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LARGE VOLUME ETHANOL SPENSIRONMENTAL IMPACTS AND RESPONSE OPTIONS JuLY 2011
Executive Summary

In the last ten years, the production of ethanol has increased dramatically due to the demand for
ethanolblend fuels. Current production (2010) in thimited Statesis 13 billion gallons.
Denatured ethanol (approximately 95% ethanol, 5% gasoline) is largely shipped from production
facilities by rail and is now the largest volume hazardous material shipped by rail.

Large volumes of ethanol are commonly shipped by unit trains, 842 taillion gallons, and the

larger barges can transport up to 2.5 million gallons. In Massachusetts, two to three ethanol unit
trains currently travel through the state per week, as aghn ethanol barge per week. The
number of trains and barges transporting denatured etk@bi - 98% ethanolthrough the

state are anticipated to increasetle future, especially if the use of highethanol blends
becomes more prevalentThe highvolume of ethanoltransporéd and the differences in the
chemical properties, and the fate and transport of ethanol as compared to standard gasoline, led
to the need for additional consideration of spill response actions. In particular, this document
corsiders the assessment and response actions for rail and barge spills of denatured ethanol.

Ethanol is a flammable colorless liquid; a polar solvent that is completely miscible in water. It is
heavier than air, and has a wider flammable range than gaseltheaLower Explosive Limit

(LEL) to an Upper Explosive LimitEL) range of 3.3% to 19%. The flash point for pure
ethanol is 55°F, and for denatured ethanol migh lower {5°F). Ethanol is still considered a
flammable liquid insolutions as dile as 20%, with a flash point of 97°F. At colder
temperatures (below about 51°F), the vapor pressure of ethanol is outside the flammable range.
Denatured ethanols shipped with a flammable liquids placard and North American 1987
designation

A number oflarge volume ethanol incidents have occurré&gsbmeof these have resulted in
significant fires, most of which have been allowed to burn. Water has been used in some
incidents, primarily to protect nearby structures or tankkohol-resistantfoam has o been

used, primarily to extinguisfires within tanker cars.Sampling and analysis of environmental
media that has occurred in connection with spill response actiki@ssshown impacts related

to these spillsalthough they are generally of relaiy short duration The most significant
documented impact was a large fish kill that occurred in Kentucky as a result of a bourbon spill.
This effect was related to oxygen deficiency resulting from ethanol biodegradation, rather than
direct toxicity. Another fish kill was observed subsequent to a spill in lllinois, but it has not been
definitively attributed to the spill.

In general, ethanol in the environment degrades rapidly. Biodegradation is rapid in soil,
groundwater and surface water, with préelichalf lives ranging from 0.1 to 10 days. Ethanol
will completely dissolve in water, and once in solution, volatilization and adsorption are not
likely to be significant transport pathways in soil/groundwater or surface watese oxygen is

./ SHAWGS S ENVI KIKARSBTRNCTARE GROUP E1l
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depleted a a result of aerobic degradatiomaarobic biodegradation of ethanol in groundwater
results in the production of methane, which can result in an explosion hazardagpomulating

in a confined space.For an ethanol spill in typical aerobic environmeritge depletion of
oxygen and production of methane may take several mofigeral case studies of significant
spills have shown that ethanol has been completely degraded in groundwater within two to three
years. The presence of ethanol can reducertte of biodegradation ajasolineconstituents
(benzene, toluene, ethylbenzene, and xyldn&TEX) in groundwater, and thus potentially
increase the persistence and dimensions of BTEX plumes. However, there is contradictory
evidence that suggests thahanol may actually enhance the rate of benzene biodegradation.
Biodegradation of ethanol in surface water can result in complete depletion of dissolved oxygen,
as evidenced by the fish kill documented in Kentucky.

One of the greatest hazards of etharals flammability. Ethanol can conduct electricity, so
electrocution hazards and possible ignition hazards are present during transloading operations.

Human exposure to ethanol during spill situations could occur by inhalation, contact with the
skin, or ingestion if ethanol reaches water supplies (surface water intakes or groundwater). The
odor threshold for ethanol is 100 ppm in air. No significant acute effects have been observed
upon exposure to ethanol in air at 1000 ppm, and this is the G%rAissible Exposure Level.
Effects have been observed from concentrations in air ranging from 3000 ppm to 10,000 ppm,
including headaches, and eye and respiratory system irritation. Acute ingestion doses of 0.1 to
0.5 g/kg body weight are considered theeshold for central nervous system effects. Chronic
effects associated with ethanol exposure are well documented, primarily associated with alcohol
abuse. A dose of 0.2 g/kg body weight/day is considered the threshold for neurological effects in
fetuses, and liver effects are observed at doses of 2 g/kg/day. In addition, the consumption of
both alcoholic beverages and ethanol have been identified as carcinogenic in humans by the
World Health Organization. However, chronic exposures to ethanol akelyrtb occur as a

result of a spill, due to the rapid biodegradation of ethanol and the monitoring associated with a
typical spill incident.

Water quality benchmarks (for the protection of aquatic life) have been developed: 63 mg/L for
the protectioragainst chronic effects, and 564 mg/L for acute effects. However, modeling has
suggested that oxygen depletion can occur at lower concentrations. This is supported by the
Kentucky spill, where the fish kill was attributed to oxygen depletion, rathedireat toxicity.

The acupational exposure limit for ethan® 1000 ppm in air (general industry), and the
concentration deemed to be Immediately Dangerous to Life or Health (IDLH) is 3300 ppm,
which is 10% of the LEL. Selfontained breathing appanat (SCBA) is necessary for spill
response. For large spills with fire, evacuation of about % mile in all directions should be
considered.

./ SHAWGS S ENVI KIKARSBTRNCTARE GROUP E2
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Methods for assessment and analysis of ethanol are somewhat limited due to its high solubility.
A simple open flara test can be used to determine the presence of ethanol at relatively high
concentrationsA hydrometer can be used to determine approximate concentrations of ethanol in
water. The best option for screening is a portalfleurier Transform Infared FI-IR)
spectrometethat has relatively low detection limits and can specify ethanol. A relatively recent
analytical method (S¥846 8261) has been developed that provides low detection limits for
ethanol.

Consideration of past ethanol incidents provides smsight into fate and transport in a spill
situation, as well as response activities that have been effective. Consideration of these
incidents, as well as conducted and possible response actions leads to the following conclusions:

e In somecases, ethanahil incidents result in fire. In many cases, these fires have been
significant, involving multiple rail cars and large volumes of ethanol;

e First responders generally have been local fire fighters that have focused on necessary
evacuations, containing tffiee, and protecting nearby structures and/or tanks;

¢ In most cases, if not all, ethanol fires have been allowed to burn, although most have not
occurred in highly populated areas. Cooling water has been used to protect structures,
tanks, and uninvolvedil cars;

e In some cases, where large amounts of water usage were necessaff toumearby
streams occurred. In one case, the stream was subsequently dammed, and 500,000
gallons of impacted watevereremoved for disposal,

¢ Alcohol resistant foan(AR-AFFF) has had limited usein these large spiland fire
situations, probably due to the limited volume generally available to locdidirers
and concerns with migration and/or recovery of the foam/ethanol. Most use has been to
extinguish specific beched and burning cars that were blocking passageto
extinguish fires inside tankers prior to removal of the contents and movement of the
tanker. The use of ARFFF has been effective in these circumstances

e The fires have consumed large volumes oharbl, thus limiting impacts to
environmental media,

e The most significant impacts related to ethanol spills have bemnfaxe water. In some
cases, surface water impacts have resulted in fish kills several days after the spill as a
result of oxygen ddption. These impacts have occurred some distance from the site of
the original spill;

./ SHAWGS S ENVI KIKARSBTRNCTARE GROUP E3
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e Due to concerns of surface water impacts, response activities have more recently
involved efforts to prevent discharge to surface water through damming. Aeration of
small creeks and large rivers has also been used to impliegelvedoxygencontent
and

e Migration of spilled ethanol from the surface through soil to groundwater is also of
concern, due to possible groundwater contamination and discharge to surface water, as
well as methane generation. Where possible, spilled material has been recovered by
pumping. In some cases, spilled material was not identified, and migration to
groundwater and surface water occurrebh cases where groundwater impacts have
occurred, ethanol has degraded relatively rapidly, although gasoline constituents have
been morgersistent.

As a result of the above observations, the following recommendations can be made:

e Contained burning is an effective response to an ethanol spill incident. It has been used
in numerous spill incidents, albeit they have not generally occurrbdiny populated
areas;

e The use of cooling water may be necessary to protect structures, tanks, or uninvolved rail
cars. Runoff from water use should be contained and/or recovered to the extent possible
to prevent infiltration to groundwater and impatttsurface water;

e Thelocal fire departmenstocks of alcohol resistant foam could be increased, as its use is
effective  When used where the ethanol/foam can be recovered, environmental impacts
will be limited. Foam not recovered and reaching surfaegemcan increase the
biochemical oxygen demandading to streams. In addition, foam use on unpaved
surfaces does not limit the migratiohethanol to groundwater

e Ethanol pools or impacts to soils should be identified as quickly as possible to prevent
infiltration to groundwater and runoff to surface water. The high solubility of ethanol can
result in rapid transport in these media. Recovery and excavation have largely been used
to address such situations. Controlled burn has not been used, buteacoldsidered in
some situations;

e Ethanol impacts to surface water are a significant concern. Ethanol spills reaching
ditches or small creeks can be addressed by damming, thus allowing time for
biodegradation and preventing releases to larger watersdodieration of these smaller
water bodies can be used to improve thdissolved oxygencontent and enhance
biodegradation, but these actions may not reduce ethanol content sufficiently prior to
discharge to a large water body;

./ SHAWGS S ENVI KIKARSBTRNCTARE GROUP E4
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Once ethanol is dischargéal a larger river, response options are limited. Monitoring of
both dissolved oxygerand ethanol should be conducted in order to determine whether
concentrations are approaching anoxic or toxic levels. Barge aerators can be used to
improvedissolved oxygnlevels and

Ethanol incidents in the marine environment have been rare, with none of a significant
volume occurring in harbors or nestiore areas. Response options in such cases are
similarly limited to the use of aeration to imprasissolved oxyge levels, although this
would only be effective in smaller areas, such as inlets.

./ SHAWGS S ENVI KIKARSBTRNCTARE GROUP ES
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1.0 Introduction

1.1 Objectives

In the last ten years the production of ethanol has increased dramatically due to the demand for
ethanolblend fuels.The US currently has 204 biorefineries in 29 states, and produced more than
13 billion gallons of ethanol in 201inneen 2011). This is up from 10.6 billion gallons in

2009 (RFA 2011).

I n 2009, 75% of wasklendedwih gagolines as 4 G¥s ethanolnaed 90%
gasoline (E10).Denatured #anol islargely shippedrom production facilitiedy rail (70%),

andis now the #1 hazardous material transported by(Ruldolph 2009). As a result of this
increased production and transportation, several ethacidentshave occurred in the United
States since 2000, including 26 significant fires, 5 train derailments, and 3 ethanol tank fires
(Rudner 2009).

As a result of oncerns related to the increased prevalence of rail transport of ethanol, and the
potential magnitude of spills, the Massachusetts Department of Environmental Protection
(MassDEP) requested th&hawd €nvironmental and Infrastructut@roup (Shaw preparea
documentcontaininginformation on the environmental impaat$ and emergencyesponse
techniquesfor ethanol and ethanol blendsShaw, in consultation with MassDEP, and with
information provided by Ohio DEP, lllinois DEP, and Pennsylvania DEP, assgritdebest
information, research, and field techniques availalilee anticipated users of this document are
local, state, and federal responders

1.2 Scope of Document

As discussed above, ethanol is the largest volume hazardous material transported Hyerail.
primary mode of ethanol transport is raih many casegjenaturedethanol is being transported

in large (80 to 100 cars) unit trains, throoghthe U.S., intuding the northeastSuch a unit

train can transport ufp 2,900,000 gallons of ethanol (approximately 29,000 gafpensail car).

About 10% of ethanol is transported by barge, typically in 630,000 gallon tdoakges;
althougha large petroleum-Barge unit tow can transport 2.52 million gallons. Tanker trucks
(about 8000 gallons) are also used to transport ethanol, although primarily ethanol blends
(USDA, 2007).

This document focuses on largelume releases afenaturedethanol or ethanddlends during
transportatiorby rail or barge In Massachusetts, it is estimated that there é&8esthanol unit
trainstraversing the statper week, as well as an ethanol barge every other day. This document
does not specifically address releases dupnoduction storage,transfer,or during smaller

./ SHAWG S ENV I KIGARMERUCAURE BRO 11
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volume transport by highway cargo tankers, although much of the information presented is also
relevant to these types of releases.

Table 11 shows the most commoethanol blends and their use3here ae also midevel

blends (20%, 30% and 40% by volume), although these are less common than those shown
below. As shown in the table, the ethanol blends are commonly referred tblasds, with the
numbers indicating the percentage of ethanol in the blend

TABLHE-1 ETHANOL AND BLENDS AND THEIR USES
Composition Use

E100 100% ethangl also known as nea Used in the production of blends, no
ethanol or fuel grade ethanol generally transported in large
quantities
E95¢ E99 95% - 99% ethanol, balance gasoline Transported in large quantities to bull
also known as denatured ethanol terminals for production of general ust
blends
E85 85% ethanol, 15 % gasoline Used in flexfuel vehicles (< 2% ethanc
consumed for this use)
E10 10% ethanol, 90% gasoline Tn 2 2F yIl GA2Y Qrol
consumed for this use)

This documenprovides the following informatian

e Physical and chemical characteristics of ethanol and blends (Section 2.0);

e Summary of case studies of incidemgolving ethanol (Section 3.0);

e Fate and transport characteristics of ethanol and blends (Section 4.0);

e Health effects and environmental risks associated with ethanol and blends (Section 5.0);

e Spill assessment and delineation, including screening and analytical methods (Section
6.0);

e Response options for ethanol spills by environmental medium (Section 7.0); and

e Summary and recommendations (Section 8.0).

Y A SHA WO S E NV | KIDARME RUCAURE GRO 12
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2.0 Physical and Chemical Characteristidstbénol/Gasoline Blends

_ _ _ TABLEZ CHEMICAL/PHYSICAL PROPERTIES OF PURE
2.1 Physical/Chemical Properties ETHANOL

Ethanol is a flammable colorless liquid.
is a polar solvent that isvolatile and
completely miscible (mixes) in water.

Iy:ormula wC2H6-0

Molecular Weight  w#6.07

Vapors of ethanol are characterized &aSolor/Form oClear, colorless, very mobile liquid
having a vinous or winéke odor (HSDB, Odor oMild, like wine or whiskey (vinous)
2011) Table 21 shows the

chemical/physical properties of ethanollonization potential  «10.47eV

The vapor density of 1.59 indicates titas Boiling Point W73 F (78.5 C)

heavier than air and will seek lower. . .

altitudes(tend to collect closer to the floorMelting Point WI73F(1140)
level) (IFCA, 2008) Its specific gravity Liquid Density .79 at 20C
indicatesthat it is lighter than water, but it
will thoroughly mix with water. Once
mixed, it will not separate.lt has a wider Flammable Range «8.3-19%
flammable range than gasoline, has a blugubility
flame, and does not produce visible smoke
(IFCA, 2008 unless denatured with YaPOrPressure = ¢b9.3 mm Hg at 25
gasoline Flash Point 55 F (13 C)

Vapor Density o1.59

«Miscible in water and organic solvents

The flammability of ethanol is affected bySourceHSDEO11

mixture with water, but remains flanable even with the presence @98 water, as shown in
Figure 21. At this concentrationthe flash point is 97°K36°C), and it isstill considered a
flammable liquid. The flash point is the lowest temperature at which vapor formed above liquid

ignites in air at standard pressure (1
FIGURE-2 FLASHPOINT AS A atmosphere). This is not the same as the
FUNCTION OF WATER CONTE temperature at which combustion will
5 120 97 (36) continue. This is known as the fire point, or
Z 100 ——/ Flammable Liquid | — | the lowest temperate at which heating
£ 80 55112.8) 68-(20) beyond the flash point will support
o 60 combustion for 5 seconds. This characteristic
5 40 IS not commonly measured, and no
é 23 . information on the fire point of ethanol was
Pure Ethanol 80% 20% found.
Source: NEPA 2002 Ethanol/WateiEthanol/Water

SHAWG6 S ENVI KIKARME RUCAURE GRO 2-1
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Ethanol blendswill have propertiesaffected by the percentage ethanol in the blend. A
comparison of some of the relevant properties is found in TaBleThis table shows the flash
point for both ethanol and gasolinAs shown in Table-2, once gasoline is added to ethanol for
denaturing (E95), the flashpoint ateases dramatically from 55°F t6°F. The flash point
continues to decline with a greater content of gasoline.

TABLE -2 COMPARISON OF PROPERTIES FOR ETHANOL/GASOLINE BLENDS

ETHANOL E95 E85 E10 Gasoline
SEMIEENEERGE  3.3%19%  3.3%19% 1.4%19% 1.4%7.6%  1.4%7.6%

Flash Point 55°F (12.8°C -5°F 20°C)  -20°F-5°F  -45°F {43°C) -45°F {43°C)
(-29°G -20°C)

Source: HSDB (2011), Speedway (2004),NRT)(280A 2009

Properties are also affected by temperature. Fig@rasl®ws the vapor pressure of ethaamlt
varies withtemperature. This figure also shows the flammability rangéaadard pressure. As
shown in Figure 2, at coler

FIGURE-2 ETHANOL VAPOR PRESSURE temperatures (below 10.7°C
1000 - TEMPERATURE | (51°F), the vapor pressure of
ethanol is outside the
£ flammable range. As
%oo UEL = 19% gy discussed above, the addition
g : F\I ] —n of gasoline would change this
@ ST B AET R graph, decreasing the
i) LEL =39 .
& temperature at which, for
10 10.7°C (5FF)
5 example E95 would be
c>QrS' outside the flammable range.
1 T T T T T T T T 1
-0 0O 10 20_ 30 40 50 60 70 80
Temperature°C
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2.2 DOT Placards

DOT (2008) issued new and revised shipping names and identification numbers (ID) to be used
for fuel mixtures of ethanol and gasoliime 2008 The proper shipping names, labels, and
identification numbers are shown below:

Gasohol, NA 1203; Gasoline, UN 1203EEQ)

OR
\ - 4
&
Ethanol or Ethyl alcohol, UN1170 (E100)

Y AN SHAWO S E NV | KIDARME RUCAURE GRO 2-3
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3.0 Summary of Case Studies

Although ethanol has been produced and transported in large volumes for several decades there
have been relatively few incidences involving its catastrophic release into the environment.
There have been several occasiafileaking ofunderground storage tanksntaining ethanol

fuel blends some for very long periods. These have involvetDEype fuels which are not the

focus of this report.

Most of the highconcentration ethanol is moved from production plants to blending terminals by
rail. Consequentlythe majority of the event data is from rail incidents, several of which will be
discussed in detail in Appendix A. The other wacumengd sources of ethanol impact to the
environment have been the result of fire incidents at distilleries. Two very significant events
occurred in Kentucky in 1996 and 2000here have been few marine incidentSome of the

more significantincidents thathave occurred involving ethanate summarizedh Table 31.

More detail is presented in Appendix A.

TABLE3 ETHANOL SPILL INCIDENT SUMMARIES

Volume Comments
Railroad Incidents

2006-New Brighton, PA Approximately 600,000 gallon e  Fire allowed to burn itself out over avie

either burned or released with days
Derailment of 23 30,000 gallorailcars an estimated 60,000 gallons e  Three cars were in tariver, butwere not
containing denatured ethanol along a into Beaver River compromised
bridge crossing the Beaver River e Beaver River is large and fdktwing no

detrimental impacts noted
e Removal of limited impacted soil and ballas

performed

2007-Painesville, OH 150,000 gallons either spilled e  Firescontrolled and allowed to burn

or burned e Presence of other more flammable materia
Derailment of 30 cars including five caused firefighters © use copious amounts
30,000 gallon cars containing of water
denatured ethanol. Additional e Two streams impacted. 500K gallons of
involved cars of phthalic anhydride, water/chemicals removed from one
bio-diesel, and butane aeratars used in the other

e Visibly impacted soils excavated

2008 Luther, OK Up to 210,000 gallons of e  Fre allowed to burn itself out

ethanol/crude oil e Limited visible impact, site not near water
Derailment of seven 30K cars
containing ethanol and crude oil.
2009Knoxville, TN 6000 gallons spilled e Cars flipped but did not explode or burn

e Estimated 600@allons missinfrom two

Derailment of five 3& gallon cars with leaking cars when up righted
ethanol e  Approximately 100@allons collected from

ground surface
e  Occurred in paved area with little soil and r
surface water nearby
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TABLE-A ETHANOL SPILL INCIDENT SUMMARIES (continued)

Volume

2009-Rockford, IL Estimated 360,000 gallons e
burned, 75,000 gallons spillec
Derailment offourteen 30K gallon cars

of denatured ethanol. .

2010¢ Bryan, OH 80,000 gallons spilled

Derailment of37 cars, some of which
contained ethanol

2011-Arcadia, OH Estimated 680,00gallons .
burned or spilled .

Derailment and burning of thirtpne

30K gallon cars of denatured ethanol. .

total of 23 cars involved in fire and/or

compromised .

Comments

One motrist killed and nine injured
Massive fire equired evacuation of 600
homes

Fre allowed to burn for 24ours

About 1400 tons soil and 57,000 gallons
ethanolremoved from site

Fish kill observed in Rock River, but has nc
been definitely related to spill

Sampling of air, soil, surface water,
groundwater, private wells, and fish showe(
no significant impacts tair, water, or soil;
ethanol and acetaldehyde detected in fish
No fire resulted

Impact to waterway

Monitored usingdissolved oxygemand
biochemical oxygedemand

Restoration ofiissolved oxygeim surface
water took several months

Massive fire dbwed to burn for several days
Foam usednsidetankers prior to pumping
them off

ethanol/water entereda nearby creek and
field drainage system

Over 800,000 gallons of fuel/water mix
removed with collection ongaig

Distillery Events

1996Bardstown, KY 5.6MM gallons of 10412 .
proof (54-56% alcohol)

Seven bourbon storage/aging bourbon burned or spilled o

warehouses and thirteen distillery

structures

2000-Lawrenceburg, KY 980,000 gallons of 16712 .

proof bourbon
One bourbon storage/aging warehouse

High winds created massive fire that was
controlled and allowedo burn out

Spilled liquids pooled and burneglurn
footprint was within paved area

No impact to surface water

Building located above Kentucky Riviere
allowed to burn out

Liquid travelled down a hill into river below
After 2 days fish kill occurred, became the
largestin KY history

Fisk kill due to depleted dissolve oxygen;
aNBlI 2F GRSIFR gl GSNE
Bargesusedto aerate the water fod days
until dissolved oxygen levels were restored

Maritime Events

200450 miles off VA coast 3.5MM gallons of ethanol on e
board
Tanker ship at sea
L]
2010New York Harbor Cargo tank ruptured while e
taking on 55K barrels of o
Tanker shiguptured tank ethanol .

Explosion on board caused by vapors from
empty tanks that had previously contained
MTBE

Ship lost &ead, 18crew missing &urvivors
Ethanol cargo lost, no environmental
damage reported

All environmental damage related to 49K
gallons of fuel oil lost

Norelease to water

Rupture from oveffilling

Rupture caused deck collapse
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4.0 Fate and Transport Characteristics

This section provides informationegarding the fate and transport of ethanol in various
environmental mediaincluding soil, ground water, surface water and air. Information is
provided heren summary formwith furtherdetail included iPAppendixB.

Ethanolmay be released to the environmenpase (also referred to as neat) ethanol or a blend
with various percentages gasoline and ethan@hlso referred to a@n E-blendfuel). Accidents

that occur during large volume transport of ethanokrailbcarsandmarine tankersr as a result

of structural failure at ethanol bulk storage terminal terminals are possible sources of the release
of neator denaturectthanol Tanker truck accidentsplash blending of ethanol with gasoline

and leaks and spills at retail and neail gasoline stations may releas®derateto small

volume Eblend fuels into the environmentThe release oheator denaturecethanol into the
environmentresultsin fate and transport issues that can be different than those frorbkemdE
release, ashownin Table 41.

TABLE4 COMPARISON OF FATE AMDISRORT OF NEAT ETHANOL \ABCEHNDS
Source: NEIWPCC, 2001

Characteristic Neat Ethano] E95 or Denatured E-Blends (E85 and lower)
Ethanol

Release Type it volume, surface soil and water spill Moderate to small volume, surface or subsurfac
spill

Rail cars, marine tankers, bulk storage Trucks, retail gas and blending stations
terminals
Surface spreading until reaching surface  Nominal surface spreadintpllowed by soil
Paths water body;solil infiltration and leaching to infiltration and leaching to groundwater
groundwater
Media Soil, groundwater, lakes, wetlands, rivers, Primarily soil angiroundwater. Localized impact
affected harbors, shorelines, and sewers. Explosio to lakes, wetlands, rivers and sewers if located
potential if large volumes flow in confined immediately adjacent to accident site.
spaces such as sewers.
=a\Vigelalnl=lairz1l Rapid biodegradation of ethanol in soil or  Rapid biodegradation of ethanol in soil or
fate groundwater. There are multiple variables groundwater, more predictable rates

and uncertainty associated witbredicting
degradation and extent of migration after

surface spill.
Cosolvency of Cosolvency not prominent at Ethanol may extend the length of benzene plum
other gasoline uncontaminated locations. When neat in groundwater due to c@olvency of gasoline

ethanol is released into a soil where gasoli components irethanol and reduced natural
contamination has already occurred (such attenuation of benzene

bulk terminals) the mobility of gasoline can

be increased.

components
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Some important fate characteristics of ethamoé described below migration pathways,
degradation ratesnethane generatiorgand partitioning. Tis discussion is followed by a
discussion of fate and transport characteristics by environmental medium.

4.1  Ethanol Migration Pathwaysg
TABLE2 FATE OF ETHANOL AFTER MAJOR RELE

In evaluating the potential impact a
ethanol release to the environment, it uEthanol s rapidly biodegraded in soil
essential to take into account the
pathways that ethanol could trave
from the release point. The majo
migration pathways include the
following:

w\Neat ethanol rapidly mixes with
water

u=blend will mix with water, but in

Surface Water large volume water bodies, ethanol
will separate from the gasoline.

oEthanol is rapidly biodegraded in
surface water

¢ Infiltration into soil oEthanol is rapidly biodegraded in

groundwater

uEthanol release may induce the
transport of other chemicals such as
benzene

e Transportn groundwater Groundwater

e Surface releasetinoff to
streams,fast and slow flowing
rivers, lakes, coastal water
areas, outer harbors, open
water, ditches, wdands and
storm/ sanitary sewers

oEthanol vapor is denser than air and
tends to settle in low areas.

oEthanol vapor disperses rapidly
after release

oEthanol will volatilize and rapidly
biodegrade.

oY'he potential decrease in dissolved
oxygen as a result of ethanol

. L . Storm / sanitary degradation can upset microbial
¢ Dispersion into air sewers functions at wastewater treatment
plants.

Table 42 presents a summary of th wThe potential flammability hazard
must be addressed when ethanol is

fate of ethanol as it migrates throug released to a sanitary or storm
each of these environments. Ethang 2l
. . Source: EPA 2009
concentrations are reduced rapidly 8
rates that depend upon the migration pathvesywell as the environmental cheteristis, such

as temperature, saype, flow rate, etc. While degradation rates are rapid, there is still a
possibility of rebound if a source is still present.

4.2 Ethanol Degradation Rates

In the atmosphere, it is predicted that ethanol will be oxidized quiektiz; half-lives between
0.5 and 5 dayslIn soil and groundwater, ethanol undergoes rapid biodegradation with-ldehalf
ranging from 0.1 to 2.1 dayslthough more recent studies indicate that thelivalé may be
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larger (5 to 10 days) In surface water following a pure ettwd spill, ethanol is predicted to
quickly biodegrade with halives ranging from 0.25 to 1 day. Due to rapid loss of ethanol
through photeoxidation in air and biodegradation in soil and water, ethanol is unlikely to
accumulate in the soil, air, surfaveter, or groundwater.This is consistent with reports of
monitoring results from spill situations (see Section 3.0 and AppendixIAgre is a great deal

of uncertainty as to how these estimated rates of ethanol loss (and other litemhtagewill
apply in realistic field conditions. Therefore, these rates represent generibndagnitude
estimates and may not be applicablesite-specific releases.

4.3 Methane Generation in Soil/Groundwater

Anaerobic biodegradation of ethanwelgroundwateresuts in the production of methane. The
presence of methane in the unsaturated soil in excess of the explosive limits may present an
explosion hazard. Bthane vaporsan beproduced over an extended period of time and persist

in soil gas for a long timet déevels exceding the lower and upper explosive limits for methane
(3.3% and19% by volume respectively. This process is discussed in more detaiSaction
4.5.1and 4.5.2elow andAppendix B.

4.4  Ethanol Partitioning Between Environmental Media

The partitioning of ethanol mass between air, water, and soil meglianimarizedelow. More
detail is presented in Appendix B.

e Air/Water Partitioningthanol has a tendency to remaintie aqueous (liquid) state.
Therefore, atmospheric ethanol is likely to partition into water vepmplets. Ethanol in
surface water and groundwater is likely to remain in the aqueous phase. As a result,
ethanol volatilization from surface water or-gfiseng from groundwater are not likely
to be significant mechanisms for ethanol mass loss from water.

e Soil/Water Partitioningthanol is not strongly adsorbed to soil particles, and is likely to
migrate at the velocity of the groundwater. Adsorption taifag materials in the
subsurface or to sediments in surface water is not likely to affect the fate of ethanol in the
environment.

45 Media Fate and Transport Characteristics

45.1 Soil

Ethanol and Eblend fuel spilled on land surfaceill infiltrate the soil,and the ethanol and
gasoline components of theldend fuelwill slowly infiltrate down through the pores of the soill
until they reach the top of the water table. Ethanol has a higher mobility through the soil as
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compared to other gasoline components bec#@udees not preferentially adsorb to the soil
grains.

During theproces9f infiltration through soil a fraction of ethanol and gasoline components are
retained in the pores (soil vapor or soil moisture) or adsorbed to soil grains. The fraction that is
not retained in the unsaturated swill reachgroundwater.As discussed abovethanol tends to
partition to the water phase (soil moisture) in preference to the air in the soil pores or adsorption
to the soil grainsThe fraction of ethanol retained the unsaturated zone depends greatly on the
volume of soil impacted by the release, the water content of the soil, and the rate at which
gasoline infiltrates through the subsurfatke fraction of ethanol that infiltrates to groundwater
goes into solutiomecause of high water solubility of ethanol. The gasoline component of the E
blend fuel floats on water because it is less dense than, hatgever these constituents will

also dissolve and migrate downward.

For Eblend spills, the presence of ethanedults in gasoline hydrocarbons being able to enter
smaller pore spaces and drain more easily from unsaturated soils into the groundwater.
Therefore, the presence of ethanol can result in mobilizing existing soil contamination.

As discussed earlier, ethol has a short half life in soilTherefore, ethanol present in soil vapor
or soil moisture will rapidly biodegrade.Some wlatilization from moist soil surfaces is
expectedalthough the majority of ethanol is expected to be retained in thene@ture and be
lost through the process of biodegradatiém dry soils,some volatilization is expected to occur
(HSDB, 2011).

Neat ethanol releases at distribution terminals can affect the behavior of previously released fuel
hydrocarbons in the followg ways:

o Ethanol dissolves and mobilizes light nagueous phase liquid (LNAPL) that was
previously entrapped in the unsaturated and saturated zones.

o Ethanol creates a capillary fringe depression on top of the water table into which all
nearby LNAPL cardrain.

As discussed in Section 4.3 and Appendix Byaerobic biodegradation of ethanol in
groundwater results in the production of methaMethane generation typically will not occur

until available electron acceptors (i.e., oxygen, nitrate, iron, anfdte) are consumed.
Laboratory studies indicate that it took 6 to 10 weeks for conditions to be suitable for the
generation of methane. Actual times after a spill until methane is generated will depend on the
presence of oxygen and other electamgepors, the temperature, the soil type, the presence of
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other alcohols or hydrocarbons, the groundwater flow rate, and othspsitdic characteristics.

One study of a neat ethanol spill indicated that methane was present in groundwater 15 months
after tie spill occurred, andoncentrationdegan to increasgramaticallywithin 3 to 8 months

of that time. From these field observations and the laboratory studies, it can be concluded that
methane generation will generally not start for several months @améronment that is initially

under aerobic conditions. Once methane is present in groundwater, iolaiilize from
groundwateinto soil gas.In the field study described above, a methane survey taken 23 months
after the spill showed methane conications in soil gasbove the LELat a depthof 4 feet

below the ground surfaceThis could pose a hazard for construction or monitoring activities in a
spill area, andfithe methane irsoil gas were to migrate to a confined space, it may lead to an
exposion hazard

After an ethanol spillthe following conditions must be met for an explosion hazard to occur
from methane:

e Methane gas generation. Degradationof ethanol tomethaneis expected tde the
dominant degradation pathwagy soil/groundwater The presence of methane tine
unsaturated soil in excess of the explosive limits may present an explosion hazard

e Methane gas migration. Migration of methane gas from soil and groundwater to
underground utility pipes, drains, conduits or through natorahanrmadesubsurface
preferential migration pathwayand

e Collection in a confined space. Collection of methane gas in a confined space to a
concentration at which it could potentially explodeich asa manhole, a subsurface
space, a utility room in a home, or a basement. For methane, the BB%i®y volume
and the UEL is 9% by volume. At concentrations below its LEL and above its UEL, a
gas is not considered explosive.

Methane vaporsan beproduced over an extended period of time and persist in soil gas for a
long timeat levelsthat could pose an explosion hazard

4.5.2 Groundwater

Like other alcohols, ethanol is hydrophilic (attracted to and soluble in water) whereas standard
gasoline is hymphobic (repelled by water). Ethanol partitions preferentially into the agueous
phase. Ethanol is completely miscible in both gasoline and water ebradentrationsThe
presence of ethandherefore affects the fate and transport mechanisms -bidad fuels. In
presence of ethanol, the behaviors of water and gasoline are modified as follows:
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¢ Solubility of gasoline hydrocarbons in water increase
e Solubility of water in gasoline increases; and
¢ Interfacial tension between the water and the gasoliasgshis reduced.

The release of ethanchnimpact groundwater aftanfiltrating through the soil. An ethanol

plume in groundwatemay result, dependingpon TABLE-8 EFFECT OF ETHANOL O
the volume of ethanol spilled on the surface, the SaSSMN=SER= SNIRAN NI 018 1

. . GROUNDWATER
thickness of the unsaturated soil column (dep

groundwater) and the conductivity of the soil
Once ethanol reaches the groundwater, it
dissolve and disperse rapidly.

Depletion of
oxygen and
nutrients

Ethanol tends to dissolve completeigto the
groundwater and move with the groundwater
the direction of groundwaterdilv. In case of E
blend fuels, the soluble components of gasoli
that include benzene, toluene, ethylbenzene &

Surface
Tension Effect

winhibits the
degradation of more
toxic components in
gasoline (e.g. BTEX)

wMay make the
dissolved BTEX
plume longer

wCauses gasoline
components to
spread laterally

xylenes (BTEX) will partially dissolve, while
ethanol will dissolve completely. Unlike the
gasoline components, ethanol does not adsorh
the saturated soil and therefore moves wit
groundwater faster than the BTEX component
The BTEX components of-Blend fuels adsorb to
soil particles and later desorb to beco
dissolved again in the groundwater, resulting in these gasoline constituealsigrat a slower
rate than groundwater and ethanol. The less soluble constituentsleid=fuelswill migrate
with the undissolved hydrocarbon pool.

wMakes other
gasoline
constituents more
soluble

Cosolvency

In general, the impacts of neat ethanol with respect to the contamination of groundwater are less
sewere compared to-Blend fuels. When neat ethanol is released into the groundwater it can be
degraded rapidly by microorganisms until the necessary electron acceptors are deplessd

the ethanol volume and concentrations are so high that they restricbial activity On the

other hand, an #Blend gasoline release to groundwater enhances the groundwater transport of
benzene, toluene, ethylbenzene and xylenes (BTEX) in gasoline, especially benzene. The
environmental effects of ethanol on the gasoloomponents of dlends are summarized in
Table 43.
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The rapid biodegradation of ethanol first depletes the oxygen content of groundwater and then
the anaerobic electron accept@egy., nitrate, sulfateland therefore could potentiareducethe

rate of biodegradation of the BTEX constituents. The presence of ethandillémdEfuels can

cause the BTEX compounds of gasoline to travel farther than a standard gasoline blend without
ethanol. Some recent studies contradict this and suggest tt@t@ may actually enhance the

rate of benzene biodegradation, thereby reducing benzene plume length and persistence.

The rapid biodegradation of ethanol has a side effect on the groundwater transport. Ethanol acts
as an energy source and stimulates gh@wvth of aerobic andanaerobic microorganisms in
groundwater. This may in turn result in the growth of biofilms on aquifer material, mineral
precipitation and the generation of nitrogen and methane gases, processes which alter the
hydraulic properties ofhe aquifer such as reduction in porosity and hydraulic conductivities.
The rapid biodegradation of ethanol may also leaal $@nificant accumulation of volatile fatty

acids which are potential degradation products of ethanol and that could decrepkketthe

levels that inhibitfurther bioremediation. The rapid consumption of oxygen by ethanol means

the groundwater will become anaerobic quickly. Anaerobic biodegradation of BTEX and
ethanol typically occurs much more slowly than aerobic biodegradaitmough the rates of
anaerobic biodegradatiaf ethanol are still fast enough (in days) that ethanol is not expiected
persist for a long duration Empirical data from a case study of an ethanol spill Bacific
Northwestterminal (presented in Appdix B) indicates thafor most spills the ethanol in
groundwater is expected to be degraded and not be of concern in a year or twmparison,

BTEX constituents have been measured in groundwater for several years and sometimes even
decades after a galine spill.

The enhanced anaerobic microbial activity caused by the presence of ethanol in groundwater
leads to methanogenesis, whiclthe production omethane CH,) andcarbon dioxideCO,) by
biological processes Details of the chemistry behirtie methanogenesis and the volumetric
estimation of methane generation from ethanol are provided in Appendix B. i3 lpetential

for ethanolinduced methane production to restrict groundwater flow and to pose an explosion
hazard as discussed in Semti 43.

Empirical data regarding the persistence of ethanol generated methane in soil and groundwater
was collected at a bulk fuel terminal in tRacific Northwest where 19,000 gallons of neat
ethanol wereccidentallyreleased from an above groustdrage tank in 199%urther details of

the spill and spill monitoring are provided in Appendix B. Over time, the ethanol plume
concentrations declined and high methane concentrations were measured in the area of the
ethanol plume. This empirical dataggests that methane related hazards will extend to the area
occupied by the ethanol plume in groundwater, and will extend to a distance that can be
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estimated from the groundwater velocity and the time since the release. The extent of the
groundwater plumeavill provide the upper bound for the extesf methane impacts, except for

any preferential pathways such as utilities that may provide further spread of the methane in soil
gas.

When neat ethanol is spilled at locations where petroleum contaminatethdajroundwater
plumes already exist (e.g., oil terminals), the ethanol can remobilize the gasoline components
and cause lateral spreading of liquid petroleum and several fold increases in the concentration of
benzene and other constituents of gasolifiéis mayresult incontamination of groundwater

and nearby water supply well&€thanol caralsofacilitate iron reduction and sulfate reduction,
which can have significant impacts on groundwater qualitye potentiafor contamination of

water wells ordegradation of water supply depends on several factors, such\aduhees and

the concentratios of ethanol andgasoline componentat the release site, the local
hydrogeologicalconditions and the location of the spill relative to the area of groutelwa
capture for the water supply well.

45.3 Surface Water
Ethanol in surface water can originate framumber oSources:

1. Rainwater (through atmospheric volatilization and depositiormjinimal contributions,
not further considered in this document

2. Direct dischargesfrom land surfaceg(from accidental spillsy immediate and severe
impacts after spill, serious threat to environment, high aurateons and volumes of
ethanol expected, sudden and severe depletion of dissolved oxygen because of the
biodegradton of ethanol with acute toxic effects potential such as fish kills.

3. Direct discharges from land surface to drainage features or small creeks, which may
discharge to larger surface water bodie®ss severe impacts immediately after spill, but
still mayresult in severe depletiaf oxygen.

4. Marine cargo tanker / barge accidentsshort term impacts aftethe spill, high
concentrationsand volumes of ethanol expected intitally, impacts to-share coastal
marine environment likely, ethanol is expectedbe lost rapidly due to dilution and
dispersion in marine watersOxygen depletion may occur in coastal areas with less
flushing.

5. Contaminated groundwater plume migration to surface watéwnger term, lower
intensity impacts after a spill, timinghd magnitude dependent on the distance of the
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surface spill to the surface water body and other factors such as the degree of
biodegradation and natural attenuation during transport in groundwater, the
hydrogeologic settings, the hydrology of the surfaeger body, and the volume of the
spill.

After a large volume surface spill, neat ethanol doiénd fuel will flow over pavement and soil

until reaching a point of discharge into storm sewers, wetlands, lakes, and streams. During the
overland flow over sband pavement, ethanol will partially volatilize into the atmosphere. As
the ethanol flows over soil, some of the ethanol will infiltrate the soil and reach the groundwater,
which may discharge to a surface water body. rEngainingethanolcouldreacha wetland or a
surface water body directly Upon reachinga surface water body, either as groundwater
discharge or surface flow, ethanol will rapidly mix with the water and go into solution because
ethanol is completely soluble in water.

Once ethanol ehesfresh water whether it is a flowing water body such as a stream or a
standing water body such as a lake or wetland, ethanol is not expected to volatilize quickly.
While volatilization from water surfacedoes occur, the #mated volatilization hadtlives for a

model river and model lake are 3 and 39 days, respectiwbigh are significantly larger than

the biodegradation rates for ethanol in water (few hours to a dalganol isalsonot expected

to adsorb to suspended solids and sedinmetite surface water bodiesHydrolysis of ethanol

and photolysis in sunlit surface waters are not expetdededuce ethanol concentrations.
Ethanol is therefore expected to remain in solution in the watele biodegradation is
occurring

High concentrions ofethanolmay occurin the immediate downstream area of a spith little
biodegradation, especially after a large volume spill into a surface water body. The high
concentrations of ethanol would rapidly deplete the dissolved oxygen conteptfiafstinwater
bodies that have low aeration rates (e.g., lakes, ponds, &ieslargerivers with little
turbulencg, leading to the possibility of a fish kill from oxygen stregss discussed in Section

3.0 and Appendix A,n May 2000, a 500,00@allon release of Wild Turkeyourbon that
contained 50% ethanol (250,088llong into the Kentucky River caused the worst fish kill in 50

to 60 years. This fish kill was attributed to depletion of dissolved oxygen and not the direct
effects of ethanol.

Biodegiadation will begin to reduce ethanol concentration shortly after release as long as the
water is warmer than 10°C (50Q°Flt is important to note that thiemperatures approximately
thesamasthg hr eshol d f or et boderteinpisures Helawdlh@d@ 6 (51°K) t vy ;
the vapor pressure of ethanol is outside the flammable (@eg&igure 22). Thereforg even
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though the flammability risk following an ethanol spill is reduced in cold weatheimibets to
surface water may be greatkre to limited biodegradation

Ethanol has beenshown to biodegrade under aerolaad anaerobicconditions If the
temperature ranges asppropriate the biodegradation of ethanol in surface water proceeds
rapidly, with half lives ranging from hours @ day. Therefore, in warm waters ethanol is
unlikely to persist for an extended timén cooler water bodies, ethanol will mix rapidly and
migrate with water without much losexcept for dilution. If conditions favorable to
biodegradation are not preseathanol may persist for several months.

Large volums of ethanolup to 2.5 milliongallons may be released into marine waters from the
rupture of a marine tanker or a barge carrying bulk ethanol. Due to the infinite solubility of
ethanol in waterit will tend to distribute near the water surface because it is less dense than
water Marine ethanol spills pose a threat of being toxic to the ecological receptors in direct
contact with the release anduld impact the surface aquatic ecosystem. ricthaeleased to the
marine environment is not expected to persist for a long duration because ethanol in the surficial
marine environment will be lost by the processes of dispersion and dilution as well as
biodegradation, resulting in the rapid naturatmatiation of the marine ethanol spillNearshore
releases of ethanol are of greater concern to the proximity of sensitive receptors and the
possibility of reduced flushing in some locations.

The salinity of the marine water is expected to have minoctsffin the fate and transport of the
ethanol. Environmental degradation in salt water may be slower than freshwater-blEad E
fuels, the higher salinity of marine waters will tend to further reduce the solubility of the gasoline
components, ensurindghdt the gasoline components continue to float on water and are less
readily available to marine organisms that inhabit the deeper marine environment. In some
marine estuaries, the higher density salt wateyy forma wedge at the deeper parts of the
estuay. Such a wedge tends to slow the mixing of ethanol abteid fuels with the deeper
waters NRT, 2010).

Another consideration in the fate and transport is the energy level of the surface water body that
receives the spilled ethanol. In flowing osffavater such as rivers, streams, marine environment
with breaking surf, the high mixing energy of the receiving water body will result in rapid
mixing of ethanol with the entire water column. Ethanol concentrations will decrease due to
rapid dilution andalso due to the high aeration rates as compared to still water bodies like ponds
and lakes (NRT, 2010)
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45.4 Air/NVapor

If released to the atmosphere, ethanol disperses rapidly in the vapor phase. Ethanol vapor is
denser than air, and will eventually settlelow lying areas. If there is moisture in the
atmospherethe atmospheric ethanol is likely to partition into water vapor dropl&thanol in

surface water and groundwater is likebyremain in the aqueous phaseldegrade at a rate that

is faster tharthe rate of volatilization.As a result, ethanol volatilization from surface water or
off-gassing from groundwaterea not likely to be significant contributors to ethanol in the
atmosphere.

In the atmosphere, the half life of ethanol is similar to thfabther alkyl ether oxygenates,
including methyl tertiarybutyl ether MTBE). Vapor phase ethanol is degraded in the
atmosphere by reaction with photo chemicglfgduced hydroxyl radicalsand in summer
conditions, haHives are on the order of days.

Ethanol can impact the air quality and lead to a safety ha@ande examples are as follaws

e Noxious odors may be produced by the generation of butyrate, a metabolite of ethanol
biodegradation

e Ethanol vapor has the potential for formation of explosivetunes. Ethanol surface
flow into a confined space, such as a storm sewer, may create an explosive situation
when vapors of the ethanol collect in air pockets in the sewer

e Anaerobic biodegradation of ethanol in groundwater produnethane. At higher
concentrations (near 1000 mg/L) ethanol rapidly ferments to methane at a rate near 20 to
60 mg/L per day. Methane leaves the ground water and enters soil gas where it can
present an explosion hazard iéntersa confined spageas discussed previousbd

e The methane vapors are produced over an extended period of time and persigias soil
for a long time, at levels exceadithe upper explosive limit @6 by volume).

Biodegradation of ethanol andtitends has theotential to expedite vapor intrusiaf BTEX
compounds The methane originating from the anaerobic degradation of ethanol in groundwater
undergoes aerobic biodegradation in soil pores and consumes the available oxygen from the soil
gas. This oxygen would otherwise be available to degradeebhe and other gasoline
constituents introduced to soil gas from abl&nd spill. The aerobic degradation of benzene is
therefore limited in presence of ethanollhe lack of benzene degradation caused by the
consumption of oxygen by methane resultsgreased persistence of benzene in soil gas.
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5.0 Health Effects and Environmental Risks

5.1 Environmental RisksFire and Explosion

Flammability is the greatest hazard for ethanol aruaefd fuels, just like it is for gasoline.
Gasoline has a fairly narrow range of flammability (between 1.4 and @r6P4,000 and 76,000
ppm by volume),while ethanol has a wider range of flammabil{.3 to 19%or 33,000 to
190,000 ppmby volume). Given the concern for flammability, the level determined to be
Immediately Dangerous to Life and Health (IDLH) has been set by NIOSH as 10% of the LEL,
or 3300 ppm.

Ethanol is also completely water solublelike gasoline which floats on watetarge amounts
of water are required to dilute ethanol to the point where it no longer supports combustion, as
discussed in Section 2.1f released as an-Blend fuel into watergasoline will float on a layer
of an ethanolwater solution, and the resulting ethanol water solution will still be flammable.

While smoke from burning gasoline is thick, black and toxic, pure ethanol burns without visible
smoke and a has a haalsee blue flameln denatured (B5) form a slight orange flame and

some smoke may be visible. Because ethanol is flammable, and burns with a virtually invisible
flame, such a fire would be especially hazardous to emergency respoAdecsiotal evidence

from Indy motor races suggests that thesibility of ethanol flame is a hazard requiring the
maintenance crew to use a corn broom to detect the ethanol flame, unlike gasoline fires that can
be visually detected due to the smoke.

Ethanol and some ethanol blends can conduct electricity; therefgproper grounding and
bonding during transloading operations could lead to electrocution hazards and possibly ignition
of the fuel.

Ethanol vapor has the potential for formation of explosive mixtutdscontrolled impingement

of ethanol tank cars &t a fire can result in a boiling liquid expanding vamoplosion
(BLEVE). Ethanol has a high upper explosive limit and therefore ethanol will burn, or explode
even in conditions where oxygen is not readily available, such as within tank cars or s sewe
where small airspaces may be preselitreleased to the soil or groundwater, anaerobic
biodegradation of ethanol will produce methamdich can present an explosion hazard if it
reaches confined space.
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5.2 Potential Exposure Pathways in Spill Sitnatio

The potential human exposure pathways during spill situations depend on the nature of the spill.
In general, given the volatile nature of ethanol and ethanol blends, inhalation exposures are the
most likely for both responders and nearby workers adeass. Skin contact (dermal exposure)

is possible, but unlikely, since responders would be wearing appropriate protective clothing (see
Section 5.5.3). Ingestion exposure is also unlikely, although if the spill reaches surface water,
ethanol will dissole, as discussed in Section 4.3, and could impact a drinking water séw@rce.
discussed in Section 3.0 and Appendix A, water supply intakes have been shut down, at least
during response actions, during several incideimsaddition, contact could occas a result of

other uses of surface water, such as swimming or boating, or use for cooling or production water.
Given the greater likelihood of inhalation exposures during spill situatibisssection will focus

on health effects related tihis route with limited discussion of other possible routes of
exposure.

5.3 Human Health Effects

This section discusses human health effects of ethanol relevant to spill situations. Most of the
literature on health effects of ethanol relates to the use or abuseobbladcbeverages. This
information is largely focused on long term exposure by ingestion, and will not be discussed in
detail. This section provides information in summary form, and more detail is presented in
Appendix C. Table 8 provides a summary effect levels for acute and chronic exposure.

5.3.1 ShortTerm (Acute) Effects

Acute ingestion of ethanol can cause headache, nausea, vomiting, drowsiness, fatigue, impaired
judgment, lack of coordination, stupor, unconsciousness, and coma. Inhalation ea®eyEus

and upper respiratory tract irritation, fatigue and headache. Dermal contact can result in
irritation of skin, with prolonged contact leading to dry skin, cracking, peeling, and itching.
Absorption through the skin resulting in other effects iskeh} to be significant.

Ethanol is irritating to eyes and the respiratory system at concentrations 0f15,000 ppm in

air. Headaches and other early signs of intoxication were observed in humans when exposed to
air concentrations of greater than0B0ppm for 2 hours, although significant neuromotor effects
were not observed in humans exposed to up to 1000 ppm for 6 hours. Similarly, stumbling and
lack of coordination were observed in animals after exposure to-¥0000 ppm for 8 hrs.
Inhalationof 10,00030,000 ppm for extended periods (8 hrs or more) is lethal to rats. Ingestion

of ethanol has caused death in humans, but inhalation of ethanol is unlikely to be lethal.

Rats exposed to E85 at 6130 ppm ethanol and 500 ppm gasoline showedejfiestshafter 4
weeks of exposure. Recovery was complete by 4 weeks after exposure was stopped. Increased
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kidney weight and liver and blood effects were observed primarily with gasoline only exposure.
Combined exposure resulted in an additive effecgmwth suppression. Inflammation of the
upper respiratory tract was observed only with combined exposure.

Data suggest that the threshold for acute alcohol effects following ingestion is in the range of
0.1-0.5 g/kg (corresponding to a blood alcohol levieD ®1%0.05%). Increased motor activity

in rats and increased aggressiveness in monkeys has occurred at these doses. At higher doses,
effects on fine motor control and coordination have been observed. Exposure of rats or mice to
20,000 ppm of ethanolni air
resulted in significant
performance effects, while the ACUTE EFFECTS
lowest dose (12,000 ppm) ha.-

TABLEA HUMAN HEALTH EFFECTS OF ETHANOL

borderline effects. To put thes 100 ppm in air Odor threshold
exposures in context, rat 1000 ppm in air No significant neuromotor
exposed to 16,000 ppm resulte effects

in an alcohol blood level of 3000 ppmin air Headaches and early sign
0.05%, a level at which humai of intoxication
performance effcts are 5000¢ 10,000 ppm in air Irritating to eyes and

respiratory system

commonly observed.
0.1-0.5 g/kg ingestion (0.04 Threshold for central

5.3.2 LongTerm (Chronic) 0.05% blood alcohol) nervous system effects
Effects CHRONIEFFECTS

Subchronic and chronic effect g 5 g/kg/dayingestion Threshold for neurological

associated with alcohol abus effects in fetuses

are well documented, and ar 2 g/kg/dayingestion Liver effects

characterized by progressiv
liver dysfunction and cirrhosis
with chronic ingestion of 2

0.5 gl/kg/day (50 g/day) Increased incidence of
Alcoholic beverage and cancer of the oral cavity,

g/kg/day. Inflammatory and ethanolingestion copIZ?QéEj(r’n?Z%%h; gr]rl:;’e
degenerative changes to th breast

heart have also beesbserved. | 20,000ppm in air No significant effect on
Neurologic degeneration an fetuses after exposure of
effects on the brain structur female mice and rabbits
have been observed after lor _ during pregnancy

term high levekxposurehowever no exposure thresholds for severe effects are available.

WHO (2010) concluded that alcoholic beverages and ethanol in alcoholic beverages are
Acarcinogenic to humanso, or Group 1. Thi s
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evidence of carcinogenicity in humans. They concluded that several types ef asncaused

by alcohol consumption. They also concluded that acetaldehyde, which results from the
metabolism of ethanol, contributes to malignant esophageal tumors. WHO (2010) concluded
that there is sufficient evidence in experimental animals focaineinogenicity of both ethanol

and acetaldehyde; however, other components of alcoholic beverages may contribute to the
observed carcinogenicityWhen ethanol was administered in conjunction with other known
carcinogens, the carcinogenic effect was enbdn

Some studies in humans and rodents indicate that ethanol induced genetic effects result from
moderate to high levels of ethanol exposure. Rats and mice receiving liquid dietd% 5
ethanol for 5 or more weeks showed adverse physical and functionak effe testes. Other
studies showed that consumption of drinking water containing 15% ethanol or inhalation of
20,000 ppm during pregnancy
had no significant effect on
fetuses of mice and rabbits.

TABLE2 HEALTHPROTECTIVE CONCENTRATIONS

AIR

Fetal alcohol syndrome (FAS| 53 ppm (100 mg/r) California Draft Value for protection o
is well known to result fnm public healthg based on acute irritancy
excess alcohol  ingestior. effects but protective of chronic effect

: Chronicg 7.9 ppm Minnesota Ethanol Sector Specific
during pregna.ncy. Mor(? (15 mg/nT) Interim Exposure Values, for screenir
subtle neurological changes i acutec 95 ppm purposes at ethanol facilities ondy
fetuses have also bee (180 mg/nt) based on irritancy
observed. A threshold fol DRINKING WATER
these effects has bee 1100 mg/L California Draft Value based on the
identified as 0.5 oz per da minimum reporting concentration for

) ethanol in food (0.5%)
6500 mg/L NH did not develop drinking water
value, but provided value equivalent t
drinking 1 beer (13,000 mg ethanol)

(about one drink per day o
0.2 g/kg/day).

533 Health  Protective g4 mg/L NEIWPCC value for comparative
Concent@tions purposes, unlikely to increase ethanc
A number of states anc in blood over baseline blood
regions have develope concentrations of about 1fhg/L
. 0.05 mg/L New York state standard for
healthprotective

_ _ oxygenates
concentrations of ethanol in

the environment. These have been developed for various purposes, but none have been
promulgated as standards. These concentrations and their basesmaagizednn Table 2.
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Table 52 shows a wide range of concentrations in drinking water. Both the California and New
Hampshire levels are based on exposure by other means that are considered generally acceptable.
The California level is based on a concatibn in beverages and food of 0.5%, above which
ethanol must be reported, and an assumption that 0.5 kg of the daily diet contains this amount.
This dose is converted to an equivalent drinking water concentration. Similarly, New Hampshire
derived theével shown in Table-2 by developing a drinking water concentration equivalent to
drinking one beer. Neither of these criteria are based on effects data for ethanol. The New York
level is a general level used for oxygenates, and is not specific tmketiidre NEIWPCC level

is based ora drinking water concentration that is unlikely to result in an increased ethanol
concentration in blood, and incorporates an uncertainty factor to account for sensitive
individuals.

5.4 Environmental Effects

A spill of ethanol or ethanol blend could affect soil and vegetation in the immediate area of the
spill and fire. In addition, if the spill results in a release to the surface water, aquatic organisms
could be affected, as discussed in the following sections.

5.4.1 AquaticSystems

Ethanol released to a water body could directly affect aquatic organisms. Acute toxicity
indicates that an effect is observed after a very short period of exposure. Mortality is often
measured in the laboratory to various aquatic organismsshftet periods of exposure. Such
tests typically result in measures of lethal concentrations in water, such as 5 4.C
concentration that is lethal to 50% of the test population. In some cases, other effects are studie
after acute exposure, such aswgth or reproductive effects. Chronic studies involve longer term
exposures, and attempt to identify no observable adverse effect levels.

A largenumber of studies have been conducted on the effects of ethanol on various species, and
considering different types of effects. NEIWPCC (2001) evaluated the data availald&raeth

of their reportand developed water quality benchmarks for ethanogusiPA Tier 1l procedures

(EPA, 1995). This approach is intended to derive acute and chronic water quality benchmarks

for aquatic organisms in cases where data is not
sufficient to develop an EPA Water Qualit TABLES WATER QUALITY BENCHMARKS

Criteria. They calculated water qualit- ETHANO;Mm L
bencimarks using available data for aquat J
invertebrates (daphnia species), rainbow trc Chronic 63 mg/L

and the fathead minnow as shown in TabR 5
Source: NEIWPCC 2001

In order to determine whether additional aquatic
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toxicity information has been generated since the time of the NEIWPQ@L)2valuation, a
search of EPAQ§ 2011k da@base X¥vas(cahdudted for 2001 to the present. Little
information was found for the species identified above. Olmstead and LeBlanc (2003) did report
that a concentration of 0.5% (5000 mg/L) ethanatl mo effect on the production of male
progenyin Daphnia magnaver a chronic exposure period of 21 daysvo additional reports

were identified for other species (Chen et 2011 and Quinn et al2008), but none of these
results would changie benbmarks shown above.

Bioconcentration or bioaccumulation of substances in tissues can also be a concern upon releases
to water. This is the entry and concentration or accumulation of substances in tissues. The
potential for such accumulation is charaized by its octanol/water partition coefficient

which is an indication of a The K bofar ethanot is0OM8 af f i
(HSDB, 2011) indicating that it is unlikely to accumulate in fatty tissues. Such accumulation
would dso be limited by the expected rapid rate of metabolism.

Oxygen depletion is also eoncern with spills to aquatic environmgntNEIWPCC (2001)
conducted modelop to evaluatepotential oxygen depletion effects upon spills to different
environments. They used the Streddelps model to estimatke amount of ethanol required

to use upthe dissolved oxygenn the stream. This model considers biodegradation and
reaeration rates considering small average and large rivers and assuming an initial dissolved
oxygen concentration of 7 mg/L. Modeling showed that the oxygen demand needed to
biodegrade the benchmark (acute and chronic) levels of ethanol (see I3bie greater than

TABLE® ETHANOL CONCENTRATIONS 2 the amount of oxygen in the stream. Therefore,

TO DEPLETE STREAM DISSOLVED OXYy 0Xygen depletion in a stream appears to be a

Small Stream 56 mg/L more critical impact than direct toxicityf
_ ethanolto aquatic organimes. For comparison
Average River 32 mg/L purposes, NEIWPCC (2001) calculatethanol

concentrations capable of depletiing stream
dissolved oxygen, as shown in Table4.5
Source: NEIWPCC 2001 These values are based on the assumption of an
initial concentration of dissolved oxygen
concentration b7 mg/L. However, rivers and streams are considered unimpaired if they have
somewhat lower concentrations. For example, in Massachusetts, 314 CMR 4.05 indicates that
dissolved oxygeshall not be less than 6 mg/L in cold water fisheries and 5 mg/L rim weater
fisheries. If a receiving stream had concentrations lower than 7 mg/L, the concentrations shown
in Table 54 would be lower.

Large River 13 mg/L
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NEIWPCC (2001) noted that a lower concentration of ethanol is needed in a larger river to
deplete thalissolved oxygemecause the typical reaeration rate of a larger water body is lower
than a smaller water body. Thelsoindicatedthatif the samevolume of ethanoWasreleased

to the three environments, the large water bodies would be less impacted than the smesiller o
due to increased dilution

This table indicates that complete oxygen depletion is likely to occur at concentrations lower
than those expected to have direct toxicity. In addition, effects on aquatic orgasismesult

of low dissolved oxygemill occur prior to complete oxygen depletioBPA (1986, 2000) has

set minimum dissolved oxygen values (over a 24 hour period) at 4 fogfteshwater cold
water fishand 2.3 mg/L for saltwater aquatic organisms from Cape Cod to Cape Hatteras.

Oxygen depletiorwas observed in the case of the
Wild Turkey bourbon spill to the Kentucky River,
as discussed in Section 3.0. In this case, oxygen in
the river was almost completely depleted over about
a 6 mile stretch, which migrated dowrestm,
ultimately affecting ove66 miles of the river and
resulting in massive fish Kkills.

Source:USCG 2000

5.4.2 Terrestrial Systems

Little information is available on the toxicity of ethanol to wildlifén order to identify any
available information, an ECOTOX repdEPA, 2011)was run for terrestrial exposureblost

studies have been done on laboratory or domestic animals, or crops. Many of these studies are
intended to provide insight into mechanisms and effects of alcoholism in huRairexample,

honey bees have beeised as model of human intoxication. In order to provide some insight
into the potential toxicity of ethanol to wildlife, some results are summarized in T&ble 5

In general, exposure to terrestrial organisms is likely to be limited in a spilli@ituatAs
discussed in Section 4.5.1, ethanol in surface soil is likely to volatilize, and migrate to deeper
soils and groundwater. In addition, it is expected to biodegrade rapidly. Therefore, significant
exposure taterrestrialreceptors is unlikely taccur. However, localized effects to the soill
microbe and invertebrate community may occur in the spill area.
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Sample et al. (1996) derived a| TABLES ETHANOL EFFECTS ON WILDLIFE (Sels

toxicological benchmark for wildlife Results)
based on oral (ingestion) exposure Douglas fir Applied ethanol concentrations of

ethanol. These benchmarks were us Seedlings 10% and greater lethavithin a

o d | rati f oth | week, effects also observed with 5¢
(0] .eve op concen ra ions of ethano and 1% solutions
environmental media that would not b

Japanese Ethanol at 2% in drinking water ha
hazardous. ~ Due to the lack ¢ Quajl significant effects on blood, brain
availability of wildlife datg their weight and growth after 7 day
benchmark was based on reproducti exposure
effects in rats. They derived a Lowe| Honey bees Bees fed solutions of ethanol (5%
Observed Adverse Effect Leve and greater) showetehavioral
(LOAEL) of 319 mglkg/day, and effects, and mortality with solutions

0
developed a No Observed Adversfl_ittle T Lg E(;??;Zhjn?lt
Effect Level (NOAEL) of 31.9 00f 5.54.4 g/kg

mg/kg/day by incorporating a 10 fold Source: USEPA 2011 ECOTEPOR
safety fator. These values were

adjusted for a variety of wildlife species and then benchmarks developed for food, water, and a
combined food and water benchmark for aquatic feeding species. In the absence of empirical
data, these values are useful for providamginsight into concentrations in the environment that

could result in effects on wildlife, af TABLE® ETHANOL WILDLIFE BENCHMARKS (Based

shown in Tablé-6. Observed Effect Levels)

Food 117 to 471 mg/kg (ppndepending
The concentrations in water show on species
in Table 56 are above Water 137 to 521 mg/L (ppm) depending ¢
concentrations that are predicted species
result in oxygen depletion (Table 5 Food and water 123 to 169 mg/L (ppm) depending ¢
4) or resit in chronic effects on/ combined — (for SR

aquatic feeding

aguatic organisms (Table -3. .
Therefore, it appears that ethanol Species)

o Source: Sample et al. 1996
water is a much greater concern ft.
aguatic organisms than terrestrial organisms. The hazards to wildlife associated with ingestion
of food containing ethandre likely to be low since it is volatile, and does not accumulate in
fatty tissue.
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5.5 Health and Safety Considerations for Responders

5.5.1 Recognizing Product Spilled
Section 2.2 shows the DOT placards used for ethanol and ethanol/gasoline blends. These are the
best ways of identifying the product spilledz-95 is generallytransported from production
facilities to the storage depots by raithis transportis largely in nonpressurized (general
service) tank carwith a capacity of approximately 30,000 gallo@&CA, 2008) The DOT
Placard for E95 has a red background and a white flame symbol,
indicating that it is a flammablkquid. It also shows thélorth
America (NA) code for this substancel987. Lastly, at the
bottom, it shows the hazard class (3)flammable liquid (Class 3)
means a liquid having a flash point of not more than 60.5°C
(141°F), or any material in a liquid phase with a flash poirdrat
v above 37.8°C (100°F) that is intentionally heated and offered for
transportation or transported at or above its flash point in a bulk

packaging

As shown in Section 2.2, a different placard is used for E10. However, this placard is the same
one usedor gasoline. This is significant, becauselB requires the use of alcohol resistant foam,
as discussed in Section 7.2, while gasoline does not.

5.5.2 Exposure Limits

The Occupational Safety and Health Administration (OSHA)dsé&blisheethanolPermissible
Exposure Limis (PELs) for work place safety (general industag shown in Table-B. Other
occupational values (th&lational Institute for Occupational Safety and HealMiQSH)
Recommended Exposure Limit and the ACGIH ThresholditLMalue) are the same as the

TABLE & OCCUPATIONAL LIMINRAIR

Limit Ethanol Gasoline

OSHAPermissible Exposur{ 1000ppm (1900 mg/ni) None, 1 ppm for benzene
Limit (PEL

NIOSH Immediately 3300 ppm (6237 mg/m®) | None, 500 ppm for benzene
Dangerous to Life or Health| (10% of the LEL)
(IDLH)

OSHL PEL. PELs are timeeighted average concentrations that must not be exceeded for any 8
hour work shift of a 40 hour weekllOSH hasestablished a concentration that is deemed to be
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Immediately Dangerous to Life or HealffbLH). In the case of ethanohis concentration is
10% of theLEL, which is 3.3%.In the case of ethanohe IDLH is based on the LEhecause
acute toxicity data do not indicate that the IDLH should be set at a lower algemparison,
there areno occupational limits for gasoline dueits variable composition. Instead, the PEL
and IDLH are shown for benzene, which are substantially lower than those for ethanol.

5.5.3 Protective Clothing

Protective clothing to be worn when responding to an ethgpib) including E85 consists of
selfcontained breathing apparatus (NRZ010). According to NRT (2010), structural
firefighters gear will provide limited protection. Contact with skin should be prevented, and
Global (2010) recommends the use of katdr neoprene gloves for this purpose.

5.5.4 Other Health and Safety Considerations

NRT (2010) identifies a number of specific health and safety conesthgecommendations
related to spills of fuel grade and E85 ethanol spillhiese recommendations arensoarized
below:

TABLE® HEALTH AND SAFETY RECOMMENDATIONS FOR SPILLS
GRADE ETHANOL AND E85

Large spills Consider initial downwind evacuatior
of 300 meters (1000 feet)
Consider initial evacuation of 800
meters (1/2 mile) in alflirections due
to potential for fire spread
Large spills with fire (tank, rail car, or ta Consider initial evacuation of 800
truck) meters (1/2 mile) in all directions due
to potential for fire spread

Electrical conductivity Goodelectrical conductor; ground
equipment used in handling

Vapors near engine air wAal 2F daNdHzyl gl e
Intakes create a rich fuel mixture

EthanolSentenng firefighting watersintake =ir=)ile 1 CIEES oIV [ I\ el s Mol Vi la s N =\
hoses water with highconcentrations of

ethanol into intake hoses
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6.0 Spill Assessment and Delineation

Thegeneralspill assessment and delineation prodesgthanol and ethanol blend release events

is similar tothat utilized for petroleum fuel releases. In fact, the characteristics, relative low
ecological toxicity and nowisible properties of ethanol dictate that any early assessment and
delineation efforts focus primarily upon the more evidemt detrimental gasoline components.
Nonetheless, there are readily available methods of detection and screening for ethanol which,
especially in the event of high concentration blend releases, can be utilized to assess the extent of
impact and monitor foethanol itself. In addition, since the preferred methods are also capable

of simultaneously detecting and determining A
methods can effectively delineate and assess the impacts of all components in the aven
release.

6.1 Field Sampling

As stated previously, the spill assessment and investigation process should mimic that utilized
for a petroleum fuel release. This would include screening of ambient air within and outside the
release area for the comporenf interestvisual determination of impactacluding stressed
vegetation, evidence of impacted aquatic biota, and visual detection of sheens fgasadiie
components of blengstatistical determination of appropriate sampling locations and numbers
collection and s@ening of environmental samples)d the collection and confirmatory analysis

of samples.Table 61 summarizes the sampling objectives and techniques, which are discussed
further below.

The assessment and response phase irgclusigal observations of impact evidence, screening

of ambient air for component detection, and collection of grab samples from impacted matrices
for both screening and confirmatory analyses. The list below summarizes the types of
observations and/or samples whimay be needed to assess the extent and impact of a release.
Details on the actual screening tests and analysesliscassedin Sections 6.2 and 6.3
respectively

Visual Observations- look for evidence of sheen frogasolinecomponents, evidence oiola
impacts (dead fish, stressed vegetation, etéthanol is colorless and watsolubleand cannot

be seen in waterWet spots o soils or solid surfaces should be investigated and screened for
properties such as flammability to determine if theysmiled product Pooled liquidsand even
surface watersan be quickly screened for flammability &mdethanol content, as a percentage
seeSection 6.2 for details.
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Ambient Air Screening i flammability (LEL) can be useds an indicator of presence/ahse
of ethanol and ethanol blends. R#&ale screening of aican be conductetbr presence of
vaporphase concentrations of ethanol and ethanol blend compoaerdtfnger term (&our)

exposure monitoringan be conductedithin and outside spill zan(NIOSH methods)

Collection of Samples from Environmental Meda - grab samplge can becollecied of site

soils, sediments, surface waters, and groundwater, depending upon the extent of release and
exposed media. Since ethanol is rapidly biodegraded, water samples intended-site off
shipment must be preserved at a pH<2. Soil and sediment sdoptemfirmatory analysis

must be collected using acceptable VOC sampling and preservation methods.

TABLE SAMPLING TECHNIQUES
Matrix Techniques

e Visual observatioisheens from denaturing
additives (gasoline), visible fires, pooled
Surface water, surface soil large volumes of liquid

Determine immediate extent of
spill and impactincluding during

: paved surfaces e  Sressedvegetation, dead fish or animals
first responder efforts e  Quick flammability screen

e Hydrometerwater samples only

e LEHlammability
Determine extent and hazard of e Indicating tubetarget ethanol or benzene
ambient air in spill area and Air- ReaiTime Monitoring e PIDtargets gasoline components (BTEX)
immediate vicinity e FFIR can differentiate ethanol and gasoline

comporents (BTEX)

e Grab samples for either esite screening or
Determine vertical and horizontal laboratory analysis.
At e nEgiEllleEwETl) - Ground and surface water o Water sampleso be analyzed for ethanol
site surface water, soils, and soil must be collected and preserved as for VO
groundwater e Soil samples must be collected using clese

loop sampling methods
Determine potential offsite Air e  8-hour samples using absorption tube
impacts to nearby akreceptors methods (NIOSHADO)
6.2 Screening Methods

Although there are a multitude of rapid screening methods for the gasoline components in
ethanol fuel blends, the properties of ethanol make development of rapid detection methods more
of a challenge. E t(X0afev Is Olase to thahaf & tgpical lamp (10.6et)e n t |
found in Photoionization Dettors (PID), resulting in it being a levesponseompound to PID
screening instrument@sobutyleneCorrection Factor@F) of 10 using al0.6ev lamp and 3.1

using all.7ev lamp) Although it can be easily detected via Flame lonization Detectors (FID),

the nonspecificity of this detector makes it difficult to differentiate ethanol without
chromatographic separation. There is no readily available spot test or iassapccreen for

ethanol. In addition, its water solubility makes it a poor candidate for the typicapteiable

GC instruments which measure headspaagse purge and trap introductiand cannot tolerate
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direct agueous injections. The availableesaning methods for ethanol are summarized in Table
6-2, and discussed below:

TABLE @ ETHANOL SPILL SCREENING TECHNIQUES

Technique/Detector Detection Limit Comments

Quick Screens for Presence/Absence

Open flame test Exposing small volume of materia Presence/Absence e |dentifies relatively high
to open flame concentration of ethanol
and/or gasoline (still
flammable)
Percent Ethanol Cheekater Hydrometer 1-percent . Results will be biased low if
only gasoline mixture
Air
Realtime monitoring for LEL monitocalibrated versus 1-percent of LEL e  Correction Factor (CF)=1.5
flammability methane
Color Tube Air pumped through reactive Ethanot1000 ppm e Need separate tubes for each
sorbentcolor change occurs baset Benzene-40 ppm analyte
upon concentration e  Ethanol tube requirethe
volume of al-hr sample to
achieve limits
e  Onetime use
Realtime monitoring w/P1D Air pumped into chamber with a Ethanot50-100 ppm e  Nonselective
photo-ionization detector Benzene 5-20 ppm e C F=10 for 10.6ev lamp
calibrated versus isobutylene . CF=3.1 for 11.7ev lamp
¢  Response to gasoline

components (BTEX) greater
than ethanol

Reattime monitoring w/FID Air pumped through chamber Ethanot50-100 ppm e Nonselective
detected via flame ionization Benzene5-20 ppm

Realtime monitoring w/FT-IR Air pumped into chamber where it Ethanot25 ppm e  Selective and can screen
is subjected to excitation and the Benzene200 ppb simultaneously since bands for
resulting infrared spectral bands ethanol (350cm*) and BTEX
are detected. FIR peaks are (25002000 cn') are separated
unique to particular compounds e  Ethanol and BTEX in compoun
library
Water
Screen for impact in surface Dissolved oxygen probe 0.5 mg/ldissolved oxygen e  Can be used to identify impact
water bodies biochemical oxygen demand to surface water and monitor
chemical oxygen demaryuer recovery

standard methods

Headspace with GC using Measured volume of sample with Ethanot5-100 mg/I e Ethanol is watesoluble, will
detection by FID, PID, or known headspace is allowed to Benzene5-50 ug/l not enter the headspace well
MS equilibrate and a volume of the resulting in the high limit of

headspace injected for comparisol detection
to similarly prepared standards e Ethanol is a poor responder to
the PID

Bllf=ledlpll=eielelpiter =€l - Known volume injected onto the Gi Ethanot5 mg/l e  Ethanol is a poor rg@nder to
sleicwilel hENEIBEEBIGE|  and the compounds separated ant Benzene250 ug/l the PID
MS detected. Comparison to standard:

Selelel SHElOn il b [sEniEl - Known volume sparged through a Ethanot200ug/I e  Ethanol is watesoluble, and
systemdetection via PID, sorbent media which is then Benzene5 ug/l exhibits low purge efficiency
FID, or MS backflushed under rapid heating to resulting in the high limit of

force trapped compounds into the detection
GC. Comparison to standards e  Ethanol responds poorly to PIC
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TABLE € ETHANOL SPILL SCREENING TECHNIQUES (continued)

Technique/Detector

DetectionLimit

Comments

Soils and Sediments

Headspace with GC using
detection by FID, PID, or
MS

Direct injection onto a GC with
detection viaFID, PID, or
MS

Portable GC with Purge & Traf
systemdetection via
PID,FID, or MS

Measured mass of sample is adde
to a known volume of water with
known headspace and allowed to

equilibrate; headspace injected
onto the system for comparison to
similarly prepared standards

Measured mass of sample is adde

to a known volume of water;
injected onto the GC and
compounds separated and
detected. Comparison to standard:

Measured mass of sample added 1
known volume of solvent and then
a known volume is placed into a
vessel containing water. The
sample/solvent/water volume is

Ethanot100 mg/kg
Benzene50-500 ug/kg

Ethanot1-5 mg/kg
Benzene250 ug/kg

Ethanot500ug/kg
Benzene50ug/kg

Ethanol is watessoluble, will
not enter the headspace well
resulting in the high limit of
detection
Ethanol is a poor responder to
the PID

None

Ethanol is watessoluble, and
exhibits low purge efficiency
resulting in the high limit of
detection

Ethanol responds poorly to PIC

sparged through a sorbent media
which is then backflushed under
rapid heating to foce trapped
compounds into the GC.
Comparison to standards

ScreeningPresence/Absenc&oils and Waters

One of the simplest ways to ascertain whether or not ethanol and/or blends are present in media
is via a simple opeflame burn test. This can vyield valuable information, especially when
performing the visual observati@®lineation phase of spill site assessment. There are two basic
means to perform a quick flame test.

e Place a very small volume or mass of the material into a shallow container such as a
watch glass or even a small pie tin and wave a lighted match opanprtorch above the
sample; or

e Make a small loop in a length of copper wire, dip it into the sample, and then place it into
an open flame.

In either case, if the sampler wire) burns, sparks, or otherwise supports combustion the spilled
product ispresent in the test sample.

Gross ScreeningWater using a Hydrometer

A quick estimate (percentage) screen for ethanol can be performed via a simple hydrometer test,
like those used in ethanol plants and distilleries. A sample of suffidientiss placednto a
containerand the hydrometer floated into it. The percent ethanol can be read as the point on the
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hydrometer scale that intersects the liquid meniscus. The reading will be biased low if gasoline
is present. Although the hydrometer is calibraaedCF, the actual correction to the reading
varies by less than% as temperature falls to°® and 66 (adjust higher) at an ambient
temperature of 126. Therefore, for purposes of screening for gross concentration the method is
viable without correctin. A field SOP, based upon the ASTM Method (125Q)revided in
Appendix D.

Ambient Air Field Screening

Color-indicating tubes are available for ethanol. These will provide rapid single analysis for the
compound. However, the air volume required to meet the stated detection limits requires a 1
hour collection time at standard input flows, making use of a color indicating tube a poor choice
for reattime data needsEthanolis a poor responder to a PIDOt doesrespondto a portable

FID, this detectoralso responds to other volatile organic compounds, including mettiareat

time andsimultaneousdetection of ethanol and gasoline components is necesbharyhest
available technology is portable Fourier Tranorm Infared FT-IR) spectrometeravailable

from several manufacturers. These instruments are capable of low ppm detection in air, contain
pre-loaded compound libraries which include ethanol, and can simultaneously screen for up to 25
compounds includinthe major components of gasoline. Detection and quantitation of ethanol is
accomplished by using the response at the wavelength corresponding teHthsir€dch at
approximately 3500 cth The BTEX components are evaluated via the aromatic ring
wavelenghs at 2502000cm™. Thus, the method can provide absolute selectivity and separate
screening data even in low ethanol blend events.

Soil/Sediment and WaterField Screening

Environmental matrix samples can be figltteened using typically available taile gas
chromatographs3C9. Detection via FID omass spectroetry(MS) is preferred as ethanol is a

poor responder to a PID. Detection limits will be elevated in most of these systems due to
ethanol 6s solubility i ny whigielecaase mostifi¢ldsporfaldeo r p L
GC systems use headspace or purge and trap sample introduction methods and are not designed
for direct liquid injection onto the GC columrAlthough gasoline components volatilize easily

into sample headspace ana also readily purgeable, ethanol is water soluble, less likely to
quickly enter sample headspace and difficult to purge. These properties result in elevated
detection limits (see Table® for ethanol compared to benzeif@ example However, even

this elevated detection limit data can be useful in assessing impacts. |If a field portable GC
system capable of accepting direct liquid injections is available, detection limits will be similar

to those reached in fixdohsed laboratories utilizing publishegtthodsas shown in Table-8.
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As an alternative to field or laboratory measurements of etharelsurements of dissolved
oxygenandbiochemical oxygen demarwdn be used, especially in surface water, to monitor the
impact of ethanol releases over distance and time.

6.3 Analytical Methods

There are several published and well known procedures for analysis of the gasoline components
of ethanol blends. Sinagthanolis an industrial chemical and requires monitoring in the work
place both NIOSH and OSHA published methods for its determination several years ago.
However, while ethanol has been determined in biological matrices for toxicology and
criminology for manyyears it was only recently considered as a target in environmental
matrices. Environmental laboratories have determined ethanol primarily by modifying existing
methods; such as S¥015 or by adding it to maspectrometry libraries and target compound

lists used for routine VOC analysis, but the analyte was never listed by EPA as a potential target
analyte within the methods themselves. Recently, EPA developed mdttaidsan more
efficiently extract watesoluble polar organics from environmental neds and improve
efficiency and detectictimits using GC or GC/MS techniques. Manufacturers are just now
producing commercially available instruments that perform these meti#odslable methods

are summarized in Table3 and discussed below.

Air - Both the NIOSH (1400) and OSHA (100) methods rely on collection onto an adsorption

tube, extraction via desorption solvent, and-EHD quantitation. NIOSH 1400 uses an activated
charcoal collection tube and a dimethyl formamide/carbon disulfide extractstens The

OSHA met hod (100) uses an AnosorbE <collecti
laboratories which perform both analyses are readily available.

Although, air samples may also be collected and analyzed using SUMMA canisters, like other
polar al watersoluble analyteet hanol tends to fistickod to the
typical analysis conditions resulting in poor efficiency and elevated detdiotits

Water, Soils, and Sediments- the most prevalent methods for determininipaaol in
environmental matrices utilize diretjection techniques and GEID using widebore capillary
columns coated with highly polar stationary phases designed for separation of alcohols.
Laboratories usually refer to these methods as 8015M whag pirtocedures. Direct injection
methods yield detectielimits in the low ppm range for both waters and soils/sediments.

Laboratories may also analyze samples for ethanol by GC/MS using the purge and trap
techniques (methods 5030A and 5035A). Duetttheanol 6s sol ubi l ity in v
efficiency, detectiodimits are in the 10@50ppb range for waters and soils/sediments.
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TABLEG ANALYTICAL METHODS
Technique/Detector Detection Limit Comments

Air

NIOSH 1400 Air pumped througtcharcoal Ethanot20 ppm None
sorbent tube. Tube is desorbed Benzenes ppm
using solvent system and the
compounds in solution
determined by G&ID
OSHA 100 Air is pumped through a Ethanot100ppm None
l'y2a2Nbu TnT <& Benzene5ppm
Tube is desorbed using a solver
system andhe compounds in
solution determined by GEID

Water
SW-846 Modified Method Direct injection onto a GEID Ethanot25mgl/l None
8015M system Benzene500ug/|
SW846 5030 with Purge and trap with GEID or GE  Ethanot500ug/I Ethanol is water soluble
guantitation via MS detection Benzenel.5ug/| and has low purge
8015M or 8260 GCPID for BTEX efficiency

8021for BTEX

SW846 5031 Azeotropic distillation with Ethanot10ugl/l No commercially available
quantitation of the resulting instrument. Expensive ani
solution via 8015M or 360 difficult to find a lab

performing

SW-846 8261 Vacuum distillation (SY8032) Ethanot10ug/I Instrumentation available
with quantitation via G®IS but only major lab

networks offeranalysis

Soils and Sediments
S\ lerelii=e bV Siilelel| - Measured mass dilution in water Ethanot500ug/kg None

8015M direct injection onto a GEID Benzene100
Method 8021 system ug/kg
GCPID for BTEX
SW846 5035 with Closedloop purge and trap with ~ Ethanot50 ug/kg Ethanol is water soluble
guantitation via GCFID or G@/S detection Benzenel.5ug/kg and has low purge
8015M or 8260 efficiency
SW846 5031 Azeotropic distillation with Ethanot5ug/kg  No commercially available
quantitation of the resulting instrument. Expensive ani
solution via 8015M or 8260 difficult to find a lab
performing
SW846 8261 Vacuum distillation (SV8032) Ethanol5 ug/kg Instrumentation available
with quantitation via G@1S but only major lab

networks offer analysis

Newer EPA Methods-duri ng the 19906s EPA began | ookin
limits for polar organics such as ethanol. There were two alternative extraction methods
published in SWB46. Method 5031 utilizes azegpic distillation methods and laivs for
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analysis of the extracted analytes by GC or GC/MS. Method 5032 uses vacuum distillation and
was also developed for use with either GC or GC/MS quantitation methods. Both methods were
developed by the EPA laboratories and required substantiginegot setup and in some cases
constructiorof the required apparatus. Heemethodsvere therefore slow to be recognized by

the environmental analysis community and manufacturers. To date no commercial company has
produced an instrument for performing Method 5031. Recently, instruments became available to
perform vacuum distillation. EPA in 2007 pished Method 8261 which is a vacuum
distillation GC/MS procedure. Ethanol is specifically listed as a potential target analyte in this
method(see Table @®).
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7.0 Response Options

7.1 General Description

Although etlanol and ethanol blend spills are similar to other fuel release scenarios, the
physical and chemical properties of ethanol add unique challenges and alter remediation
approaches. Ethanalinlike gasolingis water soluble and even in blends will enter
solution if exposed to water. This means that in ethanol blend spills there is a potential
for alayered spillprofile, gasoline floating on the water surface and ethanol mixing into
the water)requiring two different cleanp strategies.The following sedbns describe

short term and longer term response priorities. These sections are followed by media
specific options.

7.1.1 Short Term Response Priorities

The priorities of first responders are life safety, incident stabilization, and property
conservation. It is not the objective of this report to provide guidance as to how to
conduct these activities in the event of an ethanol spill. Rather, it isvol@rguidance

as to the potential for long term impacts of various options.

First responders must utilize techniques and prodihetswill counter both the water
solubility and flammability of ethanolln many cases, fires result during spill events] a
containment of such fires is often an effective response strategy (contained Barn).
discussed in Section 3.0 and Appendix A, burning in many large spill situations has
greatly reduced the mass of ethanol that reached environmental media. Théspsbduc
ethanol combustion are carbon dioxide and watémder ideal conditions of wind
direction and speed, ground cover, proximity to structures, and othespsitdic
elementsthe best approach may be to conduct a controlled.

While water can besed to cool structures and misting can be used to keep vapors down,
the application of water to an ethanol fire, unless in sufficient volume, does not
substantially decrease the flammability of ethanol. The use of water also results in an
increased poteratl for migration of ethanol solution to storm and sanitary sewer lines,
groundwater, and surface water, unless it is recovered.

Fire-fighting foamscan be effective, buthust be alcohol resistant (ARFF), or rapid
degradation and loss of the foam blan&an occur.Unless recovery of the foam/ethanol
occurs, the potential for migration to storm and sanitary sewer lines, groundwater and
surface water is still present. The foam and ethanol mixture will result in increased
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biochemical oxygen demardhemcal oxygen demantbading to wastewater treatment
facilities or surface water compared to the ethanol alone.

Any efforts by first responders to control or prevent migration of ethanol will have
benefits in reducing future response actions to addresmdp@ter or surface water
impacts Recovery of ethanol from soil or other surfaces will eliminate a flammability
hazard, and reduce impacts to groundwater and surface ViRugsical barrierssuch as
booms orplasticlined earthen dams, can be effectivepreventing flow of ethanol to
larger surface water bodies. Booms for such purposest be designed to absorb water
soluble materials.Physical barriersare only effective in blocking progress into water
bodies or ditches and afford little contraiae the ethanol has entered a water body.

7.1.2 Longer Term Response Priorities

Longer term response priorities are focused on preventing migration of ethanol from the
spill site. This can include removal of spilled material, soil removal, damming of creeks
or ditches, aeration, etc. These activities are designed to prevent migration of ethanol to
both groundwater and surface water, as well as eliminating possible flammability and
explosion hazards, as discussed in the following sections.

7.2 Media Specific Qphs

7.2.1 Soil

Ethanol spills on surface soils present unique challenges to first responders andifollow
remediation teams. Except under cold winter conditietignolspills pose a significant
flammability hazard. The water solubility of ethanol allowwitapidly migrate into and
through soils, especially those with higher moisture content. Thus, any response strategy
must be able to quickly eliminate the flammability hazard and suppress the potential
movement of the spill both laterally and througk #oil column. Response options for

such spills are summarized in Tablel,7as well as the conditions required for
implementation and possible issues.

Contained/Controlled Burn

Under ideal conditions of wind direction and speed, ground cadistance from
structures, and other sigpecific elementsthe best approacho eliminating the
flammability hazard and minimizing movement of ethanol throughmay be toallow
the product to burn and/aronduct a controlled burn of the spilled produditnlike
methanaol ethanol does burn with a visible flamespecially when denatured with low
percentages of gasoline Contained/ontrolled burns must be conducted with the
oversight, guidance and approval of the local fire officials and appropriataupiets
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must be taken to protect areas outside the burn zone and conduct sufficient monitoring to
both protect and satisfy the public. Monitoring should include both chemical and
physical elements; such as particulate matter in smoke.

This method actualljeaves little wastandthere is no need to dispose of any residuals

all of the ethanol and/or ethanol blend is thermally destroyidue riskassociated with

this method includeinexpected changes in wind direction and/or speed causing the burn
profile to shift, public exposure to the smoke and byproducts, and the overall perception
of an outdoor burn of a chemical spill.

As described in Section 3.0, this method has been used effectively in several ethanol
incidents that have occurremcluding the Ne Brighton, PA and Arcadia, Ohio spills.
However, in both cases, releases to surface water also occurred. In the case of New
Brighton, PA, tank cars entered the river resulting in a direct release of ethanol to surface
water. In the case of Arcadia, Okhwever,some of thesthanol released to the surface

did not immediately burrEvidently pooled product permeated the snow and ice blanket
entered the underlying spiand migrated to the fieldirainagesystems resulting in
impacts to the drainage water.

Foam Suppression with Water Flush

In situations where the spill has occurred in close proximity to storm water inlets or catch
basins, the most effective response may be to combine vapor suppression with copious
flushing. Alcohol resistant foam (ARFF) must be used or the ethanol will literally
react with and break down the vapor barrier. Although-FAR products are
biodegradabletheycan have effects on tlevironment in the shoterm (through direct
toxicity or oxygen depletionand both they andhe ethanol itself can be toxic to water
treatment bieremediation systems in high concentration. In addition, vapor suppression
foams only suppress the ethanol vapor and do not significantly affect concentration.
Dilution in the range of A0X with wate is necessary to produce foam and ethanol
concentrations that will naffect publicly owned treatment workB@QTW) bio-digestion
systems.

Because of the significant volumes of water that the method requires, this process is best
for smaller spills andh soils near POTW intakes. It is also better suited to surfaces such
as gravel, harghan soils and clays that will not produce large volumes of wet mud when
flushed with water. Obviously, it is a poor choice in areas near surface water bodies that
couldbe negatively impacted by the roff from the flushing process.
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TABLE-1 RESPONSE OPTIONS FOR SURFACE SOIL SPILLS

Conditions Required Issues with Approach
(lopliell=holiclegi=la=ef o Wind speed andlirection away from e Local authorities responsible for public safety
burn of pooled structures e  Sudden wind shift could threaten other
liquids e  Open area not near structures or other structures/areas
flammable materials

Foam suppression e Near sewer or storm dramthat go to

Foam and ethanol/fuel blends require dilutior

and water flush POTW to keep from affecting POTW
e Ability to recover foam/ethanol e Foamin surface water can cause oxygen
22N &4 0Said AT &azaAft depletion, and can be toxic to aquatic species
produce too much mud e Ethanol can still affect groundwater unless
e  Should not be used near surface water recovered

Ethanol/foammixture can still affect srface
water (biochemical oxygen demaind

bodies, unless access can be blocked

Pooled Liquid e  Temperatures that limit flammability, e  Must monitor and cotrol work zone for
Removal, Soil ability to wet mist work zone flammability
SCEVEUNEGEEN o Viable landfill or treatment/disposal e If using vacuum methods to remove
Off-site Disposal facility foam/water/ethanol mixtures may need to ad
e Costeffective soil volume impaatone dispersant to prevent rexpansion of foam
e Excavated soils must be screened for
flammability

e Flammable (FP<140F) saitsmnot be
transported and must be wetted or otherwise
rendered nonflammable

[RoE=RYhAh Rl o Tempeatures that limit flammability e  Must monitor and control work zone for

Evaporation e Ability to wet mist work zone flammability

e Large impact areashould be divided into

working grids

Removal and Oftsite Disposal

In spills where the product covers large arehsoil and is slow to evaporaté may be
necessary to physically remove theoled liquids andmpacted soils.Pooled liquids and

even hgh concentrations in soils can produce enough vapors to become a fire hazard.
They may also impact groundwater and/or surface wadteaddition, firefighting foam
residuals carhave effects on the environmeamd unless broken down with available
dispasants may rexpand and cause difficulties, especially if a vac truck or Vactor is
used to remove them.

Appropriate safety precautions must be observed. These include continual monitoring of
potential flammability of the work zone and isolation of fiemolved personnel A fine

water mist can be used to both wet/dilute the ethanol and keep vapors down while the
operation is in processResidual liquids including ethanol/water/foam mixtures can be
removed via vac truck or Vactor if the flammability coratis allow. If large amounts of

foam are present it may be necessary to add dispersants to the mix to prevent re
expansion during removalExcavated soils should be screened for flammaubility, (flash
point tested) for safety and transport purpodés non-intrusive excavation method is

used such as a Vactor hydro/air excavator, extreme caution must be observed if free
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potentially flammable liquids are presenDisposal options include landfill, bio

treatment, or lowemperature thermal treatmentowewer, none of these options is
applicable to soils which are flammable (FP<140°Fherefore, any soils which have
this potential issue must have thdlammability lowered either through natural
evaporation or wetting of the matrix.

In-Place Mixing/Evaporation

For very large impact areas where controlled burning is not possible asiteatisposal

is not feasible, the only option may be to physically mix and manipulate thethass
enhancinghe naturalvolatilization of the ethanol. Thebjective of this approach is to
safely encourage sufficienblatilizationto reduce the concentrations to the point where
the matrix is no longer toxic and natural {giegradation is supported. Vapor suppression
methods such as water misting shouleebgloyed and the work zone must be controlled
and monitored for flammability. In large spjllthe work area can be divided into
working grids and each grid screened for residual ethanol through flammability testing;
such as a simple open flame burn teSails containing insufficient ethanol to burn will
rapidly biodegrade if left to do so.

7.2.2 Groundwater

If a release of a high ethanol content material impacts the groundwlaesame

properties of ethandhatlimit cleanrup in surface water bodies appliResponse options

for groundwater impacted by an ethanpkthanol blend spill are summarized in Table 7

2. Ethanol will rapidly dissolve and

disperse into groundwater. hay
IMPACTING GROUNDWATER

also increase the mobility of an :
i t ti ﬂ Method Issues with Approach
gasoline components present in tlgyrermmm——"—" «  Carbon hasimited

blend. Being water soluble ancs e effectiveness on ethanol

mobile, there are few immediat e  Will address gasoline
. . components

r(?sponse opFlons avqllable. Howeve —— . Ethand has limited sparge
bio-degradation ~ will commence efficiency
quickly as the plume concentration e Works well on gasoline
reduced. In zones of higherte _ components :

. ElleElVe[iEhicliei8s o  Both ethanol and gadine
concentrations, groundwater trea SRS components respond well

ment options are limited to spging

and pump and treat methods usil _
b Th thods h limit Monitored Natural

carbon. ese methods have limit(EEs s

efficiencydue to the high solubility of

ethano] but they can be used to reduce high concentrations to more treatable levels by

e  Will not work in high ethanol
concentration systems
Ethanol is highly and
naturally bialegradable
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other meanslIn situ methods other than bimugmenttion are not applicable and the bio
degradation process is inhibitednégh concentration levels.

7.2.3 Surface water

Spills in surface water bodies leave few optiohable 73 summarizes the available
options, and possible issuesthanol is watesoluble and will quickly migrate through

TABLE-B8 RESPONSE OPTIONS FOR SURFACE WATER SPILLS

Surface Water Type
Ditches, Small Creeks,
Streams, and Rivers

Large Rivers, Ponds and
Lakes

Freshwater Wetlands

Saltwater/Tidal Wetlands

Marine-inner harbor

Marine-outer harbor

Approaches
Earthen dams to block outlets to other
waters
Removel/dispose of ethanol/water
mixture
If dissolved oxygen levels impacted and
biota affected, aerate to replace
dissolved oxygen
Deploy boom or construct earthen
dam(s) to prevent further
infiltration/discharge
Gasoline components can be removed |
surface boom
Aeration can be used to improve/preven
depleted dissolved oxygen

Deploy boom or construct earthen
dam(s) to prevent further
infiltration/discharge

Gasoline components can be removed |
surface boom.

During lowwater conditions remove
pooledliquids and/or use controlled burr
methods to prevent migration

Aeration can be used to improve/prever
depleted dissolved oxygen

Deploy boom or construct earthen
dam(s) to prevent further infiltration
Gasoline components can be removed |
surface boom.

During lowwater conditions remove
pooled liquids and/or use controlled buri
methods to prevent reentry into marine
habitat

Aeration can be used to improve
depleted dissolved oxygen

Gasoline components can beanagedby
surface boom.

Mixing andaeration can be used to
improvedispersion andlissolved oxygen
Deeper water and varied currents make
dissolved oxygen replacement difficult
No viable means of removing or
counteracting ethanol effects

Issues
Ethanol is water soluble and will not be
stopped by typical boom or hay bales
Removal effective in ditches and small pool:
Water treatment using typical sand/carbon
filter portable systems will have limited effec
on ethanol levels, but will reduce BTEX

Limited response options available

Notify downstream weer intake plants so
they may take necessary actions

Water treatment using typical sand/carbon
filter portable systems will have limited effec
on ethanol levels, but will reduce BTEX
Deployment of aeration equipment for large
rivers, lakes and ponds magke time

Pond aerators can be used for smaller ponc
Limited response options available, especia
during high water conditions

Water treatment using typical sand/carbon
filter portable systems will have limited effec
on ethanol levels, but will reduce BTEX

Limited response options available
Important to perform as much
removal/elimination as pasble during low
water/tidal conditions.

Water treatment using typical sand/carbon
filter portable systems will have limited effec
on ethanol levels, but will reduce BTEX

Limited response options available and
mostly target BTEX components of gasoline

Very limitedoptions focused entirely on nen
ethanol components

Response focuses on gasoline components
Ethanol allowed to run its course
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the matrix. Being water soluble agdickly biodegraded, reduction in dissolved oxygen

can result irfish kills. Such effectsvill continue until sufficient dilution has occurred to
reduce toxicity. Response options depend upon the types of surface water structures
impactedand are discussed in the next severalsdiions

Ditches
If the spill is confined to a ditch with slemoving wateythe best response is to dam the

ditch downstreamof the site or just wstreamof any threatened water bodyearthen
dams can be effective in preventing migration
Impacts to Stream to surface wate In cases where flowannot

Painesville, Ohio be prevented, ripap can be used in the
Source: Ohio EPA 2007

construction of earthen dams to increase
turbulence and aerationTypical emergency
responsedams such as those made of hay
bales will not stop movement of the ethanol
since it is wagrsoluble. Boomng is
ineffective for the same reason.

Once the impact zone is confined and defined,
the ethanol can be left to naturally evaporate
and degrade. If faster removal is requjred
options include sparging (via aeration) or

active water treatment with discharge.

Pond aerators can be placed within the ditch to perform the sparging. Active water
treatment consisting of typical skidounted sand/carbon systems will remove both the
ethanol and gasoline componerathough removal of ethanol will be limited

Below is shown a simple aeration system |mplemented &ryren Ohio spill The liner

is used to prevent infiltrationto
Aeration of Stream, Bryanpedse :
Ohio - groundwater.  Aeration is used over
Source: Ohio EPA short stretch of the stream to increase
oxygen content.

Small Streams and Rivers

If spills occur into moving water systems
ethanol 6s solubility
options. The only recourse is to get
downstream ofthe spill and block its
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progress or to simply allow it to run its course until dilution eliminatgsacts Aeration
can be used to reduce or restore oxygen deplefoy.blocks/dams must be constructed
to block or significantly impede water or dissedvethanol will not be controlled.

Large Rivers

Aside from keeping spills from entering larger rivers by blocking progress through
smaller streams and tributaries, there is little that can be done if material enters or is
released into a large river. gpudownstream municipal plants must be notified of the spill

so that they may shuiff intakes and avoid reduction of loss of biological activity in their
wastewater treatment processeBown flow industrial facilities which are using the
source for proceswater should also be notified in case ethanol could react negatively
with their processin extreme cases, treat and release systems may be required upstream
of water plants to protect them from harmful concentrations of ethdnadome cases,
aerationmay be used to prevent or improve anoxic conditioesulting from the
biodegradation of ethanol. This was used in the case of the Wild Turkey Distillery
release to the Kentucky River, although only after a significant fish kill occurred. In may
be difficult to use such techniques to prevent such effects due to difficulties with the
deployment of such equipment in a sufficiently timely way.

Aeration of Kentucky River after Fish Kill, Source: U.S. Coast Guard 5(4/200

Ponds and Lakes

When spillsoccur into ponds and lakeesponse options for the ethanol component are
limited at best. Since ethanol is water soluble it will rapidly disperse into the water body

Y A SHA WO S E NV | KIARME RUCAURE GRO 7-8



LARGE VOLUME ETHANOL SPENSIRONMENTAL IMPACTS AND RESPONSE OPTIONS JULY 2011

and follow any underwater currents. If the spill occurs into a smaller body sudharas a

or residential pondechniques such as aeration can be deployed to reduce concentrations
and oxygen depletion Active pump and treat systems can also be employed. In larger
water bodies these methods would have limited influence and aside froentomgv
additional release from the spill source there is little that can be done aside from allowing
the ethanol to dilute to a ndoxic level so that natural degradation can begis
discussed above, aeration techniques can be used, but the tim#lisieds techniques is
critical.

7.2.4 Wetlands

Spills occurring in wetland environments pose unique challenges. Response options will
depend upon factors such as size and depth of the wetland/marsh, proximity to larger
open water, and in the case of tidal sfess the tide stage and resulting water levels.
Ethanol impacts fresh and salt water in the same way and will rapidly dissolve into both
as well as into brackish waters in estuaries and tidal rivers. Thus, options are once again
constrained by the rapitispersion of ethanol and its solubility in the water.

Freshwater Marsh/Wetland

Response to spills in freshwater marsh/wetland areas depends upon factors such as the
size and depth of the impacted area. Spills in small shallow marshes are most likely to
result in high toxicity conditions as the dilution effects are greatly reduced. In these
cases, aeration, using typical pond aerators can help reduce atbacehtrationsand

avoid oxygen depletion Although ethanol is soluble in water and actuallymferan
azeotrope, it can be sparged from the water. The low efficiency will allow for aeration to
be utilized without fear of creating a flammable environment within the vicinity of the
marsh. This method can even work in larger/deeper marshes if thenofmaerators
necessary is practical.

Salt water and Tidal Marshes

Spills which occur in these environments allow for varying response options depending
upon factors such as size of the marsh, depth, proximity to larger water and current tidal
condition. For releases which occur in larger marshes at high water. fReggonse to

the ethanol component is very limited and will most likely be simply to allow the spill to
disperse into the larger water and dilute.

If a spill happens during lowvater conditions there are more options including those
similar to response and cleap of soil spills. If the lowtide marsh condition leaves
pockets of water or a low flow surrounded by wet exposed ground, the ethanobtwill
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completely disperse providing opportunity to remove it and potential for dangers
associated with its flammability. Failure to adequately remove accessible ethanol during
the lowwater condition will simply allow it to dilute and impact more wateceotidal

levels return. Thus, it is imperative to address the spill while tidal conditions leave it
exposed. Methods in this case can include pumping water/ethanol mixture from isolated
pockets; aplying sorbents designed to pici water solubléiquids over exposed areas,
andcontrolled burning of the material.

7.2.5 Marine Areas

Ethanol and blends spilled into salater environments will behave in essentially the
same manner as in freglater incidents. Ethanol is still highly water soluble in-gadter

and it can also consume dissolved oxygen very quickly. Even in marine environments
BTEX components of the denaturing additive will separate and imeistealt with
differently. Options are very limited and decrease with the size of the water body and its
proximity to open ocean.

Inner Harbor

A release which occurs in the calmer and less current influenced waters of an inner
harbor allows a more targeted response. As in {fnesthr systemsany gasoline
components will float and can be controlled with beand removed by skimming if
required. The ethanol will enter solution rapidly and also consume dissolved oxygen as it
either assimilates into the water or follows whatever currentprasent Since removal

of the alcohol from a large water body is akhimpossible, the only options available
include 1) letting the material dissolve adperseand 2) supplementing dissolved
oxygen by means of barge mounted air compressors and lengths of perforated pipe. This
proved effective and restoreissolved aygenvalues to habitable levels in the Kentucky
River several years ago following a massive bourbon spill.

Outer Harbor

A spill which occurs in the outer harbor areas will be more difficult to respond to,
especially in dealing with the ethanol compone@uter harbor zones are deeper and
contain stronger currents. Recovery of the BTEX component if the material was
denatured with gasoline can be accomplished via b@ma skimming. The ethanol will
quickly dissipaten currents and is virtually impodse tocontrol Addition of dissolvd
oxygen is dif fi c,uflpresendvell bé guieled Bydcereents andonmag 0
even be confined to certain depths within the thermocline.
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Open Ocean

There are no real response optionsthe open ocean The deeper waters, stronger
currents and larger waves will serve to quickly dilute the material and make any sort of
recovery or dissolved oxygen supplementation virtually impossible. Any response efforts
should be focused on the gasoline compondnpsesent and any fuel oil released from

the craft involved.
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A1l.INTRODUCTION

Although ethanol has been proédcand transported in large volumes for several decades there
have been relatively few incidences involving its catastrophic release into the environment.
There have been several occasions of underground storage tanks containing ethanol fuel blends
leaking, some for very long periods. These have involvetDBEype fuels which are not the

focus of this report.

Most of the highconcentration ethanol is moved from production plants to blending terminals by
rail. In fact, the majority of the event data ®rh rail incidents, several of which will be
discussed in detail. The other wdhcumented sources of ethanol impact to the environment
have been the result of fire incidents at distilleries. Two very significant events occurred in
Kentucky in 1996 an@000. This section summarizes incidents that have occurred involving
ethanol. In many cases, the information presented lacks detail due to the very limited
information available.

A2 .RAILROAD INCIDENTS

Recently, with the rise of many more corn to ethaiahts across the Midwest Corn Belt, ralil

road incidents involving ethanol have begun to occur. Trains can carry upwards of eighty 30,000
gallon capacity tank cars. Even so, considering the amount of ethanol which travels over the
nati on 6 s havabeénwonly atfdwenajer incidents and the environmental impacts have
been limited in the majority of these, primarily due to the resulting fires consuming most of the
material.

New Brighton, PA

On October 20, 2006 an eastbound Norfolk Southern traiailei@rconsisting of eighty 30K

gallon tank cars of 95% ethanol denatured with gasoline. The incident occurred at
approximately 10:30 pm and while the train was traversing the bridge over the Beaver River just
west of the city of New Brighton. A total dfventy-three (23) tank cars derailed. Three cars
ended up in the river and the other twenty were scattered along the bank and the rails at the
eastern end of the bridge with approximately 17 being compromised.

There were fortunately no deaths or injarieThe resulting explosion and fire warranted the
evacuation of all persons within a several block radius, which amounted to approximately fifty
people since the incident occurred in a largely commercial section of town. The fire was
controlled and theallowed to burn itself out. This action consumed the bulk of the material and
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limited release to the soil and water. The three cars which actually entered the river were not

punctured and the product did not leak from them in any significant quantity.

The fire consumed most of the product and although an estimated 60,000 gallons may have
entered the river there was little impact on the environment noted. The Beaver River is a large

and fast flowing (18,000 cfs at the time) system and no fish kilhgragher impact was noted.
Trace levels of ethanol and gasoline components were detected downstream of the site.

nearest public drinking water supply intake was located 11 miles downriver and was not

impacted from the spill.

.' - -t ™ - g
From NTSB (2008) :,

4

Painesville, Ohio

On October 10, 2007 approximately 30 cars of a CSX train derailed outside Painesville, OH. Of

Painesville Ohio Spill, From City
Painesville Fire Department

the thirty cars that left the tracks, five
were tankers containing denegd
ethanol. The other cars contained-bio
diesel, phthalic anhydride, and butane.
Several of the ethanol cars exploded and
burned. Fire fighters used copious
amounts of water to cool the butane car
and the resulting ruoff carried spilled
ethanol intca nearby stream.

The fire burned for three days. The
stream was dammed and pumped to
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