained?



What materials are used?

Comments




Silt Fencing


SWPPP



Is silt fencing recommended in the SWPPP? YES/NO



If it is planned in the SWPPP, is it combined with erosion control? YES/NO


Inspection



Constructed along a level contour? YES /NO



Scale_______________________________



Length of slope draining to fence 30m or less? YES/NO



Scale _________________________________________________



Length of single run of fence up to 150m? YES/NO



Scale _________________________________________________



Last 6 ft of fence in J or L shape? YES/NO



Scale _________________________________________________



Fence segments not connected? YES/NO



Scale _________________________________________________




Installation: 2’-5’ from the toe of slope






6”-8” deep YES/NO






trench 4”-6” wide YES/NO






aligned with contours YES/NO



Scale _________________________________________________

Comments




Storm Drain Inlet Protection


SWPPP



Is Inlet protection recommended? 



What type of protection is planned for use?



What products are recommended?


Inspection



Is storm DI protection found on every DI? YES/NO



Scale _________________________________________________



Is there a silt sac or equivalent? YES/NO



Scale _________________________________________________



Does the silt sac fit? Scale _________________________________________________



Is silt sac maintained? Scale _________________________________________________



Are they adequate? Scale _________________________________________________



Are there sand/gravel bags/ straw wattle? 

Comments




Sediment Basins


SWPPP



Are there sediment basins planned for the project? YES/NO



Have the sediment basins been designed by an engineer? YES/NO



Are there plans on how the site is going to dewater? YES/NO  Type Discharge/ Riser Pipe/evaporation


Inspection



Is there a sediment basin on-site? YES/NO




Does it measure out o what was designed?




What was the plan scale?




Was the plan scale met?




How is the Sediment Basin being dewatered? Discharge/ Riser Pipe/evaporation




Are there secondary BMPs straw/tack or hydroseeding?




% coverage of secondary BMP_________________

Comments




Secondary Filtration


SWPPP




Is secondary filtration recommended? YES/NO


Inspection




Is secondary filtration used on-site? YES/NO




What are the NTUs found in the effluent?___________Inffluent?____________

Comments




Stockpiles


SWPPP




Does the SWPPP discuss stockpile winterization? YES/NO


Inspection



Are stockpiles covered? YES/NO  Type: Plastic/ Hydroseed




Scale _________________________________________________




Are stockpiles surrounded with SW? YES/NO




Scale _________________________________________________

Comments




Concrete Washout


SWPPP




Are recommendations for washout construction included in the SWPPP? YES/NO


Inspection



Does the concrete washout have appropriate signage? YES/NO




Scale _________________________________________________




Is the washout lined? YES/NO




Scale _________________________________________________




Is the washout bermed? YES/NO




Scale_________________________________________________




Located away from storm drain YES/NO




Maintained YES/NO




Is there spillage YES/NO

Comments




Post Construction BMPs


Are there plans for post construction BMPs? YES/NO

APPENDIX 3 Letter requesting SWPPP from contractors

APPENDIX 4 Access tables
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