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Vision:

A nation safe from chemical disasters.

Mission:

Drive chemical safety change through
Independent investigations to protect
people and the environment.







Arkema Inc. Chemical Fire
(August 2017)
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Organic Peroxides
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Self-AcceIeratlng Decomp05|t|on
Temperature (SADT)

Increased Assay Loss Zons

Safz Iome

[T

Organic Peroxides — Their Safe i .
Handling and Use. —Arkema https://youtu.be/98j0eCr06Xs




Types of Organic Peroxides

Type Description

Heating may cause a detonation
or deflagration (explosion)

B Heating may cause a thermal
explosion or fire
C-F Heating may cause a fire

49 CFR § 173.128 - Class 5, Division 5.2 - Definitions and types.
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Refrlgerated Orgnlc PerOX|d

Inventory and Properties

Maximum

Organic Peroxides — Their Safe Handling and Use. Arkema
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Hazard
Storage .

o oatine TRk Lyl Caegory
10 Paroxyester 14 70 D
10M75 Peroxyester 14 81 D
11M45 Peroxyester 32 113 D
11M75 Peroxyester 32 84 C
188M75 Peroxyester 5 59 D
221 Peroxydicarbonate -9 23 C
233M755 | Peroxydicarbonate 14 68 D
2235 Peroxydicarbonate 0 539 C
223V75 | Peroxydicarbonats 14 17 D
225M6B0 | Peroxydicarbonate 14 50 €
546M75 Peroxyester 14 77 D

Total Inventory
(Pounds) 367,000
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3 YouTube https://youtu.be/jtWyBMwRt-A

[l



| BREANING NEWS

NEW FIRE BURNING AT THE ARKEMA
CHEMICAL PLANT IN CROSBY

ABC13 Houston

f"CertainIy, we didn’t\
anticipate having six
feet of water in our
plant.”

k Arkema President /




2001
June - Tropical Storm
Allison strikes first on
June 5; returns three days
later for a second round of
storms. Texas Medical
Center essentially shut
down. North Downtown
Houston decimated. Two
million people impacted;
22 lives lost, More than
70,000 structures flood.
Damages top $5 billion.

“ALLISON: A NAME

WE'LL NEVER FORGET”
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Source: Harris County Flood Control District

ave Rossman



Memorial Day Flood (2015)

2015

May 25-27 - Memorial Day
Flood. More than 6,000
structures flood. Seven
fatalities. Highest rainfall
recorded in Buffalo and
Brays watersheds. Nearly
11 inches in 3 hours on
Brays Bayou.

Getty Images

[ “HIGHEST RAINFALL RECORDED”

|

Source: Harris County Flood Control District
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Aopril 1T7-1828 - Tax Day Flood
Historic flood owver northisrm
Aand vwesterm Harmis County
resulis In sswven fatalities.
Sogemrage 12-145 incheas of rsin
im 12 hours countywide;
record pool levels in Addicks
and Barker resaervoirs.
Estimated 9 .820 struciures
flood in Harris Counmby.
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Plaay 2&-27F BYerrmaorial Day
Flood. Rorth ancd mnortbhwaea ==t
Harrism County it vwith 8- 3
inches of rain. Overbank
and strhuactaral flooding
along Spring ., Willowe, Litti=
Cypress and (Typreass
creclkks, Samn Jacinto River:
Mor= than 400 structures
flood in Harris County s=nd
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“HISTORIC FLOOD”

Source: Harris County Flood Control District
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Houston Chronicle .
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Source: Harris County Flood Control District
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Watershed and Gauge Station

Map of the Cedar Bayou Watershed in Harris County, Texas Arkema Crosby Facility and the Cedar Bayou Gauge Station 1740
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Floodplain Map

& Mapped Floodplains
Floodway
156 (100-year) Floodplain A
0.2% (500:year) Floodplain

http://www.harriscountyfemt.org/ 17



Rainfall Exceeds 500-yr Event

Rainfall Totals

Total Rainfall 38.00 inches

Rainfall every 12 hours

I I I | I
August 24 Bugust 26 August 28 August 30
August 25 At 27 August 29 August 31

Harris County Flood Control District, "Gauge Station 1740 Data," 2017

For this region, a 500-year event is

* 19.3in/24 hr
* 20.7in/48 hr

22.3in/96 hr
_— -

18



)

et

{ Fe
\ €

Stream Elevation

Cedar Bayou Stream Elevation

Stream Elevation
Q100_1740 Cedar Bayou @ US 90 Cross Sedion Predicted Flood
Frequency Elevations

Stream Elevation

P r—

¥ 4 — 0.2% (500-yr)

5 | Top of Bank (T0B) —_—

; J 7 1% 1% (100-yr)

108

) Hﬂ L 2% (50-yr)

BOC

———— 10% (10-yr)

29 Stream Elevation for sensor 1739 is 58,52
i — i — Reading on 8/29/2017 11:57 PM

>
o

Auqust 23 August 25 Rugust 27 August 29
August 24 August 26 August 28

Time (Latest Reading: Tuesday, Auqust 29, 2017 11:57 PM)

HCFCD, "Gauge Station 1740 Data," 2017
19
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Historical Storm Elevation Data

Historical Storm
Date Event
106/18/1994
5/20/2000
9/13/2008 ke
10/31/2015
6/4/2016

B/27/2017 Harvey

High water mark elevations are approximate.

Elevation
56.08
50.08’
53.70°
55.10°
50.40°

5%.00°

HCFCD, "Gauge Station 1740 Data," 2017
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Zone C —
Area of Minimal Flooding

Zone A —
Areas of 100-year flood
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\ - — 1 Zone X —
A\ T SR TN Areas determined to be
a1 ' == A outside the 500-year
floodplain
Zone A —
Areas of 100-year flood
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Flood Insurance Rate Map - 2007
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Safety Critical Eqmpment in 100-yr
Floodplain

Arkema electric utility supply and organic peroxide low-temperature warehouses now in the 100-year
floodplain 24
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Insurer ldentified Flood Risk in 2016

* Engineers visited facility, met with plant manager,

and produced a report identifying the flood risk
— Adlong Ditch was source of flooding hazard
— Site is in both 100-yr and 500-yr floodplains

— Property damage and business interruption loss
estimates computed

* Arkema Crosby facility fell in the bottom quartile of

iInsurer’s risk benchmarking tool, partly due to flood
risk

 No recommendations were made but Arkema
made some changes in response to the report

25




Key CSB Findings

Four different layers of protection had
common failure mode (flooding).

Floodplain information is not required to be
used in process hazard analyses.

More robust industry guidance is needed to
help hazardous chemical facilities better
prepare for extreme weather events.
Facilities should not rely on individual
employees’ experiences with past events to
predict future risk.

B,
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Other Significant Releases
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Magellan Midstream Galena Park Valero Houston Refinery

Tank leak released 11,000 barrels Floodwater lifted tank from
(461,000 gal) of gasoline. Some foundation, releasing benzene,

reached a local waterway. other compounds

27
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Cap underwarer
[security camera;
view to Narth)

San Jacinto River Waste Pits

Protective cap damaged
during flooding, exposing
underlying waste

Dioxin levels >70,000 ng
(rec <30 ng)

Erosion of river bottom
under cap by ~12 ft 28



Flood Risks for Industrial
Facilities

 Lift vessels from footings, causing
release of contents

* Floating vessels impact other equipment

* |ncreased drag forces cause piping
connections to fail

* |ntrusion of water into electrical
equipment

* Acceleration of corrosion of safety-
critical equipment

29
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CSB Guidance to Industry

* Perform an analysis to determine
susceptibility to extreme weather events
and other natural disasters

* Apply a conservative risk management
approach when evaluating and
mitigating the potential effects of
extreme scenarios

* Ensure that critical safeguards and
equipment are not susceptible to
common mode failures

30
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Figure 1. Estimated Flood Damages Due to Unmitigated Climate Change

Estimated flood damages under the Reference scenario in 2050 and 2100 for the IGSM-CAM climate model (millions 20145).
Results are presented for the 18 2-digit hydrologic unit codes (HUCs) of the contiguous U.S. Stippled areas indicate
regions where the projected damages are significantly different from the historic period (at a 90% confidence intervai).

Millions of Dollars

B 501-1,000 [ 1.001-2000 [ 2.001-3,700

For more information, visit EPA's “Climate Change in the United States: Benefits of Global Action” at www.epa.gov/cira.

< 100 101 -500
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U.S. Chemical Safety and
Hazard Investigation Board

1750 Pennsylvania Ave, NW, Suite 910
Washington, DC 20006
202-261-7600

Visit our Website: www.csb.gov

. 4
M‘—lfij

@chemsafetyboard U.S. Chemical
@KulinowsKi Safety Board
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