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INTRODUCTION

Undera Memorandumof Understanding (MOU), EPA ard OSHA have worked bgether
to investigate cetain chemcalaccderts. The fundamertal objectve d this joint effort is to
determine ard report to the pubic the facts, conditions, circumstarces,and causes oprobalde
causes bary chenical accdert that resuts in a fatality, serous injury, sulstantial property
damege, or sefous df-site impacts, including large sca¢ evacuaion of the germral pulic. The
ultimate goal is to deermine the root causesn orderto reduce he likelihood of recurence,
minimize he casequerces assuated wih accdertal releasesard to make cremical producton,
processing, handling and dorage safer. ( Setion 112 (r) (6) dé the Clean Air Act Amendments
of 1990 etablished anindepemlert Chenical Safety ard Hazad Investigation Board to
investigate ard deermine the cause bcauses bchenical accderts ar recanmend steps b
prevent Smilar incidents. At the time of the Napp accdert, the Board had not beenformed. The
Chemical Safety Board is now in operation ard canducing accdert investigations.)

On April 21,1995,anexplosion ard fire took place athe Napp Echologies(Napp)
facility in Lodi, New Jersey, resulting in deaths, injuries, public evacuations, and serious damage
both on ard off site. The acatlert occured whenNapp erployees wee atempting to blerd
sodium hydrosulfite, auminum powder, patassum cabonate ard benzaldetyde, in orderto make
a gdd precpitating agen. Napp was péorming the dending operation undera catractual (or
toll) arangenent with the owner of the gdd precpitating agem, Techic, Inc (Tecmic) of
Crarston, Rhode Island.

EPA ard OHA formed a pint chermical accdert investigation team(JCAIT) which
undertook aninvestigation of this accdert because bthe serous cansequeres ad
characteristics of the sibstancesinvolved. In October of 1997,the CAIT pulished the
EPA/OSHA Joint Chemical Accident | nvestigation Report: Napp Technologies, Inc., Lodi,
New Jersey (EPA 550R-97-002). In the report, the JCAT noted sk findings as oot causes ah
contributing factors o the eert. The JCAT also deweloped sk recanmendations that addess
the root causes and contributing factors to prevent a reoccurrence or Smilar event at other
facilities. For copies of the report, contact www.epagov/ceppd or cal 1-800-490-9198.

This Expert Review of the investigative report presens the canments arul
recanmendations of five expett revieweis with whom EPA contracted b provide anindepemwert
examnation of the BPA/OSHA Jant Chemical Accidert Investigation Repot. Included ae
EPA’s ad OHA'’s respases b their comments ardl recanmendations.

We asked Tmothy Gabelhouse,chair of the Jeferson County Local Emergercy Plaming
Committee anl member of the Cdorado State Emergercy Respamse Canmisson, to chair the
review ard to sugges other revieweis who could, like himself, render indeperlert opinion atout
the BPA/OSHA report.  Upan his recanmendations ard our own exanination, we seécted he
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four other reviewers. Dr. Wade Freeman of the University of Illinois, Dr. Geradine Cox of
AmpotechCorporation, Michael Sprinker of the International Chermical Workers Union Courcil,
ard Jery Scamell of the Natonal Safety Courcil. All five reviewess thenindepeiertly
commented upm the report in writing, and the Clair circulated al comments to al reviewess.
EPA ard OSHAInvestigators thenbriefed al reviewess in Washington on Sepenber 14,1998
ard arswered quesbns alout the canduct of the investigation. The reviewers thenmet alone
discuss hieir comments. The Chair wrote a surmary of the nmeeing ard recanmendations, which
were thenforwarded b EPA. EPA ard O3HA, in this Expert Revew dacument, are pubishing
the Chair’ s report, dl reviewers' initial and final comments, and EPA/OSHA'’s response.
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EXECUTIVE SUMMARY

This report contains the canplete aralyses d al five external expett reviewess d the jint
EPA/OSHA investigative report of the Napp Ecmologies.Alsoincluded ae BPA ard OSHA's
response to their mgor recommendations and comments.

EPA ard OHA have deermined hat the canments o the reviewess dd not charge he
determination of root causes ahcantributing factors (which were the focus d the nvestigation).
Therefore, there is no need b materially charge he Napp mvestigation report. Howewer, the
agencies will utilize the comments and recommendations in upcoming accdert reports as wdlas
in Alerts ard ather products that stemfrom this investigation.

The following is asummay of the genera comments and recommendations of the panel
ard a summary of EPA’s ard OSHA'’s respases b these conments.

Major reviewer comments ard recommendations (from the Chair’s summary):

. The report appeaed © correcty state the root causes bthe acadert both in terms o
techical mechansms ard technical failures.

. EPA ard OHA are ercouraged 6 consider detiled recanmendations on the speal risks
associated with tolling operations and the handling of water reactve ctenical, ard
consider rulemaking by either EPA or OSHA.

. Seweral elerrerts which could have erhanced te report’s usetilness:
--discusson of the types d chemical aralyses dae,
--discussion of the rationale used to diminate plausible scenarios,
--cleater depction of difficulties presemed by the exent of destuction, which
made cetain aralyses mpossble ard information difficult to obtain,
--better tracking of individuak involved troughthe ctronology of the acailert,
--time line of events.

. The pre+elease eview which EPA ard OSHA alowed Napp,but not the ather
stakelolders, should have beenshared ty al stakelolders, ard the report should have been
peer-reviewed.

EPA/OSHA respons:

. In the report, we cte spedic managenent deiciercies {.e. lack d training, inadequad
process hzad aralysis, inadequag SOPs) as te root causes ahcantributing factors o
the incidert. We agree wth those reviewers wip noted that we cauld have made nore
explicit fundamental managenent systemfailure as a oot causewith the various spedic
management systemfailures as shparts.
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The statutes Occupatonal Safety ard Heath Act ard the CkeanAir Act Amendmerts)
that provide the auhorities for the agenies’ accdert prevertion programs make the
owner or operator of the sationary saurce (©r the enployer) who is handling the
hazadous clenicalk sdely respansible for compliance wih sagty regulations at the
facility. Hence, owners or operators of tolling operations, provided they fall under the
regulations promulgated urderthese shtutes,are ateadyregulated, ard for this reasm,
the agencies do not agree that further regulations specific to the tolling industry are
necessar. Howewer, the Agercies agee hat more canbe done to increase he saéty of
performing tolling operations and handling water reactve ctemcalk. Eachagemy is
considering the addiion of chemicak that were involved n this incidert to the list of
chemicak that are suljectto eachagermry s accdert prevertion program. Specficaly,
OSHA has amounced anupcaming Advanced Ndice d Proposed Ruémaking (ANPRM)
that will discuss the regulation of reactve chemicak urderthe Rocess &fety
Managenent Stardard. EPA is alsoin the process ® reviewing its list of regulated
substancespromulgated in the Rsk Managemnent Program regulations under the deanAir
Act Amendments, section 112(r). In addition, the agencies are taking more immediate
steps to address the risks of tolling operations by a combination of actions: first, working
with the Americaninstitute d Chenical Engineers’ (AIChE) Certer for Chemical Process
Satty to develop guidarce or the ckenicalindugry; this would include dertificaion of
risks and procedures recommended for better safety in tolling operations. EPA is dso
deweloping anAlert direcied b local responders regarding information resourcesduting
emergercy respases,ard OSHA has issued a Hazdrinformation Bulletin descibing the
potential hazads d utilizing MSDSs as the primary sources of information for conducting
hazad aralyses br chemical process agdvities. Fnaly, EPA has waked wih the
National Oceaic ard Atmospteric Administration to develop ard promote the use 6 a
database o reactve sulstances.

The suggesed addtions to the report would have erhanced ts clanty, although some of
the s1ggesions would have beenimpossible o include gven the level of physical
destruction at the Napp facilit y.

The factual information that formed the tasis d the BPA/OSHA investigation report was
obtained throughthe aubority of Secion 8 of the Occupabnal Safety ard Heath Act
[P.L.91596]. OSHAregulationsat29 CGFR pat 70, implementing Execuive Order
12600, require OSHA to show the factual pat of a report--not its recanmendations ard
conclusions-- to the facilit y before publication, to dlow for their identification of trade
secets. Sharing this with other paties (.e. anexternal expelt review parm) prior to the
facilit y's review would not have alowed protection of trade secrets.
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EXPERT REVIEW
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EXPERT PEER REVIEW
OF EPA/OSHA JOINT CHEMICAL ACCIDENT INVESTIGATION REPORT
“NAPP TECHNOLOGIES INC., LODI, NEW ERSEY

BACKGROUND AND STATEMENT OF PURPOSE

An exploson and fire took dace at the Napp Technologies facility at Lodi, New Jersey, on April 21, 1995,
resulting in deaths, injuries, public evacuations and srious damage both on and off site. The accident
involved acommercial chemical mixture, a gold precipitating agent, identified as ACR 9031 GRA, owned
by Technic Inc. of Cranston, Rhodelsland and mmprised of sodium hydrosulfite, duminum powder,
potassium carbonae and benzaldehyde (GPA). At the time of the accident at the Napp facility, Napp was
performing atoll blending operation for Technic.

The EPA report investigating the incident was developed as part of the Agency’s ongoing esponsbilit ies
unde the Comprehensve Environnmental Respongse, Compensation, and Liability Act (CERCLA) and the
Clean Air Act, Section 112f), as a component of EPA’s chemical sdety programs and in conjunction with
OSHA's enforcement investigation. The repart was rdeased to the pubic in Odobe 1997 tobecome a
part of the examination of the causesof chenical accidents and efforts to prevert them The report was
prepared by saff at EPA Headquarters and Region |l office and & OSHA Headquarters and the Area
Office

As part of its investigative program, EPA arranged for this review by a pand of experts. The purpose of
the review is for each of the reviewers to comment on the scope, approach and awndusionsof the report
and its implications from their individual perspectives and diiplines.

PRGCESS OF THE REVIEW

EPA contracted with Timothy R. Gablehouse to Chair the expert review pand. Mr. Gablehouse then
sdected, Drs. Geraldine Cox and Wade Freeman, Mr. Jerry Scanndl and Mr. Michad Sprinke to form the
rest of the review pand.

It is important to note that it was notthe function of the pand to reach aconsensus point of view on ay of
the following issues. Instead, each member of the pand prepared indegpendent evaluationsbased upon their
experience, the materials provided by EPA and OSHA, impressionsgained during agroup meeting, and the
text of the report. The members of the pand did not perform any indgoendent investigation of facts specific
to the Napp Technologies accident.

As an initial effort each member of the pand was asked to prepare their initial thoughts based only ypon a
review of the report. These initial thoughts were shared among he pand members and agency
representatives planning b participate in agroup meeting. This sharing of initial thoughts alowed the
pand members to condder additiond issues and 1o hdp prepare the agency participants for the group
disausson.
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The pand members met with the principle investigators from OSHA and BPA and oha senior level agency
representatives a Septembe 14,1998 @ EPA Headquarters in Washington, DC. At this meeting the
pand members vieweda video tape prepared by the agerciesintended to depict the chain of everts leading
to the accident as wdl as participating in addailed discussion of the findingsof the report. Agency
participants were wel prepared and extremey cooperative in sharing their thoughts and olservations with
the pand members. The pand members hdd a private discussion duing the afternoon b exchangeidess,
concerns and mwmments.

Following the group meeting each pand member prepared their individual comments in written form.
These comments follow this introductory material and form an integral part of the report of this pand.

In its chargeto reviewers, EPA asked that the following questionsbe consdered:

Comment on the report’s organization. In genegral, was there a logical progression in e chain of
reasoning - were conclusions adequately suppaoted by the facts?

Woas the focus on idetifying potential sources of heat and waer appropriate? Were the sources of
reaction initiation which were identified plausible? Were al possible sources of the reactionsidentified?

Was the discussion of root cause adequate? Were root causes and contributing factors
appropriately and crrectly identified?

Are recommendaions appropriate and drawn logically from the preceding discussion and
condusions? Are recommendaions sufficient to address the potential of a recurrence of this kind of
accident in othe facilities? How will othe facilities be able to apply the findingsand recommendaions of
this report to their particular drcumstances?

Were the appendices sufficient and gpropriate? Were the photos appropriate to illustrate the
narative, dear, and properly presented?

Were dl external factors conddered? Were human factors and management issues conddered
appropriately?

What aspects of this report could hdp inform future investigations? Was the approach sufficiently
broad for application to other industry sectors? Were roles of al stakeholdes properly addressed in the
report, including roles of federal, state and loal agencies, the community, labor and any others? Are
recommendaions sufficiently broad to include al elements in addressing prevention of like accidents in the
future?

CHAIR'S SUMMARY OF COMMENTS AND RECOMMENDATIONS

With the caveat that the othe members of the pand have discussed many of these issues in greater depth in
the following materials, the Chair bdieves that it is reasonable to state the following summary observations
and oondusions



Page 8 NAPP

The investigation was complicated by the catastrophic leve of destruction of the facility and
records, the death of many of the people with direct knowladgeof events immediately prior to the accident,
and the fact that this was the initial cooperative investigation between EPA and CSHA unde aformal
MOU. The investigators are to be commended for performing athorough and wseful analysis given these
hardshps.

The report appears to correctly state the root causes of the accident both in terms of technical
mechanisms and management failures. Later discovered information discussed duing the group meeting
suppat the findings of the report.

In addition 1o the root causes identified in the report, it appears that there were additiond problems
with communicationsand relationships between the local emergency response agencies and Napp. While it
cannot be known with certainty, it appears that these problems may have caused Napp personné to respond
in a less-than-adeguate fashion as the emergency developed.

The usefulness of the report to othe companies and later investigators could have been enhanced
by a more ddailed discussion of the types and results of the chemical analyses performed during the
emergency responge to the incident, and by a more deailed discussion of the rationde used to diminate
plausible <erarios. It would aso have beenuseful to note the dfficulties preserted by the level of
destruction and dexth by more clearly describing whee information may have existed but was destroyed
and whee information is third-hand or even more remote because of the death of personswith direct
knowladge Certainly the investigators might have wanted to perform more analysis or interviewed more
people, but the conditions made this smply impossible.

It was difficult to track the various individuals through the chronology leading to the accident. A
tabular time line of events with ddails on whid people were involved woud have been useful.

The agencies shoud have conddered and discussed nore deailed recommendaionson the special
risks that seem to exist in tolling operations and in the handling of water reactive materials. While some
formal and informal initiatives seem to be unde condderation, the risks seem to justify a meaningful effort
to better alocate the accident prevention respongbilities in these situations. While guidance is certainly a
possibility, rulemaking by either EPA or OSHA shoud be consdered.

The photos were not very useful as the reproduction process removes many ddails. The agencies
shoud condder the use of highea quality reproduction or the use of the internet to post highe quality
photos using color. High resolution photos posted on the internet as an appendix to the report woud
appear to bea low-cost sdution to this problem.

The video was hdpful to undestanding he incident. Even though it may contain technical
inaccuracies due to finandal condraints, video recreation isa useful tool to undestanding mmplex
incidents.
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COMMENTS OF TIMOTHY R. GABLEHOUSE, CHAIR

EXPERT PEERREVIEW OF EPAOSHA JOINT CHEMICAL ACCIDENT
INVESTIGATION REPORT

NAPP TECHNOLOGIES, INC., LODI, NEW JERSEY

In summary the investigators ae t be commended r their efforts ard aralysis. The level of
destuction ard the deal of somany pe@le with necessarinformation atout the ewerts shortly
before the acatlert made he nvestigation very difficutt.

1. Comment on thegport’s organization. In genenl, was there a logical pogression in the
chain ofreasoning -were conclusonsadequately gppotted by thedcts?

In general the report is well organized. It would have been helpful for the report to contain
greaer detil regarding why ceitain scermrios weke discaded. It alsowould have beenusetl for
the investigators to state whenthe level of destuction or lack d first-hand knowledge nade t
impossble to conduct cettain aralyses hey might have desred.

It was dificult to track ewerts in conjunction with the pele involved as oe gaes troughthe
text of the report. In same casestiis not clearwheninformation is third-hand due b the deal of
individuals with primary information or when information is limited or no longer exists due to
destruction of the facility. It would have been useful for events to be tracked aong with the
peqle that were directy involved sothat the readercould deermine wio was pesen ard
whether or not they were a suvivor of the incidert. Cleaer discussin of where caxclusions
were limited due to lack of surviving information would have been useful.

2. Was the bcuson identif/ing potential surcesof heat and \ater appropriate? Were the
sources of reaction initiation which were identified plausble? Were all possible sources of the
reactionsidentified?

It is not cettain that al possble sairces d the reactons were idertified. It appeas fairly cettain
that al the nost plausble sairces d the reactons were idertified. It seens nost likely that water
wasintroduced imto the Hderding vessel assuggesed Ly the report.

The possibilities of product impurities, including water, being present could have been explored.
These mpurties caild have beenpresen in the raw materials depeding upa the grade
purchased,contamnation could have occurred duiing sbrage package daesge appaantly did
occun), or during other handling actvities. It is not atal clearwhether suchstudies caild have
beenconducted due b the level of destuction ard loss d recads.
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3. Was the digussion ofroot caug adequate\ere root caugsand contrbuting fctors
appropriately and corectly identifed?

While the discussion is adequate, it appears that a more fundamental management failure was
presem ard stould have beendescibed as he root cause wh the various spedic managenent
fallures as suparts. All of the failures o process hzads amlyss, operating procedukes, training,
emergercy respase anl decsion making correcty idertified n the report, are due ¢ the alserce
of a canprehensive ard coordinated heath, sakty and ervironmertal managenent system The
failures identified are symptoms of this larger failure.

The dscusson of the relationship betweenNapp ad the local energercy respmse ageaies &
limited. It appears that this relationship may have contributed to Napp’s failure to notify the fire
depatment during the ealy stages 6 the incidert. The BPCRA compliance d Napp ad whether
the awaeress @ the local fire depatment could have beenimproved by LEPC acivities stould
have beendiscussed.These sarces ¢ information might be usetil to agermries an canpanes
seekng to prevert future accderts.

4. Are recommendationappropriate and dawn logically ffom the peceding disussion

and concluons? Are recommendationsufficient to addess the potential o recurence of
thiskind ofaccident in othefacilities? Howwill other facilities be able to apply therfdings
and recommendationsf thisreport to their particular circumgance®

In gereral the recanmendations are logical but do not always reachanappopriately strong
statemert. The report descibes two meatters that appeairto presemn a high risk that might not be
fully appreciated by those effected. These two matters are tolling arrangements and blending of
water reactve nmeterials with other materials that could provide reacton erergy.

In the case of tolling arrangements, it appears that both OSHA and EPA should have considered
regulatory initiatives to cleatty place espmsibility for developing information and communicating
risk information. While dl parties to tolling arrangements carry some level of responsibilit y, the
default application of existing regulations and the limitations of the information presented in
MSDSs dd not ersure that the canpanes urderstood the risks. Possble regulatory initiatives
include increasing and eiminating contradictory information available on MSDSs for reactve
materials and requiring that tolling arrangements include a detailed process hazads armlysis.

5. Were the appendiceaufficient and appopriate? Were the photosappropriate to
illustrate the narative, clear, and popely preented?

The plotos were difficult to use due o the loss of detil in reproducton. The internet could be
used o post high qualty photos at a reasmale cost.
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6. Were all extenal factors consdered? Were human éctors and managementages
consdered appopriately?

In gereral these $sues wer adequadly considered. The discussin of the managenent issues
noted alove caild have beenimproved.

7. What apectsof this report could help inbrm future invesigations? Was the appoach
sufficiently bioad for application to otheindudry sctois? Were roles of all stakeholdes
propelly addessed in the eport, including les of federal, gate and local agenciethe
communityjabor and any othes? Are recommendationsufficiently bioad to include all
elementsn addressing prevention ofike accidentsn the titure?

The appoachwas adequaly broad soas b provide a lasis for future investigations. It would
have beenusetil for the report to have noted aralyses tat the investigators wauld like to have
performed or information they would have likely to dewelop but could not due b the desruction
presen in this case.

| amconcemed alout stakelolderinvolvenert. Most spediicaly the prerelease eview by Napp
in a ron-puldic forum is troubling. 1t would be better for the report to have beenprepaed anl
thenshared wih al stakelolders at the sane time.

Cettainly the agenies nvolved n the investigation need b have same sersitivity to their
respective enforcement roles and the potential impact of the report on civil or criminal litigation.
Nonetheless,the greaestbenefit of thistype d report is accdert prevertion. The uses o the
report need b rely upan the fact that the report has ot be sosantized a influerced ly the
facility as to be missing key information elements.
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Initial Summay Commaents on EPA/OSHA Napp Accident Investigation
Tim Gablehouse

1. The report does a god job of armalyzing a canplex incidert. Cleaty the rumber of deahs
ard the megnitude d the plysical danege ncreasedhe dificulty of the job. The report does
denonstrate the value o accdert investigation ard evaluation of causes.The follow throughis,
of course,critical

2. It appeas, but is not cettain, that al potential causes bthe chemical reacton ard/or
saurces @ water in the systemwere evaluated. It appeas that the wiiters o the report
discounted certain possibilit ies for reasons that are not aways discussed in detail.

3. Analytical aralysis, sampling methodology ard lab reports are rot discussed in deph.

4. Napps canpliance wih EPCRA is not adequadly reviewed. The role of the LEPC,
interactons with first respanders, exercises ad energercy respanse pocedues slould have been
discussed in greater depth. Knowledge of facilit y operations within the community and fir st
respanders could have lead b same recanmendations relevant to these pograms.

5. It appeas that managenent systemfailures wee at the root of failures o training, hazad
analysis and mantenance. The analysis of these failures is limited and should have been expanded.

6. An aralysis of the role of enployees ad their paticipation in training, energercy
response, ard maintenance piograms is not discussed in adequag dept. It would have been
usetll to understand more alout the degee b which these emloyees lad discretion in these
areas,failed to exercise tis discretion, or failed to follow esgblished procedues.

7. More alout the role of suppler of the naterials to be blerded wauld have been
appopriate. An aralysis of whether they were in a ketter position to advse Napp atut potential
hazads for this process ad equpmert could have lead b meanngful recanmendations of
regulatory changes dealing with tolling agreements. For example, are there regulatory changes
under TSCA that could require more sharing of information and customer control in tolling
arangenerts.

8. An aralysis of Napps canpliance wih enployee leath ard saéty regulations along with
EPCRA could have lead b anunderstanding of whether regulatory gapsexsted that lead o this
accdert. Recanmendations on filing these gaps could have resulted.

9. Recanmended canpliance wihout anaralysis of why noncompliance exsted is not as
useful asit could be. For example, is the noncompliance due to lack of awareness, criminal intent,
fallure in erforcenent, complexity of the regulations or other reasms? If these cald be evaluated
in greater detall some specific recommendations might have resulted.
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10. By thetime the report was written, were any recommendations being implemented?

11. It would have been better for the report to have been released prior to review by Napp.
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Geraldine V. Cox, Ph.D.

NAPP Technologies, Inc.

EPA/OSHA JOINT CHEMICAL ACCIDENT
INVESTIGATION REPORT

A Critical Review

September 17, 1998
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Chapter

Executive Summary

Overall the EPA/OSHA Joint Chemical Accident Investigation Report, EPA 550-R-97-002

dated October 1997 is a competent review of an industrial accident. Some areas of the
report would have benefited from additional information, but, given the resources available
and the other commitments of the staff who wrote the report, it is a sound document.

Technical Soundness
The review of the incident included:

m A review of each material used with a summary of the potentially hazardous
properties of the individual chemicals involved in the incident;

s A discussion of the potential hazards involved in formulating the gold precipitating
agent, GPA,

m A synopsis of the previous blending experience by Napp Technologies, Inc.;
= “A chronology of the events before and after the incident;

m A discussion of the hazard management procedures used in this incident;

m A postutation for the cause of the incident with supporting evidence; and

= A limited discussion of emergency responsé.

A good incident review should focus on the systems operating before the incident, the
chronology and probable cause of the incident itself, and the response to the incident.
The first two were covered well — although worker and supervisor training (especially for
out-of-norm events) is weak, and it appears that the assessments of cause are accurate.
The discussion of the equipment and the water leak was good, but left some areas that
would have benefited from additional discussion. For example, any information on the
analysis of the residues of reactants from the vessels would be useful. The damage
described to the equipment seems to justify the conclusions about the evolution of the
deflagration. The discussion of prevention of future incidents could be stronger.

in cases where records. are destroyed in the incident and not available for review, the
situation should be specified in the accident report. In addition, when presenting the
chronology of events, specification as to source, ie., firsthand vs. second-hand
information, is important. In this incident, some of the first-hand observers were lost in the
incident, as were operating records. Some observations stemmed from the memory of
survivors and what some of those lost in the incident told the survivors before the
deflagration.
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Future reports should review the emergency response to the incident — from the com
pany employees and-the local emergency responders — in much greater detail. Are the
responders trained properly, are the recommended methods of response appropriate, was
the level of response, e.g., local evacuations; in accord with the real hazards of the
incident? Did conflicts exist between responders as to who was in charge? Did too many
agencies respond to the incident causing problems for the responders? The investigators
should have included a discussion of the lack of notification of the neighboring community
and the local emergency responders of an incident in progress.

While | believe it to be a minor point, | am concemed about the odor cbservation by
employees prior to the incident. - Benzaldehyde is artificial almond flavoring and has a
strongly distinct odor of almonds. The employees noticed a smell of vanilla before the
deflagration, not almond. This may simply be a confusion of “food smells” and not
significant, or it may indicate that some material other than benzaldehyde was introduced
into the blender. An explanation of the inconsistency would strengthen the report. Were
chemical analyses performed on the residue to determine if the reactants were what
would be anticipated? This should be a routine part of these investigations. One
hypothesis, probably the correct one, appeared for the reaction. Were others considered
and discarded? If so, the report should present this and discuss why the reactions did not
seem to reflect the incident that occurred.

The timing of the report is ancient history relative to the incident Can the reports be
available in less than 90 days? This would be more relevant to preventing future
incidents. - Staff resources were not fully available to complete the effort in a timely
manner. :

Overall Approach and Completeness

The organization of the investigation and report seems sound. Two objectives seem
paramount to this type of report. The first — to identify the factors that contributed to the
incident. The second — to identify how to improve existing systems based on lessons
learned from the incident review. :

The investigators logically developed an understanding of the incident. The organization
of the incident report is sound. One topic leads to the next, and the reader builds
knowledge of the process, the management, the hazards, and the incident in a logical
progression. The photographs are difficult to evaluate because the printing process does
not allow retention of detail. Unless the photographs are printed on photo quality paper —
and perhaps in color, too much detail is lost with the present printing method to give the
reader a full appreciation of the authors’ intent with the illustration.

Perhaps in a formulation incident, the investigators should review the customer's hazard
assessment procedures in addition to the formulators. The report was unclear as to the
origin and completeness of the MSDS from the client, Technic, Inc. Was a product MSDS
available, or did Technic only provide Napp Technologies, Inc. with MSDS sheets for the
individual components? Did Technic perform a hazard assessment before the company
decided to use GPA for recovery of precious metals?
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Recommendations for enhancement of accident prevention approaches and
accident imvestigations in the future

Then the Investigators clearly identified some waaknesses in the process sakely sysbem —
specifically

m  The need for better communication wilh the client abowt the process hazards prior o
formulation;

» Using Maleral Safety Data Sheet, MSDS, information on the individual ingredients
while mot looking as the combined pobential kazards dunng the blending operation;

m  The need for group discussion of process hazard assessment by managemeant — not
sequential review for reactive matarials,

m Confusing mformaton presented on MSDSs conceming appropriate response
protocol for an incident, &g, for a compound that rescts with water — the
recommendation is o ficod with water,

m  Using blending equipment fal may not be appropriate for the mixing operatan;

m  Meed for betier employes training — especially with propar procedures 0 recognize
and respond b0 deviations from the norm;

& A pralocol on building resntry during an incident,
m Meed for better emergency responder traning,; and
» Recommendations for imgrovernent of federal guidance for process hazards,

Additional suggestions

From a prevenbion aspect, the issue of toling and asscclalted process hazards s not
adequately addressed from a reguistory aspect  The report might have suggested a
possible rulemaking that would reguire the customers of tolling operations o pravde
process hazard infermiation beyond the informaton about the individual ingredients.  This
might imclude information of how the process of miking can go wrong, how to identify
trouble in the mixing process and what 3 do if a digression from norm ooows.

The authaors might consider a recommendation to initiate an OSHA emphasis program for
tollirg

Consensus groups such as the Mational Fire Protection Association should be asked 0
reconsider the classffication of reactive and o revisit the recommendatons for emergency
responae — spacifically the "food with water” directions.  Metal powders, waber-reactive,
and other reactives such as parchiorates, chiorates and sulfur compaunds desene NFPA
reconsideration for storage and emergency response information.

Operations and quality control records were lost in the incident, Perhaps the report should
contain a recommendation to maintain real-tme remole operating records.  For example,
record cperating logs in & server located remotaly from the operations foor. Thes would
allow reconstuction of incident chaonalogy and might be considered as an operating
requirement fior toling and other hazardous materials operations
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Root Causes of the Accident

Underlying Prime Reasons

Accidents are almost never due to a single cause. Rather most incidents involve a
cascade of factors that result in an accident.

This is the case at Napp Technologies, Inc. The management systems in place before
accepting the GPA formulation were structured for less reactive pharmaceutical
formulations rather than for toll biending of reactive components.

The sequential and solitary process safety assessment procedure practiced by Napp
Technologies management did not benefit from the exchange that a group review would
generate. The investigators identified solitary and sequential review as a problem.
However, in many firms conflicting schedules often make group hazard assessments
almost impossible. Perhaps a better solution exists. Toll blenders could activate a special
group assessment procedure when reactive materials are part of a formulation. This
focuses attention on truly hazardous formulations while allowing sequental review of less
hazardous formulations. This special assessment should include identification of the norm
and discuss how to identify and respond to potential out-of-norm excursions.

The customers asking for mixtures of reactive materials should provide more than simple
material safety data sheets for each component of the mixture. They should provide a
process safety assessment analysis and a discussion of the risks; how to determine if the
process is out-of-norm; and what to do if problems appear during mixing. This information
should be reviewed as part of the process safety review by the toller and should be
reviewed with the supervisors and the workers assigned to the mixing process.

Blending equipment used primarily for pharmaceuticals is not always appropriate for
blending reactive materials, as was the case for GPA. In addition, workers detected a
small water leak in the equipment before loading, and the workers tried to stop the leak. A
small leak should not be allowed in a pharmaceutical formulation, but it usually would not
have the fatal consequences. The decision to load the blender in spite of the continued
leak was a poor management decision. Maintenance protocol should not allow a leaking
blender to be used in any formulation.

Water is the apparent trigger for the deflagration. The employees should understand not
to allow any water to contact the blend. A stronger employee training and understanding
of the importance of water contamination might have prevented the blending. If the
workers and supervisor fully understood the reactivity of some of the ingredients, they
would not have allowed the mixing in the Patterson-Kelley 125 Blender.

The sequence of events once the blending process began to digress from the norm
indicates that no one established procedures to handie excursions from the norm. This is

a4
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clearly an area for improvement in thns mcndent and in the process safety management
system in general. ;

The investigators provide’ solid evidence of the sequence of events, and the evaluation of
the actual incident seems based on an accurate evaluation of the evidence presented in
the report.. Subsequent discussions with the authors of the report identified that all of the
observed chronology was not first-hand. Some of the information was reported based on
conversations with other. workers who expired in the incident. What was personal

- observation (and by whom) and what was reported as second-hand should be identified
and the source of the information included.

Workers reported the smell of “vanilla” before the incident. Benzaldehyde (part of the
formulation) is used in cooking as artificial almond flavoring. None of the other materials in
the formulation has a vanilla odor. The workers could have misidentified the odor by
associating a food odor — vanilla or perhaps they smelled or another compound that was
inadvertently added in place of (or in addition to) benzaldehyde. The report did not
present sufficient chemical analyses of the residues to provide further insight.

The sources of heat and water received adequate elucidation. Since both heat and water
contribute significantly to the reaction, these topics were appropriate at the level of detail
presented. The discussion of initiation seems plausible, and appropriate for the
circumstances. Because there were problems with the introduction of benzaldehyde into
the blender, can one assume that sufficient quantities of benzaldehyde were present to
cause the reactions identified in Appendix A? Decomposition of the insulation seems to
be the likely source of the large quantities of phenol and methylphenol.

In summary, the investigators presented an excellent review of the events leading to the
incident and the chemistry that supported the deflagration.

Organization of the Report

The report followed a logical plan. It allows the reader to develop an understanding of the
background, the materials involved, the history, and operation of the facility before the
incident began.

The chronology was clear and logical. The blend of technical terms with definitions as
necessary allows a lay reader to grasp the intent of the authors. | would have liked to see
the actual MSDSs for the ingredients and the GPA, but that level of detail might not be
appropriate for this report.

Appendix B provided the most plausible reactions based on chemistry and observations,
but it did not provide other possible reactions. These should have been included as well
as a discussion as to why these alternative mechanisms were not considered the probable
route. There were some typographical errors in the formulas. The documentation was
adequate, but not overwhelming.

Appendix C is enlightening, however, greater detail would be helpful. How did the incident
begin, and how did emergency responders handle the incident? Was the treatment
method good or bad? Were recommendations presented about avoiding and/or mitigating
incidents of this nature?
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Recommendations

Process hazards

m  The first recommendation —

Faciifes need io fully understand chemical and process. hazards, failure modes and safeguards,
deviafons Fom rormal and her consequences, and ensune that all relevant personnied ke e proger
aclions: Ip take b0 opersle the process salsly, recognize and address desialions, relum 1o nomnal
operaions, or safely shuidown.  This is besl achiaved through process hazand analymes, slandam
cparating procedures, and Faining. —

is the deal  With small and baich oparations the ideal is seldom achesved, In this case,
GPA was formulated once before, moere than three years earlier.  Elaborale procass
safety analyses are a valid goal for large, continucus processes, With formulators who will
R @ (or many| diferent product every day, comprehensive process salely analvses are a
huxury that a small stafl would cherish.  Saying that however, does nol preciude
appropriate process. safety analyses when the mibdure or ingredients are sufficientdly
reactive 1o warrant more infense process evalsation. In this particular incident, GPA was
blended safaly in the past. 5o i probably received less attention from management on the
second baich. It is not dear if the workers who farmulates the first batch were the same
as those whee formutated the il-isted mixure.

As a recommendation, however, the report might wish o detinguish the level of hazand
with the leval of process sefety analyses. For example, formulations usng reactve
materizls might require a group evaluabon where less resctve malerials might e
reniewed sequentially on an individual basis

Az stated earlier in this review, the customers should provide some process safety
analysis information o the: toller rather than the individual material safety data sheets ko
the ngredients.  This informaticon should descnbe the hazards of the combined matenals
and lhe combination process. The process safefy analysis should also idently ouk-of-
norm conddions and how 1o handle excursions from normal.

The toller's procedures should define excursions from nomal and specify a procedune 1o
foliow if @n excursion cocurs.  This process safely assessment shoukd be reviewsd by the
supenvisors and the workers mixing the ingredients
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®  The second bullet—

Guidance is needed to address the unique circumstances surrounding tolling arrangements and the
responsibilities for hazards assessments and communication of process safety information. —

is unclear. Who needs the guidance -— the toller, supervisors, workers or the
govemment? Businesses, especially small groups such as tollers, have more government
than they have staff to handle. The goal should be to raise awareness of the importance
of hazard analyses and imprint the need to perform process safety analyses for reactive
materials — especially to identify the norm and what to do when the reaction is no longer
within normal parameters. - The government might consider an internet site to walk small
businesses through the steps for hazard assessment. This would be easily available and
low cost for all. '

m  The third bullet—

Facilities should ensure thai equipment manufacturers’ recommendations for proper use of equipment
are followed. —

seems weak in the report. According to the manufacturer, the Patterson-Kelley 125
Blender is not appropriate for formulation of reactive materials such as those found in
GPA. As stated on page 28 of the report, the Aluminum Association recommends a
conical blender with no moving parts. The customer might have specified the type of
equipment appropriate for the mixing and might have determined if Napp Technologies
had the appropriate equipment for the job. Napp should have reviewed the equipment
specifications to determine if their equipment would be considered appropriate for the
mixing of these reactive materials.

»  The fourth bullet —

OSHA and EPA should review the lists of substances subject to the Process Safety Management
standard and Risk Management Program regulations to determine whether reactive substance should
be added. —

seems like a reasonable recommendation. Perhaps some consideration of the degree of
reactivity might be appropriate in the review. This review might include perchlorates,
cholorates, and other reactive sulfur compounds. OSHA might consider a special
emphasis program on tolling operations.

m  The fifth bullet —
OSHA needs to review the role of MSDS s in conjunction with HazCom, HazWoper, and PSM

Standards to clarify that MSDSs should not be used beyond their intended design. Industry should
consider additional consensus standards or guidelines to address MSDS consistency and use. —
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is appropriate, This recommendation sfill will not address the ssue of combination of
materials such 35 those used 1o formulaie GPA, Emergency response advica to address
reaclive materials needs better clarfication and perhaps research.  For mixtures, a
combined MSDS and a process safety analysis of the formulation process rmght be of
great value.

® The last bullat —

OSHA and EPA should corsider whether addional guidance or outreach is needed for users o
undarstand the: Emitatons of M5DS8s and indusiry ewarenaess thal more than e MSDS is nesded o
conduct lull process hazands analyses. —

The internet might be an approprate cutreach tool to reach small businesses. If O5HA
developed a skelelon for a process hazard evalualion and showed how and how not to
usa MSDSs, this might be a good public service  In fact a fraining module reght help
those companies with limited travel budgets 1o train thewr staff and keep cument

Additional Comments

Application of the some specifics of this report may not have wide application.  Howewver
thwa general hazard assegament process and the excursion from nommad operations have
wide application. I

m  dafindions of nomm,

m whal o do when the processes vanes from the norm, and
= how to handle an emergency with the process

could be incorporated as standard operating procedure with reactive mixing situations,
thier we could reduce the severity and probably the numbaer of incdents. (This assumes a
strong worker and supenisor raining component o the management funclion.) Process
gafely assessment of mixing operations with reactive matenials has wide applications to all
industry imsahved with hazardous matenats handling.

The report did not dwell on the community emergency response or impact very much,
other tham o give a general description of the sumounding area.  The other area that
shoulkd be expanded is the intermal and extemal emergency responders and their
preparedness. A dscussion about the lack of local nofification during the events before
the deflagration would strengthen the neporl

In incidents such as this, the federal and even stale governments play a preventabive roke
in terms of regulations and guidance to help industry than an immediate response role.
The govarnments can offer advice at the tme of the incidant, but only the kel responderns
can be on site quickly enough fo assist in these incidents. The govemments can help to
train and equip these responders, Dut in the critical first hour, there is lite a remote
government person can do other than io offer advice.
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This report provides @ good model for futere investigations. The neport develops the
information rationally and is easy to folow, While each incident will differ, the overall
cutine should reman relatvely consstent

The recommendations identified have implications for ndustries beyond the formulating
indusitry, and the kessons learmed from this incident should belp olner companies prevent
problems, or at kast minimize problems, from reactive maberials,

10
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Geradine V. Cox, Ph.D.

NAPP Techologies,Inc.
EPA/OSHA JOINT CHEMICAL ACCIDENT INVESTIGATION REPORT

A Ciitical Revew
Sepenber 2,1998

Chaper 1
Execuive Summary
Overview

Overall the BPA/OSHA Jant Chemical Accidert Investigation Repat, EPA
550-R-97-002 daed Ocbber 1997 s a canpetert review d anindudrial
accdert.

Techical Soundness
The review d the incidert included:

A review d eachmaterial used wih a sunmary of the pdentialy hazardous
propetrties d the individualchemicak involved n the incidert;

A discussin of the pdential hazads nvolved n formulating the gdd
precpitating agen, GPA;

. A synopss of the previous Herding expetierce by Napp Techologies,Inc.;
. A chronology of the e\erts before ard ater the incidert;

. A discussin of the hazadd managenent procedues usedn this incidert;

. A postulation for the caus of the incidert with suppating eviderce;ard

. A limited discussion of emergency response.

A good incidert review slould focus o the systens goperating before the
incidert, the chronology ard probalde cause bthe incidert itsef, ard the
response to the incident. The first two were covered well - dthough worker
training (especally for out-of-norm everts) is weak,ard it appeas that the
assessaris are accuate. The dscussin of the equpment ard the wager leak
wasgood. The danage desribed to the equpment seens to justify the
conclusions almut the ewlution of the defagration. The discussin of
prevertion of future inciderts cauld be elalborated nore.
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| would like to see @iture reports review the energercy respaise o the
incidert - from the campary enployees ad the local energercy respandersin
much greaer detil. Are the respanders trained propeily, are the recanmended
methods of response gppropriate, was the level of response, e.g., local
evacuatons, in accad with the realhazads d the incidert? Did canflicts

exist betweenrespanders as b who was n charge? Did too many agerties
respand to the incidert causing problems for the respanders?

While | believe it to be a minor point, | am concerned about the odor
obsewation by enployees pior to the incidert. Berzaldetyde sused as
artificial aimond flavoring ard hes a stongly distinct odor of almonds. The
employees noticed a smell of vanilla before the deflagration, not amond.

This may smply be a confusion of "food smells” and not sgnificant, or it may
indicate that same material other than benzaldetyde wasrtroduced into

the Herder. An explamation of the inconsistency would stengthenthe report.
Were chemical amalyses peformed on the residue b deermine if the reactarts
were what would be articipated? This should be a outine pat of these
investigations.

The timing of the report is ancient history relative to the incident. Can the
reports be available in less than 90 days? This would be more relevant to
preverting future inciderts.

Overall Approachard Campleteness

The argarizaton of the nvestigation ard report seens saund. Two objectives
seem paramount to ths type of report. The first - to identify the factors

that contributed to the incidert. The secaod - to idertify how to improve
existing systens kased o lessans leaned from the incidert review.

The investigators logicaly developed anunderstanding of the incidert. The
organzaiton of the incidert report is saund. Ore topic leads ¢ the rext,

ard the readerbuilds krowledge d the piocessthe managenent, the hazads,
ard the incidert in a logical progresson. The plotographs ae dificult to
evaluate becausehe piinting process des rot alow retention of detil.
Unless the plotographs are piinted on photo qualty paper-and pehapsin
color, too nmuch detail is lost with the present printing method to gve the
reader a full appreciation of the authors' intent with the illustration.

Perhaps n a formulation incidert, the investigators stould review the
cusbmers hazad assessart procedues n addtion to the formulators. The
report was urlearas b the aigin ard canpleteness d the MSDS from the
client, Techic, Inc. Was a poduct MSDS available, or did Tecic only
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provide Napp Echologies,Inc. with MSDS stees for the individual
componerts? Did Techic peform a hazad assessart before the canpary
decded b use GIA for recovery of precious netals?

Recanmendations for erhancenert of accdert prevertion appioactes an
acciert investigations in the future

The investigators ckaty idertified sane weakressesn the piocess saty
system- spediicaly:

-The need br better communicaion with the clent alout the process

hazads pror to formulation;

-Using Material Safety Data Sheet, MSDS, information on the individual ingredients while not
looking as he canbined pdential hazads duing the Herding operation;

-The need br group dscusson of process hzad assessert by

managenent - not sequetial review for reactve neterials;

-Confusing information presemed on MSDSs canceming appopriate respaise

protocol for anincidert, eg., for a canpound that react with water - the

recommendation is to flood with water;

-Using blerding equpmert that may not be appopriate for the mixing operation;

-Need br better enployee taining - espea@lly with proper procedues b recagnize am respand
to deviations from the norm;

-A protocol on building reenry during anincidert;

-Need br better energercy respander training; ard

-Recanmendations for improvement of federal guidarce for process hzads.

Root Causes bthe Accidert
Underlying Prime Reasons

Acciderts ae amost never due b a shgle cause. Rater most inciderts
involve a cascadef dactors that resuk in anaccdert.

Thisis the case aNapp Techologies,Inc. The managenent systens in
place lefore acceping the GPA formulation were structured or pharmaceuicalk
rather thanfor toll blerding of reactve canponerts.

The sequetia ard sditary process saty assessart procedue practced ly
NAPP Techmologies nanagenent did not benefit from the excharge hat a goup
review wauld gererate. The investigators idertified sditary ard sequetial
review as aproblem. However, in many firms conflicting schedules often meke
group hazad assessarts aimost impossble. Perhaps a btter sdution exsts.
Toll blerders could actvate a speail group assessemt procedue wken
reactve neterials ae pat of a ormulation. This focuses aention on truly



hazadous rmulations while alowing sequetal review o less fazadous
formulations. This specal assessert should include dertificaton of the
norm ard discuss how to idertify ard respond to potential out-of-norm
excursions.

Blending equpmert used pimarily for phrarmaceuicak is not always
appopriate for blerding reactve neterials, as washe casedr GPA. In
addtion, workers deected a srall leak n the equpment before loading, ard
the wakers tried to stop the leak. A small leak slould not be alowed n a
phamaceuical formulation, but it usualy would not have the fatal
consequeres. The decsion to load he Herderin spte d the caitinued bak
was a poor management decison. Maintenance protool should not dlow a
leaking berderto be used m ary formulation.

Water is the appaent triggerfor the defagration. The enployees shuld
understand not to alow ary water to contactthe Herd. A stronger enployee
training and understanding of the importance of water contamination might have
preverted the derding. If the wakers ard supewisor fully understood the
reactvity of same of the ingredients, they would not have alowed he mixing

in the Paterson-Kelley 125 Berder.

The sequece d ewerts once he Herding process bganto digress fom the
norm indicates hat no one eséblished procedues b handle excursions from
the norm. This is clearly an area for improvement in this incident and in the
process saty management systemin general.

The investigators piovide sdid eviderce d the sequece d ewerts, ard the
evaluation of the actialincidert seers based m anaccuete evaluaion of the
eviderce pesened in the report.

Workers reported the smell of "vanilla" before the incident. Benzaldehyde
(part of the formulation) is used m cooking as atificial aimond flavoring.
None of the other maerials in the formulation has avanilla odor. The
workers could have misdentified the odor by associating afood odor - vanilla
or petaps hey sneled or arother compound that was hadwertertly addedmn
place & (or in addtion to) benzadetyde. The report did not presem
chemical aralyses d the residues o provide further insight.

The saurces ¢ heatard water receved adequat elucidation. Snce loth heat
ard water contribute significartly to the reacton, these opics wee
appopriate atthe level of detil presemmed. The discusson of initiation

seens phusble, ard appopriate for the crcunstarces.
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In summary, the investigators presemed anexcelent review d the ewerts
leadng to the incidert ard the chemistry that suppated he defagration.
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Chaper 2
Orgarizaton of the Repot

The report followed a bgical plan It alows the readerto dewelop an
understanding of the backgiound, the neterials involved, the history, ard
operation of the facilit y before the incident began.

The chronology was ckarard logical The Herd of techical terms with
deifinitions as ecessaralows a &y readerto grasp he intent of the
authors. | would have liked D see be actial MSDSs for the ingredents ard
the GPA, but that level of detail might not be appropriate for this report.

Photoaopies of black and white or color photogaphs is a waste of natural
resaurces -trees. These pbtographs canbe scamed into a canputer program
ard mede nto half-tones o printed drecty with much greaer clanty. |

found the plhotographs dificult to study becausehe reproduction was sopoor.

Appendix C is enlightening, however, greater detail would be helpful. How did
the incidert begin, ard how did energercy responders handle the incidert? Was
the treatment method good or bad?

The Cremistry Appertix, B, iswel presered, ard logical The daunmentation
was adequate, but not overwhelming.

Chaper 3
Recanmendations

Process hzads

. The first recanmendation -

Facilit ies need to fully understand chemical ad process hazads, failure

modes ad saéguaus, devations from normal ard their consequerces,ard ersure that
all relevant personnel know the pioper acions to take to operate the process

sakly, recaynize amnl addess deilations, return to normal operations, or

sakly shutdown. Thisis best acheved through process hzad aralyses,

stardard operating procedues,and training. - is the ideal With smell ard

batch operations the idealis selom acheved. In this case GPA was

formulated ance tefore, more thanthree years ealier. Elalorate process

sakty amalyses ae a \did goal for large, continuous piocesses.With

formulators who will mix a (or many) different product every day,
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comprehensive piocess saty armalyses ae a Uxury that a snall staff would
cherish. Saying that, however, does rot precude appopriate piocess saty
aralyses wlenthe mixture or ingredients ae suficiertly reactve to warmrant
more intense piocess ealuaton. In this paticular incidert, GPA was lberded
sakly in the pastsoit probady receved less atention from managenent

on the secod batch. It is not clearif the warkers wio formulated he first
batch were the same as those who formulated the ill- fated mixture. -

As arecommendation, however, the report might wish to distinguish the level
of hazad with the level of process saty aralyses. For exanple,
formulations using reactve neterials mght require a goup ealuation

where less eactve naterials mght be reviewed sequeialy on anindividual basis.

The piocedues slould deine excursions from normal ard spedy a poocedue
to follow if anexcursion occurs.

. The secad bullet -

Guidance is needed to address the unique circumstances surrounding tolling
arrangements and the responsibilit ies for hazads assessents ard
communication of process saty information. - is unclear Who needs le
guidarce -the toller or the government? Busnessesgspeally small groups
such as tollers, have more government than they have gaff to handle. The
goal should be to raise awaeress ¢ the importance d hazad aralyses an
imprint the reed b perfform process saty aralyses br reactve neterials -
espealy to idertify the rorm ard what to do whenthe reacton is no longer
within normal parameters. The government might consider an internet Ste to
walk smal businesses ltroughthe seps br hazad assessert. This would
be eadly awailable arl low caost for al.

. The third bullet -

Facilit ies should ensure that equipment manufacturers recommendations for
proper use d equpmert are followed. - seens ursuppated ly the report. In
the description of the equipment, no mention appears relative to the
appopriateress of the Ratterson-Kelley 125 Berderfor this reacton. This
bullet implies that the Paterson-Kelley 125 Berder is inappiopriate for use
to formulate GFA. If inappiopriate, this should have beendocunented n the
report.
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The fourth bullet -

OSHA ard EPA slould review the lists of sulstances sujectto the Rocess
Sakty Managenent samdard ard Risk Managenent Program regulations to
determine whether reactve sulstance stould be added- seers like a
reasmalde recanmendation. Perhaps sone consideration of the degee d
reactvity might be appopriate in the review.

. Thefift h bullet -

OSHA needs o review the role of MSDS s n conjunction with HazCan, Haz\Wbper,
ard PSM Stardards to clarify that MSDSs stould not be used leyond their

intended degin. Industy should consider addtional consersus sardards o
guideinesto addes MSDS casistency ard u<. - is appopriate. This
recommendation sill will not address the issue of comhbination of maerials

suchas hose usedd formulate GFA. Emergercy respanse adice b addess
reactve neterials reeds btter clarificaton and pehaps eseach.

. The last bullet -

OSHA ard EPA sthould consider whether addtional guidarce a outreachis
needed for users to understand the limit ations of MSDSs and industry awareness
that more thanthe MDS is needed @ conduct full process hzads amlyses.
The internet might be anappopriate autreachtool to reachsmall businesses.

If OHA deweloped a skadton for a piocess hzad ewaluaion ard stowed row
ard how not to use M®Ss, this might be a gabd puldic sewice. Infacta
training module might help those companies with limited travel budges to train
their staff ard keep curent.

Additional Comments

Application of the sane spediics d this report may not have wide

applcaton. Howewer, the gemral hazad assessart process ad the

excursion from normal operations have wide gpplication. If definitions of norm,

what to do whenthe piocesses aries fom the rorm ard how to handle anenergercy
with the piocess cald ke incorporated as strdard operating procedue with
hazadous reactons, thenwe caild reduce he seerity ard probally the

number of inciderts. (This assures a stong worker training componert to the
management function.) This has wide gpplications to al industry involved

with hazadous naterials handling.
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The report did not dwel on the canmunity very much, other thanto give a
gereral desciption of the surounding area. The aher area tat should be
exparded s the internal ard exernal energercy respanders ard their
prepaedress.

Ininciderts suchas his, the federa ard evenstate governments phy a

prevertative role in terms of regulations ard gudarce © help indudry

than an immediate response role. The governments can offer advice at the time

of the incidert, but only the local respanders canbe on site quickly erough

to assst in these mciderts. The governments canhelp to train ard equp

these espamders, but in the citical first hour, there islittle a emote

government person cando other thanto offer advice. This report provides a god model
for future investigations. The report develops the information rationally and is easy to follow.
While eachincidert will differ, the overall outline should remain relatively consistent.

The recommendations identified have implications for industries beyond the formulating industry,
and the lessons learned from this incident should help other companies prevent problems, or a
leastminimize poblems, from reactve neterials.
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Comments of Jerry Scannell, National Safety Council

S

Peer Review

" The EPA/OSHA Joint Chemical Accident Investigation Report
Of Napp Teclnologies, Inc. ,

Summary: The joint teams did a good job under very difficult conditions of what was left after
this destructive deflagration. Although the EPA/OSHA Joint Chemical Accident Investigation
Report explains the event that occurred at the Napp Technologies, Inc. facility on April 21, 1995,
it should have examined further why the event occurred and what can be-done to avoid these
occurrences in the fisture. The report should have uoted any sivizoamental consequences of the
explosion, any failures in facility’s management systems iG prevent, mitigate and respond to the
event, and any regulatory gaps and inconsistencies.

GENERAL

] The report was issued over two years after the incident. This causes it to lose any impact
it might otherwise have! Two years is unacceptable.

o The investigation’s methodology should be further defined to include its objectives and
review parameters. In addition, the investigative team should be individually identified
to include area of expertise and organizational affiliation. .

e  The investigation did not indicate that its analysis was pecred review or that it solicited a
review from stakeholders - other than Napp Technologies, Inc. officials. A broader
review may have added information and other perspectives on the accident analysis. The
report should indicate whether the team interviewed all stakeholders - company officials,
labor, state and community officials, and citizens. :

. The report did not review Napp Technologies, Inc.'s compliance wi*h applicable state and
" Federal regulations governing the safe har./ling of hazardous chesicals, workes safety
and public safety. Nor, did the report review the company'’s accident prevention and
emergency response procedures against industry standards and best practices.

1 Nupleei.wpd
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¢ The report states that the ultimate goal of the accident investigation is “...to determine the
root cause in order to reduce the likelihood of recurrence....” etc. And the report goes on
to recogrize that examples of root causes include “...failure of particular management
systems, that allow faulty design, inadequate training or deficiencies in maintenance to
~ exist.” The report, however, focuses on the faulty design, the inadequate training and the
deficiencies in maintenance but the treatment of the failure of management systems that
allow these deficiencies to exist is handled poorly at best.

Managen.ant System Issues
° Management systs:2 issues that need to be developed further include:

* The qualifications, credentials and competence of the managers involved
in the decision-making, from New Product Review to the emergency
response. This review is especially important in light of the series of
apparent bad «.usions by managemsat a5 the crisis developed.

* The existence, effectiveness, and/or the results of the company’s audit
program, safety and health program and/or the safety committes including
any finding of noncompliance with SOPs and any recommendations for
improvement.

* The role employees had or failed to have in the company’s safety and
health program.

* A discussion of the existence of any review of prior incidents and
Federal: by the company. in interviews with employees, or as part of the
compliance investigations. Was there anything that could be learned from
any prior incidents that could have alerted management to deficienctes in
their SOPs or systems?

K The report recognizes that contributing factors “facilitated the occurrence of the event.”
However the report falls short in adequately dealing with the contributing factors.
Contributing factors that needed to be developed include:

- * No iscussion whatscever on the levzl of regulatery oversight, neither
specific to this location or to the industry as a whole or to the type of
operation-tolling.

*No discussion of the violations or level of compliance found in the

enforcement investigations, including company history or previous
regulatory history. The same deficiency applies to the industry as a whole.

2 7 Napiee!.wpd
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*More discussion on what Technic knew. Did they have more
information that could have been given to Napp to better equip Napp to
make an informed decision about the hazards of the process?

*While the report recognizes the inadequacy of the “hazard analysis”, it
does a poor job of discussing the underlying and contributory causes of
this inadequacy.

EMERGENCY PREPAREDNESS

There is a much greater need for an in-depth discussion of emergency preparedness. The
report focuses on training deficiencies. But there is more to it than that. How could an
emergency plan be so inadequate as to not include what action to take during deviations
from normal operations? How could deviations exist for almost 16 hours with no one on
site with the authority or willingness to safely shutdown the operation? In light of the
emiergensy, how couid a decision bs made not to notify the local fire department and
instead send employees back in to dump the batch at that stage of the crisis?

There was no discussion of whether Napp Technologies, Inc. had an emergency plan. If
Napp did have an emergency plan, was staff trained to implement it? Did they have a
history of table top and full-scale exercises to test and refine the plan? Did Napp have an
operational relationship with local emergency responders? There was no discussion of an
on-site incident command structure.

The report did not review whether Napp was in compliance with the Emergency Planning
and Community Right To Know Act, particularly in reference to Section 304, Emergency
Release Notification, and Sections 311-312, Hazardous Chemical Reporting.

Finally, the report did not discuss Napp Technologies emergenicy spill response plan.

REGULATORY REVIEW

A review of the regulatory safety net should have been undertaken to ensure that no gaps
existed between PSM, Haz Comm, HazWoper, EPCRA and RMP.

If as the report says, the root causes and the contributing factors “should be coasidered
lessons for the chernical processing industries which operate similar processes, especially
the tolling industry” then the recommendations fall far short of having the impact
necessary to minimize the likely occurrence of a similar incident in the future.
Specifically, the recommendations fail in the following areas:

* In those areas such as emergency preparedness, management
competencies and regulatory oversight, where the discussion itself was

3 ) Napteel. wpd
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inadequate, the report was almost devoid of any meaningful
recommendations.

*One of the major recommendations is essentially that companies should
comply with existing regulations such as PSM and RMP. What does this
change? Do companies not know about the rules? Don't they care? -

*One recommendation is for the industry and/or government to develop
guidelines to be used in tolling contracts. Tius is good but needs to be
developed stronger. For instance, can OSHA and EFA take a lead role in
serving as a catalyst to get the industry together to work oa such
guidelines? If voluntary action doesn't work, is regulatory action
necessary?

*The report makes a number of recommendations for OSHA and EPA. It

is not clear what actually was done in response o those rzcca.mendations .
since the memos and directives referred to in the report are not part of the
appendices. But regulatory action on the part of these agencies doesn't

seem to be enough. The report should have considered extensive outreach
activities to reach the regulated industry as part of the recommended.
actions.

EXTERNAL REVIEWS
o  Finally, it is understood that a draft of this report was shared with the company before it

was finalized. That being so, then the report should have been shared with all
stakeholders.

September 24, 1998

4 Napleel . wpd
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Commaents of Jerry Scannell, National Safety Council
PeerRevew The BPA/OSHA Jant Chenical Accidert Investigation Repat Of Napp
Tecmologies, Inc.

Summary: Althoughthe BPAJOSHA Jant Chenical Accidert Investigation Repat explains the
event that occurred a the Napp Technologies facility on April 21, 1995, ft should have explained
further why the eert occurred ard what canbe done to awid these @curences n the future. The
report should have noted any environmental consequences of the explosion, any in facilit y's
managenent Systens t prevert, mitigate ard respand to the ewert, ard ary regulatory gaps ad
inconsistencies.

GENERAL

The report was ssued ger two years ater the Incidert. This causestito lose any impactit
might otherwise havel Two years is unaccepéble.

Tle investigation methodology should be further defined to include its objectives and
review parameters. In addition. the investigative team should be individually id entified to include
area of expertise and organizational affilia tion.

The investigation did not indicate that its aralysis was peezd review a that it sdicited a
review from stakelolders - other thanNapp Technologies, Inc. officials. A broader review may
have addednformation ard other peispecives m the acailert aralysis. The report should indicate
whether the teaminterviewed al stakelolders - compary officials
labor, state ard canmunity officials, ard citizers.

The report did not review Napp Echmologies,Inc.'s compliance wih appicalie state ard
Federa regulations governing the saé handling of hazadous clenicals, worker sagty ard pubic
sakty. Nor, did the report review the canpary's acailert prevertion and energercy respaise
procedues agaist industy stardards ard best practices.

The report states hat the utimate goal of the acailert investigation is "...to determine the
root cause in order to reduce the likelihood of recurrence...." etc. And the report goes on to
recagnize hat exanples d root causesnclude ".failure d paticular managenent
systens, that alow faulty desgn, inadequag training or deiciercies h maintenance © exst." The
report, howewer, focuses a the faulty desgn, the inadequa training ard the defciercies n
maintenance hut the treament of the failure of managenent Systens that alow these ddtiercies
to exist is handled poorly at best.

Tle report did not recommend follow-up actions to share information resulting from the
investigation anong industy, government, ard other concemed groups au citizers. There ae o
outreachrecanmendations that could resut in revised egineeling ard managenent stardards ard
best practices to improve safety In this industry.
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The report did not review The role that state arl Federal regulatory ard saéty ageries
played n the incidert, nor whether there wee gaps ad defciercies n the regulations or in their
implementation.

Management System Issues
Management system issues that need to be developed further include:

* The quaificaions, credenials ard canpeterce d the managers involved n the
decsion-making, from New Roduct Revew to the energercy respaise. This review is espeally
important in light of the series of apparent bad decisions by management as the crisis developed.

*The existence,. dfectiveness, and/or the results of the Company's audit program,
sakty and heath program ard/or the saéty committee ncluding ary finding of noncompliance
with SOPs and any recommendations for improvement.

*The role employees had or failed to have in the company's safety and health program.

*A discussion of the existence of any review of prior incidents and Federal: by the
compary, in interviews with enployees,or as pat of the canpliance nvestigations. Was there
arything that could be leained from ary prior inciderts that could have alerted managenent to
deficiercies n their SOPs or systens?

The report recognizes that contributing factors "facilit ated the occurrence of the event." However
the report falls short in adequadly deaing with the cantributing factors. Contributing factors that
needed ¢ be developed nclude:

Nodiscusson whatscever on the level of regulatory oversight, neither spediic to this locaton
or the industry as awhole or to the type of operation-tolling.

Nodiscussn or the violations or level of compliance bund in the eriorcenert investigations
including compary history or previous regulatory history. The sane defciercy apples t the
industy as a wble,

Moare discusson on what Tecmic knew. Did they have more information that could have been
given to Napp b better equp Napp 6 make aninformed decsion atbout the hazads d the
process?

While the report recagnizes he inadequacyf the "hazad aralysis’, it does a por job of
discussig the urderying ard cantributory causes bthis inadequacy
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EMERGENCY PREPAREDNESS

There is a much greaer need or anin deph discussin of energercy prepaedress. The
report focuses a training deiciercies.But there is more to it thanthat. How could anenergercy
planbe soinadequat as b not include what acion to take duing devations from normal
operations? How could devations exst for aimost 16 hours with no one a site with the auhority
or willin gness to safely shutdown the Operation? In light of the emergency, how could a decision
be made rot to notify the local fire depatment ard instead sed enployees lack n to dunp the
batch at that stage @ the ciisis?

Tlere was no discussion of whether Napp Technologies, Inc. had an emergency plan. If
Napp did have an emergency plan, was saff trained to implement it? Did they have a history of
table top ard full-scak eercises b test ard refine the par? Did Napp lave anoperational
relationship with local emergercy respanders? There was 0 discussin of anon-site incidert
command structure.

Tle report did not review whether Napp was in compliance with the Emergency Planning
ard Community Right To Know Act, paticularly in reference © Secton 304, Emergercy Relea®
Notificaton, ard Secions 311312, Hazadous Chemical Repating.

fnally, the report did not discuss Napp Technologies emergency spill r esponse plan.
REGULATORY REVIEW

Areview of the regulatory safety net should have been undertaken to ensure that no gaps
existed betweenPSM, Haz Conm, Haz\Wbper, EPCRA ard RMP.

f as te report says, the root causes ahthe catributing factors should be considered
lessons for the chemical processing industries which operate smilar processes, especially
the tolling industry' then the recommendations fall far short of having the impact necessarto
minimize the likely occurrence of a smilar incident in the future. Specifically, the recommendations
fail in the following aress:

* In those aeas suclas emergercy prepaedress, managenent competercies an regulatory
oversight, where the dscussin itsef was hadequat. The report was amost dewoid of ary
meanngful recanmendations.

*One of the mgor recommendations is essentially that companies should comply with existing
regulations suchas BSM armd RMP. What does tis charge?Do companies rot know alout the
rules?Don't they care?Arent they worried alout the cansequerces & noncompliance?Or don't
they think they will get caught? Essentially the question is why did this company ignore the law
and what should be done to reduce the likelihood of companies ignoring the law in the future?
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*One recanmendation is for the indudry ard/or government to dewelop gudeinesto be used n
tolling contracts. This is good but needs to be developed further. For instance, can OSHA and
EPA take a ead ple in sewving as a catlyst to getthe industy together to work on such
guideines?If voluntary acion doesrt work, is regulatory acion necessay?

*The report makes a mmber of recanmendations for OSHA ard EPA. It is not clearwhat
actualy was dme in respase b those recanmendations since the nmemos am direcives eferred
to in the report are rot pat of the appedices.But regulatory acion on the pat of these ageties
doesrt seento be erough The report should have considered exensive autreachacivities
reachthe regulated ndusties pat of the recanmended acions.

EXTERNAL REVIEWS

*Finally, it is understood tat a draft of this report was staved with the company before it was
finalized. At best, this will undermine the credibilit y of the findings with stakeholders and a worse,
it could lead to avoidance of recommendations that could prevent smilar catastrophes in the
future.



Page 42 NAPP

Review of

EPA/OSHA Joint Chemical Accident Investigation Report

Napp Technologies Inc., Lodi NJ
(Including points devebped atthe Sept 14,1998 review panelmeeing)

by Wade A. Freeman
Sepember, 1998

This review canments a1 the canpleteness, ecmical saundness, am overall
approach of the repat on the invedigation of the April 21, 1995 eplosion at the
Napp Technologies facility.

Comment on the Overall Approach

The Jant Chemical Accidert Invegigation Team (JCAIT) assembled
background information and gathered testimony to create a clronological
description of actions ard everts precedng the accdent. The team evaluated
thisrecad, physical evidence atthe scer, documents describing the equipmernt
and chemicals in use, ard descriptions of similar equipmernt located elsewhere
to arrive at a list of Signficant Facts in the acciden. JCAIT thenlisted
possble cawses d the accdent and used “engineering analyses ¢ this
information...and professonal judgement” to determine root causes ar
contributing factors. Thisled to a setof recanmendations.

This overall approachis saund. However, sane possble ard evenplausible
causes or the unwanted chemical reactions are not explicitly cansideredin the
report. JCAIT should have gahered data relative to such paossibilit iesand
saught to rulethem out. The aralyses @scribed in the report do not firmly
estblish the clemistry of the accdent. Discussbn at the Sept. 14 neeing
revealed that sane of chemical analyses vere seécted adventitiously and not as
part of a fully conceived pragram of analysis in support of the invedigation.
Finally, sane evidence ard testimony are insufficiently discussed

Were Analyses &fficient?
Chemical analyses 6 the resdues left by an explosion canreveal import ant
details of the reactons that took place. JCAIT discusses heir chemical
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analysesin Section 3.1 (page 18) ad detailsthem in Appendix A (page 31) &
the report.

1. Insufficient detail is provided on the chemical analyses. JCAIT f ailsto
state a reference the amalytical methods that were used. No accaunt is given of
the sekction of sanpling stes, the number of sanmples taken, or the number of
samples analyzed.

2.  Analytical resuts are givenin non-numerical terms (such as “percerntage
amounts’ or “large amounts’). Numerical findings should appear in Appendix A.

3. The armalyses vere poorly sekected. Mere eemental analysis of the resdues is
unhelpful (asthe report notes). A program of qualitative and quantitative analysis
for a range d inorganic compounds stould have keencaonducted. Finding specific
substances o classes bsubstances n the resdues would allow conclusions to be
drawn about the chemical changes wthin the dender over the cairse d the
accident. For example, finding resdual elemental sufur would support the
reaction scenario laid out in Appendix B. Deection of sulfide sulfur would show
that reactions took place dher than those dscussedin the report. As it is, the
report makes no mention at all of sulfur in the residues.

4.  Analysesfor sulfur and sulfur-containing canpounds should have been
carried out.

5. Three aganic canpounds were idertified “in large amounts” in internal and
external residues d the eyplosion: phenol, 2-methylphenol, and 4-methylphenol.
The report concludes that these cenpounds probably derived from the insuation
that lined the bender but coauld alsohave cerived from the benzaldehyde that was
added to the mix. Appendix A proposes a route to phenol and the two
methylphenols starting with benzaldehyde. This portion of Appendix A should
have been omitted. It addsnothing to the conclusions of the report and is
chemically impr obable, asthe following comments show:
a) Other passagesn the report indicate that benzaldehyde was

never in the bdender. Page 20 mcludes, as jprt of a Sgnificant Fact, the

statemert that “operators were unable to inject benzaldehyde, the sde liquid

component of GPA, into the dender.” Page 24 las the senence: “H owever,

giventhat operators were not able to inject the benzaldehyde into the bender it
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Is unknown if any water in the feed line actually entered the dender.”
Obviously, if benzaldehyde never ga into the bender, the phenol canpounds
did not derive from it. At the Sept.14 meetirg, invedigator s stated finally that
was impossble to canclude from the avalable evdence whether any
bernzaldehyde actually got into the blerder. Evenif a anall amount of
benzaldehyde madeit into the blender, it would not explain the detection of
these oganic canpounds “in large amounts.”

b) The proposed route to the phenol compounds is inconsistent with
known chemistry. Toluene would not be converted to phenol under the reducing
conditions in the blender.! The report seens to call this conversion, which is an
oxidation, a “classic eectrophilic aromatic substitution.” It isnot. It may be
that the report r efers to the methylation of phenol asthe eectrophilic aromatic
substitution. Suwch a methylation would require acidic canditions, a methylating
agert and phenol.? All three were atsert in the bender.

Aqueous sodium hydr osulfite reduces benzaldehyde to benzyl alcohol
(C¢H:CH,OH) in a two-electron reduction.® This reaction is alsoplausible under
the canditions in the dender. Benzyl alcohal is presumably the “methyl
hydroxy (alcohol) inter mediate” mentioned in the report, although benzyl
alcohol (and benzaldehyde) contain no methyl groups. Four-electron reduction
of benzaldehyde to toluene is alsocancevable:

CH.COH + 4 H" +4e --->CH.CH, +HOH
However, both reductions require H* in addition to the ekctrons suwpplied by
the reducing agen. The H" would have to come from impurities containing
active hydrogen (such as water or benzoic acid) becatse the nominal contents of
the bender furnish no hydrogen.

c) The clremical camposition of the “ri gid foam material” used to insuate
the walls of the blerder and any additives in the aqueous coolant solution should
have appeared inthe repat. During the Sept.14,1998 meetilg, membersof
JCAIT stated that the insuation of the bender was polyurethane foam. M ost
polyurethane foam is made by reactirg 2 4-diisocyano-1-methylbenzene with a

! Roberts, John D., and Caserio, Marjorie C., Basic Principles of Organic ChenifsEgijton, W. A.
Benjamin, Inc., 1977, page 405-10.

2 See the discussion of Friedel-Crafts alkylation in any organic chemistryRexexample, Roberts,
John D., and Caserio, Marjorie C., Basic Principles of Organic Chemi&tiggdizion, W. A. Benjamin,
Inc., 1977, page 1047.

% deVries and Kellogg,J. Org. Chem45s, 4126, 1980.
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suitable dialcohol and then adding water.* Oxidation of a functionalized
methylbenzere in a fire is consistent with the gereration of phenol and
methylphenols.

d) The sgecuation concerning the saurce o the phenol canpounds is
misplaced. Appendix A should detail experimental and observational r esults.
Interpretation properly belongs in the body of the report.

6. The first paragraph describing the aralysis of the dender (in Appendix A)
states: “The damage nitially appeared to be the resut of a seamexplosion inside
the water jacket lining.” This statement leaves t uncertain whether a seam
explosion was excluded and, if it was, why. At the Sept. 14 review meeing,
members d JCAIT explained that they rejected the seamexplosion scerario
becase the portion of the dender that sustained the provocative damage housed
insulation, not coolant.

7.  Analysis of the physical condition of the bodies d the victims is the sde basis
used to classify this evert as a defagration (“soft explosion”) rather than asan
explosion or detonation. The aralysis of the remains of the blender should have
beenexended with a viewto canfirming or denying this conclusion.

8. JCAIT reports (page 17) tlat a USEFA mobile laboratory of “downwind air
sanples d inorganic/acid gases, nganic, and ketones” as part of the energercy
response. No ather mention is made of these samles. Daes tis serience mean
that acidic gases, nganic canpounds ard ketones were in fact found in the
sanmples? What analyses vere performed on the mobile laboratory samples? What
were the resuts? At the Spt. 14 meeing, members d JCAIT explained that this
sampling was for population protection, gave regative resilts, and had no
significance  the invesigation. These &cts stould have keenin the report.

9. The repat states(page 23) tlat JCAIT conducted “metallurgical analysis of
the bender after the accdent.” Thisis sanewhat misleadng. Appendix A details
a thor ough visual examination of the bdender and a shgle microscic
measur ement (to obtain the depth of the grooves in the graphite seal).

* Roberts, John D., and Caserio, Marjorie C., Basic Principles of Organic ChenifsEgljtbn, W. A.
Benjamin, Inc., 1977, page 1455.
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10. An attempt should have been madeto establish the conditions of
temperature and humidity pr evailing in the blender room over the cour se of
the qoeration.

11. Members d JCAIT stated during the review meeing o Sept. 14 tat the
ARC analyses dscussedin Appendix B were performed not by design, but by
happenstance when professonal acquaintances dfered to do them. Taking
advantage d such opportunities s certainly accepable. However, it is cbviously
unsound to rely on such circumstances.

Are all saurces d information properly identified?

Reports d this type should adhere to standard practices ¢ attribution. JCAIT is
erratic in thisrespect The reference o page 39 6 “EPA Trip Report, July 5,
1995” deesnot appear in Appendix D. Did the repat originate with EPA members
of JCAIT or with other representatives d the EPA? The in-text details about
Tartani and Contessa’'s paper an page 40 metly duplicate the citation in Appendix
D. A flashpoint for powdered aluminum/air mixtures is quoted without
attribution. The NIST report on the remains of the blender is not properly cited in
Appendix A. During the Sept.14 meetirg, it was sated by aninvedigator that
discusson in Appendix A concerning the cawersion of benzaldehyde to phenol and
the two isomeric methylphenols was a persanal communication from a retired
chemist. Relying on such saurces s inferior to checking facts in standard
references. The “Events ard Causal Factors ard Hazard -Barri er-Target
techniques” that are mentioned on page 26 as art of the ergineering analysis of
the even require a reference.

Were the saurces d reaction initiation plausible?

JCAIT identifies wo “most likely” sources d initiation: accidental wetting of the
blend and frictional heating from over-use d the intensifier bar. Both are
plausible. It is essetially certain (see kelow) that water was reacing in the
blender during the time precedng the eyplosion. Two very likely saurces d water
are idertified: leakage st the intensifier bar seal and residual water in the liquid
feed line. These are reasonable possibilitie s. Both might have contributed
concurrently to wet the bend.
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Were all possble saurces d initiation idertified? Were the likely causes d the
chemical reaction explored fully?

The most likely causes d the chemical reaction were identified and explored.
Other possble catses were ot explored suficiently. The approach should have
been to consider all possibilitie s at first and obtain testimony, analysis and other
evidence o rule out as many as possble.

1. Thereport does not deal effectively with the possibility th at wrong
ingredients a the coxtamination of ingredients cotri buted to the clemical everts
in the dender. A few sertences sggestthat the chance d inadvertent substitution
or contamination ertered the deliberations d JCAIT. Page 34 sates hat the
berzaldehyde cremidry th at the repat has just elabaated “. . . tends to eliminate
the possibility th at phenol, rather than benzaldehyde, had been inadvertently
added. .. .” Page 8 notes the fact that benzaldehyde is oxidized to benzoic acid
when exposedto the ar and inserts sane descriptive cremistry of benzoic acd.
Page 23 sttes correctly) that moisture presert in any of the raw materials cauld
have sifficed toinitiate a reaction. Page 31 metions “in advertent mixing of
different chemicals that cauld...occur.”

Elsevhere however, JCAIT accepts the quality of the raw materials without
proof. Page 3 sates “The 1995 bBending ingredients were virtually the same asin
19927 This assertion requires analytical confirmation. (Incidentally, if
“virtu ally” means “very nearly,” thenin what waysdid the ingredients in the 1995
disaster differ from the ingredients in the 1992 acces?) Any details that support
the “virtually” belong in the report. Page 23 nentions a quality asswance check
that Napp performed on the raw materials that did not find maisture. Details
should appear in the report. JCAIT apparently accefis the lack of apparent
reaction during the loading o the bender to rule out the preserce d moisture in
the raw materials. This overlooks possble delayed onsetof reaction, a canmon
occurence.

Resdual portions of the ingredients stould have keencdlected (from the
bottoms of suypply drums, for example) and analyzed. These dums were presert in
the blerding room at 7 pm. (page 13). At the Sept.14 reviewmeeting, it was
established the fire that followed the blast destroyed all the supply drums. The
report should have mentioned this and any other adverse crcumstances. In the
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abserce d residual ingredients, JCAIT could have atempted to confirm the
chemical identity of the materials loaded into the bender inferentially. This would
involve checking the saurce o the materials, canducting analyses ¢ materials from
the same production lot, and making inquiry into conditions of transport, storage
and handling.

2.  The report does rot consider the possble influence d “normal”

impurities.

a) According to Kir k-Othmer>, the highed grade o industrial anhydrous
sodium hydrosulfite cantains 88% Na,S,0, by mass mixed with 3% sodium
disulfite (Na,S,0;), 3% sadium sufite (Na,S0O;), 3% sodium sulfate
(Na,SO,), and 3% sodium carbonate (N&CO3). A lower grade d sadium
hydr osulfite contains only 80 percert Na,S,0, by mass. According to the
same saurce, arhydrous salium hydrosulfite is produced by four methods:
formate reduction, amalgam reduction, znc reduction and electrolytic
reduction. Eachnaturally leaves a dfferent setof impurities. It would have
beeninformative to find out whether the GPA components in the April 1995
accident were d the sane grade ard producedby the sane reactions as
those that were succesfully blended in July 1992.

b) Depending on the way in which anhydrous potassium carbonate (K,CO,) is
prepared, it contains as nuch as 3% water by mass® Potassum carbonate
Is hygroscopic; its recanmended mode of storage sin bunkers ventilated
with dry air.” The hydrate K,CO,1.5H,0, which contains about 16%
water by mass and deliquesces in maist air, is readily available in
commerce as distless crysals. Caceivably, water ass@iated with the
potassum carbonate initiated the reacion everisin the bender. This
possibilit y should certainly have beennvedigated, asmembers of JCAIT
agreedat the Sept. 14 review meeing.

3. Particle size and shape canaffectthe progress d dry blending operations.
JCAIT should have clecked the state d subdivision of the materials in the

® Kirk-Othmer Encyclopedia of Chemical Technology,etlition, John Wiley & Sons, New York, 1998,
Vol.

® Ullman’s Encyclopedia of Industrial Chemisthp" edition, VCH Weinheim, Germany, 1993, Vol.
A22, page 99.

" Ullman’s Encyclopedia of Industrial Chemisthp" edition, VCH Weinheim, Germany, 1993, Vol.
A22, page 99.
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accident to that of the materials that were siccesfully blended in 1992. This goes
as well to the isste d undue heating from the turning o the intensifier bar.

4.  With a viewto confirming the proposed reaction scerario, JCAIT should
have sought samples of authentic GPA and run experiments in which varying
amounts of water are added under the conditions prevailing in the blender. These
experiments would resenble the experiments described in Appendix B, but would
aim to identif y the products aswell as to measur e the temperature rise.

5. JCAIT failed to consider same clues to the reacions taking place n the
blender. An enployee who entered the blending room at 7 p.m. reported a snell
of “rotten eggs” page 13) An enployee vho entered the blending room at 10
p.m. noticeda “deadanimal” smell. Employees arrving for work the rext
morning also reported a ratten-egg aor (page 14) tlat “. . .had exaped the
building and was noticealde in the parking lot. . . .” The witnesses are regrting
the preserce d hydrogen sufide H,S). The preserce d hydrogen sufide was
specifically indicated by testimony (quoted by a JCAIT member at the Sept. 14,
1998 reviewmeeting) from another witness who named the snell as hydrogen
sulfide. It is worth nothing that H,S deadens the seise d smell,® a fact that accads
with the prevalence d rotten-egg reports among newcomers to the scere. JCAIT
focuses on the generation of sulfur dioxide from sodium hydroaulfite (page 37).
Sufur dioxide has a characteristic choking ar suffocating odor that is never
compared to rotten eggs. Itis a serpus error to write df the ador of H,S asa
gereric “sulfur smell” (page 28).

Sufide sulfur (sulfur in the —2 okidation state) would form if aluminum

reduced sadium hydrosulfite fully. Thusthe reacion
10 Al + 3 NaS,0, --->3 Na,S +4 A0, + ALLS,

might accanpany or replace the secad reaction on page 39. Reduction to S(-2)is
quite plausible. Such a reduction would be exothermic. The cawersion of sufides
to H,S, which bails at —-607°C, requires a sarce o H*. Hence, detection of H,S at
7 p.m. indicates that a substance with active hydrogen (such aswater or benzoic
add) was in the blender by that time; the rotten-egg alor rules out the “f riction-
only” scenario at the bottom of page 25 6the report. Despte the overall basic

8 Lewis, Richard JHazardous Chemicals Desk Referen¢an Nostrand Reinhold, New York, 1993,
page 691-2.
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conditions in the bender, local concertrations of H* donors could easly gererate
H,S, which would out-gasrapidly because of its high volatility.

The emssbpn of H,S does rot prevent simultaneaus or subsequent gereration
of gaseous sulfur dioxide (SO,) accading to the equations an page 37.Indeed the
puffs of white snmoke caning from the bender at 5:30 a.m might well have keen
an acid mig formed asvernted SO reacted with moisture in the ar; H,S would not
form such a mist.

6.  JCAIT should have clecked Napp’s recads to ascerain the canterts of the
liquid feedsysemin its last prior use. Resdual content might accaunt for the
“vanilla-lik e alor” detected inthe tark when operators prepared to add the
benzaldehyde (page 12) This odor is a loose erd in the report. It is (remotely)
conceivable hat the material with the varilla-like aor entered the blerder and
influencedthe chemistry within. At the Spt. 14 review meeing, members o
JCAIT stated that these poduction recards were destroyed in the accdent (if they
ever exsted). This point should have keenincluded in the report.

Comment on the Discussion of Root Causes and Contributing Factors

The report does not satisfactorily exclude the possibility th at one (or more) of the
raw materials aiginally contained water or another initiating suostance @ becane
contaminated with water or such a sibstance duri ng transportation and storage.
This point gains importance kecatse it is known that one d the bags ¢ potassum
carbonate had beenbroken openand taped over (page 10)

Reacions in the bender cauld have beentaking place atseveralhot spots, d which
only one was doserved Reacions calld alsohave keentaking place tiroughout
the batch but with particular intensity at the doservedhot spot. Therefore, the
assertion (on page23) “...the bubbling noted towar ds the middle of the blender
reveals that the reactons did not take place atthe walls of the bender...” is
logically faulty.

Page 10 6 the report estblishes that the qerators knew that they were processing
water-reactive chemicals. Page 12 sates hat the goerators found water in an
internal filter on the liquid feedline ard adds: “Th e operators did not consider
the liquid feedline to be functioning properly. The liquid spray head and spray
syseem had not beencompletely dried prior to the charging of the dender.” This
was clearly on-the-spot opinion becatse the gerators proceedd next to attempt to
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dry the liquid feed system by rinsing it with isopropyl alcohol and blowing nitr ogen
through it. Page 24 in fact implies that other attempts took place (...several
drying/vacuum procedures were performed”). JCAIT should have atempted to
learn what made the goerators think the liquid feedsysemwas d'y enough to
permit injection of the benzaldehyde. An error in judgment on this point was
probably the proximate cause d the accdent. It isnot clear in the report whether
the persannel who made this judgment survived the explosion.

JCAIT should have ncluded all it knew of the evens of the last 47 minutes kefore
the explosion. A video describing the accdent was slown at the Spt. 14 neeing.
It reported (and members of JCAIT confir med) that during this climactic period,
the goerators readied receving drums under a nitrogen blanket and managedto
off-load four drum-fulls of material. At this point the blender before it made a
loud noise, which caused the @oerators to retreat from the room. The explosion
occured after they had returned to the room and as hey unloaded a fifth drum-
full of material. These &cts belong in the written report.

On page 23, he report states hat information was receved to indicate that
operators might have wsed water or steamto unclog the liquid feedline. The
report then immediately states that JCAIT was able to confir m that attempts to
clear the feedline dd not involve water or steam At the Spt. 14 neeing
members d JCAIT f urther confirmed that invesigation showed the alegation
concerning the use d water was mistaken. The saurces ard resdution of the
conflicting testimony should appear in more detail in the written report.

On page 28, JCAIT cacludes “. . . there is no evidence  suggestthat Napp was
aware that off-loading the bender may have exacerbated the reacion mechanisms
by exposing the contents to air or that the catents cauld violently erupt and
deflagrate.” This is at odds with the reported prolonged efforts by

Napp to protectthe dend from the ar by use d a nitrogen blanket. Alsq,
exposure to the air would not aggravat the reactons already proceedng, but
would (and did) occasion a new setaf reactions, namely, air oxidations.

“Th etraining of the fire brigade ard emergercy responders was inadegquate”
camot be sustained as catri butory to the accdent. The invesigation develops a
picture of firefighters standing ready to charge hoses anl direct water on
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command. What cauld they have done otherwise, o matter what their training?
JCAIT d oes rot mention training recards a other background on emergercy

responders who were not members d the fire brigade. Concluding that the
training of these people was inadequate is not ju stified without infor mation about
their training.

Comment on Recommendations

JCAIT m akes helpful and appropri ate recanmendations. The recanmendation
against the use d liquidsto cool or purge seals in procesing equpmert if the
liquids are chemically incompatible with the materials being processed is
particularly important. It should appear in full in the Executive Summary. The
version “. . . ersure that equipment manufacturers’ recanmendations for proper
use d equpmernt are followed. . .” is vague.

Comments on Appendices and Il lustrations
ILLUSTRATIONS

Figure 3A (page 14) Bows neither the route alang which the berzaldehyde was
intended to flow nor the route by which it ended up in the vacwm segarator bowl.
A proper schematic diagram of vacuum cdlection sysem would help the reader
far more. A member of JCAIT at the Sept. 14 review meeing sketched an
adequate figure.

APPENDIX A

As noted in the precedng, detail on the nature of chemical analyses awl their
resuts are lacking.

APPENDIX B

Equation 3 (showing the disproportionation of sodium disulfite) has a
typographical error. It should read 2NaS,0O; ---> 2 Na,SO, + SO, + S.

In the cand paragraph, the formula of sodium thiosulfate isgivenasNa,S,0,.
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The carect formula is Na,S,0,.

The cabrimetry studies described on page 3940 require additional detail:

a) A description of the ARC method, or a reference o a sutable background
pape should appear.

b) The saurces ard purity of the sibstances sed in the sudies stould be
stated.

c) The amounts ard the method of mixing of the reactnts should be given
for each experiment.

d) The report should have esablished the products of the reacions when Al
was presert. The doservations confirm a redox reaction in which Al(0) is oxidized
and hydrosulfite reduced Was §-2) formed?

e) The report states hat heats d reaction were determined in the ARC
experiments. If sq they stould be given. These nay be esimates d the number of
joules gerrated per gram of mixture in eachexperimental run. A “h eat of
reaction” more usually refers to the erthalpy change assoiated with occurence d
a sngle chemical reaction (as represerted by a chemical equation). Without
knowing the products of a reaction, no chemical equation can be written and true
heats d reaction are unobtainable.

Page 39 sttes: “Benzyl alcohal is producedby the reacion of benzaldehyde with
sadium hydrosulfite.” Thisisincarect. Some saurce of H* must alsobe presert.

Page 39 sates:“Th e reaction products expected are cansistent with the resuts of
the clemical analysis of the ste.” Thisistechically true, but misleading. The
chemical analyses detailed in Appendix A establish only the eemental composition
of the inorganic residues ard are “consistent” with any setof reactions that
includes compounds of sodium and potassium among their products.

The setence a page 39:“T he source of the large phenol concentration noted in the
grab samplesfrom the blenderdoesnot semto be a esult of the reactionsof the
reported mixture materials but most likely occurred at sme time during initial
attempts to blend the GPA components.” is self-contr adictory. The generation of
phenol “during initial atte mpts to blend the GPA” w ould have to result from
“reactions of the reported mixture materials.” That is, “GPA camponents’ equal
“mixture materials.” If the semence means that the phenol arose from the GPA
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componernts, it opposes he earler conclusion (page 34)that “[ pJhenol and the
methylphenol canpounds were likely due to the insuating material remnants....”

Other Comments

Page 3. Potassium carbonate is not an alkali metal but rather a compound
of an alkali metal. Its physical and chemical properties differ sharply from those
of the alkali metals.

Page 8. A yrophoric substance s one that takes fire on contact with air
under ordinary conditions, not “under appropri ate canditions.” Newspaper bursts
into fire spontaneously ‘’under appropri ate conditions’ b ut newspaper is not
pyrophoric.

Page 8. Tle satement: “Benzaldehyde readly oxidizes to benzoic acd,”
should be replaced by “Benzaldehyde is readily oxidized to benzoic acd upon
exposure to the ar.”

Page 18.“A deflagration releases erergy at a lover rate. . .and is less
destructive than a detonation.” Th e following definitions from the literature would
clarify this discussion: “a deflagration is a 2ft explosion [in which] pressure are
relatively low. . . . Explosions involve pressues d severalatmospheres. . . .
Detonation is a severe érm of explosion when pressues are nuch higher and are
propagated at a ligh rate (asmuch asseveral miles per secand).”®

Page 20. The repat states “At 10:00 am on April 20, operators detected a
vanilla-lik e odor in the liquid feed tank....” This contradicts the Timeline d
Events exhibited on pagell d the report, which sets the detection of the vanilla-
like ador at 12:30 pm.

Page 22.The list of the most likely predominant reactions omits the
combustion of the hot sodium hydr osulfite, upon contact with the air.

Page 25.t is gated: “I f a large amaunt of water was injected into the
material in the bender, the JCAIT believes a &rge hydrogen gas ubble would
have keenformed, cawsing a detonation with greater energy th[aln was releasedin
the accdent.” The belief needs justification. Presumably, the gaseas hydrogen
would resut from reaction of the large amount of water with the powdered
aluminum. The rate of this reaction depends strongly in the temperature (see
report page 38). Did JCAIT estimate the temperature? How? Did JCAIT
esimate the anmount of energy releasedin an accident? Hydrogen bubbles @s in

® Mahn, W. J. Academic Laboratory Chemical Hazards Guidehotdn Nostrand Reinhold, New York,
1991, page 7.



Page 55 NAPP

balloons) deflagrate whenignited in the ar. If hydrogenforms, why must it
detonate?

RECOMMENDATIONS
Conplete ard relea the report nore pronptly.

Include detils of the aralytical methods sed n the couse ofaninvestigation
ard atleastsone represemative amalytical findings in anappemlix.

Integrate decsions abotithe ype aml exent of chemcal aralysis fully into the
investigations.

Take cae  awid loose eds. F obsevations orphysical findings are judged
irrelevant, thenthe report should state as mich, ard tell why.

Use he chemicalliterature nore aggressvely to check facs.
Include full literature references n some uniform format

Use a echmical edior. This report is not very well written.
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Review of
EPA/OSHA Joint Chemical Accident Investigation Report Napp Technologies Inc., Lodi NJ
by Wade A. Freeman August, 1998

This review comments on the completeness, technical soundness, and overall approach of the report
on the investigation of the April 21, 1995 explosion at the Napp Technologies facility.

Comment-on the Overall Approach

The Joint Chemical Accident Investigation Team (JCAIT) assembled background information and
gathered testimony to create a chronological description of actions and events preceding the accident.
The team evaluated this record, physical evidence at the scene, documents describing the equipment
and chemicals in use, and descriptions of similar equipment located elsewhere to arrive at a list of
Significant Facts in the accident. JCAIT then listed possible causes of the accident and used
_engineering analyses of this information+and professional judgenterttetermine root causes and
contributing factors. This led to a set of recommendations.

This overall approach is sound. However, some causes of the onset of the unwanted chemical
reactions are not explicitly considered in the report.

JCAIT should have gathered data relative to such possibilities and sought to rule them out. The
analyses performed do not firmly establish the chemistry of the accident. Some evidence and
testimony are insufficiently discussed.

Were Analyses Sufficient?

Chemical analyses of the residues left by an explosion can reveal important details of the reactions
that took place. JCAIT discusses their chemical analyses in Section 3.1 (page 18) and details them in
Appendix A (page 31) of the report.

1. Insufficient detail is provided on the chemical analyseslCAIT fails to state or reference the
analytical methods that were used. No account is given of the selection of sampling sites, the number
of samples taken, or the number of samples analyzed.

2. Analytical results are given in non-numerical terms (such as -Percentage amoutdsgeor
amounts6). Numerical findings should appear in Appendix A.

3. The analyses were poorly selected. Mere elemental analysis of the
residues is unhelpful (as the report notes). A program of qualitative and quantitative analysis for a

range of inorganic compounds should have been conduéiedling specific substances or classes
of substances in the residues would allow conclusions to be drawn about the chemical changes within
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the blender over the course of the accident. For example, finding residual elemental sulfur would
support the reaction scenario laid out in Appendix B. Detection of sulfide sulfur would show that
reactions took place other than those discussed in the report. As it is, the report makes no mention at
all of sulfur in the residues.

4. Analyses for sulfur and sulfur-containing compounds should have been
carried out.

5. Three organic compounds were identified -in large amounts- in internal and external residues of
the explosion: phenol, 2-methylphenol, and

4-methylphenol. The report concludes that these compounds probably derived from the insulation
that lined the blender but could also have derived from the benzaldehyde that was added to the mix.
Appendix A proposes a route to phenol and the two methylphenols starting with benzaldehyde. The
following comments apply to this portion of Appendix A:

a) other passages in the report seem to indicate that benzaldehyde was never in the blender. Page 20
includes, as part of a Significant Fact, the statement that -operators were unable to inject
benzaldehyde, the sole liquid component of GPA, into the blend®age 24 has the sentence:
-However, given that operators were not able to inject the benzaldehyde into the blender it is
unknown if any water in the feed line actually entered the blender.

-obviously, if benzaldehyde never got into the blender, the phenol compounds

did not derive from it. Even if a small amount of benzaldehyde made it into the blender, it would not
explain the detection of these organic compounds _in large amounts.-

b) The proposed route to the phenol compounds is inconsistent with known chemistry. Toluene
would not be converted to phenol under the reducing conditions in the blender. The report seems to
call this conversion, which is an oxidation;@assic electrophilic aromatic substitution.- It is not. It
may be that the report refers to the methylation of phenol as the electrophilic aromatic substitution.
Such a methylation would require acidic conditions, a methylating agent and phenol. All three were
absent in the blender.

Aqueous sodium hydrosulfite reduces benzaldehyde to benzyl alcohol (C6H5CH20H) in a
two-electron reduction, This reaction is also plausible under the conditions in the blender. Benzyl
alcohol is presumably the -methyl hydroxy (alcohol) intermediate - mentioned in Appendix A,
although benzyl alcohol (and benzaldehyde) contain no methyl groups. Four-electron reduction of
benzaldehyde to toluene is also conceivable:

C6HSCOH + 4 H+ + 4e- ---> C6H5CH3 + HOH
However, both.reductions require H+ in addition to the electrons supplied by the reducing agent. The

H+ would have to come from impurities containing active hydrogen (such as water or benzoic acid)
because the nominal components of the blender furnish no hydrogen.
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¢) The chemical composition of the-rigid foam material- used to insulate the walls of the blender and
any additives in the aqueous coolant solution should have been ascertained (for example, by asking
the manufacturer). This might rule out the insulation and coolant as a source of the phenol and
methylphenols.

d) The speculation concerning the source of the phenol compounds is misplaced. Appendix A should
detail experimental and observational results. Interpretation properly belongs in the body of the
report.

6. The first paragraph describing the analysis of the blender (in Appendix A) states:damage

initially appeared to be the result of a steam explosion inside the water jacket DichgCAIT later

retreat from this assessment? If so, whg®ong heating inside the blender conceivably boiled the
coolant and so caused the rupture of the outer jacket just before the explosion. In this sequence
coolant water might even have touched off the explosiBach a series of events is not inconsistent

with the report (page 16) of three loud hissing noises and a -whoosh- sound preceding the explosion.

7. Analysis of the physical condition of the bodies of the victims is the sole basis used to classify this
event as a deflagration (_soft explosion - rather than as an explosion or detonation. The analysis of
the remains of the blender should have been extended with a view to confirming or denying this
conclusion.

B. JCAIT reports (page 17) that a part of the emergency response was acquisition by a USEPA
mobile laboratory of _downwind air samples of inorganic/acid gases, organic, and ketNoes.-

other mention is made of these samples. Does this sentence mean that acidic gases, organic
compounds and ketones were in fact found in the samples? What analyses were performed on the
mobile laboratory samples? What were the results? Were the results evaluated with respect to the
chemistry of the explosion? Perhaps the mobile laboratory intended solely to check for toxic releases
and obtained negatives for deleterious compounds in their analyses. If so, the report should say so
explicitly.

9. The report states (page 23) that JCAIT conductadtallurgical analysis of the blender after the
accident.-This is somewhat misleading. Appendix A details a thorough visual examination of the
blender and a single microscopic measurement (to obtain the depth of the grooves in the graphite
seal).

10. An attempt should have been made to establish the conditiaesnplerature and humidity
prevailing in the blender room over the course of the operation. Are all sources of information
properly identified?

Reports of this type should adhere to standard practices of attribution. JCAIT is erratic in this respect.
The reference on page 39 to -EPA Trip Report, July 5, 1995- does not appear in

Appendix D. Did the report originate wi the EPA members of JCAIT or with other

representatives of the EPA? The in-text details about Tartani and Contessa_s paper on page 40
mostly duplicate the citation in Appendix D. A flash point for powdered aluminum/air mixtures
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is quoted without attribution. The NIST report on the remains of the blender is not properly cited
in Appendix A. The -Events and Causal Factors and Hazard-Barrier-Target techniques
mentioned on page 26 as part of the engineering analysis of the event (on page 26) require a
reference.

Were the sources of reaction initiation plausible?

JCATT identifies two -most likely _ sources of initiation: accidental wetting of the blend and
frictional heating from over-use of the intensifier bar. Both are plausible. it is essentially certain
(see below) that water was reacting in the blender during the time preceding the explosion. Two
very likely sources of water are identified: leakage past the intensifier bar seal and residual water
in the liquid feed line. These are reasonable possibilities. Both might have contributed
concurrently to dampen the blend.

Were all possible sources of initiation identified? Were the likely causes of the chemical reaction
explored fully?

The most likely causes of the chemical reaction were identified and explored. other possible causes
were not explored sufficiently. The approach should have been to entertain all possibilities and
analyze the facts to rule out as | many as possible.

1. The report does not deal effectively with the possibility that wrong ingredients or the
contamination of ingredients contributed to the chemical events in the ble#d&w sentences
suggest that the chance imfadvertent substitution or contamination entered the deliberations of
JCAIT. Page 34 states that the benzaldehyde chemistry that the report has just elaborated
tends to eliminate the possibility that phenol, rather than benzaldehyde, had been inadvertently
added -Page 8 notes the fact that benzaldehyde is oxidized to benzoic acid when exposed

to the air and inserts some descriptive chemistry of benzoic acid. Page 23 states (correctly) that
moisture present in any of the raw materials could have sufficed to initiate a reaction. Page 31
mentions -inadvertent mixing of different chemicals that could+occur. Elsewhere however,
JCAIT accepts the quality of the raw materials without proof. Page 3 stabs: 1995 blending
ingredients were virtually the same as in 199Zhis assertion requires analytical confirmation.
(Incidentally, if -virtually_ means -very nearly,- then in what ways did the ingredients in the
1995 disaster differ from the ingredients in the 1992 success?atayls that support the
-virtually__ belong in the report. Page 23 mentions a quality assurance check that Napp
performed on the raw materials that did not find moisture. Details should appear in the report.
JCAIT apparently accepts the lack of apparent reaction during the loading of the blender to rule
out the presence of moisture in the raw materials. This overlooks possible delayed onset of
reaction, a common occurrence.

Residual portions of the ingredients should have been collected (from the bottoms of supply
drums, for example) and analyzed. These drums were present in the blending room at 7 p.m.
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(page 13). If unmixed starting materials failed to survive the accident and clean-up, then the
report should say so. In the absence of residual ingredients, JCAIT could have attempted to
confirm the chemical identity of the materials loaded into the blender inferentially.

This would include checking the source of the materials, conducting analyses of materials from
the same production lot, and making inquiry into conditions of transport, storage, and handling.

2. The report does not consider the possible influence of -normal- impurities.

a) According to Kirk-othmer, the highest grade of industrial anhydrous sodium hydrosulfite ¢
ontains 889. Na2S204 by mass mixed with 39. sodium disulfite (Na2S205), 3%- sodium sulfite
(Na2S03), 3t sodium sulfate (Na2S04), and 3t sodium carbonate (Na2CO3). A lower grade of
sodium hydrosulfite contains only 80 percent Na2S204 by mass. According to the same source,
anhydrous sodium hydrosulfite is produced by four methods: formate reduction, amalgam
reduction, zinc reduction and electrolytic reduction. Each naturally leaves a different set of
impurities. it would have been informative to find out whether the GPA components in the April
1995 accident were of the same grade and produced by the same reactions as those that were
successfully blended in July 1992.

b) Depending on the way in which anhydrous potassium carbonate (K2CO3) is prepared, it contal.
ins as much as 3'@ water by mass. Potassium carbonate is hygroscopic; its recommended mode

of storage is in bunkers ventilated with dry air. The hydrate K2C0O3.1.5H20, which contains

about 16t water by mass and deliquesces in moist air, is readily available in commerce as dustless
crystals. Conceivably, water associated with the potassium carbonate initiated the reaction events

in the blender.

3. Particle size and shape can affect the progress of dry blending operations. JCAIT should have
checked the state of subdivision of the materials in the accident to that of the materials that were
successfully blended in 1992. This goes to the issue of undue heating from the intensifier bar as
well.

4. With a view to confirming the proposed reaction scenario, JCAIT should have sought samples
of authentic GPA and run experiments in which varying amounts of water are added under the
conditions prevailing in the blender. These experiments would resemble the experiments
described in Appendix B, but would aim to identify the products as well as to measure the
temperature rise.

5. JCAIT failed to consider some clues to the reactions taking place in the blender. An employee
who entered the blending room at 7 p.m. reported a smell of -rotten eggs_ (page 13). An
employee who entered the blending room at 10 p.m. noticed a -dead animal- smell. Employees
arriving for work the next morning also reported a rotten-egg odor (page 14) that - . . had escaped
the building and was noticeable in the parking lot. . . .- it is a mistake to write off these odors as a
generic -sulfur smell6 (page 28). The witnesses are almost certainly reporting the presence of
hydrogen sulfide (H2S). The odor of H2S is universally compared to rotten eggs or other decayed
material (the rotting of eggs in fact generates hydrogen sulfide). Furthermore, H2S deadens the
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sense of smell. This fact accords with the prevalence of rotten-egg reports among newcomers to
the scene. JCAIT focuses on the generation of sulfur dioxide from sodium hydrosulfite (page 37).
Sulfur dioxide has a characteristic choking or suffocating odor that is never compared to rotten
eggs. Sulfide sulfur (sulfur in the +2 oxidation state) would form if aluminum reduced sodium
hydrosulfite fully. Thus the reaction 10 Al + 3 Na2S264> 3 Na2S + 4 A1203 + A12S3

might accompany or replace the second reaction on page 39. Reduction to S(2) is quite pl
ausible. Such a reduction would be exothermic. The conversion of sulfides to H2S, which boils at
+60.70C, requires a source of H+. Hence, detection of H2S at 7 p.m. indicates that a substance
with active hydrogen (such as water or benzoic acid) was in the blender by that time; the
rotten-egg odor rules out the -friction-only_ scenario at the bottom of page 25 of the report.
Despite the overall basic conditions in the blender, local concentrations of H+ donors could easily
generate H2S, which would out-gas rapidly because of its high volatility.

The emission of H2S does not prevent simultaneous or subsequent generation of gaseous sulfur
dioxide (SO2) according to the equations on page 37. Indeed, the puffs of white smoke coming
from the blender at 5:30 a.m. might well have been an acid mist formed as vented S02 reacted
with moisture in the air; H2S would not form such a mist.

6. JCAIT should have checked Napp_s records to ascertain the contents of the liquid feed system

in its last prior use.Residual content might account for the -vanilla-like odor- detected in the

tank when operators prepared to add the benzaldehyde (page 12). This odor is a loose end in the
report. It is (remotely) conceivable that the material with the vanilla-like odor entered the blender and
influenced the chemistry within.

Comment on the Discussion of Root Causes and Contributing Factors

The report does not satisfactorily exclude the possibility that one (or more) of the raw materials
originally contained water or another initiating

substance or became contaminated with water or such a substance during transportation and
storage. This point gains importance because it is known that one of the bags of potassium
carbonate had been broken open and taped over (page 10).

Reactions in the blender could have been taking place at several hot spots, of which only one was
observed. Reactions could also have been taking place throughout the batch but with particular
intensity at the observed hot spot. Therefore, the assertion (on paget&3pubbling noted towards

the middle of the blender reveals that the reactions did not take place at the walls of the blender+- is
logically faulty.

Page 10 of the report establishes that the operators knew that they were processing water-reactive
chemicals. Page 12 states that the operators found water in an internal filter on the liquid feed

line and adds:-The operators did not consider the liquid feed line to be functioning properly.

The liquid spray head and spray system had not been completely dried prior to the charging of

the blender.-This was clearly on-the-spot opinion because the operators proceeded next to



Page 62 NAPP

attempt to dry the liquid feed system by rinsing it with isopropyl alcohol and blowing nitrogen
through it. Page 24 in fact implies that other attempts took place (- +several drying/vacuum
procedures were performed-); these problems are not detailed elsewhere in the report. JCAIT
should clarify what made the operators think the liquid feed system was dry enough to permit
injection of the benzaldehyde. An error in judgment on this point might have been the proximate
cause of the accident.

JCAIT should have confronted the issue of the missing 47 minAtgseat deal might have

happened in the blender room between 7 a.m., when Napp employees reentered with the intention
of unloading the blender, and 7:47 a.m., when the blender exploded. was actual progress made in
removing the contents of the blenderl? facts are not available, the report should say SO.

On page 23, the report states that information was received to indicate that operators might have used
water or steam to unclog the liquid feed line. The report then immediately states that JCAIT was able
to confirm that attempts to clear the feed line did not involve water or steam. The sources and
resolution of the conflicting testimony should be given in more de@ailpage 28, JCAIT concludes

there is no evidence to suggest that Napp was aware that off-loading the blender may have
exacerbated the reaction mechanisms by exposing the contents to air or that the contents

could violently erupt and deflagratelhis is at odds with the reported prolonged efforts by

Napp to protect the blend from the air by use of a nitrogen blanket. Also, exposure to the air

would not aggravate the reactions already proceeding, but would (and did) occasion a new set of
reactions, namely, air oxidations.

-The training of the fire brigade and emergency responders was inadequate is difficult to sustain
as contributory to the accident. The picture is of tine brigade standing ready to charge their
hoses and direct water on command.

What could they have done otherwise, no matter what their training? JCAIT does not report the
employee training records or the capabilities of the emergency responders who were not
members of the fire brigade. In the absence of such information the conclusion that the training
of this group was inadequate is not justified.

Comment on Recommendations

JCAIT makes helpful and appropriate recommendations. The recommendation against the use of
liquids to cool or purge seals in processing equipment if the liquids are chemically incompatible
with the materials being processed is particularly important. it should appear in full in the
Executive Summary. The version - . . . ensure that equipment manufacturers- recommendations
for proper use of equipment are followed. . .- is vague.

Comments on Appendices and lllustrations ILLUSTRATIONS
Figure 3A (page 14) shows neither the route along which the benzaldehyde was intended to flow

nor the route by which it ended up in the vacuum separator bowl. A proper schematic diagram of
vacuum collection system would help the reader far more. APPENDIX A
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As noted in the preceding, detail on the nature of chemical analyses and their results are lacking.
APPENDIX B

Equation 3 (showing the disproportionation of sodium disulfite) has a typographical error. It
should read 2Na2S205 --- > 2 Na2S04 + S02 + S

The calorimetry studies described on page 39-40 require additional detail:

a) A description of the ARC method, or a reference to a suitable background paper should appear.
b) The sources and purity of the substances used in the studies should be stated.

¢) The amounts and the method of mixing of the reactants should be given for each experiment.
d) The report should have established the products of the reactions when Al was present. The
observations confirm a redox reaction in which Al(o) is oxidized and hydrosulfite reduced. was
S(2) formed?

e) The report states that heats of reaction were determined in the ARC experiments. If so, they should
be given. These may be estimates of the number of joules generated per gram of mixture

in each experimental run. A -heat of reaction- more usually refers to the enthalpy change
associated with occurrence of a single chemical reaction (as represented by a chemical equation).
Without knowing the products of a reaction, no chemical equation can be written and true heats

of reaction are unobtainable.

Page 39 states:Benzyl alcohol is produced by the reaction of benzaldehyde with sodium
hydrosulfite.- This is incorrect. Some source of H+ must also be present.

Page 39 statesiThe reaction products expected are consistent with the results of the chemical
analysis of the site. -This is technically true, but misleading. The chemical analyses detailed in
Appendix A establish only the elemental composition of the inorganic residues and are
consistent- with any set of reactions that includes compounds of sodium and potassium among
their products.

The sentence on page 3 he source of the large phenol concentration noted in the grab samples
from the blender does not seem to be a result of the reactions of the reported mixture materials but
most likely occurred at some time during initial attempts to blend the GPA components._is
self-contradictory. The generation of phenol _during initial attempts to blend the GPA- would have
to result from -reactions of the reported mixture materialghat is, -GPA components_equal

-mixture materials.- If the sentence means that the phenol arose from the GPA components, it
opposes the earlier conclusion (page 34) that plhenol and the methylphenol compounds were likely
due to the insulating material remnants..

Other Comments

Page 3. Potassium carbonate is not an alkali metal but rather a compound of an alkali metal. Its
physical and chemical properties differ sharply from those of the alkali metals.
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Page B. A pyrophoric substance is one that takes fire on contact with air under ordinary conditions,
not -under appropriate conditions._ Newspaper bursts into fire spontaneously -under appropriate
conditions- but newspaper is not pyrophoric.

Page B. The statement -Benzaldehyde readily oxidizes to benzoic atiould be replaced by
_Benzaldehyde is readily oxidized to benzoic acid upon exposure to the air.

Page 18. -A deflagration releases energy at a lower rate. . and is less destructive than a detonation..
The following definitions from the literature would clarify this discussion: -a deflagration is a soft
explosion [in which] pressure are relatively low. . . . Explosions involve pressures of several
atmospheres . . . . Detonation is a severe form of explosion when pressures are much higher and are
propagated at a high rate (as much as several miles per second).

Page 20. The report stategt 10:00 am on April 20, operators detected a vanilla-like odor in the
liquid feed tank....- This contradicts the Timeline of Events exhibited on page 11 of the report,
which sets the detection of the vanilla-like odor at 12:30 p.m.

Page 22. The list of the most likely predominant reactions omits the combustion of the hot sodium
hydrosulfite, upon contact with the air.

Page 25. It is stated: If a large amount of water was injected into the material in the blender, the
JCAIT believes a large hydrogen gas bubble would have been formed, causing a detonation with
greater energy th[a]n was released in the accid@he belief needs justificationPresumably,

the gaseous hydrogen would result from reaction of the large amount of water with the powdered
aluminum. The rate of this reaction depends strongly in the temperature (see report page 38). Did
JCAIT estimate the temperature? How? Did JCAIT estimate the amount of energy released in an
accident? Hydrogen bubbles (as in balloons) deflagrate when ignited in the air. If hydrogen forms,
why must it detonate?

RECOMMENDATIONS

Include details of the analytical methods used in the course of an investigation and at least some
representative analytical findings in an appendix.

Take care to avoid loose ends. If observations or physical findings are judged irrelevant, then the
report should state as much, and tell why.

2. Use the chemical literature more aggressively to check facts. Include full literature references in
some uniform format.

Use a technical editor. This report is not very well written.

| devries and Kellogg, J. org. Chem. 45, 4126, 1980.
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2 Kirk-Othmer Encyclopedia of Chemical Technology, 4th edition, John Wiley Sons, New York,
1998, Vol.

3 Ullman-s Encyclopedia of Industrial Chemistry,_ Sth edition, VCH Weinheim, Germany, 1993,
Vol. A22, page 99.

4 Ullman-s Encyclopedia of Industrial Chemistry, _ 5th edition, VCH Weinheim, Germany, 1993,
Vol. A22, page 99.

5 Lewis, Richard J., Hazardous Chemicals Desk Reference, Van Nostrand Reinhold, New York,
1993, page 691-2.

6 Mahn, W. J., Academic Laboratory Chemical Hazards Guidebook, Van Nostrand Reinhold, New
York, 1991, page 7.
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Michael Sprinker, CIH
Director, Health and Safety Departm ent
International Chemical Workers Union Counc il / UFCW

NAPP Technol ogies, Inc.
EPA/OSHA JOINT CHEMICAL ACCIDENT INVESTIGATION REPORT
EPA 550-R-97-002

A Critical Review
September 23, 1998

General Observations

Overall, the report answered many questions about the incident (especially given the unfortunate and
preventable deaths of five workers with knowledge of the events, the destruction of production records,
and what appeared to be some reluctance of Napp upper management and owners to provide all
necessary information). The investigation team did a good job on the inspection and the report. Itis
unfortunate that the staffing levels of both agencies was (and remains) such that more time and
personnel could not be dedicated to getting the report out in a faster manner. | agree completely with
the other peer review team members that these reports need to be written and released as soon as
possible after the incident, in order to ensure that the report can have a greater impact.

The Facility Information, Process Information, and Chemical information sections clearly provided the
necessary background information. However, it would have been useful to have (if it survived the fire
or was otherwise available) a copy of Napp’s hazard analysis on the operation, a copy of the MSDSs
supplied to Napp, and a copy of any correspondence between Napp and Technic (or other companies)
which was relevant to the operation. In addition, a copy of the incident report from the Lodi Fire
Department would have been helpful. These could all be placed in the report as appendices.

A description of Technic Inc. and its expertise in chemical blending / processing would have been
useful, if that information was available and if the writers were allowed to include that information. This
would, perhaps, help to place some of the potential problems with tolling into perspective. If OSHA and
EPA were not able to investigate Technic’s expertise due to some legal reason, those reasons should
have been noted in the report (in most circumstances) and recommendations on how to eliminate such
reasons should have been included in the report.

The Description of the Accident was helped greatly by the timeline in Exhibit 1. However, it was difficult
to keep the personnel straight, given the number of workers, supervisors, foremen, etc. over the three
days and four shifts covering the incident. It was difficult to know how many shift supervisors were
involved and if the same night shift supervisor was involved on successive days (while names cannot
be used, perhaps a number or letter designation would be helpful in future incident reports).
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The discussion of the possible sources of water was very good and the conclusions as to the causes
of the deflagration appear to be very reasonable.

The photos were difficult to understand due to poor reproduction which eliminated much of the contrast
needed to make out important details.

I would have preferred to see a greater amount of emphasis on the failures of the Napp “management
system” and how those lead to the incident. (I cannot refer to the oversight system at Napp as a
management system without putting that term in quotations, since it appears that it was a safety
management system in name only.)

Executive Summary / Overview

L 2 In general, the report seems to clearly identify root causes. However, | believe that while the
report does address some issues of potential problems in tolling operations (as shown in this incident),
the Executive Summary/Overview seems to de-emphasize the potential problems surrounding tolling.
These specifically are the issues of:

° accountability of the contracting company (owner of the process/technology)
versus that of the contractor (Napp) for training, hazard evaluation and oversight
of the process; and, potentially,

o the need to conduct an on-site evaluation of the contractor facility and equipment.

While | understand that there may be no rules or guidance to require/encourage this, these are
still, potentially, root causes or contributing factors.

L 4 My second concern with the Executive Summary/Overview is probably more one of wording.
Many employers look at the words “training” and “employees” and apply them only to non-supervisory
employees. Clearly, a major problem identified throughout the report is the lack of training of
supervisors in the areas of hazard recognition, procedures to follow when operations are “out of spec”
(even when to call responsible parties within Napp), and emergency response. | strongly believe that
the report should make clear that training was inadequate for both hourly employees and supervisory
personnel, if that is what the investigation team found. If the team had concerns as to the ability of top
management to adequately determine hazards, then that should also be clearly stated as a factor.

Chapter 1 Backg round

1.1 Facility Information

Facility Chemical Review Procedures
It would have been helpful to have a copy of Napp’'s “New Product Review” procedure included in the
report, along with a description of the general deficiencies within that review process. This could help
othersin determining where their PHAs may be deficient. Also, the description of those involved shows

that no operators or other line workers had any role in the review. Trevor Kletz and other experts in
this field identify the need for line worker involvement.
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1.2 Process Information

This section was quite thorough. It would have been useful to have Figures 2 and 3 situated vertically;
this would make it easier to refer from the text to the diagrams. In addition, a scale should be added
to provide some sense of actual dimensions. The descriptions proved here are very useful.

1.3 Chemical Information

In rereading this section, it strikes me that the instructions in the MSDS for the Gold Precipitating
Agent to “... flood the material with water to ensure complete wetting ...”, could be correct for a drum
of material. If so, that should be noted as well as whether or not those instructions should apply to
much larger amounts. Many users and others may not be aware of the difference. This raises the
guestion of whether MSDSs should be required to note whether precautions and emergency
procedures apply to any amount of material.

| think it would have been useful to many users to have a section which showed the ideal system for
blending such reactive chemicals. A summary of why each specific piece of equipment Napp used was
improper for the job would also have been useful.

Other Background I ssues / Concerns

I would have liked to have seen a broader discussion of the tolling industry, possibly as an appendix.
A listing of significant incidents at such operations would also be valuable; however, | realize that
finding such information is often very difficult since | don't believe that OSHA or EPA code such
operations in their data bases. A discussion of whether or not tolling operations should be investigated
in more depth by OSHA, EPA or the CSHIB would be useful.

If the reviewers had any specific regulatory recommendations regarding tolling operations or
recommendations for guidance (versus regulations) which were not included in the final report, they
should have been. However, | understand that it is often difficult to include such recommendations in
official reports, given the potential legal implications to the agencies. These mightinclude such issues
such as making both employers responsible for the PHA and other requirements, as well as legal
responsibility (for civil and criminal citations and penalties). OSHA and EPA should look into this area
and, possibly, begin the rulemaking process to address such problems (e.g., a Notice of Proposed
Rulemaking).

Chapter 2 Description of the Accident

€ While the length of time over which the event occurred was extremely long, the description was
generally quite complete. However, as noted above, it would be useful in future reports to provide
some designation for each worker and supervisor so that actions and observations can be connected
to specific people. This would help the reader to better understand where there were communication
breakdowns.
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€ The report should be specific that there was no reason why a non-cooled (or at least a non-water
cooled) blender could not have been used. Also, the report should state:

. Whether or not such blenders were available at Napp; and,

. Whether or not the blender could have been made “safe” by disconnecting the water
feed and the blanking off the flange without affecting the proper operation of the blender.

€ If there was any testimony as to why the first shift supervisor did not check the liquid feed line and
intensifier bar for leakage, that should have been included in that, given that a very slow leak might not
introduce enough water to be noticed immediately after repair. This would help others to make proper
decisions in similar circumstances.

€ It appears that there had been no testimony as to why the night shift foreman assumed the water
was condensation. It seems obvious in hindsight that this was a major error and could have been
avoided had the SOP called for some other action. One question which still remains in my mind is
whether the decision to wipe out the condensation rather than investigate all the possible sources was
based on time and cost concerns or whether it was based on a lack of training and/or real power to
make decisions. With the information that the site was expecting an FDA inspection the next Monday,
the decision to fill rather than investigate could also be due to a need to finish and clean up before that
FDA inspection. To me, this suggests that a tolling operation, knowing when inspections by a regulator
will occur, could end up taking unnecessary risks. Is this problem?

€ | strongly believe that the term “accident” should be avoided. That term implies “unforeseeable”
and/or “unavoidable” to many readers.

Chapter 3 Analyses and Significant Facts
This section is very informative and well laid out. | have only few comments.

€ Aliterature review and laboratory study of the hazards of the GPA mixture of the is noted on page
19. From a review of Appendix B, it appears that this refers to the OSHA Salt Lake City Technical
Center. If so, this should be clearly stated here; if not, the reviewer / experimenter should be stated.
Also, it would be helpful to have the term “small quantities” quantified (e.g., milliliters). This would help
reviewers and others using this document.

€ On page 21, it is noted that the use of an internal alarm would have notified the local emergency
responders. It would be useful to know whether or not an automatic sprinkler system or other fire
suppression system was in place and functioning at the plant, or whether one was required by code
or could be required (if the lack of one was “grandfathered”). At one plant where ICWUC represents
workers, a fire of what turned out to be water-reactive chemicals in the warehouse caused the fire
sprinklers to activate, compounding the extent of the fire and damage. The sprinkler system was
required under NFPA and/or NFC. While this did not happen at Napp, contradictory standards for
reactive chemicals could pose a serious hazard at other tolling operations and at chemical processing
/ storage operations in general. This may be an area which OSHA, EPA and the fire code
organizations should investigate.
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Chapter 4 Causes of the Accident

€ The discussion of possible causes of the chemical reaction did not address a possibility raised on
page 7 of this document: the potential reaction of aluminum powder with sulfur dioxide (a
decomposition product of sodium hydrosulfite). Since both compounds could have been present once
decomposition started, it seems that this should have addressed, even if only to suggest that it would
be a minor contribution, if any, to the deflagration or to be eliminated as a possible reaction.
Otherwise, this section looks very good.

€ One item seems to be missing from the discussion of root causes and contributing factors: the
seeming breakdown, or perhaps, nonexistence of a clear chain of command in decision making when
serious problems arose with the blending operation. The lack of communication within the Napp
management “structure” throughout this event (as related in the summary in this report) was
astounding. Iwould have liked to see some discussion of this. Napp also appeared to leave operators
and other hourly workers out of the decision making loop in evaluating hazards. OSHA strongly
advises this (and to some degree requires this) in the PSM standard, while EPA does not address this
in the RMP rules. The report should have addressed this as at least a contributory cause of the
incident.

€ | believe that is important to stress that training for management was inadequate for foremen,
supervisors and even upper management to make proper decisions or properly direct the workers in
the plant, if that was the belief of the investigators. If training had been done but was inadequate, it
would be helpful to spell out those inadequacies point by point.

Chapter 5 Recommendations

The recommendations noted in the report are all clearly supported by the report itself and should help
to reduce risk in other operations, if they are read. |agree with other reviewers that there needs to be
good, simple methods of getting this information out to those most affected: the plants, workers,
unions, supervisors, engineers and process designers, chemists, fire department personnel (including
fire marshals and investigators), etc.

In addition, the need for employers to involve their workers (at all affected levels) in the recognition and
evaluation of abnormal situations, the proper use of equipment, and in the development of PHASs,
SOPs and training, needs to be stressed. Again, in my experience, that is OSHA's policy and belief
and should be clearly stated here, in order to make these more proactive recommendations. Too many
employers are still content to tell workers to “look it up on the MSDS” rather than train workers as
required under the HazCom standard. Those same employers are usually not much better at training
supervisors.
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Chapter 6 Outc omes of O SHA/Napp T echnol ogies Settlement

A number of OSHA settlements have given both OSHA and the Union specific rights of entry and
involvement in evaluating the progress under the settlement agreement. If OSHA and/or the union
were given any specific rights under this agreement, this should be noted here. As written, this looks
like OSHA will rely on Napp’s “good will” to ensure compliance.

As | understand our discussions, Napp’s attorneys were allowed to review the preliminary report for
errors and confidential business information. A list of which outside groups were able to review the
report, prior to release, should be noted in the preface.

Appendices
Appendix B - Chemical Reactions

€ There were two significant typographical errors in this section. In the second paragraph, the
formula for sodium thiosulfate is wrong. On page 39, the reaction arrows for both aluminum reactions
are missing.

€ The third paragraph states that “only catalytic amounts of water are needed ...”. | would find it
helpful to know what are considered to be “catalytic amounts” in the case of this mixture, with some
discussion of how those catalytic amounts must be dispersed in a mixture (e.g., will 0.5% in a small
portion of the mixture cause a self sustaining reaction or does it take that amount in a much larger
volume of the mixture).

Appendix E - Photos

€ The photos are helpful but would be much more so if they were reproduced better and details were
labeled. They are difficult to understand due to poor reproduction which has eliminated much of the
contrast needed to make out important details. In a number of cases, the backgrounds fade into the
surrounding page, making it difficult to orient one’s view. The use of a scale would be helpful, as would
labeling of parts noted in the descriptions. The vacuum head (or spray nozzle?) in the two photos
which make up Figure 5 would have been best adjusted to the same size and then joined together.
Again a scale would be useful here.

| realize that this was the first joint investigation report done by OSHA and EPA. These reports are
quite valuable as shown by the information provided by this report. | hope that my comments are taken
in the spirit of building on the strong foundation which this report provides for future work. | know that
the authors of this report worked under a great deal of time pressure as well as the pressures of trying
to complete their other work on ongoing serious incidents. They should be commended for work well
done.
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Michael Sprinker initial comments - September 2, 1998

Here are my initial observations regarding the EPA/OSHA Joint Chemical Investigation Report for the
Napp Technologies incident. As these are preliminary, additional readings of the report and
discussions during the upcoming meeting may result in changes to these observations.

The Facility Information, Process Information, and Chemical information sections clearly provide the
background information. As a minor point, it would have been useful to have Figure 2 situated
vertically; this would make it easier to refer from the text to the diagram.

The Description of the Accident was helped greatly by the timeline in Exhibit 1. However, it was difficult
to keep the personnel straight , given the number of workers, supervisors, foremen, etc. over the three
days and four shifts covering the incident. It was difficult to know how many shift supervisors were
involved and if the same night shift supervisor was involved on successive days (while names cannot
be used, perhaps a number or letter designation would be helpful in future incident reports).

Observations - Executive Summary/Overview

1. In general, the report seems to clearly identify root causes. However, | believe that while the
report does address some issues of potential problems in tolling operations (as shown in this incident),
the Executive Summary/Overview seems to de-emphasize the potential problems surrounding tolling.
These specifically are the issues of accountability of the contracting company (owner of the
process/technology) versus that of the contractor (Napp) for training, hazard evaluation, oversight of
the process, and, potentially, the need to conduct an on-site evaluation of the contractor facility and
equipment. While I understand that there may be no rules or guidance to require/encourage this, these
are still, potentially, root causes or contributing factors.

2. My second concern with the Executive Summary/Overview is probably more one of wording. Many
employers look at the words 6trainingd and 6employeeso and apply them only to non-supervisory
employees. Clearly, a major problem identified throughout the report is the lack of training of
supervisors in the areas of hazard recognition, procedures to follow when operations are 6out of speco
(even when to call responsible parties within Napp), and emergency response. | strongly believe that
the report should make clear that training was inadequate for both hourly employees and supervisory
personnel, if that is what the investigation team found. If the team had concerns as to the ability of top
management to adequately determine hazards, then that should also be clearly stated as a factor.

General Observations - Description of the Accident

1. 1 would have liked to have seen a broader discussion of the tolling industry, possibly as an
appendix. This would be useful if it included a listing of significant incidents at such operations;
however, | realize that finding such information is often very difficult since | don/t believe that OSHA
or EPA code such operations in their data bases. Perhaps some discussion of whether or not tolling
operations should be looked at in more depth might be useful.
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2. Did the reviewers have any specific recommendations regarding tolling operations and the
recommendations for guidance (versus regulations?) which did not make it into the report? These
might include such issues such as making both employers responsible for the PHA and other
requirements, as well as legal responsibility (for civil and criminal citations and penalties).

3. Was there any reason why a non-cooled (or at least hon-water cooled) blender could not have
been used? Were such blenders available at Napp? Could the water feed have been disconnected
and the flange blanked off with affecting the proper operation of the blender? If so, this might have
provided a positive isolation from water. | don’t recall reading this in the report.

4. Was there any testimony as to why the first shift supervisor did not check the liquid feed line and
intensifier bar for leakage, given that a very slow leak might not introduce enough water to be noticed
immediately after repair? (Pages 9-10)

5. Wasthere any testimony as to why the night shift foreman assumed the water was condensation?
Was there anything in the SOP which called for some other action on the foreman’s part? Is there any
conclusion which pointed to whether this decision to wipe out the condensation rather than investigate
all the possible sources was based on time and cost concerns or whether it was based on a lack of
training and/or real power to make decisions? (Pages 10-12)

6. In my opinion, the term accident should be avoided. That term implies unforeseeable and/or
unavoidable to many readers.

General Observations - Analyses and Significant Facts
This section is very informative and well laid out. | have only few comments.

1. Aliterature review and laboratory study of the hazards of the GPA mixture of the is noted on page
19. From a review of Appendix B, it appears that this refers to the OSHA Salt Lake City Technical
Center. If so, this should be clearly stated here; if not, the reviewer / experimenter should be stated.
Also, it would be helpful to have the term small quantities quantified (e.g., milliliters). This would help
reviewers and others using this document.

2. Onpage 21, itis noted that the use of an internal alarm would have notified the local emergency
responders. | could not find any discussion earlier of whether such an alarm was present or even of
what alarms were present. In addition, it would be useful to know whether or not an automatic sprinkler
system or other fire suppression system was in place and functioning at the plant. At one plant where
ICWUC represents workers, a fire of what turned out to be water-reactive chemicals in the warehouse
caused the fire sprinklers to activate, compounding the extent of the fire and damage. While this did
not happen at Napp, this could be problem at other tolling operations and chemical operations in
general.
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General Observations - Causes of the Accident

1. Thediscussion of possible causes of the chemical reaction do not address a possibility raised on
page 7 of this document: the potential reaction of aluminum powder with sulfur dioxide (a
decomposition product of sodium hydrosulfite). Since both compounds could have been present once
decomposition started, it seems that this should have addressed, even if only to suggest that it would
be a minor contribution, if any, to the deflagration. Otherwise, this section looks very good.

2. Oneitem (in my mind) seems to be missing from the discussion of root causes and contributing
factors: the seeming breakdown, or perhaps, nonexistence of a clear chain of command in decision
making when serious problems arose with the blending operation. The lack of communication within
the Napp management structure throughout this event (as related in the summary in this report) was
astounding. | would have liked to see some discussion of this.

General Observations - Recommendations

My comments above may, to some degree, affect the recommendations section. The
recommendations noted in the report are all clearly supported by the report itself and should help.

General Observations - Appendices
Appendix B - Chemical Reactions

1. There were two significant typographical errors in this section. In the second paragraph, the
formula for sodium thiosulfate is wrong. On page 39, the reaction arrows for both aluminum reactions
are missing.

2. The third paragraph states that 6only catalytic amounts of water are needed ...6. | would find it
helpful to know what are considered to be catalytic amounts in the case of this mixture, with some
discussion of how those catalytic amounts must be dispersed in a mixture (e.g., will 0.5% in a small
portion of the mixture cause a self sustaining reaction or does it take that amount in a much larger
volume of the mixture).

Appendix E - Photos

1. The photos are helpful but are somewhat difficult to understand due to poor reproduction which
has eliminated much of the contrast needed to make out important details. In a number of cases, the
backgrounds fade into the surrounding page, making it difficult to orient ones view. The use of a scale
would be helpful, as would labeling of parts noted in the descriptions. The vacuum head (or spray
nozzle?) in the two photos which make up Figure 5 would have been best adjusted to the same size
and then joined together. Again a scale would be useful here.

| do appreciate the excellent work of the investigation team and look forward to meeting with the team
and the reviewers to discuss this document further.
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EPA/OSHA RESPONSE TO REVIEW ERS

EPA/OSHA have summarized anl cansolidated reviewers’ commerts ard recanmendations for the
purpose d providing EPA/OSHA responses. Several comments were shared by se\eral reviewers, ard
the Clhair’s report summarizes conments canmon to the group.

I.  Comments and recanmendations from the Chair’s summary statemert
[I. Additional comments and recommendations noted by several reviewers
[ll. Additional conments and recanmendations noted by individual reviewers

I. Comments and Recommendations from Chair’s Summary

The Chair in his sunmary listed the following comments ard recanmendations as erphasied ly al
reviewes:

Revievers noted that theaport appeaed to satecorrectlytherootcausesof theaccident in tems of
both technical mechamis and technicaldilures.

They enumeated ®verl elementshich could have enhanced theport’s usfulnes:

--discussion ofthe typef chemical analyssdone,

--discussion ofthe rationale ugd to eliminate plaulsle scenaios,

--clearer depiction of difficulties presented bythe extent of destruction, which madecertain
analyssimposible and inbrmation difficult to obtain,

--bettertracking ofindividualsinvolved though the chonology ofthe accident,
--time line ofevens.

EPA/OSHA Comment: We agree hat these etnerts would have made e report cleaer and will
consider inclusion of suchelerrerts in ary future reports on accderts.

The Agercies agee hat information regarding the clemcal amlyses peformed adds @ue aml
understanding to the acailert investigation report. Howewer, the agenies close to sunmarize e
findings d these aalyses n the report ard provided the names d the chemical aralysis reports in the
reference seabn of thisreport. The reports anthe clemcalamlyses ae quie exensive ard weresimply
too large to feasbly incorporate into the report.



Page 76 NAPP

The Agercies agee hata ckaerdepction of the dfficulties presened by the physicaldestuction
at the facilit y would have provided a greater understanding of the investigatory process. Due to the
extent of the fire, most of the dacumentation of the dending process was desiyed (or could not be
located). Becausenostof the information for thisreport canme from interviews, ard since he witnesses
of the explosion pelished, the investigators used wht information they could find. There was adrge
anmount of information that the investigators wee unalde to obtain. The Agerciesagreethat noting the
information that was ot available in the report would have provided \alue.

Inthe report, the Agercies fad to strike a lalance betweentracking individuak who were involved
inthe accdert and maintaining the canfidertiality of these pesons. The Agercies recaynizethat other
ways of idertifying the ndividuak (e.g. operator#1, manager #1, etc.) could have added drity to the
report, without compromising confidentiality.

Thereport contained suppating informationfor the investigators' rejection of plausble serarnosand
a tmeline d ewerts. The agenies agee hat other tools (e.g. ewverts ard causafaciors chart, MORT
chart, etc.) could have erhanced he urderstanding of the nvestigation process.

Revieverssrongly encouaged BFPA/OSHAto congder more detailedrecommendatiornsnthe special
risks associated wth tolling operationsandin the handling oivater reactive mateials. While guidance
is cettainly a posibility, rulemaking by eitheEPA or OSHAshould be consered.

EPA/OSHA Comment: EPA ard OSHA have taken se\eral stepsto addressthe risks assoiated with
tolling operations, as aresult of the information gathered during this accdert investigation.

1. EPA isworking with the Certer for Chenical Process &fety (CCPS) (at the Americaninstitute
of Chemical Engineess) to develop gudarce r the industy, to define the risks nore precsely ard to
lay out practices anl procedues n this important area. This is animportant ard logical first step ©
examneaspecsof the problemard to thendeermine the kestappoachto dissenmating information ard
ensuring better safety in the industry. We anticipate that CCPSwill completethis project within oneyear.

2. EPA is deweloping an Alert for local officials that provides gudlarce a information resources
during energercy respanses,as wel as nanaging reactve chemicak.

3. EPA ard the Natonal Oceairc ard Atmospheric Administration (NOAA) have workedtogether
to dewelop a datbase of reactvity information for more than4,000 conmon hazadouschenicak. The
databaseincludesinformation about the speal hazads d eachchemcalard whether achemicalreact
with ar, water, or other materials. (http://regponse restoration.noaagov/chemaidgreacthtm)

4. OHA is currently deweloping an Advanced Ndice d Proposed Ruémaking (ANPRM) which
seeks further comment on the gpplicabilit y of the PSM Standard to reactve chemicak.

5. EPA is alsoreviewing the list of regulated sulstancessuljectto the Rsk Maragenent Program
(RMP) regulations and will consider reactves.


(http://response.restoration.noaa.gov/chemaids/react.htm)
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However, EPA and OSHA do not believe that regulations specific to the tolling industry are
necessar. The Occupdbnal Safety ard Heath Act ard the CkeanAir Act Amerdmerts, which are the
authorities for theagercies’accdert prevertion programs, make the avner or operator of the sationary
saurce (r the enployer) who is handling the hazadous clermicak sdely respansible for compliance wih
safety regulations at the facilit y.

The revieversdid not fnd the photosvery useful andrecommendeligherquality photosisng color,
with high resolution photospoded on theternet asa lowcog appendix to eports.

EPA/OSHA Comment: EPA has taken steps to acquire such capabilities and expects to have higher
qualty photographs in future reports.

The investigators ae currently finishing a conputer arimated video based o the acailert
investigation report. This videois meart to suppat presertations where the auderce candiscuss the
report with the investigators.
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[I. Additional Comments and Recommendations raised by Several Reviewers

Revievers. Thepre+eleasreviewwhichEPAandOSHAallowed Napp,but not the othestakeholdes,
should have beerhared by all sakeholdes, and the eport should have been peeevieved.

EPA/OSHA Comment: Prior to releasing investigation reports, OSHA and EPA must ensure that the
report contains no confidertial business nformation. The Freedan of Information Act (FOIA), theTrade
Secets Act, ard Execuive Order 12600 equire federa agermies to protect confidertial business
information from pulic disclosure. OSHAhasissued regulationsin29CR patt 70, speciying the review
process. To meettheseprovisions, OSHA ard EPA have estblished a ckamarce pocessm which the
comparies nmentioned in the report are piovided a &ctual portion of the diaft report. This portion
contains only the factual detils related to the investigation (not the findings, the caclusions a the
recanmendations). Companes ae askedd view this factual portion to confirm that the diaft report
contains no confidertial business nformation (CBI) or trade seats.

Napp,Techic ard Patterson-Kelley had ten business dag to review the document for trade seats
ard inform the Agercies. Napp caimed that the report contained CBI, but both OSHA ard EPA found
that these chims were without merit. Neither of the aher enployers chimed that puldicaton would
discbse tade sea@ts. Therefore, the Agercies pultished the report.

Prior to puMicaion, the nvestigative report was exensively reviewed wihin the Agercies ly
techical ard managenent staff. Rekase bthe report to peer reviewers cangtitutes puldic release.
Therefore, oncethe CBI review process described above was complete, the report wasimmediately made
puldic ard anexpett review piocess bgan The eypert review, which is docunented n thispulicaton,
is the external scrutiny which we agree is necessary for establishing the credibilit y of the investigative
report and its caclusions.

Reviewers: The accident inveéigiation report should have been published moe promptly afer the
incident itself.

EPA/OSHA Comment: We agree. Inthefuture, staff resources will be marshaled for any publications
whose efectveresscanbe blunted by alack of timeliness. As a netter of Agercy practce, EPA ard
OSHA, upo becaming awae o a hazad or sakty issue dung the caurse d aninvestigation, have
promptly pulished Alerts to the stkelolder community. These precede pulicaion of accdert
investigation reports. During the course d this investigation, OSHA issued a HazdrInformation
Bulletin descibing the pdential hazads d utilizing MSDSs as the primary sources of information for
conducing hazad aralyses br chemcal process agvities.

Revievers. Information sould have been included in theport about the actionsaken duing the
respone opeation and about the notdation of local authorties and theirrelationship with the
company.

EPA/OSHA Comment: Early in the EPA/OSHA investigation, the Agencies decided to limit its scope
to the eerts leadng up b ard including the eyplosion. This included he actons of peisons atNapp
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Technologies, aswell as Technic Inc., that contracted for the tolling operation. More information about
the emergency response would have alowed the reader to understand the context better, and will be
considered fr incluson in ary future reports.

Revievers. While the digussion [of root caug] was adequateit appeasthata moe fundamental
managementaflure was present and bould have been desbed asthe oot cause wth the varous
specific managemengiiures assubpats. EHementghat $iould have been developedtherin the
report include:

--qualificationsof manages,
--SOPs, audits safety and health ppgrams hazard analyss, and employeésolesin them,

prior incidents
--training (of both houly employeesnd sipewisors),

--accountability ofthe contacting companyf6r thistolling opeition).

EPA/OSHA Comment: Intheidertificaion of theroot cause®f the acailert (for exanple, inadequad
hazad aralysis, inadequag SOPs ard training not addessng energercy shut-down procedues)
management failures are implied snce management is responsible for these actions. The subsequent
recanmendations focus o, steps nanagenent should take in the future to addess he poblems
ercountered by Napp n this scemrnio. Althoughthe Agercies’idertificaion of root causecould have
beenexparded b make exlicit the managenent falure, the seps b be takenin future would ke the
sane. Since theroot causes ahcantributing faciors d this accdert were managenent systemfailures,
the Agercies cansidered t inappiopriate that they be ascrbed © individuak or their qualficaions.
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[ll. Additional Comments and Recanmendations from Individual Reviewers:

Sanndl

Scannell: The eport did not include the compang’compliance vth applicable sate and éderal
regulationsconcening haardousmaterals, nor did the eport reviewthe company preventiorand
respon® proceduesagaing indugry sandamds

EPA/OSHA Comment: The report’s purpose am focus wee on root cause bthe acailert, and the
report was ntended © docunent an evert ard its causesrather than to discuss werall regulatory
compliance issues. Expanding the report to address such issues may well result in unnecessary delays in
pulication, as anenployers state d compliance dten becames a suject of litigation following an
incident of this nature.

The Agercies agee hat a review d applcalle regulations and stardards could be includedin the
accdert investigation report. The ageuies wil in corporate a more detailed review in future reports.

Freeman

Freeman: Use the chemical liteture more aggressively to checkatcts include till literature
referencesin some unibrm format; use a technical editor

EPA/OSHA Comment: EPA/OSHA will adhere to these conventions in future reports. The agencies
included a eference ®cion in Apperdix D of the Napp eport.

Sprinker

Spiinker. Certain further information @ppendicesor Napp’s hazard analyss, MSDS, de<ription of
tolling opelations and otherinformation) would have been helyt

EPA/OSHA Comment: Inclusion of these e¢rrerts would have lengthered- the report. Since this
information is available ekewtere, the decsion was nade rot to include t

Spiinker. Needfor employes to involve theiremployeegat all level9 in agpectsof safety and proper
proceduesshould have been emphzed.

EPA/OSHA Comment: We agree that this point could have been made more explicit.
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APPENDIX A

CHARGE TO REVIEWERS

for the BPA/OSHA Jant Chemical Accidert Investigation Repat
Napp Technologies,Inc.

Lodi, New Frsey

October 1997

EPA ard OSHA jointly releagd the almve report in October 1997,conceming anaccdert on April 21,
1995 a@curing at Napp Technologies, Inc. at Lodi, New &rsey. The report is 67 pagedong ard
includes anexecuive summary, backgiound ard desciption of the acident, analysis of the ewen,
discussin of causes of the acatlert, ard recanmendations. Also included ae a desaption of the
OSHA/Napp setlerrert, appenlices cataining references ardfigures. The piincipalinvestigators wee
John Ferrisand Paul Kahn of EPA ard MichaelMarshall, MichaelYamell, ard Efraim Zoldenof OSHA.

Asareviewerof this docunment, you should use your tecmicalknowledge aul professional judgrrert to
comment on the technical scundness,overall appoach ard campleteness d the report ard to denive
recanmendations for erhancenert of accdert prevertion appoachesand accdert investigationsin the
future.

The report seeks @ ascetain the root causes bthis accdert to further the gaal of preverting future
accderts in smilar facilities. Your review should address the following aspects of this concern.

Comment on the overall appoachtakenin the report ard its argarizaton.

Comment on the aralyses umletaken Were these suiciert? Were methodologies appiopriate? Were
methodologies identified? Were al sources of information properly identified?

Were the saurcesof reacton initiation plausble? Were al possble sairces dertified? Were the likely
causes bthe chenical reacton explored ully?

Weas the dscusson of root cause adeque2 Wereroot causesind cantributing factors appopriately ard
correcly idertified? Was evderce r the caclusions diawn suficiert ard plausble? Were
methodologies idertified? Were al akernative root causes elored?

Are recanmendations appiopriate ard drawnlogicaly from the precedng discussin ard canclusions?
Are recanmendations suficiert to addess he pdential of a recurence d this kind of accdert?

Were the appendices sufficient and appropriate? Were the photos appropriate to illu strate the narrative,
clear, ard properly docunented aml presemned?

Were all external factors casidered? Were human factors aml managenent issues cosidered
appopriately?
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What of the overall appoachcould be used for future investigations? Was the appoachsuficiertly
broad for appication to indudry sectors? Were roles of al sakelolders properly addessed in the
report, including roles o federal, state am local ageries,the canmunity, labor ard ary others? Are

recanmendations suficiertly broad to includeall elerrerts in addessng prevertion of like acatlerts in
the future?



