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Project Proposal
i. Brief Description
The zebra mussel, Dreissena polymorpha, and the quagga mussel, Dreissena rostriformis bugensis, are invasive freshwater mussels that foul hard substrates and can clog pipes and screens. If they become established in the Columbia River Basin, management costs at hydropower facilities are expected to exceed $23 million (Phillips et al. 2005). Combating the impacts of these mussels will require an integrated management plan that may include specialized coatings to reduce mussel settlement and growth on vulnerable surfaces such as trash racks. Foul-release coatings are considered non-toxic, and several have shown excellent performance in panel and trial applications against fouling mussels (Gross 1997; Matsui et al. 2002; Skaja 2009; Watermann et al. 1997). These coatings are soft, however, and the effective lifespan of these coatings is unknown., The resistance to abrasion and gouging caused by suspended solids, flotsam and facility operations, as well as the resistance to adhesion failure (i.e. peeling, blistering) are the major concerns regarding these foul-release coatings. A panel experiment will be conducted at US Army Corps of Engineers hydropower facilities to evaluate the effective lifespan of three foul-release coatings and compare to the protective coatings currently used to protect immersed concrete and steel (Crystal Seal, an acrylic sealer, and Corps of Engineers Formula V-766, a vinyl paint, respectively) after immersion in the Columbia River for a period of 36 months.  

ii. Detailed Description

The zebra mussel, Dreissena polymorpha, and the quagga mussel, Dreissena rostriformis bugensis, can cause economic and ecological damage. These freshwater mussels are not native to the United States and can firmly attach to hard substrates using byssal threads. High levels of mussel recruitment and firm attachment occur on mild steel, concrete and pvc structures (Ackerman et al. 1996; EPRI 1992; Kilgour and Mackie 1993). These freshwater mussels clog screens and pipes and foul other hard substrates, which could lead to interference in the operation of hydropower facilities on the river. These mussels have led to millions of dollars in additional maintenance costs for municipal water districts in Nevada, Arizona and California, as well as instigating several lake closures. If they become established in the Columbia River Basin (CRB), management costs at hydropower facilities are expected to exceed $23 million with annual costs of about $100,000/facility (Phillips et al. 2005). 
The risk of a zebra or quagga mussel infestation in the CRB is increasing. In 2007, both zebra and quagga mussels became established in parts of California and the lower Colorado River Basin. By 2009, the mussels had spread to more than twenty water bodies in California, and were detected in two reservoirs in northern Utah, and several Colorado reservoirs including the headwaters of the Colorado River. These mussels have spread westward to isolated lakes and reservoirs by overland transport primarily on recreational trailered-watercraft (Bossenbroek 2007; Lucy et al. 1999; Johnson et al. 2001; Karatayev et al. 2007). The continued discovery of recreational trailered-watercraft with attached mussels in the CRB, and throughout the western US, corroborate the importance of this vector. The likelihood of an unintentional introduction into the CRB has increased with the proximity of these new infestations.  

Combating the impacts of these fouling mussels will require an integrated management plan that includes anti-fouling coatings to reduce mussel settlement and growth on vulnerable under water surfaces such as screens and trash racks. Specialized anti-fouling coatings can be effective in controlling zebra and quagga mussels in raw water systems but certain types of coatings may be more effective at some locations and on some types of substrates and infrastructure than others. Anti-fouling coatings are used primarily in marine habitats to protect the hulls of ships, but they are also a useful tool for minimizing fouling effects of zebra and quagga mussels in freshwater habitats. In European water systems, which have been infested with invasive zebra and quagga mussels for centuries, toxic paints containing copper were used to prevent mussel fouling (Race and Kelly 1994). In response to concerns over toxicity, many new coatings have been, or are being, developed. Foul-release coatings are considered non-toxic and rely on low-surface tension to create smooth/slippery surfaces that resist mussel attachment (Yebra et al. 2004). Choice of an appropriate coating requires consideration of efficacy of the coating, the material to be coated, flow conditions, scouring and other exposure, raw water impacts, and various operational constraints.
Planning is critical to minimizing and mitigating the cost of an invasion of the CRB. An effective treatment and control program includes proven technologies, maintains operational flexibility, can be rapidly implemented, and is cost effective and dependable. The feasibility of mitigating zebra and quagga mussel fouling in hydropower facilities using anti-fouling and foul-release coatings was investigated and several promising coatings were identified including Bioclean SPGH (Chugoku Marine Paints), Smart Surfaces (Fuji Hunt Smart Surfaces), Intersleek 900 (International Marine Paints), copper, bronze, and brass metal, LuminOre (copper cold spray), and Epco-Tek 2000 (epoxy with copper powder) (Wells and Sytsma 2009). There are concerns, however, with these promising coatings. Heavy metal and organic biocide-based coatings are both effective and durable but work by releasing biocides such as copper into the surrounding water, which may impact native flora and fauna. Copper leach rates from antifouling coatings in situ and in vitro have been evaluated (Cottrell et al. 2000; Kelly 1998; Race and Kelly 1994; Srinivasan and Swain 2007; Valkirs et al. 2003). The modus operandi of these foul-release coatings does not involve biocides, and these coatings are effective and would limit initial settlement and strength of attachment. Foul-release coatings, however, are mechanically weak and could be subject to failure due to gouging, abrasion, and detachment. Foul-release coatings require registration under FIFRA, regardless of their active and inactive ingredients, because their intended use is pesticidal, e.g. preventing, repelling and mitigating biofouling. Further investigations are warranted in order to clearly demonstrate the effectiveness and dependability of the foul-release coatings relative to the protective coatings currently used on concrete and steel after long-term immersion in CRB water conditions.

Methods

The effective service life of the foul-release coatings will be evaluated relative to the protective coatings by the resistance of the coatings to damage caused by field deployment (i.e. abrasion, impact, immersion, and substrate adhesion) as well as the resistance to quagga mussel attachment. Concrete and mild steel panels will be immersed in the Columbia River for a period up to 36 months. Physical coating damage and fouling in the Columbia River as well as the resistance to quagga mussel attachment will be evaluated biannually for three years (0, 6, 12, 18, 24, 30, and 36 mo.) with five replicates per treatment. Treatments include two substrate materials (mild steel and concrete), three coatings, and seven time periods of field deployment. Experimental controls are the coatings currently used to protect immersed concrete (Crystal Seal) and steel (Corps of Engineers V-766) as well as bare concrete. 

A total of 500 concrete and 400 steel will be prepared for coating application by commercial blast cleaning. Concrete panels will be made and abrasive blast cleaned according to ASTM D1734 and SSPC-SP13. Steel panels will be prepared and abrasive blast cleaned to achieve an angular profile of 2.0 to 2.5 mils according to ASTM D609-00 and SSPC-SP6. There will be 200 large mild steel panels (12” x 6” x 1/8”) and 200 small mild steel panels (5” x 4” x 1/8”) as well as 250 large concrete panels (12” x 6” x ½”) and 250 small concrete panels (5” x 4” x ½”). Panels will be coated with the foul-release coatings, Bioclean SPGH (Chugoku Marine Paints), Smart Surfaces (Fuji Hunt Smart Surfaces), or Intersleek 900 (International Marine Paints) according to manufacturer specifications and ASTM D823, Practice D. The experimental controls are concrete panels coated with Crystal Seal, an acrylic sealer, mild steel panels coated with a vinyl paint, Corps of Engineers Formula V-766, and bare uncoated concrete. An industrial painter will be subcontracted to apply coatings. Dry film thickness will be measured in order to achieve a uniform coating thickness ranging between 10 to 12 mils on both concrete and mild steel substrates. A total of 810 panels will be deployed, including 720 coated panels and 90 uncoated concrete panels. The remaining 90 panels (45 large and 45 small panels) will not be deployed in the field, and will be used to perform initial panel evaluations (i.e. 0 mo.).

Panels will be secured to support frames for field deployment at U.S. Army Corps of Engineers (USACE) hydropower facilities on the Columbia River. The support frame design is modeled from Stone and Webster Engineering Corporation as presented in EPRI (1989). Each support frame will be 6’ 2” x 4’ 8’ (Figure 1). Eighteen large and 18 small panels will be secured to each frame. The entire support frame, including 36 panels, will weigh 112 lbs. Support frames will be deployed along the spillway side of the navigation arm using steel cables to a depth of 12 ft. 

To evaluate performance following deployment 45 small panels and 45 large panels will be removed from the support frames at each time interval (6, 12, 18, 24, 30, and 36 mo.) for evaluation at the PSU laboratory and the Nevada Department of Wildlife Lake Mead Fish Hatchery. The large and small panels will be photographed and the percent cover of the coatings affected by physical coating failure, including erosion, wearing, blistering, alligatoring, cracking, checking, chipping, peeling, and flaking will be measured according to ASTM D6990 and ASTM D714. Additionally, the percent cover of fouling (e.g. algae) will be evaluated according to ASTM D6990. The removed panels will be placed into individual plastic containers and transported to the laboratory immersed in distilled water. 

At the PSU laboratory, the small panels will be evaluated to determine the physical coating damage. Surface roughness will be measured using a contact profilometer. Five measurements will be made perpendicular to the direction of flow and averaged to obtain the roughness parameters for each panel. The adhesion strength of the coating to the underlying substrate will be measured with the knife adhesion test according to ASTM D6677. Three adhesion measurements will be done on each panel. Scribe undercutting corrosion will be evaluated on steel panels according to ASTM D1654. 

The large panels will be transported to the Nevada Department of Wildlife Lake Mead Fish Hatchery in order to evaluate the coatings’ resistance to quagga mussel attachment. Uncoated concrete and concrete coated with Crystal Seal as well as mild steel coated with Corps of Engineers V-766 panels will serve as controls for evaluating mussel attachment. Adult quagga mussels will be collected from Lake Mead, and byssal threads will be cut. Twenty mussels (about 3/4” shell length) will be placed onto each panel ventral side down, and loosely tied using fine stainless steel wire. Panels and tethered mussels will be immersed in tanks containing aerated Lake Mead water for seven days to allow for attachment. Mussels will be tethered to reduce confounding effects caused by mussel translocation, which is influenced by flow, light, and substrate material and orientation (Marsden and Lansky 2000). After seven days, the stainless steel wire will be attached to a digital force gauge, and the shear force required to remove the mussels will be measured. The number of byssal threads will be counted for each mussel after removal and recorded with the detachment force.

The 270 remaining panels (135 large and 135 small) deployed at USACE hydropower facilities will be left in the Columbia River to facilitate future coating evaluations over time periods greater than 36 months. The materials and labor costs associated with preparation and deployment are included in this proposal. The evaluation of these additional panels, however, is not included within this scope of work.  It is important to determine the effective service life of these foul-release under Columbia River hydropower conditions in relation to the protective coatings currently used on immersed concrete and steel structures. It is likely these coatings will be effective longer than three years. A major deterrent to the use of coatings is the initial application costs associated with labor and materials, but these costs may be offset by reductions in maintenance and disposal costs over the lifespan of the coating versus other control options such as hydro lazing/water jet blasting. The deployment of these additional panels allows for coating evaluations on longer time intervals (e.g. 48, 60, and 72 mo.) should the interest and resources warrant this in the future.
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Figure 1: Support frame with panels. 
iii. Technology Needs and Gaps

The evaluation of the effective service life of non-toxic coatings addresses the technology needs and gaps identified in the Power Operations (Hydro) roadmap pertaining to reducing the impacts of hydropower operations on the environment while maximizing existing asset value and extending the useful life of the assets. Based on the existing knowledge of the invasive species, zebra and quagga mussels, this project will conduct specific testing at Columbia River hydropower facilities while evaluating the performance of foul-release coating technologies and comparing to existing protective coatings. Dense layers of macrofouling organisms such as zebra and quagga mussels increase operational and maintenance costs by causing blockage or reduction in water flows, mechanical damage, corrosion, and equipment failure (Venkatesan and Murthy 2009). Macrofouling also changes the physical and chemical characteristics of submersed substrates, which reduces water flow and the efficacy of antifouling biocides and coatings; increases siltation, corrosion, material loadings and frictional resistance and the settlement of other fouling organisms. When individuals or colonies detach from submersed substrates, their shells and exoskeletons cause mechanical damage, blockages, increased corrosion, and equipment failures. In general, protective coatings such as coal tar, epoxy or other anti-corrosion anti-abrasion agents are not considered effective against zebra mussel settlement. Anti-fouling coatings that release biocides such as copper or other heavy metals could be problematic to the environment. Additionally, copper causes accelerated corrosion of carbon steel (EPRI 1992). Mitigating fouling caused by zebra and quagga mussels will likely involve numerous mitigation strategies, and specific coatings may be a non-toxic way to protect certain facility components, and reduce component maintenance.

iv. Interest Areas

This project does not address areas of particular interest such as Advancing the Grid or Renewable Energy Integration. 

v. Impact Analysis and Risk Assessment

Delay in implementation of a foul-release/anti-fouling technology could cause accruement of costs while project review is undertaken after the fact, or could lead to a decision to use an inferior or unacceptable product based on the need to react quickly to evidence of fouling impacts. 

The methods proposed to conduct the research are straightforward and well-tested, but there are several technical risks associated with this project including proper coating application, the consistency of the concrete panels, confounding effects caused by coating damage incurred during handling, insufficient immersion time to determine effective service life, the qualitative assessment of coating adhesion to the underlying substrate and the potential detachment of support frames from the navigation arm.  Proper application of the coatings is critical for coating performance, and for this reason, combined with the fact that any large scale application at hydropower facilities would be done by an accredited industrial painting contractor, the coating application will be subcontracted to a local accredited industrial painting contractor. 

The consistency of the concrete panels affects the final coating surface microtopography as well as panel strength and a large number of concrete panels will be made. It is important to limit the number of batches and maintain consistent ambient conditions during curing. A trial-run will be performed using large Formica molds, and these results will determine if the concrete panels will be made in-house or whether this job will be subcontracted. 

These coatings are soft and damage incurred during transport and handling would confound the analysis of coating damage caused by immersion at Columbia River hydropower facilities. Each panel will be transported to and from the deployment site in individual plastic containers (e.g. Tupperware) immersed in distilled water. Additionally, the panel area within 0.5” of all panel edges will be discounted from analysis.

It is possible that 36 mo. of immersion will be insufficient to determine the effective service life of these coatings. Long-term evaluations are difficult but these data are invaluable to understand how these coatings will perform under Columbia River field conditions. For these reasons, 270 panels will be deployed during this project that will not be evaluated so that evaluations over longer time periods can be performed if desired. This number of panels would allow for three more annual evaluations (e.g. 48, 60, and 72 mo.) according to the methods used for this project.  

The knife adhesion test will be used to qualitatively determine the coating adhesion to the panel. This test is subjective and there are no correlations with other studies. The knife adhesion test, however, has been widely used within the industry, works well with steel and concrete substrates, and allows for comparison to other current ongoing coating evaluations being conducted by the U.S. Bureau of Reclamation (A. Skaja, pers. comm., 2010). Additionally, due to the low surface energies of these coatings, it is not possible to perform adhesion assessments using pull-off adhesion testers (ASTM D4541) and pressure-sensitive tape (ASTM D3359). Due to the soft nature of these coatings, adhesion cannot be assessed using other methods as well, including the scrape adhesion test (ASTM D2197). 

The detachment of the support frames from the navigation arm is another risk. Panels will be deployed on the spillway side of the navigation arm where they will be subjected to main stem flow velocities. The support frame being used in this project is modeled from a design employed in an Electric Power Research Institute study (EPRI 1989). The same design was employed in subsequent studies, which indicates that the design is robust (Meyer et al. 1994). Each support frame will weigh 112 lb. and they will be secured using three galvanized wire ropes, and each wire rope has a working load of 1,960 lbs.

vi. Related Work

This project builds upon and adds to recently completed TI-funded projects (Wells and Sytsma 2009) and the current ongoing research being conducted by the U.S. Bureau of Reclamation (USBOR) and Metropolitan Water District (MWD). The direct application of other research to Columbia River hydropower facilities is limited by the site specific nature of fouling and its control, as well as the availability and relevance of these data (e.g. coating formulations change over time). USBOR is currently conducting panel and grate experiments to assess the feasibility of using coatings on its facilities on the lower Colorado River because they are having problems with macrofouling on external structures such as trash racks and screens (L. Willett, pers. comm.). This coating research is led by Dr. Allen Skaja, and is focused on non-toxic coatings because of the concern over drinking water and endangered species. The foul-release coatings that have been evaluated by USBOR and have been effective for a period up to 18 months include Intersleek 900 and Smart Surfaces (Skaja 2009). Panels coated with Biolcean SPGH were recently added to their experiment (A. Skaja, pers. comm.). MWD is also currently involved with panel and grate experiments in the lower Colorado River using Intersleek 900 and Smart Surfaces (P. Drooks, pers. com.; R. De Leon, pers. comm.). The three coatings to be evaluated under this proposal demonstrated good performance in the USBOR and MWD research, as well as identifying concerns over the coatings’ durability and service life. For example, some panels in the laboratory have blistered (A. Skaja, pers. comm.). The environmental factors between the Columbia and Colorado Rivers are different and it will be useful to quantify the damage caused from trash, debris and suspended solids as well as determining the corrosion protection provided by the coatings when immersed in the Columbia River. Additionally, the affects of microtexturing (i.e. surface roughness) are not being addressed in the USBOR and MWD research.  


This project also builds upon older coating technology research and the experiences of other North American facilities . Foul-release coatings were evaluated in panel and trial applications by the USACE (A. Beitelman, pers. com.; Kelly 1998; Miller and Freitag 1992; Race 1992; Race 1992b; Race and Miller 1992; Race and Kelly 1994; Race and Miller 1994), Ontario Hydro (Leitch et al. 1992; S. Poulton, pers. comm.), Pacific Gas and Electric (D. Innis, pers. comm.), The Electric Power Research Institute (EPRI 1989; EPRI 1992), The Long Island Lighting Company (Gross 1997), and Consolidated Edison Company (Kovalak et al. 1993). These findings have historical relevance, but it is important to note that coating manufacturers have changed coating formulations, and to the authors’ knowledge, foul-release coatings have never been evaluated in the Columbia River.
vii. Application of Project Results

The results from this project will be immediately applicable to BPA’s management planning efforts for quagga/zebra mussel invasion of the Columbia River Basin. The outcome will inform risk and cost/benefit analyses on implementation of various quagga/zebra mussel management techniques at all hydropower and fish handling facilities in the Basin.

viii. Benefit to BPA 

The estimated cost managing zebra/quagga mussel infestation of 13 hydropower facilities on the Columbia River is $23 million, and this cost will vary depending on the level of infestation. The use of foul-release coatings will not be the primary means by which the impacts of zebra and quagga mussels are controlled at hydropower facilities but may instead be used as part of an integrated control effort to substantially reduce macrofouling problems caused by zebra and quagga mussels. Finding an appropriate foul-release coating will result in reduced operations and maintenance costs should a fouling organism such as the zebra mussel become established in the CRB. Use of biocides in the Columbia River may impact threatened and endangered species. The modus operandi of foul-release coatings does not involve biocides. Foul-release coatings make pesticidal claims, e.g. “provides fouling control” or “reduces fouling”, however, and are required to register under FIFRA. Antifouling and foul-release coatings are expensive. EPRI (1989) estimated $127/ m2 for a five year service life for foul-release coatings, where the majority of costs were incurred during the coating application. Foul-release coatings may prove to be cost-effective for mitigation of macrofouling on CRB facility components like trash racks, intake bays, intake tunnels, and pump wells compared to other control means such as manual cleaning and chlorination. It is critical, however, to demonstrate the expected service life of these coatings under Columbia River conditions compared to the coatings currently used to protect steel and concrete in order to perform a detailed cost analysis. Non-toxic foul-release coatings offer promise of an environmentally sound control strategy. The proposed work will address the main concerns of this technology including durability and service life.

ix. Potential Environmental Impacts

There are no potential environmental impacts associated with this project. 

x. List of Deliverables

Deliverables include the results of coating evaluations over a period of 36 mo. including photographs, percent cover of coating damage, percent cover of fouling incurred during Columbia River immersion, surface roughness parameters, adhesion strength of coating to underlying substrates, scribe undercutting corrosion on coated mild steel, the shear force required to detach quagga mussels and the number of byssal threads of attached mussels for coated and uncoated concrete and mild steel panels. 

A total of 270 panels will be deployed and left immersed at Columbia River hydropower facilities to facilitate long-term coating evaluations in the future.

xi. Stage Gates

The TC/I program and its review team can determine project’s progress biannually coinciding with the panel inspections as well as other key stage gates including panel preparation, permission to access Projects, panel coating, and field testing of support frames.   

xii. Project Timeline 
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xiii. Project Leaders and Participants

The project leader will be Jim Irish. BPA will subcontract to the Pacific States Marine Fisheries Commission (PSMFC) and Portland State University to conduct the research. Stephen Phillips will be the project lead at PSMFC. Dr. Mark Sytsma will be the research leader at PSU. Steve Wells, and graduate student at PSU will conduct the field work. 

xiv. BPA Labs

This work requires expertise in coating technologies and invertebrate biology that does not exist at BPA Labs.

xv. Additional Information

None.

xvi. Work Plan

Title: Field evaluation of the service life of foul-release coatings in Columbia River

Investigators: Mark Sytsma and Steve Wells, Portland State University

Budget: $262,947 (79% of total budget of $331,347)
Project start date – October 1, 2010

Project end date – April 30, 2014

a. Stage Gates

Operations Manager Consultation:

This stage will determine the feasibility of deploying panels along the spillway side of the navigation arm, at what specific USACE project, and the site access.

Deliverables will be a specific site for deployment, a refined panel evaluation schedule, and security needs.

Budget: $3,409.21 ($2,460.21 labor and $949 travel) 

Access Letter: 

This stage will ensure compliance with all requirements put forth by the NWP Columbia River Coordinator and Project Fisheries biologists, and will identify any special situations that might be unique to the individual activities of this project.

Deliverables include the access letter that will provide access the Corps of Engineers hydroelectric projects.

Budget: $1,722 ($1,722 labor)

Experimental Use Permit under FIFRA:

This stage will determine the feasibility of conducting an in-situ panel experiment using coatings that are not currently registered as pesticide products under FIFRA in less than one acre of water.  

Deliverables include an exemption from the Experimental Use Permit provided by the Environmental Protection Agency.

Budget: $1,138 ($1,138 labor)

Trial Concrete Panel Preparation: 

This stage will determine the feasibility of in-house preparation of concrete panels versus hiring a concrete contractor. 

Deliverables include the results of the trial run, including assessments of panel precision determined from length, height and width measurements, and panel strength (i.e. resistance to breaking and chipping).  

Budget: $977.37 ($840.12 labor and $137.25 materials)

Subcontracting:

This stage will determine contractors to be used for panel preparation and coating application.  

Deliverables include the contractors chosen, cost estimates, and timeline of product delivery.

Budget: $624.13 ($624.13 labor)

Hire staff:

This stage will determine the hiring of a field assistant to help with manual labor tasks.

Deliverables include the job solicitation, the review of applicants, and the final decision.

Budget: $1,120.25 ($1,120.25 labor)

Panel Preparation:

This stage will involve the making and preparing of 900 panels. 

Deliverables are the prepared panels. 

Budget: $8,543.39 ($7,521.28 labor and $1,022.11 materials)

Support Frame Preparation:

This stage will involve the making of the support frames to deploy the coated panels.

Deliverables are the completed support frames.

Budget: $9,606.30 ($4,336.64 labor and $5,269.66 materials)

Trial Support Frame Deployment:

This stage will determine the effectiveness of the support frame design, identify potential problems with field deployment, and allow refinement of the estimated time for full-scale deployment.

Deliverables include the evaluation of the support frame design and construction, and any modifications made to the project design.

Budget: $5,983.16 ($5,780.50 labor and $202.66 travel)

Panel Coating:

This stage will determine the effectiveness of panel coating application.

Deliverables will be successfully coated panels.

Budget: $15,020.88 ($8,525 labor and $6495.08 materials)

Field Deployment:

This stage will involve the field deployment of panels.

Deliverables include the successful deployment of support frames and coated panels.

Budget: $20,514.80 ($20,123 labor and $391.80 travel)

Panel Evaluations:

This stage will determine the coating damage caused by impact, abrasion, and immersion, the corrosion protection provided to steel from coatings, as well as the resistance of quagga mussel attachment.

Deliverables include photographs, the percent cover of coating damage due to blistering, peeling, etc., percent cover of fouling incurred in the Columbia River (e.g. algae), surface roughness, scribe undercutting corrosion, adhesion strength to underlying substrate, the shear detachment force to remove quagga mussels and the number of byssal threads associated with detachment force.

Budget: $110,369.71 ($82,628 labor, $7,597.79 materials and $20,143.92 travel)

Interim Reports:  

This stage will determine project progress and allow for TI panel review.

Deliverables include stage gates deliverables and preliminary data from data analysis.

Budget: $2,800.64 ($2,800.64 labor)

Data Analysis:

This stage will determine the effectiveness of the evaluated coatings relative to each other under Columbia River field conditions for the given immersion time as well as allowing comparisons to other ongoing research being conducted by the USBOR and MWD in the lower Colorado River. 

Deliverables include quantitative and qualitative assessments of the evaluated coatings.

Budget: $11,202.56 ($11,202.56 labor)

Final Report:

This stage will determine the effectiveness of the project during the entire project period and will assist in evaluating the utility of performing future evaluations and/ or performing small scale trial applications on facility components. 

Deliverables include a final report summarizing the projects findings including recommendations and next steps.

Budget: $2,800.64 ($2,800.64 labor)

b. Milestones

The first major milestone is the acquisition of an exemption from an Experimental Use Permit provided by the EPA. The exemption should be granted because coatings are being applied in an experimental setting to less than one acre of water. Additionally, although these foul-release coatings are labeled as pesticides due to claims regarding intended uses, they are considered non-toxic. The experiment will not be conducted should the request for an Experimental Use Permit, or an exemption to the Experimental Use Permit, be denied by the EPA. 

The second major milestone is the preparation of 640 panels. If panels cannot be properly made, different contractors may be sought or the process can be repeated. 

The third major milestone is the trial deployment of the support frames. If the support frames fail, they can be redesigned or a completely different approach can be taken for field deployment, such as deploying in a different facility location.

The coating of the panels will be a major milestone. If proper application of the panels cannot be achieved, coating manufacturers will be contacted to seek additional help. Different industrial painting contractors could be hired as well.

The successful field deployment of the support frames and coated panels is another major milestone. If support frames become detached from the navigation arm after deployment, additional panels originally deployed for possible evaluation after time period greater than 36 mo. could be used, additional panels can be prepared and deployed using the same technique or another approach can be adopted for panel deployment. Failure of field deployment could impact the total immersion time possible within the project period.   

The last major milestone is successful data analysis. The techniques used to evaluate coatings are standard and well used but a particular analysis may prove more or less valuable. Less valuable analyses could be eliminated from experiment, or different techniques could be employed.

c. FTE required


[image: image2.emf]Year 1 of 4 Year 2 of 4 Year 3 of 4 Year 4 of 4

PI  0.1 0.1 0.1 0.1

Technician 0.8 0.3 0.3 0.3


d. Project Objectives

1. Determine the effective lifespan of the following foul-release coatings on concrete and mild steel substrates under Columbia River field conditions relative to the current coatings used to protect concrete (Crystal Seal), and steel (Corps of Engineers V-766), as well as to bare, uncoated concrete : Bioclean SPGH (Chugoku Marine Paints), Smart Surfaces (Fuji Hunt Smart Surfaces), Intersleek 900 (International Marine Paints).

2. Prepare final report summarizing coating evaluations after 36 months of immersion, including recommendations and next steps.

e. Methods [Methods includes items e., f., and g. identified on IP proposal requirements]

The effective service life of the foul-release coatings will be evaluated by the resistance of the coatings to damage caused by field deployment (i.e. abrasion, impact, immersion, and substrate adhesion) as well as the resistance to quagga mussel attachment relative to existing protective coatings used on immersed concrete (Crystal Seal) and steel (vinyl resin V-766). A total of 400 coated concrete, 100 uncoated concrete, and 400 coated mild steel panels will be immersed in the Columbia River for a period up to 36 months. Physical coating damage and fouling in the Columbia River as well as the resistance to quagga mussel attachment will be evaluated biannually for three years (0, 6, 12, 18, 24, 30, and 36 mo.) with five replicates per treatment. Treatments include two substrate materials (mild steel and concrete), three coatings, and seven time periods of field deployment. The experimental controls include Crystal Seal, Corps of Engineers V-766, and bare concrete.

There will be 200 large mild steel panels (12” x 6” x 1/8”) and 200 small mild steel panels (5” x 4” x 1/8”) prepared for this project. Mild steel panels will be purchased from the local steel distributor, The Steel Yard, located in Portland, OR. Mild steel panels will be rolled and prepared through edge grinding, removal of grease and oil, removal of burrs and other sharp edges, and removal of water-soluble contaminants according to ASTM D609-00, and then commercial blast cleaned to an angular profile of 2.0 to 2.5 mils according to SSPC-SP6. Before applying coatings, the precision of the surface microtexture of a 10% subsample of the mild steel panels will be evaluated with the relative standard deviation of the surface roughness parameters measured with a contact profilometer fitted with a diamond stylus. 

There will be 250 large concrete panels (12” x 6” x ½”) and 250 small concrete panels (5” x 4” x ½”) prepared for this project. A trial batch of concrete panels will be made using large Formica coated wood molds (4’x 8’x 1”) in order to investigate the feasibility of in-house production of concrete panels. Concrete will be made with Portland cement, graded sand and water in the ratio described in ASTM D1734 and mixed in an electric concrete mixer. An initial layer of concrete will be poured, and a pre-cut section of rabbit wire (pore size ~ 0.5”) will be added, and then finished with another layer of concrete to a marked level corresponding to a panel thickness of 0.5”. Concrete panels must be consistent and so it is important that 500 panels can be poured at the same time from as few batches as possible, and cured in a level position under appropriate ambient conditions. The precision of concrete panels made during the trial batch will be evaluated using panel dimensions, and resistance to chipping and breaking. Results of the trial batch of concrete panels will be used to inform the decision to either make concrete panels in-house or hire a concrete contractor. Concrete panel surfaces will be cleaned prior to coating application according to ASTM D4258, dried, and abrasive blast cleaned according to SSPC-SP13.

Panels will be coated with Bioclean SPGH (Chugoku Marine Paints), Smart Surfaces (Fuji Hunt Smart Surfaces), Intersleek 900 (International Marine Paints), Crystal Seal, and V-766 by an industrial painting contractor using hand-held airless spray techniques according to manufacturer specifications and ASTM D823, Practice D. Coating materials will be purchased from vendors, and consultation will be done between the vendors and the painting contractor and PSU in order to identify all application requirements and protocols. The desired dry film thickness will be 10 to 12 mils on both concrete and mild steel substrates. Coated panels will be cured as specified by each manufacturer. 

PSU will coordinate with the USACE regarding the deployment site planning, modifications, and meet with the operations manager at the USACE John Day Dam hydropower facility to coordinate safety, access, and security as it pertains to the field deployment of panels. Coated panels will be secured to support frames for deployment along the spillway side of the navigation arm using steel cables to a depth of 12 ft. Support frames and panels will be parallel the flow of water. The support frame design is modeled from Stone and Webster Engineering Corporation as presented in EPRI (1989). Each support frame will be 6’2” x 4’8” (Figure 1). Eighteen large and 18 small panels will be secured to each frame. The entire support frame, including 36 panels, will weigh 112 lbs. Each support frames will be secured to the navigation arm using three galvanized wire ropes that each have a working load of 1,960 lbs. Each frame will be secured approximately four linear feet apart to minimize the potential of frames contacting each other underwater.    

A total of 810 panels will be deployed at the start of the project, including 720 coated panels and 90 uncoated large panels on a total of 23 support frames. Prior to deployment, all panels will be photographed, and the percent cover damage due to erosion, wearing, blistering, alligatoring, cracking, checking, chipping, peeling, and flaking will be evaluated according to ASTM D6990 and D714 with the aid of photographic references. The 90 panels (45 large and 45 small panels) that were not deployed will be transported back to PSU immersed in distilled water in individual plastic containers and used to perform initial panel evaluations (i.e. 0 mo.). 

At the PSU laboratory, the small panels will be evaluated to determine the surface microtexture, the degree of corrosion protection provided to steel panels, and the adhesion strength of the coatings to the underlying panel. The 0.5” within all panel edges will be discounted from analysis. Surface microtexture will be measured by the surface roughness using a contact profilometer fitted with a diamond stylus. Five measurements will be made per panel and averaged to obtain the roughness parameters for each panel. On the panels that were field deployed, profilometer measurements will be made perpendicular to the direction of flow.  The adhesion strength of the coating to the underlying substrate will be measured with the knife adhesion test according to ASTM D6677. Three adhesion measurements will be done on each small panel. An “X” will be cut into the panel, with each leg being 1 1/2” long using a utility knife. The point of the knife will be used to rank the resistance of the coating separating from the panel. Scribe undercutting corrosion will be evaluated on steel panels according to ASTM D1654.

The large panels will be transported to the Nevada Department of Wildlife Lake Mead Fish Hatchery in order to evaluate the coatings’ resistance to quagga mussel attachment. Uncoated concrete and mild steel panels will serve as controls for evaluating mussel attachment. Panels will be transported in individual plastic containers immersed in distilled water. Adult quagga mussels will be collected using settlement substrates previously deployed in Lake Mead, and byssal threads will be cut. Twenty mussels (about 3/4” shell length) will be placed onto each panel ventral side down, and loosely tied using fine stainless steel wire. Panels and tethered mussels will be immersed in tanks containing aerated Lake Mead water for seven days to allow for attachment. Stainless steel wires will be attached to the feeding apparatus positioned over the tanks such that mussels cannot move off panels. Mussels are tethered to reduce confounding effects caused by mussel translocation. Mussel translocation is influenced by flow, light, and substrate material and orientation (Marsden and Lansky 2000). After seven days, the stainless steel wire will be attached to the hook of a five lb. digital force gauge, and the shear force required to remove the mussels will be measured. The number of byssal threads will be counted using a field scope (10X) for each mussel after removal and recorded with the detachment force.

Subsequent panel evaluations will be repeated at each time interval (6, 12, 18, 24, 30, and 36 mo.). PSU will travel to USACE John Day to photograph and measure the percent cover of the coatings affected by physical coating failure on all remaining large and small panels.  Additionally, the percent cover of fouling (e.g. algae) will be evaluated according to ASTM D6990 on all field deployed panels, discounting the 0.5” area of panel near all edges. At each time interval, thirty small panels and 34 large panels will be removed from the support frames and transported in plastic containers immersed in distilled water to the PSU laboratory and the Nevada Department of Wildlife Lake Mead Fish Hatchery for the evaluations outlined above. 

The 270 remaining panels (135 large and 135 small) deployed at USACE hydropower facilities will be left in the Columbia River to facilitate future coating evaluations over time periods greater than 36 months. The materials and labor costs associated with preparation and deployment are included in this scope of work. The evaluation of these additional panels, however, is not included within this project. It is important to determine the effective service life of these coatings under Columbia River hydropower conditions, and it is likely these coatings will be effective longer than three years. A major deterrent to the use of coatings is the initial application costs associated with labor and materials, but these costs may be offset by reductions in maintenance and disposal costs over the lifespan of the coating versus other control options such as hydro lazing/water jet blasting. The deployment of these additional panels allows for coating evaluations on longer time intervals (e.g. 48, 60, and 72 mo.) should the interest and resources warrant this in the future.
xvii. Cost Sharing

Portland State University will provide Facilities and Administration Costs (F&A) totaling $69,548 for the project. These cost include the difference between the approved PSU F&A rate for federal projects (45.5% of direct costs) and the rate charged on this project (15%).

Budget Summary byYear
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										Hrs.		$/hr				Fiscal Yr 1		Fiscal Yr 2

						PI				600		77.72

						Technician				3260		35.55

																										Year 1 of 4								Year 2 of 4								Year 3 of 4								Year 4 of 4								Total Project

						Fiscal Information

														BPA		PSU		Total								BPA				PSU				BPA				PSU				BPA				PSU				BPA				PSU				Total

						Year 1 of 4				PI				13,278				13,278						PI		13,278								13,278								13,278								6,797								46,632

										Technician				53,325				53,325						Technician		53,325								20,856								20,856								20,856								115,893

										Equipment				12,055				12,055						Equipment		12,058								0								0								0								12,058

										Laboratory analyses				5,060				5,060						Lab analyses		5,060								847								847								847								7,601

										Travel				2,608				2,608						Travel		2,608								5,216								5,216								5,216								18,256

										Subcontractors				15,965				15,965						Subcontractors		17,773								3,479								3,479								3,479								28,210

										Direct Costs				102,291				102,291						Direct Costs		104,102								43,676								43,676								37,195								228,650

										PSU F&A Costs				8,403		8,403		16,806						PSU F&A Costs		8,404				8,403				8,403				8,403				8,403				8,403				8,403				8,403				67,225

										Total Costs								0

																								Total Costs		112,506				8403				52,079				8,403				52,079				8,403				45,598				8403				295,875

						Year 2 of 4				PI				13,278				13,278								38%				3%				18%				3%				18%				3%				15%				3%

										Technician				20,856				20,856

										Equipment				0				0																																																Year 1 of 4				Year 2 of 4				Year 3 of 4				Year 4 of 4

										Laboratory analyses				846				846

										Travel				5,216				5,216																																														PI		0.1				0.1				0.1				0.1

										Subcontractors				2,560				2,560																																														Technician		0.8				0.3				0.3				0.3

										Direct Costs				42,756				42,756

										PSU F&A Costs				8,403		8,403		16,806

										Total Costs								0

																																										110,369.71

						Year 3 of 4				PI				13,278				13,278

										Technician				20,856				20,856																								20514.8

										Equipment				0				0																								5983.16								586.6666666667

										Laboratory analyses				846				846																								1500								3.66875

										Travel				5,216				5,216																								160								0.3333333333
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																		0

						Total Project				Direct Costs				224,079				224,079

										PSU F&A Costs				33,612		33,612		67,224
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Detailed

		THIS BUDGET INCLUDES LONG-TERM ADDITIONAL PANELS

																												USACE labor

				Salary				NOTE: hours in parentheses are old hour estimates																$21.88		$12		(hr)

								Panel preparation (160 hr @ $21.88/ hr)														3500.8		190		160

								Coating contracter consultation (40 hr @ $21.88/ hr)														875.2		45		0

								Support frame assembly (80 hr @ $21.88/ hr))														1750.4		50		100

								Trial deployment of support frames (30 hr @ $21.88/ hr))														656.4		30		0										3309.21

								Field deployment and field analysis @ 0 mo. (336 hr @ $21.88/ hr)														7351.68		336		0										977.37

								Profilometer training (20 hr @ $21.88/ hr)														437.6		20		0										560.13

								Laboratory methods (80 hr @ $21.88/ hr)														1750.4		80		0										1120.25

								Laboratory analysis @ 0, 8, 16, 24 mo (2.5 hr/ panel @ 300 panels @ $21.88/ hr)														16410		1125		0										9953.3

								Field analysis @ 6, 12, 18, 24, 30, 36 mo. (60 hr/ trip @ 7 trips @ $21.88/ hr)														9189.6		315		0										9606.3

								Lake Mead site visit, deploy substrates (48 hr @ $21.88/ hr)														1050.24		48		0										5183.14

								Lake Mead attachment @ 0, 6, 12, 18, 24, 30, 36 mo (128 hr/ trip @ $21.88/ hr)														19604.48		1050		0										15020.4

								Data analysis (320 hr @ $21.88/ hr)														7001.6		330		0										18014.8

								Reporting (80 hr @ $21.88/ hr)														1750.4		80		0										109569.42

				Benefits (@ 60% salary)																		42797.28		3699		260				71328.8						2800.64

																														2880						11202.56

				Subcontracting																										74208.8						2800.64

						Painter		Industrial painter subcontracter (55 hr @ $150/ hr)														8,525														190118.16

						Concrete		Concrete panel subcontracter (40 hr @ $60/ hr)														2400

						USACE		Overall planning and coordination with Capt Reginald												8 hr		400						8

								Coating consultation with L. Lane												4 hr		200						4

								Security clearance/ site access admin duties												4 hr		200						4

								Deployment site initial visit												8 hr		400						8

								Coordination with Capt Reginald Re deployment site changes												4 hr		200						4

								Deployment site preparation												48 hr		2400						48

								Trial frame deployment and assessment												8 hr		400						8

								Panel inspection access and safety												56 hr		2800						56

								Monthly frame attachment inspection												72 hr		3600						72

				Equipment																								212

						Panels																						2559.6

								Portland cement (225 lb @ $8.25/ 94 lb bag)														24.75						2120

								Graded sand (452 lb @ $2.98/ 50 lb bag)														26.82

								Concrete molds (15 4'x8' plywood @ $11.28/ ea., 82 1"x2"x8' @ $2.62/ ea.)														384.04								10600

								Masonry brush														6.5								2120

								Concrete mixer rental														40								12720

								Mild steel (200 12"x6"x1/8" @ $2/ ea and 200 5"x4"x1/8" @ $0.70/ ea.)														540		1022.11						21693.322327044

						Coatings

								Bioclean SPGH (107.1 ft2 @ $11.80/ ft2)														1263.78

								Smart Surfaces (107.1 ft2 @ $11.80/ ft2)														1263.78								4564

								Intersleek (107.1 ft2 @ $11.80/ ft2)														1263.78								4409

								Crystal Seal (89 ft2 @ $11.80/ ft2)														1050.2								3478.5408805031

								V-766 (89 ft2 @ $11.80/ ft2)														1050.2								919

								Naphtha (8 gal $11.99/ gal)														47.96								2757

								Concrete sealer														303.92								7166

								Plastic tarping														195.86

								Respirator														55.6		6495.08

						Support frames

								1" pvc round (59'/ frame @ $2.41/ 10')														355.475

								3/16" pvc extruded angle (50'/ frame @ $1.90/ 10')														323

								1" pvc schedule 90 degree eli (4/ frame @ $0.48)														65.28

								1" pvc schedule 40 tee (12/ frame @ $0.59)														240.72

								5/16" stainless steel bolt (20/ frame @ $1.01/ ea.)														505

								5/16" stainless steel nut (20/ frame @ $0.31/ ea.)														210.8

								pvc glue ($5/ 8 oz.)														20

								5/16" wire rope, uncoated galvanized (60'/ frame @ $23.47/ 20')														1760.25

								stainless steel wire rope clamp and thimble set (6/ frame @ $6.96)														1044

								pipe cutter														12.98		4537.505

						Analysis

								Utility knife														5.99

								Blistering photographic reference														48

								Transportation containers (450 large @ $6.97/ ea., 450 small @ $1.93/ ea.)														4005

								Transportation totes (60 @ $11.98/ ea.)														718.8

								stainless steel wire														20

								NDOW compensation														2000

								Shimpo DFS-5 digital force gauge 5lb.														800		7597.79

				Travel

						USACE

								Truck rental (3 days and 220 mi @ $40/day+$0.69/mi)														271.8

								PSU truck (9 trips @ 220 mi/ trip @ $0.55/ mi)														1089

								Hotel (1 night @ $55/ night)														55

								Food ($30/ day @ 14 days)														420

								Gasoline ($3.25/ gal @ 1,980 mi @ 17 mi/ gal)														378.5294117647

						Lake Mead

								PSU truck (7 trips @ 1,100 mi/ trip @ $0.55/ mi)														4235

								Airfare (1 round-trip @ $250)														250

								Car rental ($55/ d @ 2 d)														110

								Boat rental (4 hrs/ trip @ 8 trips @ $105/ 4 hr)														840

								Gasoline ($3.25/ gal @ 7700 mi @ 17 mi/ gal)														1472.0588235294

								Hotel (15 nights/trip @ 7 trips @ $55/ night)														5775

								Food (16 days/trip @ 7 trips $30/ day)														3360		18256.3882352941





short

		THIS BUDGET INCLUDES LONG-TERM ADDITIONAL PANELS

												$

		Salary (3260 hr @ $21.88/ hr and 240 hrs @ $12/ hr)										84,054.12

		Benefits (@ 60% of $21.88/ hr salary)										48,560.47

		Equipment

				Panels								658.72

				Coatings								8,668.79

				Support frames								5,269.66

				Analysis								6,301.99

		Travel										18,256.39

		Direct costs										171,770.14

		Indirect costs (@ 15% DC)										25,765.52

		Total costs										197,535.66






_1367231371.xls
By Year

		

										Hrs.		$/hr				Fiscal Yr 1		Fiscal Yr 2

						PI				600		77.72

						Technician				3260		35.55

						Fiscal Information																				Year 1								Year 2								Year 3								Year 4																Total

														BPA		PSU		Total								BPA				PSU				BPA				PSU				BPA				PSU				BPA				PSU				BPA Total				PSU Total				Project

						Year 1 of 4				PI				13,278				13,278						PI		13,278								13,278								13,278								6,797								46,632								46,632

										Technician				53,325				53,325						Technician		53,325								20,856								20,856								20,856								115,893								115,893

																																																										0

										Equipment				12,055				12,055						Equipment		12,058								0								0								0								12,058								12,058

										Laboratory analyses				5,060				5,060						Lab analyses		5,060								847								847								847								7,601								7,601

										Travel				2,608				2,608						Travel		2,608								5,216								5,216								5,216								18,256								18,256

										Subcontractors				15,965				15,965						Subcontractors		17,773								3,479								3,479								3,479								28,210								28,210

										Direct Costs				102,291				102,291						Direct Costs		104,102								43,676								43,676								37,195								228,650								228,650

										PSU F&A Costs				8,403		8,403		16,806						Facilitities and Admin Costs		15,615				31,751				6,551				13,321		0		6,551				13,321				5,579				11,344				34,297				69,738				104,036

										Total Costs								0

																								Total Costs		119,718				31751.25091				50,228				13,321				50,228				13,321				42,774				8403				262,947				69,738				332,686

						Year 2 of 4				PI				13,278				13,278

										Technician				20,856				20,856																																										0.0%

																																																												0.0%

										Equipment				0				0

										Laboratory analyses				846				846

										Travel				5,216				5,216

										Subcontractors				2,560				2,560																6551.465745

										Direct Costs				42,756				42,756

										PSU F&A Costs				8,403		8,403		16,806

										Total Costs								0

						Year 3 of 4				PI				13,278				13,278

										Technician				20,856				20,856

										Equipment				0				0

										Laboratory analyses				846				846

										Travel				5,216				5,216

										Subcontractors				2,560				2,560

										Direct Costs				42,756				42,756

										PSU F&A Costs				8,403		8,403		16,806

										Total Costs								0

						Year 4 of 4				PI				6,797				6,797

										Technician				20,856				20,856

										Equipment				0				0

										Laboratory analyses				846				846

										Travel				5,216				5,216

										Subcontractors				2,560				2,560

										Direct Costs				36,275				36,275

										PSU F&A Costs				8,403		8,403		16,806

										Total Costs

																		0

						Total Project				Direct Costs				224,079				224,079

										PSU F&A Costs				33,612		33,612		67,224

										Total Costs				257,691		33612		291,303





Detailed

		THIS BUDGET INCLUDES LONG-TERM ADDITIONAL PANELS

																												USACE labor

				Salary				NOTE: hours in parentheses are old hour estimates																$21.88		$12		(hr)

								Panel preparation (160 hr @ $21.88/ hr)														3500.8		190		160

								Coating contracter consultation (40 hr @ $21.88/ hr)														875.2		45		0

								Support frame assembly (80 hr @ $21.88/ hr))														1750.4		50		100

								Trial deployment of support frames (30 hr @ $21.88/ hr))														656.4		30		0										3309.21

								Field deployment and field analysis @ 0 mo. (336 hr @ $21.88/ hr)														7351.68		336		0										977.37

								Profilometer training (20 hr @ $21.88/ hr)														437.6		20		0										560.13

								Laboratory methods (80 hr @ $21.88/ hr)														1750.4		80		0										1120.25

								Laboratory analysis @ 0, 8, 16, 24 mo (2.5 hr/ panel @ 300 panels @ $21.88/ hr)														16410		1125		0										9953.3

								Field analysis @ 6, 12, 18, 24, 30, 36 mo. (60 hr/ trip @ 7 trips @ $21.88/ hr)														9189.6		315		0										9606.3

								Lake Mead site visit, deploy substrates (48 hr @ $21.88/ hr)														1050.24		48		0										5183.14

								Lake Mead attachment @ 0, 6, 12, 18, 24, 30, 36 mo (128 hr/ trip @ $21.88/ hr)														19604.48		1050		0										15020.4

								Data analysis (320 hr @ $21.88/ hr)														7001.6		330		0										18014.8

								Reporting (80 hr @ $21.88/ hr)														1750.4		80		0										109569.42

				Benefits (@ 60% salary)																		42797.28		3699		260				71328.8						2800.64

																														2880						11202.56

				Subcontracting																										74208.8						2800.64

						Painter		Industrial painter subcontracter (55 hr @ $150/ hr)														8,525														190118.16

						Concrete		Concrete panel subcontracter (40 hr @ $60/ hr)														2400

						USACE		Overall planning and coordination with Capt Reginald												8 hr		400						8

								Coating consultation with L. Lane												4 hr		200						4

								Security clearance/ site access admin duties												4 hr		200						4

								Deployment site initial visit												8 hr		400						8

								Coordination with Capt Reginald Re deployment site changes												4 hr		200						4

								Deployment site preparation												48 hr		2400						48

								Trial frame deployment and assessment												8 hr		400						8

								Panel inspection access and safety												56 hr		2800						56

								Monthly frame attachment inspection												72 hr		3600						72

				Equipment																								212

						Panels																						2559.6

								Portland cement (225 lb @ $8.25/ 94 lb bag)														24.75						2120

								Graded sand (452 lb @ $2.98/ 50 lb bag)														26.82

								Concrete molds (15 4'x8' plywood @ $11.28/ ea., 82 1"x2"x8' @ $2.62/ ea.)														384.04								10600

								Masonry brush														6.5								2120

								Concrete mixer rental														40								12720

								Mild steel (200 12"x6"x1/8" @ $2/ ea and 200 5"x4"x1/8" @ $0.70/ ea.)														540		1022.11						21693.322327044

						Coatings

								Bioclean SPGH (107.1 ft2 @ $11.80/ ft2)														1263.78

								Smart Surfaces (107.1 ft2 @ $11.80/ ft2)														1263.78								4564

								Intersleek (107.1 ft2 @ $11.80/ ft2)														1263.78								4409

								Crystal Seal (89 ft2 @ $11.80/ ft2)														1050.2								3478.5408805031

								V-766 (89 ft2 @ $11.80/ ft2)														1050.2								919

								Naphtha (8 gal $11.99/ gal)														47.96								2757

								Concrete sealer														303.92								7166

								Plastic tarping														195.86

								Respirator														55.6		6495.08

						Support frames

								1" pvc round (59'/ frame @ $2.41/ 10')														355.475

								3/16" pvc extruded angle (50'/ frame @ $1.90/ 10')														323

								1" pvc schedule 90 degree eli (4/ frame @ $0.48)														65.28

								1" pvc schedule 40 tee (12/ frame @ $0.59)														240.72

								5/16" stainless steel bolt (20/ frame @ $1.01/ ea.)														505

								5/16" stainless steel nut (20/ frame @ $0.31/ ea.)														210.8

								pvc glue ($5/ 8 oz.)														20

								5/16" wire rope, uncoated galvanized (60'/ frame @ $23.47/ 20')														1760.25

								stainless steel wire rope clamp and thimble set (6/ frame @ $6.96)														1044

								pipe cutter														12.98		4537.505

						Analysis

								Utility knife														5.99

								Blistering photographic reference														48

								Transportation containers (450 large @ $6.97/ ea., 450 small @ $1.93/ ea.)														4005

								Transportation totes (60 @ $11.98/ ea.)														718.8

								stainless steel wire														20

								NDOW compensation														2000

								Shimpo DFS-5 digital force gauge 5lb.														800		7597.79

				Travel

						USACE

								Truck rental (3 days and 220 mi @ $40/day+$0.69/mi)														271.8

								PSU truck (9 trips @ 220 mi/ trip @ $0.55/ mi)														1089

								Hotel (1 night @ $55/ night)														55

								Food ($30/ day @ 14 days)														420

								Gasoline ($3.25/ gal @ 1,980 mi @ 17 mi/ gal)														378.5294117647

						Lake Mead

								PSU truck (7 trips @ 1,100 mi/ trip @ $0.55/ mi)														4235

								Airfare (1 round-trip @ $250)														250

								Car rental ($55/ d @ 2 d)														110

								Boat rental (4 hrs/ trip @ 8 trips @ $105/ 4 hr)														840

								Gasoline ($3.25/ gal @ 7700 mi @ 17 mi/ gal)														1472.0588235294

								Hotel (15 nights/trip @ 7 trips @ $55/ night)														5775

								Food (16 days/trip @ 7 trips $30/ day)														3360		18256.3882352941





short

		THIS BUDGET INCLUDES LONG-TERM ADDITIONAL PANELS

												$

		Salary (3260 hr @ $21.88/ hr and 240 hrs @ $12/ hr)										84,054.12

		Benefits (@ 60% of $21.88/ hr salary)										48,560.47

		Equipment

				Panels								658.72

				Coatings								8,668.79

				Support frames								5,269.66

				Analysis								6,301.99

		Travel										18,256.39

		Direct costs										171,770.14

		Indirect costs (@ 15% DC)										25,765.52

		Total costs										197,535.66






