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WESTINGHOUSE SAVANNAH RIVER COMPANY

INTER-OFFICE MEMORANDUM

I ianrivihy Piver Labomisry
s*u-mm-swoes

Date: April 18, 1991

To: John E. Anderson, Director,
Facility Safety Division,
Savannah River Operations Office,
U.S. Department of Energy P

From:  Douglas K. Craig W W -
NPSR Section, SA&RM

Subject: Review of WSRC-TR-91-22, Adverse Experiences
with Nitric Acid at the Savannah River Site

A number of changes have been made to the subject document in
response to the comments made by P.B. Maynatd (3/28/91). it should
ba noted that this document has already been used in its present
form by DOE-SR in a recent Chemical Hazards training course for DOE
staff.

Our responses to the specific points raised in the above
memorandum follow:

1). The intoduction has been expanded to include the major lessons
learned from the incidents described in the document;

2). The background discussion has been expanded to clarify the
fact that all pertinent information was extracted from the
original source documents wherever these were available.
Root cause analyses were not conducted for most of the
incidents described. Corractive actions taken after each
incident are, for the most part, considered to be specific to




the Savannah River Site and are detailed In the original
incident reports, *

3). Whenever details of a specific nitric acid-related incidents
were available, these were used to write tpanded
descriptions of those incidents. In the absence of such
reports, the remaining incidents identified lin the search of the
data banks were simply included in the document in abstract
form; they serve fo emphasize the nature|and frequency with

which the different types of incidents occ?urred:

4). The introductory paragraph 3.1 to Section I, Personnel
Injuries Resulting from Nitric Acid (page 68), has been
modified in an attempt to alleviate the conrcerns expressed by
the reviewer;

5). There is littie that can be done about the “conflicting data”
noted in DPSOL 158-2-4136 and the MSDS, since these are the
values as presented in the respective documents. However,
two additions have been made to paragraph 4.3, SRS Procedures
for the Handling of Nitric Acid. The first of these inciudes the
composition of the nitric acid to which the MSDS pertains,
while the second emphasizes the fact that the physicochemical
properties of nitric acid depend upon the lexact compaosition.
Changes in color are due to differing degrees of photolytic
decomposition to nitragen dioxide and water.

Thank you for the review. The comments and response have heiped to
make this an even more valuable report to those involved with nitric

acid.




WESTINGHOUSE SAVANNAH RIVER COMPANY

- . INTER-OFFICE MEMORANDUM

Date: April 19, 1991
To: Hank Hancock
From: Doug Craig

Subject: Revised WSRC{TR-91-22 Document

My coauthors and | have revised the above document on Adverse
Experiences with Nitric Acid at the Savannah River Site along the
lines requested by DOE-SR in the memo from Jo}m Anderson in late
March. | have also Included a cover memo to M. Anderson detailing
the changes that were made. | have copied both of these documents
onto the enclosed diskette, which still carries the -original document
should you want fo make comparisons. Bill Durant has reviewed and
approved both the revised nitric acid document and the cover memo..

If you have any questions, or require any furthér information, please
call me at 5-5277. Thank you very much.

*.
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ABSTRACT

Nitric acid is used routingly at the Savannah River Site (SRS) in many
processes. Howavaer, the Site has exparienced a number of adverse situations
in handling nitric acid. These have ranged from minor injuries to personnel to
significant explosions. This document compiles many of these events and
includes discussions of process upsets, fires, injurit-s. and toxic effacts of nitric
acid and its decomposition products. The purppse of the publication is to
apprise those using the acid that it is a potentially dangerous material and ca

react in many untoward ways as demonstrated by SRS experience.
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INTRODUCTION |

The Savannah River Site, operated for the U.S. JDepartmant of Energy by the
Waestinghouse Savannah River Company, continues to experience adverse
situations in the handling of nitric acid, one of th¢ most widely used chemicals
on the site. These situations include processing dielays, releases of radioactive
materials, equipment damage, and costs as a rasult ot uncontrolied chemical
reactions, fires, and injuries t0 operating personnel. The objectives of this
repont are to apprise those using nitric acid that it is a potentially dangerous
material and can react in many untoward ways as demonstrated by SRS
oxperience. Lessons learned fram the SRS | past experience should be
incorporated into training of operating, technical; and management personnel
who are either directly or indirectly involved in| processes using nitric acid.
Similar reports on other hazards shouid also be cpnsidered.

The scope of this document includes discussionsg on the significant hazards of
nitric acid from the perspectiva of uncontrolied chemical reactions, fires,
personnel injuries, and toxicological effects. :
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DISCUSSION
BACKGROUND

On March 5, 1990 concentrated nitric acid was mixed with an organic
decontamination agent which resuited in an explosion in an SRS
decontamination cell. Many factors lad to this incident, not the least of which
was a lack of knowledge on the part of personnsl invoived about the hazards of
the materials with which they were dealing. Ouring the course of the .
investigation, it was revealed that many incidents had occurred in the past at
SRS in which the primary cause was handling errorg with nitric acid. These
errors manifested themselves in the form of processing delays, releases of
radicactive materials, equipment damage, and costs as a result of uncontrolled
chemical reactions. In addition fires and personnel injuries occurred, and
toxicological concerns arose.

These incidents are catalogued in large data bases, called fault tree data
banks, and are maintained by theé Savannah River Laboratory for nuclear
materials processing facilities. Each of the entries is coded so that it can be
retrieved based on a wide variety of specifications, including the site location,
facility, unit operation, key word, date, and source document. Data are obtained
from many sources such as incident reports, prograss reporis, maintenance
records, service department files, and shift furnover iog books. A camplete
discussion of the data banks may be found in Referende 1. Information from the
data banks can be obtained by contacting the authots or by direct access by
thosa having a VM account for the mainframe computer system at SRS.

With specific application for this report, the data banks were searched for all
incidents in which nitric acid was involved in uncontrolled chemical reactions,
fires, and personnel injuries. Because the data banks contain only abstracts,
the original source documents were retrieved wherg possible, and an
expanded description of each incident was written for many of the events.
Some of the source documents did not contain additional pertinent information,
8o the abstracts, per se, were used. Each major subsection is prefaced by a
;:tism;ssion of the generic causes and significance of the particular category of
neident.

These incidents point out vividly that when nitric acid is being used, the
personnel involved must be aware of the controls that are essential for safe
operation. Consideration must be given not only to the compatibility of the
materiais employed, but to coniroliing rates of addition, concentration,
temperature, agitation, order of addition, transfer routes, and protection of
operating personnel and equipment. It is hoped that these case histories and
other information vividly illustrate the need to maintain a continuing respect for
the hazards associated with the use of nitric acid.

Wl
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I chICDONTFIOLLED CHEMICAL REACTIONS WITH NITRIC
ACl

1.1 UNCONTROLLED CHEMICAL REACTIONS WITH NITRIC
RESULTING FROM INCOMPATIBLE MATERIALS

As noted in the Material Safety Data Sheet for nitric acid, Section IV of this
report, more than 250 materials are listed as being incompatible with nitric acid.
This list is by no means complete. Many of thg reactions that have been
experienced at the Savannah River Site have been with other materials. Sixty
one incidents of uncontrolled reactions invoiving nitiic acid are presented. The
primary lesson that shouid be lsarned from this gection of the report is that
before nitric acid is mixed with or stored in any matdrial, the compatibility shouﬁq
be determined. The investigation should be comptehensive because reliance
icm ? sglgle source of information may not adequately indicate the hazard
nvolved.

1.1.1 Explosion of Nitric Acld and an Organic Foaming Agent

On March 5, 1990 the violent rupture of & decontamination solution feed tank
was caused by an oxidation reaction between drganic foaming agent and
concentrated {50%) nitric acid. The internal forces generated by the reaction
were Isufﬂclant to exceed the maximum design rating of this feed tank by a large
margin.

to July 13, 1988. Savannah River Laboratory (SRL) had been given a mandate
to locate and adapt for use at the Savannah River Site (SRS) improved
decontamination equipment and/or techniques. The goal of this search was to
reduce decontamination wastes and speed up decontamination procedures.
On July 13, 1988, as a result of an SRL invitation, representatives of a chemical
company visited the SRS. The purpose was to demonstrate their machine
which coutd be used with air and their ptoprietary foaming agent to create
different consistencias of foam. SRL thought that the foam, by adhering to a
surface for extended periods, possibly could be useful in decontamination of
radioactively contaminated equipment.

Although the incident occurred in 1980, ct:rntril:rutinsl events were initiated prior

The decontamination referred to above was not successful, since no satisfactory
foam was demonstrated. Despite the initially poor test resuits, SRL personnel
pursued thelr investigation of the chemical company's products and equipment.
SAL engineers went to the chemical company's site to view a demonstration
using another product which had been approved tor use at the SRS. On June
8-9, 1989, a successful demonstration was heid at the TNX facility at SRS. In
each case the foaming agent was mixed only with water o demonstrate the
consistancy, adherence qualities, and longevity ot the foam.

Involved personnel were aware that, in actual use, a decontamination agent .
other than water would have 1o be added. The only purpose of the foam was 10

3 "
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keep the daecontamination agent in contact with the contaminated surface for an
gxtended period. SRL was asked to study four mixtures of the chemical
company's foaming agents to determine their compatibility with waste tank
chemistry. Each was approved for moderate use. There was no evidence that
compatibility of the chemicals with nitric acid or othier SRS decontamination
solutions was evaluated, even though the study did point out that the material
involved in the incident contained organics. Use of nifric acid with their product
was discussed with the chemical company's persornnel, but the discussions
centered mainly around the compatibility of the materials used in construction of -
thelr equigment with the acid. The possibility ot a |violent reaction was not’
mentioned. '

As a result of these successful tests and studies, the Waste Management |
Operations {(WMO) engineer was toid by his manager to order the chemical °
company's unit for possible use at Building 289-H to decontaminate
contaminated equipment. The unit was received onsite in mid-August, 1989. At
about the time of its arrival, the need arose for decontémination in and around a
concrete concentrate transfer system (CTS) pit in the iH-Area tank farm. it was
thought that this equipment would be helpful there. The unit underwent a safety
inspection upon receipt onsite. After addition of a pregsure reliet valve, the unit
was approved for site use. Chemicals to be uspd in the unit were not
addressed and no procedure for its use was reviewed as part of the safety
inspection. :

Upon instructions from his manager, the WMQ engineer wrote a special
procedure, intended for use at the CTS pit. This engineer had never seen a
special procedure before, and had no training in procedure writing or
administrative procedures of the Interim Waste Manegement Organization. He
had not been assigned a "mentor” to whom he could normally go for advice.
The procedure was vague and based largely on vendor literature. It did not
specify which or how much of the chemicals to be mixed, but required the
operator to get instructions from the WMO engineer prior to charging the feed
tank. It also did not specify how to determine proper foam consistency, aithough
it required the operator to do so.

Despite the deficiencies in the procedure, it was approved by a Waste
Management Technology (WMT) engineer, a WMQO manager, and a Heaith
Protection (HP) supervisor. The WMT engineer and WMO manager thought at
the time they signed the procedure that it would be used only on the CTS pit,
although this was not specified in the procedure. As a Waste Management
special procedure, it should have been for one-time use only. There was
nothing on the procedure to indicate this, and this fact was not known to the
WMO engineer, who had been on the job less than six months. He had not
been trained in the use of special procedures.

The unit arrived in the field too late to be utilized for the CTS pit. It was
subsequently brought te maintenance building 289-H for use in

decontaminating equipment. The special procedure prepared for the CTS pit
was never rewritten or reapproved for use in 299-H. Thers was no Process
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requirement for a PHR on new equipment was vague. The PHR for the 299-H
facility had received a periodic update on March 20, 1989, well before the
purchase of this equipment. The PHR specifically mentioned the possibility of a
violent reaction when mixing organics and strong axidants. The PHR was not
reviewed by any party associated with this incident.

Hazards Review (PHR) performad for this equipn%ent prior to use, since the

The first use of the equipment in Building 299-H; using the original special
procedure, was in December, 1989, for decontaminating a slab tank. Nitric acid
was used with the foaming agent based on a successful use of these two
chemicals at West Valley, Naw York. West Valley had used dilute rather than
concentrated nitric acid, but concentrated nitric aci¢l was used in each casge at
Building 209-H. This was done despite the fact that the Material Safety Dat
Sheet provided by the chemical company with their product specifically warned
against the use of concentrated mineral acids with the foaming agent. This first
use of the acid was very successtul, both in speeding up decontamination and
in reducing waste volumes.

On January 3, after the first use of the unit with tha foaming agent and
concentrated nitric acld, the rasults of the décontamination effort and

composition of the mixture were formally reported fo SRL and the chairman of

the site decontamination committee. No questions were raised by SRL or the

decontamination committee regarding the mixture ¢f nitric acid and tha organic

based foaming agent. i

A number of site resources were available to involved SRL, WMT, and WMO

personnel that could have readily identified the hazard. These included a

number of highly experienced and competent chemists and enginsers who

would have recognized the danger, and a comprehénsive SRL data base which

contained site history of many uncontrolled reactions between nitric acid and

grgargcs. Neither the WMO engineer nor the SRL angineer was aware of the
ata base. '

Throughout this entire sequence of events, the role of SAL and WMT in
introducing this unit into site service was largely passive. SRL made the initial
contact, obtained a successful test at the site, put WMO engineer in contact with
the vendor, ran some reiated decontamination tests on several chemicals at
Waste Management request, and then provided no iadditional support. SRL did
not view field tests, review procedures, or bring kriowledgeable personnel into
the picture. There was no documented protocol or procedure for the method to
be used by SRL to transfer their expertise or knowledge of new equipment into
the fleld. WMT approved the special procedurs, but apparently had no other
involvement with the operation. i

The WMO engineer contacted vendor personnel and asked about the use of
nitric acid. He was told t0 go ahead and try it. This advice was given despite
the fact that the Material Safety Data Sheet warned against the use of
concentrated mineral acid with the foaming agent. The term "mineral acid” is
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not commonly used. This term was unknown to any of the Waste Managemaent
personnel using this unit, and apparently did not alert anyane during the review.

Throughout January and February this unit continued to be used approximately
ten or twelve times with a mixture of nitric acid and foaming agent in Building
289-H, always with the same procedure. The amounts of chemicals vared, and
were never measured. The amount of foaming agent used in each case was
considerably less than that used when the incident becurred. There is no way
to measure the chemicals when they were In the feed tank, as the metal walls
were opaque and no graduation marks existed. The investigation board could
find no record that procedure steps were initialed when they were completed,
as required. \
On the day of the incident, the WMO manager mét briefly with the operator.
before lunch to discuss decontamination of two valves in the rapair cell after
lunch. They did not review the procedure. The Matgrial Safety Data Sheet had
also not been reviewed by the operator. The WMO manager was {0 go in and
look over a pump being run in in the same cell whilp the operator charged the
fead tank and applied the foam. A second operator was to be their safety
backup outside of the cell. The operator's previous taining for the job consisted
of watching the WMO engineer mix the foam solutidn one time. That time the
engineer had not been able to obtain one of the ciemicals he wanted, so he
added nitric acid and the foaming agent in an pproximate ratio of 20:1.
Approximately the same amount of nitric acid had be}n used each time.

After lunch the two dressed out in plastic suits with air supply and entered the
cell. The WMO engineer, who was called for by procedure to specify chemical
addition amounts, was In the building and knew! of the job, but was not
consulted on amounts. There was already a copy of the procedure inside the
calll. The Operator was not aware that a special procedure was for one-time use
oniy. !

While the WMO manager went to the pump, the opefator opened the feed tank
10 add nitric acid. She had no control of the addition, and had to bang on the
floor t¢ signal the backup opaerator to start and stop the acid flow through a
lance into the feed tank. Because of the inadequ#te procedure, she added
about two gallons of the foaming agent, or approximately elght times the
amount previously added. There had bean no previous incidents with nitric
acid and the foaming agent. After securing the feed tank lid and rocking the
tank back and forth on its wheels to mix the chemicals, she turned on the air
prassure to the tank,

Shortly therezafter, yellow fumes emerged from the pressure relief valve. The
WMO managar, now fully attuned, toid her 1o turn the air off, which she did. As
the relie! valve emitted an ever higher pitched whistle, he shouted for her to get
behind the pump repair stand. Shortly atterwards the feed tank ruptured
violently, hurling jagged pleces of metal throughout this celi and Into the two
adjacent cells.
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Nothing in the operator's training or the procedure had prepared her for this
kind of event, She had not been told what to do in ¢ase of an emergency in the
cell and had only been at Building 299-H for sixteen months. Even though the
WMO manager was giving her little direct supervision, had the WMO manager
not been in the cell with the operator to direct their actions, the results could
have been much more serious. .

1.1.2  Pressurization of a Cabinet Dissolver

On January 12, 1988 an operator was charging slag and crucible (S&C) to a
dissolver when there was a vigorous reaction in the dissolver. When chargin
was in progress, the operator found a piece of slag too large to fit through thg
charging funnel. He removed the funnel and charged the piece of slag to th
dissolver. Immediately after the piece was charged, the operator heard a loud
noise and observed white sparks and a large quantity of gas being emitted from
the dissolver hatch. The gas generated was sutficient to push the operator's
hand away from the charging hatch. The operater examined his hand before
pulling out of the glove 10 make sure that the glgve had not failed and then
pulled his hand out of the glove. As the operator went to monitor on the count
rate monitor (CRM), the constant air monitor (CAM) alarmed. The cperator left
the room and was monltored by Health Protection.. The operator received skin
contamination to a maximum of 1000 d/m alpha and was successiully
decontaminated.

Investigation by Savannah River Laboratory personnel Indicated that the
incident was most likely caused by the rapid dissolution of a large piece of
exposed calcium metal in the slag. '

1.1.3 NOx Fume Generation in a Cold Feed Sump

On August 10, 1987, a cold feed sump overtiowed during the transter of material
in a caustic tank to the sump. The overllow occurred whaen the caustic drain
header backed-up due to line pluggage. NOx fumes from the reaction of
residual nitric acid in the sump and the materia! in the caustic tank were present
on the sixth level of the bullding and were carried to the fourth level via a
dumbwaiter Joining the levels. No operating personnel were affected by the
Incident. However, one security person reported a headache, tightening of the
chest, and minor skin lrritation. Thae security individual was accompanied to
Medical at the end of his shift. After approximately two hours of observation the
individual was released. The individual reported back to Medical at the start of
the shift the following day and was put on light duty for 24 hours. The material
which overflowed was cleaned up and the facility retumed to normal conditions
after about 8 hours.
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1.1.4 Pressurization of a Cabinet Dissolver

On July 22, 1987, two production operators, each with two month's ot FB-Line
experience, were charging a cabinet dissolver with| plutonium mstal turnings
and fragments per a special procedure. The first operator charged § of the 12
vials of turnings without incident. The second operator continued with vial 6
and when he charged the 11th vial, the dissolver was momentarily pressurized.
The operators stated that they observed reddish-prown fumes and sparks
erupting from the dissolver charging hatch. They also could hear a "rush” as the
fumes exited the hatch, At the same time, the room cpnstant air monitor and the
high volume air monitor alarmed. The operators immediately exited the room to
the elavator vestibule.

4
Reaction betwaen exposed calcium in the turnings and fragments matrix and |
nitric acid in the dissolver solution hesl caused the generation of copious
amounts of NOx fumes. The dissclver and charging space wara momentarily
pressurized, expelling small amounts of plutonium meta! fines (red sparks) and
molten calcium droplets (yellow to red sparks). Airborne concentration of
radioactivity in the process room was calculated to ‘be 20 x 10-12 microcurle
Pu/cc air based on an impactor air sample.

The charge of plutonium was about twice that normally processed in a given
batch. The Savannah River Laboratory, the research and development arm for
the site, was consulted on the chemical and safety implications of charging an
increased amount of plutonium metal turnings and fragments. An experisncsd
chemist said there would be a larger quantity of NOx fumes generated but failed
1o recognize the hazards. i

1.1.5 Pressurization of a Cabinet Dissolver

On July 15, 1987 a heat up was made of a disgsolver run. Aluminum nitrate
nonahydrate was added and the vessel was reheated. The vesss! pressurized
and approximately 20 killograms of solution spilted to the sumps.

1.1.86 NOyx Fume Generation In Old Coid Feed Sump

On May 21, 1967 NOx fumes were generated in the Old Cold Feed Preparation
(OCFP) area of Building 221-F. One operator who became nauseated exiting
the crane maintenance area was examined and released by area Medical
personnel. The fumes were generated by nitric acid draining into the caustic
drain sump, which contained a small amount of sodium nitrite. The fumes
quickly dissipated and normal operations resumed.

The floor drain collection, acid drain header collection, and caustic drain
header coflection sump discharged through a common header to Building
211-F. In this instance, the sump was to be transferred via the aiternate steam
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jot because of problems with the pump normally used. The operator opened
the jet discharge and suction valves and then the sieam valve. When the steam
valve was opened, fuming occurred In the sump. Apparently acid from a
previous transfer from the floor drain collection and the acid drain header
collection tanks drained back from the common discharge piping into the sump
and reacted with nitrite in the sump. A sample of $olution taken from the sump
after the incident reveated a pH of 3.4 with 0.02M nitrite present. The pump
normally used to transfer solution out of the sura‘p is equipped with a check
vzve 1o prevent drain-back. The transfer jet wasg not equipped with a check
valve. i

Pravious incidents with the system have identified deficiencies (interconnectad
piping, sumps, and no tank in the sump location, position) in the design that
make it difficult to keep acidic and basic solutions separated and to contain
fumes when they occur in the open sump. '

1.1.7 :ale:tlon of Phenolphthalein Indicator with Nitric
1]

On May 7, 1987 acid fumes were emitted in the hot sample aisle because of a
reaction between phenoiphthalein and nitric ‘acid mixed together in a
phenolphthalein solution bottle. No personnel injury occutred.

The operator was loading the sample aisle cart with door stops when ha began
to smell acid fumes. The sample aisle cart contained a bottle of
phenciphthalein solution, which is used In waste sampling to determine
alkalinity of the waste solution befors transfering to Waste Management
facilities. He noticed that the phenclphthalein; bottle was expanding and
contracting and that yellow fumes were coming out around the top of the bottle.
The operator pushed the cart away from him and ¢tepped back. The bottle fell
off the cart and hit the floor. The top came off and solution spilled on the cart,
floor, and ledge of the sampie aisle. Health Protection psrsonnel used a
Draeger tube to determine that the fume concentration was 30 ppm nitric acid.

Eight molar nitric acid is used to flush the sampler piping after sampling. The
same type of plastic bottles are used to store both acid and phenclphthalein in
the sample aisle. New bottles are sent to Building 772-F to obtain
phenoiphthalein and are labeled by laboratory personnet at that time. The
bottle involved in the incident was clearly marked as phenolphthalein and
{agged as flammable. Eight molar nitric acld is obtained from the sample tap on
a cold feed head tank. Someone poured nitric acid into a bettle that contained
phenolphthalein resulting in a vigorous reaction.

1.1.8 NOx Fume Generation in Old Cold Feed Sump

Strong NOx fumes were generated in Old Cold Feed Preparation (OCFP) at
7:35 a.m. on April 18, 1887 when nitric acid overfiowed the sump and reacted

g %
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with a mild steal grating over the sump trough. OCFP in the Building 221-F
¢anyon and portions of FB-Line were evacuated for about four hours until the
fumes cleared. |

There are two tanks, three sumps, and one troughl in OCFP. The trough Is
connected to the first sump and contains the overtiow piping from the two tanks.
The first receives solution from floor draing and sumps.. The second tank
receives solution from the acid drain header whilgd the third sump receives
solution from the basic drain header. The two tanks overflow to the second
sump and drain to the first sump trough. Under normal conditions, the two tanks
and the third sump are automatically transferred to the general purpose (GP):
evaporator feed system in Building 211-F. The two tahks and the third sump are
transferred to Bullding 211-F by means of a commaon line. Normally, the first!
and second sumps automatically pump solution back into two tanks. Howsver,
the first sump pump presently works only when started manually. The first sump
trough and third sump can be manually transferred by steam jet to the GP"
evaporator feed system, All three sumps overflow inta each other.

The first tank pump falled in early Aprit and was. In the process of being
removed when this incident occurred. A special procedurs was prepared to
lock out all pumps in OCFP prior to making the line breaks required to remove
the first tank pump. After the line breaks were made and a blind flange was
installed In the first tank discharge line, the second tank pump and second and
third sump pumps were re-energized. In order to prevent the transfer of
additional solution into the first tank, the first sump pump was left de-energized.
Since the first tank was not taken out of service, the special procedure also
required that the first tank be drained once a shift to| the first sump trough and
manually transferred by steam jet to Building 211-F. ' In the event that the first
tank overflowed to the second sump, it would automatically be transferred into
the second tank.

At 7:30 a.m. on April 18, a cold feed head tank containing 50wt% nitric acid was
emptied to the acid drain header in preparation for making up solution to a
canyon flush tank. A Separations supervisor was notified that NOx fumes ware
seen in OCFP. The supervisor and an operator donned Scott Air Packs and
entered OCFP. They found a dense cloud of NOx fumes in the area around the
tanks. They also saw that solution was above the tap of the first sump trough
but contained within the 8-inch dike around the tanks and sumps in OCFP. The
supervisor and operator put on plastic sult pants and entered the diked area
around the tanks. They found the second tank pump turned off. The second
tank pump was started and the solution in the first sump trough was manually
transferred by steam Jet to Building 211-F. In order to expedite exhausting the
fumes, several doors around OCFP were opened to increase the air flow.

Investigation revealed that there was no procedure to cover routine operation of
the tanks and sumps in OCFP. This led to an unclear understanding by ditferent
shifts about how pumps and valves should be left during normal operation.
While the special procedure was written correctly for operation in OCFP during
the repair and installation of the first tank pump, it was thought by some

10 I‘&
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supervisors that the second tank pump should be turned off. Since the second
tank pump was turned off, the solution being drained from a head tank
overflowed to the second sump. The second sump solution was automaticaily
transferred back into the second tank which continued to overflow to the second
sump. The second sump then overflowed to tha first sump trough. When the
first sump trough filled up, the nitric acid cama in: contact with the mild steel
grating and generated NOy fumes. As a result ofithe strong NOx fumes, two
levels in the canyon and one level in FB-Line were svacuated.

This incident was caused by the lack of a procedure for routine operaticn ‘in
OCFP and the supervisor not following the special procedure written for the

pump replacement. ‘
\n
i

1.1.8 NOx Fume Generation in Old Cold Feed Preparation

On December 11, 1986, the sodium nitrite (NaNO2} coid chemical makeup tank
in Bullding 211-F was being emptied to the basic drain sump through the
canyon head tanks per a special procedure. A ichemical reaction between
nitrite and nitric acid in the drain sump occurred generating NOx fumes. On
December 12, after flushing the sumg thoroughly WirEh water, a second cold feed
tank of NaNOg was smptied to the basic drain sump. Again NOy fumes were
detected coming out of the sump in Old Cold Fead Preparation (OCFP). Both
times transfers to the basic drain header were stgpped and the drain header

and sump flushed with water.

The nitrite had become contaminated with uranium subsequently contaminating
the a process stream with uranium. The nitrite cold chemical feed tank required
emptying and flushing. A special procedure was ssued to transfer the nitrite
into the head tanks of Building 221-F and drop the soiution to the basic drain
header. This is the usual mathod for emptying dold teed tanks that are not
within specifications. Solution from the drain header is collected in a sump in
the OCFP area in Building 221-F. The sump solution is transferrad to the
ganeral purpose evaparators in Building 211-F via a skimmer.

At 10:00 a.m. December 11, operating parsonnel began emptying the makeup
tank to the sump via several head tanks. At approximately 11:05 a.m., brownish
fumes were obsarved south of the sump by a production operator who was
assisting construction personne! working on the adjacent tank. The cperator
obtained help from a Health Protection (HP) inspector. At 11:10 a.m. HP made
an announcement over the PA system to evacuate two levels in Building 221-F.
Before the announcement was made, there was an attempt to contact the
control room, but all lines were busy. No one notified the Area Emergency
Coordinator (AEC) in Building 221-F control room of the problem. Fumes
traveled up the FB-Line elevator shaft causing 14 peopie, including a securty
inspector stationed at his post, to evacuate when they heard the PA
announcement, The FB-Lina control room supervisor notified the plant
amergency opserations center of the evacuated security post in FB-Lina. The

LAY



L TR,

WSRC-TR-91-22, Rev. 1
June 1991

AEC in Building 221-F control room became aware ofithe situation when called
by the emergency operating center. !

Appearently a reaction between strong acid and theisodium nitrite occurred.
There are saeparate acid and basic drain headers designed to prevent mixing
incompatible chemicals. The acid drain header solutions are collected in a
tank. The nitrite head tanks drain and overflow to the basic drain header for the
specific purpose of preventing reactions with acid. How the acid got into the

basic drain sump is unknown. An unexplained accymulation in a sump had .
bean occurring for days, but stopped prior to th} first nitrite drop. The

unidentified sump selution could not be sampled due
sump. There are two sources of solution to the sump: Building 221-F canyon
and FB-Line. The source was thought to bé FB-Line since closing an isolation

valve on the canyon haader to the sump failed to stop 'the build-up, There is no !

isolation valve on the FB-Line drain, but checks and ¢ross-checks by FB-Line
personnel failed to find a source of acid to the sump.

A total df four people were evacuated from OCFP. Fourteen people were
evacuated from FB-Line Including iwo Laboratories Depariment employees
who reported to Medical as a precaution. Three pecple were trapped in FB-
Line due to the security doors. The NOyx concentration in OCFP, and two lovels
was greater than full scale (25 ppm) on the particular l;braeger tube available.
1.1.10 Reaction with Sodium Nitrite Flugh In'a Sink

On October 7, 1986 sodium nitrite was dumped info a sink in FB-Line and
fiushed with water. Orange fumes evolved into the room,

1.1.11 Reaction In a Cabinet Dissolver

On September 16, 1988 a slight reaction occurred during charging of a
dissolver which resulted in fuming. ‘

1.1.12 Reaction In a Cabinet Dissolver

On May 18, 1986 & dissclver pressurized on the the second steam addition. An
undetermined amount of liquid was found in the sump.

1.1.13 Reaction of 64% Nitric Acid with Filter Housings

On February 18, 1886 a 4-dram, capped vial containing 64% nitric acid, used as
a leach of sludge received from an H-Area tank, erupted in a hood located in a

taboratory module. The acid leach had been submittad for determination of the
mercury content by the Direct Current Argon Plasma Spectrometer (DCAP).

12
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The eruption scattered glass particies throughout the 12' x 24° module and into
an adjoining corridor,

Sludge samples from H-Area tanks were received by Separations Technology
in Building 772-F for determination of mercury content on February 14. The
tanks are dilute waste tanks from the acid recoyery system. Separations
Technatogy personnel leached 100 grams of the sludge from each sample with

100 millilters of 64% nitric acid at 859C for four hours in an open beaker. After
settling, approximately 15 milliiiters of the lower layer of the solution {aquecus
phase) from each sampls wera transferred by siurry pipet into 4-dram vials and
submitled to Laboratories Department for determination of mercury content.
Each sample was enclosed in a secondary plastic vial. ‘

As previously noted by Separations Technology, some particulate material

remained in the samples when they were delivered ,io Laboratories Department.

The technical analyst drew allquots from the 4-dram vials using a syringe with a

Centaur chemical externa! filter attached 10 the throwaway pipet tip. Aliquots of

the water leach blanks were successfully pipetted into 2-dram vials, Howaver,

when the analyst attempted to transfer the aliquot from the first acid leach the

Centaur filter kept disengaglng from the buret tip and falling into the 4-dram vial. -
Three filters fell into the vial before a sufficient aliguot was taken. The filters

were left in the sample vial; the vial was mppeq;l and placed back into the

secondary vial. The fiiters ware in approximately 6-8 mi of 64% HNO3, No

problems were encounterad while transferring tﬁe aliquot from the second

leach sample. ;

At approximatsly 1:30 p.m., all laboratory modules in Building 772-F were
evacuated of personnel as a precautionary measufe because of the loss of an
alectrical transformer in the area. At 2:15 p.m.| while all of the laboratory
modules were still evacuated, the sample vial containing the residual 4% nitric
acid and filters erupted.

Subsequent investigation showed no pressure buildup in any other sample
vials in the laboratory. The spun polyethylens filters which had been in the vial
that erupted were still intact, but the housings which held the filters had been
completely dissolved by the acid. The filter housings were later determined to
be made of Delrin’, which is a crystalline polymer of formaldehyde. Although
Delrin had been tested by the manufacturer for an extended period of time in
10% nitric acid with no adverse effect, it was not racommeanded by them for use
in strong acids, bases, or oxidizing media. Subsaquent testing of the fliters
showed that there was a visible reaction with 64% nitric acid within two minutes
and the housings were completely dissolved in 20 minutes.

1.1.14 Reaction in a Cablnet Dissolver

On Octobar 25, 1985 when the second steam was put on a cabinet dissotver,
the vessal pressurized and liquid overflowed to the sump.
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1.1.15 Reaction in an Oxide Dissolver

On December 12, 1984 an oxide dissolver fumed and boiled over into the
cabinet.

1.1.16 Reaction In an Oxide Dissoclver

On November 19, 1984 an uncontrolled reaction occufrred in an oxide dissolver.

1.1.17 Reaction In the Oxide Dissclvers

On November 12, 1884 uncontrolled reactions ocfcurred in both an oxide "“.
dissolvers. :

1.1.18 Reaction In the Oxide Dissclvers

On November 7, 1984 violent reactions occurred \é:hen charging both oxide
dissolvers. Oxide for these charges looked like iron ryst,

1.1.19 Reaction of Celloiose Towels and Nitrlc Acid

|
On October 13, 1983 a cabinet waste bag, located in a mechanical line
maintenance hut, pressurized with heat and NOy fumes resuiting from a
cellulose - nitric acid reaction. The fire detection and suppression system for
the room had been previously deactivated. THe bag was placed in a
galvanized drum, cooled with water and neutralized without further incident.
On the 8-4 shift, maintenance repaired a leaking flange in the mechanical line
pickling cabinet. The vessel receives spent nitric acid and rinse water from the
pickling and rinse tanks. At the completion of the: job, production operators
removed liquid (approximately 4M nitric acid) at the bottom of the panel.

Initially polypropylene wipes were used. When the immediately available
supply of these wipes was consumed, an approximately 10-inch stack of
cellulose based towels, "Handl-wipes”, were used to complete the job.

The *Handi-wipes* were double bagged as hot waste along with other cabinet
waste including nylobraid lines, a crescent wrench, and rubber and leather
gloves. Approximately one hour later the bagged wﬁsto was found by the 4-12
shift pressurized and emitting rust colored fumes in the maintenance hut.

|

Operatars did not follow the existing proceduré. *Cleaning Wet-Cabinet
Sumps”, and used cellulose wipes to clean an acidic sump. The procedure
states, "Acid-soaked atomic wipes or towels are a firg hazard.”

14
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1.1.20 Reaction in Old Coid Feed Probara lon Sump

On August 26, 1982 two operators attempted to jet out the floor drain collection
tank contents from the sump. Acid fumes went airborne whan the outlet side of
the steam jet was opened. Another tank had been jetted previously and acid
left in the outiet side of the jet flowed back into the sump causing a chemical
reaction with some unspecified material. !

1.1.21 Nitric Acld and Aluminum Reaction

On August 24, 1982 a chemical reaction occurred|in a laboratory hood during
dissoiving of aluminum with 10 mi of nitric acid reLuIting in a technician bei%
sprayed. The technician used the safety shower immediately, but still had a
small spot on the right side of the face close to the eye.

1.1.22 Eructation of Acld Solution from a Cold Feed Tank

On July €, 1982 while making up a decontamination soiution of 12% HNO3 and
0.2M NaNO2 in a cold feed tank, the liquid eructed from the tank and splashed
on an operator, striking him on the back of his head and coveralls. The operator
immediately proceeded to the nearest safety shower (about 20 feet away) and
began to flush the solution off. In less than one minute, he noticed large
amounts of brownish fumes coming from the tank;, and went Immediatsly to a
second safety shower, located 110 fest away. After continued flushing for 15
minutes, the operator was checked by both Health Protection and Medical
Departments. There was no contamination of the operator's skin or clothing,
Medical found no burns or Injurles, and the operator returned to normal duty
that atternoon.

The solution was used to decontaminate a failed canyon vessel. Acidified nitrite
flushes are aiternated with 20% caustic flushes of the failed vessel. This
particular tank makeup was performed using an approved special procedure
anddhad besan completed without a reaction at least twenty times prior to this
incident.

The normal makeup proceeded as follows: After confirming that the tank was
flushed and empty, 6000 pounds of water and 200 pounds of sodium nitrite
(NaNOQ2) pellets were added to the agitated tank. The nitrite addition takes
approximately 30 minutes. Whan the nitrite addition is complete, 50% nitric acid
is added by opening a valve from the acid header. When 1920 pounds of nitric
acid have been added, the valve is closed giving a flush solution of 12% nitric
acid and 0.2M sodium nitrite. On this particular makeup, the eructation reaction
took ptace almost immediately as the acid addition was started. The cause of
this incldent is not known.
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1.1.23 Nitric Acid Reaction with Urethane sfponge
|

the corridor outside of the Scrap Recovery Facility. Urethane sponges
contained in the can had been used for cleaning the cabinets in Scrap
Recovery. The pressure from the reaction breached jthe taped seal on the five-
gallon can and orange fumes emerged. An operator noticed the fumes and
notified supervision. As a precautionary measure, all nonessential personnel
were evacuated from the immediate area. The can was placed in a room to
contain the possible spread of contamination. ;A production supervisor
transferred the contents of the can into a stalnless sieel bucket and perforated

On February 24, 1982 a reaction occurred in a five-ja!lon waste can located in

the inner containment bags. The reaction ceased after about five liters of water,

were added to the bucket.

immediately following the incident, airborne contamination in the corridor
adjacent to the waste emitting fumes was 85 x 10°12 micracurie Pu/cc of air and
contamination on the covered floor adjacent to the waste was € x 10+6
d/min/it2. The surrounding floor area was contaminated up to 1 x 10%4
d/min/ft2,

The cause of the fuming was urethane nitration caused by the reaction of the
synthetic urethane sponges, used for ¢cleaning, and rﬁtric acid condensate. The
sponges had been rinsed with water after use and packaged in “Celite™ per the
procedure when being bagged out. '

1.1.24 Acld Reaction with Synthetic Sponge

On February 4, 1882 a reaction occurred in a ¢abinet of HB-Line Scrap
Recovery Facility. A waste package which had besen prepared for removal gave
off arange fumes and light gray smoke. This incidept was initially detected by
two operators working in an adjacent cabinet. One operator immediately
notified the supervisor who manually activated the Halon fire suppression
system as a precaution against possible ignition of the material. Immediate
followup examination determined that the reaction had totally ceased and the
matarial involved was a sponge, a polypropylene filter bag, and a used
five-layer cabinet glove. The sponge was almost totally disintegrated, the used
cabinet glove was stightly discolored, and the filter bag was unaffected.

The manual activation of the Halon fire suppression system did not sound
alarms on the HB-Line fire zone master pane! nor in the H-Canyon control room
as it should have. The Fire Department was notified by phone.

The cause of the fuming was the result of ceilulose nitration caused by the
reaction from a synthetic celiulose sponge and nitric acid from cabinet cleaning.
Nitric acid (64%) is used in process dissolving. Some HNO3 condansate is
normal in the cabinet. The sponge was located inside of the used cabinet glove

16 % .
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for purposes of transport to the bag-out cabinet. Both items were waste
products awalting disposal from the adjacent cabinet.

The sponge had not been rinsed with process water as required by procedure
to remove residual acid.

' 1.1.25 Reaction of Phenolphthalein Indicator with Nitric Acld

On June 12, 1981 two operators in the warm sample aisle were sprayed with
64% HNO3 whan a polysthylene bottle ruptured after being pressurized by a
chemical reaction. Both operators showered imme Iimely.

| !
As part of a routine housekesping assignment, an operator was obtalning a
64% HNO3 solution for use in decontaminating sample boxes in the warm
sampie aigle. No written procedure was provided for obtaining or handting the
acid. He obtained a 4-liter polyethylene bottle laQeied "PHENOLPHTHALEIN
IND" from the sample aisle and carried it to the third leve! to withdraw acid from
a head iank. He tailed 10 read the label and assumed that about one-half inch
of indicator solution in the bottle was 64% HNO3 left over from previous.
decontamination. He added about two liters of 64% HNO3 from a head tank
and capped the bottle. :

The other operator was completing a separate assignment on a second tank,

located approximately twelve foet west of the first tank, when she observed the

color of the solution in the bottle change from cléar to orange and the bottle

g;agln 1o swell. At that time, the bottle ruptured and sprayed an acid mist in her
rection. o

The first operator was wearing acid protection equipment and sustained no
injuries after showering. The operator who sustained minor facial burns after
showering, was wearing only regulated clothing. Her eyes were protected by
her satety glasses.

The operator's negligence caused the incident. The 4-liter polyethylene bottle
ruptured due to the increased pressure resulting from the vigorous reaction of
the 64% nitric acid with the ethyl alcohol contained in the phenciphthalein
indicator solution. The indicator soiution normally contains approximately 50%
ethyl alcohol (volume) which reacts with nitric acid to form ethyl nitrate and
water.

1.1.26 Release of Gaseous Fumes and Contaminated Liquid from
Spent HEPA Filters

At approximately 7 a.m., June 11, 1981, a production supervisor and an
operator smelied acidic fumes outside a waste packaging room door. Health
Protection (HP) was immediately requested to investigate the problem. The HP
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ingpector found four waste boxes leaking acidic liquid in the waste packaging
room. Two of the boxes were also evolving gaseous fumes. Throe of the boxes
were buiged and had broken their masking tape seals. Two production
personns! donned proper protective clothing and moved the four boxes
approximately twelve feet to the waste packaging hooqﬁ per an approved special
procedure. Smears of the liquid on the floor indicated contamination levels up

to approximately 1 x 10*€ &/min alpha.

Humid air was supplied to JB-Line earlier in the week due to loss of air .
conditioning which resulted from a cooling water out%e in F-Area. The warm
air absorbed and carried more nitric acid vapors than normal. The combined
moisture and gcid vapors in the air condensed upon! comtacting cool areas of ‘
the process building and was subsequently collected by the HEPA filters.

Because the differential pressure across six HEPA filters had increased, they
were changed out. Production personnsl then piaced the bagged HEPA filters
into secondary polysthylene bags that contained soda ash. The filters were
then placed in cardboard waste boxes and sealed with masking tape. For
interim storage, the filters were maoved from the wet cabinet areas to the waste
packaging room on the 4-12 shift, June 10, 1981. Apparently, the metal filter
frames ruptured the containment bags allowing acidic liquid to leak out of some
of the boxes and caused gaseous fumes when the liquid contacted the soda
ash and the cardboard box, _

1.1.27 Reactlon of Plutonlum Oxide/Aluminium Cermet and Nitric
Acld

On February 19, 1981 In Building 773-A an unexaectéd chemical reaction
occurred between a plutonium oxide/aluminum cermet and nitric acid during
transfer of a slurry of these materials between laboratory facilities.

1.1.28 Nitric Acld and Caustic Reaction

On August 10, 1980 when nitric acid was added a B-Line vessel a reaction
between the acid and caustic occurred. A small amount of solution entered the
sump through a seal pot. Airborne activity of 6.49 x 10-12 microcurie Pu/cc of
air occurred in the operating room.

1.1.29 Nitric Acld Reaction with Sponge
On July 29, 1980 cleaning of the scrap recovery cabinet floor was started to

remove nitric acid. A reaction occurred when the sponge came In contact with
84% nitric acid.
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1.1.30 Nitric Acid Reaction with Phenolphthatein

On June 12, 1980 an acid bottle pressurized and burst spraying mist on two
operators. The acid was obtained from a head tank and the bottle used
apparently had contained phenclphthalein prior to use for acid.

z .
1.1.31 Eructation of High Activity Wastse Ebaporator
|

On May 7, 1980 the high activity waste u'w:aporattml| foamed and burped an the
first startup attempt. ;

1.1.32 Ruptured Sampie Vials

On February 10, 1980, at 7:20 a.m., a technician was separating completed
samples from JB-Line into a group to be recovered and returned to the process,
and a group to be sent to waste. He laid a fiush sagmple vial in the recoverable
group in the radiobench. At this time the vial ruptured. Contamination of the

floor and chair outside the radiobench resuited In u» to 8 x 10+5 d/min alpha.
On February 11, 1980, at approximately 9:00 a.m., a technician noticed that
another sample vial containing a completed cold cﬂ mical sample had ruptured
in a hood. 1t was not known at what time the vial dontaining cold feed acid had
ruptured as the sample had already dried on the Kimpak in the hood.

polystyrene. They were four inches in length and contained about 5 mL of
sample. They had been in routine use in JB-Line for about two years. In each
instance of rupture, the vial split longitudinally from bottom to top. In the case of
the flush sample, there was evidence of pressure within the vial due to
radiolysis from the relatively high plutonium content. This was not the case with
the cold chemical semple which contained no radioactive materials.

The vials for both samples were the same ty’re and were fabricated of

The sample vials did not provide adequate protection against aitack from nitric
acid.

1.1.33 Eructation of a High Actlvity Waste‘ Evaporator

On March 20, 1979 on several! attempts to startup the high activity waste
evaporator, a tendency to foam and burp was noticed.

1.1.34 Uncontrolled Reactlon in a Scrap Recovery Dissolver

On March 13, 1978 a cabinet dissolver was charged at about 3:15 with U-Pu
scrap which contained zirconium. A special procedure for processing scrap
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containing zirconium was being followed. Fifteen liters of 64% nitric acid, 320
mL of 10M KF, and one-half liter of 4% nitric acid flush was added to the
dissoiver. The scrap charge was then slowly added. The dissolver agitator was
turned on and the solution was agitated for about 30 minutes. No heat was
added to the dissolver. The agitator was turned off and the operators ieft the
process room at about 3:45. Approximately five minutes later, the shift
suparvisor antered the rcom and found the dissolver hatch cover lying about
four feet from the dissolver and liquid on the cabinet fidor of the dissolver station

cabinet and adjacent cabinets. There had apparentlﬂbeen a vigorous reaction

in the dissolver which expelled some liquid from the dissolver and knocked the

hatch cover off. '

The exact cause was not determined; however, thb disturbance was likely
caused by a rapid oxidation of UZr3 present in {he scrap. The special -

procedure being followed was in accordance with approved Technical
Standards and specified a dissolver solution which provides a F ion to Zr ratio
of >4:1. This was axpected to safely dissolve scrap containing matallic
Zirconium. The procedure was followad correctly. Samples from each
container of scrap had been analyzed by the 772-F Laboratory to determine the
zirconium content. The proper F ion to Zr ratio could possibly have heen altered
by scavenging of F ion by aluminum or some other Unexpected constituent of
the scrap or by incorrect zirconium content based on an unrepresentative
sample. Another possibility is that the 4/1 ratio was not sffective in an unheated
siurry once the solids settled to the bottom of the dissolver. In view of the
sequence of events, the latter may have the higher probability.

Contamination was found as follows: 1.5 x 10+4 dlm;!n on the floor adjacent to
the cabinet (the dissolver station), 2-3 x 10*4 d/min on a glove In the cabinet,

and 4 x 10*° d/min around the heat sansor junction wgth the cabinet. Alr activity
found on 3/14/78 in the room ranged from 18-24 x 10°12 microcurie Pu/cc of air.

1.1.35 Nitric Acid Reaction with Aluminum Wool

On January 18, 1978, a violent reaction between 84% nitric acid and aluminum
wool occurred which resulted in solution boiling out into a catch pan.

1.1.36 Reaction of Nitric Acid and Liquid Waste in & Radlobench
On October 4, 1977 a chemical reaction occurred with the mixture of liquid

waste inside a radiobench. Yellowish tumes were observed inside the
radiobench.
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1.1.37 Reaction of Nitrlc Acid and Caustic

cleaning process were being drained. The aluminux” tank which normally
contains a 7% caustic solution had been drained. The discharge valve was not
closed. The operator did not realize that this valve was not closed and opened
the discharge valve of the nitric acid tank which co‘Lntained 7 - 8.5N nitric acid.

On October 8, 1976 the tanks in the Building 3‘%3—&1 aluminum component

Sinte the aluminux! tank valve was open, the nitric acid flowed into it and
reacted with the residue in the tank and with the carbon steel tank walls and
coils. This reaction produced copious quantities pf nittic oxide fumes which
were vented to the atmosphere.

1.1.38 Degraded Standard Solution Heaction

On April 14, 1876 a sample vial in Buikding 773-A ponta!n!ng 54 microcuries of
plutonium in 2M nitric acid was found fractured in a glove box. The Incident was
apparantly caused by a slow buildup of three-year-oid standard solution.

1.1.39 Uncontrolled Reactlon In a Scrap Recovery Dissolver

On February 19, 1976 a loud noise followed by 'expulsion of dissolver acid
solution into the cabinets occurred in a scrap recpvery dissolver immediately
afier rodding to determine the fiquid level. Dissplution of a batch of scrap
containing uranium, plutonium, and zirconium had Yeen completed, the solution
fitered and transferred from the dissoiver, and new acid (14.4 liters of 14M
HNO3 and 1.6 liters of 1M KF-AI(NO3)3) added ta the dissolver in preparation
for the next charge. About two liters of liquid werg expelled from the dissolver
with sufficient force to send liquid to the inside t%p of the glove cabinet. No
extarnal heat or agitation was being applied at the time of the incident.

The exact cause of the incident was not determmeqi However, the disturbance
was likely caused by rapid oxidation of UZr3 from: unoxldlzed zirconium metal
apparantly present in the scrap.

1.1.40 A-Line Denitrator Explosion

On the morning of February 12, 1975, about 10:25 a.m., a denitrator emitted a
dense cloud of gases into the danitrator room. Ordanic vapors contained in the
emitted cloud ignited and exploded, causing damage to the building and
starting small fires. This was the Savannah River Site's second "red oil"
explosion. Personnel, warned by the gaseous cloud, had reached the exits to
the room before the axplosion, so injuries were minpr. However, damage to the
building regquired about six months to repair. Operation of the process resumed
on August 11, 1975, following the repairs, installawon of safety equipment and
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control instrumentation, tests of the new aequipment, and implementation of
revised proceduras designed to prevent recurrence of the incident.

Investigation revealed that the most probable cause of the explosion was the
inadvertent introduction into denitrator 4 of approximately 30 gallens of TBP in
the form of UO2(NO3)2{TBP)2, its adduct with uranyl nitrate. TBP decomposes

when heated with nitrates to temperatures >130°C and produces flammable
gases. The reaction had been thoroughly studied @s a result of an earlier
evaporator expiosion at the Savannah River Site. |1 the A-Line incident, the
decomposition becams so rapid that the gases could not be removed through
the off-gas line from the denitrator. |

These gases, along with part of the liquid contents of the denitrator, erupted |
through the vessel port into the adjacent area where they ignited and exploded.
The denitrator was essentially undamaged. Hydrated uranium compounds
were found Inside the vessal, which Indicated that the overall temperature in the
denitrator had not exceeded 200°C. However, uranjum dioxide was found on
the walls of the denitrator room; therefore, local temperatures in the area of the

explosion must have exceeded 1000°C, the temperature at which U0O3
decompaoses to UO2. ;

Investigation of the incident further revealed that the TBP introduced into
denitrator 4 was only part of the TBP that had accumuiated In the process tanks
over a period of time. About 28 galions of 39% TBP jand 45 gallons of 90% n-
paraftin hydrocarbon were recovered in various hold tanks and process vessels
following the incident. The quantity Involved in the explosion (about 30 gallons
of 110036 TBP), may have been in the eight batches processed prior to the
explosion. |

Such a quantity of TBP was not axpected to accumulate within the system, nor
was it expected that it could be pumped from one process tank to the next.
Organic material such as TBP was assumed to ﬂoFt and be retained in the
tanks. This arganic material was removed periodically by skimming off the top
layer of solution from each hold tank.

The movement of the TBP through the A-Line procass was attributed to the
following sequence of events:

* About a year had elapsed since the last thorough cleanout of the A-Line tanks.
A cleanout had been planned, but had not been made at the startup of this
processing campaign.

* One week prior to the explosion, one of the silica gel columns for removing
residual flssion products was flushed and regenarated. In the flushing
procedure, uranium is flushed from the column with dilute nitric acid. The
column is then regenerated by an upfiow of oxallc acid solution. The oxalic acid
solution Is removed separately and discarded; the aqueous uranium flush
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so}uﬂon Is mixed with normal process solution in tanks downstream of this
column.

* The above flush-regenerate sequence was run five times in succession to
maximize removal of fission products and reduce personnel exposurs so as to
allow visual inspection and replacement of the siliga gel. In the sequence, the
dilute nitric acid flush was made evean though practically all of the uranium was
presumably ramoved in the first flush. As a resylt, an unusually large flush
solution was mixed with 1EU evaporator concertrate and sent through the
process. Normally, fewer than five flushes are ma i if the silica gel is not to be
inspected. .
* Appreciable quantities of TBP-UN adduct prob ly had accumulated In thg
process tanks over a long time. The slight solubility of TBP in UN solution is
considerably decreased in the first evaporation; and thus, even it all
ungissclved TBP Is removed prior 10 evaporation, there is a ready mechanism
for slow accumulation of a saparate phass in the 1ahks downstraam.

* it is also possible that the silica gel columns acted as de-entrainment columns,
and that the flushes contained some TBP-UN washéd from the column.

* Whan the aqueous phase in each tank became sufficiently dilute from the
addition of the flushes, the organic layer was undxpectedly covered with less
danse solution in the tanks and was moved forward through the process. The
specific gravities of UN solution in the first two tanks were reduced to 1.19 and
1. :5 rag;g:ectively. the specific gravity ot organic nmaterial in these tanks was
about 1

* Hydrate evaporation of the flush-concentrate mixture was conducted without
incident because temperatures in the hydrate evaporators are not high enough
to cause rapid decomposition or reaction of TBP. : Rapid reaction occurred on
heating to higher {emperatures in the dannrator. with the consequence
previously described.

An investigation determined that this incident stemmed from both procedural
and technical deficlencies in the operation of the process.

Procedural deficiancies Included ambiguities in some procedures enabling
production personnel to follow the requirements without achieving the intent of
the procedures. In addition, sampling and removing organic layers were not
being done as frequently as specified in the procedures, because a high
degree of confidence had arisen in the effectiveness of the equipment for
separating and retaining organic material. It had long been established,
however, that these organic layers weuld not floét on a more dilute aqueous
solution, but could sink and might therefore be pumped forward from the bottom
of the tank. The specific gravity of the organic phase depends on the
concentration of TBP in the organic phases and on the concentration of uranium
in the aqueous phase. This possibility was not maentioned in the process
documentation available to operating perscnnel; hence, they were not aware of
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conditions that could exist in which the process tdnks were insffective for
separating and retatning organic material.

1.1.41 Reaction of Cotton Pads with Nitric Acid

On June 20, 1974 fumes were discovered evolving from the edge of the lid of a
55-galion drum that had been packaged with waste and sealed. Upon
unsealing and opening the drum and drum liner, personnel found the source of
the fumes to be a reaction between a group of atomiq wipes and the nitric acid
absorbed in them. All acid-bearing material in the drum was neutralized,
repackaged, and resealed in waste drums. :

The incident was caused by inadequate neutralization of nitric acid absorbed in
sump cleaning materials.

1.1.42 Hydroxylamine Sulfate Reactlon with Nitric Acid

On July 20, 1973 an operator inadvertently added hydroxylamine sulfate (HAS)
instead of sulfamic acid to a make-up tank containing nitric acid. A violent
reaction spewed soiution from the tank.

1.1.43 Eructation of a High Activity Waste Evaporator

On March 28, 1973, 3700 pounds of high activity waste boiled over 1o the
“overheads tank during acid stripping. A small amount escaped to the canyon
floor. Some radioactive solution came up the column differential pressure
instrument line to the second level and leaked to the floor with a radiation
reading of 1000 Rad/50R/hr. Air activity during decontamination reached a

maximum of 1400 x 10°12 microcurie alpha/ce of air.

No explanation was presented in the report regarding the cause of this incident.

1.1.44 Hydroxylamine Sulfate Reaction with Nitric Acid

On March 8, 1873 an operator mistakenly added hydroxylamine suliate instead
of sulfamic acid to a tank containing 30% nitric acid. The violent reaction
resulted in acid burns and eye damage.

1.1.45 Uncontrolled Reactlon In a Scrap Recovery Dissolver

On Janvary 10, 1973 two liters of 238 Plutonium scrap recovery solution

overflowed into the cabinet when Mound scrap reacted vigorously with nitric
acid. The axact cause was not determined. Howevar, the disturbanca was
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likely caused by rapid oxidation of UZrg from unoxidized zirconium metal
apparently in the scrap.

1.1.46 Pressure Surges In a Canyon High Activity Waste
Evaporator

On October 12, 1972 a pressure surge occurred in a high activity waste
evaporator that resulted in loss of solution to the canyon sump. Over the next
several weeks twenty total surges occurred resbiting in spills of from 200
pounds to 7000 pounds. The exact causes pf the incldents were not
determined; however, it was speculated that an unpsual accumulation of solids
containing high concentrations of iron and sulfates that were in the evaporatar
may have been responsible. ’ '

1.1.47 Uncontrolled Reactlon in a Special Recovery Dlssolver

On October 26, 1971 an eruption of solution and sludge from a stainless steel
beaker occurred following the dissolution of scrap ¢xides of plutonium, uranium,
and zircontum. Dissolver liquid sprayed on top ot the cabinet and on over two-
thirds of the surfaces in a recovery cabinet. Oxides being processed were
produced at Argonne National Laboratory In 1965 by burning metal scrap
consisting of about 76% natural uranium and approximately equal amounts of
plutonium and zirconium. ;

Prior to the incident, two batches containing similar oxides had been dissolved
without difficulty using the same procedure. Following the 909C dissoiving step
for the Incident run, the batch was cooled for one Hour and 15 minutes and was
well below the specified 70°C maximum. Only £0-30 minutes Is required to
cool to this point. After cooling, aluminum nonanitrate was added and the
solution stirred. Upon stirring, a viclent reaction occurred, erupting most of the
material from the dissolving beaker,

Rasearch of available literature indicated a reaction between nitric acid and a
finely divided intermetallic compound UZra. '

1.1.48 Preasure Surge In a Head End Evaporator

On October 7, 1968 a pressure surge of undetermined cause in the head end

evaporator pressurized an instrument line which resulted in a radiation level ot
500 rad/hr at 1" on the second levet of the canyon building.
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1.1.48 Hydrolysis of Aluminum Nitrate

On April 12, 1968 drums of aluminum nitrate solution ruptured on the loading
dock of Building 776-A. Carbon steel was attacked by dilute nitric acid formed
by hydrolyzed aluminum nitrate. Gaseous corresion products increased
pressure and ruptured the drums.

1.1.50 Heating a Sealed Flask Contalning Nitric Acid

On August 21, 1967 a flask of heated 1.5M aluminuh nitrate and 5.5M nitric -
acid exploded when the stopper was removed. This resulted in a small scratch

to the forearm. This Bullding 735-A Incident was caused by heating a sealed '

flask.

1.1.51 Nitric Acid and Uranium Reactlon

On May 8, 1967 in Building 322-M a failed slug was being cleaned in a thick-
walled pyrex container of 50% nitric acid. A sudden violent reaction burst the
container and sprayed hot nitric acid and uranium chips over the room. Ignition
of some rubbish and paper tissues occurred and the fire was extinguished with
CO2 extinguishers. Two small spots of burning uranium in the hood were
extinguished with a G-1 axtinguisher. :

1.1.52 Pressurization of a Scrap Dissolver

In October, 1966 a chemical reaction resulting In cabinet pressurization
occurred as a charge was being added to a scrap dissolver. Air activity of 2400
microci Pu/cc of air was experienced in the operating room and one operator
received a nasal contamination of 226 d/m alpha.

1.1.53 Uncontrolled Reaction In a Slag and Cruclble Dissolver

On June 6, 1966 a mutfled, loud expiosive noise occurred in a slag and crucible
dissolver when nitric acid was added fo the vessel.

1.1.54 Eructation Iin a Special Metal Dissolver

A special dissalving process of uranium-plutonium mixtures oparated Iike the
regular plutonium metal dissolving process until November 27, 1964 at which
time an unusually vigorous reaction was observed in the dissolver. At the time
of the incident, the dissolver contained 2.1% nitric acid solution filied to its
normal operating level with the metal immersed in this solution. At 4:45 p.m.,
thirty seconds after 64% nitric acid addition had been started to displace the
dilute acid for the next run, there was an eruption in which half the liquid and
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much of the metal in the dissolver were thrown out of the dissolver through its
open top. The reaction was accompanied by a muffled noise. The liquid and
metal were scattered about the glove box which contained the vessel. About
300 cc of 64% acid had been added at the time of the incident.

The glove box was cleaned up, and the metal was returned to the dissolver.
The dissolver was charged with 2.1% nitric acld, and the operation was
resumed. A change was made in the method of operation; ie., the nitrogen
sparge for the dissolver was continued during tHe 84% nitric acid addition.
When part of the 64% nitric acid had been pdded, a flame appeared
momentarily above the dissclver. The flame was red (or orange) in color and
extended about 12 inches high over the length of exposed dissolver surface
{(about 6 inches). ' :

it was concluded that the most probable basis for the sudden reaction was a

reaction between hydrogen and oxides of nitragen. Such a reaction occurred

first under the surface of the liquid when there was!no nitrogen sparge, and the

second time it occurred above the surface of the liquid when gaseous reactants

were being swept out by the nitrogen. The suddenness of the reaction could be

attributed to some metal in the dissolver which was unusually sensitive or to an
accumulation of extremely finely divided uranium particles.

1.1.55 Nitric Acid, Hydrofluoric Acid, and gGcherIn Reaction

ruptured and sprayed its contents on a technician, fesulting in a very slight burn
to his hand. The bottle contained nitric acid, hy
The incident occurred in Building 773-A.

On January 13, 1961 a plastic bottle contaln!nf an etchant for zirconium

frofiuoric acid, and glycerin.

1.1.58 Nitric Acld and lsopropyl Alcohol Reaction

On October 31, 1958 a reaction of fuming nitrlcf acid and isopropyl alcohol
forced acid out of the top of a pipet onto the faces ¢f a chemist and a technician
in Building 773-A.

1.1.57 Nitrle Acld, Mydrofiuoric Acld, and Ethyl Alcohol Reaction

On December 2, 1957 a loosely stoppered polyethylene bottle containing nitric
acid, hydrofiuoric acid, and ethyl alcohol burst due to internal pressure in
Building 773-A. Residual alcohol wash was unintentionally mixed with acid
filtrate. The solution sprayed on an employ’s clothing but no injury resulted.
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1.1.58 Nitrlc Acld Reaction with Fabrication Laboratory Equipment

iaboratory in drums labeled phosphoric acid. The material was used in a bath

On January 30, 1967 12M nitric acid was shipped ti: the 773-A fabrications
tank which subsequently destroyed the heating coil an

five process units.

1.1.59 Nitric Acld and Ethy! Alcohol Reaction

On December 8, 1956 fuming nitric acid was slurgfd into a vacuum flask
containing ethyl alcohol. An uncontrolled reaction occlrred which sprayed acid
on the wall of the room in Building 735-F. ! ‘

1.1.60 Nitric Acld, Stannous Chicride, Amhonlum Thlocyanate,
Hydrochloric Acid Reaction

On March 14, 1955 an uncontroiled reaction occurred in a flask at TNX when
13M nitric acid, 3 mL 10% stannous chloride, 5 mL 8M ammonium thiocyanate,
5 drops concentrated hydrochloric acid and 6-1/2 mL water were mixed. The
same reaction occurred again on April 3, 1985.

1.1.61 Red Oll Explosion in an Evaporator

On January 12, 1953, while concentrating a natural uranyl nitrate-nitric acid
solution, a semiworks evaporator was destroyed by a ™"red oil™ explosion. Two
minor injurles to personnel resulted. At the time of the incident, a special series
of evaporations was in progress to remove about 50% of the nitric acid from
1800 gallons of uranyl nitrate {UUN) solution. Equipment size necessitated that
the de-acidification be carried out in several batches ¢f 50 to 600 gallons each
and three batches had been successfully processed. The fourth and final
charge consisted of the 70 gallon heel of the original ‘solution plus 160 galions
of previously evaporated material which had been diluted with water. The
additional 160 gallons were required to make & minjmum evaporator charge.
Because the liquid temperature recorder was broken and since the raquired
degree of concentration was beyond the range of the specific gravity recorder,
the evaporation was being carried out for a specific length of time based on past
experience. Five minutes prior to the scheduled completion of the fourth
evaporation, a violent reaction took place with sufficlent pressure to destroy the
evaporator pot and to cause extensive damage to the building.

The operator presant at the time later stated that he heard a rumbling noise, and

‘then obsarved orange-colored fumes evolving from the top of the column with a

high pitchad roar. This observation is considered evidence that a reaction
vigorous enough to produce copious quantities of pas or vapor was taking
place. On the basis of previous experience, it was suspected that the reaction
was accompanied by considerable frothing. This suspicion was confirmed
when a later examination of the column bubble-trays revealed that the lowar
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trays were at least partially plugged with solid material. This partial plugging of
the column could well have facilitated a pressure buildup in the evaporator prior

to its rupture.

Due to its use in semiworks studies, all of the aqueous uranyl nitrate fed to the
evaporator had at one time been in cantact with solvent (30/70 TBP/kerosena).
Although none of this organic solvent was thought {0 have been present in the
feed, it was discoverad, subsaquent to the explosion, that kerosene diluent was
present in the distillate catch tank. From the quantitt of kerosene collected, and
from the phosphorus analysis of the evaporator residue, it was estimated that
about 80 pounds of tributyl phosphate (TBP) lhad been present in the
evaporator charge. It was theorized that a reaction batween uranyt nitrate and
organic material could have occurred in the evaporator. This theory w
supported by repeorts in the literature of such runaway reactions. The odor o
butyric acid, present after the explosion, was additional evidence of an
oxidation reaction involving TBP.

An experimental program was initiated to determine whether a violent reaction
could be produced under conditions similar to those postulated te have existed
at the time of the evaporator incident. ‘

The experimental data showed that a vigorous reaction occurs between TBP

and UN and/or nitric acid at temperatures greater than 1309C. The severity of
the reaction and the pressure developed were found to be directly affected by
the amount of TBP prasant and the rate at which the mixture was brought to its
initiation temperatura. '

It was tentatively concluded that UN-MNO3-TBP is potentially a pressure
producing system and reaction can be Initiated if the system is heated above

130°C at atmospheric pressure. The pressure produced was found to be a
function of the pressure in the system at the time of the reaction and the amount
of TBP present. Thus, at a TBP/UN ratio of 0.06 (estimated to have been in the
incident charge), a reaction occurring against a 50 ipsig backpressure {plugged
column plates) would produce about 200 psi in about 0.2 second. The impact
strength of the evaporator shell was estimated to be 120 to 150 psi.

The incident appeared 10 be the result of the following series of avents:

«  Presence of TBP (about 80 pounds) in the aqueous uranyl nitrate
solution. ‘

«  Concentration of the solution to greater% than 78% UN/Aotal aqueous
at temperaturss greater than 130°C,

«  Buildup of a 50 to 100 psi backpressure due to partially piugged
plates. ‘
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This incident and the investigation subsequently led to establishing operating
limits on arganic concentrations and on temperature for evaporators at the
Savannah River Site. ‘

1.2 UNCONTROLLED CHEMICAL REACTIONS WITH NITRIC
ACID RESULTING FROM INADEQUATE RATE OF
ADDITION CONTROL b

The rate of addition of ane chemical to another in which a controlled reaction is
expsected is vital to protect against excessive reaction rates. Many nitric acid
systems are especially sensitive to the addition rate. High reaction rates can
overwhalm the ability of many processes to vent gases, that may be formed orto
allow the cooling systems to remove the heat gendrated during exothermic ‘
reactions. Operator inattention, poor procedures, overly sensitive controlters, or
sticky valves are the greatest contributors to uncontrolied reactions from
inadequate rate of addition control.

1.2.1  Eructation of a Solvent Extraction Feed Adjustment Tank

On September 11, 1988 approximately 190 pounds of solution erupted from a
feed adjustment tank during a sodium nitrite addition for a sclvent axtraction
feed adjustment.

1.2.2 Eructation of a High Activity Waste Evaporator Feed Tank

On May 26, 1988 approximately fiteen hundred pounds of solution eructed from
a high activity waste (HAW) feed tank to the sump in the hot canyon. The
eructation’ was caused by the rapid addition of sodium nitrite, which reacted
vigorously and foamed over. Sodium nitrite Is added to HAW solution to destroy
ferrous sulfamate, to prevent the formation of ammonia, and to prevent the
oxidation of ruthenium to voiatile ruthenium tetraoxide.

After the transfer of the waste stream from a waste hold tank to an evaporator
tank Is complete, a small amount of sodium nitrite is added 1o the feed tank from
a head tank. This addition is done at 10 pounds per minute and takes about 20
minutes. The addition should flow by gravity to the feed tank without any
problem, but more often than not, the line air locks. When this ogcurs, the
second level valve to the process water header is opened to provide pressure
to overcome the air lock. This vaive only needs to be open for a couple of
seconds until the line opens.

The eructation occurred because the sodium nitrite was added far too fast.

When the line air locked, the head tank outlet valve was opened tooc wide, and
the sodium nitrite was dropped rapidly to the solution in the feed tank. This
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resulted In a vigorous reaction causing foaming dnd overflow. There was a
restricting orifice in the pipe; howevaer, the orifice may have been too large.

i .

1.2.3  Eructation of a High Actlvity WasteiEvaporator Fead Tank

I
On April 14, 1984 the high activity waste (HAW) eaporator feed tank eructed
during the addition of 30% sodium nitrite, overflowing approximately 1400
pounds of solution to the canyon floor. The operatdr was adding 135 pounds of
nitrite to an evaporator feed tank with the agitalor on, as specified in the
procedure. In beginning the addition, the operator noticed that the weight factor
readings in the head tank containing the nitrite werd not decreasing with a valve
loading of three psi. When the operator increased the valve loading to five psl,
the weight factor readings began dropping very rapidly, and the operator
immediately closed 'the automatic valve. However, approximately 135 pounds
of nitrite were added to the feed tank in less than a minute before the valve
closed, causing a vigorous reaction and subsequent eructation. The procedure
limits the addition rate of 30% sodium nitrite to the; feed tank to 50 pounds per
minute maximum. ;

After the incident, the outlet valve from the hedd tank was examined and
determined to have the wrong trim for the required flow rates. The feed tank
eructed because the flow control provided by the automatic valve in the head
tank outlet line was insufficient to limit the sodium hitrite flow rate to 50 pounds
per minute as specified in the procedure. i

1.2.4 Eructation of a High Activity Waste§ Evaporator Feed Tank

On March 7, 1984 the high activity waste (HAW) gvaporator feed tank eructed
during the addition of 30% sodium nitrite, overflowing approximately 1280
pounds of solution to the canyon floor. The operator was adding 163 pounds of
30% sodium nitrite to the vesse! with the agitator on and within the flow rate
limits specified by the procedure. During the additlon, the operator noticed that
the weight factor reading in the head tank contalning the sadium nitrite began
dropping rapidly. The operator immediately closed the automatic valve,
preventing the addition of any excess nitrite. However, approximately 85
pounds of nitrite were added rapidly before the vaive was closed, causing a
vigorous reaction and subsequent gructation.

After the incident, the outlet valve from the nitrite head tank was examined and
found to stick in the fuli open position. It was concluded that the evaporator feed
tank eructed because the automatic valve in the head tank outlet line stuck in
the full open position allowing sodium nitrite to be added too rapidly.
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1.2.5 Eructation of a Solvent Extraction Feed Adjustment Tank

On June 29, 1983 during addition of 30% sodium nittite to the secend plutonium
cycle feed adjustment tank, about 450 pounds of solutéon eructed from the tank
10 the cell floor. The adjustment tank contained 31,500 pounds of nitric acid
adjusted solution. The operator correctly calcutated that 242 pounds of 30%
sodium nitrite would be required and began adding the calculated amount.
After adding approximately 85 pounds, the adjustment tank level chant suddenly
decraased from 77% to 75% and the sump high leve! alarm sounded. Visual '
{gspection from the crane confirmed that the adjustment tank had overfiowed to
e sump. :

The NaNO2 additlon was being made as specified in the procedure. The air |
loading to the remotely operated outlet valve on the NaNO2 addition tank was
being maintained at 2 psig to keep the addition rate below 15 pounds per
minute. Excessive variation in the scales measuring the nitrite addition tank
weight prevented an accurate determination of the addition rate by depletion.
The actual addition rate was unknown.

Inspection of the adjustment tank temperature (approximately 509C) and
cocling water valve in the control room indicated that the cooling water was not
turned on during the nitrite addition. The procedure did not specifically state to
turn on the cooling water; however, it is standard practice to cool tanks receiving
chemicals or transfers. !

The lack of cooling during nitrite addition along with an addition rate that may
have been greater that expected led to the eructation of approximately 450
pounds of solution,

1.2.6 Reaction In a Frame Dissolver during Catalyst Addition

On July 31, 1982 while adding catalyst to the framé dissolver, the differential
prassure increased and the vacuum dropped to zero, Catalyst addition was
stopped and the steam turned off. On attempting to restart the dissolver at

108°C, the vacuum dropped off again.

1.2.7 Foaming Overflow of a High Actlvity Waste Evaporator
Feod Tank

On February 2, 1976 approximately 300 pounds of frame waste raffinate
solution foamed over from a canyon evaporator feed tank to the cell floor while
adding sodium nitrite. The block valve between a head tank and the feed tank
was siuggish in passing flow and was struck with a hammer which released 300
pounds of sodium nitrite quickly to the feed tank.
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1.2.8  Nitric Acid Reaction Due to Excessive Rate of Catalyst
Addition ‘

In February, 1974, about 100 pounds of dissolver solution boiled out of a
dissolver due to an excessively high rate of catalyst addition to the vassel.

1.2.9  Eructation of a Canyon Feed Ad]us;meni Tank

On December 13, 1972 approximately 2750 pouq'ds of solution were eructed
from a feed adjustment tank during adjustment of the material for first cycle feed.
The addition of ferrous sulfamate to the feed had been compieted at 1:00 a.m.
By 2:55 a.m. the sodium nitrite had been added. The tank agitator was
operating during and after the chemical additions, /At 3:05 a.m. the contents of
the vesse! disgorged ta the canyon floor. '

The addition of sodium nitrite to an acid solution ¢ontaining ferrous sulfamate
caused the vigorous reaction. It was conciuded that the rate of addition of the
sodium nitrite should have been lower.

1.2.10 Foaming Overtlow of a Neutralization Tank

On March 186, 1972 a hydroxylamine sulfate-nitric acid flush of the general
purpose evaporator tankage was being neutralized in a concentrate storage
tank. During the caustic addition an exothermic reaction occurred and the
solution foamed out of the tank hatch, overflowing about 80 pounds to the basin
floor and 300 pounds to an evaporator feed tank. | The operator was following
an approved procedure and there was no evidence of procedural violation. The
procedure did not specify adding caustic slowly,

Hydroxylamine sulfate-acid flushes were being made of the evaporator feed
tank and waste hold tank to remove accumulated sediment. Three 5300 pound
batches of the flush from the feed tank had been: neutralized during previous
shifts without Incident. A 6150 pound batch of the flush from the hold tank was
being neutralized with 400 pounds of 50% caustic when the tank began to
foam, overflowing 10 the basin floor and to the feed tank.

When the reaction started, the operator immediately closed the caustic addition
valve to the storage tank but was unable to prevant the overflow. An effort was
made to complete the neutralization by very slowly adding the remaining
caustic to the storage tank , but the solution again began to foam. The caustic
addition was stopped.

Investigation following the incident revealed that the caustic addition vaive to
the storage tank leaked through badly, making it impossibie to stop the flow of
caustic to tha vessal until the caustic measuring tank was emptied. Too rapid
an addition of caustic to the hydroxylamine sulfate-nitric acid solution resulted in
an exothermic reaction which caused the storage tank to boil over.
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1.2.11 Fume Generation from Sodium Nitrite Reaction

On August 26, 1971, 48L of 8.5M sodium nitrite were drained from a head tank
to a hold tank to complete the solution adjustment of ion exchange column feed
which contained nitric acid and ferrous suifamate. One purpose of the sodium
nitrite addition was to react with excess ferrous sultamate in the column feed
solution. After the transfer was completed, the low vessel vent vacuum alarm
sounded and fumes were noted in process cabingts throughout HB-Line.

Airborne activity in the pracess room was 84 x 10712 mlicrocurie Pu/ce of air.

Gas avolving from the reaction of the sodium nitrite addition momentarily
exceeded the capacity of the vessel vent system causging vapors to back up in
vessels connected to the system. This was caused by an excessively rapid '
addition rate of the sodium nitrite. ' *

1.2.12 Uuncontrolled Reaction In a Canyon Dissolver

On July 16, 1969 a violent, uncontrolled reaction occurred in a canyon dissolver
when maercuric nitrate catalyst was added.

1.2.13 Eructation of a Solvent Extraction Feed Adjustment Tank

On Jure 17, 1060 a chemical reaction cccurred while adding 30% sodium
nitrite 10 the feed adjustment tank. The reaction caused the tank to averflow to
the section sump. A special adjustment of the solvent extraction feed soiution
was being made to ensure that the plutonium was In the proper valence for
optimal extraction. Ferrous sulfamate (FS) has previously been added to

reduce any Pu*S to Pu*3 and sodium nitrite was being added to oxidize the
plutonium to Pu+4, An approved procedure was being followed.

Supervisory approval had been received to process a larger than normal batch
and a 5" freeboard limit in the adjustment tank could be used. After processing
the run through head end and adjusting the batch with the required amount of
FS, the adjustment vessal liquid Jevel was indicating a normal 10" freeboard.
Calculations confirmed that the required amount aof sodium nitrite could be
added to the adjustment tank without excesding the 5° freeboard limit. Three
hundred fifty pounds of nitrite were added at half the maximum rate until a sump
alarm sounded and the hot canyon acld detector respanded. The nitrite drop
was stopped Immediately. Approximately 500 pounds of the adjustment tank
material was recovared from the sump.

The vigorous reaction of sodium nitrite in an acid solution containing ferrous

sulfamate, combined with a high level in the adjustment vessel causad the
overflow of solution.
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1.2.14 Nitrle Acld Reaction with Hydroxylamine Sulfate

On June 6, 1968 a chemical reaction oceurred while adding 50% nitric acid to a
5% hydroxylamine sulfate - 5% nitric acid solution in & head tank. The reaction
caused the tank to become pressurized forcing liquid from the vessel at the
hatch cover and a loose instrument flange. = Solution was sprayed on
surrounding aquipment.

The 50% nitric acid was added to the 5% hydrox lamine sulfate at a very fast
rate, not allowing sufficient agitation for controlling mixing. This resulted .in
localized heating and decomposition of the hydroxylamine sulfate. _
1.3 UNCONTROLLED CHEMICAL REACTIONS WITH NITRIC
ACID RESULTING FROM INADEQUATE CONCENTRATION

CONTROL

Nitric acid and organlics frequently are highly vulnerable to loss of concentration
control. Many systems have threshhold concentrations below which reactions
do not occur or are so slow as to be imperceptible. Above this threshold, the
reactions are frequently violent. Hydroxylamine splfa!e. hydroxylamine nitrate,
tributyl phosphate are examples of organic-nitric acid systems encountered at
Savannah River Site that exhibit this behavior. Excessive catalyst
concentrations tikewise can result In violent reactions in nitric acid systems.

1.3.1 Uncontrolled Reactlon In a Canyoﬁ Dissolver

On October 17, 1984 when the air sparge and steam waere turned on at the
beginning of a dissolving, there was a vigorous redction which caused the feam
lavel in the dissolver to spike to 97% of the chart. The procedural limit for the
foam level is 55% of the chart. The temperature of the dissolver increased very
rapidly when the air sparge was turned on. The steam inlet valve was
detarmined o be leaking through and caused localized heating In the dissolver.
The manual block valve on the catalyst addition line to this dissolver was also
determinad 10 be leaking through. The vigorous reaction that took place on
Initial bollup was causad by the unexpected presence of catalyst at initia! boilup
and the rapid increase in temperature when the air sparge was turned on.

When the catalyst addition was started, there was another vigorous reaction
which caused the loss of vacuum on the dissolver. Technical Standards require
that the vacuum be greater than zero while the dissolver is operating. The
procedurai limits the minimum vacuum to seven inches of water. The operator
did not inform supervision that the dissolver was operating outside of
procedural limits but did take immediate proper corrective action. Dissolver
vacuum was regained after 2-3 minutas. During the catalyst addition the
dissolver had a high foam level of 73% of the chart. The catalyst addition rate
was within procedural limits. The operator responded correctly to the high foam
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level and kept control of the dissoivar while adding catalyst. Throughout this
dissolution the foam leve! remaingd higher than previous dissolvings of this
fuel. : ‘

At the end of the dissolution, the dissolver was shut down per pProcedure.
However, when the ajr Sparge was turned on, the foam level in the dissolver
spiked to 98% of the chan. At this timg the increased foam level and increased
air flow is believed to have farced the undissoly. d GP tube end caps from the
1op of the liquid surface to the top of the dissoiver insert. The foam level wag at

% of the chart for iess than one minute, The operator responded quickly and
tumed the air Sparge off and the air purge back n. The foam level returned to
the previous lovel. Aftar cooling the dissoiver, the) air SParge was turned on with
No increase in foam lgvel. f

1.3.2 Decontamination Solution Reaction
On the morning of February 14, 1880, about 10:1$ a.m., 4 viglent uncontrolied

Two days prior to the incident, an 8000 pound batch of HAS and nitric acid was
mixed for decontaminating process equipment, The solution wag not
intentionally heatsd, and only about half of the solution was used, Operating

A leaking valve allowed steam to pass through the heating coils of the tank.
Personnel ware aware of the leaking vaive: however, the vajve was not
répaired because such repairs would have required that the building steam
Supply be shut down and because the Rotential for an uncontrolled reaction
W8S not recognized. The solution heated for twe days and reached g

temperature of 959¢ before the liquid level dropped below the thermocouple
probe due to evaporation, Of the approximately 4000 pounds of solution, 3400
pounds of water hag evaporatad. The small residual in the tank was noted by a
Supervisor, but he assumed that the salution had bean used for other
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equipment decontamination. Shortly afterwards, the reaction occurred,
pressurizing the system and rupturing the elbow.

The Incident that occurred was probably a combination of the following two
reactions:

(HNH20H)25804 + HNO3 =H2S04 + 3/2N20 + 7/2H20
(HNH2OH)2504 + 2HNO3 = H2504 + 4NO, + 4H20

The acid concentration had increased from 4.1% to 27% before the reaction
occurred. Based on a mass and thermodynamig balance, the total unvented
pressure in the tank would have been 350 psi.| Because some venting did
occur the maximum tank prassure was probably about 280 psi because no
damage to the tank was experienced. :

Some of the reacting solution, however, was forced through the discharge
piping of the tank. The solution continued to react in this much more confined
space and the resultant pressure was calculated tp have reached 1200 to 1500
psl. The pipe ruptured at an slbow whose wall had been thinned from 0.124 to
0.030 Inch due to erosion from many years of usage. Normal piping would
have withstood the pressure. -

1.3.3 Nitric Acld Reaction with Hydroxylamine Sulfate

On October 4, 1978 nitric acid (25%) was beiq_g prepared in & head tank to
decontaminate a failed continuous evaporator. The head tank is routinely used
for making up decontamination solutions of 5% gaustic (NaOH)-2% potassium
parmanganate or §% hydroxylamine sulfate (HAS) - 4.1% nitric acid (HNOg).

The head tank was thought to be empty by reading the liquid level gage. The
agitator was started and about 2000 pounds of process water was added to the
tank. The operator began adding 59% HNO3. After adding nearly 2000
pounds, solution suddenty erupted from the tank hatch. The eruption lasted an
estimated 5 to 10 seconds. Solution struck the production operator, his
foreman, and a Separations Technology engineer. All personnel immediately
rinsed under a safety shower that was 18 feet away. After rinsing, they notified
thair supervision and reported to the Haalth Physics office and subsequently to
Medical. Medical indicated that there were no significant acid burns.

The procedure for making up 25% HNO3 did not require verification that the
head tank was empty via visual ingpaction through the hatch. A heal of 5%
HAS solution was present in the head tank when the 25% HNO3 makeup was
started. The HAS reactad with HNO3 when the concentration reached about
3.5 molar. This was confirmed by analysis which showed a high concentration
of sulfate ion.
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1.3.4 Pressurization of a Decontamination Solution Tank

On May 5, 1977 a decontamination solution tank pressurized while adding
clean 50% nitric acid to 4.1% nitric acid. Some|solution spilled to the floor.
Although no specific details were provided in the [report, it is possible that the
tank contained residual hydroxylamine sulfate, which rapidly reacts with
concentrated nitric acid.

1.3.5 Nitric Acid Reaction with Hydroxylamine Sulfate

On September 19, 1974 a violent chemical reactidn in a head tank caused the
solution of nitric acid and hydroxylamine sulfatg to overflow. Some of the
solution reached the level below by passing throqgh floor grating. Cieanub of
the spill was in progress when water from the| wash-down splashed on a
nuclear incident monitor. Water entered the plug! connecting the unit and the
ion chamber for the nuclear incident monitor in al warm canyon module. The
water shorted the monitor circuit, resulting in a nuclear incident alarm at 9:25
am.

Hydroxylamine sulfate reacts with nitric acid above a threshhold concentration.
Based on earlier and on subsequent incidents, the concentration of nitric acid
was probably above this threshhold.

1.3.6 Foam-Over of a Process Evaporatq'r

On February 13, 1974 an evaporator foamed ove and spilled 4000 pounds of
solution onto the canyon floor. The gases produm the foaming came from the
autocatalytic decomposition of hydroxylamine nitra e (HAN} by nitric acid. HAN
is ordinarily destroyed as it enters the evaporator by a 3M or higher
concentration of nitric acid in the evaporator botton‘bs HAN in this batch was not
destroyed because the acidity in the evaporator bottoms was later established
to be too low. Instead of a normal 3M acid hepl at startup, the evaporator
contained water which was added during a down period to avoid releasing
alpha activity to the vessel vent system. The water heel was erroneously
interpreéed as being acidic concentrate when évaporation of solution was
resumed.

1.3.7 Pressure Surge In a Canyon High Actlvity Waste
Evaporator :

On September 26, 1972, two high activity waéte evaporators were being
operated to process solution generated dunng washing of solvent at the
completion of the californium flowsheet. Approximately 3000 pounds of dilute

evaporator bottoms (boiling at approximately 103°C) were forced out of the first
evaporator as a result of a pressure surge. The disptaced solution was found in

.
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three different locations: the first evaporator concentrate bottoms tank, the
evapaorator second stage unit, ‘and finally a smaIP portion was spilled to the
canyon floor through the vesse! qverfiow line. |

Solutions containing hydroxylamine nitrate (HAN) @t similar concentrations are
routinely evaporated from acidic {>2M HNO3) bottoms; however, in this incident,
the acidic bottoms had besn removed from the evpporator prior to starting the
run some five hours earlier. As a result, the evagoration was performed from
bottoms solutions containing about 1M HNO3 concentration.

It is believed that sudden decomposition of hydroxylamine (from HAN) occurred
at a critical acid concentration into N2Q and water, released an estimated 3Q0
cubic feet of N2O, and caused the pressure surge in the evaporator. |
1.3.8 Uncontrolled Reaction in a Frame blssolvar

On September 26, 1961 a vigorous reaction occhrred in the frame dissolver
prior to the addition of catalyst. The reaction wag caused by the presence of
residual catalyst from previous dissolutions. '

1.4 UNCONTROLLED CHEMICAL RE:_ CTIONS WITH NITRIC
égll‘?TﬂROESULTmG FROM INADEQUATE TEMPERATURE
L !

Temperature control problems at Savannah River that have resuited In
uncontrolled reactions in nitric acid systems have usually resulted from failure to
supply adequate cooling or from inattention to instrumentation. Likewise, the
excessive rate of steam flow to heating coils has resulied in overwhslming the
capabilities of the normally operating cooling systems. Finally, the mixing of
materials that were initially too hot has resuited in funaway reactions.

1.4.1  Uncontrotled Reaction In a Canyon Dissolver

On February 3, 1986 a vigorous reaction occurred during the first uranium
dissolution cut in a canyon dissolver. The reaction caused the dissolver
vacuum to decrease to zero in violation of Technic@! Standards. The purpose of
the standard is to contain dissolver off-gas in the recovery system to minimize
the escape of gases into the canyon. The addition of 4000 pounds of water was
required to slow the reaction and bring it under controi.

The first uranium dissolution was ready to start at 10:00 a.m. on February 3.
Since acid from A-Line was unavailable, recavered acid from another outside
facilities tank was used for the first uranium dissolution cut. The acid was
reported to have a concentration of 51.7% versus the procedural limit maximum
of 51%. Approval was obtained to use this acid and a total of 43,080 pounds
was added to the dissolver. At the start of the dissolution, cooling water was left
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valved on to the upper coils of the dissolver and valved off to the lower coils.
This allowed the dissclver sclution temperature to increase. Steam was not
required to initlate the heating of the solution. When the solution reached a

temperature of 50°C, the dissolver vacuum started decreasing. Whan the
vacuum decreased to 10 inches, the stack jet came on as designed to
supplement the vacuum supplied by the normal off-gas handling system.
Cooling water to the lower coils was valved back on, ibut the vacuum continued
to decrease to zero. The ¢ooling water pravented the solution temperature from

increasing further (58°C maximum reached) but would not reduce the

tempearature. Three 1000 pound drops of water wdre added to the dissolver

resulting In the vacuum temporarily increasing after each drop and decreasing
back to zero. A fourth drop resulted in the vacuum increasing to 25 inches and '
remaining steady. The dissolver was then slowly heated and the dissolution '
continued to its endpoint.

Investigation revealed that the acid analysls for the solution from the acid tank
was actually 54%. However, it was not felt that this ¢ontributed to the reaction.
Acid having a concentration of 60% was used for uranium dissoiution in the
1960's with no indication of problems with a rapid reaction. The temperature
and vacuum indicating instruments were also checked and found to be correct.

Further investigation ravealed that this was the first time a vigorous reaction had
started with the dissolver temperature below 609C. While it is not known what
caused the vigorous reaction, the cooling water should have been able to siow
the reaction. lnvestigation also revealed that the cooling water flow to both sets
of coils was about 30 gpm. While this is above the mjnimum of 25 gpm required
at the start of the dissclution, it was inadequate to controi the vigorous reaction.
The cooling water lines had restricted flow because debris had collected in the
strainers. .

1.4.2 Uncontrolled Reaction In a Canyon Dissolver

On July 26, 1985 a vigorous reaction in an H-Canyon dissolver resulted during
nitric acld addition that caused a loss of vacuum in the vessel.

1.4.3 Uncontrolled Reaction in a Canyon Dissolver

On February 19, 1985 a vigorous reaction occurred in an F-Canyon dissolver
during the first acid cut.

1.4.4 Uncontrolled Reaction In an Annular Dissolver

On February 6, 1985 an excessive reaction rate was experienced in an annular

dissolver during the first uranium dissolution cut. About 13,000 pounds of
drown water was dropped into the dissolver from a head tank to cool the
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dissolver contents because cooling water in the dissolver coils was not
adequate to cqntrol the reaction. Sixteen hours of production time was lost.

Dissolution of irradiated depleted uranium slugs is accomplished by a multistep
process. Aluminum cladding is first removed with 50% sodium hydroxide and
the resuiting solution Is transferred to a hold tank. Following two water rinses,
the decladded slugs are dissolved in two cuts by 50% nitric acld. The
dissclving procedure requires that cooling water flow to the upper and lower
coils be at least 25 gallons per minute (gpm) beﬁore starting the dissolution,
The dissoiver operator recorded flows of 57 and 33.gpm to the upper and lower
coils respectively. However, subsequent investigdtion revealed that the chart
recorder was indicating only about 3 gpm to the upper coil immediately before
the dissolution was started. ' |

Uranium dissolution Is started by putting steam on the lower coil {¢ heat the
dissolver to 85 to 700C where the vigorous uranium dissolution reaction bagins.
The steam flow is then stopped and cooling water flow to the upper coil is used
to control the reaction. If necessary, cooling water to the lower coils can aiso be

used. In this case, the reaction began at about 68°C and the operator turned off
the steam and attempted to increase the upper coil cooling water flow.
However, with the valve completely open, only about 3 gpm of flow was
Indicated. The operator then turned on cooling water to the lower coil and got
about 30 gpm flow. By this time, the dissolver temperature had increased to

939C, the pot vacuum had dropped to near zero, and the column differential
pressure had begun to increase rapidly. Since cooling water flow was not
adequate to control the reaction, control room supetvision decided 1o add water
to the dissolver from a head tank. The 13,000 pounds of water that were added

cooled the dissolver to 75°C and slowed the reaction enough that the pot
vacuum returned to normal. Additional cooling water flow, obtained by
bypassing dissolver coll steam traps in the hot gang valve corridor, allowed the

dissolver to be cooled down to 35°C.

The incident was caused by the dissclver operator starting up the annular
dissolver without verifying that adequate cooling water flow was available to
control the reaction. Also contributing to the cause of this incident was the
piuggage in the upper coll cooling water line that prevented flow.

1.4.5 Uncontrolled Reactlon In a Recovery Dissolver

On June 22, 1984 the recovery dissolver pressurized and approximately 15
liters of contaminated solution sprayed out near the top of the dissolver. Some
sclution leaked out through the operating side panels and onto the floor.

The dissolver was charged with a five container batch per a special procedurs.
The previcus run had been a normai four container batch with no incident. The

first step in the dissolver is dissolution. A nitrogen sparge is begun, and 64%
nitric acid, a smail amount of aluminum nitrate nonahydrate (ANN), and the
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charge are added to the dissolver. The dissolver is then heated up to 1059C for
85 minutes. This step was completed on the first run with no incident; however,

the off-gas temperature was higher than normal (60°C§ vs 40°9C).

The second step in the dissolver is digestion. Additional ANN is added, and the

dissolver is heated up to 1059C for 45 minutes. The $pecial run required about
20 extra liters of ANN to compiex the additional fluorie. On the run, the ANN

addition was made, and the dissolver was heated to 105°C. No pressure

increase was recorcded by the operator. Based on| chart recordings, a few

minutes after heat-up, the dissolver began to Igse solution. Dissolver

temperature began to fall probably due to the high vent interlock shutting off the

steam. Some of the solution appeared to have splashed the operating side

panels near the top of the dissolver, whera it leakpd out on the floor. An
operator entering the room saw the spill on the floor, .evacuated the room, and
notified supervision. During clean-up, the constant air monitor read
a?p_roximately 18,000 ¢/min alpha and the impactor 30 x 10-12 microcurie Pu/cc
of air.

The initial investigation found that the dissolver temperature chart read 209C
jow at room temperature. This probably resuited in overheating the dissolver
leading to vapor generation greater than the condensing capacity. Most of the
dissolver internals were checked and all appeared: in good condition. The
liquid levs! calibration was checked, and a defective thermohm in the dissolver
temparature system was raplaced,

1.4.6 Eructation of a Solvent Extraction Feéd Adjustment Tank

On October 4, 1983 during addition of 30% sodiym nitrite to the second
plutonium eycle feed adjustment tank, about 300 pounds of solution eructed
from the tank to the cell floor. The tank contained 29,300 pounds of nitric acid
adjusted solvent extraction feed. The operator cortectly calculated that 282
pounds of nitrite would be required for plutonium valence adjustment. After
adding about 30 pounds of nitrite, tha section sump high leve! alarm sounded.
Investigation confirmed that the tank had overflowed to the sump,

The nitrite adjustment was being made as specified in the procedure. The air
loading to the outlet valve on the nitrite addition tank was being maintained at 9
psig to keep the addition rate below 15 pounds per minute. In addition, a flow
limiting orifice was instzlled in the drop line to the tank following a previous
simitar incident to prevent an excessive nitrite addition rate. Actual nitrite
addition rate is unknown.

Investigation revealed that cooling water to the tank was not on during the 'nigﬁge
addition. The procedure did not require that cooling water be on; however, it is
standard practice to cool the tank during nitrite additions. The tank temperature

was approximately 459C when nitrite addition began and then increased
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rapidly to 60°C. A recommendation to require cooling the tank during nitrite
additions was made following the earlier incident, but had not yet been
implemented. After the tank was cooled to less than 35°C, the remaining 250
pounds of 30% NaNO2 was added without incident.

The lack of cooling during nitrite addition resulted in a vigorous reaction which
caused the eructation of approximately 300 pounds of solution from the tank.

1.4.7 Nitric Acld Reactlon with Oxaile Acéild in a Cold Feed Vessel

On December 18, 1982 steam heating of a cold fead tank due to a leaking block
valve or inappropriate addition of steam caused the contents to react. The tank
contained a 4M HNO3-10 wi% oxalic acid solution that reacted evolving NOx

and CO2 fumes when it was heated above 75°C.. The off-gassing caused the
evacuation of B-Line, and the lower levels of H-Canyon. The concentration of
HNO3 and NOx tumes was reported at 250-500 ppm in the cold feed
preparation area by Health Protection.

Recent problems In the use of KMnO4 has caused permanganate solids to be
deposited on the bottom of cold feed vessels handling the solution. After
consultation with Separations Technology persgnnel in 772-F laboratory, a
flush was designad to rid the tank and a head tanlz of KMnO4 and MnO2 salids.
A 4M nitric acid - 10 wt% oxalic acid flush solution was made up in the tank per
a special procedure on 4-12 shift on December 15, The procedurs required the

flush solution to be maintained at 50°C. Above 78°C the nitric and oxalic acids

react exothermically with each other in the presence of Mn+ ion causing a rapid
avolution of NOx and CO2 gases.

1.4.8 Uncontreciled Reaction In a Canyon Dissolver

On June 5, 1978 while dissolving HFIR fuel, a vigorous reaction resulted in low
vacuum in the dissolver pot, high column differential pressure, and the dissolver
off-gas temperature exceeding the maximum limit. Careful adjustment of steam
prassure 1o the dissolver coils is required during and immediately following
catalyst addition. In this incident, the control room operator completed the
catalyst addition to the dissolver and was proceeding to increase the dissolving
rate by increasing the steam pressure when a vigorous reaction was
experienced. The operator shut off the steam to the dissolver coils and began
cooling the dissolver to regain control as directed by the emergency
instructions. The dissolver vacuum decreased sharply below operating limits
but remainad within Technical Standard limits. The column differential pressure
increased beyond the operating limit but had no applicable Technical Standard
limit. The off-gas condenser temperature exce¢ded the Tachnical Standard

limit of 60°C by no more than 109C for a period of five minutes, However, no
corresponding increase was observed in the dissolver off-gas reactor
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temperature which remained within operating limits. Normal operating
conditions were restored within minutes and the dissalver batch was processed
without further incident. ‘

" The incident was caused by the steam flow to the dissolver bsing increased too
rapidly for control of the initia! reaction.

1.4.9 Eructation ot a Frame Dissoclver

the dissolver to the section sump of the canyon. NpO2 bundle had been
charged to the dissolver at 9:40 p.m. on October 14) Chemicals, consisting of!
2430 pounds of 64% nitric acid and 1257 pounds of 15.5% acid, were added to !
the dissoiver per the procedure. Heating of the dissblver was started early on
the 12-8 shift on Octobar 15 and the solution reachdd boiling at approximately
1;30 a.m, A reaction began at the time the dissolver solution started to boll. The
addition of the catalyst solution was started at the tiine of boiling. The rate of
catalyst was less than one pound per minute, well below the procedural limit.

On October 15, 1971 approximatelylzo pounds of %olution ware eructed from

At 3:15 a.m. a violent reaction occurred in the dissolver. The column differential
pressure exceeded 2.5 Inches of water. The vacuum dropped to zero reading
on the chart and the liquid level instrument dropped 3% or the equivalent of 420
pounds. The section sump leve! increased approximately 420 pounds. The
dissolver and associated equipment were being opprated in accordance with
the procedure and all indicators were normal prigr to the incident. It was
recommended that catalyst addition be delayed' until any Initial reaction
subsided to pravent a recurrence.

1.4.10 Eructation of a Head End Evaporator

On October 31, 1970 approximately 5000 pounds of raw metal solution burped
over into the condensate hold tank from the head end evaporator soon after the
evaporator had been started up. The evaporator had been heating up for
approximately 20 minutes after a new batch of material had been acdded to the
vessel for concentration. The operator left the evaporator controis for
approximately 3-5 minutes to give turnover to the 8-4 shift rellef operator on
another saction of the process that was In operation. When the operator
returned to the evaporator controls, he noted the 5000 pound increase in the
tank and the corresponding decrease in the evaporator pot. The evaporator
was shut down Immediately. The column pressure ditferantial recorder had
gone full scale without sounding the alarm or shutting off the steam supply to
the coils.

Subsequent investigation of the instrument difficulty revealed that the high
differantial pressure alarm switch had been valved off. This prevented the
alarm from sounding and the steam interlock from shutting off the steam to the
coils.
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1.4.11 Spontaneous Reaction In a Canyoni Dissolver

On August 3, 1970 a spontaneous reaction occurred with loss of vacuum in a
canyon digsolver when the second cut of nitric acid was added.

1.4.12 Loss of Temperature Control In an ;Iodlne Reactor

canyon dissolver exceeded the Technical Stan ard temparature by 129C.
Similar occurrences were experienced on August 11 and 22, The excursions
ware probably caused by a vigorous reaction In the dissolver which released
large quantities of nitric oxide that exothermically oxidized in the reactor. ‘

On August 9, 1969 the temperature in the silve%nitrate lodine reactor for.a

1.4.13 Uncontrolled Reaction in a Canyon Dissolver

On Aprit 18, 1968 during addition of nitric acjd to the dissolver for the
daecladding step of dissolver oparation, the tgmperature of the soiution

increased to 100°C, differential pressure increasdd to 100% of chart, vacuum
decreased to zero, and approximately 4000 pounds of solution spilled out of the
charging hatch to the cell floor. The procedure spf cified the addition of 16,400
pounds of 50% nitric acid. 12,700 pounds had been added at the time of the
incident, but the addition had been suspended in an attempt to permit control of
the reaction. As directed by the runbook, full cooling water flow had been
directed through both the upper and the lowsr coils. No steam had been
admitted to the flat coll. Day supervision was |notified of the situation and
agreement was reached to "drown” the dissolver by addition of process water.
When the panel valve was oparated, no flow ocqurred; a manual block valve
was found closed on the second level. The reactlon had subsided by the time
the valving was properly set, 0 no process water was added.

The reaction of nitric acid with the fresh charge oiéslugs was too vigorous to be
controlled by the "Initial Reaction Control® directions in the procedurs.

1.4.14 Uncontrolled Reactlon Iin a Canyon Dissolver

On November 8, 1965, while starting a decladdin ' operation on target elements
in the dissolver, a brief uncontrolled chemical reaction occurred which expelled
about 6300 pounds of llquid from the dissolver to the cell floor.

Sixtean bucket loads of target elements had been added to the dissolver, as a
prelude to a jacket dissalution oparation, whi h was a step in a gensral
pragram designed to increase the working "heel” in the dissoiver. Just prior 10
tha incident, steam was valved into the flat (bottom) coil and the lower (side)
coll; cooling water had been valved into the upper coil at 1:36 am. The
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temparature was being brought up rapidly in accordance with the procedura. At

2:05 a.m., as the temperature was approaching 10 0C, the operator noticed
that the dissolver vacuum dropped sharply, i.e., 3 rise in pressure, which
indicated an increased reaction rate. He reduced steam to the coils and
increased cooling water to the upper coils in accordance with routine practice.
When the vacuum continued to drop and the differeatial pressure began rising
rapidly, the operator called his supervisor for assistance. Steam to the coils
was shut off and cooling water was increased to the maximum. When the
temperature approached 1149C (the highest temper#ure reached) the contents.
boiled out of the charging port to the floor. !

|
At the time the excessive reaction took place the liquid level in the dissolver was
nine inches greater than normal and the catalyst concentration was 0.004M as!
comparad to the usual 0.001M. Bath of these conditions were the intentional |
consequences of the program to build up the hael in the dissolver. The
unusually violent reaction was caused by higher than normal catalyst
concentration coupled with above normal liquid level. Insufficlent instructions
were provided to alert the operator to exercise spéclal precautionary control
measures during the initial dissolver reaction, =

1.4.15 Uncontrolled Reactlon In a Canyon fDIssoIver

On September 21, 1964 a rapid reactlon occurred in a canyon dissolver during

nitric acid dissolution at a temperature of 769C. The reaction pushed foam into
the condensar inlet at the vary top of the dissolver vassel, and vacuum was lost.
About 150 pounds of solution was discharged to the canyon sump.

1.4.16 Eruption of Hydrate from a Denitrator Pot

On April 22, 1964 a denitrator agitator stuck in the dough stage of the
conversion cycle, The contents of the denitrator sdlidiﬂed. The deanitrator pot
was cooled to 100°C (skin temperature), 120 gallons of 50% nitric acid was

added and heat was appiled gradually. After heating the contents to 500°C the
agitator was still stuck. The heat was again turned off and the pot cooled to

100°C (skin temperature). An additional 40 gallons of 50% nitric acid was

added. Heat was applied and tha pot was heated 1o 4009C (skin temperature).
An attempt was made to start the agitator, but it was still stuck. With the skin
temperature still at 400°9C, a violent reaction occurred. Approximately five
gallons of hydrate solution was discharged from the hatch of the denitrator. The
hydrate solution and a radiation shield covering the front of the denitrater were
blown to the east wall of the denitrator room.

The operating procedure provided instructions to simmer the pot contents until
the agitator is free. This was not adhered to. The pot was rapidly heated from

100°C 10 200°C. Also the denitrator hatch was not secured.
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1.4.17 Uncontrolled Reaction In a Canyon Dissoiver

On January 28, 1962 when adding the first batch of 0% nitric acld to a
dissolver in preparation 1o starting the second cut, vacuum was lost and was not
regained for a period of 25 minutes. The pot temperature increased from 45 10

104°C and the filter inlet and outlet vacuum decreased by 20 inches - from 45
inches of water to 25 Inches. Steam had been off the lower coils since
completing the first dissolution cut. Cooling water had been off both the upper
and lower coils since cooling the dissolver and transferring the first cut. The
vacuum was lost by lack of aftention to the vacuum gage and the pot
temperature. ;

The dissoiver procedure did not specify observing normal operating conditioris
(vacuum, temperature, and differential pressure) during the addition ot acid in
preparation to starting the second cut. Howaever, the procedure implied cooling
water should be on the dissclver as the step aft¢r the acid addition required
turning off cooilng water to the upper and lower colls. As stated at several other
appropriate places in the procedure, the dissolver vacuum was controlled by
rate of reaction through steam and cooling water control to the coils. A
tamiliarity of the dissolvers required a check on operating conditions including
vacuum when adding 60% acid to the dissolvers.

1.4.18 Nitrlc Acid Reaction with a Hot Plutonlum Button

was placed in a nitric acid pickling solution to réemove residual caicium. An
explosion followed which destroyed the button andi sprayed nitric acid over the
interior of the cabinet.

In October, 1955, a plutonium button which had a £umber of glowing spots on It

1.5 UNCONTROLLED CHEMICAL REACTIONS WITH NITRIC
ACID, RESULTING FROM INADEQUATE AGITATION

Agitation is required to maintain uniform reaction rates throughout some nitric
acid systems by maintalning uniform concentration and temperature. Failure 10
initially start or to restart an agitator usually is the cause of uncontrolled
reactions in this category.
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1.5.1 Pressurization of a Solution AdJustment Tank

On August 14, 1987 approximately one liter of plutonium solution was ejected
out of the adjustment tank sample assembly and onto the floor. The incident
occurred shortly after a production operator with more than three years of
experlence turned on the tank air sparges and left for shift change. A sscond
operator took his place and discovered that the tank had pressurized.

The adjustment tank is used to adjust the valence of the plutonium solutions.
Examination of the tank showed that the paddles on ¢ne of the agitators in the
tank had fallen off rendering it inadequate. Hence the agitation time should
have baen one hour Instead of the normal 30 minutes for two working agitators. .
Adequate agitation is needed for sparging because cne of the reagents used in
the adjustment is sodium nitrits. The sodium nitrite changes the plutonium
valence from +3 to +4. In the process it also evolves NOx gases. Adequate
agitation ensures that proper mixing occurs so that a uniform chemical reaction
occurs to minimize and control NOyx evolution.

1.5.2 Pressurization of a Solutlon Adjustmant Tank

On June 4, 1987 approximately six liters of solution erupted from the solut'on
adjustment tank when the tank pressurized following chemical additions. The
adjustment tank is a 360 liter vessel! that is used fpr adjusting and feeding
precipitator flushes and other recoverable plutonium solutions through anion
exchange columns for the recovery of plutonium. A high loss precipitator filtrate
was being adjusted. The valence adjustment requires the addition of 64% nitric
acid, 60% ANN (aluminum nitrate nonahydrate), and sodium nitrite. The
sodium nitrate must be added slowly (less than one kilogram per minute) and
while the fank is agitating to prevent pressurization of lthe adjustment tank {rom
too rapid an evolution of nitrogen oxide gases. Thirty minutes after the scdium
nitrite addition, the air sparge is provided to oxidize th¢ remaining nitrites.

The adjustment procedure contains a safety step to check that the vessel vent is
operating properly. The step was completed and vefitied by the operator who
had two months of training on this job. The sodium nitrite was added at the
corract step in the procedure, but the operator turned on the air sparges
immediately afterwards, failing to wait the required 30 minutes as directed by
tha procedure.

Soon aftér the air sparges were turned on, a rapld evolution of gases
pressurized the adjustment tank, forcing contaminated soiution out of the
sampler assembly located on the top of the adjustment tank cabinet. As a result
of this incident, the room had to be decontaminated which required two shifis.
1.5.3 Pressurization of a Solution Adjustment Tank

On May 6, 1986 twenty-seven fiters of plutonium solution were ejected out of the
adjustment tank when the vessel became pressurized during chemical
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additions. The majority of this went to the sump with less than one liter being
expelled out of the sampler assembly into the room. The tank pressurized
because of operator failure to follow the adjustment procedurs and aiso,
insufficient mixing during the chemical additions, The adjustment tank was
taken out of service for approximately three shifts to decontaminate the room
and to replace an inoperable agitator.

The adjustment tank is a 380 liter annular tank which receives precipitator
flushes and other recoverable solutions from two Hold tanks. The solutions are
v|alence adjusted, then fed to the anion exchange columns to recover the
plutonium. :

A high loss filtrate was being adjusted in the tank. The valence adjustmepnt
requires the addition of 64% nitric acid, 89% ANN (aluminum nitrate
nonahydrate), and 30% sodium nitrite. The sodium nitrite must be added slowly
and while the tank is being agitated to prevent pressurization oi the adjustment
tank from too rapid an evalution of nitrogen oxide gases. Thirty minutes after
lru:i sodium nitrite addition, air sparges are used to oxidize the remaining
nitrites.

One of the two adjustment tank agitators had been inoperable for twe mofiths,
30 the tank was only being mixed with one agitator at the time of the incident.
The operator added the sodium nitrite according 1o procedure; however, he
turned on the air sparges immediately afterwards, falling to wait thirty minutes.
A rapid evolution of gases pressurized the adjustment tank forcing
contaminated solution into the vent header and to the cabinet sump.

1.5.4 Eructation of 8 Solution Adjustment Tank

On Aprii 25, 1985 approximately 275 pounds of feed solution eructed from the
adjustment tank to the canyon cell ficor while adding sodium nitrite without
agitation during the adjustment sequence. .

Because of a computer error, 17,725 pounds of 50% nitric acid were added to
the adjustment tank rather than the 6600 pounds that shoutd have been added
to reach the desired specific gravity of 1.14. Because of the higher-than-normal
laval, part of the solution was transferred from the adjusiment tank to a second
tank to complete the adjustment.

Approximately 312 pounds of the raqdired 513 pounds of 30% sodium nitrite
had been added to the adjustment tank when the warm canyon sump high lavel
alarm sounded. The sump level Increased from 13" to 26° (273 pounds).

The operating procedure required verification that the adjustment tank agitator
be ON while adding the 30% sadium nitrite at a rate not to gxceed 15 pounds
per minute. The computer trend unit indicated the agitator was not operating
when the eructation occurred; however, the operators stated they wera not
aware of turning the adjustment tank agitator OFF or ON during the addition.
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The incident was caused by failure of operators to follow the procedure and
varify that the tank adjustmant agitator was operating while adding the sodium
nitrite. .

1.5.5 $ructaﬂon of the Second Plutonium Cycle Feed Adjustment
ank

During addition of 30% NaNQg3 to the feed adjustmq’nt tank on May 26, 1983,‘
about 600 pounds of solution eructed from the tank tg the cell floor. There was
no downtime or loss of product as a result of this incidant.

The tank contained 30,800 pounds of acid adjusted. The operator correctly '
calculated that 264 pounds of 30% NaNO3 would be required and began
adding the calculated amount of NaNO3. After gdding approximately 200
pounds, the adjustment tank high level alarm sounded. The operator stopped
adding NaNO3 and turned off the adjustment tank agitator in order to get an
accurate- liquid level reading. He correctly calculaied that the remaining 64
pounds of NaNO3 could be added without exceeding the 10-inch treeboard
limit for the tank. The NaNOg3 addition was resumed without turning on the
adjustment tank agitator as specified in the procedure. Shortly before the
addition was complete, the section sump high level alarm sounded. Visual
irrl.spﬂection from the crane confirmed that the adjustmpnt tank had overfiowed to
the floor. :

The operator's failure to turn on the agitator rasuited in a vigorous, localized
reaction that led to the eructation of approximately 600 pounds of solution.

1.5.6 Eructation of Waste Concentrate

On April 3, 1980 a general purpose (GP) evaporatgr bottoms tank was being
neutralized using 50% caustic. During the second additlon of caustic to the
tank, approximately 100 pounds of waste concentrate and caustic eructed from
the tank contaminating the asphait pad and top of the tank up to 35,000 ¢/min,

A GP evaporator was being operated using feed that had been batched in a
feed tank. At approximately 1:00 p.m. on April 2, the level in the feed tank
reached & minimum level. Normally, two feed tanks and are rebatched,
neutraiized and fed alternately to the GP evaporators. However, the alternate
tank had not been rebatched and neutralized in accordance with procedures.
Operator "A" proceeded with rebatching and neutralizing the tank whlle
continuing to operate and feed the GP evaporator from this same feed tank.
The concentrate in tank that eructed was produced primarily from this feed
batch.

At approximately 10:00 p.m., the bottoms tank was filled with waste concentrate
from a GP evaporator. Operator “B* sampled the tank in accordance with the
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procedure and sent the sample to 772-F laboratery. On April 3, 1980, at
approximately 1:30 a.m., the laboratory reported the bettoms tank sample
analysis as indicating a pH of Jess than one. Operator "C" asked for a recheck
at this time. Several minutes later, the laboratory confirmed the initial results as
correct. The procedure did not require resampling.

Operator "C" notified his foreman of the sample analysls results and subsequent
confirmation and requested permission to proceed with neutralization of the
bottoms tank solution. Permission was granted angd approximately 500 pounds
of 50% caustic were added to the bottoms tank. After the addition of caustic was
completed, Operator "C" started the bottoms tank agitator and continued
agitation for 15 minutes. He stopped the agitator and checked the bottoms tank
solution with litmus paper. The litmus paper check indicated that the solution
was still acidic, ‘

The procadure requires agitation for one hour and that a laboratory sample be
analyzed for pH after each caustic addition. Since there was no more space
available In the bottoms tank for further caustic additions, Operator “C”
requested permission to transfer a portion of the bottoms tank contents back to.
the feed tank. Me was instructed to do so using the appropriate procedurs.
Approximately 1500 pounds wera transferred to the feed tank.

The cold teed operator at Building 222-F was then Jnstructed to start the caustic
transfer pump while Operator "C" proceeded to the bottoms tank to open the
caustic addition valve. Caustic addition was started and approximately 300
pounds had besn added when QOperator "C" observed solution eructing from the
top of the bottoms tank. The caustic transfer pump was stopped immediately.

The agitator was not operating during the caustic addition. The procedure did
not specify that the agitator must be started prior to caustic addition. Also,
procedural instructions for rebatching the GP evgporator feed tanks were not
followed. it is likely that acidic feed was introduced to the evaporator duse to this
deviation from procedures. Also procedural Instructions for neutralizing strongly
acidic concentrate were not adequate.

1.5.7 Eructation of a Neutralization Tank

On November 20, 1979 neutralized frame waste concentrate was being heated
to 50°C in a neutralization tank prior to transtar to the 241-H tank farm when the
agitator was inadvertently turnad off. About 40 minutes later, the tank eructed,
overflowing about 380 liters of solution, primarily to the canyon sump. Howaver,
27 liters reached the product recovery tank through a common vent line, Steam
1o the tank coils was promptly shut off and agitation resumed. This increased
the indicated temparature from 45°C to 839C, exceading the procedural limit of
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agitator. While the procedure did not emphasize agjtation is to be continued
during heating, it specified agitator operation in the previous steps and
subsequent transter steps, and at no point directed agitator shutdown.

The neutralization tank eructed dua to overheating rTultIng from stopping the

1.5.8 Foaming Overflow In a Nitric Acld Ev;uporator

solution foamed out of a canyon tank to the cell flo
restarted afler adding about 225 pounds of sodium nitzite solution.

On January 7, 1977 approximately 400 pounds of Eddic low activity waste

Sodium nitrite is added routinely to reduce reiehse of ammonia during

evaporation. The rate of gas evolution from the reagtion of the sodium nitrite

with nitric acid in the waste in the feed tank is regulated normally by agitation
during nitrite addition. The procedure required contiruous agitation throughout
nitrite addition but permitted brief interruption of ag!tat:l}:n gt other times to obtain
instrument readings. It specifically called for restarting the agitator after the
readings are obtained.

The addition of sodium nitrite was made with continupus agitation according to
the procedure. However, when the valve from the nitrite head tank was closed,
the agitator was stopped for a check on specific grayity. The agitator was not
restarted immediately after the specific gravity check. it appears that some
additional nitrite solution, probably about 50 pounds, drained from the line into
the feed tank while the agitator was off. When the aglltator was restarted, about
20 minutes later, the foaming overflow occurred. '

1.5.9 Foaming Overflow of an Acldic Waste Evaporator

On October 17, 1876 approximately 350 pounds ¢f acidic decontamination
solution (5.5% nitric acid - 3.5% hydroxylamine sulfate) foamed out of a canyon
tank to the cell floor when the agitator was started after adding 300 pounds of
sodium nitrite solution. The nitrite is added routinely. to destroy hydroxylamine
in the evaporator feed. Fifty seven hundred pounds of the required £000
pounds of nitrite solution addition had been completed properly. The addition
was then interrupted to make up more nitrite solution, During the interruption,
the tank agitator was stotrped for instrument readings and was not rastarted for
the final 300 pound addition. The procedure calied far starting the agitator prior
to the nitrite addition and also required stopping the ?gitator when necessary to
obtain instrument readings. However, restarting the agitator after the readings
was implied but not explicitly stated. :
Operator inattention was the primary contributing factor for this incident. The
overflow was caused by the excessive reaction rate resulting from sudden
mixing of separate layers of nitrite soiution with hydroxylamine sulfate in the
acidic decontamination solution. ‘
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1.5.10 Eructation of a Low Activity Was}te Evaporator Feed Tank

On February 26, 1963 a reaction in the low activity waste evaporator feed tank
occurred when the strong acid, high specific gravity solution in the tank was
mixed with a sodium carbonate solution that had been received on tep of the
acidic waste.

Acidic low activity waste concentrate from an evapprator is routinely blended in
in a tank with spent alkaline (carbonate)} wash solution from the solvent
recovery system. This blend is then fed to the bat¢h evaporators and when tha
specified spacific gravity is reached the concentrate is acid stripped to recover a
portion of the acid. -
1

In this instance, according to the procedure, the acidic concentrate from the
evaporator had been recsived in the feed tank. Spent sodium carbonate wash
material was then received from the waste vessel according to the procedure
except that the feed tank agitator was not running during the recaipt of
carbonate. The operator forgot to start it. He noticed his error after the receipt
was completed at which time he started the agitator, since he was not aware ot
the reaction that couid take place. He assumed that the reason for the agitation
was for cooling and to obtain a homogeneous sojution. The next step in the
procedure required pulling a sample - which necegsitated agitation. When the
agitator was started the level immediately dropped indicating the loss of 5,600
pounds of material. The section sump alarm sdunded; the adjacent section
sump alarm also sounded about one minute later. '

1.6 UNCONTROLLED CHEMICAL REACTIONS WITH NITRIC
:glg I:IgﬁléLTlNG FROM REVERSE ORDER OF CHEMICAL
IT

Reverse order of addition can allow the more reactive of two chemicals to
remain highly concentrated which can promote excessive reaction rates at the
interface of the materials involved.

1.6.1  Eructation of an Evaporator Feed Tank

On February 3, 1989 approximately 1500 pounds of solution eructed from a low
activity waste evaporator teed tank to the canyon cell floor when 50% nitric acid
was added on top of a spent carbonate wash. The order of addition was the
raverse of that specified in the procedure. As a result of this incident, fourteen
hours of operating time were lost on low activity waste evaporators.

On the 12-8 shift, the evaporator operator received turnover that the spent
carbonate wash in a waste tank had to be acidified in a feed tank and fed to the
evaporators. The procedure specified that either tank evaporator bottoms or
50% nitric acid be added to an empty feed tank, then the wash was to be
received from the waste tank on top of the acid in the feed tank. Instead the
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operator accidentally transferred the wash from the waste tank into the feed tank
first. He reallzed his error, but thought it would be all right if he proceeded to
add the acid slowly to the wash in the feed tank. Apprpval to drop the acid from
a head tank was obtained from the supervisor, who was not informed of the
departure from the procedure.

The operator started the acid addition about 1:30 a.m. By 1:45 a.m. the section
sump high level alarm sounded and the acid addition to the feed tank was
stopped, with about 2356 pounds of acid remaining in the head tank. The
operator believed the event was a simple overflow ofithe feed tank caused by
an incorrect liquid level calibration. |

On the 8-4 shift, an invastigation revealed that an eructation had actually
occurred. : a

Electrical and Instruments personnel checked the fged tank level calibration
and found it within specifications. Evidently, adding the 50% nitric acid on top of
the carbonate wash caused a violent reaction which produced excessive
amounts of foam that overflowed the feed tank.

This incident was caused by the operator not foilowln the procedure, which
spacified that the acid should be added to the feed tank before the wash was
transferred from the waste tank to the head tank. The eructation still might have

been avoided, though, if he had alerted supervision of the probtem betore he
dropped the acid on top of the wash. '

1.7 UNCONTROLLED CHEMICAL REACTIONS WITH NITRIC
ACID RESULTING FROM TRANSFER ERROR

Normally incompatible chemicals are isotated from eaéh other during storage or
processing. Occasionally, however, as a result of valving errors these materials
are brought into contact unintentionally.

1.71 Foam-Out of a Denitrator Pot

A valving error occurred at 1:10 p.m. on January 9, 1985 which caused an
incorrect transfer of a batch of concentrated uranyl nitrate. The uranyl nitrate
solution from a hydrate evaporator was erroneously transferred into a denitrator
which was processing another batch at the time. The new charge quickly boiled
in the hot denitrator and subsequently spilled out of the vessel onto the
denitrator room floor. The spill caused by the valving error resulted in 24 hours
of production downtime and no other significant consaquences.

At 5:45 a.m. on the morning of the incident, the denitrator received a batch of

uraryl nitrate from the hydrate evaporator. After the solution was transferred,
only the air operated valve was closed. Four manually operated vaives
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‘ramained open untll the hydrate evaporator was ready to transfer solution at
-1:00 p.m. One of these four valves remains open throughout normal operation.
The procedure dictated that the pot room operato}' must verify that the other
three valves on all of the other denitrators are closed before charging, and that
the three valves on all other denitrators are closed following charging.

The hydrate evaporator was ready to transfer 276 gallons of concentrated
uranyl nitrate at the time of the incident. The pot room operator notified the
control room operator by telephone that the denitrajor was ready to receive the
solution from the hydrate evaporator. The air operated valve for the hydrate
evaporator was opened by the control room operator. Tha pot room.gperator
was walking toward the hydrate evaporator drop line to open the valve in that
line when he noticed fumes coming from the denifrator. The fuming becameg
worse, and all personnel were evacuated from the pot room. Because of
prompt personngl evacuation, injury and contamination were avoided. The
emergency "Scram” button was pushed and turnad off the propane furnaces
and started the stack jet to increase denitrator vacuym. When the operator tried
to connect the emergency off-gas system for the denitrator to the stack jet by
turning on the emergency off-gas switch, he discovered that the switch outside

the south end of the pot room was broken. The operator was able to activate .

the emergency off-gas system for the denitrator after walking around the
building and turning the switch at the north end of the pot room. After personnel
avacu?tion, solution from the denitrator spilled out of the vessel and onto the pot
room fioor. :

The valves in question were not chacked between the 5:45 a.m. and the 1:.00
p.m. solution transfars. Theraefore, when the contrdl room operator dumped the
contents of the hydrate evaporator, the batch was diverted into the denitrator
which was already charged instead of into the empty denitrator. As the new
liquid entered the operating denitrator, it quickly boiled and began to give oft
more fumes than the off-gas system could remove. The denitrator fumed aut
and the pot room was evacuated. The emergency ioff-gas system and stack jet
adequately corrected the fuming problem. Uranyi hitrate continued to enter the
hot vessel in sufficient quantity to cause a spill of approximately 130 gallons of
solution. The spill was contained in the pot room within an eight foot radius of
the denitrator with approximately two gallons of solution dripping Into the
basement directly below the denitrator,

1.7.2 Pressurization of a Recycle Tank

On September 29, 1983 a recycle tank pressutized on two occasions and
ejectad contaminated liquid from its sampler assembly into the maintenance
room.

At the end of the 4-12 shift on September 28, a high plutonium loss was
detected in a waste tank following an anion recovery run. The run was turned
over 10 the 12-8 shift for recycle. The 12-8 suparvisor instructed the anion
operator and the second operator to recycle the high loss to the recycle tank.
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The anlon operator obtained a copy of the procedure from a file in the process
control desk. This file was an unofficial file for commonjy used procedures. The
anion operator transferred the run per the procedurs, then gave the procedure
to the sixth level operator. The sixth level operator added the proper amount of
30% sodium nitrite to the recycle tank per the procedu

Thirty minutes after the nitrite addition, the sixth level operator started an air
sparge to the recycle tank. This air sparge was necgssary to remove excess
oxidant to prevent avolution of gas. As soon as the a?r sparge was begun, the
operator noticed an uncharactetistic fluctuation of the: recycle tank liquid level
recorder and observed the recycie tank prassure/vaculm gauge reading 20 psi

prassure. The operator immediately stopped the air sparge. \

The second level operator looked at the positign of the recycle tank
vacuum/vent valve handle and noted that the recycie préssure/vacuum gauge
had returnad to zero and was not indicating vacuum, He concluded that the
recycle tank vacuum/vent valve was in the proper vent position. The operator
went to the door of the maintenance room and obsetved liquid on the celling
above the racycle tank sampler, liquid on the cabinet, and liquid on the floor.
He contacted his supervisor who contacted Health Protection (HP). The
supervisor checked the addition of the nitrite and askad the operator if the tank
was vented. The operator stated that he had verified that the valve was in the
vent position. The operator entered the maintenance room under HP guidance
to begin decontamination of the liquid ejected from the sampler. The operator
noticed that the sampler ¢ap had not been repiaced by the person who iast
used the sampler as required by procedure. The operator replaced the sampler
cap and began the decontamination process. The liquid was cleaned up and
the operator exited the room. - .

Later as the second laevel operator was preparing to re-enter the maintenance
rcom for followup decontamination work, he noticed the recycle tank
pressure/vacuum gauge reading six psi. He went to the door of the room and
observed liquid spraying out from the edges of the capped recycled tank
sampler, He contacted the supervisor. The supervisor reallzed that the nitrite
reaction was still proceeding since alr sparging of tank had not taken place.
Pressure in the tank was caused by the evolution of gasas in the tank. The
supervisor decided to transfer half of the contents of the recycle tank to an
adjacent tank per procedure to relieve the pressurization and stop ejection of
liquid.

While the transfer was In progress, the supervisor asked the operator to
physically verify that the vent valve was positioned properly. The operator was
able to push the valve a little further in its travel. The valve was very stif and the
handie had a good deal of play in . It is probable that the recycle tank was not
fully vented. Investigation showed that the copy of the procedure in use was out
of date. The current version required that verification be made that the recycle
tank is vented before adding nitrite.
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. SPONTANEOUS COMBUSTION FIRES RESULTING FROM
NITRIC ACID REACTIONS

2.1 INTRODUCTION

When a material increases in temperature without drawing heat trom its
surroundings, that material is said to be spontaneously heating. Spontaneous
heating of a material to its ignitlon temperatura results in spontaneous Ignition
or spontanecus combustion. Many spontaneous combustion incidents at the
Savannah River Site (SRS) are a diract result of the uncontrolled reactions
between nitric acid and cellulosic materials. The spontaneous heating, in the
case of the uncontrolied reaction between nitric acid and cellulose, Is a process
whereby the formed compound, cellulose nitratd, increases in temparature
without drawing heat from its surroundings. Cellulgse nitrate is a very unstable
compound that, when heated above its ignition temperature, will decomposs
with the libaration of dangerous quantities of heat. Celluiose nitrate has beéen
known to flash rapidly when outside air is introduced to an otherwise
smoldering or spontaneousty haated incipient-sized fire.

Nitric acid is a volatile liquid and a powerful oxidizing agent. While nitric acid is.
a strong acid and shows many properties that areitypical of all acids, it should
be noted that nitric acid is very unstable and will readily decompose upon being
heated. Niiric acid is utilized at the Savannah River Site (SRS) in most
production and laboratory areas; but has its primary application in the chemical
separation of varlous processed products. :

The cellulosic materials involved in these spontandous combustion related fires
consist of mops, atomic wipes, sponges, clothing, etc. Typically, these
combustible materials become soaked with nitric agid in either the process or In
the cleanup stages of work. At SRS It is generally standard operating practice
1o rinse these materials with water prior to disposal, and then caver them with
soda ash in the disposal container prior to sealing the container. The materials
mentioned above are high in cellulose content (dca% and above). Therefore,
there is a definite potential for the cellulose to react with the nitric acld, which in
turn forms cellulose nitrate (CN), & compound which, as noted above, liberates
an excessive amount of heat upon decomposition.

The reaction between the ordinary cellulosic materials and the nitric acid is

exothermic. When CN is heated to above 300°F., decomposition begins and
this generates more heat which raises the temperature in the volume to the
ignition point of the combustible materials thersin. Therefore, in the
decomposition of the by-product (CN) of this uncontrolled nitric acid reaction,
the latent heat is given off in a confined volume, allowing the combustion of the
cellulosic materials within an enclosure, independent of an external air supply.

The oft gases produced by the decomposition of CN are toxic, i.e. carbon
monoxide, nitrogen dioxide, etc. The toxic etfects of the oxides of nitrogen are
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oft:n delayed. See the last section of this report for additional details regarding
toxicity.

These classes or types of fires require large volumes of water for
extinguishment, but this creates a potential contamination problem. However,
such a fire can also be effectively extinguished by the use of a dry chemical or
Halon portable extinguisher of adequate size and rating, if the fire is small or
detected in the incipient stage. Should such be the case, then the airborne
contaminants and the toxic products of combustion: could be appropriately
fillered by the bullding exhaust system. As notdd above, most of the -
spontaneous combustion type fires involving celiulose nitrate {which have
occurred in confined volumes) have been smoldering type fires; howsever, -
should enough oxygen be admitted into this volume prior to the consumption of
the fuel invoived, a flaming type fire may be the result. : "

in any event, self-contained breathing apparatus (SC%A) should be utilized by
any parsonnel who attempt to control or extinguish such a fire, not oniy because
of the potential for radioactive contamination but also because of the toxicity of
the gaseous products of combustion. -

The fire related incidents involving the use of nitric acid at the Savannah River
Site were taken from the fault tree data banks for the 200 Area, the 300 Area,
and the 773 Technical Area. The data were sorted by the date of incident for
the entire operational period of the site. '

Of the 74 incidents noted In the data search, 22 of thase could be attributed to
materials other than nitric acid; and, therefore, were eliminated from
consideration. Of the 52 remaining incidents, 9 haci detailed descriptions of
incidents invoiving spontaneous combustion of a cellulosic material from the
interaction with a nitric acid solution. The other 43 incidents of fire and/or
spontaneous combustion were either identified specifically as involving nitric
acid or can easily be assumed to involve the interaction of nitric acid and
cellulosic material, based upon the known processes involved in the locations
of the recorded incidents.

Thosae incidents (nine) for which incident reports are available are described in

detail. The dates of occurrence and a brief description are also included for
those events for which additional detalls are not readily available.
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2.2 SPONTANEOUS COMBUSTION CASE HISTORIES

2.2.1 Spontaneous Combustion of Contents of a Waste
Dumpster

On May 08, 1966, a fire in a waste dumpster, located east of Building 221-1F,
was spotted by the Separations outside facilities patrol operator at 2:00 p.m.
The fire department was notified and the fire was ¢xtinguished. There were no
injuries or contamination resulting from this incident, and there was no
interruption of normal operation of the facility.

The waste dumpster contained absorbent materialg used to mop up condensate
from a laak, which occurred on April 21, in the steam lines near a hydrate
evaporator. The material was stored in plastic bags in a storage area until it
was placed in the dumpster on May 08. '

The normal procedure for disposal of material usaed 1o clean up acid spills
(rinsing with water and neutralizing with soda ash} was not followed in this
instance baecause personnel cleaning up the condensate leak did not know it
had been exposed to acid and, therefore, did not follow the normal
neutralization procedure. _

Steam condensate, which is not normally acidic, became contaminated with
acld due to a coil leak. Sufficient controls were not in place to insure that the
condensate was recognized and handled as an jacid. Therelore, the normal
consequence (spontaneous ignition) of the mixing of nitric acid solutions and
cellulose did oceur. o

Recommendations were made to promptly neutralize and dispose of any
material exposed to acidic solutions and to require neutralization of materials
exposed to any liquids In the process areas. '

2.2.2 Spontaneous Combustion of Contents of a Waste
Dumpster

On January 11, 1986, a fire in the waste dumpster east of Building 221-1F was
detected by the outside facilities patrol operator at 1:20 a.m. The fire
department was notified and the fire was extinguished by 2:00 a.m. No injuries
or contamination resulted from this incident.

The waste dumpster contained mop heads soaked in oil and nitric acid from a
tank overflow situation that occurred at 10 p.m. on the pravious shift. The mop
heads were disposed using the standard procedure for handling waste
materials after exposure to acidic solutions. However, it was determined that
thare was a blockage of the drains in the area decontamination sinks, and the
water rinse step could not be performed. Consequently, as the mop heads
were not rinsed, too much acid solution remained to be neutralized by the soda
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ash. The reaction of the acid on the soaked mop heads caused the waste
material to self-ignite several hours later. |

Nasal smears of all personnel in the area were negative. However, there was a
potential for some production downtime, had equipment been operating when
the personnel were evacuated. '

No injuries or interruption of production occurred as F result of this incident.

Recommendations wete made to properly train all dperators in the disposal .
techniques concerning acidic and oily exposed waste materials, as weil as-
effecting repairs of the sink drains. Also, it was recommended t0 use a 4%
solution of NaOH, rather than dry soda ash, for more effective neutralization.

2.2.3 Spontaneous Combustion of COntentsiof a Waste Dumpster |

At 8:40 p.m. on November 16, 1984, a fire was obsdrved burning in the non-
regulated waste dumpster near the southeast cornel of Building 222-F (cold
feed preparation area). The fire department was notified and the personnel at
the location attempted to extinguish the fire with portalile fire extinguishers. The
fire was reduced to a smaldering state by the time the fire department arrived on
the scene. Fire department personnel completely extinguished the fire by 9:10
p.m. -

The dumpster in question was usad for the disposal of non-regulated
compactable trash, and routinely contained waste sugh as empty hags (sodium
nitrate, soda ash), rubber gioves, plastic suits, ysed atomic wipes, floor
sweepings, paper, etc. from the cold feed preparation and the dry chemical
storage areas. While the source of ignition was s ated as unknown in this
incident, it can deflnitely be attributed 10 the reactipn between the cellulosic
waste products and the acid absorbed therein. However, since this dumpster
was located in a moderate traffic area, speculation also centered around
discarded smoking materials as a possible source of ignition. The dumpster,
which was partialy filled at the time, also contained insulation and construction
waste.

A recommendation was made to place a sign on the dumpster warmning against
throwing in discarded smoking materials; but nothing was mentioned regarding
the standard operating procedures for dispasal of acid-soaked cellulosic waste.

2.2.4 Reaction of Cotton Pads and Nitric Acld

On March 02, 1982 the contents of a waste box inside a plastic hut in the 221-H
hot sample aisle self-ignited due to a reaction betwean celiulose and nitric acid.
No injurles or contamination occurred. During decontamination work on the 12-
8 shift, absorbent cotton pads, saturated with 40% nitric acid, were used to
decontaminate surfaces. The used pads were rinsed with water, put in a waste
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box and covered with powdered sodium carbonate] Two boxes of waste were
left open inside the hut at the and of the 12-8 shift. |
|
At approximately 8:30 a.m., the waste caught fire by self-ignition. When the fire
was observed, It was quickly extinguished with CO2 and with water type fire
extinguishers. Tha fire department was summoned as a precautionary

measure. Approximately 75% of the waste box and its contents were burned
and a 3' x 3' saction of the plastic wall of the hut melted.

The procedure covering this operation called for the use of 5.5% nitric acid.
Substituting 40% nitric acid for 5.5% nitric acid was not authorized. Howaever,
had sufficient rinsing water been used, the fire may pot have occurred. \
. \

The absorbent pads (atomic wipes) are largely cotton, which is 90% cellulose.
The celiulose reacted with the nitric acid formin} cellulose nitrate, a highly
combustible compound. Self-ignition was probably caused by the heat of
reactlon of the cellulose and the nitric acid. -

2.2.5 Spontanecus Combustion of Cleanup Waste Materlal

On October 16, 1978 an operator was cleaning up uranyl nitrate that had
toamed out of a denitrator and had accumulated around the agitator shaft. The
operator used moist cotton absorbent pads fo clean up the spilted solution, and
thess pads were then placed In a plastic-lined waste box and sprinkled with
soda ash. The contents of the waste box célught fire and was quickly
extinguished, using a 20 Ib. ABC rated portable fire extinguisher. The fire
department was also summoned as & precautionary measure.

The cause of the fire was attributed to spontaneous ignition due to the reaction
of the acidic nitrate in the uranyl nitrate solutign with the cellulose in the
absorbent pads. This reaction in turn formed celiulose nitrate which is a highly
combustible compound. Soda ash was used In an attempt to prevent this
reaction, but was not sufficient to neutralize the absorbed acid.

This fire incident produced no loss of product or production time, and there was
no racorded spread of airborne contamination. Since the absorbent pads are
cellulose-based, It is imperative that the waste material be rinsed prior to the
application of adequate amounts of soda ash prior to final disposal. These
standard procedures are meant to mitigate the reaction between the celiuiose
and the nitric acid compounds.

2.2.6 Nitric Acid Reaction with Sponge
Natural sponges were obtained on a purchase requisition which specified that
they wera to be used with nitric acid. The sponges had been in use for about a

week (since February 02, 1877) without incident. One of the new sponges,
used to mop up 84% nitric acid, was left in a plastic container along with some
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other residue from cabinet cleaning. On February 09, 1877, the contents of the
container ware observed to be smoldering. When the reaction rate increased
rapidly, an operator dumped the material into a stainiess steel pan and moved
the pan and its contents to a stainless steel beaker which contained process
water. The operator then dumped the material into the beaker and submerged
it in the water until the reaction subsided.

Inspection of the material remaining in the beaker revéaled that the sponge had
been consumed during the reaction, but it was not pgssible to determine if the
sponge had Initisted the smoldering. The incident may have been caused by
the sponge reacting with the concentrated nitric acid, However, an evaluation
was made in January in which a test sponge was used in this service in the .
cabinets for two days without incident. Also, the production batch of sponges
had been used for a week without difficulty. '

2.2.7 Spontaneous Combustion In a Low Lavel Waste Contalner

On September 15, 1970, upon removal from a transpart van/truck, a sealed box
of low level waste was observed to ba smoldering.  When lowered onto the
ground, the box burst into flames. The fire was extinguished using water, and
the remnants of the fire were placad in the low level waste trench and covered
with dirt. There was no contamination or other damage resulting from this fire.

While the actual cause of this fire was listed as unknawn on the incident report,
it was once again obvious, from the locations where| this low level waste was
generated, that this fire was caused by spontaneous combustion resuiting from
the reaction of nitric acid and cellulosic materials. . A recommendation was
made on the incident report concerning the reinlorcgment of proper handling
and disposal of contaminated waste. This recommendation concerns the
standard operating procedure of rinsing/diluting with water followed by the
application of sodium blcarbonate. There was no testing/analysis of the
remains of the fire, since they were immediately buriéd in the nearby low level
waste trench.

2.2.8 Spontaneous Combustion in a High Level Waste Dumpster

While the specific detalls involving this incidant center around the actions taken
by local personnel and the Fire Department in responding to this fire, the fact
remains that the combustion occurred on August 31, 1967, in a relatively closed
volume containing combustible cellulosic materiais that had come in contact
with nitric acid.

The fire was finally extinguished, with some difficulty, utilizing various
applications of water, CO2 and dry chemical extinguishing agents. There was
no evidence of either alrborne or water runoff contamination. Several
recommendations were made relative to the location and maintenance of waste
dumpsters, maintenance of fire alarm systems and fire fighting tactics; but there
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were no recommendations made concerning the problem of spontanecus
combustion from an acld/celiulose reactlon. f

This latter statement may have been due to the &act that the incident report
stated that there was no exact cause for this fire.

2.2.9 Nitrlc Acld Reaction with Air-Conditioning Filter

On January 02, 1964, an ordinary fiberglass filter, with a cardboard lining, was
being utilized as an air intake filter for a rooftop heating/air-conditioning unit.
The heat source for this unit was steam coils supplied with 40 psi of stea
pressure (287 degrees F.). Tha steam flow was thermostatically controlled, byt
at the time of the incident, the bypass around the steam flow control valve wa
wide open. Also, the fan moter for the air handling unit was not operating at the
time of the incident, but it was operated normally immediately following the
incident. The locatlon of this air handling unit was adjacent to and above an
exhauster apron. These exhausters pumpef gas containing a high
concentration of nitrogen dioxide, and used nitric acid as a seal liquid. Leaks of
acid were noted to be normal for this area. ‘

Subsequent to the incident, it was discovered that.a small valve in a drain line
was laft open, and nitrogen dioxide fumes were escaping through a hose that
was attached to this drain line. Also, one of the steam cotls in the air handling
unit was lsaking prior 10 the incidant, and thoreforg it is quite possible that the
cardboard binding of the filter was soaked with water as a result.

While there was no definite conclusion drawn from this incident, the fire may
have been caused by the reaction between the nitrogen dioxide gas and the
watar-soaked cellulosic binding of the alr filter. A!sample of the filter binding,
not consumed in the incident, was sent to the Laboratory to determine if the
paper showed evidence of nitration. An analysis for soluble nitrates was
performed and aonly trace amounts were found. There was no control sample
analyzed for a comparison.

The fire in this incident was extinguished by personnel at the scens utilizing a
CO2 portable fire extinguisher, and the Fire Department was notified that the fire
had occurred. It was recommended that completely fireproot {(noncombustible)
filters be used at this location.

2.3 OTHER INCIDENTS OF COMBUSTION RESULTING FROM
UNCONTROLLED REACTIONS INVOLVING NITRIC ACID
AND CELLULOSE MATERIALS

1. (12/14/54) Fire occurred in a solid waste storage area of the Laboratory

{772-F). Cause listed as spontaneous combustion. Lab supervisor and
firomen wera contaminated.
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(03/25/58) Fire occurrad in HB-Line. Caus. listed as spontansous
combustion due to nitric acid reaction with rubbish. Fire extinguished
using CO2, dry chemical and water.

|
{03/25/58) Fire occurrad in F Area. Spontaneods combustion due to nitric
acid and organic materials. ;

in trash can spontaneously ignited from reaction| with nitrate materials and

soda ash. i

(08/02/56) Fire in Cold Faed Preparation area o{ H Canyon. Waste paper

(09/07/56) Fire in Cold Feed Preparation area of H Canyon. Waste barrel |
fire due to improper disposal of waste materials. Extinguished with dry |

chemical.

(12/22/56) Fire In low level trench in F Area burial ground burned for 75
minutes. Cause wes attributed to sportaneous ¢ombustion. No spread of
contamination,

(05/00/57) A small fire apparently resulting from spontaneous combustion
occurred in the high level plutonium wast¢ dumpster outside the
Laboratory (772-F). A five gallon carten containing rubber gloves and
acid-soaked cloth material was partially burned. |

(11/18/57) Spontaneous combustion fire in HB4Line. Hydrogen peroxide
leaked on rags containing plastic cleaning compound. Extinguished with
water. S

(01/28/58) Qlly mop caught fire in a metal box in FA-Line.

(01/08/69) HB-Line. A cardboard box containing paper and rags ignited
and burned a hole in the floor covering. Extingu': hed with process sand.

(09/16/59) A polyethylene bag of used filter papers burst into flames when
a freshly used fllter paper was placed Inside. Incident occurred in a
recovery cabinet in FB-Line, Fire was extinguished using dry sand, and
there was no damage or contamination.

(05/25/60) Two canvas gloves ignited spontaneously in an empty drum
outside Building 222-F. Extinguished using dry chemical.

(08/08/60) Spontaneous combustion of contaminated waste in F arsa
burial ground pit burned 10 sq. ft. of waste. Fire extinguished by hose line.
No detectable spread of contamination.

(08/08/60) Spontaneous combustion of contaminated waste in F Area
burial ground. (This is a separate incident from that noted above)
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(03/14/62) FB-Line. Employee was cleaning an acid leak in a dry cabinet
and the raig spontaneously ignited. Extinguished by saturating the rag with
acid solution.

(04/10/62) Sweepings from a cleanup in the bulk storage room of F
Canyon were discovered burned at the begipning of the day shift. Fire
apparently burned itself out during the night.

(04/10/62) Fioor sweepings temporarily left lin an outside pile In F area
spontaneously ignited and burned out. No loss or damags.

(05/62) Three denitrator pot fires. Spontanepus ignition of one dumpster
waste pan in the FA-Line. |

(05/01/682) Fire started when RDZ waste in dympster outside Bullding 282-
F Ignited spontaneously due to reaction of acid on waste materials. Hose
line was used to extinguish the fire.

(06/20/62) At approximately 8:40 a.m., a fire was discovered In the low
favel waste trench in the F Area burial grounds. Approximately 75 cubic
yards of boxed or otherwise packaged low leve! waste was burned. Cause
of the fire was the spontaneous combustion, of the waste materials as a
result of improper packaging. |

Sprays in section 9 and 11 activated accidenfly. In section 9, acid dripped
on resin during jumper change. Hot crane cap contaminated to 700 rad/hr.
The sprays also shorted the motor. 40 x 10°% microcuries/cubic centimeter
airborne inside and outside of the crane cab. -

(10/01/84) Flash resin fire in section 10 at ;Ep of 10.1 tank in F Canyon.

{10/08/64) Trash dumpster ignited--probably ‘spontaneous combustion.

(12114/64) Cold Feed Preparation area df H Canyon. Spontaneous
combustion of trash in a metal waste basket. ‘Extinguished with water.

(01/31/66) Spontaneous combustion of low leve! waste in trench at F area
burial ground. Extinguished by fire departmant tank truck. No spread of
contamination.

(09/13/68) H Area Warm Canyon truckwell. Mop head used to absorb
liquid from jumper baeing welded ignited from sparks or spontaneous
combustion or both. Extinguished with water.

(10/31/66) During a valve change in FA-Line, 95 degree C. uranyl nitrate
solution dripped on atomic swipes and caused smoldering.

(01/23/67) Atomic swipes, left during a cleanup in FA-Line, began
smoldering when the temperature in denitrator increased.
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|
(04/10/67) At 1:30 p.m., waste in a paperboard b&x in FA-Line ignited.
{

(02/15/68) Spontaneous combustion of waste material in contaminated
dumpster north of 221-H. Extinguished with CO2 and dry chemical
extinguishers. Personnel were masked and there was no spread of
contamination. !

{02/12/69) Spontaneous combusticn in low le Aal contamination trench.
Extinguished by water from Fire Department tank truck. No spread ot
contamination. ‘

(02/14/69) Spontaneous combustion of trash in cardboard box on the third
level of H Canyon. Extinguished using fire hose line. ;

(09/24/69) Laborers unloading sodium nitrate from a boxcar in F Area -
noticed fire in the paper on the floor of the boxcar. Cause was
spontaneous ignition. Extinguished by dry cl'uami5 .

(10/00/69) Five gallon waste container spontan:eousiy ignited in outside
dumpster near Building 772-F. :

(01/11/71) Spontaneous ignition of rags soakdd with nitric acid on the
third level of H Canyon. Extinguished by dry chefnical.

(11/16/71) Waste-soaked mops ignited ina wdﬁe carton in A-Line of F
Area. i

(12/14/72) Spontaneous ignition of atomic swipes in waste box at the
Warm Canyon sample aisle in H Canyon, P

|
(068/15/73) Building 773-A. Fire in five gallon waﬁte carton. Circumstantial
evidence indicated a chemical reagent fire.

(02/24/76) Hamper basket of gray clothing in Lalindry area was extremely
hot and smoking. No sparks or blaze was noted; but a definite smoke odor
permeated immediate area. Probable cause due to chemical reaction.
Clothes were charred and ruined. '

(09/14/77) Fire in hamper of laundered clothing from spontaneous
combustion. Damage to hamper and the contents.

(06/10/80) Fire occurred in a clean dumpster located near Building 222-F.
The fire is believed ta have started as a resuit of a chemical reaction from
discarded materials.

(02/24/82) One five gallon paint can containing line waste (synthetic
sponges used for cleaning up acid in cabinets) started smoldering in the

SW corridor of HB-Line. Surface contamination levels to 2 x 10+° d/min
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Alpha and airborna contamination levels to 85 x 10"12 mierocurie Pu/cc of
air ware experienced.

42, (07/18/88) At 10:00 a.m., a fire occurred at the 200-F construction rework
shop in a box containing atomic wipes. The fire was believed to have
been caused by spontaneous combustion resulting when a wipe, which
had been used in cleaning up some type of chemical, was thrown in the
waste box. The fire was extinguished by the fite department.

43. (11/29/88) At 5:30 p.m., a fire occurred in a trash can in Building 735-A.
The flre was caused by a chemical reaction in the trash-spontaneou
combustion. The flre was extinguished by an employee. \,‘

. PERSONNEL INJURIES HESULTINé FROM NITRIC ACID
3.1 INTHODUCTION

The tasks reviewed In this section are acceptable, routine, everyday tasks. The
incidents reviewed are common, expected, everyday occurrences in an
industrial atmosphers, meaning that people drop vials, piping and valves leak,
etc. on a reguiar bases. However, the injuries described in this section should
not be accepted as common occurrences, and in the future must be preventad.

As each one of these injury reports is reviewed, it becomes apparent that the
cause of the injury was In many cases not a lack of training, but a lack of
RESPECT for the potential hazard. The most common cause for injuries to
humans in any situation is that the workers become too familiar with their
environment, causing them to become passive toward the job and its potential
hazards. Passiveness allows people 10 rationalize away the need to wear full
face shields when simply opening a valve, or this same passiveness allows
supervisors to accept the traditional interpretation of salety procedures and
permit the wearing of contact lenses in & restricted area.

Although the incidents, or accidents, can't be completely eliminated, the
complacency canl Eliminating complacency takes operators and supervisors
constantly reminding themselves and each other of the need for rigid
enforcemsent of all safaty procedures.

No one can afford to be so passive In a facility where a potential hazard exists,
as Is the case when handling nitric acid, causing them to lose their state of
awareness and diminish their safe barrler against injury. It is intended that by
reviewing these cases, the complacency demonstrated in the past will be
diminished if not eliminated In the future.

Those incidents (five) for which incident reports are available are described in
detail. The dates of occurrence and a brief description are alsc included for
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those events that are recorded In the data banks singe 1976 and for which
additional details are not readily available.

3.2 NITRIC ACID CAUSED INJURY CASE HISTORIES

3.2.1 Leaky Nitrlc Acid Overhead Vaive

On April 20, 1987, a separations oparator was performing routine overhead -
valving for filling denitrator pots with 50% nitric acid. Hp attempted to open one
of the overioad acid valves, but the valve would not open. He was then calted
1o the denitrator room phone. While on the phone, a2 sgcond cperator attempted
to open the chain operated vaive. As he grasped the chain, a small amount of !
acid dropped on his forehead and upper chest area. Operator #1 immediately
assisted the injured operator t0 & nearby eyewash station and flushed the
affected area. '

Had the operator been wearing a tull tace shield per standard satety
procedures, (Reference 10), he could have at least prevented the burn to the
face. Howaever, this is another case ot passively dolna a routine job, opening a
valve, without regard for the substance flowing through that valve or its
consequences. '

3.2.2 Nitric Acld Spill in a Laboratory

On January 20, 1987, a technical analyst had disgensed 2.5 milliliters of a
reagent containing 4 normal nitric acid and 0.1 normal aluminum nitrate into two
dram vials on a benchiop in the lab. Aftar dispansing 1he reagent into one of the
vials it slipped from her hand and bounced on the benchtop causing the
raagent to splash on her face. She exited the lab via'the emergency exit to the
Personnel Caorridor. While walking toward her supervisor, she removad her
laboratoty coat and safety glasses. She told her: supervisor that she had
splashed aluminum nitrate (a mild Irritant) on her face and in her eyss. The
supervisor sent her 10 the Health Protection office. Heaith Protection parsonnal
assisted her in remaving her contact lenses and escorted her to flush her face
and eyes, since it had been determinad that the reagent aiso contained nitric
acid. The Analyst reported to Medical where ice was applied for 30 minutes
followed by a burn ointment.

Had the analyst been wearing a full face shield per the procedures, (Reference
10), she would not have prevented the accident but would have completely
aliminated the injury {burns to her face and ayes).

Had the analyst followed safety procedures and washed her tace and flushed

out her eyes immediately perhaps the severity of the bums could have been
reduced.
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3.2.3 Dissolver Nitric Acid Line Leak

On the morning of July 17, 1985, about 1:30 a.m., an operator working in the
gloves of a cabinet within a Dissolver Operating Ropm, felt a burning sensation
on his left elbow. A fellow employee helped cut off the slesve of his overalls and
then they proceeded to the men's charge room to wash the affected area. The
operator then reported to the HP office where a survey of the skin above the
elbow revealed 3000 d/min alpha contamination. After one additional washing
with soap and water the contamination was redyiced to less than minimal
sensitivity. The skin condition was good but slightly reddened after this washing.
The radness had disappearad by the time the operator got to a wound monitor.
Nasal and saliva smears counted less than scaler background for alpha
contamination. A survey of the burn area with the wound monitor revealed no
detectable contamination. The operator was then placed on an on-plant
. bioasssay program and sent to medical. '

A leak from an acid line above the cabinets went undetected and dripped acid
down the face of the cabinet and Into the glove.

Before the operator began to use the cabinet gloves, a thorough inspection of
the area should have been performed. This inspection would have revealed the
leak from the acid line above dripping down the fron} of the cabinat and into the
gloves. This would have preciuded the operator from inserting his hands Into
the gloves and prevented the injury completely. :

With the drip coming down the front of the glove boX, it is assumed at eye level
with the operator, into the glove, the operator should have noticed
automatically, without a format inspection, the wet trall leading down in front of
him and into the glove.

In a facility where any type of toxic chemicals are used, especially as a primary
process additive, the workers in that facility must be, by law, informed how and
where any kind of chemicals are being used as well as their potential hazards.
The operator should also be tamiliar with how the chiemicals are introduced into
the process; eg, carried into the facility in 50 gallon drums or through lines that
run above the operators head. In this case, the knowledge that acid enters the
facility in lines and those lines sometimes run directly over head was passively
ignored by the worker.

3.2.4 Hole In Protective Clothing

On the afterncon of August 21, 1984, about 3:00 p.m., an E&! mechanic suffered
a first-aid injury when 50% nitric acid contacted his skin through a hole in his
plastic suit.

The injury took place while the mechanic was replacing the automatic inlet

vaive on a tank that contained 50% nitric acid. The mechanic was wearing the
required pratective clothing, including a plastic suit and safety belt that was tied
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the header depressurized according to facillty pro¢edures. Two other E&)
mechanics, two separations foremen, and Health P

off at the top of the tank. The valve and piping were I?kad and tagged out and
were prasent.

otaction (HP) personnal

The mechanic had loosened three of the four studs on the valve and was
loosening the fourth when acid sprayed from the drop line onto mechanic. He
felt a burning sensation on his leg and moved away from the valve. He got
down off the tank and flushed the area with water bafore going to medical for
treatment. He suffered a 4 cm. burn. Examination by HP detected no
contamination.

This incident was caused by a leaky block valve which allowed acid in the drop
line to drain out when the mechanic made the line break.

In this case the mechanic followed all safety procedures expected of him to
protect himself from harm, Unfortunately, his protective clothing had a hole in it
allowing the nitric acid to come in contact with his skin.

3.2.5 Improper Waste Handiing

On September 12, 1978, a filter was removed from a dissolver cabinet, bagged,
and forced down into a five gallon bucket. The pall was moved to the waste
PHA reading room. Anocther operator later entered the reading room to read
waste. The filter pall was temporarily placed on a chair {to permit access 1o the
PHA turntable reading) and then moved out of the room. An operator sat in the
chair to operate the PHA and received a burn. He immediately removed his
coveralls and rinsed the burned area with water. :

The operator was checked by Health Protection and lgw level contamination (<
800 d/min alpha) in the area of the burn was decontaminated. No nasal
contamination was detected. Howaver, Health Protection detected 600,000
d/min alpha in the reading room and on the chalr, and 2 x 108 d/min alpha on
the PHA turntable.

Contaminated acid leaked from the fiiter pail. The wet solld waste was not
packed In "Celite” as specified in the procedure. The "Calite” absorbs any
excess liquid that might be present. In addition, the D-18 filter did not fit
propery into the 5 - gallon pail and it was forced to conform to the pail's
dimensions. This action caused a puncture in the sealed bag that contained the
filter and allowed acid to seep out. The acid subsequently corroded through the
pail and seeped out onto the turntable, and then the chair.

The event described above is an example of very poor work practice. In this
case both the injury and the incident were completely preventable.
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OTHER INCIDENTS OF PERSONNEL INJURIES
RESULTING FROM NITRIC ACID

(03/16/786) Employee spilled a small amo int of nitric acid on .her lab
coat that seepad through and caused a slight burn on her leg.

{09/07/76) A Lab. Tach. received burns to her middie finger of her right
hand when acid she was working with penetrated two pairs of surgeons
gloves, ‘

(02/01/77)  Operator sustained acid burn o finger tip during §% nitric
acid flush of a canyon sampler. Small hoie in fubber glove. ¥.
(03/2777) Two small acid burns to hand ot; operator. "

(04/2177) Construction Eginter received écid burn on his back while
painting around 3rd level tanks. ,

(07/06/77) Operator received acid burn on hip while leaning against
sample tap of 64% acid tank. '

{08/16/77) Operator received acid burn oa right arm while locking out
valve on 6C tank,

(09/21/77)  Operator spilled 2 drops of 5.5% nitric acid on his arm while
flushing 16.1 sampler. j

(10/04/77)  Operator received an acid burn on left lag.

(01/28/78) Employee sent 1o wound monfitor after contamination acid
burn 1o right knee. '

{05/08/78) Operator received slight acid bumn to knee.

(06/14/78) Sample truck driver received a nitric acid bumn to his hand
when a sample in the lab leaked.

(10/05/78) Mechanic received nitric acid burn to right knee while
changing acid pump.

(10/11/78) Operator sustained a minor acid bum to arm when valve
handle came off at bottle fill station.

{01/04/78) Maintenance mechanic recsived contaminated nitric acid
burns to both hands while cutting up pipe for disposal in the 221H Cold
Fead Prep. Area. 40,000 ¢/min Beta-Gamma on gloves and hands.
Calculated integrated dose to hands is 2.2 Rem.

{06/16/80) Employee suffered a small acid burn to left forearm.
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(05/18/81)  Operator had 64% nitric acid contact his skin through a hole
in an acid resistant glove while pouring acid into a precipitator.

(06/12/81)  Two operators were sprayed with nitric acid when a
polyethylene bottle, pressurized by chemical reaction, exploded. One
operator had minor facial burns.  Operator adided 64% nitric acid to a
bottie contalning phenolphthalein indicator. For further dsetalls see detail
in chemical reaction section of this report. ?

(07/05/81) Operator received minor skin ltritation when using acid
goggles. Believe goggles are being cross contaminated with acig from
glove use. ‘

(12110/81)  Acid burns sustained by recovery operator. 64% itric acld '
- expelled from chemical addition tank in cold|feed. operator received
second degree acid bums. Overpressurization pf transfer fine.

(01/13/82) Raw materials department employee's coveralls came in
contact with nitric acid and he received a burn on right thigh.

(02/01/82) Hot acid eruption; minor chemica! burns to lower forearms
and uppaer forehead of employee.

(03/02/82) Separations operator recelved ar) acid burn on right knes.

{03/08/82) Maintenance depariment empll yee's coveralls came in
contact with nitric acid and he received a burn on Ieft shoulder.

(04/20/82)  An operator received a minor bufn to the face while pouring
nitric acid from a bottle. '

(08/24/82) An operator received a minor burh to the face after chemical
reaction occurred In hood while dissolving aluminum with 10 M.L. nitric
acid. ,

(09/09/82)  Operator's coveralls came in contact with nitric acid and ha
received a burn in right armpit.

(10/25/82)  Operator received & burn on left shoulder and elbow when
dripping nitric acid penetrated his coveralls.

(11/30/82) Operator sustained a minor acid burn on left arm.

(07/09/83)  Employee removed both his rul#ber and cotton gloves and
noticed a yellow spot on his right index finger that was burning. A later
invastigation found that a nitric acid drop line was leaking at a flange
above.
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{09/07/83)
(09/23/83)
approx. 0.5 cms dia. smears and prob
contamination on skin.
gamma.

(12/12/83)
nitric acid while regasketing two flanges.

(12/13/83)
had pushed her safety giasses up on her face
She proceeded to rinse her face with water,
stain on the tip of the surgeon glove finger.

{01/17/84)
(02/09/84)
breaking & line from an FB-Line tank. Line
and blew acid out when flange was broken.

(03/07/84) Two operators received bums
when nitric acid dripped on them.

(04/30/84) An operator received a burn o
dripped on him.
(07/17/84)  An operator received nitric acid

Operations coveralls

June 1991

E&I mechanic reported to HP office with acid burns.
HP office - Surveyed acid burn%

on employees left buttock
showed no detectable
probed 20,000 ¢/min beta

Maintenance employee burned his left index finger with

Technical felt a burning sensatign on her forghead after she

with her "clean” glove hand.
and then noticed a yeilow

Operator received burns on riglIleg and knee from acid.

Employee was sprayed in the; face with nitric acid while

as pressurized by a pump
on body and right shoulder |
n shoulder when nitric acid

burns to his right wrist while

unioading a 64% nitric acid tank trailer.

bum occurred when acid

The
dripped from a leaking flange onto the opgrator's wrist while he was
reaching to pick up a valve persuader from the ground near the unloading

pump. |

(07/30/84)  Bligter to left shoulder. Oparator was splashed by liquid

dripping from cailing.
(11/14/84)

A Technician dropped a doorstop top inside a decon sink

and 9M of nitric acid splattered on her neck and under her chin.

(11/18/84)
upper arm while cteaning doorstops.
resulted. No contamination was detected.

(01/15/85)
on right knee.

(01/18/85)

(02/04/85)
approximatsly 8 cm square on right knee.
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A Lab. Technician spilied {splashed) HNO3{13M) on her left
A slight discoloration of skin

Construction employse had acid burn approximatsly 5 cm

Construction employee had acid bum on left side of face.

Construction employee reported to HP with acid burn

.
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(02/17/85) While attempting to pour a four liter bottle of 64% nitric acid
into & process tank funnel, an operator spilled 3 small amount on his left
forearm. This resulted in two areas of second dpgree burns less than one
inch in in diameter. The operator was wearing acid gauntiet gloves, a
fresh air hood and two pairs of coveralls. :

(03/01/85)  HP, acid bum - head, chin, splattared by acid.

(03/18/85) A chemist was swirling a small iamount of nitric acld in a
small plastic bottle. As he mixed the acid insid? the capped bottle a drop
was released, escaping between the cap and the bottle threads, striking.

him in the eye. The Chemist experienced minor irritation as a result. He'
failed to wear a full 1ace shield as required. i

(04/06/85) Pipe fitter, working on top of a cabinet wearing two pair of
coveralls and fresh air hood, received a nitric acid burn to his left hip.

{06/20/85) A construction worker received a nitric acid burn while
working with a weld lead.

{07/04/85) An operator received a burn on the head while removing
goggles before removing gloves containing nitri¢ acid.

(07/22/85) While positioning valvaes in preparation for pumping nitric
acid from a building to a storage tank, nitric acid was inadvertently sprayed
from an open valve to a hose connaction while six construction workers
were in the area. One worker was splattared with nitric acid and received
an acid burn about the size of a quarnter.

(07/25/85) An operator received burns on upper right arm when nitric
acid splashed on him from a leaking joint in hydrate line.

{08/21/85) A construction worker received an acid burn on his right
cheek while working in the third level head tank basin. A drop of 50% nitric
acid fell from the packing of a valve and struck his cheek.

(09/14/85} A raw material enginaar received burns on leg and thigh
after contacting nitric acid on top of tank.

(09/19/85) Trainee was observing another employee flush a filtrate
cabinet sump. While adding acid into a funnel some of the acid spilled on
top of the cabinet and dripped onto the coveralls of the trainee. The burn
was described as a red spot 6§ CM. in diameter.

(09/26/85) A construction worker receive a burn on right shoulder

while setting forms around under and around a nitric acld tank. No
contamination was detected on injury.
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(10/29/85) A drop of nitric acid contacted the back of separations
operator's coveralls while working in CFP or second level. The acid
caused a second degree burn over a one square inch area.

(10/30/85) Technician received a mild burn on right arm and wrist
when nitric acid was sptashed on him while wérking in a hood.

(11/01/85) Operator receivad nitric acid buérn to right side of neck. The

acid was splashed from platting line sump. No contamination was
detected on injury. !

{12/04/85) A separations operator received a chemical bur 2.5%3" gn
left flank while in transit from change room to sample aisles. The Iocatign
of the leak has not been determined. : '

(12/17/85) An employee recelved a burn on his right shoulder when
nitric acid dripped from overhead. :

{01/18/86) An operator received a burn to the leg and knee while
pouring nitric acid from a bottle.

(02/03/86)  One construction (nsulator récaived an acid burn to the
back of his left hand thumb. Upon investigation a 5.5% nitric acid leak was
found in the work area. i

(02/13/86) A contractor received burns tothe face and sustained minor
clothing damage from aqueous nitric acid droplets emitted from a gas
scrubber stack. The burns were treated at medical and the employee
returned to work the same day.

(03/31/86) Separations operator reported to HP that he had acid on his
right cheek. Ha stated that he was filling a! 10 liter bottle with nitric acid
when hei dtouched his right cheaek with his glove that was contaminated with
nitric acid.

(04/00/88) A construction electrician received a second degree burn
on his right shoulder when nitric acid dripped from an overhead recovery
acid transfer line.

(04/28/86) An cperator suffered a bum to his finger while transporting
a leaking 64% nitric acid sample to the laboratory.

(05/01/88) Employee received acid burn to his right shoulder while
working by a tank. Source of acid was from a leaking flange.

{06/05/86) Burn to fingers after nitric acid soaked through gloves.
{08/06/86) A techniclan received a burn to the shoulder while
transporting 13M of nitric acid from regent prep. to the modules.
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(09/30/86) An operator received a burn on I?is right neck whan nitric
acid dripped on him from an overhead valve. |

(12/31/86) An operator raceived a burn on hi% left shoulder when nitric
acid dripped on him from overhead valve. |

(03/01/87) Employee received a burn to his riose when he touched his
face with a glove that was contaminated with nitri¢ acid.

(03/10/87) A vent line on top of nitric acid iarrie:' was leaking when

truck pulled into security gate acid was splashed pn patrolman.

(03/22/187) An operator received a burn on énis head when nitric acid

dripped on him from overhead piping.

{05/02/87) Saparations operator reported to the HP office, with a
second degree acid burn approximately 2 inches|in diamater on the calf of
her right leg. She had been sprayed with 50% nitric acid from the tank
pump, while valving and adding acid to the tank in Cold Feed Prep.

{05/03/87) Lab technician was sent to medicsl after she stated that she
smelled some acid fumes while dumping samples.

{05/21/87) Fumes were generated in area when acid was drained into
a sump which contained nitrite.  An operator became nauseated was
examined and released by medical.

(05/21/87) A raw malerial operator was burned with nitric acid from a
splash out of process tank, basket was not fined up with tank while it was
being lowered into tank.

{06/00/87) A maintenance engineer was injured when a drop of nitric
acid fall into his eye when it dripped from a viewing door of a recovery
room door nitric acid tank. His eye was flushed thoroughly and antibiotic
eye drops were prescribed to prevent infection.

(08/29/87) An E&I mechanic, while wearing cloth gloves without liners
in them received burns on both hands while cleaning up tools used on a
job involving nitric acid.

(09/13/87) An operator received 50% acid burn 10 top of left shoulder
when acid dripped from 50% acid manual block valve.

(10/20/87) A construction worker received an acid burn to his right side
while working in the cold {eed area.
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t
(10/23/87) Four construction workers, two -technicians and two
maintenance mechanics on a roof complained of acid vapor falling and
causing burning sensations to their skin. N9 cantamination was detected
on personnel. Acid scrubber was shut down and probiem disappeared.

{11/03/87) An operator received a burn $n his right forearm when he
struck a pipe containing nitric acid.

I
(12/23/87) Acid solution sprayed in aye. i

{01/22/88) An operator received a burrJ to his left ring finger while
pouring nitric acid from a bottle. , ,

(04/06/88) Nitric acid was splashed into employees face while dllutlng
the acid with a water hose.

(04/28/88) Separations employee recaiv_ed a nitric acid burn on left
hand and fingers.

(06/08/88) An F area lab amployee repérted to madical with a blistei'
on left ring finger. Employes had received & burn while moving nitric acld
bottles.

(06/14/88)  Two laborars said acid fumes erupted from a plastic bag of
waste causing thelr nose to have a burning sensation.

{09/29/88) A maintenance mechanic dlSconnacted a fittmg on a line
containing 64% nitric acid, an HP inspector yas splashed causing several
minor 2-3 MM second degree burns on right { lorearm.

(02/07/89) A Separations employee recqwed eczema to the right fore
arm when taping flanges and felt burning sensation. Acid bum.

{04/09/89) A.separations employee racetved a burn to his right fore
arm when he came in contact with acid while working.

(04/27/89) An employee received an acld bum to right arm when nitric
acid dripped onto his coveralls.

(07/04/88) Construction worker received an acid burn to right upper
arm while working on A-line sump.

{08/04/89) A separations employes raceived nitric acid burn to foot
when acid dropped on employee.

{12/15/89) A separations employee received a burn when nitric acid
was splashed onto his lower arm.
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1v. TOXIC EFFECTS OF NITRIC ACID AND ITS
DECOMPOSITION PRODUCTS

4.1 INTRODUCTION

According to Hawlay (Reference 2), nitrlc acid, HNO3, was the tenth highest -
volume chemical produced in the U.S. in 1979, It i a "transparent, colorless or
yellowish, fuming, sutfocating, hygroscopic, corrosive liquid. The yellow color is
due to reiease of nitrogen dioxide on axposure to light.” ‘

Nitric acid is infinitely miscible with water, it decomposes in alcohol and
decomposes upon boiling at 780C (Hawlay) to 839C (Reference 3). It freezes
at -420C, has an SG of 1.504 (25/49C), and a vapor pressure of 62 mmHg at
259C,

Nitric acid is highly toxic by Inhalation, corrosive to the skin and mucous
mambranes. It is a strong oxidizing agent, and p¢ses a dangerous fire risk In
contact with organic materials. The tolerance level is 2 ppm (~5 mg/m3), which
is also the TLV-TWA(T)value. The short term exposure limit, TLV-STEL(2), is
4 ppm (~10 mg/m3). No Emergency Response Planning Guideline (ERPG)(3)
values have been astablished for nitric acid. , ‘

The most important decomposition product of nitric acid Is nitrogen dioxide,
NO2. Nitrogen dloxide is a red to brown gas alove 21.19C, a brown liquid
between this temperature and its freezing point of -9.39C, and a colorless solid

below -119C. It is non-combustible, but supports!combustlon. it Is formed by
the oxidation of nitric acid, is highly toxie, and inhalation of nitrogen dioxide
may result in fatality. It can react strongly with reducing material.

Other oxides of nitrogen, nitric oxide (NO), and ¢itrous oxide (N20), may be
formed under certain circumstances, but they are significantly less toxic than
nitrogen dioxide, for which the tolerance In air 1$ 3 ppm. Nitrous anhydride
(N203) is not included in this table because it decomposes at 3.50C, so would
not normally be present. ‘

Comparative TLV-TWA and TLV-STEL (both devaloped by a committee of the
American Conference of Governmental Industrial Hygienists, or ACGIH},
PEL(4){promulgated by the Occupation Safety and Health Administration, or
OSHA), and IDLH (5){developed by the National institute for Occupational
Safety and Heaith, or NIOSH) values are presentad in Table 1.

|
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Table 1
COMPOUND — TLV-TWA  TLV-STEL PEL iDLH
(ppm) (mg/m3)+ {ppm) (ppm) (ppm)
HNC3 2 -5 4 2 100
NO2 3 ~6 5 1 50
NO 25 ~30 - 25 100
NzO 50 ~81 - - -
NH3 25  ~18 35 35 500
Notes: i

+ approximate (~), because conversion from ppm fo mglm3 depends upon
temperature and atmospheric pressure.

+ indicates that the OSHA limit is an STEL valus, not h TWA.

The abbreviations in this table and in the text are deﬂnbd as follows:

(1) TLV-TWA = The Threshold Limit Value-Time eighted Average is the

(2) TLV-

time-weighted average concentration for a normal 8-hour
workday and a 40-hour workw@ek, to which nearly all
workers may be repeatedly exposed, day after day, without
adverse effect.

STEL= The Threshold Limit Value-Shont Térm Exposure Limit is the

concentration to which workers can be exposad
continuously for a short period of t’me without suffering from
1) irritation, 2) chronic or irreversible tissue damage, or 3)
narcosis of sufficient degree to increase the llkelihood of
accidental injury, impair self-rescue or materially reduce
work efficiency, and provided that the daily TLV-TWA is not
exceeded. STEL is defined as & 15-minute time-
woighted average which should not be exceeded at any time
during a work day even if the eight-hour time-weighted
average is within the TLV.
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The Emergency Response Planning Guideline is the
maximum airbome concentratiorT below which it is beliaved
that nearly all individuals could be exposed for up to one
hour without experiencing ather than mild transient adverse
hgalth effects or perceive a c!éariy defined objectionable
odor, ‘

(3) ERPG-1

ERPG-2 = The maximum airborne conceftration below which it is
believed that nearly all individuals could be exposed for up
to one hour without expetiancing or developing
irreversible or other serious health effects or symptoms that
couid impair their abilities to take| protective action. |

The maximum airborne concentration below which it Is
believed that nearly all individuals could be exposed for up
to one hour without expetiencing or developing
life-threatening health effects.

ERPG-3

(4) PEL

The Permissible Exposure Limit is the time-weighted
average concentration that must not be excesded during any
8-hour work shift of a 40-hour work week. This
|appllas to all OSHA-regulated indlustries and has the torce of
aw. B I

The Immediately Dangerous to Life and Heaith value
represents the maximum concentration of a substance from
which one could escape within 30 minutes without any
efsfcape-impairlng symptoms or any lirreversible health
offects.

(&) IDLH

4.2 TOXIC EFFECTS OF NITRIC ACID

A review of the literature of unplanned or unexpected incidents involving nitric
acid impresses one by their diversity and unpredictability. There are numerous
reports of apparently identical procedures being fallowed, suddenly giving rise
to violent reactions, even though they had been completed successfully many
times previously without incident. Small changes in HNO3 concentration, or in
the concentration or composition of reactant, ot in the temperature, can have
dramatic effects upon the reactions that take place. Prudence suggests that
avery procedure Involving the use or presence of nitric acid, in any
concentration, be considered potentially hazardous until proven otherwise
under a wide range of physicochemical conditions. Despite the toxicity of nitric
acid and its decompaosition/reaction products, the dangers of traumatic injury or
death foliowing an explosion must always be kept in mind when using nitric
acid. Painful burng can also occur if nitric acid splashes on exposed skin or
ayes. If this occurs, persons involved shouid immediately use the emergency
showers or eye baths.



WSRC-TR-91-22, Rev. 1
‘ June 1991

The toxic effects of nitric acid in humans cannot be isolated from those of its
reaction products, since contact with air immediately liberates oxides of
nitrogen, collectively known as NOx's. in the absence of other chemical
reactants, the most probable decomposition product is nitrogen dioxide, said to
be more "dangerous” (but not necessarily more toxic) than nitric acid (Reterence
4). One reason why nitric acid is so dangerous is that|inhatation of its fumes at
potentially fatal concentrations may go undetected by the person(s) at risk,
since no violent raspiratory reflex occurs to warn of the danger (Reference 5).

Symptoms foliowing the inhalation of nitrous fumes (vaporized nitric acid, |
nitrogen dioxide, and other NOy's that might be present) include initially, cough,
headache, and the sensation of "fullness” in the head |and chest (Referance 5).

These symptoms are reported to be the same, regardless of the level or .
intensity of exposure. Delayed symptoms of over-axposuré can appear ‘
anywhere from one to twenty-four hours after inhalation. These begin with
dyspnea (shortness of breath), which Is caused by acute rulmonary congestion
and progresses more or |ess rapidly to edema (abnormal accumulation of fluid
in cells, tissues, or cavities of the body, in this case, the lungs). Depending
upon how deeply the victim inhaled (the dose), death can follow within thirty-six
hours. Very heavy, acute, sxposure to nitrous fumes'in a serious accident can
lead to almost immediate death. More commonly, industrial accidents have led
to delayed symptoms, exposed persons developing ddema of the lungs within
forty-eight hours. A third group of accident victims have been persons who
apparently recover from the immediate effects, but who subsequently sutfer from
chronic "chest disease” of varying severity, This depends upon a number of
factors, including the dose received, intercurrent infections, and smoking habits.

Autopsy findings include damage to the small bronctioles, intense congestion
in the gastrointestina! tract, sometimes with hemorrhage, congastion of the
meninges (membranes enveloping the brain and spinal cord), and sometimes,
spotty hemorrhage of the cerebrum. Venous blood is thick, tarry, and
coagulates rapidly, while methemoglobin is alsoc sometimes prasaent.
Erythrocyte {red blood cells) distruction and lesions of the liver and kidney have
also been saen following nitrous fume poisoning. The pathologic sequelae of
accidental (acute) exposure 1o high concentrations of nitrous fumes are also a
tunction of the dose. No anatomic findings beyond congestion are seen in
cases of rapid fatality, whereas lobular pneumonia with emphysema occurs If
thedpatient survives for some days. If survival is longer, fibrotic processes are
evidant.

Not too much data are avallable on the effacts of repeated, low-level human
axposure to nitrous fumes, although experience with welders and underground
miners, who both work in contined spaces, suggests the occurrence of chronic
pulmonary disease with irreversible lung damage. Toxicity data obtained in rats
suggest an increased effect of nitrous fumes when these include both nitric acid
vapor and nitrogen dioxide than Is the case with NO2 alone (Referencas 6 &7).
No chronic effect was evident in rats exposed dally for eighteen months to NO2
concentrations of 1, 5, and 25 ppm (Reference 8). Howsever, a possible
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acceleration in the appearance of lung tumors was seen in susceptible mice in

the same study. It was this finding that led to the recommendation of a
TLV-STEL limit for NO2 and OSHA to adopt only gn STEL PEL value {1 ppm).
A variety of other effects have been seen in mice, rdts, and monkeys exposed to
NO32 for periods of time ranging from one to twelve, months, from & to 24 hours
per day. A prominant finding was an apparent| decrease in resistance 1o
infection (Refersence 9). =

4.3 SRS PROCEDURES FOR THE HANDLING OF NITRIC ACID

A copy of the most recent Material Safety Data Sheet (MSDS) for nitric acid,
available on site, is included with this document.| A copy of the procedurs
covering the handling of nitric acid' for all site applications (Reference 10}, is
also included with this document.. Handling procedures inciude the
requirement for Engineering Controis (Section 6,1), process enclosura and
locatl exhaust ventilation to keep airborne concentration below the TLV, and the
use of Personal Protective Equipment (Section 6.2) to protect the eyes (acid
splash goggles or full face shieid when a potential for splashing exists), the
hands (Neoprene gloves), and to prevent inhalation of the fumes (specifying the -
minimum respiratory protection required as a function of the airborne
concentration-see reference 10 for details). No Administrative Controls are
specified. This SOP also details Disposal Procedufes (Section 7) and Shipping
Precautions (Section 8). i
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NITRIC ACID

NITRIC ACID

NITRIC ACID

NITRIC ACID

MATERIAL SAFETY DATA SHEET

FISHER SCIENTIFIC EMERGENCY CONTACTS: DATE: 01/21/89
CHEMICAL DVISION GASTON L. PILLORI PONBR: AXBI?491
1 REAGENT LANE 201} 79¢-7190 ACCT: 220066.01
FAIR LAWN NJ 07410 NOEX: 15890180209
(201 798-7100 CAT NO: AZ200500

THE INFORMATION DELOW 1S BELEEVED TO BE ACCURATE AND REPRESENTS THE|BEST INFORMATION CURRENTLY AVAILABLE
TQUS. HOWEVER, WE MAKE NO WARRANTY OF MERCHANTABILITY OR ANY OTHER WARRANTY, EXPRESS OR IMPLIED, WITH
AESPECT TO SUCH INFORMATION, AND WE ASSUME NO LWABILITY RESULTING FRGM TS USE. USERS SHOULD MAKE THEIR
OWN INVESTIGATIONS TO DETERMINE THE SUITABILITY OF THE INFORMATION FOR THEIR PARTICLRAR PURPOSES. )
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SUBSTANCE IDENTIFICAT!
SUBSTANCE: NITRIC ACID ’ CAS-NUMBER 76¢7-37-2
TRADE NAME S/SYNONY MS: ‘
AGUA FORTIS; WFNA; RFNA; HYDROGEN NITRATE; AZOTIC ACID; NITRYL mu?omnsz NITAL: STGG 4915528: UN 2031, A-,
200, A-200C, A-2008, A-108, A0202, A-206-C; HNG3; ACC18550 '
CHEMICAL FAMLY: '
INORGANIC ACID

MOLECULAR FORMULA, H-N-C3
MOLECULAR WEIGHT: 83.01

CERCLA RATINGS (SCALE 0-): HEALTHa3 FiREwd REACTWITYw1 PERSISTENCEWC
NFPA RATINGS (SCALE 0-4): HEALTHaI FIRE=0 REACTIVITY=0

T AR AT T I s .
COMPONENT: NITRIC ACD PERCENT: 10

COMPONENT: WATER PERCENT: 30

QTHER CONTAMINANTS: NONE

el

2 PPM (5 MaM3) OSHA TWA
2 PPMACGIHTWA: 4 PPM ACGIH STEL
1 PPMNIOSH RECOMMENDED 10 HOUR TWA

1000 POUNDS SARA SECTION 302 THRESHOLD PLANNING QUANTITY
1000 POUNDS SARA SECTION 304 REPORTABLE QUANTITY

DESCRIPTION: COLORLESS TO PALE YELLOW LICKHD WITH A SUFFOCATING m
BOLING POINT: 181 F (B3 C) MELTING POINT: 44 F (42 O)

SPECFIC GRAVITY: 15027 = 25 C VAPORPRESSURE: 475 MMHG @ 0 C
EVAPORATION RATE: NOT AVAILABLE  SOLUBILITY IN WATER: VERY SOLUBLE
VAPOR DENSITY: 3.2

SOLVENT SOLUBLITY: SOLUBLE IN ETHER.

FIRE AND EXPLOSION DATA

FIRE AND EXPLOSION HAZARLDE
NEGLIGIBLE FIRE HAZARD WHEN EXPQSED TO HEAT OR FLAME.

OXIDZER: OXIDIZERS DECOMPOSE, ESPECIALLY WHEN HEATED, TO YIELD OXYGEN WHICH WAL INCREASE THE BURNING
RATE OF COMBUSTIBLE MATTER, CONTACT WITH EASILY OXIOIZABLE, ORGANIC, OR OTHER COMBUSTIBLE MATERIALS MAY
RESULT IN IGNITION, VIQLENT COMBUSTION OR EXPLOSION,

FIREFIGHTING MEDIA:
WATER, DRY CHEMICAL OF SODA ASH
(1987 EMERGENCY RESPONSE GLHDEBOOK, DOT P 5800.4).

FOR LARGER FIRES, FLOOD AREA WITH WATER FROM A DXSTANCE
(1987 EMERGENCY RESPONSE GUIDEBOOK, DOT £ 5800.4).

FIREFIGHTING:

MOVE CONTAINER FROM FIRE AREA IF POSSIBLE. COOL CONTAINERS EXPOSED TO FLAMES WITH WATER FROM SIOE UNTIL
WELL AFTER FIFE IS OUT. STAY AWAY FROM STORAGE TANK ENDS. FQR MASSIVE FIRE IN STORAGE AREA, USE UNMANNED
HOSE HOLDER OR MONITOR «
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N&EZLES ELSE wmnmw FROM AREA AND LET FIAE SURN (1687 EMERGENCY RESPOHSE GUIDEBQOK, DOT P 5800.4, GUIDE
PAGE 44)

USE £LOODING AMOUNTS OF WATER AS FOG. COOL CONTAINERS WITH FLOODING KOUNTS OF WATER, APPLY FROM AS FAR
A %izm%g:&mﬁ LHE.AEK AVOID BREATHING CORROSIVE VAPORS, KEEP - UPWIND. IDER EVACUATION CF DOWNWIND
Al ING.,

TRANSPORTATION DATA

DEPARTMENT OF TRANSFGQATATION HAZAAD CLASSIFICATION 45CFR172.101:
CXIDZER

DEPARTMENT OF TRANSPORTATION LABELING RECUIREMENTS 48CFR172.101 AND 172.402:
OXIDIZER AND CORROSIVE

DEPARTMENT OF TRANSPORTATION PACKAGING REQUIREMENTS: 48CFR173.288
EXCEPTIONS: NONE

TOXIQITY

NITRIC ACD:
ANKYDROUS: 110 MGKG UNREPORTED - MAN LOLO, REPRODUCTIVE EFFECTS DATA (RTECS). :
MONOHYDRATE: NO DATA AVALABLE.

TRIHYDRATE: NO DATA AVAILABLE. |

CARCINOGEN STATUS: NCNE.
NITRIC ACI) IS A SEVERE EYE, SKIN AND MUCOUS MEMBRANE IRRITANT. PER WITH IMPAIRED PULMONARY
FUNCTION, PRE-EXISTING EYE PROBLEMS AND PRE-EXISTING SKIN DISORDERS MAY BE AT INCREASED RISK FROM EXPOSURE.

HEALTH EFFECTS AND FIRST ADD

INHALATION:
NITRIC ACD:
CORROSIVE. 100 PPM IMMEDIATELY DANGERCUS TO LIFE OR HMEAL

ACUTE EXPOSURE - INHALATION OF ACIDIC SUBSTANCES MAY CAUSE SEVERE RESPIRATORY IRRITATION WITH
COUGHING, CHOKING, AND POSSBLY YELLOWISH BURNS OF THE MUCOUS MEMB! 8. OTHER INITIAL SYMPTOMS MAY
INGLUDE DIZZINESS, HEADACHE, NALSEA, AND WEAKNESS, PULMONARY EDEMA MAY NNEDIATE IN THE MOST SEVERE
EXPOSURES, BUT MORE LIKELY WiLL OCCUR AFTER A LATENT PERIOD OF § - 72 HOURS. THE SYMPTOMS MAY INCLUG
TIGHTNESS [N THE GHEST, DYSPNEA, DIZZINESS, FROTHY SPUTUM, ANG CYONCSIS, PHYSICAL FINDINGS MAY INC
HYPOTENS ION,WEAK, RAPID PULSE, MOIST RALES, AND HEMOCONCENTRATION, IN ATAL CASES, GWPLETE HEOOVEH\’
MAY OCCUR WITHIN A FEW DAYS OR WEEKS OR, CONVALESCENCE MAY BE PROLONGED WITH FREQUENT RELAPSES AND
CONTINUED DYSPNEA AND GTHER SIGNS AND SYMPTOMS OF PULMONARY INSUFFICIENCY, IN SEVERE EXPOSURES, DEATH
DUE TO ANGXIA MAY OCSUA WITHIN A FEW HOURS AFTER ONSET OF THE SYMPTOMY OF PULMONARY EDEMA OR FOLLOWING

A RELAPSE.

CHRONKC EXPOSURE. DEPENDING ON THE CONCENTRATION ANG DURATION OF EXPOSURE REPEATED OR PROLONGED
EXPOSURE TG AN ACIDIC SUBSTANCE MAY CAUBE ERQSION OF THE TEETH, INFLAMMATORY AND LRGERATIVE CHANGES IN
THE MOUTH, AND POSSIBLY JAW NECROSIS. BRONCHIAL IRRITATION WITH COUGH FREQUENT ATTACKS OF BRONCHIAL
PNEUMONIA MAY OCCUR. GASTROINTESTINAL DISTURBANCES ARE ALSO POSSIBLE. . .

FIRST AID - AEMOVE FROM EXPOSURE AREA TQ FRESH AIR IMMEDIATELY. & BREATHING HAS STOPPED, GIVE ARTIFICIAL
RESPIRATION. MAINTAIN AIRWAY AND BLOQD PRESSURE AND ADMINISTER OXYGEN F AVAILABLE. KEEP AFFECT ED PERSCN
:V%%I&r AI%?H ?T F%Eg‘TA ‘%WNJSTNTN OF OXYQEN SHOULD BE PERFORMED BY QUALIFIED PERSONNEL. GET MEDICAL

SKIN CONTAGCT:
NITRIC ACID:
CORRGSIVE,
ACUTE EXPOSURE - DIRECT OONTAC‘I‘\MTH LnUlD OR VAPOR MAY CAUSE SEVERE PAIN, BURNS AND POSSBLY
YELLOWISH STAINS. BURNS MAY BE DEEP WITH AND HEAL SLOWLY WITH SCAR TISSUE FORMATION. OILUTE

SOLUTIONS OF NITRIC ACID WAY PRODUCE MLD IFIHWATDN AND I-liHDENTHE EPIDERMIS WITHOUT DESTROYING IT.
CHRONIC EXPOSURE - EFFECTS DEPEND ON THE CONCENTRATION AND DURATION OF EXPOSURE. REPEATED OR
PROLONGED CONTACT WITH ACIDIC SUBSTANCES MAY RESULT IN DERMATITIS OR EFFECTS SIMLAR TQ ACUTE EXPOSURE.

FIRST AID - REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MLD
DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (AT LEAST 15 - 20 MINUTES}. I
CASE OF CHEMICAL BURNS, COVER AREA WITH STERILE, DRY DRESSING. BANDAGE SECURELY, BUT NOT TQO TIGHTLY, GET
MEDICAL ATTENTION IMMEDIATELY,

EYE CONTACT:
NSTRIC ACID:
CORROSIVE.
ACUTE EXPOBURE - DIRECT CONTALT WITH ACIDIC SUBSTANCES MAY CAUSE PAIN AND LACRIMATION, PHOTOPHOBIA

AND BURNS, POSSIBLE SEVERE. THE DEGREE OF INJURY DEPERDS ON THE CONCENTRATICN AND DURATION OF CONTACT. N
MILD BURNS, THE EPITHELILM REQENERATES RAPIDLY AND) THE EYE RECOVERS COMPLETELY. IN SEVERE CASES, THE
EXTENT OF INJURY MAY NOT BE FLLLY APPARENT FOR SEVERAL WEEKS. ULTIMATELY, THE WHOLE CORNEA MAY BECOME
DEEPLY VASCUI.ARIED AND OPAQUE RESULTING [N BLINDNESS. INTHE WORST S, THE EYE MA\" BE TOTALLY
DESTROYED, CONCENTRATED NITRIC AGIO MAY IMPART A YELLOW OOLOR TO THE EYE UPCN

CHRONIC EXPOSURE - EFFECTS DEPEND ON YHE CONCENTRATION AND DUAR EXPOSUHE "RAEPEATED OR
PROLONGED EXPOSURE TO ACICIC SUBSTANCES MAY CAUSE COMJUNCTIVITIS OR EFFECTS AS N ACUTE EXPOSURE.

Wa
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FIRST AID - WASH EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER, OCCASIONALLY LIFTING UPPER AND LOWERLIDS,
UNTIL NO EVIDENCE OF CHEMICAL REMAINS (AT LEAST 15 - 10 MINUTES). IN CASE OF BURNS, APPLY STERILE BANDAGES
LOCSELY WITHOUT MEDICATION. GET MEDICAL ATTENTION MMEDIATELY.

INGESTION:
. NFRIC ACiD
ORROS!

Acurs EXPOSURE - ACIDIC SUBSTANGES MAY CAUSE CIACUMORAL BURNS WITH YELLOW DISCOLORATION AND
CORAOSION OF THE MUCOUS MEMBRANES OF THE MOUTH, THROAT AND ESOPHA LS. THERE MAY BE MMEDIATE PAIN AND
DIFFICULTY OR INABLITY 7C SWALLOW OR SPEAK, EPIGLOTTAL EDEMA MAY RESULT IN RESPIRATORY DISTRESS AND
POSSIBLY - ASPHYXIA, MARKED THIRST, EPIGASTRIC PAIN, NASUEA, VOJIITING AND DIARRHEA MAY OCCUR. DEPENDING ON
THE DEGREE OF ESPOHAGEAL nan GASTRIC CORROSION, THE VOMITUS MAY CONTAIN FRESH OR DARK PRECIPITATED
BLOCD AND I.ARGE SHREDS OF MUCGSA. SHOCK WITH MAHKED HVFOTENS!ON , RAPID PLL.SE, SHALLOW RESPIRATION,
AND CLAMMY SKIN MAY OCCUR.| CIRCULATORY COLLAPSE MAY ENSLE ANDG F U RRECTED, LEAD TO RENAL FAILURE. IN
SEVERE CASES, GASTRIC, ANm*o A usssen DEGREE, ESOPHAGEAL PERFORAT
OCCUR AND 85 ACCOMPANIED BY FEVER AND ABDOMINAL RIGIDITY. ESoAG
QCCUR Wm-ﬂN A FEWWEEKS, MAY EE DELAYED FOF MONTHS OR EVEN YEA|
TIME FROM ASPHYXIA, CIRCULATORY COLLAPSE OR ASPIRATION OF EVEN M
PERITONITIE, SEVEARE NEPHRITIS OR PNEUMONIA.. GOMA AND CONVULSIONS

CHRONIKC EXPOSURE - ‘ENDING ON THE CONCENTRATION, REPEATED
RESULT IN INFLAMMATORY AND ULCERATIVE CHANGES IN THE MUCOUS MEMB!
AS INACUTE INGESTION . EFFECTS ON FERTILITY, THE FETUS, AND DEVELOPMENTAL ABNORMALITIES HAVE BEEN
REPORTED FOLLOWING INGESTION OF NITRIC ACID ON DAYS 1 - 21 OF PRE IN RATS.

FIRST AID - IF VICTIM IS CONSCIOUS, QVE HIM LARGE QUANTITIES OF WATER IMMEDIATELY TO DILUTE THE ACID. DO |
NOT INDUCE VOMITING. QIVE PATIENT 1 QUNCE {30 ML) OF MILK OF MAGNESIA. G MEDICAL ATTENTION IMMEDIATELY. '

, DEATH MAY RESULT WITHIN A SHORT
AMOUNTS. LATER DEATH MAY BE DUE TCI
IMES OCCUR TERMINALLY.

ANTIDQTE:
NO SPECIFIC ANTIDOTE. TREAT SYMPTOMATICALLY AND SUPPORTIVELY.
REACTNITY

REACTIV
REACTS EXOTHEHMI:ALLY WITH WATER.

INCOMPATIBILITIES:
NITRIC ACID
ACETIC ACID: EXPLOSIVE REACTION IF NOT KEPT COLD.
ACETIC AGID + ACETONE: EXPLOSIVE REACTION.
ACETIC ACID « AMMONILM NITRATE: EXPLOSIVE REACTION.
ACETIC ACID + SODMMHEXAHYOROPLATINATE: FORMATION OF EXPLOSNE|COP¢POLND
ACETIC ANHYORIDE: EXPLOSIVE REACTION BY FRICTION DR MPALT.
ACETIC ANHYDRIDE » HEXAMETHYLEN ETETRAMINE ACETATE: FORMATION QF EXPLOSIVE COMPOUND
ACETIC COMPOUNDS: EXPLOSION HAZARD. !
ACETONE: IGNITES ON CONTACT, :
ACETONE AND SULFURIC- ACID: VIOLENT DECOMPOSITION.
ACETONITAILE: EXPLOSIVE MIXTURE.
4ACETOXY-3-METHOXYBENZALDEHYDE: EXO’I’FEMIC REACTION.
ACETYLENE « MERGURY SALTS: FORMS EXPLOSIVE
ACETYLENES: IGNITION REACTION.
ACAOLEN: '!EMPER!‘IUHE AND PRESSURE mnEAsE IN CLOSED cc:NTANEla
ACRYLONITALE: EXPLOSIVE REACTION AT
ACRYLONITRLE - METHACRYLATE GOPCI.MR INCOMPATIBLE.
ALCOHOLS: EXPLOSION HAZARD.
ALKANETHIOLS: EXOTHEHM!O

ALLY( ALCOHOL: TEM RATURE AND PFEM INCREASE IN CLOSED CONTAINER.
ALLYL CHLORIDE: TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTANER.
AMINES GN.EPHATB OR AHMTBK POSSIBLE IGNITION REACTION.

2-AMINOETHANGL: TEMPERATURE AND PRESSURE INCREASE N CLOSED CONTAINER.
2AMINOTHIAZOLE: EXPLOSIVE HEACTION.

AMMONIA (GAS): aums N AN ATMOSPHERE OF NITRIC ACID VAPOR.
AMMONIUM HYDROXIOE: TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTANER.
AMMONIUM NITRATE: FORMS EXPLOSIVE MIXTURE.

ANILINE: IGNITES ON CONTACT.
ANILINIUM NITRATE: FORMS EXPLOSIVE SOLUTION.
ANIOMN EXCHANGE RESING: POSSIBLE VIOLENT EXOTHERMIC REACTION.
ANTIMONY: YIOLENT REACTION
ARSINE: EXPLOSIVE REACTION.
ARSINE-BORDON TRIBROMIDE: VIOLENT DXIDATION.
BASES. REACTS.
BENZENE; EXPLOSIVE REACTION,
BENZIDINE: SPONTANEOUS ﬁNFI’ION
BENZONITRILE: POSSIBLE EXPLOS
BENZOTHIOPHENE DERIVATIVES: FORMATION OF POSSIBLY EXPLOSIVE COMPOUNDS.
N-BENZYL-N-ETHYLANILINE: YIGORQUS DECOMPOSITION.
1.4-BISMETHOXYMETHYL) 2 a,s.ommmma&uzsw GAS EVOLUTION.
BISMUTH: INTENSE EXI RMIC REACTION OR EXPLOSION.
1.3 - BIS(TRILUGROMETHYL) BENZENE: POSSIBLE EXPLOSION,
BORON: YIOLENT REACTION WITH INCANDESCENCE.
BORDN DECAHYDRIDE: EXPLOSIVE REACTION.

BORON PHOSPHIDE: IQNITION REACTION.

BROMINE PENTAFLUORIDE: IGNITION REACTION.
BUTANE THIOL: VIOLENT DECOMPOSITION.
N-BUTYL MERCAPTAM: KINITION REACTION.
N-OUTYRALDEHYDE: TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTAMNER.
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CADMIUM PHOSPHIDE: EXPLOSIVE REACTION.
CALCIUM HYPOPHOSPHITE: laNrrkON REACTI.ON
CARBON (PULVERIZED): VIOLENT R
CELLULOSE: FORMS EASLY couausmts ESTER.
CESIUM CARBIDE: EXPLOSIVE REAGTION.
CHLORATES: REACTS.
CHLORINE: INCOMPATIBLE,
CHLORMNE TRIFLUORIDE: VIOLENT REACTION.
CHLOROBENZENE; POSSIBLE EXPLOSION.
4-CHLOAG-2-NITROANILINE: FORMS EXPLOSIVE COMPOUND.
CHLOROSULECNIC ACID: TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTAINER,
COAL: EXPLOSIVE MIXTURE.
COATINGS: MAY BE ATTACKED,
CRESOL: TEMPERATURE AND PRESSURE INGREASE IN CLOSED CONTANER.
CROTONALDEHYDE: VIOLENT OE COMPOSITION WiTH IGNITICN,
CUMENE: TEMPERATURE AND PRESSURE INCREASED IN CLOSED CONTAINER.
CUPAIC NITRIDE: EXPLOSVE REAC Tm
CUPROUS NITRIDE; VIOLENT
CYANATES: POSSIBLE EXPLOSIVE mcmu
CYCLOHEXANOL: VIOLENT REACTICN.
CYCL OHEXANONE: VIOLENT REACTION.
CYCLOHEXYLAMINE: FORMS EXPLOSIVE COMPOUND.
CYCLOPENTADIENE: E REACTION.
1,2-DIAMINOETHANE BIS rrm HYLGOLB) EXPLOSIVE REACTION.
DIBORANE: SPONTANEQUS IGNIT!
DI-2-BUTOXYETHYL ETHER: VIOLENT 'DECOMPOSITION REACTION,
2,6-DFT-BUTYL PHENOL: FORMATION OF EXPLOSIVE COMPOUND.
DICHLORCETHANE: FORMS SHOCK AND HEAT ssm:me MIXTURE.
DICHLOROETHYLENE: FORMS EXPLOSIVE COMPOUNOD
DICHLOROMETHANE. FORMS EXPLOSIVE SOLUTION.
DICYCLOPENTADIENE: SPONTAMEDUS IGNITION.
DIENES: IGNITION REACTION
DIETHYLAMING ETHANCL: mssuu EXPLOSION.
DIETHYL ETHER: POSSIBLE
3.5-DIHYDRO-1.2 2H-CXAZINE: Expmswe INTERACTION,
DISOPAORYL. ETHER: TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTAINER.
DIMETHY LAMINOMETHYLEERROGENE: VIOLENT DECOMPOSITION F HEATED.
DMETHYL ETHER: Foms emoswe COMPOUND.
DIMETHYL HYDAAZINE: | ON CONTACT.
DIMETHYL SULFOXICE + 1.44510)0.“5 EXPLOSION.
DIMETHYL, SULFOXIDE + <14% WATER: Exm.osnvs REACTION,
OINITROBENZENE: EXPLOSION HAZARD.
DINITROTOLUENE; EXPLOSIVE REACTION.
DIOXANE + PERCHLORIC ACID: POSSIBLE EXPLOSION,
DIPHENYL DISTIBENE: EXPLOSIVE OXIDATION.
DIPHENYL MERCURY + CARBON DISULFIDE: VIOLENT REACTION.
DIPHENYL TIN, IGNITION REACTION.
DISODIUM PHENYL ORTHOPMOSPHATE: VIOLENT EXPLOSION,
CVINYL ETHER; POSSIBLE IGNITION REAGTION.’
EPICHLOROHYDRIN: TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTAINER,
ETHANESULFONAMIDE; EXPLOSIVE REACTION.
ETHANOL: VIOLENT REACTION.
ETHOXY- E‘IH\'LENE DITH!OPHQSPHATE IGNITION ON CONTACT.
METHYL ANILINE: 1G REACTION
ETHYLENE DIAMINE: TEMPEHATURE AND PRESSURE INCREASE IN CLOSED CONTAINER.
ETHVLENE GLYCOL; FORMS SHOCK AND HEAT SENSITWVE MIXTURE
ETHYLENEWMINE . TEMPERATLRE AND PRESSURE INGREASE IN (1.OSED CONTAINER.
E-ETHYL-2-METHYL PYRIDINE: EXPLOSIVE REACTION.
ETHYL PHOSPHINE: IGNITION REACTION.
S-ETHYL-2-PICOLINE; FORMS EXPLOSIVE GOMPOUNDS
FEAROUS OXIDE (POWOERED): INTENSE EXOTHERMIC REACTION.
FLORINE: POSSIBLE EXPLOSIVE REACTION, POSSIBLE EXPLOSION.

FORMIC ACID, EXOTHERMIC REACTION WITH RELEASE OF TOXIC GASES.
2-FORMYLAMING-1-PHENYL.-1,3-PROPANEDIOL: POSSIBLE EXPLOSKON.
FUEL Ok (BURNING): EXPLOSION,

FULMINATES:

REACTS.

FURFURYL ALCOHOL: KGNITION REACTION,
FURFUHVLIDEPE KETG’&ES' JANITES ON CONTACT.
GEAMANIUM: V
GLYCERCL: PQSSBLE Exm.csm
GLYOXAL TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTAINER.
HEXALITHIUM DISILICIDE: EXPLOSIVE REACTION.
HEXAMETHYLBENZENE: POSSIBLE EXPLOSION

2,2.4 4,6,6 HEXAMETHYLTRITHIANE: EXPLOSNE OXIDATION.
HEXENAL, EXPLOOES ON HEATING.
HYDRAZINE: VIOLENT REACTION.
HYCRAZOIC ACID: ENERGETIC REACTION.
HYDROGEN KIDIOE: IGNITION REACTION.
HYDAROGEN PEROXIDE: FORMS UNSTABLE MIXTURE
HYDAOGEN PERIOXIDE AND KETONES: FORMS EXPLOSIVE PROCUCTS.
HYOROGEN PEROXIDE AND MERCURIC OXIDE: FORMS EXPLOSIVE COMPOUNDS.
HYCROGEN PERQXIDE AND THIGUREA: FORMS EXPLOSIVE COMPOUNOS.
HYDROGEM SELENIDE: IGNITION REACTION.
HYDROGEN SULFIDE: INCANDESCENT REACTION.
HYDROGEN TELLURIDE: IGNITION AND POSSIBLE EXPLOSNE REACTION.
INDANE AND SULFURIC ACID: EXPLOSIVE REACTION.
ISOPRENE: TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTANER.
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KETONES (CYCUC): VIOLENT REACTION.

LACTIC ACID FNDRQFLIJOHIG ACID: EXPLOSIVE REACTION.

LITHIUM: IGNITION RE

LITHIM SILICIDE: NOANDESCENT REACTION. ‘
MAGNESIUM: EXPLOSVE REACTION i .
MAGNESIIM + 2-NITROANILINE: MAY IGNITE ON CONTACT. |
MAGNESIUM PHOSPHIDE: INCANDESCENT REACTION. |
MAGNESIUM SILICIDE: VIOLENT REACTION.

MAGNESIUM-TITANIUM ALLOY: FORMS SHOCK AND HEAT SENSITIVE MIXTU
MANGANESE {POWDERED)! INGANDEBCENCE AND POSSIBLE EXPLOSION.

MESITYL OXIDE: TEMPERATURE AND PRESSURE INGREASE IN CLOSED iAIEFL
MESIT'ILENE POSSIBLE EXPLOSIVE REACTION. :

METALS: VIOLENT REACTION WITH EXPLOSION OR IGNITION. ;

METAL CAHBIDES: EKPL IVE OR VIQLENT REACTION. :

METAL CYANIDES: EXPLOSIVE REACTIONS.

METAL FERRICYANIDE OR ERAGCYANIOE: VIOLENT REACTION.

METAL SALICYLATES: MS EXPLOSIVE COMPOUNDS.

METAL THOCYANATES: POSSIBLE EXPLOSION.

METHANOL: MIXTURES OF GREATER THAN 25% ACID MAY DECOMPOSE VIOLENTLY.
2METHYLBENZIMIDAZOLE + SULFLRIC ACID: POBSIBLE EXPLOSIVE REACTION.
AMETHYLCYCLOWEXANONE: EXPLOSIVE REACTION.
2METHYL- S-EIHYLPYHIJIl#E TERWE AND PRESSURE INCREASE IN (LOSED CONTAINER.

NECDYMILUM PHOS
NICKEL T!TRAPI-QEPHIDG iGNITION CTION.
NITRO AROMATIC HYDROCARBONS: FORMS HIGHLY EXPLOSIVE PRODUCTS
NITROBENZENE: EXPLOSIVE REACTION, ESPECIALLY IN THE PRESENCE OF WATER.
NITROMETHANE exn.osa REACTION.

LOSION
NON-METALOXIES EXFLOBNE REACTION,
CLEUM: TEMPERATVRE AND PRESSURE INCREASE I'l CLOSED CONTAINER.

HAZAAD,
ORGANIC SUBSTANCES AND PERCHLORATES: POSSIBLE EXPLOSION.
ORQGANIC SUBSTANCES AND SULFURIC ACID: POSSIBLE EXPLOSION.
PHENYL ACETYLENE AND 1,1-DIMETHYLHYDRAZINE: VIOLENT REACTION.
PHENYL ORTHOPHOSPHORIC ACID DISOOIUM SALT: FORMS EXPLOSIVE FRODUCTS,
PHOSPHINE « OXYGEN: SPONTANEOUS IGNITION.
PHOSPHONIUM IODIDE: IGNITION REACTION.
PHOSPHORUS éVAPOR} IGNITES WHEN O-E.A"I'ED

PHOSP
PHORUS TE RNOD VIGOHOUS REAC‘I'M
PHOSPHOHUS YHlCHI.OﬂlDE EXPLOSIVE AEACT
PHTHALIC ACID AND SULFURIC ACID: POSSBLE EX?LOBIVE REACTION.

PHTHALIC ANHYORIDE EXOTHERMIC REACTION AND FORMS EXPLOSNVE PRODUCTS.
PICRATES: REACTS.
PLASTICS: MAY BE ATTACKED.
POLYALKENES: INTENSE REACTION.
POLYDIBROMOSILANES: EXPLOSIVE REACTION.
PG.Y(ETH‘I‘LENE OXIDE) DERIVATIVES: POSSIBLE EXPLOSION.
POLYPROPYLENE: TEMPERATURE AND PRESSURE INCREASE INA CLOSED OONTA!hEH
POLY(SILYLENE % IGNITION
POLYURETHANE (FOAM): VIBOROUS REACTION,
POTASSIUM cmalnz POSSIBLE VIOLENT REACTION.
POTASSIUM HYPOPHOSPHITE: sx&osnvs REACTION,
POTASSIUM PHOSPHINATE: EXPLODES GN EVAPORATION.
B-PROPIOLACTONE: TEMPERATURE AND PRE!SUFE INCREASE N OLOSED CONTARNER.
PROPIOPHENONE + SULFURIC ATID: EXOTHERMIC REACTION ABOVE 5
PROPYLENE GLYCOL + HYDHOFLUORIC ACID + SILVEII NITRATE: Exn.os
PROPYLENE OXIDE: TEMPERATURE AND PRESSURE INCREASE IN CLOSED MEH.
PYRIDINE: TEMPERATURE APO PRESSURE INCREASE IN CLOSED CONTAINER.
PYROCATECHOL: IGNITES ON CONTACT,
REDUCING AGENTS: POSSIBLE EXPLOSIVE OR IGNITION REACTION.
RESORCINOL: POSSBLE EXPLOSION.
RUBBER: VIIDROUS REACTION: POSSIBLE EXPLOSION.
RUBIDIM CARSIOE: EXPLOSNE REACTION, POSSIH.E HGNITION REACTION,
SELENIUM; VIGOROUS mﬂt
SELENIUM HYDRIDE: IGNITION OR INCANDE SCENT REACTION.
SELENIUM I000PHOSPHIDE: EXPLOSVE REACTION.
SIICON: VICLENT REACTION,
SLICONE Oll.: POSEISLE EKPLHICN
SLVER « ETHYL ALCOHOL: EXPLOSIVE REACTION.
SLVER aureu-&mm: EXPLOSION,
SODIUM; SPONTANEQUS IGNITION,
SCOIUM AZDE: EXOTHERMIC EmTION.
SODIUM CARBIDE: POSSIBLE VIOLENT REACT
SOOIUM HYDROXIDE: TEMPERATURE AND PFESSLIIE NCREASE N A CLOSED CONTANER.
STIBINE: EXPLOSIVE REACTION,
SUCROSE (SOLID): VIGOROUS REACTION,
SULFAMIC ACID: VIOLENT REACTION WITH EVOLUTION OF TOXIC NITROUS OXIDE.
SULFIDES: REACTS.
SULFUR DIOXIDE: EXPLOSIVE REACTION.
SULFUR HALIDES: VIOLENT REACTION.
SULFURIC ACID + GLYCERIDES: EXPLOSIVE REACTION.
SULFURIC ACID + TEREPHTHALIC ACID: VIOLENT REACTION.
SURFACTANTS + PHOSPHORIC ACID: EXPLOSICN HAZARD,
TERPENES: SPONTANECOUS IGNITION.
TETRASORANE: EXPLOSIVE REACTION.

I‘&
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TETRABORANE DECAHYDRIDE: EXPLOSIVE REACTION.

TETRAPHOSPHOROUS DIODOTRISELENIDE: EXPLOSIVE REACTION.

TETRAPHOS AOUS iQDIDE; IGNITES ON GONTACT
PHOSPHOWJS TETRAOXIOE TRISULFIOE: VIOLENT REACTION.

VIOLENT REACTION,

THKX!\’ANAT’ES. EXPLOSIVE REACTION.
THIOCYANIC ACID METAL JALTS: EKFLOSIVE REACTION.
THIOKETONES: VICLENT REACTION
THIOPHENES: EXPLOSIVE AEACTION.
TITANIIM: FORMS SHOCK-SENSITIVE COMPOUND. .
TITANIUM ALLOYS: POSSIBLE EXPLOSIVE REACTION.
TITANIUM-MAGNE SIUM ALLOY: POSSIBLE EXPLOSION ON IMPACT.
TOLUENE: VIOLENT REACTION,
TOLUIDENE: IGNITION REACTION.
1.3, 5~TRIAOETVU-IEKAWDFD~1.3.§-THMZINE + TRIFLUCROACETIC ANHYDRIDE: EXPI.OSIVE REACTION.
TRIAZINE: VIOLENTLY EXPLOSIVE REAC
TRICADMIUM DIPHOSPHIDE: EXPLOSWE REACT ION.
TRIETHYLGALLIUM MONCETHYL ETHER COMPLEX: IGNITION REACTION.
TRIMETHYLTRIOXANE: INTENSE REACTION.
TRISODOMERCURNPHOSPHINE: VIOLENT DECOMPOSITION.
TRITHIOACETONE: EXPLOSIVE REACTION.
TURPENTINE: EXPLOSIVE MIXTURE.
UNSYMMETHICAL DIMETHYL, H\'DWIW SPONTANEQUS IGNITION.
URANIUM: EXPLOSIVE REACTION
URANIUM ALLOY: VICLENT RE
UFUANIJM DISULFIDE: VIOLENT REACTION

AUM-NECDYMIUM ALLOYS: EXPLOSIVE REACTION.
VINVL ACETATE: TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTANER.
VINYLIDENE CHLORIOE: TEMPERATURE AND PRESSURE INCREASE IN CLOSED CONTAINER.
WOOD: POSSEBLE IGNITION.
P-XYLENE: INTENSE REACTm N PRESENCE OF SULFURIC ACD.
2INC: INCANCESCENT REACTION,
2ZING ETHOXIDE: POSSIBLE EXPLOSION,
JRACONIUM-URANIUM ALLOYS: EXPLUSIVE REACTION.,

DECCMPOSITION:
THERMAL DECOMPOSITION PRODUCTS MAY INCLUDE TOXIC OXIDES OF NITROGEN

POLYMERIZATION:
HAZARDOUS POLYMERIZATION HAS NOT BEEN REPORTED TO OCCUR UNDER N?RMAL TEMPERATURES AND PRESSURES.

STOPAGE ANDDISPOSAL, |
OBSERVE ALL FEDERAS,, STATE AND LOCAL REGULATIONS WHEN STORING DR Q¢sposm OF THIS SUBSTANCE.
STORAGE ;

PROTECT AGAINST PHYSICAL DAMAGE. SEPARATE FROM METALLIC POWDERS, CAHHIDES HYOROGENK SULFDE
TURPENTINE, ORGANIC ACIDS, AND ALL COMBUSTBLE, ORGANIIC OR OTHE R READILY OXIDIZABLE MATERIALS. PROVIDE
QOOD VENTILATION AND AVOID DIRECT SUNLIGHT (NFPA 49, HAZARDOUS S DATA. 1979).

STORE AWAY FROM INCOMPATIBLE SUBSTANCES. ‘

THRESHOLD PLANNING QUANTITY (TPQ) JA

THE SUPERFUND AMENOMENTS AND REAUTHORZATION ACT (&W\) SECTION 302 REQUIRES THAT EAGH FACILITY
WHERE ANY EXTREMELY HAZARDOUS SUBSTANCE IS PRESENT N cuwr OUAL TO OR GREATER THAN THE TPG
ESTABLISHED FOR THAT SUBSTANCE, NOTIFY THE 8TATE EMERGENCY RE! SE COMMISSION FOR THE STATE N
WHICH 1T IS LOCATED. SECTION 303“ SARA REQUIRES THESE FACLITIES TO PARTIGIPATE IN LOCAL EMERGENCY
RESPONSE PLANNING (40 CF R 355.30).

DISPOSAL

DISPOSAL MUST BE IN ACCORDANCE WITH STANDARDS APPLICABLE TO GENERATORS OF HAZARDOLS WASTE, 40 CFR
262. EPA HAZARDOUS WASTE MMER nooz
4

WKN! T AVOID
MAY IGNITE OTHER COMBUSTIBLE MATERIALS (WOQD, PAPER, OIL, ETC.). R 3 VIOLENTLY WITH WATER AND FUELS,
LAMMABLE, POISONOU!

F BLE, S GASES MAY ACCUMULATE IN TANKS AND HOPPER CARS. RUNCFF TO SEWER MAY CREATE FIRE
OR EXPLOSION HAZARD.
CONSULT NFPA PUBLICATION 43A, STORAGE OF LIQUID AND SOLID OXIDIZING MATERIALS, FOR STORAQGE

REQUIREMENTS.
OLXOONGOOOOOO X IGOONOLONOORNROOIONNGOC0LOOOROLOONCO0NLLNNOTUACHX
SPILL ANO LEAK PROCEDURES

SON SPILL:
DIG A HOLDING AREA SUCH AS A PIT, FOND OR LAGOON TO CONTAIN SPLLI AND DIKE SURFACE FLOW USING BARRIER OF
SOIL, SANDBAGS, FOAMED POLYURETHANE CR FORMED CONCRETE. ABSORB LIQUID MASS WITH FLY ASH OR CEMENT

NEUTRALIZE SPILL WITH SLAKED LIME, $OQILM BICARAONATE OR CAUSHED LIMESTONE,

I“.
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ARRSPAL: - i
APPLY WATER SPRAY TO KNOCK DCWN AND REDUCE VAPORS. KNOCK-DOWN WATER 1S CORRCSIVE AND TOXIC AND

SHOULD BE DIKED FOR CONTAINMENT AND LATER DISPUSAL.

WATER $PILL:
ADD SUITABLE AGENT TO NEUTRALIZE SPILLED MATERIAL TO PH-7.

OCCUPATIONAL SPILL:

KEEF COMBUSTIBLES (WOGD, PAPER, OIL. ETC.) AWAY FROM SPILLED MATERIAL. DO NOT TOUCH SPILLED MATERIAL.
STOP LEAK IF YOU GAN DO IT WITHOUT RISK. USE WATER SPRAY TO REDUCKE VAPORS. DO NOT GET WATER INSIDE
CONTAINER. FOR SMALL SPILLS, FLUSH AREA WITH FLOODING AMOUNTS OF WATER. FOR LARGER SPILLS, DIKE FAR
AHEAD OF SPILL FOR LATER DISPOSAL. KEEP UNNECESSARY PEQPLE AWAY, ISOLATE HAZARD AREA AND DENY ENTRY.
VENTILAYE CLOSED SPACES BEFORE ENTERING. i

AEPORTABLE CUANTITY (RO} 1000 POUNDS
THE SUPERFUNG AMENDMENTS AND REAUTHORIZATION ACT (SARA) SEGTION 304 REQUIRES THAT A RELEASE EQUAL TO
OR GREATER THAN THE REPORTARLE QUANTITY FOR THIS SUBSTANGE BE MMEDIATELY REPORTED TO THE LOCAL
EMERGENCY PLANNING COMMITTEE ANO THE STATE EMERGENCY RESPONSE COMMISSION (40 CFH 355.40). IF THE
RELEASE OF THIS SUBSTANCE IS REPORTABLE UNDER CERCLA SECTION 108, THE NATIONAL RESPONSE CENTER MUST
guEaNs?TiF!ED IMMEDMATELY AT (800) 424-8802 OR (202} 426-2578 IN THE METROPOLITAN WASHINGTON, D.C. AREA (40 CFR

PROTECTIVE EQUIPMENT

VENTILATION: i ]
PROVIDE LOCAL EXHAUST OR PROCESS ENGLOSUHE VENTILATION TO MEET PUBLISHED EXPOSURE LIMITS. '

RESPIRATOR: ;

THE FOLLOWING RESPIRATORS AND MAXIMUM USE CONCENTRATIONS ARE RECOMMENDATIONS BY THE U.S.
DEPARTMENT OF HEALTH AND HUMAN SERVICES, NIOSH POCKET GUIDE TO CHEMICAL HAZARDS OR NICSH CRITERIA
DOGUMENTS, OR DEPARTMENT OF LABOR, 20CFR1910 SUBPART Z H

THE SPEGIFIC RESPIRATOR SELEGTED MUST BE BASED TN CONTAMINATION LEVELS FOUND IN THE WORK PLACE AND BE
ﬁﬂ&l}g :&P?&TERA%YJNHE NATIONAL INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH AND THE MINE SAFETY AND

NITRIC ACID:
125 MGMB. ANY SUPPLIED-AIR RESPIRATOR OPERATED N A COUTNUOUS;FLOW MODE.

250 MGMY.  ANY SELF-CONTANED BREATHING APPARATUS WITH A FULL FACEPIECE.
ANY SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE. ¢
ANY AIR-PURIFYING FULL FACEPIECE RESPIRATOR (GAS MASK) WITH A CHIN-STYLE OR FRONT-OR BACK.
MOUNTED CANISTER PROVIDING PROTECTION AGAINST NITRIC ACID.
ANY CHEMICAL CARTRIDGE RESPIRATOR WITH A FULL FACEPIECE AND CARTRIDGE(S) PROVIDING
PAOTECTION AGAINST NITRIC ACID. '

ESCAPE- ANY AIR-PURFYING FULL FACEPIECE RESPIRATOR (GAS MASK) WITH A CHIN-STYLE OR FRONT-OR BACK:
MOUNTED CANISTER PROVIDING PROTECTION AGAINSY NITRIC ACID.
ANY APPROPAIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS.

NOTE; ONLY NON-OXIDIZABLE SORBENTS ARE ALLOWED (NOT CHARCOAL).
FOR FIREFIGHTING AND OTHER IMMEDIATELY DANGERQUS TQ LIFE OR HEALTH CONDITIONS:

SELF.CONTAINED BREATHING APPARATUS WITH FULL FACEPIECE OPERAED IN PRESSURE DEMAND OR
QTHER POSITIVE PRESSURE MODE.. : .

SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE AND OPERATED IN PRESSURE-DEMAND OR OTHER POSITIVE
PRESSUAE MODE IN COMBINATION WITH AN AUXILIARY SELF-CONTAINED BREATHING APPARATUS CPERATED
IN PRESSURE-DEMAND CR OTHER POSITIVE PRESSURE MCOE.

CLOTHING:
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE (IMPERVICUS) CLOTHING AND EQUIPMENT TO PREVENT ANY
POSSIBILITY OF SKIN CONTACT WITH THIS SUBSTANCE.

GLOVES:
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTACT WITH THIS SUBSTANCE.

EYE PROTECTION: '
EMPLOYEE MUST WEAR SPLASH-PROOF OR DUST-RESISTANT SAFETY GOGGLES AND A FACESHIELD TO PREVENT
CONTACT WITH THIS SUBSTANCE. CONTACT LENSES SHOULD NOT BE WORN,

EMERGENCY WASH FACILITIES: i

WHERE THERE IS ANY POSSIBLITY THAT AN EMPLOYEE'S EYES ANCVOR SICN MAY BE EXPOSED TO THIS SUBSTANCE. THE
EMPLOYER SHOULD PROVIDE AN EYE WASH FOUNTAIN AND QUICK DRENCH SHOWER WITHIN THE IMMEDIATE WORK
AREA FOR EMERGENCY USE.

AUTHORIZED - FISHER SCIENTIFIC GROUP. INC.
CREATION DATE: 120484 REVISION DATE: 08/24/38

-ADDITIONAL INFGRMATION-
THE INFORMATION BELOW IS BELIEVED TO BE ACCURATE AND REPRESENTS THE BEST INFORMATION CURRENTLY
AVAILABLE TO LS. HOWEVER, WE MAXE NG WARRANTY OF SUCH INFORMATION, AND WE ASSUME NO LIABILITY
AESULTING FROM ITS USE. LSERS SHOULD MAKE THEIR OWN INVESTIGATIONS TO DETERMINE THE SUITABILITY OF THE
INFORMATION FOR THEIR PARTICULAR PURPOSES.

e
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TOXIC MATERIALS
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A. PURPQSE

This item defines toxic materials and how these materials which may constitute
a potential hazard 1o personnel can be controlled: References are provided which
describe accepted procedures to be followed in theif use. ‘

B. DEFINITION |

A material is clagsified as toxic if it has an inherent harmful property which
tends to impair health or to destroy life. There are three aspects of toxicity:

- The inherent potential to impair health or to destroy life.

- The duration of cxposurc.

- 'The dose or the amount taken into the body.

Because of these variables, toxicity cannot be predicied exactly.,  General
considerations for handling these materials are described in DPSOP 158. chapter I, B.

C. TOXIC MATERIAL MANAGEMENT
1. General

Employee exposurc 1o any of the toxic materials listed in OSHA regulations Title
20 Code of Federal Regulations (CFR), Part 1000 'must be limited as specified in the
regulations.  Controls of exposure at SRP will! be " bascd on the most restrictive
threshold limit value (TLV) or allowable exposure limit (AEL) as published by OSHA,
the American Conference of Governmental Industrial Hygienists (ACGIH), or the
DuPont Company.

Hazardous materials with appropriate TLV's are listed in DPSOP 138, chapter
11,C,3. (See DPSOP 158, chapter II,C,2, for definition and use of TLV's.) Employee
exposure will be monitored and maintained below the listed TLV, or AEL.

When an cmployee's exposure exceeds TLV or AEL, immediate steps must be
taken to protect the employee and engineering comtrols initiated to correct the
problem. If employee exposure is onme-half of TLV (AEL) or less, re-evaluation of
exposure will be on anauel basis except where regulations specify otherwise. If
employec exposure is greater than one-half TLV (AEL) but less than TLV or AEDL, re-
evaluation of exposure will be on quanerly basis except where regulations specify
otherwise,

Toxic materials used at the Savannah River Plant (SRP) or Savannah River
Laboratory (SRL) which pose potential problems (i.e.. whose toxicity characteristics
are of such a nature that use of the material in any quantity may constitute a
potential hazard to personnel) are described in DPSOPs 158-2, 158.3, 158-4, and 329,

.
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Each potentially woxic (hazardous) material is described in a Hazardous
Material Data Sheet. This data sheet includes such information as:

- Safety and health standards.

- Significant chemical and physical properties.

- Industrial hygiene practice; iec., uses, evalyation, and control of exposures.

- Waste disposal methods.

. References to other sources of information. . ‘

These data sheets are compiled in DPSOP 158-2. Similar information for -
proprictary materials; i.e., trade name products, is provided in DPSOP 158-3 and 158-4.

3. Carcinogens

Certain chemicals in use have been designated as potential carcinogens: ie.,
cancer-producing materials. These materials and plant policy for carcinogen
control arc listed in DPSOP 158, division LB, Qeneral requirements for handling
carcinogens are provided in DPSOP 158, section 11.C,7, Special Procedures. Where a
material is classified as carcinogenic, this is clearly noted on the Hazardous Material
Data Sheetr in DPSOP 158-2.

4. Pesticides

Pesticides are toxic materials used to destroy .or control insects, rodents,
plant or weed growth, plant discases, unwanted trces or stumps, or similar
targets receptive to chemical growth. All purchase requisitions for pesticides
or pest conmtrol contract services by offplant commercial applicators are to be
routed to the Pesticide Control Committee Chairmtan for approval prior 10
Purchasing Division action (except the purchase of bousehold-type supplics
stocked and distributed by Building 713-A, Store$, which must follow the
guidelines of SRP Safety Manual, item 31). It is the responsibility of the group
who wants to use a particular pesticide to write a DPSOL for DPSOP 329 which
outlines pesticide program responsibilities and use 'procedures.

S. Food and Beverage Control

The preparation andf/or consumption of food and beverages in work
areas where toxic materials are stored or used imvolve potential personnel
cxposures to the toxic materials, Food and beverage consumption in such areas
constitutes poor hygienic practices and is specifically restricted by the
Qccupational Safety and Health Act, subpart I, General Environmental Controls.
Refer to DPSOP 158-1, DPSOL 158-1-206 for control of food and beverages.

I‘C.
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NITRIC ACID
PROCEDURE:

1. Identification (1)

Name: Nitric Acid

Synonyms: Hydrogen Nitrate, Azotic Acid, Aquafoitis
CAS Name: Nitric acid

CAS Number: 7697-37-2

NIOSH Reg. No.: QUS775000

2. Physical Dara (2.3)

Boiling Point: 121°C for 68% niuic acid

Specific Gravity (Hz0 = 1): 1.41

Vapor Density: 2-3

pH Information: Strong acid

Form: Liquid

Appearance:  Fuming

Odor:  Acrid, suffocatic

Meliing Point: N/A

Vapor Pressure (mm Hg at 25°C):; 2.9

Solubility: Miscible in all proportions with water
Evaporation Rate (Butyl Acetate=1); No information found
Color: Colorless, yellow or red

3. Fire and Explosion Data (3,4,5)

Method: N/A

Ftash Point: Nonflammable

Autoignition Temperatare: N/A

Flammable Limits in Air, % by volume; N/A Lower: Upper:

Fire and Explosion Hazards: Nitric acid is nonflammable; however, it is a
strong oxidizing agent and can react with combustible materials to
cause fires,

Extinguishing Media: Small fires: water, dry chemical, or soda ash. Large
fires: flood with water.

Special Fire Fighting Instructions: Cool nitric acid containers that are exposed
to flames with water from the side until well after fire is out.
Firefighters should wear SCBA's and full protective clothing.

4. Hazardous Reactivity (3,4,5)

Instability: Heating may cause containers to burst. This material is stable
under normal storage and handling conditions.

Incompatibility: Combustible organics such as alcohols and turpentine;
readily oxidizable materials such as wood, metal powders, and hydrogen
sulfide.

Decomposition: Decomposes to various nitrogen oxides, including NO, NO3,
N203, and N3O, ;
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Polymerization: Does nat occur.

5. Health Hazard Information
5.1 Exposure Limits (6.7

2 ppm 1983 TLV"(8-hr TWA)
4 ppm 1983 STEL (15-min TWA)
2 ppm 1982 OSHA PEL (8-hr TWA)

5.2 Rouwtes of Exposure and Effecis (1’.4.5.8.9)

Inhalation: Mucous membrape irritation; pneumonitis (2-25 ppm. 8-hour
exposure) and pulmonary edema (over 200 ppm), whichk may be fatal. Onset of
symptoms such as dryness of the throat and nose, ch¢st pain and dyspnea may
be delayed for 4 to 30 hours. There is very little dogumentation of nitric acid
toxicity. It is assumed that nitric acid acis like cother strong acids such as HCI
or H2504. _

Skin: The liquid or concentrated vapor produce sevére and penetrating burns;
concentrated solutions cause deep ulcers and stain the skin bright yellow,
Dilute solutions produce mild irritation and tend t0 harden the epithelium of
the skin.

Eyc: The liquid produces severe burns which may résult in permanent damage
and/for visual impairment. _ -

Ingestion: In humans, the lowest oral dose producing itoxic effects is 430
mg/kg. Ingestion of the liquid will cause immediate 'pain and bums of the
gastrointstinal  tract.

5.3 Effscis of Overexposures

Acute: Irritation, severe burns and corrosion of the ¢yes, skin and mucous
membrane; pneumonitis and pulmonary edema

Chronic: Long term exposure to vapors and mists of pitric acid may cause
erosion of exposed teeth.

54 Eirst Aid 3.4

Inhalation: Move to fresh air at once. Trained personnel may perform CPR if
required while medical help is summoned. Observe 4-30 hours
following exposure for pulmonary edema.

Skin: Remove contaminated clothing immediately under a safety shower in
cases of gross contact, Wash contaminated skin with soap and water.
Qet medical attention.

Eye: Immediately wash with ruoning water for at lcast 15 minutes. Get

medical attention.
Ingestion: If conscious give 3 or more glasses of water. Do not induce

vomiting. Get medical attention,
6. Exposure Contrals
6.1 Engineering Cqnurols
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Process enclosure and local exhaust ventilation should be used to keep
airborne concentrations beiow the TLV®,

Iwk
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Eye: Acid splash goggles or full face shield should be used when a potential for
splashing exists,
Gloves: Neoprene

Respirator:

2 ppm - 100 ppm Type C air-stppiicd respirator (airline)
or SCBA used in positive pressure or
pressure deirand mode.

>100 ppm Air-supplied plastic suit (required 10

prevent skih contact).
Other: Contact Area HP office.
6.3 Administrative Controls
None required.
7. Disposal Procedures (1.4.5,6)

Aquatic Toxicity: Concentrations ranging from 10-100 ppm killed all aquatic
orgenisms tested within 96 hours.

Spill/Leak/Release:  Persons not wearing protective  clothing and equipment
should be restricted from the spill area. Flush, spill with water and
neutralize with alkaline material such as soda agh, lime, etc. Spills of
»1000 lbs are reportable to Environment and Energy.

Waste Disposal: Contact Waste Management Operations (X4500)

8. Shipping P jons

DOT Name/Classification/Number; Fuming Nitric A¢id/Oxidizer/UN2032
Nitric Acid/Oxidizer/UN2031

EPA Classification/Number: Corrosive/D002 if pH is <2; None/None if ph is >2.

Transportation:  Contact facility RHYTHM Representative

Shipping Containers: Contact facility RHYTHM Representative

Storage Conditions: Contact facility RHYTHM Representative

9. Additional Information (3.4)
Nitric acid decomposes to form various oxides of nitrogen which may be more

hazardous than the acid. Additional information on these materials can be
obtained by referring 10 DPSQL 158-2-4848.

%..
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10. References
1. Registry of Toxic Effects of Chemical Substantes; Vol II, DHHS (NIOSH),
page 175, 1980,
2. The Condensed Chemical Dictionary, 9th Edition, page 612, 1977.
3. NIOSH/OSHA Occupational Health Guxdelmcs for Chemical Hazards;
DHHS(NIOSH) Pub. No. 81-123, 1981. ‘
4, Material Safety Data Sheets; General Electric ICompany. MSDS #7, 1980:
5. Hazardous Materials, 1980 Emergency Responke Guidebook; DOT-P 5800.2.
6. Threshold Limit Values for Chemical Substapces in the Work ‘
Environment with Intended Changes for 1983-84, ACGIH, 1983, l
7. Code of Federal Regulations 29, Part 1000, 19‘82 !
8. Documentation of the Threshold Limit Valu«:s, 4th Edition, ACGIH, 1980.
9. P;octor. N.H, and J.P. Hughes, Chemical Hazards of the Workplace: p 374,
1978.
10. Code of Federal Regulations 40, Part 261.
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