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The EPA/OSHA Accident Invedigation Program

Undera Memorandumof Understanding (MOU), EPA ard OSHAare waking together
to investigate cetain chemcalaccderts. The fundamertal objectve d this joint effort is to
determine ard report to the pubic the facts, conditions, circunstarces,and causes oprobalde
causes bary chenical accdert that resuts in a fatality, serous injury, sulstantial property
danege, or sefous df-site impact, including a brge sca¢ e\acuaion of the gerra puldic. 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,
processang, handling, ard sbrage safr. Repats, suchas his one, are issued P the agenies 0
descibe the acatlert, discuss e oot causes ahcaontributing faciors, ard sunmarize the findings
ard recanmendations.

Prior to releasing investigation reports, OSHA and EPA must ensure that the report
contains no confidertial business nformation. The Freedan of Information Act (FOIA), the
Trade Seats Act, ard Execuive Order 12600 equire federal agermiesto protect confidertial
business information from public disclosure. To meet these provisions, OSHA and EPA have
esiblished a ckamarce pocessm which the canpanies mentioned in the report are povided a
portion of the draft report. This portion contains only the factual details related to the
investigation (not the findings, the caxclusions ror the recanmendations). Companes ae asked
to review this factual portion to confirm that the daft report contains no confidertial business
information (CBI). As part of this clearance process, companies often will provide to OSHA and
EPA addtional factualinformation. In prepaing the final report, OSHA ard EPA consider ard
evaluate ary suchaddtional factual information for passble inclusion in the final report.

Chemical accderts investigated ty EPA Headquaters are canducted by the Chremical
Accidert Investigation Team(CAIT) located n the Chemical Emergercy Prepaedress ad
Prevertion Office CEPPO)at401 M Street SW, Washington, DC 20460,202260-8600. More
information alout CEPPO ard the CAIT may be found atthe CEBPPO Homepage o the Internet
at “www.epagov/ceppd. Acciderts investigated ty OSHA Headquaters are canducted by the
Chemcal Accidert Respoise Team(CART) located n the US. Depatment of Labor - OSHA,
Direciorate o Compliance Pograms, Washington, DC 20210,202219-8118. More information
albout OSHA may be found atthe OSHA Homepage @ the Internet at “www.osha.gov”.

At the ime that EPA ard OSHA decde b jointly investigate anaccdert underthe MOU,
aninvestigation teamis formed cosisting of represemetives d both EPA’s CAIT ard OHA'’s
CART. Thisteamis referred to as he Jant Chemical Accidert Investigation Team(JCAIT).



U.S. Chemical Sakty and Hazard Investigation Board (CSB)

In 1990,the US. Chenical Safety ard Hazad Investigation Board (CSB) wascreaed as
anindepemlert board in the anendmerts to the CkeanAir Act. Modekd ater the Natonal
Trarspatation Safety Board (NTSB), the C®B was drected ky Congress b conduct
investigations ard report on findings regarding the causesfoary accdertal chemical releases
resulting in a fatality, serious injury, or substantial property damages In October 1997,Congress
authorized nitial funding for the CSB. The CSB darted its operations in January 1998,ard hes
begunsewera chenical accdert investigations. More information altout CSB may be found atthe
CSB Homepage o the Internet at “www.chensafety.gov”.

For those joint investigations begun by EPA and OSHA under the previously mentioned
MOU ard prior to the initial funding of the C3, the agenies lave committed to completing their
ongoing investigations and issuing public reports. Under their existing authorities, both EPA and
OSHA will continue to have roles and responsibilit ies in responding to and investigating chemical
accderts. The CSB, EPA, ard OHA (as wel as dher agermies)are deeloping appoaches br
coordinating efforts to suppat accdert prevertion programs ard to minimize potential
duplication of activities.

Basis d Decision to Investigate

On Tuedlay, April 8,1997,a 5700-galon hydrochloric acd (HCI) storage ank ruptured
while being filled a the Surpass Chemical Co., Inc. The spill of HCI, a corrosive and toxic
chemical, resuked ninjuries b enployees ad members d the pubic, as wel as pulic
evacuaions. EPA ard OSHA considered the impacts d the tank failure with respectto the
MOU criteria and the potential for lessons-learned and decided to initiate a joint investigation.
The scope of the investigation was to determine the immediate and root causes of the tank failure
and to make recommendations that could assist Surpass and others to prevent smilar accderts
from occuring in the future.



Accident I nvestigation Report
Surpass Chemical Company, Inc., Albany, New York, April 8, 1997

Execuive Simmary

On Tueglay, April 8,1997,at appoximately 8:59 am., a 5700-galon hydrochloric acid
(HCI) storage tank ruptured during fillin g a the Surpass Chemical Co., Inc. (Surpass), in Albany,
New Yoark. The failure of the HCltank caused a gnificart portion of its iquid canterts (which
totaled alout 4,800 galons of 31%HCI) to suddetty surge over the scandary containmert. The
force d the iquid ako caused areak n the secadary containmert wal. Witnesses desited
seeing greenish-yellow fumes drifting offsite as well as liquid materia running offsite and along
the steetcurb to the sbrm drains. As a cansequerte d the incidert, 8 warkers amd 32 dhers
were takento the rosptal. A 10-block area,including neaby businesses ath residerces,was
evacuaed.

Based o the impacts o the incidert ard the pdentia for lessans-leaned, EPA ard
OSHA decded b undertake a gint chenical accdert investigation to deermine the immediate
ard root causes bthe HCltank failure ard to make recanmendations to Surpass,government,
industry, and others that could assist in preventing Smilar incidents from occurring in the future.

The Joint Chemical Accident Investigation Team (JCAIT) determined that the immediate
cause bthe incidert was te overpressuizaton of the HCltank. The teamidertified he root
causes as:

> Modifications to the venting of the HCI tank were not within the tank
manufacturer s spediications for energercy venting.

> No hazad aralysis of the nodificaions to the venting of the HCltank was
performed.

> Inadequat prevertive maintenance d the scubber system

Addiionally, the JCAT idertified te following contributing factor:
> Lack d a witten stardard operating procedue (SOP) for arr off-loading of
deliveries to the HCI tank, including an inadequate method for determining that the
delivery was complete.

The JCAT has deeloped ecanmendations that addess he root causes ahcantributing
factors in order to prevent a smilar event:

> Surpass and other facilit ies should ensure that madifications to their equipment, in



this case ér the puposes @& ernvironmertal control, do not creae rew hazads o
compromise safety.

> Surpass and other facilit ies should mantain environmental control systems to
ensure continuous reliability and effective operation.

> Sumpass should develop written sardard operating procedues(SOP9 related to
the use bar pressue for off-loading HCl ard meintenance d the scubber system
including consideration of human factors suchas adequatmeasuing devces b
reduce he charces d erorsin deermining the campletion of the deivery.

> EPA ard OHA slould dewelop analert to raise awaeress abut the reed br
thorough consideration of safety whendesgning equpment or proceses for
environmental control.

In addtion to the oot causes ahcantributing factors assoiated wih the HCl tank
failure, the JCAIT identified other potential problem areas that may have contributed to the
consequeres @ the incidert. These s$suesncluded he location of incompatible materials (HCI
ard salium hypocHhorite) neareachother ard the reed or peiiodic inspecion of storage anks.
As appropriate, these issues will be addressed in any derts that EPA and OSHA develop.

Also, Surpass $ a member of the Natonal Assaciation of Chemrical Distributors (NACD)
ard paticipates n the NACD Resposible Distribution Process pogram, which ercourages
continuous improvement in the safe handling of chemicals. A timely and thorough
implementation of the Responsible Distribution Process program by Surpass may have led to
improvements in Surpasss systemto manage reath, sakty, ard ervironmertal concems.

Another issue identified by the JCAIT is the listing of HCI solutions under the Risk
Managenent Program (RMP) Rule. Undera recert modificaton to the list of regulated
sulstances br the RMPRule, only arhydrous hydrogenchoride aml HCI sdutions o 37%or
greater will be covered (62 FR 45130,Augug 25,1997) Asthisincidert denonstrates solutions
with HCI concertrations below 37% may pose pdential hazads © human heath or the
ervironmert. The crcumstarces d this incidert should be considered n ary future evaluaion of
how to list HCI solutions for the RMP Rule.
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1.0 Introduction
11 Desciption of the Evert

On Tueglay, April 8,1997,at appoximately 8:59 am., a 5700-galon hydrochloric acid
(HCI) storage tank ruptured during fillin g at the Surpass Chemical Co., Inc. (Surpass) in Albany,
New Yark. The failure of the HA tank cau®d its liquid canterts (about 4,800 gallons of 31%
HCI) to sudderty surge over the sscandary containmert. The force d the iquid ako caugd a
break n the secadary containmert wal. Witnesses desitied seeng greensh-yellow fumes
drifting offsite as wdlas iquid meterial running offsite aml abng the steetcurb to the sbrm
drains.

Local state, ard federa officials respanded. As a caonsequere d the incidert, 8 warkers
ard 32 nembers o the pubic were takento the tosptal, treatd, ard released. A 10-block area,
including nealby businesses ath residerces,was ewacuaed. Surpass ad its catracior remediated
the spill in coordination with local, Sate, and federal officials.

12  Scope oflnvegigation

At the canclusion of the energercy respanse anl remedial acions, EPA ard OSHA
initiated aninvestigation by a Jont Chemcal Accidert Investigation Team(JCAIT). The JCAT
was directed to determine the immediate and root causes of the HCI tank failure and to meke
recommendations to Surpass, government, and industry that could assist in preventing similar
incidents from occurring in the future. The investigation was to be concurrent with the OSHA
compliance nvestigation. This report represens the caclusion of the JCAT's investigation.

1.3  Structureof Report

This report summarizes he findings, conclusions, ard recanmendations of the JCAT.
Section 2 presents background information on the facilit y and the HCI storage and fillin g
operations. Section 3 descibes the incidert, including the ctronology of ewerts, the
consequerees @ the failure of the tank, ard the energercy respase. Section 4 descibes the
investigation ard the techical ard causahralyses d the facts. Section 5 descibes the JCAT’s
conclusions about the immediate cause, the root causes, and the contributing factors that led to
the incidert. Section 6 sunmarizes he JCAT’s recanmendations to Surpass,government, ard
industy for chemcal accdert prevertion, ard Secton 7 covers other problem areas dertified n
the cairse d the investigation of the HCltank failure.



20 Background
2.1  Facility Information

Sumpassis located at1254 Boadwayin Albany, New Yak, alout 1.75 miles northeast of
the dovntown area. The canpary manufactures pl chenicak ard repackages amnicak ard
detergents. The Broadway facility is located in alight business area a the edge of a residential
neghbaorhood.

2.2 Process Irformation

At the Broadway facility, Surpass repackaged 31% HCI onsite in a bottling operation into
one-gallon bottles for sale as a treatment for swimming pools. In the spring, Surpass typically
started receving HCI shpments nore frequenly to meetdenands for the swm seaso. Based a
producion reports for April, 1997,Sumpass repackaged upot 12,000 galons of HCI April 1
through April 7.

Based on purchase aderrecads for 1995 trougheaty 1997,Surpass receved tank
truck deiveries d HCI atanawerage ete of one o two shpments permonth, with same
variabilit y due to seasonal demand. During the same period, shipments generally ranged from
4,600 gallons to 5,200 gallons (nominally 5,000-galon orders) ard wee ordered from either of
two suppiers, ReagethChenical ard Reseash, Inc. (Reaget), Middlesex New Jesey, or PVS
Chemicak, Inc.(PVS), Buffalo, New Yak. In April, Surpass lad receved two delveries piior to
the dayof the incidert— 5060 gallons on April 2 from Reagethard 4600 galons on April 4 from
PVS. Reagenhwasmaking a deivery of 4,950 gallons on the dayof the incidert, April 8.

(a) HCI Storage Tank

A 5,700-galon (working capadiy) fiberglass reinforced pagic (FRP)! atmospteric
pressue storage ank was useddr the kulk storage ¢ 31%HCI at anbiert temperature. The
HCI storage ank was 7%feetin dianeter ard 18 eethigh. The tank was nanufactured ly
Owers-Corning (model 86 MACS) ard purchased ly Supassin 1978. As originally desgned,
the top of the HCltank had two 3-inch dianeter nozzles,a 2inch diameter nozzle, ard a 22inch
diameter manway. A 3-inch diameter nozzle was mstalled on the sde d the tank, alout 7 inches
from the lottom of the tank. The manufacturer s desgn spediications included a caubn that, if
the tank was b be arr loaded,it had to be vented wth a mnimum 22-nch diameter opering
during the fillin g period. The manufacturer dso specified that the tank pressure was not to

! Reinforced plastics are composites in which a resin (in this case, a fhenolic resin) is combined with a
reinforcing agent (in this case, gass fiber) to improve one or mare properties of the plagic matix. FRP combines
the corrosion resistance of plagic with the srength of glass fiber. FRP tarks are widely used to store corrosive
mateials (Lees, 1996).



exceed 10nches d water, equivalent to albout 0.4 pounds persquae inch gauge (sig).?

The tank wasputinto service n 1979 ¢ 1980 ad used or HC| sorage uil alout 1985.
It was giginally locaied o the westside d the huilding ard ekvated alout 2 to 3 feetalove
grade,suppated ly a seelstard, to pemit gravty discharge o its conterts. The HA tank was
splash filled from the top through the 2-inch diameter nozzle. One nozzle on the top was fitted
with a vacuumbreakerard the aher was ot in use. The tank did not have ary gauge ér
measuring volume the method of measuring the liquid level at that time is not known by the
JCAIT. At that time, the tank had no controls for the HCI vapors. Surpass reported that the
manway wasloose-bolted amnl HO fumes could esape broughthe manway. In 1985,the tank
was Bkenout of sewvice lecauseumes escapig from the tank were irritating to those dovnwind
of the tank, ard there was corosion around the manway.

In 1988,Sumpass contracted wih Empire Fiberglass Product, Inc., Little Falls, New
York, to make repars, sealthe manway closed (n articipaion of adding a systemto control
fuming), ard add a 2nch diameter nozzle in the sde wal alout 2 inches fom the bottom of this
HCI tank (in articipation of addng a gauge) In 1989,the tank wasplaced lack n service aml
instaled on the sautheasern side d the kuilding, within a rewly built secadary containment area.
(SeeFigure 1 for a sclematic of the sbrage ank area) The kuilding provided o wals of
containmert. A dike, 4 Hocks hghard reinforced wth steelbar, provided he aher two wals.
The HA tank waselevated 8 Eetalove ground level, suppated by a geelplatform, to pemit
gravity discharge d its caiterts. Neaby, in a sepaate diked aea,three dher tanks wee used
for bulk storage. At the tme of the incidert, two of these wee used o store 13%sadium
hypochlorite (NaOC). Further information on the warking capadies o the nventories o these
tanks was ot cdlected ty the JCAT.

At the time of re-installation, Surpass made two additions to the HCI tank, a scrubber
systemard a pessue gauge adaptl to indicate wolume. The scubber systemwas ntended b
reduce he quanity of HCl fumes esapng into the ervironmert. Acid vapors gererated duling
the fillin g operation were vented through two lines-- 2 and 3 inches in diameter-- that intersected
ata tee an cantinued as a Bgle 3-inch diameter vent line. This vent line ran from alove the top
of the tank ard exended \erticaly below the HCltank into a scubber tank. (SeeFigure 2 for a
schematic of the HCltank.) The em of the vent line was ittted with a difusersecton consisting
of a canection, a 90 ebow, ard an18-inch length of 3-inch diameter plasic pipe whch had
been drilled with 36 holes, each?s-inch in diameter, and fitted with an end cap with 3 holes drilled
into it (atotal of 39 holes). (See Figure 3 for a sclematic of the difusersecton.)

The difuser sat in a 50galon, loosely-covered plagic dumreferred to asthe scrubber
tank. (Thescrubbe system is shown in Figure 2.) Initially, the tank was filled with sodium

“This design pressure is consistent with the design pressures commanly found for atmespheric tarks; for
examge, "[m]ost sorage tarks are designed to withstand a gauge pressure of only 8 inches of wate (0.3 ps) ard
will burst at atout three times this pressure.” (Kletz, p 91.)

3
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carbonae (Na,CO,) for the intended pupose of neutralizing the vented HQ acd vapors. The
neutralizaton reacton betweenthe NgCO, ard HClwas epeced b form sadium choride
(NaCl), cabon dioxide (CO,), ard watr. To attain a lbwer freezihg point in the scubber
sdution, the salium catonate was eplaced wih sadium hydroxide (NaOH). A smilar
neutralization reacton betweenNaOH anl HClwas epeced © produce NaChrd water. Other
chemical reactons in sucha scubber systemare ako possble. For exanple, cabon dioxide
(CO,) from arr may reactwith NaOH b form Na,CO,.

At the time of the incidert, a NaOH caust sdution was leing usedm the scubber tank.
Based on interviews, the scrubber system had been last disassembled and emptied in November,
1996. At that time, Surpass reports that the <rubber solution wasreplaced wih 15 o 20 galons
of 18% concertration NaOH.

There wee no written stardard operating procedues br the maintenance d the scubber
system Maintenance required the perodic removal of NaCl a by-product of the reacton
between the HCI and NaOH, as well as monitoring of the pH of the solution to maintain basic
(high pH) conditions. The general procedure for monitoring the pH of the scrubbe solution was
to test the sdution using litmus papeifollowing eachacd delvery. If the pH wasdund to be
below 9, one-quat bottlesof either 50%or 18% NaOH wee added ¢ raise the pH. No written
records of the pH monitoring were kept by Surpass. No written records were kept of the caustic
addtions, ard it is not known how many, if ary, addtions were made etweenNovember 1996
ard April 1997.

Surpass lad little dacumentation on the desgn of the venting ard scubber system
Accarding to interviews, the vent line was sged usig a wle of thumb that the aea d the
discharge (outlet) vent should be at leasttwice he aea d the inlet vent.

At the time that the HCI tank was re-installed, a pressure gauge aso was installed on the
HCI tank for the pupose of measiring the iquid level in the tank. The gauge wasstalled on the
2-inch diameter line rearthe tottom of the tank ard was potected fom corrosion by a daphragm
system The pressue gauge rasued he pressue head d liquid alove the tank bottom, using a
scak reportedly ranging from O to 15 psg. Surpass peiormed thearetical cakulations relating the
pressure head to the height of liquid in the tank and the density of HCI to develop atemplate
displying volume in galons that was weraid on the dal face. The sca¢ ranged fom 0 to 6,120
galons ard wasmarked df in 360 gdlon increnernts. Suipass made a inal calbration of the
gauge wih the first HCI delvery. Surpass lelieved the gauged accugtely reflect delvery
anounts by plusor minus 100 gdlons. Ower time, the gauge wasot recaibrated, asthe volume
readngs wee gereraly in agreenert with the expeced quatities o the deiveries.

To supply the lottling operation, HCl wasgravity-fed from the HA tank to a foat tank in
the pioduction area tat seved as aesewoir for the bottling operation. The HCltank was
equpped wih anar inlet check \aelve to alow arr into the tank as t was emptied ard thereby



prevert a vacuum The aiginal desgn spediied that the vacuumslould not exceed 4nches d
water.

(b) Off-loading Operation

A stardard HCI tanker delvered he HClshpment to Surpass. The waking capady of
the cago tank wasreported b be up © 52000 painds equvalent to 5,380 galons. The hll of
lading for the April 8 deilvery showed hat the truck cantained 47840 painds, alout 4,950
galons of 31%HCI. To ersure that the truck is enpty atthe e of the df-loading operation, the
camgo tank is desgned wih a 4inch dianmeter dip tube that goes davn into a sunp in the ottom,
rearof the cago tank.

The tank truck used aipressue to unload he cago tank. The use dair to off-load HCI
is relatively common; one clenical suppier estmated that arr off-loading is used aalout 90% of
its customer facilities. The cargo tank was designed for a maximum dlowable working pressure
of 35 psg ard equpped wih a pesure relief valve st at32 psg.®> The truck wasequpped wih
a canpressa to pressuize he cago tank. An air hose was usedtconnectthe canpressa to
the ar line, which was canected b the trailer tank. The ar line was equped wih a pessue
gauge 6 measire pressure on the cago tank.

To make a ddlery, the truck backed mto anarea m the rorthwestside d the kuilding. A
2-inch dianeter flexible hose wasused b hook up the product discharge valve an the truck to the
facilit y's hook-up flange for the fill lin e. The 2-inch diameter fill lin e ran vertically to the roof top
ard acoss he roof to the top of the HClstorage ank. (Figure 2 shows the delivery setup.)

Surpass lad no written operating procedue for the df-loading of the HCIto this storage
tank. By tradition, the procedure was for the facilit y operator, known as the unloading
supevisor, to check that the HCltank was empty ard ersure that all discharge valves o the HCI
tank were closed. The urloading supevisor would stow the truck diiver the carect hook-up
flange aml instruct the diver to use letween20 ar 25 psj of pressue to off-load. Orce he
trarsfer began the udoading supevisor would visualy check te scubber systemfor percolation,
anindicaton to him that ar wasflowing thoughthe difuser. The urloading supewisor would
periodically check the HCI tank gauge, which was calibrated for volume, and monitor the off-
loading procedue. Whenthe gaugeead 5,040 galons,” the uioading supewisor would
instruct the diver to shut off the canpressa. The Heedeoff pressue from the cago tank would
be used to push the remainder of HCI from the truck to the HCI storage tank. As the remaining
liquid HClwas puskd out ard replaced wih ar, the lose wauld suge a “kick,” indicating that

*Theu.s. Department of Transportation (DOT) regulates the transportation of hazadous mateials,
including the specifications for design ard construction of HCI cargo tarks. Exampes of these design
specifications include requirements for maxmum allowable working pressure; mateial and thickness of mateial;
pumps, piping, hoses, ard connections; and pressure relief. Title 49 of the Code of Federal Regulations (CFR)
details the requirements for hazadous mateials transportation.
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all of the liquid had been transferred. The unloading supervisor relied solely on this hose kick as
anindication that the iquid delvery was canpleted.

Reagehhad a witten stardard operating procedue (SOP) for driver unoading. This
procedue included laving the cusbmer idertify the carect hook-up flange; hooking up te
flexible hose from the cargo tank to the hook-up flange; opening the facilit y’s product valve;
pressurizing the cago tank to alout 10 p$g; ard openng the product discharge valve. During
the uloading, the diiver is expecied b monitor the tank pressue using the gauge.The SOP
wams that tank pressue is not to exceed 30 pgjat ary time during trarsfer. Whenthe tanker is
enpty, the diveris expeced b ersure that the hose & clearof material. The diver is also
expected to check with the facility as to the procedure for bleeding off the pressure from the
tanker.

2.3  Chemical Information
The chemicak involved n the April 8th release wes hydrochloric acd (HCI) in aqueais
solution, sodium hypochiorite (NaOQ), ako in aqueass solution, ard cHorine, gererated by the

reacton betweenHCI ard NaOCI! Information on eachof these sultances s presemed below.

Hydrochloric acid

Aqueaus HCl is a olution of hydrogen choride @ gasunderanbiert conditions).
Aqueaus HClis a stong acid. It is corrosive ard cancause sere eye ard skin burns. Hydrogen
chioride umes canbe releasedriom aqueais HCL the anount of fuming depeds an the
concertration of the sdution ard canditions suchas emperature. The fumes ae irritating to the
skin, eyes,ard respratory system

HCl is a versatile chemcal that has a umber of different industial uses,ncluding
producion of cHorides,ore refining, as adboratory reagen, as a catlyst in chemcal producion,
ard etching ard cleanng netals.

The nost gererally shipped slutions of HCl are 20 degeesBaume (°Be€")?, equivalent to
3145%HCI; 22°B€’ (3521% HCl) ard 23°Be” (37.14% HCI) (Chlorine Institute, 1996) The
solution shipped b Suipass for repackagng was20 °Be’. The demity of 20 °Be” HCl is
appioximately 9671 painds pergalon at 60°F.

Aqueaus HClis reactve with a rumber of sulstances. It reacs with most metals to

“The Baume hydrometer scaleis a @libration scale for indicating the specific gravity at & °F (156 °C) of
someliquidsin commeace. Baumé is akbreviated asB€, ard the readng on the scaleis degrees B€ (°Be). For
liquids heavier thanwater, 0 °B€ corresponds to a specific gravity of 1.000 (i.e., the density is equd to the density
of wate). Specific gravity is calculated as145/(145 -°B€) a 156°C. 20 °B€ corresponds to a gecific gravity of
1.16 (Handbook of Chemistry and Physics, 1989).



release lmmable hydrogengas,ard it reacs with strong oxidizers o release axic cHorine.

Saodium hypochlorite

NaOCl is asolid in pure form, but is not very stable as a solid; it is generally produced and
used n water sdution. Aqueaus sdutions d NaOClare used aslbachor disinfectart. The
aqueous NaOCI sdution stored onsite at Surpass ves 13.25% concertration.

Aqueous solutions of NaOCI are fairly stable, but are subject to some decomposition,
depemling on factors suchas cocertration, pH, temperature, light, ard impurities. The nrgjor
decanposition products are axygenard cHorate ion (ClIO;). If NaOCl is mixed with acid,
hypochlorous acid (HOCI) is formed. HOCI is much less stable than NaOCI and will undergo
decanposition reactons forming oxygen cHoric acd (HCIO;), and chlorine. Decomposition to
chlorine involves a eversible reacton betweenHOCI ard HCI (an intermediate decamposition
producy). If HOClis mixed wth large anounts o HCI, the reacton will proceed pimarily in the
direction of chlorine formation, and chlorine will be generated (Kirk-Othmer, 1993)

NaOClis a stong oxidizer. NaOCIsdutions ae carosive, ard exposure to sdutions can
causerritation to the eyes,mucous membranes, ard skin.

Chlorine
ChHhorine, which was poduced i the reacton betweenHCI ard NaOC] is greensh-yellow
gas with a suffocating odor. It is poisonous and corrosive. Exposure to relatively low

concertrations may cause shging or burning of the eyes, nose,throat, ard chest Exposute to
high concertrations canresuk in deah.
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30

Description of the Incident

3.1  Chronology of Events

+ 1978
+ 1979 estimated)
+ 1985 etimated)

4+ 1988

4+ Spiing 1989

4+ November 1996

4 Nov. 1996 b
April 1997

4+ April 7 1997

6:30am.

(time not known)

(time not known)

4:50 p.m.

HCI tank waspurchased ty Sumpass.
HCI tank wasinstalled atoriginal location.
HCI tank wastakenout of service.

HCI tank wasrepared anl nodified urder contractto Empire
Fiberglass Roducts, Inc. in orderthat Surpass cald place 1 back
into sewice. At thistime, the 22inch diameter manway was
pemarertly bolted cbsed.

The HA tank wasinstalled in the gring. A pressure gauge,
modified © read wlume by affixing a template on the dal, was
installed on HCI tank for the purpose of monitoring the liquid level
in the tank. (See Scton 2 o this report for addtional defils.)
Additionally, a £rubber syssemwasadded & reduce HC fumes.

Based on interviews, the srubber sysemwascleared aut in
November ard the sdution replaced wih 15 © 20 galons of 18%
NaOH.

5,000galon deiveries of 31%HCI were receved by Surpas ata
rate of 1-2 delveries permonth.

Started hottling HA from the dorage ank. Time based on
producion report.

The bottling operator drew df HCI from the lowestnozzle on the
storage ank urtil no more productwould grauty feed. The
volume gauge aoread zeo.

To continue wih the lottling operation, Supass ordered a 5000
galon shipment of 31% HCI from Reagent for delivery the next
day.

The Reageintanker was baded atStardard Chorine of Delaware,
Inc. The bill of lading stated that 47,840 painds of 31%HCl were

11



4 April 8 1997

7:15 am.

7:30 am.

(time not known)

7:40 am.

(time not known)

7:50 am.

8:55 am.

loaded. Time is based on bill of lading.

The tank truck arived atSumpass to delver 47,840 pands
(equivalent to 4,950 gallons). Time based on witness interview.

This wasthe truck diver sfirst delvery to Supass. The diver
asked abut unoad ar pressue. The uroading supevisor stated
that unload pessure should be 20 © 25 psg. Unloading supewisor
also told driver that it would take appoximately 1%2 hours to
unload, including hooking up al disconnecing the product hose.
Time is estimated.

The unloading supervisor reportedly walked to the HCI tank and
checked hat the dscharge valves o the HCltank were closed.

The uoading supewisor reportedly waked kack © the truck.
Tanker started off-loadng HCI to the sbrage ank using ar
compressor. Time based on witness interview.

The urloading supevisor reported that he checked sanbber tank
ard obsewned pecolating in the scubber, anindicaion to him that
the vent line ar diffuserwere openarnd operating.

The uoading supewisor told bottling operator that he could gart
drawing off HCI. Perthe lottling production report, the tottling
operator begandrawing off HCI from the HCl storage ank to the
resewnoir for the bottling operation. The hbottling operation
continued until the HCI tank failed. Time is based on production
report.

The urloading supewisor noted that the wolume gauge ead 5040
galons ard reported this to the diver. Accarding to the truck
driver, the canpressa for the tank truck was trned df alout 1
hour ard 15 minutes nto the deivery. At the tme that the
compressor wasstopped,the pressure gauge o the cago tank was
reported b have read 20 pg. Both the urloadng supewvisor ard
the diver reported pcking up he piroduct hose line afer the
compressa was trned df ard that the hose &t heaw, indicaing
to eachof themthat liquid was stl in the line.  Within 1-2 minutes,
it was eported that the pressue in the cago tank of the truck
dropsto alout 18 psg. Time is egimated based on witness

12



recdlections of how long after these eerts the rupture occurred.
8:59am. Approximate time of vessel rupture.

The uoading supewisor instructed he truck diver to shut the
unloading valve an the tank truck. Truck diiver reported hat the
pressure gauge o the cago tank read 16 pg after the upture.

9:01am. First of several energercy 911 plone cals wasplaced.
3.2  Conseguences of the Incident

The HCltank head sepated ata pant alout 5 feetfrom the top of the tank ard flew
alout 15 feetwestto the roof of anadpcer building. Figure 4 shows the separated tank after
the incidert, ard Figure 5 shows the top of the tank. The bottom of tank failed in the knuckle
area wtere the cylindrical patt of the HCltank mees the flat bottom, as slown in Figure 6. The
tank bottom remained m the pltform. The cylindrical pat of the fiberglass slell beganto unwind
itsef atthe top edge geeFigures4 and 5. The slell alsoremained an the phatform but
collapsed, leaning toward the west building wall (see Figure 6). The scrubbe tank was nat
affected ly the tank failure; it was bund intactin its ariginal position after the incidert, as slbown
in Figure 7.

At the time of rupture, the HA tank contained alout 4,800 gallons of material. The
failure of the HA tank caugd a siddensurge d liquid over the sscandary containmert wal. The
force d the iquid ako caused areak n the masonry of the secadary containmert wal. Surpass
has egimated that asa result of this relea®, alout 150 galons were alsorbed ty soil within the
property boundarty ard alout 2,300 gallons ertered sorm drains located an Broadway. The
storm drains enptied into anunderground stream the Fatroon Creek, a tibutary of the Hudsm
River. Suipass also egimated that 1,900 gallons were contained within the sscandary
containment dike ar that 400 galons ertered a reaby building througha window in the rorth
wall and through an exhaust fan in the west wall.

During the event, a 2-inch diameter NaOCI line that was located in proximity to the HCI
tank wasbroken amd anegimated 200 gdbns of NaOQ wasreleagd nto the scandary
containmert. The JCAT believes that a reacton occured betweenthe wo chemicalks, causing
the generation of chorine gas. Witnesses escribed seeing greensh-yellow fumes (assumed to be
chlorine) drifting offsite, as well as iquid meterial running offsite ard abng the steetcurb to the
storm drains.

As a cansequeree d the incidert, 8 warkers amd 32 nembers d the pulbic were takento

the hosptal, treaed, ard released. A ten-block area,including neaby businesses ath residerces,
was ewacuaed.
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3.3 Degription ofthe Emergency Reponse

The JCAT did not cdlectin-depth detils alout or evaluate the energercy respase
acions, but a lrief overview is provided fere.

Employees from Surpass's Broadway facilit y, where the incident occurred, and another
Surpass facilit y on Bridge Street, Albany, New York, responded to the incident. The Albany Fire
Depatment ard other local ard state dficials respanded b the energercy. The local sewer
authority tested he pH atthe canfluerce d the steamard the Hudsm River.

Federd officials, including represematives rom OSHA's Albany, New Yok, Area Ofice
ard U.S. EPA Region 2, responded ly afternoon on the dayof the incidert. The OSHA
compliance officers entered areas of the facilit y where the HCI had been released to collect
samples and gather preliminary information from the employees and managers. The EPA on-scene
coordinator aso entered areas of the facilit y where chemicals had been released to assess the
extent of the releaseto take plotographs, ard to monitor the respanse anl recovery acivities
performed by contractors hired by Surpass.

40 Analysisand Significant Facts

On April 21,1997,the CAIT formally met with the OSHAcompliance eamto begin
collaborating on the cdlecion of eviderce, the formal requestfor documrents, interviews o
enployees ad managers, ard other field work. Additionally, the JCAT aranged or a
denonstration of the df-loading procedues ly the clemical suppier as patr of the field work to
suppat the investigation.

At this preliminary stage of the investigation, the man failure scenarios considered by the
JCAIT were (1) overfillin g with liquid; (2) overpressurization due to a blockage in the vent line or
diffuser; ard (3) overpressurizaion due b undersizing of the vent to handle the pressure bleed-
down of the tanker.

A material balance kased o compary recads was cosistent with testimony that the HCI
tank was essdrally enpty prior to the deivery ard the enpty tank had the volume capadiy to
receve the deivery. Additionally, the failure mode d the tank, the force assoiated wih the
danege, ard witness acconts are cansistent with a preunstic failure. Thus,the JCAT focused
on overmressuizaton of the HCltank ard the role of the venting/scrubber systemin the ewert.
The JCAT did not consider material failure of the HCltank given the crcumstarces @ the
incidert ard the force assoiated wih the failure mode.
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41  Significant Facts

The facts cansidered by the JCAT in deermining the causesfahe incidert are listed
bdow:

. The HA tank truck that arrived at Suipass to make a delery had a sipment of 4,950
galons. The bill of lading for the delivery stated hat 47840 painds of 31%HCI,
equvaent to 4,950 galons, were loaded aito the tank truck an April 7.

. On the morning of the incident, before the off-loading of the tank truck began, the HCI
storage ank was ermpty, as ndicated ly the following:

-- The inventory atthe emd of March indicated hat the HCltank contained
appioximately 2,300 gallons. During April, prior to the dayof the incidert,
Surpass receved 9660 galons of HCI ard hottled 11680 galons. The
accunulation in the gorage ank based on these valuesis 280 galons. Within the
accurcy of the gaugeeadngs, this would indicate that the tank was erpty.

-- The hottling operator reported dawing dowvn the tank on April 7 to enpty it by
opening both the 3inch diameter ard the 2inch diameter discherge ines bcated
near the bottom of the tank.

. The HA tank had a waking capady of 5,700 gallons.

. The heelin the enpty HCI tank has keencakulated by Surpass © be in the range o 75 ©
100 galons.®

. Accarding to the bottling producion report, 288 gdlons of HCl were bottled an the
morning of the incidert, during the perod of time betweenthe beginning of the deivery
ard the HA tank rupture.

. Prior to the upture, pressuized ai was etering the HCltank from the pressue bleedoff
of the tanker, as ndicated ly the following:

-- One witness reported that after the incident, while the truck was ill at the ste, he
opered the manway on the top of the truck t look inside aml obsewed hat the
camgo tank was ‘bone diy.” Reagehalsoreported hat the ruck was emty. This
indicatesthat the enire deivery of 4,950 gallons wastrarsferred out of the tanker
ard into the HCl storage ank.

>The heel is the amaunt of residual that cannot be withdrawn from the bottom of the tark by normal
emptying procedures. The estimateof the volume of the hedl is based on the cross-sectional area of the HCI tank
and the height of the lowest product discharge nozzle
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- The \ertical hard piping from the tank truck rook-up to the sbrage ank was
inspeced ty OSHA atter the incidert ard found to be essetialy enpty, indicating
that the last material throughthe hard piping wasairr ard further suppating the
finding that al of the HClhad beentrarsferred into the sbrage ank prior to the
rupture.

The pressue gauge o the tanker was eadng accusately. The tank truck was mspeced
by New Yok State Depatment of Trarsportation (DOT) on April 9,1997,ard OSHA
verified hat the readng on the truck’s pressue gauge wasaadng accuetely.

The HCltank ruptured nto three peces,as descbed in Section 3.2.

The manway on the tank top was sea&ld shut, ard the anly way for vapor to escaperbm
the tank was hroughthe vent line. (SeeFigure 7.)

The scrubber tank was not affected by the tank failure; it was found intact in its original
position ater the incidert. (SeeFigure 8.)

After the incident, the diffuser in the scrubbing tank was removed by disconnecting the
vent line quck cannectard removing the id from the scubber tank. The oles in the
diffuser were found to be clogged wih a white crystallin e substance, as shown in
Figure 9. This sulstance was sdium chlioride,accading to laboratory aralysis.

A layer of white crystalline material was aso found in the bottom of the scrubber tank.
This sutstance asowas saium choride,accading to laboratory aralyss.
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4.2  Analysis

Based o visualobsewnations of the fragnentation of the HCltank ard cansideration of
the force hat would be required to causette doseved damage,the JCAT determined that the
tank fallure was due to overpressurization with compressed air rather than to overfillin g with
liquid. Failure from overpressuizaton involves a igher erergy release tianfailure from
overfillin g with liquid, and the damage resulting from the failure of the tank is consistent with
higher erergy release. In addtion, the tank was emty before the deivery of the HClbeganard
had sufficient capacity to contain the delivery, therefore, overfillin g with liquid is unlikely. Given
the crcumstarces d the incidert, the JCAT believes that the failure of the HCltank was ot due
to age,wear, or defectve neterials.

4.2 (a) Venting Sydem Calculations

Asdiscussed alve, the JCAT dectded b focus o the overpressuization of the HCltank
ard the role of the venting/scrubber systemin the ewert. The JCAT believed that
overpressuizaion was dued either blockage @ the difuseroperings wih NaClor to
undersizing of the vent. In orderto predict whether blockage n the difuser or undersizing of the
vent was te nore likely cause dthe overpressuizaion, the JCAT’s cattracior developed a
profile descibing the charge n pressue in the space atve the iquid in the sbrage ank during
the HCldelvery operation. Based a the aralyses,the JCAT found that the cafiguration of the
vent/scrubber system including the seahg of the manway;, led to the gperation of the HCltank
alove the manufacturer' s desgn spediications during the rormal air off-loading of deiveries. The
fouling of the diffuser over time led to the further increase in tank pressure and ultimately to the
failure of the tank. The aralysis is sunmarized tere; the cansultant’s report, descibing the
analysis in detail, appearsin Appendix D.

Gererd Desgription

In gereral, whenliquids ae trarsferred into atmospleric sbrage anks fitted with anopen
vent, the wolume of the head space abe the liquid level is reduced,increasng the tank pressue
momentarily. The increased pssue causeshe dsplcenert or flow of vapor from the sbrage
tank to the amosplere in orderto equaize te tank pressue with atmospleric pressue. The
liquid fill r ate and the vapor flow rate must be equal to ensure that negligible tank pressure builds
over time.

In this case howewer, the sbrage aink was ot fitted with anopenvent to the atnosptere.
Instead,the vent line ran to a difuserthat was sulmerged n anNaOH sdution in a scubber tank.
The hydrostatic pressue of the sdution in the scubber tank creaed a lackpessue, which
preverted displced apors from flowing throughthe difuserurtil the tank pressue exceededlie
hydrostatic head. For a perod of time while liquid wasbeing trarsfered, pressure built up in the
HCl tank. Orce the tank pressue exceededhe hydrostatic head,vapor flow out of the difuser
began The flow rate of vapor was a t@inction of the tank pressue, the backpessue from the
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scrubber sdution, ard ary pressue losses for exanple, friction lossesn piping or resistarce n
fittings).

The rate of liquid flow into the tank was a function of the pressure in the cargo tank of the
truck, the diferential presure head ceatd ky punping liquid from the truck to the top of the
HCI tank, the ackpessue created ly the pressue within the HCltank, ard the dmensions
(length and inner diameter) of the fill lin e and hose.

At the erd of the trarsfer, as he cago tank was emptied of liquid, a pant was eacled at
which pressuized ai from the cago tank of the truck flowed nto the HCl storage ank.

Modeling

A computer modelwas ceatd D amlyze he pressue profile of the HCltank during the
off-loading operation ard to evaluate the efects d the HCltank’s desgn feaures o the pressue
within the tank. (See Appendix D for detils.) The aralysis of the pressue in the HCltank is
based m anursteadystate mess lalance catulation routine.

To bracketthe pdential peak pessue in the HCltank during the df-loading, two
scenarios were modeled:

Q) Unrestricted flow, assuming no fouling of the %s-inch diameter diffuseropenings; ard

2 Resticted flow, assunng that al of the difuseropenngs ae reduced b a ¥ inch
diameter because bfouling (about 84%reducion in the closssectona area)

The HCltank pressue as a finction of time, caktulated by the nodel, is presered in
Figure 10 (for unrestricted flow) and in Figure 11 (for restricted flow).

The nodel assures that the HCl storage aink was atatmospleric pressue prior to the of-
loading of the HCL The sulmersion of the difuserin the scubber sdution resukted n a
backpesure equalto the hydrostatic pressure of the olution, egimated to be 0.6 psg. It was
assured that no vapor flow occured out of the difuserurtil the pressue within the HCl storage
tank exceededhis supemmposed kackpessue.

As the df-loading began delvery of the liquid into the HCltank pressue deceasedhe
tank’s void volume. The canbined efectof no vapor flow out throughthe difuserand the
deceased @id volume was b increase the HCltank pressue. The nodel predicts that the HCI
tank pressue increased util it exceeded @ psg. Note that this is alove the desyn pressue of
04 psp for the ank. Orce he backpessue was exeededyapor flow out of the difuserwould
have begun. This point is marked as point A on Figures 10 and 11 The rate of liquid flow into
the HCltank determined how quickly the tank pressue rose fom atmospleric to the predicted
value of 0.6 psig. For both scenarios, the rate of liquid flow into the HCI tank was the same since
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the paameters of the df-loading are fixed by the krown facts ard crcunstarces d the df-
loading operation on April 8, namely, that 4,950 gallons of HCI were delvered;the HQ delvery
took approximately 80 minutes; the fill lin e and the flexible hose were 2 inches in diameter
(nominal); ard that the pressure on the cago tank of the truck wasup © 25 ps$g. (These
parameters have beenprevioudy discussed in secions 2.2(a) ard 3.1 of thisreport.)

Assuning that both the cago tank pressue ard the difuserbackpessue remain relatively
constant, the pressue in the HCltank remains canstant at a predicted value d 0.6 psg
throughout the deivery of liquid.

Throughout the deivery of the liquid to the HA tank, the pressure of the liquid discharged
to the top of the HCI tank is reduced below the pressure of the cargo tank by both the line
pressue drop ard, more significartly, the charge n the iquid head. At the erd of the deivery, as
all the iquid in the cago tank is evacuaed, the efect of the crarge n the liquid head s quickly
eliminated as the liquid in the line is evacuated and displaced wih vapor. At this point (lakeled B
onFigures 10 and 1), the HCltank pressue is predicted to increase apidly as he pressue
within the cargo tank is relieved into the HCI tank. The net pressure in the tank is a function of
the flow of pressurized air into the tank and the rate of vapor flow out of the diffuser.

The rate of vapor flow out of the tank through the diffuser was modeled as a function of
tank pressue ard the difuserbackpessue ard represered by flow cakulations for compressble
fluids trroughanorifice. The pressue drop assaiated wih the flow of the vapor throughthe 3
inch diameter vent line wauld have further restricted fow, howewer, this factor was coisidered
negligible for the purposes of this modeling. The difference in the two scenarios becomes evident
in this portion of the pressue profile becausehe assured awailable low area troughthe difuser
differs. The peak pessue in the HCltank is depewlert on the low area d the difuser.

For the umrestricted sceario, of unobstructed fow throughthe dffuser, the HCltank
pressue is predicted to peak at3.4 psg. For the restricted fow scemirio, assurmg fouling of the
diffuseropenngs, the pressue could have peaked asighas 12 pg. These peaks ar
repreered aspoint C on Figures 10 and 11

4.2(b) Tank Failure Pressure

The exact pressue that causedhe tank failure was ot estmated. Because RP
composite stuctures ae rot homogerous;the desyn ard manufacture o tanks varies wth the
manufacturer; ard the ariginal desgn cakulations weke not available, the exact pressue at which
the tank would have failed camot be readly predicted from the krown facts. The nodelng of the
pressure profile in the HA tank predicted a peak prssure of 3.4 psg during the df-loading,
under normal operation of the scubber. Althoughthis predicted value is significartly alove the
desgn spediicatons of the HCltank, the piior use & the tank in this sevice ndicates hat it did
not exceed be yield pant for the tank. Additionally, the difuser wasfound to be plugged,
potentially raising the pressure to 12 psig, well beyond the normal operation peak.
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50 Conclusions

For the purpose of maximizing the lessons learned, the JCAIT considered both the root
causes athcantributing factors in deweloping the recanmendations. Root causes as deéd in the
EPA/OSHA memorandumof understanding (MOU) are the urderlying prime rea®ns, such as
failure of paticular managenent systerrs, that alow faulty desgn, inadequad training, or
deificiercies h maintenance, which in turn lead b anursat actor condition ard resuk in an
incidert. Contributing factors ae reasms that, by thenseles,do not lead b the canditions that
ultimately caused the event; however, these factors facilit ated the occurrence of the event.

The JCAT dewoped areerts ard causafactors chart (that is the kesis o the
chronology preserted in Section 2) ard used aaot causertee appoachthat covered both the
equpmert ard human performance oot causes.This type d methodology provides a sardard
setof root causesdr investigators o evaluate ard provides br a cansistent ard methodical
appoachto be used ly al the investigators.

51 Causss

The canfiguration of the vent/scrubber system including the seahg of the manway, led to
the gperation of the HCltank alove the manufacturer' s desgn spedications duiing the rormal ar
off-loading of deliveries. The fouling of the diffuser over time led to the further increase in tank
pressure and ultimately to the failure of the tank.

5.2 Root Caussand Contributing Factors

The JCAT concludes hat the root causes bthe incidert are:

. Modifications (the seaing of the manway ard the addiion of the scubber system)

to the venting of the HCI tank were not within the tank manufacturer’s
spedfications for venting.

These nodificaions provided nadequag venting for the ar off-loading accading
to the tank manufacturer’s original design specifications, and diminated any
emergercy relief of the vesselin the ewert that it was wermpressuized.

. No hazad aralysis of the nodificaions to the venting of the HCltank was
performed.

Surpass dil not review the desgn of the nodifications for the venting of the tank
(sealng the manway ard adding the scubber) to assess wéther these chrges
would lead b anoverpressuizaton. An evaluaion of the charges n the desin of
the HA tank usng tools such asmanagenent of charge MOC) would likely have
idertified he hazad of overpressuing the tank during ar off-loading of HCI
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deliv eries under normal or expected conditions. The ar pressure capability of the
tanker far exceededhie degyn pressue of the HCltank. A formal aralysis of the
process hzads wauld have idertified he reed b ersure that the pressue from
the tanker was ot directy deivered b the HCltank.

Inadequat prevertive maintenance d the scobber system

Inadequad maintenance pemitted the difusersecton to became clogged wih
solids, further reducing the scrubber’s capadiy to vent the pressure buildup n the
HCl tank. Surpass had no written procedure for mantaining or inspecting the
scrubbe system. Maintenance procedures would have been improved by
deweloping detiled proceduesfor testing ard adpsting the <rubber solution--
including the frequemy of tests, the paameters (pH, spedic grawvty, etc.) to be
measued, ard the accepble range o those paameters. Maintenance resuks
should be documented in order to provide a historical basis for revising the
procedues

The JCAT concludes hat the cantributing cause @ the incidert is:

Lack d a wiitten stardard operating procedue (SOP) for arr off-loadng of
ddliveries to the HCI tank, including an inadeqguate method for determining that the
delivery was complete.

Sumpass had no written procedue for off-loading meterial from the deivery truck
to the HCltank. While Surpass las procedues hat have ewlved over time based
on the experierce d its enployees,docunenting those procedues n writing will
ensure that al employees perform gmilar tasks and procedures in a consistently
sak manner. Additionally, written procedues carbe made awaiable for ready
reference aml canbe used m the training of new enployees.

The written procedue slould include te eknmerts of the ron-written, tradtional
procedure sich as sep-by-step desciiptions of tasks, definitions o the saé
operating limits, and additional precautons. The SOP would be improved by
addessng cettain elerrerts in more defil including, the pressue bleedoff of the
caigo tank; checking the gperation of the scubber systent ard the issue
simultaneous fillin g and drawing off to the production area. As part of the SOP,
clearard defnitive process dplys must be used sdhat the gperator caneasly
recaynize syptemerrors,

Surpass s reliance on informal methods of determining that the HCI delivery was
complete could pemit errors by the goerators . The gperator relied on a pessue
gauge mdified b read wlume to monitor the erd of the deivery. The devce dd
not readly pemit the gperator to detecta pdentia emor, suchas
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overpressuizaion of the tank ard aninaccuete volume readng. The goerator
alsolooked fr the tose kck as arindicator that the iquid delvery was canplete.
The hose ktk is a rarsiert occurrence (©n the arder of secands) that could be
overlooked. Instruments a devces hat give a ckar, understandalle indicaion to
the operator (for example, a sght glass) would reduce the possibilit ies of errors. A
written SOP for off- loading deliv eries to the HCI tank should include procedures
for determining when the delivery is complete.

6.0 Recommendations

Based o the root causes ahcatributing faciors o the HCltank failure, the JCAT has
developed the following recommendations:

Surpass and othe facilitie s should ensure that modifications to theér equipment, in this case
for the purposes d environmental control, do not creae new hazards a compromise séety.
Before modifying equipment, Surpass and smilar facilit ies should thoroughly review and approve
changes prior to implementation to ensure safe operation. Results of the review should be
docunmented One wayto do thisis by ushg formal managemnent of charge pocedues br ary
processes wilsh involve the handling of hazadous naterials.

Surpass and othe facilitie s should maintain environmental control systems to ensure
continuous reliability and dfective opeation. Basedon the systemdesign, the known failure
history, ard ergineeting judgenent, Suipass ard dmilar facilit ies should evaluate how long the
scrubber sdution canbe used fore it needs ¢ be replaced;deelop detiled procedues br
inspecing, testing, ard adpsting the srubber solution-- including the frequemy of tests, the
paameters (pH, spediic grawty, etc.) to be measued, ard the accepble range o those
paameters; ard estblish control mecharisms to ersure that prevertive maintenance s performed
correcly. Maintenance pocedues slould be written. Maintenance resuts slould be
docunented n orderto provide a historical basis for revising the piocedues.

Surpass should develop witten gandard opegting procedues(SOPs) related to the HT off-
loading and naintenance ofthe rubber system. SOPs should be written in smple and
understandale language reviewed br sakty issuesard validated for accuacy. Procedues
should include detils of the task to be pefformed; the typesard frequermy of instrument readings
ard sanples o be taken sakty precauions; critical parameters ard saé operating limits.
Additionally, human faciors suchas canmunicaton issuespperator/equipmert interfaces ér
displys; ard adequat measuing devces sbuld be incorporated abng with the procedues o
reduce he ctarces ¢ erors.

EPA and OSHA should develop aralert to raise awaeness abou the need br thorough
consideration of safety when desgning equpment or processedor environmental cortrol.
As patt of their ongoing efort to prevert chenical accderts, EPA ard O3HA jointly issue arts
to increase awaress 6 potential hazads. In recern months, EPA ard OSHA have investigated

27



sewera accderts related to the desyn ard/or operation of control devices or ar pdlution.
Because Dthese acdlerts, the agenies ae cansidering de\eloping analert to highlight the reed
to consider satkty prior to implementing charges,suchas addion of erd of the ppe devces,to
ersure that the devces ae degyned, maintained, ard operated sadly ard integrated wih the rest
of the piocess ® ersure that it is not adwersely affecied.

70 Other Findings

While investigating the HCI tank failure, the JCAIT identified other potential problem
areas hat may have contributed to the cansequeres d the incidert. These ssues a& listed
bdow:

. Althoughthe HClstorage ank was bcated n a sepaate diked aea fom the NaOCI
storage #nks, the NaOClstorage ank discharge ines an neamby to the HCltank,
contributing to the hazad creaed ly the incidert. Due b their proximity, the NaOCl lines
were brokenwhenthe HCltank ruptured. Incompatible sutstances HCI ard NaOC]
were mixed bgether whenthey were accdertally releasedresuting in a reacton that
produced a hzadous sulstance (chlorine). The germration of chlorine added ¢ the
hazad posed ly the hydrogen chioride umes that were gererated from the spll of
agqueas HCl Adequat sepaation distarces or chemicak that are incompatible because
of reactvity are ste-specfic. Fadlities should evaluate their Ste layout for potential
chemical incompatibilities. One way to do this is to perform aprocess hazad aralysis ard
anoff-site consequerce armlyss (for exanple, dispesion modeing) to evaluate the
potential risks. The resuks d sucharalysis should be docunented aml spedic acions
taken, such as relocating tanks or installing safety measures or barriers in sStuations where
there are incompatibilit y problems

. The deggn of the £candary containment wasnot adequag to withstand the siddensurge
of liquid over the dike wall. Smilar instances have been cited in the literature. For
exanple, Leessuggess that the tidal wawe of liquid resulting from the catigrophic failure
of an FRP tank is capable of demolishing a dike wall, or, if the tank is indoors, a building
wall (Lees 1996,p. 22/65)

. As part of afacility’'s mechanical integrity program, storage tanks should be periodically
inspeced r patameters suchas wall thickness,defcts, surface fardness,ard stain
measuenert. The paemeters to be tested, the type d testing, and the frequery scredule
should be determined as part of the facilit y's mechanical integrity program based on
known failure history, the menufacturer s recanmendations, ard ergineeing judgenent.
In 1995,0wers-Corning sent a ktter to al of its former cugomers recanmending that
they have their FRP tanks inspeced amually by qualfied fiberglass clemcal equpment
process egelts. Thistype d information stould have beenincorporated ty Surpass mto a
mecharical integrity program.
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Surpass $ a member of the Natonal Asscciation of Chemical Distributors (NACD).
NACD members have dewveloped a pogram, caled the Respasible Distribution Process,
which outlines guiling principles an ekenerts to improve the saé handling of chemcak.
Commitment to the NACD Responsible Distribution Process is a condition of continued
membership. Although the JCAIT understoodthat Surpass had not yet completed its
program, the JCAT found sewral defciercies n Surpasss managenent system suchas
undocumented sardard operating procedues an lack d process hzad aralysis. A
timely and thorough implementation of the Responsible Distribution Process program by
Surpass may have uncovered these detiercies awl led to improvements in Surpasss
systemto manage reath, sakty, ard ervironmental concems.

The Clean Air Act requires a periodic (every 5 year) review of the list of substances
covered urderthe Rsk Maregenent Program (RMP) Rule. Undera recet modification
to the list of regulated sulstances br the RMPRule, only arhydrous hydrogen choride
and HCI solutions of 37% or greater will be covered (62 FR 45130,Augug 25,1997) As
this incident demonstrates, solutions with HCI concentrations below 37% may pose
potential hazads © human heath or the ervironmernt. The crcunstarces d this incidert
should be considered n ary future evaluaton of how to list HCI sdutions for the RMP
Rule.
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Appendix A
Joint Chemical Accident Invegigation Team (JCAIT) members

OSHA personnel who participated n the acailert investigation ard development of the accilert
report include:

Mike Marshall OSHA National Office

Kay Coffey OSHA Albany, NY Area Office

Margaret Raw®n  OSHA Albany, NY Area Ofice

EPA personnel who patticipated inthe acailert investigation ard developmert of the acailert report
include:

Breeda Rellly U.S. EPA Headquaters
Ellen Banne U.S. EPA Region I
Dilshad Peera U.S. EPARegion Il
Mohan Hede U.S. EPA Region |
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Appendix B
Industry Codes

These cdes ae listed for informational purposes.

D 409788 Standad Specifcation for ContactMolded Glas-Fiber-Reinforced Themost Resin
ChemicalRegstant Tanks1995Annual Book of ASTM Stardards, Secton 8 Padics ASTM 1916
Race $eet Philadebphia, PA. This stardard includesrequirements for materials, propetrties,
desgn, construction, dimensions, tolerances,workmanship ard appeaarncefor atmospleric pressue
alove-ground cylindrical tanks fabricated ky contact molding.

L 2

D 329988 Standadl Specifcation or FilamentWoundGlass-Fiber-Reinforced Thermost Resin
ChemicalRegstant Tanks1995 Anual Book of ASTM Stardards, Secton 8 Pagics ASTM 1916
Race $eet Philadephia, PA. Thisstardard includes equirements for materials, propetrties,
desgn, construction, dimensions, tolerances,workmanship ard appeagirce or atmospleric pressue
above-ground cylindrical tanks fabricated ly filament winding. This stardard covers both tanks
vented drecty to the amosplere ard to tanks vented nto a fume conservation system

*
Pamphlet 150Hydrochloric acid tank motowehicle loading/unloadingdedition 1; June 1996, The

CHhorinelnstitute.  Thiscodepresens guidarce or the saé trarspatation, handling, ard recept
of HCI in tank mator vehicles.
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Appendix C
Other Accidents Involving Atmospheric Pressure FRP Tanks

Collapse of FRP Tank at Wastewater Treatment Facility

In May, 1995, at a government-owned, contracior-operated fadlity outsde of
Cincinnati, Ohio, a 16900-galon fiberglass reinforced péagic tank failed ard cdlapsed.
Personnel were preparing the tank for testing and water was being added to fill the tank to
94%capady. Therewereno personnel injured nor ervironmertal impacts. A large pation
of the wage water treament syssemwasdanaged aul repars were edimated at $393000
ard required over a nonth to complete.

The tank ruptured atits base anl cdlapsed. Investigators found that the tank was
overfille d and estimated that the combined air and water pressure in the tank at the time of
the upture wasgreaer than 70 psg-- appioximately ten times the desgn pressure. The
directcause bthe acailert was bund to beadesgnerror inthetank overflow line. The root
cause was amadequat desgn review. Other contributing factors wee also uncovered.

Reference: DOE(1995) Type Binvedigation Report Collapse of Tank 343 Avanced
Wastewater Treatment Facility, DOE-FN-000195, May 20, 1995.
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Appendix D

Modeling of Venting Sysem
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Jy]\ MATRIX Engineering, Inc.

170 Highway 35, Red Bank, NJ 07701  Phone: (732) 747-9111  Fax: (732) 741-5553

February 6, 1998

Ms. Breeda Reilly

US Environmental Protection Agency
Mail Code 5104

401 M Street, SW

Washington, DC 20460

Re: Surpass Chemical Tank Failure

Dear Breeda:

Presented herein is my report of findings concerning the referenced
matter. This report is based on the documents reviewed to date and the
computer modeling of the tank failure scenario. This report may be
supplemented or amended subject to review of additional documents or other
materials relevant to the case.

Surpass Chemical Company is a repackager and marketer of muriatic
acid. As part of their operation, Surpass historically received tankwagon loads
of 20 Bé mwriatic acid for repackaging. The deliveries were received into a
fiberglass reinforced plastic (FRP) tank by pressuring the tankwagon to 22 to 25
psig (36.7 to 39.7 psia). On March 8, 1997, during the receipt of a load of
muriatic acid, the FRP tank failed leading to the release of approximately 5000
gallons of acid.

The tank was manufactured by Owens-Corning and is shown on the
design drawings to be 7°-7” in diameter and approximately 18’ straight side with
a dome roof. The design specification indicates that the tank was rated for a
maximum 10" WC operating pressure and was supplied with a 24" diameter
hinged vent at the top for vapor relief.

The filling line leading to the tank to which the tankwagon connected was
a 2" diameter PVC line discharging to the top of the tank. The 24" diameter vent
had been modified by Surpass to control the release of acid fumes during
delivery. The 24” hinged opening was bolted closed and a 3" diameter vent line
was mounted on the top of the tank and routed to near grade where it
discharged into a caustic solution in a 50 gallon drum. The purpose of the
caustic solution was ostensibly to scrub the acid fumes to eliminate an
environmental or personnel exposure concern. The drum was reportedly filled
with approximately 20 gallons of solution which was manually blended to 18 wt%
using 50 wt% NaOH solution.

Environmental Compliance Design Project Management  Safety
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The 3" diameter vent line was terminated within the scrubber drum by
fitting a custom fabricated diffuser. The diffuser was fabricated from PVC pipe
by drilling approximately 36 holes, each 5/8” diameter. After the accident, the
diffuser holes were found to be fouled with a crystalline solid.

The results of the initial accident investigation documented a timeline of
events which indicated that the delivery of muriatic acid totaled 47840 Ibs.
(49504 gals) and that approximately 80 minutes after the start of the off-loading,
the FRP tank failed and released its contents. Other subsequent consequences
of the accident led to the release of chlorine gas from a mixture of the muriatic
acid with sodium hypochiorite.

As aresult of the failure of the tank, the roof and a 5 foot section of the
shell of the tank separated and flew 15 to 20 feet to the top of the adjacent
building indicating that the tank had been overpressured. A computer model
was created to analyze the pressure profile of the tank during the delivery and to
evaluate the effect of the tank’s design features on the pressure within the tank.
The analysis of the pressure in the tank is based on an unsteady state mass
balance calculation routine. The parameters used in the calculations are
discussed below.

The tank pressure is at atmospheric pressure before the beginning of the
muriatic acid off-loading. The submersed diffuser within the scrubber solution
resulted in a backpressure during receiving operations equal to the hydrostatic
pressure of the solution within the scrubber drum. Therefore, no vapor flow
occurred out of the tank until the pressure within the tank exceeded this
superimposed backpressure. Based on the report of 20 gallons of solution in the
50 gallon drum, the maximum backpressure created by this solution is calculated
to be 16” WC (0.6 psig = 15.3 psia).

The delivery of the liquid into the tank caused an increase in the tank
pressure due to the reduction in the void volume of the tank. As the tank
pressure increased above the diffuser backpressure, vapor flow out of the tank
began. The tank pressure at any time was dependent on the rate of liquid flow
into the tank and the rate of vapor flow out of the tank.

The rate of vapor flow out of the tank is a function of the tank pressure
and the diffuser backpressure and was calculated using an orifice flow
calculation method for compressible flow. The pressure drop asscciated with
the flow of the vapor through the 3" vent line would further restrict flow, however,
this factor was considered negligible and was ignored in the modeling effort.

The rate of liquid flow into the tank is a function of the pressure in the
tankwagon, the differential head caused by the liquid being pumped to the top of
the tank, the backpressure created by the pressure within the tank and the
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dimensions of the delivery line and hose. The record indicated that the average
rate of liquid flow into the tank was approximately 60+ gpm based on 4947
gallons delivered in 80 minutes.

The computer modeling on this basis indicates that the tank pressure first
increased to overcome the diffuser backpressure and thereafter to establish a
sufficient vapor flow to equal the inlet liquid flow. During the liquid delivery the
tank pressure was calculated to reach approximately 15.3 psia (16"WC gauge).
This is more than the rated pressure for the tank but, nonetheless, failure of the
tank did not occur at this time.

Throughout the delivery of the liquid to the tank, the pressure of the liquid
discharged to the top of the tank is reduced below the pressure of the
tankwagon by both the line pressure drop and the change in liquid head. The
latter is the more significant factor. At the end of the delivery, as all liquid in the
tankwagon and line is vacated, the effect of the change in the liquid head is
quickly eliminated as the liquid in the line is evacuated and displaced with vapor.
At this point, the tank pressure increased sharply as the pressure within
tankwagon is relieved into the tank. The net pressure in the tank is the result of
the flow of pressured air into the tank which is only slightly offset by the
continued flow of vapors out of the tank through the diffuser.

At this point in the delivery process, the tank pressure quickly rises from
its pressure during liquid transfer. The peak pressure in the tank is dependent
on the available flow area of the diffuser. Two scenarios were evaluated to
demonstrate the effect of fouling of the diffuser holes. The first scenario is
based on no fouling. The second scenario assumes that the diameter of the 36
holes in the diffuser had been uniformly reduced to 1/4” from 5/8". Graphs of the
predicted pressure profiles of the tank under these conditions are presented in
the attachments.

Under conditions of no fouling the tank pressure at the end of the delivery
process was predicted to peak at 3.4 psig. Although this is significantly above
the recommended pressure limit for the tank, the prior use of the tank in this
service indicates that this did not exceed the yield point for the tank. In the
second scenaria where the diameter was assumed to be reduced to 1/4”, the
tank pressure peaks at approximately 12 psig.

The exact pressure which caused the tank failure was not predicted.
However, the configuration of the vent/scrubber system led to the operation of
the tank under routine operations outside the specifications of the manufacturer.
The fouling of the diffuser over time led to the further increase in the tank
pressure which eventually led to failure. The fundamental cause of this accident
was the improper design of the vent/scrubber system to control the maximum
pressure within the tank under foreseeable operating conditions.
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If you have any questions on this analysis, please contact me at your
convenience.

Very truly yours,
J. David Calvert, PE, CSP

Attachments

cc: Tom Uden - ICF Kaiser
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