A Simplified Protocol for
Managing Reactivity Hazards in
Warehousing and Storage Facilities

Introduction

Reactivity hazards, with their potential to cause unwanted events, continue to present a significant threat for many aspects of commerce.  While reactivity concerns typically occur more in areas where chemicals are intentionally mixed and processed, these same concerns often apply to simple storage as well.

The guidance provided in this document outlines a 4-step procedure for the assessment ad management of reactivity hazards associated with warehousing, storage and repackaging of chemicals.  This guidance is primarily intended for those whose principal business is the storage and repackaging of chemicals.  However, much of  what is presented here should also be useful to those businesses where the storage and repackaging activities also occur as a part of a more extensive manufacturing operation, which could include both physical processing of materials (i.e., distillation, blending, drying, etc.) as well as intentional reactive chemistry operations (manufacturers, toll converters, etc.) 
The guidance contained in this document is intended to address reactivity hazards ONLY.  Combustion hazards, including flammability and dust explosivity are addressed in other documents.  Key references are listed in the bibliography.  While life-safety issues such as egress and occupancy level or environmental protection issues are obviously important, they are not germane to reactivity evaluations.  The methodology in this guidance, because of its simplicity, may underpredict or overpredict needed separation in some cases.  A more detailed methodology will be available to minimize the underprediction cases, while analysis of specific data for certain cases may eliminate or minimize overprediction.  In either case, users of this methodology are encouraged to pursue more in-depth information should their individual situations warrant it.
There are some assumptions inherent in the methodology, which should be noted explicitly.
1. The type of storage assumed in this analysis does NOT include storage of over-the-road trailers or rail cars.
2. The other, non-reactive aspects of warehousing (i.e., fire protection, curbing and drainage) are assumed to be adequate, per NFPA standards or other equivalent good engineering practice (Refs.)
3. Tank farm storage of liquids will be addressed in a separate document. 

Assessment Procedure
The basic premise of the methodology in this document is that a materials management strategy based on appropriate separation constitutes an acceptable risk reduction strategy for the majority of inadvertent interactions.

Step 1--Identification and Determination of DOT/UN Shipping Classification
· The key step for this analysis is to identify the chemicals and chemical mixtures that may potentially be involved, and determine their DOT/UN shipping classification.  The primary source for this information is the Material Safety Data Sheets (MSDSs) or its international equivalent, International Chemical Safety Cards (ICSC).  An MSDS or equivalent document should exist for all chemicals shipped in commerce, and can be obtained either directly from the manufacturer (which is required by US law) or through a commercially available service such as MSDSOnline®.  

For MSDS formatted to the ANSI Z400.1 standard, the requisite information is contained in Section 14—DOT/UN shipping classification.  If the MSDS is formatted to some other standard, similar information should be available.  However, a general search of the document will be needed to locate the appropriate information.  
The simplified documentation form (attached) is a convenient way to record all pertinent information taken from the MSDS.  

Step 2--Determination of the Appropriate Degree of Separation

This assessment process is based on adequate separation to prevent inadvertent chemical interactions. The reason for varying degrees of recommended separation is to provide sufficient assurance that an undesirable chemical reaction does not take place.  Note that this process does not include assessment of the hazards associated with the simple release of normal flammable (non-pyrophoric) materials into the air without ignition.  This type of release can pose significant fire hazards, but are covered separately by other standards and fire codes.
The more hazardous the material being stored, or the more hazardous the consequences of inadvertent mixing, the greater the degree of separation recommended. 
This methodology specifies five categories, or levels of separation:

Level 0
NONE--No special separation needed.  No special separation infers that, even if mixed, the consequences of the mixture will likely not result in an unacceptable reactive hazard.  This does NOT mean that inadvertent mixture is acceptable for all reasons; simply, that a significant reactivity issue is not likely to exist.
Level 1
SEPARATION--Separate by one aisle way or 10 ft. (3 m), whichever is greater.  A separation of 10 feet (3 meters) infers that there could be some detrimental impact of inadvertent mixing, but that the most likely scenario for causing such a mixture is breach of containment through mechanical damage (dropping of the package, forklift penetration, etc.) such that a reasonable physical distance will prevent the vast majority of scenarios that might cause both materials to lose containment simultaneously.  Again, 10 ft. of separation may not be sufficient to satisfy other criteria (such as environmental, health or fire protection requirements); it is sufficient to prevent the common cause failure described above.  NOTE:  separation as used in this document indicates horizontal separation.  Vertical separation issues are distinct and separate from reactivity issues.
Level 2
SEGREGATION--Separate in different compartments with at least 30 min. firewall separation in between.  Segregation infers that, for at least one of the materials, there is the potential that one material may unilaterally initiate a reactive incident, which might then propagate to adjacent areas.  Thus, a firewall or other physical barrier is needed to limit the potential consequences.
Level 3
ISOLATION--Store material in a dedicated, specially designed storage area with either a minimum 2 hour firewall or a separated, sheltered separated storage facility, with separate drainage and independent ventilation.  Additional design measures for specific intrinsic hazards (i.e., temperature control for thermally unstable materials) may also be necessary. Isolation infers that the chemical in question is either so reactive, or potentially reactive with such a wide range of substances, that it must be stored separately from other chemicals. 
Level 4
SPECIAL CASES—Specific guidance for substances with extreme hazards, which are outside the scope of this guidance.  Special Cases applies specifically to explosive (DOT/UN Category 1), infectious (DOT/UN Category 6.2) and radioactive (DOT/UN Category 7) substances, whose hazards are so extreme that they must be dealt with individually using specific guidance developed for these substances (Refs.)
The analysis tool will take this information and using a separation matrix, will recommend one of the five categories above for chemicals based on their shipping classification.  The rationale for these separation levels has been drawn from a variety of sources (ref., HSE document, NFPA 432, others).
The separation requirements in the matrix apply to storage only (no intentional breach of packaging).  For repackaging operations (intentional breach of initial packaging for the purposes of changing package size only), segregation (Level 2) should be used for all storage categories 1 through 3, so as not to put the general storage area at risk from an intentional breach of packaging.  If a material requires isolation (Level 3), or special handling (Level 4) repackaging should be done in accordance with the manufacturer's explicit requirements for those materials.
In order to determine the appropriate type of separation to address reactivity hazards for a given pair of compounds, obtain the primary and any subsidiary shipping classifications for the materials from the MSDS.  Compare all applicable shipping classifications for each material using the matrix provided.  The most restrictive level of separation indicated should be used in the absence of a more rigorous analysis.

Step 3—Other Considerations--Reaction with water
Of greatest concern to storage and repackaging operations is the potential reaction with water, particularly if flammable or combustible material requiring fixed fire protection is also involved.  Often, firefighting measures for water-reactive substances still may involve the use of water in large quantities.  Others will need complete isolation from water, to the point of using some alternative means of fire protection (e.g., gaseous suppression systems) and an absolute ban on manual firefighting.  If a water-reactive substance is to be stored, specific information from the manufacturer should be obtained.
Step 4--Documentation

Once the analysis has been completed, the results should be documented and kept as a part of the facility's permanent record.  It should be updated whenever the mix of chemicals stored changes.  The analysis results form (attached) provides a simple way of recording the types of interactions anticipated, and the level of separation necessary to control reactivity hazard potential.
WORKED EXAMPLEs
Test Case for Minimum Essential Practices for Managing Reactivity Hazards in Warehousing, Storage, and Repackaging Facilities
Actual Warehouse Example
Appendix A
Additional Information on Different Materials within the same Shipping Classification

The methodology presented here looks at the reactivity interaction potential for dissimilar shipping classifications.  It is possible (if not probable) to encounter warehousing and storage situations where different materials with the same shipping classification are stored in a common facility.  These situations may introduce additional reactivity concerns.  Below is a discussion of several of these situations, what issues might be encountered, and recommendations on how to assess and mitigate such situations.

As a general rule, when different materials with the same shipping classification are to be stored in the same facility, a minimum of 10 feet spacing should be used, and the individual MSDSs should be reviewed for any additional reactive issues that might be introduced.
2.1—Flammable gases

Generally, flammable gases will be stored and shipped in cylinders.  Because these are robust containers, the potential for inadvertent mixing due to puncture of the container is very small.  However, some gases classified as flammable may introduce other hazards.  An example of one such gas is silane, which while classified as a 2.1, is nearly pyrophoric.

2.2—Non-flammable gases

Unless a secondary classification indicates an issue, there should be no problem storing non-flammable gases in the same area.

2.3—Toxic gases

With toxic gases, an examination of the individual MSDSs is critical to determine if any additional reactive hazards exist.

3.0—Flammable liquids

Because liquids can pool, inadvertent mixing is far more likely with liquids than gases.  If the secondary shipping classifications do not indicate any reactive issues, look at the individual MSDSs to see if other issues exist.

4.1—Combustible Solids

For storage only situations, storage of different combustible solids generally do not present a significant reactive hazard.  However, if any repackaging is to be done, dust explosivity and potential contamination issues may become serious.  Housekeeping then becomes critical

4.3—Dangerous when Wet

Materials that are dangerous when wet present a unique storage problem, as roof integrity and fire protection systems become important factors in making sure that materials are stored safely.

5.1—Oxidizers, and 5.2—Organic Peroxides

Both oxidizers and organic peroxides are reactive enough to generally warrant specific storage requirements dictated by the manufacturer.  Thus, for any of these materials, manufacturer's information (MSDS and other literature) should always be consulted to determine material-specific requirements.  The automated tool will print out the following cautionary notes whenever either an oxidizer or organic peroxide is present:
Cautionary NOTE on oxidizers: Compounds in these two shipping categories generally require specially designed storage, regardless of any binary interaction potential.  These requirements must be met in addition to any binary requirements indicated by the table above.

Cautionary NOTE on organic peroxides: Compounds in these two shipping categories generally require specially designed storage, regardless of any binary interaction potential.  These requirements must be met in addition to any binary requirements indicated by the table above.

8.0—Corrosive substances

Of particular concern for Category 8 materials are strong acid/base reactions, since both types of materials are classified as corrosive.  Both secondary classifications and a specific review of MSDS information (particularly the cautions around strong acids and bases) should be consulted before making a final decision.

9.0—Other hazards

Because this category is so general, specific MSDS information must be consulted.

Non-hazardous

The single biggest concern in the non-hazardous classification is water.  While non-hazardous by itself, it obviously has strong reactive potential with category 4.3 materials, and may have significant interactions with other categories as well.
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