Manuta Chemical Consulting, Inc. (MC2)

431 Gordon Avenue

Waverly, OH 45690‑1208

October 12, 2001

Lyon County Board of Commissioners

Yerington, NV 89447

I have been asked to render an opinion regarding whether a specific use permit for the Advanced Specialty Gases (ASG) operation in Dayton, NV should be revoked. It is my opinion, based on documents provided by counsel (Scott J. Heaton), my chemical knowledge, and my experience in the area of fluorine chemistry that ASG should not be allowed to continue to operate the facility in Dayton, NV. A short report to the Lyon County (NV) Board of Commissioners follows documenting my rationale.

Introduction:

Fluorine (F2) is a potent oxidizer. It is considerably more reactive than oxygen (O2). With few exceptions, compounds containing fluorine atoms (F) or fluorides are corrosive, harmful to health, hazardous, etc. An example is nitrogen trifluoride (NF3) manufactured by ASG in Dayton, NV.

Executive Summary:

The properties noted in the introduction require experienced personnel who are adequately trained in the safe handling of such materials. Additional requirements are continuous regulatory and safety oversight plus well‑documented written procedures. If any of these components necessary to ensure safe operation are not present, then the special use permit ought to be revoked. In short, a plant engaged in fluorine chemistry is more dangerous to its neighbors than virtually all other chemical facilities.

Relevant Professional Experience:

In addition to having a Ph.D. in Chemistry, I was employed as the chief scientist for more than ten (10) years at a federally regulated uranium enrichment facility. This facility operated safely for nearly fifty (50) years, based on site‑specific fluorine chemistry.

Among my technical challenges was the investigation of a 1998 fire in one of the process buildings. After some of the debris had been identified, it was clear that the temperature of the fire exceeded 4000(F. The facility fire captain requested my assistance in this investigation. Thus, I understand the reluctance to respond of fire professionals near the ASG facility.

I have also authored a number of in‑house laboratory procedures that have obtained consensus acceptance as international standards through the American Society for Testing and Materials (ASTM). My web site, http://www.dmanuta.com, summarizes a wide range of other investigations that I have participated.
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Discussion:

The nitrogen trifluoride (NF3) product generated at the Dayton, NV facility results from the electrochemical reaction of ammonia (NH3) and hydrogen fluoride (HF). A by​product is hydrogen gas (H2). The desired balanced chemical reaction is given in equation (1).

NH3 + 3 HF ( NF3 + 3 H2










(1)

Hydrogen fluoride (HF) is a dangerous, toxic chemical that requires constant vigilance. In addition, the hydrogen (H2) produced is vented to the atmosphere.

It should also be noted that fluorinated gases tend to be reactive over time with steel. ASG contracted a firm called Exponent to investigate the July 30, 2000 incident. Exponent had little experience in fluorine chemistry and likely was not aware of the corrosion resistance of nickel, nickel alloys (e.g., monel), or fully fluorinated polymers such as Teflon (PTFE) to such a demanding environment. While nickel, monel, and PTFE are usually more expensive than the stainless steels, the stable performance in the strongly oxidizing environment favors these materials of construction.

I concur with the work of the consultant, Mr. F. D. Rainiere. He worked with NF3 while he was employed at Rocketdyne. His experience in fluorine chemistry is extensive and his recommendations are particularly useful regarding safe operations at ASG.

One area in Mr. Rainiere's work is in the passivation of internal surfaces. It is essential that the internal surfaces be dry (scrupulously free of moisture), clean, and protected. Passivation leads to uniformity and is one of the key factors in obtaining optimal results.

Mr. Rainiere also comments on a data retrieval system. In addition to enhancing on‑site communication, such a system would enable investigators to perform "reconstructions" after an incident. Applying "lessons learned" not only benefits facility operations, but it also indicates to other interested parties that continuous improvement is an integral part of the manufacturing process.

I also add the essential need to provide real time quantitative monitoring of several gases of interest. If certain threshold levels are exceeded, the operator must to be empowered to "stop the process." Residents in the vicinity of the plant are likely to be grateful that a potential problem was mitigated due to the prompt intervention of the operator.  The ASG process does not lend itself to prompt intervention of the operator to avoid a potentially catastrophic situation.

A significant training issue pertains to the use of liquid nitrogen (LN2). The temperature of this cold fluid is ca. ‑295(F. Since the distillation process is run at ca. ‑195(F, it does take time to "warm up" 100 degrees. There is much uncertainty since only "stable" temperatures are recorded in the log. The problem with the "colder" fluid (fresh LN2) is that some gases could condense and they may become more reactive/dangerous. Adequate temperature monitoring is a must, since some chemicals, such as fluorine, are still very reactive at these cold temperatures.

Since these points highlight a few of the issues required for safe operation, it is imperative that shifts less than twelve (12) hours duration would benefit all involved.

Secor Safety Recommendations:

Secor has performed a root cause analysis of the July 30, 2000 incident at the request of the Lyon County (NV) Commissioners. There are four (4) primary recommendations. The first one is that ASG should hire personnel dedicated to regulatory and safety issues. The second is that a Nevada registered professional engineer (PE) in chemical engineering should review major design modifications with a second PE available for review and update of the hazardous operations process. The third is that adequate training has been documented in accord with the applicable regulations plus that manuals and procedures be updated on a regular basis. The final one is that ASG should work more closely with the Nevada Department of Environmental Protection (NDEP) regarding "unusual events", plus obtain assistance and guidance as needed regarding reports, investigations, etc.

Conclusion/Opinion:

In my opinion, the four recommendations made by Secor are a good start, but they do not go far enough to ensure the safety of plant employees and the surrounding community. There are technical flaws in the manufacturing process that, if not corrected, are potentially dangerous to both employees and neighbors. Among these are materials of construction issues, passivation of internal surfaces known to handle fluorinated substances, a data retrieval system which can be applied to accident reconstruction, adequate training of operators to know when to "stop the process", the safe handling of LN2, and the venting to atmosphere of hydrogen.  These are all essential to ensure the safety of everyone. Therefore, it is my opinion that the special use permit must be revoked and that ASG not be allowed to continue to manufacture NF3 in Dayton, NV or in any location in close proximity to residential areas.

Sincerely,

David M. Manuta, Ph.D., FAIC

President, Manuta Chemical Consulting, Inc.

