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The Department of Energy Princeton site office 
Review of Princeton Plasma Physics Laboratory
REVIEW REPORT SUMMARY

MINI REVIEW TITLE: REVIEW OF HEALTH PROTECTION CONTROLS FOR THE VACUUM PRESSURE EPOXY IMPREGNATION OF THE NCSX MODULAR COILS

LOCATION: NCSX Modular Coil Manufacturing Facility (Formerly the TFTR test Cell)
REVIEW DATES: March 10, 2006; follow-up May 4-17, 2006
PREVIOUS RELATED AUDITS: PSO Mini Review of PPPL Chemical Use, September 2005 

AUDIT BASIS: To assist in the Princeton Group’s fulfillment of operational awareness responsibilities per PSO Procedure 2-3.

KEY REVIEW PERSONNEL CONTACTED: J.H. Chrzanowski, PPPL Project Manager, W. Slavin, PPPL CIH, E. Kearns, H. Carnevale, S. Raftopoulos.  

REVIEW TEAM: D. Niemenski 

REVIEW PURPOSE/OBJECTIVE: The objective of this review was to ensure the adequate implementation of the Department of Energy’s Integrated Safety Management (ISM) process during the vacuum pressure impregnation of the NCSX modular coils with epoxy resin. 
REVIEW SCOPE: The primary focus of this review was on health protection associated with the

vacuum pressure impregnation of the NCSX modular coils with epoxy resin and consisted of: a review of applicable documentation, including operational procedures, the Job Hazard Analysis (JHA) per ESH-004, discussions with PPPL’s Project Manager, Project Engineer, Field Technician, and Industrial Hygienist, and a walkthrough of facilities prior or commencement of vacuum pressure impregnation (VPI) work in March 2006. Additional follow-up was performed in May to more fully understand the VPI system. 

POSITION STATEMENT:  The operational procedures and set-up of the VPI process were very well developed and thought-out despite many technical, engineering and logistical demands.  Overall, the ISM process was adequately implemented. Improvement in the preparation and specificity of the JHA form was evident. Project Management demonstrated a positive attitude toward safety awareness. Job tasks associated with the epoxy impregnation process were performed using established controls. No findings or concerns and six (6) observations were identified.  Three (3) recommendations (suggestions) were made for continuous improvement. 
Review Response: No response is required for this report.

The cooperation and helpfulness of all PPPL personnel was most appreciated throughout the PSO review. 


Deborah Niemenski, CQA


PSO Reviewer
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The Department of Energy Princeton site office
Review of Princeton Plasma PhysicsLaboratory
REVIEW REPORT

MINI REVIEW: REVIEW OF HEALTH PROTECTION CONTROLS FOR THE VACUUM PRESSURE EPOXY IMPREGNATION OF THE NCSX MODULAR COILS

I. REVIEW PURPOSE: To assist in the Princeton Site Office’s fulfillment of operational awareness responsibilities per PSO procedure 2-3.

II. REVIEW PURPOSE/OBJECTIVE: The objective of this review was to ensure the adequate implementation of the Department of Energy’s Integrated Safety Management (ISM) process during the vacuum pressure impregnation of the NCSX modular coils with epoxy resin. 
III. REVIEW SCOPE: The primary focus of this review was on health protection associated with the

vacuum pressure impregnation of the NCSX modular coils with epoxy resin and consisted of: a review of applicable documentation, including operational procedures, the Job Hazard Analysis (JHA) per ESH-004, discussions with PPPL’s Project Manager, Project Engineer, Field Technician, and Industrial Hygienist, and a walkthrough of facilities prior or commencement of vacuum pressure impregnation (VPI) work in March 2006. Additional follow-up was performed in May to more fully understand the VPI system. 

IV. BACKGROUND: 

Overview: The National Compact Stellarator Experiment (NCSX) is an experimental research device that will be used to develop the physics of compact stellarators as an innovative fusion energy confinement concept. The device, currently in the construction phase, will involve the fabrication of three (3) identical sections that will comprise the vacuum vessel along with Toroidal Field (TF) and Modular Coils. The sections are to be pre-assembled in the old “TFTR” test cell on D-Site now known as the “Coil Manufacturing Facility”. Part of the coil fabrication process involves the vacuum pressure impregnation (VPI) of the  Modular Coils with epoxy resin in the “Coil Manufacturing Facility” using an epoxy delivery system and specially designed autoclave. The epoxy delivery system consists of:  three (3) separate tanks for the joining and mechanical mixing of the resin, hardener and accelerator and associated tubing for the transfer and movement of the epoxy to the autoclave, where the actual impregnation will occur within a flexible, specially constructed bag (referred to as a “mold bag”). A total of eighteen (18) coils will be fabricated by PPPL in the “Coil Manufacturing Facility”. 

Description of Epoxy System and Exposure Potential: The trade name of the epoxy system chosen for the VPI process is CTD-101 K. This system is a modified anhydride cured epoxy system with excellent qualities for performance during cryogenic conditions and radiation resistance. It consists of the liquid epoxide resin (Part A), the hardener (Part B) and the accelerator (Part C). An engineered system will be used to mix and deliver the epoxy to the autoclave where the vacuum pressure impregnation of the coils will take place. The potential pathways for exposure by technicians with the epoxy components in the liquid, or unsolidified state, will be the preparation of the components by weighing on a digital scale, the premixing of the hardener and accelerator by hand, the subsequent manual pouring of the weighed components into the delivery system tanks, and viscosity measurements to be taken during the fill-cycle until the proper consistency is achieved. 

The system is fairly viscous (1300 cp at 25 degrees centigrade compared to water which has a viscosity of 1.002 cP) at or near standard conditions. Dermal exposure is the most likely route of personnel exposure. Inhalation is unlikely due to the generally low volatility of epoxy components, however, the potential can increase when ventilation is inadequate or the products are heated.  This product will be heated to a maximum temperature of 125 degrees Centigrade within the autoclave well below the decomposition temperature.  

Per the MSDS, the resin system components are moderate to severe skin and eye irritants with the potential for allergic sensitization from skin contact or respiratory irritation or response (allergy, asthma) from the inhalation of vapors. Residual amounts of epichlorohydrin, classified as a “reasonably anticipated carcinogen” by the National Toxicological Program (first identified in the Fourth Annual NTP Report and remaining as such with the current Eleventh NTP Report), may also be contained in the liquid resin component. (Note: Per discussion with the manufacturer, Part A is produced from raw material than contains less than 50 ppm of epichlorohydrin. The amount of epichlorohydrin remaining after the prepolymerization process would be less than this, but, the exact amount is not determinable from current information. It should be noted that most epoxy resins produced today by reacting epichlorohydrin with typically biphenyls result in only trace amounts of epichlorohydrin.) Other specific components include methyl nadic anhydride, dibutyl phthalate and phenol. 
Previous Review: A PSO review of chemical use at PPPL conducted in September 2005 identified six (6) concerns relating to hazard analysis and control including the need for more specificity in the preparation of JHAs. The JHA for the construction of the NCSX coil winding prototype in June 2005 involving the use of the epoxy system identified “eye protection” as the only control. While discussions with workers and IH revealed that the appropriate PPE was used, this could not be discerned from the JHA. The review identified the need for the identification of specific personnel protection and other specific controls, such as eye baths, to ensure adequate protection when epoxy components are handled.

V. RESULTS: 

Overall, the operational procedures and set-up of the VPI process were very well developed and thought-out despite the many challenges and technical, engineering and logistical demands.  Project Management demonstrated a positive attitude toward safety issues. 

The impregnation process is governed by D-NCSX-MCF-003, “Modular Coil Fabrication and Autoclave Activities. Associated procedures include: D-NCSX-MCF-004,”Modular Coil Fabrication-Post VPI Activities”, D-NCSX-OP-G-162, “Modular Coil Autoclave Operation”, and D-NCSX-OP-EO-41, “Modular Coil Manufacturing Facility-Emergency Response Procedure”. 

The pressurized coil impregnation began in March 2006.

The results as categorized by the Integrated Safety Management (ISM) Core functions are as follows:

A. Core Function 1: Scope of Work: Missions are translated into work, expectations are set, tasks are identified and prioritized, and resources are allocated.

Overall, work tasks were adequately identified and prioritized with clearly set expectations regarding safety and health. Procedure D-NCSX-MCF-003, section 1, outlined the scope at the task level. Resources (technical, engineering and safety and health) were adequate. There are no findings, concerns, or observations for core function 1. 

B. Core Function 2: Hazard Analysis: Hazards associated with the work are identified, analyzed and categorized. 

A JHA was prepared per ESH-004 on February 22, 2006, and was specific to the VPI process per D-NCSX-MCF-003. It was reviewed by PPPL’s Industrial Hygienist and approved by the Responsible line manager. Health hazards identified by the JHA included: chemicals (CTD-101K) epoxy, solvents including alcohol and acetone and mold release, and noise from the VPI blowers. D-NCSX-MCF-003- requires  that the MSDSs be present at station # 5 so it is readily available for information about the chemicals involved.  Improvement in the preparation and specificity of the JHA form was evident. A review of the JHA, however, resulted in the following observation relating to hazard analysis:

Observation 1: The JHA only addressed the VPI process per D-NCSX-MCF-003. There was no JHA to fully address the post VPI activities per D-NCSX-MCF-004 and its associated hazards. This phase of the operation involved the clean-up of the coils from the cured epoxy. 

C. Core Function 3: Identify Hazards and Implement Controls: 
Applicable standards and requirements are identified and agreed upon, controls to prevent/mitigate hazards are identified, the safety envelope is established, and controls are implemented. 

A prejob briefing for the VPI process including a discussion of the associated Job Hazard Analysis (JHA) was held on March 4, 2006, and included the PPPL’s Industrial Hygienist. Training was also provided by PPPL’s Industrial Hygienist.  The chemical controls specified by the JHA included: training and “nitrile” gloves. The personnel protective equipment (PPE) numbers 28 for “lab coat /apron” and 29 for “safety/goggles” were identified as control measures. Noise control identified by the JHA included the wearing of ear muffs or plugs within ten (10) feet of the VPI blowers when operational. A procedure briefing, that included guidance for the autoclave, was held on March 10, 2006. The VPI procedures included a “prerequisite checklist” that included a notification of PPPL’s Industrial Hygienist  twenty four (24) hours prior to the start of VPI operations. 

Much of  the hazards associated with the handling of the epoxy system, consisting of an epoxy mixing/delivery system and autoclave, were minimized by using engineered controls designed into the system. The impregnation itself takes place with a flexible bag within the autoclave. Direct handling of the epoxy components during the manual weighing, measuring and pouring of the epoxy was limited to approximately two (2) hours and involved two (2) technicians working together. The engineered system is isolated in a large, ventilated test cell with general, mechanical ventilation. Access to the test cell is restricted during the impregnation process. 
The VPI system consists of are three (3) pumps. Two (2) pumps are associated with the epoxy mixing/delivery system and one (1) pump with the autoclave. The pump associated with the autoclave is "closed" loop and vents directly to the outside via stack SM-8. However, the smaller, "cold-trapped" pumps associated with the epoxy delivery system  are "open looped" in that they exhaust into the work space in the test cell. One pump is used on the epoxy mixing tank to create a vacuum which aids in the removal of air bubbles from the epoxy while the other "open loop" pump provides a vacuum in the flexible bag to pull the epoxy in during the impregnation process.  However, both "open loop" pumps are cold trapped with liquid nitrogen to capture any VOCs that may be present in the line.

Since the last PSO review conducted in September 2005, an emergency eye wash station was added close to the operation for use during epoxy handling. While an improvement in the specificity of controls provided by the JHA was noted, the following  five (5) observations and  three (3) recommendation are made:
Observation 2: D-NCSX-MCF-003 did not see addresses the changing of the cold traps at a specified frequency. This may be important to prevent VOCs from entering the work space and/or epoxy lines.

Recommendation: Project management may want to consider adding the  change-out of the pumping system cold traps to the checklist of items specified by D-NCSX-MCF-003.

Observation 3: While the impregnation process was largely confined to an engineered system isolated in a large test cell with adequate general, mechanical ventilation, the JHA did not specify the maintenance of adequate general mechanical ventilation in the event of HVAC failure.
Recommendation: The JHA should specify that adequate mechanical ventilation of the coil winding test cell be maintained at all times in the event of HVAC failure. 

Observation 4: Although an emergency eye wash station with eye wash bottles was placed in the immediate vicinity of the work area since the previous review, the JHA did not check-off the eye wash station (# 38) as a specific control. 

Observation 5: The emergency response procedure (D-NCSX-OP-EO-41) addresses response actions for fire alarms, radiological emergencies, and loss of power. It did not address such emergencies issues as spill containment in the event of an accidental release of epoxy, first aid, or smoke generation which occurred during the first VPI process due to vacuum pump oil. Standard Lab Policy, as contained in such documents as ESHD 5008, Section 8, Chapter 1, section 1.9, address chemical emergencies in a generic manner. There are no Standard Operating Procedures for the specific handling and use of epoxy resin systems which are often used at PPPL. 
Observation 6: The JHA specified the use of nitrile gloves as skin protection during the VPI process. During the pre-job briefing, instructions were verbally given by PPPL’s Industrial Hygienist to change the gloves if they should come into contact with the epoxy. However, these instructions were not specified by the JHA as a control measure. Also, the JHA also identified the use of use of mold release under “chemical hazards”. The MSDS for the mold release (MS-122 DF) specified the use of MYLAR coated Durafab, PVA or neoprene gloves for hand protection. 

Recommendation: Generally, nitrile gloves have a relatively short breakthrough time (see recommendation below) for the hardener/curing agents of epoxy systems. The “Epoxy Resin Systems Safe Handling Guide” developed by the Epoxy Resin Systems Task Group of the Society of the Plastics Industry, Inc. provides information on general guidelines for the safe handling of epoxy resins in processing. Table 3, “Chemical Resistance Generalizations for Gloves”, indicates that generally nitrile gloves have a “fair” rating for epoxy hardeners and curing agents. Other glove types, such as ethyl vinyl alcohol and butyl rubber, have an “excellent” rating. 

Protective glove types with a longer breakthrough time should be considered for use with all components for which there is potential contact, or glove changing instructions should be clearly specified by the JHA.  

(Note: A “fair rating” is based on a breakthrough time of less than 20 minutes while and “excellent” rating has a breakthrough time of greater than 480 minutes.(Breakthrough is defined by the American Society for Testing and Materials (ASTM) F-739-96.) 
D. Core Function 4: Perform Work Within Controls: Readiness is confirmed and work is performed safely. 

Readiness was determined per the requirements of ENG-006, Engineering Work Planning and Control. Work was performed within established controls. There are no findings, concerns, or observations for core function 4. 

E. Core Function 5: Feedback and Continuous Improvement: Feedback information on the adequacy of controls is gathered, opportunities for improving the definition and planning of work are identified and implemented, line sand independent oversight is conducted. 

Adequate oversight was provided by PPPL’s Project Manager and PPPL’s ES&H Group  including the Industrial Hygienist.  There are no findings, concerns, or observations for core function 5. 

VI. CONCLUSION: The operational procedures and set-up of the VPI process were very well developed and thought-out despite many technical, engineering and logistical demands.  Overall, the ISM process was adequately implemented. Improvement in the preparation and specificity of the JHA form was evident. Project Management demonstrated a positive attitude toward safety awareness. Job tasks associated with the epoxy impregnation process were performed using established controls.
DEFINITIONS:

Concern:  weaknesses in the development of management systems, or items, which individually or collectively, if left uncorrected, have the potential to be of ES&H significance; could potentially lead to regulatory noncompliance; or potentially lead to a degradation of quality. A written response is required.
cP:  A unit of viscosity; a unit of power per unit of area, unit of speed and unit of speed gradient. one Poiseuille = Neutons/m2 = Pa*s/m2  = 10 Poise = 1000 cP. 

Finding: a significant ES&H issue; regulatory non-compliance; or PPPL procedural non- compliance which is of ES&H significance; or serious degradation in quality. A corrective action plan is required. 
Recommendation: Is a PSO suggestion for improvement of a process, system, or task to enhance effectiveness or efficiency. No written response is required. 

Observation: An activity or practice that is not considered to be a finding or concern but is noteworthy. No written response is required. 

DOCUMENTS REVIEWED/REFERENCES:
· CTD-101K MSDSs

· D-NCSX-MCF-003, “Modular Coil Fabrication and Autoclave Activities”, rev. 01, effective February 17, 2006;

· D-NCSX-MCF-004,”Modular Coil Fabrication-Post VPI Activities”, rev.00, no effective date specified; 

· D-NCSX-OP-G-162, Modular Coil Autoclave Operation”, rev.00, effective January 19, 2005;

· D-NCSX-OP-EO-41, “Modular Coil Manufacturing Facility- Emergency Response Procedure”, Rev. 00, effective January 11, 2005;

· “Epoxy Resin Systems Safe Handling Guide” by the Epoxy Resin Systems Task Group of the Society of the Plastics Industry, Inc;

· JHA (Work Planning # WP-1038)
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