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ACRONYMS
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AJHA Automated Job Hazard Analysis

ANS| American National Standards Institute

ASME American Society of Mechanical Engineers

BED Building Emergency Director

CPVC Chlorinated polyvinyl chloride

CRO Control Room Operator

EAL Emergency Action Level

EP Emergency Preparedness

ETF Effluent Treatment Facility
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HASP Health and Safety Plan

HAZCOM Hazard Communication
HAZMAT Hazardous M aterial

HFD Hanford Fire Department

HFD-BC Hanford Fire Department-Battalion Chief

HFF Hanford Fire Department

LWPF Liquid Waste Processing Facility

MSDS Material System Data Sheet

MTT Main Treatment Train

NCO Nuclear Chemical Operator

NIOSH National Institute of Occupational Safety and Health
ONC Occurrence Notification Center

OSHA Occupational Safety and Health Administration
PPE Personal Protective Equipment

PFDF Polyvinylidene Fluoride

RBA Radiological Buffer Area

SOM Shift Operations Manager

SRTC Savannah River Technology Center

STT Secondary Treatment Train

SWRT Secondary Waste Receiving Tank

TEDF Treated Effluent Disposal Facility

TLV Threshold Limiting Value

UV/OX Ultraviolet/Oxidation
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1.0 SCOPE OF INVESTIGATION

In response to aspill and spraying of sulfuric acid on aNCO at the 200 Area Effluent Treatment Facility (ETF)
on Friday, October 15, 1999, an investigation team, as directed by the LWPF Manager, was commissioned. The
team was charged with reviewing the accident, developing aroot cause and contributing causes, good practices
and recommendations for prevention of recurrence. A formal investigation was performed using Accident
Methodology per DOE 5484.1, Environmental Protection, Safety, and Health Protection Information Reporting
Requirements, asaguide. The scope of the team’ sinvestigation was to conduct and perform analysis of the
circumstances surrounding the spill, the spraying of an individual and the cleanup of the sulfuric acid.

The team consisted of six exempt and three bargaining unit employees. Representatives were from Fluor Daniel
Hanford and Waste Management Federal Services Hanford. Brief resumes are included in the report. Theteam
convened and began itsinvestigation on Monday, October 18, 1999.
Theinvestigation involved the following steps:

Develop atimeline of the event.

Review logs, written statements and work packages.

Interview involved personnel to fully understand the event.

View the accident scene.

Conduct tests on the equipment to determine possible modes of failure.

Analyze the event to determine causes.

Propose corrective opportunities.

Recognize positive aspects of event

Specific findings are included in Section 5 of this report, along with conclusions and judgements of need.

20 EXECUTIVE SUMMARY

21  Event Sequence

During the early morning of October 15, 1999, a NCO was conducting housekeeping in the chemical
berm area of the 200 Area ETF. While performing housekeeping near the 92% sulfuric acid pump, the
pump case drain line failed and the employee was sprayed with 92% acid. The operator evacuated to a
safety shower, exited the safety shower briefly to call the control room and then recommenced
showering. The HFD responded to the emergency call and subsequently took the individual to Kadlec
Medical Center in Richland, Washington. Due to the uncertainty of the extent of tissue damage, the
operator was flown to Harborview Medical Center in Seattle, Washington for further evaluation.

2.2 Emergency Response

The call to 911 was immediate and facilitated a quick response from emergency personnel. The HFD
and HAZMAT crew arrived on the scene within 10 minutes of notification. Trained facility personnel
provided the appropriate immediate medical careto the injured operator while others stood ready to
direct the HFD to the location of the injured person. The injured employee was provided on-scene
treatment by HFD and was in transit to Kadlec Medical Center in Richland, Washington within 11
minutes of the HFD arriving.

Facility and company management was informed in atimely manner. Although the event occurred in the
early morning hours, arelief shift manager and others were on the scene within 2 hours. External
contacts to the Employee Health Advocate and the Hanford Environmental Health Foundation staff were
made in atimely manner.
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2.3  Facility Response

The immediate facility response to the injury and all activities necessary to ensure facility stabilization
occurred within 30 minutes of the event. A recovery team was established to assess the situation by
0630. Two individuals entered the accident scene to take pictures and preserve the areafor the accident
investigation team. A recovery plan was written which included the following three phases:

Phase 1 - remove concentrated acid from the chemical berm area.

Phase 2 - verify valve positions to ensure that the chemical system isisolated, gather pictures, and
install lockouts and tagouts.

Phase 3 — rinse down area and equipment and apply neutralizer on piping system.

All three phases of the recovery plan were completed by October 17, 1999.

2.4  Securing the Scene and Evidence

In an effort to secure the scene for the accident investigation team, atrained investigator was called out
to assist in the effort. Detailed photographs and a video were taken of the scene. The area was restricted
to authorized personnel only. Written statements were taken from al involved individuals with the
exception of theinjured NCO. Additionally, the facility performed an “asfound” valve line-up and
made copies of all operating logs used during and immediately after the event. Thistimely isolation of
the area and obtaining of facts helped greatly in the investigation process.

25  Conclusions and Judgement of Need

2.5.1 Root Cause

The cause of the accident, the one element that if not present would have prevented the
accident, isthe less than adequate protection of the pump case drain line that would have
prevented it breaking from an inadvertent application of an external force. The 200 area ETF
Management should eval uate systems containing hazardous materialsto ensure they have
protection i.e., covers, vertical or horizontal supports, which would prevent inadvertent
application of excessive force. Every attempt should be made to devel op and provide lessons
learned to potential users of thistype of chemical system to prevent recurrence of similar types
of events throughout the DOE compl ex.

252

The investigation resulted in identifying several other opportunities for improvement that, if
addressed, may not have alone prevented the accident, but could have reduced the severity of
theinjury and improved facility operations. These conclusions and the corresponding
judgements of need are presented below.

Conclusions:

1. Thepump case drain line was chemically degraded as a result of the chemical system
operating conditionsi.e., chemical constituents, operating temperature.

Judgement of Need: The 200 area ETF management should ensure that an evaluation is
conducted to ensure that the existing CPV C piping is appropriate for agiven application.

2. Thechemical bermarea isdifficult to access and to performwork in due to various
systems, structures, and components.

Judgement of Need: The 200 area ETF management should ensure, where practical,
systems, structures and components are relocated to facilitate personnel working in the

2
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area. Additionally, ahuman factor performance eval uation task analysis should be
conducted to identify and resolve potential operability and work environment problems.

3. Theadequacy of the illumination in the berm area may have contributed to inadvertent
contact with the pump casing drain.

Judgement of Need: Illumination levelsin the area surrounding the 92% acid pump
ranged from 3.5- 4.8 fc, which isless than the suggested 5-fc level. Management should
conduct amore detailed survey of the facility illumination levels, evaluating the type of
task being performed and the need for accuracy or risk. The survey results should be
utilized to develop feasible remedies to identified weaknesses. The use of temporary task
lighting should be encouraged to mitigate low light problem areas until actions that are
more permanent are taken.

4. Theuse of long sleeve shirts and full-length trousers or long sleeve, full-length coveralls
may have reduced the amount of material which contacted the employee’ s skin and the
severity of the resultant burns.

Judgment of Need: Long sleeve shirts and full-length trousers or long sleeve coveralls
should be required for routine access to the process area and other bulk chemical storage
areasin thefacility, i.e., air compressor room. Laboratory coats may be an acceptable
aternative.

5. Theuse of standard PPE in areas posing a higher risk due to the configuration of
equipment, or activities being performed, is not adequate to prevent injury to personnel in
the event of an accident.

Judgement of Need: Areas such as the acid/caustic pumping berm and the hydrogen
peroxide berm should be designated as special areas. These areas should be distinctly
marked, and posted, with additional PPE required for entry. Specifically, chemical goggles
instead of safety glasses should be required for any entry.

6. Timely alerting of the other operation’s personnel to the event and the need for assistance
wer e delayed due to the lack of a shower activation alarm.

Judgement of Need: Flow activation alarms should beinstalled on all safety showers. The
alarms should provide for both audible and visual local and remote indication, in a
normally manned location, i.e. ETF Control Room.

7. Theuse of cold water for safety showersis extremely uncomfortable and may result in
employees not rinsing the affected area with large quantities of water. Additionally, the
cold water may make emergency medical treatment more difficult especially in the event
the injured employee goes into shock.

Judgement of Need: Water tempering device(s) should be installed on facility safety
showersto prevent additional injury to employees due to the use of cold water.

8. Thelocation of the safety shower resulted in the mixing of rinse water with liquid spilled in
thebermarea. Thisposed a hazard to employees due to the possible generation of an
aerosol mist fromlocal boiling and the potential for the employee to actually step or fall
back into the berm area.

Judgement of Need: Relocate the acid/caustic berm shower to block ready accessto the
berm. Install afixed or moveable curtain on the shower adjacent to the process area
acid/caustic berm to prevent entry of water into the berm and any resultant interaction with
spilled chemicals. Other shower locations should be evaluated for similar problems.
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10.

11.

12.

The 92% sulfuric acid system was routinely operated above the alarm setpoint. Alarm
response procedures were carried out and although the temperatur e remained above the
alarm setpoint, no further actions were taken.

Judgement of Need: Review facility alarm response procedures for adequacy in mitigating
the alarmed condition. Ensure appropriate actions are taken if operating above an alarm
setpoint. Evaluate the basis for the 92% Sulfuric Acid System high temperature alarm
setpoint. Take the appropriate actions to ensure that future normal system operationis
below the alarm setpoint.

An employee was working alone in an area in which a higher risk for potential injury
existed in the event of a system failure resulting in an acid or caustic release.

Judgement of Need: Thefacility should evaluate the use of the AJHA to analyze the
hazards and risks of routine operations, i.e., housekeeping and surveillance activities within
thefacility. This process should focus on the location of the work activity aswell asthe
hazards associated with the actual work.

The BED was not clear regarding which emergency procedure (major or minor spill)
applied to the accident.

Judgement of Need: Facility management should reinforce the expectation to review all
applicable procedures as time permits and event stabilization has occurred. Additionally,
the site needsto review and, if necessary, revise spill criteriato ensureit is appropriate yet
not too restrictive to facilitate commensurate emergency response.

The standing AJHA devel oped for work in the chemical berm area did not adequately
identify all of the hazardsin that slipping and tripping hazards were not identified.

Judgement of Need: Facility management should review EL-104, the standing AJHA for
work in the acid berm area, to ensure hazards are adequately identified.

Additional Observations

In addition to the root and contributing causes to the accident and injury, the team noted some
opportunities for improvement in event response:

A. Considerationsfor having atelephone close to each safety shower.

B. Training should include activating the fire pull-box to alert emergency response personnel.

C. Fill/grout void space in the pump mounting bases to eliminate climbing/stepping on the
support framework for the pumps.

D. Ensure HAZMAT team isin proper PPE for initial response.

E Install new spray guards on flangesin acid and caustic systems within the berm area, in
order to detect and mitigate leaks.

Good Practices

The following good practices were noted throughout the event:

A.

Drills helped prepare the shift for the emergency. Facility personnel responded in atimely
manner. All shift workers knew exactly what to do.

Outstanding response by the Hanford Fire Department
Timely notification of facility, company and DOE management
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D. Good teamwork displayed in starting the recovery. Although the event occurred during a
normal non-work day, alarge contingent of staff and bargaining unit personnel cameinto
assist in recovery actions.

30 FACTS

31

Plant Conditions Prior to Event

On the night of October 14, 1999 through the morning of October 15, 1999, the night crew at the 200
ETF was assigned to perform preparation work for startup of the MTT, startup the ETF evaporator and
conduct surveillance and housekeeping activities.

At 1830 on October 14, 1999, “C” shift attended the shift turnover briefing from the previous shift. The
following items were discussed regarding equipment status:

The ETF Evaporator was in “ Start-up/Heatup” mode of operation.

All other facility systems, excluding utilities, were in “ Shut-down” mode of operation. The facility
chemical feed system is considered utilities; thus, the 92% and 4% acid pumps were operating.

Following shift turnover, the SOM assigned the following duties:

Continue with start-up of the ETF Evaporator (two operators — one in the control room and one on
the processfloor).

Three hours after startup of the ETF evaporator — start-up the MTT (two operators— onein the
control room and one on the process floor).

One operator was assigned to perform housekeeping duties. The operator was instructed to work off
thelist provided and look for other areas that needed housekeeping. (See Appendix A)

One operator was assigned TEDF activities.

The control room operator was instructed to transfer verification tank “C” contentsto the State
Approved Land Disposal Site. The TEDF Operator was told to drive down the transfer line and
inspect it for leaks during the transfer of liquid. The MTT Operator needed to manipulate the
applicable valvesto facilitate the transfer.

At 2000, the MTT operator performed the facility surveillance rounds of the MTT. This surveillance
included an inspection of the 4% sulfuric acid chemical berm located in the ETF process area. One leak
was noted on the ETF MTT round sheet, however, no leaks were found near the 92% sulfuric acid pump.
(See Appendix B)

At 2245, the ETF Evaporator was placed in the “Run” mode while the miscellaneous operator continued
housekeeping duties.

At 0200 on October 15, 1999, the SOM gave direction to provide status of the SWRT level in
preparation for start-up of MTT, to ensure that the SWRT volume would support MTT operation. After
reviewing the SWRT status information, the SOM instructed operations personnel to wait one more hour
before starting MTT. Thiswould allow additional timeto run the ETF Evaporator, thus decreasing the
SWRT volume.

At 0215, the SOM was in the ETF control room to review process memos and procedures for MTT start-
up withthe MTT operator. Subsequently, the MTT operator initiated the valve line-up sequenceto
support start-up of the MTT operation per plant procedures POP-60-002 and POP-60-006.
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3.2  Event Sequence

NOTE: The 200 ETF operations crew was assigned as fol lows (See Appendix C):

1 MTT operator was at Reverse Osmosis

1 STT operator and the SOM had just left the ETF control room
2 operatorswerein the ETF control room (TEDF and CRO)

1 miscellaneous operator was performing housekeeping duties
1 HPT wasin the HPT office

1 operator was at the 242-A evaporator (shutdown surveillance)

At approximately 0228, the miscellaneous operator assigned housekeeping duties (See Appendix D)
entered the 4% and 92% sulfuric acid berm areato commence cleanup of an assigned space. When the
operator bent down to pick up some debris, the 92% sulfuric acid pump case drain line failed spraying
the NCO'’sright leg and arm with acid (See Appendix E). Upon feeling the wet pant leg, the NCO
immediately fled the berm and headed straight for the safety shower. While attempting to exit, the NCO
tripped and fell but quickly recovered and left the area. The operator stood under the saf ety shower for
approximately five minutes and after removing the blue coveralls, exited to call the control room on the
PAX phone located on the west wall. The operator then returned to the shower and continued the
washdown.

At 0230, while descending the stairway from the control room to inspect the settings on the UV/OX
system, the STT operator and SOM heard water running through the sanitary water system, which
supplies water to the facility safety showers. They thought that because of the recent cold weather that a
sanitary water pipe had broken outside. Because they were close to the exit door, the STT operator and
SOM checked the saf ety shower located outside and finding no indication of leakage, they returned to
inspect the process area.

At 0233, the ETF control room operator received a call over the PAX phone from the miscellaneous
operator who had been conducting housekeeping activities. The miscellaneous operator stated “| need
help and to shut the pump down”. The control room operator immediately called 911. (See Appendix F)
Simultaneously, the STT operator entered the process area and proceeded to the chemical berm area.
Seeing the operator in the saf ety shower with coverallsremoved, the STT operator immediately called
the CRO to request that the acid pumps be shutdown. The TEDF operator, who was in the control room,
shut down the 4% and 92% sulfuric acid and 4% and 50% sodium hydroxide pumps. Realizing it was
92% sulfuric acid coming from the pump in a 180-degree pattern (See Appendix G), the STT operator
exited the process area via the normal egress route, and closed the supply valve from the 92% sulfuric
acid storagetank. The STT operator then re-entered the process area via the personnel door located on
the south side of the ETF building.

The miscellaneous operator in the safety shower told the STT operator that she had been sprayed with
acid. The STT operator opened the rollup door by the safety shower about 2 feet, to allow air to remove
the chemical fumes. The SOM also called the control room and instructed them to call 911 and to
shutdown, the chemical feed system. The control room operator told the SOM that he wasin contact with
the HFD and they were on theway. The SOM also told the control room operator that approximately
15-20 gallons of 92% sulfuric acid had spilled into the chemical berm area. The control room operator
informed the HFD of thisfinding. The SOM requested the TEDF operator to come to the process areato
assist the injured operator.

At approximately 0238, the TEDF operator arrived on the process floor to provide additional assistance
to theinjured employee. The MTT operator was assigned by the SOM to meet the emergency response
personnel and provide them with directionsto the accident scene. The SOM notified the control room
operator and directed him to make a public address system announcement stating that the process floor
was off limits due to the presence of chemical fumes. The TEDF operator talked to and comforted the
injured employee while flushing continued.

6
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3.3

At 0240, the SOM |eft the process area and went to the ETF control room to initiate BED activities. The
SOM evaluated whether or not the facility had reached an EAL and concluded that it had not. The SOM
then categorized the acid spill as minor because spilled material was contained within the facility
(secondary containment) and the volume of material spilled was 15-20 gallons.

Note: Facility spill procedure categorizes spill volumes <60-gallon uncontained and >60 gallons
contained as minor.

At 0243, the HFD arrived at the accident scene. The HFD-BC instructed all personnel to leave the
process area because of the presence of chemical fumesin the area. The roll-up door was then opened
fully. The building ventilation was subsequently lost due to low building differential pressure thus
shutting down the ETF Evaporator. The SOM met with the HFD-BC to conduct aturnover of the
incident command post describing the area and hazards present near the event scene. HFD personnel,
without respiratory protection, entered the accident scene to provide initial aid to the injured operator.
The SOM also identified several employees that may have been exposed to chemical fumes during the
initial emergency response. The SOM and HPT briefly discussed set-up of atemporary RBA from the
process area to the ambulance for transporting the injured employee.

Operators posted the entrance doors to the ETF process area as “ Danger No Entry” due to the presence
of chemical fumes. Following initial treatment, response personnel moved the injured employee to the
ambulance. At the ambulance, the injured employee was surveyed by an HPT with no contamination
found. Additionally, asurvey was conducted at the hospital with negative results.

At 0253, the ambulance | eft for Kadlec Hospital with the injured operator. The TEDF operator was also
sent to provide support to the injured employee and doctor. The HAZMAT response team suited up in
PPE, including respiratory protection, entered the accident areato assess the spill, perform air sampling
and test absorbent on the spill area. The HAZMAT team completed a preliminary evaluation of the event
scene and determined that either 1500 Ibs. of Soda-ash for acid neutralization or sump pumps to pump
the liquid out of the berm into drums would be needed to clean-up the spilled acid. The HFD-Industrial
Hygienist stated that initial air sample data results were within limits for sulfuric acid within the process
area.

At 0310, the ONC was notified (See Appendix H). Incident command turnover was completed from the
SOM to the HFD-BC. The HAZMAT team was requested by the SOM to perform spill clean up dueto
the lack of operations’ resources at the facility. The SOM at that point categorized the spill as amajor
spill due to areeval uation of the need for outside assistance and lack of on-scene Operations resources to
clean up the spill. The day shift manager arrived on the scene to assist the SOM. The SOM stated that he
wanted to complete an evaluation of the potential reaction prior to using Soda ash to neutralize the acid.

Recovery and Cleanup

At 0400, due to the magnitude of the accident, additional NCOs were called out to support the cleanup
effort.

At 0500, the HFD-BC reported to the SOM that the materials needed to clean up the spilled acid could
not be found. The SOM, following an evaluation of the scene, resource availability and discussions with
the day shift manager, determined that the ETF facility personnel were capable of spill clean up without
further assistance from the HFD. The HFD-BC turned the incident scene back over to the SOM.

Following emergency treatment, the Kadlec Hospital doctors decided to transport the injured employee
to Harborview Burn Center in Seattle, WA. This decision was based primarily on the patient’s lack of
pain as aresult of the 1% and 2" degree chemical burns received, and a concern that nerve damage may
have occurred. The operator was burned on the | eft side of the face, right arm and | eft leg.

At 0615, shift turnover was completed with the following plant status:

ETF was in the shutdown mode.
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The facility ventilation system was shutdown.

The ETF Evaporator was shutdown due to loss of ventilation.
Thefacility seal water system was in operation.

The cooling water system was in operation.

Theinstrument air compressors were online.

The on-duty shift manager took control of plant activities while the day shift manager took charge of
recovery actions. The emergency response status was turned over to the on coming shift personnel. The
on coming shift was informed of the need to develop arecovery plan for re-entry into the process area.
BED responsibilities were turned over to the on coming SOM. The SOM also identified aneed to
preserve the accident scene for subsequent inspection. The SOM relayed that an occurrence had not been
declared because the initial reports and information did not indicate that a clearly categorized event had
occurred.

The seven persons, four operations personnel from 200 ETF and three members of the HFD, involved
with the emergency response to this event were directed to report to HEHF for evaluation as a
precautionary measure due to possible exposure to sulfuric acid fumes. These individuals received a
pulmonary test, a blood test, a blood pressure test, a urine test, and a doctor’ s examination. Following the
examination, all employees were released with no work restrictions.

At 0630, the day shift manager and 200 ETF safety representative entered the accident scene to
document the areavia still photography and digital recording. (See Appendix |) They, along with
additional personnel, began preparing arecovery plan including the development of an AJHA.

Because a distinct chemical odor was present within the process area, it was decided that for employee
comfort, theinitial phases of the recovery action would be completed using respiratory protection. The
event scene was limited to the process berm area and the areaimmediately adjacent. Personnel preparing
the AJHA and work plan, including operators, HPTs, and supervisors, toured the scene but did not enter
the barricaded area until work plans and protective measures were established and in place.
Therecovery plan was written and implemented in three separate phases:

Phase 1 - remove concentrated acid from the chemical berm area.

Phase 2 - verify valve positions to ensure that the chemical system isisolated, gather pictures, and
install lockouts and tagouts.

Phase 3 — rinse down area and equipment and apply neutralizer on piping system.

All three phases of the recovery plan were completed by October 17, 1999.

At 0834, on October 15, 1999, the event was categorized as an Off-Normal Group 3A, ON (1), “Any
occupational illness or injury resulting in in-patient hospitalization.”

40 ANALYSIS

4.1

Conduct of Operations

The procedural guidance outlining good conduct of operations at the ETF is found in WMH-200,

Section 2, Conduct of Operations. The requirements and practices found in this procedure are built into
the plant operations and emergency response procedures used to operate the ETF. After reviewing all
procedures and responses performed by the on-shift crews, no procedural violations were noted.
However, it was discovered that the “92% H,SO,4 Tank Temperature High” alarm was activated for
approximately eight and one half days. Additionally, it wasin alarm status for 201 days out of the past
12 months. Thisalarm’s set point is 110°F. Further investigation showed that temperatures had exceeded
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4.2

110°F and reached a high of 148°F within the past 12 months. All required actions per the alarm
response procedure (ARP-65C-001) were taken. ARP-65C-001 requires the operator to check the heat
trace system and turn it off if itison. Although this alarm response was performed, it did not decrease
the system temperature below the alarm set point. Additionally, although engineering personnel
understood that operating the acid system pump was the cause of the alarm, no action was taken to raise
the alarm setpoint. This system has routinely been operated above the 110°F-alarm setpoint.

Safety

4.2.1 Chemical Safety Practices

The basis for safety practices and controls for 200 LWPF isfound in Appendix D. This
document identifies the various chemical hazards and controls, including PPE, to be utilized
during activitiesin the facility. This procedure, along with the facilities HazCom program,
provides the framework for training of employeesin the identification and control of chemical
hazards.

Storage tanks, piping systems and components are designed to meet the applicable ASME
specification for their intended service. In accordance with facility permits, EP instructions,
HazCom requirements and Conduct of Operations guidelines, the tanks and systems containing
process chemical s are marked and employees are trained to recogni ze the hazards associated
with each.

Chemical handling practices within the facility were developed from information provided by
the chemical manufacturers, general industry practices, federal OSHA standards, and other
sourcesincluding NIOSH.

The hazards and protective measures to be employed during each chemical use operation are
identified in either afacility operating procedure, or work documents prepared specifically for
the application. The primary tool being used for work activity hazard identification and
mitigation isthe AJHA, which is developed by awork group with the assistance of subject
matter expertsincluding Industrial Hygiene and Safety professionals.

Though chemicals normally do not require "contact” handling by employees, the facility has
found it necessary to utilize significant quantities of certain ones (sulfuric acid) to perform bulk
additions and adjustments to the process system. These operations consisted of barrel pumping
acid into process system tanks using temporary hose systems. The operations were carried out
in accordance with a procedure, using the PPE defined in the HASP. To reduce employee
exposure during these operations, a more permanent system was installed using primarily rigid
plastic piping, afixed pump, and large acid totes. This system provided easier access, remote
pump operation and improved containment, reducing the potential for release and exposure.
The need for bulk chemical additions was further reduced or eliminated with changesin
operational chemistry and the installation of mixersin the STT concentrate tanks. Other
improvements involving the 4% acid system piping replacement with lined carbon steel piping,
and the rel ocation of the Surge Tank chemical metering pumps from the top of the tank, outside,
to alocation in the process area, are in-progress to further reduce exposure potential.

Safety showers are maintained and located strategically throughout the facility. The showers
are flushed and tested weekly in accordance with the requirements of ANSI Z358.1-1998
governing Emergency Eyewash and Shower Equipment. However, the facility does not have
flow or activation alarms on the equipment, or water tempering equipment to maintain atepid
water temperature during operation. Both of these are advocated in the most recent revision of
the ANSI standard. Thelack of activation alarmsis especially significant given the length of
time and the manner in which the control room and SOM were made aware of the problem.
Comments raised by employees and discussion with medical personnel at HEHF indicated that
the use of tepid water might help to prevent an injured person from going into shock or from
exacerbating the problem should one occur. Additionally, the location of the acid/caustic safety
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422

4.2.3

shower may have contributed to the release of vapors, primarily water vapor, due to the addition
of water to the berm while the employee used the shower.

Discussions with Engineering and Safety staff from various chemical manufacturers and users
indicate that the practices with regards to process area access and routine operations are very
similar to those in use in the general industry. However, some specific recommendations with
regardsto posting, signage and personnel attire are included in section 5.0 based on those
discussions and industry practices.

Personal Protective Equipment

The HASP provides information regarding the type of activities involving chemical handling
and the PPE required. The procedure establishes requirementsfor eye, face, skin and
respiratory protection and provides information on the resistance of various materialsto
exposure to the process chemicals.

Normal access to the process arearequires; full-length trousers, long or short sleeve (covers
shoulder and upper arm) shirt, or coveralls, substantial footwear, safety glasses with side shields
and hard hat. Theinjured employee was wearing all of the required PPE, plus earplugs (See
Appendix D).

Discussions with various chemical manufacturers and users, including two process water
treatment operators, indicate that similar attireisrequired for routine access to the general
process areas in their facilities. However, long sleeve shirts or coveralls were the choice of the
majority of the facilities, and special areas, similar to the acid/caustic pumping berm,
specifically required some additional level of protectioni.e., chemical goggles, for access.

PPE material specifications are included inthe HASP. The material requirements are based on
the recommendations provided in the various chemical MSDSs, information provided by
protective clothing manufacturers, OSHA, and NIOSH.

The facility's emergency procedures and operator training required the use of a self-contained
breathing apparatus, which isinspected monthly, when entering areas of unknown airborne
hazards or above established limits. The manner in which the spill was found, and the nature of
the spill does not necessarily indicate that respirator use was necessary. The principle hazards
associated with sulfuric acid are acute: burning of the skin, eyes and mucous membranes.
ACGIH and NIOSH criteria documents concerning the basis for the TLV 1 mg/m, indicate that
exposure to levels at or above the TLV would have been irritating to the pulmonary system and
have been very evident. Exposure levelsin therange of 1.1 to 2.4 mg/my will result in eye
irritation to 40% of the exposed population. None of the exposed personnel mentioned eye
irritation and only some had any pulmonary irritation other than amild sore throat, which
cleared after exiting the area.

Lighting

The ANSI/EIS-RP-7-1991 standard "Industrial Lighting," was reviewed and used as the basis
for an illumination survey of the accident scene. Theillumination levelsin the berm areawere
compared with the recommended lighting levels for "pump rows" and "operating platforms” in
the petroleum, chemical, and petrochemical industry. The standard level was 5 foot-candles
(fc). Thelevelsin the area adjacent to the 92% acid pump ranged from 3.5 - 4.8 fc. Note that 1
fc isthe suggested minimum in the general process area at ground level, and isrelated to the
ability to discern obstructionsin an employee’ s path of travel. Although average lighting levels
in the berm appeared consistent with suggested values, the routing of piping, cable trays,
conduits and other equipment in the overhead area below the installed luminaries, resultsin
shadowing in many areas.

Emergency Response
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4.4

4.5

43.1

4.3.2

Facility Response

The miscellaneous operator performing housekeeping activitiesin the chemical berm area made
the first notification to the control room. The Control room operator called 911, staying on line
to give all pertinent information to the emergency responders. The operator working in the
chemical berm had to leave the safety shower to make notification to the control room of the
accident. The telephonesin the process area could have been used to call 911. Alternatively,
thefire pull box, located about 20 feet from the safety shower, could have been used. Facility
personnel responding to the scene were trained first aid providers and provided valuable
assistance to the victim until the HFD arrived. Facility personnel were dispatched to meet the
emergency responders and guide them to the event scene. The operators responding to the
event scene did an excellent job in attending to the injured person. The operators made sure the
injured employee stayed in the safety shower until the fire department arrived.

Thefacility HASP establishes the criteriato be used in the classification of spills, ranking them
as either incidental, minor, or mgjor. Although by using these guidelines and the facility
emergency procedures, the spill could have been classified asincidental, the SOM initially
classified thisas aminor spill, based on the spill size and location (completely contained within
the berm). Subsequently, the spill was reclassified as major due to areevaluation of the need
for outside assistance and lack of on-scene operations resources to clean up the spill. The HFD
turned over to Operations personnel the follow-up response and spill clean-up/neutralization.

The miscellaneous operator was working alone in an areawhere a greater risk of incident could
occur. If therewas a second operator present, notification and response could have been
quicker. Overall, facility response was immediate and outstanding.

Emergency Medical Personnel Response

The HFD and HAZMAT teams were dispatched and arrived at the scene within 10 minutes of
notification. The teams experienced no delays in locating the patient due to plant personnel
meeting the responders. The HFD then entered the accident scene to care for the injured
operator and requested that all personnel leave the immediate area. During thisentry, the HFD
did not don respiratory protection. The operator was then moved to the ambulance and
contamination surveys were performed, with no detectable contamination. The injured person
was transported to Kadlec Hospital for proper care. Theresponse and care at Kadlec
Emergency Room by hospital personnel was very good. The FDH Health Advocate, LWPF
line management and WMH senior management were available at the hospital and provided
excellent support to the empl oyee and the employee’ s family members.

Training

Each ETF position has specific training requirements. The positions are Main Treatment Train (MTT),
Secondary Treatment Train (STT), Control Room Operator (CRO), Treated Effluent Disposal Facility
(TEDF), and Shift Operations Manager (SOM). Training requirements for each of these positions are
outlined in the training matrix for ETF. All shift personnel assigned duties on October 15 were current
on plant certifications and training requirements, which included response to chemical spills (See
Appendix C). On shift personnel responded in atimely and effective manner. Finally, as noted by two
operators on shift during the event, including the injured operator, “ Drills paid off.”

Engineering (Including SRTC Conclusions)

451

As Found Material Condition
This engineering analysisis provided to identify the source of the fugitive 92% sulfuric acid, as

well as assess the operational integrity and material condition of the failed component within
this system. A simple system schematic is shown in Figure 1.
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Figure 1. Y2 inch diameter drain line off of the Centrifugal Pump, 65C-P-1.

Once the accident scene was sufficiently cleaned to enable athorough visual inspection of the
system hardware, personnel discovered that the %2 inch diameter drain line off of the centrifugal
pump, 65C-P-1, had been breached. Although this breached drain line could have been the
single source of the fugitive acid, additional testing was conducted to ensure that no additional
system leaks were present. Based on the acid leak spray pattern, which discolored the coating
on the adjacent wall, and actual operator accounts of where the leak was observed, a specific
section of the system was identified for further leak testing.

Following removal of the broken drain line and plugging of the drain connection, the suspect
portion of the system was pressurized to 70 psig, which corresponds to maximum possible
system operating pressure. The results of this test confirmed that no additional system leaks
existed.

Since the leak testing confirmed that the fugitive acid had been released from the failed pump
drain line, the evaluation focused on how the drain line may have failed. The possible failure
mechanisms for breaching thisdrain line are:

operation of the 92% Sulfuric Acid System beyond material design capahility, or
external force applied to the piping system.

Operation of Acid System With Respect to Material Design Capability

The 92% Sulfuric Acid System is composed of a 7500 gallon, polyvinylidene fluoride (PV DF)
lined carbon steel storage tank, a Carpenter 20 centrifugal pump, and PVDF lined carbon steel
piping. The pump drain line was manufactured from chlorinated polyvinyl chloride (CPVC).
The ETF 92% Sulfuric Acid System was designed to operate within atemperature band of —15
degrees F to +120 degrees F. The lower temperature limit represents the freezing point of 92%
sulfuric acid and the upper limit was established to promote long term system integrity.
Although the construction materials were capable of accommodating a greater temperature
range, corrosion and chemical attack typically accelerate as system temperature increases. The
92% Sulfuric Acid System low and high temperature software alarms were set to activate at —15
degrees F and +110 degrees F, respectively.

Although system components would experience better service lifeif continuously operated
within the system design temperature range, components other than the CPV C drain line have
mechanical and chemical capabilities well beyond those experienced or anticipated.
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Additionally, all pressurized components are capable of withstanding an internal pressure of at
least 150 psig. Therefore, the scope of this evaluation will focus on the design capabilities of
the CPVCdrainline.

While CPV C has excellent resistance to highly concentrated sulfuric acid at ambient
temperatures, the actual recommended temperature ratings vary depending upon anumber of
factorsincluding resin quality, chlorine content, degree of fusion/gelation, applied/internal
stresses, and manufacturing technique (extruded pipe versus injection-molded fittings). Each
Supplier/Manufacturer provides unique technical data prescribing recommended operating
conditions for their product.

Thefailed CPVC drain linefitting in the ETF 92% Sulfuric Acid System was supplied by the
Spears Company, who purchases raw material from the B. F. Goodrich Company. B. F.
Goodrich publishes an Engineering Design Manual that includes technical information one
should utilize when specifying and installing Corzan™ CPVC material. This Engineering
Design Manual contains chemical resistance data that indicates Corzan™ CPVC is
recommended for applicationsin 92% sulfuric acid at temperatures less than 145 degrees F.

A review of system operating history over the last twelve months indicates that system-
operating temperatures varied from 70 degrees F to 148 degrees F. Although the system was
operated in excess of the 145 degree F temperature recommendation provided by the B. F.
Goodrich Company for approximately 7 days, B. F. Goodrich does not indicate that operation at
148 degrees F is unacceptable. B. F. Goodrich classifies use between 145 degrees F and 155
degrees F asa*“ caution” zone, which indicates that customers should exercise additional caution
if expecting routine operation in this temperature band. The B. F. Goodrich Design Manual
indicates that use of Corzan™ CPV C material above 155 degrees F is not recommended.

Laboratory testing performed by the B.F. Goodrich Company on CPVC material, which was
held at a constant temperature of 150 degrees F, indicated that the material could experience
some blackening and embrittlement within afew months. No published test data was available
for expected operating life or the potential failure mode.

Although the technical information used to procure the CPV C drain line material was believed
to indicate that the material should have been compatible with the ETF 92% sulfuric acid
system application, visual inspection of the failed CPV C fitting indicated that the material had
experienced some chemical degradation. For thisreason, the failed component was sent offsite
for amore sophisticated material failure analysis.

Operation of Acid System With Respect to Material Design Capability

The Westinghouse Savannah River Company has a Savannah River Technology Center (SRTC)
that employs professionals who are considered expertsin thermoplastics. This organization was
contracted to perform a detailed analysis of the failed CPV C pipe fitting to determine whether
the acid environment had significantly degraded the base material and to identify the likely
cause of thefitting failure.

The SRTC Report includes significant details on the physical properties of CPVC. Although
the report author acknowledged that the B. F. Goodrich Company technical information seems
to indicate that the Corzan™ temperature criteria could be interpreted as applicable to LWPF
drain line design, heidentified that temperature ratings for the base material are not directly
applicable to molded pipefittings. He also identified that the B. F. Goodrich Company
technical information provided a poor representation of the critical relationship between
pressure, temperature, and concentration of sulfuric acid. The report recommends not utilizing
CPVCin 92% sulfuric acid applications that involve operating temperatures greater than 120
degreesF.

The Failure Analysis section of the report provides details on the various techniques utilized to
analyze the failed fitting. These techniques include magnified photography, Scanning Electron
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Microscopy (SEM), Fourier-Transform Infrared (FT-IR) Spectroscopy, and mechanical testing.
The pertinent report conclusions are provided below:

Published generic B.F. Goodrich data indicates that Corzan® CPVC was suitable for the
drain line application up to 145°F. Published disclaimers indicate that the full hydrostatic
pressure rating of the pipe may not apply to the “Recommended’ range and that
determining compatibility is the end-user’s responsibility. Previous and recent discussions
with B.F. Goodrich technical representatives indicated that service life would be reduced to
12-24 months upon continuous exposure at 150°F, but thisis not indicated in the published
data. Infreguent, short-term excursions approaching 150°F was not adequately addressed,
and possible variation in resistance of injection-molding and extrusion compounds to this
service environment was not specifically indicated.

With afew exceptions, CPVC materials are typically rated as satisfactory or recommended
for 93% sulfuric acid at room temperature to 100°F, with some references indicating
acceptability at 120°F. Temperatures of 140-150°F are typically considered to be the
maximum continuous use temperature range for 93 wt% sulfuric acid, with service life
sometimes acknowledged to be limited, particularly for stressed or pressurized applications.
Although the Hanford CPVC drain line was infrequently operating at the upper bound of
the recommended range, such periods were of limited duration and normal service
temperatures never exceeded 150°F.

Failure of the CPV C fitting is attributed to a combination of environmental degradation and
probable impact or bending stresses. Based on the extent of degradation observed, any
inadvertent contact with the piping would have likely resulted in failure. Inherent failurein
the absence of external forces would have also been expected at some point in service,
particularly in metal-to-plastic joints (threads) and/or solvent-cement joints.

Note: Amplifying information from Section 5.0 discussion in WSRC-TR-99-00484 December
1999 states that “ Fracture of thefitting is believed to have occurred in the thread root as
indicated in Section 4.3, towards the top orientation of the piping, which would correspond with
the region under the highest tensile stressif force was applied in adownward direction. Thereis
also matching evidence of nearly through-wall oxidation and cracking at the same location. .
Whether failure occurred primarily as aresult of internal pressure, vibration, pressure surges,
etc. in absence of external forces cannot be conclusively determined. However, the extent of
degradation in the fitting was significant.”

Variation in appearance between the failed fitting and adjoined piping is attributed to
several possible causes, including but not limited to: thermal expansion, variation in
chemical composition, processing parameters, residual stresses, morphology, degree of
fusion, and possible presence of solvent cement on fitting interior. Such variation may be
lot or batch-specific or could be inherent between molded and extruded components.
Although the effects of such variation are expected to be insignificant in most service
environments, they may have been specifically targeted or enhanced by this particular
application. Additional investigation would be necessary to determine the individual
contribution of such effectsand is strongly recommended.

Structural integrity of the failed fitting was significantly reduced as indicated by
mechanical test results. It isacknowledged that such testing was performed using non-
standard techniques due to limited material and part geometry. Additional tests and
material characterization can be performed if necessary.
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Aswith many thermoplastics, CPVC is notch-sensitive and exhibits low fracture toughness.
Threaded fittings are therefore the most susceptible to failure, in the absence of major
defects or poor joining techniques. For this reason and the generally lower strength of
thermoplastics compared to metals, additional support and/or shielding is commonly
recommended for thermoplastic piping particularly in areas where contact is possible or for
pressurized applications.

Observations from previous CPVC components in the same application seemed to indicate
some degree of degradation occurring, particularly in the threaded fitting. Although this
component did not fail after approximately 2 years of service, such observed degradation is
considered insightful. The cracking pattern and degraded appearance was similar to that
observed in the failed fitting, but was less extensive and the exact service conditions to
which the previous assembly was exposed are not known.

Generic chemical resistance ratings are typically based on short-term immersion tests and
nominal mechanical properties of laboratory-prepared samples. Although useful for
general comparison, such ratings are not adequate to eval uate the long-term performance of
as-fabricated components under actual service conditions. Testing by the end-user is
recommended if only for product liability reasons, but should be performed particularly if
degradation has been previously observed or if material performance is questionable under
the expected service conditions.

Excess solvent-cement on thermoplastic surfaces should be avoided and/or removed during

application, particularly if components will subjected to potentially aggressive chemical
exposures. Solvent-joints may be resin poor and more susceptible to chemical attack.

45.3 Evauation of Externally Applied Forces

The physical configuration of the pump case drain line was evaluated to determine whether an
external force could have been applied which exceeded the strength of the piping system. The
failed component was a schedule 80, CPV C male adapter. Thisfitting facilitated the transition
from socket type (bonded) schedule 80 piping to a2 inch threaded drain opening in the pump
casing. The piping dimensions areidentified in Figure 2.
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Figure 2. Drain Line Dimensional Layout

The drain line was supported at the pump casing and adjacent to the drain cap. This support
configuration was designed to support the pipe and its contents only. No provisions were made
to accommodate externally applied forces.

Rough engineering calcul ations indicate that the material, when originaly installed, was
capable of withstanding a vertically applied force of between 35 —50 Ibs. Thisdrain line was
susceptible to an externally applied force and should have been better protected and/or
supported based on its location.

Much of the CPV C piping installed in the Chemical Addition System throughout the Effluent
Treatment Facility, constructed under Project C-018H, was identified for replacement in 1998
because of the potential for failure due to personnel inadvertently bumping or grabbing it to
prevent afall. Thefacility prioritized the areas for replacement based on perceived hazard.
Almost all of the 4% Sulfuric Acid System CPV C piping within the Chemical Berm had been
replaced with lined carbon steel piping within the previous 6 months.

Finally, during this work on the 4% acid system, maintenance workers worked near the 92%
sulfuric acid pump. However, interviews indicate that the 92% acid pump drain line was not
damaged during this work.

Engineering Conclusion

The cause of failure of the CPV C fitting was a combination of environmental degradation and
application of an external force. Based on the appearance of the fracture surface and post-
failure orientation of the assembly, the probability of external force initiating failureis
considered high. Considering the physical condition of the fitting, any inadvertent contact with
the piping, particularly at mechanically advantaged locations, would have likely resulted in
failure. Finally, weighing the many factors discussed above, failure in the absence of external
forceswould have eventually occurred.
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4.6

Causal Analysis

The root cause analysis methodology used for determining the causes of this accident was an events and
causal factor analysis utilizing REASON computer based software. An analysis of the sulfuric acid spill
and resultant injury at 200 ETF on October 15, 1999 was conducted. REASON is an electronic program
that uses apoint analysis step-by-step process. It requires orderly input of event information to
determine the factors that came together to produce an unwanted event. REASON creates amodel of
these factors that enable analysis of quantified data and option comparisons to simplify and encourage
decision making for corrective action. REASON does not provide a single solution rather it guides one
through a process that helps the analyst to discover causal factors. Principles are applied in REASON
that recogni zes management does only four things organizationally to establish control over any activity
or process: command (policy/procedure), apply, monitor, and enforce. Effective organization controls
reguire action at three functional levels: management, supervisory and worker. When thereislack of
control, the REASON process will drive the analyst to one or more of these levels with aless than
adequate application of one or more of the principles. To begin, a problem statement must be established
from which a questioning technique is then applied to develop the REASON.

The problem statement, “an employee was sprayed with 92% sulfuric acid at the 200 AreaETF,” isthe
unwanted event that by using the REASON process will identify corrective opportunities that will
prevent its happening again in the future. The analyst asks why this occurred looking at all the factors
that came together to produce the unwanted event. Refer to Appendix Jto see the REASON Event
Model for this accident.

The event model is comprised of causal factors that join together into sets (those factors that explain the
preceding factor). Referring to the model the reader will notice that each chain is terminated with either
aNC (non-correctable), CO (correctable opportunity) or ID (insufficient data). Another feature of the
REASON program isthe narrative. REASON takes the information contained in each factor and writes
anarrative of the event that provides a check for logic and order of the related facts.

50 CONCLUSIONSAND JUDGEMENTSOF NEED

5.1

52

Root Cause

The cause of the accident, the one element that if not present would have prevented the accident, isthe
less than adequate protection of the pump case drain line that would have prevented it breaking from an
inadvertent application of an external force. The 200 area ETF Management should evaluate systems
containing hazardous material s to ensure they have protection i.e., covers, vertical or horizontal supports,
which would prevent inadvertent application of excessive force. Every attempt should be made to
develop and provide lessons learned to potential users of thistype of chemical system to prevent
recurrence of similar types of events throughout the DOE compl ex.

Contributing Causes

The investigation resulted in identifying several other opportunities for improvement that, if addressed,
may not have alone prevented the accident, but could have reduced the severity of the injury and
improved facility operations. These conclusions and the corresponding judgements of need are
presented below:

Conclusions:

1. Thepump case drain line was chemically degraded as a result of the chemical system operating
conditionsi.e., chemical constituents, operating temperature.

Judgement of Need: The 200 area ETF management should ensure that an evaluation is conducted
to ensure that the existing CPV C piping is appropriate for a given application.
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2. Thechemical bermareais difficult to access and to performwork in due to various systems,
structures, and components.

Judgement of Need: The 200 area ETF management should ensure, where practical, systems,
structures and components are relocated to facilitate personnel working in the area. Additionally, a
human factor performance evaluation task analysis should be conducted to identify and resolve
potential operability and work environment problems

3. Theadequacy of the illumination in the berm area may have contributed to inadvertent contact with
the pump casing drain.

Judgement of Need: Illumination levelsin the area surrounding the 92% acid pump ranged from
3.5- 4.8 fc, which isless than the suggested 5-fc level. Management should conduct a more detailed
survey of thefacility illumination levels, evaluating the type of task being performed and the need
for accuracy or risk. The survey results should be utilized to develop feasible remedies to identified
weaknesses. The use of temporary task lighting should be encouraged to mitigate low light problem
areas until actions that are more permanent are taken.

4. Theuse of long sleeve shirts and full-length trousers or long sleeve, full-length coveralls may have
reduced the amount of material which contacted the employee’ s skin and the severity of the resultant
burns.

Judgment of Need: Long sleeve shirts and full-length trousers or long sleeve coveralls should be
required for routine access to the process area and other bulk chemical storage areasin the facility,
i.e., air compressor room. Laboratory coats may be an acceptable alternative.

5. Theuse of standard PPE in areas posing a higher risk due to the configuration of equipment, or
activities being performed, is not adequate to prevent injury to personnel in the event of an accident.

Judgement of Need: Areas such as the acid/caustic pumping berm and the hydrogen peroxide berm
should be designated as special areas. These areas should be distinctly marked, and posted, with
additional PPE required for entry. Specifically, chemical goggles instead of safety glasses should be
required for any entry.

6. Timely alerting of the other operation’s personnel to the event and the need for assistance were
delayed due to the lack of a shower activation alarm.

Judgement of Need: Flow activation alarms should be installed on all safety showers. The alarms
should provide for both audible and visual local and remote indication, in anormally manned
location, i.e. ETF Control Room.

7. Theuse of cold water for safety showersis extremely uncomfortable and may result in employees
not rinsing the affected area with large quantities of water. Additionally, the cold water may make
emergency medical treatment more difficult especially in the event the injured employee goesinto
shock.

Judgement of Need: Water tempering device(s) should be installed on facility safety showersto
prevent additional injury to employees due to the use of cold water.

8. Thelocation of the safety shower resulted in the mixing of rinse water with liquid spilled in the berm
area. Thisposed a hazard to employees due to the possible generation of an aerosol mist from local
boiling and the potential for the employee to actually step or fall back into the berm area.

Judgement of Need: Relocate the acid/caustic berm shower to block ready access to the berm.
Install afixed or moveable curtain on the shower adjacent to the process area acid/caustic berm to
prevent entry of water into the berm and any resultant interaction with spilled chemicals. Other
shower locations should be evaluated for similar problems.
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10.

11.

12.

The 92% sulfuric acid system was routinely operated above the alarm setpoint. Alarmresponse
procedures were carried out and although the temperature remained above the alarm setpoint, no
further actions were taken.

Judgement of Need: Review facility alarm response procedures for adequacy in mitigating the
alarmed condition. Ensure appropriate actions are taken if operating above an alarm setpoint.
Evaluate the basis for the 92% Sulfuric Acid System high temperature alarm setpoint. Takethe
appropriate actions to ensure that future normal system operation is below the alarm setpoint.

An employee was working alone in an area in which a higher risk for potential injury existed in the
event of a systemfailureresulting in an acid or caustic release.

Judgement of Need: Thefacility should evaluate the use of the AJHA to analyze the hazards and
risks of routine operations, i.e., housekeeping and surveillance activities within the facility. This
process should focus on the location of the work activity aswell as the hazards associated with the
actual work.

The BED was not clear regarding which emergency procedure (major or minor spill) applied to the
accident.

Judgement of Need: Facility management should reinforce the expectation to review all applicable
procedures as time permits and event stabilization has occurred. Additionally, the site needsto
review and, if necessary, revise spill criteriato ensureit is appropriate yet not too restrictive to
facilitate commensurate emergency response.

The standing AJHA developed for work in the chemical berm area did not adequately identify all of
the hazardsin that slipping and tripping hazards were not identified.

Judgement of Need: Facility management should review EL-104, the standing AJHA for work in
the acid berm area, to ensure hazards are adequately identified.

Additional Observations

In addition to the root and contributing causes to the accident and injury, the team noted some
opportunities for improvement in event response:

A. Considerationsfor having atelephone close to each safety shower.

B. Training should include activating the fire pull-box to alert emergency response personnel.

C. Fill/grout void space in the pump mounting bases to eliminate climbing/stepping on the support
framework for the pumps.

D. Ensure HAZMAT team isin proper PPE for initial response.

E Install new spray guards on flanges in acid and caustic systems within the berm area, in order to
detect and mitigate leaks.

Good Practices

The following good practices were noted throughout the event:

A.

Drills helped prepare the shift for the emergency. Facility personnel responded in atimely manner.
All shift workers knew exactly what to do.

Outstanding response by the Hanford Fire Department
Timely notification of facility, company and DOE management

Good teamwork displayed in starting the recovery. Although the event occurred during a normal
non-work day, alarge contingent of staff and bargaining unit personnel came in to assist in recovery
actions.
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INVESTIGATIVE TEAM RESUME BRIEFS

William H. Meader, Fluor Hanford, Chairman

Mr. Meader holds BS in Marine Engineering from the U.S. Naval Academy. He served on three
different nuclear submarines in various capacities including operations and weapons officer. Heis
qualified in the operation of a naval nuclear propulsion plant. He has an extensive background as an
operations and maintenance manager in various facilities working on diverse projects such as
pumping waste from nuclear storage tanks. Additionally, he served for two years on the Facility
Evaluation Board conducting 13 assessments. His areas of expertise were operations, maintenance
and engineering. He aso served as ateam member on two contractor Startup Reviews. He is
currently the site maintenance technical authority and is trained in root cause analysis.

E. D. Beck, Fluor Hanford

Mr. Beck has 18 plus years of experience in industrial hygiene and safety with eight yearsin the
private sector and 10 years at the Hanford Site. He has done work in al Hanford facilities in the last
10 years. The American Board of Industrial Hygiene certifies him in the Comprehensive Practice of
Industrial Hygiene. He has also assisted in numerous accident investigations in the private sector, as
well as several Type C and B DOE accident/exposure investigations at Hanford. Mr. Beck has
completed the Root Cause Analysis training and two 16 hour accident investigation courses
sponsored by the American Industrial Hygiene Association.

Richard L. Brooks, Fluor Hanford

Mr. Brooks is a Health Physics Technician with over 23 years of experience. He has participated on
numerous safety councils including working with VPP. He is the chairman of the LEF Safety
Council. Additionally, he is a coordinator for the Hammer ICWU Hazardous Waste Training.

Michael W. Clayton, Fluor Hanford

Mr. Clayton has seven years at Hanford performing oversight and field activities involving Nuclear
Safety and Occupationa Safety and Health. He has completed DOE sponsored training in accident
investigation, root cause analysis, and corrective action verification. He has a'so completed training
and performed duties as team leader and team member for nuclear facility Integrated Annual
Appraisals at various Hanford facilities. Mr. Clayton has six years with the Naval Reactors
Representative's Office, Puget Sound Naval Shipyard, performing oversight duties involving event
investigation, root cause evaluation and corrective action follow-up.

Timothy W. Dallas, Fluor Hanford

Mr. Dallas has 18 years experience in operations at Hanford at various facilities. Heis currently the
242A/ETF Operations Manager at 200 Area ETF. He has worked at N-Reactor and was qualified as
Shift Operations Manager for reactor operations. Mr. Dallas has been the lead for many site related
task teams including PFP Conduct of Operations upgrades and implementation, PFP plant
restart/recovery team from 1993-work stand down, and re-engineering team for ETF re-engineering.

William R. Schneider, Fluor Hanford

Mr. Schneider has been a nuclear chemical operator for over 21 years. He has participated on
numerous accident councils and safety committees. Heis qualified on the 242-A Evaporator and is
the present vice-chair of the LWPF Safety Council. He has been a Union steward for 18 years.
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Hans A. Showalter, Fluor Hanford

Mr. Showalter has an Associates Degree in nuclear technology. He has over 16 years experience as a
Health Physics Technician working at various facilities on the Hanford site. He is currently the
Union steward for Solid Waste and the HAMTC safety representative for Waste Management
Hanford. He has participated in accident investigations and many work related injury cases.

Neal J. Sullivan, Fluor Hanford

Mr. Sullivan holds a B.S. in Mechanical Engineering from Washington State University. Heis
currently the Operations Support Engineering Lead at the 200 Area Liquid Waste Processing
Facilities. He has over 17 years of practical experience in the commercial nuclear power industry and
Department of Energy (DOE) Complex. His career responsibilities encompass al phases of
engineering including; design, construction, startup, operation, in-service inspection/testing,
regulatory compliance, and maintenance. He has over ten years experience in supervision of
engineering personnel. Mr. Sullivan's specific areas of expertise are plant/process engineering,
mechanical design, and project management. He has extensive training and experience in the
application of root cause analysis techniques.

Terry L. Woodford, Fluor Hanford

Mr. Woodford has been involved with accident investigations for approximately six years. In his
current position, he is the team leader for conducting critique meetings, evaluating/preparing ORPS
reports, and Price Anderson Amendment Act nuclear safety compliance officer evaluation/reporting
for Waste Management Hanford. He is trained and qualified to conduct accident investigations and
root cause analysis.
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LEF's Housekeeping Wish List

cation Desenptian of Wish

nplriz E’?@Tﬁ/:y@ Room #122 (PCM/Decon)  Area nieeds swept & mopped. Grease-like tar on
) floor needs to be serubbed clean.

e a_-g!ﬁ:._ﬁ.&? Toom #125A (Clean SWP SWP's need restocking/straightan up. Remove
o Hard Hat Area) large cardboard boy with funky shoe covers.

(on o 45Lab . General Area clean-up f straighten up.

Process Area

. (@Chem,
Behind Evap. Tnsukation stuffed in commer - Needs taken care’
Boiler . of Put onor put away!l
Rapween CTACTE & Chamical spill - On flooring and support beams
. 1®frfag ~—& Wall between Swr Ths & Needs to be cleaned up.
" Concentrate Tanks -~
olie] ¢ —2 N, of the Mew Vidmar BMA  Rubber matting - ugly mess.
Advesseot - + '
' T.EE, Entire floor & horizontal surfaces need to be
mMopped / wiped, 20,000dpm on fléoring by
exit door - it's Just wailting o escape to the
airlock, '
Wﬂ!‘ﬁi{&' ,@T’ f@ffﬁ'ﬁ? T.F.D.E./Afrlock A plethora of dead icky bugs! And dust bunnies.
nhfe ?-F!' st . .
e e Loy Eftum Load-put Area Wooden pallets, pallets, pallets, plastic wrap, etc.
Dones . _
Drem Storage Area Meeds bropming, mepping & de-bugging,
{exterior exit door) i
: It e
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POP-30-001, " ETF Control Room, MTT, STT, Outside Operator Rounds'
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WME-331 200 Area Liquid Waste Processing Facilities . 44
Administrative Froeedores * Rew. 2
' Efl'e::t[ve Date: 09/02/0%
2A LWPF Healtl and Safety Plar (HASFP) ' Fage 26 of 54

Table §,3-1 LWEF Chemicst ExEnsure Litnits Takle
—— R — —=eae—— . —

L —
Chemiral TLY - TWA TLY -STEL PEL-TWA PEL - STEL
SuMfuric Azid 1 gt Imgm! P mighn Ma
Bodiwm Hydroxide |~ 2 mgm'ce v Tmg'mt NA
Hydrogen Perenide 1 ppmy A 1 ppm A
Ammonia 23 ppm 35 ppm 1] L' MA H

TLV-TWA = Threshold Limit Valie - Thne Weighted Average (3 Hours)
TLV-STEL = Threshald Limit Value - Short Term Exposure Limit {15 minutes)
PEL-TWA = Permissible Exposure Limit - Time Weighted Avecage (8 Hours)
PEL-STEL = Permissiblc Exposure Linit - Short Term Exposwre Limit (15 minntes)

c = Celling Limit {Mever i¢ he exceaded)
A = Not Applicable

mgnr = milliztams per cubic meter

Ppm = parts per million

. b Fersonal Prateclive Equipment Proarams
{HWE-PRO083)

Several operations or ticks p-:rfunmd by LWPT persornct create padential exposurcs 1o
hazardons chemicals, excessive noise levels, high tempersture surfaces, electricity and/or
ipnizing or ner-jonizing radisten. A variety of PPE is used in mn}mm:mn wilh
Engineering and Administrative Controls te ¢l intinate andfor minimize these hizards. All
peesnone] will ensure tiat PPE is msp-:ctt:d decontarminaled and mainiained in 2 ttats of
readiness pricy to vge,

IFFFPE is lost o= unable to be rermoved from a eonirolied aves, then the worker will abuain
replatément PPE gr cxit the area as so0n 48 possible.

1, Peatecive Haadwear

(FMF-FRO-083) - Prodective hendwear or hard hiats will nat be routinely required
inside ETF support areas or at the 242-A Evaporator, At ETF, hard hats will be
requirad when working in the process area, thin film dryer coom, drum handling
arcas, and in other arcas during constrclion or maintenence activites that
present héad injury risks.

Thix fs daved mareriol-cheel elecronic e for farest revision. apieasen
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Effeetive Drate; 09,/02/90
2884 LWPF Healtir and Safety Plan (HASP) Pape 26 of 54

All Havd Hat Arcas will be posted as ap]:umpria’.m_ Examples of thess activities
andfor areas include:

S Working below zreas whers workers above an clevated surfaces are using
tools or mategals which might fafl ente workosrs below, This incledes
wotk with Higuids which could drip onto werbers balow.,

b Waorkitg in clase proximity to exposed overfiead electrical cotdnotors.

o Wotking in arcas withl low headroom (bumping hazard),

d, Wnrkinf.; in'coRstrection aras.

Only ANSI Z-89.1 listed Class B Hard hats approved for pravection from frmpadt
Pﬁ;ﬂ;?;[:;ng ohjecis and cxposed hish miftage c::-n!im:tms are to be used by LYWPFE

2. Ese and Face Frotectign

HNF-FR.G-08], Eve andior Faece Frotection will be required fora vameny of
aperations performed by LWEPF persoanel Al eve and face PPE must meast
ANE] approval specifications (ANSIZ82.1, Praerice for Oecramtional and
Edducationg! Bve urd Face Protection). All 2roas requinng eye protection will be
posted with appropoate waming sigis.

Tasks requiring eye protection and the apprepriate FPE ate listed in the following
sections baged on the potentizt for chemical éxposure, foreizm bodwimpact
hazards or nen-ionizing radiation expesure.

a. Chernieal Splash Frotection

1 Chetoical gopples, safety glasses, or face shields are required for
the fotlowing eperations.

al Saraple callection of cormosives or use of sample jars with
COTLISIVE préservatives,
b Addition of, or mnsfer of, water reatment chemicals

fromn small cottainers {jars, 1 gallon ar less contaiters),

&) Hundling or transfer of smatl qeantities of comosive
chemicabs i the Jaberatory.

This is doied mraterial--chaol: elecrronic fife for foest revizias. EE2mn
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. Effective Date: 03/0349%
2004 LWPF Realth and Safrry Plan (HASE) ' Page 27T of 54

d) Otheer strmiler operations where only smell quantities of
CONDEIVE DT eyc-ontacl hazsrdous chemicals are ysed,

€] Faor accass inside the ETF process apes,

2) Chemicai gogples and face shields are required for the tollowing "
OPEratigns, ”

a)  Unloading of bulk chermicals From tamier tmeke.

B Adjustment of comesive chemics! pumps, valves or lines
while pumips are jn operation or lines are under pressce,

) Extemal inspection of comosive 5miage tanks through the
apen nrahole (intena) nspestions are conducted in
acocordance with the confined space program).

d) Tasks whete large quantities or pressurzed eye-contact
hazard chenticals ares used,

b. Forcign BodyTmpact Protoction

Sufety plasses, gogales, or face shields are required for the following
aperaticns. .

1} Operation of saws, dnils, grindets, chippers ot ofher chip and
du# producing equipment.

Y| Uptrtion of explosive-aemared fastening tools.
£} Usze of compressed air for cléaning,
43 Welding and euttingferarfing operations,

5) Crther sitnddar chip, dust ar projectile producing woak.

Thls Ir dloted mrateriafl—chec!: efaciranic file far larest revisiosn. OO0 g
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Efiectye Date: 09402/99
2004 LHPF Health and Safety Plap (HASP) . Page 23 of 54

c Mon-lorizing Radiation Pratection

HNF-PR{:-5E2 - Bafetly plasses, gogples or welding hoods with
appropoate filter Jenses are required for the following opetations.

1} Welding, torch or plasma are culling, brzing, soldering and
scarfing opcrations.

The UV oxidizers in the ETF treatment train ace enelosed with shislding
and systemm inberfacks ko prevent accidenta] exposures during operation.
Viewing pons are installed on the UV Oxidizers bt exposurs lovels are
Bebow the regairements tesiricting access. The entlasures arc also
appropriaety labeled

3. Foot Protaction

(HNE-PRO-083) - Standard work shees or boots of substantial ¢enstnuction
should be woun durdng wark in the facility and are adequate for most routine
operations performed by LWEF operationt personnel. A wark bootfshos which
provide 3 well defined heel, a steal shank, good ankle support, and = sfip resistant
sole are the preferedtecommended form of foptwear, Boors orshoes meeting
the requirements above and with ioe protection meeting ANS] 241.4
spectfications are required for personne] directly invelved in matedal handling
operations such as movement of waste drums in the ETF drum fill and stovape
arca, nd movement of heavy fools and equipmenoomponents.

' Fogtwear protechion for chemical spills is addressed in Secfion £.4.4 in this
dopoument,

4. Chemical Proteciive Appare]

{HNF-PRO-083) - Corrosive and toadc materizls in both solid and liquid forms
will be bandled by LWPF personnel. During routine operations, L'WEF persotnel
wvalved in wark activities in the procese, waste handling and load out, and
chermical storage zreas 2t ETF and 2424 equipment rooms { Condenser,
Evapocator, AWEL and ravwi/proeess waler building, shail wear full Iength pants
and shirls with sleaves which cover the shoulder and upper aom, or full length
covarlls, Full lenpth tronsers, and long sleeve shirts gr eoveralls should be wom
during all chemicals handling operations, 3pecial chemical protective appare] is
discussad below,

This it dated materiofl—check elecrronic fife far fatest rr:ufsfm?. Orran
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Fractured drain line. Noticeline still connected by 20% of lower section.
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JENERAL SECTION
INCIDENT DATE
ALARM TIME
DISPATCH TIME
ARRIVAL TIME
END TIME
RESPONSE (TN MIN)
FROFERTY MANAGEMENT
MUTUAL AID
METHOD OF ALARM
SITUATION{S) FOUND
ACTIONIS TAKEN
WEATHEE
TEMPERATURE
ATDRESSLOCATION
UNIT/APT #
NEMBER OF PERSONEL
PAID
HUMBER OF APFARATUS
ENGINE
COMMAND
EMS
HaAaZMAT
OTHER ;
GENERAL PROPERTY TISE
$PECIFIC FROFPERTY THSE
BUILDING CODE TYPE
STRUCTURE STATUS
OCCURIED
ALARM TYPE
ZENE
STATION
SHIFT

YAZWAT SECTION
ORIGIN OF RELEASE
AREA
LEVEL :
RELEASE FACTOR(S)
MUMEBER OF CHEMICALS
EQIAPMENT INVOLVED
ACTION(S) TAKEN

DISPORITION
IDEMTIFICATION SOURCES

KON-FIRE SERVICE
LNIUEIES

CHEMICAL SECTION
Sulfuric Acid
CAS M}
BOT MO )
DT CLASS
PHY#ICAL ETATE
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Hanford Fire Department

INCIDENT REPORT
890009 30=000

- FRIDAY, OCTOBER 15, 1959

0253

0234

0242

0535

3

FRIVATE TAX-PAYING FROPERTY (1)

MO AUTCMATICMUTUAL AID DR NOT REPORTED ()
TEL EPHONE TIE-LIWE TO EIRE DEPARTMENT {7)
HAZARDOUS CONDITION UMABLE T( CLASSIFY FURTHER (40
RESCTIE, REMOVE FROM HARM (31

CLEAR (1)

50

2025-F CANTON & 12TH AVENU

WidH :

18

PerWER, EMERGY PRODUCTION/DISTRIEUTION {&1)

WATER SUPFLY SYSTEM (547} .

OCCUPANCY WITH HEALTH HAZARD (H7)

It USE WITH FURNISHINGS IN PLACE, ROUTIMELY USED (2}
YES {1} ;

Ciherftdat Repected (2

200 East Area (205)

Fire Station &2 (32)

C

-l L~ ]

MACHIMERY ROOM, AREA (51)

GRADE OR FIRST FLOOR (AQ1)

OTHER ¥ART FAILURE, LEAK, EREAX (54}

1

SEPARATE PUME, COMPRESSOR (£5)

EESCUE, REMOVE FROM HARM (31}

INVESTIGATE {71

INCIDENT SCENE RELEASED T PROPERTY OWNERMANAGER (8)
MATERIAL SAFETY DATA SHEET (MED3) (73} '
RESPONSIBLE OWNER, MANAGER (32)

Y AZARDOUS MATERTALS TEAM PERSONNEL {11)
HAZMAT SPECIALIST (43} :

1

TE64-93-5
1539
CORROEIVES

TAMTTITY
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QUANTITYT RELEASED
EXTENE OF RELEAZE
CONTAMINATION
COMTAIMER

TYPE

WATERIAL

DESCRIPTION

FEATURE

CAPACITY

JPARATUS RESPONDING
B2

niEDT2

AFDE1

Hahe2

EMGS2

EGEal

hEEDS4

TITEL%3]

IERSOMNEL RESFONDING
Bumgamsar, Gary
Walfe, Gregory B
¥night, William M
Adams, Tyan B
Aardal, Dougles D
Casteni, Joho &
Cops, Matk A
Lane, Edward F
hiarcatte, Virgil 4 -
Williams, Les W
Whitney, William &
Bamjas, Sean J
“FThiar, William B
Kiichir Ked &
WloQuown, Jrmes O
Simard, Scott P
Shrum, Hubett A
Fable, Michael L

AUMMARY

REFORTED BY
OFERICE "IN CHAFGE
INCIDERT HARRATIVE

Faps o

Hanford Fire Department
INCIDENT REPORT

: 92000220000
55 GALLONS

PONFINED TO SPECIFIC PROPERTY USE OF ORIGIN

Ny ENVIRONMENTAL IMPACT -

FIPE

IRON, STEEL AND OTHER IRON ALLOYS
FIXED USE

PRESSURIZED

o

CODE MILES HOURS THSE ROLT, ARRIV LEEY FACIL EACK END EEACT ENRTE
8 4,00 0234 (R57 0242 oE350635 3 5

. B0 2.500234 0237 0243 02530323 (MO30S10 3 6
15 2,50 0234 0237 0744 ososps1l 3 %
£ 5700237 G240 (245 Q5150631 3 6
B 3,70 D234 (237 0246 IS0y 3 0@
24 4,10 0240 D243 0308 OSI0 Q646 3 IS
24 4,20 0240 0244 0303 0230854 4 13
95 9.80 0245 0245 QL0 )

0612 D640
CODE AMOUNTI AMOUNT2 ’

Sulfuric Acid lesk from 2 ftangs gpeaved anto patient. Leak sontzined in dike. Patisot transpegted W
ENC and then oty Harbowiew in Seattle. -

Adapns, Lyna B,
Enight, William M

At 0234 howes oo Friday, October 15, 199% (C-Ehift), we werc dizparched 1o 1 havardoys condition,
Eight unils warc assigred (o this incident. Bighteen porsonns] sesponndd. We armived on stead A
247 hours aad clearsd @t 0635 howrs. The incidént was repazted to the fire dspariment by 8
telephtne fis-line. Mo automatic o mutual #id was privided of received. The weathrr was cleac- Th
ternporaites was S0 degrecs,

The ineident cooureed at 2025-E CANT N & 12TH AVENUE EWHIH. This lpcation 15 8 water
treatment Fastlity. The Locsl zone 15 20C. (200 East Areaj, The local siavion = g7 {Fire Station 920

The primary task(s) parformed by responding personne] was ressoe, removal from hamm. Ce patiel
wras faund under an émscgrnay shewer who had been sprayed with Sulfurie acid. The pratisnt wae
teaneparied tp KMC in Medic 92, Twe other emplayses who weze in the grea were checked by
Bedic ©4 at the seene and sent lates to HEHF for further s2sting. 3 Firefighters wers alzn checked
at HEHE a5 7 precaution,
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Appendix F
Hanford Fire Department : Tmd
INCIDENT REPORT ) '
89000920-000 .
MCIDENT NARRATIVE “Machinery room or area” best daseribes the pritiary use of the room or space where the bagaedous

materiela incident originated. The iocident gteurred on (he first floor or at grade lavel, “Crber part
failure, leak, break™ best daseribes the faetor precent at tha fitne and place of the insident that
cauped, or contributed to, the release or threatenad raleass of the matecial, One chenfeal released or
pizsented & bazard. A flange faited while werking properly, allowed the rejagge of (he materisl.

The Haz-Mat team was called in and wpon their 2erival 2 pritmary veem, hack wp am and de
vontaRGaAtion tam were assombled, The team weor ioto the butlding to axumine the extent of {he
spill. It was found that all of the spill had been contaiped inside the diked ares, Mo foefher spill wag
oeswrring and the scene was stable. Building personnel har shur off the tank and pumps whee the
leak wai found. Plag A was to tey o pump the acid from the dike 1o 2 confainer, Mo suitable pymp
could be found and Flan B was ta neutralize the acid with Soda Ath, Mot enough Soda Ash could be
fonnd on ghe sits (appeox 1500 pounds was pecded) to skapt this effort After funher contast with the
building personnek it was decided b wait far (he day shilt orew who Jnew where the pugsp wag aod
who wers trained in clean up to do the job, The 2cene was relepsad for dispesition ta the propent
fwner of Risnaper, The sourtes of information weed to fdentify the hazardous matenal released op
involved in the Incident were "Milerial safety data sheet (MSDE)", *Eesponsibls owner, tanagsr,
"Hazardens nusteriale team personnzl®, “Hazmar sptoialist®,

Alactn number 99080520 has besn nssizned to this jgident,
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Notice spray pattern on wall.
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Chemical Berm Area during Cleanup
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Root Cause Analysis Report

Tithe: Sulfuric Actd Spill and Resulting
Injury at 200 Arag ETF

Froblem #: Oceurrence Report
RL—PHMC-200L\WP-1988-0010

Est. Loss: $200,000.00

Author: Terry L. Waadford

REASON Narrative

As maintenance work was negded to repair leaking valves, and because the
supervisor assigned the employee the housekeeping checkiist to be completed,
employess neaded to do repair work and housekesping near the pump. So, tha
empioyes was in the chemlcal berm ares adjacent to the pump ¢ase drain line,

In addition, because management did net provide necessary maternialsftoolsfete,
to ensure system operating termp was met, the system design were nof adeguate
for removing excess heat generated by the purmnp frotn the system, Thus,
becatse chem feed pump inefliciencies nherent to system design, @ need
became apparent to operate the chemical feed systern at elevated temperatures,
Then, as the drain line was exposed fo the chem feed system operating
temperatures, and as the drain line was exposed to the chem feed system
chemical congtituants, the pump case draln line was chemically degraded.

Furtharmore, because AJHA #EL-104 did not identify thet working surfaces pose

slip or trip harards, the AJHA did not identify all of the kazards for em ployees
performing wark in this area. After this, because the engineering design did not
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require the pump case drain fine to be protected, the enginaering design was
inadequale,

Then, because Management dig not perfarm an adequate human performances
evaluation, and the AJHA did not identify all of the hazards for employees
performinhg work in this area, the maintehance Mgt ofid not recagnize the potenfial
hazard for tripping while working in the area. So, a cover or shigld did ot gat
placed over the pump case drain line during field installation. Since the
engineering design was inadequate, and because a eover or shistd did not get
placed aver the pump case drain iine during field installation, the pUmp case
drain ling was not adequately protected.

Meantlte, because Management did net monitor the lighting levels during
installation, the lighting design did not account for installation of piping between
lights and work area. Consequently, as the installed pipes were cagting shade
Upon the work surfaces located In the chemical berm area: the lighting levels in
the chemical berm were not adequate.

Additionally, because Managament did not perform an adequate human
performance evaluation, the chemical bemt area'was not designed to perform
work easily. Since: the lighting levels in the cherical berm were not adenuate,
and since the chemical betrn anea was not designed to perform work easily, and
because amployees needed {o do repair work and housekeeping near the pump,
an employeetequipment may have bumped the pump case drain line. S0, an
external force was applied to the pump case drain line. Since the pump case
drain line was chemically degraded, and since the pump casa drain fine was not
adaquately protected, and becatss an external force wag applied to the pump
case drair line, the purmp case drain line failed. As the line was under pressure,
and since the employee was in the chemical benm area adjacent to the pump
¢age drain line, and bacause the pump case drain line tailed, an employee was
sprayed with 2% sulfuric acid at the 200 area ETE.

REASON Interpretation

Analysis of this investigation shows that it is valid to compars the identified
Carrective Opportunitles to each other, given a eslculated Reliability of 100%.
This event contains a typical mix of hoth conditions and actions.
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MANAGEMENT DID NOT PROVIDE NECESSARY MATERIALSTOOLS/ETC.
TO ENSURE SYSTEM OPERATING TEMP WAS MET

In terms of preventing this problem, this is the 4th best aption, removing 21% of
fiis modal. Of the options in this model, this Comective Opportunity will produce
the Ath broadest prevention effact,

AJHAREL-104 DID NOT IDENTIFY THAT WORKING SURFACES POSE SLIP
OR TRIP HAZARDS '

This 15 the 2nd best prevenfion option, It eliminates 33% of thia problem. When
compated to the other options in this model, action an this root cause will have
the broadest pravention impact,

MANAGEMENT DID NCT PERFORM AN ADEQUATE HUMAN
FERFORMANCE EVALUATION

Preventing this roof cause is the best option, and will deal with 36% of the
causes that praduced fhis problem. Preventing this root cavse will have the 2nd
broadest impact within the arganization, com pared to the other identified options.

MANAGEMENT DID NOT MONMITOR THE LIGHTING LEVELS DURING
INSTALLATION :

This act'[nn, the 3rd best option, will remove 28% of this prablam, Eliminating this
reet cause will provide the 3rd broadest prevention impact.

REASON Summary Sheet

[The Model fs; Closed

Quantification Reliability: 100.0%

Total Relafive Causat Stress; 17.9500

Total Proper Causal Sfress: - B5

ausal Siress TTP: 3 2635

Total Relative Generating Causality: |12 4887

Total Froper Generating Causality: (M2




Accident Investigation Report Sulfuric Acid Spill and
Report Date: February 23, 2000 Resulting Injury
Appendix J

REFERENCES

HNF-1P-0858, Section 2-L, Emergency Response Duties, Abnormal Event Notifications
HNF-PRO-077, Reporting, Investigating, and Managing Events

DOE Order 225.1A, Accident Investigations

MSDS 041765, Sulfuric Acid, 77-100%

POP-85B-001, Sulfuric Acid/Acidic Water Spill Cleanup

Critigue Meeting Report for 92% Acid Spray Burned a Chemical Operator at 200 LWPF” held on
10/15/99

Occurrence Report, RL--PHM C-200LWP-1999-0010, “92% Sulfuric Acid Spill”
Patrol Daily Status Report, dated 10/15/99

Spill and Release Checklists dated 10/15/99 for Sulfuric Acid Spill
ETF Control Room Operator’s Log 10/15/99

Failure Analysis of CPVC Piping in 93% Sulfuric Acid at The Hanford Effluent Treatment Facility
(V) SR Report #: WSRC-TR-99-00484 December 1999



WSRC-TR-99-00484 Revision 0

WSRC INTERNAL DISTRIBUTION

Susan Wood, 773-A
C. R. Wolfe, 773-A
N. C. lyer, 773-A
R. L. Bickford, 730-A
C. F. Jenkins, 730-A
G. Chapman, 773-A
S. Crump, 773-A
M. Summer, 773-A
J. Durden, 773-A
T. M. Stefek, 723-A

WASTE MANAGEMENT FEDERAL SERVICESHANFORD, INC. DISTRIBUTION

J. Brad Benton S6-72
Neal J. Sullivan, S6-72



WSRC-TR-99-00484

FAILURE ANALYSISOF CPVC PIPING IN 93% SULFURIC ACID AT
THE HANFORD EFFLUENT TREATMENT FACILITY (U)

T. Eric Skidmore

Westinghouse Savannah River Company
Savannah River Technology Center
Materials Technology Section
Materials Consultation Group

December 1999

DOESNOT CONTAIN
UNCLASSIFIED CONTROLLED
NUCLEAR INFORMATION

ADC&
Reviewing
Official

Date:

Patent Status

This internal management report is being transmitted
without DOE patent clearance, and no further
dissemination or publication shall be made of the report
without prior approval of the DOE-SR patent counsel.

Westinghouse Savannah River Company
Savannah River Site

Aiken, SC 29808
c - ________________________________________________________________J

This document was prepared in connection with work done under Contract No. DE-AC09-96SR18500
with the U. S. Department of Energy



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any of their employees, makes any warranty, expressor implied,
or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercia product, process, or service by trade name, trademark, manufacturer, or otherwise does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any
agency thereof. The viewsand opinions of authors expressed herein do not necessarily state or reflect those of the United

States Government or any agency thereof.



DOCUMENT: WSRC-TR-99-00484, Revision O

TITLE: FAILURE ANALY SIS OF CPVC PIPING IN 93% SULFURIC ACID AT THE
HANFORD EFFLUENT TREATMENT FACILITY (U)

APPROVALS

Date:

T. Eric Skidmore, Principal Engineer/Author
SRTC/MATERIALS CONSULTATION GROUP
WESTINGHOUSE SAVANNAH RIVER COMPANY

Date:

Brad R. Benton, Customer
Effluent Treatment Facility (ETF)
WASTE MANAGEMENT FEDERAL SERVICES HANFORD, INC.

Date:

Neal J. Sullivan, Customer
Effluent Treatment Facility (ETF)
WASTE MANAGEMENT FEDERAL SERVICES HANFORD, INC.

Date:

Charles F. Jenkins, Technical Reviewer
SRTC/MATERIALS CONSULTATION GROUP
WESTINGHOUSE SAVANNAH RIVER COMPANY

Date:

R. Linnea Bickford, Manager
SRTC/MATERIALS CONSULTATION GROUP
WESTINGHOUSE SAVANNAH RIVER COMPANY

Date:

Natraj C. lyer, Manager
SRTC/MATERIALS TECHNOLOGY SECTION
WESTINGHOUSE SAVANNAH RIVER COMPANY



WSRC-TR-99-00484, Revision 0 Pageii

(Blank Page)



WSRC-TR-99-00484, Revision 0 Pageiii

1.0

20

3.0

4.0

5.0

6.0

7.0

8.0

9.0

TABLE OF CONTENTS

Page
SUMMOARY ettt bbbttt et et et s b e bt bbbt ne et et b e e be e b e 1
BACKGROUND.......cotiieieiesise ettt e e e e sse e e e saestessesressesseeseeseensenaessessesrenneens 2
CHLORINATED POLYVINYL CHLORIDE (CPVC)....oioiiiiisienienienieeeeesee e 8
N R €1 0 - | SRS 8
3.2  ReSStance to SUITUMNC ACI......cceeiieieeieeee e 9
FAILURE ANALY SISttt sttt st nneenas 12
4.1  Technical APPrOACKH.......ooiiiiieieiee e 12
4.2  Visua/Optical EXaMINGLION........cccceieerieeeesieee e st esie e st sae e sreenee e e eee e 12
4.3  Scanning Electron MicroSCopy (SEM) ...ccevieiiieiiiiece e 22
4.4  Energy Dispersive X-Ray ANaIYSIS.......cccoiiiririeiieesesiesie e 23
45  Fourier-Transform Infrared (FT-IR) SPECtrOSCOPY.......ecverveeriereerieerieseesieeeeseeens 24
VN G \V = o = o= =S o S 27
DISCUSSION ....oetieeicieeieitesteste sttt e et et stesteeseese e s et essessessesseesesseeneeseensensensensensennen 33
CONCLUSIONS AND RECOMMENDATIONS ......ccoiiieresiieie e 35
QUALITY ASSURANCE ......ooot ittt sttt st sttt s ae s sne e 36
REFERENCES.........oo ottt sttt et s n e se e e e e e sennennenreens 36
ACKNOWLEDGEMENTS ...ttt ettt st nae st st s nnens 38



WSRC-TR-99-00484, Revision 0 Pageiv

LIST OF TABLES

Tablel. MeChaNICaAl TESE RESUILS........eeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeaeesseessnsmensnsnnnsnsnnnsnnnsnsnnnnnnnn 31



WSRC-TR-99-00484, Revision 0 Page v

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure5.
Figure 6.
Figure7.
Figure 8.
Figure9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.

LIST OF FIGURES

General location of CPVC acid piping failure..........ccccoveveiceececeee e, 3

End of CPVC acid pump drain line and SUpport Clamp .........ccoeeeeeeienenencneseesnenn 4

Failled CPVC drain line before removal............cocoveeiinenenieneeseee e 4

Section of P&1D showing pump/drain line configuration.............cceceeevenenenenene 5

AutoCad 3D rendition of CPVC piping configuration............cceeeveveesieeeseesireesneenns 5

ACId pUMP tEMPEIAtUNE AALA. .......c.eeeeeeie et 6

Abbreviated pump temperature eXCUrsion data............ccccueevveeveeiiieesieesiee e 6

Degradation of previous CPVC piping/fitting assembly from 9/97............cccccovenee. 7

Chemical structure of Vinyl POIYMESS. .....ccceciiiiiiciie e 8

Chemical resistance of Corzan CPVC in sulfuric aCid .........c.ccocevereniieiienenesesenins 11
CPVC drain line assembly, as-received condition, top Side..........cccccvveveeeceeieeiinns 13
Pipe marking (4120), manufacturer/supplier Unknown.............ccooeeeieninenenesenne 13
Falled 2" diameter Sch. 80 CPV C fitting, Spears part#836-005C.............cccevvernenne 14
Remaining threaded portion from within pump Casing..........ccoceveererenenerenesenenne 14
Photograph of the opposite end of the assembly (valve fitting).........cccccoevceeieeinnns 15
Close-up view of the overall fitting fracture surface (adapter SIde).........ccceceverenene 16
Fracture surface of the opposing threaded portion of the fitting............cccccvevieinens 17
Opposite end of threaded portion of male adapter fitting. .........ccceeevieervrcereeienene 17
Interior view of fitting threads............ccoviv e 18
As-polished cross-section of fitting threads ... 19
Higher magnification view of cracking at inner fitting surface.........ccccoccvvvvevieinns 19
Cross-section of male adapter fitting DoAY ..........cooviiii i 20
Closer view of interior of adapter/pipe JOINt..........cccevieiieeiie e 20
Interior surface of elbow, tOP half.........cceeii e 21
Interior surface of elbow, bottom hBIT...........cco i 21
Fracture initiation SIte...........c.oveuiveieecc s 22
FT-IR spectrum for base Corzar® resin, compound 3114, B.F. Goodrich................ 25
FT-IR spectrum for Spears fitting, part#836-005C (non-degraded)..............cceuenee. 25
FT-IR spectrum for failed Hanford fitting ..........ccoccvevee i 26
FT-IR spectrum for bulk piping (manufacturer/resin unknown) ...........ccccceevevennene. 26
Failed fitting specimen and new, non-degraded fitting..........cccccceveviiivieiiiesieiies 28
Failed fitting specimen (C-shape), with EZ-Out mark...........ccocevveeiieninenincnenne 28
General shape and nomina dimensions of test samples........cccccoevceevecce e, 29
Model 1125 Sintech/MTS Tensile Testing Machine w/test sample..........ccccevenee. 30
Test sample UNAer COMPIESSION.........iciieiiieciieecieerree et ere e sae e 30
Testing of 67 Sch.80 CPVC Pipe NIPPIES......coveieiiiererereseseeeee s 32



WSRC-TR-99-00484, Revision 0

ADS
ASTM
Corzarf
CPVvC
DMA
EDS

ETF
FlowGold®
FT-IR
Kynar o
LWPF
MCG
MTS
PDCE
PvC
PvDC
PVDF
Saran®
SEM
Solef°
SRTC
Syge®
TempRite®
Tg

WSRC

LIST OF ACRONYMS, TRADENAMES, AND ABBREVIATIONS

Analytical Development Section of WSRC/SRTC
American Society for Testing and Materials

B.F. Goodrich CPVCresin

Chlorinated Polyvinyl Chloride

Dynamic Mechanical Analysis

Energy- Dispersive X-Ray Spectroscopy (also EDX)
Effluent Treatment Facility

B.F. Goodrich tradename for CPV C hot/cold water piping
Fourier-Transform InfraRed spectroscopy or photospectrometry
Pennwalt tradename for PV DF fluoropolymer resin
Liquid Waste Processing Facility

Materials Consultation Group of MTS/SRTC

Materials Technology Section

Polydichloroethylene

Polyvinyl chloride

polyvinylidene chloride

polyvinylidene fluoride

Dow chemical’s tradename for polyvinyidene chloride (PVDC) copolymers
Scanning Electron Microscopy

Solvay tradename for PVDF resin

Savannah River Technology Center

George Fischer tradename for PVDF piping

B.F.Goodrich tradename for CPVC resin

Glass transition temperature

Westinghouse Savannah River Company

Page vi



WSRC-TR-99-00484 Page 1 of 38

1.0 SUMMARY

Waste Management Federal Services of Hanford, Inc. contracted the Materials Technology
Section of the Westinghouse Savannah River Co. (WSRC) Savannah River Technology Center
(SRTC) to perform a failure analysis on %2’ diameter Schedule 80 piping fabricated from
chlorinated polyvinyl chloride (CPVC). The CPVC piping section was installed in the Hanford
Effluent Treatment Facility (ETF) asadrain line for an acid transfer pump handling 93% sulfuric
acid (H2SO4). On October 15, 1999, failure occurred in the threads of a male adapter fitting
connected directly to the pump casing and resulted in an operator injury.

Based upon physical examination, evaluation of material properties, and review of chemical
resistance data, the primary contributing causes of the CPVC fitting failure are listed below. It
should be noted that several of these factors are believed to have synergistically contributed to
fallure.

Chemical degradation, accelerated by brief pump temperature excursions to nearly 150°F
Probable bending stresses and impact loading

Stress-concentration in fitting threads due to thermal expansion effects

Variation in chemical resistance between injection-molded fittings and extruded piping
Notch sensitivity of CPVC piping and threaded fitting components

Lack of physical barriers and adequate support to prevent damage or incidental contact

Generic data published by B.F. Goodrich (base resin manufacturer) indicates that Corzar®
CPVC is suitable for the rated service temperature of this application (120°F). This data also
indicates that the borderline temperature between the “Recommended” and “ Caution” regions for
93% sulfuric acid is approximately 145°F. General disclaimers identify the possible reduction in
pressure ratings in the “Recommended” region and end-user responsibility to determine chemical
resistance, but no specific variation in resistance between fittings and piping in this service was
indicated. It should also be noted that athough previous and recent discussions with B.F.
Goodrich technical representatives indicated that service life could be reduced in this application,
such effects are not clearly represented in the published data.

Although the mgority of references consulted indicate that CPVC is compatible with 93%
sulfuric acid to 120°F, SRTC/Materiads Technology found severa notable exceptions to the
contrary. Slight contradictions in ratings were also noted between suppliers of CPVC fittings
and piping, even for those based on B.F. Goodrich’s Corzar® material. This report describes the
failure analysis performed, summarizes the results, and provides conclusions as to the root
cause(s) of the failure. In addition, a brief review of the resistance of CPVC to 93wt% sulfuric
acid is provided.
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20 BACKGROUND

Waste Management Federal Services of Hanford, Inc. contracted the Materials Technology
Section of the Westinghouse Savannah River Co. (WSRC) Savannah River Technology Center
(SRTC) to perform a failure analysis on a ¥2" diameter Sch. 80 piping section fabricated from
chlorinated polyvinyl chloride (CPVC). The piping section was installed in the Hanford Effluent
Treatment Facility (ETF) as adrain line for a magnetically-coupled pump handling 93% sulfuric
acid (H,SO4). The ETF is an indoor processing facility; therefore materials and components are
not subject to significant aging or UV exposure, with the exception of overhead lighting.

On October 15, 1999, failure of a male adapter fitting occurred, releasing acid under pressure and
causing injury to an operator. Photographs supplied by the customer of the genera failure
location and the drain line prior to remova are shown in Figures 1-3 respectively. Service
conditions for the drain line were specified as a maximum pressure of 100 PSI at 120°F per ETF
piping code P155 [1]. The pump is assumed to have been operating smoothly prior to failure
with no pressure surges or significant vibration. According to the customer, the injured operator
was in the pump vicinity prior to failure but was not performing tasks related directly to pump
operation [2].

Configuration of the piping is shown in Figures 4 and 5. The drain line is essentialy a 31"
section of pipe containing two 90° elbows, a CPVC bal valve, and an end cap to alow pump
drainage. The drain line is supported at the pump by the fitting threads and by a clamp on the
drain end. It isassumed that only Teflon tape was used on fitting threads during installation.

The drain line is located approximately 12-18 inches above ground level, with no specific
protection or physical obstacles to prevent incidental contact or damage. At the time of failure, it
is assumed that the valve was closed and the end cap was installed to prevent drainage during
pump operation. Per customer-supplied data and information, the drain line was operated at
approximately 50 PSI [2].

The manufacturer of the 1/2" Sch. 80 CPVC fitting which failed is Spears Manufacturing Co.,
Sylmar, CA (part#836-005C). These fittings are fabricated (injection-molded) per ASTM F439
[3] from Corzar® CPVC resin, which is manufactured by B.F. Goodrich. The piping solvent-
cemented to the Spears fitting has no markings distinguishing the piping manufacturer or
supplier, other than “SA” between the elbow and failed fitting and “CPVC 4120" between the
elbow and vave fitting.

The “SA” designation is unknown (possibly “USA™), but the “4120” designation correlates to
ASTM D1784 which classifies CPVC piping by cell type and mechanical properties [4]. CPVC
4120 correlates to a Type 1V (4), Class 1(1) compound with a design stress of 2000 PSI (in units
of 100). Itisaso assumed that the piping to fitting joints were made with CPVC solvent cement
in accordance with ASTM F493 [5]. Per the customer, the design drawing for this system only
specifies generic CPVC, with no specific resin or supplier identified.
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Figure 1. General location of CPVC acid piping failure, Effluent Treatment Facility
(Courtesy of Waste Management Federal Services of Hanford, Inc.)
(acid pump is located to the right and beyond the employee in the containment dike)
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Figure 2. End of CPVC acid pump drain line and support clamp
(Courtesy of Waste Management Federal Services of Hanford, Inc.)

Figure 3. Failed CPVC drain line before removal from pump
(Courtesy of Waste Management Federal Services of Hanford, Inc.)
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Pump temperatures and pressures are continuously monitored, with data taken every 90 seconds
in a programmable loop controller system. Data supplied by the customer indicates that the
pump operated at temperatures >120°F on severa occasions within the last 12 months, including
temperatures >140°F for approximately 15 days, Figures 6 and 7 [6]. Temperatures and
pressures are monitored on the inlet side of the pump and are assumed to be representative of
those at the fitting/failure location. Per the customer, fluid temperature excursions are believed
to be due to pump inefficiency and thermal stratification.
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Figure 6. Temperature data for 93% sulfuric acid pump
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Figure 7. Abbreviated temperature excursion data for 93% sulfuric acid pump (7/23/99-8/7/99)
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According to the customer, a section of similar CPV C piping had been previously removed from
this service in September 1997, Figure 8 [2]. This particular piping assembly was removed to
facilitate pump repair and not because of failure. Therefore, the effect of service environment
upon material properties of this component were not investigated. However, note the cracking
pattern and the greater depth of blackening observed along the interior surface of the threaded
mal e adapter fitting as compared to the adjacent extruded piping.

Although this component was in service for nearly 2 years and did not fail, the appearance
clearly indicates degradation and possible variation in chemica resistance between the fitting
and piping in this environment. Such behavior could be due to many factors, including variation
in composition, morphology, processing, and/or localized service conditions. It must also be
noted that although the inner surfaces are blackened, the depth of oxidation and degradation is
significantly less than that observed in the more recently failed fitting.

Figure 8. Degraded CPV C piping section, removed from same service in 9/97.
(Courtesy of Waste Management Federal Services of Hanford, Inc.)
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3.0 CHLORINATED POLYVINYL CHLORIDE
31 Genera

Chlorinated polyvinyl chloride (CPVC), adso known as after-chlorinated or post-chlorinated
polyvinyl chloride, was first produced in Germany in the late 1930's to improve thermal
properties of PVC compounds, primarily by increasing the glass transition temperature (TgQ).
CPVC is typically processed by treating dispersions of PVC in the presence of chlorinated
hydrocarbons such as chloroform, catalyzed by heat or UV light. Although thermal properties
are superior, the mechanical and chemical resistance properties of CPVC polymers are generally
similar to those of rigid, unplasticized PVC (Type|) with some exceptions [4-7].

The general chemical structures of relevant vinyl polymers are shown in Figure 9 [4, 7]. In PVC,
one hydrogen atom on alternating carbon atoms is replaced with a chlorine atom. In CPVC,
additional chlorination takes place at the CH, group (1,2-chlorinated). Note that complete
chlorination does not occur asin 1,2 polydichloroethylene (PDCE) homopolymer. CPVC is adso
similar in molecular structure to PVDC homopolymer (polyvinylidene chloride, Sarar® — Dow
Chemical), differing only in the location and orientation of the chlorideions. Although PVC and
CPVC polymers contain some regions of crystallinity, they are primarily amorphous. The
chlorine content of the base polymer is typically 50-60wt% for PV C and 65-70% for CPVC [4].

PvC Y2 CH, % CHCI % CH, % CHCFEA
CPVC 3% CHCPR4CHCEBA4CHy¥2 CHCRA
PDCE % CHCI¥% CHCPR4 CHCRa CHCEA

PvDC % CH, 3% CCl, 3% CH, 3 CCl¥

Figure 9. Chemical structures of vinyl polymers [4, 7].

Due to higher density, glass transition temperature, melt viscosity, and lower sensitivity of melt
viscosity to temperature, CPVC typically requires much higher processing temperatures and
lubrication (both internal and external) than most PVC compounds [4-7]. CPVC is primarily
used in place of PVC for elevated temperature service (chemicals and hot water) and is marketed
by B.F. Goodrich under severa tradenames such as TempRite®, Corzar, and FlowGold®.
Although B.F. Goodrich is the leading U.S. supplier, CPVC compounds are also available from
other manufacturers.
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3.2 Resistance of CPVC to Sulfuric Acid

Sulfuric acid (H2SO,) is one of the most common industrial chemicals, used extensively in
chemical processing, wastewater treatment, neutralization processes, electroplating operations,
electrolytic cell (battery) production, etc. [10]. It is also one of the most aggressive towards
many metals and non-metals, with aggressiveness heavily dependent upon concentration,
temperature, and the specific material involved. Sulfuric acid can act as either an oxidizing or
reducing agent and is therefore one of the more complex acids to evaluate in terms of corrosion
resistance [10-12]. Corrosion resistance of some materials, particularly carbon steel, is also
dependent upon flow rate and presence of oxygen [10-12].

As aresult of previously-observed degradation and known pump thermal excursions, Hanford
ETF personnel reviewed published chemical resistance data and consulted with B.F. Goodrich
technical representatives [2, 13, 14]. Published B.F. Goodrich data genericaly rates Corzar®
CPVC as “Recommended” in 93 wt% sulfuric acid up to approximately 145°F (Figure 10).
Published disclaimers also state that pressure ratings may not apply throughout the recommended
range and that determining chemical compatibility of as-fabricated components is the
responsibility of the end-user.

In recent discussions with SRTC/Materials Technology, B.F. Goodrich technical representatives
indicated that service life would be reduced to 12-24 months by continuous exposure at 150°F,
depending upon actual nature of application [11]. Although consistent with previous discussion
with Hanford ETF personnel, such effects are not represented in the published data and do not
address short-term, infrequent exposure to temperatures between 120-150°F. Neither the
customer nor SRTC/Materials Technology knows the extent to which certain factors such as
infrequent temperature excursions, service life reduction, and previously observed degradation
were discussed at the time of previous inquiry.

SRTC/Materials Technology reviewed several references regarding the chemical resistance of
CPVC materials to concentrated sulfuric acid [10-25]. SRTC/Materials Technology also
discussed the chemical resistance data for Corzan® CPVC with B.F. Goodrich and Spears Mfg.
representatives. From this review, severa general observations and conclusions are summarized:

Most references indicate that CPVC is compatible with 93 wt% sulfuric acid to at least
100°F, with some indicating compatibility to 120°F. One notable exception to this is
Schweitzer's Chemical Resistance Tables, which rates generic CPVC as “U”
(unsatisfactory) for both 90 and 95 wt% H,SO,, regardless of temperature [15]. A second
noteworthy exception is the NACE Corrosion Data Survey [16], which rates CPVC as “Not
Recommended” above 70°F for 93wt%.

In many cases, ratings are only provided for either room temperature or 180°F, which is
consistently rated as not recommended or unsatisfactory. Most references with data
between these temperatures indicate that CPVC is not recommended for 93 wt% sulfuric
acid above 140-150°F. It should also be noted that CPVC is often rated less resistant than
rigid, unplasticized PV C for 93wt% sulfuric acid.
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Most references provide only general chemical resistance ratings (satisfactory, not
recommended, etc.), without specifying effects on properties or pressure-retention
capability. Chemical resistance data is usually based on short-term (90 days or less), well-
controlled laboratory tests on specimens of specific composition and compression-molded
under ideal conditions. Components fabricated by different techniques or from different
compositions may vary in chemical resistance. Therefore, the effects of additives and
processing parameters in a specific environment are often unknown.

Data published by B.F. Goodrich is typically generic and provides only standard
mechanical properties such as tensile strength and elongation following a 90-day
immersion exposure at temperature. Other properties such as impact strength, bending
strength, etc. vs. acid exposure are not known, nor is the pressure-retention capability of
specific as-fabricated products. As typical of most resin suppliers, B.F. Goodrich does
recommend testing of as-fabricated products by the end-user, but the possibility of
variation in performance is not well emphasized from an end-user point of view.

Spears Mfg. bases the chemical resistance of their CPVC fittings on B.F. Goodrich
Corzar® data and does not publish independent test data. According to Spears Mfg.,
CPVC piping made by Harvel Plastics, Inc. (Easton, PA) is typically recommended for use
with Spears CPVC fittings. It should be noted that Harvel Plastics CPVC pipe is rated as
“Not Recommended” for 93 wt% sulfuric acid at 140°F [17]. This dlightly contradicts the
“Recommended” rating of Corzar® up to 145°F, especialy since both are based on
Corzar® CPVC base resin. The specific formulations for extrusion and injection-molding
compounds could not be obtained (proprietary), but all companies contacted acknowledge
possible dlight differences for processing purposes. It was also consistently stated that
significant variation in chemica resistance would not be expected for most service
environments, but the effects of 93wt% H,SO, at the application temperatures were
unknown.

93% H,SO, at 55+/-2°C is specified as a test reagent in ASTM D1784 [4], presumably due
to its widespread use in industry and known aggressiveness. Sulfuric acid is aso specified
in other 1SO standards for PV C classification, but concentrations are typically based on that
found in domestic waste water treatment or sewer service which are much lower. The
definitive technical basis for its use was not determined. According to ASTM, these tests
have recently been eliminated from D1784 because chemical resistance testing is covered
separately under ASTM D5260 [18] and ASTM D543 [19].

The current chairman of the ASTM D20 committee on plastics informed SRTC/Materials
Technology that variation in chemical resistance and performance of PV C/CPVC fittings and
piping not surprising, but could not comment on specific variation in hot, concentrated
sulfuric acid [20]. Such variation could not only be due to compound differences but to
processing variation between batches within the same production facility, making the
determination of such variation more difficult to evaluate. This subject is of current interest
and will be discussed at the upcoming ASTM D20 committee meeting in Toronto, CAN.
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Figure 10. Resistance of generic Corzar® CPVC in sulfuric acid [14].
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40 FAILUREANALYSIS
4.1  Technical Approach

As is typical for most failure analyses, the first step was to document the overall as-received
condition of the component(s), showing various angles and orientations of the components to
reveal certain features, particularly manufacturer markings, indications of flow direction,
orientation during failure, etc. Second, a failure analysis diagram or map was developed so that
each piece or section to be removed for specific characterization or testing was identified. The
components were then sectioned or cut apart as needed to facilitate further characterization
and/or testing as appropriate.

4.2 As-Received Condition/Visual Examination

Photographs of the failed CPVC drain line assembly (up to the CPVC ball valve) are shown in
Figures 11-18. The overall assembly is shown in Figure 11, with the flow direction and top of
the assembly labeled for orientation. Note the color variation between the piping (manufacturer
unknown) and the fittings (Spears), as well as the presence of CPV C solvent cement at the fitting
joints. Figure 12 shows the pipe marking “CPVC 4120”, with a closer view of the failed fitting
revealing the manufacturer and part # identification, Figure 13.

The arrow and markings in Figure 13 indicate the region of post-failure removal (bottom of pipe)
from the pump casing. The remaining threaded portion was removed separately, Figure 14.
Note that the threads from within the pump casing were more severely discolored on both
interior and exterior surfaces, indicating greater degradation due to more severe chemical attack
and/or higher temperature. Acid residue also possible on the pump casing threads prior to piping
installation.

The opposite end of the drain line assembly (valve fitting/adapter) is shown in Figure 15,
revealing similar discoloration and build-up of residue, particularly along the bottom interior
surface. A closer view of the fracture surface (fitting side) reveals regions of plastic deformation,
final fracture, post-failure fracture, and degree of discoloration and residue build-up particularly
a the bottom of the piping assembly, Figure 16. The darker area at the top of the fracture
surface is attributed to post-failure acid exposure. The opposing fracture surface (pump side) is
shown in Figure 17. Note the severe degree of blackening and cracking observed on the end of
the threads installed in the pump casing, Figure 18. The large dot in the wall of the threads is
from the tool used for fitting removal from the pump post-failure.
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— Fitting to
flow direction Valve

Failure location (in fitting threads)

Figure 11. CPVC drain line assembly, as received condition, top side (Neg.#54967, ~1X)
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Figure 12. Marking of CPVC piping, supplier/manufacturer unknown (Neg#55014, ~0.75X)
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Post-Failure Region
(bottom of piping)

.
23n T Ppe®

Figure 13. Failed ¥2" diameter Sch. 80 CPV C fitting, Spears Mfg. Part#836-005C

Figure 14. Remaining threaded portion from within pump casing
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bottom of
pipe

Figure 15. Photograph of the opposite end of the assembly (valve fitting)
(Note blackened interior and residue build-up along bottom of pipe)

(Neg#54967, ~5X)



WSRC-TR-99-00484 Page 16 of 38

Top of pipe

Figure 16. Close-up view of the fitting fracture surface (Neg#54965, ~3X)
(Markings indicate region still attached toward bottom of piping post-failure)
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Figure 17. Opposing fracture surface of the fitting threads (Neg#54965, ~4X)

Figure 18. Opposite end of fitting threads (pump side)
(Neg#54965, ~4X)
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The threads of the failed fitting were sectioned to examine the extent of degradation, Figure 19.
Note both the significant degree of darkening and the cracking pattern. A severe lack of
structural integrity is also evident at the end from within the pump casing. The depth of
discoloration is over 50% through-wall in the threaded region. However, it should be noted that
cracks were not observed to initiate from the roots of the threads, which are considered to be the
most highly stressed regions.

The degradation pattern appears to follow what may be flow lines in the injection-molded fitting,
protruding like fingers into the threads (Figure 20). This may be due to a number of factors
including variation in resin/chlorine content, degree of fusion, molecular weight, selective attack
of one or more additives, and/or molding stresses. It is also possible that solvent cement from
the fitting/piping joining process may have run along the interior of the fitting and penetrated the
surface, reducing the chemical resistance and providing a path for degradation.

Severe cracking was present near the interior surface of the fitting, Figure 21. Degradation
tended to be more severe aong solvent-cement paths (Figures 22 and 23), which can be resin-
poor and are common failure locations in these systems [27, 28].

pump side

EZ-Out
tool mark

Figure 19. Interior view of fitting threads (Neg# 54970, ~5.5X)
(severe oxidation and cracking)
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Pump End - Fitting End

Figure 20. As-polished cross-section of fitting threads (Neg#55000, ~3X)
(Note degradation following what may be flow lines into threads)

Figure 21. Severe cracking along interior surface of threaded fitting (Neg#54970, 100X)
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adapter body

piping

?23~A1 MET LAB 1/?8 INCH

Figure 22. Cross-section of failed fitting adapter and joined piping (Neg#54980, 1X)

residue build-
up (possible
solvent

cement)

solvent diffusion

Figure 23. Closer view of adapter fitting/piping cross-section (Neg#54980, 5X)
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To further evaluate the possibility of chemical resistance variation between piping and fittings,
the 90° elbow was also sectioned (Figures 24-25). Cracking and blackening of the elbow is
greater than in the adjoined piping, but not nearly to the extent observed for the failed threaded
fitting. Attack of the solvent-cement jointsis also evident.

Figure 24. Interior surface of elbow, top half (Neg#55014, ~1.5X)

Bottom =

Figure 25. Interior surface of elbow, bottom half (Neg#55014, ~1.5X)
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4.3  Scanning Electron Microscopy (SEM)

The fracture surface from the fitting was sectioned, gold-coated for conductivity, and examined
under the Hitachi S2500 Scanning Electron Microscope (SEM). Severa areas of the fracture
surface were studied to locate the failure initiation site and to examine specific features. Figure
26 reveals what is believed to be the failure initiation site, located towards the top right of the as-
installed piping orientation. It appears that fracture initiated in the thread root under a tensile
stress, and rapidly propagated outward and upward towards the edge of the threads.

Note the significant amount of degradation and loss of integrity in the inner diameter surface.
Other regions exhibit the characteristics of brittle band formation in amorphous polymers such as
PVC/CPVC, which are similar in appearance to fatigue striations [27]. These regions may have
been enhanced by cyclic stresses imposed by thermal expansion differences between the fitting
and the pump casing.

Top of fitting

Interior
surface
degradation

Figure 26. Probable fracture initiation site and brittle band formation (Neg#54985, 15X)
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4.4  Enegy Dispersive X-Ray Analysis

In order to further determine the cause of possible variation in chemical resistance between the
fitting and piping, a section of the failed fitting/piping joint was carbon-coated and analyzed
under the SEM using energy dispersive X-ray anaysis (EDX). Whereas gold is typicaly used
for superior imaging, carbon provides superior X-ray transparency. Measurements were taken
in both point and raster mode for the bulk piping and fitting components to determine
composition variation and evidence of selective attack.

Spectra obtained from the bulk fitting and piping indicate the presence of calcium, tin, titanium,
sulfur and silicon in trace amounts for both components. No significant differences in
composition were observed, though the fitting spectrum indicates slightly higher amounts of
titanium and calcium. Titanium is highly susceptible to attack by sulfuric acid [11], and is most
likely present as titanium dioxide (TiOy).

Calcium and tin are most likely from additives such as calcium stearate and organotin complexes
used for heat stabilization and/or lubrication. Sulfur-tin complexes are considered to be the most
effective non-lead based heat stabilizers for PVC [4, 27]. The presence of sulfur is attributed to
both the presence of sulfuric acid and the probable use of sulfur-tin complexes.

Silicon was observed in both components, but to a dightly greater extent in the piping. This
could be present as a lubricant/heat stabilizer constituent or simply as a trace impurity. Silicon is
known to enhance the resistance of cast irons to concentrated sulfuric acid through the formation
of abrasion-resistant silicon-rich films, but must typically be added in substantialy higher
amounts than expected in CPV C compounds (14.5wt%) [11].

Since most plastics additives are used in the lowest amount possible in order to optimize final
properties, such additives often congtitute less than 1 wt% which is less than the detection limit
on conventional X-ray analysis equipment. Therefore, accurate quantatative values could not be
determined. Without knowing the exact compound formulation, additional testing would have to
be performed to confirm if compound variation is the cause of the observed difference in
chemical resistance.

Assuming that interna lubrication is generally more important for injection molding as
compared to extrusion and that CPV C can be more difficult to injection-mold than unplasticized
PVC, internal lubricants are expected to be present in the injection-molded fittings to a
somewhat greater extent. These lubricants may or may not be more susceptible to sulfuric acid
attack, but could be a contributing factor. If such differences exist, they would normally be
expected to have little to no effect upon chemica resistance. However, it may be possible that
such a small variation is selectively attacked at the upper limits of the recommended service
conditions. As this analysis isinconclusive, additional investigation is recommended to evaluate
the effects of other factors such as chlorine content, residual stresses, molecular weight,
morphology, density, degree of fusion, etc. which could affect chemical resistance.



WSRC-TR-99-00484 Page 24 of 38

45  Fourier-Transform Infrared (FT-IR) Spectroscopy

For organic composition analysis, samples of both the fitting and piping were analyzed by the
Analytica Development Section (ADS) of SRTC using Fourier-Transform Infrared (FT-IR)
spectrophotometry. FT-IR spectra represent the IR absorption profile of al organic and many
inorganic compounds materials in the 4000 to 400 cmit (2.5 to 25 um) range [29]. Although FT-
IR analysis is one of the most definitive methods for characterization of polymeric materials,
very complex FT-IR spectra are often produced. Unknown polymer samples are often best
identified by comparing spectra to those of known materials. Samples of Corzan® CPVC
compound# 3114 were obtained from B.F. Goodrich and used for baseline comparison.

The samples were prepared by grinding the surface with 400 grit silicon carbide sandpaper. The
powder was subsequently analyzed directly by diffuse reflectance FT-IR. Spectra were obtained
using a Nicolet 210 FT-IR instrument, employing a Michelson interferometer with a KBr
beamsplitter to accomplish frequency discrimination. The spectral resolution of the instrument is
nominally 2 cmit. Background scans were obtained prior to sample scanning. Improvement in
the signal to noise ratio was obtained by averaging multiple interferograms for background and
sample spectra

Although relatively dark in color (due to carbon black additives), the gray CPVC materias
produced very clean and distinguishable spectra. Spectra obtained for all samples were matched
with reference CPVC spectrum in the instrument software library. Spectra obtained for the
Corzar® resin, Spears Mfg. fittings and piping (unknown supplier) are shown in Figures 27-30.
No significant variation in spectra was observed. Because most additives for processing are used
a very low levels (less than 1 wt%) and can be transparent to IR radiation, detection by this
technique may not be possible. As with most resin manufacturers, B.F. Goodrich likely adds
certain proprietary additives to their CPVC compounds for identification, but specific
information on these could not be obtained.

The main aspect of these spectra to note is the location (wvavenumber) of the relative peaks. The
percentage of transmittance and relative intensity of the peaks are more dependent upon sample
preparation and form and are not indicative of composition variation.
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46  Mechanical Testing

To determine the effects of degradation upon mechanical properties of the failed fitting, the
remaining section of the fitting threads was subjected to compression/bend testing. Standard test
specimens could not be obtained from the failed fitting due to its small size, condition, and
configuration. As no ASTM test method exists for this particular technique, duplicate samples
were cut from several unexposed fittings of the same schedule, model, and manufacturer for
comparison purposes. Although not a standard test method, this approach is considered to be
most similar to that of bend testing of rectangular specimens per ASTM D790 [30], only in
reverse and with the exception of the thread pattern.

A test sample was made from one half of the threaded Hanford fitting (Figure 30) and ten test
samples were made from five new (CPVC) fittings. The sample preparation consisted of cutting
off the threaded portion of new fittings and half-sectioning, to make two samples from each
fitting. A cut was made longitudinally in three of the new samples to smulate the cut in the
Hanford sample (#6) that was made with an EZ-Out tool during post-failure extraction from the
sulfuric acid pump (Figure 32). The test sample shape and the nominal dimensions are shown in
Figure 33.

The samples were tested using a screw-driven mechanical testing frame, Sintech 1125, seria no.
6272, and aload cell with a capacity of 1000 Ibs., seria no. 690, MTE 3-1876. The load cell was
calibrated in accordance with the recommended practices of ASTM E4-98 [31] by an off-site
vendor. The samples were compressed to failure at a crosshead speed of 0.04 in./minute and to a
maximum compression value of 0.200". Most samples achieved approximately 0.198" of
displacement.

Failure was defined as the load at which the sample fractured and or compressed at maximum
displacement of test method (0.200”) or when the load drops 75 percent below the maximum
load produced during each test. The samples that did not reach this cut-off value were the ones
that broke or fractured during the test, which triggered the break sensitivity feature on the
machine and shut down the test. Peak loads and displacement values were recorded from the
load cell and crosshead movement on a computer.

A summary of the test results with individual sample data are summarized in Table 1. The load-
elongation plots are attached for selected distribution. The samples made from non-degraded
fittings without dots that compressed only (without fracture), had an average load value of 281
Ibs. and were compressed to an average displacement value of 0.197”. The new samples
(without dlots) that fractured had a lower average peak load value of 107 Ibs. and lower
elongation of 0.099”. Samples CPVC-2 and CPVC-7 fractured and the break sensitivity shut
down the tests and therefore did not reach the full 0.200” displacement and therefore the peak
loads were lower. Sample-to-fitting traceability was not maintained during the machining of the
samples, therefore no conclusions can be drawn as to the relative strength of the individual, non-
degraded fittings. Photographs of samples during testing are shown in Figures 34-35.
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Figure 31. Failed fitting specimen and new, non-degraded fitting

Figure 32. Failed fitting specimen (C-shape), with EZ-Out mark
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Sample D Diameter

(in.)

CPVC-1 0.814
CPVC-2 0.814
CPVC-3 0.812
CPVC-4 0.812
CPVC-5 0.812
Hanford-6 0.804
CPVC-7 0.812
CPVC-8 0.812
CPVC-9 0.805
CPVC-10 0.809
CPVC-11 0.810

Figure 33. General shape and nominal dimensions of test samples.

Thickness

Length Thickness

(in.)

0.374
0.375
0.373
0.375
0.375
0.375
0.375
0.372
0.374
0.373
0.373

< Diameter >

(in.)

©0 0090000000

155
157
154
151
156
154
155
152
152
152
151

Width

Width
(in.)

0.416
0.416
0.416
0.418
0.417
0.414
0.416
0.416
0.415
0.416
0.417
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Figure 34. Model 1125 Sintech/MTS Tensile Testing Machine w/test sample

Figure 35. Test sample under compression
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Table 1. Mechanical Test Results

SamplelID Crosshead Peak Load Displacement Mold-Line Failure Type and
Speed (Ibs.) (in.) L ocation L ocation
(in./min.)
CPVC-1 0.04 250.92 0.193 Off Center Compressed
CPVC-2 0.04 130.25 0.146 Off Center  Fracture off Center
CPVC-3 0.04 280.05 0.197 Off Center Compressed
CPVC4 0.04 275.86 0.198 On Center Compressed
CPVC-5 0.04 280.90 0.198 On Center Compressed
CPVC-7 0.04 84.40 0.052 Off Center  Fracture in Center
CpPVC-8 0.04 318.85 0.198 Off Center Compressed
Averages 231.60 0.169
Hanford-6 0.04 50.17 0.015 Unknown Fracture in Center
CPVC-9 0.04 109.25 0.105 On Center  Fracture in Center
CPVC-10 0.04 387.97 0.198 On Center  Fracture in Center
CPVC-11 0.04 455.19 0.199 Off Center  Fracture in Center
Averages 317.47 0.167

As shown in Table 1, the maximum load sustained by the Hanford fitting sample was
approximately 50 Ibs., as compared to the average load sustained by all non-degraded samples of
232 Ibs. (without dlot) and 318 Ibs. (with slots). For samples that actually fractured, the average
load sustained was approximately 108 Ibs. Therefore, the sample from the Hanford fitting
exhibits a reduction in flexural strength of approximately 54% using this sample design and
method. Higher values for the samples with sots represent those that compressed but did not
fracture. Lower values are for samples that fractured. Also, the failed fitting sample broke much
earlier in the test as compared to the non-degraded samples, which exhibited much more
deformation prior to fracture.

Additional tests would be required to establish a greater dtatistical basis, or if a different
specimen design is required. Tensile strength and/or compression strength may also have been
obtained by compression in the longitudinal direction, and can still be performed if desired on
remaining material. Compression modulus could have also been obtained via dynamic
mechanical analysis (DMA), but variation between complex modulus values and those directly
obtained from tensile testing are known to exist.

Bend testing of actual 6” Sch.80 CPV C pipe nipples was also performed to determine the amount
of force required to bend a 6” section and break in the threaded region, similar to the failed drain
line. A large tensile specimen was used to apply a bending moment to a 6” pipe nipple, with
approximately 5-6 threads engaged and 2-3 threads remaining outside the fitting, smilar to the
drain line fitting (Figure 36).
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It is acknowledged that a specimen of pipe solvent-cemented to a fitting would be more
representative of the failed drain line assembly, but the dimensions and pitch of the threaded
region of the pipe nipple are identical to that of a%%" fitting. As the materia is notch-sensitive,
the threaded region is the most susceptible to failure. Therefore the need to fabricate a solvent-
cemented pipe/fitting specimen was considered unnecessary for test purposes.

Using the maximum displacement rate possible on the 723-A Instron Tensile Machine (15
in./min.) and a 2000 Ib. load cell, a maximum force of approximately 90 lbs. (89.5 Ibs) was
determined to be necessary to break the pipe in the threads. Additional tests at varying rates and
under impact conditions would have to be performed to fully evaluate such behavior, but this
value gives an indication of the high notch-sensitivity of PVC/CPVC compounds, even in the
non-degraded condition.

Figure 36. Bend testing of 6” Sch.80 CPV C pipe nipple (non-degraded)
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5.0 DISCUSSION

Review of the literature and discussion with several resin and product suppliers indicates that
chlorinated polyvinyl chloride (CPVC) is commonly used for low to moderate concentrations of
sulfuric acid at low to moderate temperatures. Low concentrations may generally be handled
within the maximum alowable temperature and pressure ratings of the material. CPVC is
consistently rated as satisfactory or recommended for 93 wt% sulfuric acid to at least 100°F and
often to the rated service temperature of the drain line application (120°F), with the exceptions as
previoudy noted. Therefore, the initial selection of CPVC for this application is considered
reasonable.

However, as temperature increases, the resistance of CPV C becomes less satisfactory and ratings
become less consistent. Above 140-150°F (depending upon the reference) and certainly at
180°F, CPVC is consistently rated “unsatisfactory” or “not recommended”. It appears from the
literature that data and recommendations for use at temperatures between 120 and 150°F are the
most lacking and inconsistent. Resin manufacturers such as B.F. Goodrich understandably make
no clams on the performance of as-fabricated components due to possible variations in
processing and lack of direct control over component suppliers and manufacturers. Testing by
the end-user is therefore recommended, if only for product liability reasons.

Published data by B.F. Goodrich indicates that 145°F is the maximum “recommended” service
temperature for Corzar® CPVC in 93 wit% sulfuric acid. Verbal and written comments by B.F.
Goodrich technical representatives to both SRTC/Materials Technology and previous Hanford
personnel indicate that the service life would be reduced to 12-24 months if continuously
exposed above such temperatures. However, the extent of previous discussion about certain
relevant factors to the customer is not known. Such factors include the frequency and degree of
pump thermal excursions, the pressurized nature of the application, the degradation observed in
the previous drain line, and accessibility of personnel.

From both previous observations and the current failed component, there appears to be a definite
difference in chemical resistance between CPVC fitting and piping materias, at least for this
service environment. Although additional investigation would be required to conclusively
determine the cause(s), severa factors are considered to affect such behavior. These factors
include, but are not limited to: variation in chemical composition, possible presence of solvent
cement (resin-poor), effects of processing parameters, molecular weight, density/porosity, degree
of fusion, etc. Since the primary modes of degradation is considered to be genera oxidation and
possible dehydrochlorination, the effect of internal molding stresses is not considered as
significant as in solvent stress-cracking (SSC) or environmental stress-cracking (ESC)
degradation modes, but may also be afactor.

The specific cracking pattern and degradation observed in the threaded fitting is attributed in part
to thermal expansion of the inner surface relative to the threads during thermal cycles. Although
less than some thermoplastics, the thermal expansion coefficient of Corzar® is approximately 5
times that of steel, which could induce localized stresses and strains. These probably initiated
microvoid development, surface crazes, and subsequent cracks along the interior surface. As
cracks initiated and propagated over time, oxidation of deeper layers penetrated into the threads,
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eventually reaching the thread root. Crack development and propagation was most likely
greatest during the periodic thermal excursions beyond 140°F. Spears technical representatives
have stated that threaded fittings can exhibit permanent deformation of the threads when
subjected to sufficient thermal expansion and restriction.

Although it is also possible that temperatures at the fitting location (pump casing) were dightly
higher than those of the adjacent piping, any difference at all may be negligible due to the low
thermal conductivity of CPVC and high heat capacity of sulfuric acid. Variation of the interior
surface appearance of the elbow, fitting, and piping may aso be attributed in some degree to
flow characteristics and/or differences in surface properties such as hardness and porosity.

Fracture of the fitting is believed to have occurred in the thread root as indicated in Section 4.3,
towards the top orientation of the piping, which would correspond with the region under the
highest tensile stress if force was applied in a downward direction. There is also matching
evidence of nearly through-wall oxidation and cracking at the same location. Whether failure
occurred primarily as a result of internal pressure, vibration, pressure surges, etc. in absence of
external forces cannot be conclusively determined. However, the extent of degradation in the
fitting was significant. Crack development due to thermal expansion/contraction cycles could
have aso contributed to final fracture.

Based on the appearance of the fracture surface, the orientation of the piping assembly post-
failure, the general piping configuration, and the presence of the operator in the immediate
vicinity of the pump during failure, the probability of an externally applied force is considered
relatively high. Also, based on the extent of degradation observed and the mechanical test
results, the force required to initiate failure is considered relatively low. Therefore, the fitting is
considered degraded to the point where any inadvertent contact could have initiated fracture,
particularly if applied at locations with mechanical advantage. Once initiated, the materia
would have very little resistance in the degraded region to crack propagation.

As with nearly al plastics, CPVC is notch-sensitive, which makes threaded joints much more
susceptible to failure. Generic impact resistance data of unplasticized PVC materias in both the
notched and unnotched conditions indicates that approximately 90% of the applied force is
required to initiate failure, but only 10% is required to propagate the crack [27]. Therefore, if
enough force were applied, particularly at a high rate, failure at the fitting location could have
also occurred in the absence of any environmental degradation. The mechanical test results also
illustrate that the force required to initiate failure in non-degraded material is not significant.

Although not a direct cause, failure of the fitting is aso attributed in part to the lack of physica
protection and/or continuous support of the drain line. It is common industry practice to take
such measures for thermoplastic piping where possible contact with equipment and/or personnel
may occur, particularly in confined spaces or high traffic areas. This would be especialy
recommended for pressurized applications.
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6.0 CONCLUSIONSAND RECOMMENDATIONS

The following conclusions and recommendations are based on physical examination and
characterization of the failed CPVC drain line assembly, as well as independent review of CPVC
chemical resistance and discussions with CPVC resin and product suppliers:

Published generic B.F. Goodrich data indicates that Corzan® CPVC was suitable for the drain
line application up to 145°F. Published disclaimers indicate that the full hydrostatic pressure
rating of the pipe may not apply to the “Recommended” range and that determining
compatibility is the end-user’s responsibility. Previous and recent discussions with B.F.
Goodrich technical representatives indicated that service life would be reduced to 12-24
months upon continuous exposure at 150°F, but this is not indicated in the published data.
Infrequent, short-term excursions approaching 150°F were not adequately addressed, and
possible variation in resistance of injection-molding and extrusion compounds to this service
environment was not specifically indicated.

With a few exceptions, CPVC materials are typically rated as satisfactory or recommended
for 93% sulfuric acid at room temperature to 100°F, with some references indicating
acceptability at 120°F. Temperatures of 140-150°F are typically considered to be the
maximum continuous use temperature range for 93 wit% sulfuric acid, with service life
sometimes acknowledged to be limited, particularly for stressed or pressurized applications.
Although the Hanford CPVC drain line was infrequently operating at the upper bound of the
recommended range, such periods were of limited duration and normal service temperatures
never exceeded 150°F.

Failure of the CPVC fitting is attributed to a combination of environmental degradation and
probable impact or bending stresses. Based on the extent of degradation observed, any
inadvertent contact with the piping would have likely resulted in failure. Inherent failure in
the absence of external forces would have also been expected at some point in service,
particularly in metal-to-plastic joints (threads) and/or solvent-cement joints.

Variation in appearance between the failed fitting and adjoined piping is attributed to several
possible causes, including but not limited to: thermal expansion, variation in chemical
composition, processing parameters, residual stresses, morphology, degree of fusion, and
possible presence of solvent cement on fitting interior. Such variation may be lot or batch-
specific or could be inherent between molded and extruded components. Although the
effects of such variation are expected to be insignificant in most service environments, they
may have been specifically targeted or enhanced by this particular application. Additional
investigation would be necessary to determine the individual contribution of such effects and
is strongly recommended.

Structural integrity of the failed fitting was significantly reduced as indicated by mechanical
test results. It is acknowledged that such testing was performed using non-standard
techniques due to limited material and part geometry. Additional tests and material
characterization can be performed if necessary.
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As with many thermoplastics, CPVC is notch-sensitive and exhibits low fracture toughness.
Threaded fittings are therefore the most susceptible to failure, in the absence of major defects
or poor joining techniques. For this reason and the generally lower strength of
thermoplastics compared to metals, additional support and/or shielding is commonly
recommended for thermoplastic piping particularly in areas where contact is possible or for
pressurized applications.

Observations from previous CPVC components in the same application seemed to indicate
some degree of degradation occurring, particularly in the threaded fitting. Although this
component did not fail after approximately 2 years of service, such observed degradation is
considered insightful. The cracking pattern and degraded appearance was similar to that
observed in the failed fitting, but was less extensive and the exact service conditions to which
the previous assembly was exposed are not known.

Generic chemical resistance ratings are typically based on short-term immersion tests and
nominal mechanical properties of |aboratory-prepared samples. Although useful for general
comparison, such ratings are not adequate to evaluate the long-term performance of as-
fabricated components under actual service conditions. Testing by the end-user is
recommended if only for product liability reasons, but should be performed particularly if
degradation has been previously observed or if material performance is questionable under
the expected service conditions.

Excess solvent-cement on thermoplastic surfaces should be avoided and/or removed during
application, particularly if components will subjected to potentially aggressive chemical
exposures. Solvent-joints may be resin poor and more susceptible to chemical attack.

7.0 QUALITY ASSURANCE

Activities performed under this contract were performed under the guidance of Westinghouse
Savannah River Company Quality Assurance Manual and implementing quality assurance
documents. Although configuration-controlled (specified on design drawings), this application is
considered to be non-baseline per the customer. In accordance with the Westinghouse Savannah
River Company QA Manual and subsequent adaptations at the operating division level, this task
was therefore considered to be non-baseline. Tests were performed in accordance with the
applicable ASTM standards as identified, or as modified to accommodate sample/material-
specific variations when required. M&TE (materials and test equipment) calibration records,
gualification records, etc. are maintained in accordance with site/company policies.
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