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WATER-QUALITY MONITORING PLAN 

Remedial Action for the Lockheed Shipyard Sediments Operable Unit 
Harbor Island Superfund Site, Seattle, Washington 

I .O INTRODUCTION 

This plan discusses water-quality monitoring and response activities for remedial action at the 
Lockheed Shipyard Sediments Operable Unit (LSSOU). Background information and an overview 
of the remedial action are provided in Chapters 1 through 3 of the Remedial Action Workplan 
(RAWP), to which this plan is an appendix. Sampling and analytical procedures and the associated 
quality assurance and quality control for water-quality monitoring are in the Field Sampling Plan 
(FSP; Appendix D of the RAWP) and Quality Assurance Project Plan (QAPP; Appendix E of the 
RAWP). Where there are differences between this and other plans in the RAWP (e.g., the FSP and 
QAPP), this plan takes precedence. 

The scope and objectives of the water-quality monitoring program are discussed below. 
Construction activities and environmental controls (Stormwater Pollution Prevention and Spill 
Control) to ensure compliance with water-quality objectives during these activities are in 
Chapter 2.0. Water-quality monitoring and contingency plans are discussed in Chapter 3.0. 

1 .I WATER-QUALITY MONITORING OBJECTIVES 

The objectives of the water-quality monitoring and management activities are as follows: 

+ Ensure that the water-quality performance criteria prescribed by Applicable or Relevant and 
Appropriate Requirements (ARARs) are met during implementation of the remedial action. 

+ Describe water-quality control measures that will help ensure that water-quality objectives are 
met. 

+ Provide early detection of unanticipated unacceptable water-quality impacts. 

+ Establish contingency measures and corrective action in the unlikely event that unacceptable 
conditions are detected. 

MCS ESVIRONMENTAL 



REMEDIAL ACTION OF THE LSSOU 
Water Quality Monitoring Plan 

These monitoring and management objectives will be achieved through the following activities, as 
described in this plan and in the FSP and QAPP: 

+ TRC General Construction Superintendent or his designees (water-quality monitoring team) will 
monitor the work environment during all construction and maintenance that could affect water 
quality. 

+ Monitoring observation and data-collection points will be selected to facilitate early detection 
and compliance with water-quality objectives. 

+ Written reports documenting compliance with the performance standards will be prepared for 
submittal to the US Environmental Protection Agency (EPA). 

WATER-QUALITY PERFORMANCE CRITERIA 

Performance criteria for water quality are based on water-quality criteria specified by ARARs 
(Chapter 173-201 A WAC), the federal Ambient Aquatic Life Water Quality Criteria for Tributyltin 
(EPA 2002), the Water Quality Certification issued by EPA on July 16,2003 (Attachment I), and the 
Water Quality Certification Amendment dated October 14, 2003 (Attachment 11). According to 
these regulations, the Duwarnish River at the site is classified as Class B waters. The performance 
criteria for Class B waters are summarized in Section 3.5.1. 

Ambient water-quality criteria are also designated as ARARs. Attainment of these water-quality 
criteria will be verified through the monitoring of general parameters (i.e., temperature, turbidity, 
and dissolved oxygen and total suspended solids). 

No in-water work will be conducted during the fish closure window between February 16 and 
July 15 of each year. Upland work above mean higher high water may be permitted during the fish 
closure window. 

All work will be performed and all steps taken to prevent interference or disturbance to fish and 
wildlife. Water flows or habitat outside the project boundaries are critical to fish or wildlife and will 
not be altered or disturbed. 

The TRC Project Manager or his designee is responsible for implementation of this Water-Quality 
Monitoring Plan. 

- 
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2.0 WATER-QUALITY MANAGEMENT AND CONTROLS 

This project includes both land-based and water-based work elements. Potential water-quality 
impacts during construction are erosion and excessive turbidity from upland areas and from water- 
based work, and spills, mainly of petroleum products such as gasoline, diesel fuel, lubricants, 
hydraulic fluids, and motor oil fiom the water-based equipment. Plans for reducing potential 
impacts and for control of water quality are summarized below. 

2.1 STORMWATER POLLUTION PREVENTION AND TURBIDITY 
AND EROSION CONTROL 

This section describes measures to reduce erosion and control construction-derived turbidity that 
may reduce water quality. Best management practices (BMPs) from the Stormwater Management 
Manual (Ecology 2001) by the Washington State Department of Ecology's Water Quality Program 
will be used to ensure compliance with substantive requirements of the General Permit for 
Stormwater Associated with Construction Activities. Contractor methods and approaches for 
stormwater control are also presented in Attachment 1 of the RAWP. 

In addition to BMPs for construction on upland areas, specific BMPs have been developed for the 
types of work to be performed as part of remedial construction. In-water and upland controls will 
also be implemented. These measures are detailed in the following subsections. 

2.1 . I  Best Management Practices 

Narrative BMPs are described below for in-water construction activities. Additional BMPs fiom the 
Stormwater Management Manual (Ecology 2001) for upland construction activities that can affect 
water quality are in Attachment 111. In addition, the following BMPs will be implemented during all 
phases of project construction to minimize impacts on listed endangered and threatened species and 
critical habitat. The following sections describe BMPs that will be implemented during dredging, 
sediment dewatering, capping, and transloading and temporary upland stockpiling of dredged 
sediment. 

2.1.1.1 Dredging 

4 The construction contractor will ensure that no fuel, garbage, or debris enters the waterway from 
the dredge, receiving barge, or other vessels associated with the project. 

4 Dredging will be conducted using a clamshell bucket so as to minimize the release and 
redistribution of dredged material to the water column. 
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Dredging will be conducted using procedures that will minimize impacts on water and sediment 
quality to the extent practicable. These procedures include the following: 

+ Slow dredge-bucket deployment and retrieval will be required. The maximum rate of 
retrieval of the dredge bucket will be 2 feet per second for the first 20 feet off the bottom 
(where the highest potential for bottom-sediment disturbance exists). For the remainder of 
the bucket ascent, the rate may increase up to a maximum of 4 feet per second. - 

+ The maximum rate of bucket descent will be 10 feet per second, and the descent rate will 
decrease significantly until stopped at the designated depth of digging penetration. - 

+ "Sidecasting" or stockpiling of material on the bottom will not be allowed (i.e., each time the 
bucket is closed, it will be brought to the surface). - 

+ Sweeping the post-dredge surface to smooth contours will not be allowed. 
n 

+ The bucket will be required to pause for several seconds at the water surface during retrieval 
to release excess water. - 

+ Washing the bucket by dragging it through the water column or over-water rinsing will not - 
be allowed. 

+ After each construction season, all construction equipment will be properly decontaminated to - 
prevent potential spreading of contaminated sediment from the LSSOU. 

2.1.1.2 Barge De watering 

+ Return water draining from the receiving barge will be treated by filtering through straw bales 
and geotextile fabric before returning to the waterway. 

+ Straw bales and geotextile fabric will be changed regularly to ensure efficient filtration of the 
return water. 

4 Barges will not be overfilled to the point where recovered material overflows directly back to the - 
waterway. 

I + During sediment dewatering, the receiving barge will remain within the LSSOU. 

+ Return water from the barge will not be allowed to discharge to the waterway outside the 
LSSOU (e.g., during transport to, or while stationed at, the transload facility). 

n 
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2.1.1.3 Transloading and Upland Stockpiling, Staging, and Transportation 

+ Offloading and upland transfer areas will be controlled to ensure that creosote-treated timber and 
associated sediments adhered to timber piles do not reenter surrounding waterways. 

+ The clamshell bucket used during sediment and debris offloading will not be allowed to swing 
directly over open water. A protective "capture barge," temporary structure, or spill apron will 
be placed along the swing pathway of the bucket to prevent material from entering the waterway. 

+ Return water and contact stormwater within the upland stockpile area will be handled in 
accordance with EPA-approved methodologies proposed in the draft final (1 00%) design for the 
Lockheed Shipyard Site (TRC 2003). 

+ Railcars or containers used to transport dredged sediment will be lined with impermeable liners 
before being filled. 

+ The transload facility will be swept regularly to prevent potential spreading of contaminated 
sediment. 

+ All contaminated sediment will be removed from the outside of equipment and railcars using dry 
decontamination methods (brushing or sweeping) before leaving the transload facility. 

2.1.1.4 Placement of Sand Cap and Habitat Mix 

+ Materials will meet project specifications regarding fines content to minimize the potential for 
elevated turbidity in receiving waters during placement. 

+ Underwater sand, sand and gravel, and habitat mix will be placed by uniformly discharging 
materials from a conveyor (sand cap) or by controlled release from a bottom-discharge skip box 
(habitat materials). In both cases, materials will be uniformly discharged as a stream of material, 
as opposed to being abruptly discharged, in order to provide for uniform bottom coverage and 
minimize impacts to the receiving surface. 

+ Underwater rock will be placed using a clamshell bucket lowered vertically through the water 
column (not swung), then opened close to the lay surface for distribution. 

2.1.2 Conservation Measures 

Conservation measures have been recommended by NOAA for CERCLA remedial actions. The 
following conservation measures will be implemented as part of the LSSOU remedial action to avoid 
and minimize short-term effects on listed endangered and threatened species and critical habitat 
during construction activities. 

MCS ENVIKOS~~ENTAL 
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+ No in-water construction will occur during periods of closure specified for listed endangered and 
threatened species. - 

+ The project will meet all substantive conditions for a Washington Department of Fish and 
Wildlife (WDFW) Hydraulic Project Approval. - 

+ The use of heavy equipment that will result in excessive sediment disturbance will be minimized. - Dredging will be conducted following BMPs to minimize impacts on water and sediment quality 
as described in Section 2.1.1.1. 

c. + Suitable substrates for newly created intertidal surfaces will provide appropriate habitat for prey 
organisms for juvenile salmonids. Habitat (fish) mix will be used to top-dress all exposed 
armored slopes and shorelines within the project area. - 

+ Sedimentation and erosion controls (booms, geofabric hay bales) will be implemented on all - 
project sites where construction activities are implemented, materials or equipment staged, or fill 
placed to minimize the release of fines into the aquatic environment. Return water draining from 
dredged sediment on the receiving barge will be filtered through hay bales and geotextile fabric - 
before returning to the bay. All upland construction will be protected with appropriate erosion 
and sediment control measures to minimize release of material to the aquatic environment. - 

+ Excavated materials, sediment verification samples, creosote-treated wood, and anthropogenic 
debris to be removed from the intertidal zone will be disposed of properly in an approved upland - 
facility, such that they can never reenter a water body. Dredged sediment, demolition debris, and 
waste generated during sediment sampling will be transported to and permanently disposed of at 
a permitted RCRA Subtitle D (nonhazardous waste) facility that accepts municipal solid waste, 
construction and industrial waste, and contaminated soils. 

+ No equipment storage or stockpiling of construction materials or excavated materials will occur 
below mean higher high water (MHHW) or ordinary high water line (OHWL; according to 
WDFW), whichever is appropriate. 

+ Dredging operations will adhere to locally established BMPs to minimize resuspension of 
contaminated materials and to minimize spillage of contaminated sediments. Dredging will be 
conducted following the project-specific BMPs defined in Section 2.1.1.1 to minimize impacts 
on water and sediment quality. 

- 
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2.1.3 In-Water Controls 

The following work is primarily water-based: 

+ Dredging the open-channel area. 

+ Dredging and capping the under-pier area. 

+ Remediation of the contingency areas. 

These activities could increase turbidity and spread contaminated sediments to adjacent areas and the 
water column. 

A turbidity curtain will be placed in the water to surround the active construction area. If necessary, 
spill-containment booms can be attached to the silt curtain to contain and minimize the spread of oily 
residues that may be generated as a result of construction activity. During the above activities and 
during demolition of the pier, a work skiff will be deployed to pick up debris and monitor floating 
material. 

Before any construction activity begins, in-water control measures will be inspected and approved 
by the TRC General Construction Superintendent or his designee. 

2.1.4 Upland Controls 

The upland area is paved or otherwise nonerodible, so erosion controls for land-based work elements 
are not a primary concern. However, during excavation of the mitigation area southwest of the north 
shipway, controls will be implemented to prevent erosion and mitigate turbidity that could affect 
receiving waters. 

Turbidity impacts could occur during handling and staging of the dredged sediments and demolition 
debris. Measures will be taken to control turbidity impacts caused by release of sediments or 
drainage water from sediments in upland areas. 

Erosion- and turbidity-control measures will be implemented by the contractor during and after 
excavation of the mitigation area and during staging and handling of the dredged sediments and 
demolition debris. As necessary, measures to be implemented include the following: 

+ Direct runon and runoff away from erodible areas toward impervious areas such as shipways to 
reduce soil erosion and sedimentation. 

+ Place a temporary cap or cover of gravel andlor riprap, possibly with an underlying geotextile 
filter, until final reclamation of the mitigation area. 
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4 Vegetate and mulch denuded areas with straw and/or wood fiber as soon as feasible. 

4 Implement measures to contain excavated sediments and drainage water fiom sediments being 
staged or handled on the upland areas. These measures are described below. 

Excavated and dredged materials and debris will be placed immediately in the containment-staging 
area before being loaded into containers (trucks or gondolas) for transport to the disposal facility. 
Drainage water from the sediments will be collected in the containment area, allowed to settle, and 
released to the waterway in the offloading area as long as monitoring indicates water-quality 
objectives are met. By placing the waste materials in containment, potential upland impacts on land 
and water will be minimized while substantially simplifying the handling and disposal of sediments, 
soils, and construction-derived debris. 

2.2 SPILL CONTROL 

Spills will be addressed through implementation of the Contractors' Spill Prevention Control and 
Countermeasure (SPCC) plan. The SPCC plan includes immediate containment and cleanup of all 
spills, including using containment booms and absorbent materials if the spill enters the water. The 
SPCC plan also includes contingency support from specialty contractors in the unlikely event of a 
major spill. The SPCC plan is presented with contract-required preconstruction submittals 
(Attachment 1 of the RAWP). 
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3.0 WATER-QUALITY MONITORING 

This section discusses the water-quality monitoring program to be used during construction of the 
remedial action. Water-quality monitoring will comply with the Water Quality Certification and 
Amendment (Attachments I and IT) and will be conducted for the following major construction 
phases: 

+ bulkhead replacement; 
+ pier demolition; 
+ dredging; 
+ capping; 
+ barge dewatering; and 
+ upland sediment dewatering. 

The goal of the water-quality monitoring program is to provide information to document the 
potential effects of the construction activities on the environment. The following monitoring 
requirements for each major construction phase are provided as guidance for conducting the water- 
quality compliance monitoring. The activities described below may change in response to site 
conditions, timing of construction activities, and results of previous monitoring. Any changes to the 
monitoring activities described below will be made in consultation with EPA. 

Water-column chemicals of concern (COCs) will be evaluated periodically during the major 
construction phases described above. The water-column COCs are the site sediment COCs that have 
corresponding water-quality criteria (see Section 3.5 and Table 1). Sediment COCs that did not have 
corresponding water-quality criteria were the polycyclic aromatic hydrocarbons (PAHs); only 
individual chronic criteria for the protection of human health are available. Given the short-term 
nature of the impacts and a primary goal of protecting natural resources, PAH analyses will not be 
conducted. Conventional parameters (TSS, turbidity, dissolved oxygen, temperature) will be used as 
surrogates to assess water-quality compliance during dredging and dewatering. 

3.1 BULKHEAD REPLACEMENT AND PIER DEMOLITION 

Bulkhead replacement and pier demolition will occur first. The new bulkhead will be constructed 
behind the existing bulkhead before its removal. The existing bulkhead, piers, and shipways will be 
demolished using land- and water-based equipment. 
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3.1 . I  Monitoring Parameters 

The presence or absence of a visible turbidity plume will be monitored. The following parameters 
will be monitored at least once during each construction phase: 

4 dissolved oxygen; 
4 temperature; 
4 total suspended solids (TSS); 
4 turbidity; and 
4 chemicals of concern (COCs): 

+ arsenic 
+ copper 
+ lead 
+ mercury 
+ zinc 
+ PCBs (Aroclors) 
+ tributyltin (TBT). 

3.1.2 Monitoring Stations and Points of Compliance 

As stated in the Water Quality Certification and Amendment (Attachments 1 and 11), water quality 
will be visually monitored at the compliance-zone boundary during the bulkhead-replacement and 
pier-removal phase of the construction project. The compliance-zone boundary is defined as the 
mixing-zone boundary, 50 feet from the outermost structures to be removed. If multiple discrete 
demolition activities are conducted simultaneously, multiple mixing zones and compliance 

I 

boundaries may be established as directed by EPA. 

The compliance-zone boundary will be observed hourly for any turbidity plume that persists for over - 
1 hour or that extends outside the compliance-zone boundary. Should a visual turbidity plume be 
observed, the TRC General Construction Superintendent will be notified immediately and 
construction activities will be modified as necessary (e.g., by slowing the work) to mitigate water- - 
quality impacts. 

The water-quality monitoring team will collect water-quality measurements at two monitoring 
stations within the visible turbidity plume and at two ambient stations. Within the turbidity plume, 
one station will be at the compliance-zone boundary and the other will be midway between the 
compliance-zone boundary and in-water construction activities. The two ambient stations will be 
upcurrent of the construction area, outside of the dilution zone. 

The sampling stations will be located initially using a laser range-finder to determine the distance 
fiom the in-water activity. As water-quality data are collected, the location of the station will be 

- 

- 
- 

CI 
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determined with a differential global positioning system with a horizontal precision of approximately 
1 m. 

At each monitoring station, water-quality measurements will be made as follows: 

+ A near-bottom measurement will be obtained within 3 feet of the bottom. 

+ A midwater measurement and discrete water sample will be obtained at approximately the 
midpoint of the water column. 

+ A shallow surface measurement will be obtained within 3 feet of the water surface. 

For compliance monitoring, water-quality measurements (temperature, dissolved oxygen, and 
turbidity) at each station and depth will be reported. The discrete sample collected at middepth will 
be measured for TSS. TSS samples will be analyzed by an independent laboratory and reported 
within 2 laboratory working days. 

One set of samples will be collected during the bulkhead-replacement phase and during the pier- 
demolition phase of work for TSS and COC analysis. Samples will be collected at the middepth 
point at the compliance-zone boundary. Samples will be analyzed by an independent laboratory and 
reported within 20 laboratory working days. 

Sampling and analysis techniques, instrumentation, location control, sampling depth, etc., are 
provided in the FSP (Appendix D of the RAWP) and QAPP (Appendix E of the RAWP). 

3.1.3 Monitoring Schedule 

Visual observations will be conducted during in-water construction associated with this phase. 
Visual observations will begin within 1 hour after startup of daily in-water activities and will be 
conducted hourly during daylight hours. 

Ambient water-quality data will be collected at the same time or before collection of the water- 
quality monitoring samples if required. Additional ambient water-quality data may be collected 
periodically to reassess ambient conditions. Samples for TSS and COCs will be collected at least 
once during each phase of construction. 

If a condition that triggers water-quality monitoring persists, the frequency of monitoring will be 
determined through consultation with EPA. 

DREDGING AND CAPPING OPERATIONS 

Following bulkhead replacement and pier removal, about 8.75 acres will be dredged to varying 
depths and 6.5 acres of under-pier and shipway areas will be capped. 
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3.2.1 Monitoring Parameters 

The following parameters will be monitored: 

+ dissolved oxygen; 
+ turbidity; 
+ temperature; 
4 salinity; 
+ total suspended solids (TSS); and 
+ chemicals of concern (COCs): 

+ arsenic 
+ copper 
+ lead 
+ mercury 
+ zinc 
+ PCBs (Aroclors) 
+ tributyltin (TBT). 

3.2.2 Monitoring Stations and Points of Compliance 

Water-quality monitoring will be performed in the vicinity of in-water construction operations. As 
specified in the Water Quality Certification and Amendment (Attachments I and 11), water quality 
will be monitored at a minimum of two stations along the mixing-zone boundary (300 feet from the 
construction equipment) and at one station withn the mixing zone at the midpoint between the 
equipment and the mixing-zone boundary (see Table 2 and Figure 1). If conditions require and as 
directed by EPA, additional stations may be monitored. 

A reference station will be monitored during each water-quality monitoring event. The reference 
station will be located upcurrent (based on tide) and outside of the zone of influence of the 
construction activity (Figure 1). 

The point of compliance for dredging and capping is at the mixing-zone boundary (i.e., 300 feet 
from the dredge). The mixing-zone boundary will be oriented radially around the equipment and 
will move with the activity. If multiple discrete construction activities are conducted 
simultaneously, multiple mixing zones may be established as directed by EPA. Monitoring will be 
conducted approximately 2 hours after either high or low tide. 

Mixing-zone boundary stations will be positioned downcurrent (based on tide) of the equipment or 
positioned to intercept any visible turbidity plume. The midpoint station will be positioned 
downcurrent of the equipment or positioned to intercept any visible turbidity plume within the 
mixing zone. The midpoint station will provide an early warning of potential water-quality impacts 
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from construction. The midpoint station may exceed the state water-quality class standard for 
dissolved oxygen but must not drop below 3.5 mg/L at any time or at any station. 

The sampling stations will be located initially using a laser range-finder to determine the distance 
from the construction equipment (i.e., 150 or 300 feet). As water-quality data are collected, the 
location of the station will be determined with a differential global positioning system with a 
horizontal precision of approximately 1 m. 

At each monitoring station, including the reference station, a profile (temperature, dissolved oxygen, 
turbidity, and salinity) of the water column will be reported (Table 2 and Figure 1). For compliance 
purposes, only the near-surface, midwater, and near-bottom measurements from the profiles will be 
used. The three depths from the mixing-zone boundary stations will be compared to the three depths 
at the reference station. 

At the reference station, TSS samples will be collected at near-surface, midwater, and near-bottom 
depths. At the mixing-zone and mixing-zone boundary stations, TSS samples will be collected at the 
depth of highest turbidity (excluding the turbid surface layer, if present; Table 2 and Figure 1). TSS 
samples will be analyzed by an independent laboratory and reported within 2 laboratory working 
days. 

Samples will also be collected for COC analysis at the depth of highest turbidity (excluding the 
turbid surface layer, if present; Table 2 and Figure 1). During dredging, samples for COC analysis 
will be collected at the reference, midpoint, and one of the mixing-zone boundary stations two times 
during the initial.startup of dredging activities. During capping, samples will be collected at the 
reference, midpoint, and one of the mixing-zone boundary stations once during the initial startup of 
capping activities. Samples will be analyzed by an independent laboratory and preliminary results 
reported within 3 laboratory working days. 

Sampling and analysis techniques, instrumentation, location control, sampling depth, etc., are 
provided in the FSP (Appendix D of the RAWP) and QAPP (Appendix E of the RAWP). 

3.2.3 Monitoring Schedule 

Water-quality monitoring will be conducted on a tiered basis only during in-water construction 
activities. Monitoring will be performed initially once per day during daylight hours. Monitoring 
will be conducted during: 

+ startup of any new in-water construction activity with the potential for release of contaminated 
sediments or after 1 week of inactivity; 

+ in response to any major modification to construction procedures; and 

+ in response to any exceedance of water-quality performance criteria at the compliance boundary. 

MCS ESVIKONMENTAL 
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During dredging, monitoring will be conducted as follows: 

- + Intensiv-nce per day for first available 6 days (based on tides and other monitoring activities; 
2 hours after tide change, if available). - + Routine-if no exceedance of compliance criteria during first 6 days of monitoring, once per day 
for 3 days during following 2-week period of production dredging (2 hours after tide change, if 
available). - 

+ Discontinued-if no exceedance of compliance criteria during preceding monitoring. 

C 

Changes in monitoring intensity will be coordinated with and approved by EPA. 

During cap placement, monitoring will be conducted as follows: - 
+ Once per day for 3 days during first week of capping (2 hours after tide change, if available) 

+ If no exceedance of compliance criteria during first 3 days of monitoring-no hrther monitoring - 
Changes in monitoring intensity will be coordinated with and approved by EPA. 

If distressed or dying fish are found in the vicinity of construction operations, the water-quality 
monitoring team will be notified. Fish specimens and water samples will be collected within the 
first hour of such conditions. Water samples will be analyzed for dissolved oxygen and total 
sulfides. Additional sampling may be required before work is allowed to resume. 

3.3 BARGE DEWATERING 

Dredged material will be dewatered in barges and with overflow water discharged within the 
LSSOU. 

3.3.1 Monitoring Parameters 

The following parameters will be monitored: 

+ dissolved oxygen; 
+ turbidity; 
+ temperature; 
+ salinity; 
+ TSS; and 
+ chemicals of concern (COCs): 

+ arsenic 
+ copper 
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+ lead 
+ mercury 
+ zinc 
+ PCBs (Aroclors) 
+ tributyltin (TBT). 

3.3.2 Monitoring Stations and Points of Compliance 

A reference station will be monitored during each water-quality monitoring event. The reference 
station will be located upriver and outside of the zone of influence of the construction activity 
(Figure 2). 

The point of compliance for the barge dewatering is at the mixing-zone boundary (i.e., 300 feet from 
the dredge). The mixing-zone boundary will be oriented radially around the equipment and will 
move with the activity. If multiple discrete construction activities are conducted simultaneously, 
multiple mixing zones may be established as directed by EPA. 

Water-quality monitoring will be performed in the vicinity of the active barge overflow (Table 2 and 
Figure 2). Water quality will be monitored at a single station at the mixing-zone boundary and at a 
second station within the mixing zone at 30 feet fiom the point of active barge overflow. If 
conditions require and as directed by EPA, additional stations may be monitored. 

The mixing-zone boundary station will be positioned downriver of the equipment or positioned to 
intercept any visible turbidity plume. The station will be randomly placed downriver of the 
equipment along the mixing-zone boundary if no visible turbidity plume is present. 

At each monitoring station, including the reference, a profile (temperature, dissolved oxygen, 
turbidity, and salinity) of the water column will be reported (Table 2 and Figure 2). For compliance 
purposes, only the near-surface, midwater, and near-bottom measurements from the profiles will be 
used. The three depths fiom the mixing-zone boundary stations will be compared to the three depths 
at the reference station. 

At the reference station, TSS samples will be collected at near-surface, midwater, and near-bottom 
depths. At the mixing-zone boundary station, TSS samples will be collected at the depth of highest 
turbidity. At the midpoint station (30 feet from return-water discharge), TSS samples will be 
collected near-surface (i.e., approximately 3 feet below the surface) and at midwater. TSS samples 
will be analyzed by an independent laboratory and reported within 2 laboratory working days. 

At the reference and mixing-zone boundary station, samples will also be collected for COC analysis 
at the depth of highest turbidity (Table 2 and Figure 2). At the midpoint station, samples for COC 
analysis will be collected near-surface. Samples for COC analysis will be collected at the reference, 
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midpoint, and the mixing-zone boundary stations two times during the initial startup of barge 
dewatering activities (Table 2). Samples will be analyzed by an independent laboratory and - 
preliminary results reported within 3 laboratory working days. 

3.3.3 Monitoring Schedule - 
Water-quality monitoring will be conducted on a tiered basis only during in-water construction - 
activities. Monitoring will be performed initially once per day during daylight hours. Monitoring 
will be conducted as follows: - 
+ I n t e n s i v ~ n c e  per day for first available 6 days (based on tides and other monitoring activities; 

2 hours after tide change, if available). - + Routine-if no exceedance of compliance criteria during first 6 days of monitoring, once per day 
for 3 days during following 2-week period of production dredging (2 hours after tide change, if 
available). - 

+ Discontinued-if no exceedance of compliance criteria during preceding monitoring. 

Changes in monitoring intensity will be coordinated with and approved by EPA. 

If distressed or dying fish are found in the vicinity of construction operations, the water-quality 
monitoring team will be notified. Fish specimens and water samples will be collected within the 
first hour of such conditions. Water samples will be analyzed for dissolved oxygen and total 
sulfides. Additional sampling may be required before work is allowed to resume. 

UPLAND SEDIMENT DEWATERING 
w 

3.4 

After sediment has been dewatered on the barges, the material will be transferred to an upland - 
facility for additional dewatering and eventual loading for off-site disposal. Water will be collected 
from within the upland containment area or the effluent stream at the point of retum-water discharge - (before mixing with receiving water) and analyzed for the following parameters: 

+ TSS;and 
+ chemicals of concern (COCs): 

+ arsenic 
+ copper 
+ lead 
+ mercury 
+ zinc 
+ PCBs (Aroclors) 
+ tributyltin (TBT). 

- 
- 

- 
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Samples will be collected, in consultation with EPA, preferably once during the first week of 
production dredging unless additional sampling is required by EPA. 

3.5 DETERMINATION OF COMPLIANCE 

3.5.1 Bulkhead and Pier Demolition and Dredging and Capping 

Compliance with performance standards will be demonstrated using data from the stations at the 
mixing-zone boundary. Compliance monitoring for dissolved oxygen at the midpoint "early 
warning" location will not be used to determine compliance (see Section 1.2 for performance 
criteria); however, if the dissolved-oxygen concentration at any station drops below 3.5 mg/L at any 
time, work will be suspended. Measurements taken near-surface, midwater, and near-bottom at each 
station will be compared with each depth stratum at the reference stations. 

Stations along the mixing-zone boundary will comply with the water-quality performance criteria for 
Class B waters shown below. 

Water-Quality Performance Criteria for Class B Waters 

Parameter I Class B - Water Quality Standard 
I 

Temperature i <19"C, no incremental increase 
I I >t = 16/T, where T = background ("C) 

.- - . . 

Dissolved oxygen / >5.0 mglL at 300 feet (compliance boundary) 
! 
! >3.5 mg/L at 150 feet (early warning point) 
i -- ........................................ .... -. ...I"..I"....I".............--' ... ... 

Turbidity I If background ~ 5 0  NTU, <10 NTU above 

I If background >50 NTU. ~ 2 0 %  increase 
.....-.. .. ................. .. ........... 1 ................................ .... ......... .-- ........ 

Total suspended solids (TSS) / Information only 

If water-quality criteria are exceeded, the following actions will be taken: 

4 EPA will be notified. 

4 Instrument calibration will be checked. 

4 A second group of measurements will be taken immediately, i.e., within 1 hour. 

If exceedance of performance criteria is confirmed with the second round of measurements, a 
noncompliance reportlnotification will be submitted immediately to the TRC General Construction 
Superintendent and EPA (see Section 3.6), and construction operations will be halted until a 
corrective action is developed. 
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Compliance criteria for COCs are the Acute Marine Water Quality Standards (WAC 173-210A-040)
or the Ambient Aquatic Life Water Quality Criteria for Tributyltin (EPA 2002). Presented below are
the chronic (shown for information only) and acute water-quality criteria for the COCs, the fraction
on which the standards are based, the fraction that will be analyzed for compliance, and the
approximate laboratory reporting limits (RLs) for the COCs.

COC

As

Cu

Pb

Zn

Hg
PCBs

TBT

Chronic
Criterion

(ug/L)

36

3.1

8.1

81

0.025

0.03

0.001

Fraction on
Which Chronic

Criterion is
Based

dissolved

dissolved

dissolved

dissolved

total

total

total

Acute
Criterion

(ug/L)

69

4.8

210

90

1.8

10

0.38

Fraction on
Which Acute
Criterion is

Based

dissolved

dissolved

dissolved

dissolved

dissolved

total

total

i
Fraction j Approximate

to be I Laboratory RL
Analyzed I (ug/L)
dissolved j 0.5

dissolved | 0.5

dissolved | 1

dissolved : 4

dissolved | 0.2

total | 1 for Aroclors 1016,
i 1232, 1242, 1248,

1254, and 1260

\ 2 for Aroclor 1 221i
total | 0.23

If COC concentrations exceed the acute water-quality criteria, additional sampling may be
conducted as directed by EPA.

3.5.2 Barge Dewatering

Compliance with performance standards will be demonstrated using data from the station at the
mixing-zone boundary. Monitoring at the mixing-zone station (30 feet from return-water discharge)
will not be used to determine compliance; however, if the dissolved-oxygen concentration at any
station drops below 3.5 mg/L at any time, work will be suspended. Measurements taken near-
surface, midwater, and near-bottom at each station will be compared with each depth stratum at the
reference station.

The station at the mixing-zone boundary will comply with the water-quality performance criteria for
Class B waters shown above. If water-quality criteria are exceeded, the following actions will be
taken:

* EPA will be notified.
4 Instrument calibration will be checked.
^ A second group of measurements will be taken immediately, i.e., within 1 hour.
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If exceedance of performance criteria is confirmed with the second round of measurements, a 
noncompliance report/notification will be submitted immediately to the TRC General Construction 
Superintendent and EPA (see Section 3.6). 

Compliance criteria for COCs are the Acute Marine Water Quality Standards or the Ambient 
Aquatic Life Water Quality Criteria for Tributyltin shown above. If COC concentrations exceed the 
acute water-quality criteria, additional sampling may be conducted as directed by EPA. 

Dredging Elutriate Test (DRET) results (for both total and dissolved fractions) for arsenic, copper, 
lead, mercury, and zinc have previously been submitted to EPA for six composite sediment samples 
collected within the LSSOU. The COC concentrations for the analyzed fractions will be compared 
to the previous DRET results. This comparison will be for information purposes only. The previous 
DRET results are presented below. 

1 j 
Previous DRET Results (Average) 

! Total Dissolved 
I 

Parameter I (ecglL) I (ecglL) I 

i 46 
I 

Arsenic I 5U 
............. ............... .... .... ......... .- .................. ..... ... .... .... 

Copper I I 97 I--- 2 u 
............................ J -... - ............. 

Lead i 61 4 I 
i 2 U 

.. .......... .... ..... ..... ... .---. .................. .. .......................... 

Mercury r 0.5 ! 0.1 U 
..... -- .. .......... + 

I I 

Zinc 258 1 OU 

3.5.3 Upland Sediment Dewatering 

The COC analysis sample collected from the upland dewatering area will be compared to the Acute 
Marine Water Quality Standards or the Ambient Aquatic Life Water Quality Criteria for Tributyltin 
and the previous DRET results shown above. The comparison to the previous DRET results is for 
information purposes only. If COC concentrations exceed the acute water-quality criteria, additional 
sampling may be conducted as directed by EPA. 

CORRECTIVE ACTION 

Two types of corrective action could be implemented, depending on the nature of the water-quality 
impact. These actions are: 

+ modification of operations; and 
+ cessation of operations. 
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If water-quality criteria are exceeded, appropriate steps will be taken to identify and correct the 
problem. If corrective actions do not result in an improvement in water quality at the compliance - 
boundary, construction activities may be halted at the direction of the TRC General Construction 
Superintendent or EPA. - 
Operations will cease under the following conditions: 

- + the first indication of significant oil sheen in the vicinity of construction activity, outside of the 
containment boom; 

+ the first indication of distressed or dying fish in the vicinity of the construction activity; or 

+ the measurement of a dissolved-oxygen value below 3.5 mglL at any station. 

A memorandum detailing the noncompliance event, effects (if any) of corrective action, and any 
investigative water-quality data will be submitted to the TRC General Construction Superintendent 
and EPA. 

If construction operations are halted as a result of a water-quality noncompliance, work may resume 
only at the express direction of the TRC General Construction Superintendent and EPA after the 
problem has been corrected and water-quality parameters are in compliance with performance 
criteria. 

3.7 QUALITY CONTROL AND LABORATORY ANALYSIS 

Quality control and laboratory procedures are described in detail in the QAPP (Appendix E). 

In accordance with the requirements of the QAPP, field instruments and equipment used will be 
maintained, calibrated, and operated according to the manufacturers' guidelines and 
recommendations. Field instruments and equipment will be dedicated to the project; therefore, field 
blank samples will not be required. 

A single field duplicate for TSS will be collected each day monitoring is conducted for submittal to 
the laboratory for analysis. 

Results fiom TSS samples will be reported by the laboratory within 2 working days of receiving the 
samples. 

- 

m 

- 
- 
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3.8 DELIVERABLES AND SUBMITTALS 

The following minimum deliverables will be incorporated in the project files maintained as 
discussed in the QAPP (Appendix E of the RAWP): 

+ Daily Water-Quality Reports - Daily water-quality reports will be delivered to the TRC 
General Construction Superintendent for submittal to EPA within 48 hours after conducting the 
monitoring or within 24 hours after receiving the laboratory's results for TSS and COC analysis. 

+ Weekly Water-Quality Summary Reports - Weekly water-quality summary reports will be 
completed by the TRC General Construction Superintendent for submittal to EPA and 
incorporation into the project file. 

+ Barge Overflow Monitoring Report - Analytical data fiom barge overflow monitoring will be 
submitted to the TRC General Construction Superintendent for submittal to EPA immediately 
upon the receipt of the data from the laboratory. A report comparing the DRET COC 
concentrations to previous DRET results will be delivered to the TRC General Construction 
Superintendent for submittal to EPA within 1 week after receiving the laboratory's results for the 
DRET COCs. 

+ Upland Sediment Dewatering Report - Analytical data from dewatering area monitoring will 
be submitted to the TRC General Construction Superintendent for submittal to EPA immediately 
upon the receipt of the data from the laboratory. A report comparing the DRET COC 
concentrations to previous DRET results will be delivered to the TRC General Construction 
Superintendent for submittal to EPA within 1 week after receiving the laboratory's results for the 
COCs. 

These deliverables are subject to review and acceptance by the TRC General Construction 
Superintendent and EPA.' 

M C S  ENVIRONMENTAL 
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Table 1 Lockheed Shipyard Sediments Operable Unit, Sediment Constituents of Concern 
That Have Corresponding Water-Quality Criteria 

I Corresponding Water-Quality Criteria 
Sediment Constituent of Concern 

I 
1 for Protection of Aquatic Life? 

Arsenic i Yes (WAC 1 73-201 A-040)' 
.... .- .. J . ......... ............ ........ 

Copper I Yes (WAC 173-201 A-040) 

1 Lead I ....................................................................................................................................................................................................................................................................................................... 
Yes (WAC 1 73-201 A-040) 

] Mercury 1 Yes (WAC 1 73-201 A-040) 1 
I Zinc i 

I Yes (WAC 173-201 A-040) I 
PCBs i Yes (WAC 173-201 A-040) - .... - .... . ................................................... I i B T  I Yes (EPA 2002)2 

I 

Benzo (a) anthracene I No 
.. ......... .... ....... .. .......................... .---------. ... .......... .... .... ......................................................... .......................... ............. 

Benzo (a) pyrene I No 

I Benzo (ghi) perylene 

I Chrysene I No 
...... .... ..... ... .... .... ........ ..... ..-........... -- .  .................. - ... ..- ............. . 

Dibenzo (a,h) anthracene i No 

/ Fluoranthene 

I lndo (1 23-cd)) pyrene No I 
I . .................. .... .. 

I i 
Pyrene I N 0 

...- ............... .- ................. .. .- ........... .... .................. ...... .... ... I Total Benzofluoranthenes (b+k) 

I Acenaphthene 

I Anthracene 

I Fluorene 

Naphthalene I No 
............ .................................................. ..... .- . ........ ....... . ,- .. ............ .- .................... ..... .----- ....................... 

Phenanthrene N o 
! 

1 Chapter 173-201A WAC; Water Quality Standards For Surface Waters of the State of Washington 

Environmental Protection Agency 2002. Ambient Aquatic Life Water Quality Criteria for Tributyltin (TBT) 
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Table 2 Summary of Water-Quality Monitoring for Major Construction Phases for the Lockheed Shipyard Sediment Operable Unit 

1 In silu parameters are from direct read instrumentation 

2 Class B -Water Quality Standard (WAC 173-210A-030) 

3 For information purposes only 

4 Acute Marine Water Quality Standard (WAC 173-210A440) 

5 Ambient Aquatic Life Water Quality Criteria for Tributyltin (TBT) - Draft 

6 Acute Marine Water Quality Standard (WAC 173-210A440): Comparison to previous DRET results for informational purposes only 

M~xing Zone 

Po~nt of Compl~ance 

Mon~torlng Parameters1 
Compl~ance Cr~ter~a 

Monltorlng Stat~ons 

Mon~torlng 
DepthsIParameters 

. - - --- - . 

Mon~torlng Schedule 

Dredging 

300 ft from dredge 

Upland Sediment Dewatering 

50 ft from point of return-water discharge 

M~x~ng-zone boundary M~x~ng-zone 

Parameter 

In sltu 

+ temperature 

+ DO 

+ turb~d~ty 

+ sallnlty 

+ TSS 

COCs 

+ arsenlc 

+ copper 

+ lead 

+ mercury 

+ zlnc 

+ PCBs 

+ TBT 

Parameter 

+ TSS 

COCs 

+ arsenlc 

+ copper 

+ lead 

+ mercury 

+ zinc 

+ PCBs 

+ TBT 

boundary 

Compl~ance Cr~ter~a 

Class B WQS 

Class B WQS 

Class B WQS 

Informallon 

lnformat~on 

A W Q C ~  

A W Q C ~  

AWQC' 

AWQC4 

A W Q C ~  

EPA 2002' 

Construction 

Capping 

300 ft from dredge 

Compl~ance Crlterla 

lnformat~on 

AWQC~ 

AWQC' 

AWQC~ 

AWQC' 

AWQC' 

AwQc4 

EPA 2002~ 

+ Reference 

0 2 stat~ons along mlxlng-zone boundary (In 
plume, downcurrent, or randomly 
d~stnbuted) 

+ Mldpolnt of mlxlng zone (In plume. 
downcurrent, or randomly d~stnbuted) 

Reference 

Near bottom 

+ In srlu 

0 TSS 

M~dwater 

+ In s ~ l u  

+ TSS 

Surface 

+ In srlu 

0 TSS 

Depth of h~ghest turb~dlty (excluding 
surface layer) 

+ TSS 

+ COCs (2 times durlng lirst 6 days of 
mon~torlng) 

Mlxing-zone boundary 

Near bottom 

+ In srtu 

M~dwater 

+ In srlu 

Surface 

+ In srtu 

Depth of h~ghest turb~d~ty (excluding 
surface layer) 

4 TSS 

+ COCs (one statlon 2 tlmes durlng 
first 6 days of mon~torlng) 

Mld-point of mlxlng-zone150 ft 

Near bottom 

0 In srtu 

M~dwater 

0 In srlu 

Surface 

+ In srtu 

Depth of h~ghest turb~d~ty (excluding 
surface layer) 

4 TSS 

+ COCs (one stat~on 2 tlmes durlng 
first 6 days of product~on dredging) 

T~ered 

+ ~ntenslve-rice per day for first available 
6 days (based on t~des and other 
monltorlng actlvltles, 2 hours after t~de 
change, ~f available) 

+ Routme--~f no exceedance of compl~ance 
cnterla dunng first 6 days of mon~tonng, 
once per day for 3 days durlng following 
2-week per~od of product~on dredglng 
(2 hours after t~de change. ~f available) 

+ D~scont~nued-~f no exceedance of 
compl~ance crlterla durlng preceding 
monltonng ' 

M~x~ng-zone 

Parameter 

In situ 

+ temperature 

+ DO 

+ turb~d~ty 

+ sal~n~ty 

+ TSS 

COCs 

+ arsenlc 

+ copper 

+ lead 

6 mercury 

+ zlnc 

0 PCBs 

+ TBT 

Activity 

Barge Dewatering 

300 ft from polnt of return-water discharge 

+ 1 statlon from w ~ t h ~ n  upland conta~nment 
area or at polnt of return-water dlscharge 

One water grab sample collected w~thln upland 
conta~nment area or at po~nt of return-water 
discharge 

0 TSS 

+ COCs 

Once durlng first week of product~on dredglng 
unless addltlonal sampllng requlred by EPA 

boundary 

Compl~ance Cr~ter~a 

Class B WQS 

Class B WQS 

Class B WQS 

lnformat~on 

Informallon 

AWQC~ 

AWQC' 

AWQC~ 

AWQC~ 

AWQC~ 

EPA 2002~ 

M~x~ng-zone 

Parameter 

In situ 

+ temperature 

+ DO 

+ lurb~d~ty 

+ sal~n~ty 

0 TSS 

COCs 

0 arsenlc 

+ copper 

+ lead 

+ mercury 

+ zlnc 

+ PCBs 

0 TBT 

+ Reference 

+ 2 statlons along mlxlng-zone boundary (In 
plume, downcurrent, or randomly 
d~str~buted) 

+ M~dpolnt of mlxlng zone (In plume, 
downcurrent. or randomly d~stnbuted) 

Reference 

Near bottom 

+ In srtu 

0 TSS 

M~dwater 

+ Insrtu 

6 TSS 

Surface 

0 In srlu 

+ TSS 

Depth of h~ghest turb~d~ty (excluding 
surface layer) 

+ TSS 

4 COCs (once durlng first week of 
capping) 

Mixlng-zone boundary 

Near bottom 

+ In srtu 

M~dwater 

+ In srtu 

Surface 

+ In srlu 

Depth of h~ghest turb~d~ty (excluding 
surface layer) 

+ TSS 

+ COCs (one statlon 1 tlme durlng first 
week of capplng) 

Mld-point of mixing-zone-150 ft 

Near bonom 

+ In srtu 

M~dwater 

+ In srlu 

Surface 

+ In srfu 

Depth of h~ghest turb~d~ty (excluding 
surface layer) 

+ TSS 

+ COCs (1 tlme durlng flrst week of 
capping) 

Once per day for 3 days durlng first week of 
capping (2 hours after tide change, If available). 

If no exceedance of compliance crlterla durlng 
first 3 days of monltonng-no further monltonng 

boundary 

Compl~ance Cr~ter~a 

Class B WQS 

Class B WQS 

Class B WQS 

lnformat~on 

Informallon 

AWQC' 

AWQC' 

AWQCO 

AWQC' 

AWQC' 

A W Q C ~  

EPA 2002~ 

+ Reference 

+ 1 slat~on along mlxlng-zone boundary (In 
plume or downr~ver) 

0 1 statlon w~thln mlxlng-zone (In plume or 
downr~ver) 30 ft from polnt of return-water 
d~scharge 

Reference 

Near bottom 

+ In srtu 

+ TSS 

M~dwater 

+ In srlu 

+ TSS 

Surface 

+ In srtu 

+ TSS 

Depth of h~ghest turb~d~ty 

+ TSS 

+ COCs (2 tlmes durlng first 6 days of 
mon~torlng) 

Mixing-zone boundary 

Near bottom 

+ In SllU 

M~dwater 

+ In SIlU 

Surface 

6 In srtu 

Depth of h~ghest turb~d~ty 

+ TSS 

+ COCs (2 tlmes durlng first 6 days of 
monltonng ) 

Mid-point-30 f t  from polnt of return-water 
dlscharge 

Near bottom 

+ In s11u 

M~dwater 

+ In srtu 

+ TSS 

Surface 

+ In srtu 

+ TSS 

0 COCs ((2 tlmes durlng first 6 days of 
monltorlng) 

T~ered 

+ ~~t~~~~~~~~~ per day for first available 
6 days (based on t~des and other 
mon~torlng actlv~tles. 2 hours after t~de 
change. ~f available) 

+ Rout~ne-~f no exceedance of compl~ance 
crlterla durlng first 6 days of mon~tor~ng. 
once per day for 3 days durlng following 
2-week per~od of product~on dredglng 
(2 hours after t~de change. ~f available) 

+ D~scont~nued-~f no exceedance of 
compl~ance crlterla dur~ng preceding 
monltorlng 





Figure 1 Conceptual Representation of Water-Quality Monitoring During Dredging and Capping Operations 
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Figure 2 Conceptual Representation of Water-Quality Monitoring During Barge Dewatering Operations 
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UNl1lK1D STWIS ENVIRONMENTAL PROTECTION AGWCY 
REGION 10 

120Q Sixth Avcnuc 
Seaulr?, Waqhinglon 98101 

July 16,2003 

Water Quality Certification 

CERCLA 
1,ockheed Shipyard Sediments Operable Unit 

Hulkhead UcphcemenVPicr Demolition 
and DrcdgindCapping 

Lockheed Sl~ipyurd No. 1 
Harbor Island, Seattle, Washington 

In tmductition. '[his Water ~ u a l l t ~  Certificillion (WQC) has bcen completed in parlid 
snppcirt of rcmcdial work to bc conducted at the 1,ockhccd Shipyard Sedirncn(s Opcrable Unit 
(1.YSOl.J) cjf Lhc I-lmbor Isla~id Superfund Site. The TSSOL Site is loca~ed sou~h of Elliou Ray, 
~cnu lc ,  Wnshiagton. Specifically, thc Sire lies dons the eastcrn s h o ~  of the Wcst Duwamish 
Watcrway (Wcst Wntrrway), ~djncent LO Harbor Island, approximately 2 rnilcs southwest oP 
downtown Scaille. ' J lc Site supported i~~dusrlial uscs horn thc tirne it was constructed in tllc 
culy 1900s until 1986, primarily shipbuilding and repair. Currently, the majority of the uplalnd 
porliorr of lhc SiLe is vacant, bat BPfAKCO operitcs n fueling stn~ion in thc northern portion. 
Past clcilnup actions h:wc included work such as dernnlition of on-sitc slructurcs and rcmoval of 
saulrc mokrinl from thc upland. Howevcr, no cleanup oP sedimcn~s in tho aquatic cnvironmcnt 
h : ~  occurred to dart. Final cleanup acrions will include removal and containincnt of 
contnniinnnt~ in the aquatic elivironment. This will include drcdgng and capping of 
contn!nlnatcd scdimcnts. To hcilitare dredging and capping, thc cxlsting dilapidated pier 
bul khe:~cl must hc rcplaccd and [he dcrclicl: pier rcmoved. 'kc remedy construction also includes 
pi\rtjal rilliilg of onc of thc existing shipways and excavatiorl of miligation area to offset tllc 
lass of nqcatic area resulting from the pnrliol shipway Fill. Thcse construction ac~ivities will be 
initintcd in July 2003. 

'lhc rrcc.ion supporls 2nd conrributcs LO planned Remccllnl Action for the LSSOU Sirc (in 
accorduncc with thc Coii~p~.chcnsivc Environmcnral Response, Ca~nponsution, a d  Idiabili~y Act 
of 1980, a onlcrldcd [CERCI,A]). The Romedinl Ac~ion i s  dcscribed i n  Lhe Record OF Declsion 
(KO]')) (LJrritcrl Statcs l!nvironn~entnl Protection Agency [EPAJ, Novernbe~. 1996) and two 
subscqurr~t Explanatio~ls :>TSigrrjficnnt Dift'trcnces (EST): EPA, Febniary 2002 and March 
2003). l i~ rp lcmcn~~t ion  is bci ny perforrrleri according to tho requirements prcsenretl in rhc 
Cor~sant 13ccrcc (CD) :uld i~ssocicted Stntcmenl of Worlc (SOW) (EPA. May 2003). 



Cc~ml.'lcrioo of [his work is part of a phased cleanup of lhe S~lperfund silc. A copy of this WQC 
will be includad in HPA1s S i ~ c  fi:e ns pan of the recorcl for this action and providcd to Lockheed 
Martin, TRC and ACC FIurlon. HPA reserves thc right and ttsponsibility to rovoke, nmcnd, or 
rcvisc [his WQC at urly time. 

'I'hc IIPA is rcsponsiblc Ior review of this projcct to insure conlpliance with thc substantivc 
rcrluire~ncnts of Lhe C'lcnn Wuter Act, ScctIon 401. 'I'hc Srcle of Wnshingron watcr quality 
srmrd;lrds (Chapter 173-201 WAC) wcrc drnwn on Iieilvily for EPA's evalualion, thesc standards 
be in^ normally upplicablc and uscd by the State of Wcshington for Scclion 401 ccnification in 
Ihc al)suncc of a CERC1.A action. The mouth of the Tluwnmish River is a Class 13 (fi-cchwbter) 
wntcrbody, lxr WAC 173-201A; however, the projcct wca is predominantly marine with thc 

, exccplion of nrr overlyiiig hcshwater Icss whlch varies in thickness dcpcnding on thc season and 
rivcr outflow. For pur.poses'of this Certificntion, EPA is  rayplying Class U (Marine) stnndarcls 
(WQS). Tho an~ideg~ndatjon policy of the slate of Wnshing~on, in addition to yrcscrvation of 
bcnclicial usrs, is a m:ljor facror in our analysis. 

Construction Activitias. Thc Bulkhead Keplaccment/Pier Dcrnnlition and 
Ilrcclgin$C:lppjng activities of the plilniled rcrncdiaiion ore derailed in rhc Draft RAWP, da~ed  
Junc 2003, t h ~ r  w x  prc;larcd as requixd by  he CDISOW, and will bc approved by EPA priorto 
implc~tlenli~tion. P~~ojcct Rolcs and Responsibilities and const~uctirjn Quality Assurrncc 
Procedwus (which specify n ~equircmcnt for con tninrncrrt booming and recovely of debris) xc 
clescril~c~l in the 1UWP. That Work Plan and this Water Qunliry Certification address bnlkhe:id 
~ C ~ J ~ L ' C ~ I C J ~ ~ ,  pier demolition. shipway fills, miligation atua constiuction, dredging, capping and 
clcanup thnl will occur :ir tho LSSOU Site. 

A. Uullchcad Replacement. This nclivity will occur first. Pavemznr bchind t l ~ e  
existing bulkhead will be saw-cut and removcd. Then, a small bench wiIl be excnvatcd 
to hcilitatc construction of rhe new buIkhed, which will be a sllcct pile wall. If there arc 
;my ticbacks in thc existing timber bulkhead, thcy will be cul away. Thc new bulkhcad 
will bc consrnrctcd using slandard conslruction incthods, such as a vibi-iiting hammer, for 
lhc upland side of rhe Sitc. Gmenlly, the, shcc~ piling will be driven into \he ground 
behind thc existing shcct pile wall to the design dcprh. Once insralled, thc sheeu will bc 
LrinrmcJ ancl cappd with conccete. 'I'hc rlsphnlt i n  tlic upland cap will be I-estorcd to the 
edge of lhe concrctc sheet pile cap. 

111 nssocirdon with \lrc bulkhead replacement, n por~ion of thc South Shipway (in thc 
wcsl-ccnrral nre:l of thc Sire) will bc t i l l d .  Tlecki~lg in the urea to be filled will be 
removcd, an3 the piles in the cnclosed area will be cut oft' to below 1 foot of final gmdc. 
l"n El\ will I3c cornprisc~l of soil nlatcrials derived from removal of' the existing limber 
bulkhcod, oltcnvirion of iln arc3 adjacent to thc snu~he111 cdgc of  the Nonh Shipwny a n 4  
3s ncccssxy, ~ I - U M  o f f s i ~ ,  Fill soil will be samplcrl ro assulc thar i r  i s  not conraminatcd at 
Ievcls or concern, 

In thr, ilrcil actjacc~rr to rhc sourllwcst oF the Norih Shipway, riparian ancl nquntic arcas will 
bc co~islrr~ctcd as mi\i~;rtion  his area is ccftrrcd to ns rhc rnitigotion mca). A ripnrian 



huffcr will be installed at Lhe top of the slopc, urld rile n~~axirnurn m o u n t  O F  aquatic area 
' 

will bc provittcl, givcn Site constmints. 

At the soulhem end or the Sitc, npproximately 200 feel of shoreline will be reclnirncd by 
irnprovi~ig 11abit:ibility. Mcnsures include Improvemcnr or LIIC siopc, removal of cxisti1:g 
dchris, and plnccn~enl of fish mix (roundcd conrsc sand and gr:lvel) ancl woody dcbris. 

13. Pier Demolition. ~ l t c r  tho new bulkhead hns been installed, thc old rimbcr 
bulkhead. piers and shipways will be demolishad, using 3 combination or land-based and 
wukr-bcsocl melhods. Tht: pier superstructure (decking, caps and slringcrs) win bc 
ivnroveci first, l ik~~ly using land-baed cquipmcnt. 'I'hcn the old bulkhead and piles will 
be rcmovd. Kcmovnl of [he cxisting timber bullchead will involve pulling the soldier 
piles and ~.cmoving tlla timber cross-membel-s. Soil rc~ained bchind the bulkhead will bc 
excnvntcd fur It~tcr use us upland soil fill or offsite disposal. 

'l'in~bcr pi1il:gs will he rcmoved during demali~ion. Thc piles will be rcmovcd using 
warcr-bascd equipment. The pilcs will be pulled by first vibrating them loose, thcn 
ikttnching a chakcr to  Lhc loosened pile and pulling it out with 3 cranc. The goal Is to 
rcniovc os many pilcs as possible and assure thnt any remailling piles do not ilrfect tho 
function or in:e:riry (3: the cap that will bc placed over &c area. During pulling nF the 
pilcs. watcr quality will be co~itrollcd using standard methocls (silt curtains, working 
through low tidc pcriods, ctc,). Water qilaliry monitoring procedures will verify that 
waler clualiry protection s~andards arc being achieved, . 

Demolition dchris will bc staged in a designrtled m a  on the upland portion of  he Sitc For 
later offsire disposal or salvagc by the contracror. The pullcd piles will bc teillporarily 
plnccd on a bargc, then staged in a dcsigna~ed mea on the upland porlion of thc Site for 
orrsile disposal or salvage by the conlractor. 

C. Dredging. Approximately 8.75 ac~es will be dredgcd LO varying depths, with 
clrcdging occurring in segments, likely starting at the toy of the slopc (near the bulkhead) 
and working nwny (westward) from rhc shorelil~e. This wili assure thnt co'ntaminnted 
nlalorial thnl mily rnove tlownslope during drcdging ultinlalely will be removcd. Ir is 
cxpcclerl that a ~IamshcII d r e d g  will be used and thnt the d i t d g d  scdimcn~q and dcbris 
first will bc placcd on a bargc, then offloadcd ro [lie upland area of the Site. Thc 
oilloaded scdimcnts will subsequently be Ioildcd into rail cars at ~11e Sitc for tlxnsport to 
 he sclccrcd landtill. Thc scdiments may bhe allowed drain within a coilstn~ctcd 
c~nl;linmcnt/stiigj~lg area beforc being loadcd in to 1 he rail cars. Watcr horn tho scdimens 
would BC clariiicd as necessary, then returned to tl?c Wesl Watcnvay. 

Thc opon water scrlimcnrs will be dredged to the depth where rherc orc no more 
cxceed;~nccs nl11ic Sc.dirnent Quality Standards (SQS). Aft cr Lhe depth of dredging is 
achicvcd, s;r~xpling will confirm that scdiments cxcccding the SQS 11avc bccrr 1.emoved. 
Wljcn sedilncrrrs cxcccding thc SQS have been rcmovecl, por~ions of the "excuvntion" in 
thc open water ill.ca will be pnnially hackfillcd with sillid andor  roclc Ln rornl a burtrcss 
(or Iht toe ot' tlic c~ip in thc undcr-pier nrcn. Thc arimary reason for bscktil!ing is to 



allow opLimization o l  the intcnidal depth profile in thc aree to bc capped, that is, to 
mnximizc die area of tho Site with depLhs betwmn -4 and +B Peer Mean Lower Low 
Water (MLLW), and lo maintain or increase lhc net acn between -10 and 4-12 feet 
ML1.W. Wuter quality monitoring pn)ced~lrcs wlll verify rhat water qualily proreclion 
stnnclnrrls are bcirlg achicvcd. 

D. Capping. Cupping will occur in  the q>proximaLely 6.5 acres of under-picr 
nnd shipway areas that have been clrcdgd. From holtom to top, capping matcrids will bc 
installed as follows: 

2-foot chctnicill nltenuarion Iuyer of gravely sand. 
].-foot gcotechnical ri?kr Iaycr of sandy gravcl, 
?-foot h~rno~. layer (riprap). (Size of ripnp and usc of "rat rock" to fill 
voids, to thc extent possible, wiil be defined in fie 95 pcrcent cap design 
submitr~il.) 
1-root (cquivnltnt) layor of fish mix, which is expected ro settlc into Lhe 
ripnp Inye:. 

'1'11~ cap wi l l  bc placed using watcr-based methocl~. The cap materials likely will be 
placed sccluen~i3lly by layers in discrete axas, When one area 112s been completed, 
capping will bcgin jn an adjacent area. 

Scl~crluling. The Dofiign I3ocument 2nd Rcmedi;ll Action Work Plans describe thc 
rcrncdy actions. in morc clct;ril, sequencing of actions, and ihe te~~tntive schedule (tahlc I). 

Table 1 
Consrluc~ion Sequencing and Tentative Schedule 

(r'crlil'ication. EPA ccltifics that tho work proposcd colnplics with applicable provisions 
of Sections 301, 302, 303, 306 and 307 of the Clcnn Wntcr Act. ~q amended. 'This ccrlificr~tior~ is 
suI~jjecc lo thc follnwi~ig conditions: 

Finish 

09130/2003 

1011812003 

0 1 /lR/2004 

02/14/2004 

~onstm(iion Elernen1 . . 

Bulkliead Kcpliiccmcnt 

Yicr 1)emolition 

Drcclging 

C;lppi~~g 

Stnrt .' : 

0711 512003 

0711 6/2003 

I0/20/2003 

0 1 /O 112004 



1. Work ill wntcrs pursual~t to rhis Certification will adhere to specified fish windows 
and sbnli bc con~pleted prior to ITebn~ary 15 of iNy ycnr up until the year 2005 whcn all 
work In wafers for this action is expec~ed to bc complckd; thcnn[ter this WQC will 
exl?irc. 

2. Copics of this ccnilication shall be kept on the job s i l t  and rcadily available for 
rcrerence by EPA, ~ h c  contraclor and othcr appropiiate fcder~l, state md local . 
government inspcclors. EPA rcklins the jurisdiclion LO n~akc further modifications to Chis 
cc~.lificntion ~hraugh wrilren nmrndmcn~ i l i ~  appears ncccfisary to prorect the public 
interest. 

3. Wakr clualiLy snndards pertainins to the ~nnrine walers of the Duwamisk River (Class 
U) filrnll apply to ;Ilis project exccpc in  he nutllorizd dilution zonc(s) as described below. 
Wuler qilality monitoring is required and shall consist of clissolved oxygcn, ~urbidity, 
ternperilure, total suspended solids ( T S S )  measurcmen~s 2nd turbidity obscrvnlions. 
Spccific chclnicals of' concern (CoC) mcasuremenls may be rcquircd by EPA, if 
clctcmined to bo nccessaty. Observation rcporis and wntcr quality data collected within 
ilnd at thc cdgc of tbc mixing zone for any reason shall be provided Lo EPA in a timely 
mnlrtrcr.. At no timc, ror any work. within any dilur.lon zone, shall dissolvcd oxygen 
lcvel~ bc ca~iscd to drop bclow 3.5 m$l. SlloulJ this occur, a11 in-watcr ac~ivities should 
censc immerli;itcly, and RPA shall be nnlified. Work shall not rccommencc u n ~ i l  
dissol~lcrl oxygcn levcis havc returned to amhienl levels nnd approval h a  been given by 
RPA . 
a Rulkhcnd and Pier Dcmolirion. For this nclivity, thc cn~ire wntcr area where tho 

bulkhcod and pilings are to be rcmovcd and extcndlng to a distance of 50 fccr 
outside the linc O F  rhe outermost scruclurc,is authorized as thc dilution zonc. 
Waier quality monitoling shall consist prirnodly of visual observation for any 
lurbidity pl~tme that is parsislent (beyond I hour) or that extends .outside 1he 
dilulion zone. If such n condition Is observed, c i W r  work will be slowed or 
stopped until  the conclition ilbaks, or mcasurcmer,ts of dissoIved oxygcn, tot~11 
suspcndcd solids (TSS) and turbidity will be taken within and n~ the edge of rhc 
dilurion zone. 

Ilredging, For this aclivity, thc cnrirr water tlrca wilhjn 300 feet mensurcd 
judially from thc cunstruction operation (i.c., dredge) is nu~horiacd as h e  dilution 
zonc. If wcltcr quality rnoniloring is rcquired it shall consist of dissoIved oxygcn. 
tempcrxurc, 'I'SS me~lsut-crncnts and turbidity observations. 

Cilpping. For this activity. the cntlro water i l i y d  wiihin 300 feel: measurcd radially 
lronl tho cunstruclion openrion (i.e,, barge) is authorized ns rhe dil~lrion zonc. If 
watcr ytlnlity nronitoring is required ir shall co~~s is t  of dissolvcd oxygen, 
lempc:.uluw, TSS mcasurelncnts and turbidity obsenrations. 

IJrcc:~ution;uy Note: Over!opping Mixing Zoncs. I f  more than onc constn~crion 
nc~ivily, eithcr fro111 Illis project or othcr constn~cr ion/xmlr l ion projecls, occurs nr the 



snrne timo, mixing zones may overlap. hl this silriario~i, EPA slzould be colu~ilred 
il~~)nediatr?ly lo  determine an upprol?llate rnonitorilt~ srratzgy und to rnakc necessary 
ucljzc.rtmc~zt.r' it1 rfc/itti~ic~rr of n~ixing zones while the mtrlriple acririfie.r are occurritzg in the 
\ va I~m~l ) r .  'It is the responsibility of porcntially rcsponsiblc parties (c.g., hckheed) 
undc:ta)cing thcst discorchgt opcratjo~is to identify to EPA when and how such ovcrlaps 
would occur, h~ thc rlbsence of such consultation and apprupriatc adjusrrncn:~ to the 
sp~ i l i ca~ ions  o l  each Certification, m y  and ull warer quality conflicts will bc judgcd as 
"viclletionsl' to wnter quall~y standards (standards). 

4. Care shall hs rakcn to prevcnr any petrolcum products or other dclererious or toxic 
mutaials from entering thc wnter as a rcsult of any activity. IE a signiricant oil shccn is 
observed in tl~c vicinity of the opcrarion, irnmcdiate action must he takcn to modify thc 
activity and prevent furlher dcgmda~ion, or the acdvity shall cease. EPA will be notiticd 
of [he condition imn~cdiatcl y . 

5. I f  rljstitssed or dying fish are observed in thc vicinity of the opcrarion, irnmediatc 
nction illus! be taken to modify the ac~ivity and prevent further degradation, or rhe 
activity sh:lll cexqe. BPA will bc notified of the condidon. Dead.fish should be collmrcd 
and appropriately prt?servecl in the evclrt [hat post-moitun tests or evaluations arc 
nccessiuy. EPA rcservcs the right to coordinate with PcLier,\l, State and Tribal fish - 
expcl-ts and rcquirc such rests. 

6. FloatabIo dcbl.is inuoduccd intp West Watcnvay by tho ac~ivitics will be collcctcd and n 

suirab?y diaposcd at an upland location. 

wanitorinr A~tivitles and Reauircments. The ovcrnll objective of monitoring wntcr 
cjuality is Lo nsscss co~npliancc with WQS during dredging and cap construction operations. Thc 
spccilic objectives nr 10 ensurt: dissolved oxygen conccntmlions do not fall below prescribed 
nlinimums. cnushnc~ion acdvities are accomplished in a nlanncr ensuring protection of thc 
cnvironnrcnt, and to document constituents of interos!. 

'Tkc monitoring appro:ich stipulu~cd by this WQC is a ricnd one, wilh monitoring requircmcnts 
premised on tllc dclectcd co~istiruenrs of inrcrest which relatcs to Lhe degree of risk associated 
wilh dredging. 'I'hc rnonitoring.requirements arc initially severe in order to detect po~cntially 
odv'crsc crl'ccu so [hut ~~ppri)printc and neccssary comcti\le actions may be rakcn early in Ge 
rlmrlging operation. An excccdence of water quaIiLy stmchrds col~ld result in corrective action 
dcpcnding upon the dcgrcc of rhc rtccedence andlor rhe risk posed by the acccdcnce to'bcneticial 
uscs of lhe wi;t.sr body. Ocnclnlly, EPA will usc rhese data Tor dccjsions on cu~tniling or 
couti~luilig ~ l l c  moni~oring, adjusting sampling locations modifying dl-cdzing operations, or 
~.ccn~c~r\:uing o d i ~ u ~ i o n  zonc. 



I. Specified conventioml parameters will b: monitored in the vicinity of c*h drcdging 
nncl cap constr:lction operntion as specificd. All ~ s u l r s  will bc faxed to EPA as soon as 
lhey bccorne available (Attn. John Malek, FAX: (206) 553-1775). 

2, Daily monitoring will involve at least two coIlccrion Lin~cs that correspond with ( I )  
slnck and (2) strong ebb and/or flood ~idal conditions for the first three days of each 
scparublc conslruction operation, e.g., firsr lih of cap, second lift, etc. Aher 3 days of 
moni~oring, if no water qualily problems huvc ari~en, monitoring inlcnsity may be 
rcduccd to weekly or climinatcd at the discction of EPA. Obscrvntion of persistcnt 
[~~rbidily plurncs from any operation will triggcr an immediak monitoring evcnr. 

3. All monitoring will bc conducted (I) at rhe dilution irDnc boundiuy; (2) at a mid-point 
within the dilution zone, and (3) a t  a relerencc locntion(s) oulsidc the dilution zone and 
potcntinlly outside of the waccnvay ((only $a  rejcrence approaclr lj. used). 

4. At each clrcdging rnoniioring loca~ion, walcr salnplcs shall be taken at the near surhce 
(;ipproximalely 3.0 feet bclow waterline), mid-dcp:h, and ncar bottom (approxirnaLely 3.0 
reet almve Ihs bouorn). Samples shall be adjustcd within the depth rungc to target thc 
turbidity pl?~mc, which rttczy be, brrt i.7 not reqriiredio be, lnckcd hydro-a~ousticnlly. If 
n o  ~llstinct turl~idily plgmc can bc Idcnrified, wntcrs;lmplcs sI1a11 be l.nken in lhe wci 
inurrcdi:rtely down current ofrhc domillant flow (tidal or liver-influenced) and shall be ' 

obtained at the standard dcpths (i.e., surface, mid-dcpth, and near bottom). 

5. Whcn convcnlio~lnl monitoring is required,  he paramelers include: 
( I )  Dissolved Oxygcn (DO) 
(2)'Tcmpc~rure 
(3) Total Suspended Solids (TSS)  
(4) Turbicliry 

Jf DO is  dctcrmincd by n field instrument rarher than  [he Winkler method, calibrarion of 
thc insirumcnt ilnd probe shall he performed across the nngo of DO levels likcly Lo occur 
in llle marine wntcrs. 1)ocurnentation of calibrnrians for DO or any orlicr ficlJ 
iustrurncnts used for water qunlity messurcrnenu shall be included in the report sent ro 
EPA, 

6. The polnl of compliirnce with WQS will be those stutions at tlrc mixing zonc 
boundary. Within ~ h c  mixing zonc, the Class s~nndard for lu~bidiry and tcmpcnturc are 
waived, ns an? !hc ncutc critcrin applicable to any idcnli fied chemicals-of-conccm: nonc 
arc icicntificd For LIIL'SC i~tloris. 'l'he Class standard for dissolved oxygen may he 
excccded but shall not he causcd to drop below 3.5 rndl ;\c any L~IT-.C and at any slation. 
All watcr quality sl;u-~d:\~.cls are to bc met outsidc or the authrrrized mixing zones. T l~ i s  
waivcr of spccificd st:\nd;lrds within the mixing z o ~ ~ c s  is intcnded for brier periods of 
rimc (suclr a$ il fcw hours) and is not an nuthorjza~i~ln to c x c e ~ d  rhose standards for thc 
cnlii-c durulion of co~lsrruction. Jn 110 casc does thc ~vaiver aulhorizc degradation ol: water 



quality dint signiflcr~irtly in~crferes with or becomes injurious lo chnr;lctcristic watcr uses 
or couscs long-tcnn harm to Ellio~t Bay. 

7. Comnpliancc siun(lnrcl,,r for 011 dredging activities are tlre Marine Acrrte Stak of 
Wavhi~lgton wnlrr qr;alify sfcmrlards (Chapter 173-201 WAC:). For conditions whcn the 
WQS arc cxceedcd by t1,1e nlllbicnt waLer quality conccn\rutions. [be ambicnt water qunliry 
concentrntions (3s dctcrmined according to procedures and design approved by EPA) will 
serve as !he pcrForm;lr,cc cri tcrin as designated in [.his rfucumcnc. Ainbicnt values shall be 
reassassed based on rc-sampling of the reference locations, d~ring dredging operations as 
required in the nhuvc spccificntion. 

MONITORlNG LOCATIONS AND FREQUENCY 

1. Rckrcncc. (4 rtj2rcrlce clpproach 10 warer qllnlify cltlrenninanio~zs muy be, bur is not 
rcrluiredfn he, u s e d )  Mcasurod monitoring values may be comparcd to an ambiont 
background condition. If this approach is followed, at least rwo driys prior to 
initialing confiiructio~l nctivides, ambicnt water qudiry will be determined for the 
convcntian:~l pnramclers. The ambient villucs can be determined by collcc~ing and 
al~nlyzing water samples collcc~ed at no Icss ~ h i n  four (4) starions in  the area of thc 
wn!crways bur oulsidc of'thc immediate consLructio~~ arcns. No Inore than two 
sta~ions may be collccrcd outside of the mouth of the waterwny in Elliott Bay proper. 
At each stnlion, thrcc samples (top, hottom and mid-depth) musL be collected 
fo:ollo\iing thc rcquiremeuts of parqmpl~s 2 and 4 in thc Gener~l  section prcccding. 
At least two rounds of smnpling must be conducted. Results can be averascd JOT 
erlch strata (i.e., top, boltom, mid-) ro detenninc ambient. Sta~ion locations and thc 
individual sample rlata will be provided to EPA jn addition LO thc averaged ambient 
v:llucs. I'criodic rcco~~firm:~iun of thc ambient valucs can be conducted whh 
rtdvanccd noli heat ion LO EPA. 

2. The contrxtol- is responsible Eor'prcparation of a water qunlity monitoring plan that 
will syccjfy lloc;~tions and lrcquency Tor rnonitorixlg for each phase of remedial action 
activities a t  thc Sire. 

Bulkhead :md Pier Donlolition. For this activi~y, the entirc water m a  where the 
bulkhcild and pilings arc to be removed 2nd extending to 3 distance of 50 feel outside thc 
line of [he outermost slructurc is authorized as the diluliorl zone. Watcr quality 
monironny s11;lll colisist pilnarily of visual observation for Any ~urbidily plumc that is 
pcrsislent (bcyond 1 hour) or that extcnds oucsidc thc dilutiou zonc. If such a condition is 
observed, ci~her work wi l l  be slowcd or stoppcd until lhe condition ubatcs, or 
mensurcrncnls of dissolvc.d oxygen, total suspendccI solids (TSS) and ~urbidity wili bc 
tnkcn within i\nd at llic cdgc of the dilution zonc. 

Dredging. A miilimuni of thrcc sta~ions will bc occ~rpicd for wntcr qualily 
mor,itorir.g. A minimum of two slnrions will be loculed at tho mixing zonc pe~inxtzr 
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(300 feet), generally perpendicular to and in the direction of tida) flow. At least one mid-
point station (150 feet) will be occupied also in the direction of lidal flow. At slack tides,
the perimeter stations c<m be randomly distributed along the compliance perimeter.
Monitoring will occur at least twice daily per General paragraph 2 when dredging is
occurring on at Icnst an 8-honr shift for the first 3 days. Monitoring is not required when
no work is being performed. If this intense monitoring shows no water quality
excecdencc, monitoring may be reduced to once daily or some other frequency at the
direction of EPA. If nfier another 3 days of monitoring, no water quality excecdence
occur, monitoring may be further reduced or terminated at the discretion of EPA.

Capping. A minimum of three stations will be occupied for water quality
monitoring. A minimum of two stations will be located at the mixing /.one perimeter
(300 feet) generally perpendicular to and in the direction of tidal flow. At least one mid-
point station (150 feet) will be occupied also in the direction of tidal flow. Monitoring
will occur al least twice daily per General paragraph 2 when capping is occurring for the
first three days. If this intense monitoring shows no water quality exceedcnce,
monitoring may be reduced to once daily, Tf after another 3 days of monitoring, no water
quality excecdence occur, monitoring may be further reduced or terminated at the
discretion of EPA. Monitoring is not required when the capping activities are not
occurring. However, it is recognized that cap placement may not be a continuous
operation. Monitoring may be necessary during an extended time immediately after cap
placement has occurred.

Operational Response. If construction operaiions are found not to be in compliance
with the provisions of this certification, or result in conditions causing distressed or dying fish,
the operator shall immediately take the following actions:

1) Cease operations at the location of the violation.

2) Assess the cause of the water quality problem and take appropriate measures to correct
the problem and/or prevent further environmental damage. EPA expects that when water
quality problems with the conventional consiituticnts are identified during monitoring,
now siimplcs will be collected immediately using recalibrated instruments or more precise
measurement methods to confirm the initial indication. Regardless of whether the second
sample confirms the initial measurement, EPA will he notified of the instance. If the
second sample docs not confirm the initial measurement, construction may recommence
with a third set of samples collected within 45 minutes of restart. Indications of a water
quality problem, in this third scries will immediately trigger construction shut-down and
notification to HPA. Construction will not be recommenced until specifically approved
by EPA. It is strongly recommended that additional monitoring be initialed to determine
tha recovery time.

3) In ihe event of finding distressed or dying fish, the operator shall collect fish
specimens and water samples in the affected area and, within the first hour of such
conditions, have the water samples analyzed for dissolved oxygen and total sulfidcs.
HPA may require further such sampling and analyses before allowing the work to resume.



wfjcnt ian,  EPA shall br: no~tied 3 days prior 10 initiation OF construction and 
imrncrlistcly upon'any cxcccdenco or failure to comply with conditions of  his WQC. Copics of 
any monitoring reports will bc provided to EPA in n rimcly fashion. Contacr: John h l e k ,  
Scdllnent Manascment Program, at voice (206) 553-1286, or fax (206) 553-1775; Address: 1200 
Sixtli Avc., E!CO-083, Scat~le, Wnshlnglon, ,98101, E-Mail: malek.jo~n@eyo.gov, 

I'KEPAKEI) AND APPROVED BY: 

l0llll Malck 
Scdimcnt Managemellt,Program 
Officc o f  F-casystcms and Communities . 

cc: J?,l'A (1,ynda Priddy) 
P.l'A (Justinc Basion) 
F~ology (Brendan McFarland, Loree Kmdall) 
JINR (Peter Leon) 
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C ERC LA 
Lockheed Shipyard Sediments Opercble Upit  

Dredged Mater ial  Dewater ing 
Lockheed Shipyard No. 1 

Harbor  Is land, Seatt le,  Washington 

Introduction. This amended Water Quality Certification (WQC) has been completed in support of 
remedial work to be conducted at the Lockheed Shipyard Sediments Operable Unit (LSSOU) of the 
Harbor Island Superfund Site. The LSSOU Site is located south of Elliott Bay, Seattle, Washington. 
Specifically, the Site lies along the eastern shore of the West Duwamish Waterway (West Waterway), 
adjacent to Harbor Island, approximately 2 miles southwest of downtown Seattle. The Site supported 
industrial uses from the time it was constructed in the early 1900s until 1986, primarily shipbuilding and 
repair. Currently, the majority of the upland portion of the Site is vacant, but BPlARCO operates a fueling 
station in the northern portion. Past cleanup actions have included work such as demolition of on-site 
structures and removal of source material from the upland. However, no cleanup of sediments in the 
aquatic environment has occurred to date. Final cleanup actions will include removal and containment of 
contaminants in the aquatic environment. This will include dredging and capping of contaminated 
sediments. To facilitate dredging and capping, the existing dilapidated pier bulkhead must be replaced 
and the derelict pier removed. The remedy construction also includes partial filling of one of the existing 
shipways and excavation of a mitigation area to offset the loss of aquatic area resulting from the partial 
shipway fill. These construction activities will be initiated in July 2003. 

Ttiis Amendment specifically supplements the July 16, 2003 Water Quality Certification issued by EPA. 
The actions contained in that document did not include the dewatering of the dredged sediment as the 
remedial design for that element had not yet been completed by Lockheed Martin and its consultants and 
submitted to EPA for its review and approval. 

~ i e  action supports and contributes to planned Remedial Action for the LSSOU Site (in accordance with 
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980, as amended 
[CERCLA]). The Remedial Action is described in the Record of Decision (ROD) (United States 
Environmental Protection Agency [EPA], November 1996) and two subsequent Explanations of Significant 
Differences (ESD; EPA, February 2002 and March 2003). Implementation is being performed according 
to the requirements presented in the Consent Decree (CD) and associated Statement of Work (SOW) 
(EPA, May 2003). 

Completion of this work is part of a phased cleanup of the Superfund site. A copy of this WQC 
Amendment will be included in EPA's Site file as part of the record for this action and provided to 



Lockheed Martin, TRC and ACC Hurlon. EPA reserves the right and responsibility to revoke, amend, or 
revise this WQC at any time. . 

The EPA is responsible for review of this project to insure compliance with the substantive requirements of 
the Clean Water Act, Section 401. The State of Washington water quality standards (Chapter 173-201 
WAC) were drawn on heavily for EPA's evaluation, these standards being normally applicable and used 
by the State of Washington for Section 401 certification in the absence of a CERCLA action. The mouth of 
the Duwamish River is a Class B (freshwater) waterbody, per WAC 173-201A; however, the project area is 
predominantly marine with the exception of an overlying freshwater lens which varies in thickness 
depending on the season and river oufflow. For purposes of this Certification, EPA is applying Class B 
(Marine) standards (WQS). The antidegradation policy of the state of Washington, in addition to 
preservation of beneficial uses, is a major factor in our analysis. 

Construction Activities. Work elements of the planned remediation, which includes dredged 
material dewatering and disposal, are detailed in the final RAWP, dated August 2003, which has been 
reviewed and will be approved by EPA. Project Roles and Responsibilities and construction Quality 
Assurance Procedures (which specify a requirement for containment booming and recovery of debris) are 
described in the RAWP. This Amended WQC supplements the July 16, 2003 Water Quality Certification 
for bulkhead replacement, pier demolition, shipway fills, mitigation area construction, dredging, capping 
and cleanup that will occur at the LSSOU Site. 

The July 16, 2003 WQC language is specifically amended or supplemented as follows: 

C. Dredging. Approximately 8.75 acres will be dredged to varying depths, with dredging 
occurring in segments, likely starting at the top of the slope (near the bulkhead) and working away 
(westward) from the shoreline. This will assure that contaminated material that may move 
downslope during dredging ultimately will be removed. It is expected that a clamshell dredge will 
be used and that the dredged sediments and debris first will be placed on a barge and partially 
dewatered, then offloaded to the upland area of the Site to complete dewaterinq if necessary (see 
"Dredqed Material Dewaterinq" below). The offloaded sediments will subsequently be loaded into 
rail cars at the Site for transport to the selected landfill. fi . . :Water from 
the sediments would be clarified as necessary, then returned to the West Waterway. 

The open water sediments will be dredged to the depth where there are no more exceedances of 
the Sediment Quality Standards (SQS). After the depth of dredging is achieved, sampling will 
confirm that sediments exceeding the SQS have been removed. When sediments exceeding the 
SQS have been removed, portions of the "excavation" in the open water area will be partially 
backfilled with sand andlor rock to form a buttress for the toe of the cap in the under-pier area. 
The primary reason for backfilling is to allow optimization of the intertidal depth profile in the area 
to be capped, that is, to maximize the area of the Site with depths between -4 and +8 feet Mean 
Lower Low Water (MLLW), and to maintain or increase the net area between -10 and + I2  feet 
MLLW. Water quality monitoring procedures will verify that water quality protection standards are 
being achieved. 

D. Dredged Material Dewatering. Dredged sediments may require dewatering prior to 
placement in railcars for off-site disposal. Dredged sediments placed on a barge will initially 
dewater during self-weight consolidation. The effluent generated by this process will be filtered 
through the use of Best Management Practices such as hay bales to control the release of 
contaminated materials to the waterway. Wet sediments would be transferred from the barge (if 
water-based equipment is used) or dredge area (if land-based equipment is used) to a lined 
containment pad, or surge area (located in the export material staging area) and graded to drain 
excess water to a sump. If gravity dewatering becomes ineffective during the winter (rainy) 
season, the Contractor may elect to add stabilization material, such as diatomaceous earth at the 
landfill, to the wet sediments to "soak up" excess moisture. The addition of stabilizer would only 
be performed as a contingency measure as it would increase the overall processing and disposal 
costs. It is expected that effluent water from the dewatering process will be suitable for returning 



to the West Waterway of the Duwamish River [based on results of the Dredging Elutriate Test 
(DRET) presented in the Remedial Design Investigation Data Report (Hart Crowser 1999)l. 

1. Barge Dewatering. Up to three flat topped barges equipped with straw bales and 
geotextiles for drain water filtration will be used to receive dredged sediments. This will allow one 
barge to be loaded while another is decanting water and the third is being offloaded and will 
provide a minimum of 8 hours of decanting time. 

2. Contained Upland Dewatering. The barges will be offloaded by a crane with a 
clamshell bucket directly into off-road articulated trucks in a contained loading area upland of the 
former middle shipway on a concrete pad. The perimeter of the loading area will be constructed 
of ecology blocks lined with geotextile filter fabric and straw bales. A berm will allow truck access. 
In general, drainage from the areas used for dredge material handling will be directed to low 

points and will pass through geotextile filter fabric and straw bales to remove silt before returning 
to the waterway. 

From the truck loading area, the trucks will drive the short distance to the main stockpile and 
dewatering area at the former south shipway. The proximity of the waterway, the new sheetpile 
wall and the gentle slope make this a good location to construct a facility. The facility would 
measure the width of the shipway, approximately 100 feet, by approximately 120 feet in length. It 
will extend approximately 20 feet into the upland. The area will be constructed of an ecology block 
perimeter and will be lined with drainage rock under a geotextile material which will be covered 
with an operational layer. This arrangement will allow drainage but prevent siltation. 

The stockpileldewatering area will provide for about two days of production, or 4000 tons of 
capacity. The actual time the material will be present will depend on a variety of factors including 
production rates, retained moisture, sediment handling characteristics, equipment reliability and 
train frequency. While in this area the material will be allowed to drain and may be worked to 
reduce moisture until the sediments pass the paint filter test and are ready for shipment. Due to 
the duration of loading from this area (about 10 hours a day) and the frequency of activity in this 
area from unloading and stacking operations, it is not planned to tarp the area. Drainage water 
will return to the waterway after passing through the geotextile and draining through weep holes in 
the sheet pile bulkhead and will be subject to water quality monitoring in the waterway. Should 
water quality measurements indicate that further treatment of drain water is necessary, piping and 
associated treatment system may be installed. 

Front end loaders will move the material from the stockpile area to the rail cars along a specially 
constructed haul road built on top of the existing concrete pads and asphalt. This road will be 
constructed of road base and will be bordered on each side by ecology blocks lined with geotextile 
filter fabric and straw bales. At the completion of work, the road bed material will be taken to 
disposal along with any sediment spilled during the transportation and loading process. 

In the rail loading area, a geotextile filter fabric under road base will be used for containment of 
solids. At the completion of work the road base will be removed for disposal. Once again, any 
drainage from this lined area will drain back to the waterway after being filtered through geotextile. 
If any further treatment of the dredged materials is required to pass the paint filter test, the 

addition of diatomaceous earth at the landfill will be undertaken as needed. 

The above materials handling plan provides for water drained from the sediments and any 
associated rainwater to be returned to the waterway after being filtered through straw bales and 
geotextile filter fabric. 

1 BE. Capping. [No change to original paragraph.] 

Certification. EPA certifies that the work proposed complies with applicable provisions of 
Sections 301, 302, 303, 306 and 307 of the Clean Water Act, as amended. This certification is subject to 
the following conditions: 



1. Work in waters pursuant to this Amended Certification will adhere to specified fish windows 
and shall be completed prior to February 15 of any year up until the year 2005 when all work in 
waters for this action is expected to be completed; thereafter this WQC will expire. 

2. Copies of the original and this Amended WQC shall be kept on the job site and readily 
available for reference by EPA, the contractor and other appropriate federal, state and local 
government inspectors. EPA retains the jurisdiction to make further modifications to this 
certification through written amendment if it appears necessary to protect the public interest. 

3. Water quality standards pertaining to the marine waters of the Duwamish River (Class B) shall 
apply to this project except in the authorized dilution zone(s) as described below. Water quality 
monitoring is required and shall consist of dissolved oxygen, turbidity, temperature, total 
suspended solids (TSS) measurements and turbidity observations. Specific chemicals of concern 
(CoC) measurements may be required by EPA, if determined to be necessary. Observation 
reports and water quality data collected within and at the edge of the mixing zone for any reason 
shall be provided to EPA in a timely manner. At no time, for any work, within any dilution zone, 
shall dissolved oxygen levels be caused to drop below 3.5 mgll. Should this occur, all in-water 
activities should cease immediately, and EPA shall be notified. Work shall not recommence until 
dissolved oxygen levels have returned to ambient levels and approval has been given by EPA. 
Dilution Zones are established for the described activities as follows: 

1. Barge Dewatering. Barge dewatering will occur coincident with the dredging activities. 
For this activity, the entire water area within 300 feet measured radially from the 
construction operation (i.e., the dredge) is authorized as the dilution zone. Monitoring is 
required as specified under Monitoring Locations and Frequency. 

2. Contained Upland Dewatering. For this activity, the entire water area from the point of 
discharge and extending to a distance not exceeding 50 feet is authorized as the dilution 
zone. Monitoring is required as specified under Monitoring Locations and Frequency. 

Precautionary Note: Overlapping Mixing Zones. If more than one construction activity, either 
from this project or other construction/remediation projects, occurs at the same time, mixing zones 
may overlap. r h i s  has been noted for Dredging and Barge Dewatering anc accounted for in this 
project.] In this situation, EPA should be consulted immediately to determine an appropriate 
monitoring strategy and to make necessary adjustments in definition of mixing zones while the 
multiple activities are occurring in the waterway. It is the responsibility of potentially responsible 
parties (e.g., Lockheed) undertaking these discordant operations to identify to EPA when and how 
such overlaps would occur. In the absence of such consultation and appropriate adjustments to 
the specifications of each Certification, any and all water quality conflicts will be judged as 
"violations" to water quality standards (standards). 

4. Care shall be taken to prevent any petroleum products or other deleterious or toxic materials 
from entering the water as a result of any activity. If a significant oil sheen is observed in the 
vicinity of the operation, immediate action must be taken to modify the activity and prevent further 
degradation, or the activity shall cease. EPA will be notified of the condition immediately. 

5. If distressed or dying fish are observed in the vicinity of the operation, immediate action must 
be taken to modify the activity and prevent further degradation, or the activity shall cease. EPA 
will be notified of the condition. Dead fish should be collected and appropriately preserved in the 
event that post-mortem tests or evaluations are necessary. EPA reserves the right to coordinate 
with Federal, State and Tribal fish experts and require such tests. 

6. Floatable debris introduced into West Waterway by the activities will be collected and suitably 
disposed at an upland location. 

Monitorins Activities and Requirements. The overall objective of monitoring water quality is to 



assess compliance with WQS during dredging and cap construction operations. The specific objectives 
are to ensure dissolved oxygen concentrations do not fall below prescribed minimums, construction 
activities are accomplished in a manner ensuring protection of the environment, and to document 
constituents of interest. 

The monitoring approach stipulated by this WQC is a tiered one, with monitoring requirements premised 
on the detected constituents of interest which relates to the degree of risk associated with dredging. The 
monitoring requirements are initially severe in order to detect potentially adverse effects so that 
appropriate and necessary corrective actions may be taken early in the dredging operation. An 
exceedance of water quality standards could result in corrective action depending upon the degree of the 
accedence andlor the risk posed by the accedence to beneficial uses of the water body. Generally, EPA 
will use these data for decisions on curtailing or continuing the monitoring, adjusting sampling locations 
modifying dredging operations, or recalculating a dilution zone. 

GENERAL 

1. Specified conventional parameters will be monitored in the vicinity of each dredging and cap 
construction operation as specified. All results will be faxed to EPA as soon as they become 
available (Attn. John Malek, FAX: (206) 553-1 775). 

2. Daily monitoring will involve at least two collection times that correspond with (1) slack and (2) 
strong ebb and/or flood tidal conditions for the first three days of each separable construction 
operation, e.g., first lift of cap, second lift, etc. After 3 days of monitoring, if no water quality 
problems have arisen, monitoring intensity may be reduced to weekly or eliminated at the direction 
of EPA. Observation of persistent turbidity plumes from any operation will trigger an immediate 
monitoring event. 

3. All monitoring will be conducted (1) at the dilution zone boundary; (2) at a mid-point within the 
dilution zone, and (3) at a reference location(s) outside the dilution zone and potentially outside of 
the waterway (only if a reference approach i s  used). 

4. At each dredging monitoring location, water samples shall be taken at the near surface 
(approximately 3.0 feet below waterline), mid-depth, and near bottom (approximately 3.0 feet 
above the bottom). Samples shall be adjusted within the depth range to target the turbidity plume, 
which may be, but is not required to be, tracked hydro-acoustically. If no distinct turbidity plume 
can be identified, water samples shall be taken in the area immediately down current of the 
dominant flow (tidal or river-influenced) and shall be obtained at the standard depths (i.e., surface, 
mid-depth, and near bottom). 

5. When conventional monitoring is required, the parameters include: 
(1) Dissolved Oxygen (DO) 
(2) Temperature 
(3) Total Suspended Solids (TSS) 
(4) Turbidity 

If DO is determined by a field instrument rather than the Winkler method, calibration of the 
instrument and probe shall be performed across the range of DO levels likely to occur in the 
marine waters. Documentation of calibrations for DO or any other field instruments used for water 
quality measurements shall be included in the report sent to EPA. 

During the period of active barge overflow and associated de-watering of the dredged material, 
samples will be collected from the water column or collected effluent and chemically analyzed for 
comparison to previously performed DRET test results (Hart Crowser, 1999). The results of the 
previously performed DRET have been provided to EPA in previous submittals. 

6. The point of compliance with WQS will be those stations at the mixing zone boundary. Within 
the mixing zone, the Class standard for turbidity and temperature are waived, as are the acute 



criteria applicable to any identified chemicals-of-concern; none are identified for these actions. 
The Class standard for dissolved oxygen may be exceeded but shall not be caused to drop below 
3.5 mgll at any time and at any station. All water quality standards are to be met outside of the 
authorized mixing zones. This waiver of specified standards within the mixing zones is intended 
for brief periods of time (such as a few hours) and is not an authorization to exceed those 
standards for the entire duration of construction. In no case does the waiver authorize 
degradation of water quality that significantly interferes with or becomes injurious to characteristic 
water uses or causes long-term harm to Elliott Bay. 

7. Compliance standards for all dredging activities are the Marine Acute State of 
Washington water quality standards (Chapter 173-201 WAC). For conditions when the WQS 
are exceeded by the ambient water quality concentrations, the ambient water quality 
concentrations (as determined according to procedures and design approved by EPA) will serve 
as the performance criteria as designated in this document. Ambient values shall be reassessed 
based on re-sampling of the reference locations, during dredging operations as required in the 
above specification. 

MONITORING LOCATIONS AND FREQUENCY 

1. Reference. (A  reference approach to water quality determinations may be, but is not required 
to be, used.) Measured monitoring values may be compared to an ambient background condition. 
If this approach is followed, at least two days prior to initiating construction activities, ambient 

water quality will be determined for the conventional parameters. The ambient values can be 
determined by collecting and analyzing water samples collected at no less than four (4) stations in 
the area of the waterways but outside of the immediate construction areas. No more than two 
stations may be collected outside of the mouth of the waterway in Elliott Bay proper. At each 
station, three samples (top, bottom and mid-depth) must be collected following the requirements 
of paragraphs 2 and 4 in the General section preceding. At least two rounds of sampling must be 
conducted. Results can be averaged for each strata (i.e., top, bottom, mid-) to determine ambient. 
Station locations and the individual sample data will be provided to EPA in addition to the 
averaged ambient values. Periodic reconfirmation of the ambient values can be conducted with 
advanced notification to EPA. 

2. The contractor is responsible for preparation of a water quality monitoring plan that will specify 
locations and frequency for monitoring for each phase of remedial action activities at the Site. 

Sample Collection during Barge Overflow. During the first three days of dredging, at 
least two water samples will be collected: one at a distance of approximately 25 feet and one at 
approximately 50 feet from the point of barge overflow during period of active barge overflow. (If 
needed, a third sample can be collected at the compliance boundary.) Samples will be collected 
once during the dredging and barge overflow activity. The sample should be collected from within 
any visual or hydro acoustically located plume. If no plume is observed or detected, samples will 
be collected down current from the barge overflow location.- At the sampling location, sample will 
be collected from within the mid depth of any observable or detected plume.- If no plume can be 
detected, samples will be collected at mid depth and approximately 3 feet below the water surface 
and composited. [NOTE: If overflow is evenly distributed from the barge, multiple water samples 
(2+) may be collected on offsetting sides of the barge for each location and composited (i.e., at 25 
feet and at'50 feet).] A report comparing measured values to previous DRET results will be 
provided to EPA as soon as practicable. 

Contained Upland ,Dewatering. Water will be collected and held. Tests indicate that the 
return water should meet the acute marine water quality standards. The first volume of water 
collected will be analyzed for chemicals of concern analyzed for in the previous DRET test and 
barge dewatering. Measured values will be compared to previous DRET results. If measured 
values are equivalent to or below DRET results, no further testing will be required. Thereafter, 
after settlement and clarification, water (volumes not identified) may be discharged back to the 



Waterway. If measured values exceed the previous DRET values by greater than 50 percent or 
acute marine water quality standards at all, further water quality monitoring will be conducted and 
additional controls may be required by EPA. 

Operational Response. If construction operations are found not to be in compliance with the 
provisions of this certification, or result in conditions causing distressed or dying fish, the operator shall 
immediately take the following actions: 

1) Cease operations at the location of the violation 

2) Assess the cause of the water quality problem and take appropriate measures to correct the 
problem andlor prevent further environmental damage. EPA expects that when water quality 
problems with the conventional constitutients are identified during monitoring, new samples will be 
collected immediately using recalibrated instruments or more precise measurement methods to 
confirm the initial indication. Regardless of whether the second sample confirms the initial 
measurement, EPA will be notified of the instance. If the second sample does not confirm the 
initial measurement, construction may recommence with a third set of samples collected within 45 
minutes of restart. Indications of a water quality problem in this third series will immediately 
trigger construction shut-down and notification to EPA. Construction will not be recommenced 
until specifically approved by EPA. It is strongly recommended that additional monitoring be 
initiated to determine the recovery time. 

3) In the event of finding distressed or dying fish, the operator shall collect fish specimens and 
water samples in the affected area and, within the first hour of such conditions, have the water 
samples analyzed for dissolved oxygen and total sulfides. EPA may require further such sampling 
and analyses before allowing the work to resume. 

Notification. EPA shall be notified 3 days prior to initiation of construction and immediately upon 
any exceedance or failure to comply with conditions of this WQC. Copies of any monitoring reports will be 
provided to EPA in a timely fashion. Contact: John Malek, Sediment Management Program, at voice 
(206) 553-1286, or fax (206) 553-1 775; Address: 1200 Sixth Ave., ECO-083, Seattle, Washington, 98101, 
E-Mail: malek.john@epa.gov. 

PREPARED AND APPROVED BY: 

John Malek Date 
Sediment Management Program 
Office of Ecosystems and Communities 

cc: EPA (Lynda Priddy) 
EPA (Justine Barton) 
Ecology (Brendan McFarland, Loree Randall) 
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BMP C251: Construction Stormwater Filtration 

Purpose Filtration removes sediment from runoff originating from disturbed areas 
of the site. 

Conditions of Use Traditional BMPs used to control soil erosion and sediment loss from sites 
under development may not be adequate to ensure compliance with the 
water quality standard for turbidity in the receiving water. Filtration may 
be used in conjunction with gravity settling to remove sediment as small 
as fine silt (0.5 pm). The reduction in turbidity will be dependent on the 
particle size distribution of the sediment in the stormwater. In some 
circumstances, sedimentation and filtration may achieve compliance with 
the water quality standard for turbidity. 

Unlike chemical treatment, the use of construction stormwater filtration 
does not require approval from Ecology. 

Filtration may also be used in conjunction with polymer treatment in a 
portable system to assure capture of the flocculated solids. 

I Design and 
Installation 
Specifications 

Background Information 

Filtration with sand media has been used for over a century to treat water 
and wastewater. The use of sand filtration for treatment of stormwater 
has developed recently, generally to treat runoff from streets, parking lots, 
and residential areas. The application of filtration to construction 
stormwater treatment is currently under development. 

Two types of filtration systems may be applied to construction stormwater 
treatment: rapid and slow. Rapid sand filters are the typical system used 
for water and wastewater treatment. They can achieve relatively high 
hydraulic flow rates, on the order of 2 to 20 gpdsf ,  because they have 
automatic backwash systems to remove accumulated solids. In contrast, 
slow sand filters have very low hydraulic rates, on the order of 0.02 
gpds f ,  because they do not have backwash systems. To date, slow sand 
filtration has generally been used to treat stormwater. Slow sand filtration 
is mechanically simple in comparison to rapid sand filtration but requires a 
much larger filter area. 

Filtration Equipment. Sand media filters are available with automatic 
backwashing features that can filter to 50 pm particle size. Screen or bag 
filters can filter down to 5 pm. Fiber wound filters can remove particles 
down to 0.5 pm. Filters should be sequenced from the largest to the 
smallest pore opening. Sediment removal efficiency will be related to 
particle size distribution in the stormwater. 

Treatment Process Description. Stormwater is collected at interception 
point(s) on the site and is diverted to a sediment pond or tank for removal 
of large sediment and storage of the stormwater before it is treated by the 
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Maintenance 
Standards 

filtration system. The stormwater is pumped from the trap, pond, or tank 
through the filtration system in a rapid sand filtration system. Slow sand 
filtration systems are designed as flow through systems using gravity. 

If large volumes of concrete are being poured, pH adjustment may be 
necessary. 

Rapid sand filters typically have automatic backwash systems that are 
triggered by a pre-set pressure drop across the filter. If the backwash 
water volume is not large or substantially more turbid than the 
stormwater stored in the holding pond or tank, backwash return to the 
pond or tank may be appropriate. However, land application or 
another means of treatment and disposal may be necessary. 

Screen, bag, and fiber filters must be cleaned andlor replaced when 
they become clogged. 

Sediment shall be removed from the storage andlor treatment ponds as 
necessary. Typically, sediment removal is required once or twice 
during a wet season and at the decommissioning of the ponds. 
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4.1 Source Control BMPs 
BMP C101: Preserving Natural Vegetation 

Purpose The purpose of preserving natural vegetation is to reduce erosion wherever 
practicable. Limiting site disturbance is the single most effective method 
for reducing erosion. For example, conifers can hold up to about 50 
percent of all rain that falls during a storm. Up to 20-30 percent of this rain 
may never reach the ground but is taken up by the tree or evaporates. 
Another benefit is that the rain held in the tree can be released slowly to the 
ground after the storm. 

Conditions of Use Natural vegetation should be preserved on steep slopes, near 
perennial and intermittent watercourses or swales, and on building 
sites in wooded areas. 

As required by local governments. 

Design and Natural vegetation can be preserved in natural clumps or as individual 
Installation trees, shrubs and vines. 
Specifications 

The preservation of individual plants is more difficult because heavy 
equipment is generally used to remove unwanted vegetation. The points 
to remember when attempting to save individual plants are: 

Is the plant worth saving? Consider the location, species, size, age, 
vigor, and the work involved. Local governments may also have 
ordinances to save natural vegetation and trees. 

Fence or clearly mark areas around trees that are to be saved. It is 
preferable to keep ground disturbance away from the trees at least as 
far out as the dripline. 

Plants need protection from three kinds of injuries: 

Construction Equipment - This injury can be above or below the 
ground level. Damage results from scarring, cutting of roots, and 
compaction of the soil. Placing a fenced buffer zone around plants to 
be saved prior to construction can prevent construction equipment 
injuries. 

Grade Changes - Changing the natural ground level will alter grades, 
which affects the plant's ability to obtain the necessary air, water, and 
minerals. Minor fills usually do not cause problems although 
sensitivity between species does vary and should be checked. Trees 
can tolerate fil l  of 6 inches or less. For shrubs and other plants, the fill 
should be less. 

When there are major changes in grade, it may become necessary to 
supply air to the roots of plants. This can be done by placing a layer of 
gravel and a tile system over the roots before the fill is made. A tile 
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system protects a tree from a raised grade. The tile system should be 
laid out on the original g a d e  leading from a dry well around the tree 
trunk. The system should then be covered with small stones to allow 
air to circulate over the root area. 

Lowering the natural ground level can seriously damage trees and 
shrubs. The highest percentage of the plant roots are in the upper 12 
inches of the soil and cuts of only 2-3 inches can cause serious injury. 
To protect the roots it may be necessary to terrace the immediate area 
around the plants to be saved. If roots are exposed, construction of 
retaining walls may be needed to keep the soil in place. Plants can 
also be preserved by leaving them on an undisturbed, gently sloping 
mound. To increase the chances for survival, it is best to limit grade 
changes and other soil disturbances to areas outside the dripline of the 
plant. 

Excavations - Protect trees and other plants when excavating for 
drainfields, power, water, and sewer lines. Where possible, the 
trenches should be routed around trees and large shrubs. When this is 
not possible, it is best to tunnel under them. This can be done with 
hand tools or with power augers. If it is not possible to route the 
trench around plants to be saved, then the following should be 
observed: 

Cut as few roots as possible. When you have to cut, cut clean. Paint 
cut root ends with a wood dressing like asphalt base paint. 

Backfill the trench as soon as possible. 

Tunnel beneath root systems as close to the center of the main trunk to 
preserve most of the important feeder roots. 

Some problems that can be encountered with a few specific trees are: 

Maple, Dogwood, Red alder, Western hemlock, Western red cedar, 
and Douglas fir do not readily adjust to changes in environment and 
special care should be taken to protect these trees. 

The windthrow hazard of Pacific silver fir and madronna is high, while 
that of Western hemlock is moderate. The danger of windthrow 
increases where dense stands have been thinned. Other species (unless 
they are on shallow, wet soils less than 20 inches deep) have a low 
windthrow hazard. 

Cottonwoods, maples, and willows have water-seeking roots. These 
can cause trouble in sewer lines and infiltration fields. On the other 
hand, they thrive in high moisture conditions that other trees would 
not. 

Thinning operations in pure or mixed stands of Grand fir, Pacific silver 
fir, Noble fir, Sitka spruce, Western red cedar, Western hemlock, 
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Pacific dogwood, and Red alder can cause serious disease problems. 
Disease can become established through damaged limbs, trunks, roots, 
and freshly cut stumps. Diseased and weakened trees are also 
susceptible to insect attack. 

Maintenance Inspect flagged andlor fenced areas regularly to make sure flagging or 
Standards fencing has not been removed or damaged. If the flagging or fencing 

has been damaged or visibility reduced, it shall be repaired or 
replaced immediately and visibility restored. 

If tree roots have been exposed or injured, "prune" cleanly with an 
appropriate pruning saw or lopers directly above the damaged roots 
and recover with native soils. Treatment of sap flowing trees (fir, 
hemlock, pine, soft maples) is not advised as sap forms a natural 
healing barrier. 
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BMP C102: Buffer Zones 

Purpose An undisturbed area or strip of natural vegetation or an established 
suitable planting that will provide a living filter to reduce soil erosion and 
runoff velocities. 

Conditions of Use Natural buffer zones are used along streams, wetlands and other bodies of 
water that need protection from erosion and sedimentation. Vegetative 
buffer zones can be used to protect natural swales and can be incorporated 
into the natural landscaping of an area. 

Design and 
Installation 
Specifications 

Maintenance 
Standards 

Critical-areas buffer zones should not be used as sediment treatment areas. 
These areas shall remain completely undisturbed. The local permitting 
authority may expand the buffer widths temporarily to allow the use of the 
expanded area for removal of sediment. 

Preserving natural vegetation or plantings in clumps, blocks, or strips 
is generally the easiest and most successful method. 

Leave all unstable steep slopes in natural vegetation. 

Mark clearing limits and keep all equipment and construction debris 
out of the natural areas. Steel construction fencing is the most 
effective method in protecting sensitive areas and buffers. 
Alternatively, wire-backed silt fence on steel posts is marginally 
effective. Flagging alone is typically not effective. 

Keep all excavations outside the dripline of trees and shrubs. 

Do not push debris or extra soil into the buffer zone area because it 
will cause damage from burying and smothering. 

Vegetative buffer zones for streams, lakes or other waterways shall be 
established by the local permitting authority or other state or federal 
permits or approvals. 

Lnspect the area frequently to make sure flagging remains in place 
. and the area remains undisturbed. 
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BMP C103: High Visibility Plastic or Metal Fence 

Purpose Fencing is intended to: (1) restrict clearing to approved limits; (2) prevent 
disturbance of sensitive areas, their buffers, and other areas required to be 
left undisturbed; (3) limit construction traffic to designated construction 
entrances or roads; and, (4) protect areas where marking with survey tape 
may not provide adequate protection. 

Conditions of Use To establish clearing limits, plastic or metal fence may be used: 

At the boundary of sensitive areas, their buffers, and other areas 
required to be left uncleared. 

As necessary to control vehicle access to and on the site. 

Design and 
Installation 
Specifications 

Maintenance 
Standards 

High visibility plastic fence shall be composed of a high-density 
polyethylene material and shall be at least four feet in height. Posts 
for the fencing shall be steel or wood and placed every 6 feet on 
center (maximum) or as needed to ensure rigidity. The fencing shall 
be fastened to the post every six inches with a polyethylene tie. On 
long continuous lengths of fencing, a tension wire or rope shall be 
used as a top stringer to prevent sagging between posts. The fence 
color shall be high visibility orange. The fence tensile strength shall 
be 360 Ibs./ft. using the ASTM D4595 testing method. 

Metal fences shall be designed and installed according to the 
manufacturer's specifications. 

Metal fences shall be at least 3 feet high and must be highly visible. 

Fences shall not be wired or stapled to trees. 

If the fence has been damaged or visibility reduced, it shall be 
repaired or replaced immediately and visibility restored. 
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BMP C104: Stake and Wire Fence 

Purpose Fencing is intended to: (1)  restrict clearing to approved limits; (2) prevent 
disturbance of sensitive areas, their buffers, and other areas required to be 
left undisturbed; (3) limit construction traffic to designated construction 
entrances or roads; and, (4) protect any areas where marking with survey 
tape may not provide adequate protection. 

Conditions of Use To establish clearing limits, stake or wire fence may be used: 

At the boundary of sensitive areas, their buffers, and other areas 
required to be left uncleared. 

As necessary, to control vehicle access to and on the site. 

Design and See Figure 4.1 for details. 
Installation More substantial fencing shall be used if the fence does not prevent 
Specifications encroachment into those areas that are not to be disturbed. 

Maintenance If the fence has been damaged or visibility reduced, it shall be 
Standards repaired or replaced immediately and visibility restored. 

Survey Flagging Baling Wire Do Not Nail or Staple 
Wire to Trees 

Metal 
Fence Post 

Figsure 4.1 - Stake and Wire Fence 
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BMP C105: Stabilized Construction Entrance 

Purpose Construction entrances are stabilized to reduce the amount of sediment 
transported onto paved roads by vehicles or equipment by constructing a 
stabilized pad of quarry spalls at entrances to construction sites. 

Conditions of Use Construction entrances shall be stabilized wherever traffic will be leaving 
a construction site and traveling on paved roads or other paved areas 
within 1,000 feet of the site. 

On large commercial, highway, and road projects, the designer should 
include enough extra materials in the contract to allow for additional 
stabilized entrances not shown in the initial Construction SWPPP. It is 
difficult to determine exactly where access to these projects will take 
place; additional materials will enable the contractor to install them where 
needed. 

Design and See Figure 4.2 for details. 
Installation A separation geotextile shall be placed under the spalls to prevent 
Specifications fine sediment from pumping up into the rock pad. The geotextile 

shall meet the following standards: 

Consider early installation of the first lift of asphalt in areas that will 
paved; this can be used as a stabilized entrance. Also consider the 
installation of excess concrete as a stabilized entrance. During large 
concrete pours, excess concrete is often available for this purpose. 

Grab Tensile Strength (ASTM D4751) 

Grab Tensile Elongation (ASTM D4632) 

Mullen Burst Strength (ASTM D3786-80a) 

AOS (ASTM D4751) 

Hog fuel (wood-based mulch) may be substituted for or combined with 
quarry spalls in areas that will not be used for permanent roads. Hog 
fuel is generally less effective at stabilizing construction entrances and 
should be used only at sites where the amount of traffic is very limited. 
Hog fuel is not recommended for entrance stabilization in urban areas. 
The effectiveness of hog fuel is highly variable and it generally 
requires more maintenance than quarry spalls. The inspector may at 
any time require the use of quarry spalls if the hog fuel is not 
preventing sediment from being tracked onto pavement or if the hog 
fuel is being canied onto pavement. Hog fuel is prohibited in 
permanent roadbeds because organics in the subgrade soils cause 
degradation of the subgrade support over time. 

Fencing (see BMPs C103 and C104) shall be installed as necessary to 
restrict traffic to the construction entrance. 

200 psi min. 

30% max. 

400 psi rnin. 

20-45 (U.S. standard sieve size) 
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Maintenance 
Standards 

Whenever possible, the entrance shall be constructed on a firm, 
compacted subgrade. This can substantially increase the effectiveness 
of the pad and reduce the need for maintenance. 

Quarry spalls (or hog hel) shall be added if the pad is no longer in 
accordance with the specifications. 

If the entrance is not preventing sediment fiom being tracked onto 
pavement, then alternative measures to keep the streets fiee of 
sediment shall be used. This may include street sweeping, an increase 
in the dimensions of the entrance, or the installation of a wheel wash. 

Any sediment that is tracked onto pavement shall be removed by 
shoveling or street sweeping. The sediment collected by sweeping 
shall be removed or stabilized on site. The pavement shall not be 
cleaned by washing down the street, except when sweeping is 
ineffective and there is a threat to public safety. If it is necessary to 
wash the streets, the construction of a small sump shall be considered. 
The sediment would then be washed into the sump where it can be 
controlled. 

Any quarry spalls that are loosened from the pad, which end up on the 
roadway shall be removed immediately. 

If vehicles are entering or exiting the site at points other than the 
construction entrance(s), fencing (see BMPs C 103 and C 104) shall be 
installed to control traffic. 

Upon project completion and site stabilization, all construction 
accesses intended as permanent access for maintenance shall be 
permanently stabilized. 

Driveway shall meet the 
requirements of Ihe 
permitting agency 

It is recommended that 
the entrance be 

crowned so that runoff 

12" min. thickness 

Provide full width of 
ingresslegress area 

Figure 4.2 - Stabilized Construction Entrance I 
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BMP C106: Wheel Wash 

Purpose Wheel washes reduce the amount of sediment transported onto paved 
roads by motor vehicles. 

Conditions of Use When a stabilized construction entrance (see BMP C105) is not preventing 
sediment from being tracked onto pavement. 

Wheel washing is generally an effective BMP when installed with 
carehl attention to topography. For example, a wheel wash can be 
detrimental if installed at the top of a slope abutting a right-of-way 
where the water from the dripping truck can run unimpeded into the 
street. 

Pressure washing combined with an adequately sized and surfaced pad 
with direct drainage to a large 10-foot x 10-foot sump can be very 
effective. 

Design and Suggested details are shown in Figure 4.3. The Local Permitting 
Installation Authority may allow other designs. A minimum of 6 inches of asphalt 
Specifications treated base (ATB) over crushed base material or 8 inches over a good 

subgrade is recommended to pave the wheel wash. 

Use a low clearance truck to test the wheel wash before paving. Either a 
belly dump or lowboy will work well to test clearance. 

Keep the water level from 12 to 14 inches deep to avoid damage to truck 
hubs and filling the truck tongues with water. 

Midpoint spray nozzles are only needed in extremely muddy conditions. 

Wheel wash systems should be designed with a small grade change. 6 to 
12 inches for a 10-foot-wide pond, to allow sediment to flow to the low 
side of pond to help prevent re-suspension of sediment. A drainpipe with 
a 2- to 3-foot riser should be installed on the low side of the pond to allow 
for easy cleaning and refilling. Polymers may be used to promote 
coagulation and flocculation in a closed-loop system. Polyacrylamide 
(PAM) added to the wheel wash water at a rate of 0.25 - 0.5 pounds per 
1,000 gallons of water increases effectiveness and reduces cleanup time. 
If PAM is already being used for dust or erosion control and is being 
applied by a water truck, the same truck can be used to change the wash 
water. 

Maintenance The wheel wash should start out the day with fresh water. 
Standards The wash water should be changed a minimum of once per day. On 

large earthwork jobs where more than 10-20 trucks per hour are 
expected, the wash water will need to be changed more often. 

Wheel wash or tire bath wastewater shall be discharged to a separate 
on-site treatment system, such as closed-loop recirculation or land 
application, or to the sanitary sewer with proper local sewer district 
approval. 
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2" Schedule 40 
1 %" schedule 40 for sprayerj 

Wheel Wash Plan 

Elevation View 

Section A-A 
N.T.S. 

. - 

Figure 4.3 - Wheel Wash 

Notes: 
1. Asphalt construction entrance 6 in. asphalt treated base (ATB). 
2. 3-inch trash pump with floats on the suction hose. 
3. Midpoint spray nozzles, if needed. 
4. 6-inch sewer pipe with butterfly valves. Bottom one is a drain. Locate top pipe's invert 1 foot 

above bottom of wheel wash. 
5. 8 foot x 8 foot sump with 5 feet of catch. Build so can be cleaned with trackhoe. 
6. Asphalt curb on the low road side to direct water back to pond. 
7. 6-inch sleeve under road. 
8. Ball valves. 
9. 15 foot. ATB apron to protect ground from splashing water. 

- p~ - 
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BMP C107: Construction RoadlParking Area Stabilization 

Purpose Stabilizing subdivision roads, parking areas, and other onsite vehicle 
transportation routes immediately after grading reduces erosion caused by 
construction traffic or runoff. 

Roads or parking areas shall be stabilized wherever they are constructed, 
Conditions uf Use whether permanent or temporary, for use by construction traffic. 

Fencing (see BMPs C 103 and C 104) shall be installed, if necessary, to 
limit the access of vehicles to only those roads and parking areas that 
are stabilized. 

Design and 
Installation 
Specifications 

On areas that will receive asphalt as part of the project, install the first 
lift as soon as possible. 

A 6-inch depth of 2- to 4-inch crushed rock, gravel base, or crushed 
surfacing base course shall be applied immediately after grading or 
utility installation. A 4-inch course of asphalt treated base (ATB) may 
also be used, or the roadlparking area may be paved. It may also be 
possible to use cement or calcium chloride for soil stabilization. If 
cement or cement kiln dust is used for roadbase stabilization, pH 
monitoring and BMPs are necessary to evaluate and minimize the 
effects on stormwater. If the area will not be used for permanent roads, 
parking areas, or structures, a 6-inch depth of hog fuel may also be 
used, but this is likely to require more maintenance. Whenever 
possible, construction roads and parking areas shall be placed on a firm, 
compacted subgrade. 

Temporary road gradients shall not exceed 15 percent. Roadways shall 
be carehlly graded to drain. Drainage ditches shall be provided on each 
side of the roadway in the case of a crowned section, or on one side in the 
case of a super-elevated section. Drainage ditches shall be directed to a 
sediment control BMP. 

Rather than relying on ditches, it may also be possible to grade the road 
so that runoff sheet-flows into a heavily vegetated area with a well- 
developed topsoil. Landscaped areas are not adequate. If this area has at 
least 50 feet of vegetation, then it is generally preferable to use the 
vegetation to treat runoff, rather than a sediment pond or trap. The 50 
feet shall not include wetlands. If runoff is allowed to sheetflow through 
adjacent vegetated areas, it is vital to design the roadways and parking 
areas so that no concentrated runoff is created. 

Storm drain inlets shall be protected to prevent sediment-laden water 
entering the storm drain system (see BMP C220). 

Maintenance Inspect stabilized areas regularly, especially after large storm events. 
Standards Crushed rock, gravel base, hog hel ,  etc. shall be added as required to 

maintain a stable driving surface and to stabilize any areas that have 
eroded. 
Following construction, these areas shall be restored to pre-construction 
condition or better to prevent hture erosion. 
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BMP C120: Temporary and Permanent Seeding 

Purpose Seeding is intended to reduce erosion by stabilizing exposed soils. A 
well-established vegetative cover is one of the most effective methods of 
reducing erosion. 

Conditions of Use Seeding may be used throughout the project on disturbed areas that 
have reached final s a d e  or that will remain unworked for more than 
30 days. 

Channels that will be vegetated should be installed before major 
earthwork and hydroseeded with a Bonded Fiber Matrix. The 
vegetation should be well established (i.e., 75 percent cover) before 
water is allowed to flow in the ditch. With channels that will have 
high flows, erosion control blankets should be installed over the 
hydroseed. If vegetation cannot be established from seed before water 
is allowed in the ditch, sod should be installed in the bottom of the 
ditch over hydromulch and blankets. 

Design and 
Installation 
Specifications 

Retentionldetention ponds should be seeded as required. 

Mulch is required at all times because it protects seeds from heat, 
moisture loss, and transport due to runoff. 

All disturbed areas shall be reviewed in late August to early September 
and all seeding should be completed by the end of September. 
Otherwise, vegetation will not establish itself enough to provide more 
than average protection. 

At final site stabilization, all disturbed areas not otherwise vegetated or 
stabilized shall be seeded and mulched. Final stabilization means the 
completion of all soil disturbing activities at the site and the 
establishment of a permanent vegetative cover, or equivalent 
permanent stabilization measures (such as pavement, riprap, gabions 
or geotextiles) which will prevent erosion. 

Seeding should be done during those seasons most conducive to 
growth and will vary with the climate conditions of the region. 
Local experience should be used to determine the appropriate 
seeding periods. 

The optimum seeding windows for western Washington are April 1 
through June 30 and September 1 through October 1. Seeding that 
occurs between July 1 and August 30 will require imgation until 75 
percent grass cover is established. Seeding that occurs between 
October 1 and March 30 will require a mulch or plastic cover until 
75 percent grass cover is established. 

To prevent seed from being washed away, confirm that all required 
surface water control measures have been installed. 
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The seedbed should be firm and rough. All soil should be roughened 
no matter what the slope. If compaction is required for engineering 
purposes, slopes must be track walked before seeding. Backblading or 
smoothing of slopes greater than 4: 1 is not allowed if they are to be 
seeded. 

New and more effective restoration-based landscape practices rely on 
deeper incorporation than that provided by a simple single-pass 
rototilling treatment. Wherever practical the subgrade should be 
initially ripped to improve long-term permeability, infiltration, and 
water inflow qualities. At a minimum, permanent areas shall use soil 
amendments to achieve organic matter and permeability performance 
defined in engineered soil/landscape systems. For systems that are 
deeper than 8 inches the rototilling process should be done in multiple 
lifts, or the prepared soil system shall be prepared properly and then 
placed to achieve the specified depth. 

Organic matter is the most appropriate form of "fertilizer" because it 
provides nutrients (including nitrogen, phosphorus, and potassium) in 
the least water-soluble form. A natural system typically releases 2-1 0 
percent of its nutrients annually. Chemical fertilizers have since been 
formulated to simulate what organic matter does naturally. 

In general, 10-4-6 N-P-K (nitrogen-phosphorus-potassium) fertilizer 
can be used at a rate of 90 pounds per acre. Slow-release fertilizers 
should always be used because they are more efficient and have fewer 
environmental impacts. It is recommended that areas being seeded for 
final landscaping conduct soil tests to determine the exact type and 
quantity of fertilizer needed. This will prevent the over-application of 
fertilizer. Fertilizer should not be added to the hydromulch machine 
and agitated more than 20 minutes before it is to be used. If agitated 
too much, the slow-release coating is destroyed. 

8 There are numerous products available on the market that take the 
place of chemical fertilizers. These include several with seaweed 
extracts that are beneficial to soil microbes and organisms. If 100 
percent cottonseed meal is used as the mulch in hydroseed, chemical 
fertilizer may not be necessary. Cottonseed meal is a good source of 
long-term, slow-release, available nitrogen. 

Hydroseed applications shall include a minimum of 1,500 pounds per 
acre of mulch with 3 percent tackifier. Mulch may be made up of 100 
percent: cottonseed meal; fibers made of wood, recycled cellulose, 
hemp, and kenaf; compost; or blends of these. Tackifier shall be plant- 
based, such as guar or alpha plantago, or chemical-based such as 
polyacrylamide or polymers. Any mulch or tackifier product used 
shall be installed per manufacturer's instructions. Generally, mulches 
come in 40-50 pound bags. Seed and fertilizer are added at time of 
application. 
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Mulch is always required for seeding. Mulch can be applied on top of 
the seed or simultaneously by hydroseeding. 

On steep slopes, Bonded Fiber Matrix (BFM) or Mechanically Bonded 
Fiber Matrix (MBFM) products should be used. BFMIMBFM 
products are applied at a minimum rate of 3,000 pounds per acre of 
mulch with approximately 10 percent tackifier. Application is made 
so that a minimum of 95 percent soil coverage is achieved. Numerous 
products are available commercially and should be installed per 
manufacturer's instructions. Most products require 24-36 hours to 
cure before a rainfall and cannot be installed on wet or saturated soils. 
Generally, these products come in 40-50 pound bags and include all 
necessary ingredients except for seed and fertilizer. 

BFMs and MBFMs have some advantages over blankets: 

No surface preparation required; 

Can be installed via helicopter in remote areas; 

On slopes steeper than 2.5:1, blanket installers may need to be roped 
and harnessed for safety; 

They are at least $1,000 per acre cheaper installed. 

In most cases, the shear strength of blankets is not a factor when used on 
slopes, only when used in channels. BFMs and MBFMs are good 
alternatives to blankets in most situations where vegetation establishment 
is the goal. 

When installing seed via hydroseeding operations, only about 113 of 
the seed actually ends up in contact with the soil surface. This reduces 
the ability to establish a good stand of grass quickly. One way to 
overcome this is to increase seed quantities by up to 50 percent. 

Vegetation establishment can also be enhanced by dividing the 
hydromulch operation into two phases: 

1. Phase 1- Install all seed and fertilizer with 25-30 percent mulch 
and tackifier onto soil in the first lift; 

2. Phase 2- Install the rest of the mulch and tackifier over the first lift. 

An alternative is to install the mulch, seed, fertilizer, and tackifier in one 
lift. Then, spread or blow straw over the top of the hydromulch at a rate of 
about 800-1000 pounds per acre. Hold straw in place with a standard 
taclufier. Both of these approaches will increase cost moderately but will 
greatly improve and enhance vegetative establishment. The increased cost 
may be offset by the reduced need for: 

1. Irrigation 
2. Reapplication of mulch 
3. Repair of failed slope surfaces 
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This technique works with standard hydromulch (1,500 pounds per acre 
minimum) and BFMhlBFMs (3,000 pounds per acre minimum). 

Areas to be permanently landscaped shall provide a healthy topsoil 
that reduces the need for fertilizers, improves overall topsoil quality, 
provides for better vegetal health and vitality, improves hydrologic 
characteristics, and reduces the need for irrigation. This can be 
accomplished in a number of ways: 

Recent research has shown that the best method to improve till soils is 
to amend these soils with compost. The optimum mixture is 
approximately two parts soil to one part compost. This equates to 4 
inches of compost mixed to a depth of 12 inches in till soils. Increasing 
the concentration of compost beyond this level can have negative 
effects on vegetal health, while decreasing the concentrations can 
reduce the benefits of amended soils. Please note: The compost should 
meet specifications for Grade A quality compost in Ecology 
Publication 94-038. 

Other soils, such as gravel or cobble outwash soils, may require 
different approaches. Organics and fines easily migrate through the 
loose structure of these soils. Therefore, t l ~e  importation of at least 6 
inches of quality topsoil, underlain by some type of filter fabric to 
prevent the migration of fines, may be more appropriate for these soils. 

Areas that already have good topsoil, such as undisturbed areas, do not 
require soil amendments. 

Areas that will be seeded only and not landscaped may need compost 
or meal-based mulch included in the hydroseed in order to establish 
vegetation. Native topsoil should be re-installed on the disturbed soil 
surface before application. 

Seed that is installed as a temporary measure may be installed by hand 
if it will be covered by straw, mulch, or topsoil. Seed that is installed 
as a permanent measure may be installed by hand on small areas 
(usually less than 1 acre) that will be covered with mulch, topsoil, or 
erosion blankets. The seed mixes listed below include recommended 
mixes for both temporary and permanent seeding. These mixes, with 
the exception of the wetland mix, shall be applied at a rate of 120 
pounds per acre. This rate can be reduced if soil amendments or slow- 
release fertilizers are used. Local suppliers or the local conservation 
district should be consulted for their recommendations because the 
appropriate mix depends on a variety of factors, including location, 
exposure, soil type, slope, and expected foot traffic. Alternative seed 
mixes approved by the local authority may be used. 
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Table 4.1 represents the standard mix for those areas where just a 
temporary vegetative cover is required. 

ufufa or Poa anna 
. . - . . - - 

50 98 90 

Table 4.2 provides just one recommended possibility for landscaping seed. 

Table 4.2 
Landscaping Seed Mix 

% Weight % Purity % Germination 
Perennial rye blend 70 98 90 

Lolium perenne - .- 

Chewing~ and red fescue blend 30 98 90 
Festuca rubra vur. corntnutata 

or Festtrca nrbru 

This turf seed mix in Table 4.3 is for dry situations where there is no need 
for much water. The advantage is that this mix requires very little 
maintenance. 

Table 4.3 
Low-Growing Turf S e e d  Mix 

% Weight % Puritv % Germination 
Dwarf tall fescue (several varieties) 45 98 90 

Festuca urundinacea var. -- 
Dwarf perennial rye (Barclay) 30 98 90 

Loliutn p~renne-var. burcla,~ 
Red fescue 2 0 98 90 

Festuca rubra 
Colonial bentgrass 5 98 - -  90 

Agrostis tettuis 

Table 4.4 presents a mix recommended for bioswales and other 
intermittently wet areas. 

Table 4.4 
Bioswale S e e d  Mix* 

% Weight % Purity % Germination 
Tall or meadow fescue 75-80 98 90 

Y Festuca arundinacea or Festuca elatior .- 
SeasidelCreeping bentgrass 10-15 92 8 5 

Agrostis palusrris 
Redtop bentgrass 5-10 90 80 

Agrostis alba or Agrostis gigantea 
* ModiJied Br iarpen,  Inc. Hydroseeding Guide Wetlands Seed Mix 
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Maintenance 
Standards 

The seed mix shown in Table 4.5 is a recommended low-growing, 
relatively non-invasive seed mix appropriate for very wet areas that are 
not regulated wetlands. Other mixes may be appropriate, depending on 
the soil type and hydrology of the area. Recent research suggests that 
bentgrass (agrostis sp.) should be emphasized in wet-area seed mixes. 
Apply this mixture at a rate of 60 pounds per acre. 

Table 4.5 
Wet Area Seed Mix* 11 

% Weight % Purity % Germination 
Tall or mcadow fescue 60-70 98 90 

Festuca arundinacea or 11 
Festuca elatior 

SeasidelCreeping bentgrass 10-15 98 8 5 I 
Agosti .~ palustris 

Meadow foxtail 10-15 90 8 0 I 
Alepocurus pratensis 

Alsike clover 1-6 98 90 

  pro st is-alba 
* h4od!fied Briargreen, Inc. Hydroseeding Guide Wetlands Seed A4ix 

II 

I 
Trifoliutt~ hyhridzrtn - 

Redtop bentgrass 1-6 92 8 5 

The meadow seed mix in Table 4.6 is recommended for areas that will be 
maintained infrequently or not at all and where colonization by native 
plants is desirable. Likely applications include rural road and utility right- 
of-way. Seeding should take place in September or very early October in 
order to obtain adequate establishment prior to the winter months. The 
appropriateness of clover in the mix may need to be considered, as this can 
be a fairly invasive species. If the soil is amended, the addition of clover 
may not be necessary. 

I 

Table 4.6 
Meadow Seed Mix 

% Weight % Purity % Germination 
Redtop or Oregon bcntgrass 20 92 8 5 

Agrostis alba or Agrostis oregonensis 
Rcd fcscuc 70 98 90 

Festuca rubra 
White dutch clover 10 98 90 

Trifoliurn repens 

Any seeded areas that fail to establish at least 80 percent cover (100 
percent cover for areas that receive sheet or concentrated flows) shall 
be reseeded. If reseeding is ineffective, an alternate method, such as 
sodding, mulching, or netshlankets, shall be used. If winter weather 
prevents adequate grass growth, this time limit may be relaxed at the 
discretion of the local authority when sensitive areas would otherwise 
be protected. 
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After adequate cover is achieved, any areas that experience erosion 
shall be reseeded and protected by mulch. If the erosion problem is 
drainage related, the problem shall be fixed and the eroded area 
reseeded and protected by mulch. 

Seeded areas shall be supplied with adequate moisture, but not watered 
to the extent that it causes runoff. 
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BMP C121: Mulching 

Purpose The purpose of mulching soils is to provide immediate temporary 
protection from erosion. Mulch also enhances plant establishment by 
conserving moisture, holding fertilizer, seed, and topsoil in place, and 
moderating soil temperatures. There is an enormous variety of mulches 
that can be used. Only the most common types are discussed in this 
section. 

Conditions of Use As a temporary cover measure, mulch should be used: 

On disturbed areas that require cover measures for less than 30 days. 

As a cover for seed during the wet season and during the hot summer 
months. 

During the wet season on slopes steeper than 3H:lV with more than 10 
feet of vertical relief. 

Mulch may be applied at any time of the year and must be refreshed 
periodically. 

Design and 
Installation 
Specifications 

For mulch materials, application rates, and specifications, see Table 4.7. 
Note: Thicknesses may be increased for disturbed areas in or near 
sensitive areas or other areas highly susceptible to erosion. 

Mulch used within the ordinary high-water mark of surface waters should 
be selected to minimize potential flotation of organic matter. Composted 
organic materials have higher specific gravities (densities) than straw, 
wood, or chipped material. 

Maintenance The thickness of the cover must be maintained. 
Standards Any areas that experience erosion shall be remulched andlor protected 

with a net or blanket. If the erosion problem is drainage related, then 
the problem shall be fixed and the eroded area remulched. 
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to be held in place with a tackifier as even light winds will 
blow it away. Straw, however, has several dcficiencies that 
should be considered whcn selecting mulch rnatcrials. It 

Mulch and dust during approx. 100 tons thickness to 3". Excellent mulch for protecting final grades 

800 Ibs per yard) into soil as an amendmcnt. Cornposted mulch has a coarser 
size gradation than compost. It is more stable and practical 
to use in wet arcas and during rainy wcather conditions. 

supplicr with a Solid 
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BMP C122: Nets and Blankets 

Purpose Erosion control nets and blankets are intended to prevent erosion and hold 
seed and mulch in place on steep slopes and in channels so that vegetation 
can become well established. In addition, some nets and blankets can be 
used to permanently reinforce turf to protect drainage ways during high 
flows. Nets (commonly called matting) are strands of material woven into 
an open, but high-tensile strength net (for example, coconut fiber matting). 
Blankets are strands of material that are not tightly woven, but instead 
form a layer of interlocking fibers, typically held together by a 
biodegradable or photodegradable netting (for example, excelsior or straw 
blankets). They generally have lower tensile strength than nets, but cover 
the ground more completely. Coir (coconut fiber) fabric comes as both 
nets and blankets. 

Conditions of Use Erosion control nets and blankets should be used: 

To aid permanent vegetated stabilization of slopes 2H: 1V or greater 
and with more than 10 feet of vertical relief. 

For drainage ditches and swales (highly recommended). The 
application of appropriate netting or blanket to drainage ditches and 
swales can protect bare soil from channelized runoff while vegetation 
is established. Nets and blankets also can capture a great deal of 
sediment due to their open, porous structure. Synthetic nets and 
blankets can be used to permanently stabilize channels and may 
provide a cost-effective, environmentally preferable alternative to 
riprap. 100 percent synthetic blankets manufactured for use in ditches 
may be easily reused as temporary ditch liners. 

Disadvantages of blankets include: 

Surface preparation required; 

On slopes steeper than 2.5: 1, blanket installers may need to be roped 
and harnessed for safety; 

They cost at least $4,000-6,000 per acre installed. 

Advantages of blankets include: 

Can be installed without mobilizing special equipment; 

Can be installed by anyone with minimal training; 

Can be installed in stages or phases as the project progresses; 

Seed and fertilizer can be hand-placed by the installers as they 
progress down the slope; 

Can be installed in any weather; 

There are numerous types of blankets that can be designed with 
various parameters in mind. Those parameters include: fiber blend, 
mesh strength, longevity, biodegradability, cost, and availability. 
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Design and 
Installation 
Specifications 

See Figure 4.4 and Figure 4.5 for typical orientation and installation of 
blankets used in channels and as slope protection. Note: these are 
typical only; all blankets must be installed per manufacturer's 
installation instructions. 

Installation is critical to the effectiveness of these products. If good 
ground contact is not achieved, runoff can concentrate under the 
product, resulting in significant erosion. 

Installation of Blankets on Slopes: 

1. Complete final grade and track walk up and down the slope. 

2. Install hydromulch with seed and fertilizer. 

3. Dig a small trench, approximately 12 inches wide by 6 inches deep 
along the top of the slope. 

4. Install the leading edge of the blanket into the small trench and 
staple approximately every 18 inches. NOTE: Staples are metal, 
"UW-shaped, and a minimum of 6 inches long. Longer staples are 
used in sandy soils. Biodegradable stakes are also available. 

5. Roll the blanket slowly down the slope as installer walks 
backwards. NOTE: The blanket rests against the installer's legs. 
Staples are installed as the blanket is unrolled. It is critical that the 
proper staple pattern is used for the blanket being installed. The 
blanket is not to be allowed to roll down the slope on its own as 
this stretches the blanket making it impossible to maintain soil 
contact. In addition, no one is allowed to walk on the blanket after 
it is in place. 

6. If the blanket is not long enough to cover the entire slope length, 
the trailing edge of the upper blanket should overlap the leading 
edge of the lower blanket and be stapled. On steeper slopes, this 
overlap should be installed in a small trench, stapled, and covered 
with soil. 

With the variety of products available, it is impossible to cover all the 
details of appropriate use and installation. Therefore, it is critical that 
the design engineer consults the manufacturer's information and that a 
site visit takes place in order to insure that the product specified is 
appropriate. Information is also available at the following web sites: 

1. WSDOT: htt~:~/www.wsdot.wa.~ov/eesc/environmental~ 

2. Texas Transportation Institute: 
ht~://~~~.dot.state.tx.us/insdtdot~orcrchart/cmd/erosion~contents. 
jltIJ 

Jute matting must be used in conjunction with mulch (BMP C 12 1). 
Excelsior, woven straw blankets and coir (coconut fiber) blankets may 
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Maintenance 
Standards 

be installed without mulch. There are many other types of erosion 
control nets and blankets on the market that may be appropriate in 
certain circumstances. 

In general, most nets (e.g., jute matting) require mulch in order to 
prevent erosion because they have a fairly open structure. Blankets 
typically do not require mulch because they usually provide complete 
protection of the surface. 

Extremely steep, unstable, wet, or rocky slopes are often appropriate 
candidates for use of synthetic blankets, as are riverbanks, beaches and 
other high-energy environments. If synthetic blankets are used, the 
soil should be hydromulched first. 

100 percent biodegradable blankets are available for use in sensitive 
areas. These organic blankets are usually held together with a paper or 
fiber mesh and stitching which may last up to a year. 

Most netting used with blankets is photodegradable, meaning they 
break down under sunlight (not UV stabilized). However, this process 
can take months or years even under bright sun. Once vegetation is 
established, sunlight does not reach the mesh. It is not uncommon to 
find non-degraded netting still in place several years after installation. 
This can be a problem if maintenance requires the use of mowers or 
ditch cleaning equipment. In addition, birds and small animals can 
become trapped in the netting. 

Good contact with the ground must be maintained, and erosion must 
not occur beneath the net or blanket. 

Any areas of the net or blanket that are damaged or not in close contact 
with the ground shall be repaired and stapled. 

If erosion occurs due to poorly controlled drainage, the problem shall 
be fixed and the eroded area protected. 
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Isometric View 

NOTES: 
I .  Chcck slots to bc c o n s l ~ c t c d  pcr rnnnufacturcrs spccificarions. 
2. Staking or stapling layout pcr rnanufacturcrs spcc~fical~ons. 

Figure 4.4 - Channel Installation 

Slope surface shall be smooth before 
placement for proper soil contact. If there is a berm at the 

Stapling pattern as per 
top of slope, anchor 

manufacturer's recommendations. upslope of the berm. 

Anchor in 6.~6" min. Trench 
and staple at 12" intervals. 

Min. 6' overlap. 

Do not stretch blanketslmattings tight - the end under 4" and staple at 12" intervals. 
allow the rolls to mold to any irregularities. 

For slopes less than 3H:lV, rolls Lime, fertilize, and seed before installation. 
may be placed in horiiontal strips. Planting of shrubs, trees, etc. Should occur 

after installation. 

Figure 4.5 - Slope Installation 
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BMP C123: Plastic Covering 

Purpose Plastic covering provides immediate, short-term erosion protection to 
slopes and disturbed areas. 

Conditions of Plastic covering may be used on disturbed areas that require cover 
Use measures for less than 30 days, except as stated below. 

Plastic is particularly useful for protecting cut and fill slopes and 
stockpiles. Note: The relatively rapid breakdown of most polyethylene 
sheeting makes it unsuitable for long-term (greater than six months) 
applications. 

Clear plastic sheeting can be used over newly-seeded areas to create a 
greenhouse effect and encourage grass growth if the hydroseed was 
installed too late in the season to establish 75 percent grass cover, or if 
the wet season started earlier than normal. Clear plastic should not be 
used for this purpose during the summer months because the resulting 
high temperatures can kill the grass. 

Due to rapid runoff caused by plastic sheeting, this method shall not be 
used upslope of areas that might be adversely impacted by 
concentrated runoff. Such areas include steep and/or unstable slopes. 

While plastic is inexpensive to purchase, the added cost of installation, 
maintenance, removal, and disposal make this an expensive material, 
up to $1.50-2.00 per square yard. 

Whenever plastic is used to protect slopes, water collection measures 
must be installed at the base of the slope. These measures include 
plastic-covered berms, channels, and pipes used to covey clean 
rainwater away from bare soil and disturbed areas. At no time is clean 
runoff from a plastic covered slope to be mixed with dirty runoff from 
a project. 

Other uses for plastic include: 

1. Temporary ditch liner; 

2. Pond liner in temporary sediment pond; 

3. Liner for bermed temporary fuel storage area if plastic is not 
reactive to the type of fuel being stored; 

4. Emergency slope protection during heavy rains; and, 

5. Temporary drainpipe ("elephant trunk") used to direct water. 
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Design and 
Installation 
Specifications 

Maintenance 
Standards 

Plastic slope cover must be installed as follows: 

1. Run plastic up and down slope, not across slope; 

2. Plastic may be installed perpendicular to a slope if the slope length 
is less than 10 feet; 

3. Minimum of 8-inch overlap at seams; 

4. On long or wide slopes, or slopes subject to wind, all seams should 
be taped; 

5. Place plastic into a small (12-inch wide by 6-inch deep) slot trench 
at the top of the slope and backfill with soil to keep water from 
flowing underneath; 

6. Place sand filled burlap or geotextile bags every 3 to 6 feet along 
seams and pound a wooden stake through each to hold them in 
place; 

7. Inspect plastic for rips, tears, and open seams regularly and repair 
immediately. This prevents high velocity runoff from contacting 
bare soil which causes extreme erosion; 

8. Sandbags may be lowered into place tied to ropes. However, all 
sandbags must be staked in place. 

Plastic sheeting shall have a minimum thickness of 0.06 millimeters. 

If erosion at the toe of a slope is likely, a gravel berm, riprap, or other 
suitable protection shall be installed at the toe of the slope in order to 
reduce the velocity of runoff. 

Tom sheets must be replaced and open seams repaired. 

If the plastic begins to deteriorate due to ultraviolet radiation, it must 
be completely removed and replaced. 

When the plastic is no longer needed, it shall be completely removed. 

Dispose of old tires appropriately. 

August 2001 Volume I1 - Construction Stormwater Pollution Prevention 4-27 



BMP C124: Sodding 

Purpose The purpose of sodding is to establish permanent turf for immediate 
erosion protection and to stabilize drainage ways where concentrated 
overland flow will occur. 

Conditions of Use Sodding may be used in the following areas: 

Disturbed areas that require short-term or long-term cover 

Disturbed areas that require immediate vegetative cover. 

All waterways that require vegetative lining. Waterways may also be 
seeded rather than sodded, and protected with a net or blanket. 

Design and 
Installation 
Specifications 

Maintenance 
Standards 

Sod shall be free of weeds, of uniform thickness (approximately 1-inch 
thick), and shall have a dense root mat for mechanical strength. 

The following steps are recommended for sod installation: 

Shape and smooth the surface to final grade in accordance with the 
approved grading plan. The swale needs to be overexcavated 4 to 6 
inches below design elevation to allow room for placing soil 
amendment and sod. 

Amend 4 inches (minimum) of compost into the top 8 inches of the 
soil if the organic content of the soil is less than ten percent or the 
permeability is less than 0.6 inches per hour. Compost used should 
meet Ecology publication 94-038 specifications for Grade A quality 
compost. 
Fertilize according to the supplier's recommendations. 
Work lime and fertilizer 1 to 2 inches into the soil, and smooth the 
surface. 
Lay strips of sod beginning at the lowest area to be sodded and 
perpendicular to the direction of water flow. Wedge strips securely 
into place. Square the ends of each strip to provide for a close, tight 
fit. Stagger joints at least 12 inches. Staple on slopes steeper than 
3H: 1 V. Staple the upstream edge of each sod strip. 
Roll the sodded area and imgate. 
When sodding is carried out in alternating strips or other patterns, seed 
the areas between the sod immediately after sodding. 

If the grass is unhealthy, the cause shall be determined and appropriate 
action taken to reestablish a healthy groundcover. If it is impossible to 
establish a healthy groundcover due to frequent saturation, instability, or 
some other cause, the sod shall be removed, the area seeded with,an 
appropriate mix, and protected with a net or blanket. 
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BMP C125: Topsoiling 

Purpose To provide a suitable growth medium for final site stabilization with 
vegetation. While not a permanent cover practice in itself, topsoiling is an 
integral component of providing permanent cover in those areas where 
there is an unsuitable soil surface for plant growth. Native soils and 
disturbed soils that have been organically amended not only retain much 
more stormwater, but they also serve as effective biofilters for urban 
pollutants and, by supporting more vigorous plant growth, reduce the 
water, fertilizer and pesticides needed to support installed landscapes. 
Topsoil does not include any subsoils but only the material from the top 
several inches including organic debris. 

Conditions of Native soils should be left undisturbed to the maximum extent 
Use practicable. Native soils disturbed during clearing and grading should 

be restored, to the maximum extent practicable, to a condition where 
moisture-holding capacity is equal to or better than the original site 
conditions. This criterion can be met by using on-site native topsoil, 
incorporating amendments into on-site soil, or importing blended 
topsoil. 

Topsoiling is a required procedure when establishing vegetation on 
shallow soils, and soils of critically low pH (high acid) levels. 

Stripping of existing, properly functioning soil system and vegetation 
for the purpose of topsoiling during construction is not acceptable. If 
an existing soil system is functioning properly it shall be preserved in 
its undisturbed and uncompacted condition. 

Design and 
Installation 
Specifications 

Depending on where the topsoil comes from, or what vegetation was 
on site before disturbance, invasive plant seeds may be included and 
could cause problems for establishing native plants, landscaped areas, 
or grasses. 

Topsoil from the site will contain mycorrhizal bacteria that are 
necessary for healthy root growth and nutrient transfer. These native 
mycorrhiza are acclimated to the site and will provide optimum 
conditions for establishing grasses. Commercially available 
mycorrhiza products should be used when topsoil is brought in from 
off-site. 

If topsoiling is to be done, the following items should be considered: 

Maximize the depth of the topsoil wherever possible to provide the 
maximum possible infiltration capacity and beneficial growth 
medium. Topsoil depth shall be at least 8 inches with a minimum 
organic content of 10 percent dry weight and pH between 6.0 and 8.0 
or matching the pH of the undisturbed soil. This can be accomplished 
either by returning native topsoil to the site and/or incorporating 
organic amendments. Organic amendments should be incorporated to 
a minimum 8-inch depth except where tree roots or other natural 
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features limit the depth of incorporation. Subsoils below the 12-inch 
depth should be scarified at least 2 inches to avoid stratified layers, 
where feasible. The decision to either layer topsoil over a subgrade or 
incorporate topsoil into the underlying layer may vary depending on 
the planting specified. 

If blended topsoil is imported, then fines should be limited to 25 
percent passing through a 200 sieve. 

The final composition and construction of the soil system will result in 
a natural selection or favoring of certain plant species over time. For 
example, recent practices have shown that incorporation of topsoil 
may favor grasses, while layering with mildly acidic, high-carbon 
amendments may favor more woody vegetation. 

Locate the topsoil stockpile so that it meets specifications and does not 
interfere with work on the site. It may be possible to locate more than 
one pile in proximity to areas where topsoil will be used. 

Allow sufficient time in scheduling for topsoil to be spread prior to 
seeding, sodding, or planting. 

Care must be taken not to apply to subsoil if the two soils have 
contrasting textures. Sandy topsoil over clayey subsoil is a 
particularly poor combination, as water creeps along the junction 
between the soil layers and causes the topsoil to slough. 

If topsoil and subsoil are not properly bonded, water will not infiltrate 
the soil profile evenly and it will be difficult to establish vegetation. 
The best method to prevent a lack of bonding is to actually work the 
topsoil into the layer below for a depth of at least 6 inches. 

Ripping or re-structuring the subgrade may also provide additional 
benefits regarding the overall infiltration and interflow dynamics of 
the soil system. 

Field exploration of the site shall be made to determine if there is 
surface soil of sufficient quantity and quality to justify stripping. 
Topsoil shall be friable and loamy (loam, sandy loam, silt loam, sandy 
clay loam, clay loam). Areas of natural ground water recharge should 
be avoided. 

Stripping shall be confined to the immediate construction area. A 4- to 
6- inch stripping depth is common, but depth may vary depending on 
the particular soil. All surface runoff control structures shall be in 
place prior to stripping. 

Stockpiling of topsoil shall occur in the following manner: 

Side slopes of the stockpile shall not exceed 2: 1 

An interceptor dike with gravel outlet and silt fence shall surround all 
topsoil stockpiles between October 1 and April 30. Between May 1 
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Maintenance 
Standards 

and September 30, an interceptor dike with gravel outlet and silt fence 
shall be installed if the stockpile will remain in place for a longer 
period of time than active construction grading. 

Erosion control seeding or covering with clear plastic or other 
mulching materials of stockpiles shall be completed within 2 days 
(October 1 through April 30) or 7 days (May 1 through September 30) 
of the formation of the stockpile. Native topsoil stockpiles shall not be 
covered with plastic. 

Topsoil shall not be placed while in a frozen or muddy condition, 
when the subgrade is excessively wet, or when conditions exist that 
may otherwise be detrimental to proper grading or proposed sodding 
or seeding. 

Previously established grades on the areas to be topsoiled shall be 
maintained according to the approved plan. 

When native topsoil is to be stockpiled and reused the following 
should apply to ensure that the mycorrhizal bacterial, earthworms, and 
other beneficial organisms will not be destroyed: 

1. Topsoil is to be re-installed within 4 to 6 weeks; 
2. Topsoil is not to become saturated with water; 
3. Plastic cover is not allowed. 

Lnspect stockpiles regularly, especially after large storm events. 
Stabilize any areas that have eroded. 
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BMP C126: Polyacrylamide for Soil Erosion Protection 

Purpose Polyacrylamide (PAM) is used on construction sites to prevent soil 
erosion. 

Applying PAM to bare soil in advance of a rain event significantly reduces 
erosion and controls sediment in two ways. First, PAM increases the 
soil's available pore volume, thus increasing infiltration through 
flocculation and reducing the quantity of stonnwater runoff. Second, it 
increases flocculation of suspended particles and aids in their deposition, 
thus reducing stormwater runoff turbidity and improving water quality. 

Conditions of Use PAM shall not be directly applied to water or allowed to enter a water 
body. 

In areas that drain to a sediment pond, PAM can be applied to bare soil 
under the following conditions: 

During rough grading operations. 
Staging areas. 
Balanced cut and fill earthwork. 
Haul roads prior to placement of crushed rock surfacing. 
Compacted soil roadbase. 
Stockpiles. 
After final grade and before paving or final seeding and planting. 
Pit sites. 
Sites having a winter shut down. In the case of winter shut down, or 
where soil will remain unworked for several months, PAM should be 
used together with mulch. 

PAM may be applied in' dissolved form with water, or it may be applied in Design and 
dry, granular or powdered form. The preferred application method is the Installation 

Specifications dissolved form. 

PAM is to be applied at a maximum rate of 112 pound PAM per 1000 
gallons water per 1 acre of bare soil. Table 4.8 and Figure 4.6 can be used 
to determine the PAM and water application rate for a disturbed soil area. 
Higher concentrations of PAM do not provide any additional effectiveness. 
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PAM (Ibsb 
Water (gal) 

- - - - - - - - - - , - - - - - , - - - - - - - - - -- 

0.0 0.5 1 .O 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

Disturbed Area (acl 

Figure 4.6 - PAM and Water Application Rates 

The Preferred Method: 

Pre-measure the area where PAM is to be applied and calculate the 
amount of product and water necessary to provide coverage at the 
specified application rate (112 pound PAW1000 gallonslacre). 

PAM has infinite solubility in water, but dissolves very slowly. 
Dissolve pre-measured dry granular PAM with a known quantity of 
clean water in a bucket several hours or overnight. Mechanical mixing 
will help dissolve the PAM. Always add PAM to water - not water to 
PAM. 

Pre-fill the water truck about 118 full with water. The water does not 
have to be potable, but it must have relatively low turbidity - in the 
range of 20 NTU or less. 

Add PAM /Water mixture to the truck 

Completely fill the water truck to specified volume. 

Spray PAMIWater mixture onto dry soil until the soil surface is 
uniformly and completely wetted. 
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An Alternate Method: 

PAM may also be applied as a powder at the rate of 5 Ibs. per acre. This 
must be applied on a day that is dry. For areas less than 5-10 acres, a 
hand-held "organ grinder" fertilizer spreader set to the smallest setting will 
work. Tractor-mounted spreaders will work for larger areas. 

The following shall be used for application of PAM: 

PAM shall be used in conjunction with other BMPs and not in place of 
other BMPs. 

Do not use PAM on a slope that flows directly into a stream or 
wetland. The stormwater runoff shall pass through a sediment control 
BMP prior to discharging to surface waters. 

Do not add PAM to water discharging from site. 

When the total drainage area is greater than or equal to 5 acres, PAM 
treated areas shall drain to a sediment pond. 

Areas less than 5 acres shall drain to sediment control BMPs, such as a 
minimum of 3 check dams per acre. The total number of check dams 
used shall be maximized to achieve the greatest amount of settlement 
of sediment prior to discharging from the site. Each check dam shall 
be spaced evenly in the drainage channel through which stormwater 
flows are discharged off-site. 

On all sites, the use of silt fence shall be maximized to limit the 
discharges of sediment from the site. 

All areas not being actively worked shall be covered and protected 
from rainfall. PAM shall not be the only cover BMP used. 

PAM can be applied to wet soil, but dry soil is preferred due to less 
sediment loss. 

PAM will work when applied to saturated soil but is not as effective as 
applications to dry or damp soil. 

Keep the granular PAM supply out of the sun. Granular PAM loses its 
effectiveness in three months after exposure to sunlight and air. 

Proper application and re-application plans are necessary to ensure 
total effectiveness of PAM usage. 

PAM, combined with water, is very slippery and can be a safety 
hazard. Care must be taken to prevent spills of PAM powder onto 
paved surfaces. During an application of PAM, prevent over-spray 
from reaching pavement as pavement will become slippery. If PAM 
powder gets on skin or clothing, wipe it off with a rough towel rather 
than washing with water-this only makes cleanup messier and take 
longer. 
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Maintenance 
Standards 

Some PAMs are more toxic and carcinogenic than others. Only the 
most environmentally safe PAM products should be used. 

The specific PAM copolymer formulation must be anionic. Cationic 
PAM shall not be used in any application because of known 
aquatic toxicity problems. Only the highest drinking water grade 
PAM, certified for compliance with ANSl/NSF Standard 60 for 
drinking water treatment, will be used for soil applications. Recent 
media attention and high interest in PAM has resulted in some 
entrepreneurial exploitation of the term "polymer." All PAM are 
polymers, but not all polymers are PAM, and not all PAM products 
comply with ANSLINSF Standard 60. PAM use shall be reviewed and 
approved by the local permitting authority. The Washington State 
Department of Transportation (WSDOT) has listed approved PAM 
products on their web page. 

PAM designated for these uses should be "water soluble" or "linear" or 
"non-crosslinked". Cross-linked or water absorbent PAM, 
polymerized in highly acidic (pH<2) conditions, are used to maintain 
soil moisture content. 

The PAM anionic charge density may vary from 2-30 percent; a value 
of 18 percent is typical. Studies conducted by the United States 
Department of Agriculture (USDA)/ARS demonstrated that soil 
stabilization was optimized by using very high molecular weight (1 2- 
15 mg/mole), highly anionic (>20% hydrolysis) PAM. 

PAM tackifiers are available and being used in place of guar and alpha 
plantago. Typically, PAM tackifiers should be used at a rate of no 
more than 0.5-1 lb. per 1000 gallons of water in a hydromulch 
machine. Some tackifier product instructions say to use at a rate of 3 - 
5 lbs. per acre, which can be too much. In addition, pump problems 
can occur at higher rates due to increased viscosity. 

PAM may be reapplied on actively worked areas after a 48-hour 
period. 

Reapplication is not required unless PAM treated soil is disturbed or 
unless turbidity levels show the need for an additional application. If 
PAM treated soil is left undisturbed a reapplication may be necessary 
after two months. More PAM applications may be required for steep 
slopes, silty and clayey soils (USDA Classification Type "C" and "D" 
soils), long grades, and high precipitation areas. When PAM is 
applied first to bare soil and then covered with straw, a reapplication 
may not be necessary for several months. 

Loss of sediment and PAM may be a basis for penalties per RCW 
90.48.080. 
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BMP C130: Surface Roughening 

Conditions for 
Use 

Design and 
Installation 
Specifications 

Purpose Surface roughening aids in the establishment of vegetative cover, reduces 
runoff velocity, increases infiltration, and provides for sediment trapping 
through the provision of a rough soil surface. Horizontal depressions are 
created by operating a tiller or other suitable equipment on the contour or 
by leaving slopes in a roughened condition by not fine grading them. 

All slopes steeper than 3: 1 and greater than 5 vertical feet require 
surface roughening. 

Areas with grades steeper than 3: 1 should be roughened to a depth of 2 
to 4 inches prior to seeding. 

Areas that will not be stabilized immediately may be roughened to 
reduce runoff velocity until seeding takes place. 

Slopes with a stable rock face do not require roughening. 

Slopes where mowing is planned should not be excessively roughened. 

There are different methods for achieving a roughened soil surface on a 
slope, and the selection of an appropriate method depends upon the type of 
slope. Roughening methods include stair-step grading, grooving, contour 
furrows, and tracking. See Figure 4.7 for tracking and contour furrows. 
Factors to be considered in choosing a method are slope steepness, mowing 
requirements, and whether the slope is formed by cutting or filling. 

Disturbed areas that will not require mowing may be stair-step graded. 
grooved, or left rough after filling. 

Stair-step grading is particularly appropriate in soils containing large 
amounts of soft rock. Each "step" catches material that sloughs from 
above, and provides a level site where vegetation can become 
established. Stairs should be wide enough to work with standard earth 
moving equipment. Stair steps must be on contour or gullies will form 
on the slope. 

Areas that will be mowed (these areas should have slopes less steep 
than 3: 1) may have small furrows left by disking, harrowing, ralung, or 
seed-planting machinery operated on the contour. 

Graded areas with slopes greater than 3: 1 but less than 2: 1 should be 
roughened before seeding. This can be accomplished in a variety of 
ways, including "track walking," or driving a crawler tractor up and 
down the slope, leaving a pattern of cleat imprints parallel to slope 
contours. 

Tracking is done by operating equipment up and down the slope to 
leave horizontal depressions in the soil. 

Maintenance Areas that are graded in this manner should be seeded as quickly as 
Standards possible. 

Regular inspections should be made of the area. If rills appear, they 
should be re-graded and re-seeded immediately. 
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Contour Furrows 

and Decrease Runoff. 
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BMP C131: Gradient Terraces 

Purpose Gradient terraces reduce erosion damage by intercepting surface runoff 
and conducting it to a stable outlet at a non-erosive velocity. 

Conditions of Use Gradient terraces normally are limited to denuded land having a water 
erosion problem. They should not be constructed on deep sands or on 
soils that are too stony, steep, or shallow to permit practical and 
economical installation and maintenance. Gradient terraces may be 
used only where suitable outlets are or will be made available. See 
Figure 4.8 for gradient terraces. 

Design and The maximum spacing of gradient terraces should be determined by 
Installation the following method: 
Specifications 

VI = (0.8)s + y 

Where: VI = vertical interval in feet 

s = land rise per 100 feet, expressed in feet 
Y = a soil and cover variable with values from 1.0 to 4.0 

Values of "y" are influenced by soil erodibility and cover practices. 
The lower values are applicable to erosive soils where little to no 
residue is left on the surface. The higher value is applicable only to 
erosion-resistant soils where a large amount of residue (1 !4 tons of 
strawlacre equivalent) is on the surface. 

0.  The minimum constructed cross-section should meet the design 
dimensions. 

The top of the constructed ridge should not be lower at any point than 
the design elevation plus the specified overfill for settlement. The 
opening at the outlet end of the terrace should have a cross section 
equal to that specified for the terrace channel. 

Channel grades may be either uniform or variable with a maximum 
grade of 0.6 feet per 100 feet length. For short distances, terrace 
grades may be increased to improve alignment. The channel velocity 
should not exceed that which is nonerosive for the soil type with the 
planned treatment. 

All gradient terraces should have adequate outlets. Such an outlet may 
be a grassed waterway, vegetated area, or tile outlet. In all cases the 
outlet must convey runoff from the terrace or terrace system to a point 
where the outflow will not cause damage. Vegetative cover should be 
used in the outlet channel. 

The design elevation of the water surface of the terrace should not be 
lower than the design elevation of the water surface in the outlet at 
their junction, when both are operating at design flow. 
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Vertical spacing determined by the above methods may be increased 
as much as 0.5 feet or 10 percent, whichever is greater, to provide 
better alignment or location, to avoid obstacles, to adjust for 
equipment size, or to reach a satisfactory outlet. 

The drainage area above the top should not exceed the area that would 
be drained by a terrace with normal spacing. 

The terrace should have enough capacity to handle the peak runoff 
expected from a 2-year, 24-hour design storm without overtopping. 

The terrace cross-section should be proportioned to fit the land slope. 
The ridge height should include a reasonable settlement factor. The 
ridge should have a minimum top width of 3 feet at the design height. 
The minimum cross-sectional area of the terrace channel should be 
8 square feet for land slopes of 5 percent or less, 7 square feet for 
slopes from 5 to 8 percent, and 6 square feet for slopes steeper than 
8 percent. The terrace can be constructed wide enough to be 
maintained using a small cat. 

Maintenance Maintenance should be performed as needed. Terraces should be 
Standards inspected regularly; at least once a year, and after large storm events. 

Slope to adequate outlet 

I 
, , - , , ,- ,------A 

Figure 4.8 - Gradient Terraces 
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BMP C140: Dust Control 

Purpose Dust control prevents wind transport of dust from disturbed soil surfaces 
onto roadways, drainage ways, and surface waters. 

Conditions of Use Ln areas (including roadways) subject to surface and air movement of 
dust where on-site and off-site impacts to roadways, drainage ways, or 
surface waters are likely. 

Design and Vegetate or mulch areas that will not receive vehicle traffic. In areas 
Installation where planting, mulching, or paving is impractical, apply gravel or 
Specifications landscaping rock. 

Limit dust generation by clearing only those areas where immediate 
activity will take place, leaving the remaining area(s) in the original 
condition, if stable. Maintain the original ground cover as long as 
practical. 

Construct natural or artificial windbreaks or windscreens. These may 
be designed as enclosures for small dust sources. 

Sprinkle the site with water until surface is wet. Repeat as needed. To 
prevent canyout of mud onto street, refer to Stabilized Construction 
Entrance (BMP C105). 

Irrigation water can be used for dust control. Irrigation systems should 
be installed as a first step on sites where dust control is a concern. 

Spray exposed soil areas with a dust palliative, following the 
manufacturer's instructions and cautions regarding handling and 
application. Used oil is prohibited from use as a dust suppressant. 
Local governments may approve other dust palliatives such as calcium 
chloride or PAM. 

PAM (BMP C126) added to water at a rate of 0.5 lbs. per 1,000 
gallons of water per acre and applied from a water truck is more 
effective than water alone. This is due to the increased infiltration of 
water into the soil and reduced evaporation. In addition, small soil 
particles are bonded together and are not as easily transported by wind. 
Adding PAM may actually reduce the quantity of water needed for 
dust control, especially in eastern Washington. Since the wholesale 
cost of PAM is about $4.00 per pound, this is an extremely cost- 
effective dust control method. 

Techniques that can be used for unpaved roads and lots include: 

Lower speed limits. High vehicle speed increases the amount of dust 
stirred up from unpaved roads and lots. 

Upgrade the road surface strength by improving particle size, shape, 
and mineral types that make up the surface and base materials. 
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Maintenance 
Standards 

Add surface gravel to reduce the source of dust emission. Limit the 
amount of fine particles (those smaller than .075 mm) to 10 to 20 
percent. 

Use geotextile fabrics to increase the strength of new roads or roads 
undergoing reconstruction. 

Encourage the use of alternate, paved routes, if available. 

Restrict use by tracked vehicles and heavy trucks to prevent damage to 
road surface and base. 

Apply chemical dust suppressants using the admix method, blending 
the product with the top few inches of surface material. Suppressants 
may also be applied as surface treatments. 

Pave unpaved permanent roads and other trafficked areas. 

Use vacuum street sweepers. 

Remove mud and other dirt promptly so it does not dry and then turn 
into dust. 

Limit dust-causing work on windy days. 

Contact your local Air Pollution Control Authority for guidance and 
training on other dust control measures. Compliance with the local Air 
Pollution Control Authority constitutes compliance with this BMP. 

Respray area as necessary to keep dust to a minimum. 

August 200 1 Volume I1 - Construction Stormwater Pollution Prevention 4-4 1 



BMP C150: Materials On Hand 

Purpose Quantities of erosion prevention and sediment control materials can be 
kept on the project site at all times to be used for emergency situations 
such as unexpected heavy summer rains. Having these materials on-site 
reduces the time needed to implement BMPs when inspections indicate 
that existing BMPs are not meeting the Construction SWPPP 
requirements. In addition, contractors can save money by buying some 
materials in bulk and storing them at their office or yard. 

Conditions of Use Construction projects of any size or type can benefit from having 
materials on hand. A small commercial development project could 
have a roll of plastic and some gravel available for immediate 
protection of bare soil and temporary berm construction. A large 
earthwork project, such as highway construction, might have several 
tons of straw, several rolls of plastic, flexible pipe, sandbags, 
geotextile fabric and steel "T" posts. 

Materials are stockpiled and readily available before any site clearing, 
grubbing, or earthwork begins. A large contractor or developer could 
keep a stockpile of materials that are available to be used on several 
projects. 

If storage space at the project site is at a premium, the contractor could 
maintain the materials at their office or yard. The office or yard must 
be less than an hour from the project site. 

Design and Depending on project type, size, complexity, and length, materials and 
Installation quantities will vary. A good minimum that will cover numerous situations 
Specifications includes: 

Maintenance All materials with the exception of the quarry spalls, steel "T" posts, 
Standards and gravel should be kept covered and out of both sun and rain. 

Re-stock materials used as needed. 
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BMP C151: Concrete Handling 

Purpose Concrete work can generate process water and slurry that contain fine 
particles and high pH, both of which can violate water quality standards in 
the receiving water. This BMP is intended to minimize and eliminate 
concrete process water and slurry from entering waters of the state. 

Conditions of Use Any time concrete is used, these management practices shall be utilized. 
Concrete construction projects include, but are not limited to, the 
following: 

Curbs 
Sidewalks 
Roads 
Bridges 
Foundations 
Floors 
Runways 

Design and 
Installation 
specifications 

Maintenance 
Standards 

Concrete truck chutes, pumps, and internals shall be washed out only 
into formed areas awaiting installation of concrete or asphalt. 

Unused concrete remaining in the truck and pump shall be returned to 
the originating batch plant for recycling. 

Hand tools including, but not limited to, screeds, shovels, rakes, floats, 
and trowels shall be washed off only into formed areas awaiting 
installation of concrete or asphalt. 

Equipment that cannot be easily moved, such as concrete pavers, shall 
only be washed in areas that do not directly drain to natural or 
constructed stormwater conveyances. 

Washdown from areas such as concrete aggregate driveways shall not 
drain directly to natural or constructed stormwater conveyances. 

When no formed areas are available, washwater and leftover product 
shall be contained in a lined container. Contained concrete shall be 
disposed of in a manner that does not violate groundwater or surface 
water quality standards. 

Containers shall be checked for holes in the liner daily during concrete 
pours and repaired the same day. 
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BMP C152: Sawcutting and Surfacing Pollution'Prevention 

Purpose Sawcutting and surfacing operations generate slurry and process water 
that contain fine particles and high pH (concrete cutting), both of which 
can violate the water quality standards in the receiving water. This BMP 
is intended to minimize and eliminate process water and sluny from 
entering waters of the State. 

Conditions of Use Anytime sawcutting or surfacing operations take place, these 
management practices shall be utilized. Sawcutting and surfacing 
operations include, but are not limited to, the following: 

Sawing 

Coring 

Grinding 

Roughening 

Hydro-demolition 

Bridge and road surfacing 

Design and 
Installation 
Specifications 

Sluny and cuttings shall be vacuumed during cutting and surfacing 
operations. 

Sluny and cuttings shall not remain on permanent concrete or asphalt 
pavement overnight. 

Slurry and cuttings shall not drain to any natural or constructed 
drainage conveyance. 

Collected slurry and cuttings shall be disposed of in a manner that does 
not violate groundwater or surface water quality standards. 

Process water that is generated during hydro-demolition, surface 
roughening or similar operations shall not drain to any natural or 
constructed drainage conveyance and shall be disposed of in a manner 
that does not violate groundwater or surface water quality standards. 

Cleaning waste material and demolition debris shall be handled and 
disposed of in a manner that does not cause contamination of water. If 
the area is swept with a pick-up sweeper, the material must be hauled 
out of the area to an appropriate disposal site. 

Maintenance Continually monitor operations to determine whether slurry, cuttings, or 
Standards process water could enter waters of the state. If inspections show that a 

violation of water quality standards could occur, stop operations and 
immediately implement preventive measures such as berms, barriers, 
secondary containment, and vacuum trucks. 
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BMP C160: Contractor Erosion and Spill Control Lead 

Purpose The Contractor designates at least one employee as the responsible 
representative in charge of erosion and spill control. The designated 
employee shall be the Contractor Erosion and Spill Control Lead 
(CESCL) who is responsible for ensuring compliance with all local, state, 
and federal erosion and sediment control requirements. 

Conditions of Use A CESCL should be made available on project types that include, but are 
not limited to, the following: 

Single project of 5 acres or more. 
Projects less than 5 acres that are part of a larger project, or master 
plan. 
Heavy construction of roads, bridges, highways, airports, buildings. 
Projects near wetlands and sensitive or critical areas. 
Projects in or over water. 

Design and 
Installation 
Specifications 

The CESCL shall have a current certificate proving attendance in the 
"Construction Site Erosion and Sediment Control Certification 
Course," offered throughout the year by the Associated General 
Contractors of Washington Educational Foundation or an approved 
equivalent. Equivalent certificates include: 

- WSDOT certification in Construction Site Erosion and Sediment 
Control. 

- Certified Professional in Erosion and Sediment Control (CPESC) 
offered by the International Erosion Control Association (IECA). 

- Other courses approved by Ecology or the Local Permitting 
Authority. 

Certification shall remain valid for three years. 

The CESCL shall have authority to act on behalf of the contractor or 
developer and shall be available, on call, 24 hours per day throughout 
the period of construction. 

The Construction SWPPP shall include the name, telephone number, 
fax number, and address of the designated CESCL. 

Duties and responsibilities of the CESCL shall include, but are not limited 
to the following: 

Maintaining permit file on site at all times which includes the SWPPP 
and any associated permits and plans. 

Directing BMP installation, inspection, maintenance, modification, 
and removal. 
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Availability 24 hours per day, 7 days per week by telephone. 

Updating all project drawings and the Construction SWPPP with 
changes made. 

Keeping daily logs, and inspection reports. Inspection reports should 
include: 

- When, where and how BMPs were installed, removed, or 
modified. 

- Repairs needed or made. 

- Observations of BMP effectiveness and proper placement. 

- Recommendations for improving performance of BMPs. 

- Identify the points where storm water runoff potentially leaves the 
site, is collected in a surface water conveyance system (i.e., road 
ditch, storm sewer), and enters receiving waters of the state. 

- If water sheet flows from the site, identify the point at which it 
becomes concentrated in a collection system. 

- hspect for SWPPP requirements including BMPs as required to 
ensure adequacy. 

Facilitate, participate in, and take corrective actions resulting from 
inspections performed by outside agencies or the owner. 

4-46 Volume I1 - Construction Stormwater Pollution Prevention August 200 1 



BMP C161: Payment of Erosion Control Work 

Purpose As with any construction operation, the contractor should be paid for 
erosion control work. Payment for erosion control must be addressed 
during project development and design. Method of payment should be 
identified in the SWPPP. 

Conditions of Use Erosion control work should never be "incidental" to the contract as it is 
extremely difficult for the contractor to bid the work. Work that is 
incidental to the contract is work where no separate measurement or 
payment is made. The cost for incidental work is included in payments 
made for applicable bid items in the Schedule of Unit Prices. For 
example, any erosion control work associated with an item called 
"Clearing and Grubbing" is bid and paid for as part of that item, not 
separately. 

Several effective means for payment of erosion control work are described 
below. These include: 

Temporary Erosion and Sediment Control (TESC) Lump Sum. 
TESC-Force Account. 
Unit Prices. 
Lump Sum. 

TESC Lump Sum 

One good method for achieving effective erosion and sediment control is 
to set up a Progress Payment system whereby the contract spells out 
exactly what is expected and allows for monthly payments over the life of 
the contract. 

For example, an Item called "TESC Lump Sum" is listed in the Bid 
Schedule of Unit Prices. An amount, such as $10,000, is written in both 
the Unit Price and Amount columns. This requires all bidders to bid 
$10,000 for the item. If $10,000 is not shown in the Amount column, each 
contractor bids the amount. Often this is under-bid, which can cause 
compliance difficulties later. In this example, the contractor is required to 
revise the project Construction SWPPP by developing a Contractor's 
Erosion and Sediment Control Plan (CESCP) that is specific to their 
operations. 

Next, the following language is included in the TESC specification 
Payment section: 

Based upon lump sum Bid Item "TESC Lump Sum", payments will be 
made as follows: 

A. Upon receipt of the Contractor's CESCP, 25 percent. 

B. After Notice To Proceed and before Substantial Completion, 50 
percent will be pro rated and paid monthly for compliance with the 
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CESCP. Non-compliance will result in withholding of payment for 
the month of non-compliance. 

C. At Final Payment, 25 percent for a clean site. 

Payment for "TESC Lump Sum" will be full compensation for 
furnishing all labor, equipment, materials and tools to implement the 
CESCP, install, inspect, maintain, and remove temporary erosion and 
sediment controls as detailed in the drawings and specified herein, 
with the exception of those items measured and paid for separately. 

TESC Force Account 

One good method for ensuring that contingency money is available to 
address unforeseen erosion and sediment control problems is to set up an 
item called "TESC-Force Account". For example, an amount such as 
$15,000 is written in both the Unit Price and Amount columns for the 
item. This requires all bidders to bid $15,000 for the item. 

The Force Account is used only at the discretion of the contracting agency 
or developer. If there are no unforeseen erosion problems, the money is 
not used. If there are unforeseen erosion problems, the contracting agency 
would direct the work to be done and pay an agreed upon amount for the 
work (such as predetermined rates under a Time and Materials setting). 

Contract language for this item could look like this: 

Measurement and Payment for "TESC-Force Account" will be on a Force 
Account basis in accordance with (include appropriate section 
of the Contract Specifications). The amount entered in the Schedule of 
Unit Prices is an estimate. 

Unit Prices 

When the material or work can be quantified, it can be paid by Unit Prices. 
For example, the project designer knows that 2 acres will need to be 
hydroseeded and sets up an Item of Work for Hydroseed, with a Bid 
Quantity of 2, and a Unit for Acre. The bidder writes in the unit Prices 
and Amount. 

Unit Price items can be used in conjunction with TESC-Force Account 
and TESC-Lump Sum. 

Lump Sum 

In contracts where all the work in a project is paid as a Lump Sum, erosion 
control is usually not paid as a separate item. In order to ensure that 
appropriate amounts are bid into the contract, the contracting agency can 
request a Schedule of Values and require that all erosion control costs be 
identified. 
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BMP C162: Scheduling 

Purpose Sequencing a construction project reduces the amount and duration of soil 
exposed to erosion by wind, rain, runoff, and vehicle tracking. 

Conditions of Use The construction sequence schedule is an orderly listing of all major land- 
disturbing activities together with the necessary erosion and sedimentation 
control measures planned for the project. This type of schedule guides the 
contractor on work to be done before other work is started so that serious 
erosion and sedimentation problems can be avoided. 

Following a specified work schedule that coordinates the timing of land- 
disturbing activities and the installation of control measures is perhaps the 
most cost-effective way of controlling erosion during construction. The 
removal of surface ground cover leaves a site vulnerable to accelerated 
erosion. Construction procedures that limit land clearing, provide timely 
installation of erosion and sedimentation controls, and restore protective 
cover quickly can significantly reduce the erosion potential of a site. 

Design Avoid rainy periods. 

Considerations Schedule projects to disturb only small portions of the site at any one 
time. Complete grading as soon as possible. Immediately stabilize the 
disturbed portion before grading the next portion. Practice staged 
seeding in order to revegetate cut and fill slopes as the work 
progresses. 
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BMP C180: Small Project Construction Stormwater Pollution Prevention 

Purpose To prevent the discharge of sediment and other pollutants to the maximum 
extent practicable from small construction projects. 

Conditions of Use On small construction projects, those adding or replacing less than 2,000 
square feet of impervious surface or clearing less than 7,000 square feet. 

Plan and implement proper clearing and grading of the site. It is most Design and 
important only to clear the areas needed, thus keeping exposed areas Installation 
to a minimum. Phase clearing so that only those areas that are actively Specifications 
being worked are uncovered. 

Note: Clearing limits should be flagged in the lot or area prior to 
initiating clearing. 

Soil shall be managed in a manner that does not permanently compact 
or deteriorate the final soil and landscape system. If disturbance and/or 
compaction occur the impact must be corrected at the end of the 
construction activity. This shall include restoration of soil depth, soil 
quality, permeability, and percent organic matter. Construction 
practices must not cause damage to or compromise the design of 
permanent landscape or infiltration areas. 

Locate excavated basement soil a reasonable distance behind the curb, 
such as in the backyard or side yard area. This will increase the 
distance eroded soil must travel to reach the storm sewer system. Soil 
piles should be covered until the soil is either used or removed. Piles 
should be situated so that sediment does not run into the street or 
adjoining yards. 

Backfill basement walls as soon as possible and rough grade the lot. 
This will eliminate large soil mounds, which are highly erodible, and 
prepares the lot for temporary cover, which will further reduce erosion 
potential. 

Remove excess soil from the site as soon as possible after backfilling. 
This will eliminate any sediment loss from surplus fill. 

If a lot has a soil bank higher than the curb, a trench or berm should be 
installed moving the bank several feet behind the curb. This will 
reduce the occurrence of gully and rill erosion whileproviding a 
storage and settling area for stormwater. 

The construction entrance should be stabilized where traffic will be 
leaving the construction site and traveling on paved roads or other 
paved areas within 1,000 feet of the site. 
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Provide for periodic street cleaning to remove any sediment that may 
have been tracked out. Sediment should be removed by shoveling or 
sweeping and carehlly removed to a suitable disposal area where it 
will not be re-eroded. 

Utility trenches that run up and down slopes must be backfilled within 
seven days. Cross-slope trenches may remain open throughout 
construction to provide runoff interception and sediment trapping, 
provided that they do not convey turbid runoff off site. 
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4.2 Runoff Conveyance and Treatment BMPs 

BMP C200: Interceptor Dike and Swale 

Purpose Provide a ridge of compacted soil, or a ridge with an upslope swale, at the 
top or base of a disturbed slope or along the perimeter of a disturbed 
construction area to convey stormwater. Use the dike and/or swale to 
intercept the runoff from unprotected areas and direct it to areas where 
erosion can be controlled. This can prevent storm runoff from entering the 
work area or sediment-laden runoff from leaving the construction site. 

Conditions of Use Where the runoff from an exposed site or disturbed slope must be 
conveyed to an erosion control facility which can safely convey the 
stormwater. 

Locate upslope of a construction site to prevent runoff from entering 
disturbed area. 

When placed horizontally across a disturbed slope, it reduces the 
amount and velocity of runoff flowing down the slope. 

Locate downslope to collect runoff from a disturbed area and direct it 
to a sediment basin. 

Design and 
Installation 
Specifications 

Dike andlor swale and channel must be stabilized with temporary or 
permanent vegetation or other channel protection during construction. 

Channel requires a positive grade for drainage, steeper grades require 
channel protection and check dams. 

Review construction for areas where overtopping may occur. 

Can be used at top of new fill before vegetation is established. 

May be used as a permanent diversion channel to carry the runoff. 

Sub-basin tributary area should be one acre or less. 

Design capacity for 10-year, 24-hour storm for temporary facilities, 
25-year, 24-hour storm for permanent facilities. 

Interceptor dikes shall meet the following criteria: 

Top Width 2 feet minimum. 
Height 1.5 feet minimum on berm. 
Side Slope 2:l or flatter. 
Grade Depends on topography, however, dike system minimum is 

0.5%, maximum is 1%. 
Compaction Minimum of 90 percent ASTM D698 standard proctor. 

Horizontal Spacing of Lnterceptor Dikes: 

Average Slope Slope Percent Flowpath Length 
20H: 1 V or less 3-5% 300 feet 
(1 0 to 20)H: 1 V 5-10% 200 feet 
(4 to 1O)H:lV 10-25% 100 feet 
(2 to 4)H: 1 V 25-50% 50 feet 
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Stabilization depends on velocity and reach 

Slopes <5% Seed and mulch applied within 5 days of dike 
construction (see BMP C121, Mulching). 

Slopes 5 - 40% Dependent on runoff velocities and dike materials. 
Stabilization should be done immediately using either sod 
or riprap or other measures to avoid erosion. 

The upslope side of the dike shall provide positive drainage to the dike 
outlet. No erosion shall occur at the outlet. Provide energy dissipation 
measures as necessary. Sediment-laden runoff must be released 
through a sediment trapping facility. 

Minimize construction traffic over temporary dikes. Use temporary 
cross culverts for channel crossing. 

Interceptor swales shall meet the following criteria: 

Bottom Width 2 feet minimum; the bottom shall be level. 
Depth 1 -foot minimum. 
Side Slope 2: 1 or flatter. 

Grade Maximum 5 percent, with positive drainage to a 
suitable outlet (such as a sediment pond). 

Stabilization Seed as per BMP C120, Temporary and Permanent 
Seeding, or BMP C202, Channel Lining, 12 inches 
thick of riprap pressed into the bank and extending 
at least 8 inches vertical from the bottom. 

Inspect diversion dikes and interceptor swales once a week and after 
every rainfall. Immediately remove sediment from the flow area. 

Damage caused by construction traffic or other activity must be 
repaired before the end of each working day. 

Check outlets and make timely repairs as needed to avoid gully 
formation. When the area below the temporary diversion dike is 
permanently stabilized, remove the dike and fill and stabilize the 
channel to blend with the natural surface. 
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BMP C201: Grass-Lined Channels 

Purpose To provide a channel with a vegetative lining for conveyance of runoff. 
See Figure 4.9 for typical grass-lined channels. 

Conditions of Use This practice applies to construction sites where concentrated runoff 
needs to be contained to prevent erosion or flooding. 

When a vegetative lining can provide sufficient stability for the 
channel cross section and at lower velocities of water (normally 
dependent on grade). This means that the channel slopes are generally 
less than 5 percent and space is available for a relatively large cross 
section. 

Typical uses include roadside ditches, channels at property boundaries, 
outlets for diversions, and other channels and drainage ditches in low 
areas. 

Channels that will be vegetated should be installed before major 
earthwork and hydroseeded with a bonded fiber mulch (BFM). The 
vegetation should be well established (i.e., 75 percent cover) before 
water is allowed to flow in the ditch. With channels that will have 
high flows, erosion control blankets should be installed over the 
hydroseed. If vegetation cannot be established from seed before water 
is allowed in the ditch, sod should be installed in the bottom of the 
ditch in lieu of hydromulch and blankets. 

Design and Locate the channel where it can conform to the topography and other 
Installation features such as roads. 
Specifications Locate them to use natural drainage systems to the greatest extent 

possible. 

Avoid sharp changes in alignment or bends and changes in grade. 

Do not reshape the landscape to fit the drainage channel. 

Design velocities are to be below 5 ftlsec.; however, the design 
velocity should be based on soil conditions, type of vegetation, and 
method of establishment. 

An established grass or vegetated lining is required before the channel 
can be used to convey stormwater, unless stabilized with nets or 
blankets. 

If design velocity of a channel to be vegetated by seeding exceeds 2 
ftlsec, a temporary channel liner is required. Geotextile or special 
mulch protection such as fiberglass roving or straw and netting provide 
stability until the vegetation is fully established. See Figure 4.10. 

Check dams shall be removed when the grass has matured sufficiently 
to protect the ditch or swale unless the slope of the swale is greater 
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Maintenance 
Standards 

than 4 percent. The area beneath the check dams shall be seeded and 
mulched immediately after dam removal. 

If vegetation is established by sodding, the permissible velocity for 
established vegetation may be used and no temporary liner is needed. 

Do not subject grass-lined channel to sedimentation from disturbed 
areas. Use sediment-trapping BMPs upstream of the channel. 

V-shaped grass channels generally apply where the quantity of water 
is small, such as in short reaches along roadsides. The V-shaped cross 
section is least desirable because it is difficult to stabilize the bottom 
where velocities may be high. 

Trapezoidal grass channels are used where runoff volumes are large 
and slope is low so that velocities are nonerosive to vegetated linings. 
(Note: it is difficult to construct small parabolic shaped channels.) 

Subsurface drainage, or riprap channel bottoms, may be necessary on 
sites that are subject to prolonged wet conditions due to long duration 
flows or a high water table. 

Provide outlet protection at culvert ends and at channel intersections. 

Grass channels, at a minimum, should carry peak runoff for temporary 
construction drainage facilities from the 10-year, 24-hour storm 
without eroding. Where flood hazard exists, increase the capacity 
according to the potential damage. 

Grassed channel side slopes generally are constructed 3: 1 or flatter to 
aid in the establishment of vegetation and for maintenance. 

Construct channels a minimum of 0.2 foot larger around the periphery 
to allow for soil bulking during seedbed preparations and sod buildup. 

During the establishment period, check grass-lined channels after 
every rainfall. 

After grass is established, periodically check the channel; check it after 
every heavy rainfall event. Immediately make repairs. 

It is particularly important to check the channel outlet and all road 
crossings for bank stability and evidence of piping or scour holes. 

Remove all significant sediment accumulations to maintain the 
designed carrying capacity. Keep the grass in a healthy, vigorous 
condition at all times, since it is the primary erosion protection for the 
channel. 
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Typical Parabolic Channel Cross-Section 

With Channel Liner 

Typical Trapezoidal Channel Cross-Section 

to allow bulking during 
seedbed preparation 

and growth of vegetation. With Rock Center For Base Flow 

Figure 4.9 - Typical Grass-Lined Channels 
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Excavate Channel to Design 
Grade and Cross Section 

OVERCUT CHANNEL 
2' f5Omm) ro AL L OW 
BULKING DURING 
PREPARATION 

NPICAL I M M L  LATION 
WITH EROSION CONTROL 
BLANKETS OR TURF 
REINFORCEMENTMATS 

Shingle-lap spliced ends or begin new 
roll in an intermittent check slot 

Prepare soil and apply seed before 
installing blankets, mats or other 
temporary channel liner system 

1. Design velocities exceeding 2 ftlsec (0.5mIsec) rcquire temporary blankets, mats or similar 
liners to protect seed and soil until vegetation becomes established. 
2. Grass-lined channels with design velocities excecding 6 ft/sec ( 2 d s e c )  should include 
turfreinforcemcnt mats. 
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BMP C202: Channel Lining 

Purpose To protect erodible channels by providing a channel liner using either 
blankets or riprap. 

Conditions of Use When natural soils or vegetated stabilized soils in a channel are not 
adequate to prevent channel erosion. 

When a permanent ditch or pipe system is to be installed and a 
temporary measure is needed. 

In almost all cases, synthetic and organic coconut blankets are more 
effective than riprap for protecting channels from erosion. Blankets 
can be used with and without vegetation. Blanketed channels can be 
designed to handle any expected flow and longevity requirement. 
Some synthetic blankets have a predicted life span of 50 years or 
more, even in sunlight. 

Other reasons why blankets are better than rock include the availability 
of blankets over rock. In many areas of the state, rock is not easily 
obtainable or is very expensive to haul to a site. Blankets can be 
delivered anywhere. Rock requires the use of dump trucks to haul and 
heavy equipment to place. Blankets usually only require laborers with 
hand tools, and sometimes a backhoe. 

The Federal Highway Administration recommends not using flexible 
liners whenever the slope exceeds 10 percent or the shear stress 
exceeds 8 lbs/ft2. 

Design and See BMP C122 for information on blankets. 
Installation Since riprap is used where erosion potential is high, construction must 
Specifications be sequenced so that the riprap is put in place with the minimum 

possible delay. 

Disturbance of areas where riprap is to be placed should be undertaken 
only when final preparation and placement of the riprap can follow 
immediately behind the initial disturbance. Where riprap is used for 
outlet protection, the riprap should be placed before or in conjunction 
with the construction of the pipe or channel so that it is in place when 
the pipe or channel begins to operate. 

The designer, after determining the riprap size that will be stable under 
the flow conditions, shall consider that size to be a minimum size and 
then, based on riprap gradations actually available in the area, select 
the size or sizes that equal or exceed the minimum size. The 
possibility of drainage structure damage by children shall be 
considered in selecting a riprap size, especially if there is nearby water 
or a gully in which to toss the stones. 

Stone for riprap shall consist of field stone or quarry stone of 
approximately rectangular shape. The stone shall be hard and angular 
and of such quality that it will not disintegrate on exposure to water or 
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weathering and it shall be suitable in all respects for the purpose 
intended. 

Rubble concrete may be used provided it has a density of at least 150 
pounds per cubic foot, and otherwise meets the requirement of this 
standard and specification. 

A lining of engineering filter fabric (geotextile) shall be placed 
between the riprap and the underlying soil surface to prevent soil 
movement into or through the riprap. The geotextile should be keyed 
in at the top of the bank. 

Filter fabric shall not be used on slopes greater than 1-112: 1 as slippage 
may occur. It should be used in conjunction with a layer of coarse 
aggregate (granular filter blanket) when the riprap to be placed is 12 
inches and larger. 
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BMP C203: Water Bars 

Purpose A small ditch or ridge of material is constructed diagonally across a road 
or right-of-way to divert stormwater runoff from the road surface, wheel 
tracks, or a shallow road ditch. 

Conditions of use - Clearing right-of-way and construction of access for power lines, 
pipelines, and other similar installations often require long narrow 
right-of-ways over sloping terrain. Disturbance and compaction 
promotes gully formation in these cleared strips by increasing the 
volume and velocity of runoff. Gully formation may be especially 
severe in tire tracks and ruts. To prevent gullying, runoff can often be 
diverted across the width of the right-of-way to undisturbed areas by 
using small predesigned diversions. 

Give special consideration to each individual outlet area, as well as to 
the cumulative effect of added diversions. Use gravel to stabilize the 
diversion where significant vehicular traffjc is anticipated. 

Design and 
Installation 
Specifications 

Height: 8-inch minimum measured from the channel bottom to the 
ridge top. 

Side slope of channel: 2: 1 maximum; 3: 1 or flatter when vehicles will 
cross. 

Base width of ridge: 6-inch minimum. 

Locate them to use natural drainage systems and to discharge into well 
vegetated stable areas. 

Guideline for Spacing: 

Grade of water bar and angle: Select angle that results in ditch slope 
less than 2 percent. 

Slope % 

20 - 35 I 5 0 

Install as soon as the clearing and grading is complete. Reconstruct 
when construction is complete on a section when utilities are being 
installed. 

Spacing (ft) 

> 35 

Compact the ridge when installed. 

Use rock lined ditch 

Stabilize, seed and mulch the portions that are not subject to traffic. 
Gravel the areas crossed by vehicles. 

< 5 
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Maintenance 
Standards 

Periodically inspect right-of-way diversions for wear and after every 
heavy rainfall for erosion damage. 

Immediately remove sediment from the flow area and repair the dike. 

Check outlet areas and make timely repairs as needed. 

When permanent road drainage is established and the area above the 
temporary right-of-way diversion is permanently stabilized, remove 
the dike and fill the channel to blend with the natural ground, and 
appropriately stabilize the disturbed area. 
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BMP C204: Pipe Slope Drains 

Purpose To use a pipe to convey stormwater anytime water needs to be diverted 
away from or over bare soil to prevent gullies, channel erosion, and 
saturation of slide-prone soils. 

Conditions of Use Pipe slope drains should be used when a temporary or permanent 
stormwater conveyance is needed to move the water down a steep slope to 
avoid erosion (Figure 4.1 1 ). 

On highway projects, they should be used at bridge ends to collect runoff 
and pipe it to the base of the fill slopes along bridge approaches. These 
can be designed into a project and included as bid items. Another use on 
road projects is to collect runoff from pavement and pipe it away from 
side slopes. These are useful because there is generally a time lag between 
having the first lift of asphalt installed and the curbs, gutters, and 
permanent drainage installed. Used in conjunction with sand bags, or 
other temporary diversion devices, these will prevent massive amounts of 
sediment from leaving a project. 

Water can be collected, channeled with sand bags, Triangular Silt Dikes, 
berms, or other material, and piped to temporary sediment ponds. 

Pipe slope drains can be: 

Connected to new catch basins and used temporarily until all 
permanent piping is installed; 

Used to drain water collected from aquifers exposed on cut slopes and 
take it to the base of the slope; 

Used to collect clean runoff from plastic sheeting and direct it away 
from exposed soil; 

Installed in conjunction with silt fence to drain collected water to a 
controlled area; 

Used to divert small seasonal streams away from construction. They 
have been used successfully on culvert replacement and extension 
jobs. Large flex pipe can be used on larger streams during culvert 
removal, repair, or replacement; and, 

Connected to existing down spouts and roof drains and used to divert 
water away from work areas during building renovation, demolition, 
and construction projects. 

There are now several commercially available collectors that are attached 
to the pipe inlet and help prevent erosion at the inlet. 
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Design and 
Installation 
Specifications 

Size the pipe to convey the flow. The capacity for temporary drains 
shall be sufficient to handle the peak flow from a 10-year, 24-hour 
storm event. Permanent pipe slope drains shall be sized for the 25- 
year, 24-hour peak flow. 

Use care in clearing vegetated slopes for installation. 

Re-establish cover immediately on areas disturbed by installation. 

Use temporary drains on new cut or fill slopes. 

Use diversion dikes or swales to collect water at the top of the slope. 

Ensure that the entrance area is stable and large enough to direct flow 
into the pipe. 

Piping of water through the berm at the entrance area is a common 
failure mode. 

The entrance shall consist of a standard flared end section for culverts 
12 inches and larger with a minimum 6-inch metal toe plate to prevent 
runoff from undercutting the pipe inlet. The slope of the entrance shall 
be at least 3 percent. Sand bags may also be used at pipe entrances as 
a temporary measure. 

The soil around and under the pipe and entrance section shall be 
thoroughly compacted to prevent undercutting. 

The flared inlet section shall be securely connected to the slope drain 
and have watertight connecting bands. 

Slope drain sections shall be securely fastened together, fused or have 
gasketed watertight fittings, and shall be securely anchored into the 
soil. 

Thrust blocks should be installed anytime 90 degree bends are utilized. 
Depending on size of pipe and flow, these can be constructed with 
sand bags, straw bales staked in place, "t" posts and wire, or ecology 
blocks. 

Pipe needs to be secured along its full length to prevent movement. 
This can be done with steel "t" posts and wire. A post is installed on 
each side of the pipe and the pipe is wired to them. This should be 
done every 10-20 feet of pipe length or so, depending on the size of 
the pipe and quantity of water to diverted. 

Interceptor dikes shall be used to direct runoff into a slope drain. The 
height of the dike shall be at least 1 foot higher at all points than the 
top of the inlet pipe. 

The area below the outlet'must be stabilized with a riprap apron (see 
BMP C209 Outlet Protection, for the appropriate outlet material). 
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Maintenance 
Standards 

If the pipe slope drain is conveying sediment-laden water, direct all 
flows into the sediment trapping facility. 

Materials specifications for any permanent piped system shall be set 
by the local government. 

Check inlet and outlet points regularly, especially after storms. 

The inlet should be free of undercutting, and no water should be going 
around the point of entry. If there are problems, the headwall should be 
reinforced with compacted earth or sand bags. 

The outlet point should be free of erosion and installed with 
appropriate outlet protection. 

For permanent installations, inspect pipe periodically for vandalism and 
physical distress such as slides and wind-throw. 

Normally the pipe slope is so steep that clogging is not a problem with 
smooth wall pipe, however, debris may become lodged in the pipe. 

Dike material compacted 
90% modified proctor 

Discharge to a stabilized 
watercourse, sediment retention 
facility, or stabilized outlet 

Inlet and all sections must be 
securely fastened together 
with gasketed watertight fittings 

Figure 4.1 1 - Pipe Slope Drain 
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BMP C205: Subsurface Drains 

Purpose To intercept, collect, and convey ground water to a satisfactory outlet, 
using a perforated pipe or conduit below the ground surface. Subsurface 
drains are also known as "french drains." The perforated pipe provides a 
dewatering mechanism to drain excessively wet soils, provide a stable 
base for construction, improve stability of structures with shallow 
foundations, or to reduce hydrostatic pressure to improve slope stability. 

Conditions of Use Use when excessive water must be removed from the soil. The soil 
permeability, depth to water table and impervious layers are all factors 
which may govern the use of subsurface drains. 

Design and Relief drains are used either to lower the water table in large, 
Installation relatively flat areas, improve the. growth of vegetation, or to remove 
Specifications surface water. 

They are installed along a slope and drain in the direction of the slope. 

They can be installed in a grid pattern, a herringbone pattern, or a random 
pattern. 

Interceptor drains are used to remove excess ground water from a 
slope, stabilize steep slopes, and lower the water table immediately 
below a slope to prevent the soil from becoming saturated. 

They are installed perpendicular to a slope and drain to the side of the 
slope. 

They usually consist of a single pipe or series of single pipes instead of a 
patterned layout. 

Depth and spacing of interceptor drains --The depth of an 
interceptor drain is determined primarily by the depth to which the 
water table is to be lowered or the depth to a confining layer. For 
practical reasons, the maximum depth is usually limited to 6 feet, with 
a minimum cover of 2 feet to protect the conduit. 

The soil should have depth and sufficient permeability to permit 
installation of an effective drainage system at a depth of 2 to 6 feet. 

An adequate outlet for the drainage system must be available either by 
gravity or by pumping. 

The quantity and quality of discharge needs to be accounted for in the 
receiving stream (additional detention may be required). 

This standard does not apply to subsurface drains for building 
foundations or deep excavations. 

The capacity of an interceptor drain is determined by calculating the 
maximum rate of ground water flow to be intercepted. Therefore, it is 
good practice to make complete subsurface investigations, including 
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hydraulic conductivity of the soil, before designing a subsurface 
drainage system. 

Size of drain--Size subsurface drains to cany the required capacity 
without pressure flow. Minimum diameter for a subsurface drain is 4 
inches. 

The minimum velocity required to prevent silting is 1.4 ft./sec. The 
line shall be graded to achieve this velocity at a minimum. The 
maximum allowable velocity using a sand-gravel filter or envelope is 9 
Wsec. 

Filter material and fabric shall be used around all drains for proper 
bedding and filtration of fine materials. Envelopes and filters should 
surround the drain to a minimum of 3-inch thickness. 

The outlet of the subsurface drain shall empty into a sediment pond 
through a catch basin. If free of sediment, it can then empty into a 
receiving channel, swale, or stable vegetated area adequately protected 
from erosion and undermining. 

The trench shall be constructed on a continuous grade with no reverse 
grades or low spots. 

Soft or yielding soils under the drain shall be stabilized with gravel or 
other suitable material. 

Backfilling shall be done immediately after placement of the pipe. No 
sections of pipe shall remain uncovered overnight or during a 
rainstorm. Backfill material shall be placed in the trench in such a 
manner that the drain pipe is not displaced or damaged. 

Do not install permanent drains near trees to avoid the tree roots that 
tend to clog the line. Use solid pipe with watertight connections where 
it is necessary to pass a subsurface drainage system through a stand of 
trees. 

Outlet--Ensure that the outlet of a drain empties into a channel or 
other watercourse above the normal water level. 

Secure an animal guard to the outlet end of the pipe to keep out 
rodents. 

Use outlet pipe of corrugated metal, cast iron, or heavy-duty plastic 
without perforations and at least 10 feet long. Do not use an envelope 
or filter material around the outlet pipe, and bury at least two-thirds of 
the pipe length. 

When outlet velocities exceed those allowable for the receiving 
stream, outlet protection must be provided. 
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Maintenance 
Standards 

Subsurface drains shall be checked periodically to ensure that they 
are free-flowing and not clogged with sediment or roots. 

The outlet shall be kept clean and free of debris. 

Surface inlets shall be kept open and free of sediment and other debris. 

Trees located too close to a subsurface drain often clog the system 
with their roots. If a drain becomes clogged, relocate the drain or 
remove the trees as a last resort. Drain placement should be planned to 
minimize this problem. 

Where drains are crossed by heavy vehicles, the line shall be checked 
to ensure that it is not crushed. 
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BMP C206: Level Spreader 

Purpose To provide a temporary outlet for dikes and diversions consisting of an 
excavated depression constructed at zero grade across a slope. To convert 
concentrated runoff to sheet flow and release it onto areas stabilized by 
existing vegetation or an engineered filter strip. 

Conditions of Use Used when a concentrated flow of water needs to be dispersed over a 
large area with existing stable vegetation. 

Items to consider are: 

1. What is the risk of erosion or damage if the flow may become 
concentrated? 

2. Is an easement required if discharged to adjoining property? 

3. Most of the flow should be as ground water and not as surface 
flow. 

4. Is there an unstable area downstream that cannot accept additional 
ground water? 

Use only where the slopes are gentle, the water volume is relatively 
low, and the soil will adsorb most of the low flow events. 

Design and Use above undisturbed areas that are stabilized by existing vegetation. 
~nstallation 'If the level spreader has any low points, flow will concentrate, create 
Specifications channels and may cause erosion. 

Discharge area below the outlet must be uniform with a slope of less 
than 5H: 1 V. 

Outlet to be constructed level in a stable, undisturbed soil profile (not 
on fill). 

The runoff shall not reconcentrate after release unless intercepted by 
another downstream measure. 

The grade of the channel for the last 20 feet of the dike or interceptor 
entering the level spreader shall.be less than or equal to 1 percent. The 
grade of the level spreader shall be 0 percent to ensure uniform 
spreading of storm runoff. 

A 6-inch high gravel berm placed across the level lip shall consist of 
washed crushed rock, 2- to 4-inch or 314-inch to 1 %-inch size. 

The spreader length shall be determined by estimating the peak flow 
expected from the 10-year, 24-hour design storm. The length of the 
spreader shall be a minimum of 15 feet for 0.1 cfs and shall be 10 feet 
for each 0.1 cfs there after to a maximum of 015 cfs per spreader. Use 
multiple spreaders for higher flows. 

The width of the spreader should be at least 6 feet. 
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The depth of the spreader as measured from the lip should be at least 6 
inches and it should be uniform across the entire length. 

Maintenance 
Standards 

Level spreaders shall be setback from the property line unless there is 
an easement for flow. 

Level spreaders, when installed every so often in grassy swales, keep 
the flows from concentrating. Materials that can be used include sand 
bags, lumber, logs, concrete, and pipe. To function properly, the 
material needs to be installed level and on contour. Figures 4.12 and 
4.13 provide a cross-section and a detail of a level spreader. 

The spreader should be inspected after every runoff event to ensure 
that it is finctioning correctly. 

The contractor should avoid the placement of any material on the 
structure and should prevent construction traffic from crossing over 
the structure. 

If the spreader is damaged by construction traffic, it shall be 
immediately repaired. 

PressureTreated 2"xI 0" 
Densely vegetated for a 
Min. of 100' and slope 
less than 5: 1 

Figure 4.12 - Cross Section of Level Spreader 

Treated 2"xlO" may be abutted end to 
Spreader must be level end for max. spreader length of 50' 

6" min. 1" min. 

7 
6" rnin. 

18" rnin. rebar supports 
8' rnax. spacing 

Figure 4.13 - Detail of Level Spreader 

August 2001 Volume I1 - Construction Stormwater Pollution Prevention 4-69 



BMP C207: Check Dams 

Purpose Construction of small dams across a swale or ditch reduces the velocity of 
concentrated flow and dissipates energy at the check dam. 

Conditions of Use a Where temporary channels or permanent channels are not yet 
vegetated, channel lining is infeasible, and velocity checks are 
required. 

Check dams may not be placed in streams unless approved by the State 
Department of Fish and Wildlife. Check dams may not be placed in 
wetlands without approval from a permitting agency. 

Check dams shall not be placed below the expected backwater from 
any salmonid bearing water between October 1 and May 3 1 to ensure 
that there is no loss of high flow refuge habitat for overwintering 
juvenile salmonids and emergent salmonid fry. 

Design and a Whatever material is used, the dam should form a triangle when 
Installation viewed from the side. This prevents undercutting as water flows over 
Specifications the face of the dam rather than falling directly onto the ditch bottom. 

Check dams in association with sumps work more effectively at 
slowing flow and retaining sediment than just a check dam alone. A 
deep sump should be provided immediately upstream of the check 
dam. 

In some cases, if carefully located and designed, check dams can 
remain as permanent installations with very minor regrading. They 
may be left as either spillways, in which case accumulated sediment 
would be graded and seeded, or as check dams to prevent hrther 
sediment from leaving the site. 

Check dams can be constructed of either rock or pea-gravel filled bags. 
Numerous new products are also available for this purpose. They tend 
to be re-usable, quick and easy to install, effective, and cost efficient. 

Check dams should be placed perpendicular to the flow of water. 

The maximum spacing between the dams shall be such that the toe of 
the upstream dam is at the same elevation as the top of the downstream 
dam. 

Keep the maximum height at 2 feet at the center of the dam. 

Keep the center of the check dam at least 12 inches lower than the 
outer edges at natural ground elevation. 

Keep the side slopes of the check dam at 2: 1 or flatter. 

Key the stone into the ditch banks and extend it beyond the abutments 
a minimum of 18 inches to avoid washouts from overflow around the 
dam. 
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Maintenance 
Standards 

Use filter fabric foundation under a rock or sand bag check dam. If a 
blanket ditch liner is used, this is not necessary. A piece of organic or 
synthetic blanket cut to fit will also work for this purpose. 

Rock check dams shall be constructed of appropriately sized rock. 
The rock must be placed by hand or by mechanical means (no 
dumping of rock to form dam) to achieve complete coverage of the 
ditch or swale and to ensure that the center of the dam is lower than 
the edges. The rock used must be large enough to stay in place given 
the expected design flow through the channel. 

In the case of grass-lined ditches and swales, all check dams and 
accumulated sediment shall be removed when the grass has matured 
sufficiently to protect the ditch or swale - unless the slope of the swale 
is greater than 4 percent. The area beneath the check dams shall be 
seeded and mulched immediately after dam removal. 

Ensure that channel appurtenances, such as culvert entrances below 
check dams, are not subject to damage or blockage from displaced 
stones. Figure 4.14 depicts a typical rock check dam. 

Check dams shall be monitored for performance and sediment 
accumulation during and after each runoff producing rainfall. 
Sediment shall be removed when it reaches one half the sump depth. 

Anticipate submergence and deposition above the check dam and 
erosion from high flows around the edges of the dam. 

If significant erosion occurs between dams, install a protective riprap 
liner in that portion of the channel. 
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extend it beyond the abutments a 
minimum of 18" (0.5m) to prevent 
flow around dam. 

Spacing Between Check Dams 

NOT TO SCALE 

Figure 4.14 - Check Dams 
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BMP C208: Triangular Silt Dike (Geotextile-Encased Check Dam) 

Purpose Triangular silt dikes may be used as check dams, for perimeter protection, 
for temporary soil stockpile protection, for drop inlet protection, or as a 
temporary interceptor dike. 

Conditions of use May be used in place of straw bales for temporary check dams in 
ditches of any dimension. 

May be used on soil or pavement with adhesive or staples. 

TSDs have been used to build temporary: 

1. sediment ponds; 
2. diversion ditches; 
3. concrete wash out facilities; 
4. curbing; 
5. waterbars; 
6. level spreaders; and, 
7. berms. 

Design and 
Installation 
Specifications 

Made of urethane foam sewn into a woven geosynthetic fabric. 

It is triangular, 10 inches to 14 inches high in the center, with a 20- 
inch to 28-inch base. A 2-foot apron extends beyond both sides of the 
triangle along its standard section of 7 feet. A sleeve at one end 
allows attachment of additional sections as needed. 

Install with ends curved up to prevent water from flowing around the 
ends. 

The fabric flaps and check dam units are attached to the ground with 
wire staples. Wire staples should be No. 11 gauge wire and should be 
200 mm to 300 rnm in length. 

When multiple units are installed, the sleeve of fabric at the end of the 
unit shall overlap the abutting unit and be stapled. 

Check dams should be located and installed as soon as construction 
will allow. 

Check dams should be placed perpendicular to the flow of water. 

When used as check dams, the leading edge must be secured with 
rocks, sandbags, or a small key slot and staples. 

In the case of grass-lined ditches and swales, check dams and 
accumulated sediment shall be removed when the grass has matured 
sufficiently to protect the ditch or swale unless the slope of the swale 
is greater than 4 percent. The area beneath the check dams shall be 
seeded and mulched immediately after dam removal. 
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Maintenance 
Standards 

Triangular silt dams shall be monitored for performance and sediment 
accumulation during and after each runoff producing rainfall. 
Sediment shall be removed when it reaches one half the height of the 
dam. 

Anticipate submergence and deposition above the triangular silt dam 
and erosion from high flows around the edges of the dam. 
Immediately repair any damage or any undercutting of the dam. 
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BMP C209: Outlet Protection 

Purpose Outlet protection prevents scour at conveyance outlets and minimizes the 
potential for downstream erosion by reducing the velocity of concentrated 
stormwater flows. 

Conditions of use Outlet protection is required at the outlets of all ponds, pipes, ditches, or 
other conveyances, and where runoff is conveyed to a natural or manmade 
drainage feature such as a stream, wetland, lake, or ditch. 

Design and 
Installation 
Specifications 

The receiving channel at the outlet of a culvert shall be protected from 
erosion by rock lining a minimum of 6 feet downstream and extending 
up the channel sides a minimum of 1-foot above the maximum 
tailwater elevation or l-foot above the crown, whichever is higher. 
For large pipes (more than 18 inches in diameter), the outlet protection 
lining of the channel is lengthened to four times the diameter of the 
culvert. 

Standard wingwalls, and tapered outlets and paved channels should 
also be considered when appropriate for permanent culvert outlet 
protection. (See WSDOT Hydraulic Manual, available through 
WSDOT Engineering Publications). 

Organic or synthetic erosion blankets, with or without vegetation, are 
usually more effective than rock, cheaper, and easier to install. 
Materials can be chosen using manufacturer product specifications. 
ASTM test results are available for most products and the designer can 
choose the correct material for the expected flow. 

With low flows, vegetation (including sod) can be effective. 

The following guidelines shall be used for riprap outlet protection: 

1. If the discharge velocity at the outlet is less than 5 fps (pipe slope 
less than 1 percent), use 2-inch to 8-inch riprap. Minimum 
thickness is I -foot. 

2. For 5 to 10 fps discharge velocity at the outlet (pipe slope less than 
3 percent), use 24-inch to 4-foot riprap. Minimum thickness is 2 
feet. 

3. For outlets at the base of steep slope pipes (pipe slope greater than 
10 percent), an engineered energy dissipater shall be used. 

Filter fabric or erosion control blankets should always be used under 
riprap to prevent scour and channel erosion. 

New pipe outfalls can provide an opportunity for low-cost fish habitat 
improvements. For example, an alcove of low-velocity water can be 
created by constructing the pipe outfall and associated energy 
dissipater back from the stream edge and digging a channel, over- 
widened to the upstream side, from the outfall. Overwintering juvenile 
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Maintenance 
Standards 

and migrating adult salmonids may use the alcove as shelter during 
high flows. Bank stabilization, bioengineering, and habitat features 
may be required for disturbed areas. See Volume V for more 
information on outfall system design. 

Inspect and repair as needed. 

Add rock as needed to maintain the intended function. 

Clean energy dissipater if sediment builds up. 
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BMP C220: Storm Drain Inlet Protection 

Purpose To prevent coarse sediment from entering drainage systems prior to 
permanent stabilization of the disturbed area. 

Conditions of Use Where storm drain inlets are to be made operational before permanent 
stabilization of the disturbed drainage area. Protection should be provided 
for all storm drain inlets downslope and within 500 feet of a disturbed or 
construction area, unless the runoff that enters the catch basin will be 
conveyed to a sediment pond or trap. Inlet protection may be used 
anywhere to protect the drainage system. It is likely that the drainage 
system will still require cleaning. 

Table 4.9 lists several options for inlet protection. All of the methods for 
storm drain inlet protection are prone to plugging and require a high 
frequency of maintenance. Drainage areas should be limited to 1 acre or 
less. Emergency overflows may be required where stormwater ponding 
would cause a hazard. If an emergency overflow is provided, additional 
end-of-pipe treatment may be required. 

Block and gravel drop inlet Yes Paved or Earthen 

Gravel and wire drop inlet N o  
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Design and 
Installation 
Specifications 

Excavated Drop Inlet Protection - An excavated impoundment around the 
storm drain. Sediment settles out of the stormwater prior to entering the 
storm drain. 

Depth 1-2 ft as measured from the crest of the inlet structure. 
Side Slopes of excavation no steeper than 2: 1 
Minimum volume of excavation 35 cubic yards. 
Shape basin to fit site with longest dimension oriented toward the 
longest inflow area. 
Install provisions for draining to prevent standing water problems. 
Clear the area of all debris. 
Grade the approach to the inlet uniformly. 
Drill weep holes into the side of the inlet. 
Protect weep holes with screen wire and washed aggregate. 
Seal weep holes when removing structure and stabilizing area. 
It may be necessary to build a temporary dike to the down slope side 
of the structure to prevent bypass flow. 

Block and Gravel Filler - A barrier formed around the storm drain inlet 
with standard concrete blocks and gravel. See Figure 4.15. 

Height 1 to 2 feet above inlet. 

Recess the first row 2 inches into the ground for stability. 
Support subsequent courses by placing a 2x4 through the block 
opening. 
Do not use mortar 
Lay some blocks in the bottom row on their side for dewatering the 
pool. 
Place hardware cloth or comparable wire mesh with %-inch openings 
over all block openings. 
Place gravel just below the top of blocks on slopes of 2: 1 or flatter. 
An alternative design is a gravel donut. 
Inlet slope of 3: 1. 
Outlet slope of 2: 1.  
I -foot wide level stone area between the structure and the inlet. 
Inlet slope stones 3 inches in diameter or larger. 
Outlet slope use gravel %- to %-inch at a minimum thickness of I -foot. 
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Plan View r A 

- Concrete 
Block 

Gravel 
Backfill 

I Section A - A Concrete B I O C ~  

Notes: 
1. Drop inlet sediment barriers are to be used for small, nearly level drainage areas. (less than 5%) 
2. Excavate a basin of sufficient size adjacent to the drop inlet. 
3. Thc top of the structure (ponding hcight) must bc wcll bclow thc ground clcvation downslopc to prcvcnt 
runoff from bypassing the inlet. A temporary dikc may bc ncccssary on thc dowslopc side of thc structurc. 

Figure 4.15 - Block and Gravel Filter 

Gravel and Wire Mesh Filter - A gravel barrier placed over the top of the 
inlet. This structure does not provide an overflow. 

Hardware cloth or comparable wire mesh with %-inch openings. 

Coarse aggregate. 

Height 1-foot or more, 18 inches wider than inlet on all sides. 

Place wire mesh over the drop inlet so that the'wire extends a 
minimum of 1-foot beyond each side of the inlet structure. 

If more than one strip of mesh is necessary, overlap the strips. 

Place coarse aggregate over the wire mesh. 

The depth of the gravel should be at least 12 inches over the entire 
inlet opening and extend at least 18 inches on all sides. 
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Catchbasin Filters - Inserts should be designed by the manufacturer for 
use at construction sites. The limited sediment storage capacity increases 
the amount of inspection and maintenance required, which may be daily 
for heavy sediment loads. The maintenance requirements can be reduced 
by combining a catchbasin filter with another type of inlet protection. 
This type of inlet protection provides flow bypass without overflow and 
therefore may be a better method for inlets located along active rights-of- 
way. 

5 cubic feet of storage. 

Dewatering provisions. 

High-flow bypass that will not clog under normal use at a construction 
site. 

The catchbasin filter is inserted in the catchbasin just below the 
grating. 

Curb Inlet Protection with Wooden Weir - Barrier formed around a curb 
inlet with a wooden frame and gravel. 

Wire mesh with %-inch openings. 
Extra strength filter cloth. 
Construct a frame. 
Attach the wire and filter fabric to the frame. 
Pile coarse washed aggregate against wirelfabric. 
Place weight on frame anchors. 

Block and Gravel Curb Inlet Protection - Barrier formed around an inlet 
with concrete blocks and gravel. See Figure 4.16. 

Wire mesh with %-inch openings. 

Place two concrete blocks on their sides abutting the curb at either side 
of the inlet opening. These are spacer blocks. 

Place a 2x4 stud through the outer holes of each spacer block to align 
the front blocks. 

Place blocks on their sides across the front of the inlet and abutting the 
spacer blocks. 

Place wire mesh over the outside vertical face. 

Pile coarse aggregate against the wire to the top of the barrier. 

Curb and Gutter Sediment Barrier - Sandbag or rock berm (riprap and 
aggregate) 3 feet high and 3 feet wide in a horseshoe shape. See Figure 
4.17. 

Construct a horseshoe shaped berm, faced with coarse aggregate if 
using riprap, 3 feet high and 3 feet wide, at least 2 feet from the inlet. 

Construct a horseshoe shaped sedimentation trap on the outside of the 
berm sized to sediment trap standards for protecting a culvert inlet. 
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Maintenance 
Standards 

Catch basin filters should be inspected frequently, especially after 
storm events. If the insert becomes clogged, it should be cleaned or 
replaced. 

For systems using stone filters: If the stone filter becomes clogged 
with sediment, the stones must be pulled away from the inlet and 
cleaned or replaced. Since cleaning of gravel at a construction site 
may be difficult, an alternative approach would be to use the clogged 
stone as fill and put fresh stone around the inlet. 

Do not wash sediment into storm drains while cleaning. Spread all 
excavated material evenly over the surrounding land area or stockpile 
and stabilize as appropriate. 
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Plan View 

Back of Sidewalk 

2x4 Wood Stud 

Concrete Block 

Concrete Block 

Section A - A (20mm, 

%" Drain Gravel 

Concrete Block 

Wire Screen or 
Filter Fabric 

Catch Basin 

(100x50 Timber Stud) 

NOTES: 
1. Use block and gravel type sediment barrier when curb inlet is located in gently sloping street segment, 

where water can pond and allow sediment to separate from runoff. 
2. Barrier shall allow for overflow from severe storm event. 
3. Inspect barriers and remove sediment afier each storm event. Sediment and gravel must be removed 

from the traveled way immediately. 

Figure 4.16 - Block and Gravel Curb Inlet Protection 
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Plan View 

Back of Sidewalk 

Gravel Filled Sandbags 

NOTES: 
1. Place curb type sediment barriers on gently sloping street segments, where watcr can pond and allow 
sediment to separate from runoff. 
2. Sandbags of cither burlap or woven 'geotextile' fabric, are filled with gravel, layered and packed tightly. 
3. Lcave a onc sandbag gap in the top row to provide a spillway for overflow. 
4. Inspect barriers and remove sediment after each storm event. Sediment and gravel must be removed from 
the traveled way immediately. 

Figure 4.17 - Curb and Gutter Barrier 
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BMP C230: Straw Bale Barrier 

Purpose To decrease the velocity of sheet flows and intercept and detain small 
amounts of sediment from disturbed areas of limited extent, preventing 
sediment from leaving the site. See Figure 4.1 8 for details on straw bale 
barriers. 

Conditions of Use a Below disturbed areas subject to sheet and rill erosion. 

Straw bales are among the most used and least effective BMPs. The 
best use of a straw bale is hand spread on the site. 

Where the size of the drainage area is no greater than 114 acre per 100 
feet of barrier length; the maximum slope length behind the barrier is 
100 feet; and the maximum slope gradient behind the barrier is 2: 1. 

Where effectiveness is required for less than three months. 

Under no circumstances should straw bale barriers be constructed 
in streams, channels, or ditches. 

Straw bale barriers should not be used where rock or hard surfaces 
prevent the full and uniform anchoring of the barrier. 

Design and 
Installation 
Specifications 

Bales shall be placed in a single row, lengthwise on the contour, with 
ends of adjacent bales tightly abutting one another. 

All bales shall be either wire-bound or string-tied. Straw bales shall 
be installed so that bindings are oriented around the sides rather than 
along the tops and bottoms of the bales in order to prevent 
deterioration of the bindings. 

The barrier shall be entrenched and backfilled. A trench shall be 
excavated the width of a bale and the length of the proposed barrier to 
a minimum depth of 4 inches. The trench must be deep enough to 
remove all grass and other material that might allow underflow. After 
the bales are staked and chinked (filled by wedging), the excavated 
soil shall be backfilled against the barrier. Backfill soil shall conform 
to the ground level on the downhill side and shall be built up to 4 
inches against the uphill side of the barrier. 

Each bale shall be securely anchored by at least two stakes or re-bars 
driven through the bale. The first stake in each bale shall be driven 
toward the previously laid bale to force the bales together. Stakes or 
re-bars shall be driven deep enough into the ground to securely anchor 
the bales. Stakes should not extend above the bales but instead should 
be driven in flush with the top of the bale for safety reasons. 

The gaps between the bales shall be chinked (filled by wedging) with 
straw to prevent water from escaping between the bales. Loose straw 
scattered over the area immediately uphill from a straw bale barrier 
tends to increase barrier efficiency. Wedging must be done carehlly 
in order not to separate the bales. 
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Maintenance 
Standards 

Straw bale barriers shall be inspected immediately after each runoff- 
producing rainfall and at least daily during prolonged rainfall. 

Close attention shall be paid to the repair of damaged bales, end runs, 
and undercutting beneath bales. 

Necessary repairs to barriers or replacement of bales shall be 
accomplished promptly. 

Sediment deposits should be removed after each runoff-producing 
rainfall. They must be removed when the level of deposition reaches 
approximately one-half the height of the barrier. 

Any sediment deposits remaining in place after the straw bale barrier 
is no longer required shall be dressed to conform to the existing grade, 
prepared and seeded. 

Straw bales used as a temporary straw bale barrier shall be removed 
after project completion and stabilization to prevent sprouting of 
unwanted vegetation. 
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Section A - A 

1 

(1.5-1.8177) 

Ponding Height 

Embed Straw Bale 
4" (100rnm) Minimum 

into Soil 

Angle Stake Toward 
Previous Bale to 

Section B - B 

or Rebar Driven 
Through Bale. 

Plan 

r i 

NOTES: 
1. The straw bales shall be placed on slope contour. 
2. Bales to be placed in a row with the ends tightly abutting. 
3. Key in bales to prevent erosion or flow under bales. 

Figure 4.18 Straw Bale Barrier 
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BMP C231: Brush Barrier 

Purpose The purpose of brush barriers is to reduce the transport of coarse sediment 
from a construction site by providing a temporary physical barrier to 
sediment and reducing the runoff velocities of overland flow. 

Conditions of Use s Brush barriers may be used downslope of all disturbed areas of less 
than one-quarter acre. 

Brush barriers are not intended to treat concentrated flows, nor are 
they intended to treat substantial amounts of overland flow. Any 
concentrated flows must be conveyed through the drainage system to a 
sediment pond. The only circumstance in which overland flow can be 
treated solely by a barrier, rather than by a sediment pond, is when the 
area draining to the barrier is small. 

s Brush barriers should only be installed on contours. 

Design and 
Installation 
Speczjications 

Maintenance 
Standards 

Height 2 feet (minimum) to 5 feet (maximum). 
s Width 5 feet at base (minimum) to 15 feet (maximum). 

Filter fabric (geotextile) may be anchored over the brush berm to 
enhance the filtration ability of the barrier. Ten-ounce burlap is an 
adequate alternative to filter fabric. 

s Chipped site vegetation, composted mulch, or wood-based mulch (hog 
fuel) can be used to construct brush barriers. 

s A 100 percent biodegradable installation can be constructed using 10- 
ounce burlap held in place by wooden stakes. Figure 4.19 depicts a 
typical brush barrier. 

There shall. be no signs of erosion or concentrated runoff under or 
around the barrier. If concentrated flows are bypassing the barrier, it 
must be expanded or augmented by toed-in filter fabric. 

s The dimensions of the barrier must be maintained. 

If required. drape filter fabric 
over brush and secure in 4 " x P  
min. trench with compacted 
backfill. 

hill edge of 
th stakes. 
equivalent. 

max. 6 diameter woody debris. 
Alternatively topsoil strippings 
may be used to form the barrier. 

Figure 4.19 - Brush Barrier 
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BMP C232: Gravel Filter Berm 

Purpose A gravel filter berm is constructed on rights-of-way or traffic areas within 
a construction site to retain sediment by using a filter berm of gravel or 
crushed rock. 

Conditions of Use Where a temporary measure is needed to retain sediment from rights-of- 
way or in traffic areas on construction sites. 

Design and Berm material shall be % to 3 inches in size, washed well-grade gravel 
Installation or crushed rock with less than 5 percent fines. 
Specijications Spacing of berms: 

- Every 300 feet on slopes less than 5 percent 
- Every 200 feet on slopes between 5 percent and 10 percent 
- Every 100 feet on slopes greater than 10 percent 

Maintenance 
Standards 

Berm dimensions: 
- 1 foot high with 3:l side slopes 
- 8 linear feet per 1 cfs runoff based on the 10-year, 24-hour design 

storm 
Regular inspection is required. Sediment shall be removed and filter 
material replaced as needed. 
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BMP C233: Silt Fence 

Purpose Use of a silt fence reduces the transport of coarse sediment from a 
construction site by providing a temporary physical barrier to sediment 
and reducing the runoff velocities of overland flow. See Figure 4.20 for 
details on silt fence construction. 

Conditions of Use Silt fence may be used downslope of all disturbed areas. 

Design and 
Installation 
Specifications 

Silt fence is not intended to treat concentrated flows, nor is it intended 
to treat substantial amounts of overland flow. Any concentrated flows 
must be conveyed through the drainage.system to a sediment pond. 
The only circumstance in which overland flow can be treated solely by 
a silt fence, rather than by a sediment pond, is when the area draining 
to the fence is one acre or less and flow rates are less than 0.5 cfs. 

Silt fences should not be constructed in streams or used in V-shaped 
ditches. They are not an adequate method of silt control for anything 
deeper than sheet or overland flow. 

- - - 

Drainage area of 1 acre or less or in combination with sediment basin 
in a larger site. 

Joints in filter fabric shall be spliced at 
posts. Use staples, wire rings or 

equivalent to attach fabric to posts 

a r%-~ in imurn  4"x4" trench 
d l I / 1, Backfill trench with native soil 

Post spacing may be increased or 314"-1.5" washed gravel 
to 8' if wire backing is used \.\, I' 

2"xZ" wood posts, steel fence 
posts.or equivalent 

Figure 4.20 - Silt Fence 

Maximum slope steepness (normal (perpendicular) to fence line) 1 : 1 

- 

Maximum sheet or overland flow path length to the fence of 100 feet. 

No flows greater than 0.5 cfs. 

The geotextile used shall meet the following standards. All geotextile 
properties listed below are minimum average roll values (i.e., the test 
result for any sampled roll in a lot shall meet or exceed the values 
shown in Table 4. lo): 
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Standard strength fabrics shall be supported with wire mesh, chicken 
wire, 2-inch x 2-inch wire, safety fence, or jute mesh to increase the 
strength of the fabric. Silt fence materials are available that have 
synthetic mesh backing attached. 

Filter fabric material shall contain ultraviolet ray inhibitors and 
stabilizers to provide a minimum of six months of expected usable 
construction life at a temperature range of 0°F. to 1 20°F. 

100 percent biodegradable silt fence is available that is strong, long 
lasting, and can be left in place after the project is completed, if 
permitted by local regulations. 

Standard Notes for construction plans and specifications follow. Refer 
to Figure 4.20 for standard silt fence details. 

The contractor shall install and maintain temporary silt fences at the 
locations shown in the Plans. The silt fences shall be constructed in 
the areas of clearing, grading, or drainage prior to starting those 
activities. A silt fence shall not be considered temporary if the silt 
fence must function beyond the life of the contract. The silt fence 
shall prevent soil carried by runoff water from going beneath, through, 
or over the top of the silt fence, but shall allow the water to pass 
through the fence. 

The minimum height of the top of silt fence shall be 2 feet and the 
maximum height shall be 2% feet above the original ground surface. 

The geotextile shall be sewn together at the point of manufacture, or at 
an approved location as determined by the Engineer, to form geotextile 
lengths as required. All sewn seams shall be located at a support post. 
Alternatively, two sections of silt fence can be overlapped, provided 
the Contractor can demonstrate, to the satisfaction of the Engineer, that 
the overlap is long enough and that the adjacent fence sections are 
close enough together to prevent silt laden water from escaping 
through the fence at the overlap. 
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The geotextile shall be attached on the up-slope side of the posts and 
support system with staples, wire, or in accordance with the 
manufacturer's recommendations. The geotextile shall be attached to 
the posts in a manner that reduces the potential for geotextile tearing at 
the staples, wire, or other connection device. Silt fence back-up 
support for the geotextile in the form of a wire or plastic mesh is 
dependent on the properties of the geotextile selected for use. If wire 
or plastic back-up mesh is used, the mesh shall be fastened securely to 
the up-slope of the posts with the geotextile being up-slope of the 
mesh back-up support. 

The geotextile at the bottom of the fence shall be buried in a trench to 
a minimum depth of 4 inches below the ground surface. The trench 
shall be backfilled and the soil tamped in place over the buried portion 
of the geotextile, such that no flow can pass beneath the fence and 
scouring can not occur. When wire or polymeric back-up support 
mesh is used, the wire or polymeric mesh shall extend into the trench a 
minimum of 3 inches. 

The fence posts shall be placed or driven a minimum of 18 inches. A 
minimum depth of 12 inches is allowed if topsoil or other soft 
subgrade soil is not present and a minimum depth of 18 inches cannot 
be reached. Fence post depths shall be increased by 6 inches if the 
fence is located on slopes of 3: 1 or steeper and the slope is 
perpendicular to the fence. If required post depths cannot be obtained, 
the posts shall be adequately secured by bracing or guying to prevent 
overturning of the fence due to sediment loading. 

Silt fences shall be located on contour as much as possible, except at 
the ends of the fence, where the fence shall be turned uphill such that 
the silt fence captures the runoff water and prevents water from 
flowing around the end of the fence. 

If the fence must cross contours, with the exception of the ends of the 
fence, gravel check dams placed perpendicular to the back of the fence 
shall be used to minimize concentrated flow and erosion along the 
back of the fence. The gravel check dams shall be approximately 1- 
foot deep at the back of the fence. It shall be continued perpendicular 
to the fence at the same elevation until the top of the check dam 
intercepts the ground surface behind the fence. The gravel check dams 
shall consist of crushed surfacing base course, gravel backfill for 
walls, or shoulder ballast. The gravel check dams shall be located 
every 10 feet along the fence where the fence must cross contours. 
The slope of the fence line where contours must be crossed shall not 
be steeper than 3: 1. 

Wood, steel or equivalent posts shall be used. Wood posts shall have 
minimum dimensions of 2 inches by 2 inches by 3 feet minimum 
length, and shall be free of defects such as knots, splits, or gouges. 
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Steel posts shall consist of either size No. 6 rebar or larger, ASTM A 
120 steel pipe with a minimum diameter of I-inch, U, T, L, or C shape 
steel posts with a minimum weight of 1.35 1bs.lft. or other steel posts 
having equivalent strength and bending resistance to the post sizes 
listed. The spacing of the support posts shall be a maximum of 6 feet. 

Fence back-up support, if used, shall consist of steel wire with a 
maximum mesh spacing of 2 inches, or a prefabricated polymeric 
mesh. The strength of the wire or polymeric mesh shall be equivalent 
to or greater than 180 lbs. grab tensile strength. The polymeric mesh 
must be as resistant to ultraviolet radiation as the geotextile it supports. 

Silt fence installation using the slicing method specification details 
follow. Refer to Figure 4.2 1 for slicing method details. 

The base of both end posts must be at least 2 to 4 inches above the top 
of the silt fence fabric on the middle posts for ditch checks to drain 
properly. Use a hand level or string level, if necessary, to mark base 
points before installation. 

Install posts 3 to 4 feet apart in critical retention areas and 6 to 7 feet 
apart in standard applications. 

Install posts 24 inches deep on the downstream side of the silt fence, 
and as close as possible to the fabric, enabling posts to support the 
fabric from upstream water pressure. 

Lnstall posts with the nipples facing away from the silt fence fabric. 

Attach the fabric to each post with three ties,.all spaced within the top 
8 inches of the fabric. Attach each tie diagonally 45 degrees through 
the fabric, with each puncture at least 1 inch vertically apart. In 
addition, each tie should be positioned to hang on a post nipple when 
tightening to prevent sagging. 

Wrap approximately 6 inches of fabric around the end posts and secure 
with 3 ties. 

No more than 24 inches of a 36-inch fabric is allowed above ground 
level. 

The rope lock system must be used in all ditch check applications. 

The installation should be checked and corrected for any deviation 
before compaction. Use a flat-bladed shovel to tuck fabric deeper into 
the ground if necessary. 

Compaction is vitally important for effective results. Compact the soil 
immediately next to the silt fence fabric with the front wheel of the 
tractor, slud steer, or roller exerting at least 60 pounds per square inch. 
Compact the upstream side first and then each side twice for a total of 
four trips. 
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Any damage shall be repaired immediately. Maintenance 
Standards If concentrated flows are evident uphill of the fence, they must be 

intercepted and conveyed to a sediment pond. 

It is important to check the uphill side of the fence for signs of the 
fence clogging and acting as a barrier to flow and then causing 
channelization of flows parallel to the fence. If this occurs,'replace the 
fence or remove the trapped sediment. 

Sediment deposits shall either be removed when the deposit reaches 
approximately one-third the height of the silt fence, or a second silt 
fence shall be installed. 

If the filter fabric (geotextile) has deteriorated due to ultraviolet 

?WT SPACING: Condln' h*- 
f -x. en n o y n  .uru 

# m a r  on pmOng m r m u  

.tUc*- m 
w . m  .Id. of post 

~ m . a r e s ~ * o f  ?Wt DEPTH: 
1 U t ~ . Z ~ 4 e m ~  Am a u ~ h  b o l a  -nd 
"lm .Me. u hbrlc .bum #round 

60 paJ. or m m  

*GahsI&bl!€Ip5u.rnssdad. 

No more than 24. of a W fabr(c 
Is allowed above ground. 

I ~ol of fence II 

9BI Fence 

*hg blade 
V s  mm *rmJ (10 mm&nh) I 

CanpMedhealaum 

Vibratofy plovr k an acceptable bemuse of horbont81 compaction 

Figure 4.21 - Silt Fence Installation by Slicing Method 
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BMP C234: Vegetated Strip 

Purpose Vegetated strips reduce the transport of coarse sediment from a 
,construction site by providing a temporary physical barrier to sediment 
and reducing the runoff velocities of overland flow. 

Conditions of Use Vegetated strips may be used downslope of all disturbed areas. 

Vegetated strips are not intended to treat concentrated flows, nor are 
they intended to treat substantial amounts of overland flow. Any 
concentrated flows must be conveyed through the drainage system to a 
sediment pond. The only circumstance in which overland flow can be 
treated solely by a strip, rather than by a sediment pond, is when the 
following criteria are met (see Table 4.1 I) :  

Design and 
Installation 
Specifications 

Maintenance 
Standards 

The vegetated strip shall consist of a minimum of a 25-foot wide 
continuous strip of dense vegetation with a permeable topsoil. Grass- 
covered, landscaped areas are generally not adequate because the 
volume of sediment overwhelms the grass. Ideally, vegetated strips 
shall consist of undisturbed native growth with a well-developed soil 
that allows for infiltration of runoff. 

The slope within the strip shall not exceed 4H: 1V. 

The uphill boundary of the vegetated strip shall be delineated with 
clearing limits. 

Any areas damaged by erosion or construction activity shall be 
seeded immediately and protected by mulch. 

If more than 5 feet of the original vegetated strip width has had 
vegetation removed or is being eroded, sod must be installed. 

If there are indications that concentrated flows are traveling across the 
buffer, surface water controls must be installed to reduce the flows 
entering the buffer, or additional perimeter protection must be 
installed. 
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BMP C235: Straw Wattles 

Purpose Straw wattles are temporary erosion and sediment control barriers 
consisting of straw that is wrapped in biodegradable tubular plastic or 
similar encasing material. They reduce the velocity and can spread the 
flow of rill and sheet runoff, and can capture and retain sediment. Straw 
wattles are typically 8 to 10 inches in diameter and 25 to 30 feet in length. 
The wattles are placed in shallow trenches and staked along the contour of 
disturbed or newly constructed slopes. See Figure 4.22 for typical 
construction details. 

Conditions of Use Disturbed areas that require immediate erosion protection. 
Exposed soils during the period of short construction delays, or over 
winter months. 
On slopes requiring stabilization until permanent vegetation can be 
established. 
Straw wattles are effective for one to two seasons. 
If conditions are appropriate, wattles can be staked to the ground using 
willow cuttings for added revegetation. 
Rilling can occur beneath wattles if not properly entrenched and water 
can pass between wattles if not tightly abutted together. 

Design Criteria It is critical that wattles are installed perpendicular to the flow 
direction and parallel to the slope contour. 

a Narrow trenches should be dug across the slope on contour to a depth 
of 3 to 5 inches on clay soils and soils with gradual slopes. On loose 
soils, steep slopes, and areas with high rainfall, the trenches should be 
dug to a depth of 5 to 7 inches, or 112 to 213 of the thickness of the 
wattle. 

Start building trenches and installing wattles from the base of the slope 
and work up. Excavated material should be spread evenly along the 
uphill slope and compacted using hand tamping or other methods. 

Construct trenches at contour intervals of 3 to 30 feet apart depending 
on the steepness of the slope, soil type, and rainfall. The steeper the 
slope the closer together the trenches. 

Install the wattles snugly into the trenches and abut tightly end to end. 
Do not overlap the ends. 

lnstall stakes at each end of the wattle, and at 4-foot centers along 
entire length of wattle. 
If required, install pilot holes for the stakes using a straight bar to drive 
holes through the wattle and into the soil. 

At a minimum, wooden stakes should be approximately 314 x 314 x 24 
inches. Willow cuttings or 318-inch rebar can also be used for stakes. 
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Maintenance 
Standards 

Stakes should be driven through the middle of the wattle, leaving 2 to 
3 inches of the stake protruding above the wattle. 

Wattles may require maintenance to ensure they are in contact with 
soil and thoroughly entrenched, especially after significant rainfall on 
steep sandy soils. 

Inspect the slope after significant storms and repair any areas where 
wattles are not tightly abutted or water has scoured beneath the 
wattles. 

Straw Rolls Must 
Be Placed Along 
Slope Contours 

Spaclng Depends 
on Soil Type and Sediment, organic matter. 
Slope Steepness and native seeds are 

1" X1"Stake 
(25 x 25mm) 

NOTE: 
1. Straw roll installation requires the placement and secure staking of the roll in a trench, 3"x5" (75-125mm) 
deep, dug on contour. Runoff must not be allowed to run under or around roll. 

Figure 4.22 - Straw Wattles 
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BMP C240: Sediment Trap 

Purpose A sediment trap is a small temporary ponding area with a gravel outlet 
used to collect and store sediment from sites cleared and/or graded during 
construction. Sediment traps, along with other perimeter controls, shall be 
installed before any land disturbance takes place in the drainage area. 

Conditions of Use Prior to leaving a construction site, stormwater runoff must pass through a 
sediment pond or trap or other appropriate sediment removal best 
management practice. Non-engineered sediment traps may be used on-site 
prior to an engineered sediment trap or sediment pond to provide 
additional sediment removal capacity. 

It is intended for use on sites where the tributary drainage area is less than 
3 acres, with no unusual drainage features, and a projected build-out time 
of six months or less. The sediment trap is a temporary measure (with a 
design life of approximately 6 months) and shall be maintained until the 
site area is permanently protected against erosion by vegetation and/or 
structures. 

Sediment traps and ponds are only effective in removing sediment down 
to about the medium silt size fraction. Runoff with sediment of finer 
grades (fine silt and clay) will pass through untreated, emphasizing the 
need to control erosion to the maximum extent first. 

Whenever possible, sediment-laden water shall be discharged into onsite, 
relatively level, vegetated areas (see BMP C234 - Vegetated Strip). This 
is the only way to effectively remove fine particles from runoff unless 
chemical treatment or filtration is used. This can be particularly useful 
after initial treatment in a sediment trap or pond. The areas of release 
must be evaluated on a site-by-site basis in order to determine appropriate 
locations for and methods of releasing runoff. Vegetated wetlands shall 
not be used for this purpose. Frequently, it may be possible to pump water 
from the collection point at the downhill end of the site to an upslope 
vegetated area. Pumping shall only augment the treatment system, not 
replace it, because of the possibility of pump failure or runoff volume in 
excess of pump capacity. 

All projects that are constructing permanent facilities for runoff quantity 
control should use the rough-graded or final-graded permanent facilities 
for traps and ponds. This includes combined facilities and infiltration 
facilities. When permanent facilities are used as temporary sedimentation 
facilities, the surface area requirement of a sediment trap or pond must be 
met. If the surface area requirements are larger than the surface area of 
the permanent facility, then the trap or pond shall be enlarged to comply 
with the surface area requirement. The permanent pond shall also be 
divided into two cells as required for sediment ponds. 
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Design and 
Installation 
Specifications 

Either a permanent control structure or the temporary control structure 
(described in BMP C241, Temporary Sediment Pond) can be used. If a 
permanent control structure is used, it may be advisable to partially restrict 
the lower orifice with gravel to increase residence time while still allowing 
dewatering of the pond. A shut-off valve may be added to the control 
structure to allow complete retention of stormwater in emergency 
situations. In this case, an emergency overflow weir must be added. 

A skimmer may be used for the sediment trap outlet if approved by the 
Local Permitting Authority. 

See Figures 4.23 and 4.24 for details. 

If permanent runoff control facilities are part of the project, they 
should be used for sediment retention. 

To determine the sediment trap geometry, first calculate the design 
surface area (SA) of the trap, measured at the invert of the weir. Use 
the following equation: 

where 

Q2 = Design inflow based on the peak discharge from the 
developed 2-year runoff event from the contributing 
drainage area as computed in the hydrologic analysis. The 
1 0-year peak flow shall be used if the project size, expected 
timing and duration of construction, or downstream 
conditions warrant a higher level of protection. If no 
hydrologic analysis is required, the Rational Method may 
be used. 

vs = The settling velocity of the soil particle of interest. The 

0.02 mm (medium silt) particle with an assumed density of 
2.65 g/cm3 has been selected as the particle of interest and 
has a settling velocity (V,) of 0.00096 ftlsec. 

FS = A safety factor of 2 to account for non-ideal settling. 

Therefore, the equation for computing surface area becomes: 

2080 square feet per cfs of inflow 

Note: Even if permanent facilities are used, they must still have a 
surface area that is at least as large as that derived from the above 
formula. If they do not, the pond must be enlarged. 

To aid in determining sediment depth, all sediment traps shall have a 
staff gauge with a prominent mark I -foot above the bottom of the trap. 
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Maintenance 
Standards 

Sediment traps may not be feasible on utility projects due to the 
limited work space or the short-term nature of the work. Portable 
tanks may be used in place of sediment traps for utility projects. 

Sediment shall be removed from the trap when it reaches I-foot in 
depth. 

Any damage to the pond embankments or slopes shall be repaired. 

Surface area determine 
at top of weir 

W 

Washed gravel 
Note: Trap may be formed by berm or by 
partial or complete excavation Geotextile 

Discharge to stabilizec: 
conveyance, outlet, or 
level spreader 

Figure 4.23 Cross-Section of Sediment Trap 

I 6' Min.-I 

1' Min. depth ovemow spillway 

Native soil or 

Min. 1' depth 314"-1.5" 

Figure 4.24 Sediment Trap Outlet 
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BMP C241: Temporary Sediment Pond 

Purpose Sediment ponds remove sediment fiom runoff originating from disturbed 
areas of the site. Sediment ponds are typically designed to remove 
sediment no smaller than medium silt (0.02 rnm). Consequently, they 
usually reduce turbidity only slightly. 

Conditions of Use Prior to leaving a construction site, stormwater runoff must pass through a 
sediment pond or other appropriate sediment removal best management 
practice. 

Design and 
Installarion 
Specifications 

A sediment pond shall be used where the contributing drainage area is 3 
acres or more. Ponds must be used in conjunction with erosion control 
practices to reduce the amount of sediment flowing into the basin. 

Sediment basins must be installed only on sites where failure of the 
structure would not result in loss of life, damage to homes or 
buildings, or interruption of use or service of public roads or utilities. 
Also, sediment traps and ponds are attractive to children and can be 
very dangerous. Compliance with local ordinances regarding health 
and safety must be addressed. If fencing of the pond is required, the 
type of fence and its location shall be shown on the ESC plan. 

Structures having a maximum storage capacity at the top of the dam of 
10 acre-ft (435,600 ft") or more are subject to the Washington Dam 
Safety Regulations (Chapter 173-1 75 WAC). 

See Figure 4.25, Figure 4.26, and Figure 4.27 for details. 

If permanent runoff control facilities are part of the project, they 
should be used for sediment retention. The surface area requirements 
of the sediment basin must be met. This may require enlarging the 
permanent basin to comply with the surface area requirements. If a 
permanent control structure is used, it may be advisable to partially 
restrict the lower orifice with gravel to increase residence time while 
still allowing dewatering of the basin. 

Use of infiltration facilities for sedimentation basins during 
construction tends to clog the soils and reduce their capacity to 
infiltrate. If infiltration facilities are to be used, the sides and bottom 
of the facility must only be rough excavated to a minimum of 2 feet 
above final grade. Final grading of the infiltration facility shall occur 
only when all contributing drainage areas are fully stabilized. The 
infiltration pretreatment facility should be fully constructed and used 
with the sedimentation basin to help prevent clogging. 

Determining Pond Geometry 

Obtain the discharge from the hydrologic calculations of the peak flow 
for the 2-year runoff event (Q2). The 10-year peak flow shall be used . 
if the project size, expected timing and duration of construction, or 
downstream conditions warrant a higher level of protection. If no 
hydrologic analysis is required, the Rational Method may be used. 
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Determine the required surface area at the top of the riser pipe with the 
equation: 

SA = 2 x Q2/0.00096 or 
2080 square feet per cfs of inflow 

See BMP C240 for more information on the derivation of the surface 
area calculation. 

The basic geometry of the pond can now be determined using the 
following design criteria: 

Required surface area SA (from Step 2 above) at top of riser. 

Minimum 3.5-foot depth from top of riser to bottom of pond. 

Maximum 3: 1 interior side slopes and maximum 2: 1 exterior slopes. 
The interior slopes can be increased to a maximum of 2: 1 if fencing is 
provided at or above the maximum water surface. 

One foot of freeboard between the top of the riser and the crest of the 
emergency spillway. 

Flat bottom. 

Minimum 1-foot deep spillway. 

Length-to-width ratio between 3: 1 and 6: 1. 

Sizing of Discharge Mechanisms. 

The outlet for the basin consists of a combination of principal and 
emergency spillways. These outlets must pass the peak runoff expected 
from the contributing drainage area for a 100-year storm. If, due to site 
conditions and basin geometry, a separate emergency spill-way is not 
feasible, the principal spillway must pass the entire peak runoff expected 
fiom the 100-year storm. However, an attempt to provide a separate 
emergency spillway should always be made. The runoff calculations 
should be based on the site conditions during construction. The flow 
through the dewatering orifice cannot be utilized when calculating the 
100-year storm elevation because of its potential to become clogged; 
therefore, available spillway storage must begin at the principal spillway 
riser crest. 

The principal spillway designed by the procedures contained in this 
standard will result in some reduction in the peak rate of runoff. 
However, the riser outlet design will not adequately control the basin 
discharge to the predevelopment discharge limitations as stated in 
Minimum Requirement #7: Flow Control. However, if the basin for a 
permanent stormwater detention pond is used for a temporary 
sedimentation basin, the control structure for the permanent pond can be 
used to maintain predevelopment discharge limitations. The size of the 
basin, the expected life of the construction project, the anticipated 
downstream effects and the anticipated weather conditions during 
construction, should be considered to determine the need of additional 
discharge control. See Figure 4.28 for riser inflow curves. 
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Key divider into slope 
to prevent flow 
around sides 

Note: Pond may be fo 
by partial or complete 

Figure 4.25 - Sediment Pond Plan View 

Riser pipe 

Dewatering device 
ravel or clean sand shall 

Wire-backed silt fence 
staked haybales wrapped 
with filter fabric, or 
equivalent divider 

Figure 4.26 - Sediment Pond Cross Section 

Polyethylene cap Provide adequate 

rnin. 2" larger than 
dewatering orifice. 
Tubing shall cornply 
with ASTM F667 and Dewatering orifice, schedule. 
AASHTO M294 

meter as per calculations 

18" min. Alternatively, metal stakes 

L concrete b a s  - and wire may be used to 
prevent flotation 

W riser dia.   in. ----I 
Figure 4.27 - Sediment Pond Riser Detail 
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Principal Spillway: Determine the required diameter for the principal 
spillway (riser pipe). The diameter shall be the minimum necessary to 
pass the pre-developed 10-year peak flow (Qlo). Use Figure 4.28 to 
determine this diameter (h = 1-foot). Note: A permanent control structure 
may be used instead o f a  temporary riser. 

Emergency Overflow Spillway: Determine the required size and design 
of the emergency overflow spillway for the developed 100-year peak flow 
using the method contained in Volume 111. 

Dewatering Orifice: Determine the size of the dewatering orifice(s) 
(minimum 1-inch diameter) using a modified version of the discharge 
equation for a vertical orifice and a basic equation for the area of a circular 
orifice. Determine the required area of the orifice with the following 
equation: 

where A. = orifice area (square feet) 
As = pond surface area (square feet) 
h = head of water above orifice (height of riser in feet) 
T = dewatering time (24 hours) 
g = acceleration of gravity (32.2 feet/second2) 

Convert the required surface area to the required diameter D of the orifice: 

The vertical, perforated tubing connected to the dewatering orifice must be 
at least 2 inches larger in diameter than the orifice to improve flow 
characteristics. The size and number of perforations in the tubing should 
be large enough so that the tubing does not restrict flow. The orifice 
should control the flow rate. 

Additional Design Specifications 

The pond shall be divided into two roughly equal volume cells by a 
permeable divider that will reduce turbulence while allowing 
movement of water between cells. The divider shall be at least one- 
half the height of the riser and a minimum of one foot below the top of 
the riser. Wire-backed, 2- to 3-foot high, extra strength filter fabric 
supported by treated 4"x4"s can be used as a divider. Alternatively, 
staked straw bales wrapped with filter fabric (geotextile) may be used. 
If the pond is more than 6 feet deep, a different mechanism must be 
proposed. A riprap embankment is one acceptable method of 
separation for deeper ponds. Other designs that satisfy the intent of 
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Maintenance 
Standards 

this provision are allowed as long as the divider is permeable, 
structurally sound, and designed to prevent erosion under or around 
the barrier. 

To aid in determining sediment depth, one-foot intervals shall be 
prominently marked on the riser. 

If an embankment of more than 6 feet is proposed, the pond must 
comply with the criteria contained in Volume I11 regarding dam safety 
for detention BMPs. 

The most common structural failure of sedimentation basins is caused 
by piping. Piping refers to two phenomena: (1) water seeping through 
fine-grained soil, eroding the soil grain by grain and forming pipes or 
tunnels; and, (2) water under pressure flowing upward through a 
granular soil with a head of sufficient magnitude to cause soil grains to 
lose contact and capability for support. 

The most critical construction sequences to prevent piping will be: 

1. Tight connections between riser and barrel and other pipe 
connections. 

2. Adequate anchoring of riser. 

3. Proper soil compaction of the embankment and riser footing. 

4. Proper construction of anti-seep devices. 

Sediment shall be removed from the pond when it reaches 1-foot in 
depth. 

Any damage to the pond embankments or slopes shall be repaired. 
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BMP C250: Construction Stormwater Chemical Treatment 

Purpose Turbidity is difficult to control once fine particles are suspended in 
stormwater runoff from a construction site. Sedimentation ponds are 
effective at removing larger particulate matter by gravity settling, but are 
ineffective at removing smaller particulates such as clay and fine silt. 
Sediment ponds are typically designed to remove sediment no smaller than 
medium silt (0.02 mm). Chemical treatment may be used to reduce the 
turbidity of stormwater runoff. 

Conditions of Use Chemical treatment can reliably provide exceptional reductions of 
turbidity and associated pollutants. Very high turbidities can be reduced 
to levels comparable to what is found in streams during dry weather. 
Traditional BMPs used to control soil erosion and sediment loss from sites 
under development may not be adequate to ensure compliance with the 
water quality standard for turbidity in the receiving water. Chemical 
treatment may be required to protect streams from the impact of turbid 
stormwater discharges, especially when construction is to proceed through 
the wet season. 

Formal written approval from Ecology and the Local Permitting 
Authority is required for the use of chemical treatment regardless of 
site size. The intention to use Chemical Treatment shall be indicated 
on the Notice of Intent for coverage under the General Construction 
Permit. Chemical treatment systems should be designed as part of the 
Construction SWPPP, not after the fact. Chemical treatment may be 
used to correct problem sites in limited circumstances with formal 
written approval from Ecology and the Local Permitting Authority. 

The SEPA review authority must be notified at the application phase of 
the project review (or the time that the SEPA determination on the project 
is performed) that chemical treatment is proposed. If it is added after this 
stage, an addendum will be necessary and may result in project approval 
delay. 

Design and 
Installation 
Specifications 

See Appendix 11-B for background information on chemical treatment. 

Criteria for Chemical Treatment Product Cse: Chemically treated 
stormwater discharged from construction sites must be nontoxic to aquatic 
organisms. The following protocol shall be used to evaluate chemicals 
proposed for stormwater treatment at construction sites. Authorization to 
use a chemical in the field based on this protocol does not relieve the 
applicant from responsibility for meeting all discharge and receiving 
water criteria applicable to a site. 

Treatment chemicals must be approved by EPA for potable water use. 

Petroleum-based polymers are prohibited. 
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Prior to authorization for field use, jar tests shall be conducted to 
demonstrate that turbidity reduction necessary to meet the receiving 
water criteria can be achieved. Test conditions, including but not 
limited to raw water quality and jar test procedures, should be 
indicative of field conditions. Although these small-scale tests cannot 
be expected to reproduce performance under field conditions, they are 
indicative of treatment capability. 

Prior to authorization for field use, the chemically treated stormwater 
shall be tested for aquatic toxicity. Applicable procedures defined in 
Chapter 173-205 WAC, Whole Effluent Toxicity Testing and Limits, 
shall be used. Testing shall use stormwater from the construction site 
at which the treatment chemical is proposed for use or a water solution 
using soil from the proposed site. 

The proposed maximum dosage shall be at least a factor of five lower 
than the no observed effects concentration (NOEC). 

The approval of a proposed treatment chemical shall be conditional, 
subject to full-scale bioassay monitoring of treated stormwater at the 
construction site where the proposed treatment chemical is to be used. 

Treatment chemicals that have already passed the above testing 
protocol do not need to be reevaluated. Contact the Department of 
Ecology Regional Office for a list of treatment chemicals that have 
been evaluated and are currently approved for use. 

Treatment System Design Considerations: The design and operation of 
a chemical treatment system should take into consideration the factors that 
determine optimum, cost-effective performance. It may not be possible to 
fully incorporate all of the classic concepts into the design because of 
practical limitations at construction sites. Nonetheless, it is important to 
recognize the following: 

The right chemical must be used at the right dosage. A dosage that is 
either too low or too high will not produce the lowest turbidity. There 
is an optimum dosage rate. This is a situation where the adage "adding 
more is always better" is not the case. 

The coagulant must be mixed rapidly into the water to insure proper 
dispersion. 

A floc'culation step is important to increase the rate of settling, to 
produce the lowest turbidity, and to keep the dosage rate as low as 
possible. 

Too little energy input into the water during the flocculation phase 
results in flocs that are too small andlor insufficiently dense. Too 
much energy can rapidly destroy floc as it is formed. 
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Since the volume of the basin is a determinant in the amount of energy 
per unit volume, the size of the energy input system can be too small 
relative to the volume of the basin. 

Care must be taken in the design of the withdrawal system to minimize 
outflow velocities and to prevent floc discharge. The discharge should 
be directed through a physical filter such as a vegetated swale that 
would catch any unintended floc discharge. 

Treatment System Design: Chemical treatment systems shall be 
designed as batch treatment systems using either ponds or portable trailer- 
mounted tanks. Flow-through continuous treatment systems are not 
allowed at this time. 

A chemical treatment system consists of the stormwater collection system 
(either temporary diversion or the permanent site drainage system), a 
storage pond, pumps, a chemical feed system, treatment cells, and 
interconnecting piping. 

The treatment system shall use a minimum of two lined treatment cells. 
Multiple treatment cells allow for clarification of treated water while other 
cells are being filled or emptied. Treatment cells may be ponds or tanks. 
Ponds with constructed earthen embankments greater than six feet high 
require special engineering analyses. Portable tanks may also be suitable 
for some sites. 

The following equipment should be located in an operations shed: 

the chemical injector; 

secondary containment for acid, caustic, buffering compound, and 
treatment chemical; 

emergency shower and eyewash, and 

monitoring equipment which consists of a pH meter and a 
turbidimeter. 

Sizing Criteria: The combination of the storage pond or other holding 
area and treatment capacity should be large enough to treat stormwater 
during multiple day storm events. It is recommended that at a minimum 
the storage pond or other holding area should be sized to hold 1.5 times 
the runoff volume of the 10-year, 24-hour stonn event. Bypass should be 
provided around the chemical treatment system to accommodate extreme 
storm events. Runoff volume shall be calculated using the methods 
presented in Volume 3, Chapter 2. If no hydrologic analysis is required 
for the site, the Rational Method may be used. 

Primary settling should be encouraged in the storage pond. A forebay 
with access for maintenance may be beneficial. 

There are two opposing considerations in sizing the treatment cells. A 
larger cell is able to treat a larger volume of water each time a batch is 
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Standards 

processed. However, the larger the cell the longer the time required to 
empty the cell. A larger cell may also be less effective at flocculation and 
therefore require a longer settling time. The simplest approach to sizing 
the treatment cell is to multiply the allowable discharge flow rate times the 
desired drawdown time. A 4-hour drawdown time allows one batch per 
cell per 8-hour work period, given 1 hour of flocculation followed by two 
hours of settling. 

The permissible discharge rate governed by potential downstream effect 
can be used to calculate the recommended size of the treatment cells. The 
following discharge flow rate limits shall apply: 

If the discharge is directly or indirectly to a stream, the discharge flow 
rate shall not exceed 50 percent of the peak flow rate of the 2-year, 24- 
hour event for all storm events up to the 10-year, 24-hour event. 

If discharge is occurring during a storm event equal to or greater than 
the 10-year, 24-hour event, the allowable discharge rate is the peak 
flow rate of the 10-year, 24-hour event. 

Discharge to a stream should not increase the stream flow rate by more 
than 10 percent. 

If the discharge is directly to a lake, a major receiving water listed in 
Appendix C of Volume I, or to an infiltration system, there is no 
discharge flow limit. 

If the discharge is to a municipal storm drainage system, the allowable 
discharge rate may be limited by the capacity of the public system. It 
may be necessary to clean the municipal storm drainage system prior 
to the start of the discharge to prevent scouring solids from the 
drainage system. 

Runoff rates shall be calculated using the methods presented in 
Volume 3, Chapter 2 for the predeveloped condition. If no hydrologic 
analysis is required for the site, the Rational Method may be used. 

Monitoring: The following monitoring shall be conducted. Test results 
shall be recorded on a daily log kept on site: 

Operational Monitoring 

pH, conductivity (as a surrogate for alkalinity), turbidity and 
temperature of the untreated stormwater 

Total volume treated and discharged 

Discharge time and flow rate 

Type and amount of chemical used for pH adjustment 

Amount of polymer used for treatment 

Settling time 
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Compliance Monitoring 

pH and turbidity of the treated stormwater 

pH and turbidity of the receiving water 

Biomonitoring 

Treated stormwater shall be tested for acute (lethal) toxicity. Bioassays 
shall be conducted by a laboratory accredited by Ecology, unless 
otherwise approved by Ecology. The performance standard for acute 
toxicity is no statistically significant difference in survival between the 
control and 100 percent chemically treated stormwater. 

Acute toxicity tests shall be conducted with the following species and 
protocols: 

Fathead minnow, Pimephales promelas (96 hour static-renewal test, 
method: EPN60014-901027F). Rainbow trout, Oncorhynchus mykiss 
(96 hour static-renewal test, method: EPN60014-901027F) may be 
used as a substitute for fathead minnow. 

Daphnid, Ceriodaphnia dubia, Daphrtiapulex, or Daphnia magna (48 
hour static test, method: EPAl60014-901027F). 

All toxicity tests shall meet quality assurance criteria and test conditions in 
the most recent versions of the EPA test method and Ecology Publication 
# WQ-R-95-80, Laboratory Guidance and Whole Effluent Toxicity Test 
Review Criteria. 

Bioassays shall be performed on the first five batches and on every tenth 
batch thereafter, or as otherwise approved by Ecology. Failure to meet the 
performance standard shall be immediately reported to Ecology. 

Discharge Compliance: Prior to discharge, each batch of treated 
stormwater must be sampled and tested for compliance with pH and 
turbidity limits. These limits may be established by the water quality 
standards or a site-specific discharge permit. Sampling and testing for 
other pollutants may also be necessary at some sites. Turbidity must be 
within 5 NTUs of the background turbidity. Background is measured in 
the receiving water, upstream from the treatment process discharge point. 
pH must be within the range of 6.5 to 8.5 standard units and not cause a 
change in the pH of the receiving water of more than 0.2 standard units. It 
is often possible to discharge treated stormwater that has a lower turbidity 
than the receiving water anil that matches the pH. 

Treated stormwater samples and measurements shall be taken from the 
discharge pipe or another location representative of the nature of the 
treated stormwater discharge. Samples used for determining compliance 
with the water quality standards in the receiving water shall not be taken 
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from the treatment pond prior to decanting. Compliance with the water 
quality standards is determined in the receiving water. 

Operator Training: Each contractor who intends to use chemical 
treatment shall be trained by an experienced contractor on an active site 
for at least 40 hours. 

Standard BMPs: Surface stabilization BMPs should be implemented on 
site to prevent significant erosion. All sites shall use a truck wheel wash 
to prevent tracking of sediment off site. 

Sediment Removal And Disposal: 

Sediment shall be removed from the storage or treatment cells as 
necessary. Typically, sediment removal is required at least once 
during a wet season and at the decommissioning of the cells. 
Sediment remaining in the cells between batches may enhance the 
settling process and reduce the required chemical dosage. 

Sediment may be incorporated into the site away from drainages. 
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