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ABSTRACT

This document presents the findings of a study of the
explosives manufacturing point source category for the
purpose of developing effluent limitations and guidelines
for existing point sources and standards of performance and
pretreatment standards for new and existing point sources,
to implement Sections 301{(b), 30l(c), 304(b), 304(c),
306(b), 306(c), 307(b) and 307(c) of the Federal Water
Pollution Control Act, as . amended (33 U.S.C. 1251, 1311,
1314(b) and (c), 1316(b) and 1317 (b) and (c), 86 Stat. '8l6
et. seq., P.L. 92-500 (the "Act").

Effluent limitations and guidelines contained herein set
forth the degree of effluent reduction attainable through
the application of the Best Practicable Control Technology
Currently Available (BPT) and the. degree of effluent
reduction attainable through the application of the Best
Available Technology Economically Achievable (BAT) which
must be achieved by existing point sources by July 1, 1977,
and July 1, 1983, respectively. The standards of per-
formance and pretreatment standards for existing and new
sources contained herein set forth the degree of effluent
reduction which is achievable through the application of the
Best Available Demonstrated Control Technology (BADCT),
processes, operating methods, or other alternatives.

The developrent of data and recommendations in this document
relate to eiplosives manufacturing, which is one of eight
industrial segments of +the miscellaneous chemicals point
source category. Effluent limitations were developed for
each explosives manufacturing subcategory on the basis of
the level of raw waste load as well as on the degree of
treatment achievable. Appropriate technology to achieve
these limitations includes biological and physical/chemical
treatment systems and systems for reduction in pollutant
loads. Various combinations of in-plant and end-of-pipe
technologieés are considered for explosives manufacturing
plants.

supporting d¢ta and rationale for development of the
proposed £/1luent llmltatlons, guidelines and standards of
performance are contained in this report.
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SECTION I

CONCLUSIONS
General
!
The miscellaneous chemicals point source category
encompasses eight segments grouped together for

administrative purposes. This document provides background
information for the explosives manufacturing point source
category and represents a revision of a portion of the
initial contractor's draft document issued in February,
1975.

In that document it was pointed out that the explosives
manufacturzng point source category differs from the others

in raw materials, manufacturlng processes, and final
products. Water usage and subsequent wastewater discharges
also vary considerably from segment to segment.

Consequently, for +the purpose of the development of the
effluent limitations and guidelines for corresponding BPCTCA
(Best Practicakle Control Technology Currently Available),
BADCT (Best Available Demonstrated Control Technology) for
new sources, and BATEA (Best Available Technology
Economically Achievable) requirements, each point source
category is treated independently. -

It should be emphasized that the proposed treatment model
technology will be used only as a guideline and may not be
the most appropriate in every case, The cost models for
BPCTCA, BATEA, and BADCT were developed to facilitate the
economic analysis and should not be construed as +the only
technology capable of meeting the effluent limitations,
guidelines and standards of performance presented in this
development document. There are many alternative systems
which, taken either singly or in combination, are capable of
attaining the effluent limitations, guidelines and standards
of performance recommended in this development dJdocument.
These alternative choices include:

1. Various types of end-of-pipe wastewater treatment.

2. various in-plant modifications and installation of
at-source pollution control equipment.

3. Various combinations of end~of-pipe and in-plant
technologies.

It is the intent of this document to identify the technology
that can be used to meet the regulations. This information
also will allow the individual plant to make the choice of




which specific combination of pollution control measures is
best suited to its situation . in complying with the
limitations and standards of performance presented in this
development document for the explosives manufacturing point
source category.

Explosives

For the purpose of developing effluent limitations,
guidelines and standards of performance, the explosivés
segment has been subcategorized as follows:

A, Manufacture of Explosives. Examples of explosives
are dynamite, nitroglycerin, cyclotrimethylene

trinitramine (RDX) , cyclotetramethylene
tetranitramine (HMX), trinitrotoluene (TNT) and
nitroguanidine. '

B. Manuf acture of Propellants. Examples of propel-
lants are rolled powder, high-energy ball powder,
and nitrocellulose (NC). Propellants can be
single-based, double-based, or triple-based.

C. Load, Assemble and Pack Operations. Includes
plants which blend explosives and market a final
product, and plants that fill shells and .blasting
caps. Examples of such installations would be
plants manufacturing ammonium nitrate and fuel oil
(ANF¥O), nitrocarbonitrate (NCN), slurriées, water
gels, and shells.

D. Manufacture of Initiating Compounds. Initiating
compounds are highly-sensitive explosives used for
detonation. Examples are pentaerythritol tetra-
nitrate (PETN}, lead styphnate, tetryl, mercury
fulminate, 1lead azide, nitromannite (HMN), and
isosorbide dinitrate. ‘ :

The criteria used for establishing the above
gsubcategorization included +the impact of the following
factors on the above groupings:

1. Production processes,

2. Product types and yields.

3. Raw material sources.

4. Wastewater guantities, characteristics, control
and treatment.

The wastewater parameters of significance in explosives
manufacturing are BODS5, COD, TOC, TSS, NO3-N, SO4, TKN, oil
and grease and trace guantities of explosives. In addition,
lead and sometimes mercury were found to be significant in
the wastewaters of subcategory D. The characterization of




the wastewaters are in terms of these parameters and their
concentrations are variable.

In explosives manufacturing, a portion of the pollution load
comes from the manufacture, concentration, recovery, and
purification of sulfuric, nitric, acetic, and other acids.
The wastes associated with this portion of explosives
manufacturing are not addressed in this document, since
these are covered by CFR 414, 415 and 418 manufacturing
point source categories (organic, inorganic and fertilizer,
respectively).

End-of-pipe treatment for the 1977 standard, i.e., Best
. Practicable Control Technology Currently Available (BPCTCA)
f6x subcategories A, B and D, is defined as biological
treatment as typified by equalization, neutralization and
activated sludge with pre-~clarification. These systems may
require pH control and equalization in order to control
variable waste loads, and phosphorus nutrient addition to
ensure maintenance of an activated sludge with desirable
performance and handling characteristics. These systems do
not preclude the use of equivalent chemical/physical
systems, nor do they preclude the use of in-process controls
applicable for the control of those pollutants which may be
inhibitory to the biological waste treatment system. End-
of-pipe treatment for 1977 standaxds, that is BPCTCA for
subcategory C, is defined as equivalent to extended aeration
packaged plant which = includes biological treatment,
clarification with skimming and chlorination.

Wastewater treatment technology for new sources: utilizing
the Best Available Demonstrated Control Technology (BADCT)
for subcategories A, B and D is defined as equivalent BPCTCA
with suspended solids removal by £filtration. In case of
subcategory C, the BADCT is defined as BPCTCA with further
suspended solids and oil removal by a packaged dual-media
filtration system. In addition, exemplary in-plant controls
are applicable, particularly where bioclogically inhibitory
pollutants must be controlled.

Best Available Technology Economically Achievable (BATEA),
is based upon treatment equivalent to the addition of
filtration and activated carbon to BPCTCA treatment for
subcategories A, B and D. The BATEA treatment for
subcategory € is based upon the addition of chemical
coagulation and filtration to BPCTCA treatment. This
technology is based upon the need for substantial reductions
of dissolved organics which tend to be biorefractory, as
well as those which are biodegradable.
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RDX, HMX)
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{105,000}
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kg7kkg »g/L g/l
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L%Jh,m Average Datly Effluant
L] ¥o/kkgt ®7L  ®g/T x5/l

g
Product

547 *
124 i *
* sede e

2,020 b *




The effluent limitations are in terms of the maximum for any
one day (maximum day limitation) and the maximum average of
daily values for any period of thirty consecutive days
(maximum +thirty day limitation). These limitations are
determined using the performance factors developed from
long-term operation of exemplary systems evaluated in
explosives manufacturing. In the case of TSS (total
suspended solids) and 08G (oil and grease), effluent
limitations have been established by transfer of technology
from the inorganic chemicals, fertilizer chemicals and
petroleum refining point source categories, respectively.

Table I-1 summarizes the contaminants of interest, raw waste
loads, and recommended treatment +technologies for BPCTCA,
BATEA, and BADCT for each subcategory of the explosives
manufacturing point source category.




SECTION II

RECOMMENDATIONS

General

The recommendations for effluent limitations and guidelines
commensurate with the BPCTCA, BATEA and BADCT are given in
this text for the explosives manufacturing point source
category. A discussion of in-plant and end~of-pipe control
technology required to achieve the recommended effluent
limitations, guidelines and new source performance standards
are included.

Explosives

The BPCTCA treatment technology recommended for
subcategories A, B and D of explosives manufacturing is an
activated sludge system with influent equalization and
neutralization. The BPCTCA treatment technology recommended
for subcategory C is equivalent to an extended aeration
packaged plant which includes screening, biotreatment,
clarification with skimming and chlorination. These
treatment systems are designed to attain the BPCTCA effluent
limitations and guidelines presented in Table II-1.

BATEA treatment technology for subcategories A, B and D is
defined as filtration and activated carbon added to the
BPCTCA treatment system. For subcategory C, the BATEA
treatment technology is defined as chemical coagulation and
filtration added to the BPCTCA treatment system. This
treatment system is designed to attain the BATEA effluent
limitations and guidelines presented in Table II-2.

New source performance standards (BADCT) for subcategories
A, B and D can be achieved by filtration added to the BPCTCA
treatment system. BADCT standards for subcategory C c¢an be
achieved by a packaged dual-media filtration system added to
the BPCTCA treatment system. Effluent 1limitations and
guidelines for BADCT are shown in Table II-3. The effluent
limitations are based on the maximum day limitation and the
maximum thirty day limitation. These effluent limitation
values are developed using the performance factors for the
treatment plant operation as discussed in Section XIII of
this document.

It is recommended that wastewater from explosives
manufacturing plants be treated on site. If municipal




TABLE II -1
BPCTCA Effluent Limitations

Explosives Manufacturing

Effluent Limitations
Average of Daily Values

Effluent for 30 Consecutive Days Maximm for
Subcategory Characteristic - Shall Not Exceed Any One Day
kg/kkgt mg/L kg/kkg mg/L
A BOD, .24 0:72
CoD 2.59 7.77
TSS .084 50 0.25 150
o B BOD, 10,7 32.1
CoD 79.2 237.6
TSS 13.3 50 40.0 150
C BOD * *
cop® * *
TSS 0.088 50 0.26 150
UsG U.035 20 0.11 60
D BODs ' 197 591
: coD 4220 12660 150
TSS 43.8 50 131.0 :

1kg/kkg Production is equivalent to 1bs/1,U0U 1bs production

*No limitation has been set




TABLE II -2
BATEA Effluent Limitations

Explosives Manufacturing

Effluent Limitations
Average of Daily Values

Effluent for 30 Consecutive Days. Maximum for
Subcategory Characteristic Shall Not Exceed Any One Day
kg/kkgl mg/L kg/kkg mg/L
A BOD¢ .067 0.11
COD .55 0.85
TSS 0.017 10 0.034 20
° B | BODg 2.98 471
COD 16.6 26.2
TSS 2.67 10 5.34 20
C BOD, * *
COoD * *
TSS . 035 20 .070 40
046 .018 10 .035 20
D BODg 1 ' o - 87
CoD 838, 1410 N
TSS 8.76 .10 - 17.5 20

lkg/kkg Production is equivalent to 1bs/1,000 1bs production




TABLE II -3
BADCT Effluent Limitations
Explosives Manufacturing

Effluent Limitations
Average of Daily Values

Effluent for 30 Consecutive Days Maximum for
Subcategory Characteristic Shall Not Exceed Any One Day
kg/kkgl mg/L kg/kkg mg/L
A BODg 0.22 0.35
COD 2.3 3.6
TSS 0.034 20 0.067 40
) B BOD 9.79 | 15.5
COD 69.9 110 n
185 5.34 20 10.7 40
C BODS * *
CoD * *
TSS ¢.035 - 20 0.07 40
086 0.018. 10 0.035 20
D BODg 181 286
cop 3670 5810 :
TSS 17.5 20 35 40

Yig/lag Production is equivalent to Ibs/1,000 1bs production

*No limitation has been set




treatment is highly advantageous over on-site treatment, a
pretreatment system must be designed to remove potentially
hazardous explosives wastes. Variability factors for BODS
and COD have been computed from historical data where
available. Long term TSS data from explosives manufacturing
was not available. In this case, the predominant treatment
technology is Dbiological and +treatment plants in both
industries should experience similar suspended solids on the
exit side of the biological treatment plant in spite of the
complex mix in the influent from the respective types of
manufacturing plants.

Due to the lack of a more reliable data base and the
similarity of +the wastes generated and treatment systems
available for use in the pharmaceutical and explosives point
source categories the technology has been transferred. Both
are generally "batch type operations using non-dedicated
equipment and generating a wide pH range of effluents. In
addition, the +treatment technology from <the inorganic
chemicals manufacturing point source category, the
fertilizer manufacturing point source category and the
petroleum refining point source category have Leen
transferred to applicable subcategories in this point source
category. The wastes from the fertilizer and petroleum
manufacturing processes and their treatability are quite
similar o treatment in this point source category and:  the
model technologies are therefore used.. When a better data
base becomes available, this position will be reevaluated.







SECTION IIIX

INTRODUCTION

Purpose and Authority

The Federal Water Pollution Control Act Amendments of 1972
(the Act) made a number of fundamental changes in the
approach to achieving clean water. One of the most
significant changes was to shift from a reliance on effluent
limitations related to water quality to a direct control of
effluents through the establishment of technology-based
effluent 1limitations +to form an additional basis, as a
minimum, for. issuance of discharge permits.

The Act requires FPA to establish guidelines for technology-
based effluent limitations which must be achieved by point
sources of discharges into the navigable waters of the
United States. Section 301(b) of +the Act requires the
achievement by not later +than July 1, 1977 of effluent
limitations for point sources, other +than publicly owned
treatment works, which are based on the application of the
BPCTCA as defined by the Administrator pursuant to Section
304(hm of +the Act. Section 301(b) also requires +the
achievement by not later +than July 1, 1983 of effluent
limitations for point sources, other than publicly owned
treatment works, which are based on the application of the
BATEA, resulting in progress +toward the national goal of
eliminating the discharge of all pollutants, as determined
in accordance with requlations issued by the Administrator
pursuant to Section 3048(k) of +he Act. Section 306 of the
Act requires the achievement by new sources of federal
standards of performance providing for the control of the
discharge of pollutants, which reflects the greatest degres
of effluent reduction which the Administrator determines to
be achievable through the application of the BADCT
processes, operating methods, or other alternatives,
including, where practicable, a standard permitting no
discharge of pollutants,

Section 30#(b) of +the Act requires +the Administrator to
publish regulations based on +the degree of effluent
reduction attainable through the application of the BPCTCA
and the best control measures and practices achievable,
including treatment techniques, process and procedure
innovations, operation methods, and other alternatives., The
regulations proposed herein set forth effluent limitations
and guidelines pursuant to Section 304(b) of the Act for the
explosives manufacturing point source category. Section
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304¢c) of +the Act requires the Administrator +o issue
information on +the processes, gprocedures, or operating
methods which result in the elimination or reduction in the
discharge of pollutants to implement standards of
performance under Section 306 of the Act. Such information
is to include technical and other data, including costs, as
are available on alternmative methods of elimination or
reduction of the discharge of pollutants.

Section 306 of the Act requires the Administrator, within
one vyear after a category of sources is included in a list
published pursuant to Section 306(b} (1)} (A) of the Act, +to
propose regulations establishing federal standards of
performance for new sources within such categories. ' The
Administrator published in the Federal Register of January
16, 1973 (38 F.R. 1624) a 1list of 27 source categories.
Publication of +the 1list constituted announcement of the
Administrator's intention of establishing, under Section
306, standards of performance apglicable to new sources.

Furthermore, Section 307(b}) provides that:

1. The Administrator shall, from time to time, publish
proposed regulations establishing pretreatment
standards for introduction of pollutants into
treatment works (as defined in Section 212 of +this
act) which are publicly owned, for those pollutants
which are determined not +to0 be susceptible to
treatment by such treatment works or which would
interferse with +the operation of such treatment
works. Not 1later +han ninety days after such .
publication, and after cpportunity for public hear-
ing, the Administrator shall promulgate such
pretreatment standards. Pretreatment standards
under this subsection shall specify a time for
compliance not to exceed three vears from the date
of promulgation and shall be established to prevent
the discharge of any pollutant through treatment
works {(as defined in Section 212 of this Act) which .
are publicly owned, which pollutant interferes '
with, passes through, or otherwise is incompatible
with such works.

2. The Administrator shall, from time +to +time, as
control technology, processes, operating methods,
or other alternatives change, revise such
standards, following the procedure established ky
this subsection for promulgation of such standards.

3. When proposing or promulgating any pretreatment
standard under +this section, the Administrator
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shall designate the category or categories of
sources to which such standard shall apply.

4, Nothing in this subsection &hall affect any
pretreatment requirement established by any State
or local law not in conflict with any pretreatment
standard estaklished under this subsection.

In order +to insure that any source introducing pollutants
into a publicly owned treatment works, which would be a new
source subject to Section 306 if it were to discharge
pollutants, will not ‘'cause a wviolation of the effluent
limitations established for any such treatment works, the
Administrator = is 'required  to promulgate pretreatment
standards for the category of such sources simultaneously
with the promulgation of standards of performance under
Séction 306 for the equivalent category of new sources,
Such pretreatment standards shall prevent the discharge into
such treatment works of any pollutant which may "interfere
with, pass through, or otherwise be incompatible with such
works,

The Act defines a new source to mean any source the
construction of whichH is commenced after the publication of
proposed regulations prescribing a standard of performance.
Construction means any placement, assembly, or installation
of facilities or equipment (including contractual obliga=-
tions +to purchase. such facilities or -.equipment) at the
premises where such equipment will be wused, including
preparation work at such premises.

Scope of sStudy and Methods Used for Development of the
Effluent Limitations and Standards for Performance

The Standard Industrial  classifications (SIC). list was
developed by the United States Department of Commerce and is
oriented +toward the collection of economic data related to
gross production, sales, and unit costs. The SIC 1list is
not related to the nature of the industry in terms of actual
plant operations, production, or considerations associated
with water pollution control.. As such, the list does not
provide a realistic or definitive set of boundaries for
study of effluent  limitations for the explosives
manufacturing point source category. The scope of coverage
is therefore not based strictly on SIC codes, but on the
manufacture of explosives by the commercial and military
sector. These include the manufacture of explosives,
propellant, the manufacture of initiating compounds and the
load; assemble and pack operations.

15




The effluent limitations and standards of performance
proposed in this document were developed in the following
manner. The miscellaneous chemicals point source category
was first divided into industrial segments, based on type of
industry and products manufactured. Determination was then
made as to whether further subcategorization would aid  in
description of the segment. Such determinations were made
on the basis of raw materials equired, products
manufactured, processes employed, and other factors.

The 7raw waste characteristics for each category and/or
subcategory werxe then identified. This included an analysis
of: 1) the source and volume of water used in the process
employed and the sources of wastes and wastewaters in the
plant; and 2) the constituents of all wastewaters
(including toxic constituents) which result in taste, odor,

and color in water or could affect aquatic organisms. The
constituents of wastewaters which should be subject to
effluent limitations, guidelines and standards of

performance were identified.

The full range of contrxol. and treatment technologies
existing within each category ands/or subcategory was
identified. This included identification of distinct
control and treatment technology, including beth in-~plant
and end- of-pipe technologies, which are existent or capable
of being designed for. each. subcategory. It also included an
jdentification of the effluent 1level resulting from the
application of each of the treatment and, control
technologies, in terms of the amount of constituents and of
the chemical, physical, and biological characteristics of
pollutants. The problems, limitations, and reliability of
each treatment and control technology and the required
implementation time were also identified. 1In addition, the
non-water quality environmental impacts (such as the effects
of the application of such technologies upon other pollution
problems, including air, solid waste, radiation, and noise)
were also identified. The energy requirements of each of
the control and treatment technologies were identified, as
well as the cost of the application of such technologies.

The information, as outlined above, was then evaluated in
ordexr to determine what levels of technology constituted the
BPCTCA, BATEA, and BADCT. In identifying such technologies,
factors considered included the total cost of application of
technology in relation to the effluent reduction benefits to
be achieved from such application, the age of equipment and
facilities involved, the process employed, the engineering
aspects of the application of various types of control




techniques, process changes, non-water quality environmental
impact {including energy requirements), and other factors.

During the initial phases of the study, an assessment was
made of the availability, adequacy, and usefulness of all
existing data sources. Data on the identity and performance
of wastewater treatment systems were known to be included
ins

1. NPDES permit applications.

2. BSelf~-reporting discharge data from various states
and regions.

3. surveys conducted by trade associations or by
agencies under research and development grants.

A preliminary analysis of these data indicated an obvious
need for additional information. '

Additional data in the following areas were required: 1)
process raw waste load (RWL) related  to production; 2)
currently practiced or potential din-plant waste control
techniques; and 3) the identity and effectiveness of end-of-
pipe treatment systems. The best source of information was
the manufacturers themselves. Additional information was
obtained from direct interviews and sampling visits to
production facilities.

Collection of the data necessary for development of RWL and
effluent treatment capabilities within dependable confidence
limits required analysis of both production and +treatment
operations. In a few cases, the plant visits were planned
so that the production operations of a single plant could be
‘studied in association with an end-of-pipe treatment system
which receives only the wastes from that production. The
RWL for this plant and associated treatment technology would
fall within a single subcategory. However, the wide variety
of products manufactured by most of +the industrial plants
made this situation rare.

In the majority of cases, it was necessary to wvisit
facilities where the products manufactured fell into several
sukcategories. The end-of~pipe treatment facilities
received combined wastewaters associated with several
sukcategories (several products, processes, or even
unrelated manufacturing operations). It was necessary to
analyze separately the production {waste-generating)
facilities and +the effluent (waste treatment) facilities.
This approach required establishment of a common basis, the

17




raw waste load (RWL), for common levels of +treatment
technology for the products within a subcategory and for the
translation of treatment technology between categories or
subcategories.

The selection of wastewater treatment plants was developed
from identifying information available in the NPDES permit
applications, state self-reporting discharge data, and
contacts within the point source category. Every effort was
made to choose facilities where meaningful information on
both treatment facilities and manufacturing processes could
be obtained.

Survey teams composed of project engineers and scientists
conducted the actual plant visits, Information on the
identity and performance of wastewatex treatment systems was .
obtained through- ' ,

1. Interviews with plant water pollution  control
personnel or engineering personnel. ‘

2. Examination of treatment plant " design and
historical operating data (flow rates and analyses
of influent and effluent}.

3. Treatment plant influent and effluent sémpling,‘

Information on process plant operatlons and the associated-
RWL was obtained through:

1. Interviews with plant operating personnel.

2. Examination of plant design and operating data
(design specifications, flow sheets, dJday-~to-day
material balances around individual process modules
or unit operations where possible).

3. Individual process wastewater sampling and
analysis.

4. Historical production ahd wastewater treatment
data.

The data base obtained in this manner was then utilized by.
the methodology previously described to develop recommended
effluent limitations and standards of performance for the
explosives manufacturing point source category. References
utilized are included in Section XV of this report. The
data obtained during the field data collection program are
included in Supplement B. Cost information is presented in

18




Table 111 -1

Explosives Products - SIC 2892

Amatol (explosive)

Azides (explosives)

Blasting powder and blasting caps

Carbohydrates, nitrated (explosives)

Cordeau detonant (explosive)

Cordite (explosive)

Detonating caps for safety fuses

Detonators (explosive compounds)

Dynamite

Explosive cartridges for concussion
forming of metal

Explosive compounds

Explosives

Fulminate of mercury (explosive com-
pound)

Fuse powder

Fuses, safety

Gunpowder

High explosives
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Lead azide (explosive)

Mercury azide (explosive)
Nitrocellulose powder (explosive)
Nitroglycerin (explosive)
Nitromannitol (explosive)
Nitrostarch (explosive)

Pentolite (explosive)

Permissible explosives

Picric acid (explosive)

Powder: pellet, smokeless and

~ sporting (explosive)

RDX (explosive)

Squibbs, electric

Styphnle acid ,

Tetryl (explosive)

TNT (trinitrotoluene)

Well shooting torpedoes {explosives)




Supplement A. These documents are available for examination
by interested parties at the EPA Public Information
Reference Unit, Room 2922 (EPA Library), Waterside Mall, 401
M St. S.W., Washington, D.C. 20460,

The following +text dJdescribes +the scope of the study,
technical approach to the development of effluent
limitations, guidelines, and the scope of coverage for the
data base for explosives manufacturing.

Explosives

The compounds covered by explosives manufacturing as
designated in SIC 2892 are shown in Table .IIX-1. For a
cross—-sectioned view of the commercial explosives sold, see
Table III-3.

As stated previously in the conclusions section, inorganic
and organic acids such as the sulfuric acid concentration
(SAC) and nitric acid concentration (NAC) are not considered
as a part of the explosives manufacturing point source
category and have been excluded from consideration in this
document. Also excluded are off-site ANFO activities at
mining or construction locations (point of use) since
investigation determined that no point source water related
pollution occurred. ‘

In addition, 1little quantitative information could be
gathered for the process of demilitarization of explosives.
(Demilitarization normally would occur in the load, assemble
and pack subcategory.) This 4is a process by which the
military scours obsolete or defective munitions with steam
hoses to remove explosives and propellants from +their con-
tainers (e.g., projectiles and shell casings). The process
is performed so as +to save the containers for possible
reuse.

The pollution load from the operation of demilitarization
can be very high. It is recommended that, until such time
when an adequate data base is available, this operation be
dealt with on a plant-by-plant basigs since investigation
determined +that no point source water related pollution
occurred. This potential source of pollution was not
recognized early since it is non-continuous in nature and
was not assigned to the contractor.

To help clarify the coverage of this document the following
are excluded from the scope of this study.

- Metal rarts and finishing
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- Toxic chemical agents, except as noted
- Tlluminants and incendiaries

- TLiquid propellants

- Nuclear explosives

- Demilitarization

Explosives manufacturing can be divided into two broad

areas: military and commercial. Military and commercial
plants differ in both size, product and type of operation.
Ammonium nitrate hased explosives, dynamite, and

nitroglycerin are considered commercial explosives, while
TNT, HMX, and RDX are generally considered military
explosives.

The manufacture of explosives in either area can be viewed
primarily as the nitration of an organic molecule. Most
processes use nitric acid as the nitrate source and employ
sulfuric or acetic acid as a dehydrating agent. Therefore,
most wastes in the industry are low in pH.

Wastewaters in explosives manufacturing are of concern
because of their pollutional nature and, in certain cases,
their hazardous character. For example, wastewaters from
nitroglycerin manufacture are often saturated with soluble
nitroglycerin, which may become a potential explosive hazard
if concentrated. oOther than military publications, in some
cases classified and/or limited distribution, . information
pertaining to the wastewaters of explosives manufacture and
pollution abatement technology applicable +to explosives
manufacturing is very limited.

Technical Approach +to the Development of Effluent
Limitations and Guidelines

To prepare effluent limitations and guidelines for
explosives manufacturing as stated, it was necessary to
develop a comprehensive scope of work. Each EPA regional
office was visited, and permit information was gathered.
This enabled the contractor to select representative plants
to visit and to sample.

Plant visits generally consisted of two phases. The first
took place in an office, where pertinent data was exchanged.
The second phase consisted of "an examination of the plant,
viewing each process previously discussed, followed by a
detailed examination and/or sampling of processes producing
pollutants.

Four commercial and two military explosives plants were
visited. Extensive sampling was performed at each of the




Table 11 =2

Major Operations at Major Ammunition Plants .

Assemble,
Explosive Propellant Initiator Load and

Plant Manufacture Manufacture Manufacture Pack.

ARMY

Holston AAP
Radford AAP
Jaliet AAP
Badger AAP
Lake City + +
Longhorn AAP
Newport AAP
Volunteer AAP
Iindiana AAP o

lowa AAP

Kansas AAP

Louisiana AAP

Lone Star AAP

Milan AAP

Twin Cities AAP ' +
Sunflower AAP .

Cornhusker AAP

NAVY

NOS Indian Head + +
NAD Yorktown

NAD Crane +
NAD McAlester

NAD Hawthorne

Navy Magna Plant

+ 4+ 4+
+
+ + +

+ +

LA S

4+ F o+

AlIR FORCE
AF Plant 78 -

COMMERCIAL

45 + +
L4e + .

47 +

48 + ‘ +

kg
50 + +

4+
+ + +
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Class

Fixed High Explosives(2)

Permissibles

Other High Explosives

Subtotal

Blasting Agents
Cylindrically-packaged(2)

€2

Water gels and s]urries(z)

Other processed b]asting(3)v

agents and unprocessed
ammonium nitrate

Subtotal
Grand Total

INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS ?O%D
FOR CONSUMPTION IN THE UNITED STATES, 1973

TABLE III-3

1

Description

Grades of high explosives approved by the U.S.
Bureau of Mines for use, in a prescribed, in
underground coal ‘mines. -

A1l high explosives except permissibles and

those water gels or slurries containing high
explosives; includes all formulations
packaged in metal containers.

Ammonium nitrate and fuel mixtures packaged
in paper, burlap, or plastic containers
having a cylindrical shape.

A1l water gels or slurries, packaged or in
bulk, made by addition of more than 5%
water to high explosives or blasting agents.

Ammonium nitrate and fuel mixtures sold in
bulk or packed in paper, plastic, burlap
bags, or other containers designed for bulk
loading; also prilled or grained ammonium
nitrate,

Quantity

103 metric tons/year

20

119

126

120

865

- 1,250

(1) "mineral Industry Surveys”, U. S. Department of the Intefior, Bureau of Mines, July 23, 1974

(Z)Some uantities of this class of explosive or blasting agent are included with “other" processed
b1ast?ng agents and unprocessed ammonium nitrate to avoid disclosing individual company data.

(3)Inc1udes some quantities of fixed hi

water gels and slurries (see note (1? above).

h explosives, cylindricé]ly packaged blasting agents and

139

1L, M
1,250




commercial plants, while <the military plants wexre visited
for conceptualization, visual inspection, and verification
of existing data. The data existing for the government-
owned, c¢ontractor-operated (GOC0O) munitions plants were
collected and made available by the Army Environmental
Bygiene Agency (AEHA). '

The Army operates seventeen (17) munitions plants, the Navy

operates six (6) plants, and the Air Force one (1). Only

the Army is actually engaged in larxge scale manufacture of-
explosives., Although there are 1load, assemble and pack

(LAP) operations at various Navy and Air  Force

installations, no usable dJdata were available from these

operations at +this time. Since similar load and pack

operations axe carried out at the Navy and Air Force

facilities, the 2army data collected is felt +to be

representative. Hence, the Army was the best source of

military effluent quality data at this time. consequently,

it was decided that the focus of the study of the military

area of explosives manufacturing would be the Army
ammunition plants (AAPs). Excellent representative effluent

data for the several AAPs were included in the information

provided by AEHA. '

Visits with AEHA personnel, investigation of laboratory
techniques and equipment, rationalization of the excellent
field procedures, and the fact +that production processes
were similar ox identical for particular processes between
plants the AEHA reports were used to their fullest extent.
Two large AAPs considered +the most representative were
visited.

When all the explosives manufacturing plant wvisits were.
completed and +the 1laboratory analysis of the samples
finished, waste load characteristics were compiled, and each
process waste stream was characterized by production-based
water quality parameters. Subcategorization of the segment
was based on raw waste Jloading calculations. Effluent
limitations were determined for each subcategory by
reviewing the removal rates of a. treatment facility serving
a propellant plant. This was necessary since pollution
treatment 1in +the explosives manufacturing point source
category is uniformly inadequate. Hence, thé bhest
information available from manufacturers (both commercial
and military) and transfer technology between subcategories
within the same point source category were used in
developing the effluent limitations, guidelines and new
source performance standards.
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SECTION IV

INDUSTRIAL CATEGORIZATION

The goal of +this study is +the develooment of effluent
limitations and guidelines for the explosives manufacturing
point source category that will bte achieved with different
levels of in-plant waste reduction and end-of-pipe pollution
control technology. These effluent limitations and guide-
lines specify the quantity of pollutants which are +to be
discharged from a specific facility and are related to a
common vardstick for the point source category, such as
quantity of production.

Explosives

Discussion of the Rationale of Categorization

Manufacturing sulkcategories were established so as to define
those sectors of explosives manufacturing where separate
effluent limitations and standards of performance should
apply. The distinctions between the subcategories have keen
based on +the production  process and product +type, its
quality, characteristics, and applicability of control and
treatment. " The following factors were considered in
determining whether such subcategorizations are justified:

Raw Material, Production Processes, and Product
Iype

The general production process for the manufacturing of
explosives involves the nitration of an organic molecule.
Raw -materials used in this process are nitric acid, acting
as the nitrate source, and sulfuric or acetic acid, acting
as a dehydrating agent. Examples of the organic molecules
used are glycerin, toluene, resorcinol, hexamine, and
cellulose. After nitration, these organic molecules produce
the following products: nitroglycerin and dinitroglycerin;
trinitrotoluene and dinitrotoluene; trinitroresorcinol;
nitromannite: and nitrocellulose, respectively. Additional
production processes involve +the formation of highly
sensitive dinitiating compounds with nitrogen salts as a
nitrogen source. 2an example of this product would be lead
azide. - ’ B

A categorization based on product or process is possikle.
For example, explosives manufacturing could be broken down
into four areas: explosives, propellants, LAP plant
operations and initiating compounds. . Explosives and
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propellants are manufactured in bulk, while initiating
compounds (highly sensitive compounds used +to0 ignite the
explosive or propellant) are manufactured in small
quantities. Explosives oxidize at an extremely fast rate,
giving off 1large volumes of gas. Propellants burn layer
after laver at a much slower rate than explosives.

Propellant manufacturing is highly specialized. TwWO
considerations of density are important in solid
propellants-volume efficiency and density of the propellant
itself. A propellant of high density is generally desirable
g0 as +t¢o contain the maximum possible amount of energy-
producing material in the minimum space. Pressure exerted
during extrusion or molding frequently increases the density
of a propellant. The | minimum mechanical strength
requirement for solid propellants dictate that +he'
propellant will not undergo deformation under its own weight
to <change the grain geometry or substantially alter the
dimensions of the grain. In addition, the propellant should
possess sufficient strength +to withstand the stresses
imposed during shipping, handling, and firing.

Many compounds used as military high explosives can be used
as propellants since the difference between combustion and
detonation of a crystalline propellant is merely a

.difference in reaction rate. Many of these compounds will .
burn quietly when ignited; they will detonate only under the -

influence of a mechanical shock much more severe than will
be found in a gun or rocket chamber.

Plastic propellants are commonly known as smokeless powders,
The first such propellants were made by converting =
nitrocellulose (NC) into grains with the addition, and later
removal of solvents such as ether and alcohol. The next
development of . smokeless powders involved using
nitroglycerin (NG) as a colloiding plasticizer for the
nitrocellulose. Such propellants are known as doukle~base
because +they contain two explosive ingredients in contrast
to single-base propellants which . contain only
nitrocellulose. Smokeless powders are generally comprised
of +three principal ingredients: a polymer, usually
nitrocellulose; an energetic plasticizer, usually’
nitroglycering and a fuel plasticizer, often
diethylphthalate. Other nitrate esters which have been used
in rplace of nitroglycerin are diethylene glycol dinitrate
(DEGN), triethylene glycol dinitrate {(TEGN) , metriol
trinitrate, and butanetriol trinitrate, Other fuel
plasticizers which have been acceptable include dimethyl and
di-n-butyl esters of phthalic acid, triacetin, adipates,-
gsebacates, dinitrotoluene (DNT)}, and substituted ureas such
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TASLE IV-g
HUMBER OF EXPLOSIVES MANUFACTURING PLANTS

Military (60C0) Plants»*

Comrsércial Explosives Flants

tFA AlF dd{tional Cormercial . Combined
Reglon Stata Data Data from TRW*  Subtotal Active Subtotal Total
4 Alabasa 1 ' 1 ] 1 12

10 Alaska 0 . 0 0 0o 0
9 Arizom 22 1 23 0 0 23
5 Arkansas 7 7 1 1 8
9 Californfa 43 43 1 2 45
-] Colorado 19 19 4] 1 20 -
1 Connecticut 9 9 0 0 9
] Delaware 0 0 0 1] 0
3 District of Columbia 1 1 0 ] 1
4 Florida 1 n 0 ¢ 11
g g:o }a 'l;} 1% 4] [} n

A Q [ 1

10 Idaho 6 € 0 0 6
5 ITnols 23 1 24 1 1 25
; indiuu ;; :ll; ? 2 16

(1] 2 19
7 Kansag 7 7 1 2 9
4 Kentucky 21 21 0 0 21
? kﬁmtam ; 4’ 1 1 5
ne 2 0 ¢
3 Karyland 5 § 1 1 E
1 Hissachusetts 2 2 ¢ 0 2
5 Michigen 12 12 [+ ¢ 12
5 Hinnesota 1 n ] 1 12
4 Niss{ssippt 1 1 0 0 1
7 Missourd 17 ' 7 2 0 19
g Hontana 12 12 ¢ 0 12
7 Hebraska 2 2 0 1 3
9 Hevada 9 g 0 0 9
1 Hew Hampshire 4 4 ] 0 4
2 Jersey 6 2 8 1 2 10
g Hew ?c:éco %:ﬁi ;g 2 - 2- ' 15
(" [ 0 6
4 Horth Carolina 8 1 9 0 0 19
8 Horth Daskota o 1} 0 0 0
5 Ohic 30 1 3 1 2 33
6 oklahoma 8 1 g “

10 Oregon 3 3 : 9 g
3 Pennsylvania 72 72 9 3
2 Puerto Rico 0 0 g 3 7%
1 Rhode Island 0 0 0 0 0
4 South Carolina 2 z 0 9 g
8 South Daketa 0 o 0 0 2
4 Tenaessen 12 12 3 3 J
g Egh“ 35 1 36 g g ;g

9
1 Yersont 0 1 ? 0 Q 9
3 Yirginfa 7 7 0 0 !
Ig g:s:!wto’n ; 12 12 flJ \13 1%
) rginia 22 1
g \lisct'msin 1 ﬁ ? ? T?g
n
q ‘ 8 —_ .1 L L -5
HATIONAL TOTALS 576 10 585 21 35 621

* TR {G, 1. Gruber and K, Ghassemi) Contract No. 68-01-2219 Final Report - Assessment of Industrial Hazardous
Vaste Practices, Organfc Chemfcals, Pesticides and Explosives Industries

**includas 3ix AEC plants. One each in lowa Sﬁf"" California and Ohio, and two in New Mexico. the data on the
al pwher of GOLO and GOGO plants {3 s And do not {nclude commereial plants in Utah and California
sanufacturing propeilant for the U. S. Air Force.

**OATF {3 the abbreviation for the Bureau of Alcohol, Tobacco and Firearms, Department of the Treasury
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as centralites. Hence, propellant manufacturing wastewater
varies significantly from bulk explosives manufacturing.

These factors make products a basis for subcategorization.
In addition, a separate subcategory is assigned formulation
and packing of (military and commercial) explosives and
propellants under the LAP plant sukcategory.

Plant Sigze

Plant sizes ranged from a few hundred +to several thousand
acres., Explosives plants are generally spread out (each
area isolated from the other) so that if a serious accident
occurs, a chain reaction will be minimized. Plant size had
no bearing on waste characteristics.

Plant Age

Most plants visited were old plants, ranging from 20 to 50

vears in age. Waste characteristics could not be correlated

to age. Most plants do not separate uncontaminated cooling
waters, and load, assemble and rpack operations use large

amounts of water for corrosion control, Plant age is not

considered a basis for subcategorization.

Plant Location

Explosives plants generally are evenly distributed in the
eastern portions of +the United States, away from large
porulation centers (See Figure 1IV). They are generally
located in zrural areas or areas that were rural when the
plant began operations. B2 determination of +the number of
explosives manufacturing plants was made €for both the
commercial (private) sector and the military sector of this
point source category ky reviewing records maintained by the
Bureau of Alcohol, Tobacco and Firearms, Department of the
U.S. Treasury. See Tables 1Iva and IVb for a complete
breakdown by state and EPA region, respectively.

Air Pollution Technology

Air pollution controls were almost non-existent at the
plants visited, but most plants had plans -for controlling

emissions. Wet scrubbers will be used in three areas:
demilitarization, sulfate liquor incineration, and sludge
incineration. Because of the industry-wide 1lack of air

pollution control equipment and the wide variety of waste to
be controlled, air pollution technology is not considered a
basis for subcategorization.




TABLE 1IY-b
NUMBER OF EXPLOSIVES MANUFACTURING PLANTS
By U. S. EPA Regions

Commercial Explosives Plants Military (60C0) Plants
EPA ATF*** — Add{tional Commercial Combined
Region Data Data from TRW - _Subtotal Active Subtotal Total
1 17 1 18 0 0 18
2 22 2 24 1 2 26
3 107 1 108 2 5 13
8 4 77 1 78 3 4 82
5 101 2 103 4 7 110
6 67 2 69 7 7 76
7 43 43 3 7 50
8 46 o 26 0 1 47
9 5 76 1 2 7
10 21 — -2 aY 9 2
REGION TOTALS 576 10 : 586 21 35 621

* TRW (G. I. Gruber and M. Ghassemi) Contract Np. 68-01-2919 Final Report - Assessment of Industrial Hazardous
Waste Practices, Organic Chemicals, Pesticides and Explpsives Industries

**Includes six AEC plants. One each in iowa. Texas, California and Ohio, and two in New Mexico, the data on the total
number of Army GOCO and GOGO plants and do not include commercial plants in-Utah .and California manufacturing -
propellant for the U. S. Air Force.

***ATF data refers to records from the Bureau of Alcohol, Tobacco and Firearms, Department of the Treasury




‘Solid Waste

A detailed study performed by TRW Systems and Energy
assessed the hazardous solid waste problems associated with
the explosives industry. With +the information available
from that study combined with the Roy F. Weston, Inc. study
s0lid waste generaticn, other than the imperfect explosives,
is not a major problem. At least one plant incinerates its
waste in a starved oxygen incinerator. Disposal of the ash
can be done by landfilling. The landfill area is generally
available on plant site. Therefore, so0lid waste generation
is not considered a basis for subkcategorization.

Military vs. Commercial Explosives.

Two major sectors of explosives manufacturing - are the
military and the commercial sectors. Military plants are
involved in bulk manuf acturing of explosives and
propellants. Military plants involved in munitions loading
are classified as (LAP) load, assemble and pack plants.
Common military explosives are nitroguanidine,
trinitrotoluene (TNT), RDX, HMX and Composition B. These
are less sensitive explosives and are manufactured in bulk.
In addition, the military manufactures sensitive explosives

commonly called 1initiating compounds. Examples of such
initiating compounds are mercury fulminate, tetryl, and lead
styphnate (lead trinitroresorcinate). The manufacture of

tetryl, although not currently manufactured in the United
States, is included for completeness. ‘

The commercial sector of explosives manufacturing can also
be divided into plants manufacturing bulk explosives,
propellants and initiating compounds. Others are designated
load, assemble and vgack plants. Examples of explosives
"manufactured commercially are nitroglycerin ({NG), dynamites,
and gelatin dynamites. Load, assemble and rack plants
typically buy the raw materials and blend explosives on site
in a recipe operation.

since both sectors of explosives manufacturing are kasically
involved with the same production processes, the waste loads
on- a production basis are similar., Hence, the military and
commercial sectors of segment are considered as one in this
study. )

Nature of Wastes Generated

Wastewater characteristics in explosives manufacturing have
-extreme variability. CcCharacteristics are presented for this
.segment by subcategory in Section V. For +this reason,




subcategorization of the industry was influenced by
wastewater characterization and processes. For the earlier
contractor draft document, the industry was divided into
three initial subcategories and the first subcategory was
further subdivided into two more subcategories:

a, Manufacturing plants
Subcategory Al - Manufacture of Explosives
Subcategory A2 -~ Manufacture of Propellants

B. Load, assemble and pack plants

C. Manufacture of initiating compounds
(specialty plants)

Subsequently, the four subcategories were reassigned
according to the following designations for this document.

Subcategory A - Manufacture of explosives

Subcategory B -~ Manufacture of propellants

Subcategory C - Load, assemble and pack plants

Subcategory D - Manufacture of initiating compounds
(Specialty plants)

Description of Subcategories

Subcategories A and B - Manufacturing Plants

Manufacturing plants are those plants that formulate
explosives from raw materials by a specific industrial
process. Such plants are generally large, complex
facilities. Products can be generally classified as
explosives or propellants. On the basis of this product
difference, the manufacturing plant category was further
subdivided into +two parts: manufacture of explosives
(subcategory A) and manufacture of propellants (subcategory
B).

Although there is no sharp boundary between the two areas,
there are basic differences between them, including effluent
characteristics. Explosives are compounds or mixtures of
compounds which, when ignited, decompose rapidly, releasing
large volumes of gases and heat. . Propellants differ in
their mode of decomposition in that they are designed to
burn rather than detonate. Burning in a propellant does not
proceed through the material as in an explosive but in
layers parallel to the surface. plosives are nitroglycerin,
dynamite, ammonium nitrate-based explosives, RDX, HMX, and
TNT.

The wastewaters associated with the manufacture of
explosives are of nmoderate:@ loading, while wastewaters
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emanating @ from the manufacture of propellants contain
loadings, in some cases, orders of magnitude higher. For
example, the 1b COD/ton production for the manufacture of
propellant because of the different methods of manufacturing
such as liguid +transport of propellant from station to
station and the use of contact cooling water, was 22.6 times
larger - +than that for +the manufacture of explosives.
Constantly higher values for other water quality parameters
for propellant manufacture necessitated the division of
explosives manufacturing into these two subcategories.
Within each subcategory, +the deviation from the average
value is not excessive. For example, the average COD raw
waste load for propellant manufacture was 174.8 1b COD/ton
production and ranged from 70.7 +to 271; for explosives
manufacture, it was 7.73 1b COD/ton and ranged from 1.1 to
20.6. ' :

Subcateqory C - Load, Assemble and Pack Plants

Load, assemble and pack (LAP) plants are those that may buy
all +the necessary ingredients from an outside supplier and
then mix and pack them as a final product. Examples of this
type of manufacturing in the private sector would be small
arms plants involved in the filling of shells. Other plants
manufacture load and pack ammonium nitrate and fuel oil
{ANFO), nitrocarkonitrate (NCN), blasting caps, and water
slurry plants. 1In the military sector, munitions are filled
with Dblends of TNT and other ingredients. The process of
filling is preceded by melting in a kettle. These kettles
are cleaned after use along with other equipment. ’

Small rocket motors can be loaded with preshaped propellants
that fit- snugly into the casing. Pollutant loads from this
operation generally come from +he rreshaping area. The
wastes generated from this subcategory are small, coming
from sloppy handling, ‘accidental spills and washdowns of
floors and equipment.

The load, assemble and pack operations in this definition
exclude demilitarization, which is a non-scheduled and
discontinuous activity. That is the process by which the
military disposes of obsolete:- and defective munitions by
scouring out the shells. BAlso excluded are off-site ANFO
activities at mining or construction locations (point of
use) .

Sukcategory D -Manufacture of Initiating Compounds

Initiating compounds plants are those manufacturing
Usensitive®" explosives. Examples of these explosives would




Table IV =1

Common {ngredients of Dynamites

Nitroglycerin

Ammonium Nitrate
Sodium Nitrate

Sodium Chloride

Sulfur

Nitrocellulose
Phenolic Resin Beads
Bagasse

Sawdust and Wood Flour
Coal

Corn Meal and Corn Starch

Trace Inorganic Salts

Grain and Seed Hulls and Flours




FIGURE IV -1a
TYPICAL NITROGLYCERIN PRODUCTION SCHEMATIC
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be rgentaerythritol tetranitrate (PEIN), lead azide, lead
mononitroresorcinate (LMR) , lead styphnate, tetryl,
nitromannite (HNM) and isosorbide dinitrate. The waste
volume generated is generally small but highly concentrated.

Process Descriptions

Subcateqory A - Manufacture of Explosives

Nitroglycerin

Nitroglycerin is commonly manufactured by +wo different
processes., The commercial sector generally employs the
older %"batch" process, while the military sector uses the
Biazzi, or "continuousf process.

Patch Process

Nitroglycerin (NG) can be synthesized in a batch reactor by
a controlled reaction between a concentrated sulfuric acid
(dehydrating agent), a concentrated nitric acid solution
(nitrate source), and a mixture of ethylene glycol and
glycerin. Figure 1IV-la shows a typical schematic diagram
for the batch manufacture of nitroglycerin. The reactor
contains cooling coils through which circulate a cooled
brine solution. The reactor is initially charged with the
nitrating acid mixture. The glycerin-~-glycol solution is
then added, at a rate that maintains a constant temperature
in +the reactor. The reacted product (a mixture of NG,
ethylene glycol dinitrate, water, and spent sulfuric and
nitric acid) passes into a gravity separator tank where the
spent acid is drawn from +the bottom of the mixture and
either discharged or sent on for recovery of nitric and
sulfuric acid. The nitroglycerin is then dropped into a
prewash +tank and mixed with water. The resulting "sour
water? is removed from the top and goes to a catch - tank.
The NG 4is drained from +the catch tank and sent *o
neutralizer tanks. In the neutralizer +tanks the NG is
emulsified with a soda water solution. After a final wash
with water the NG 1is taken +to the dynamite formulation
building. Ethyl acetate, a desensitizing carrier solvent,
is sometimes mixed with the NG when it is to be stored for a
period of time.

Continuous Process

The Biazzi process for continuous manufacture of
nitroglycerin (Figure IV-1b) is one of the safest methods
known for the production of +this sensitive and unstable
compound. It is safe because it is a continuous process and




FIGURE 1V-1b
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very little of the raw nitroglycerin is present in any one
place at any one +time and because of various safety
interlocks and remote~control features which have been
incorxporated in the design of the line., Despite the small
quantities present at any time, a typical plant, when in
continuous operation, can produce 2200 pounds per hour. To
make nitroglycerin by the Biazzi process the mixed acid
circulates through a constant head tank; the required amount
of acid flows through a calibrated orifice into . the
nitrator. Plates with different-size orifices are used to
change the flow rate of the acid. A proportioning pump,
adjustable to the nearest ounce per minute, regualates the
flow of glycerin to the nitrator. ' : ,

The reaction mass consisting of spent acid and nitroglycerin
+hen flows to the separator. Spent acid is drained off and
the raw acid-contaminated NG 1is sent to the soda water
washers. The spent acid is passed through a dilutor which
adds water to increase the solubility of any NG which may be
present and on to the spent acid storage tanks. Here the
acid is retained for displacing NG on shutdown or shipped
off station. The NG is passed through the three soda water
washers which neutralize the residual acid and into another
separator whexre the spent soda water is removed and sent to
a catch tank to ke discarded.

The neutralized NG is then passed through +two fresh water
washers to remove sodium salts formed in the neutralizing
step and tc a re~emulsifier.

The NG-water emulsion now leaves the nitrating building and
flows down a trough to the diverter building. As it leaves
the nitrating building +the emulsion passes through an
interrupter funnel +to provide an air gap between NG flow
lines so that an explosion in either building is not carried
to0 the other. :

In the diverter building the NG-water emulsion is channeled
0o one of +two receiving tanks. The product is samgpled
remotely and subjected to the Able Heat Test to ensure that
it is stable. This sample is alsc withdrawn completely by
remote control while the operator is several hundred vards
from the building. The raw NG is then transferred to the
jet tank. A water pump boosts the water pressure to 120 1bs
and jets the NG, now emulsified by the jet action, +o the
desensitizing building. The jet transfer technique keeps
+he NG emulsified with water until it reaches a separator
tank. From the separator tank the raw NG is drawn off into
portable carts known as angel buggies containing a
desensitizer such as acetone, ether, or +triacetin, B 2-




Table IV =2

lngredienfs of Water Gels and Slurries

Typical lnqredientsv ) Optional Ingredients
Ammonium Nitrate Fuel 0il

Sodium Nitrate Aluminum Powder

Guar Gum Smokeless Powder
Water , Nitroglycerin.
Gelling Agents Trinitrotoluene
Fumaric Acid ' . Proprietary Agents
Ethylene Glycol Carbon Fuel

Ammonium Sulfamate

Table 1V =3

ingredients of ANFO Explosives

Ammonium Nitrate ‘ Fuel Qil
Ferrophosphate Aluminum
Calcium Silicate Coal

Atticote Mineral Qils
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nitrodiphenylamine as a stabilizer and in some cases,
ballistic modifier. From +there, the desensitized NG is
transported to magazines for storage or othexr operating
areas for use.

Sometimes a graphic control panel is used which
realistically portrays each of the tanks and all pipelines
and valves of the system. From this graphic control panel
the operator can immediately see the position of all wvalves
and know what operations are taking place.

Another safeguard is the use of "dead-man" switches at the
“four stations where NG is drawn off to prevent a continued
flow of NG or solvent should a fire occur and the area have
to be akandoned.

Ammonium Nitrate

Ammonium nitrate is used primarily in granular or "prilln
form in explosives. Ammonium nitrate explosives have the
important advantage of being very safe to handle. Special
primers containing TNT are sometimes required to detonate
these materials. Anhydrous ammonia and weak nitric acid
react to yield ammonium nitrate. This solution is then
crystallized. The crystals are ground oxr crushed and
screened. Various additives, including wax to coat the
prill and fuller's earth for moisture control are also
blended, as shown in Figure IV-2a. Bulk producers of
ammonium nitrate are covered by effluent limitations and
guidelines issued for the fertilizer industry in the Federal
Register, CFR 418.

Dynamite

There are many different formulations of dynamite, although
the Dbasic ingredients are nitroglycerin and ammoni um
nitrate. Ammonium nitrate is first mixed in batches with
various minor ingredients. The most common of these are
listed in Table IV-1. This mixture forms a "dope", to which
the nitroglycerin is added. = The  proportions of
nitroglycerin and ammonium nitrate, and the specific minor
ingredients and their proportions, determine the particular
properties of the dynamite. Many dynamites are formulated
to customer specification. After formulation, the dynamite
is transported to a cartridging house for punching out and
for packaging into waxed cardboard or plastic tubes, and
then shipped or stored in magazines. ’

Trinitrotoluene (TNT)
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TNT is the most important military high explosive. It
exceeds all other explosives in tonnage produced per year.
In its finished form it is a light yellow crystal. Figure
Iv-3aa presents an overall schematic of +the batch TNT
manufacturing process, which can be divided into two
integrated subprocesses, nitration and purification. The
continuous process (CIL-Canadian Industries Iimited) is
being installed at Radford AAP and other AAP's as part of
the plant modernization program for the AAP!'s.

In the nitration process for the batch process, acids
(sulfuric and nitric) and toluene are combined in the
nitrator to form raw TNT in three steps going from mono-,
di- and finally to trinitrotoluene. The TNT is then sent to
the purification process. In the purification process, the
crude TNT is first subjected to water and soda ash. washes
which neutralize the excess acid and then to a sellite wash
which preferentially removes the isomers of TNT and various
oxidation products resulting from the nitration process.
The impurities dissolve in the sellite washing operation and
produce a wastewater stream commonly called "red water." The
crude TNT is then sent to the finishing process.

In the production of TNT by the  continuous process, the
nitration of +toluene is carried out in six nitrator-
separator stages with the organic phase (toluene-nitrokody
mixture) flowing countercurrent to the acid phase. Nitric.
acid fortification is provided at intermediate points in the
process. The first and third nitration stages have two
nitration vessels per separator whereas the remaining four
stages have only one nitration wvessel per separatoxr.
Extensive instrumentation provides for safe operation and
automatic process control. If the process temperature in a
nitrator vessel exceeds a pre-set level, the feed to the
nitrator is automatically shut off and the contents of the
nitrator and separator are automatically discharged into
drowning tubs to guench the reaction. For TNT purification,
the crude TNT first passes through a mixer-settler washex
where five separate countercurrent water washes remove the
free acids. The acid wash is returned +to the..second
nitrateor as acid make up. The TNT then flows through two
sellite washers in series where it is neutralized with soda
ash and treated with sodium sulfite. Each of the sellite
washers is followed by a separator which separates the
aqueous phase (red water) from the purified TNT phase. The
dilute red water from the second separator 1is returned to
the first separator, and the more concentrated red water
from the first separator is sent to the red water treatment
plant. The sellite-treated ~ TNT . receives final
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countercurrent water washes and is slurried and pumped +to
the finishing building for drying, flaking and packaging.
The continuous process eliminates the "yvellow water®
problem.

Three important pollution problems associated with the
manufacture of TNT are "red water"®, "yellow water®" and %“pink
water®" shown on Figure IV-3a. Only red water and pink water
are problems with the CIL process. TNT in its purification
is first washed with water. TNT is soluble in water up to
100 mgs/1 at ambient conditions. The exposure to sunlight or
ultraviolet 1light causes the formation of highly colored,
complex substances similar to dyes. They impart a pink or
vellow color to the water. Pink water can also coccur in the
LAP area by washing down kettles and other machinery. The
product stream after the water wash is a mixture of TNT and
unwanted ry-products (about 4.5 percent). The desired form
of TNT is the pure TNT, 2, U4, 6~ or alpha TNT. Removal of
these materials is through extraction by a sodium sulfite
wash (sellite). The waste effluent producted is brick red
or almost black color and is commonly called "red water".
Currently none of the "red water" in any of  the military
plants is being discharged. It is either being sold for its
sulfate content to paper mills or evaporated and incinerated
to destroy the organics.

Cyclotrimethylene Trinitramine (RDX) and.
Cvyclotetramethylene Tetranitramine {(HEMX)

Two of the most powerful exrlosives, RDX and HMX, are
manufactured- exclusively by the military sector of the point
source category. for manufacturing RDX and HMX are
-essentially identical, except for the relative amounts of
raw materials which are reacted (Figure IV-4). Some HMX is
present in commercial grade RDX and vice versa. Acetic
acid, hexamine acetic acid, ammonium nitrate, nitric acid,
and acetic anhydride are reacted to form crude RDX or HMX.
The crude material is then washed, recrystallized +to the
proper crystal size, filtered, blended with other .
explosives, and dried. It is then packaged for shipment.
Special ingredients 1like lacquers and waxes are sometimes
blended and added. '

Nitroquanidine

Nitroguanidine is a guanyl nitramine +that 4is a colorless
crystalline compound with the formula NH2CNHNHNOZ and with a
molecular weight of 104,06, It is most frequently
manufactured by reacting guanidine (NH2CNHNH2) with nitric
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FIGURE IV 4
TYPICAL SCHEMATIC FOR RDX HMX PRODUCTION
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acid. Pure nitroguanidine melts with decomposition at
232°cC.

Nitroguanidine has found extensive use in triple~Lkase
propellants. Nitroguanidine is currently not manufactured
in the United States but is expected to be produced in the
near future. Canada presently supplies the United States
with nitroguanidine.

Subcateqory B - Manufacture of Propellants

The term "propellants" refers to a broad range of compounds.
Propellants are classified as solvent or solventless,
according +to the use of solvent ingredients in the mixing
operation. Solvent propellants are either single-base,
double~base, triple-base, or high-energy. Nitrocellulose
{NC) is the kasic ingredient of single~base propellant which
is used as a cannon powder or a casting powder—base. NC and
NG are incorporated as the two-bases of double-kase  cannon
or rocket propellants. Nitroguanidine is added to NC and NG
to make the triple-base cannon propellant. High=-energy is
the term applied to certain double~base rocket propellants
containing metal particles and special oxidizer ingredients.
2ll solventless propellants are referred +to as rolled
powders.

Differences in each kind of solvent propellant can be found
in +the specific chemicals and explosive ingredients added
during the wmixing operation. Some ingredients act as
sensitizers, others as uniform burning rate control agents,
others as cross 1linking agents, and some depress the
freezing point of the propellants. Depending on what

" properties the customer requires, formulation can be blended

to meet the specifications. Most propelliants use
nitrocellulose as a base. V

Nitrocellulose Powder

Nitrocellulose powder, first manufactured in 1867, is
colloidal nitrocellulose containing about 1 percent diphenyl
amine to improve its storage life and a small amount of
plasticizer such as dibutyl phthalate. This powder
(sometimes called smokeless powder), in its finished form,
is the basic material for nearly all types of propellants.

Figure IV-5 presents an overall schematic of the finished NC
manufacturing process. The process starts in the cellulose
dry house where large bales of pre-purified cotton linters
or rolls of dried wood pulp are shredded and dried in an
oven to remove excess moisture. Then the processing begins.




FIGUREIV 5
NITROCELLULOSE POWDER PRODUCTION SCHEMATIC

— — - -

NITRATION PROCESS

CELLULOSE, | EXCESS
P ne 7" T Acip
NITRATOR »{ CENTRIFUGE
ACIDS ACID |
ey
RAW NC
SLURRY
-
<0

FINAL - |
NISHED NC
WRINGER —

HOUSE

' | sowne | nc | Jorban | we | poacHer| mc | BLENDER
! TuB | BEATER [—> youse [ HOUSE

HOUSE HOUSE

PURIFICATION PROCESS

Y
N\ ,’1 - -
\ 7/ - f
i ~~o N , -~~~ NEUTRALIZED "
! -~ -..\\’ Loa” WASTES
WASTE BOILING OVERELOW | RECOVERED POACHER
- e — o o TUB e e oo e WATER i~ ~4  SETTLING
SETTLING PIT 88% STORAGE PITS
1
f NC FINES NC FINES NC FINES , |
! V
‘ + NC FINES * *
P

- — - — - — - — ————— " ——




- This process is divided into two integrated subprocesses,
nitration and purification. Supplemental operations include
purification of the fibers by kier boiling, bleaching and
drying of cellulose fibers prior to nitration.

In the nitration process, acids (sulfuric and nitric) and
cellulose (in the form of loosened fibers) are combined in
+he nitrator to form raw nitrocellulose (NC). The NC is
dewatered and sent to the purification process.
Purification is accomplished by boiling, beating and
poaching the nitrocotton fibers in acidic and basic aqueous
solutions.

Solvent Propellants

Figure IV-6 shows a schematic diagram for the manufacture of
solvent propellants. In the manufacture of single-base
propellant, finished NC is sent to a mix house where it is
mixed with solvents (alcohol and ether) and other chemical
ingredients. The raw propellant is then sent to a blocker
house where it is screened and pressed into blocks. From
the blocker house.it is taken to the press and cutting house
where it is rressed into strands and then cut to specified
lengths. From here it proceeds to solvent recovery and
drying and finishing steps.

In +the manufacture of double- and trlple-base propellants,
finished NG is combined with finished NC in a pre-mix
process and then sent to the "DEHY" process for mixing with
solvents and other chemicals. Iin the mix house,
nitroguanidine is combined with the NG-NC mixture, solvents,
and other chemicals to form triple-base propellants. High-
energy propellants require a separate blending process for
the addition of ammonium perchlorate. Solvents used in
multi-base and high-energy propellants 1nclude acetone and
alcohol. .

Solventless Propellants

The manufacturing process of solventless propellants (rolled
powder}) is similar to the process for solvent propellants,
but without the addition of solvents in the mix house.
Propellants, after the addition  of NG, are air-dried,
temporarily stored, and then processed through a blender.
From +he blender, +the powder is transported to a pre-roll

process and then to a final roll procass. The sheets
produced from +the rolling operations are cut and made into
Ycarpet rolls" or otherwise shared as desired. These

products then undergo final processing preparation.
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FIGUREIV 6
SOLVENT PROPELLANT PRODUCTION SCHEMATIC
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Subcategory C - Load, Assemble and Pack Plants

Water Gels and Slurries

Water gels and slurries were introduced as industrial
explosives in 1960 and have rapidly expanded in wuse since
that time. Water gels and slurries can -have an almost
infinite numkter of formulations, but are basically mixtures
of - an oxidizer and a fuel and sensitizer in an aqueocus
media. V

Water gel and slurry manufacture is a batch process
.involving: mixing of ammonium nitrate, sodium nitrate and
"other ingredients listed in Table IV-2 to form a semi-solid
‘product in a 7 to 20 percent water slurry. Certain water
gel formulations include proprietary supplemental components
as explosive boosters, Guar gum is added +to provide
binding. The product is then bagged or shipped in bulk by
‘truck for on-site injection. A gelling catalyst such as
chromate is injected when water gel is used in bulk on site.
Bagged products do not incorporate the catalyst. The only
wastewater sources from the manufacture of water gels are
clean-up of spills, mixing equipment and bulk-transport
trucks. .

Ammonium Nitrate - Fuel 0il (ANFO) Mixtures

ANFO was introduced as an explosive in the mid-1950's and by
. 1972 constituted 79.7 percent of the +total commercial
-explosive use. ANFO is a mixture of ammonium nitrate prills
and/or grains and fuel 'o0il, +to which a variety of other
minor ingredients (Table 1IV-3) may - be added. Typical
formulation . would include 1less  than' 94 percent ammonium
nitrate, 6 percent No., 2 fuel o0il and less than 1 percent
minor ingredients. ANFO is formulated by either a batch or
continuous dry mixing operation, and the only wastewater
source is the clean-up of spills and equipment.
Occasionally the fuel oil (#2) is dyed before it is mixed
with ammonium nitrate to identify specific formulations.
The product is Ltagged in - paper, plastic, or burlap,
depending upon its intended  use. A typical ANFO mixing
rlant is shown in Table IV-2a. :

Nitrocarkonitrates (NCN)

NCN was first introduced as a blasting agent in 1935 and was
.. primarily used for seismic exploration. These explosive
. products are similar in composition and manufacture to ANFO.
" In addition to or in place of fuel o0il, the product may also
contain mineral oil. Carkonaceous material, aluminum




FIGURE IV -7
TYPICAL PETN PRODUCTION ANG ACETONE RECOVERY SCHEMATIC
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FIGURE IV -8
TYPICAL' LEAD AZIDE PRODUCTION SCHEMATIC
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powder, and dinitrotoluene {DNT) are also common
ingredients. The formulation is a dry batch mix, with
wastewater restricted to clean-up of spills and equipment.

Additional Load, Assemble and Pack Processes

additional load, assemble and pack processes involve filling
blasting caps or shells with highly sensitive explosives.
In addition, primers use large amounts of water since’ they
are wet when locaded.

Subcategory D - Manufacture of Initiating Compounds

Pentaervtbhritol Tetranitrate (PETN)

Figure IV-7 provides a schematic of PETN production. The:
pentaerythritol is nitrated with concentrated nitric acid,
and PETN separated in a centrifuge, after which the srent
acid is recovered. The PETN cake is mixed with water, and
the slurxy is filtered +to removal residual acid. The
crystalline PETN is then dissolved in acetone, with sodium
carbonate added +to further neutralize residual acidity.
After graining with water, the slurry is again filtered, and
the granular PETN taken to storage. The acetone-waterx
filtrate is digested with sodium hydroxide at pH 10 to
destroy residual PETN, and +the acetone is recovered by
distillation. 8till bottoms are discharged as watery
wastes.

Lead Azide

Figure 1IV-8 provides a schematic of lead azide production.
Sodium azide is reacted with lead nitrate or lead acetate
and is mixed with water and dextrinate to precipitate lead
azide, which is then separated from the wastewater.
Freguently, dissolved lead azide in the wastewater will lead
40 an additional step where nitric acid, sodium nitrite and
soda water are added +to precipitate any additional 1lead
previously in solution.

Nitromannite (HNM) and Isosorbide Dinitrate

Figure Iv-9 provides a schematic of HNM production.
Mannitol, a powdered solid, is fed into an agitated mixture
of sulfuric and nitric acids in a nitrator. after the
nitration phase is comgpleted, the liquid mixture, comgosed
essentially of suspended nitromannite and spent acids, is

drawn down into a drowning vessel which contains water,




FIGURE IV -9
TYPICAL NITROMANITE OkR ISOSORBIDE DINITRATE PRODUCTION SCHEMATIC
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From here the suspension is sent to a centrifuge. The solid
material is retained on a cloth filter and is washed free of
acid. The spent acid and wash waters pass through a catch
tank and are neutralized.

The s0lid nitromannite from the centrifuge is dissolved in
acetone. A small amount of chalk is added to neutralize the
solution. It is allowed to sepaxrate into layers. The watexr
layer is drawn off through the catch tank described above.
The acetone layer 1is diluted with water in a continuous
precipitator to form a slurry which is filtered and then
washed. The acetone water mixture and the filtrate wash
waters are collected for processing through a still for
acetone recovery. Solid material collected at the catch
tank is periodically collected and burned.

Isosorbide dinitrate is manufactured by essentially the same
process, using different raw materials.

Lead Mononitroresorcinate (LMR)

Figure IV-10 provides a schematic diagram of LMR production.
Mononitroresorcinate is reacted in a tub with sodium
hydrexide and lead nitrate and allowed to separate. The LMR
is drawn off f£from the bottom and washed first with water,
then acetone and then amyl acetate. The first +two rinses
produce the waste water, while +the +third rinse (amyl
acetate) dissolves some of the explosive and is therefore
collected and kurned.

Primer Explosives

Several 1less frequently used types of explosives form the
raw materials for primer explosives and are used primarily
in small arms ammunitions. Examples of these explosives are
lead styphnite and tetracene. They are combined, along with
other chemicals, to form the primer explosives.

Tetryl

Tetryl (Trinitrophenylmethylnitramine) is chiefly used as a
base charge in tlasting caps, as the booster explosive in
high explosive shells, and as an ingredient of binary
explosives. Nitric acid, sulfuric acid, and DMA
(dimethylaniline) are the raw materials in its manufacture.
The major steps in production are nitration of DMA to
tetryl, refining the product, drying, and packaging.

Basis of Assignment of Sukcategories




FIGURE IV -10
TYPICAL LEAD MONONITRORESORCINATE PRODUCTION SCHEMATIC
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The subcategories chosen are intended +to encompass the
entire range of explosives manufacturing. They include both
military and commercial explosives and propellants.
Although there are some differences, both in volume and
product, between the military and commercial sectors, their
waste loads are equivalent. For example, the load, assemble
and pack subkcategory in the commercial explosives averaged
0.973 1lb copn/ton explosives handled, while the military
explosives averaged 0.253 1b CoOD/ton explosives handled,
with a range of 0.727 to 0.003.

Explosive plants sometimes manufacture additional rproducts
besides explosives. Fertilizer or raw materials for the’
manufacture of explosives (such as sulfuric and nitric acid)
have been excluded from this subcategorization, since they
are covered under other effluent limitations, guidelines and
new source performance standards. considerabkle effort was
spent in segregating these sections to produce an wunam-
biguous set of effluent 1limitations and guidelines for
explosives manufacturing point scurce category without:
contradicting any other industrial point source category
effluent limitations and guidelines.

It is anticipated that no single plant will fall under only
one of the sukcategories develcped. Plants that fall into
more than one subcategory will have to conform to effluent
limitations, guidelines and new source performance standards
for each subcategory. If a plant chooses to comkine its
wastes from two sukcategory areas in a treatment center,
then total plant allowable effluent limitations, guidelines
and new source performance standards should be calculated
according +to the method presented in Section IX using the
building block technigue. : ‘




SECTION V

WASTE CHARACTERIZATION

The wastewater sources associated with each subcategory and
ranges for values of selected water quality parameters are
presented in the following discussion. The wide variability
in the ranges are due in part +to +the wide variety of
rroducts produced, dJdifferences Letween war time and peace
time operations, combined commercial and military sector
data and combined historical (some which contained cooling
water) and surveyed data. These numbers are presented in
orxrder +to show the ranges of waste that are generated from
these sukcategories. The numbers of significance are the
calculated raw waste load data found in Tables V-1 through
V_u. . - . .

Sukcategory A - Manufacture of Explosives

The following'tabulation summarizes the effluent waste
load ranges for sukcategory A (see Table V-2a).

Parameter ) Range
’ (1bs/1,000 1bs product)

BODS “ ©0.18 -  6.35
Ccob : 0.30 - 10.6
Nitrates 0.31 -~ 9.00
Sulfates 0.28 - 116.
TOC ' 0.24 - 4.13
TSS 0.054 - 10.7

The wastes from this subcategory are characteristically high
in BCDS, COD, nitrates, sulfates, and TOC.

Highly wvariable pH is also characteristic of the wastewater
from explosives manufacturing.

The manufacture of explosives generally involves the
nitrification of organic compounds. Many of the explosives
use nitric acid to serve as the nitrate source and sulfuric
and acetic acids as dehydrating compounds. Nitrification is
followed by product finishing, including washing,
refinement, and drying. The major waste loads generally
come from +the finishing area, where the crude explosive
becomes the final gproduct.

The raw materials used in the manufacture of explosives
explain some of the wastewater characteristics. The BOD5,
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Table V - 1
Raw Waste Ioads In Weight Per Unit Weight Of Production

Explogives Mamfacturing
. 1
Flow/Production - Raw Wagte Ipads (ﬁﬂikg Product)
Subcategory Products I/Rkg @l/1,000 pounds  BOD™ OO0 TRN Nitrates Sulfates T0C 155
A. Mamufacture of Explosives Dynamites, NG, 1680 201 1.46 3.87 .82 2,50 6.90 1.63 0.82
NH4NOq, TNT,
, BNX
B. Mamifacture of Propellants NG, Single, 267,000 32,000 63.4 118 5.98 38.4 191  43.6 64,5
Double, Triple Base
Propellants, High
Energy tg
folled Powders
C. Ioad, Assarble and Pack Primers, Fuses, Shells 1,760 211 0.0 0.08 0.0 . o.
Plani':s _t v Caps,'m, ’ ' 005 21 '0 015 0.408 0.004 92
Water gels, slurries,
ANFO
D. Manufacture of Initiators Mamifacture of Initiators 873,000 105,000 1170 6290 3.00 5,50 927 851 49.3

such as Primer Explosives,

lgquivalent to 1b/1000 lbs
Zprior to 908 reduction in flow




TABLE V-2a

Explosive Manufacturing Raw Waste Loads

Subcategory A
Production

1o
kkg/da

Flow :
y kkg/day L/kkg product Raw Waste Load (kg/kkg Prod. )}
(1,000 1b/day) (mgd) (9a1/1,000 prod) BODS [%1]1] 155 T0C ~ NO3<N S04 TRN

Subcategory A - Explosive Manufacture

Plant No. ‘

49 59.4 0.188 3,190 0.31 0.921 0.152 0.550  3.35 6.55  0.10
(131) (0-05) (382)

50 145 0.024 165 0.181 0.563  0.054 0.24 1.11 0.3 0.60
(320) (0.0063) (19.7)

439 128 0.67 4,800 - -- 0.062 0.27 0.3 10.4 0.021
(283) (0.163) (576) .

. .

41 45.8 5.68 124,000 - - 0.7 4.3 -- 116 0.770
(101) (1.50) ( 4,900)

44? 296 28.4 95,800 6.04 10.6 1.02  4.05 .35 - 0.343
(652) {7.50). (11,500) S

o1 76.8 (2) 2) 6.35 10.3 0.90 -- 9.0 0.28 5.25
(169) ‘

03! 339 P) 2 0.22 3.73 0.550 -- 4.83 1.05  --
32 (2) ) :

04! 127 2 2 1.66 6.99 2.55 . -- 3.60 26.5 1.0
(260) (2) (2)

06! 90,9 (2) ) 0.360 1.19 0.53 -- 3.34 0.410 2.88

- (200)

o071 58.2 (2) (2) 0:085 .300  0.780 -- .92 3.15  0.060
(128)

Raw Waste Load? - - - 1Z680) . 1.463 3.873  0.823 1.633  2.503 6.903 0.823
: -- -- 201

Tpata from Patterson (1974).

2pye to coding ambiguities, this individual information was unavailable. However, the average of
these numbers was available and use in computing the overall average. .

3gxcludes high and low values. '

4Prope11ant operation

5Explosive operation

6Four-plant average

7Average from plants 49, 50 only {49, 50 the only ones visited in this category).

RWL developed from more reliable single source - 47.
Data obtained from Department of Defense
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Explosive Manufacturing Raw Waste Loads

TABLE Y-2b

Subcategory B

Production Flow
kkg/day kkg/day L/xkg product
(1,000 1b/day) (mgd) (921/1,000 prod)
Subcategory B - Propellant Manufacture '
Plant No
47 13.1 1.37 108,000
(28.9) (.363) (12,600)
43% 22.0 8.29 376,000
(48.6) (2.19) (45,000)
48° 30.3 6.74 222,000
a (66.9) (1.78) (26,600)
42° 72.9 26.8 366,000
(161.0) (7.07) (43,300)
Raw Waste Load -- - 267,000
¥ o - - (32,000)

1 Data from Patterson (1974).

2 pue to coding ambiguities, this individual information was unavailable.

these numbers was available and use in computing the overall average.

Excludes high and low values.
propellant operation

5 Explostve operation

6 Four-plant average.

7 Average from plants 49, 50 only (49, 50 the only ones visited in this category).
8 RwL developed from more reliable single source - 47.

Data obtained from Depargment.of Defense

' Raw Waste Load (kg[kkg Pmd.)‘
’ S = S04

TKN

-

63.4

However, the average of

18

35.4

81.0

1188

4.6

83.5

25.7

124,

64.5

43.6

28.8

43.68

236

66.5

38.4

53.5

328

1N

13.8

3.81

.687

5,98



http:Oepartment.of

COD and TOC loads can be attributed to the organic compounds
involved. The high nitrate levels can be attributed to acid
and organic compounds that contain nitrogen. The sulfate
level can be attributed to sulfuric acid, and, in the case
of TNT, the sellite wash used in the purification of TNT.

Initially the wastewaters from explosives manufacturing are
highly acidic, and pH wvalues of 1.0 are not uncommon.
However, prior to discharge, neutralization is practiced
and, hence, the pH can be as high as 9.0 at discharge.

Another wastewater problem is +the discharge of trace
quantities of explosives., Discharges of nitroglycerin as
high as 1,000 mg/1 have been recorded. TNT is of particular
interest since- it has been proven to inhikit natural
biological processes. Discharges of wastewater containing
100 mg/1 of TNT are typical. Concentration of RDX and HMX
can be as high as 25 mg/1l.

Sukcategory B - Manufacture of Propellants

The waste loads associated with the manufacture  of
propellants are generally higher than those associated with
the manufacture of explosives. The following tabulation
summarizes +the effluent waste load ranges for subcategory B
{see Takle V-2b). :

Parameter Range

{(1bs/1,000 1lb product)
COD 35.41 - 118
Nitrates 0.237 =~ 66.5
sulfates 53.5 - 328
TOC 28.8 - 43.6
 TSS 25.7 - 124

Suspended solids are a troublesome problem, specifically in
the manufacture of nitrocellulose, where NC fines can
produce levels of TSS concentration from 1,000 to 10,000
mg/l. Wide wvariation in pH is also a problem. The BODS
value obtained is 63.& 1b/1000 1b product.

High BOD5, COD and TOC 1levels can be attributed to the
organic compounds and solvents (alcohcel and ether) involved
in the processes. High nitrate levels can ke attributed to
the, use of nitric acids and organic compounds with nitrogen
as one of the elements. Similarly, sulfate levels can be
attributed to the use of sulfuric acid.
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TABLE V-2¢
Explosive Hanufacturing Raw Waste Loads

Subcategory €

(gal

P{§g7§§;°“ w e e 2ot Haste Load (kg/kkg Prod. !
! ‘ roduct | [ =
(1,000 1b/day)  (mgd) ety 22 L S _i% T w—

Subcategory C - Load Assemble & Pack Plants

¥9

Plant No.
50 44,2 .0004 8.58 .000 L0011 ,000
(97.5) (.0001) (1.03)
o1l 27,2 2 2 .000 0015 -
e (2) (2)
02! 59 2 2 L0015 .0180  .0470
(130) (2) (2)
03! 5.5 2) 2 - .44 52
(1% ( (2)
439 22.1 .037 1,660 -~ .015 .0176
(48.6) £.0097)  (199) '
48 30.3 .882 29,000 - ,364 .37
(66.9) - (.233) {3,480)
$9 ~ 45,8 .023 509 - - .0003
(101) (.0052)  (61.1)
i . .63 .0057 8,920 - - 6.25
(1.4) (.0015) (1,070)
435,9 128 .027 209 - 0015 001
(283) (.0071) 25.1)
Raw Waste Load? - - 1,7603’10 .0005 .083 .923
- - §211)3,10»

lpata from Patterson (1974).

2Due to coding ambiguities, this individual information was unavailable. However, the average of
these members was available and use in computing the overall average.

3excludes high and low values.
Propellant operation,
Explosive operation

6Four-p]ant average

Taverage from plants 49, 50 only (49, 50 the only ones visited in this category).
RWL developed from more reliable single source - 47.
Data obtained from Department of Defense.

OAverage of flows from plants 01, 02, 03, 43, 41 and 43.

000 .

- .025
o 0010
- .034
L0065 .00045
~- 053
003 -
4,30 --
.0025 .0003

.0043 0.0153

.0045

.0015

0.408

0.00

.078
079

.0038

. 0001

.0213




Throughout the survey, one fact continued to repeat itself.
There was no significant treatment in place except one
commercial location. Generally a plant site had only
neutralization and in some cases sedimentation.

Subcategory C - Load, Assemble and Pack Plants

Waste loads from subcategory C are the mildest, btut most
variable, in explosives manufacturing. The following
tabulation summarizes the range of effluent waste loads for
this sukcategory (see Table V-2c¢).

Parameter Range
(1b/71,000 1lbs product)
BCDS 0 - .0015
COD 0.0011 - 1.44
TCC ' . 0 - 4.3
- TSS - 0.0003 - 6.25
Subcategory D - Manufacture of Initiating Compounds

(Specialty Plants)

The waste loads associated with  the manufacture of
initiating compounds and other specialty explosives are the
highest of any subcategory of explosives manufacturing due
tc high concentrated waste streams and small volumes of
production. The following tabulation summarizes the
effluent waste load ranges for sukcategory D (see Table V-
24} .

Parameter Range
(lbs/1,000 lbs Production)
BODS 3.46 - 2,210
CcoD 9.52 - 17,100
Nitrates 0.003 - 5,750
Sulfates 0.06 - - 7,180
TOC 101 - 1,520
TSS 0.464 - 174

Highk TKN waste loads were also observed.

The cause of high waste loads in this subcategory is related
to the total guantity of specialty products manufactured.
In general, specialty products are sensitive high
explosives, used to detonate the more massive but less
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Table V-2d

Explosive Manufacturing Raw Waste Loads

Subcategory D

Production Flow
kkg/day kkL/day L/xkg product
(1,000 1b/day) (mgd) {ga1/1,000 prod)
Subcategory D - Manufacture of Initiators
Plant No.

A BRI .0026 22,200

(.263) (.0007) (2,600)

45 .143 ,0042 29,100

(.315) (.0011) (3,490)

50 .04 .019 464,000

{.090) (.005) (55,600)

Q 50 .00 .0019 1,670,000
(.0025)  (.0005) 200,000)

50 & DIAZ0 .023 .01 1,330,000

, (.051) (.003) (159,000)

g - .636 .0174 27,400
(1.400) (.0046) (3,290)

» .150 .0026 17,000
(.330) (.0007) (2,120)

Raw Waste Load 873,0006
(105, 000)6

Ipata from Patterson (1974).

Raw Waste Load (kg/kkg Prod.)]

8005

3.46
1,020

1,430

2,210

1,170

i)

9.52
17,100
2,080

5,960

6,290

2Due -to coding ambiguities, this individual information was unavailable, however‘ the average of
these numbers was available and used in computing the over-all average.

3excludes high and low values
Propellant operation
Explosive operation

?Average of four streams (from plants 45 and 59)

Average from plants 49, 50 only (49, 50 the only ones visited in this category).
8RWL developed from more reliable single source - 47.

9Data obtained from Department of Defense

TS

136
0.464
10.0
1.96

174

49.33

106

39.7
1,520
934
1,520

101

NO3-N

5.67
0.003
.241

5,750

S04

8.36

1.22

7,180

0.06

2,770

. 9273

TkN -

.580

1.09

1.48
8.85

461

0.53

3.003




sensitive explosives, Therefore, the guantity produced is
small when compared with the more widely~used explosives of
Sukcategory AL Because of the small gquantity, batch
rrocesses are used, recovery of spent materials is not
attempted, and a total 1lack of treatment prevails. For
example, it was observed in the field that a discharge with
a pH of 12.0 occured reqularly. No treatment facilities
were observed at this time and from +the best sources
available no known treatment presently exists in the point
source category.

Table V-1 depicts the raw waste loads (RWL) for explosives
manufacturing. Tables V-~2a through 4 and V-3a through d
present raw waste load data by plant€ 7 TAs _these tables
indicate, there are seven parameters whose raw waste loads
are significant: BOD5, COD, TOC, TSS, NO3-N, TKN, and SO4.

The mean of this data is very sensitive to the presence or
absence of the extremes in the distribution. This is even
more pronounced when dealing with a small samgple. In a
- severely skewed distribution, +the wvery high or very low
scores can exert a considerable impact on the mean, to the
extent that it is no 1longer a good measure of central
tendency. Hence, the statistical technique of discarding
the largest and smallest value, where there was no clear or
.reasonable explanation, was used 1in determining the raw
waste load for each subcategory if there were five or more
pieces of data to work with. If there were fewer than five
pieces of data, a simple mean was determined, and none of
the data were discarded.

"OTHER PARAMETERS OF CONSIDERATION

0il and grease levels as high as 341 mg/l were found in some
waste streams of plants manufacturing products in
sukbcategory C, LAP. Because oil and grease can be hazardous
to the receiving waters, effluent 1limitations are being
estaklished for this parameter.

A significant waste characteristic not represented in Table
V-1 is metals. = Information available on heavy metals was
not adequate to promulgate effluent 1limitations; however,
they appear significant only in sukbcategory D. Lead from
the groduction of lead azide and lead styphnate can be found
in significant quantities. Quantities of approximately two
pounds of 1lead a day (200 mg/l) were observed being
discharged daily at one installation.

67




Table V-3a
Subcategory A

Explosives Manufacture Raw Waste Loads for Additional Parameters

Raw Waste Load (1bs/ton Product)

Plant No, s Alkalinity NHa-N I-P 0il Na
48 19.5 25.4 " 133
50 31.8 6.36 .147
43 39.4 1.85
46 616 49,2
44 41,3 13.4
011 13.0 - 10.4 - -- -
‘gc} 021 . -— - - — -
03! 98.5 5,27 -- 0.00 -
041 %.8 | 2.06 -- 1.09 --
06! 47.0 -- 5.28 09 -
07! 43.9 -- 1.54 |
Raw Waste Load 116 19.2 | 355 - -T2 4.7

Tpata from Patterson's Study




Plant No.

47
43

48
42

Raw Waste Load
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Table V-3b
Subcategory B

Propellant Manufacture Raw Waste Loads for Additional Parameters

Raw Waste Load (1bs/ton Product)

5 ATkalinity ) TP oiT Ta
502 63.9 2.75 1.10 2.75 154
10,200 -- 2.09 .169 - .-
2,890 - - .92 -- -
154

4,520 63.9 2.42 .730 2.75




Table ¥-3c
Subcategory C

Load, Assemble & Pack Plants Manufacture Raw Waste Loads for Additional Parameters

Raw Waste Load (1bs/ton Product)

Plant No. 105 Alkalinity NH3-K T-P OiT Na

01! -- - .007 -- -- -

02! 125 -- - - -

03! 1.9 129 -- - -

43 (Propellant) .263 - -— - -—

48 14,2 5.38 - - - -

~ 46 .54 168 -- - -- -

=

141 143 . 83.4 - - - 3.19

43 (TNT) .035 014 -- -- -- --

50 - .000 - - - .01 -
Raw Waste Load 4,52 22.2 .068 -- 0.01 3.19

Ipata from Patterson's Study

25xc1udes high and low values




1L

Plant No.
142
45
50
NHN & 150
LHR
PETN & DIAZO

141
142

Table V-3d
Subcategory D

Initiating Compounds Manufacturing
Raw Loads for Addition Parameters

Raw Waste Load {1bs/ton Product)

0% ATkalinity NH,-N T-P 01l Na
-- 118 -- .057 - --
17,800 18,800 “ 16 31.7 635 17,300
- 1.02

19,000 440 14 .093 748 8,020
78,400 12,300 - . 26.2 .334 2,910 15,700
24,600 668 -- -- 5,080

1,390 390 -- -- - 494




Another significant waste characteristic not represented in
Table V-1 is trace quantities of explosives. The following
concentrations of explosives have been reported:

Explosives Effluent Concentration
NG 1,800 mg/1
TNT 70-350 mg/1l
RDX 7.9 mg/l
HMX 2.6 mg/l

In addition +to these manufactured explosives in the
effluent, there are significant concentrations of unwanted
igomers such as DNT (dinitrotoluene) in the wastewater. The
possibility of these small concentrations accumulating in
the environment and the toxicity of +these wastes
necessitates adequate treatment prior to discharge.

Ranges of concentration

A key waste characterization is the range of concentration
for gsignificant pollutant parameters. Average
concentrations are presented in Table V-4, These
concentrations c¢an be very misleading, since non-contact
cooling waters cannot be distinguished from process waters
in every case.

The following ranges of pollutants-based on the survey and a
review of the historical data are for sukcategory A:

BODS - 20.0 to 1,100 mgs1 NO3-N -~ 20.0 to 6,800 mg/l
cop - 60 to 3,500 mg/1 TRN - 5.0 to 3,700 mg/1
T8S8 -~ 8.0 to 1,300 mg/1l so4 - 50 to 2,100 ma/1
T™C - 12.0 to 1,500 mgrsl

The following pollutant concentration ranges generally
characterize subcategory B:

coD - 200 to 1,200 mg/1 NO3=N = 1.0 to 4,000 mg/1l
IS8 - 100 to 1,000 mg/1 TKN - 1.8 to 60 mg/1l
TOC - 30 to 130 mg/1 S04 - 300 to 900 mgs1

The pollutant concentration ranges for sukcategory C
generally fall into the following ranges: ‘

BODS5 - 0 to 12 mg/l NO3-N - 0.4 to 12 mg/1
COD - 8.0 to 220 mg/1 " TKN - 2.0 to 6.0 mg/1
Tss = 1 to 770 mg/1 so4 - 50 to 85 mgr/l

TOC =- 2.0 to 480 mg/l




Table V-4
Concentration of Pollutants

Explosives Industry

Category BOD§g €oD TKN Nitrates 30, ToC IsS
mg/L mg/L . mg/L mg/1 mg/L mg/L mg/L

A 871 2,310 489 1,490 4,120 972 489
B 2371 442! 202 1442 751 1632 a0l

C <] 45 12 9 232 2 523

D 1,30 7,210 3 6.0 1,060 975 56

1His.torica] Data, Plant No. 47
2Survey Data, Plant No. 47
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The above ranges for BODS, COD and TOC represent different
data populations because the complete data for all
parameters were not available from each plant.

The pollutant data points generally fall into the following
concentration ranges for subcategory D:

BODS5 - 100 +o 12,000 mgrsl NO3-N - 0.5 to 5,000 mg/1l
cop - 300 to 50,000 mg/l -TKN - 4,0 to 1,000 mg/1
TSS - 1.0 to 60,000 mg/1 So4 - 5 to 120,000 mgrl
T0C - 50 to 15,000 mgrl

It is evident that the concentrations for subcategory B
appear similar +to A; however, the amounts of raw pollutant
per 1,000 pounds of product differ greatly. Tables V=1 and
v-2a through V~2d provide more detailed data to substantiate
this observation.

Plants falling in sukcategory € appear +*o be widely
scattered with regard to pollutant concentration. It should
be noted that the average flow in this category was about
6,800 gpd, even though the concentrations are very small.

Wasteloads from plants in sukcategory D appear +to be
variable in concentration. This is borne out by the nature
of this categoxry. For example, if a sample were extracted
when the batch process is being dumped, it would have a high
concentration. Also, a plant that discharges a specific
process effluent once every +three weeks was sampled. The
result was extremely high concentrations of pollutants on
some days, followed by long periods of low concentration.




SECTION VI

SELECTION OF POLLUTANT PARAMETERS

General

From review of NPDES permit applications for direct
discharge of wastewaters = from various explosives
manufacturers and examination of related published data,
twelve parameters (listed in Table VI-1) were selected and
examined for all industrial wastewaters during the field
data collection program. - In. addition, several specific
parameters were examined for each of the subcategorles. All
field sampling data are summarized in Supplement B.
Supplement B includes laboratory analytical results, data
from plants visited, RWL calculations, historical data,
analysis of historical data, computer print-outs (showing
flows, production, and pollutants, performance data on
treatment technologies and effluent limitations
calculations). . Supplement A has design calculations,
capital cost calculations, and annual cost calculations.
Supplements A and B are availakle at the EPA Puklic

Information Reference Unit, Rcom 2922 {(EPA Library),
Waterside Mall, Washlngton, D.C. 20&60.

.The degree of 1mgact on the overall environment has been
used as a basis for leldlng the pollutants into groups as
follcows:

1. Pollutants of significance.
2. Pollutants of limited s:gnlflcance.
3. Pollutants of specific significance.

The rationale and justification for pollutant categorization
within the foregoing groupings, as discussed herein, will
indicate the basis for selection of +the parameters upon
which +the actual effluent limitations and guidelines were
postulated for each point source. In addition, particular
parameters have been discussed in terms of their validity as
measur es of environmental impact and as sources of
analytical insight,

Pollutants observed from the field data that were present in
sufficient concentrations so as +t0o interfere with, be
incompatible with, or pass with inadequate treatment through
publicly owned treatment works are discussed in Section XII
of this document.
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Pollutants of Significance

Parameters of pollution significance for explosives
manufacturing point source category are BODS5, Cob, ToC, TDS,
TSS, nitrates, .sulfates, total Kjeldahl nitrogen, ammonia
nitrogen, lead and pH.

BODS, COD, and TOC have been selected as pollutants of
significance because they are the primary measurements of
organic pollution. In +the survey of the industrial
categories, almost all of the effluent data collected from
wastewater +treatment facilities were based upon BODS,
because almost all the treatment facilities were biological
processes, If other processes (such as evaporation,
incineration, or activated carbon) are utilized, either COD
or TOC may be a more appropriate measure of pollution.




Table VI-1

List of Parameters Examined
Céioghemicalbéxygen Deméné
Chemical oxrygen Demand
~Toﬁél Organié Carbén

- Total Suspenéed»Solids'V‘
" Dissolved Solids | |
Lead =
Méréury
Nitrogen Compounds
pH, Acidity, Alkalinity
Sulfates
0il and Grease

Color
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BOD

Biochemical oxygen demand (BOD) is usually defined as the
amount of oxygen required by microorganisms while
stabilizing decomposable organic matter under aexrobic
conditions. The term "decomposable" may be interpreted as
meaning that the organic matter can serve as food for the
microorganisms and that energy is derived from +this
oxidation. ' ’

The BOD does not in itself cause direct harm to a water
system, but it does exert an indirect effect by depressing
the oxygen content of the water[ "COrgarnic effluents exert a
BOD during their processes of decomposition which can have a
catastrophic effect on the ecosystem by depleting the oxygen
supply. Conditions are sometimes reached where all of the
oxygen is used, and the continuing decay process causes the
production of gases, such as hydrogen sulfide. Water with a
high BOD indicates the presence of decomposing organic
matter and subsequent high bacterial counts that degrade the
guality and potential use of the water.

Dissolved oxygen (DO) is a water quality constituent that,
in appropriate concentrations, is essential not only to keep
organisms living but alsd to sustain species reproduction,
vigoxr, and the. development of populations. Organisms
undergo stress at reduced DO, concentrations that make them
less competitive and less capable of sustaining their
species within the aquatic environment. For example,
reduced DO concentrations have been shown to interfere with
fish population through delayed hatching of eggs, reduced
gize and vigor of embryos, production of deformities in +the
voung, interference with food digestion, acceleration of
blood clotting, decreased tolerance +to certain toxicants,
reduced food efficiency and growth rate, and reduced maximum
sustained swimming speed. Fish food organisms are likewise
affected adversely in conditions with suppressed DO. Since
all aerocbic aquatic organisms need a certain amount of
oxygen, the consequences of total lack of dissolved oxygen
due to a high BOD can kill all aerobic inhabitants of the
affected area. ’ ‘

The BOD test (Standard Methods, 1971; Methods of the
Chemical Analysis of Water and Wastes, 1971) has been used

to gauge the pollutional strength of a wastewater 4in terms
of the oxygen it would demand if discharged into a
watercourse. Historically, the BOD test has also been used
to evaluate the performance of biological wastewater
treatment facilities and to establish effluent limitation




values. However, objections to the use of the BOD test have
been raised. The major objections are:

1. The standard BODS test takes five days before the
results are availalkle.

2. At the start of the BOD test, a seed culture of
microorganisms is added to the BROD bottle. If the seed
culture were not acclimated (i.e., exposed +to a similar
wastewater in the past), then it may not readily
biologically degrade the waste, and a low BOD value may be
reported. This situation may occur when dealing with
complex industrial wastes. '

3. . The BOD test is sensitive to toxic materials, as
are all biological processes. Therefore, if toxic materials
are present in particular wastewater, the reported BOD value
may be erroneous. This situation can be remedied by running
a microorganism toxicitv test, i.e., subsequently diluting
the sample until the BOD value reaches a plateau indicating
that the material is at a concentration which no lcnger
inhibits biological oxidation.

However, some of the previously cited weaknesses of the BOD
test also make it uniquely applicable. It is the only
parameter now available which measures the amount of oxygen
utilized by microorganisms in metabolizing organics . in
wastewater,

The use of COD or TOC +to monitor the efficiency of BOD
removal in biological treatment is possible only if there is
a good correlation between COD or TOC and BOD. Under noxmal
~ circumstances, two correlations would be necessary, one for
the raw wastewater and one for the treated effluent. During
the field data analysis, varying correlations between COD or
TOC and BOD5 were evident between subcategories. In spite
of some disadvantages, this industry should continue to use
the BODS parameter as one of its pollution indicators.

The BODS test is essentially a bioassay rrocedure involving
the measurement of oOxygen consumed by living organisms while
utilizing the oxganic matter present in a waste under
conditions as similar as possible to +those that occur in
nature., It is extremely important that environmental
conditions ke suitable for the living organisms to function
in an unhindered manner at all times. This requirement
means that +toxic subkstances must be absent and that
accessory nutrients needed for microbial growth (such as
nitrogen, phosphorus, and certain trace elements) must be
present. Biological degradation of organic matter under
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natural conditions is brought about by a diverse group of
organisms that carry the oxidation essentially to
completion. Therefore, it is important that a mixed group
of organisms commonly called “seed" be present in the test.
For a few industrial wastes, this "seed" should be allowed
to adapt +o +the particular waste (acclimate) prior to
introduction of the culture into the BOD5 bottle.

The BODS test may be considered as a wet oxidation procedure
in which the 1living organisms serve as +the medium for
oxidation of the organic matter to carbon dioxide and water.
A quantitative relationship exists between the amount of
oxygen required to convert a definite amount of any given
organic compound ¢to carbon dioxide and water, which can be
represented by a generalized equation. On the basis of this
relationship, it is possible to interpret BODS data in terms
of organic matter that is present as well as in terms of the
amount of oxygen used during its oxidation. This concerpt is
fundamental to an understanding of the rate at which BODS is
exerted.

The oxidative reactions involved in the BOD5 test are the
result of biological activity, and the rate at which the
reactions proceed is governed +to a major extent by +the
microbial concentration and temperature. Temperature
effects are held constant by performing the test at 20°C,
which is an approximate median value for natural bodies of
water. : ’

The predominant organisms responsible for the stabilization
of most organic matter in natural waters are native to the
soil. The rate of their metabolic processes at 20°C and
undex  the conditions of the test (total darkness,
quiescence, etc.) is such that +time must be measured in
days. Theoretically, an infinite time is required for
complete biological oxidation of organic matter, but for all
practical purposes the reaction may be considered +to be
complete in 20 days. A BOD test conducted over the 20 day
period is normally considered a good estimate of the
ryltimate BOD. However, a 20-day period is too long to
wait for results in practice. It has been found by
experience with domestic sewage that a reasonakly large
percentage of the total BOD is exerted in five days.
consequently, +the test has been developed on the basis of a
5-day incubation period. it should be remembered,
therefore, that 5-day BOD values represent only a portion of
the total BOD. The exact percentage depends on the
character of the ‘“"seed"® and +the nature of +the. organic
matter, and can be determined only by experiment.




COD

The chemical oxygen demand (COD) +test represents an
alternative to the BOD test, and in many respects it is
superior to the BOD test, COD is widely used and allows
measurement of a waste in terms of the total quantity of
oxygen required for oxidation to carbon dioxide and water
under severe chemical and physical conditions. It is based
on the fact that all organic compounds, with a few
exceptions, can be oxidized by the action of - strong
oxidizing agents under acid conditions.

‘During the COD test, organic matter is converted to carbon
dioxide and water regardless of the biological
assimilability of the substances; for instance, glucose and
lignin are both oxidized completely. As a result, COD
values are greater than BOD values especially ‘when
significant amounts of biologically-resistant organic matter
are present.

One drawback of the COD test is that its results give no
indication of +the rate at which the biologically active
material would be stabilized under conditions that exist in
nature. High levels of chloride interfere with the
analysis. Normally, mercuric sulfate is added +to each
sample. being analyzed for chemical oxygen demand +to
eliminate the chloride interference.

The major advantage of +the COD test is the short time
required for evaluation. The determination can be made in
about 3 hours rather +than 5 days required for the
measurement of BOD. Furthermore, the COD test requires less
sophisticated equipment, smaller working area, and less
investment in laboratory facilities. Another major
advantage of +the C(COrC test 1is +that there is no seed
acclimation protlem.

TOoC

Total organic carbon (TOC) is a measure of the amount of
carbon in the organic material in a-wastewater sample. The
TOC analyzer withdraws a small volume of sample and
thermally oxidizes it at 1509C. The water vapor and carbon
dioxide from the combustion chamker (where the water vapor
is removed) are condensed and sent to an infrared analyzer,
where the carbon dioxide is monitored. This carbon dioxide
value corresponds to the total inorganic value. Another
portion of the same sample 1is thermally oxidized - at
temperatures above 950°C. This latter wvalue corresgonds to
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the total carbon value. TOC is determined by subtracting
the inorganic carbon from the total carbon value.

TISS

All undissolved solids in water, unless they have settled to
the bottom in one hour, are suspended solids. The fraction
of undissolved solids that are settleable is dependent on
gquiescence, temperature, density, stability, size,
flocculation, and many other factors. Suspended solids are
a vital and easily determined measure of pollution and also
a measure of the material that may settle in +tranguil or
slow-moving streams.

suspended solids include both organic and inorganic
materials. The inorganic compounds include sand, silt, and
clay. The organic fraction includes such materials as
grease, oil, tar, and (animal and vegetakle) fats.

Suspended solids in water interfere with many industrial
processes, cause foaming in boilers and incrustations on
equipment exposed to such water, especially as the
temperature rises. They are undesirable in process water
used in the manufacture of steel, in the textile industry,
in laundries, in dyeing and in cooling systems.

Total suspended solids (T'SS) discharged in the biological
treatment system effluent consists of biological solids and
other suspended solids carried over through the treatment
facilities. Total suspended solids, when discharged to a
watexrcourse, settle +to the bottom and can blanket spawning
grounds and interfere with fish propagation. In addition,
the solids which are organic will be metabolized and exert
an oxygen demand on the body of water. Total suspended
solids, in laxrge .concentrations, can impede 1light
transmittance and interfere with agquatic photosynthesis,
thereby affecting the oxygen content of a body of water.

solids in suspension are usually aesthetically disgleasing.
Solids, when transformed to sludge deposits, may do a
variety of damaging things, including blanketing the stream
or lake bed and thereby destroying the 1living spaces for
those benthic organisms that would otherwise occupy the
habitat.

In addition to any toxic effect attributable to substances
leached out by water, suspended solids may kill fish and
shellfish by causing akrasive injuries and by c¢logging the
gills and respiratory passages of various aquatic fauna.
Indirectly, suspended solids are inimical +to aquatic 1life




bacause they screen out light, and they promote and maintain
the development of noxious conditions through oxygen
depletion. This results in the killing of fish and fish
food organisms. Suspended solids also reduce the
recreational value of the water.

Pollutants of Limited Significance

Dissolved Solids

In natural waters, the dissolved solids ‘are mainly
carbonates, - chlorides, sulfates, phosphates, and, +to a
lesser extent, nitrates of calcium, magnesium, sodium, and
rotassiun, with. +traces of iron, manganese and other
substances. The summation of all individual dissolved
solids is commonly referred to as total dissolved solids.

Many communities in the United States -and in other countries
use water -supplies containing 2,000 +to 4,000 mgrsl of
dissolved salts, when no better water is available. Such
waters are not palatable, may not quench thirst, and may
have a laxative action on new users. Waters containing more
‘than 4,000 mg/l of total salts are generally considered
unfit for human use, although in hot climates such higher
salt concentrations can be tolerated. Waters containing
5,000. mg/l or more are reported to ke bitter and act as a
bladder and intestinal irritant. It is generally agreed
that the salt concentration of good, palatable water should
not exceed 500 mgs/1l,

Limiting concentrations of dissolved solids for fresh-water
fish may range from 5,000 to 10,000 mgsl, depending on
species and prior acclimatization. Some fish are adapted to
living in more saline waters, and g few species of fresh-
water forms have been found in natural waters with a salt
concentration of 15,000 to 20,000 mg/l. ~ Fish can slowly
become acclimatized to higher salinities, but fish in waters
of low salinity cannot survive sudden exposure to high
salinities, such as those resulting from discharges of oil-
well brines. Dissolved solids may influence the toxicity of
heavy metals and organic compounds to fish and other aquatic
life, primarily because of +the antagonistic effect of
hardness on metals.

Waters with +total dissolved solids (TDS) concentrations
higher +than 500 mg/l have decreasing utility as irrigation
water. At 5,000 mgs/l, water has little or no value for
irrigation.




Dissolved solids in industrial waters can cause foaming in
boilers and can cause interference with cleanliness, color,
or taste of many finished products. High concentrations of
disscolved solids also tend to accelerate corrosion.

Specific conductance is a measure of the capacity of water
to convey an electric current. This property is related to
the total concentration of ionized substances in water and
to the water temperature. This property is frequently used
as a substitute method of quickly estimating the dissolved
golids concentration.

Lead ({Pb)

Some natural waters contain lead in solution, as much as 0.4
to 0.8 mg/1l where mountain limestone and galena are found.
In the U.S.A., lead concentrations in surface and ground
waters used for domestic supplies range from traces to 0.04
mg/l, averaging about 0.01 mg/1l.

Foreign to the human body, lead tends +o be deposited in
bone as a cumulative poison. The intake that can be
regarded as safe for everyone cannot be stated definitely,
because +the sensitivity of individuals +to lead differs
considerably. Lead poisoning usually results from the
cumulative +toxic effects of lead after continuous consump—
tion over a long period of time, rather than from occasional
small doses. Lead 4is not among the metals considered
essential to the nutrition of animals or human beings.

Lead may enter the body through food, air, and tobacco smoke
as well as from water and other beverages. The exact level
at which the intake of lead by the human body will exceed
the amount excreted has not been established, but it
probably lies tetween 0.3 and 1.0 mg per day. The mean
daily intake of 1lead by adults in North America is akout
0.33 mg per day, which 1is derived from water used for
cooking and drinking.

Iead in an amount of 0.1 mg ingested daily over a period of
years has been reported to cause léad poisoning. on the
other hand, one reference considered 0.5 mg pexr day safe for
human beings, and a daily dose of 0.16 mg/l over long
periods of time have apparently been non-poisonous. The
mandatory 1limit for 1lead in +the USPHS Drinking Water
Standards is 0.05 mg/l. Several countries use 0.1 mgs/l as a
standard.

Traces of lead in metal-plating baths will affect the
smoothness and brightness of deposits. Inorganic lead salts




in irrigation water may be toxic to plants and should be
investigated further. It is not unusual for cattle to be
poisoned by lead in their water. The 1lead need not
necessarily be in solution, but may be in suspension, as,
for example, oxycarbonate. Chronic lead poisoning among
animals has been caused by 0.18 mg/1 of lead in soft water.
Most authorities agree that 0.5 mgs/l of lead is the maximum
safe limit for lead in a potable supply for animals. The
toxic concentration of lead for aerobic bacteria is reported
to be 1.0 mgrs1l, and for flagellates and infusoria, 0.5 mg/l.
The bacterial decomposition of organic matter is inhibited
by 0.1 to 0.5 mg/l of lead.

Studies indicate that in water containing lead salts, a film
of coagulated mucus forms, first over the gills, and then
over the whole body of the fish, probably as a result of a
reaction between lead and an organic constituent of mucus.
The death of +he fish is caused by suffocation due to this
obstructive layer. In soft water, lead may be very toxic:
in hard water equivalent concentrations of lead are less
toxic. Concentrations of lead as low as 0.1 mg/l have teen
reported +toxic or lethal to fish. Other studies have shown
that the toxicity of lead toward rainbow trout increases
with a reduction of the dissolved-oxygen concentration of
the water. '

Mercury (Hqg)

Mercury is an elemental metal that is rarely found as a free
metal. The most distinguishing feature is that it is a
liquid at ambient conditions. Mercury is relatively inert
chemically and ‘is insoluble in water. Its salts occur in
nature chiefly as the sulfide (HgS) known as cinnabar.

Mercury can be introduced into the body through the skin and
the respiratory system. Mercuric salts are highly toxic to
humans and can be readily absorbed through the
gastrointestinal tracts. Fatal doses can vary from 3 to 30
grams.

Mercuric salts are extremely toxic to fish and other aquatic
life. Mercuric chloride is more -+ lethal than copper,
hexavalent chromium, zinc, nickel, and lead towards fish and
aquatic 1life. In the food cycle, algae containing mercury
up to 100 times the concentration of the surrounding sea
water are eaten by fish which further concentrates the
mercury and predators that eat the fish in turn concentrate
+he mercury even further.

Nitrogen Compounds
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Ammonia nitrogen (NH3~N) and total XKjeldahl nitrogen (TKN)
are two parameters which have received a substantial amount
of interest in the last decade. TKN is the sum of the NH3-N
and organic nitrogen present in the sample. Both NH3 and
TKN are expressed in terms of equivalent nitrogen values in
mg/l to facilitate mathematical manipulations of the values.

Organic nitrogen may be converted in the environment to
ammonia by saprophytic bacteria under either aerobic or
anaerobic conditions. The ammonia nitrogen then becomes the
nitrogen and energy source for autotrophic organisms
(nitrifiers). The oxidation of ammonia to nitrite and then
to nitrate has a stoichiometric oxygen requirement of
approximately -4.6 times the concentration of NH3-N. The
nitrification reaction is much slower than the carkonaceous
reactions, and, therefore, the dissolved oxygen utilization
is observed over a much longer period.

Ammonia is a common product of the decomposition of organic
matter., Dead and decaying animals and plants along with
human and animal body wastes account for much of the ammonia
entering the aquatic ecosystem. Ammonia exists in its non-
ionized form only at higher pH levels and is the most toxic
in this state. The lower the pH, the more ionized ammonia
is formed and its +toxicity decreases. Ammonia, in the
presence of dissolved oxygen, is converted to nitrate (NO3)
by nitrifying tacteria. Nitrite (NO2), which is an
intexrmediate product between ammonia and nitrate, sometimes
occurs in quantity when depressed oxygen conditions permit,
Ammonia can exist 4in several other chemical combinations,
including ammonium chloride and other salts.

Infant methemoglobinemia, a disease characterized by
specific blood changes and cyanosis, may be caused by high
nitrate concentrations in the water used for preparing
feeding formulae. While it is still impossible to state
precise concentration limits, it has been widely recommended
that water containing more than 10 mg/1 of nitrate nitrogen
(NOC3-N) should not be used for infants.

Nitrates are also harmful in fermentation processes and can
cause disagreeable tastes in beer. In most natural water
the pH range is such that ammonium ions (NHU+) predominate.

In streams polluted with sewage, up to one-half of the
nitrogen in the sewage may be in the form of free ammonia,
and sewage may carry up to 35 mgs/l of total nitrogen. It
has been shown that at a 1level of 1.0 mg/l non-iconized
ammonia, the ability of hemoglobin to combine with oxygen is
impaired and may cause fish to suffocate. Evidence
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indicates that ammonia exerts a considerable toxic effect on
all aquatic life within a range of less than 1.0 to 25 mgr/1,
depending on the pH and dissolved oxygen level present.

Ammonia can add +to the problem of eutrophication by
supplylng nitrogen ; through its bkreakdown products. some
lakes in warmer climates, and others that are aging quickly,
are sometimes limited by +the nitrogen available. Any
increase will speed up the plant growth and decay process.

pH, Acidity and Alkalinity

BAcidity and alkalinity are reciprocal terms. Acidity is
produced by sukstances that yield hydrogen ions upon
hydrelysis, and alkalinity 1is produced by substances that
yield hydroxyl ions. The term "total acidity® and “total
alkallnlty" are often used to express the buffering capacity
of a solution.

Acidity in natural waters is caused by carbon dioxide,
mineral acids, weakly dissociated acids, and  the salts of
strong acids and weak bases. Alkalinity is caused by strong
bases and the salts of strong alkalies and weak acids.

The term pH is a loqarlthmlc expression of the concentration
of hydrogen . ions. At a pH of 7, the hydrogen and hydroxyl
ion concentrations are essentially equal and the water is
neutral. Lower pH values indicate acidity, while higher
values indicate alkalinity. Thé relationship between pH and
acidity or alkalinity is not necessarily linear or direct.

Waters with a pH -below 6 are corrosive to waterwork
structures, distribution 1lines, and household plumbing
fixtures, and can thus add such constituents .to drinking
water as iron, copper, zinc, cadmium, and lead.

The hydrogen ion concentration c¢an affect the taste of
water. At a low pH water tastes sour. As pH increases, the
bacterial effect of chlorine is weakened, and it is
advantageous to keep the pH close to, 7. '

Extremes of pH or rapid pH' changes can exert stress

conditions or kill agquatic 1life outright. Dead fish,
associated algal . blooms, and foul stenches are aesthetic
liabilities of any waterway. Fven  moderate changes from

acceptable criteria  limits of pH are deleterious to some
species. The relative toxicity to- aguatic 1life of many
materials is increased by changes in the water pH. The
availability of many nutrient substances varies with the

87




alkalinity and acidity. Ammonia is more lethal with a
higher pH. ,

The lacrimal fluid of +he human eye has a pH of
approximately 7, and a deviation of 0.1 pH unit from the
norm may result in eye irritation or severe pain.

sulfates (S04)

Sulfates occur naturally in waters, particularly in the
western United States, as a result of leachings from gypsum
and other common materials. They also occur as the final
oxidized state of sulfides, sulfites and thiosulfates.
sulfates may also be present as the oxidized state of
organic matter in +the sulfur cycle, but they in turn, may
serve as sources of energy for sulfate reducing Lacteria.
Sulfates may also be discharged in numerous industrial
wastes, such as those from tanneries, sulfate-pulp mills,
textile mills, and other plants +that use sulfates or
sulfuric acid.

In moderate concentrations, less than 500 mg/l sulfates are
not harmful, yet concentrations greater than 1000 mgs/1l tend
to have a <daxatives effect on humans. Irrigation
concentrations less than 336 mgr/1 are considered to be good
to excellent. ‘ .

0il and Grease

011 and grease exhibit an oxygen demand. 0il emulsions may
adhere *to the gills of fish or coat and destroy algae or
plankton. Deposition of oil in the rottom sediments can
serve +to exhibit normal benthic growths, thus interrupting
. the aquatic food chain. Soluble and emulsified material
ingested by fish may taint the flavor of the fish flesh.

Water-soluble components may be toxic to fish. Floating oil
may reduce +the re-aeration of the water surface and in
conjunction with emlsified oil may interfere with
photosynthesis. :

Water-insoluble components damage the coats of water animals
and ‘the plumage of waterfowl. O©0il and grease in water can
result in the formation of objectionable surface slicks
rreventing the full aesthetic enjoyment of the water. 0il
spills can damage the surface of boats and destroy the
aesthetic characteristics of beaches and shorelines.

88




Coloxr

Color in water may be of natural mineral or vegetable
origin, caused ky metallic substances, such as iron and
manganese compounds, humus material, peat, tannins, algae,
weeds, and protozoa. Waters may also be colored by
inorganic or organic soluble wastes from many industries
including the explosives industry.

Color in the explosives point source category results from
the manufacture of TNT; either from the purification steps
or the equipment and/or manufacturing area clean-up.

Color is defined as either Ytrue" or %"apparent" color. In
Standard Methods for the Examination of Water and Wastewater
(4), the true color of water is defined as “the color of
water from which the turbidity has been removed®. Apparent
color includes %not only the color due to substances in
solution, but also due to suspended matter®,

Color rodies interfere with the transmission of light within
the visible spectrum which is absorbed and used in the
photosynthetic process of micrcflora. cColor will affect the
aquarian ecosystem balance by changlng the amount. of 11ght
transmitted and may lead to species turnover,

This is because 11ght intensity at which oxygen. production
in photosynthesis and oxygen, c0nsumptlon by respiration of
the plants concerned are equal is known as the compensation
point, and the depth at which the compensation point occurs
is called the compensation depth. For a given Lody of
water, this depth varies with several conditions, including
season, time of day, the extent of cloud cover, condition of
the water, ~and the taxonomic composition of the flora
involved. As commonly used, the compensation point refers
to that intensity of light which is such that the plant®s
oxygen production during the day will be sufficient to
balance the oxygen consumption during the whole 24-hour
period. V '

‘color bkodies discharged to waterways alter +the natural
stream color and thereby become an aesthetic pollutant.
Unnatural receiving water color detracts from the wvisual
appeal and recreational value of the waterways.

Color when discharged +to receiving waters: also has
detrimental effects on downstream municipal and industrial
water users. Color is not treated for in conventional waterx
treatment systems and when passed to wusers may result in
consumer discontent and may also interfere with industrial
processes which demand high quality water.




Pollutants of Specific Significance

In addition to the parameters already discussed, +there are
pollutants specific to various individual categories of the
miscellaneous chemicals point source category. These will
be covered as applicable to the discussions as is done in
the following text for the explosives point source category.

Explosives Manufacturing

General  parameters  of significance in explosives
manufacturing are BODS, cC©obD, TOC, TSS, lead, wmercury,
dissolved solids, color and nitrogen compounds including
nitrates and TKN. Of special significance is the problem of
trace gquantities of the explosive products themselves.

Explosives such as TNT, NG, RDX, and HMX can all be
considered significant, because of their potential hazard,
toxicity, ox inhibitory effect on microorganisms. NG has
been shown to be amenakle to bioclogical +treatment by some
investigators while others have found little success with
kiological treatment.

Of particular interest to this segment are the pollutants
associated. whith +the manufacture of TNT, the production of
which far exceeds any other explosive in the military
sector. These include color, sulfates, and saturation
levels of TNT. The c¢olor problem is manifested in the red
and pink water previously discussed in Section IV. The
sulfate problem is associated with the red water condition.
Saturation concentration of TINT in the effluent is an
obvious problem and must be abated.

The majoxr problem with nitrocellulose (NC) is NC fines,
which generally are present in quantities large enough to
cause a significant TSS problem. These fines have been
shown to be successfully removed with centrifugation and a
portion of the waste ligquor can then be recycled to the
system. '
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SECTION VII

CONTROL AND TREATMENT TECHNOLOGIES

General

The entire spectrum of wastewater control and treatment
technology is at the dispcsal of the explosives
manufacturing point source category. The selection of
technology options depends on the economics of +that
technology and the magnitude of +the final effluent
concentration. Control and treatment technology may be
divided into +wo major groupings: in-plant pollution
abatement and end-of-pipe treatment. : ‘

After discussing the available performance data for this
segment, conclusions will be made relative to the reduction
of wvarious pollutants commensurate with <the following
distinct technology levels* '

1. Best Practlcable Control Technology Currently
Available (BPCTCA)

2. Best Available Technology Ec0nom1cally

. Achievakle (BATEA)

3. Best Available Demonstrated Control Technology'
(BADCT)

To assess the economic impact of these proposed effluent
limitations and guidelines, model +treatment systems have
been rroposed which are considered capable of attaining the
recommended RWL reduction. It should be noted and
understood that the particular systems were chosen for use
-in the economic analysis only, and are not the only systems
capable of attaining the specified pollutant reductions.

There are many possible combinations of in-plant and end-of-
- pipe systems capable of attaining the effluent limitations
guidelines and standards of performance recommended in this
report, The complexity of this segment, however, dictated
the use of only one treatment model for each subcategory for
each effluent level.

It is the responsibility of each individual plant to make
the final decision about what specific comkination of
pollution control measures is best suited to 1its situation
in complying with the limitations and standards presented in
this report.




Bxplosives Manufacturing

In-plant Pollution Abatement

A significant amount of pollution abatement can be
accomplished in explosives manufacturing simply by
consistent adherence to good housekeeping practices. Many
of the final products such as ANFO and NCN are dry mixed,
while others involve only limited water use such as water
gels and slurries. Wastes generated from these products are
primarily from spills, careless handling, leaks, and
washdown of machinery and floors. Such wastes have the
potential to be almost completely eliminated by dry cleanup,
i.e., procedures involving sweeping and vacuum cleaning.

Off-site’ mining and construction captive blending of
ammonium nitrate and fuel oil is a minor pollution problem
and abatement cost would be negligible. The treatment
models do not apply to this point of use activity. On-site
blending of ammonium nitrate into explosive end products
such as NCN and ANFO at primary explosives manufacturing
plants is included in the present data base. The existing
treatment model does apply. Examples of locations now
included in the data base are plant no. 49 and plant no. 50.

Process changes to reduce hydraulic loadings do not have a
great potential in the commercial sector of explosives
manufacturing, because of the difference in the products
produced. Process changes to reduce hydraulic loadings have
shown promise in the military manufacturing sector such as
the NC fine centrifugation system described in section VI.
In the manufacture of propellants, large quantities of
waters are used to transport explosive materials safely and
to purify the product from one process step to another. For
this task, high-quality water is not required. Hence, water
reuse with perhaps slight treatment has a tremendous
potential to reduce the hydraulic loading. For example,
wastewater reductions for nitrocellulose production in one
of the plants visited could reduce total plant discharge by
95 percent and overall propellant production wastewater
discharge by 87 percent. This change is in the planning
stage at that location. '

The production of TNT is another area where significant
reduction of hydraulic loading can be attained. As a part
of the military modernization program, 100 percent reduction
of current process water use 1s possible and will be
implemented within the near future at a large army
ammunitions plant.




In general, good water management, with a focus on recycling
process and cooling water, can have a significant effect on
hydraulic loading and would significantly reduce treatment
costs, For example at one AAP in the current study, overall
plant water reduction (including cooling as well as process
water) reached 6 percent, This saved an estimated $900,000
per year in pumping and treatment costs. Such substantial
savings show that water conservation practices can be
economical as well ecologically favorable.

Separation of process and non-contact waters is not
practiced wuniversally. This 1is technically feasible and
reduction of the hydraulic loading at a treatment rplant is
an essential first step in economical pollution abatement.

Studies documented in Section XV have shown explosives
wastes to ke treatable with present +technology. However,
prior to end-of-pipe treatment, certain in-plant control
measures will ke mandatory. Such measures will require
nautralization facilities, catch tanks on finishing
explosives lines, and other pretreatment facilities to
ensure compatabkility of raw waste load with the subsequent
treatment system.

Treatment and Control Technology

In developing ' potential +treatment +technology for each
subcategory, sources of information were laboratory studies,
pilot plants, demonstration rrojects, facilities under
construction, and facilities in operation. rirst, control
technology will be discussed from the viewpoint of effluent
water gquality. After reviewing what has been accomplished
and what is feasible, control technology will be outlined
for each subcategory for BPCTCA, BATEA, and BADCT.

oH

The control technology for pH is neutralization. The pHE of
a discharge can vary over extreme ranges; from plant visits
it was observed to range from 1 to 12. An example of such
ranges can be seen from the manufacture of NG, where the
initial washing of NG produces an acidic wastewater and
subsequent sodium carbonate washings vyields an alkaline
flow.

The proklem of high-alkaline flows is significant in
subcategory D due to the discharges from PETN, lead azide,
and diazo production. The problems of acidic flows are
generally associated with the manufacture of nitric and
sulfuric acids as raw materials in +the production of




Type of
Study Reference
Pllor U.S. Army
(3 months)  (PE249)
Operational Operational
Laboratory Clark, Dletz
Eng. Rept.
HAAP
Laboratory Clark, Dletz
Eng. Rept,
HAAP
Laboratory Clark, Dletz
Eng. Rept,
HAAP
Laboratory Clark, Dletz
Eng. Rept.
HAAP
Laboratory Clark, Dletz
Eng. Rept.
Operational Operatlonal
Laboratory U,S.Army
PE 249
Phase 11
U.S5. Army
PE 243
Phase (1
U.S. Army
PE 249
Phase 11}
Laboratory U.S. Army
PE 249
Phase |1
Pllot U.S. Army
PE 249
Phase 11
Laboratory U.S5. Army’
Demonstra~  PE 249
tion Phase i1
‘-ab Unit u. S.Al“my
(P1lot) PE 249

Phase 1]
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Summary of Treatment: Investigations
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92.8 ! 71.5 90 Increase

Failed -{Filamentous Organlsm)

83.7 72.9

Flxed Fllm L1.4

penltrofication

Dual Medla
Flltration

A.C.~Note 77.6
Removes all
explosives
down to 0.0
mg/L
{Propellant
waste( Lagoon
Sp. Irr.

72.0 ! 78.9 ! 88.72  96.6 2

(NG Waste)
Decompose
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Table Vi1 -1

{ContInued)
Type of Percent Reduction
Study Reference Treatment BOO coo T0C TKN NOy son Iss
Pilot Pollution Reverse Osmosis Impractical Due To High Pressure
Abatement Treatment of Red,
Review Aug. Water
1973
Operation Pollution {Pinkwater) 95 91.5=92.7 None 67
Abatement Activated
Review Aug. Carbon
1973 {Reduction of TNT
99.5%)
Operatlon Pollution {Pinkwater) ~=Data not avallable~
Abatement Activated
Review Aug. Carbon
1973
Pllot and  Harris, 1973  Blodenitrifi- 70-97
Laboratory cation -
Commercial  Pollution lon Exchange 90~99
Demonstra-  Abatement
tlon Review
Aug. 1973
taboratory ~ Pollution Reverse 90
Abatement Osmosis
Review
Aug. 1973
Laboratory. - Harrils, 1973 Biodenitri~ 95-39
ficatlon
pilot Rarris, 1973 ton Exchange 98.8 95.4
Countercurrent
Laboratory Harris, 1973 Reverse 90 95
© Osmosis
Laboratory Harrls, 1973 Calcium ppt of successful
Treatabillty sulfate waste
and Pilot
Laboratory Harris, 1973 AC adsorption Regeneration of carbon is feasible
Tests
Bench U.5. Navy TNT wastes
Scale 1972 Activated Sludge Not successful

Pllot Plants

1

Data
Survey Data

Aerated Lagoon
Trickling Filter
Chemical Precipitation
Activated Carbon

Not successful
Not successful
Not Successful

98

%




explosives. However, as these materials are not explosives
they are covered under the major inorganic industrial point
source category.

There are many acceptakle methods for treating either acidic
or alkaline wastes, including mixing acids and alkaline
wastes and using chemicals, such as 1lime, caustic, or
sulfuric acid, to neutralize the wastewaters. Equalization
is very useful in pH control. Plants that practice +this
operation have better control of the pH in the discharge.
This is particularly important if the wastewater is +to be
bioclogically treated. Biological systems operate over a
narrow pH range (usually 6 to 9) and the inclusion of
equalization before biotreatment is an effective technique
of operating a successful treatment system.

BODS and COD

Current emphasis in treatment technology for both these
areas is on biological treatment. Activated sludge,
lagooning, and spray irrigation are combined at one
commercial plant +treating prorellant wastewater and this
treatment technique attains excellent and consistent
results. One military installation is currently completing
the design of biological treatment facilities based on pilot
plant test data. :

Solids

High dissolved solid concentrations come from the high
nitrate, sulfate, and carbonate levels, and these will be
addressed separately. Suspended solids generally are low in
explosives manufacturing; however, catch tanks and sumps are
usually employed to catch +trace explosives prior to
discharge. An exception +to low suspended so0lids in
explosives manufacturing wastewaters is in the manufacture
of nitrocellulose. Here, large concentrations of NC fines
are present in the waste discharge from +the purification
process. Treatment technology focuses on sedimentation,
dissolved air flotation, flocculation, granular filtration,
and centrifugation. Centrifuging has produced excellent
results in pilot studies at a military installation and will
ke implemented shortly.

Nitrates

The U.S. Army has investigated several methods for abatement
of nitrates. Among these methods are biodenitrification,
algae harvesting, ion exchange, reverse osmosgis,
distillation, and land application. aAfter initial




feasibility studies, the Army selected biodenitrification,
ion exchange, and reverse osmosis as having the most
potential. Current engineering emphasis 1is placed on
biological denitrification, for which at least +two plants
have trlans for design. Pilot plant treatability studies of
biodenitrification on nitrocellulose waste have indicated 80
to 90 percent reduction of nitrates on a consistent bLasis.
Influent nitrate values ranged from 600 to 800 mgs/1 and the
detention time was about one day.

additional engineering studies have been performed utilizing
reverse osmosis and ion exchange. Excellent removal rates
of 90 percent have been obttained at a pilot plant using
reverse osmosis. Reverse osmosis can be wused to treat
sulfates as well. At neutral pH, removal rates of 90 to 99
rercent for nitrates and sulfates, respectively, were
observed during this same pilot investigation. For nitrates
it appears that +the economical 1limit of nitrates in the
effluent is approximately 20 mg/1 as NO3-N. Hence, reverse
osmosis could be a means of nitrate recovery, while an
additional step such as kiodenitrification may be necessary
to reduce the smaller concentration of nitrates to more
acceptable levels.

Problems associated with reverse osmosis are sensitivity of
‘membranes +o acid, and concentrate disposal. Ion exchange
-studies have shown concentrations as high as 1,200 mg/1 to
be reduced 99 percent, resulting in an effluent
concentration of 10 mgrs/1. Chemicals used for regensration
of the resin are nitric acid and ammonium hydroxide,
ammonium nitrate, a raw material in certain exrlosives
{(ANFO, NCN, etc.,) can be recovered in the regeneration step.

‘Sulfates

Present in the water because of the use of sulfuric acid or,
in the case of TNT production, the sellite wash (red water),
sulfates have only recently received any attention as a
pollutant. Hence, abatement studies are only in the initial
- assessment = stages. Existing abatement '~ involves
incineration. However, incineration leads to air pollution
(sox), and the sodium sulfate ash disposed of in landfill
causes .leaching problems. Several chemical processes are
belng considered for reusing the ash. The most promising
involves a fluidized-bed reduction system which utilizes a
reducing gas to liberate hydrogen sulfide from the ash. The
hydrogen sulfide can then be wused to manufacture sellite
and, hence, complete recycling is accomplished. Additional
methods under consideration for controlling high sulfate
discharge are reverse osmosis, ion exchange, evaporation




TAELE VII-2 Sample Analysis of NG Process Wastewater
Pollutants from Acid Separator and
Nitrator Tub

Sample Analysis (Facilities in Operation at Full Capacity)

Min. Avg. Max.
pH 8.4 8.6 9.2
BOD* (mg/1) 1.5 L.5 6.5
con® (mg/1) 1,000 1,228 1,400
TOC* (mg/1) 100 230 300
Nitrates (mg/l) 7,500 13,280 20,000
Sulfates (mg/1) 534 1,416 3,550
Total Alkalinity 9,000 12,700 16,400

(mg/1, Caco3) -

Spec. Cond. {(4mhos/cm) 8,000 13,000 19,000
Susp. Solids (mg/1) 3.0 23.0 63.3
Dissolved Solids (mg/1) 68,000 81,626 38,950
Total Solids (mg/1) 68,000 81,650 99,000
Color (units) . 600 650 700
NItroglycerin (mg/1) 800 1,300 1,800
Dinitroglycerin (mg/1) 520 850 , 1,180
Lead (mg/1) 0.2 1.0 2.8

*BOD - Biological Oxygen Demand
%COD - Chemical Oxygen Demand
*TOC - Total Organic Carbon

Flow from nitrator 15,200 gpd at 24 hour full capacity w/one line.

*13,000 gpd for clean-up, not included in sampling analysis

It 1s expected that clean-up water will not contain appreciable wastes,
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TABLE VII-3 Sample Analysis of NG Process Wastewater
© from Bulsifier Transfer Qperations!

From the N/G being removed from storehouse (emulsifier)

NG Store Houses

a. Significant Components

Nitroglycerin
Dinitroglycerin
Sodium Carbonate
Nitrates

Lead

b. Sample Analysis

pH 10.2 10.5 11.3
BOD (mg/1) 2.4 3.2 . L.
cop (mg/1) k6o 912 1,456
TOC (mg/1) ‘ 200 477 , 630
Nitrates (mg/1) 270 L4377 665
Sulfates (mg/1) 20 130 179
Alkalinity (mg/1 Cac03) 7,500 11,400 18,000
Spec. Cond. (4mhos/cm) 1,280 5,340 8,100
Susp. Solids (mg/1) 3.3 11.3 22.1
Dissolved Solids {(mg/1) 2,952 13,905 30,848
Total Solids (mg/1) 2,955 13,916 V 30,870
Color (units) 200 477 630
Nitroglycerin {(mg/1) 83 266 V Lgo
Dinitroglycerin (mg/1) L1 130 248
Lead (mg/1) 0.2 0.8 2.4

Avg. Flow = 14,800 gpd, 24 Hour @ full capacity.
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TARLE VII-4 Raw Waste Ioad for the Continuous
NG Process Excluding Wash Water
for Plant 43

Continuous N/G Manufacturing (Biazzi Process)

Production Flow
KKg/day KKL/day L/KKg
(1000 1b/day) (mgd) (gal/1000 1b)
24.9 (1) 1L 4,560
(55.0) (.03) (545)
Nitrator Store HouseA
flow .0152 mgd flow .0148 mad 1b pollutant
Conc., mg/1 1b/Day Conc. mg/1 1b/Day 1b/Day 1000 1b, prod.
BOD L.s .570 3.2 .395 .965 0.175
con 1,228 . 156 912 ) 113 * 269 L. 89
TOC 230 29.2 477 58.9 88.1 ' 1.60
Nitrates 13,280 1,680 477 58.9 1740, 31.6
Sulfates 1,416 180 130 16.0 196 3.56
Total Alk. 12,700 1,610 11,400 1,410 3,020 54,9
SS 23 2.92 11.3 1.39 L, 31 0.078
DS 81,626 10,300 13,905 1,720 12,000 218
Lead 1.0 127 .8 ,0987 .226 0.0041

(I)At full production 55,000 1b/day of N/G - 1975 level was only 15% of this.
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TARLE VII-5 Corparison of NG Batch Process
vs NG Contimucus Process Raw

Waste Loads

Plant 43  Plant 49 Ratio Plant 50. Ratio

Continous Batch Cont/Batch y Batch Cont/Batch ,
BOD 0.175 163 1.07 - -
coD 4.89 4,88 1.0 3.14 ‘ 1.56
T0C 1.69 1.05 1.52 1.64 -.98
Nitrate 31.6 23.0 1.37 6.12 5.16
Sulfate 3.56 L6 . L4 .077 2.10 1.69
Total Alk. sh.9 . 57.8 .950 38.2 1.44
SS .078 .002 39.0 .026 3.0
DS 218. 25,2 8.65 90.3 2.4
Lead L0041 .0036 1.14 - -
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TAELE VII~-6 Comparison of Continucus NG
Process Effluent Loading to
Range of Ioadings for Explosives

Subcategory A ¢
Hopae
A Fall in
Ranges (1) 1b/1000 1b Cont, 1671000 1b Range?
BOD 6.35 - .085 L0175 " No (Low)
coD 10.6 -~ .300 4.89 OK
TSS 10.7 - .o5L4 .078 oK
TOC 413 - .24 1.60 oK
N, | 9.0 - .31 ' 3t.6 ‘No (High)
S0y, 116. - .28 , 3.56 OK

(1)From Table VE-2 (Subcategory A)




{combined with reverse osmosis to reuse sulfuric acid), and
calcination (precipitation with lime then heating to recover
sulfuric acid and lime). )

Reverse osmosis has been investigated at the pilot level, in
combination with nitrate removal. High sulfate removal
efficiences (99 percent or Letter) are reported .even at
acidic pH. However, membrane hydrolysis at low pH greatly
decreases useful membrane life. ' In the absence of more
resistant membranes, neutralization would likely be required
for the reverse osmosis feed stream. This may result in
precipitation and fouling of the memtranes by solids.

The most technically feasible method of sulfate treatment
appears to be calcination. However, the solutility of.
calcium sulfate is high and 1lime treatment may not be
feasible for more stringent effluent requirements. The use
of barium to precipitate sulfate has been suggested in the
literature, but cost and the possibility of exceeding ef-
fluent barium levels appear to be ma-jor disadvantages. The
economic and technical difficulties associated with
treatment for pollutants such as sulfate have led to several
applications for waste disposal by 1land irrigation in
explosives manufacturing. ¢Cne such plant that goes through
biological activated sludge, lagooning, and spray irrigation
is currently achieving 95 percent removal of sulfates.

Trace Quantities of Explosives

Unique pollutants. such as NG, TNT, and RDX are hazardous and
toxic. :

Nitroglvcerin (NG)

Treatment technology universally used for NG washwaters is
catch tanks. The catch tanks make it possible to recover by
sedimentation any NG that comes out of solution. However,
this leaves the supernatant waters at their saturation point
upon discharge. At room temperature, 20°C, the solubility
of NG is recorded as 1,800 mgsl. (Table VII-1.) Therefore,
during warm summer weather without further treatment, NG
wastewater could pose a safety problem, especially if
discharged into a cool mountain stream. If cooling water is
available, +the cooling of NG prior to discharge could
recover additional product and decrease the waste load
significantly. For a detailed comparison of process
wastewater pollutants from batch and continuous NG
operations refer +to Tables ViII-2, VII-3, VII-4, VII-5 and
VII-6. ‘
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Additional technology for the treatment of wastes high in
nitroglycerin is only in the experimental stage, NG wastes
containing 900 to 2,100 mg/l have been shown to be amenable
to activated sludge treatment. In one study, Koziorowski
and Kucharski report consistent success in treatment of
influent wastes containing 400 to 500 mgs1l of NG at a
detention time of 16 hours. NG can also be desStroyed by
quicklime. Lime (up to 200 mgs/l) was added +to the
wastewater and allowed to react for three days; the result
was a non-explosive sludge, but the effluent was highly
alkaline. The Army has conducted experiments on the treata-
kility of NG by biological, rhysical/chemical, and
ozonization methods. With wastewater containing
concentrations of NG and DNG (dinitroglycerin) .of_ 1,500 mg/l
and 850 mgs/1l, respectively, the results show that NG can be
treated biologically and chemically, although with varying
degrees of success. NG waste should be handled biologically
together with othexr plant waste.

TNT

TNT has been shown to interfere with biochemical oxygen
demand, and produces an inhibiting or toxic effect.
Biological +reatment of wastes high in TNT and DNT (red and
rink water) was performed by the Navy (1972). Reduction has
been successful only in the labcratory using specific
cultures and nutrients. At Crane Naval Ammunition Center,
treatability studies using activated sludge proved
unsuccessful. Numerous other treatability studies at Crane
Naval Ammunition Center included activated carbon, aerated
lagoon, trickling filtration, and physical/ chemical
mechanisms. Of these, activated carbon adsorption process
was recommended. Spent carbon from the adsorption column
cannot be regenerated at +the present time and must be
incinerated or Jlandfilled. The reason is +that in the
regeneration step +the adsorbed TNT detonates, raducing the
active sites on the carbon molecules,

The Army has reached a similar conclusion regarding TNT. In
tests of reverse osmosis, ogzonization, and activated carkon,
only the latter proved effective, reducing initial
concentrations of TNT in the range of 100 mg/l down to 0.05
mg/l. The Army recommended dJdevelopment work in the
regeneration of carbon, but it is uneconomical at present.
A prcomising method involves dissolving the TNT in toluene
then crystallizing it by a drop in temperature and
filtration to separate the carkon.

If regensration of carbon cannot be achieved, the
incineration of the spent carbon is necessary. However,
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incineration, though inactivating TNT and its derivatives,
rroduces a waste high in sulfates (from the sellite
purification process resulting in red and pink water). This
ash causes a major solid waste disposal problem. In
addition, leachate from its storage can cause ground water
contamination. ‘Reclamation of this ash is keing
investigated by the Army. A fluid-bed reduction system is
teing tested presently with the focus of regenerating
sellijte. '

RDX and HMX

The present removal of RDX and HMX from wastewaters by catch
basins has only partially alleviated the problem. The Army
is investigating the following treatment methods at Holston
AAP: reverse osmosis, activated carbon adsorption, polymeric
column adsorption, and biological treatment. Since these
treatment techniques are still being studied, a definite
statement as to their success cannot be drawn. However, one
conclusion can be drawn: biological treatment is feasible
and will break down as much as 99 percent of the explosives
present. ‘

End-of-pipe Treatment

Due to +the current industrial practices of failure to use
available effective treatment in all but exceptional cases
in explosives manufacturing, treatment systems will be
proposed for all subkcategories based on the preceding
discussion of lakoratoxry studies, pilot plant
investigations, demonstrated projects, facilities designed,
facilities under construction, and facilities in operation.

Treatment systems were developed for +the explosives
industrial sukcategories for the following levels  of
treatment technology: '

- 1. Best Practicable Control Technology Currently
Available (BPCTCAH).
2. Best Available Technology Econcmically
Achievable (BATEA).
3. Best Available Demonstrated Control
Technology BADCT). '

The treatment systems presented for each level of technology
are not the 'only systems that are capable of meeting the
effluent limitations prescribed. The objective o©f this
section is not to prescribe but +to suggest feasible
treatment systems that will satisfy the effluent limitations
and guidelines developed in this regort.




EPCTCA Treatment System

Of the six plants visited during the survey, only one
operated a treatment system other than neutralization and
sedimentation. This is felt to be a result of many factors
such, as lack of +technology on how to treat the explosive
waste, a changing industry profile such as the  advent of
ammonium nitrate compounds replacing dynamite and klack
powder, a variakle operation as a result of war or peace
time product demand but primarily on the fact that there
were no regulations before 1972 regquiring effluent
limitation. Effluent treatment cost money to implement. As
a result of these and other factors, the average existing
treatment systems are inadequate +to meet safe effluent
standards. Therefore, the levels of treatment for BPCTCA
for sukcategories A, B and D will be based on the per-
foxmance of this existing activated sludge plant.
Laboratory and pilot plant investigations summarized in
Table VIi-1 will be used +to verify these levels of
treatment. In the case of subcategory ¢, the level of
treatment is based on technology transfer £from +the
performance on waste watexs with expected similar
characteristics. Two distinctly different tyres of waste
waters were encountered in this subcategory. From the
production of NCN and ANFO, where fuel oil is utilized, the
waste waters were characterized as high in o0il and grease
and low in suspended solids. In contrast from other 1load,
agsemble and pack operations, +the waste waters contained
high suspended solids but low o0il and grease content. The:
level of treatment for BPCTCA will be based on an extended
aeration packaged plant which includes screening, biological
treatment, clarification with skimming and chlorination.

The results of nine months of data for this activated sludge
treatment system is shown in the summary tabulation below.
This treatment system was designed for a propellant waste
having typical. waste characteristics as indicated in Section
Y. The BPCTCA treatment level indicated below includes the
survey data as well as historical data.

BPCTCA Treatment Level For Subcategories A, B and D

Percent Reduction

Parametey of RWI,
BODS 931
COD 721
TOC 9902

T8S 8gz,3




1 Based on historical data

‘Based on 24~-hour composites from survey.

3 Except the average of daily values for 30 consecutive days
shall not exceed 50 mg/1 and the maximum for any one day
is 150 mgr1l. .

N

The EPCTCA treatment level for subcategory C was selected as
below.

. Effluent leltatlons
Average of Daily Values

for 30 Consecutive Days - Maximum for
Shall Not Exceed Any One Day

Parameter mg/ L - Rarameter . mg/L

TSS 501 Tss 1501

0il and Grease 202 0il and Grease 602

1 Based on technology transfer from the fertilizer manu-
facturing point source category and the inorganic
chemicalks manufacturing point source category.
2 Based on technology transfer from the petroleum
refining point source category.

Pretreatment Requirements for BPCTCA Treatment System

Certain waste flows will have +to ke pretreated prior -to
discharging to a central treatment facility such as the one
proposed for BPCTCA. . The following rproblem wastewaters
should be considered in that category:

1. Discharges high in sulfate

2. Discharges high in INT {red water, vyellow
. water, pink. water).

3. Discharges high in NC fines.

4, Heavy metals

Although discharge +to municipal systems was not observed
during the study suggested methods of abatement will be
explored for completeness.

High sulfate concentration can disrupt a biological
secondary treatment system. Therefore, the removal of high
sulfate concentration by calcination may be a necessary
pretreatment technique. TNT is suspected of being toxic or
an inhibitor of biological processes. Wastes high in TNT
may, therefore, require activated carbon adsorption prior to
discharge to a biological system to remove +the dissolved
exrlosive and 1its isomers. High concentrations of NC
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suspended solids could also disrupt a. biological system.
Removal by the use of centrifuging has been shown tc be
economical.

Heavy metals concentration can be toxic to0 microorganisms
and, subsequently, disrupt the activated sludge process. If
heavy metals are a problem, some means of physical/chemical
pretreatment will necessarily have to be implemented.

High concentrations of oil and grease can be disruptive +to
municipal systems. An upper limit of 100 mg/l is indicated
for this parameter as the pretreatment standarxd.

BATEA Treatment System

Oout of six explosives gplants visited, only one had any kind
of “treatment that could be considered as exemplary. Hence,
operational performance data from this facility was used +to
establish BATEA treatment levels; these levels were verified
by laboratory and pilot studies.

BATEA Treatment Levels For Sukcategories A, B and D

Percent Reduction of

Parameter BPCTCA Waste Effluent
BODS "72
COD 79
TSS 781

1 Except the average of daily values for 30 consecutive days
shall not exceed 10 mg/1l and the maximum for any one day
is 20 mg/l.

BATEA treatment level for sukcategory C.

Percent Reduction of

Parameter BECTCA Effluent
BODS 72
CcOD 79
TSS 601
0il and Grease . 802

1 Except the average of daily values for 30 consecutive days
shall not exceed 20 mgs1 and the maximum for any one day
is 40 mg/l.

Z Except the average cof daily values for 30 consecutive days
shall not exceed 10 mg/l.and the maximum for any one day
is 20 mgr/l.




This percent reduction 1is based on lagooning and spray

irrigation as a treatment system, However, a system
specifically designed to remove dissolved and suspended
explosive organics would be preferable. Therefore, for

subcategories A, B and D, a system using filtration and
activated carbon added to BPCTCA treatment system has been
recommended for BATEA. In addition, treatment technology
from the inorganic chemicals manufacturing point source
category, the fertilizer manufacturing point source category
and the petroleum refining point source category have been
transferred to arrive at acceptable effluent limitations for
TSS and O0&G, respectively. In the case of subcategory C,
chemical coagulation and filtration to BPCTCA treatment
system has been recommended for BATEA, Laboratory and pilot
plant investigations in the area of activated carbon (Table
VII-1l) have shown it to attain comparable percentages of
removal.

BADCT Treatment Systems

Not enough information could be gathered to quantify BADCT
from process changes in explosives manufacturing.
Therefore, any recommendations made must be based on general
experience in related industries. New explosive plants
initiating production between now and 1983 should attain a
level of treatment somewhere between BPCTCA and BATEA. It
is recommended that for subcategories A, B and D dual-media
filtration be used as an additional step after BPCTCA to
comply with BADCT.

For subcategory C, a‘packagea dual-medai filtration system
is recommended to be added to BPCTCA treatment system to
comply with BADCT. -

On the basis of information derived £from the contractor's
previous experience and EPA publications, the following
percent reductions are used for dual-media filtration:

BADCT Effluent Reductions For -Subcategories A, B and D

Percent Reduction of

Parameter BPCTCA Effluent
BODS A 8.0
COoD 13.0
TSS 60.01

Except the average of daily values for 30 consecutive days
shall not exceed 20 mg/l and the maximum for any one day
is 40 mg/l.
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BACCT Effluent Reductions For Subcategory C

Parameter

88
0il and Grease

Percent Reduction of
BPCTCA Effluent

601
802

! Except the average of daily values for 30 consecutive days
shall not exceed 20 mg/l1 and the maximum for any one day

is 40 mg/l.

2 Except the average of daily valueé for 30 consecutive days
shall not exceed 10 m/gl and the ‘maximum for any one day

is 20 mg/1.
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SECTION VIII

COST, ENERGY, AND NON-WATER QUALITY ASPECTS

General

In order +o evaluate the economic impact of treatment on a
uniform basis, end-of-pipe treatment models which will
provide the desired 1level of treatment were proposed for
each subcategory. In-plant control measures have not been
evaluated because the. cost, energy, and non-water quality
aspects of in-plant controls are intimately related +to the
SpQCIflC processes for which they are developed

In +the manufacture of a 51ngle product there is a wide
variety of process plant sizes and unit operations. Many
detailed designs- might be required to develop a meaningful
understanding of the economic impact of changes in process
conditions, effluent 1limitations at +the RWL's within the
sukcategories of explosives manufacturing, although many
variations of techneology and control can actually be used.

A design for an end-of-pipe +treatment model has been
~provided, for costing purposes only. This model <can be
related directly . to the range of influent hydraulic and
organic loading within each subcategory, and the costs as-
sociated with these systems can be divided by the production
rate for any given sukcategory to show the economic impact
of the system in terms of dollars per pound of product or
per 1000 pounds of product. The actual combination of in-
plant controls and end-of-pipe treatment used to attain the
ef fluent limitations and guidelines presented in this
document should be a decision made by the individual plant:
based generally upon economic considerations.

The major non-water quality consideration associated with
in—-process control measures is the means of ultimate
disposal of wastes. As the wvolume of the process RWL is
reduced, alternative disposal techniques such as
incineration, pyrolysis and evaporation become more
feasible. Recent regulations tend to limit the use of ocean
discharge and deep-well injection because of the potential
long—-term detrimental effects associated with these disposal
procedures, Incineration - and evaporation are viable
alternatives for concentrated waste streams. Considerations
involving air pollution and auxiliary fuel requirements,
depending on +the heating value of the waste, must be
evaluated individually for each situation.




Other non-water guality aspects such as noise levels will
not be perceptibly affected by the proposed wastewater
treatment systems. Equipment associated with in-process and
end~of-pipe control systems would not add significantly to
these noise levels.

Extensive annual and capital c¢ost estimates have been
prepared for +the end-of-pipe treatment models +to help
evaluate the economic impact of +the proposed effluent
limitations guidelines, The capital costs were generated on
a unit process basis (e.g., equalization, neutralization,
etc.) and were used in the form of cost curves for all the
proposed treatment systems. The particular cost curves used
in the treatment models for explosives manufacturing are
shown later in this section under paragraphs titled BPCTCA
cost model and BATEA cost model., The following - percentage
figures were added on to the total unit process costs to
develop the total capital cost requirements for all
subcategories except subcategory €, which utilized a
packaged treatment model for BPCTCA and BADCT:

Percent of Unit Process

Item Capital Cost
Electrical 14
Piping ‘ 20
Instrumentation - 8
Site Work 6
Engineering Design and Construction

Surveillance Fees 15
construction Contingency 15

Iand costs were computed independently and added directly to
the total capital costs.

Annual costs were computed using the following cost basis:

ITtem Cost Allocation
Capital Recovery ,
plus Return 10 yrs at 10 percent
Operations and Includes labor and supervision,
Maintenance chemicals, sludge hauling and dis-

posal, insurance and taxes (computed
at 2 percent of the capital cost),
and maintenance {(computed at 4 per-
cent of the capital cost).

Energy and Power Based on $0.02/kw hr for electrical




The 10-year period used for capital recovery is
under current Internal Revenue
pertaining to

is
Serxrvice

power and{l7¢/gal for grade 11

furnace oil.

presently acceptable
regulations

control eguipment.

The following is a
discussion

of the possible

that which

industrial pollution

qualitative as well as a quantitative
effects

that wvariations in

treatment technology or design criteria could have on the

total capital costs and annual costs.

2

Technology or Design Criteria

Use aerated lagoons and

‘'sludge de-watering lagoons

in place of the proposed
treatment systen.

Use earthen basins with

a plastic liner in place
of reinforced concrete con-
struction, and floating
aerators with permanent-
access walkways.

Place all treatment tankage
above grade to minimize
excavation, especially if

a pumping station is re-
quired in any case. Use
all-steel tankage to
minimize capital cost.

Minimize flows and maximize
concentrations through ex-

tensive in-plant recovery and

water conservation, so that

other treatment technologies,

€.9., incineration, may be
economically competitive,

Capital
Cost Differential

The cost reduction '
could be 20 to #0 per-
cent of the proposed
figures.

Ccogt reduction could
be 20 to 30 percent
of the total cost.

cost savings would
depend on the in-
dividual situation.

Cost differential would
depend on a number of
items, e.g., age of
rlant, accessibility

to process piping,
local air pollution
standards, etc.

All cost data were computed in terms of August 1972 dollars,
which corresponds to an Engineering News Records index (ENR)

value of
treatment

1780. current

capital

cost of +the packaged

model for BPCTCA and BADCT for subcategory C have




been reduced from an ENR index value of 2276 for 1975 back
o a wvalue of 1780 for 1972 in order to keep a consistent
cost basis for all sukcategories. :

Fxplosives Manufacturing

This section provides quantitative cost information relative
to assessing the economic impact of the proposed effluent
limitations on explosives manufacturing.

In order *o evaluate the economic impact on a uniform
treatment basis, end-cf-pipe treatment models were proposed
based on design criteria that provide the desired level of
treatment. A summary of the treatment models follow:

End—of-pipe

Technology Level Treatment Model

BPCTCA for subcat~ Equalization, Neutralization,

egories A, B and D and Activated Sludge

BPCTCA for subcat- Extended Aeration Packaged

egory C Plant with Screening,
Clarification, Skimming and
Chlorination

BADCT for subcat- Equalization, Neutralization,

egories A, B and D Activated sludge and
Fliltration

BADCT for subcat- Extended Aeration Packaged

egory C Plant with Screening,

Clarification, Skimming and
Chlorination plus
Package Dual-Media Filtration

BATEA for subcat- Equalization, Neutralization,

egories A, B and D Activated Sludge, Filtration
and Carbon Adsorption

BATEA for subcat- Extended Aeration Packaged

egory C Plant with Screening,

Clarification, Skimming and
Chlorination plus

Package Dual-Media Filtra-

tion, Chemical Coagulation,
and Carbon Adsorption.

The treatment technology shown above is intended +to attain
the effluent Iimitations and guidelines proposed.




Individual plants may attain effluent limitations guidelines
through in-plant controls or by different end-of-pipe
treatment than 1is shown.  The decision is left up to the
manufacturer to determine which is the most cost-effective.

BPCTCA Cost Models

To evaluate the economic effects of BPCTCA on explosives
manufacturing, BPCTCA treatment models were developed. The
treatment model is described in Table VIII-1.  As shown in
Figure VIII-1, there are two parallel treatment trains in
the proposed system for subcategories A, B and D. This is
to ensure operating flexibility and reliability. As shown
in Figure VIII-1a, sukcategory ¢ has a single train
treatment system, except for duplicate pumps. Treatment
systems involving very low flow may not be able to use this
rarallel mode. . .

The following is a brief discussion of the treatment
technology available and the rationale for the selection of
+he unit  processes included in the described BPCTCA
treatment system. ‘ , ‘

The topographv of a particular plant site will dictate the
type of pumping equipment required. Equalization facilities
are provided for. sukcateqories 2B, B and D in order to
minimize short interval (e.g., hourly) fluctuations in the
hydraulic 1loading to the treatment plant and to absorb
organic sludge loads from reactor cleancuts and accidental
spills and wminimize the usage of neutralization chemicals.
Egqualization will provide continuous (seven days per week)
operation of the wastewater treatment facilities even though
the manufacturing facilities operate only five days a week.
In the case of subcategory C, separate equalization
facilities will not be reguired because of the small £flow.

Since many of the explosives waste streams have extreme
values of pH, neutralization is necessary. Alkaline
neutralization is provided in the model system for
subcategories A, B and D in +the form of hydrated 1lime
storage and feed facilities.

In the case of subcategories A, B and D, an activated sludge
process was selected for the biological treatment portion of
the system; however, for plants 1located in areas with
available land space, aerated lagoons with clarification
could provide a wviable treatment alternative. For the
purpose of cost estimates, activated sludge was selected.
For subcategory C, an extended aeration packaged system was
selected, : '




Table VIII-]

BPCTCA Treatment System Design Summary
Explosives Indusry

1. Subcategory A, B and D

Equalization

For plants with less than 24 hour/day and 7 day/week production,
a minimum holding time of 1.5 days is provided with continuous
discharge from the equalization basin over 24 hours.

For plants with less than 24 hour/day and 5 days/week production,
two day equalization is provided. Discharge from the basin will
be continuous over the seven days. For plants with 24 hour/day
and 7 day/week batch production, one day holding capacity is pro-
vided. For continuous processes (24 hours/day, 7 days/week) no
equalization is required except under special cases.

Protective liners are provided, based on the following criteria:

Influent pH Type of Liner Required
Greater than 6 No Lining

Between 4.0 and 6.0 Epoxy Coating

Between 2.0 and 4.0 Rubber or Polypropylene

Below 2.0 Acid Brick Lining

Neutralization

The size of the two-stage neutralization basin is based on an average
detention time of 10 minutes. Lime and acid handling facilities are
sized according to acidity/alkalinity data collected during the sur-
vey. Bulk lime-storage facilities (20 tons) or bag storage is pro-
vided, depending on plant size. Sulfuric acid storage is either

by 55-gallon drums or in carbon-steel tanks. Lime or acid addition
Is controlled by two pH probes, one in each basin. The lime slurry
is added to the neutralization basin from a volumetric feeder. Acid
is supplied by positive displacement metering pumps.

Primary Flocculation Clarifiers

Primary flocculator clarifiers with surface areas less than 1,000
square feet are rectangular units with a length-~to-width ratio of

1 to k. The side water depth varies from 6 to 8 feet and the over-
flow rate varies between 600 and 800 gpd/sq ft depending on plant
size. Clarifiers with surface areas greater than 1,000 square feet
are circular units. The side water depth varies from 7 to 13 feet
and the overflow rate varies between 600 and 800 gpd/sq ft, de-
pending on plant size. Polymer addition facilities are provided.
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Table Vi ~1]
(continued)

Nutrient Addition

Facilities are provided for the addition of phosphoric acid to the
biological system to maintain the ratio of BOD:N:P at 100:5:1.

Aeration Basin/Aerated Lagoons

The size of the aeration basins is based on historical treatability
data collected during the survey. Mechanical surface aerators are
provided.

The necessary design criteria for the aeration basins are:

Oxygen Utilization: Energy 0.8 1bs 0,/1b BOD removed
Oxygen Utilization: Endogenous 6 Ibs 0O /%r/1,000 1bs MLVSS

o ; | 0.90

Oxygen transfer

Motor Efficiency
Minimum Basin D.O.

3.5 lgs 0,./hr/shaft HP at
- 20°C aid zero D.0, in

tap water
85 percent
2 mg/L

Oxygen is monitored in the basins using‘B,O. pfobés.

Secondary Flocculator Clarifiers

The design basis for secondary flocculator clarifiers is the same
as discussed previously for primary flocculator-clarifiers except
for overflow rate. Secondary flocculator clarifiers are.designed
for an overflow rate of 600 gpd/sq ft. Feed facilities for anionic
pelymer addition are provided.

Sludge Thickener

The thickener provided was designed on the basis of a solids load-
ing of 6 1bs/sq ft/day. '

Aerobic Digester

The size of the aerobic digester was based on a hydraulic detention
time of 20 days. The size of the aerator-mixers was based on an
oxygen requirement of 1.6 lbs 0_/1b VSS destroyed and a mixing re-
quirement of 165 HP/mg of digesger volume. '

Final Sludge Disposal

For small blants sludge is disposed of at a sanitary landfill.
Sludge incineration facilities are provided for larger plants.

117




t

Table VIII - 1 (Continued)
BPCTCA Treatment

2. Subcategory C

General

Subcategory C generally includes two types of plants
combined operation plants and stand alone mix plants.
A combined operations plant is one located at the
same site as the explosive manufacturing facilities,
and the wastewater from this type of plant could

be treated at the waste treatment plant for the
manufacturing facilities. ' '

For the stand alohe.mix plant separate waste treat~
ment facilities will be required. This cost model
is developed for that type of plant.

Extented Aeration Package Plant

The stand alone mix plant wastewaters are characte-
rized as containing either high oil content (ANFO and
NCN production) or high suspended solids content or
both. The flow is small or intermittent therefore

an extended aeration package plant which includes
screening, biological treatment, clarification with
skimming and chlorination has been selected. The
sludge from the unit will be disposed at a certified
landfill capable of handling such wastes.




Table VIII-2

BATEA and BADCT Treatment System
Design Summary

Explosives Industry

Dual Media Filtration

Filters were sized using the criteria of 3 gpm/sq ft. Backwash
rates used were 20 gpm/sq ft for 10 minute duration. In case
of subcategory C chemical coagulation facility is included.

Carbon Adsorption

The unit is designed as a downflow fixed bed. Pretreatment for
removal of suspended solids is provided so as to thwart clogging
of the carbon column. Carbon contact time was set at 30 minutes.
Hydraulic loading rates used were 4 gpm/sq ft. The spent carbon
to be regenerated was calculated on a 0.5 1b of COD/1b carbon.

The regeneration furnace itself was designed for 2.5 1bs/sq
ft/hr.
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The sludge handling scheme for subcategories A, B and D is
shown in Figure VIII-l. The aerobic digester will produce a
nonputrescible sludge which can be thickened and stored
before being trucked to a certified - landfill. For
subcategory C, as the sludge gquantity will be small, it will
be trucked to a certified landfill.

It should be noted that the activated sludge process cost
model cannot be Jjustified for the dilute waste streams of
subcategory C. However, since some load, assemble and pack
operations are part of larger plant operations which include
manufacturing activities in the other subcategories,
activated sludge remains a viable technology for the
combined wastes and the incremental cost for subcategory C
becomes minimal in this case,

BATEA Cost Model

For the purpose of the economic evaluation of BATEA, it was
necessary to formulate a BATEA waste treatment model (Table
VIII-2). The model, composed of dual-media filters and
activated carbon adsorption, is added on to the BPCTCA
treatment system for subcategories A, B and D. The model
for subcategory C consists of chemical c¢oagulation and
filtration added to the BPCTCA extended aeration packaged
treatment system. )

Dual-media filtration is intended to remove the suspended
solids to avoid clogging of the activated carbon c¢olumn.
The down—-£low fixed bed system was  selected. Such
regeneration of activated carbon has been a problem in TNT
waste streams, however, these wastes will be part of a
combined waste stream at an explosive plant and it is
expected that activated carbon can be used with the combined
wastes. Such development should be done by each plant to
assure the most economical situations to achieve the
necessary level of in-plant controls and end-of-pipe
technology for pollution control. End-of-pipe technology is
capable of attaining the recommended effluent limitations,
guidelines and new source performdnce standards. To date,
no studies have shown it to be a problem in composite waste
streams.

BADCT Cost Model

For the purpose of the economic evaluation of BADCT, a cost
model (Table VIII-2) was formulated consisting of dual-media
filtration added to the BPCTCA treatment system for
subcategories A, B and D. A packaged dual-média filtration
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FIGURE VIl -1
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Figure VIII- la

BPCTCA and BADCT Cost Model for
Waste Treatment, Subcategory C
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FIGURE VIII-2-

EXPLOSIVES INDUSTRY
BATEA COST MODEL
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Table VI11-3

Wastewater Treatment Costs for
BPCTCA, BADCT and BATEA Effluent Limitations
(ENR 1780 - August, 1972 Costs)

Explosive Industry -~ Subcategory A
Technology Level

RWL BPCTCA BADCT2 BATEAZ
Average Production 36.2 x 103 kg/day
(T79.6 x 103 1bs/day)
Production Days 260
Wastewater Flow - kL/Day 61
(gpd) (16,000)
kL/1,000 kg Product 1.68
(gal/1,000 1bs) (201)
BOD Effluent Limitation - kg BQD/1,000 kg product’ 1.46 .10 .092 .028
— mg/L 871 61 55 17
™
* COD Effluent Limitation - kg CQP/1,000 kg product3 3.87 " 1.08 .94 .23
mg/L 2310 647 560 137
Total Capitat Costs § 192,000 § 35,200  $108,000
Annual Costs
Capital Recovery plus return at 10%
at 10 years $ 31,400 $ 5,800 $ 31,600
Operating + Maintenance 11,400 2,000 6,400
Energy + Power 3,000 - -
Total Annual Cost $ bL5,800 $ 7,800 $ 38,000
Cost! $/1,000 kg Product 4.87 .83 4.04
($/1,000 1bs Product) (2.21) (.38) (1.84)

'Cost based on total annual cost
Incremental cost over BPCTCA cost

3kg/kkg product is equivalent to lbs/1,000 lbs product
YSee Table V-3




system is added to the BPCTCA treatment system for
subcategory C. :

- Cost

Capital and annual cost estimates were prepared for the
previous end-of-pipe treatment models for all subcategories.
The prepared . cost estimates are presented in Tables- VIII-3
through VIII-6. The costs presented in these tables are
incremental costs for achieving each technology level.

For example, in Table VIII-3, the +total capital cost for
Sukcategory ‘A to attain BPCTCA effluent limitations is
$192,000 for a plant producing an average of 79,600 pouwnds
of explosives per day. The BPCTCA effluent limitations in
Table VIII-3 were determined by using the reduction factors
presented in Section VII, unless otherwise noted.

The incremental capital costs for achieving the recommended -
BADCT effluent limitations in Table VIII-3 would be $35,200
in addition +to the capital investment made to achieve the
BPCTCA effluent limitations. Similarly, the incremental
capital cost for achieving the BATFA effluent limitations
for sulkcategory A would be $108,000. ’

A discussion of the possible effects that variations in
. treatment téchnology or design criteria c¢ould have on
capital and annual costs 1is presented earlier in this
section. :

Energy

The size ranges of the BPCTCA and BATEA treatment models
preclude the application of some high-energy-using unit
processes such as sludge incineration. Carbon regeneration
will require significant amounts o©of energy; however, the
overall impact on energy consumption should be minimal.
Tables VIII-3 through VIII-6 also present the cost for
energy and power for each treatment model for BPCTCA, BATEA
‘and BADCT.

Non-water Quality Aspects

The major non-water quality aspects of the proposed effluent
limitations and guidelines encomgass ultimate sludge
disposal and noise and air pollution.

The BPCTCA treatment model proposes land spreading of the
digested biolegical sludge. If practiced correctly, this
disposal method will not create health hazards or nuisance
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Table VIII-4

Wastewater Treatment Costs for
BPCTCA, BADCT and BATEA Effluent Limitations
(ENR 1780 - August, 1972 Costs)

Explosive Industry ~ Subcategory B

Technology Level
RWL BPCTCA BADCTZ
Average Production 40.4 x 103 kg/day
( 8UL I x 103 lbs/day)
Production Days 260
Wastewater Flow - kL/Day 10:800
(gpd) (2,850,000) v
" kL/1,000 kg Product 267
(gal/1,000 1bs) (32,000)
BOD Effluent Limitation - kg BYD/1,000 kg product’ 63.4 4,44 4,08
mg/L . 237 17 15
COD Effluent Limitation - kg CQ*D/I 000 kg product3 118 33 .29
mg/L 442 . 124 ' 108
Total Capital Costs $5,080,000 $768,000
Annual Costs
Capital Recovery plus return at 10%
at 10 years $ 828,000 $125,000
Operating + Malntenance 391,000 k1,400
Energy + Power 110 000 . -
Total Annual Cost - $1,320,000 $167,000
Costl $/1,000 kg Product 127 15.9
($/1,000 1bs Product) (57.5) (7.23)

1L?cvst based on total annual cost
Incremental cost over BPLTCA cost

3kg/’kkg product is equivalent to 1bs/1,000 1bs product
ASea Table

BATEAZ

1.24
5

6.9
26

$2,290,000

$ 373,000
137,000

511:000
48.6
(22.1)
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Table VIII-5
Wastewater Treatment Costs for
BPCTCA, BADCT and BATEA Effluent Limitations
(ENR 1780 - August, 1972 Costs)
Explosive Industry - Subcategory C
Technology Level
| RL BPCTCA BADCTZ  BATEA?
Average Production 14.8 X 103 kg/day
o (32.6 X 103 1bs/day)
Production Days - 260
Wastewater Flow - kL/Day 26
(gpd) (6,810)
XY kL/1,000 kg Product - 1.76
= (gal1/1,000 1bs) (211) : .
BOD Effluent Limitation - kg BOD/1,000 kg products - .0005 ek L .00014
~ mg/L o ‘ less than 1 =~ ** ok less than 1
COD Effluent Limitation - kg COD/1,000 kg product3 .08 *% ** 017
mg/L 45 *ok ok 10
TSS Effluent Limitation - kg TSS/1,000 kg product3 - 0.92
T mg/L 523 50 mg/L 20 mg/L 10 mg/L
Total Capital Costs | $14,300 $24,100 $117,000
Annual Costs |
Capital Recovery plus return at 10% )
at 10 years $ 2,350 $ 3,910 $ 19,100
Operating + Maintenance $ 3,360 $ 1,250 $ 14,100
Energy + Power 700 550 ——
Total Annual Cost $ 6,410 $ 5,710 $ 33,200
Costl $/1,000 kg Product : S 1.67 1.49 8.63
($/1,000 1bs Product) : _ ( .76) ( .867) (3.92)
;Cost based on total annual cost
3Incrementa1 cost over BPCTCA cost
kg/kkg product is equivalent to 1bs/1,000 1bs product
**No limitation has been set




821

Table VILI -6

Wastewater Treatment Costs for
BPCTCA, BADCT and BATEA Effluent Limitatlons
(ENR 1780 - August, 1972 Costs)

Explosive |ndustry - Subcategory D

RWL
Average Production 0.01 x 103 kg/day
(—_.023x 103 1bs/day)
Production Days 260
Wastewater Flow - kL/Day ¢
(gpd) (2,400)
kL/1,000 kg Product 873
(gal/1,000 1bs) (105,000)
BOD Effluent Limltation - kg BOD/1,000 kg product> 1170
mg/L 1340
COD Effluent Limitation - kg COD/1,000 kg product 6290
' mg/L 7210 .
Total Capital Costs
Annual Costs
Capital Recovery plus return at 10%
at 10 years

" Operating + Maintenance
Energy + Power
Total Annual Cost
- Cost! $/1,000 kg Product
($/1,000 ibs Product)

1Cost based on total annual cost
Incremental cost over BPCTCA cost

3kg/kkg product is equivalent to 1bs/1,000 1bs product

BPCTCA

81.9
94

1760
2020

$ 395,000

§ 64,400
31,400

100

95,900
36,900
(16,800)

Tachnology Level
BADCTZ

75.3
86

1530
1760

$ 18,200

$ 3,000
1,300

$ 4,300
1,650
(751)

BATEAZ

22.9
26

370
424

$135,000

$ 21,900
13,200

$ 35,100
13,500

( 6,140)




conditions. The possibility of trace explosives leaching
into groundwater reservoirs can be minimized by carefully
controlled sludge application. The following are summaries
of the sludge gquantities from proposed BPCTCA and BATEA
treatment facilities:

Sukcategorvy Bioloqicai Sludge Quantity
1bs/day1

17,600
33,000
30

480

oOowy

1Based on solids concentration (dry weight basis)

Noise levels will not be appreciably affected with the
implementation of the proposed treatment models. Air
pollution should only be a consideration if liquid
incineration were selected as the waste disposal
alternative. ‘
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SECTION IX

BEST PRACTICABLE CONTROL TECHNOLOGY
CURRENTLY AVAILABLE {(BPCTCA)

Explosives Manufacturing

The effluent limitations and gquidelines for BPCTCA for
explosives manufacturing point source category were
developed from the information contained in Sections IV +to
VIII of +this document. The limitations are expressed in
terms of allowable pounds of pollutant per 1,000 pounds of
rroducts., The effluent limitations guidelines are based on
pollutant reductions that can be achieved in +this point
source category at the present time. i

For sukcategories A, B and D, the treatment system consists
of: equalization, neutralization, primary sedimentation,
aeration basin, final clarification, and sludge handling
facilities. For subcategory ¢, the treatment system
consists of a packaged extended aeration plant which
includes screening, biological treatment, clarification with
skimming and chlorination. Subcategories C and D, however,
may choose to 1limit their effluent by other means.
Sukcategory C, with a low flow of 6,800 gallons per day and
moderate strength concentration, could eliminate all
wastewater flow in many cases. Averaging only 2,520 gallons
per day, sukcategory D, with its concentrated waste, may
find other pollution control approaches to be the most cost-
effective solution. Sukcategory C could, by employing dry
clean-up and more careful operations, reduce its waste load
to a level where it would be feasible to dxrum all wastes and
ship them to a regional treatment center.

As indicated in Section VII, the following treatment levels,
based on historical data, were selected for the
determination of BPCTCA effluent limitations and guidelines
for subcategories A, B and D:

Average . Concentration
Parameter Percent Removal of RWL Limitation
BOD5 93 -
CGCD 72 -
TSSt - 50 mg/1

1 Except the average of the daily values for 30 consecutive
days shall not exceed 50 mg/1l and the maximum for any
one day is 150 mg/1l.
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For sukcategory ¢, the BPCTCA effluent limitations are
selected as:

Average?l Concentration
Parameter Percent Removal of RWL Limitation
TSS2 - _ 50 mg/1
0il and Grease?3 —— 100 mg/1l

1 Treatment technology from the inorganic chemicals manu-
facturing point source categqory, the fertilizer manufac-
tuxring point source category and the petroleum refining
point source category have been transferred to this
sukcategory for these two parameters.

2 Except the average of daily values for 30 consecutive days
shall not exceed 50 mg/l and the maximum for any one day
is 150 mg/1. :

3 Limitations on oil and grease are given for sukcategory C
only since it is expected that this pollutant will be
significant only in this subcategory. In this case, the
average of daily values for 30 consecutive days shall
not exceed 20 mg/1 and the maximum for any one day is
60 mgrs1l for O8G.

ilote that although NO3-N can be in c¢ertain instances a
significant problem in this industry, no effluent limitation
at +this +time has been prescribed, due to the limited data
base availakle. An effluent limitation on NO3-N is
degirable if there is a public water supply a short distance
from +the industry discharge or if specific eutrophication
problems may result. These conditions do not occur as a
result of all explosive manufacturing discharges, and is no
way of assuring that ‘a munitions plant 4is significantly
close it is recommended that nitrate limitations be governed
by local conditions.

Application of these removal rates to the RWIL produces the
BPCTCA effluent limitations and guidelines shown in Table
IX-1, unless otherwise noted.

It should ke understood that the effluent limitations and
quidelines are to be applied +to 4individual subcategories.
The information required to do this is:

1. The identity of the manufacturing process, so that
it can be subcategorized.

2. The production rate, so that the specific effluent
limitation can be calculated.
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Table 1X-1
BPCTCA Effluent Limitations Guidelines

Explosives Manufacturing !

Effluent Limltations

spCTCA (1977) Average of Dally Values for 30
Subcategories Flow Raw Waste Load (RWL) Long-Term Average Daily Effluent Consecutlive Days Shal] Not Exceed Haximum for Any One Day
{/kkg Product Parameter kg/kka?  ma/L Parameter kg/kkg'  mg/L Parameter kg/kkqg' ma/L Parameter  kg/kkg mg/L
{gal/1,000 1b)
Subcateqory A
Manufacture of 1,680 BODz 1.46 871 B0 0.10 6! B0D5 .24 - BODg 0.72 .
Explosives (201} coo” . 3.87 2,310 cob 1.08 647 cop 2.59 - cop 7.17 -
85 1.16 630 ss - o Tss 084 50 8% D.2% 150
Subcategory B
Hanufacture of 267,000 BODg 63.4 237 BODg b bk 17 BODg 10.7 - 80D 32,1 -
Propellants (32,000) oD 118 442 €00 33 124 CoD 78.2 - oD 237.6 -
- T8% 63.6 242 Y585 - i TS5 13:3 50 Tss 40.0 150,
] ‘
Subcategory
Load and Pack 1,760 BODg 0005 <l BODg * - 8005 * - BOD; * -
Operations’ {211} coD .08 45 €on * - cop * - cop * -
58 .092 523 148 - i T$S 6.089 © 50 T$S 0.27 150
Subcategory f) .
Manufacture of 873,000 80Dg 1,170 1,340 B00g 81,9 94 BODg 197 - BOD 591 -
Initiatiors . {105,000) cop 6.290 7,210 cop 1,760 2,020 con” 4,220 - codp” 12660
, TSS 39.0 - 56 Tss - ok TSS 43.8 50 TSS 131 150

Yg/ikg production is equivalent to 1bs/1,000 Ibs product

+No limitation has been set

*0ye to a limited data base in_ this ory and the achievable level by the proposed cost model
the effluent limitatfons for T3 and %t&?ﬁg hgve been established by tr‘ansyfer o? tgchnology From the

Fertilizer Chemicals and Petre]eum Refining Point Source Categories, respectively.




The actual effluent limitations and guidelines would be
aprplied directly only to a plant whose manufacturing
processes fall within a single subcategory. In the case of
multi-subcategory plants, the effluent limitations and
guidelines +0 Le placed upon a plant would represent a
production-weighted sum of the individual effluent
limitations and guidelines applied to each of its
sukbcategory operations. This building block apprcach allows
the gquidelines to ke applied to any facility regardless of
its rroducts.

It is anticipated@ that local conditions will control
discharges of nitrates and sulfates. Because of this,
nitrates and sulfates are not addressed in this discussion
of BPBPCTCA treatment technology. Because of +technology
transfer from other point source categories indicated in the
above footnotes and due to an insufficient data base for
variability verification, a performance factor of three is
used. C




SECTION X

BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE
(BATEAR)

Explosives Manufacturing

The BATEA effluent 1limitations and guidelines for the
explosives manufacturing point source category presented
below have been developed from the best available technology
presently operating in +the field. Historical data from
cther industries and situations in which filtration and
carbon adsorption was applied and used to develop the
guidelines. Por subcategories A, B and D, the BATEaA
treatment focuses on filtration and carbon adsorption. For
subcategory C, the BATEA +treatment consists of chemical
coagulation, filtration and activated carbon in addition to
the BPCTCA treatment system. Published findings such as EPA
and contractors studies and continuing pilot plant work in
the field generally support the biodegradation of most
explosives. Those explosives that are - resistant to
biodegradation will be removed by carbon adsorption.

BATFA Effluent Limitations Guidelines

Percent Removal of

Parameter BECTCA Effluent
BOD5 72
CoD 79
TSSt 60
{Subcategory C only) 0il and Grease2 80

1 Fxcept the effluent limitation for the average of daily
values for 30 consecutive days shall not exceed 10 mg/l
and the maximum for any one day is 20 mg/l.

2 Limitations on 0il and grease are 'given for subcategory C
only since it is expected that this pollutant will be
significant only in this subcategory. The average of daily
values for 30 consecutive days shall not exceed 10.mg/1l
and the maximam for any one day is 20 mg/l.

application of these removal rates to BPCTCA‘effluent waste
loads is shown in Table X-1.
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Subcategories

Subcateqory A
Hanufacture of
Explosives

Hanufacture of
Propellants

[
[

“Bubcategory €
Load and Pack

Operatlons

Subcategory
Manufacturs of

Inftlators

Elow
L/kkg Product
{gal/1,000 ths)

1,680
{201)

267,000
{32,000)

1,760
(a1m)

873,000
{105, 000)

Table X-1

BATEA Effluent LimItatlons Guldalines

BPLTCA Long-Tern

Average Dally Effluent
FParameter  kafkke' ma/L

80D
cop®
TsS

BOD5
£ob
88

BOD
cop®
Tss
086

BOD
con®
56

lkg/kkg s equivalent to 1b/1,000 1bs production.

*No Timitation has been set

**Dye to a limited data base in this category and the achievable leve] by the proposed cost model,
the effiuent limitations for TSS and O&G have been established by transfer of technology from the
Fertilizer Chemicals and Petroleum Refining Point Source Categories, respectively.

0.10 81
1,08 647
Z Sk
ER"Y 17
33 124
- o

»* -

* -
- ok
- ok
. 81.9 .94
1,760 - 2,028
- *E

Explosivas Kanufacturing

BOD
cop?
85

BOD5
cop
58

80D
cop®
58
046

BOD -
copd
55

BATEA (1

0,028
0.23

00014
017

-

22.9
370 -

{1983)
Dally Effluent
mafl

tong=Term Average }2 en
Parameter  kalkkq

Efflusnt Limitatlons

Average éf Dally Val

Consecutive Days Shall Hot Exceed Haxlmum for Any One Day

Farapeter  ka/kkg  mo/t farameter  ka/kka  mo/L
BOD 067 - BOD 0,11 -
cop5 .55 - con® .85 -
5§ 017 0 Tss 034 g
80D, 2.98 - 800 47 -
coD 16.5 - cop® 26.3 -
TsS 2.67 10 T5S 5.34 20
Bop, 0.00034 - 800, .00053 -
cob .041 - coD .065 -
TS5 .035 : 188, .07
048 RITI 025, i03s 40
8005 85 - BODS 87 -
con 888 - Cob ]’4]9
Tss 8:76 19 TSS 17.5 20

ues for 30




SECTION XI

NEW SOURCE PERFORMANCE STANDARDS
{BADCT)

General

The term "new source" is defined in the #“Federal Wwater
Pollution Control Act Amendments of 1972% +to mean "“any
source, the construction of which 1is commenced after the
publication of proposed regqulations prescribing a standard
of performance", Technology applicable to new sources shall
be +the Best Available Demonstrated cControl Technology
{BADCT), defined by a determination of what higher levels of
rpolliution control can be attained +through +the use of
improved production process and/or wastewater treatment
techniques. Thus, in addition to considering the best in-
plant and end-of-pipe control technology, BADCT +technology
is to be based upon an analysis of how the level of effluent
may ke reduced by changing the production process itself for
the explosives manufacturing point source subcategories.

Explosives Manufacturing

BADCT is based upon the utilization of in-plant controls and
filtration as an addition to BPCTCA end-of-pipe processes.
In the case of subcategory ¢, a packaged dual-media
filtration system will be required to be added to BPCTCA
treatment. The BADCT limitations presented in Section VII
were developed on the kbasis of the contractor's previous
experience and EPA publications on the efficiency of a
filter, unless otherwise noted. The wastewater load
reductions are presented below. Application of these
removal rates to BPCTCA effluent production loads is shown
in Table XI-1.

New Source Performance Standards
For Subcategories A, B and D

Percent Reduction of

Parameter BPCTCA Effluent
BODS 8
CcoD : 13
TSS1 60
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Table X1= 1
Hew Source Performance Standards

Explosives HManufacturing

BADCT New Source Performance Stapdards
B8PCTCA Long~Term Long=Term Average Average of Dally Values for 30
Subcategorles Flow Average Dally Effluent Dally Effluent Consecutfve Days Shal] Hot Exceed Haximum for Any One Day
!(/kkg Product y Parameter ka/kkg' ma/L Parameter kq/kkq! mg/L Parameter ka/kkg" mg/L Parameter kg/kkg ¥ mg/L
gal/1,000 lbs
Subgategory A
Manufacture of 1,680 BODg 0.10 61 BODsg 0.092 5g B0Dg 0,22 -— 80Dz .35 -
Explosives ¢ 201) cop 1,08 6113 cop 6.4 560 cop 2.3 -— cop 3.6 o
TSS - * TS5 - ** T$5 034 20 s$ L067 40
Subcategory A
Hanufacture of 267,000 O3 i V) BODg 4.08 15 80D 9.79 - BODg 15.5 -
Propellants 32,000 cop 33 124 cop 29 108 cop 69.6 - cop 118 -~
§ 158 - il TSS - e TS§ 5.34 20 1SS . 1557 40
Subcategory C .
Load and Pack 1,760 80D - Bop * - 80D * - BOD - * -
Opsrations {2 t:m)S * - cous * - con’ * -— con’ ¥ -
Ts$ - * 55 e 158 035 20 TSS 07 40
086 - *h 046 — *kk 056 2018 10 046G .035 - 20
Subcategory § ] .
Manufacture of 873,000 B0Dg 81.8 94 BODg 75.3 85 BODg 181 - . BODg . 286 -
inttliators 105,000 cod 1,830 2,020 coD 1,530 1,760 cop 3,670 - coo 5,810 -
- 158 - doke T$5 - ke 788 17.5 20 78S . 35 40

1kg/kkg fs equivalent to 1b/1,000 1bs production

*No limitation has been set

**Due to & limited data base In this category and the achievable level by the proposed cost model,
the effluent 1imitations for TSS and DAG have been established by thansfer of technology from the
Fertilizer Chemicals and Petroleum Refining Point Source Categories, respectively.




t Except the average of daily values for 30 consecutive days
shall not exceed 20 mg/1l and the maximum for any one day
is 40 mg/1.

It was anticipated +that, for this level of treatment,
significant reduction of hydraulic loading will be
implemented by application of good water management
practices.

New Source Performance Standards
For Sukcategory C

Pexrcent Reduction of

Parameter BPCTCA Effluent
TSS!t 60
0il and Grease? 80

1 Except the average of daily walues for 30 consecutive days
shall not exceed 20 mg/l and the maximum for any one day
is 40 mg/1l.

2 Limitations on oil and grease are given for sukcategory C
only since it is expected that this pollutant will be
significant only in this subcategory. The average of daily
values for 30. consecutive days shall not exceed 10 mgs/l and
the maximum for any one day is 20 mg/l.







SECTION XII

PRETREATMENT GUIDELINES

General

Pollutants from specific processes within this category may
interfere with, pass through, or otherwise be incompatible
with publicly owned treatment works (municipal system). The
following section examines the general wastewater
characteristics and the pretreatment unit operations which
may be applicable to +the explosives manufacturing point
source category. )

Explosives Manufacturing

A review of the wastewater characteristics of explosives
manufacturing indicates that the process wastewaters contain
high concentrations of soluble oxygen-demanding materials,
varied ranges of suspended solids, nitrates, sulfates,
organic nitrogen and carbon, metals, and trace quantities of
explosives.

The scope of this study did not allow for a specific
toxicity evaluation of explosives wastewaters. However, all
but the last two parameters listed@ above appear to be
amenable to secondary treatment.

Metals such as 1lead and mercury have been shown to be
discharged in gquantities sufficient +to disrupt biological
activity. In one field investigation in subcategory D, lead
discharges were found in concentrations of 200 mg/l. This
makes physicals/chemical precipitation mandatory as a
pretreatment step, where such concentrations and other
inhikitory concentrations are found. :

Trace guantities of explosives may present a significant
problem for a manicipal sewage treatment system because of
their toxicity and hazardous nature., However, a
pretreatment system can be designed to ensure that toxicity
and safety hazards are eliminated. The system would have to
ensure that a slug of explosive material from an emergency
discharge could never enter the municipal system. Such a
system would consist of the following unit operations:
equalization, chemical precipitation of metals, and
neutralization.

Since o0il and grease (C&G) in high concentrations can be
disruptive +t0 municipal sewage treatment systems under




certain circumstances, a pretreatment standard of 100 mg/l
for 08G is set for all subcategories in the explosives point
source category.

142




SECTION XIII

PERFORMANCE FACTORS FOR TREATMENT
PLANT OPERATIONS

General

All of the factors that bring akbout variations in treatment
plant performance can be minimized through proper dosing and
operation. Variations in the performance of wastewater
treatment plants are attributable to one or more of the
following:

1. Variations in sampling techniques.

2. Variations in analytical methods.

3. Variations in one or more operatiocnal parameters,
e.g., the organic removal rate by the biological
mass, settling rate changes of biological sludge.

4. controllable changes in the - treatability
characteristics of +the process wastewaters even
after adequate equalization.

S. Controllable fluctuations in the volume of
contaminated storm runoff.

5. Prevention of contamination by segregation of storm
runoff from process wastewaters.

7. Differences in the design and operation of holding
systems to average out the influent before allowing
it into the treatment system.

8. Disparities in spill prevention programs.

9. Inattention to the effects of cycled production
scheduling and avoidable start-ups _and shut-downs.

10. Negligence in the design and choice of the type of
treatment system which can minimize climatic
effects.

11. Lack of prudent measures to prevent the
introduction of chemicals which are 1likely to
inhibit the treatment processes.

"All of these above mentioned items can be designed and/or

scheduled for in a well-designed and gproperly operated
wastewater treatment plant.

Explgsives Manufacturing

Variability in historic effluent data from an exemplary
biological treatment plant treating propellant wastes was
statistically analyzed. The results of this analysis are
shown below. Ratios of the 95 percent probability of
occcurrence to the 50 percent probability of occurrence were




computed for this plant, with the average of the aally and
monthly BOD and COD ratios as follows:

Performance Factor Performance Factor
for Maximum Monthly for Maximum Daily
Parameter Effluent Value Effluent Value
BODS 2.4 3.8
CCD 2.4 3.8

Variability in Biological Waste Treatment Systems

In the past, effluent requirements for wastewater -+treatment
plants have been related +to the achievement of a desired
treatment efficiency based on long term performance. There
are, however, factors that affect the performance and hence
the effluent quality or treatment efficiency over the short
term, such that short term performance requirements cannot
be taken directly from the lcnger term data. Rnowledge of
these factors must be incorporated in the development of
effluent limitations and in decisions of whether a treatment
plant is in compliance with the limitations.

The effluent limitations promulgated by EPA and developed in
this document include values that limit both long term and
short. term waste. discharges. These restrictions are
necessary to assure that deterioration of +the nation's
waters does not occur on a short term basis due to heavy
intermittent discharges, even though an annual average may
be attained. Because technology transfer has been used and
because the data base supporting the variability is limited,
a factor of +three is employed +to set the maximum day
limitation rather +than +the ratio of approximately two for
maximum day limitation to maximum 30 day limitation shown
above.

Some of the controllable causes of wvariability and
techniques that can be used to minimize their effect
include:

A. Storm Runoff

Storm water holding or diversion facilities should be
designed on the basis of rainfall history and area being
drained. The collected storm runoff can be drawn off at a
constant rate +to the treatment system. The volume of this
contaminated storm runoff should be minimized  through
segregation and the prevention of contamination., Storm
runcff from outside the plant area, as well - as
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uncontaminated runoff, should be diverted around the plant
cr contaminated area. :

B. Flow Variations

Manufacturing process upsets and raw waste variations can be
reduced by properly sized equalization units, Equalization
is a retention of +the wastes in a suitably designed and
operated holding system to average out the influent Lefore
allowing it into the treatment system.

C. Spills

Spills of certain materials in the plant can cause a heavy

loading on the treatment system for a short period of time.

_ A spill may not only cause higher effluent levels as it goes

through the system, but may inhibit a biological treatment
system and therefore have longer term effects, Equalization

helps to 1lessen the effects of spills., However, long term

reliable control can only be attained by an aggressive spill

prevention and maintenance program including training of

operating personnel. Industrial - associations such as the
Manufacturing Chemists Association have developed guidelines

for prevention, control and reporting of spills. These note
how to assess the potential of spill occurrence and how to

prevent spills. Each explosives manufacturing plant should
be aware of the MCA report and institue a program of spill’
prevention using the principles described in the report. If

every plant were +to use such guidelines as part of plant
waste management control programs, its raw waste load and

effluent variations would be decreased or entirely
eliminated.

D. Start-up and Shut~down

These periods should be reduced to a mninimum and their
effect dampened through the use of equalization facilities.
At start-up, a good practice is to haul in a tank +truck of
sludge from an efficiently operated activated sludge
wastewater treatment plant.

E. Climatic Effects

The design and choice of type of a treatment system should
be Lased on the climate at the plant location so that this
effect can be minimized. Where there are severe seasonal
climatic conditions, the treatment system should be designed
and sufficient operational flexibility should be available
so that the system can function effectively.




F. Treatment Process Inhibition

Chemicals likely to inhibit the treatment processes should
be identified and prudent measures taken to see that they do
not enter +the wastewater in concentrations that may result
in treatment process inhibition. Such measures include the
diking of a chemical wuse area +to contain spills and
contaminated wash water, using dry instead of wet clean-up
of equipment, and changing to non-inhibiting chemicals.

The common indicator of the pollution characteristics of the
discharge from a plant historically has been the long-term
average of +the effluent 1load. However, +the long-term
(yearly) average is not the only parameter on which to have
an effluent limitation. Shorter +term averages also are
needed, both as an indication of performance and for
enforcement purposes.

ttherever possible, the best approach to develop the annual
and shorter term limitations is to use historical data from
the industry or production line in question. If enough data’
is available, the shorter term limitations can be developed
from a detailed analysis of 'the hourly, daily, weekly, or
monthly data. Rarely, however, is there an adequate amount
of short term data. However, using data which show the
variability in the effluent load, statistical analyses can
be used +to compute short term limits (30 day average or
daily) which should be attained, provided that the plant is
designed and run in the proper way to achieve the desired
long term average load. These analyses can be used to
establish variability factors for effluent limitations or to
check those factors that have been developed.

For +the significant organic products segment of the organic
chemicals manufacturing point source category, EPA has used
a data base consisting of 21 organic chemicals, plastics and
petrochemical plant performance data, to establish daily
maximum and monthly average variability factors of 3.9 and
2.1, respectively. The performance factors for BODS5 and COD
used for the explosives manufacturing point source category
are 3.8 for the maximum daily and 2.4 for the maximum
monthly as shown below. While these plants make different
products, Agency analysis revealed that they can be grouped
because the treatment plant characteristics and response to
flow and constituent variables, for example, are similar. .

The data base upon which EPA's variability factors are based
is the most extensive available, Commenters on these and
prior EPA Development Documents have suggested no other
source of information on which to base BOD5 or = COD
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variability factor calculation. While it is known that the
behavior of waste characteristics such as COD is not
precisely the same as BODS in variations of effluent, and
that wuse of different treatment technigques can alter
~ expected variations, there are no data sources for COD which
can be used to generate separate variability numbers. If
anyone has more or better information available, the Agency
‘will readily consider it. For these reasons, EPA has used
factors of 2.4 and 3.8 for both BOD5 and COD pollutant
parameters, for regulations covering BATEA and new sources
in the explosives manufacturing point source category. For
existing plants, EPA has used a factor of 3 for BPCTCA even
though the data indicates a ratio of approximately 2 between
the maximam day limitation and the maximum 30 day limitation
from the limited data in hand.

For lack of data, variability in suspended solids could not
ke developed by historical means. Because of the similarity
of their treatment systems employed, batch type operation
and related organic chemical reactions TSS variability for
explosives manufacturing was assumed to be similar to the
inorganic chemicals mamafacturing point source category and
the fertilizer manufacturing point source category. :

For oil and grease, the same factor of 3 was used to develop
the BPCTCA maximum  day limitations for all the explosives
sukcategories. '

TheSe factors were applied +to develop the effluent
limitations and guidelines presented in Sections II, IX, X,
and XI.
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SECTION XVI

GLOSSARY

Explosives Manufacturing

BAAP Abgreviation for Army Ammunition Plant which usually
starts with a fourth capitalized letter when referring to a
particular facility. For example, the Radford plant is
identified as RAAP.

Alpha TNT. This is the symmetrical isomer form, 2, 4, 6-
INT and is the desired isomer for use in explosives
manufacturing end products. ’

Aluminum. Metal used to increase the energy of a propellant
and exrlosive. ' '

Bagasse. Plant residue used to bind explosives.

Ball Powder. Small arms powder made by emulsifying a
mixture of propellant and solvent in a liquid in which they
are not soluble. Evaporation of the emulsifying liquid and
the solvent yields quite uniform round balls of powder.

Binder. In composition propellant, the solid matrix in
which the granular ingredients are held.

Booster Charge. A charge that is ignited by +the electric
match and, in +turn, initiates combustion or detonation in
the gpropellant. .

Building Block Technique. A method of allocating effluent
limitations guidelines to multi-sutcategory plants where the
effluent limitations guidelines for that given plant would
represent a production-weighted sum of effluent . limitations
guidelines which apply to each specific subcategory.

carpet Rolls. Rolled powder sheets are cut into strips
which subsequently are rolled into rolls in +the manner of
rolling up a carpet, +*hus the term "carpet roll." Carpet
rolls of the proper size and weight are used as +the charge
in a solventless extrusion press.

Casting Powder. Small particles of powder used in

formulating cast propellant grains; contains nitrocellulose,
stabilizer, plasticizer, and usually nitroglycerin.




Cellulose. Commonly thought of as a fibrous materxrial of
vegetable origin.

Deterrent. A propellant additive that reduces the burning
rate. . .

Detonation. The very rapid decomposition of an exglosive.
The reaction dis propagated by a shock wave rather than by
heating the area near to the flame.

DNT. Dinitrotoluene. Added as a deterrent to propellant
grains; reduces burning rate. :

Couble Base. A propellant which is made from two explosive
substances, CuTuy nitroceullulose, gelatinized = with
nitroglycerin. ' :

Double-Base Propellant. A propeliant containing two energy-
giving ingredients; nitrocellulose and nitroglycerin.

Electric Match. A bead of easily-ignited explosives forxmed
on a thin wire used as an igniter.

Explosives. A substance (mixture) capable of rapid
conversion into more stable products, with the liberation of
Ieat and usually the formation of gases.

Extruded Propellant. Any propellant made by pressing.
gsolvent~softened or gelatinized nitrocellulose through a dye
to form grains.

Grain. A singlé piece of formed propéllént, regardless of
size.

n"Green'. Describes a batch of cotton that was not given
enough tine to fully nitrate, or a cost grain not vet fully
cured.

Hydroscopic. Water adsorbing.

Hypergolic. Two substances which will self-ignite on
contact. :

Igniters. BAny device used to ignite a propellant.

Inhibitor. A coating on a propellant grain which prevents
burning at that roint.
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Metal Modifiers. Metals used in explosvies or propellants
to modify +their ~property, e.g., aluminum increases the
energy of an explosion.

MNT, ©DONT _(Mononitrotoluene, Dlnltrotoluene). Intermediate
products formed during the manufacture of TNT. DNT is also
"used in the formulation of single-base propellants.

Modifier. A substance added to a propellant to reduce the
dependence of burning rate on rpressure. :

NAC {(Nitric Acid Concentrator). A distillation process
which-- concentrates - weak nitric acid (sixty. percent) to
strong nitric acid (nlnety—elght rercent) .

Nitrocellulose. A basic 1ingredient used in propellant
manufacturing, made by nitrating woodpulp or cotton fikers
with mixed acid.

Nitroglycerin. A colorless highly explosive o0il which is a
nitration product of glycerin. Nitroglycerin or NG, as it
is . frequently called, is a principal constituent of dynamite
and certain propellants (rocket grains). NG is extremely
sensitive to impact and freezes at 56°F. A basic ingredient
used in propellant manufacturing, made by nitrating glycerln
with mixed acid.

Nitroguanidine. The third base raw material used in the
manufacture of triple~base propellant. The other +two are
nitrocellulose and nitroglycerin, :

NC Fines. Fine nitrocellulose particles as a result of the
purification of nitrocellulose.

Pink Water. After loading TNT into munitions, the loading
bays are washed. TNT particles in concentrations of 100-150
mg/l produce in sunlight an crange or light-rust colored
effluent termed "pink waterw,

Plasticizer. A high boiling liquid which 3is wused in the
formulation of a propellant to help make it plastic.

Poaching. Boiling nitrocellulose (NC) in soda ash at 969C
for four hours followed by fresh water at 96°C for +two
hours. The NC will then settle and the water is drained
off.

Primer. A small charge of easily-ignited material used +to
ignite the working charge of a gun or rocket.
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Propellant. Any substance which can react to form more
stable substances in the absence of atmospheric oxygen,
giving off hot combustion gases capable of doing useful
work.

Red Water. The effluent coming frem +the sellite wash of
crude TNT. Sellite has a selective affinity for the
unsymmetrical, unwanted isomers of TNT. The result is a
blood red effluent high in sulfate concentration. A red
waste 1liquid resulting from +the purification of TNT,
normally incinerated or sold to the paper industry.

Rolled Powder. A propellant which is foxmed ky forcing a
nitrocellulose~nitroglycerin composition between +two -large
steel rolls to form a sheet.

SAC (Sulfuric Acid Concentrator). 2an evaporation process
which concentrates weak sulfuric acid (sixty-eight percent)
to strong sulfuric acid (ninety-two percent).

Sellite. Sodium sulfite, used in the finishing operation of
TINT. ’

Single Base. A propellant which contains only one explosive
ingredient. a propellant consisting essentially of
nitrocellulose plus stabilizer and. plasticizer, formed by
mixing these ingredients with ether and alcohol and
extruding the resultant mass through dies and cutters.

Smokeless Powder. Nitrocellulose-based propellant.

Solid Propellant. A propellant having a composition which
is so0lid at ndrmal temperature., :

Solvent. As used in propellants either: (1) a substance
added to nitrocellulose to soften it so that it can be
formed; or (2) a substance that dissolves both propellant
and inhibiting materials and is used to bond inhibitors +to
grain.

Stabilizer. A substance added +to nitroceullulose
rropellants to prevent decomposition product from catalyzing
further decomposition. ,

TINT. &an akkreviation for trinitrotoluene, a high explosive,
exploded by detonators but unaffected by oxdinary friction
or shock. Manufactured by reacting toluene (an organic
liguid) with nitric acid in the presence of sulfuric acid.
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Triple Base. A propellant that contains +three explosive
ingredients, e.g., NC-NG-nitroguanidine small-arms powder.

Yellow Water. The effluent coming from the first wash of
crude TNT in its purification process.

Generxal Definitions

Abatement. The measures taken to reduce or eliminate
pollution. :

Absorption. A process in which one material (the absorbent)
takes up and retains another (the absorbate) with the
formation of a homogeneous mixture having the attributes of
a solution. Chemical reaction may accompany or follow
absorption. T

Acclimation. The ability of an organism to adapt to changes
in its immediate environment.

Acid. 'A substancév which- dissolves in water with the
formation of hydrogen ions.

Acid Solution. A solution with a pH of less than 7.00 in
which the activity of the hydrogen ion is greater +than the
activity of the hydroxyl ion.

Acidity. The capacity of a wastewater for neutralizing a
base. It is normally associated with the presence of carbon
dioxide, mineral and organic acids and salts of strong acids
or weak bases. It is reported as equivalent of Caco03
because many +times it is not known just what acids are
present. ' ‘

Acidulate. To make acidic.

Act, The Federal Water Pollution Ccntrol Act Amendments of
1972, Public Law 92-500.

Activated Carbon. carbon which -is treated by high-
temperature heating with steam or carbon dioxide producing
an internal porous particle structure.

Activated Sludge Process. A process which removes the

organic matter from sewage by saturating it with air and
biologically active sludge. The recycle %“activatedw
microoganisms are able +o remove both +the soluble and
colloidal organic material from the wastewater. '




Adsoxption. An advanced method of treating wastes in which
a material removes organic matter not necessarily responsive
to clarification or biological treatment by adherence on the
surface of solid bodies.

Adsorption Isotherm. A plot used in evaluating the
effectiveness of activated carbon treatment by showing the
amount of impurity adsorbed versus +the amount remaining.
They are determined at a constant temperature by varying the
amount of carbon used or the concentration of the impurity
in contact with the carbon.

Advance Waste Treatment. Any treatment method or process
empleyed following biological treatment +to increase the
removal of pollution load, to remove substances that may be
deleterious +to receiving waters or the environment or to
produce a high-quality effluent suitable for reuse in any
specific manner or for discharge under critical conditions.
The term tertiary treatment is commonly used +to  denote
advanced waste treatment methods. '

Aeration. (1) The bringing about of intimate contact
between air and a liguid by one of the following methods:
spraying the ligquid in the air, bubbling air through the
liquid, or agitation of the 1liquid +to promote surface
absorption of air. {2) The process or state of being
supplied or impregnated with air; in waste +treatment, a
process in which liquid from the primary clarifier is mixed
with compressed air and with biologically active sludge.

Aeration Period. (1) The theoretical time, usually
expressed in hours, +that the mixed ligquor is subjected to
aeration in an aeration tank undergoing activated-sludge
treatment. It is equal to the voclume of the tank divided by
the volumetric rate of flow of wastes and return sludge.
{(2) The theoretical +time that 1liquids are subjected to
aeration. :

Reration Tank. A vessel for injecting air into the water.

Aerobic. Ability to 1live, grow, or take place only where
free oxygen is present.

Aerobic Biological Oxidation. Any waste treatment or
process utilizing aerobic organisms, in the presence of air
or oxygen, as agents for reducing the pollution 1load or
oxygen demand of organic substances in waste.

Aerobic Digestion. A process in which microorganisms obtain
energy by endogenous or auto-oxidation of their cellular
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protoplasm. The biologically degradable constituents ~of
" cellular material are slowly oxidized to carbon dioxide,
water and ammonia, with the ammonia being further converted
into nitrates during the process. '

Algae, One-celled or many-celled plants which grow in
.sunlit waters and which are capable of photosynthesis. They
are a food for fish and small. aguatic animals and, like all
plants, put oxygen in the water.

Algicide. cChemical agent used to destroy or control élgae.

Alkali. A water-soluble metallic hydroxide that ionizes
strongly to yvield a basic solution.

Alkalinity. The presence of salts of alkali metals. The
hydroxides, carbonates and bicarbonates of calcium, sodium
and magnesium are common impurities that cause alkalinity.
A gquantitative measure of the capacity of 1liquids or
suspensions to neutralize strong acids or +to resist the
estatlishment of acidic conditions. Alkalinity results from
the rresence of bicarbonates, carbonates, hydroxides,
‘volatile acids, salts and occasionally borates and is
‘usually expressed in terms of the concentration of calcium
carbonate that would have an equivalent  capacity - to
neutralize strong acids. :

Alum. A hydrated aluminum sulfate or potassium aluminum
sulfate or ammonium aluminum sulfate which is ‘used as a
settling agent. A coagulant.

‘Ammonia Nitrogen. 2 gas released by the microbiological
decay of plant and animal proteins. When ammonia nitrogen
is found in waters, it is indicative of incomglete
treatment. ; »

Ammonia Stripping. A modification of the aeration process
for removing gases 1in water. Ammonium ions in wastewater
exist in equilibrium with ammonia and hydrogen ions. As pH
increases, the equilibrium shifts to the right, &and above pH
9 ammonia may be 1liberated as a gas by agitating the
wastewater in the presence of air. This' is usually done in
a packed tower with an air blower.

Ammonification. The process in which ammonium is liberated
from organic compounds by microoganisms.

Anaerobic. Ability to live, grow, or take place where there
is no air or free oxygen present.

179




Anaerobic Biological Treatment. Any treatment method ox
process utilizing anaerobic or facultative organisms, in the
absence of air, for +the purpose of reducing the organic
matter in wastes or organic so0lids settled out from wastes.

Anaexobic Digestion. Biodegradable materials in primary and
excess activated sludge are stabilized by being oxidized +to
carbon dioxide, methane and c¢ther inert products. The
primary digester serves mainly to reduce VSS, while the
secondary digester is mainly for solids-liquid separation,
sludge thickening and storage.

Anion. Jon with a negative charge.

Antagonistic Effect. The simultaneous action of separate
agents mutually opposing each other.

Agqueous Solution. One containing water or watery in nature.

Aquifer. A geologic formation or stratum that contains
water and +transmits it from one point to another in
quantities sufficient to pexrmit economic development
(capable of yielding an appreciable supply of water). A

Agueous Solution. One containing water or watery in nature.

Arithmetic Mean. The arithmetic mean of a number of items
is obtained by adding all the items together and dividing
the total by the number of items. It is frequently called
the average. It is greatly affected by extreme values.

Azeotrope. A liquid mixture +that is characterized by a
constant minimum or maximum boiling point which is lower or
higher +than that of any of the components and that distills
without change in composition.

Backwashing. The process of cleaning a rapid sand or
mechanical filter by reversing the flow of water.

Bacteria. Unicellular, plant-1like microorganisms, lacking
chlorophyll. BAny water supply contaminated by sewage is
certain to c¢ontain a bacterial group called Hcoliformn.

Bateria, cColiform Group. A& group of bacteria, predominantly

inhabitants of +the intestine of man but also found on
vegetation, including all aerobic and facultative anaerobic
gram-negative, non-sporeforming kacilli that ferment lactose
with gas formation. This group includes five tribes of
which the very great majority are Eschericheae. The
Eschericheae tribe comprises three genera and ten species,




of which Escherichia Coli and Aerobacter Aerogenes are
dominant. The Escherichia Coli are  normal inhabitants of
the intestine of man and all vertbrates whereas Aerobacter
Aerogenes normally are found on grain and plants, and only
to a varying degree in the intestine of man and animals.
Formerly referred to as B. Coli, B. Coli group, and Coli-
Aerogenes Group.

Bacterial Growth. All Dbacteria require food for their
continued life and growth and all are affected by the
conditions of their environment. Like human beings, they
consume food, they respire, they need moisture, they require
heat, and they give off waste products. Their food
regquirements are very definite and have been, in general,
already outlined. Without an adequate food supply of the
type the specific organiequires, bacteria will not grow -
and multiply at their maximum rate and they will therefore,
not perform their full and complete functions.

(BADCT) NSPS Effluent Limitations. Limitations for new
sources which are based on the application of the Best
Available Demonstrated Control Technology. See NSPS.

Base. A substance that in aqueous solution turns red litmus
blue, furnishes hydroxyl ions and reacts with an acid to
form a salt and water only.

Batch Process, A process which has an intermittent flow of
raw matexials into the process and a resultant intermittent
flow of .product from the process.

BAT (BATEA) Effluent Limitations. Limitations for point
sources, other than publicly owned treatment works, which
are based on the application of the Best Available
Technology Economically Achievable. These limitations must
be achieved by July 1, 1983.

Benthic. Attached to the bottom of a body of water.

Benthos. Organisms (fauna and flora) that 1live on the
bottoms of bodies of water. ‘

Bioassaz. An- assessment which is made by using living
organisms as the sensors, : .

Biochemical Oxygen Demand (BOD). A measure of the oxygen
requlired to oxidize the organic material in a sample of
wastewater by natural biological process under standard
conditions, This test is presently universally accepted as
the yardstick of pollution and is utilized as a means to
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determine the degree of treatment in a waste treatment
process. Usually given in mg/l (or ppm units), meaning
milligrams of oxygen required per liter of wastewater, it
can also be expressed in pounds of total oxygen required per
wastewater or sludge batch. The standard BOD is five days
at 20 degrees C.

Biota. The flora and fauna (plant and animal life) of a
stream 'or other water body.

Biological Treatment Svstem. y:\ system that uses
microorganisms to remove organic pollutant material from a
wastewater. '

Blowdown. Water intentionally discharged from a cooling or
heating system to maintain the dissolved solids
concentration of the c¢irculating water below a specific
critical level. The removal of a portion of any process
flow to maintain the constituents of the flow within desired
levels. Process may be intermittent or continuous. 2) The
water discharged from a boiler or cooling tower to dispose
of accumulated salts.

BOD5. Biochemical Oxygen Demand (BOD) 1is the amount of
oxygen required by bacteria while stabilizing decomposable
organic matter under aerobic conditions. The BOD .test has
been developed on the basis of a 5-day incubation period
(i.e. BODS).

Boiler Blowdown. Wastewater resulting from purging of solid
and waste materials from the boiler system. A solids build
up in concentration as a result of water evaporation (steam
generation) in the boiler.

BPT (BPCTCA) Effluent Limitations. Limitations for point
sources, other +than publicly owned treatment works, which
are based on the application of the Best Practicable Control
Technology Currently Available. These limitations must be
achieved by July 1, 1977.

Break Point. The point at which impurities first appear in
the effluent of a granular carbon adsorption bed.

Break Point Chlorination. The addition of sufficient
chlorine to destroy or oxidize all substances that creates a
chlorine demand with an excess amount remaining in the free
residual state.

Brine. Water saturated with a salt.
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Buffer. A solution containing either a weak acid and its
salt or a weak base and its salt which thereby resists
changes in acidity or kasicity, resists changes in pH.

Carbohydrate. A compound of carbon, 'hydrogen and oxygen,
usually having hydrogen and oxygen in the proporticn of two
to one. ‘

Carbonaceous. Containing or comgosed of carbon.

Catalyst. A substance which changes the rate of a chemical
reaction but undergoes no permanent chemical change itself.

Cation. The 3ion in an electrolyte which carries +the
positive charge and which migrates toward the cathode under
the influence of a potential difference.

Caustic Soda. In its hydrat=ad form it is called sodium
hydroxide. Soda ash is sodium. carbonate.

Cellulose. The fibrous constituent of trees which is the
principal raw material of paper and paperboard. Commonly
thought of as a fibrous material of vegetable origin.

Centrate, The liquid fraction that is separated from the
solids fraction of a slurry through centrifugation.

Centrifugation. The process'of separating heavier materials
from 1lighter ones through the employment of centrifugal
force.

Centrifugé. An apparatus that rotates at high speed and by
centrifugal force separates = substances . of dJdifferent
densities.

Chemical Oxvgen Demand (COD). A measure of oxygen—-consuming
capacity of organic and inorganic matter present in water or
wastewater., It is expressed as the amount of =@ oxygen
consumed from a c¢hemical oxidant in a specific test. It
does not differentiate between stakle and unstakle organic
matter and thus does not correlate’ with biochemical oxygen
demand.

Chemical Synthesis. The processes of chemically' combining
two or more constituent substances into a single substance.

Chlorination. The application of chlorine to water, sewage
or industrial wastes, generally for the purpose of
disinfection but fregquently for accomplishing other
biological or chemical results.
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clarification. Process of removing turbidity and suspended
solids by settling. Chemicals can be added to improve and
speed up the settling process through coagulation.

Clarifier. A basin or +tank in which a portion of the
material suspended in a wastewater is settled.

Clays. Aluminum silicates 1less +than 0.002mm (2.0 um) in
size. Therefore, most clay +types can go into collcidal
suspension.

Coagulatiorn. The clumping together of solids to make them
settle out of the sewage faster. Coagulation of solids is
brought about with the use of certain chemicals, such as
lime, alum or polyelectrolytes.

Coagulation and Flocculation. Processes which follow
sequentially.

Coaqulation Chemicals. Hydrolyzable divalent and trivalent
metallic ions of aluminum, magnesium, and iron salts. They
include alum (aluminum sulfate), quicklime (calcium oxide),
hydrated lime (calcium hydroxide), sulfuric acid, anhydrous
ferric chloride. Lime and acid affect only the solution pH
which in turn causes coagulant precipitation, such as that
of magnesium.

Coliform. Those bacteria which are most abundant in sewage
and in streams containing feces and other bodily waste
discharges. See bacteria, coliform group.

Coliform Organisms. A group of bacteria recognized as
indicators of fecal pgcllution.

Colloid. A finely divided dispersion of one material (0.01-
10 micron—-sized particles), called +the w%dispersed phase"
(s0lid), in another material, called the “dispersion medium®
(liguid) .

Color Bodies. Those complex molecules which impart color to
a solution.

Color Units. A solution with the color of unity contains a
mg/ 1 of metallic platinum (added as potassium
chloroplatinate +to distilled water). Color wunits are
defined against a platinum-cobalt standard and are based, as
are all the other water quality. criteria, upon those
analytical methods described in Standard Methods for the
Examination of Water and Wastewater, 12 ed., Amer. FPublic
Health Assoc., N.Y., 1967.
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Combined Sewer. One which carries both sewage and storm
water run-off.

Composite Sample. A combination of individual samples of
wastes taken at selected intervals, generally hourly for 24
hours, t0o minimize the effect of the variations in
individual samples. Individual samples making up the
composite may be of egqual volume or be roughly apportioned
to the volume of flow of liquid at the time of sampling.

Composting. The biochemical stabilization of solid wastes
into a humus-like substance by producing and controlling an

optlmum env1ronment for the process.

concentration. The total mass of the suspended or dissolved
particles contained in a unit volume at a given temperature
and pressure.

Conductivity. A reliable measurement of electrolyte
concentration in a water sample. The conductivity
measurement can ke related to the concentration of dissolved
solids and is almost directly proportional +to the ionic
concentration of the total electrolytes.

Contact Stabilization. Aerobic digestion.

contact Process Wastewaters. These are process-—generated
wastewaters which have come in direct or indirect contact
with the reactants used in the process. These include such
streams as contact cooling water, filtrates, centrates, wash
waters, etc.

Continuous Process. A process which has a constant flow of
raw materials into the process and resultant constant flow
of product from the prccess.

Contract Disposal. Disposal of waste products through” an
outside party for a fee.

Crystallization. The formation of solid particles within a
homogeneous phase. Formation of crystals separates a solute
from a solution and generally leaves dimpurities behind in
the mother liguid.

Degreasing. The process of removing greases and oils from
sewage, waste and sludge.

Demineralization. The total removal of all ions.




Denitrification. Bacterial mediated reduction of nitrate to
nitrite. Other bacteria may act on the nitrite reducing it
to ammonia and finally N2 gas. This reduction of nitrate
occurs under anaerobic conditions. The nitrate replaces
oxygen as an electron accegptor during the metakolism of
carbon compounds under anaerobic conditions. A biological
process in which gaseous nitrogen is produced from nitrite
and nitrate. The heterotrophic microoganisms which
participate in this process include pseudomonades,
achromobacters and bacilli.

Derivative. A substance extracted from another body or
substance. .

Desorption. The opposite of adsorption. A phenomenon where
an adsorbed molecule leaves the surface of the adsorbent.

Diluent. A diluting agent.

Dissolved Air Flotation. The term "flotation®" indicates
something floated on or at the surface of a 1liquid.
Dissolved air flotation thickening is a process that adds
energy in the form of air bukbles, which become attached to
suspended sludge particles, increasing the buoyancy of the
particles and producing more positive flotation.

Dissolved Oxygen (DO). The oxygen dissolved in sewage,
water or other 1liquids, wusually expressed either in
milligrams per liter or percent of saturation. It 4is the
test used in BOD determination.

Cistillation. The separation, by vaporization, of a liguid
mixture of miscible and volatile substance into individual
components, or, in some cases, intc a group of components.
The process of raising the temperature of a liquid to the
boiling point and condensing the resultant vapor to liguid
form by cooling. It is used to remove substances from a
liguid or +to obktain a pure liquid from one which contains
impurities or which is a mixture of several liquids having
different boiling temperatures. Used in the treatment of
fermentation products, yeast, etc., and other wastes to
remove recoverakle products. -

DO Units. The units of measurement used are milligrams per
liter (mg/l) and parts per million (ppm), where mg/l is
defined as the actual weight of oxygen per liter of water
and ppm is defined as the parts actual weight of oxygen
dissolved in a million parts weight of water, i.e., a pound
of oxygen in a million pounds of water is 1 ppm. For
practical purposes in pollution control work, these two are
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used interchangeably; the density of water is so close to 1
g/cm3  that the error is negligitbkle. Similarly, the changes
in volume of oxygen with changes in temperature are
“insignificant. This, however, 1is not true if sensors are
calitrated in percent saturatiocn rather than in mg/l or ppm.
In that case, both temperature and barometric pressure mast
be taken into consideration.

Drift. Entrained water carried from a cooling device by the
exhaust air.

Dual Media. A deep-bed filtration system utilizing two
separate and discrete layers of dissimilar media (e.g.,
anthracite and sand) placed one on top of the other to
perform the filtration function.

Ecology. The science of the interrelations between living
organisms and their environment. '

Effluent. A 1liquid which 1leaves a wunit operation or
process. Sewage, water or other 1liquids, partially or
completely +treated. or in their natural states, flowing out
of a reservoir basin, treatment plant or any other unit
operation. An influent is the incoming stream. '

Elution. (1) The process of washing out, or removing with
the use of a solvent. (2) In an ion exchange process it is
defined as the stripping of adsorbed ions from an ion
exchange resin by rpassing through +the resin solutions
containing other ions in relatively high concentrations. '

Elutriation. A process of sludge conditioning whereby the
sludge is washed, either with fresh water or plant effluent,
to reduce the sludge alkalinity and £fine particles, thus
decreasing the amount of required coagulant in further
treatment steps, or in sludge dewatering.

Emulsion. Emulsion is a suspension of fine droplets of one
ligquid in another.

Entrainment Separator. A device +to remove liquid and/or
solids from a gas stream. Energy source is usually derived
from pressure drop to create centrifugal force.

Environment. The sum of all external influences and
conditions affecting the life and the development of an
organism. '

Equalization Basin. A holding basin in which variations in
flow and composition of a liquid are averaged. Such basins




are used to provide a flow of reasonably uniform volume and
composition to a treatment unit.

Esterification. This generally involves the combination of
an alcohol and an organic acid to produce an ester and water
The reaction 1is carried out in the 1liquid phase, with
agqueous sulfuric acid as the catalyst. The use of sulfuric
acid has in the past caused this type of reaction to be
called sulfation.

Eutrophication. The process in which the life-sustaining
quality of a body of water is lost or diminished (e.g.,
aging or filling in of lakes). A eutrophic condition is one
in which the water is rich in nutrients but has a seasonal
oxygen deficiency.

Evapotranspiration. The loss of water from the soil both by
evaporation and by +transpiration from the plants growing
thereon.

Facultative. Having the power +to 1live under different
conditons (either with or without oxygen).

Facultative T.agoon. A combination o©of the aerobic and
anaexrcbhic lagoons. It is divided by loading and thermal
stratifications into an aerobic surface and an anaerobic
bottom, therefore the principles of both the -aerobic and
anaerokic processes aprly.

Fauna. The animal 1life adapted for living in a specified
environment.

Fermentation. Oxidative decomposition of complex substances
through the action of enzymes or ferments produced by
microorganisms.

Filter, Trickling. A filter consisting of an artificial bed
of coarse material, such as krcken stone, clinkevrys, slate,
slats ox brush, over which sewage is distributed-and applied
in drops, films for spray, from +troughs, drippers, moving
distributors oxr fixed nozzles. The .sewage trickles through
to the underdrains and has the opportunity to form 2zoogleal
slimes which clarify and oxidize the sewage.

Filter, Vacuum. A filter consisting of a cylindrical drum
mounted on a horizontal axis and covered with a filter
cloth. The filter revolves with a partial submergence in
the liguid, and a vacuum is maintained under the cloth for
the larger part of each revolution to extract moisture. The
cake is scraped off continuously.
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Filtrate. The 1liquid fraction that is separated from the
solids fraction of a slurry through filtration.

Filtration, Biological. The process of passing a liquid
+hrough a biological filter containing media on the surfaces
of which zoogleal films develop that absorb and adsorb fine
suspended, colloidal and dissolved solids and that release
various biochemical end products.

Flocculants. Those water-soluble organic polyelectrolytes
that are wused alone or in conjunction with inorganic
- coagulants such as 1lime, alum or ferric chloride or
coagulant aids to agglomerate solids suspended in aqueous
systems or both, The large dense flocs resulting from this
process permit more rapid and more efficient solids-liquid
separations.

Flocculation. The formation of flocs. The process step
following the coagulation-precipitation reactions which
consists of bringing together the colloidal particles., It
is the agglomeration "by organic polyelectroytes of the
small, slowly settling flocs formed during coagulation into
large flocs which settle rapidly.

Flora. The plant life characteristic of a region.

¥Flotation. A method of raising suspended matter +to the
surface of the liquid in a tank as scum~ky asration, wvacuum,
evolution of gas, chemicals, electrolysis, heat or fkacterial
decomposition. and the subsequent removal of the scum by
skimming.

Fractionation (or Fractional Distillation). The separation
of constituents, or group of constituents, of a liquid
mixture of miscikle and volatile substances by vaporization
and recondensing at specific boiling point ranges,

Fungus. A vegetable cellular organism that subsists on
organic material, such as bacteria.

Gland. A device utilizing a soft wear-resistant material
used to minimize leakage between a rotating shaft and the
stationary portion of a vessel such as a pump.

Gland Water. Water used to lubricate a gland. Sometimes
called "packing water."

Grab Sample. (1) Instantaneous sampling. (2) A sample
taken at a random place in space and time.
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Grease. In sewage, grease includes fats, waxes, free fatty
acids, calcium and magnesium socaps, mineral oils and other
nonfatty materials. The type of solvent to be used for its
extraction should ke stated.

Grit Chamker. A small detention chamber or an enlargement
of a sewer designed to reduce the velocity of flow of the
liquid and permit +the separation of mineral from organic
solids by differential sedimentation.

Groundwater. The tody of water +that 1is retained in the
saturxated zone which tends to move by hydraulic gradient to
lower levels.

Hardness. A measure of the capacity of water for
precipitating soap. It is reported as the hardness that
would be produced if a certain amount of <CaC03 were
dissolved in water. More than one ion contributes to water
hardness. The "Glossary of Water and Wastewater Control
Engineering® defines hardness as: A characteristic of water,
imparted by salts of calcium, magnesium, and ion, such as
biocarbhonates, carbonates, sulfates, chlorides, and
nitrates, +that causes curdling of scap, deposition of scale
in boilers, damage in some industrial processes, and
sometimes objectionable taste. Calcium and magnesium are
the most significant constituents.

Heavy Metals. B2 general name given for the ions of metallic
elements, such as copper, 2zinc, iron, chromium, and
aluminum. They are normally removed from a wastewater by
the formation of an insoluble precipitate (usually a
metallic hydroxide).

Hydrocarbon. A comgouﬁa containing only carbon and
hydrogen.

Hydrolysis. A chemical reaction in which water reacts with
another subkstance to form one or more new substances.

Incineration. The combustion (by burning) of organic matter
in wastewater sludge. )

Incukate. To maintain cultures, bacteria, or other
microorganisms at +the most favorable temperature for
development. ‘

Influent. Any sewage, water or other liquid, either raw or
partly treated, flowing into a reservoir, basin, treatment
plant, or any part thereof. The influent is the stream
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entering a unit operétion; the effluent is the stream
leaving it. ' .

In-Plant Measures. Technology applied within the
manufacturing process to reduce or eliminate pollutants in
the raw waste water. Sometimes called "internal measures"
or "internal controlsY,

Ion. An atom or group of atoms possessing an electrical
charge.

Ion__Exchange. A reversible interchange of ions tetween a
liguid and a solid involving no radical change in the
structure of the s0lid. The solid can be a natural zeolite
or a synthetic resin, also called polyelectrolyte.: Cation
exchange resins exchange their hydrogen ions  for metal
cations in the liquid. BAnion exchange resins exchange their
hydroxyl ions for anions such as nitrates in the liquid.
Wwhen the ion-retaining capacity of the resin is exhausted,
it must be regenerated. Cation resins are regenerated with
‘acids and anion resins with bases.

Kier boiling. A process of removing waxes, dirt or other
foreign matter by boiling.

lagoons. An oxidation pond that received sewage which is
. not settled or biologically treated. '

IC 50. A lethal concentration for 50% of test animals.
Numerically the same as TLm. A statistical estimate of the
toxicant, such as pesticide concentration, in water
necessary to kill 50% of the test organisms within a
specified +time under standardized conditions (usually 24,48
or 96 hr).

Leach. To dissolve ont by +the action of a percolating
liquid, such as water, seeping through a sanitary landfill.

Lime. Limestone is an accumulation of organic remains
consisting mostly of calcium carbonate. When burned, it
vields 1lime which is a solid. The hydrated form of a
chemical lime is calcium hydroxide.

Maximum Day Limitation. The effluent limitation value equal
to the maximum for one day and is the value to be published
by the EPA in the Federal Register.

Maximum Thirty Day Iimitation. The effluent limitation
value for which the average of daily values for thirty
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consecutive days shall not exceed and is the value to be
rublished by the EPA in the Federal Register.

Mean. The arithmetic average of the individual sample
values.

Median. In a statistical array, the value having as many
cases larger in value as cases smaller in value,

Median Lethal Dose {LD30). The dose lethal to 50 percent of
a grour of test organisms for a specified period. The dose
material may be ingested or injected. h

Median Tolerance Limit (TLm}. In toxicological étudies, the
concentration of pollutants at which 50 percent of the test
animals can survive for a specified period of exposure.

Microbial. Of or pertaining to a bacterium.

Molecular Weight. The relative weight of a molecule
compared to the weight of an atom of carbon taken as exactly
12.00; +the sum of the atomic weights of the atoms in a
molecule. ‘

Navigable Waters. Includes all navigable waters of the
United sStates; tributaries of navigabkle waters; in.erstate
waters:; intrastate lakes, rivers and streams which are
utilized by interstate travellers for recreational or other
purposes; intrastate lakes, rivers and streams £from which
fish or shellfish are taken and sold in interstate commerce;
and intrastate lakes, rivers and streams which are utilized
for industrial purposes by industries in interstate
commerce.

Neutralization. The restoration of the hydrogen  or
hydroxyl ion balance in a solution so that the ionic
concentration of each are equal. Conventionally, the

notation "pH" (puissance d'hydrogen) is used to describe the
hydrogen ion c¢oncentration or activity present in a given
solution. For dilute solutions of strong acids, i.e., acids
which are considered to be completely dissociate (1on1zed in
solution) , activity equals concentration.

New Source. Any facility from which there is or may be a
discharge of pollutants, the construction of which is
commenced after +the publication of proposed regulations
prescribing a standard of performance under section 306 of
the Act. ,




Nitrate Nitrogen. The final decomposition product of the

organic nitrogen compounds. Determination of this parameter .

indicates the degree of waste treatment.

Nitrification. Bacterial mediated oxidation of ammonia to
nitrite., Nitrite can be further oxidized to nitrate. These
reactions are brought about by only a few specialized
bacterial. species. Nitrosomonias -sp. and Nitrococcus sp.
oxidize ammonia to nitrite which is oxidized to nitrate by
Nltrobacter SP.

Nltrlflers. Bacteria which causes the oxidation of ammonia
+0 nitrites and nitrates,

Nitrite Nitrogen. An intermediate stage in the decompo-
sition of organic nitrogen to the nitrate form. Tests for
nitrite nitrogen can determine whether the applied treatment
is sufficient.

Nitrobacteria. Those Lkacteria (an autotrophic genus) that
oxidize nitrite nitrogen to nitrate nitrogen.

Nitrogen cCycle. Organic nitrogen in waste is oxidized by
bacteria into ammonia. If oxygen is present, ammonia is
bacterially oxidized first into nitrite and +then into
nitrate. If oxygen is not present, nitrite and nitrate are
bacterially reduced to nitrogen . gas. The second step is
called "denitrification.® ‘

Nitrogen Fixation. Biological nitrogen fixation is carried
on. by a -selected group of bacteria which take up atmospheric
nitrogen and convert it to amine groups or for amino acid
synthesis. '

Nitrosomonas. Bacteria which oxidize ammonia nitrogen into
nitrite nitrogen; an aerobic autotrophic life form.

Non-contact Cooling Water. Water used for cooling that does
not come into direct contact with any raw material,
intermediate product, waste product or finished product.

Non-contact Process Wastewaters. Wastewaters generated by a
manufacturing process which have not come in direct contact
with - the reactants used in the process. These include such
streams -as ‘non-contact cooling water, cooling tower
blowdown, boiler'blowdown, etc.

Nonputresc1ble. Incapable of organic decémposition or
decay. ' :
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Normal Solution. A solution that contains 1 gm molecular
weight of +the dissolved substance divided by the hydrogen
equivalent of the substance (that is, one gram equivalent)
per liter of solution. - Thus, a one normal solution of
sulfuric acid (H2SO4, mol. wt. 98) contains (98/2) H49gms of
H2S04 per liter.

NPDES. National Pollution Discharge Elimination System. A
federal program requiring industry +to obtain permits to
discharge plant effluents to the nation's water courses.

Nutrient. Any substance assimilated by an organism which
promotes growth and replacement of cellular constituents.

Operations and Maintenance. Costs required to operate and
maintain pollution abatement equipment including lakor,
material, insurance, taxes, solid waste disposal, etc.

Organic Ioading. In the activated sludge process, the food
to micoorganisms (F/M) ratio defined as the amount of
biodegradakle material available to a given amount of
micrcorganisms per unit of time.

Oosmosis. The diffusion of a solvent through a semipermeable
membrane into a more concentrated solution.

Oxidation. A process in which an atom or group of atoms
loses electrons; the combination of a substance with oxygen,
accompanied with the release of energy. The oxidized atom
usually becomes a positive 1ion while the oxidizing agent
becomes a negative ion in (chlorination for example).

Oxidation Pond. A man-made lake or body of water in which
wastes are consumed by bacteria. It receives an influent
which has gone through primary +treatment while a lagoon
receives raw untreated sewage.

Oxidation Reduction {(OR). A class of chemical reactions in
which one of +the reacting species gives up electrons
(oxidation) while another species in the reaction accepts
electrons {(reduction). At one time, the term oxidation was
restricted to reactions involving hydrogen. Current
chemical technology has broadened the scope of these terms
to include all reactions where electrons are given up and
taken on by reacting sgecies; in fact, the donating and
accepting of electrons must take place simultaneously.

Oxidation Reduction Potential {ORP) . A measurement that

indicates the activity ratio of the oxidizing and reducing
species present.




Oxyaen, Available. The quantity of atmospheric oxygen
dissolved in the water of a stream; the qguantity of
dissoclved oxygen available for the oxidation of organic
matter in sewage.

Oxygen, Dissolved. The oxygen (usually designated as DO)
dissolved in sewage, water or another liquid and usually
expressed in parts per million or percent of saturation.

Ozonation. A water or wastewater treatment process
involving the use of ozone as an oxidation agent.

Ozone. That molecular oxygen with three atoms of oxygen
forming each molecule. The third atom of  oxygen in each
molecule of ozone is loosely bound and easily released.

Ozone is used sometimes for the disinfection of water .but
more frequently for the oxidation of taste-producing
substances, such as phenol, in water and for the
neutralization of odors in gases or air. .

Parxrts Per Million ({ppm). Parts by weight in sewage
analysis; ppm by weight is equal to milligrams per liter
divided by the specific gravity. It should be noted that in
water analysis ppm is always understood +to imply a
weight/weight ratio, even though in practice a volume may be
measured instead of a weight.

Pathogenic. Disease producing

Percolation. The movement of water beneath +the ground
surface both wvertically and horizontally, but above the
groundwater table.

-Permeability. The ability of a substance (soil) to allow
appreciakble movement of water through it when saturated and
actuated by a hydrostatic pressure.

pH. The negative logarithm of the hydrogen ion
concentration or activity in a solution. The number 7
indicates neutrality, numbers less than 7 indicate
increasing acidity, and numbers greater -than 7 indicate
increasing alkalinity. ‘

Phenol. Class of cyclic organic derlvatlves with the Dbasic
chemical formula C6H50H.

Phosphate. ° Phosphate ions exist as an ester or salt of
phosphoric acid, such as calcium phosphate rock. In
municipal wastewater, it is most frequently present as
orthophosphate. ’




Phosphorus Precipitation. The addition of the multivalent
metallic ions of calcium, iron and aluminum to wastewater to
form insoluble precipitates with phosphorus.

Photosynthesis. The mechanism by which chlorxophyll-bearing
plant utilize 1light energy to gproduce carbohydrate and
oxygen from carbon dioxide and water (the reverse of
respiration). ‘

Physical/Chemical Treatment System. A system that wutilizes
physical’ (i.e., sedimentation, filtration, centrifugation,
activated carbon, reverse osmosis, etc.) and/or chemical
means (i.e., coagulation, oxidation, precipitation, etc.) to
treat wastewaters.

Point  Source. Any discernible, confined and discrete
conveyance, including but not limited to any pipe, ditch,
channel, tunnel, conduit, well, discrete fissure, container,
rolling stock, concentrated animal feeding operation, or
vessel or other floating craft, from which pollutants are or
may be discharged. ~

Pollutional locad. A measure of the strength of a wastewater
in terms of its solids or oxygen-demanding characteristics
or other objectionable physical and chemical characteristics
or both or in terms of harm done to receiving waters. The
pollutional load imposed on sewage treatment works is
expressed as eguivalent populaticn.

Polvelectrolvytes. Synthetic chemicals (polymers) used to
speed up the removal of solids from sewage. These chemicals
cause solids to coagulate or clump together more rapidly
than do chemicals such as alum or lime. They can be anionic
(-charge), nonionic (+ and -charge) oxr cationic (+charge--
the most popular). They are linear oxr branched B organic
polymers. They have high molecular weights and are water-
soluble. Compounds similar to the polyelectrolyte
flocculants include surface-active agents and ion exchange
resins. The former are low molecular weight, water soluble
compounds used +to disperse solids in aqueous systems. The
latter are high molecular weight, water-insoluble compounds
used to selectively replace certain ions already present in
water with more desirable or less noxious ions.

Population Equivalent {(PE). An expression of the relative
stxength of a waste (usually industrial) in texrms of its
equivalent in domestic waste, expressed as +the population
that would produce +the equivalent domestic waste. A
population equivalent of 160 million persons means the
pollutional effect equivalent to raw sewage from 160 million
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persons; 0.17 pounds BOD (the oxygen demand of untreated
wastes from one person) = 1 PE.

Potakle Water. Drinking water sufficiently pure for human
use.

.

Potash. - Potassium compounds used in agriculture and
industry. Potassium carbonate can be obtained from wood
ashes. The mineral potash 13 usually a muriate. Caustic

rotash is its hydrated form.

Preaeratlon . A preparatory treatment of sewage consisting
of aeration to remove gases and add oxygen or to promote the
flotation of grease and aid coagulation.

Precipitation. The phenomenon which occurs when a substance
held in solution passes out of that solution into solid
form. The adjustment of pH can reduce solubility and cause
precipitation. Alum and lime are frequently used chemicals
in such operations . as water softening or alkalinity
reduction.

Pretreatment. Any wastewater +treatment process used to
partially reduce the pollution load before the wastewater is
introduced into a main "sewer system or delivered to a
treatment plant for substant1a1 reduction of the pollution
load.’

Primary Clarifier. The settling tank into which the
wastewater (sewage) first enters and from which the solids
are removed as raw sludge.

Primary Sludge. Sludge from primary clarifiers.

Primary Treatment. The removal of material that floats or
will settle in sewage by using screens to catch the floating
objects and tanks for the heavy matter to settle in. The
first major treatment and sometimes the only treatment in a
waste-treatment works, usually sedimentation and/orxr
flocculation and digestion. The removal of a moderate
percentage of suspended matter but little or no colloidal or
dissolved matter. May effect +the removal of 30 to 35
percent or more BOD.,

Process Waste Water. Any water which, during manufacturing

or processing, comes into direct contact with or results
from the production or use of any raw material, intermediate
rroduct, finished product, by-product, or waste product.




Process Water. Any water (solid, liquid or wvapor) which,
during +the manufacturing process, comes into direct contact
with any raw material, intermediate product, by-product,
waste product, or finished product.

Putrefaction. Biological decomposition of organic matter
accompanied by +the production of foul-smelling products
associated with anaerokic conditions.

Pyrolysis. The high temperature decomposition of complex
molecules that occurs in the presence of an inert atmosghere
{(no oxygen present to support combustion). .

Quench. A liquid used for cooling purroses.

Raw Waste Load (RWL). The quantity (kg) of pollutant being
discharged 1in a plantt's wastewater. measured in terms of
some common denominator {i.e., kkg of production or m2 of
floor area).

Receiving Waters. Rivers, lakes, oceans or other courses
that receive treated or untreated wastewaters,

Recirculation. The refiltration of either all or a portion
of the effluent in a high~rate trickling filter for the
purpose of maintaining a wuniform high rate 'through the
filter. (2) The return of effluent to the incoming flow to
reduce its strength.

Reduction. A process in which an atom {(or group of atoms)
gain electrons. Such a process always requires the input of
energy.

Refractory  Organics. Organic materials that are only
partially degraded or entirely nonbicdegradable in
biclogical waste <treatment processes. Refractory organics
include detergents, pesticides, color- and odor-cau31ng
agents, tannins, lignins, ethers, olefins, alcohols, amines,
aldehydes, ketones, etc.

Regidual Chlorine. The amount of‘ chlorine left in the

treated water that is available to oxidize contaminants if
they enter the stream. It 1is wusually in the form of
hypochlorous acid of hypochlorite ion or of one of the
chloramines. Hypochlorite concentration alone is called
“free chlorine residual" while together with the chloramine
concentration their sum 1is called tvcombined <chloxine
residual.¥



http:refiltration.of

Respiration. Biological oxidation within a l1ife form; the
most likely energy source for animals (the reverse of
photosynthesis).

Retention Time. Volume of the vessel divided by +the flow
rate through the vessel. )

Reverse Osmosis. The process in which a solution is
pressurized to a degree greater than the osmotic pressure of
the solvent, causing it to pass through a membrane.

Salt. A compound made up of the positive ion of a base and
the negative ion of an acid.

Sanitary Landfill. A sanitary .landfill is a land disposal
site employing an engineered method of disposing of solid
wastes on land in a manner that minimizes environmental
hazards by spreading the wastes in thin layers, compacting
the so0lid wastes to the smallest practical volume, and
applving cover material at the end of each operating day.
There are +two basic sanitary landfill methods; trench fill
and area or ramp f£ill. The method chosen 1is dependent on
many factors such as drainage and type of soil at the
proposed landfill site.

Sanitary Sewers. In a separate system, pipes in a city that
carry only domestic wastewater. The storm water runoff is
handled ky a separate system of pirpes.

Screening. The removal of relatively coarse, floating and
suspended solids by straining through racks or screens.

secondary Treatment. The seccnd step in most waste
treatment systems in which bacteria consume the organic part
of +the wastes. This is accomplished by bringing the sewage
and bacteria together either in trickling filters or in the
activated sludge process.

sedimentation, ¥Final. The settling of partly settled,
flocculated or oxidized sewage in a final tank. {The term
settling is preferred).

sedimentation, Plain. The sedimentation of suspended matter
in a liguid unaided by chemicals or other special means and
without any provision for the decomposition of the deposited
so0lids in contact with the sewage. (The term plain settling
is preferred).

Seed. To introduce microorganisms into a culture medium.
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Settleable Solids. Susgpended solids which will settle out
of a liquid waste in a given period of time.

Settling Velocity. The terminal rate of fall of a particle
through a fluid as induced by gravity or other external
forces.

Sewaqe, Raw. Untreated sewage.

Sewage, Storm. The 1liquid flowing in sewers during or
following a perxriod of heavy rainfall and resulting
therefrom. ’

Sewerage. 'A comprehensive term which includes facilities
for coliecting, pumping, treating, and disposing of sewage;
the sewerage system and the sewage treatment-works.

Silt. Particles with a size distribution of 0.05mm=0.002mm
{(2.0mm). Silt is high in gquartz and feldspar.

skimming. Removing floating solids (écum).

Ssludge, Activated. Sludge floc produced in raw or settled
sewage by the growth of =zoogleal bacteria and other
organisms in the presence of " dissolved oxygen and
accumulated in sufficient concentration by returning the
floc previously formed. ’

Sludge, Age. The ratio of the weight of wvolatile solids in
the digester to the weight of volatile solids added per day.
There is a maximum sludge age beyond which no significant
reduction in the concentration of volatile solids ~will
ocCur.

Sludge, Digested. Sludge digested under anaerobic
conditions until the volatile content has been reduced,
usually by approximately 50 percent or more.

Sclution. A homogeneous mixture of two or more substances
of dissimilar molecular structure. In a solution, there is
a dissolving medium-solvent and a dissolved substance-
solute. .

Solvent. A liquid which reacts with a material, bringing it
into solution.

Solvent Extraction. A mixture of two components is treated
by a solvent that preferentially dissolves one or more of
the components in the mixture. The solvent in the extract
leaving the extractor is usually recovered and reused.
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Sparger. An air diffuser designed to give large bubkles,
used singly or in combination with mechanical aeration
devices.

Sparging. Heating a liquid by means of live steam entering
through a perforated or nozzled pipe (used, for examrle, to
coagulate blood solids in meat processing).
. .

Standard Deviation. The square root of the variance which
describes the variability within the sampling dJdata on the
basis of the deviation of individual sample values from the
mean. :

Standard Raw Waste Load (SRWL). The raw waste load which
characterizes a specific sukcategory. This is generally
computed by averaging the plant raw waste loads within a
subcategory.. :

Stillwell. A pipe, chamber, or compartment with
comparatively small inlet or inlets communicating with a
main body of water. Its purpose is to dampen waves or.

surges while permitting the water level within the well +to
rise and fall with the major fluctuations of the main kody
of water. It is wused with water-measuring devices to
improve accuracy of measurement.

Stoichiometric. Characterized by being a proporticn of
substances exactly right for a specific chemical reaction
with no excess of any reactant or product.

Stripper. A device in which relatively volatile components
are removed from a mixture by distillation or by passage of"
steam through the mixture.

Substrate. M Reactant pecrtion of any  biochemical
reaction, material transformed into a rroduct. 2y Any
substance used as a nutrient by a microorganism. {3) The
liquor in which activated sludge or other material is kept
in suspension.

Sulfate. The final decomposition product of organic sulfur
compounds.

Supernatant. Floating above or on the surface.

Surge tank. A tank for absorbing and dampening the wavelike
motion of a volume of liguid; an in-process storage tank
that acts as a flow ktuffer ketween process tanks.
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Suspended Solids. The wastes that will not sink or settle
in sewage. The quantity of material deposited on a filter
when a liquid is drawn through a Gooch crucible.

Synergistic. An effect which is more than the sum of the
individual contributors.

synergistic Effect. The simultaneous action "of separate
agents which, +together, have greater total effect than the
sum of their individual effects.

Tertiary Treatment. A process  to remove practically all
solids and organic matter from wastewater. Granular
activated carbon filtration is a tertiary treatment process.
Phosphate removal by chemical coagulation is also regarded
as a step in tertiary treatment.

Thermal oOxidation. The wet comtustion of organic materials
through the application of heat in the presence of oxygen.

TKN (Total K-jeldahl Nitrogen). Includes ammonia and organic
nitrogen but does not include nitrite and nitrate nitrogen.
The sum of free nitrogen and organic nitrogen in a sample.

TLm. The concentration that kills 50% of the test organisms
within a specified time span, usually in 96 hours or less.
Most of the availakle toxicity data are reported as the
median tolerance limit (TIm). This system of reporting has
been. misapplied by some who have erroneously inferred that a
TLm value is a safe value, whereas it is merely the level at
which half of the test organisms are killed. In many cases,
the differences are great between TLm concentrations and
concentrations that are low enough to permit reproduction
and growth. ILCS50 has the same numerical value as TLm.

Total Orqganic Carbon (TOC). A measure of the amount of
carbon in a sample originating from organic matter only.
The test is run by burning the sample and measuring the
carbon dioxide produced.

Total Solids. The +total amount of solids in a wastewater
both in solution and suspension.

Total Volatile Solids (TVS). The guantity of residue lost
after the ignition of total solids.

Transport Water. Water used to carry insoluble solids.

Trickling Filter. A bed of rocks or stones. The sewage is

trickled over the bed so that bacteria can break down the




organic wastes. The bacteria collect on the stones through
repeated use of the filter.

Turbidity. A measure of the amount of solids in suspension.
The units of measurement are parts per million (ppm) of
suspended solids or Jackson Candle Units. The Jackson
Candle Unit (JCU) is defined as the turbidity resulting from
1 ppm of fullex's earth {(and inert mineral) suspended in
water. The relationship between ppm and JCU depends on
particle size, color, index of refraction; the correlation
tetween the +two is generally not possible, Turbidity
instruments utilize a light keam prcijected into the sample
fluid to effect a measurement. The light beam is scattered
by solids in suspension, and the degree of light attenuation
or the amount of scattered 1light c¢an be related to
turbidity. The light scattered is called the Tyndall effect
and the scattered light the Tyndall light. An expression of
the optical property of a sample which causes light to be
-scattered and absorbed rather than transmitted in straight
lines through the sample. .

Volatile Suspended Solids (VSS). The quantity of suspended
solids lost after the ignition of total suspended solids.,

HWaste Treatment Plant. A series of tanks, screens, filters,
rumps and other equipment by which pollutants are removed
from water.

Water Quality Criteria. Those specific values of water
quality associated with an identified beneficial use of . the
water under consideration.

Weir. A flow measuring device consisting of a barriex
across an open channel, causing the liquid to flow over its
crest. The height of the liquid above the crest varies with
the volume of . liquid flow.

Wet Air Pollution Control. The technique of air pollution
abatement utilizing water as an absorptive media.

Wet oxidation. The direct oxidation of. organic matter in
wastewater 1liquids in the presence of air under heat and
pressure; generally applied to organic matter oxidation in
sludge. ‘

Zeolite. Various natural or synthesized silicates used in
water softening and as aksorbents.
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SECTION XVII

ABBREVIATIONS AND SYMBOILS

AAP Army Ammunition Plant
A.C. activated carton

ac ft acre-foot

Ag. silver

atm atmosphere

ave average

B. boron

Ba. barium

bbl barrel

BODS biochemical oxygen demand, five day
Btu British thermal unit
C centigrade degrees
C.A. carkon adsorption

cal calorie

ce cukic centimeter

cfm cubic foot per minute
cfs cubic foot per second
cl. chloride

cm centimeter

CN cyanide

CoD chemical oxygen demand
conc. concentration

cu cutic

db decibels

deg degree

DO dissolved oxygen .

E. Coli ©Escherichia coliform kacteria
Eq. eguation

F Fahrenheit degrees
Fig. figure

F/M BODS (Wastewater flow)/ MLSS (contractor volume)
fpm foot per minute

fps foot per second

ft foot

g gram

gal gallon

gpd gallon per day

gpm gallon per minute

Hg mercury

hp horsepower

hp-hr horsepower~hour

hr hour

in. inch

kg kilogram

kw kilowatt
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kwhr
L(1L)
L/kkg

SRWL
TDS
TKN
TLm
TOC
TOD
TSS

ug
vol
wt

kilowatt-hour

liter

liters per 1000 kilograms

pound

meter

thousand

milliequivalent

milligram

million gallons daily

minute

milliliter ‘
mixed-liquor suspended solids .
mixed-liquor volatile suspended solids
million .
millimeter

gram-molecular weight

mile per hour :

most probable number

millimicron

nitrate

ammonium nitrogen

oxygen

phosphate

page

potential hydrogen or hydrogen-ion index (negative
logarithm of the hydrogen-ion concentration)
pages

parts per billion

parts per million

pound per square foot

pound per square inch

reverse OSmosis

revolution per minute

raw waste load

second

Section

Standard Industrial Classification
sulfates

square

square foot

suspended solids

standard temperature and pressure
standard raw waste load

total dissolved solids

total Kjeldahl nitrogen

median tolerance limit

total organic carbon

total oxygen demand

total suspended solids

micron

microgram

volume

weight '

yard

206




- SECTION XVIII
LIST OF EXPLOSIVE COMPOUNDS BY COMMON NAME

The following is the 1976 Explosives List published pursuant
to 18 U.S.C. 841¢d). It is comprehensive, ' but not all
inclusive. An explosive material not appearing on the list
may still be within the coverage of the law if it otherwise
meets the statutory definitions in 18 U.S.C. 841. Also, the
list encompasses all explosive mixtures containing any of
the listed materials, according to the Bureau of 'Alcchol,
Tobacco and Firearms, Department of the Tredsury.

The exrlosive compounds are arranged alphabetically by their

common names, followed Ly chemical names and synonyms in
brackets. : : - :
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EXPLOSIVES LIST

Acetylides of heavy metals.

Aluminum ¢ontaining polymeric propellant

Aluminum ophorite explosive.

Amatol.

Ammonal.

Ammonium nitrate explosive mixtures.

Aromatic nitro~explosive mixture.

Ammonium perchlorate having rgarticle
size less than 45 microns.

Aammonium perchlorate composite propellant.

Ammonium picrate (picrate of ammonia).

ammonium salt lattice with isomorphously
substituted inorganic salts.

ANFO (ammonium nitrate-fuel oil).

BEAF [1,2-bis (2,2-difluoro-2~-nitroacetoxyethane) ].

Black powder.

BElasting agents, nitro-carbo-nitrates, including
slurry and water-gel explosives.

Blasting caps.

Blasting gelatin.

Blasting powder.

BTNEC [bis (trinitroethyl) carkonate].

BTNEN [bis (trinitroethyl) nitramine].

BTN [ 1,3,48 kutanetriol trinitratel].

Putyl tetryl.

Calcium nitrate exrlosive mixture.

Carboxy-terminated propellant.

Czllulose hexanitrate explosive mixture.

Chlorates and red phosphorus mixture.

Chlorates and sulphur mixture.

Copper acetylide.

Crystalline picrate with lead azide explosive mixture.
Cyanuric triazide.

Cyclonite [RDX].

Cyclotetramethylenetrinitramine,

CATB ({diaminotrinitrotetramethylene tetranitramine].
LDNP [ diazodinitrophenol]. .

LCEGDN [diethyleneglycol dinitrate].

Delay powders.




Detonating cord.

Detonators.

Dimethylol dimethyl methane dinitrate composition.
Cinitroethyleneurea.

Dinitroglycerine,

Cinitrophenol.

Dinitrophenolates.

Cinitrophenyl hydrazine.

Dinitroresorcinol.

Dinitrotoluene~sodium nitrate exglosive mlxtures.
Dipicryl sulfone. :
Cipicrylamine.

DNDP [dinitropentano nitrile].

DNPA [ 2,2-dinitropropyl acrylate].

Cynamite.

EDNP [ethyl 4, 4-dinitropentancate].

EFrythritol tetranitrate explosives.

Esters of nitro-sukstituted alcochols.

EGDN [ethylene glycol dinitrate].

Ethyl-tetryl.

Exrlosive conitrates.

Explosive gelatins.

.Ex91051ve mixtures containing oxygen releasing
inorganic salts and hydrocarkons.

Explosive mixtures containing oxygen releasing
inorganic salts and nitro tkodies.

Explosive mixtures containing oxygen relea51ng
inorganic salts and water insoluble fuels.

Explosive mixtures containing oxygen releasing
inorganic salts and water solukble fuels.

Explosive mixtures containing sensitized nitromethane.

Exrlosive nitro compounds of aromatic hydrocarbons.

Exrlosive organic nitrate mixtures.

Explosive liquids.

Exrlosive powders.

FEFO [kis(2,2-dinitro-2-fluoroethyl) ].
Fulminate of mercury.

Fulminate of silver.

Fulminating gold.

Fulminating mercury.

Fulminating platinum.

Fulminating silver.




Gelatinized nitrocellulose.

gem-dinitro aliphatic explosive mixtures.
Guanyl nitrosamino guanyl tetrazene.
Guanyl nitrosamino guanylidene hydrazine.
Guncotton.

Heavy metal azides.

Hexanite.,

Hexanitrodiphenylamine.

Hexanitrostilbene.

Hexogen [RDX].

Hexogene or octogene and a nitrated
N-methylaniline.

Hexolites.

HMX [cyclo=-1,3,5 7~tetramethylene-2 4,6, B—tetra-
nitramines Octogen].

Bydrazinium nitrate.

Hydrazinium nitrate/hydrazine/aluminum explosive system.

Bydrazoic acid.

Igniter cord.
Igniters.

KDNBF [ potassium dinitrobenzo-furoxane].

Lead azide.

Lead mannite.

Lead mononitroresorcinate.

Lead picrate.

Lead salts, explosive.

Lead styphnate [ styphnate of lead, lead
trinitroresorcinate].

Liquid nitrated polyol and triméthylolethane.

Liguid oxygen explosives.

Magnesium ophorite explosives.
Mannitol hexanitrate.

MDNP [methyl 4 (U-dinitropentancate].
Mercuric fulmlnate.

Mercury oxalate.
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Mercury tartrate. ‘
Mononltrotoluene—n1troglycer1n mlxture.
Moncpropellants..

'

Nitrate sensitized with gelled nitroparaffin.

Nitrated carbohydrate explosive.

Nitrated glucoside explosive. '

Nitrated polyhydric alcohol exp1051ves.

Nitrates of soda explosive mixtures. -

Nitric acid and a nitro aromatic compound exp1031ve.

Nitric acid and carboxylic fuel explosive.

Nitric acid explosive mixtures.

Nitro arcmatic explosive mixtures.

Nitro compounds of furane explosive mlxtures.

Nitrocellulose explosive.

Nitroderivative of urea explosive mlxture.

Nitrogelatin explosive.

.Nitrogen trichloride.

Nitrogen tri-iodide, e S

Nitroglycerine [ NG, RNG, nitro, glyceryl trinitrate,
trinitroglycerinel].

Hitroglycide.

Nitroglycol.

Nitroguanidine explosives.

Nitronium perchlorate propellant mixtures.

Nitrostarch.

Nltro~subst1tuted carboxyllc acids.

- Nitrourea. :

Cctogen [HMX].

Gctol [75 percent HMX, 25 percent TNT ].
Organlc amine nitrates.

Organic nitramines.

Organic peroxides.

Pellet powder.

Penthrinite composition.

Pentolite.

Perchlorate explosive mixtures.
Peroxide based explosive mixtures. :

PETN [nitropentaerythrite, pentaerythrite
tetranitrate, pentaserythritol tetranitratel.
Picramic acid and its salts. '

Picramide.




Picrate of potassium explosmve mixtures.
Picratol.

Picric acid.

Picryl chloride.

Picryl fluoride.

Polynitro aliphatic compounds.
Polyolpolynitrate-nitrocellulose explosive gels.,
Potassium chlorate and lead sulfocyanate explosive.
Potassium nitroaminotetrazole.

RDX [cyclonite, hexogen, T4, cyclo-1,3,5,~trimethy-
lene-2,4 ,6—-trinitramine; hexahydro-1,3,5-trinitro-
5-triazine].

Safety fuse.

Salts of organic amino sulfonic acid explosive mlxture.

Silver acetylide. :

Silver azide.

Silver fulminate.

Silver oxalate explosive mixtures,

S8ilver styphnate.

Silver tartrate explosive mixtures.

Silver tetrazene.

Slurried explosive mixtures cof water, inorganic
oxidizing salt, gelling agent, fuel and sensitizer.

Smokeless powder. _ _

Sodatol.

Sodium amatol.

sodium dinitro-ortho-cresolate.

Sodium nitrate-~potassium nitrate explosive mixture.

Sodium piéramate.

Squibs.

Styphnic acid.

Tacot {tetranitro-2,3,5,6-dibenzo~1,3a,4,6a~tetra-
zapentalene].

TEGDN [triethylene glycol dinitrate].

Tetrazene [tetracene, tetrazine, 1(5-tetrazolyl)-i-
guanyl tetrazene hydratel]. ,

Tetranitrocarbazole.

Tetranitromethane explosive mixtures.

Tetryl {2,4,6 tetranitro-N-methylaniline].

Tetrytol.

Thickened inorganic oxidizer salt slurried




~ explosive mixture.

TMETN [ trimethylolethane trinitrate].
INEF [trinitroethyl formall].

TNEOC [trinitroethylorthocarkonate].
TNEOF [trinitroethyl orthoformate].

TNT [{trinitrotoluene, trotyl, trilite, triton].

Torpex.
Tridite.

Trimethylol ethyl methane trinitrate composition.
Trimethylolthane trinitrate-nitrocellulose.

Trimonite.
Trinitroanisole.
Trinitrobenzene.
Trinitrokenzoic acid.
Trinitrocresol.
Trinitro-meta-~cresol.
Trinitronaphthalene.
Trinitrophenetol.
Trinitrophloroglucinol.
Trinitroresorcinol.
Tritonal.

Urea nitrate.

Water kearing expldsives having salts of
acids and nitrogen bases, sulfates, or

oxidizing
sulfamates.

Xanthamcenes hyvdrophilic collecid explosive mixture.







TABLE XIX
METRIC TABLE
CONVERSION TABLE

MULTIPLY (ENGLISH UNITS) by TO OBTAIN (METRIC UNITS)
ENGLISH UNIT ABBREVIATION CONVERSION ABBREVIATION METRIC UNIT

acre ac 0.405 ha hectares
acre-feet ac ft 1233.5 cum cubic meters
British Thermal

Unit BTU 0.252 kg cal kilogram-calories
British Thermal

Unit/Pound BTU/1b 0.555 kg cal/kg kilogram calories/kilogram
cubic feet/minute cfm 0.028 cu m/min cubic meters/minute
cubic feet/second cfs 1.7 . cu m/min cubic meters/minute
cubic feet . cu ft 0.028 cum cubic meters
cubic feet cu ft 28.32 1 liters
cubic inches cu in 16.39 cu cm cubic centimeters
degree Fahrenheit °F 0.555 (°F-32)* °C degree Centigrade
feet ft 0.3048 m meters
gallon gal 3.785 1 liters
gallon/minute gpm 0.0631 1/sec liters/second
horsepower hp 0.7457 kw killowatts
inches in 2.54 cm centimeters
inches of mercury in Hg 0.03342 atm atmospheres
pounds 1b 0.454 kg kilograms
million gallons/day mgd 3,785 cu m/day cubic meters/day
mile mi - 1.609 km kilometer
pound/square

inch (gauge) psig (0.06805 psig +1)}* atm atmospheres (absolute)
square  feet sq ft 0.0929 sq m square meters
square inches sq in 6.452 sq ot square centimeters
ton (short) ton 0.907 kkg metric ton (1000 kilograms)
yard yd - 0.9144 m meter '

*Actual conversion, not a multiplier

*U.S. COVERNMENT PRINTING OFFICE:1993 -715 ©03/87072
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