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FACILITIES STORING HAZARDOUS WASTE IM CONTAINERS

A Technical Resource Document for Permit Writers
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PREFACE

This is one of a series of technical resource documents that
provides information on standards‘ for facilities that treat, store,
or dispose of hazardous waste..

The documents are being developed to assist permit writers in
evaluating facilities against standards (40 Code of Federal Regu-
lations, Part 264) issued under Subtitle C of the Resource Conserva-
- tion and Recovery Act (RCRA) of 1976, as amended. 1Included  in these

documents is detailed information about design, equipment, and
specific procedures for evaluating data submitted by the permit
applicant, as well as bibliographies that can be used to locate
additional information.

The series, which is being produced by the Technology Branch
of EPA's Office of Solid Waste, includes guidance on:

° containers

.o tanks
° compatibility of wastes.
° incineration

- Permit writers should keep in mind when using this material
that the regulations are subject to change through amendments
and modifications and should incorporate any changes into their
evaluations of facilities. ‘

The material contained herein is for guidance purposes only
and is not enforceable. The technical resource documents are not
to be interpreted as  amending the- aciiity standards in 40 CFR
Part 264.
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INTRODUCTION

This manual provides thé permit writef with a systematic
approach to evaluating permit applications from facilities thét
store hazardous waste ig containers. -

’Owners and operators of facilities that use containers to
store hazardous_waste are reguléted under authority of Section 3004
of the Resource Conservation and Recovery Act (RCRA). Regulétions
promulgated under RCRA on the use and management of containers
are found in Sections 264.170-264.178, Subpért I, Title 40, of °*

‘the Code of Federal Regulations (CFR). The procedural requirements

for obtaining a hazardous waste facility permit are in 40 CFR

122 gnd 124.

EPA's regulations provide for issuing hazardous waste facility

perﬁiEé'in.twdhghrases: Part A of the permié_ébpiiéétion (interim

status) and Part B of the permit apélication (permanent status--
the final permit). Interim status allows facilities that are in
existence to continue oéerations while administrative action on
the final permit is under way. These facilities must submit Part
B of the permit application 180 days prior to béginnihg physical
construction. |

Part B of the permit application requires information on the
equipment, structures, and procedures used for managing ha;ardoas
waste at.the facility. The application ﬁust also provide data on’
the physical and chemical characteristics of the wastes to be handled.
(See 40 CFR §122.25 of the Consolidated Permit Regulations for

the contents of Part B.)




The permit writer evaluates the information provided in Part
3 of the application to determine whether the facility meets the
administrative and technical standards (40 CFR 264) and the
procedural requirements for obtaining a permit (40 CFR 122 and
124). The permit writers' manuals provide background information
.and procedures for evaluating the daﬁa provided by the applicant.

' The administrative procedures permit manual (prepared by EPA's
Office of Enforcement)l providés information on procedﬁres-to
follow from the initial contact with an applicant through review,
public hearing, and ahy'administrative appeéls of permit decisio;s.
The manual also contaias guidance for cbnductingAtechnical reviews.

Variodé sections of the final regulations for sﬁorage r;flect

the use of best engineering judgment (BEJ). This concept entails

_case-by-case judgment, based on site-specific .

—the application of
circums tances, in evaluating facilities for issuing permits. 1In
those sections of the regulations that have been written from a
BEJ‘standpoint, some flexibility is allowed on the part of the
owner or operator in meeting permit requirements. The Agency
feels that evaluating facilities individually will ensure the
protection of human health and the environment and, at the same
time, avoid overly restrictive requirements that might result
from application of specific uniform rules for all facilities.

BEJ provides for tailoring of permit requirsments to the

specific wastes, facility design, and environmental conditions of
the storage area, based on the best engineering judgment of the

permit writer. In order to make these judgments, the permit



Wwriter mist have access to information on current technologies and
the specific site.

The storage regulation for containers requires complete contain-
ment of the waste. No discharge into the land, surface water, or
ground water is permitted.. Three lines of defense against potgntial
discharge are built into ﬁhe regulation: (1) a primary containment
device (the container itself); (2) regular inspections to verify
condition of containers and to ensure that leaks or other éroblems
do .not go unnotiéed; and (3) a secondary contaimment system
capable of holding any discharges that should occur.

The regulatofy definition of 'containe;s“ is "any portable
device in which a material is stored, transported, treated, disposed
of, 6: otherwise—héndled' (40 CFR Section 260.10). sSpecific stand-

-—&Eds—ferrmanaging.hazardbus-waste stored in containers are in -
Subpart I, 40 CFR' §§264.170-177. These standards cover the following
general areas:

- conditién of containers

- ‘compatibility of wastes with container material and cf
wastes with wastes-

- management of containers
- inspections

- contaimment

- special requirements for ignitable or reactive wastes
- special requirements for incompatible wastes
- <closure

Y,
.
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CHAPTER 2

QUESTIONS TO BE CONSIDERED BY THE PERMIT WRITER

These questions will aid permit writers in evaluating
applications of owners or operators of facilities that use
tainers for storage of hazardous waste. The first section

checklist of questions designed to assess the completeness

con-
is a

of

the application. The second section consists of general design

and operating questions.

A. Checklist for Permit Writers

The-following'outling will assist permit writers in assessing

the completeness and adequécy of a permit application.
1. General Facility Description
-eiie == number of c;htainers ) - I
- location of containgrs_

~ buffer zone for ignitable/reactive
waste in containers (§264.176)

2. Chemical and Physical Analyses of Wastes

- information necessary to determine waste-to-waste

compatibility, waste-to-container compatibility,

and ignitability or reactivity

3. Waste Analysis Plan

- analyses or trial tests used to determine waste-

waste and waste-to-container compatibilities

to-

- analyses for determination of ignitability and reactivity

- methods for selecting fepresentative samples

- frequency with which.original analysis will be reviewed

or repeated

- source of other information on composition and



-Contingency Plan

characteristics of waste for off-site facilities
- inspection of shipments received at the facility
Description GOf Security

Inspection SChédule

= gchedule for inspecting container storage areas and

containment systems, as specified in §264.174

- list of items to be inspected for corrosion or rusting
of containers, cracking of containment base, etc.

Justification for Waiver of Preparedness and Prevention
Requirements

- actions to be taken in response to fires, explosions,

- or unplanned releases of hazardous waste

- arrangements with police department, fire department,
hospitals, contractors, and State and local emergency
response teams- .

- list of emergency ‘codérdirators

- list and location of emergency aquipment

- evacuation plan, if necessarf

Description of Procedures to:

- prevent hazards in unloading i

- prevent runoff from handling areas

- prevent contamiﬁation of water supplies

- mitigate effeéts of equipment failure and power outages

- prevent exposure of personnel to hazardous waste

Description of Precautions to Prevent Accidental Ignition
or Reaction ‘

- precautions to prevent ignition or reaction of
ignitable, reactive, or incompatible waste

- documentation demonstrating compliance with §264.17(a)
(see item 20 of this checklist)



10.
ll‘

12.
13.
14,

13.
l6.

17.

18.

Traffic Pattern and Volume
Ffacility Location
- political jurisdiction in which facility lies

- if facility is in an area listed in Appendix VI of
Part 264, demonstration of compliance with the seismic
standard (see §§264.18 and 122.25(a) (11)(i1) for details)

- identification of whether facility is lacated in 100-
year floodplain

- if facility is in a lOO—year flocdplain, englneerlng
analyses showing design of operational units and
flood-protection devices and their ability to withstand
forces of a'100-year flood, or procedures for removing
hazardous waste prior to a flood (see §8§264.18(b) ang
122.25(a) (11) (iv) for details)

- if existing facility is not in compliance with
§264.13(b), a plan and schedule for bringing facility
into compliance

Cutline of Training Program

Closure Plan (see §264. 112 for details)

Closure Cost Estimate and Flnanc1al.Assurance Mechanism
(see §§264.142 and 264.143 for details)

Documentation of Compliance with §264.147, Liability
Requirements, if Applicable

Proof of Coverage by State Financial Mechanism, Where
Appropriate (see §§264.149 or 264.150)

Topographic Map (see §122.25(a)(19) for details)
Design Information When a Contaimment System is Required~

- design parameters, dimensions, and materials of
onstruction

- how contalners will be managed so that they are not
stored in accumulated liguids

*

A contaimment system is not required in sto*age areas. where

" containers hold only wastes that do not contain free llqulas, it
the conditions in 40 CFR 264 175(c) (46 FR 55112, November o, 1981

are mekt.



19.

20.

- description of methods to prevent run=-on

- capacity of the containment. system

- procedures for analyzing and removing accumulated liguids

Justification for Waiver of Containment System Requirements

Procedures for Handling Incompatible, Ignitable, or.
Reactive Waste :
- for offsite facilities, procedures for inspecting
each shipment of waste received at the facxllty (part
of the waste analysis plan)

- procedures for treating waste prior to placement in
containers, where applicable

F]

- précedures used to prevent a waste from being placed

in an unwashed tank that previocusly held an inccmpatible

~yaste

- procedures used to prevent incompatible wastes from.
being placed in the same container

- documentatron or compl,ance wlth buffer zone requlrement

B. Questlons to Be Answered by the Permit Writer

The following questions can be used by the permit writer

in evaluating the information in the permit application and in

preparing a facility permit. The text of this manual provides

the permit writer with information as to how these questions can

be answered.

1.

_Type of Container and Condition

Is the vessel portable (i.e., is it a container)?

Is the container in "good condition" (free of l2aks,
excessive rusts and dents,‘corrosion, etc.)?

Is the container marked in accordance with Department
of Transportation (DOT) specifications? .

Are there procedures to ensure that should the condition
of a container deteriorate to the point that it can no
longer be used, will its contents be transferred to a



container that is in good condition (e.g., does the
permit applicant have an adequate supply of empty drums
that can be used in this type of situation, etc.)?

Compatibility of Waste with Container

Does the waste analysis plan specify adequate procedures
for determiming whether the waste is compatible with the
container construction or lining material?

Management of Containers

Are containers handled in such a way as to ensure that
ruptures, leaks, or .other damage do not occur? .

Are containers always kept closed except when emptying
and £illing?

4

"How are leaking and otherwise damaged containers handled?

Are they discarded or sent to a reconditioner?

Inspection -

Does the lnspectlon schedule contaln the items requirad
by §264.1742 g

' .
Are the inspeétion procedures‘?dequate to detect Leaking
and otherwise damaged containers and detarioration of
the containment system components?

L

Containment

4
o
Is the contaimment system. ase free of cracks and gaps

and sufficiently 1mperv1o§a to hold spilled or leaked
waste or precipitation untgil it is detected and removed?

Does the design of the cormtainment system provides a
means to prevent containers from prolonged contac: with
accunulated waste (e.g., qralnage designs, elevation of
the containers on racks o:;pallets)"

Is the capacity of the syé&em 10 percent of the total
volume of the containers of the largest container
(wnichever is greater)? . '

1Y -

u.:

Does the design of the comra1nment system include measures
to prevent run-on? 1
Are plans or procedures for removal of waste from tne
containment area adequate *o prevent overflow?

5 -

;
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Ignitable, Reactive, and Incompatible Waste

Are containers of ignitable and/or reactive waste located-
at least 50 feet from the property line of the facility?

Are procedures for management of incompatible wastes

adequate to satisfy the requirements of §264.1777?

Closure

Has waste been charaterized (chemical composition,
ohysical state, etc.)?

Has maximum inventory at closure been estimated?-

Are expected year of closure and schedule of closure
procedures itemized? ;

’

How will wastes and residue be removed from the containers?

Will the waste be treated, stored, or disposed of onsite
or offsite? ' .

How will the containment system components be
decontaminated or cleaned? 1If not possible, dces the
plan spec1fy an ogtlon for removal and dlsgosal’

How w1ll contamlnated soils, cleaning, products, equlpment,
residues, etc., be disposed of?

2-6



CHAPTER 3

TYPES OF CONTAINERS

At present, there are no containers of which the Agency is.
aware that are manufactured specifically for the storage of
hazardous waste} with the exception of those used for high-level
radicactive waste. Therefore, drums made for other purposes have
been adopted for containerizing hazardous waste. Speeific designs
appropriare-for the contriction of containers for various-types
of hazardous waste would.likely be more protective. These would
be developed by analyzing many of the considerations pertinentlto
rnazardous Qaste storage (for example, corrosivity, longevicy of

storage, etc.). Currently, EPA is reviewing drum design Stendards

developed by various organizations in an attempt to resolve this

issue. Because no current design standards exis;L’Eéyever,‘
containers.that are commonly ﬁsed in the storage of hazardous
waste will be discussed in this chaéterm
This chapter emphasizes factors'relevant to the evaluation
of the appropriateness and effectiveness of each type of containsr.
Compatibility and corrosion factors for each kind of container
are also highlighted since these components’ are inseparably linked
to safety and to the prevention of discharge of hazardous wastes.
Steel drums of 55-gallon capacity and plastic containers are
most frequently used to containerize ahd store hazardous waste.
The.uéefui'life of a container ié'&égéndéhé on its resistance to
corrosion and to chemical deterioration. Steel drums, often with

appropriate protective lining or coating material, are suitable



for the storage of corrosive, reactive, ignitable, or toxic waste.
Plastic containers are also well adapted for holding corrosive
wastes since they are generally resistant to chemicals.

Since compatibility of the waste with the struétural material
of the container is important to prevehtion of failgre of the
container, this compatibility must be determined prior to storage.
Te ascertain the compatibility sf a specific waste with a -specific
container, the following information is needed: (1) characteristics
of-the waste, (2) intended use of the container and its structural
characteristics, (3) length of storage, and (4) storage conditidns
(e.g., temperature and humidity). This determination is so
critical that a container that has been spec1f1cally designed for

a partlcular substance may not be suitable for an off-specification

batch of that same substance. For example, a chem1ca7 compound

contaminated with only a few parts per million (ppm) of chloride
may begin to deteriorate rapidly an unprotected steel container.
For more information on compatibility, see EPA's permit writers'
 guide on compatibility of hazardous wastes.?2

In addition, this chapter addresses_the advantages and
disadvantages of &arious containers that may be used for the
storage of hazardous waste. Special considerations for seleéting
appropriate containers for the storage of flammable and ccmbustible
wastes are also discussed.

A. Steel Containers

Steel containers vary in capacity from l- to l2-gallon

metal pails to the standard-size 55-gallon drum. Other standard

3-2



sizes are presented in Table 3-1. This section deals primarily
with Ehe 55-gallon drum because of its overwhelming popularity
in storage.

The metal éail is ?efined by éhe U.S. Department of Commerce
as a single-rclled shipping.container with a volume of from 1 to
12 gallons. Pails are generally constructed of minimum 28-gauge
mild steel. This gauge is often“specified for pails that are
designed to hold dry bulk materials. Standard markings include
the steel gauge, capacity, and date of manufacture. For exampla,
the marking 28-5-77 denétes a 28-gauge pail of S5-gallon capacity
made in 1977. Pallets should be provided when pails are used to
store hazardous waste.

1. Compatibility and Corrosion

As already-ﬂéﬁEE&hé&[—Eompatiﬁfflty:of waste with the
container is integral to prevention of discharge of the waste and
subsequent contamination of the enviromment. Storage wonditions
such as humidity, pH,:and.temperature can signifiéantly affect
the corrosion resistance of a particular containef. (See Chapter
4, "Management of Containers," for a further discussicon.) When
assessing the suitability of a container for é particular waste,
the permit writer must rely on the best available data.

Steel drums are usually fabricated from mild steel or low-
élloy steels and have a low resistanée to.corrosion. Noncoated
steel drums are wgll suited for wastes thaé are not higbly

corrosive such as mild alkaies, mild acids, and nonhalogenatsd

organics. They are generally not compatible, however, with strong

3-3



TABLE 3-1

Types of Containers

-

- Pasted-vaive bag.

‘Semall bagx, pouches, folding boxes

. Bulk box, 500/600 (test in lb. for both pieces), laminated inner iimng approximately

Countainer size, description

steed, std., 18 gage, used. inspected. clesned . . . . .. Lo
“aluminum, std. 0.102-ia. piate . . . . . PN
type 304 stainless stewd, std. 18 qage. DOTSC. . . . . .. ... ..o
el td, 0 @age. DOT-ITE . . . . . . ..o oo v i e e e
steel, removable head, 20-qage Rule 40 . . . . . . . . . ... . ..o
steel, removable lug cover; 22 gage “. . . . . . ... ..o oo
steel-mill grivanized, std, 18 gage. DOT-17E . . . . ... ... .. ..o k
steel. remavabie bead, +0-mil polyethyiene liner, external fttings, 20/18 gige.

usable votume, DOTSTM. . . . . . v v it e it e e e e e e

? npag8sRRLan
g [RRRRERERE

v, 400-1b. load limit, dry products only; Rule 40 . . . . ... ... .. ...
, 400-1b, load limit, dry products.cnly, Rule 40 . . . . . . ... ... L.
v, 400-ib. load limit, dry products only, Rule 40 . . .. . ... ... ......
y, 400-b. losd limnt, dry producss only, Rule 40 . . . . . ... ..........
. 400-1b. losd limit, dry products only, Rule 40 . . . . . ... ... ... ....
y, 29515, load limit, dry producss only, Rule 4G . . . . .. .. ... ... ...
y. 150-1b. load limit, dry products caly. Rule 40 . . . . . 0. ... .. 0.
v, polyethyiene harrier, 400-1b. load limit. Rule 40 . . . . .. ... . ......
ly, polvethylenealumiousm foil liner. 400-Ib. load limit, Rule 40 . . . . ... ..
0 ply, blow-molded 13-ail poiyethylene liquid-tight liner. tight head, steel cover
- and ¥,-in. NPT openings, §00-1b. load limit, DOT-21C21CP liquid products . . . .
piy, same as preceding except 450-Ib: load limit . . . . . ...
ply, 300-1b. losd limit. remavable fiber cover. nobamer. . . . . . . .. ... ...
ply, same a3 preceding except 150-Ib. load limat . . . ... ..o
ply, aume as preceding excepe 150-1b. load limit . . . . . ...l
9 ply, 400-1b. load limit, semisquars removable fber cover, “Rocon” style . . . . . . .

...................................

Bagy, muitiwall paper, polyethyiene (PE) 8=

Y, x 22.in. [ace, S%-in. top and bottom with 1-mil free 8im, 2/50, 1/50
kraft, plain, no printng. PE internal sleeve . . . . . . . e e e e e e e e :
Sewn-valve bag. 15 x 315 % 30Y, in. 5i}-in. PE intermal sleeve with 1-mil free flm, 2/30,

BLRILREVY

OO IOVOOY
h*)

pHBngBEaAn2

5
L)

PERRRePERRERRERR

8-588
wexo

&
P
G
R

Pasted-valve bag, 18% X 22%, in.. 3%-ia. top and boctom. PE internal sieeve. 3/50 krat.
plain. noprnting . . . ... ..o T IR I

Sewn: open-mouth bag 20 X 4 X 30¥, in, 3/, 1/60 lcaft plada . . ...

Sewn-valve bag. 19 X 5 X 33% in., 5%-in. tuck-in’ sieeve, 3/30. 1/60 kraft, plain . . . . . ..

Pasted-vaive bag, 24 X 25%, in.. 5%-in. top and bottom. tuck-in siveve, 3/30, 1/%0 krafe,
plain '

Pouch, 8%, x 16, in. 2-ply PE fim. 2-mil thickness/ply. . . . . .. . . ... e
Bag. sugar-pocket stvle, § X ¥, X 16, in. 2- to 40-Ib. basis weight, namral kraft paper . . .
Bag, pinch style, 8Y, X 3 X 21 in 2- to 40-Ib. basis weight, satural krafe . . . ... ..o
Folding box. 5 x 1 X8 ia. reverse-tuck design, 12-point krait board with bieached white |

EXTETION . . 2 o o o s 2 s = s « s o = « o+ = ¢ o & @ o« e .. 1
Folding box. 9% X 4% X 15 in. fuil overiap top and bottom., 30-poiat chip board with !
Dieached White CXTRTIOL . . o o o -« « o s b e e e a e e e e e e e e e i

Corrugated cartons, bulk boxes
Regular siotted carton (RSC), 24 x 16 X 8 in. 375-1b. test double wall, stapled (stitched
[T S T LI N R R BN
RSC, 18 X 8 x 24 in. I75-ib. test double wall. stitched joint, end-opening style . . . . . . ..
Bag-in-box. RSC. 15 X 13 X 22 in. 273-lb. test double wall. stitched liner, 600-1b. test.
double Wall . . . . . o i e e e e e e e e e e e e e

A xMHxBin_ lesPElinerandpailet . . . . . ... Lo ]
Carbovs, piastic drums, jars. bottdes

Carboy, 13%. gal. polvethviene. blowsmoided . . . . . .. ... .. ..
Drum. poiyethyiene, 15 gal., blow-molded. ICC34 {(DOT34) . . . . .. ... ..o e

Carboy, 13 gal. glass. nitric acid service, wooden €rate - . . . ... ..ol l :

Jug, | gal. glass. wath Snger handle, plasncaap . . o oo e e e PP

Bottle. | qt. glass, “Boston” round, PlASHE C2P. . . . .- oo 1 0034

Jar, | qt. giass, wide mouth, plasqie cap . . . . . ..o -l e s s

1/80. kit plain noprioting: . . 0L ... o3 oo aietende n s I -.-'.i-. 1




t TABLE 3-1-

Tvnes of Containers
: Usable
. urne.
Container size, description - o R
Carbovs, plastic drums, jars, botdes continued) i
Jar. | qal. polyethyiene, widse mouth, plastie cap . . . . . . . .. .. ... 0.1333
Bottie, | gai., polyethviens. oarrow neck, PIAstic €aR . . . . L h e u s o e 0.1335 |
Bottie, | gqt. polyethviese, nurrow neck, plasticeap . . . . . . . .. .. Lo 0.03<
Jar. 1 pe, poivethylene, wide moudh. plasge €2p . . . . . . . ... L. 0.017
Cans, pails i
Pail. 5 gal, steed, tight head, 28-gage black steel, PE pour spout unlined . . . . . .. . .. . 087
Pail, 3 gai. 28-guge dlack weel, removable head. unlined, lug cover, wire bul bandle . . . .. 0.67
Can. | gal, friction wedge lid. Handlé {paint can) . . . . . ... ... ... ... ... ... 0.1353
- Can, lqe. fricionwedge led (puint eam? . . . .. .. .. vt e 0.034
Can. | gai oblong “F style handle. serew e2p . . . . . . .. .. ..o 0.1333
Can I qt.oblong "F" yle. sCrew C2P . . . . v o et 0 it e 0.1353
Weap materials
Film; polyethyleoe, soa-shrink, bicwn-tube type, yield = 30,000 sq. in-/(IbXaud,
(Zandel td. pACKRAEIBE™ . . . . . . L i i e e e e e e e s -_
F'dn. polytthv(mc. shrinkable T0% machine direction. 30% cross machine direction,
eid before shrinkage = 30,000 sq. in/(IbXmil), {Zendel S-20* . . ... ... ... ... -
F‘xlr.n. polypropylene. shrinkable. vieid before shrinkage = 31.100 sq. ia/(IbXmil), Cdel LTS* . -—
P:p«hzft.mppmgquhtv 30 [b./ream basis weight, vield = 3.000 sq. fe./ream . . . . . . l -

Pe::y and Chilton, Chemlcal Enclne_r S Handbcok,
McGraw=2ill, Sth Ed., 1973, Ch. 7




acids, strong alkalies; or halogenated chemicals (both organic
and inorganic) because these compounds tend to corrode steel

drums fairly rapidly;

2. Coatings and Linings
Protective coatinés and linings are layers of materials that
are impermeable to spécific'chemical comﬁounds in thch they are
applied and are used to prevént~or retard significantly the
corrosion of the containers. Useful life is thereby increased.
Coatings are alsoc used for abrasion resistance and to facilitate
cleaning; The same or different coatings may be appiied to the
inside and.outside»of‘the container.
Coatings and linings are usually applied to containers Qsing
' spray equipment followed by curing in baking ovens. The function,
‘_degrada%tonT;pefforﬁéﬁég}:;;—;typeé-of coatings;andélinings—are—~—~—
discussed below. '

a) Functions. A coating or lining serves two principal
functions: (1) it protects the substrate (metal) from attack by
a corrosive waste; and (2) it prevents the formation of hazardous
broducts arising from any chemical reaction between waste and
structural material. Sometimes a toxic gas inside the coating is
produced, and the pressure from this gas may, in some instances,
rupture the container or cause bulges. Lined containers are
easier to clean.

The type of waste to be stored may dictate that ii is prudent

for an owner or operator to choose a coated ccntainer. For example,

acidic or chloride-containing wastes should not be storsd in steel



containers unless they are coated. lPolyvinyl chloride or
polyester coatings exhibit goéd resistance to inorganic acids and
alkalies. If organic solvents are to be stored, a coated container
would not be used.. Other factors, in addition to the materials

' being stored, shéuld be considered in the decision as to whether
to use a lined container. For instance, some‘coétings, such és
chlorinated rubbers, are degraded bylheat and ultraviolet lighet,

while others, such as epoxies, are degraded by cold tempe}atures.

b) Degradation. Degradation of a coating is evidenced by

changes in coating color, blistering, and, ultimately, peeling.

c) Performance. The performance of a coating depends upon

its application and is influenced by the following factors:

{1) nature of waste; (2) pH, (j) ambient temperature; (4) storage

i

~ i - - - . -
__conditions, e.g., exposure to weather; and (5) thickness of the

coating. These factors affectlthe stability of the coating and,

therefore, its resistance to ché&ical attack.

3

Oqe of the most important %§operties associated with the
chemical resistance of a coatinsgis its permeability. This is an
inherent property determined by?%he nature of the resin or resins
used, the Eérmulation, the film %hidkness, the nature of the
environment, and the température% The extent of permeation is
determined by the actual conditigns of use. Some chemicals are

i,

more highly permeating than others. Permeability increases
rapidly with increasing temperatuyre and decreases with increasing
’ k]

film thickness. Solvation and a%sorption ars cther physical

i
phenomena that can be detrimental to a coating.

i
|
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d) Types of Coating and Lining

The general characteristics of commonly used industrial
coating of each type of material are categorized in Table 3-2
by the general nature of the binder. It is important to recognize
that differences in maﬁufacturing processes and additives used to
make coétings may result in considerable differences in lifetime
and pefformance of coatings df ‘the same generic type. i

Furthermore, combinations of one or more generic types of
coatings may provide protective systems with a resistance diffeFent
and e#en.superior to thé separate components. An example is the
addition of silicone to alkyds, or vinyls to other types of
coatings to improve not only water and temperature resistance,
but ease of application.. Another instance is thg copolymerization

‘*Bf“épékf‘With“bhenoliCS‘Ehat*makes—anfafr‘dry—epoxyphénolic with -

superior chemical resistance superior to eifher the phenclic or
epoxy alone.

Tﬁe most widely used lining materials today are ployethylene,
chlorinated polyethylene, and polypropylene. These materials
have an excellent chemical resistance to strong acids and strong
‘alkalies in concentrated and dilute form, but exhibit a poor
resistance to certain organic solvents. They also feature
exceilent weatherability and durability.

Pgeﬁolics, vinyls, epoxies, and\polYesters are among the

-

many organic coatings applied to metal containers. The following

are some of the most common materials used:



TABLE 3-2

Alkyds’

Vinyis

Chiorinated
rubbers

Esoxy, amine

Properties. of Principal Coating Resins

Description d

Esterification of poly-
hydric alcohol (glycarol)
and a polybasic acid
(pnthalic acid)., modified
with a drying cil. Hardens
by solvent evaporaton
and oxidation

Periormancs

Good resistanca tc at-
mospheric weathering
and mocerate chemical
fumaes: not resisiant !0
chemical splash and spili-
age. Long aii aikyds have
good penetration aithough
are slow drying. Short gil
aikygs are fast drying.

- Temperature resistant to

Polyvinyt chioride—poly-
vinyl acetats copoilymer
disscived in strong polar
solvent. generally a ke-
tone. Coating hardens by
solvent avaporation.

‘ Formed by4 adding. chic-

ring to unsaturated iso-
prene units. Resin is
dissoived in aromatic
hydrocaroons. esters and
ketonas. Margens by soi-
vent avagoration.

Reaction of active hydro-" Excailent

cured

Epoxy,
polyamide
cured

Epoxy esier

with epoxy groups of Dis-
phenol-A  epicnicrhydrin
resin. Coating hardens Dy
sgivent evaperation andg
cures by cross linking.
Amine adduct epoxies
consist of partially pre-
polymaerized coatings to
which the rsmainder of
the amine is agced pnor
to application to compiete
the cross linking.

Reactive polyamide resins
(condensation products of
dimerized fatty acids with
polyamines) combined
with epoxide groups in the
epoxy resin.  Coating
hardens by soivent svap-
oration but cures Dy Cross
linking.

Formed by reaction de-
tween epoxy resin and un-
saturated fatty acids(com-
monly linseed and soya
ciis). Coating hardens by
solvent evaporation and
oxidation.

25 F.

Insclubie in cils, greases,
aliphatic. hydrocarbons
and aicohols. Raesistant to
water and salt solutions.

Not attacked at room tem- -

perature DBy inorganic
acids ang aikalis. Fire re-
sistant; good abrasion re-
sistancs.

Low moisture permeability
and excsilant resistancs
to water. Resistant to
strong  acids,  alkalis.
bieaches. scaps and de-
tergents, mineral cils.
mold and miidew. Good
abrasion resistance.

.

rasistancs to

gens-ot-aliphatic-amines—-3ikalis, most organic and

ingrganic acids. water ang
aquecus sait solutions.
Solvent resistance and
resistance to oxidizing
agents is gocd as long as
not continuailly wettad.
Amine adducts have
slightly less chemical and
moisture resistance.

Superior to straight epox-
ies for water resistance.
Excsilent aghesion, gloss,
hardnessimpact and abra-
sion resistanca. More fiex-
ible and tough than amine
spoxies. Chemical resist-
_ance slightly less than
straight epoxies. Temper-

--ature resistance:- 225 F--

dry: 150 F. wet.

Laast resistant of epoxy
family. Goocd weather re-
gistance; cnemical resist-
ance Hetter than alkycs
and usuaily sufficient 10
rasist normal atmosphenc
corrosive attack.

Umitations

Not chemicaily resistant;
not suitabie for appli-
cation over aikaline sur-
faces such as {resh con-
crate.

Strong polar solvents re-
dissoive the vinyl. Initiai
acdhesion poor. Reiativety
low fthickness per cost
(1.5=2.0 mils). Somea types
will not adhers to bare
stael without primer. Pin-
holes in drieg fiim more
prevaient than cther types.

Redissolved in strong sol-
vents. Degarcec by heat
(200 F. ary anc 140 £ wet)
and uitraviclet light, but
can be stabi zed to im-
prove these progerties.
May be difficuit to spray.
espacially in hot weather.

Harder and less ﬂexii:‘le

-than--other- epoxies. and.

intolerant of moisture dur-
ing application. Ceating
will chaik on exposure to
uitraviciet light. Strong
scivents may lift coatings.
Temperature resistance:
225 F. dry, 190 F. waet. Will
not curs helow 40 F.
should . be topcoated
within 72 nr. to avoid in-
tercoat delamination.
Maximum propertias re-
quirs about seven days
cure.

Cross linking does not
cccur Seiow 40 F. Maxi-
mum resistances gener-
ally require seven days
cura at 70 F.

1
'
]
i

Not resistant (0 strong
chemical fumes, splash or
spiilage. Temoerature re--
sistance 225 F. cry.

Comments

Long oil atkyds make ex-
cailent primers for rusted
ang pitted  steed and
woeden surfades. Corro-
sion resistances is ade-
quate for mud.chemical
fumes that pregommnate in
many inqustrial arsas.
Usad as interior and axte~
rior industrial and marine
finishes.

Toughn and flexibie: iow
toxicity: tasteless; color-
less: fire resistant. Used in
potable water tanke and
sanitaly equipment: widely
used industrial ccating.

Fire rasistant ‘odoriess;
tasteless and naon-{oxic.
Quick arying and excei-
lent achesion to concrete
ancd steel.. Used in con-
crete and masenry saints,
swimming pool coatngs.
industrial coatings. marine
finishes.

Good chemical and
weather resistance. Best -
chemicai resistance of
epoxy famiy. Exceilent
adhesion to steel and
concrete. Widely used in
maintenance ¢oatings and
tank linings.

Easier 10 apply and too-
¢nat, more flexible anag
bettar moisture resistance
than straight 2poxies. Ex-
cailent adhesion over
stse{ and concreta. A
wigely used industriat and
marine maintanance ccat-
ing. Some formuiations
can te-aoplied 'o-wet or
ungerwatar surtaces.

A" hign Quality oil base
coalng, good compatitil-
ity with mest other czating
types.. £asy to apoly. Used
wicely for atmospheric re-
sistance in chemical envi-
ronments cn  structural
steef, tank axteriors, 2tc.




TABLE 3-2

Egoxy, coal
tar

Latex

Polyestars

Silicone

_ An uynsaturated golyestsr Excailent

Zinc rich

retardant

.- side chains... . .

Properties of Principal Coating Resins-

Description Performancs

Coat tar mixad with egoxy Excasilent resistancs (o

resin and cured using si- saltandirashwaterimmaer-

ther an amine or a poly- sion. Vary good icid and

amige. Coating hardsns alkali resistance. Scivent

and curss by cross link- resistancs is good, al-

ing. though immarsion in
strong scivents may leech
the coal tar.

Latex resins (generally Resistant to water, mild
styrene-butadiens, poly- chemical fumes and
vinyl acetate, acrylic or weathering. Good aikali
biends) are emuisifiedin a2 resistancs. Latexes are
water vehicie. After appli- compatibie with most
cation the water svapo- gsneric coating types, ei-
rates and the resin parti- ther as an undercoat or
cles coalesca and sintar topcoat.

to form the coating.

rasistancs to
(resuiting from esterifica- acics, organic socivents
tion reacdorr between and water, is weil as ab-
polyhydric aicohel and rasion and abuse resist-
poiybasic acid) is further ance.

reacted with diallyi phtha-

late to cross link and

hargen.

Composed of the siloxana  As heat resistant coating,
bond with various organic requires catalyzation and,
. _making. ‘With aluminum
pigments can withstand
- 1.000 F.; with ceramic frits
up to 1,400 F. As a water
repeilant, resinous sili-
cones in hydrocarbon soi-
vents are. ysed on mas-
onry. Water  soiuble
alkaiine silicons in water
are used on limestone and

concrate,

Inorganic type consists of Resistant to waeathering
zZinc dust in Binder such and mild chemical fume
as a silicate. Can be post environments. Zinc in the
or seif cure, and can coating is artackad when
harden either by curing pH is below 6 or above
compound, water eavapora- 10.5. Inorganic type is
tion or hydrotyzation. QOr- resistant to abrasion and
ganic form usad vehicles temperatures up to 700 F.
such as aspoxies, phefi-

oxies or chicrinated rub-

ber. Hardens by chemical

cross linking or soivent

evaporation.

" Flame retardant use non- Can reduce surfaca flam--

flammable resins and plas- mability or initial heat
ficizars with compounds effects of fire but should

(such as bromatas) that

‘generate non-flammable

gases. Intumesceant coat-
ings bubble and sweil
ypon heating, thus in-
sulating substrate from
the fire.

be usad onty with conven-
tdonai fire protaction
methods. Propertes ars
generally better thethicker
the coating.

Limitaticns

Embritties on axposure to
¢oid or uitraviolet light.
Coid weatner abrasion re-
sistancs is poor. Shouid

be tapcoated within 48 hr. -

to avoid intercoat adhe-
sion probiems. Will not
cure beiow 30 F. Black or
dark coicrs only. Temper-
ature resistanca 225 F.
dry, 150 F. wet.

Must be stored dbove
treezing. Does not pene-
trats chaiky surfices. Ex-
tarior weather and chemi-
cai resistancs not as good
as soivent or oil base
coatings.

HMard and inflexibie. Very
short pot life. Sweiled and
scttened by strong alkalis.
Minimum thicknass of §
mil required fcr cure.

Heat resistant silicones
have modsrate chemical
fume resistanca: at, lower
temparaturas. .

Requires clean stesi sur-
facas. More difticuit to
apply than conventionai
coatings. Togcoating may
be difficuit especially with
inorganics. Must be too-
coatad in severs. corro-
sion environments.

May not be- as chemicaily
resistant as same type
non-fire retargant coating.
Ganeratly provide only a
tew minutes deiay. Some
intumesceant coatings are
water sansitive and will
not retain fuil properties
after proionged exposure
o weather.

Commants

Good water resisiance.
Thicknessas to 10 miiscer
coat. Can 5e appliad 0
bare steei or concrate
without 3 primar. Low cast
per unit coverage. '

Ease of application and
cleanup. No loxic sci-
vents. Good concrate and
masonry sealers Secause
breatping film allows pas-
sage of water vaper. Used
as interior and exterior
coatings.

inert, tile-like appearance.
Good adhesive and cohe-
sive strength. Hign film
build per coat (10 mils).
Used in maintenance
coatings and linings for
tanks and procass equioc-
ment.

Can be combined willy
other ¢aating types o0 im-
srove groperties such as
heat and moisture resist-
anca. Water repeilants are
ciear, breathing and dura-
ble. Used as stack coat-
ings and aocove grace
water repeilants.

Eliminates pitting carro-
sion. Daspite limitatons,
widely useq as industrial
and marine primer. In miid
anvironments can te usad
as one coat system.

Used - to reduce.- flame
soread on  comeousttie
materials and o intially
insulate structural stest
from heat of fire.

Source:

Vol. 7%, No. 27, Dec. 4, 1872.

R. B. Tator, "Engineers Guide to Protsctive Coatings”, Chemical Encineexd




1. Amine-cured epoxy coatings are widely used on tanis
and containers. They exhibit excellent resistance to
alkalies, most organic and inorganic acids, water and
aquecus salt solutions, and organic solvents. Their
main disadvantage is that they tend to chalk and
deteriocrate with prolonged exposure to ultraviolet
light (i.e., sunlight).

2. Polyamide-cured epoxy coatings are superior to ordinary
epoxies for their water resistance, hardness, impact.and
abrasion resistance, and adhesive strength. Their
chemical resistance is comparable to that of ordinary
‘epoxies, and their temperature resistance is higher.

3. Epoxy esters are the least resistant of the epoxy
family. However, they have gocd weather and chemical
resistance and are usually able to resist normal atmos-

pherics corrosive attacks. They are not resistant to strong
- chemical fumes. , 4

4. Polyesters are commonly used as maintenance coatings and
linings for tanks and prccess equipment. They also may
be used to coat steel containers. They exhibit excellent
resistance to acids, organic solvents, water, abrasion,
and improper handling. They tend, however, to swell and -
soften in the presence of strong alkalies.
= "~~Tn “évaluating the compatibility of a coating or lining
material with a specific waste, the permit writer may need to
consult with its manufacturer., The characteristics of the waste
must, however, be known, particularly pE and concentration of
reactive chemical constituents, before contacting a coating or
lining manufacturer.
Some examples of deterioration of liners by incompatible’
wastes include: polyvinyl chloride by strong polar solvents;
chlorinated rubbers by strong solvents; polypropylene, polyethylene

and ABS (acrylonitrile—butadiene-styrene) polymers by benzene,

carbon tetrachloride, or acetone.

- 4, Specifications

The hazardous waste storage regulations do not include a



desigﬁ standard for containers that prescribes strength, corrosion
resistancg, and otﬂer factors related to the structure of
containers. Such a design standard may, however, be instituted
in the future. Although design standards are not a matter of
regulations, the pefﬁit writer is urged to review the corrosion
and compatibility characteristics of proposed waste and container
systems, recommend‘changes, and make suggestions for improvements.
The Department of Transportation's (DOT) hazardous materials
ragulations (49 CFR 173, 178, and 179) require that all hazardous
méterials (including waste) be transpdrted in containers that -
have Eeen designed according to DOT specificaticns and have beén
approved by DOT. At some future date, EPA may decide to require
that containers uséd for onsite storage of hazardous waste also

be Doi approyg@." -
o Véiandard'DOT specificatioés for steél dfums are given in
Table 3-3. Heavier gauge drums are used to store and transport
liquids, whereas lighter (22- to 26-gauge) steel drums are normally
reserved for handling dry bulk materialg.-.Drums used to store
liquids are generally specified by volume while those used to
store bulk solids are usually specified by dimensions.

Containers certified by DOT as returnable are generally
constructed of 18 or lower gauge metal. Steel drums must also
bear a code indicating the metal éauge, volume capacity,
manufactﬁrer'; name, and date of manufacture. In general, drums

that are designed to contain liquids are usually of a closed-head

type, with a 2-inch-pipe-thread opening for £illing and emptying,



TYPICAL STEEL-DRUM SPECIFICATIONS FOR HAZARDOUS MATERIALS

TABLE

3-3

: Steel | Steel Steel Steel Tare .
Capacity Inside Inside Outside Overall| gauge,| gauge, gauge, gauge, . weight DOT
1 gal diameter height diameter| height body covetr bottom ring (approx.)| spec.
55 22 1/2 32 11/16}23 27/32 |34 13/16 i6 16 16 12 64.5 17¢C
5% 22 1/2 32 11/16|23 27/32 |34 13/16 B 16 18 12 55.5 174
30 18 1/4 27 5/16|19 19/32 29 18 18 18 12 37.5 17C &
: 171
Notes!

1. All dimensions given in inches. Dimensions are within normal manufacturing tolerances of * 1/16 1in.
(+ 1/8 in. on height). : :

2. Contalner welights' shown are approximate and may vary within the allowable limits for manufacturers'
standard gauge. o '

3. On the 55-gal drum, a third rolling hoop, directly below the top rim, gives strength and rigidity to
meet specifications. ’

4. These drums meet Department of Tra
shipment of hazardous materials.
Rule 260 of the National Freight Classification.

5, Table and notes from Inland Stéel Contalner Co. :

nsportation Specifications DOT 17# and DOT 17C for storage and
They also mdet Rule 40 of the Uniform Freight Classification, and
POT 17H drums also comply with ANSI standards.

“ource: Schultz, G.A., "In-Plant Handling of Bulk Material in Packages and Contalners", Chemical Engine
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and a 3/4-inch-pipe-thread opening for venting. Dry products are
packed in removable head drums. The removable cover is fastened
in place with a locking ring tightened by a bolt or ;oggle lever.
Variations include a friction plug in the head or bug=-type cover
with approximately 20 tabs on the cover that can be Dbent under
the rim of the drum.3

S. Advantages and Disadvantages -

See Table 3-4 for a brief overview of the advantages and

disadvantages of using drums for storage of hazardous waste.



TABLE 3-4

RERPRSSpr Y P50

- ADVANTAGES'ANQ DISADVANTAGES OF DIFFERENT
TYPES OF CONTAINERS
ADVANTAGES DISADVANTAGES
1. Versatile - heavy and light~- l. 1If unlined, not for
weight gauges available corrosive wastes
2. Widely available 2. Expensive (coated
3. Durable drums mcre so)
STEEL 4. Structurally superior to 3." Heavier
all other materials : '
5. Reusable in some cases
6. If lined, highly resistant -
£0 many wastes
1. Durable 1. Not for concentrate
2. ‘Widely available organics ,
PLASTICS 3. Easy to clean 2, Not amendable to rc
4., Reusable in some cases handling
5. For wide range wastes
1. Light weight 1. Only for dry solids
2. Low cost . unless coated
= 3ER : ! 2. tructurally inferi
- . : to steel/plastic
) | ° 3. Less durable
: 4, Damage by weather
- 5. Not reusable
H
‘WOOD BARRELS/ 1. Low cost 3 1. Unlined barrsls not
KEGS A for liguids
gé 2. Damaged by weather
w 3. Not reusable
BAGS /SACKS 1. Lightweight Questionable for hazars
2. Low cost waste storage:
1. Low durability
2. Large volumes bulk:
difficult to handl:
3. Not for liquids, i
able, reactive wasi
4, Not for handling w:
mechanical eguipme:
. 5. Not reusable
‘ 3
1 .
CARBOYS 1. Efficient for small amounts Glass/earthenware not
j recommended for hazard:
‘ : waste storage:
i 1. Fragility
2. Not for handling w

mechanical eguipme:




B. Plastic Containers':

1. Compatibility

Plastics are highly resistant to inorgaqic acids and caustic
materials at various concentrations. They are, however, dégra&ed
relatively rapidly by organic solvents. Polythylene and
polypropylene toleraté dilute organic acids, but are not resistant
to cgncentrated organic acids. The chemical resistance of some

_ important plastics is shown in éable 3-5. -

2. Specifications

Plastic containers are manufactured in the same sizes and ’
capacities as steel containers. Refer to Table 3-3 for these
specifications.

3. Advantages and Disadvantages

See Table 3-4 - | :

C, Fiber Containers

L]

Fiber drums are rigid containers commonly used for étoring
noncorrosive dry bulk solids. The sidewalls are usually made of
kraft piles bonded by an adhesive. The top and bottom ends are
made of fibéfboard-or steel, fitted to the cylindrical shell and
tapped qr.latched inté place. Sometimes the walls are.lined or
coated.

The strength of a fiber drum is directly related to the
number of plies in the walls. The strength is measured and drums
Pated by the burst-strength test. strength rating for the sidewalls

-range from 250 to 900 1b/in. The bulk capacity of-f%ber drums

varies from 30 to 400 lbs. Various constructicn technigues are
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CHEMICAL RESLSTANCE OF IMPORTIANT PLAGULUD N

""" T T f T M T 2 l
| | Poly- oo I | l I | IChloci~ | |
| | propylene lCAB*II\BS+|PV(,ISaraanolyeqtcrll spoxy | Phenol.ic|Fluoro-|nated jPoly- |
| | poly- | | ol lglass lglass|as hpstoslcarbonslpolyeLhcrlcarbonaLel
Do | .- ethylene ! A e e kenton L
T TTiow Iy B04 [ R B I U A R B 1 I S I R l [ 7
| 50% ti; S04 | fa 11y | | -2 | 1 | 1 I, | o0 |
| 10% 1C1 . | f1 11 v |1 [ S IS | I 1 | 1 B | |
Incids 10% nNo3 | 14 |2 | | o2 i 2 1 3 I | I |
: " 10% Acetic | |2 % 1 1 | : 1 : 1 { 1 | : : :
.................................. . . |_. .‘. - . J . P .......... e e e e e e
7T TIOR NeGH T3 2 R I O I T
|Pkalies 50% NaOH | 1 14 | 1 l 11 3 | 4 I 2 | | 1 |1 [ 1 |
NHg- OH-----|-- - S R0 IRt T Sk Tk M O Aot R0 Sl SRl AU ivivl S S RS
| NaC] " T | 1 ] ]
| FeClj | | | | I | i1 | I | |
|Salts CuS04 | 1 fr 11 11 1 | 1 ([ T R | | 1 S R 1 I
- N NO3- - Syt Aot et Mol Rty S Rl R S R SRR NS
| - Wet 1175 1 1 1 I 7T 1 1] < I
|Gases Wet Clj | 4 14 11 12 4 | .2 I 2 | 1 | 1 I 1 | |
- Wet-803----}-----1------ 4--|----|-1f--2-- e St S R M A S R |
T~~~ T Gasollne i 1 1 I T 17T T1° T 7T 1T " T T )
| Benzene | : 14 |14 14)] 3 | .2 i 11 1 I 3 |
|Organics CCly | |14 14 13} 3 | 1 I 2 1 1 | 1 I 3 | 4 |
| Acetone | 14 14 |1 4] 3 | 4 | 2 | 4 | I 2 | 2 |
. ........... AlCOhO].""’ ............ '-4|1“'1"1'~1--~__'.....L..!.;1 ' ....... | ..1..4.‘.‘;‘*‘_.‘.}-;;_..!-

Ratings are for long-term exposure at ambient temperatures (<100°F)

1 = Excellent * Cellulose acetate butyrate

2 = Good . + Acrylonitrile butadiene styrene polymer

3 = Fair o Polyvinyl chloride, type 1

4 = Poor ‘ Chemical resistance of Saran-lined pipe
superior to extruded Saran in some
environments '

After Perry and Chilton's,

Chemical -Engineer’s -Handbook. Refers to general-purpose polyesters. Speclal
polyesters have superior resistancp, especially
alkalies.

4 ' , .
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used for specific,bulklhandling and liquid-handling requirsments
(Table 3-6).

1. Compatibility

As previously statea, fiber containers are normally used for
solids. If, however, a coating which is liquid resistant is
applied to the inside of a fiber drum, it can be used to storé
liquids. Liquid-resistant coatings are commonly made from plastics
- such as polyethylene. The compatibilities for plastic-coated
f;ber drums would.then be determined in the same way as for

plastic ‘containers.

2. Coating and Linings

In order to resist moisture, linings and coatings are'ofﬁen
applied to fiber drums that are to be used to store hygroscopic
, materiél; In ad§i£ion; chemical‘ggt;q{ or detgpibrétion due to
weather can be guarded against by a lining that ié nén—reactivé

with the waste or is durable to the climatic conditions.

3. Specifications

In the discussion of specifications for steel containers, it
was noted that containers for shipping purposes must comply with
DOT standards. This is true for any type of containers used to
transport haéardous materials.

DOT fiber drums usually are specified according to inside
diameter, wall thickness, and overall ocutside height. wall con-
sEruction, type of ends and any special barrier treatment are also
directed by DOT. The capacity and bonst-uction of standard fiber

drums made in accordance with DOT specifications ars listed in



t TABLE 3-6

Materials and Closures of Fiber Drums

Basic construction

All fiber
Fiber sidewalls, wooden heads
Fiber sidewalls, metal heads

Typical top and bottom construction

Wood top and bottom with metal seal
Metal top and bottom . ’
Metal cover with locking bands

‘Recessed fiber ends

Metal top and bottom with friction covers

General tfpes of closures

Held by tape
- Lever-actuated bands
- . Crimped--lids _ .
Nails
Metal clips

Source: Schultz, G.A., "In-Plant Handling of Bulk Matsrial in

Packages and Containers," Chémgcal Engineering Deskboock,
Volume 85, No. 24, Oct. 30, 1978.




Table 3-1. t
4, Advantages and Disadvantages
See Table 3-4

D. Barrels and Kegs

Barrels are bilged (bulging) cylindriéal containers with
flat heads of equal diameters. Their rated.capacity usually |
e#ceeds 30 gallons and their materials of construction may be low-
carbon steei, stainless_steel,'or a variety of woods, depending
on their use. -
| Théy are generally divided into two classes: (1) non- y
watertight slack barrels with paper liners to prevent sifting,

which are usually used for dry materials and (2) tight barrels

used to ship ligquids.

-

lﬂh_Gcmpatibility-

If barrels are made éf woé&.aga aéé dnliged; h;zardoué
liquids should not be stored in them. This is due to the fact
that wood is relatively pervious to most liquids. For the same
reason, dry gaterials~that must remain dry should not be séored
outdoors in wooden barrels. Barrels and Kegs, however, are not

often use for the storage of hazardous waste.

2. Coatings and Linings

Barrels are frequently coated with paraffin in order to make
them watertight. Noncorrosive or mildly ¢ofrosive liquidé can
then be stored in barrels with such a coating. Other lining
materials, such as blends of wax and polyethylene, also provide

greater resistance to corrosive materials.



3. Specifications

For barrels constructed of stainless steel, the type of
steel used in the shell and head sheets is identified by an
American Iron and Steel Institute (AISI) type number. The AISI
sets design specifications and standards for iron and steel
storage vessels including tanks and containers. AKSI:designations
are related in a limited way:to DOT specifications: For example,
the type of manufacture of a stainless steél container i; shown
bv an AISI number,.and may be included as a part of the DOT
specifi&ations. The letters BT (heat treatmentf following the'
steel designation»indicatg.the containers that have been subjected
ﬁo stress relieving or heat treatment during manufacture.

Barvels and kegs that aré approved by DOT have been constructed
~in accordance-withAsta&dards.related tor .(1) rated capacity:
(2) composition of materials; (3] construction of container; (4)
dimension of conéainér; {5) closures; (6) markings; and (7) leakage

" tests.

=. Bags and Sacks®

Frequently, paper bags are used forApackaging pesticides,
and plastic bags are used as linefs in rigid containers. Bags
and sacks are also cqmmonly manufactured from transparent films
such as cellcphane, polyethylene; polypropylene, wovén‘paper and
plastic mesh; and from various textiles. Custom papet bags are
also made with special barrier sheeﬁs (e.g., £foil or polyethylene)

in almost any size desired to meet special requiraments. Ceompletely

siftproof and moisture proof construction are also available. Two
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bag designs are commonly used: A -
1) Valve design - this has both ends closed during fabri-
cation. The filling is done through a small opening
(valve) in one corner of the bag.

2) Cpeﬁ-mouth design - this has one end closed at the
factory. The other end is closed after £illing.

Bags and sacks are sometimes used to store hazardous waste.
Bowever, due to their lgw durability and lack of étrength rélative
to, for example, steel or plastic containers, the permit writer
should carefully scrutinize the design of any bag or_sac; pro-
posed for use in storage of hazardous waste as well as the han?ling
methodé.prOposed. Judgment must be used ko conéider the situacion

as a whole.

1. Compatibility

Since bags and sacks are manufactured in a wide variety of
= materials, a given'Was;é iS'piobablyvcompatible witﬁ some type of

bag or sack in most cases. Off;specification'chemical products
that become wastes may Ee stored in their original paper or
plastic packing only if ﬁhe storage cbnditions are compatible
with the packing.

It should be noted that plastic bags should be especially
guarded against high ambient temberatures to prevent rapid

deterioration.

2. Specifications

Table 3-1 gives specifications of standard-size: bags in
accordance with the Uniform Freight Classification Committee.

DOT also gives -specifications for bags and sacks in 49 CFR 17



F. Carboys

A carboy is a container made of glass, earthenware, plastic
or metal having a capacity of five to thirteen gallons. They are
used principally for carrying corrosive liguids, chemicals,
distilled spirits, and similar materials. Carboys are usually’
encased in a rigid protective outer container.®

Glass or earthenware cafboys are generally not reccmmended
for the storage of hazardous waste because they may break. When
faced with.a proposal to use carboys, the permit writer is advised
to heed the same cautions as when confronted with a plan tc store

hazardous waste.in bags or sacks.

1. Compatibilitv

!
Generallv, glass carboys may be used to store an off-

-

specxflcatlon batch of a substance.

Carboys made of polyethylens are incompatible with wastes
X
containing benzene, aceton&, carbon tetrachloride, or alcchol.

2. Specifications 'g

Carboys designed in a%cordance with DOT specifications
include the following: (la name and year of manufacture marked
on the outside éf the contélner, (2) acid-proof stoppers or other
devices, with gaskets secuﬁfly fastened; (3).venting devices,

when necessary, to preventrﬂnternal pressures in excess of 8 psig

l
n

at 130F; (4) wooden boxes comnletely enclosing the body of the
carbov, or wooden boxes comPletely enclesing the body and neck,
carrying cleats; (5) specif}ed shock tests; and (6)'li§ﬁid-tiéht
cap of suitable plastic or pther material or liquid-tight cap up

i



to the venting pressure when such venting is prescribed.

G. Containers for Storing Ignitable and Combustible Liguids

Ignltable and combustlble liquid wastes should be stored in
metal containers that meet the requirements of Chapter I, Tltle 49,
of ﬁhe code of Federal Regulations (DOT regulations), or National
Fire Protection Association, NFPA-386, Standards for Portable
Shipping Tanks. In order to comply with these standards, the
applicant must use containers with one or more devices inst;lled
that have sufficient emergency yenting capacity to limit internal
pressure tb S psig or 30 percent cf thé bursting pressure cf the
container, whichever is greater undef fire exposure condi ~ions.3
At least one pressure-activated vent having a minimun capacity of
600 cubic feet of free air per hour (14.7 atm, and 60F) must Dbe
used. "It should be set éo open at not less than 5 psfg. If
fusible vents are used, they should be'aéﬁivated by elements that
operate at a témperature not exceeding 300F. When used for
paihts, drying oils, and similar materials, where the pressure-
activated vent can become plugged, fusible vents or vents that

soften to failure at a maximum of 300F under fire exposure, may

be used to meet the emergency venting rec_uirement.8



CHAPTER 4

MANAGEMENT OF CONTAINERS

A, Introduction

This chapter deals with tﬁe management of containers and
specific relevant issues that, in most cases, have been addressed
in the regulations. These areas of coﬁcern, along.with the cited
regulations, ére: condition of containers (§264.171); cqppatibility
of waste with containers (§264.172); incompatible wastes (§264.177);
ignitable or reactive waste (§264.176); and secondary containment
(5264.1f5). .

In addition, container-handling techniques, current storage
practices, facility design considerations: and operatihg procedures,
and information about liners is discugsed. |

-

B. Current Storage Practices

As described in Chépter 3, few containers are, in general,
designed specifically for the storage of hazardous waste. Also,
management of hazardous waste storage sites is not a well-developed
art. Therefore, much of the content of this chapter borrows from
functions relevant to storage or various materials in containers
(e.g., warehousing technigues), where extrapolation of good
practices to hazardous waste management 1is conéidered desirable.
The applicability of séveral types of containers to hazardous
waste management was discussed in Chapter 3.

Containers used to store hazardous waste can be efficiently
handled in a few different ways in order Eo minimize'tﬁe possibility

of ruptures and leaks and make effective use of space. These methods

>
!
—



are described below.

Storage practices discussed in this section pertain to both
indoor and outdoor facilities. It should be noted that in addition
to the storage practices where combustible or flammable wastes
are stored, the standards set forth in NFPA 308 for storage of
flammable and combustible liquids should be complied with. .These
stan@ards specify requirémenfs for: (1) quantities and height
limits (2) separation and aisles, (3) building design factors
rélated‘to stacking drums, when céntainers are stcred indoors,‘and
(4) fire protection. |

1. Stacking in Pallets and on Plywood Sheets

Drums, kegs, and pails of various sizes are frequently stored
on pallets. A pallet is a flat, portable plaéfdrm properly
éonsérﬁpted to sustain loadiﬁg and ﬁandliné by mechanical equipment.
A standard pallet dimension is 40 by 45 inches, which allows for
sufficient loading and fits into trailers and freight cars.‘

Other sizes are also available. Expendable pallets are made of
paperboard or foém plastic and can also be manufactured from foam
blocks glued to a corrugatad fiber sheet.  Wood pallets are ﬁade
from a variety of woods; solid plastic pallets are also available.
The latter have the advantages of not splintering and of requiring
less maiﬁtenance.; The bearing loadvof the cheapest pallst is
about 500 lbs., while -the sturdier pallets can carry up to 10,000
1bs. - The Materiél Handling Assoéiation issues specifications Eor'.

pallets.

Depending upon the type of container used, the characteristics



'of the waste stored, and the amount of space available, the owner
or operator can place containers in single rows on a pallet ér
stack them. For example, if space is tight and containers amenable

-to stacking are used, stacking on pallets can be an efficient
usage of space. Another advantage of pallets is that they_hold
containers a few inches off the base of the containment area and

may be effective invpreventihg"standing liquids (éccumulated
precipitation, leaked or spilled waste, or both) from coming into
direct contact with the containers, thereby accelerating corrogion.

Use of pallets between containers also Eacilitatés.later movement
of the containers.

Figure 4-1 illustrates an automatic pallet dispenser. Also
shown are standard loading patterns that make efficient use of
pallet ‘'space. - . T

Plywood sheets are also frequently used instead of pallets.
Containers are stacked vertically in order to facilitate handling
and storage.

ft is important both for purposes of safety and to prevent
possible rupture or weakening of bottom containersithat the
containers not be stacked too high. - Factors to consider in ~
determining the maximum height of a stack include: (1) type
of containers; (2) condition of containers; (3) maximum 1ift of
fFork-1lift used to handle the containers; (4) type of Efork-truck
attaéhments availabié; (3) use of pallets or.plywood sheets. All

of these factors must be judged together in ascertaining a maximum

height for stacked containers or, indeed, whether containers



FIGURE 4-1
Automatic Container Palletizing
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should be stacked at all. This is an area whera the permit
writer's judgment must be used, giving considerétion to the
individual faéility and the wastes to be stored. Scme containers
may, for exémple, be too unwieldy to stack. It may not be prudent
to stack drums of highly hazardous waste. Regardless of the type
of container used or the degree of hazard of the waste, containers
of hazardous waste probably Sho;ld not be stackeavvery high;
exactly how high is a matter of negotiation between the permit
wfiter and the permit applicant.

For containers storing ignitable/flamméble or combustible
materials, the NFPA standards shown in Table 4-1 should be applied.
Classes IA, IB, and IC apply to flammable liQuids.‘ Classes II
and III apply to combustible liquids. Flammable and combustible
*llqulds are deflned in NFDAA3O.8 the flammable and Comoustlble
Liquids Code. tack heights for groups of materials are.glven.
Wwhen two or more classes of materials are stored in the same
stack, the most conservative figure should be observed to maximize
safety.

2. Racks

~ Usually built of tubular steel, racks are structures on
which containers may be stored either vertically or horizontally.
The racks may be coaﬁed with a variety of corrosion-resistant
materials.

Récks can be used to store either a singie rTow 9f_conﬁainers
or a double row (see the NFPA publication number 231Cc, titled

"Rack Storage of Materials").?



TABLE 4-1-

Qutdoor Ligquid Storage in Containers

Class Container (<60 gal.) Container (>60 gal.) Distance
Storage Storage Between
Max per Pile Max per Pile Piles or
Racks
Gallons Height Galleons Height -

(£t) (£t) - (fr)
1A 1,100 10 2,200 7 5¢
1B 2,200 12 4,400 14 5
ic 4,400 12 8,800 14 , 5
II 8,800 . 12 17,600 14 g ~ 5
IIl 22,000 - 18 44,000 - 14 5

%
Source: "Flammable and Combustible Liquid$'Code, l981§, National

Fire Protection Association, ANSI/NFPA 30, Bo%ton, MA.
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3. Eguipment

Many types of eqguipment are used in container handling.
This includes fork-lift trucks and front-end loaders equipped
with drum-cradles or drum=-grabbers.

4. Aisle Space

Another area of concefn in proper drum storagé is adequaﬁe
aisle space. The owner or operator of a facility must mé;ntain
sufficient aiéie~sp;ce to allow the unobstructed movement of
personnel, fire protection equipment, spill control equipment,
and decontamination eguipment to any area of facility operation
in an emergency unless it can be demonstrated to the Regional
Administrator that aisle space is not needed for any of these ’
purposes (40 CFR 264.35, Subpart C-Preparedness and Prevention).
The exact amount of aisle space, how many aisles and their
placement in the storage area, is another judgmént. The amount
of aisle space proposeé by the permit applicant must be considered
and its adequacy evaluated based on the facility plan as a whole.

Some guidance as to appréximate aisle space can be taken
frocm NFPA recommendations. It should be néted, however, that,
with the exception of the specific materials and/or situations
that NFPA is considering in each standard, the informaticn is to
be considered guidance oﬁly and should not necessarily be applied
.to storage of other types of hazardous materials. The purpose in
sresenting the NFPA data Ts'td give éxamples. The NFPA data is

based on separation of materials in order to prevent hazardous

situations, as well as to allow access. NFPA 308 specifies that



palletized or stacked ‘containers of flammable or combustible
materials should be arranged so that rows of drums are separated
from each other by a minimum aisle of 4 feet. Aisles should >e
provided so that no container is more than 12 feet from an aisle.
Where liquids are stored on racks, a minimum 4-foot aisle is to be
provided between adjacent rows or racks and adjacent storage 5f
liquidsf Main aisles should be a minimﬁm of 8 feet wide.

C. Condition of Containers

The regulation (§264.171) specifies that if a container

holding hazardéus waste is not in good condition, or if it begins
to leak, the'waste must be transferred to a container that is in
-good condition or the waste must be managed in some other way that
complies with the.requgrgments of Part 264.
~ "Good condition™ is a matter of ‘judgment--a container not in
"good condition®™ would be evidenced by conditions such as severe
rusting, léaks, ruptures, and structural defects (such as excessive
bulges or dents). The permit writer must use his own discretion-
in evaluating types of containers and the conditions given by the
permit applicant. |

Design of containers is discussed in Chapter 3. The design
affects a container's ability to withstand weathering, handling,
and containerization of wastes for a long period of time. Hence,
design indirectly affects the contaiher condition.

Other factors to Cénsidef‘in'aéséséingué'pérmit'aﬁplicaht's T
storage management plan with respect to the potenti;l effect on

the integrity of containers are discussed below.



1. Climatic Conditions

The physical environment in which containers are stored
affects their durability.

Corrosion resistance and other physical aspects of a container
can be adversely affected by improper etorage. For instance,
high humidity may lead;to reduced corrosion resistance, partidularly
in the case of indoor storage.' High temperatures may also
accelerate the corrosion of steel drums.

The ability of a coating to withstand deterioration is aleo
affected by the environmental conditions of the stcéage area.
Although many ffequently used coatings are resistant to weathering,
problems can develop in cetein situations. For example, some

kinds oE chl:rlnated rubber are degraded by heat, parelcularly
when wet, and by ultrav101et llght. Coal-tar epox1es become brlttle
when exposed either to cold or to ultraviolet light. Amine-cured
epoxy coatings, widely used in tanks and containers, deteriorats
upon exposure to light. Containers with any of these types of
coatings shodld, consequently, not be stored in sunlight.

2. Markings

Containers that have been transported to the facility must
be marked according to bOT regulations.. Flammable end‘combustible
materials may be labelled according to NFPA specificatiods.

These markings often provide information that may facilitate safe
handling and prevent situations that could’lead’to Qfemature |
failure of the containers.

Markings may be placed on labels or tags or stenciled on drums.



Information such as the type of hazardous waste stored and the
manifest identification number is generally given. Caution:
labels, placards, and/or warnings (e.g., poison, explosives,
corrosives) may be attached as required by. DOT standards.
Flammable liquids may also include the following mgrking in
accordance with NFPA 30: "FLAMMABLE - KEEP FIRE AWAY.'S

éalletized loads of containers require the same markingé and
identifications as individual drums.

AN

3. Dating of Containers  new s (e

A system of dating the age of drums, while not required,
would allow the owner/operator to anticipate when drums may need
to be replaéed. Drum dating, coupled with knowledge of the

detaridorative effects of the waste, can provide a more accurate

schedule of drum dederioration and subseguent replacement. The
dates may be marked on the drum or placed on a schematic of the
drum storage area.

4. Steps to Take If a Container Is Not in Good Condition

The permit applicant should have plans for removing containers
from service that are no longer in "good condition." If a
container ig leaking, if it is suspected that a failure may be
imminent due to rusting or é;rﬁdtu;al defects, or if it is at the
end of its useful storage life, the coﬁténts of the container
should be transferred to a serviceaple container. When a leak is
discovered and 'a suitable replacement drum cannot be found

immediately, it may be acceptable for the leaky container to be

placed in an overpack (a recovered drum that is large enough to hold



.the first container and its contents). The holes are then filled

with absorbent material.

5. Recovery and Reuse of Containers

Containers construéted of metal are commonly reused, recycled,
or regonditioned. This minimizes disposal of hazaédéus wastes
and maximizes resources. Eor.a:detéiled report on container
reconditioning, consult "Barrel and Drum Reconditioning Industry
status Profile. =10

‘'If a permit applicant wishes to use rerondltloned or *ecycled

drums, the permit writer should make a careful review to ensure

that the reconditioned drums will be adequate to contain the waste.

D. ‘Comgatibilitv of Waste with Container (§264.172)

"The container and’ any  finings must be compatible with the ...
waste stored in the container. Eor.a discussion of cémpatibility
‘of waste see EPA'S manual titled *"Compatibility of Wastes in Haz-

ardous Waste Management Facilities."2

E. IncompatibYe Wastes (§264.177)
| The facility standards for handling incompatible wastes
require that (a) incompatible wastes must not be stored together
in thé same container, (b) hazardous waste must not be placed in
- an unwashed containef that previously held an incompatible waste
or material; and (c) hazardous wastes stored in containers must
be separated from-other incompatiblé wastes or materials or
protected Erom them by a dike, herm, wall, or other’ dev1c

The owner or operator can eliminats or at least minimize

mistakes owing to incompatibility by conducting proper waste
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analyses, keeping accurate records, and handling the waste
carefully.

Separate spill and run-off cqllection sunps are also
advisable.in stdrage areas for incompatible wastes. The wastes
discharged from collection sunps shoild be segregated from other
wastes that are incompatible. Site or floor plans of the faciiity
or piping and iﬁstrmnentation‘diagramg-(P&IDS) showing location

of collection sumps should be furnished by the facility owner or

operator. . e

F. Storage of Ignitable or Reactive Waste (§264.176)
' Containers of ignitable or reactive wastas rust be locatad
at least 15 meters (50 ft.) from the facility property line.

Facility owners or operators should,also take precautions to

prevent accidental ignition or reaction of these wastes by
separating and protectiﬁbithem from open flames, smoking, cutting
and welding, contact with hot surfaces, frictional heat, spontaneous
ignition sources (e.g., from heat-producing chemical reactions),

and radiant heat. NFPA standards for flammable and combustible
materials shoﬁd be applied when storing ignitable or reactive waste.

G. Contairment (§264.175)

4In_storage areas where a secondary containment system is
required, the system must be sufficiently impervious that it
will hold collected material until detection and removal. The
containment system must alsc drain efficiently so that standing
liquid will not remain on the Dbase for extended periods of_time
subsequent to leakage or precipitation, and, containers mist be

protected from accumulated ligquids. The contairmment system must
4-12



be large enough to hold 10 percent of the volume of the containers
or the volume of the iargest containers, whichever is greater.
Run=-on must ba prevented unlesé the containment system is large
enough to accommodate lt, and collected material must be removed
from the collection area as soon as necessary in order to prnvent
overflow. )

Storage areas chat store containers holdiang omly wastes that
do not contain free liquids are not requirad co have a secondary
contaimment system, provided that (1) the stcorage arsa is slopcd or
is otherwise designed and operated to drain and remove liquid
resulting from precipitation or (2) the concainers are elevated
or are otherwise protected from contact witﬁ accumulated liguid
(§264.175(C)).

Some of the general factors to be considered in designing

and evaluating a containment system are discussed below:

1. Properties of the Waste Stored

some consideration should be given to compatibility of the
type of wastas stored with the liner or base to be used. For
example, if highly corrosive wastes are to be stored, a very
durable, corrosion-resistant base should be installed. '

2. Number of Containers

The maximum number of containera, volume of waste, stack
height, aisle space, and size of the storage area w1thin the

containment area should be considered.

3., Container Capacity

The secondary containment system must be designed to allow
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for accumulation of precipitation. Storm intensity in the area
where the facility is located should be used to determine maximum

precipitation. The flow velocity in the drainage system (i.e.,

drainage channel or pipe) and the bottom and side slopes of the
éontainment structure must also be considered. The design
specifications of the facility will indicate if the capacity of

the contaimment system will equal or exceed 10 percent of the

total capacity of the containers in the drainage area.
Storm frequency and intensity (expressed in inches) data for
a given area are published by the U.S. National Weather Service.

Data can also be obtained from the National Climati; Center in
ashville, North-€arolina. - Run=-off volume is commoniy—calculéted—-~~m
1

as a fraction of rainfall, which is known as the run-off coefficient.

Capacity of the containment system can be cglculatedffrcm these

1

sources. (Refer to the Soil Conservation Service h;ﬁdbook for a

)

detailed discussion of these calculations.)ll *
The storage area should be graded in a manner tf divert
spills away from buildings or other enclosures or shgrld be

. . 1
surrounded by a curb to contain spills. When curbs are usad,
3

i

provisions must be made for draining .accumulated grod?d or rain

: .. . . ‘ 4 -
water, or spills of ligquids. Drains must discharge at a safe
’ - b}
location and be accessible to operation under fire copditions.

4. Adequacy of the Containment Svstem

Section 264.175 requires that the containment system base
4

must be "free of cracks or gaps and . . . sufficiently impervious

1
!

4-14



to contain leaks, spills, and accumulated rainfall until the

collected material is detected and removed.” Since no material

is totally impervious, the permit writer must determine if the

material proposed for the base by the permit applicant is adequate

‘to hold waste or precipitation until it can be detected‘and removed.

Waste migration through a base or liner material can be

alculated based on the permeability of the base material and the

hydrauli¢ impact load of the waste. Formulas and a detailed ‘

discussion of how to perform the calculation can be found in EPA's

manual on Landfill and Surface Impoundmeht Performance Evaluation.12

If the permit writer can be assured that the base of the

: contaimment system wlll be dry most of the time, there would be a

negligible hydraulic impact load on the base and, therefore,
minimal waste migratiqn through the base. If all of the other e
standards for containers in Subpart I are met, the base should
remaia dry most of the time. For example, if the permit applicant
_provides a design Showing that (a) spilled or leaked waste or
precipitation will remain on the base for short periods only (i.e.,
because the base is sloped to provide drainage'or accunulated
liquids are pumped out 2f the contaiﬁmene area shortly after

being detected); (b) that waste will not contamiﬁate the outside

of the containers and, therefore, geherate leachate after precip-
etetlon, o;”(c;‘that the s;e;age area will be inspected weekly

and that the inspector will be able to viéually assess the.conditiod

of all containers and that any spills or leaks will be quickly



.cleaned up, then the thickness of the base should not be dependent
on wasté migration.. It should, rather, be based on the ability
of the base to adequately support ﬁhe weight of the drums. In
order to make this type of assessment, the permit application
should provide the permit writer with gpe engineering data used
to contruct the_base. .
The permit writer may decide, however, that other storage
managément plans or designs in_whicﬁ accumulated ligquids would
remain on the base for longer periods of time, or in which it ,
might not be possible ;o closely monitor each container, might
be.acceptable. In these cases, the permit applicant must
demonstrate that the waste will be contained by the base for the
life of the facility. _To do,this, the permit applicant needs to

édbﬁ{éuéélcufétidﬁé showing time for waste to leak through the

~base, as mentioned previously.

5. Auxiliary structures

The design of the contaimment system may include curbs or
dikes surrounding the storage érea and in areas between incompatible
wastes. Curbs or dikes may, in some cases, be an integral part
of the design for containment capacity and is one means of
preventing run-on. Ditches or trenches sdrrounding the perimeter
6ﬁ_the storage area may also be used to prevent run-on.

The Subpart I regulations do not requirs that these barriers
be impervious to the waste béing stored; however, the permit
writer will probably want to be assured that they have been

constructed of a reaonably impermeable material. Curbs may



o< the storage area may also be used to prevent run-on.

The Subpart I regulations do not require that these barriers
be impervious to the waste being stored; however, the permit
writer will probably want to be essured that they have been
constructed of a reaonably impermeable material. Curbs may
typically be made of concrete~anq are sometimes coated with an
impermeable material_such as epoxy. Berﬁs and ditches may be
lined with a synthetic membrance or may be made of a natural
liner material such as clay. (For more information on liners see

Lining of Waste Impoundment and Disposal Facilties.l3)

Generally, however, materials such as concrete ard asphalt
are utilized in storage areas for containers. Liners may be used

1n placed of, or in addxtzon to, conc;ete and asphal

The height of curbs, walls, or dikes is important not only
for containment of spilled or leaked waste and accumulated
precipitation, but in the prevention of run-on into the storage
area. Run-on can be diverted by proper grading. vIn evaluating
the height and capacity of the contaimment structure, the permit
writer should take into consideration storm intensity and freguency
data in the area of the facility and capacity of the leachate
and run-off collection system. If a containment syetem is not
capable of adequately discharging run-off frem the contaimment
area during a severe storm, the contadinment structure must provide
sufficient holdieg capacig} te-prevenﬁ o;effloél In addition,
the containment system design should allow for a reasonable

safety factor beyond the minimum height of the barrier.
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These include drains that lead into a sump under the base; a
sloped base that directs liquids into a suﬁp; elevation of
containers on pallets or racks and a plan to pump accumulated
liguids out of the storage ar=a; and a roof over the container

area. The last design, it shouid be noted, would only protect
against contact of containers with precipitation.. Discharged.
waste would have to be removed in some other manner. .

wWhere a drainage sump is provided, the pérmit writer should
ascertain if the sump, pump, and discharge piping are of suff{;ient
capacity and if the materials of construction are compatible with
the wastewater. The germit applicant should proviée sump, pump,
and piping specifications and diagrams for revieQ.

7. Ability to Clean Up and Remove Spills

T T The permit writer must be assured that the facility owner or
operator has adequate plans and equipment for cleaning up'and/or
removing any spilled or leaked waste in the containment area. A
contingency plan should be included in the permit application for

this purpose.
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CHAPTER S

INSPECTIONS OF CONTAINER FACILITIES

Reéular inspections of container storage areas is a major.
management tool for preventing discharge of hazardous Qaste into
the enviromﬁent. The regulations require that containers, container
storage areas, and containment systems be inspected wéekly (§264.174).
In a contéiner storage ;rea, inspections can only be expected
to reveal obvious problems and give the facility owner or operator
a general idea of ;he type and rate of long-term deterioration of
containers. Because corrosion inside a container cannot be
detected by wvisual inspection of a container (external corrosion
would be evident) and because sudden or accidental damages
_ occur (e.g., ruptures or leaks), the facility owner or operator
shéuld expect to find failures when he make inspections.
Inspections must, of course, be combined with remedial action.
Ihe'permft writer should review the inspection plan as well as
proposed emergency measures in the permit application.
This chapter discus§es inspection technigues and evaluation
of inspection plans.

A. Containers

Corrosion of metal containers is the major cause of leaks
at container storage facilities. To some degree, corrosion of
‘metal is a natural phencmenon. - With time, all metals corrode to
a certain extent. Since it is an aging process, the management
of the site shculd be planned with the idea that containers

susceptible to corrosion will deteriorate over time and, hence,
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require replacement.

Corrosion may be accelerated when corrosive wastes are stored
or when containers are exposed to weather conditions. (See
Chhpter 4 for a discussion of the impact of climatic conditions
on containers.) -

The information présentedlin this cha?ter should be regafded
as a general overview of the -subject of cocrrosion. The permit
writer should refer to the guidance manual'on hazerdous wastes
compatib;‘.lity2 for more information on corrosion.

A visual maintenance check is the simplest way &tc detect
any corroded, leaking, or structurally defective containers.
Since corroded or deteriorating containers will eventually lead

to leakage, the deétection and packing of faulty containers is

integral to spill and leak.prgyention.

Various forms of corrosion produce diEferént visual results.
Some of these corrosion types and signs to be alert for are
outlined below.

1. Forms of Corrosionlé

Corrosion is most often confined to the metal surface of a
container. The complete corrosion reaction is divided into.an
anodic portion and a cathodic portion, occurring simultaneously
at discrete points on metallic surfaces. Local cells created
either on a single metalli¢c surface (bacause of local point-to-
point diFfferences on the surface) or between dissimilar metals

may generate the flow of electricity from the anodic to the

cathodic areas. Bimetallic cells derive their driving voltage

v
!
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from the interaction of two different metals. Bimetallic cells

are created by the connection of two dissimilar metals.

Corrosion may be uniform or localized; Its product may be

easily recognizable, as the reddish-brown partiéles'in the case of

iron oxide. The various forms of corrosion are identified below

and are illustrated in Figure 5-1.

o

Uniform Corrosior.. Uniform attack over large areas is
the most common form of corrosion. Proper selection of
containers and linings or coatings can significantly

" reduce corrosive action. If corrosion causes discoloration

in a particular case, uniform corrosion may be more easily
spotted than localized attacks on metal containers.

Crevice Corrosion. Varicus changes in the area surrounding
the crevices of a container (usually at the seams), such

as a deficiency of oxygen or changes in acidity, may cause
corrosion. Corrosion also commonly occurs in crevices

that contain, for example, dirt deposits, corrosion
products, or scratches in the paint film. Consequently
particular attention should bepaid “toseams when~-— -
inspections are carried out. '

Pittihg Corrosion. Pitting corrosion is caused by the
formation ot holes in an otherwise relatively unattacked
surface. The holes can have various shapes, with the
shape often being responsible for continued corrosion.
Pitting is generally a slow process (taking several months
or years to become visible). The small size of a.pit and
the small amount of metal dissolved make detection
difficult in the early stages. Selection of containers
known to be resistant to pitting in.a given envirgmment

is usually the best protection against this problem.

Exfoliation and Selective Leaching. Exfoliation is

corrosion that spreads below the surface. It differs

from pitting in that the attack has a laminated appearance.
Whole layers of material are eaten away and the attack is
usually marked by a flaky and sometimes blistered surface.
Exfoliation and selective leaching occur mostly on steel-
aluminum alloys. Conseguently, special attention should

be given to container bottoms. . '
Intergranular Corrosion. In a severe case of intergrarnular
corrosion, the surface of the metal container will appear




FIGURE 5-1

TYPES OF CCRROSION
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rough and feel "sugary."

° sStress-corrosion Cracking. Stress-corrosion cracking is
often identified by the presence of crack branching.
A metal container that fails because of stress-corrosion
cracking will usually have visible corrosion products on
the fracture surface. Stacking containers may exacerdate
this form of corrosion. Therefore visual inspection
should include checking of stack heights.’ ‘

° Galvanic Corrosion. Galvanic corrosion is the excess
corrosion rate that is associated with electrons flowing
from an anode to a cathocde in the same environment.
Galvanic corrosion is an important conseguence of coupling
two metals widely separated in the galvanic series. The
result is an accelerated attack on the more active metal.
Therefore visual inspection should include the checking
of the types of containers stored next to each other, as
well as how they are stored.

Whare corrosion or defects are anticipated and visual inspec~
tion confirms the expectation, the contents must be transferred to
a container that is in good condition.
~———X1ERough “inspections of containers—are required-weskly; under
some circumstances certain containers should be inspected more.

frequently. Reasons for additional inspections include: results

. . < . o/ .
of previous inspections, contruction and potential for corrosicn

h

of the container, properﬁie; and corrosion rates of the wastes,
potantial risk of Eir or water pellution, and safety to personnel.
In addi;ion, coqtaine;s holding-new wastes thét have not previously
been stdred at the facility may warraht more frequent inspections
until adequate data on the containers' performance have been

collected.

B. Container Storage Areas and the Containment System

1. Visual Inspection

Curbs or dikes can be examined for deterioration and containers



can be moved fram the base periodically in order to detect any
cracks or holes in ﬁhe;base. (Moving the_contaipers'prcbably
provides a better than uSual inspection of the drums as well.)
Vegetation surrounding dikes should be examined for any changes
nthat may be caused by leachate or overflow of spilled waste; a
change might be either more luxuriant growth or dying vegetation.
Further, the base should be checked to see that containers are
not standing in liquids or, if the containment design incluées a
sloped base or drains, fhat liquids appear to run off or drain
properly. 'Subsequent to a rainfall, leakage, or spillage, systems'
designed to remove liquids should be examined to determine if
they are functioning properly. Drains should be checked, for
example, to see that‘they are not clogéed.

-

—ee 2. .Testing . . - e emtaTI

|
l

Auxiliary features such as drainage systans, sunps, and pumps
should be tested perlodlcally. Emergency response equipment such
as alarms and communication systems should also be tested.

As with containers, certain gituations or conditions may
warrant more frequent inspection of some areas. Situations where
drums are subject to the elements, such as outdoor storage, and
sectiéns of the containment area that are deteriorating more

rapidly than other parts may justify more frequent inspections.

C. Evaluation of an Insnectlon ‘Plan
An lnspectlon plan should be comprlsed of a checkllét-bf
'equignent and items to be inspected, directions for the method of

inspection, and a separate schedule for those areas to be inspected
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more frequently than specified in the regulations. Unlike the design
evéluaticn of a facility, which tends to pe conceptual, the
inspection evaluation is necéssary to make certain that the
owner/operator performs all mechanical, visual, or other routine
or special‘inspéctions.- As long as the containers are inspected
and judged to be in good condition, the inspection.plan may be
viewed as satisfactory. The inspection plan shculd specifically
note that the owner/operator is responsible for the detection of
corrcsiog, cracks, leaks, buiges, buckles, and other signs of
deterioration. The inspection plan should also indicate that th;
owner/operator will use industrially acceptable practices to

locate any faulty items and make necessary repairs as soon as

possible. Remedial procedures for faulty containers, spills, and

“Iédks should be Included In ihé-pfani‘ The plan may also provide —
for changes in operational procedures to ensure the safe operation
of the facility.

The evaldation of an inspection plan should include a review
of employees' qualifications to conduct inséections, procedures
for responding to improper operations observed during inspections,
recordkeeping procedures, the inspection log, and personnel

training plan. Some key items to be inspected are listed in

Table 5-1.



I.

II.

4 TABLE S5-1

CONTAINER STORAGE FACILITY INSPECTION POINTS

Containers

1. corrosion, leakage, or structural defects

2. prbper placement

3. proper stacking (including required aisle space)
.4. segregation of incompatible wastes -
5. missing or improper labelirng

6. .properly-closed containers

Container Storage Area and Containment System

1.
2.

3.

base for laceratio.s, cracks
berms/dikes for cracks, structural stability, freeboard

collection sump and pumping systems for proper operation,

. periodic maintenance. (visual and physical tests)

emergency reéponse equipment for alarms, communication
systems, fire fighting capabilities

fences or barriers for controlling access to the facility
clean-up procedures for debris and refuse

personnel safety precautions

surrounding vegetation for changes

base drainage system, if used (visual and physical tests)



' " CHAPTER 6

HAZARDOUS WASTE CONTAINER COSTS

Data presented on costs of operating a container facility is
provided in this manual purely for informational purposes. The
permit writer is not required to evaluate a permit applicant's
costs for maintaining a container storage facility. However,‘he
should be cognizant of the econgmics of options available to the
permit applicant. The costs provided here are brief, genéral, and
are not meant to subs;itute-for current market figures. They
should not bé usad for engineering design.

A. Introduction

The cost of constructing and operating a container storage
area can be broken down into three main comporients:

(l)——cost of tﬁe containers,

P L———
e e m zes S o g s e T e e e o e

(2) cost of constructing the containment system,.and

“(3) operating cost.
Operating costs will not be addressed in is chapter,

because it is dependent on site-specific facto

a's: T
'wgnn LSS

such as frequency

of moving or emptying containers.

B. Container Costs

The most widely used type of container is the 55-gallon
steel drum. Table 6-1 presents the prices of npw 33-gallon drums

obtained from the Bureau of Census report "Ste 4 Shipping Drums

._a
w

and Paints" (also known as the M 34X report) Table 6-2 presents

cost data on steel drums obtained in a survey b the National

Barrel and Drum Association.

et v kel AN W et e m [R5 gty
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TABLE 6~1"

PRICES OF NEW CONTAINERS
(Bureau of the Census Survey)

. PRICE (in dollars) *

March March
: 1980 1979

Tight BHead - . -

18-gauge and heavier 18.07 17.26 -

19- and 20-gauge** . 18.39 16.86

Open Head ‘ .

l18-gauge and heavier : 22.37 19.33

19~ and 20-gauge** 16.82 15.60

* Container price is at the point of production. It includes thé

net sales price, f.o.b. plant, after discounts and allowances,
exclusive of freight charges and excise taxes.

** Includes 20/18 gauge containers

Source: "Steel Shipping Drum and Paints,” Report M34K, Bureau of
Census. .

-

- TABLE 6-2

PRICES OF NEW AND RECONDITIONED DRUMS
(NABADA survey)

—

Mean Standard Range
Drum Type Price ($) Deviation Min. Max.
New Tight Head - 17.47 2.66 13.50 27.00
New Open Head 19.42 . 431 15.00 34.00
Reconditioned Tight Head 1i.74 1.33 9.00 15.19
Reconditioned -Open Head 11.89 1.79 9.75 15.50
Laundry/éervice Fee . | 5.78 | \ 1.18 4.00

Source: sSurvey conducted by National Barrel and Drum.Association
for EPA report: "Barrel and Drum rReconditioning: Industry
Status Profile,™ Solid and Hazardous Waste Research .
Division, Municipal Environmental Research Laboratory,
Cincinnati, Ohio.
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Costs may be substantially higher for other types of con-
tainers and vary widely with size. The cost of a painted steel
(ligquidexpansion) container ranges from $58 for an B—gallch
céntainer to S120 for a 40-gallon container. .Steel ASME expansion'
(painted) containers :éhge from $240 for an l8-gallon coﬁtainer
to $§1,925 for a Sls-gailon cqntainer. .

C. Containment System Costslf

The cost of a typical contaimment system for a container

storage area can be subdivided into three major cost components:

L

(1) base,
(2) . curb or dike, and
(3) sump pump.

-

The estimating costs for model containment systems designed

fSr tHe storage of 100, 200, and 500 "S5-gallon drums are presented
below. The major assumptions in estimating these costs have been:

(1) containers (2 1/2' diameser x 4' height) are stacked
in two tiers; ~

(2) no special foundation design (e.g., use of pilings)
was necessary; and

(3) the base is surrounded by 6-inch curbs and draians to a
sump pump.

1. Area of Containment System

a. 100 containers (stacked 7 in 7 rows, 2 tiers high)
3 ft./container

450 sq. ft. (21' x 21') -

+

50% for access and drainage

I

1000 sqg. ft. (32' x 32")

Area 111 sqg. yds.



Perimeter = 42 yds. R

b. 200 containers (stacked 10 in 10 rows, 2 tiers high)

= 900 sq. ft. (30'_x‘30‘)

~+ 50% for access and drainage

= 2025 sg. ft. (45' x 45')
Area = 225 sé. yds.

Perimeter =60 yds.

¢¢ 50 containers (stacked 16 in 16 rows,

3 £ft. container
= 2230 sq. ft. (47' x 47')
+ 50% for access and drainage
= 5000 sg. ft. (71' x 71'")
Area = 556 sq. yds. o
Perimeter - 94 yds.

———2+ - Cost-Estimates

Base = $10/sq. 'yd.

Curb = $11/yd.*
Pump = $2,000%

Total
Cost per container

Annualized cost over
a 20-year pericd

{annualization factor = ,0612)

2 tiers high)

Number of Containers

100 200 5C0
$1,110 $2,250 $5,560
462 660 1,034
2,000 2,000 2,000
$3,572 sS4,910 s8,594
$36 $25 s$17
$219 $300 $326




These storage areas can be compared by utilizing the following
table:

Y

Number Storage Total Cost per Annualized
of Containers Space (ft.2) Space (ft.2) container cost

100 450 1000 $36 219

200 900 | - 2025 25 300

500 2250 . 5000 17 526

N

-

Obviously, other container arrangements are possible and may
be acceptable to the permit writer., 1In every case cost. estimates
should be obtained for the specific facility in question, utilizing

up-to—-date data.
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