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Overview

e |dentification of Fatalities

* Overview of Tank Gauging, Thieving/Sampling,
and Transferring Operations

* Hazards, Findings, Sample Results

e Qutreach




ldentification of Fatalities

* |n 2013, OSHA and NIOSH were contacted by an
occupational health physician regarding two recent
oilfield deaths- inhalation of VOCs was suspected

* NIOSH reviewed fatalities (2010-2014) in internal O&G

fata

* Pub
fata

ity database and monitored deaths closely

ished 1%t Science Blog in May 2014 about 4
ities




Fatality Case Definition

* Working in proximity to a known and
concentrated source of hydrocarbon gases and
vVapors

* Hydrogen Sulfide (H,S) was ruled out
* Not confined space
* Not fires/explosions

\ Case by Case Review conducted by OSHA/NIOSH



2010-2014 Fatalities (N=9)

* 9 worker deaths where inhalation of
petroleum hydrocarbons a likely factor

* All occurred at production tanks.

* North Dakota (3), Colorado (3), Oklahoma (1),
Texas (1), and Montana (1).

‘s 2010 (1), 2012 (1), 2013 (1), 2014 (6)



TABLE. Sudden deaths caused by inhalation of hydrocarbon gases and vapors and oxygen deficiency among oil and gas extraction workers
— United States, January 2010-March 2015

Yearof Age Location/position Time of
Worker death  (yrs) State Job title Job task of decedent when found day found Coroner's stated cause of death
1 2010 30 Montana Crew worker Gauging  Slumped over on catwalk 3:00a.m. Hypertensive and atherosclerotic
cardiovascular disease
2 2012 21 North Dakota  Flow tester Gauging  On catwalk next to open hatch 12:30 am. Hydrocarbon poisoning due to
inhalation of petroleum vapors
3 2013 39  North Dakota Truckdriver  Collecting Onknees, slumped over catwalk 10:20 a.m.  Sudden cardiac arrhythmia (primary),
sample railing in front of open hatch morbid obesity and arteriosclerotic
heart disease (contributory)
4 2014 57 Oklahoma Truck driver  Collecting Slumped over on catwalk 10:12 am.  Undetermined (no autopsy performed)
sample next to tank (time of death)
5 2014 51 Colorado Truckdriver  Collecting Hanging from guardrail, hooked 10:39a.m.  Sudden cardiac death due to ischemic
sample by clothing (time of death) heart disease
6 2014 57 Colorado Truck driver  Collecting Collapsed over apen hatch 10:30 a.m.  Atherosclerotic cardiovascular disease
sample
7 2014 59 Colorado Truck driver  Collecting Collapsed over open hatch 1:40 p.m.  Toxic gasinhalation and oxygen
sample displacement by volatile hydrocarbons
(primary), atherosclerotic cardiovascular
disease
8 2014 63 Texas Tank gauger Gauging At bottom of catwalk stairs 4:14am. Arteriosclerotic and hypertensive
cardiovascular disease
9 2014 20 NorthDakota  Flow tester Gauging Face down over open hatch 5:00a.m. Cardiac arrhythmia, with cardiac

hypertrophy, coronary artery
hypogenesis, obesity and petroleum
hydrocarbon vapors




What is Flowback?

* Process fluids from wellbore return gl Chemical Well i I e

to the surface and are collected Waste Disposal
after hydraulic fracturing is

completed.
Water Acquisition - Large volumes of water are
the injection of more than a million transported for the fracturing process.
. . . gallons of w:t:: chemic:s\;,:nd saend C:omv’ca! Mixing -WE:;W mixes water, chemicals,
* Returned fluids can contain volatile 105 Gep an onghof h welyares el Inecton - Tyt ractuing i
. depending on the characteristics of .|| into the well at high i ion rates.
hydrocarbons from the formation Wb e S [ ey S A st
. sy - (Called owback and produced water) s stored
and treatment Chemlcals used = natural gas or oil to flow up the well. vtf;:;z’;vea?efomr;!pr::r';(:;od‘aﬁ:s:?[g;posal-The
d u ri ng hyd rau | ic fra Ctu ri ng. g;:miter is then transported for treatment and/or

* Risks for exposures: measuring

Hydrocarbon-bearing \ q | { Induced Fractures

flow, gauging tanks, working Formation
around tanks and process fluids

FIGURE 6. ILLUSTRATION OF A HORIZONTAL WELL SHOWING THE WATER LIFECYCLE IN HYDRAULIC FRACTURING

Slide: CDC/NIOSH 3



Typical Well Site

Water Tanks Flowback Tanks
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Light Hydrocarbon Exposures
During Tank Gauging and Sampling

* Manual Gauging
 Sample Collection
e Gauging Tape/Reel/Stick

™~ Sy
™~ . @
< N
"14\,!’. £ R ,"T =
8. aNTE

 Document production rates
e Assess load-out needs

e “Pumpers” gauge multiple
locations throughout the day.
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Flowback Tank Gauging

Photos: CDC/NIOSH
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Thief Sampling

Thief Sampler




EPA New Source Performance Standards
(NSPS OOO0OQO) Controls

April 2012

Control emissions from headspace by tightly sealing
tanks

Headspace in multiple tanks in a battery are connected

Pressure (4-12 oz/inch ?) is required for
burner/flare/VRU operation,

Headspace typically excludes oxygen for flammability
control, rich atmosphere can be result of vapor
pressure of tank contents or “sweep” gas (typically
methane)

Slide: CDC/NIOSH



TANK BATTERY
IN COMPLIANCE
WITH EPA NSPS0000
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Light Hydrocarbon Exposures
During Tank Gauging

11:19 AM  N39°24'56"
10/23/2013V107°45'12"

Videos: CDC/NIOSH T



Poor work practices
routinely observed

i,,.‘:,:-_‘,m..ﬁm,a.#i;rrr ' % g s ; 1 -»'




Employee Interviews

* During interviews all employees described
cases where chemical exposures caused light-
headedness and weakness of knees requiring
the need to sit down and rest until symptoms

disappeared.

— Increased incidents when hatches are “fluttering”

\ due to higher gas pressures



Light Hydrocarbon Exposures

During Tank Gauging
* Bulk Air Sample

— Breathing Zone

 Benzene, Cyclohexane,
Ethyl Benzene,
Heptane, n-Hexane,
Pentane, Toluene,
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Sampling Results

Area grab samples ~1’ above hatch during gauging, only includes analytes
measured >1,000 ppm; breakthrough observed

Analyte Concentration (ppm) IDLH Severity
(Average of 3 Replicate samples) (ppm)

Propane — Plume 1 41,678+ 12,041, RSD=28% 2,100 ~20X
Proportion of total hydrocarbons = 19%

Propane — Plume 2 44,232 + 5,801, RSD=13%
Proportion of total hydrocarbons = 25%

n-Butane — Plume 1 107,836 + 11,891, RSD=11% 1,900* ~57X
Proportion of total hydrocarbons = 49%
n-Butane —Plume 2 91,050 + 5,511, RSD=6.1%

Proportion of total hydrocarbons = 51% —

*Based on 10% of LEL 20



Sampling Results

Area grab samples ~1’ above hatch during gauging, only includes analytes
measured >1,000 ppm; breakthrough observed

Analyte Concentration (ppm) IDLH Severity
(Average of 3 Replicate samples) (ppm)

n-Pentane— Plume 1 35,816 + 9,476, RSD=27% 1,500* ~24X
Proportion of total hydrocarbons = 16%

n-Pentane — Plume 2 21,591 + 5,526, RSD=26%
Proportion of total hydrocarbons = 12%

2-Methylbutane — 20,692 + 2,918, RSD=14% 1,400* ~15X
Plume 1 Proportion of total hydrocarbons = 9%
2-Methylbutane — 14,351 + 2,426, RSD=17%

* Plume 2 Proportion of total hydrocarbons = 8%

*Based on 10% of LEL 21



Sampling Results

Area grab samples ~1’ above hatch during gauging, only includes analytes
measured >1,000 ppm; breakthrough observed

Analyte Concentration (ppm) IDLH Severity
(Average of 3 Replicate samples) (ppm)

n-Hexane —Plume 1 5,534 + 2,185, RSD=39% 1,100* ~5
Proportion of total hydrocarbons = 3%

n-Hexane— Plume 2 3,594 + 1,500, RSD=42%
Proportion of total hydrocarbons = 2%

2-Methylpentane — 5,268 + 1,482, RSD=28% 1,200* ~4X
Plume 1 Proportion of total hydrocarbons = 2%
2-Methylpentane — 3,083 + 881, RSD=29%

Plume 2 Proportion of total hydrocarbons = 2%

*Based on 10% of LEL 22



Sampling Results

Area grab samples ~1’ above hatch during gauging, only includes analytes
measured >1,000 ppm; breakthrough observed

Analyte Concentration (ppm) IDLH Severity
(Average of 3 Replicate samples) (ppm)

3-Methylpentane — 2,348 + 644, RSD=27% 1,200* ~2X

Plume 1 Proportion of total hydrocarbons = 1%

3-Methylpentane — 1,403 £ 376, RSD=27%

Plume 2 Proportion of total hydrocarbons = 1%

*Based on 10% of LEL 23



Sampling Results

Area grab samples ~1’ above hatch during gauging, only includes analytes
measured >1,000 ppm; breakthrough observed

Analyte Concentration (ppm) IDLH Severity
(ppm)

Total Hydrocarbons 219,173 None None
— Plume 1, sum of
averages

179,303

Total Hydrocarbons
— Plume 2, sum of
averages

24




POSSIBLE TOXICOLOGIC MECHANISMS

* 02 deficiency:
— Oxygen transport interruption to brain
— Altered mental state, syncope, death
« VOC
— Narcosis (1899-2001, QSAR predicting narcosis)
— Altered mental state, syncope, death

« VOC
— Cardiac sensitization and arrhythmia




TOXICOLOGIC MECHANISMS and

EXPOSURE DOCUMENTATION

* 02 deficiency
— 2010 Montana case: 11.5%
— 2014 Colorado case: 6%

e VOGCs
— 100% — 105% of LEL

\ Cardiac arrhythmia



Fatality Exposure Data

(3 weeks before fatality)

Figure 1
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Fatality Exposure Data

(day of fatality)

Figure 2

Drager GasVisi X-am 2500 data from 11:30:41 am to 12:15:41 pm on 7/13/14
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Cardiac arrhythmia

* Low O, blood levels can exacerbate cardiac
ischemia and increase release of epinephrine
(adrenaline)

* High concentrations (50,000 - >100,000ppm) of
low molecular weight hydrocarbons (butane)
can sensitize the heart to epinephrine-induced
ventricular fibrillation, a lethal cardiac

\ arrhythmia



Cardiac arrhythmia

* Simultaneous exposure to high levels of low-
molecular weight HGVs and low O, poses a
risk of sudden cardiac arrest

\

30



NIOSH-OSHA

RDALERT

Health and Safety Risks for Workers Involved in Manual
Tank Gauging and Sampling at Oil and Gas Extraction Sites

The National Institute for Occupational Safety and Health (NIOSH) and the Occupational Safety
and Health Administration (OSHA) have identified health and safety risks to workers who manually
gauge or sample fluids on production and flowback tanks from exposure to hydrocarbon gases
and vapors, exposure to oxygen-deficient atmospheres, and the potential for fires and explosions.

Introduction

Workers at cil and gas extraction sites could be exposed
to hydrocarbon gases and vapors, oxygen-deficient
atmospheres, and fires and explosions when they open
tank hatches to manually gauge or collect fluid samples
on production, flowback, or other tanks (e.g., drip pots)
that contain process fluids. Opening tank hatches, often
referred to as “thief hatches,” can result in the release

of high concentrations of hydrocarbon gases and vapors.
These exposures can have immediate health effects,
including loss of consciousness and death

Recent NIOSH and OSHA research showed that workers
could be exposed to hydrocarbon gases and vapors when
they work on or near production and flowback tanks. This
means workers can face significant health and safety risks

when they manually gauge or sample tanks [Esswein et al.

2014; Jordan 2015]. These risks are in addition to the risk
of exposure to hydrogen s

chemical exposure hazard for those who work in the oil
and gas extraction and production industry [OSH.

NIOSH and OSHA also identified nine worker fatalities
that occurred while workers manually gauged or sampled
production tanks from 2010—2014 [NIOSH 2015]
Exposures to hydrocarbon gases and vapors and/or
oxygen-deficient atmospheres are believed to be primary
or contributory factors to the workers’ deaths

[Harrison et al. 2016].

Working on or near cil and gas production tanks is of

particular concern because these tanks may contain

concentrated hydrocarbon gases and vapors that are
essure. When the thief hatch is opened, the

rele. of these pressurized gases and vapors can expose

workers. Second, the gases and vapors can displace

—
A worker colecing a sampie from e open hatch of 3 producsion tank
Image: J.D. Damni, OSHA

oxygen, creating an oxygen-deficient environment. Third,

the hydrocarbon gas and vapor concentrations can

exceed 10% of the lower explosive limit (LEL), creating a

chance for fires and explosions. Exposure to hazardous

atmospheres and fire/explosion risks will vary depending

on tank contents and cperating con:lmons the p'esence
on sources, and other factors (

What’s in this Alert?

This Hazard Alert describes the safety and health hazards
when workers manually gauge or sample fluids from
production, flowback, or other tanks. It recommends ways
to protect workers by eliminating or reducing exposures
to hazardous atmospheres, and actions employers should
take to ensure that workers are properly aware of the
hazards and protected from exposure to hydrocarbon
gases and vapors. This alert is a supplement to the OSHA
Alliance Tank Hazard Alert released in 2015 [National
STEPS Network 2015].

1-800-CDC-NFO 4536) * www.cdc.gov/niozh
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NIOSH & OSHA Recommendations for Manual
Tank Gauging and Fluid Sample Collection

mplement altermative tank gauging and
sampling procedures that enable workers to
monitor @nk fluid levels and take samples
without opening the tank hatch.

Retrofit existing tanks with dedicated sampling
ports (i.e., tank sampling taps [American Petroleum
ns 13]) that minimize worker exposures to
hydrocarbon gases and vapors, thereby eliminating
the need to routinely open thief hatches to
sample. These sampling taps should minimize the
magnitude of hydrocarbon plumes and should limit
the need for workers to access the top of tanks.

n=ztall thief hatch pressure indicators to provide
an immediate visual indicator of tank pressures
and potential hazards. Pressure indicators can
show workers the pressure in the tank and
allow a trained worker to follow appropriate
procedures, such as actuating a blowdown
walve, venting gas to a flare, or using appropriate
respiratory protection, such as a seff-contained
breathing apparatus or an air-line respirator.

Conduct worker exposure assessments to
determine exposure risks to volatile hydrocarbons
and other contaminants. Employers may conswult
an cooupaticnal safety and health professiona
trainead and certified in industrial hygiene and who
has knowledge and experience with combined
flammable gas and vapor exposures to ensure that
an appropriate air-sampling strategy is used._

Provide hazard communicat raiming in a language
that employees understand to ensure that general
site workers, tank gaugers and samplers, water
haulers, drivers, and others who open tank hatches
understand the hazards associated with opening
tanks and the precautions necessary to conduct
this work safehy. These hazards incluode reduwced
oooyEen environments, flammmability hazards and
possible ignition sources, and the potential for
concentrations of hydrocarbons that can approach
or exceed IDLH concentrations. Pos i

at access stairs, catwalks, andfor tanks to alert
workers about the hazards assodated with opening
thief hatdhes and precautions that must be taken.

E.

. Establish and practice emergency procedures

Ensure that workers are trained on — and comecthy
and consistenthy use — calibrated multi-gas and
ouyEEN monitors that measure percent LEL and
cuygen concentration. Workers showld understand the
limitations of these monitors as well as appropriate
actions to ake whenewver an alarm ooours or

they experience health symptoms (2.g., leave the
hazard area, report symptoms to supervisors).

Do mot permit employees to work alone

wihen @mnk gauging or working arcund tanks,
thief hatches, or other areas where they may
encounter process fluids., Observers shouwld be
mained on proper rescue procedures and be
stationed outside potentially hazardous areas.

As an interim measure, where remote gauging or
sampling is not feasible or enginesring comtrols

are not implemented, | workers in proper
work practices, such as tank-openng procedures,
that can minimize risks for exposures, (b) snsure
imtrinsic safety by proper grounding and prohibiting
the use of spark producing devices or equipment,
[c) establish administrative controls to reduce

the number of times throughout a shift a worker

is required to manually gauge tanks, (d) safely
reduce tank pressure prior to iging, and (e) use
appropriate respiraton n, including a
supplied air respirator (SAR) and/or self-contained
breathing apparatus [SCBA) in areas where IDLH
WOIC exposures may ooour (ibe., during manual tank
gauging/sampling). Employers should consult with a
ained ccoupational safety and health professional
to determine the appropriate respirator to be used.
MIOSH guidance for selecting respirators is at: htt
winarw.cde.govinioshdocs, 2005-100y default html

prote

‘Wear flame-resistant clothing to protect against
burns from fires and explosions. Also, use
appropriate impermeable gloves to limit risks for
skin exposures to chemicals {e_g., benzene].

to provide on-scens, immediate medical
response in the event of an inddent, such as
a collapsed worker, or workers experiencing
symptoms of chemical overexposures or
axposure to an ocoygen-deficient atmosphere.

1-B00-CDC-INFO |1




OSHA/NIOSH/STEPS Alliance Hazard
Alert

TANK HAZARD gauging ¢ thieving ¢ fluid handling

n I E R how to rec and avoid hazard.

Opening thief hatches of storage tanks can lead to the rapid release of high concentrations of hydrocarbon
gases andvapors. Those may result in very low oxygen levels and toxic and flanmable conditions around and over
the hatch. Recent reports have documented fires or explosions, and described workers experiencing dizziness,

fainting, headache, nausea, and, in some cases, death while gauging tanks, collecting samples, or transferring fluids.

WORKERS:

Tank gauging, thieving, and fluid handling can be p

EMPLOYERS:

Must Conduct Exposure and Hazard Assessments at
Worksites to determine needs for:

« Engineering Conirols

of exposure
Qdecfh

chronic illness &!

A

hazards

that workers ean + Monioring Device such as:

» Multigas meter

ncount = Profech
N N = iy Frofecion + Other direct reading foxic
= s flash fire burns « PPE gas mefer (benzené]
oxygen dizzi P Must Provide Training to Workers:
IZZIness @E J . :
84 Hazard Communication © Tank Gauging work
defic lencH 1 pracices/procedures

« Lone Worker Policy

* Proper use of PPE and
respiratory profection

Ll
\inular heartbeat

« Emergency Response Plan

fires &

» Procedures for clorm response
and ste re-entry

irregular brsmh' 3

explosions R o o
respiralory profection © Use and limits of toxic: or

hemic equipment as appropriale mu\ﬁg:s meter for O, HaS,

mi LEL, and CO
S Iexi Cia # Recognizing ignifion sources i
hy?mibz Should Implement Engineering Controls such as:
vapors * Remote Gauging * Sight Glasses/Gauges

propane ® Closed Loop Systems * Remote Venting

butane
benzene

hydrogen sulfide (H,S)

* Auto Gauging

Verify sub-contractors are following work practices/procedures

Theough e OSHA NatinalSteps Aiance, I Tank Sauging Mazand et forinfomational puposes ony.
Tt does not necessarily reflect the oficial views of OSHA or the U.S. Department of Labor. March, 2015

Under the Occupational Safety and Health Act, employers are tesgonsible for providing a safe and healthy
workplace and workers have rights. OSHA can hélp ansier questions or concerns from employers and workers.
n Program (www. offers free and small and
medium-sized businesses, with priority given to high-hazard worksites_For more information, contact your regional
or area OSHA office (ww.osha gow/htmi/RAmap himi), call 1-800-321-OSHA (6742), or isit www 0sha gov.

LIFE

safely with prop

YOUR ., changeSI NGI-E

Your employer has established safety procedures for your protection

including a Hazard A and Work Practices/

Follow your employer’s Hazard Assessment and Established
Work Practices/Procedures

PPE

protfect your

eyes @ head

ears
‘body

* Use foxic- or muligas meter
provided by your employer as
per your fraining

« Heed all alarms

« Follow your employer’s
“lone worker” pekey

® Allow tanks to ventilate after
openingthief haiches

 Evacuate unsafe work areas

 Stop flow into tanks prior to
and report immediately

gavging, when possible
 Minimize leaning over open
hatches — stand away/upwind/

crosswind when possible

Foce z  Know the limits of your
respiratory profection as
provided during employer training

* Immediately report any

» Inversion/high humidity/lock of
health symptoms

wind could increase danger

respiratory
\ tract

hcxnc‘k

Wear PPE as required/provided
Attend Hazard Communicafion Training
Be Aware of Potential Ignition Sources:

\|egs « Stalic + Open flames + Ensure proper
+ Cell phones + Non-approved govnand
feet electricol equipment/  bonding
* Sparks from tools or . uip
mefal objects devices

If you are not sure, STOP the job and ask!
I Everyone has the right to STOP work that is unsafe.

or witho N E

naBREATH SPARK.

http://www.nationalstepsnetwork.org/docs tank gauging/TankHazardInfographicFinal04 22 15.pdf 33



http://www.nationalstepsnetwork.org/docs_tank_gauging/TankHazardInfographicFinal04_22_15.pdf
http://www.nationalstepsnetwork.org/docs_tank_gauging/TankHazardInfographicFinal04_22_15.pdf

Morbidity and Mortality Weekly Report

Sudden Deaths Among Oil and Gas Extraction Workers Resulting from Oxygen
Deficiency and Inhalation of Hydrocarbon Gases and Vapors — United States,
January 2010-March 2015

Robert J. Harrison, MD?'; Kyla Retzer, MPHZ?, Michael . Kosnett, MD?% Michael Hodgson, MD7; Todd Jordan, MSPH®; Sophia Ridl?; Max Kiefer, M52

In 2013, an occupartional medicine physician from the
University of California, 5an Francisco, contacted CDC’s
Mational Institurte for Occupartional Safery and Health
(NIOSH), and the Occupartional Saftery and Health
Administration (OSHA) about two oil and gas extraction
worker deaths in the western United States. The suspected
cause of these deaths was exposure to hydrocarbon gases
and vapors (HGWVs) and oxygen (O7)-deflicient atmospheres
after opening the hatches of hydrocarbon storage ranks. The
physician and experts from WNIOSH and OSHA reviewed
available farality reports from January 2010 to March 2015,
and identified seven additional deaths with similar charac-
teristics {nine total deaths). Recommendations were made to
industry and regulators regarding the hazards associared with
opening hatches of tanks, and controls to reduce or eliminarte
the potendal for HGV exposure were proposed. Health care
professionals who treat or evaluare oil and gas workers need
to be aware that workers might report symptoms of exposure
to high concentrarions of HGVs and possible (O deficiency;

hydrocarbons (propane and burane), and evidence of heavier
molecular weight hydrocarbons. No indication of exposure to
hydrogen sulfide (H25) was identified. Initially, the death was
artribured to cardiovascular disease and later to hydrocarbons.
The occupartional medicine physician subsequently identified
a second worker who died from a sudden cardiac event in
2010 while performing tank gauging; H;5 was excluded as
a factor. The physician contacted NIOSH and OSHA about
these two deaths.

To identify other oil and gas extraction worker fatalities

associated with exposure o HGVs, the physician and experts
from NIOSH and OSHA reviewed media reports, OSHA case

files, and the WIOSH Faraliries in Oil and (Gas database. Cases
were defined as nontraumaric oil and gas extaction worker
deaths occurring during January 2010—March 2015, in which
the workers were 1) performing tank pauging, sampling, or
fluid transfer acrivities at oil and gas well sites; 2) working in
proximity to a known and concentrated source of HGVs (e.g.,
an open hatch): 3) not working in a confined space; and 4) not

| TTY & ™ ¥ 411 =1 1 1 - i



Questions?

Todd Jordan
OSHA Health Response Team

jordan.todd@dol.gov
801-233-4916
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