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FOREWORD

, The Env1ronmenta1 Protection Agency is charged by Congress
to protect the Nation's land, air and water systems. Under a
mandate of naticnal environmental laws focused on air and water
quality, solid waste management and the control >f toxic sub-
stances, pesticides, noise, and radiation, the Agency strives to
formulate and implement actions which lead to a compatible bal-
ance between human activities and the ability of natural systems
to support and nurtuyre life. 'In partial response to these man-
dates, the Robert S. Kerr Environmental Research Laboratory,
Ada, Oklahoma is charged with the mission to manage research
programs, to investigate the nature, transport, fate, and manage-
ment of pollutants in ground water and to develop and demonstrate
technologies for treating wastewaters with soils and dther nat="
ural systems; for controlling pollution from irrigated crop and
animal production agricultural activities; for developing and
demonstrating cost-effective land treatment systems for the
environmentally safe disposal of solid and hazardous wastes.

In a coordinated research effort with the industrial and .
the academic communities, the EPA has generated a large data base
from the application of treatment and control technologies to
petroleum refinery wastewater and residuals. This report
sunmarizes the available information as a function of specific
technologies and projects the remaining research needs.

M‘V;'/

Clinton W. Hall, Director
Robert S. Kerr Environmental
Research Laboratory
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" ABSTRACT

The objectives of this project were to develop on environmental assessment data
base for characterizing and treotment of petroleum refine.y wastewaters and rasiduol
sludges, ond recommendotion of further reseaich needed to improve the data bese.

The proje:t wos conducted in three phases. Phase One wos the establishment of
- a Peer~Group Review Committee to provide direction to the project and to ensure that o
diversity of viewpoints were considered. Six eminent experts in the waste treatment
field were chosen to serve on the committee. -

‘ Phase Two involved the preperation of four comprehensive state~of-the=art
reviaws, by outside consultants, to provide the environmental assessment data base on
refinery wastewaters and residual sludges. o

Phase Three included o critical examination of the four individual state=of-the=~
ort reviews, selection of eight creas where further research was consndered to be needed
to improve the data base, and preparation of this report.

This|reporf was submitted in fulfiliment of Contract R805099010 by the University
of Tulsa under sponsorship of the U. S. Environmental Protection Agency.' The report
covers the period from June 1978 to June 1981, and work was completed as of June 1981.
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SECTION1 | .

INTRODUCTION .

The goals of the present work were to develop a complete environmentol assess-
ment data Lase conceming the treatment of petroleum refining wastewaters and residuals,
and the recommendation of areas where further research is needed to improve the doto
bose. The goals were achieved by establishing o Peer-Group Review Committee,
developing state-of-the-art reviews by outside consultants, compilction of the sate=of-
the-art reviews, and selection of those areas where further: reseprch could be most useful.

A Peer-Group Review Committee of six people, chosen for their expertise in
refinery wastewater treotment, was selected by the Project Manager in consultation with
the Project Officer and the Roberf S. Kerr Environmental Research Laoboratory. The
committee provided oversight direction to the pr0|ecf and included acknowledged
experts, most of whom had actual experience in petroleum refinery wastewats: manoge=
ment. The members of the committee were chosen so as to represent a broad spectrum of
diverse viewpoints from industry, universities, the American Petroleum Institute (AP!} and
the consulting field.

To develop the environmento: assessment doto base, stote-of~the—ort reviews
were prepared on these four topics:

1. Characterization of the petroleum refining industry and refinery wastewaters.
The parameters affecting the generation of wastewater pollutants are discussed,
including crude oil compositions, refinery technologies and classifications,
wastewater sources and their pollutonts. Future trends for the refining industry
are included. '

2, A pollutant discussion and rationale for characterizing the wastewaters from

petroleum refining ond their toxicity effects upon aquatic orgonisms. This

rationale includes a review of the analytical procedures used to measure, define
and assess the effects of the various pollutants. The list of pollutants considered -
includes the current permit parameters (chemical oxygen demand, COD; bio=-
logical oxygen demand, BOD; etc.) as well os the priority pollutonts.

3. A comprehensive discussion and evaluation of existing and emerging wostewater
treatment ond control technology. Data on the performance capabilities of the
various technologies are included.

i



‘4, A compilation of dota on the discharge levels of refinery wastewater pollutants
including their avenues of discharge. The data include estimates of accuracy,
precision, variance and causes of varicnce whenever possible.

Based upon a critical examination of the individual state-of-the-art reviews,
areas within the existing data base were selected as meriting further research to improve .
the environmental assessment data bose. Each of the specific areas selected ore discussed
so os *o exploin why further reseorch might be fruitful and to highlight the benefits that
might be expected of such reseorch. The recommer.ded research needs are summarized in
_the Conclusions ond kecommendations section of this report.



SECTION 2

CONCLUSIONS AND RECOMMENDATIONS

Existing refinery technology is very complex and the development of new tech~
nology is an on—going process. Withir the 20-year period of 1940-1960, a number of
technological "breakthroughs" occurred which included the dévelopment of fluia
catalytic cracking and processes involving catalysis in G hydrogen atmosphere (catalytic
reforming, hydrotreating and kydrocracking). With the current body of knowledge on
catalytic processes, the future development of new refinery technology is expected to be
more evolutionary in noture. Another period of rapid technologucal breakthrough is not
expected.

Many refineries already proctice the in-plant reuse of treated wastewaters to
some extent and air-cooling haos replaced much water~cooling. There is |lttle likelihood
that more intensive emphasus on wastewater re:se will dramatically reduce wastewater
volumes,

In gereral, the current technology for refinery wostewater treating (consisting
of in-plant reduction of wastewater generation, primary removal of oil and suspended
solids, and secondary treotment vio biologicol oxidation) con satisfy the regulotory
criteria for control of the onventional pollutunts such as oil, suspended solids, BOD,
COD, phenols, sulfides, ammonia, etc. There is much evidence thct the current waste=
woter treatment technology essentially removes or degrades those pollutants which rause
lethal, short~:erm toxicity to fish.

" Eight creos hove been identified in which further reseorch is needed to improve
_the environmental assesstnent dato base for characterizing ond treating refinery waste=
waters and residual sludges. Those areas of research needs are briefly listed below

ACTUAL PLANT DATA COLLECTION AND CORRELATION

1.  Correlation of the key design foctors in activated sludge biotreatment, such os
mixing horsepower and reaction basin refen‘lon time, with pollutant removal
efficiency.

.2, Currelation of actual case history data on the use and effectiveness of chemical
* oxidants (hydrogen peroxide, chlorine and ozone) in treating refinery woste-
woters :



- = LABORATORY -SCALE RESEARCH AND DEVELOPMENT

3.

identifying which specific refinery wastewater pollutants exhibit long-term fish
toxicity (lethal or sub-lethal). Development of tachniques for the rapid deter-
mination of long-term fish toxicity.

Determination of which onalytical test methods ore the leost relicble and their,
contribution to overall effluent quality variability. Development of new, more
reliable test methods, if possible.

PILOT-AND DEMONSTRATION=SCALE RESEARCH

5.

Development of an economic method for recoverying ond regenerating the
spent powdered activated carbon (PAC) used to enhance the performance of
octivated sludge biotreaters,

Funding the demonstration and operation of the granulor uctivated carbon (GAC)
process (for the tertiary treatment or secondary treatment of refinery waste~
woters®) in a unit capable of treatmenr of 200-400 gpm of refinery waostewater.
For the landfaming of oily sludges, determinution cf the relationship between
sludge vapor pressure and problems of odor control ond air emissions. Develop
methods for mitigating such problems. Also investigate methods of resolving
problems with londfarming vis-e=vis Resource Conservation and Recovery Act
(RCRA) regulations if such problems exist.

FEASIBILITY AND GUIDANCE STUDY

‘8.

Development of o comprehensive feasibility and guidonce study regarding the
methods of producing o concentrated, residual pollutant brine (reverse osinosis
and evaporation) and the ultimate disposal of residual wastewater pollutants

in evaporation-percolation poncs, subsurface injection wells and remote dis-
posal dumps. Such a study should include a realistic assessment of copital costs
and energy usoges as well o, o realistic assessment of the benefits to be expected
in terms of the mognitude of improvement in the quality of the nation's waters.
The study should olso assess the cost-benefit ratio of the Environmental
Protection Agency's (EPA) New Source Perfarmence Standards (NSPS) "no dis=
charge" requirement for refinerics relative to control of other pollutant sources
such as non~point sources.

The above order of listing for the recommended research needs is not mrended to

be a prioritized listing. The listing is merely categorized so os to present the least costly

9 A description of the successful use of the GAC process for the secondary treatment of
. wastewoter in a Jopanese refinery (on a full-plani scole) has been published in the

-

Oil & Gas Jeumal of May 11, 1981, , o .
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3.

“research recommendations first and the most costly recommendations last. A mo. 2
detailed rationale for the rec:ommended research needs is presented in Section 9 of this

report.



SECTION 3

CHARACTERiZATlON OF PETROLEUM REFINING INDUSTRY
' AND PETROLEUM. REFINERY WASTEWATERS

M. R. Beychok

Environmental Consultant
. Colifornia

INTRODUCTION
. Most petroleum refineries ore similor in that they process o crude oil row
material so os to produce a variety of endproducts. But beyond that similarity, the
refining industry encompasses a broad range of refinety types consisting of an even
broader range of refining technologies or unit processas and producing o wide spectrum of
motor gasolines, heating ond industrial fuel oils, lubricoting oils ond petrochemicols.
The purpose of this section is to provide o brief discussion and explanation of petroleum
refineries ond the unit processes involved in the design and operotion of refineries.

TYPES OF REFINERIES

Refineries differ considerably in terms of their range of endproducts. Some
refineries maximize the production of motor gosolines cnd some maximize the production
of heating oils and industrial fuel oils. Other refineries emphasize the production of
lubricating oils, and still others are designed to produce petrochemical endproducts or
intermediate product: for sale as feedstocks to petrochemical plants.

_ In some cases, refineries shift their endproduct emphasis on o seasonal basis.
For example, motor gasoline production will be maximized for the spring oand summer,
and heating and fuel oil production will be moximized for the fail and winter,

Many so-colled combinati. 1 refineries produce a product slote {endproduct
range) that includes the entire spectrum of gasolines, heating oils, industriol fuels, lubri=
' cating oils ond petrochemicals. '
' ~ In general, most petroleum refineries can be categorized as being within ohe or
more of the following types in terms of their product slote:

o Motor gosoline refineries



Heating and fuel oil refineries
‘Lubricating oil refineries
Petrochemical refineries
Combination refineries

000O0-

As will be discussed later herein, in terms of wastewater generation ond composition,
refineries are probebly better categorized by their complexity os defined by fhe types of
unit processes or fechnologces used within the refineries.

THE COMPOSITION OF PETROLEUM CRUDE OIL

The key factors involved in selecting the unit processes or technologies used

within a petroleum refinery are the desired product slate and the composition of the

. refinery's raw matericl crude oils. Since the amount and composition of wastewaters
genergted by o refinery ore largely dependent upon the processes used 'in the refinery, it
becomes evident that the composition of the row material crude oils is one of the factors
which determines the generation ond composition of refinery wastewaters. Thus, it is
important to have some understanding of the noture of petroleum crude oils ond, 'in -
particulor, to understand that crude oils obtained from different geographic oil field
sources can ond do have significantly different compositions.

Petroleum crude oil is primarily o mixture of vorious "hydrocarbons", which cre
chemical molecules composed of hydrogen and corbon atoms. Those molecules may be
- quite simple or quite complex in the structurol arrangement or linking of their component
atoms. The carbon otoms may be linked together in short or long straight chains with or
without branched “side-chains", or they may be lirked together in cycllc or ring arronge~
ments. The simpler hydrocarbons found in crude oils are "paroffins” or "saturoted hydro-
corbons" in which each carbon atom is linked with the maximum possible number of
hydrogen' atoms in accordance with the generic forrula of ChHon4+2. For example, a
paraffin molecule with 1C utoms of carbon (C) would be linked with 22 atoms of
_hydrogen (H): The saturoted or paraffinic hydrocorbons may be "normal" paraffins in
which carbon otoms are linked in stroight choins, or "isoparoffins” in which the carbon
atom linkoge includes branched chains. For example, normal pentane which is n=CsHj2
and isopentane which is i=CgHy2 both.have the some number of carbon and hydrogen -
atoms in accordonce with the generic paroffin formula of ChHz,, 42, but normal pentane
hos five carbon atoms in o straight chain while isopentane hos o branched linkoge of five
cor’oon atoms. '

Hydrocorbons with straight or bronched carbon atom chains and containing less
than the maximum of four hydrogen atoms per carbon atom are called "unsaturated" or

"olefinic". For exampie, pentene (CsHyg) is unsaturated or mono~olefinic, and

pentadiene (C5Hg) is even more unsaturated or di-olefinjc.

The carbon atoms in hydrocarbon molecules may also be linked together to form
closed cycles or rings. When the carbon atoms in cyclic hydrocarbons are linked to the
- maximum number of hydrogen atoms possible for such cyclic arrangements, the molecules

A,
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:vare "soturated nophthenic hydrocarbons” with the generic formula of CHp, (which is
‘the same as for the unsaturated monc=olefins discussed above). The naphthenic hydro=
carbons are usually named with the prefix of "cyclo", os in cyclo-pentane (CsHyq).
Naphthenic hydrocarbons may also be unsaturated as in cyclo-pentene (CsHg).

- When hydrocarbon molecules have six carbon atoms linked together in a ring
” containing three unsaturated links, the molecules are called oromatics. For example,
benzene is an aromatic with the formula of C4¢Hg. The aromatic ring may also be linked
to o saturated side=chain as in toluene (C7Hg) and xylene (CgHyg) or to an unsaturcied
side=chain as in styrene (CgHg), oll of which fai! within the category of aromatics.

Petroleum crude oils contain literally hundreds of different hydrocarbons, many
of which are very much more complex in their molecular structure thon those discussed
above. However, the analysis of a cnide oil in terms of the relative quantities of the
four molecular categories discussed above provides a va!iable insight as to the unit pro=
cesses thot will be required in a refinery designed to produce a specific product slote from
that crude oil. Such analyses are called PONA's which is an acronym for paroffin=
olefin-naphthene=aromatic onalyses®.

, Crude oils also contein various emounts of organic sulfur and organic nitrogen
compounds. Some of the unit processes used'in many refineries are designed to cota-
lytically "desulfurize" certain of the intermediate products within the refinery. Those
desulfurization processes convert organic sulfur and nitrogen into gaseous hydrogen
sulfide (H2S) and ommonia (NH3) which are then removed in large port by stripping or
distillation. However, a small part of the H25 and NH3 almost invaricbly oppears in
some of the refinery wastewaters in the form of ammonium h{drosulﬁde (NH4SH) in
amounts ranging from about 100 ppm to 10,000 ppm or more'. Refinery wastewaters con-
taining ammonium hydrosulfice or free hydrogen sulfide are commonly referred to as
‘"sour waters" which may clso be generated from unit processes other than cotalytic
desulfurizers. The amount of hydrogen sulfide and ammonia conteined in refinery sour
waters (as NH4SH) is dtrectly related to the organic sulfur and organic nitrogen contents
of the raw material ciude oils as well as fo the type of unit processes used in a specific
refinery.,

i As discussed cbove, all crude oils are o complex mixture of hydrocorbons

' 'However, the amount of "light” or low “boiling hydrocarbons relative to "heavy" or high-
boiling hydrocarbons varies very conslderobly from crude oil to crude oil. In very
generaiized terms, the hydrocarbons in crude oil can be classified by their boiling range
and number of corbon atoms. Starting with the lightest or lowest-boiling hydrocarbons
(which are gases) and proceeding up tha boiling ronge scale to the heavy fuel oils,
yields: '

@ Crude oils rarely contain any olefinic hydrocorbons However, olefins are produced
s by subsequenf refinery processing.

21 xt



Number of =~ Aflmospheric

| : caorbon otoms boiling range (°F)
_ Methane, ethane (gases) 1,2 -259, -128
Propane, butane 3,4 -44, 31
Naophthes (gosolines) Sto 1l 100 to 400 @
Diesel and heating oils 10 to 15 350 to 600 ©
Industrial fuel oils , 0 16 plus . 600 plus

“Desigr:ates range of initial boiling point to final boiling point..

Crude oils such as those from Quatar in the Middle East with a specific gravity
of 0.82 (an API gravity of 41°) ond containing about 38 volume percent of naphthas are
referred to as "light" crude oils because of their relatively low specific gravity and
relatively high rontent of hydrocorbons in the naphtha boiling range of 100 to 400 °F,

'Crude oils such os those from Bachaquers in South America wnfh a specuﬁ:
gravity of 0.95 (an APl gravity of 17°) ond contcining cbout 10 volume percent of
nophthas are referred to as "heavy" crude oils because of their relatively high specific
gravity and relotively low content of hydrocarbons in the naphtha boiling range.

+ The omounts of the vorious boiling range moterials in a crude oil ond the
physical properties of the individual boiling range materials (specific gravity, sulfur and
nitrogen contents, PONA analyses, etc.) are determined by o complete crude oil
analysis usually called a "crude oil assay”. The assay of the raw material crude oils is o
key factor in the selection of the unit processes required to achieve a desired refinery
product slate. As stated previously, that means that the generation and composition of
the refinery's wastewater depends upon the refinery's crude oil assay to a large extent.

To summorize, the key characteristics of a crude oil ore:

o Its boiling ronge components
o Its sulfur ond nitrogen content
o Its PONA hydrocarbon analysis.

Those characteristics largely determine the unit processes required in refining the crude |
oil, and they vary quite conslderobly with the geogrephic location of the crude oil
source.

'
¥

- Table 1 presents data on the sulfur content of crude oils relative to their geo-
grophic source on a worldwide basis. As shown in Table 1 (for, the year 1974), 85 per-
cent of the crude oils from Africa oand 100 percent of the crude oils from Australasio are

_"low=sulfur” oils cuntaining no more thon 0.5 weight percent sulfur. In controst, 47
percent of Middle Eastern and 71 percent of South American crude oils are "high-sulfur”
oils containing more than 2.0 weight percent sulfur. 'On an overall weighted basis:



————

»e___ TABLE 1. SULFUR CONTENT OF CRUDE OIL.S

PERCENTAGE OF OIL PRODUCED

1974 :
0il Production 0.0-0.5 0.51-1.0 1.01-2.0 > 2.0
(bbls/day) wtX S wtX S wt% S wt¥ S
AFRICA , . 5,362,000 . 85.0 12.0 3.0 0.0
MIDDLE EAST 21,453,000 | 0.0 5.5 47.6 46.9
' AUSTRALASIA © . 1,773,000 100.0 0.0 0.0 0.0
_ BUROPE P . - 195,000 57.7 42.3 0.0 0.0
S. AMERICA 3,425,000 4.2 3.4 2.7 70.7
N. AMERICA © " 10,956,000  57.8 7.5 26.3 8.4
| TOTAL SOURCES 43,169,000 29.9 6.6 32.4 31.1

s Does not include Chipa

Does not include Russia

Includes Canada, Mexico and U.S.A.

SOURCE : Thompson,C.J. et al, "Sulfur in World Crudes”, Hydrocarbon Processing,
February 1376 ' .
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©29.9 percent of the world's crude oils confom no more than 0.5 we:ghf percent
sulfur.,

6.6 percent of the world's crude onls contain between 0.5 and ! O weight
percent sulfur. ,

1

32.4 percent of the world's crude onls contain berween 1 .0 and 2.0 weight
percent sulfur, =

31.1 percent of the world's crude oils contain move than 2.0 weight percent
sulfur,

Table 2 (for the year 1978) presents similar dota on the API grov:ty of crude
oils. About 50 percent of South American crude oils are heavier than 30° APl and, in
_ contrast, over 90 percent of Middle Eastern onls are llghfer than 30° API. On on overall
weighted bosls :

1.9 percent of the world's crude oils are heavier than 20° AP,
=T 13.8 percent of the world's crude oils are between 20 and 30 CAPI.
71.4 percent of the world’s ciude oils are bet;aveenIBO and 40 °API.
12.9 percent of the world's crude oils are lighter than 40° API.

Tables 1 and 2 illustrate the very wide diversity and range of composition found among
the world's major sources of crude oil. .

A perspective on the amount of crude oil processed through U.S. refineries is
provided in Table 3 and graphically presented in Figure 1. During the past six years:

o The number of U.S. refineries in operation hes increased from 247 to 289.

o The national crude oil refining capacity has increosed from about 14 million
to about 17 million barrels per day.

o The total omount of crude oil actually processed has ranged between 12
million and 15 million barrels per day, representing 83 to 88 percent of the
national refining capacity. In other words, there has been 12 to 17 percent
of excess or unused refining capacity.

o The amount of imported crude processed in U.S. refineries has increased from
26 percent of the total oil processed to slightly over 40 percent.

The dependence of U.S. refineries on imported crude oil for o substantial part of
‘their throughput will most probably continue for some time to come.’ Since a major part
of those |mporfs are from the Miiddle Eost, tho sulfur content of the crude oils processed in

G APl gravity is inversely prosortional to spec:f:c gravity. The higher the numerical
__yalue of AP! gravity, the lighter is the speuflc gravity.
i
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TABLE 2. AP! GRAVITY OF CRUDE OILS

PERCENTAGE OF OIL PRODUCED

1978

0il Production 0-19.9 20-30 30.1-40 > 40

. (bbls/day) °API °API °API °API

AFRICA =~ : 5,850,000 0.5 17.1  49.0 33.4
MIDDLE EAST 120,618,000 . 0.2 , 7.1 9.5 , 1.2
AUSTRALASIA @ 2,698,000 " 0.5 11.5  57.9 30.1
EUROPE b ' 1,615,000 1.7 7.3  67.2 . 23.8
S. AMERICA - 3,399,000 13.8  46.5  32.1 7.6
N. AMERICA © 11,043,000 2.4 16.2° 61.6 19.8
TOTAL SOURCES 45,223,000 1.9 13.8  71.4 12.9

a . ,
Does not include China
Does not include Russia

€ Includes Canada, Mexico and U.S.A.

SOURCE: “wcrldwide Production”, 0il and Gas Journal, December 25, 1978
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TABLE 3. CRUDE OiL STATISTICS FOR THE REFINING INDUSTRY
— (for the years of 1973-1978, inclusive)
Total amount of Amount of domestic Amount of imported
 Crude oil crude oil processed crude oil processed crude o0i) processed
- refining - Percent of Percent of ) Percent of
During the Number of capacity, refining crude o0il crude oil
_year of: refineries b/d b/d capacity b/d _processed b/d processed
1973 247 14,216,000 12,452,000 87.6 9,208,000 73.9 3,244,000 26.1
1974 259 14,845,000 12,241,000 82.5 8,764,000 71.6 - 3,477,000 28.4
1975 256 15,075,000 12,480,000 82.8 8,375,000 67.1 4,105,000 32.9
1976 266 16,170,000 13,406,000 82.9 8,119,000 60.6 5,287,000 39.4
1977 285 - 16,849,000 14,727,000 87.4 8,179,000 55.5 6,548,000 "44.5
1978 289 - 17,170,000 14,788,000 86.1 8,718,000 59.0 6,070,000 41.0
Note: All values of b/d are in average barrels per calendar day.
SOURCES: (a) "Forecast and Review”, 0il and Gas Journal,'Januaty 29, 1979

(b) Annual Refining Issues of the 01l and Gas Journal for the years 1974 through 1979.
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U.S. refineries will trend upward. As that occurs, U.S. refmerles will have to install
additional desulfurization facilities which will increase the generation of sour waste=
waters. Additional hydrogen production facilities will also be needed to supply the need
for hydrogen in the desulfurizers. Since hydrogen production units require lorge amounts
of steam, there will be an increase in the fresh water demand of the refineries as well aos
an increase in wastewater steam blowdown ond boiler feedwater demineralization wostes,

. A study of the refining indusfry by the National Commission on Water Qualii’y2
in 1975 reported these overage crude oil characteristics for refineries located in the

. districts defined in Figure Z:

District Number of Weight . APl Gravity

refineries* percent sulfur
] 29 1.16 34.3
2 70 0.48 36.3
-3 104 0.52 35.3
4 30 0.97 35.3
5 56 1.07 32.6

(* As of Jonuary !, 1979)

Although the cbove regional refining dato on crude oil characteristics have probably
changed somewhat since 1975, they serve to illustrate ogain the diversity of crude oils
processed in U.S. refineries.

REFINING UNIT PROCESSES AND TECHNOLOGIES

A wide variety of unit processes ond technologies are used in petroleum
refineries. In general, they can be classified into four major groups:

o Distillation is used to separate the crude oil into various boiling range
fractions or "cuts". The crude oil is'usually distilled in two steps,” one at
essentiaily atmospheric pressure and one ot vacuum or reduced pressure con-
'ditions. ‘

o Crocking is used to convert longrchain hydrocarbon molecules (which are
heavy, high~boiling oils) into shorter-chain hydrocarbons to increase the
yield of lighter, lower-boiling producfs There are three basic types of
cracking:’

(o) Thermal cracking which occurs under controlled conditions of high.
temperature and moderate pressure.

(b) Fluid catalytic cracking (FCC) which oceurs in the presence of o
fluidized catalyst and under controlled conditions of high temperature
and pressure slightly obove atmospheric. :

(c) Hydrocracking which occurs in the presence of a fixed bed cotalyst in @

15
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hydrogen-rich vapor phase environment under controlled conditions of
high temperature and high pressure.

o Molecular Rearrangement Processes of mony kinds ore used to upgrode inter-
mediate refining products by reshaping their molecular structures and to
increase the yield of gasoline components by recombining k::drocarbons of
three and four carbon atom chains into eight or nine carben atom chains.

The molecular rearrangement processes include catalytic reforming, cotalytic
alkylation, catalytic polymerization and catolytic isomerization...all of
which will be discussed in more detail later in this sectjon.

o Desulfurization Processes are used to remove sulfur compounds from inter=
mediote and endproducts. There are two basic types of desulfurization:

(0) Catalytic hydrodesulfurization which converts organic sulfur compounds
into hydrogen sulfide gos for subsequent removal by distillation or
stripping. Cofolyfn— hydrodesulfurization occurs in the presence of a
fixed bed catalys! in o hydrogen=rich vapor phase ervironment under
controlled conditions of temperature and pressure. This process olso
converts organic nitrogen compounds into g2seous ammonia which is sub-
sequently remcved along with the hydrogen sulfide, although the degree
of nitrogen removal is usually not'as high as that of sulfur removai.
Catalytic hydrodesulfurization is sometimes referred to as "hydrotreating”.

(b) Non-catalytic scrubbing or washing of goses or hydrocarbon liquids with
alkaline solutions for the removal of hydrogen sulfide ond mercaptars, or
for the conversion of mercaptons into less undesirable forms of sulfur.
These so~called "treating" processes are used for scrubbing refinery gases
as well as for liquids. The alkaline scrubbing of liquids also removes
.organic acids such os phenols, cresols and nophthemc acids which nay be
present.

The following discussions provide brief summaries of unit processes in each of
the above groups and identifies their wastewater sources. '

Atmospheric Crude Unit

The crude oil entering o refinery ‘contains a small émount of emulsified brine
ranging -from 0.1 to 2.0 volume percent on the crude oil, and the brine may contain up
to 25 weight percent salt (mostly sodium chloride)!. The salt content of the brine
associated with the crude oil is usually expressed as pounds per thousand barrels of oil
(p.t.b.) ond the p.i.b. value ranges from 10 to 250 (as sodium chloride, NaCl), The
sources of the emulsified brine are the naturally occurring brines associated with the
original oil field and, .in the case of oil transported by .ocean ~going tankers, contami-
nation by sea water ballast in those tankers which are not provided with segregated
ballast holds.
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Most refineries include crude oil desalters (which are either chemical or
electrostatic de-emulsifiers) to remove the brine from the crude oil as it enters the
atmospheric crude unit for processing. The crude oil is heated to about 250-300 °F and
‘mixed with wash water (about 5 volume percent on the crude oil) to assist the desalting.
process. Typically, some caustic (NaOH) is olso added to maintain a slightly alkaline

pH level during the desalting.

The desalted crude is then further heated to about 700 °F and distilled into
various boiling range fractions or "cuts". The distillation is done af essentially atmos=
pheric pressure in what is commonly referred to as the "atmospheric crude unit" or, more
simply, the "crude unit". The boiling ronge fractions produced .in o crude unit are
called "virgin" cuts since they are the natural ly occurring components of the crude oil.
The variety of virgin cuts that may be produced in a crude unit is specific to eacn
refinery and its desired slate of endproducts. However, as a broad generality, the
typical range of virgin cuts from a crude unit include:

Propane and butane ‘

Light ond heavy naphthas (row gasoline components)
Jet fuels and kerosines

Diesel oils

Light and heavy gas oils

Heavy residual oil

0 009000

Some of the row virgin cuts must be stripped by injection of live steam it so=called "side~
cut strippers” to reduce their ignition flash points. The stripping steam is subsequenrly

- condensed ond removed from the overhead reflux drum of the crude umt's main distil=
lation tower.

The two major sources of wastewater in a crude unit are the effluent brine from
.the crude oil desalter and the condensed stripping steam {rom the side~cut strippers.

Yacuum Unit

The heavy residual oil from the atmospheric crude unit is releated to about 750
OF and is 'then further distilled under vacuum condmons 50 os to yield oddmonal virgin
beiling range cuts called vacuum gas oils.

}

_- . Steam jet ejectors are usually used to achieve the required vacuum conditions.
To prevent thermal degradation or coking of the heavy residual oil when it is heated to
750 °F, live steam is usually injected into the heater tubes as a diluent. Stripping steam
_"is also injected into the bottom of the bacuum distillation tower to maximize the removal
" of volatiles. The steam used in the vacuum producing jet ejectors, ' the heater tubes and
the bottom of the vacuum tower is subsequently condensed and removed from the overhead
product drusn of the tower. That condensed steamn constitutes the major source of waste=
water generated in o vacuum unit.

s
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The residual il from the vacuum distillation umt isa heavy tar which typically
has an atmosphetic boiling pomt in excess of 300-1000 °F. in other words, all the virgia
hydrocarbons in the crude oi! with boiling points below 800-1000 °F are usually removed
in the two distillation sfeps represented by the atmospheric crude unit and the vacuum
unit,

Fluid Catalytic Cracking

Virgin gas oils produced from crude and vocuum' distillation units have boiling
ranges of about 600-1100 °F, Their molecules contain perhaps 18 or more carbon atoms
and their molecular weights are in the range of 300 to 400. These gaos oils.can be pro-
cessed ond blended for endproduct use as industrial fuel oils. However, in many cases,
it is more desirable to crack ot least some of the virgin gas oils into lower-boiling
molecules to increase the refinery yield of gasoline blending components.

Fluid cofolyﬁc cracking is one of the processes widely used to crack gas oils.
The conversion® of virgin gas oils into lower-50lling materials by cotolyhc cracking is
* typically within the range of 75-90 percent Some typical yields from virgin gas oil
cracking are:

Gas 2-5 weight percent
Propane ond propylene . 8-12 volume percent
Butanes and butylenes 13-18 volume percent
Naphtha (gasoline) - 60-65 volume percent
Gas oils 10-25 volume percent
Coke 4-8 weight percent

(the above yields are as percentages of the feed)

‘The catalytic cracking of gas oils cceurs in o fluidized bed reactor under zon-
trolled conditions of temperuture and flow ¢! pressures slightly obove atmospheric and in
_the presence of a fluidized catolyst. The coke yield deposits on the catalyst which is
continuously cirrulcied to o separnte regenerctor vessel where the coke i's bumed off of
the catalyst. The heat of coke combustion is particlly absorbed by the regenerated
catolyst which returns to *he fluidized bed reactor and provides a major porhon of the
required cracking reaction heat. The remainder of the heat requirement is supplied by o
fuel-fired feedstock preheater,

)

The reaction yield mixture, which is in the vapor phase, then flows through o
distillation tower where the yield mixture is cooled and distilled into its various boiling
'range cuts (sve cbove rypical yields). The hydrocarbon cracking reaction also cracks
‘organic sulfur and nitrogen compounds contained in the virgin gas oil feedstock. Thus,
the gas yield typically inzludes hydrogen sulfide as weII as some ammonia, cyanides and
_ fhlocyonotes

~ 9 Deﬁned as ._the'gjisoppeoronce of gas oil boiling range material.
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“Steam is used in the fluidized reactor to smp volohles from the spenf catalyst
-and some stripping steam may also be used in the reaction yield distillation tower. The
steom is subsequently condensed and removed from the overhead drum of the distillation
tower. Since that condensation occurs in intimate contact with the gas yield, the con-
densed steum contains some hydrogen sulfide, ammonia, cyanides and. thiocyanates.

The crocking reaction aiso produces monohydric and dihydric phenols and thio=
phenols. Since some of those phenolics boil in the same temperature range as the yield
naphtha, they are condensed along with the naphtha, gas and steam in the distillation
tower overhead drum. And since the phenolizs are water soluble, a portion of the
phenols appears in the steam condensate from the overhead drum' :

In summary, the steam condensate from the fluid catalytic cracking distillation
tower overhead drum is the major wastewater source from a fluid ccto!yhc cracking unit
and it will usuelly contain:

o Hydrogen sulfide and emmonia in the form of ammonium hydrosulfide
o Cyanides and thiocyanates
o Phenols and thiophenols.

Hydrocracking . '

Hydrocracking process units are used for essentially the some purpose as fluid
catalytic crackers, ond that is to upgrade high~koiling gas oils by cracking them into
lower-boiling materials. However, hydrocrocking accomplishes both cracking ond hydro=-
genation, Thus, the hydrocracking yield products are essentially saturated hydrocarbons

“with high concentrations of isoporoffins and naphthenes. . .whereas the fluid catalytic
cracking products are essentially unsaturated with high concentrations of olefins.

The gas oil feedstock tc o hydrocrocker is heated to 500-900 °F and possed over
fixed beds of catalyst at pressures ranging from 700 to 3000 psig in a hydrogen-rich vapor
environment. By selection of the proper cctalyst and the proper operating conditions,
hydrocrackers may be designed so os to operate in either of these two optional product
~slate modes (or to have. the flexibility of shifting from one mode to the other):

o' A mode which maximizes t'he yield of naphthas (gasoline components'within
the boiling ronge of 100-400 °F), .

°. A mode which maximizes the produchon of middle dushllofes such as |et fuels,

i kerosene, diesel oil and light gas oil.
: .
‘The vapor phase reaction products from the fixed-bed hydrocrocking reactors are cooled
tand portially condensed by exchanging heat with the incoming feedstock followed by air
‘or water-cooled exchangers. The reaction products are then reduced in prassure by

. stage~wise flashing. Part of the flashed, hydrogen=rich vapor is recompressed and

- recycled to fhe reactors. Makeup hydrogen is provided to replace the hydrogen

— g v
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* consumed by the hydrogenation reactions. The remainder of the flashed vapor is subse=
quently processed to recovar propane and butane. Water is injected continuously into
the reoction product heat exchange and coolmg train to wash out any buildup of salts or
other foulants.

The liquid phase from the final flash stage is distilled in so~called stobilizers to
remove residual propane and butane for subsequent recovery. The stobilized liquid pro—
duct is then furthar distilled to orovide the boiling range cuts consistent with the selected
- product slate mode of operation (see above). '

Becouse of the hydrogenation which occurs in hydrocracking, o high percentage
(as much as 85 percent or more) of the organic sulfur ond nitrogen compounds in the
hydrocracker feedstock .gas oils is converted to gaseous hydrogen sulfide and ammonia.
Under the high operating pressures existing in hydrocrackers, the partial pressure of the
hydrogen sulfide and ammonia are such that they are largely absorbed into the wash
water used in the reaction product heat exchanger train, Thus, the sour wash water with-
drown from the recction product flash stages constitutes the major source of wastewater
from a typical hydrocracker, The ammorium hydrosulfide content of that wastewater may
be as high os 1=3 percent (10,000 to 30,000 ppm). That contrasts with the wastewaters
from a fluid catalytic cracking unit which rarely contain more than 3000-5000 ppm of
ammonium hydrosulfide. However, because of the hydrogenation reactions and because
very little if any free oxygen is present in o hydrocrucker, the hydrocrocker wostewoter
should not contain any phenols. . .nor is there any evudence of cyanides or thiocyanates
being present. .

Thermal Crocking -~ Delayed Coking

Thermol crocking processes ore those in which cracking is induced simply by the
proper selection of temperature ond pressure <onditions without using any cotalyst or
hydrogen. Three types of thermal cracking ore in active use today: delayed coking,
fluid bed coking and visbrecking. -

Coking is a more severe form of cracking then visbreaking. - The feedstock is
usually o residucl oil from o vacuum distillation unit ond the purpose of coking is to con-
vert that oil completely into crocked vapor and solid coke. In the delayed coking pro-
cess, the residual oi! feedstock is heated to obout $00~950 °F under o pressure of about
20~60 psig and in the presence of some steam injected into the heater coils. Part of the
thermal cracking occurs in the heater coils and the remainder occurs when the portially
vaporized oil frotn the heater passes into very large vertical "coking drums", The com-
plete conversion of the oil into cracked vapor and coke occurs through successive -
cracking and polymerization in the coking drums. The coke deposits itself on the walls of
the ccking drums. A delayed coker utilizes ot least two drums, with one in onstream
coking service while the other is being decoked by high~pressure water jets. The amount
‘of coke produced from some deloyed cokers in U.S. refineries is as much as 1500 to 3000
tons per day, although there are many smaller units as well.
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iy The cracked vapor flows from the coking drums to a distillation tower where it .
. is cooled and distilled into various boiling.range cuts (very similar to the distillation
tower in o fluid catalytic cracker), As with the fluid catalytic cracker, the ccker pro-
duct gas and liquids are unsaturated with a nigH percentage of olefins. '

The steam injected into the ‘eedsrock heoter as well as stripping steam used in

H’oe distillotion tower (ond ony associated side-cut strippers) is condensed and removed -
from the distillation tower overhead drum. - That steam cor.densate is one of the major
‘waustewater sources from a delayed coker and it contains the same contaminants as found
in the wastewaters from o fluid catalytic unit: ammonium hydrosulfide, phenols and

. thiophenols, and cyonides ond thiocyanates.

The periodic.decoking of a coke drum involves a depressurmg or "blowdown"
step orior to opening the coke drum. The blowdown vepor is usually routed first into the
coker distillation tower ond then into ¢ circuiating quench tower for cooling the vapor.
Depending upon the specific unit design, the circu’tcﬁng quench system may involve
water which might result in another source of oily, saur and phenolic wastewater. How~

" ever, it is very difficult to generalize ti.e various designs employed for quenching coke
,drum blowdown vapors.

The high=pressure jet water used to drill the product coke from the coking' drums
"is usually recovered for reuse os decoking water. If it is not completely recovered und
reused, it constitutes a major, potentiai source of wastewater confommafed with coke
particles, heavy oil, tar and probably phenals.

Thermal Cracking == Fluid Bed Coking : ' ‘
, ‘ , f
Fluid bed coking serves the same function as delayed coking, which is to con=

(ver* the heavy residual oil from vacuum dnsnllohon into cracked vapor and solid coke.

1
H
i
.
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In o fluid bed coker, the residual oul feedstock is heoted to about 950-1000 f-
(much the same as for o delayed coker).ond then erters o reactor which has a bed of hot,
‘fluidized coke. In the recctor, the residual oil feedstock is completely cracked into
‘vapor and product coke. The product coke becomes part of the fluidized coke bed which
-is continuously circulated to a coke burner vessel in which about 20-30 percent of the
_product coke is bumed. The heat from the coke combustion is partially absorbed by the
.cu'culofmg, fluidized coke which returns to the reactor and provides most of the heat
'required by the crocking recchons. The net prcducf coke is withdrawn continuously from
the coke bumer vesss!.

| | 1
!

The cracked vapor from the coking reactor. flows through a quench section to a
'distillotion tower where it is cooled ond distilled irto various boiling range cuts (very
_similar to the distillation tower in a fluid :atalytic cracker). As with the fluid catalytic
‘crackeror the delayed coker, the product gas and liquids from a fluid coker are unsatu=

" rated and have a high percentage of olefinic hydrocarbons. D e

e
!.
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Steam is inj.:cted into the bottom of the reacior to strip volotiles from the
circulating, fluidizea coke. That steam' as we!l as any stripping steom uzed, in the distil-
lation tower (and any associated side-cut strippers) is condensed and remcved from the
distillation tower overhead drum. The condensed steam is the major source of wastewater
from o fluid bed coker ond it contains the same contaminants os found in the wostewaters
from fluid catalytic cracking or delayed coking: ammonium hydrosulfide, phenols and
thiophenols, and cyanides and thiocyanates.

There is o variont of the fluid coking process, known as Flexicoking, which
utilizes an integrated coke gasifier to produce refinery fuel gas from the net coke pro-
duct withdrawn from the coke burner. Very few, if any, Flexicoking units have been
instatled in U.S. refineries as yet,

: As o matter of interest, all of the delayed cokers in U.S. refineries are pro-
cessing a total of about 940,000 barrels per doy of residual oil and producing about
40,000 tons per day of coke. In contrast, fluid bed cokers in U.S. refineries ore pro-
cessing a total of about 70,000 barrels per day of residual oil ond producing about 2500
tons per day of coke3.

Thermal Cracking == Visbreaking

Visbreaking is a relctively mild thermal cracking process. The purpose of vis-
breaking is to convert high viscosity residual oils {from either atmospheric or vacuum
distillation units) into o lower viscosity fuel oul whlle minimizing the amount of naophtha
formed.

The residual oil ferdstock is heated fo the range of 850~950 °F and mildly
cracked in a fired heater, The heater effluent is quenched and distilled into the desired
boiling renge cuts. A typical range of cuts includes gas, naphtho,. light fuel oil ond
* heavy fuel oil. »

Steam used in the cracking heater and the dashllghon tower side~cut strippers is
condensed and removed from the distillation tower overhead drum. That steam conden=-
sate is o wastewater source containing sulfides and phenols.

In some cases, the heavy fuel ail from the bottom of the distillation tower is
vacuum distilled to recover additionol light fuel oil. In those cases, there may be
another wastewater source ongmo?mg with the required vacuum= producmg steom jet
ejectors, ' :

There are less than a dozen visbreakers still operating in U.S. refineries and
many of those are in relatively small refineries.

Steam Cracking (Olefins Production)

_ Steom crocking of hydrocarbons to produce ethylene and other clefins is o
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2 thermal cracking process which can be operated across a wide range of cracking severity
ron feedstocks ranging from gaseous ethane to heavy gas dils from vacuum distillation.
Steam crocking produces ethylene, propylene, butadiene, aromatics and other by-
products, all'of which ore used os precursor feedstocks in the manufacture of ¢ broad
spectrum of petrochemicals, plastics, synthetic rubbers and polymers. Since the primary
~product is considered to be ethyle’ne, steam crackers are often referred to as "ethylene
v kaeﬂ" - - . .. .

Steom cracking of light hydrocarbon feedstocks such as ethane, propane cnd
butane is less costly than steam cracking heavier feeds such as gos oils. The lighter feeds
aolso provide o higher yueld of the primary product ethylene. For example, steam
cracking of ethane provides about an 85 percent ethylene yield whereas steam cracking of
gos oils provides about o 22-26 percent yield of ethylene. For that reason, the lorgest
part of the U.S. ethylene production is from light feedstocks. However, the availability
of light hydrocarbon feeds for ethylene production is becoming mcreosmgly difficult ond

- gas oils can be expected to ossume a larger percentage of the feedstock roie in the
fumre

= - -

As a brief perspective of the U.S. ethylene production picture (as of 1976):

-Parcent of total U.S. Number of

‘ ethylene production . - steam crockers
Distribution by industry: ‘

13 chemical companies 83 a3

10 petroleum companies 47 18

" Distribution by feedstock type:
Butane and nghter hydrocarbons 81.3
Naphthas 7.8
0.9 .

t \
| Gas oils : 1
] ' H . . .
iAs of %onuary 1979, there were steam crackers in 14 U,S. refineries using gas oil feed- .
fstocks totalling to about 150,000 barrels zer day. Assuming that those units were
achieving 22-26 percent yields of ett.ylene, their totai annual ethylene production would
‘be about four billion pounds per yeor which amounts to perhops 12-13 oercent of the
;currenf national onnual efhylene procbchon.
I
| The feedstock ro o steam crocker s heated ond cracked, in the presence of a
| considerable amount of diluent steam, in tubular pyrolysis furnaces. The cracked pro-
‘ducts exit the furnaces ot temperatures in the range of 1500-1700 °F and are ropidly
.quenched to prevent excessive crocking. The quenched vapors are further cooled in o
_idistillation tower which removes the product fuel oil from the cracked vapors. The
i .icooled vopors are then comp  3d to about 500-600 psig in multistage compressors with
linterstage cooling. Liquids comdensed interstage are removed and processed for recovery
_iof liquid products, The compressed gases are treuted for removal of acid gases (hydroqqn
I"_sulfide ond carbon dioxide). dried. refnaeru?ed and fractionated for recoverv of aas =
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products
A foirly typical product yield distribution when steam cracking gcls oils is:

weight percent

- ‘on feed

. Hydrogen-rich gas ‘ - : 1.5
Methane-rich fuel gas 10.5
Total gas 12.0

Ethylene b 26.2
Propylene 14.6
Butanes and butylenes 5.2
Butadiene 5.1
Total C4's 10.3
Benzene-toluene-xylene ' 1.
Non-aromatics ) 7.8
Total gasoline 18.9

Fuel oil o _18.0 .

Total products, , .100 0

The design configuration, cracking severity and feedstcck type vary quite con~
siderably from unit to unit. It is therefore very difficult to be specific obout the woste=
water sources from sieam cracking. However, as with any thermal cracking process in
the presence of steam, there will be a sour, phenolic wastewater generated. in some
designs, that waostewater may be reused (ot least to some extent) as boiler feedwater for
steam generation. There may also be these additional sources of wastewater generation:

' (a) spent caustic solution from the caustic washing of the cracked vapors at some inter-
. stage point in the compression train, and (b) an alkaline wastewater from the acid gas
removal system.

Interim Summory -

'

' The unit processes discussed thus far are all within the first rwo major groups of
. refining proce:ses and technologies, namely disfillation and crockmg processes.
. Functionally, those two groups involve: : '
o Distillation of o refinery's crude oil feedstock to separate the crude oil into
its component fractions or boiling range cuts.

o Cracking the long=chain crude oil fractions (those which have boiling ranges
higher than thot of diesel oil) into shorter-chain gases and liquids.

However, the gases and liquids derived from distillation and cracking are only inter-
_.mediate products which must undergo further processing to optimize the yield and quality



of a refinery's endproduct slate. For example:

o Most of t}.\e intermediote products must be desulfurized either to meet end-
product sulfur specifications or to moke them suitable for further processing.

o Many of the intermediate naphthas con be improved by reshaping their
- molecular structure to increase their gasoline octane rating.

o The aromatics content (benzene, toluene, xylene) of many of the intermedi-
ate naphthas can also be increased by molecular reshaping, which increases
the refinery’s potential for producing petrochemicals.

o The short~chain propyléne and butylene products from cracking can be con-

_verted to longer=chain, 'high octane gasoline components.

All of the processes summarized in the remainder of .this section are either desulfurization
or molecular rearrangement processes. . .in =ssence, processes which upgrade the inter
mediote products from distillation and cracking. ‘

: Cofol)"fic Reforming

The 'spark-ignited, intemal combustion engine used in most automobiles performs
best with a gasoline fuel which burns smoothly rather than exploding. If the fuel
explodes, the engine is heard to "knock" or "ping" and the engine performance deterio-
rates. The molecular structure of a gasoline determines its burning characteristics. Gas=
oline molecules of branched paraffins (isoparaffins) or soturated rings (cromatics) bum
more smoothly than stroight-chain paraffins (normal paraffins) or unsoturated rings
(nophthenes). Thus, the anti-knock guality of gosoline is increased by increasing its
isoparaffinicity and its aromaticity. The physical scale of ontizknock quality is
measured by the "octane number" which is based on the iso-octane molecule having an
.octane number of 100. Thus, a gosoline with a 95 octane number rating has an anti-
knock quality that is 95 percent as good as the anti-knock quality of iso-octane.

Hydrocarbon molecules in the gosoliﬁe Loiling range of 100-400 °F have five to
eight carbon atoms. As an example of the octane number of such molecules:

_ ' Carbon Octone
: : Structure otoms . number*
- Pentane : normal paraffin 5 62
Cyclopentane naphthene 5 85
2-methylbutane ' isoparaffin 5 90
Hexane nomal paraffin 6 26
Cyclohexane ' naphthene 6 77
2, 3~dimethylbutane  isopareffin 6 94
Benzene . aromatic 6 115



Carbon Octane

Structure otoms number*
Heptaone normal paraffin 7 0
3, 3~dimethylpentane ‘ isoparaffin 7 87
Toluena , aromati 7 104
2,2, 4~trimethylpentane*?* nsoporoffm 8 100
o-Xylene aromatic . 8 120 .

(* motor method; ** iso-octane, the octane number base)

As con be seen cbove, the octane numbers increase as the moleculor structure for a given
number of carbon atoms changes from paraffinic or :1aphthenic to isoparaffinic or
"aromatic,

The octane numbers of the virgin naphthas from @ crude unit depend upon their
PONA anolyses ond will vary from one crude source to another. However, in most coses,
their octone numbers ore not high enough to sotisfy today's gasoline requirements. The
octane numbers of catalyticallv cracked or thermally crocked naphthos are relotively
good, but they can still be upgroded significantly. The same is true for the heavier
portion of hydrocracked nophthes. ‘

In most refineries, the prin;ary purpose of the catalytic reforming process is to
upgrade the octane numbers of virgin ond crocked naphthas by increosing their iso-
paraffinicity and oromaticily. In some cases, catalytic reforming is used to increase the
yield of aromatics for petrochemicol usage s well os for gasoline octane improvement. -

The nophtha”feedstock to a catalytic reformer musf first be desulfurized to very
low levels, o few ppm or less, to avoid deactivation or "poisoning” of the refom\mg
catalyst. The naphtha is then voporized ond heated to the: range of $00-1000 °F under
pressures of 150-500 psig and passed through fixed cotalyst beds in o hydrogen-rich vapor
environment. Although a number of reactions occur during reforming, the predominant
ones are the dehydrogenation of naphthenes, to form aromatics and the branching of
poraffins to form isoparaffins. The dehydrogenation reactions make the reformer a net
producer of hydrogen...in other words, a source of hydrogen for other refining processes -
which consume hydrogen. '

The cafolyﬁc reaction products are cooled, partiolly condensed aond separated
into gas ond liguid. A pertion of the hydrogen-rich gas is recompressed and recycled to
the reactors. The remainder enters the refinery's hydrogen supply system for use in other
process units. The reaction product liquid is then fractionated to remove propane and
butane for subsequent recovery. The final "reformote" gasoline is sent to storage us o
blending component of the refinery's endproduct gasolines.

Since the nophtha feedstock to a catalytic reformer is desulfurized and water-
free, and since no steam iniection or water washing is used in a reformer, there is

a .

27



~usually no source of wastewater in o reforiner.

Catelytic Hydrodesulfurization == Naphtha

Cotalytic hydrodesulfurization is used to remove sulfur from viryin and cracked
naphthas? which are to be catalytically reformed. The cotalytic hydrodesulfurizotion
process converte crgonic sulfur into goseous hydrogen sulfide which is then removed by
stripping or distiilation. l

'The nophtha feedstock to-a catalytic hydrodesulﬂ,nzahon unit is vaporized and -
hected to the range of 400-7GC OF under pressures of 200~50C °F and possed through
fixed cotalyst beds in o hydrogen-rich vapor environment. Hydrogenation is the predom~
inont reaction that occurs. Thus, orjonic sulfur and nitrogen in the naphtha feedstock are
converted to goseg.;s hydrogen sulfide and ommonia. Olefinic hydrocarbons in the
,naphtha feedstock” are also hydrogenated or saturated to some extent. The hydrogen con=
sumed by the hydrogenation reactions is usually supplied by the excess hydrogen produced
in the subsequent catalytic reforming of the naphtha. . ~

The reaction products are cooled, portiolly ‘condensed and seporcted into gas
ond liquid. The hydrogen-rich gds is recompresced and recycled to the reactors, along
with makeup hydrogen (usually from a reformer) to replace the hydrogen consumed in the
hydrodesulfurization reactions. The reaction product liquid is then stripped to remove
hydrogen sulfide, ommonia and cther gases. After distillation to remove propane and
butane for subsequent recovery, the hydrodesulfurized naphtha is sent to a catalytic
'reformer.

As noted earlier herein, the primary purpose of a naphtha hydrodesulfurization’

_unit is to remove sulfur down to levels of no more than o few ppm so os to prevent
cotolyst ponsonmg in the subsequent cotalytic reforming of the naphtha, The same is true
of water in that the naphtha feed to reforming must be essenticlly completely free of
water. Any water in the desulfurized nophtha ofter stripping would be withdrawn from the
overhead drum of the distillation tower which removes propane and butane. That over- -
head water is a source of sour wastewater from most naphtho hydrodesulfurization units.
If wash woter is injected into the reaction product heat exchange train (similar to the
operation described earlier herein for caic' 'tic hydrocrackers), then that water will
absorb hydrogen sulfide and ommonia and constitutes another source of sour wastewater

-'from the hydrodesulfurization process. if the hydrodesulfurization feedstock includes

' catalytic or thermolly crocked naphthas, there is some possibility (although slight) that

O With the exception of hydrocracked naphthos which ore thoroughly desulfurized during .
" their formation in the hydrocracker.

b Virgin naphthas would not contain olefins since crude oils rorely.include olefinic
hydrocorbons. Nor would hydrocracked naphtha have any olefins since they would
have been hydrogenated in the hydrocracker. Catalytic ond themmally cracked
nophthas would have high olefin contents. ‘

- S
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" the hydrodesulfurization sour wastewater may contain some phenols.

Catalytic derodewlfuriz;:ﬁon -- Distillates

Cotalytic hydrodesulfurization is often used to remove sulfur and nitrcgen from o
variety of virgin and cracked distiilate oils in the boiling range of jet fuels, kerosines,
diesel oils and light fuel oils in order to satisfy the pertinent market specifications for
those products. If the distillate oil feedstock contains cracked, olefiniz material, then
catalytic hydrodesulturization can alse be used to hydrogenate or saturate o portion of the
olefins to improve the color, odor and oxidation stability of the product.

The catalytic hydrodesulfurization process for distillate oils is very similar to
that for naphthas except that, in general, the distiiiate oil process requires a higher

reaction temperature and pressure and consumes more hydrogen.

The sour wastewater sources from a distillate hydrodesulfurization are’ essentiully
the scme as from a naphtha hydrodesulfurization unit.

Catalytic Hydrodewlﬁ:rizofion‘-- Heavy Oils

Catolytic hydfodesulfurizoﬁon units moy also be used in refineries to
desulfurize ond denitrify heavy oils such as:

o Gas oil feedstocks to fluid catalytic crackers, which is cons:dered to improve
the performance of the cotolyhc cracking wnit.

o Gas oil feedstocks to hydrocrockers, to provide o prior removal of sulfur and
nitrogen.

o Heavy gas oils and residual oils {from both atmospheric and vocuum distil-
lation units) to produce low=sulfur industrial fuel oils.
The catalytic hydrodesulfurization process for heavy oils is similar to that for naphthas
ond for distillare oils except that the heavy oil process, in general, requires o higher
reaction temperature and pressure ond it consumes more hydrogen., In fact, the cotoiytic
hydrodesulfurization process for very heavy oils requires temperatures and. pressures us
high or higher than those requnred in cotolyhc hydrocrackmg (500-900 °F and 700-3000

psig) .

The sour wastewater sources from a heavy oil hydredesulfurization unit are the
some as from a ndphtha or distillate oil hydrodesulfurization unit.

All of the various catalytic hydrodesulfurizatior processes for ncphfhas, distil~
lates ond heavy vils are ofen referred to as "hydrotreoters”.



Gas Recovery Plants

Almost all of the refinery unit processes yield a byproduct gas. In general,
olefin-rich gases are produced by rhermol ond cotalytic cracking while saturated
(poroffinic) gases are produced by hydrocrockmg, catalytic reforming ond hydrotreating.
The typical byproduct gas components and their sources are:

Hydrogen -
Cotolyhc reformers and hydrogen synthesis units are the major sources ‘of
* hydrogen in most refineries. Other sources of hydrogen production are thermal and
catalytic cracking.®

Hydrogen sulfide -=

Hydrogen sulfide, derived from the cracking and hydrogenation of orgomc
sulfur contained in crude oil, appears in the byproduct gases from thermal cracking, .
cotalytic cracking ond hydrotreofmg A small omount of free hydrogen sulfide may also
be distilled from the crude oil in an otmospheric crude unit.

Ammonia ==

Ammonia is derived from the cracking and hydrogeation of organic nitrogen .
contained in crude oi!. Becouse of its very high solubility in water, a large part of the
ammonia appears in the wastewaters from the various process units rather than their by-
producf goses. |f both ammonia and hydrogen sulfi de are present, the emmonia appears
in the wastewater as ammonium hydrosulfide.

Corbon dioxide --
A small amount of carbon dioxide appears in the byproduct gas from fluid
. catalytic cracking, derived by entrainment of carbon dioxide in the fluidized catalyst
circulated from the fluid catelytic cracking coke-buming regenerator to the fluid
- catalytic cracking reactor. Carbon dioxide also appears in the byproduct gas from flund
coking for much the same reason. :

. Methane ond ethcne - '
The byproduct gases from atmospheric and vacuum distillation of crude oil
contain small amounts of methane and ethane, some of which is virgin gas distilled from
~ the crude oil ond some of which results because of a slight amount of thermal cracking
which occurs in the distillation heaters. All of the cracking processes (thermal,
" cotalytic and hydrocracking) cs well os catalytic reforming yield methane and ethane in
varying amounts,

9 Hydrogen also appears in the byproduct gases from hydrocracking and hydrotreating.
However, thnose processes ore not hydrogen producers. The hydrogen appears only be-
~ cause it is brought in to maintain the required hydrogen=rich environment for those
*~  processes.
1. ,
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* Ethylene ==

' Ethylene is an olefin and is yielded by oll of the verious thermal cracking pro-
cesses (delayed ond fluid coking, visbreaking, steam cracying) ond by fluid cafolyhc
cracking.

Propane, nomal butane ond isobutcne ~-

Any virgin propane and butanes in the ciude oil appear in the byproduct ges 4
from en etmospheric crude unit. Themmal cracking, catalytic cracking and hydrocracking
oll yieid propane ond butanes in varying amounts, as does catolytic reforming. In
gereral, the propane yield trom the various processes appears almost completely in their
bygroduct gases. However, sorme of the butane yield may be retained in the naphtha
products from the processes. In other words, the stobilization (distillation) of the liquid
naphthas to remove propane and butare usually removes all of the propane but leaves o
smoll omount of butanes in the nophthas, '

Propylene, normal butylene, isobuty!enes and butadiene -=

These are all olefins and they ore yielded by all of the cracking processes,
elther thermal or cotolytic. None of the hydrogen-environment processes (catalytic
reforming, hydrotreating, hydrocracking) produce any clefinic gases. [Thus, although
therma! and catalytic cracking produces both olefinic and saturated gases, the hydrogen-
environment. processes produce only saturated gases.] In general, the propylene yield
from the vorious.processes appears almost completely in their byproduct goses. However,
some of the butylene ond butadiene yield may be retained in the nophtka products from
the processes depending upon the degree to which the liquid naphthas ore stabilized.

Normal pentane, isopentanes and pentylenes =~

These are light hydrocorbons with five carbon atom choms and boiling within the
range of 70-80 °F ot atmospheric pressure. Under pressures slightly above atmospheric
ond temperatures of about 100 °F, these hydrocarbons are largely recovered as port of the
various refinery nophthas. Small amounts of virgin normal =nd isopentane may appeor in
the byproduct gas from crude oil distillation units depending upon the operating con-
ditions in the distillation tower overhead drum. Some normol and isopentane may also
appeor in the byproduct gas from most of the refining processes discussed herein depending
upon their aperating conditions for gas~liquid separation and upon their nophtha distil-
lation conditions and sequence. The same is true of the olefinic pentylenes except that
they wil! oppeor only in the byproduct goses from cracking processes, either thermal or
fluid catalytic. ' Psntylenes are not produced by any of the hydrogen=-environment pro-
cesses.

The purpose of refinery gas recovery plants is to collect the byproduct gases
from. all of the unit processes and to separate them into various products. For example:

A LT .
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Components of
combined byproduct
goses from refinery ‘
unit processes oo Separated products from

Name Symbol __gas recovery plant
Hydrogen Hp Acid gases (H2S, CO2)
Hydrogen sulfide HpS Refinery fuel gas (H2, C1, C2)
Amronia , NH3 C3 LPG (C3, C3)
Carbon dioxide CCn C4, LPG G (iC4, C4, iC4~, C&,
' C4 ) .

Methane Ql Light naphtha (iC5, C5, C5)
Ethane c2 .
Ethylene c .
Propane - C3
Propylene c3
Butane C4
Isobutane .. iCé4

. Butylenes cq
Isobutylenes ic4™
Butadiene c4~
Pentone : C5
Isopentone iCS

‘ Pentylenes Cc5° '

(* LPG is an acronym for "liquefied petroleum gas". The LPG cuts
from a gas recovery plont may be marketed as an endproduct or
further processed to produce naphtha.)

In o typical gas recovery plant, the byproduct gases from the various unit pro-
cesses cre compressed and then processed through an absorption system followed by a
scguence of distillation towers.

The sour gas from the absorption system (the refinery fuel gas containing
hydrogen sulfide and carbon dioxide) is then treated or scrubbed with an amine solution
which absorbs and removes the acid gases (hydrogen sulfide and carbon dioxide) from the
refir.ery fuel gos. The acid gases are subsequenﬂy distilled and removed from the amine
solution, ond the regenerated solution is recirculated for reuse in scrubbing additionai.
sour gus. The C3 and C4 LPG cuts from the distillation towers are also scrubbed with
' amine for hydrogen sulfide removal. The omine frecﬁng of hydrocarbon gases ond liquids
- for removal of hydrogen suifide is often referred to as "sweetening".  The acid goses from
the amine regeneration (dushllohon) are subsequently processed for conversion into by~
product sulfur. -

. The sweetened refinery fuel gas is used as fuel in the refinery process heaters and
steam-generating boilers. The LPG cuts may be marketed as endproduct fuels or further
* processed for conversion into high=octane gasoline components (as discussed later herein).
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= After Beit;g further treated by alkaline s&ﬁbbing for removal of organic sulfur comnounds
known as mercoptans (os discussed later herein), the light nachtha is used as a blending
component of the refinery's endproduct gasolines. ' '

Many refineries include two gas plants, one of which handles predominantly
soturated or paraffinic gases and one of which hondles the predominantly olefinic goses.
This permits the refinery to segregate its LPG cuts and light naphthas into those which are
saturated ond those which are olefinic or unsoturated. '

In general, the wastewater sources from gos recovery plants fall into three
categories: -

o Water condensed from the incoming gases by compression interstage and aofter=
stage cooling. The water from soturate gas plants will contain hydrogen
sulfide and ammcnia in the form of ammonium hydrosulfide. The water from
unsaturate gas plants will contain cvanides, thiocyanates and perhaps some
phenols in addition to ammonium hydrosulfide.

o Water removed from the overhead drum of the depropanizing tower. in the
distillation sequence. The water will contain hydrogen sulfide and perhaps
traces of mercoptans. :

o Water discharged from the amine scrubbing and regeneration system which will
contain hydrogen sulfide and some of the amine. Typically, the emine in
refinery usage is DEA (diethanol amine). The amount of wastewater from this
source varies widely with the design of the amine treater, but it is generally
fairly small.

Merox Treating

Mercaptans are a form of organic sulfur (denoted as RSH) found in many refinery
streoms. Merox treating is one of the many processes used for either removing
. mercaptans from liquid hydrocarbons or for converting them to disulfides (denoted as RSSR).
Many of the treating processes use o coustic solution. Merox is a widely practised
treating process which uses coustic, methy| alcohol and air in the presence of o catalyst,
The Merox process may be designed for mercaptan extraction (removal) or for sweetening
which is the conversion of the mercaptans to disulfides.

The wastewater sources from a Merox unit are the spent caustic discharged as’
well as spent wash water (when a final water wash is-included in the design). Those
wostewaters will contain sodium mercoptides (NaSH) dérived from any hydrogen sulfide
which might be present in tne Merox feedstocks. The wastewaters from Merox treating of

. olefinic naphthes (from thermol crockers or fluid catalytic cracking units) will also con/
tain sodium phenolates. '



*Aikyjcmoﬁ Process

: The alkylation process combines isobutane with propylene and/or butylenes to
produce a very high~octane gasoline component known as “alkylate". The alkylation
reaction otcurs in the liquid phase and in the presence of either o sulfunc acid (HaSO4)
or hydroﬂuonc ocid (HF) cotolyst.

One of the reasons For segregahng fhe produchon of C3 ond C4 cuts by using
separofe saturate and unsaturate gas plants is to facilitate the subsequent alkylation of the
unsaturoted propylene and butylenes with saturated isobutone.

The feedstock C3 and C4 cuts to an alkylation unit must first be treated for
removal of hydrogen sulfide and mercaptans (by amine treating followed by caustic or
Merox treating). In cddition, the unsaturated C3 ond C4 is usually processed through o
catalytic hydrogenation unit to convert diolefinic butadiene into mono-olefinic butylene
s0 o3 to avoid excessive consumption of the acid catalyst in the alkylation reaction. The
pretreated liquid feedstocks are cooled and thoroughly mixed with liquid acid (o sulfuric
acld alkylotion reaction requires a refrigerated reaction zone}. The reaction effluent is
separated from the acid and distilled to provide these products:

o Unreacted isobutane which is recycled to the reaction.zone.
o Unreacted propane and normal butane which constitute on LPG endproduct.

o High-octane alkylate gosoline.

The reaction products from both sulfuric acid and hydrofluoric acid alkylation
require the removal of entrained, residuol ocid. The exact mode of removal varies
between the fwo processes, but they both generote wastewaters which contain. traces of
acid or acid salts (if coustic ic used to neutralize the acid).

{ ‘ ' :
i The spent acid from alkylation is corefully segregated and made available for
regeneration in separate facilities. Normmally, the spent acid does not enter the refinery
wastewoter system. ' ‘

! A hydrofluoric acid alkylation unit must be very carefully designed to prevent
ony escape of the extremely hazardous hydroﬂuonc acid. This is not to say that o
sulfuric acid alkylation unit does not require careful design as well, but hydrofivoric ocid
is relatively much more hazardous than wlfunc acid. ‘

Cofalyﬁc Polymerization :
z_ The catalytic polymerization process converts propylenes or propylenes and
butylenes into Cé or C7 dimers (isohexenes and isoheptenes) which are within the gasoline
boiling range and have good octane ratings. Some trimerization to C9 isononenes also

.. occurs. The process is sometimes referred to as “dimerization", ond the endproduct

+ rgasoline is referred to as "cat poly gossline” or "dimer gaoline”". The catalyst usually .

. i . B
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used in the process is phosphoric acid. . C
The sources of wastewater from a catalytic polymerization unit are spent caustic
and spent wash water which are used to remove entrained acid from the reaction effluent.

The wastewaters wili contain some acid or acid salts.

Isomerization =- Butane

Butane isomerization is a process which converts normal butane to isobutane. It
is used to supply additionul isobutane for those refineries which lack sufficient isobutane
to maximize the alkylation of their available propylena and butylenes.

Butane isomerization occurs over fixed catalyst beds at temperatures of 200-400
©F under pressures of 200~500 psig and in a hydroges=rich vopor environment. The
reaction effluent is cooled, partially condensed and separated into gas ond liquid. The
hydrogen=rich gas is recompressed and recycled to the reaction zone along with makeup
hydrogen. The liquid is distilled to remove dissolved hydrogen as byproduct gas and to
recover unreacted normal butane for recycle to the reaction zone.. The product isobutane
is sent to storage or directly to an alkylation unit.

Isomerization == Pentane and Hexaone

'

Catalytic isomerizarion is also used to upgrade the octane rating of light,
paroffinic naphas which are rich in normal pentane and nomal hexane by converting
them into isopentane and isohexane. The process is almost identical to that described
above for the isomerization of butane. The endproduct isopentane and isohexane is often
referred to as "isom gasoline” or "isomerate™. ‘

Neither the butane nor the pentane and hexane isomerization processes produce
any wastewaters under normal operation.

t

Hydrogen Synthesis

As.noted earlier herein, the two major sources of hydrogen in most refineries are:
(1) the cotolytic reformers used for upgrading the octone numbers of nophthas ond (2)
hydrogen synthesis units. Of the two scurces, cufolyhc reforming is by far the lorgest:

,As of Jonuory ]9793 there were 36 refineries with hydrogen

. synthesis units producmg on oggregate total of about 1.7

; billion SCFD (standard cubic feet per day) of hydrogen. At

: the some time, there were 204 refineries with catalytic
reformers processing on aggregate total of 3.8 mili.on borrels
per day of naphthas. Assuming an average hydrogen yield of
900 SCF per barrel of naphtha processed, the aggregata total
hydrogen produced by catalytic reforming was 3.4 billion SCFD

_ ...or twice that produced by hydrogen'synthesis units.

L]
-
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The various hydrogen synthesis processes in ref'nery usage include steom re=
forming of methane, steam . faming of naphtho and partial oxidation of residual oils. As
. ‘of January 19793, steam reforming of methane accounted for the largest percentage of
hydrogen synthesis:

Steam reforming of methane 81.2 percent

- Steam reforming of naphtha 7.0 percent g
Partial oxidation 6.0 percent
Others : 5.8 percent

The steam reforming of methane-rich refinery gas or natural gas to produce
hydrogen involves four. sfeps

o Nzforming of methane ond steam into hydrogén and oxides of carbon at
_ temperatures of 9N0~1600 °F under pressures of 300~600, psig within the
- catalyst-filled tubes of a fired heoter. The main reaction which occurs is:
.CH4+H20"3H2+CO . -
o Catalytic conversion or "shifting" of the carbon monoxidé (yielded from the
reforming reaction) into carbon dioxide as in this reaction:
(;O+H2'O-’<.02+H2 | | ‘ '
o Cooling the shift reaction effluent gas and removing the carbon dioxide by

scrubbing with monoethanol amine (MEA) or an equivalent acid gas
absorbent,

o Catalytic conversion or "methanation” of any residual oxides of carbon into
methane: ‘

27 CH T HO | | |
27 CH i 2H20 |

. Theoretically, the combination of the reforming step and the "shift" conversion
step requires two moles of steam for each four moles of hydrogen produced:

CH4 + 2H20 -’4H2 + CO2

That amounts to a theoretical consumption of about 24,000 pounds of staam per million
SCF of hydrogen produced. In actual proctice, the steam fed to the reforming reaction is
'about twice the theoretical consumpticn. When the shift reaction effluent gas is cooled
just ahead of the monoethanol amine scrubbing, the excess steam is condensed and
'removed In o steam=methane reforming unit producing 50 million SCFD of hydrogen, the
‘condensate remndved is about 100 gpm. The condensate will be saturated with carbon
dloxnde and, if the feedstock contains nitrogen, some aminonia and cyanide may appear
Tn fhe condensofe Many hydrogen synthesus plonts are designed to reuse the conder.sate

CO +3H

CO2 +4H

.%.‘. .
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" as boiler feedwater for steam genérdfio;r in the plants' waste heat reé:‘very system. 5. If
not reused, the condensate constitutes the mc|or wastewater source in @ hycrogen
syntheus plant,

Aromatics Extraction

As discuitzd previously, the naphtha produces by catalytic reforming hes o high
content of ciomatizi. In some refineries, the cotalytic reformers are operated ot con=
diticns designed specifically to increase the yield of benzene,. toluene and xylenes (which -
are the aromatics commonly referred to £ BTX) for extraction as endproduct petro~
chemicals. In fact, os of January 1979, 33 refineries in the U.S. included extraction
" units producing ‘an aggregate total of about 196,000 barrels per day of BTX.

There are mony solvent extroction and extractive distillation processes for the
removal and recovery of BTX from catalytic reformate. Typical BTX recoveries achieved
in such processes are 99.9 percent for benzene, 99.5 percent for toluene ar.d 98 percent
for xylenes. Some of the solvents used for BTX extruction are:

) Tefromethyleﬁe sulfone (referred to .as sulfolane)

o Tetrcethylene glycol

, o Morpholine derivatives such as formyl-morphcline.

The non—aromatics or "raffinate™ from BTX extroction units is used either as an endproduct
gasoline component or os feedstock for steam crackers (olefins groduction plants). In some
cases, the ruffinate may be marketed as o feedstock for gasification plants producing
synthetic natural gas (SNG).

Xylene hos three isomeric forms known as ortho=, meta= and parc~xylene. Most
of the endproduci market is for ortho= and para=xylene. There is little morke®, if any,
for meta-xylene. Thus, many BTX extraction units are coupled with xylene ison.erization
units which ore catalytic processes designed to isomerize: mefo-xylene and increave the
yield of ortho~ and poro-xylene. '

_ ‘Many of the BTX extraction processes include washing of the BTX extract und the
raffinate streams with water to recover entroined solvent. The solvent-rich water is then
‘reprocessed to recover both the solvent and the water for reuse. Thus, in normal opei=
‘ation, BTX extroction does not generote o wastewater. Any liquid losses from on :
extraction unit (sample droins, pump and valve drips, maloperation, etc.) would con-
taminate the refinery wastewater sewers with. the extraction solvent und/or the BTX
.aromatics. . i , . N
t ! :
:Petrochemicols

Maony ref'nerms produce a range of pefrochemlcals omong their endproducts. As
* discussed earlier, some refineries include the steam crockmg of gas oils which produces
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¥ pefrochemlcols such as efhylene, propylene, butadiene and BTX aromatics. And some
refineries extract BTX oromatics from catalytic reformate. Many other petrochemicals are

.~ also produced in some refineries, with the more common ones being:
i
° Ethylbenzene = produced by the catalytic reaction of benzene and ethylere.

o Styrene monomer -~ - produced by fhe cafalyhc dehydrogenation of ethyl~
benzene.

; o Cumene == produced by the cofoly.’ic reaction of propylene ond benzene.

o Cyclohexane -- produced by the catalytic hydrogenation of benzene.

In oddition to those cbove, @ very broad spectrum of oiher petrochemicals are manu-
factured from feedstocks derived by the refining of petroleum crude oil. Almost every
major oil company now has v petrochemical monufacturing division. Mery oil componias
have olso expanded into the large=scale manufacture of ammonia and other agricultural
chemicols. In mony cases, the oil company's petrochemical plants are adjacent to their

. major refineries and it is very difficuit to define the exact line of demarcation between
their petroleum refining operations and their petrochemical menufacturing.

There are far too many permutations of products dnd processes to generalize os to
the sources or composition of wastewaters from petrochemicals production. Each '
individual refinery's petrochemical operations must be evaluated on o specific case-by=~
case bosis.

| The reader who wishes to gain o perspective on the range and extent of the
petrochemical industry should read the excellent series of articles by Hatch ond Motor4.]

Lubricating Oils. ¥ i

! About 40 U.S, reflnenes are currenfly producmg lubricating oils with an oggre="

gate output of approximately 230,000 barrels per day . The specifications for lubricating
oils vary considerably and include endproducts for: :

o Automotive uses: :
(o) Engine oils and transmission fluids
(b) Brake and shock absorber fluids
‘o Marine and heavy=duty industriel engines
o Special uses: \
(o) Tronsformer oils ‘
(b) Refrigeration system oils !
(c) Heot transfer oils _
{d) Me'ol-workmg oils ! .
(e) Agricultural spray oils , o

The key prOperhes of o lubrucohng onl whuch must be "tailored" to produce the

g e — - EPpua
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= specifications needed for each of the cbove endprodu"t uses are:

o The fluidity of the oil os defined by its viscosity.

o The effect of temperature on the oil's viscosity as defined by its viscosity
index (VI) (the less the viscosity changes with tempercrure, the higher or
better is the viscosity index).

o The low-temperature’ usefulness of the oil as méasured by its pour point
temperature which is a function of its wax content (the higher the wox
content, the higher the pour pomf temperature &t which the oil congeals and
will not pour).

; . In generoi, the bosestocks from which a refinery produces the lubricoting oils

; o Vacuum gas oils (with bcnllng ronges of 650-1000 °F) produced from the

. refmery s vacuum daanahon unit.
'

o Vocuum residual oils (bonllng above 1000 °F) from whuch the ospholfenes

must first be removed by using propane or other hydrocarbon solvents. The
‘ removal of asphaltenes by propa..: or other solvents is called “snlvent de=
; asphalting” and the de-osphalted oil is referred to as "SDA oil".

The viscosity index of the vacuum gas oil and SDA oil basestocks may be improved by
i solvent extraction of the aromatics and resins in the basestocks using any of these
" solvents; 5
' o Furfural ’
o Phenol :
o Liquid sulfur dioxide (SO9)
o N"methyl-Z-pyrroiidone (NMP)

Altemnatively, catalytic hydrogenchon may. ‘be used fo saturate the aromahcs ond resins -
instead of solvent extraction, . y

The lubricating oils may be further processed for lowering of their pour points ‘

(to improve their low~-temperature usefulness) by solvent axfracnon of waxes using any of

these solvants: | ‘ ' |

Propane - ' ,

Methy| ethyl ketone (MEK)

Urea' i

Propylene ond ocetone mixtures ,

Dichloroethane and methylene thloride mixtures

MEK‘and methy| isobuty| ketone (MIBK) or toluene mixtures
. ,

0060000
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. Cctolyt.c 'hydrogenahon moy “also be used as an altemative to the salvent .extraction of
waxes. ‘
Basestocks derived from naphthenic,crude oils usually require very little pro-
cessing to produce lubricating oils with little wox and low pour points but relotively
poor viscosiry indexes. A fyplcc| nophfhemc lubncofmg 9 has these properhes

VISCOSI"Y at 100 °F - 500 SUS (bcybolt Umversal Seconds)
Viscosity at 210 ©F 54-56 SUS
Viscosity Index 25-50

Pour Point : ’ -15 °F

Catalytic hydrogenonon may be used to improve the visccsity index of a nophthenic
_ lubriceting oul

Parcffinic basestocks produce lubricating oils with good viscosity indexes but
high wox contents and high pour points. After solvent extraction of aromatics and resins
“followed by solvent de-waxing, typical paroffinic lubricating sils have these. properhes

100 vis oil 300 vis oil
Viscosity at 100 °F 4 100 SUS 300 SUS
Viscosity ot 210 °F 39.5 SUS ' 52 SUS
Viscosity Index 95 .95

Pour Point , .0 °f : 0 °F

) The lubricating oils produced from SDA vacuum residual oil are called "bright
i .stocks" or "cylinder stocks". After solvent extraction of aromatics and resins foliowed
by solvent de-waxing, @ typical bring stock kas these properties:

Viscosity at 100 °F - . 2650 SUS
Viscosity ot 210 °F 155 SUS
Viscosity Index . 95

The variety of process options and sequences practiced in lubricating oil pro-
duction makes it very difficul* to generalize os to the source and composition of their
wastewaters. However, there is an obvious potential for any of these solvents to enter
: the refinery's wastewater sewers: furfural, MEK, MIBK, toluene, phenol, urea, NMP,

, acetone ond others.
!

Asphalt Production
S , .
The peh:oleum refining industry préduces a variety of asphalts or bitumens. The
primary end use for asphalt is in the paving of roads. Some specialty uses (roofing tar,
flooring tiles, etc.) account for a relotively smo!l amount of the asphalt market. About
o ;' 95 U.S. refineries currently produce an oggregofe total of about 800,000 karrels per doy
p,of osphalt !
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Asphalt is produced by the oxidation of asphaltic, vacuum residual oils. The
oxidation is accomplished by blowing air through the heated residual oil. The hot gases
from the air blowing are cooled by direct quenching with steam and water, which pro~
duces a very oily wastewater. |f any crockmg occurs during the air blowing, the waste-
water will probobly contain some heavy phenolic moterials.

Sulfur Recovery

Many refineries convert their hydrogen sulfide=-rich gases into byproduct sulfur
by using a catalytic process common'y known as the Claus process. As discussed earlier
herein, hydrogen sulfide is removed from refinery gases and from C3 and C4 cuts by
absorption in an amine solution. The subsequent regeneration of the spent amine for’
reuse (by distilling the spent amine) yi elds o concentroted hydrogen sulfide gos. That
hydrogen sulfide-rich gos from amine regeneration typically constitutes the molor port of
the hydrogen sulfide fed to ¢ Claus process.

The Claus process usuolly consists of a combustion step fo||owed by two or fhree
fixed-bed catalyst stoges. About one-third of the incoming hydrogen sulfide is burned’
to form sulfur dioxide in the combustion step:

25 +1 502 "502 + HZO

The sulfur dioxide then reacts with the remomder of the hydrogen sulfide in the fixed-bed
catalyst stages to yield byproduct sulfur:

2H,S +50, + 35 + 2H,0

: The reaction effluent is conled to the melting point of sulfur and the condensed, mclten

sulfur is withdroawn and sent to storoge. The residual goses are either incinerated or
further processed (in so-called "tail gas" units) for additional sulfur recovery.

Normally, the Clous process does not generate any wastewater. The water
vapor in the reaction effluent (see above reactions) remains in the tail goses which are
vented to the atmosphere after incineration or further tail gas processing.

Sour Water Strippers

'
+

The term "sour wastewater" refers to any wastewater which contains either:

o Dissolved hydrogen sulfide, or
o Hydrcgen sulfide and emmonia combmed in the form of ammonium hydro-
swlifide

. As discussed in the foregoing description of refinery unit processes, sour woters are

usuolly generoted by these unit processes:
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o Crude oil distillation units, when proccssmg crude oils which contain some
dissolved hydrogen sulfide | '

o Vacuum distillation units, when processmg sour crude oils ond some cracking
occurs in the distillation heater

" o Fluid catalytic crackers processing sour gas oils (those confoining organic
sulfur) -

o Thermal crackers, either cokers or visbreakers, processing sour feedstocks

o Hydrocrackers and hydrotreaters, which almost invariably process sour feed-
stocks

o Gos recovery plants handling sour gases

o Steam crackers processing sour feedstocks

" Most refineries s regate and collect all of their sour waters for processing through a
* sour water stnppet

, wherein about 95-99 percent of the hydrogen sulfide and 80-95
percent of the ammonia are removed by distillation. The overhead gos from the stripper,
containing hydrogen sulfide and ammonia, mauy be sent to a refinery's Claus unit for
conversion into byproduct sulfur. The stripped water, containing o few ppm of hydrogen
sulfide and perhaps 50-200 ppm of ammonia, is then routed through a refinery's waste-
water treatment sequence.

Summo[z :

Table 4 summaries the possible wastewaters from the ref'mery unit processes dis~

‘ cused in thns section.

REFINERY CLASSIFICATION

Refineries may be classified in any number of ways. As discussed earlier herein,

' refineries might be classified on the basis of the endproducts they yield...such as motor

fuel refineries, fuel oil tefineries, lubricating oil refineries, etc. "However, for the
' purposes of this report, refineries will be clossified in terms of their processing com-
plexity as defined by the types of unit processes used in the refineries. In essence, the

- refinery classifications in this repert will be the some as used by the U.S. EPA®:

i

o Category A (Topping Refineries) == refineries which include atmospheric
crude oil distillotion and catalytic reforming with or without any other pro=
cesses (excluding cracking processes). :

o Category B (Cracking Refineries) == refineries which include atmospheric
crude oil distillation, catalytic reforming and crocking with or without any

- other processes (excludmg lubncahng oil and petrochemicol production pro=
cesses)

* !

.



TABLE 4. F‘WASTEWATER SOURCES FROM REFINERY UNIT PROCESSES

Waste- J )
Processes waters? Pollutants typically etpected in wastewater

Crude oil desalting ' yes Inorganic chlorides, HC, (st,'p‘henols)
Atmospheric distillation  yes HC, HpS, (NH3, phenols)
Vacuun distillation yes HC, (NH3, phenols)
Fluid catalytic cracking yes  HC, H,S, Ni3, CN, phenols
Coking (delayed or fluid) yes HC, H2S, NH3, CN, phenols
Visbreaking yes HC, H3S, NH3, CN, phenols
Steap cracking (gas oils) yes HC, H,S, NH3. CN, phenols
Catalytic hydrocracking yes HyS, NH3, (HC) .
Catalytic reforming 'nol o
Naphtha HDS yes  H)S, NH3, HC, (phenols)
Distillate HDS yes HyS, NH3, HC, (pheno.ls)
Heavy oil HDS yes ' H4pS, NH3, HC, (phenols)
Gas recovérg plants:

Unsaturates yes HpS, NH3, RSH, CN, amine, (HC, phenqls)

Saturates yes HaS, NMj, RSH, amine, (HC)
Merox treaters’ ' yes NaSH, NaSR, sodium phenoclates, (HC)
Alkylation yes Sulfuric or hydrofluoric acid or acid salts
Isomerization no
Hydrogen sgnthésis (yeﬁ) (CO2, CN, NH3, amine)
Aromrtics extraction (ves) {solvents, aromatic HC)
Petrochemicals {yes) (various) ' ;
Lubn‘catiné oil yes Solvents ard various others
Asghalt yes HC, (phkenols)
Sulfur recovery no
Abdreviations: HC -~ hydrocarbon liquids or oils RSH -- mercaptans.

H25 =-- hydrogen sulfide

NH3 -- ammonia

CN -- cyan.des and thiocyanates

NaSR ~-- sodium mercaptides
. NaSH -- sodium hydrosulfide
€02 -- carbon dioxide

‘The poliutants enclosed in ( ) indicate those which may not be present in all

cases.
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o Category C (Petrochemical Refineries) == refineries which include atmospheric
crude oil distillation, cotalytic reforming, cracking and petrochemicol pro=
duction processes wufh or without any other processes (excludmg lubricating
oil production processes).

o Category D (Lubricoting Cil Refineries) == refineries which include atmos-
pheric crude oil distiliation processes, catalytic refomung, cracking and
" “lubricating oil production processes with or without any other processes .
(excluding petrochemical production processes). .

o Category E (Integrated Refineries) == refineries which include atmospheric
crude oil distillation, cotalytic reforming, cracking, lubricating oil pro-
duction processes and petrochemical production processes with or without any
other processes. :

: Table 5 lists the various unit processes which are included or may be included within each
of the refinery classification categories defined by the EPA. The EPA's classificotions
ore fairly straight~forward except for the definition of petrochemical operations. The

“EPA's definition includes "first generation” petrochemicalis (such as 3TX ond olefins '
which ore produced directly from refinery intermediate sireams) as well as "second gener—
ation" petrochemicols (such as cumene and styrene which are produced from the first
generation petrochemlcols) And the EPA further stipulaies inat:

o Any production of second-generation petrochemicals constitutes petro=
' chemical operations or processes.

o But production of first~generation petrochemicals must amount to 15 percent
, or more of refinery pruduction to constitute petrochemical operations.

! Thus, o smell steam cracker in a large refinery might be classified as a cracker, whereas

;@ large steom crocker in a small refinery might be clossifiec as o petrochemical unit. ..

! even though the steam cracker produces first—generatiun petrochemicals (ethy ‘ene and

. propylene) in either case. The same situation applies to the extraction of BTA from

, catalytic reformate. . .it might or might not be classified as a petrochemical unit

' depending upon its size relative to the rafinery size. As footnoted in Table 5, for the

' purposes of this report, steam crackers and oromatics extraction units are taken to be
 petrochemical processet on the basis that their output of first-generation petrochemicals

»exceods 15 percent of the refinery produchon But the readers of ‘this report should

tunderstand that such may not always be the case in terms of the EPA's detinition. 5

' ; i )

" Topping Refineries (Cctegory A)’ . b

; !

Figure 3.is a flow diagram of o ryp“cal topping refinery in which:

o The feedstock crude oil is desalted and then distilled in an atmospheric
~ distillation unit. |

o The virgin heavy naphtha from the atmospheric distillation unit is hydrode-

[ER SIS
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TABLE 5. REFINERY CLASSIFICATIONS As DEFINED BY UNIT PROCESSES IN EACH
REFINERY CATEGORY : '

, CATEGORY
) PROCESSES ' ‘ A B c Db _E

Crude oil distillationn: '

Atmospheric : ® e ° ) °

Vacuum » o ] ®
Fluid catalytic cracking X ] ] ] ]
Catalytic hydrocracking X ] . ° .
Delayed coking X e .0 ° .
Fluid bed coking X o o [ o
Visbreaking X ° ) ° )
Steam cracking (of gas oils)® ] x o X L
Catalytic reforming (] ) ] ) )
Naphtha HDS ) (] ¥ ° o
‘Distillate HDS . . ° [ *
Heavy o0il HDS ] 9 ® ® .
Gas recovery plants: '

Unsaturates na ° ° ° ¥

Saturates ' [ . ° ° °
Alkylation na ° ® (] °
Catalytic polymerization na e L L L
Butane isomerization na ] ° ° °
Pentane~-Hexane isomerization ) ° e . o e
dydrogen synthesis ° ° ° ) [ ]
Aroratics extraction? ° x ©® 'x e
Petrochemicals ' L X ] X °
Lubricating oil [ b3 X ° °
Asphalt ) ) ° '® )
Sulfur recovery [ ] L] . e

These processes are included or may be included by the category definition
X . These processes egre excluded by the category definition
na Nrt applicable for refincries without cracking units
a Defined as pettochemiéal lroducing processes for this listing

CATEGORY A -~

Topping Refineries

CATEGORY B -- Cracking Refineries
CATEGORY C -- Petrochemical Refineries
CATCGORY D -- Lubricating 011 Refineries
CATEGOR! £ —-- Integrated Refineries
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'

sulfurized end caralytically reformmd to yield a sulfur'free, high=cctane
gasoline componenf

o The virgin kerosine and diesel fum the armosphenc distillation unit are
hydrotreated for sulfur removal .

o The residual oil from the bottorn of the atmospheric distillation unit is vacuum
- - - distilled to yield additional gas oil, s .

o The combined virgin go: oils from the atmospheric end vacuum distillation
units are hydrotreated fer su:lfur removal and then biended with the vacuum
distillation residual oil to nroduce fuel oil.

o Hydrogen for the desulfurizer and hydrotreaters is produced by the reforming
unit.
. o The various process unit gcses are routed fh;'ough a gas recovery plcn't to
recover sweet refinery fuel gas, propane and butane, LPG, ond a.light virgin

nophtha.

“- ¢~ The light virgin naphtha is Merox treated for removal of mercaptans and then
blended with the catalytic reformare to produce the refinery's endproduct
- gasoline.,

o The hydrogen sulfide from the omine scrubbing in the gas recovery plont and
from the refinery's sour water stripper is converfed into byproduct sulfur in @
Claus sulfur recovery unit.

.Thé topping refinery depicted in Figure 3 isa foirly simple one. As shown in Table 5,

_topping refineries may be quite a bit more complex. For example, if the catalytic
. reformer hydrogen yield is not sufficient to supply the hydrotreoters, then o hydrogen
synfhes:s unit would be required. In some cases, the light virgin nophtha (pentanes and

, hexanes) may be catalyticolly isomerized for oc:are rating improvement. Topping

[ refineries may also include cromatics (BTX) extraction from the catalytic reformate,
"lubricating oil production and asphalt production. Thus, Figure 3 depicts only one of
“many processing configurations that could be classified as a topping refinery. However,

* it contains the primary or fundemental process units typical of most topping refinerias.

!
CrockmiRanenes (Cafegory B) o {

|
i
1
§
|

!
1 .
Figure 4'is a flow diogrcm of a crocking refinery in which:
Ii . ) B . l
o The desalted crude oil feedstock is cistilled (by atmospheric and vacuym
distillroﬁon) to yield gas, virginlnophthas, virgin kerosine and diesel, aond
virgin gosoils. '

o The vlrgm heavy naphtha is h/dnodesulfunzed and catelytically ‘reformed. .
The silfur-free, high-octane ccfolyhc reformate is sent to endproducf gos-
oline blending.

PRSI
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o The vlrgm kurosme and diesel cre hydrofreofed for sulfur removal ]

o To mnmm ze fuel oil production and maximize gasoline production, the llghf‘
virgir gas oils are cracked in a fluic catalytic cracking unit and the heavy
virgin gas oil is catalytically hydrocrockeo

o Part of the vacuum distillation residual oil is coked (to further maximize
-——-gesoline production), part is air-blown to produce asphalt ond the remainder

is blended into fuel oil. ; , i

o To maximize gasoline production even further, the gas 0il yielded from the
coker is fed to the fluid cofolyhc cracking unit for cracking. o

o The heovy naphtha from the hydrocracker is sent to the cotalytic reformer for
octane upgreding. i ,
o The goses and light nophthos from the fluid cotolyhc cracking unit and the
coker (with a high content of unsaturated olefinic components) are routed

through an unsaturate gas recovery plant.

"~ 0" The isoparaffinic, light hydrocracked naphtha, ‘which has a very good octane
rating, is sent directly t> endproduct gasoline blending.

o The other gos'es and light naphthas from the atnespheric distillation unit, the
catalytic reformer, the hydrocracker and the hydrofreorers (all of which are
primarily soturated paraffins) are routed threugh o saturate gos. recovery plant.

o The naphthas recovered from the two gas recovery plants are Merox treated
for mercaptan removal and then sent to endproduct gasoline blending.

o An alkylation unit produces a very hijh-octane gasoline component by com-
bining isobutane in the saturate gas plont C3/C4 cut with the propylene ond
butylenss in the unsaturate gus planf C?‘/C4‘ cut.

o The rgf'nery s endproduct gcsolmes are produced by blending:

Light virgin naphtha, catalytic reformate, alkylate, light and heavy
fluid cotalytic cracking ond coker naphthas, and light hydrocrccked
naphtha. l

o The refinery's distillate oils (vurgm kerosine and diesel, fluid catalytic
crockmg gos oil and hydrocracked diesel) are blended to produce kerosine,
jet fuel and diesel oil. Some of the heavier distillate oils are blended with
vacuum residual oil to produce énclproduct fuel oil os'well as rafmery fuel
oil, |

o Hydrogen suifide from the amlne scrubbing in the gos recovery plants and
from the sour water stripper is converted to byproduct sulfur in @ Claus sulfur
mcovery unit,
PA oomponson of F:gures 3 and 4 illustrates tl‘of a cracking refinery is very much more
ﬂ*__complex than o foppmg refinery. And, in rr‘ony coses, it may be even more complex. ~

T’
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»For example: K

13

14

! ' 1

t
S o The bufylenes fed to olkylohon often require catalyhc hydrogenation to con-:

X7

vert butodlene into butylenes. i

o If fhe isobutane in the saturate gos plant, C3/C4, is not sufficient to alky=- .
___late oll of the refinery's propylene and butylene, then a butane isomerization
T unit |s s often odded to convert the normal butane into isobutane.

o If the' hydrogen yielded by the reformer is insufficient to supply the hydro-
treaters and the hydrocracker (which has a very high hydrogen demcnd),
then 4 hydrogen synthesis planr would be required.

» In some cases, a cracking refmery alkylotes its butylenes but cofolyhcolly
polymenzes its propylene i :

o In some cases, the light virgin naphtha (pentanes and hexanes) may be
cafolyflcally isomerized for o:tane-rating improvement.
|

Lﬂte eracking ref'nery depicted in Figure 4 has both fluid catalytic cracking and
i cotolytic hydrocrocking. That is not always the cose. Some cracking refineries hove
lonly fluid catalytic crockers and some hove only hydrocrackers. Other cracking
| refineries hove no coker, and yet others may have visbreakers (thermal crackers). Thus,
'a cruckmg refinery may also be considerobly less complex than the one shown in Figure 4

. .but in general fhey are stlll much more complex than a topping refinery. '

i

Petrochemical Refmery (Category Q) ’
‘ i
| ‘ :
. Figure 5'is o flow diagram of o petrochemical refinery. It is identical with the
cracking refinery in Figure 4 except for these additional process units:

: i
o An or}::moﬁcs production unit which extracts BTX from o portion of the
refinery's catalytic reformate.

o Second-generation pefrochemacal produchon processes:

(o) Ethylbenzene production by the cafolyhc reaction of benzene and
ethylene. :
(b) Styrene production by the c?folytic dehydrogenation of ethyibenzene.

(c) Cumene production by the cotalytic reaction of benzene and propylene. |

! — = .
The ethylene and propylene feedstocks (CZ°/C37) for the second-generation |
potrochemucol units ore obtained from the refinery unsaturate gas recoery |
plonf. The benzene feedstock is obtained from the BTX extraction unuf l

In terms of producmg motor fuels, distillote oils and fuel oil, the petrochemical ref‘nery
in Figure 5 uses the some configuration of process units as the cracking refinury in Figure |

NELg As with the cracking refinery, there may be many other petrochemical refinery — — 4

o
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conflgurohons which are more complex
[

o A steam crocker might be added; using part of the refinery's virgin gas oil as
feedstock, to produce ethylene, propylene, butadiene and aromatics as well
as byproduct gasoline and fuel oil.

o Cyclohexane might be produced by the catalytic hydrogenation of benzene“

o The same possible variants as dlscussed for the cracking refinery apply fo the
pefrochemlcol refinery. 1

- Thus, Figure 5 depicts only one of the many processing configurations that could be
closslf‘ed as o perrochemucol refinery. '.
i i

I.ubncotmg Qil Refinery (CoteLmD)

Figure 6 is'o flow diagram of a lubricating oil (lube oil) refinery. It is
‘identical with the cracking refinery in Figure 4 with the exception that it includes pro~
cessing units for producing a range of lubricating oils. :

The feedstocks for the lubricating oil processes are gos oil and residual oil
_obtained from the vacuum distillation unit. The various processes that may be included
111 the lubricating oil unit are: ‘

i

o SDA of. the vacuum residual oil feedstock.

o Solvent extraction of a-omatics and resins from the feedstocks for improving
the viscosity index of the endproduct lubricating oils.

o Solvent extraction of waxes from the feedstocks for lowering the pour point of
the endproduct lubricating oils. \
f Figure 6 depicts anly one of the many préceisung configurations that could be classified as
lubncanng oil refineries. All of the possible variants discussed for a topping refinery and
'for a cracking refinery apply to @ lubncohng oil refinery os well.
' !
; Infggrofed Refinery @afegory. £) .

i

'
]
H

Figure 7 is o flow diagram of an integroted or "combination” refinery, which is
‘one that combines all of the elements of crockmg, petrochemlcal and lubricoting oil
nafmenes. |
As with the other refinery cofegones, Figure 7 dep:cfs only one of the very

rmany processing configurations that could be classified as integroted refineries.
I ' ¢ '

I ;
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- REFINERY WASTEWATERS

Thus far, this section has dealt primarily with the unit processes used in
petroleum refineries and with the wastewaters generated by the individual processes (as
summarized in Table 4. However, there are a number of non-process wastewater sources
in most refineries, and the purpose of this section is to discuss all of the wustewaters thot
may be encountered in refineries including non=process as well as process sources.

|l
'

Wastewater Sources

Figure 8 depicts oll of the wastewater sources typicolly encountered in petroleum.

3

refining:

o Wastewaters from process units, which includes:

)

(0) Sour waters (process steam condensates ond wash woters) as previously
discussed and summorized in Table 4.

(b) Miscellanecus solvents and chemical wastes (also summarized in Toble 4)
as well as drips and drains from valves, pumps, somple taps, etc.

s

(¢) Roinwater runoff from process unit areos.
° Drainage from tonk farms (storoge tonk diked areas).

o Ballast water withdrawn from the cargo holds of incoming empty tankers at
those refineries which ship some or all of their endproducts by tankers.

o Cooling tower blowdown at those refineries which use circulating cooling
water systems with evaporative cooling towers.

o The wastewater brines from the treatment (softening and/or demineralizing) of
the refinery's intake water supply.

o Blowdown from the steam~generating boilers in a refinery, which includes -
utility steam boilers as well as process heat recovery steam generators (waste
heat boilers).

o Sanitary water effluents (from wash oom and toilet facilities).

o Clean rainwater runoff from non-process oreas such as roads, parking lots,
utility plont areos, etc.

o Wastewaters from the refinery laboratory (not shown in Figure 8 for the soke
of simplicity). . \
It must be emphosized thot some refineries may include all of the wastewater sources
shown in Figure 8, but other refineries may not. For example, many refineries do not
ship products by tanker and hence would not have ballast woter to handle. As another
example, some refineries utilize once=through cooling water systems rather than circu-
_lating cooling water systéms and thereforz would not have any coolina tower blowdown.

35
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includes:

Figure 8 also debicfs a wostewater maonagement or treatment sequence which

ancry remova! of oil and suspended solids from the oily water sewer flow,

using a gravimetric oil-water separator of either the APl design or the

corrugated plote interceptor (CPl) type.

Secondary removal of oil and suspended solids, using either air flotation or
chemical coagulation and settling.:

An equalizing basin which provides intermediate storage and mixing of the
incoming wastewater to "smooth out" any fluctuations in wostewater flow and
composition so as to obtain a uniform feed to the biological treatment step.

'Biological treatment which may utilize:

(o) An gerated logoon system,

(b) A trickle filter process

(c) An activated sludge process '

(d) Or various combinations of aerated lagoons, trickle filters and achvoted
sludge units.

[
1

Mixed media filtration for the final removal of suspenced biological solids.

A final sforoge pond whlch provides for testing and quality control before
final discharge of the tre:ted effluent.

A separate sewer for non-oily wastewater, which contains a relatively high
concentrotion of total dissolved solids (TDS) primarily in the form of
inorganic salts. Such non=oily, high TDS wastewaters may be routed
directly to the final pond as shown in Figure 8.

The totol wustewater flow éeneroted by petroleum refining varies very widely
from one refirery to another. There are many factors that influence the wasiewaiar flow -
_from any given refinery, some of which are::

[+]

The refinery's processing configuration as defined by the refinery categorice
discussed herein. :

The annual rainfall ot the refinery's geographical location.

The type of cooling water system used in the refinery (that is,. whether once-'
through or circulating). : :

Whether or not the refinery must handle tanker bollost water.
The age of the refinery and the degree of good "housekeeping" practiced
within the refinery .

The degree of air-cosling and of wastewater reuse so as to minimize the
overall water demand of the refinery.

§ e —
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f"tédséd*u*;:;.onﬁ&-:t_o’ogfgine.d in 1972 from 94 U.S. refineries (each with less than 3 percen;

. of their cooling needs provided by once=through cooling water), the EPA derived these
medion, dry-wecther wastewater flows®:

TABLE 6.

MEDIAN DRY-WEATHER WASTEWATER FLOWS:

: Refinery Cofejory

Medicn wastewater flow
{golions of wastewater/barrel of crude oil)

“Topping (Category A) 20
- Cracking (Category é) ' ‘ 25
Petrochemical (Category C) 30
Lub}icoting. Oil (Category D) . . 45
Integrafed (Category E) 48

Teanslated to o refinery processing 100,000 borrels per day of crude oil, the above
- median wastewater flows range from 1,390 gpm (Cotegory A) to 3,330 gpm (Category E).
. It must be emphosuzed that the range of extremes (lowest to highest) was very much
. broader than the obove range of median flows. In any event, these dato may provide the
" reader with o perspective as to the wastewater flow rates encountered in petroleum

refineries.

]

- Wastewater Pollutants

Refineries generate a spectrum of wastewater pollutants which includes
"inorganic solts, hydrocarbon oils, suspended solids, ammonia, sulfides, phenols, ‘
' mercoptans, cyanides, solvents, heavy metals, etc. To discuss each and every specific
“pollutant or to classify those which might be considered "hazardous" or "toxic" is beyond
j ; the scope of this refinery charocterization section. Accordingly, this zection is limited
'to a discussion of the major pollutants or pollutant parameters which have generally been '

"used in the petroleum refining industry to chorccferlze the level of pollutants in refinery .

wasfewofer streams:

1 .

BOD5

CcoD

\

A parameter which measures the oxygen consumed by the bio-
logical oxidation of wastewater pollutants over a 5-day period, '
commonly colled fhe 5-day biological oxygen demand.

A parameter whlch measures the oxygen required to chemically

oxidize wastewater pollutants using a chemical oxidant and a

specific reaction time, commonly colled the chemical oxygen
demand. There are mony different COD measurement methods,
and the most common one in the United States uses a dichromate
oxidant with a 2~hour reaction time. There is no generohzed
correlation befween fhe BOD:; and the COD parameters.



Suspended
Solids

Oil

Ammonia

Phenols

i
t

Sulfides

" Tota!
Chromium

{

1

!

A parameter which measures the amount of organic carbon

present in a wastewater, commonly called the total orgonic
carbon. There is no relicble, generalized correlation between
the BODg, COD and TOC parameters. The TOC measurement
can be made by an automated, on-line analyzer which provides
o rapid determindtion of organic carbon levels in wastewaters.

-For specific wastewaters in specific refineries, TOC may be

correlated with BOD5 and COD to provide a continuous indi-
cation of the biological and chemical oxygen demond of the
wastewater. ...as long as the operating conditions in the
refineries remain within the range for which the TOC wos corre=
lated with BOD5 and COD.

The suspended solids content of a wastewater includes organic
solids (tar, grease, fibers, hair, sawdust, e‘c.) ond inorganic
solids such as sond, silt ond clay. :

The oil .content of o wastewater includes any oil or grease which
is extractable by o specific solvent, usually Freon.

The ommonia content of a wasrewater includes free or dissolved
ammonia os well os combined ommonio such as in ammonium
hydrosulfide. It is usually reported as ammonia nitrogen (NH3 =
N), which is the nitrogen fraction of the ommonia amounting to
82 weight percent of the amn.onia.

The phenols content of a wastewater includes phenol, cresols
and xylenols os well os perhaps other phenolic species.

The sulfide content of a wastewater includes free or dissolved
hydrogen sulfide as well os combined sulfide such as in emmonium
hydrosulfide or in sodium hydrosulfide.

i . ) |

! .
The total chromium content of o wastewater includes trivalent

and hexavolenf chromium. ' ;
, . .

Mony if not all of the |obora|crv test methods for measuring the cbove pollufonrs ond

; i pollutant parameters have problems from mferfermg substances and have varying degrees

, of repeafobllnfy (in the some laboratory by ihe same analyst on the same sample) as well
as varying degrees of reproducibility (by different iaborotories or different analysts on the
‘ same sample). This makes it quite difficult to obtain meaningful pollutant data compar=
f isons from one refinery to orother even when using specnfled or standcrdized test methods,

_In fact, it is often difficult to obtain meaningful comparisons of pollutant daia from one '

..,~wostewoter streom to onother within the same refinery.

T

5



Pt

Yo Each of the above pollutants and pollutant pcromefers are discussed below in
“terms of the refirery wastewater sources {depicted in Figure 8) in which those pollutants
‘ : can normally be expected to be present. A ,

¢

5 doy BOD-- '
SN Most of the sour wastewaters. from the normal operation of refinery process units
{see Figure 8) contain biodegradable pollutants and have a significant 5~day BOD, - As
shown in Tabie 4, almost all refinery unit processes generate wastes containing oils,
“solvents and other substances, all of which are biodegradable. Since the process unit
t areas are usually paved and graded to drain into the cily water sewer, the rainwater run-
, off and miscellaneous drains and drips from those process areas contain biodegradable
+ pollutants and also have a significant 5~day BOD (although perhaps somewhat lower than
. the 5-day BOD of the operational sour wastewaters). , : :
| After stripping the sour waters for hydrogen sulfide and ammonia removal, the
“stripped waters are normally routed through a crude oil desalter. The crude oil absorbs
.and removes a gooa part of the phenols that may be present in the strisped waters!
*However, the olly ond salt-loden effiuent water from the desalter to the oily woter sewer
. has a 5-day BOD wl'nch may range from 70 to 600 ppm]

The oily water drainage from the storage tank farm hes a significant 5-day BOD,
" as does the oily ballost water removed from tankers amvmg tc be loaded with outgoing
refinery products,

2 The blowdown from cooling towers in cooling water systems which are in good
t physical condition do not usually contain any oils or other pollutants that create o 5-day
'BOD. However, in older systems which may have leaks in their water-cooled proces:
; heat exchangers, the cooling tower blowdown may contain a sugmflconf amount of oil
: which creates o sngmf'cont S5-day BOD. |

In summary, the probable wastewater sources of 5-day BOD are these: l
. | |

o The operational sour or phenohc or oily wastewaters from the refinery unit
processes. } ';

o The rainwater runoff ond miscellaneous drips ond drains from the refmery unit.
processes. ' ;

o The oily ballast water in those reflnerles shipping producfs by fanLer.
o The oily brine effluent from crude oil desalters. ' '

o The olly drainage woter from storoge fanks ond from their diked enclosures.

H
o The cooling tower blowdown from refineries in which there are significant
leaks in the water-cooled process heat exchangers.

t
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In generol, the wastewater sources of COD in a refinery are identical with the
S5-day BOD sources discussed just above. Although there is no generclized correlation,
between COD and 5-day BOD, the level of COD in refinery wastewaters is typically
higher thon the level of 5-day BOD by o factor of 1.5-2.0 or more.

*In general, the wastewater sources of TOC in @ refmery are olso adenhcol wuth
the 5-day BOD sources. There is no generalized correlation between TOC, COD ond

i 5-day BOD and the level of TOC in refinery wastewaters may be. higher or lower than the
level of 5~day BOD (but TCC is generally lower than COD). '

. Oil~=
The sources of oily wastewaters in a. refinery are identical with those for o-day
BOD and that is all of the sources shown as routed into the oily water sewer in Figure 8.
[

"Suspended Solids-~

o All of the wostewaters in a refinery, whether oily or non-oily, are sources of
suspended solids. That includes the wastewaters which are not routed irto the oily water
sewers such os cooling tower blowdown, boiler blowdown, intake water treatment wastes, |
treated sanitary wostes and clean rainwater runoff. However, the sources of oily.
suspended solids are the same as for oil or for 5-day BOD., '

TDS-- | o
i TDS in refinery wastawoters consist mostly of inorganic salts and their major
sources are;

o Cooling tower blowdown
! o Boiler blowdown
; ) lntoké water treatment wastes

l * C

. Most refmery cooling towers operofe within the ronge of two to seven cycles of |
concentra’ion due to the evaporation required to remove the heat absorbed by the circu-
lating cooling water. Thus, the cooling tovier acis like an evoporohve concentrator and °
. the corcentration of inorganic salts in the tower blowdown is two to seven times the con-:
"centration of the salts entering the tower in the treated makeup water (whtch reploces

the evaporated water and the blowdown water). ‘ ‘
! ; : i .

Boiler b!.owdowns also contain h?gh levels of TDS due to the evoporarion of )
. water to generate steam, which ledves behind o highly concentrated inorganic salt l
‘solution. The level of TDS in a boiler blowdown depends upon the degree to which the |
i boiler feedwater has been softened or demineralized, and upon the pressure level of the
steam generated which determines the amount of blowdow:n needed to maintain a tolerable
!level of dissolved salts. In general, the TDS in refinery boiler blowdowns ranges from |
1,000 ppm in hngh pressure steam boilers to 1,000 ppm in low pressure boilers. H

H ‘—"' '
S
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"fw - The degree of intake water treatment required and whether the treatment is N
 softening or demineralizirig depends largely upon the composition of the intoke water

: supply and upon the steam generation pressure levels in a refinery. In any event, the
' minerals or salts removed by the intake water treatment generate a high TDS wastewater
effluent or brine. The level of TDS in those wastes deperds upon the specific treatment

unit design and the specific trectment requirements of each refinery. -
hs

, lAmmomo ond Sulfldes-- ; !
i As discussed eorlier, sour wosfewcrers are those which contain e:fher dissolved '
i hydrogen sulfide or ammonia and hydroger: sulfide combined in the form of ammonium
“hydrosulfida. All of the sour wastewaters are derived from the unit processes within a ‘
refinery and are usually routed through o sour water stripped (see Figure 8). The stripper
‘removes as much as 99 percent of the hydrogen sulfide and perhaps 80~95 percent of the
:5 oemmonia. Thus, the stripped sour water routed to the oily water sewer (or reused in the :
" crude oil desalter) nomally has only o few ppm of hydrogen sulfide and perhaps 50-200,
ppm of emmonia. '
5“‘*‘ "= =~ Spent caustic ‘solutions from Merox and other treating units (used to s¢rub -
! refinery liquids for removal of hydrogen sulfide and mercaptans) are also sources of
| sulfidic wastewaters. Sfripping of spent causties without prior neutralization is lorgely
. ineffective in terms of removing hydrogen sulfide. The ophons for spent caustic disposal

ore- -t ‘~. ’ . !
o Neutralization followed by sfnppmg prior to routing mfo the oily water
sewer. :
) lncmeroﬁon in a fluidized bed incinerator.
o Deep well disposal in a suurcblelunderground geological strata.
o Offsejt disposal by contmct wnth commercml dlSpOSOl firms.
Phenols-~ |

As discussed in the introduction, most of the phenols appearing in refinery ,
wastewaters are generated by the thermal cracking and fluid catalytic cracking processes
used in refineries. Thus, the sour wastewaters from the refinery process units contain. |
significant levels of phenols (especiolly if the refinery includes cracking processes). ‘
Stripping of the sour water may remove about 20-30 percent ¢! the phenols. If the
sfrlpped water is then reused in a crude oil desalis:, a orud part of the phenols remaining
in the stripped water will bo removed by absorption into the crude oil. i

|

Phenoltc‘ sp-t caustics are those which have been used to scrub cracked
.| naphthas and heavier liquids within the ref'nery If the phenolic spent coustics are
'l nevtralized, the phenols may be removed ond recovered as saleable byproduc.] . The dis*
posal options for the phenolic spent coustics:are the same os for the sulfidic spent

caustics dlscussed just above.
NE { e t
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= Total Chromium==_"
' Organic ond i inorganic chromates are used as corrosion inhibitors in the large

 majority of refinery cooling water systems, especially in circulating systems with evapor=

' ative cooling towers. Thus, the major source of chromium in refinery wastewaters is the

1

blowdown from cooling towers.

© SUMMARY AND PERSPECTIVE

All of the wastewater sources (process and non-process) typically encountered

in petroleum refineries have been discussed and explained in this section.

Those sources

and their routing through a typical wastewater management or treatment sequence have

been depicted in Figure 8. To provide a perspective, Table 6 presents EPA dara on the
median, overall dry=-weother wastewater flows from each of the EPA's five refinery cate-
Those flows ranged from 20 to 48 gallons of wastewater per barrel of crude oil

gories,
processed

The pollutants and pollutont parometers commonly used to charocterize refinery

wastewaters have been defined and discussed in this section.

Then each of those

poiiutants ond pollutant porameters have been discussed in terms of identifying the
specific wastev/oter sources in which they can nommally be expected to appear,

As o final order-of-magnitude perspective, Table 7 presents dota derived by the’
EPA as to the median pollutont loads (and their equivalent wastew ater pollutant concen-

trations) from each of the EPA's five refinery categories.

'Excluding 'the category of

topping refineries, the medion, overall refinery wastewater pollutant concentrations ir.

Toble 7 may be summarized as:

5-day BOD
.COD
T0C,

’ :
Suspended Solids

oil

Ammonia
Phenols
Sulfides

Total Chromium

It must be emphas:zed that the above concentrations refer to the wastewaters prior rto any
treatment or removal other than the pnmory removal of oi! and suspended solids in an APIl

or CP! oil-water separation unit,

—

H
i

120-240 ppm
290-650 ppm
;70-210 ppm
:30~ 70 ppm
150=110 ppm
'20- 50 ppm
¢ 3= 11 ppm
< 1-
'<0[. 1-0.4 ppm

§

!
f

}
v
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= TABLE 7. REFINERY POLLUTANT LOADS AND THE EQUIVALENT WASTEWATER
POLLUTANT CONCENTRATIONS

POLLUTANT LOAD as pounds
of pollutant per thousand
barrels of crude oil pro-

REFINERY CATEGORY

cessed in refinery TOPPING CRACKING PETROCHEMICAL LUBE OIL INTEGRATED
' BOD5 - 1.2 25.5 60.0 76.0 69.0
cop o 13,0 76.0 162.0 190.0 115.0
T0C 2.8 14.5 £2.0 38.0 48.6
Suspended solids L4 6.4 17.0 25.0 20.3
0il 2.9 10.9 18.5 42.0 26.2
Ammonla 0.42 9.9 12.0 8.5 7.2
Phenols 0.012 1.4 2.7 2,2 1.3
Sulfides o 0.019 0.33 0.30 0.005 0.70
Total chromium 0.0025 0.088 0.085 0.016 0.17

EQUIVALENT WASTEWATER

POLLUTANT CONCENTRATION as

pp= by weight in the waste-

water flow
BODs 7 122 240 203 173
CcoD 78 365 648 507 288
T0C 17 70 208 101 122
Suspended solids <5 31 68 67 51
0il 17 52 74 ' 112 66
Ammonia 3 48 48 ' 23 18
Phenols <1 4 11 & 3
Sulfides <l 2 1l <1 2
Total chromium <0.1 0.4 " 0.3 <0.1 . 0.4




*--FUTURE TRENDS
" Genercl

The future trends in petroleum reﬂr:\ery wastewater generation and the pollutants
"in wastewaters is o function of many inter~related variables. Perhaps the key variables
* affecting. those future trends are those associated with: - :

o Future environmental regulations
o New refinery technology
o, New refinery feedstocks

o Water reuse ond conservation

Each of the above key variobles are discussed in quolitofivé terms in this section. It
would be very difficult if not impossible to quantify the future trends, and any attempt to
do 3o is beyond the scone of this section. A

FUTURE ENVIRONMENTAL REGULATIONS
The generation of wastewaters in refineries will be strongly influenced by the
need to coxply with the ever—increasing stringency of environmental regulotions. This
.applies ror only to effluent wastewater regulations. It applies just as well to regulations
which o« directed at air emissions and ot solid wastes. The odditional technology and
facilities needed to comply with air emission and solid waste regulations very often
results in additional water usoge and odditional wastewater generation. For example, if
flue gas scrubbers are required on refinery boilers, process heaters and fluid catalytic
crocking unit regenerators in order to meet future limitations on sulfur dioxide emissions,
wastewater slurries may be generated which will require hondling, treatment ond disposal
of a type not currenfly procticed in refineries.

As another example, future envuronmentol regulations on the quality of refinery
. products such as on the permissible constituents of gasoline (for example, constraints on
- the aromatic content or tetmethyl lead content of gasolines) wi!l have a direct effect on
forcing changes in refinery processing or the development of new processes. Those .
' changes or new technology will undoubtedly have an effect upon the generation and
composmon of refmery wastewaters,

~ Any future environmental regulations directed toward "toxic" or "hozardous"

- pollutant discharges will have a direct effect upon the wastewater treatment technology
required ot the "end of the pipe". However, such regulations may also require process
changes or new processes to control the generation of such pollutents. Again, those

' changes or new processes moy well hove o secondcny effect upon the generation of

. wastewaters, :
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. Obvuously, cny ‘requlations dnrecfed toward an ultlmofe 'zero dsschoma an ’
would have a profound effect upon the generation of refinery wastewaters by ‘orcmg new
technology for the reuse of treated wastewaters.

- NEW REFINERY TECHNOLOGY

h - -The development of new technology for petroleum refining is en on-going,
evolutionary process. As the world's supply of petroleum crude oil diminishes ond the
"energy shortoge" grows more and more severe, the search for new. technology to obtain
more gasoline and other products from each barrel of crude oil will be greatly intensified,

. The new technology that will emergy from that search will bring with it enther additional
problems or new problems related to wastewater generation.

While it is difficult to foresee just what new refinery technology is over the
horizon, one con predict with some certainty that refineries will become increasingly
complex. And if con be predicted that the increasing complexity will mean odditional
problems of wastewater generation and treatment. A brief comparison of the topping
ref'nery and the integrated refi:iery categories in Tobles 6 and 7 makes it obvious that
increasing the complexity of refineries not only results in on increased wusiewater gener=
ation but it also results in o higher level of pollutants within the wastewaters,

NEW REFINERY FEEDSTOCKS

Ais the world's supply of low=sulfur crude cil becomes scarcer, refineries will
have to process increosingly higher-sulfur crude oils. As discussed carlier herein, pro-
" cessing higher-sulfur crude ocils will require more and more hydrogen synthesis units in
refineries. Since hydrogen synthesis hos o very large steam demand, there will be an
increase in the wostewaters generated by boiler feedwater treatment (softening or
deminerolization) ond there will be on increase in the generation of high TDS boiler blow—
"down. Hydrogen synthesis. also produces o process steam condensate which, if not reused
os boiler feedwoter, constitutes o major wustewater source. - )
The search for new or oltemative energy supplies will inevitobly lead to coal
liquefaction and to extraction of oil from U.S. western shale deposits/. The crude oils
from those sources will still require refining to produce the conventional range of
petroleum refinery products. Those feedstocks will have very much higher nitrogen
contents ond sulfur contents thon the low=sulfur crude oils currently processed in
refineries. The procussing of those new feedstocks will compound the need for additional
"hydrogen synthesis os well os possibly create new wastewater generohor problems other
than those associated with odditional hydrogen synthesis.

§WATER REUSE AND CONSERVATION

1
'
l

Thete is a vast body of technical literature regarding industrial wastewater reuse
_ond conservation of fresh water intake. It is not the intent of this section to discuss the _
! »mony reuse technologies that have been proposed. Nor is it the intent to review the
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histories of those specific cases in which wate: reuse has been successfully demonsfrofed
or commerc:c'l/ procticed. However, it is quite sufe to predict that there will be on
increasing trend toward water reuse in industrial plants of all kmds in order t¢ comply
with environmental regulations. .

" As fer petroleum refineries, their oily wastewaters can be treated so as to
produce an effluent amanacble to selected reuse within the refineries. However, most
refineries have four wostewaters which contain a high level of inorgunic salts (see Figure
8) and it will be most difficu:it to treat those four wastewaters for reuse:

o Desalter effluent brine
o Cooling tower blowdown
o Boiler blowdowa

o Intake water treatment wastes (bnnes)

The technologies do in fact exist for desalination of such wastewaters, but they are very
expensive and require o very lorge consuription of energy. Removal of the inorganic,
waoter-soluble salts from those wostewaters creates the problem of how to dispose of the
salts in o monner which prevents their dissolution in the ~ext rainfall. In other words,
desalination of wastewater brines and transport of the removed salt to o disposal dump
merely transfers the problem without providing an ultimo*~ resolution of the problem.

The trend towards water reuse and fresh woter conservation in petroleum
refineries will probably include:

o Replacement of once-fhrough cooling water systems with cnrculohng systems
using evaporotive coolung towers.

o Raising rthe level of concentration cycles within existing circulating cooling
water systems by reducing the amount of blowdown.

o More usoge of air-cooling rather thon weter=cooling.

© More intensive efforts to reduce water-cooling and sfeom-heohng needs by
utilizing more process heat recovery .

o Replacament of injected steam into refinery side-cut strippers by external,
steam~hected reboilers in order to reduce the generation of sour condensates.

o. Reuse of biotreated wastawaters (contommg low levels of inorgonic salts) in
selected services such as low pressure boiler feedwater,

o More research into the problems of desalination ond disposal of the resultant”
inorganic salt wostes, ' '



SECTION 4,

A REVIEW OF POLLUTANTS IN PETROLEUM REFINERY WASTEWAT ERS
AND EFFECTS ON AQUATIC ORGANISMS

Stér'ling L. Burks
Oklahoma State Univarsity
Stillwater, Oklahoma

ORGANIC CHEMICALS

Petroleum refineries use water to wash the crude oil stock or fractions derived
from the crude oil stock. The process of woshing crude oil with woter for removel of
inorganic salts is referred to as desalting.’ During the desalting process, the contact
water is contaminated with dissolved or emulsified organic chemicals from the crude oil
stock. Water is also used for stripping of undesirable chemicals such as hydrogen sulfide
‘ond ammonia froni overhead flue gases in thermal ond thermo-catlytic process units. Con-
densed water from stripper units will also be contomineted with volatile organic chemicals
produced by cracking of heavier hydrocarbons. Phenolic type compounds may occur of
high concentration levels in stripper condensate waters. Several other compounds, such
os chemical compounds used within the refinery to control scale and corrosion on cooling
towers, to reduce frothing in desalters, and ather miscellaneous uses, in addition to those
originally present in the crude oil may be picked up as contaminants in the wastewater.
Therefore, the potential number of organic chemical compounds which can occur in
wastewater from a petroleum refinery is essentially equal to not only the number of com=
pounds present in the criginal crude oil stock but also to that resulting from fracturing
processes and chemical additives used within the refining operations.

It is beyond the scope of this section to discuss oll of the organic chemical com-
pounds which could potentially occur in petroleum refinery wastewaters. Essentially, any
or all of the compounds identified in'crude oils could occur at frace levels in either
suspension, emulsion, or solution form in the wastewater. Several analyses of crude oils
from various geographic locations and geslogical strata have indicated that while most
crude oils contain many compounds in common, the percentage composition of these
common compounds varies tremendously. Aiso, there may be uniquely different compounds
in oils derived from different geological formations. The reader is referred to other
r?\llf'sw]ssfgr- a more detailed discussion of the organic chemical composition of crude
ot ’ '
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The complexity of organic contaminants in petroleum refinery wastewaters has
stimulated investigation and development of many different methods of extraction for
isolation and identification of some or all of the components. For the soke of brevity,
n:ost of the isolation technigues con be grouped into major categories. A brief discussion
of the techmques is presented. :

Liquid/Liquid Extraction

This extraction procedure is based upon the principal of differential solubility of

- organic chemicals in polar and nonpolar solvents' 2, Water is a very polar solvent and,
in relative terms, will not dissolve large quantities of nonpolar solutes such as hydro-
corbon molecules. In contrast, nonpolar solvents such as hexane, benzene, and
methylene chloride will, in relative terms, dissolve large quantities of nonpaiar solutes.
Mixing of two immiscible solvent phases such s water and hexane will result in a
selective partitioning of the nonpolar solutes from the aqueous polar phese into the non=
polar hexane phase. |If this process is repeated several times, most of the nonpolar
solutes can be extracted from the aqueous polar phase into the nonpolar solvent phase.
This procedure is widely used for extraction of nonpoler organic contaminants from water
and wastewaters. The most extensive use of this procedure has been for extraction of

. pesticides and herbicides from water. Percentage recoveries of spiked samples.have been
90 percent or better for most pesticides. '

Ad|usfmenf of pH of thr aqueous phase prior to extraction results in @ change of

"the polarity of solutes in the aqueous phase. Organic acids exist at ionized polar mole-
cules at neutral or alkaline pH's. A decrease in pH towards the acidic range will shift
equilibria of the orgonic acids towards the un=ionized nonpolar form, which is more
soluble in a nonpolar organic solvent. Similarly, adjustment of pH of an aqueous zolution
towards the alkaline range will shift ionization equilibria of besic organic molecules -
toward the un-ionized nonpolar form, which can then be extracted by a nonpolar organic
solvent. By extraction of an aqueous solution with a nonpolar organic solvent at neutral,
acidic, ond aikaline pH's, three different groups of organic solutes can be isolated. This
procedure simplifies the resultont extracted fractions and benefits subsequent identifi-
cation. This procedure hos been adopted by EPA for analysis of the "consent decree”
priority pollutants. The protocol procedure calls for extraction of the water sample with
pH adjusted to 12 to obtain a base~neutrai fraction cnd subsequent extraction of the -
water with pH adjusted to 2 to obtain an acidic fraction.

Adsorption/Solvent Extraction ~

This procedure utilizes the unique property of some solid substances to adsorb
nonpolar solutes from aqueous solutions. The most commonly used substance for this
purpose is activated carbon. Activated carbon will adsorb approximately 20 to 30 per-
cent of its weight of nonpolar organic solutes from an aqueous solution. This unique
property has shmplated its use for cencentrating trace organic chemicals from aqueous
solutions“?. The adsorbed compounds were sequentially extracted with a nonpolar
organic solvent (chloroform) and a semi-polar organic solvent (ethanol) to obtain

)
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" nonpolar and polar fraction, respectively. The carbon adsorption method (CAM) was
successfully used to isolate and identify several organic compounds responsible for taste
and odor problems in drinking. wate 3. There have been numerous studies c{ ﬂ})e

_ advantages ond disadvanteges of this procedure which have been reviewed

Weber and Morris! 80 reported that the rate=-limiting foctor in the carbon
adsorption process was intraparticulate diffusion of the solute molecules within the micro-
pore structure of the granular activated carbon. Agqueous solubility of the solute com=-
pound affects the initial surface adsorption. A slightly solubie organic compound with a
structurally large molecule adsorbs rapidly from aqueous solution but diffuses slowly with=
in the micropore structure of the carbon. Thus, the compound ropidly saturates the
carbon surface ond the adsorption rate declines rapidly. Thus the efficiency of activated
carbon for extracting trace organic solutes from water appears to be related io two
factors; i.e., surface adsorption and intraparticulate diffusion within the microporous
structure of the activated carbon.

‘ One of the major advantages of the CAM was the capability to adsorb trace
levels (ng/4 or Hg/2) of organic contaminants from large volun:es of water. The resultant
chloroform extracts would yield several grams of organic contominonts which could then
be further fractionated by classical solubility separation procedures. Prior to the advent -
of sensitive onalytical instrumentation it was necessary to obtain gram quantities of
extract to provide enough sample for identification of individual compounds.

Some of the disadvantages of the CAM were: non-quantitative recovery of some
organic solutes from the activated carbon, catalytic or microbial mediated changes in
chemical structure on the carbon surface, preferential adsorption of some solutes, and

83,

selective displacement of solutes’ ™/ .

Another solid adsorbent which has been used for concentroting trace organics
from water is XAD=2 resin. This resin which is a polymer of styrene=divinyl benzene is
'clasﬂf’ed as having o low polarity adsorption surface. lts efficiency has been evaluated
by Junk8? and varied from 89 percent for phenols extracted from acidified water to 101
‘percent for organic acids extracted from acidified water. - The range of compounds tested
~were alcohols, aldehydes, esters, acids, phenols, halogenated compounds,. polynuclear

aromatics, alkyl benzenes, nitrogen, and sulfur containing compounds, pesticides and
herbicides. The general procedure involves passoge of from 1 to 100 liters of woter
through 2 grams of XAD~=2 resin contained in a glass column, The adsorbed solutes are
subsequently eluted with 25 mi of diethy! ether, which is then dried and concentrated to
1 mé, The concentrated eluates are subsequently anolyzed by gos chromatography (GC)
or a combination GC-mass spectrometry (MS). ‘

Physical Extraction Techniques

)

. The mixture of organic substances extracted by liquid/liquid extraction tech=
niques or adsorption/solvent elution techniques are often too complex for adequate

. resoiution by conventional GC. As a result, several physical separation techniques

R ’ '
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- have been developed to isolate simpler fractions. One of the earliest methods utilized
was steam distiilation to extract volatile compounds whick were subsequently extructed
ond concentroted in crganic solvents. The resultont extract contained o less complicated
mixture of organic compounds which could be resolvad by conventional GC. Steom
distillations have been used by Ogata and Miyoke and Ogata and Oguro]32 to identify
petroleum derived compounds causing odors in fish flesh, by Ackma fnd Noble® to
identify petroleum hydrccarbons from tointed fish, by Dorris, et al.™ to identify
aliphatic hydrocarbons in oil refinery wastewaters.

Another procedure which has been developed recently is the use of an inert gas
such os nitrogen or helium to strip volatile orgenic' compounds from water which are
adsorbed on o Tenax-GC trop.. The compounds are subsequently thermally eluted directly
onto a GC column for anolysis'a. This procedure has proven to be effective for analysis
of volatile organic compounds in drinking water and industrial wastewaters. Severol
trihalomethanes, hologenated ethanes, and volatile hydrocorbons such os raphthalene,
toluene, and benzene have been identified in surface waters using this technique®©,

ANALYTICAL INSTRUMENTATION

Gos Chromatography

A major obstacle to identificction of trace organic contaminants has been the
complexity of the mixture of organic compounds dissolved in wastewaters. Classical

" solubility separations are time consuming and usually not adequate for resolving complex
mixtures into individual components for identification. Also, fractional distillations can~
not resolve individual compounds from complex mixtures. In gas liquid chromatography
(GLC), the separction of o mixture of orgonic compounds is dependent upon partitioning
befween o moving gaseous phase and a stotionary liquid phase coated on on inert support.
Differences in offinity of the individual compounds for liquid phase results in o verying
partition rote between the moving gos phase and the stationary phase and therefore ‘
separation ensues?1, 75, In GLC, separation or resolution of compounds depends upon the
equilibrium distribution of substances between the gas phase and the column stationary
liquid phase. For fixed conditions of gas flow, column material, size and length, tem-

. perature, etc., there is a specific el=iian time for most chemical constituents, Therefore.
the chromatographic column is the heart of any GC ‘nstrument, and the degree of
resolution that con be obtained is dependent upon the characteristics of the column. ‘

' i

Perhaps the best example of the vaiue of GC for separation and identification of’

complex mixtures of organic compounds was the progress made on the APl Project #6. In |
1927, APl established research project #6 at the Nctional Bureau of Standards. In 1950,

" the project was moved to the Carnegie Mellon Institute of Technology in Pittsburgh,

“Pennsylvanio. In the early years of this investigotion, only systematic distillation was

used until around 1935 when fractionation by selective adsorption on silica or alumina

was also introduced. It was not until 1956, when GLC finally came into use for '
separations. Rossini reported isolation of 175 hydrocarbon compounds from the crude oil.

- This was the result of 33 man-years of work. In 1961, Desty reported on the GC analvsis’



- -of the C4 through Co fraction of Ponca crude, represenfing about 30 weight percent of
the total crude oil. By using a 900 feet 'x 0.006 inch ID glass open tubular column
having over 1 million effective piates and operated at room temperature, 122 peaks were
resolved in 24 hours. In contrast, in the API project #6 only 89 hydrocarbons had been

. separated in this region.

.
'

TIw

-Capillary columns have long been recognized as probably the types of columns
which had the greatest potential for resolution of the complex mixtures of organic com-
. pounds extracted from water. However, capillary columns can accommodate only very
“small injection volures without overloading and subsequent loss of resolution. The
- maximum quantity of sample which could be injected ranged from 0.01 to 0.1 b including
the carrier solvent. This limitation lead to the development of special attachments which
split the injection 100:1 or 1000:1, venting most of the sample away from the column.
Most environmenrel contaminants can occur at concentrations of o few ng/l or LJg/l dnd
GC detectors could not detect the small quantities of compounds after split injection.
This limitation prevented successful application of capillary column GC for analysis of
environmental contamirants. Therefore most of the analyses have been performed with
packed columns which could ba injected with from 1 to 10 4 of sample without affecting
_resclution of the mixture, but had limited resolution for very complex mixtures. However
several researchers successfully used CLC retention hmes % %ocked columns to identify
trace organic compounds extracted from surfoce waters] 4

" The GC was combined with other confirmatory techmqges such as infrared to
identify compounds associated with petroleum refinery wastes! 48 and MS to identify
petroleuin products”s. These investigations were perhaps influential in the development
of combined GC wnh MS, the most powerful analytical development at the piesent time.

' Combination Gas Chromofogroph-Moss Spectrometet 'System . !

i

b © Two dev'elopmenfs have occurred within the last few years which have signifi-
; cantly improved capgbilities to identify trace organic contominants in water and woste~
-waters. Perhaps the 'most significant wos development of @ combined GC-MS system. |
Early ottempts to combire the GC with the MS encountered many problems. One of the
most troublesome was the interface between the two instruments. The GC uses high

. pressure carrier gas as the mobile phasé to affect separation of the compounds, whereas
_the analyzer section 6f an MS must maintain a high vacuum of opproxnmately 1074 Torr.

| Therefore, special interfaces hod to be developed which could remove most of the carrier
‘ gas without removing all of the organic compounds of interest. A second major problem
was the time of elution of o chromatographic peak. Many peaks from GC columns elute °

within seconds or ot least fractions of.0 minute. Existing MS usuolly require several r

i minutes to scan a compound. Therefore an MS which could scan ¢ GC peak in a few

jseconds or less had to be developed. o

i.
, " Another major development was the splitless injection technique of Grob and
! Grob* 71, This technique permitted injection of samples dissolved in a solvent without

tsplmmg, which prevents loss of sensitivity wnfhouf overloudina the caoillary column with



'

solvent.” With the aid of the Grob-+. ~e splitless injection technique, glass copnllory GL
~with up to 600,000 theoretical plares can be used to resolve up to 125-150 specific com-
pounds. Combining the resoluticn copability of glass copiliary GC ro separate complex
mixtures with the capability of the MS to provide molecular weight and election impact
‘fragmentation data has resulted in the most powerful instrument ever developed for
unalysis of environmental contaminants. A simultoneous development of computers

- capable of rapidly accumulating the data from the MS was also necessary to permit full
utilization of the capability of the combination GC-MS.

The impact of these developments is clearly lllustrcfed by the fact that in 1970
‘only 66 specific orgonic cheniical compounds had been positively identified in surface
freshwaters of the world. In 1975, Junk reported identification of over 300 specific
- organic compounds from drinking water alone. In a recent symposium on "ldentification
and Analysis of Ongomc Pollutants in Water, " 31 of 36 papers used GC-MS os the major

instrumentai technique

Another factor which has had a major impact upon the current staie of knowledge
conceming the composition of trace organic compounds in wastewaters was the consent
dacree established between the Natural Resources Defense Council and the Director of
EPA, Russell Train. This decree mandated EPA to perform a survey of 128 priority
pollutants in industrial wostewaters to determine if these toxic or deleterious compounds
were being discharged in final effluents. This judicial decree initiated the most intensive
ond broad-scale investigation of trace organic contaminants in the werld. The APl |
“collaborated with EPA in a survey of 17 oil refinerins to determine if any of the 128
priority pollutents were present in either the infiueni feedwaier, the influent’ wastewater,
the influent wostewater to the treatment system or persisting ofter treatment in the final
efﬂuenf]o !

COMPOUNDS IDENTIFIED 'N OIlL REFINERY WASTEWATERS '
Prior to developmenf of comblrahon GC MS, most investigators were unsuccess=~
ful ot identification of specific organic contaminants. in oil refinery wostewaters.
Researchers in the 1950 to 1970 period used GC retention times as one of the major
cnalytical parameters. Solvent extracts from oil refinery wastewaters were so complex,
‘thot the chromatngrams contained many unresolved peaks. A large number of unresolved
'pecks were often encountered in the region between where n=decan= and dodecane
‘standard hydrocarbons would elute. The unresclved peaxs were so numerous that the - !
chrcmofogroph contained a hump in this region. This was encountered so frequently, that'
:lf was used os a distinguishing characteristic for petroleum derived chemical contaminants.
4 \
; Rosen and Middleton 148 used the corbon odsorption method to concentrate trace
rorganic compounds from lake water in order to obtain sufficient quantities of organic
: compounds to identify. The compounds were solvent extracted from the activated carbon
‘and chromatographed on silica gel columns to obtain dliphatic, aromatic, and oxygenated
. groups of compounds. The resultant fractions were anclyzed by infrared (IR) spectro-

,. ..photometry. The IR "fingerprint" spectra of extracts from the lake water were similar to ..



" extracts from an oil refinery westewater. Thus, although specific compounds could not
be identified, similarities of the IR spectra were judged sufficient to indiccte contami-
-nation of the loke water by aliphatic and aromatic cempounds discharged from the
refinery .
A similar procedure was used by Middleton, et al.122 45 isolate odoriferous
“compounds from the drinking wate: supply of Nitro, West Virgiria. The steam volatile
aromatic frection was the most odorific. The IR spectra of this fraction was very similar
- to that of kerosme (APCO blend).

Me|po|der, et al .”8'demonsffcfed the utility of MS to identify and quantify
known mixtures of petroleum type hydrocarbons in aqueous solutions.’ The hydrocarbons
‘were stripped from the aqueous solutions with hydrogen ges and collected on liquid
nitrogen traps. The collected compounds were thermally eluted into an MS through o
sintered gloss inlet. Quantitotive recovéries were ootained for levels of kerosine and
- furnace oil at 0.1 mg/4, gasoline ot 0.C1 mg/%, and a standard mixture of hydrocarbons
from pentone (C5H]2) to decone {C1gH22) ot 0.014 mg/l

In 1967, Brady p«ese'\fed o summary of an API sponsored project conducted by
A. D. Little, Inc., to identify the taste and odor causing compounds in oil refinery
‘waostewaters. Using pentane exiraction, column chromatography, GC, and nigh
resolution MS; the investigators were able to identify several groups of compounds in
“odor~rich fractions. A groun.of compounds responsivle for the "bumt-rubber" odor was
idenfif’ed as dioryl sulfides. One particularly odorific compound identified in this group
'wes digheny! disuifide. Other compounds identified in this frochon were dlmeﬂ'\yl
-naphthalene and dlmefhyl anthracene.’

Steam distillation fractions of oil refinery westewaters appeared to concentrate

+acutely lethal substonces from oil refinery wastewaters as indicated by ocute static

- Daphnia bioossoys53 Solvent extracts of the steam volatile fraction were subjected to
_analysis by GC-MS. A homologous series of normal aliphatic hydrocarbons from
n-undecane (C1H24) to n-octodecane (C1gH3g) was identified in extracts from four
~different refineries. The compounds m-=cresol and diactyl phthalate were identified in

. extracts-from two different refineries, however no compounds were identified which could
, fully account for fhe acutely lethal effects observed.

i Burhngome et ol 33 analyzed solvent extracts from three different locations ot
_an oil refinery wastewater treatment plant. The extracts were designated as phenoliz,
“acidic, basic, and neutral fractions based upon.pH of wastewater during extraction., The
extracts were analyzed on a capillary column GC-high resolution MS with computer
_analysis of the dota. Based upon the mass spectral dota, four specific.ccmpounds in the

,phenollc fraction and one in the acidic fraction were identified (Table 8). In addition, °

+ 11 different clesses of compounds were detected in the acidic fraction and 15 different
! classes of compounds in the neutral fraction (Table 9). There were several isomers present

' within most closses of compounds. Most of the compounds or classes of compounds identi=

~fied by Burlingame, et al. 33 have Eeen identified as components of crude oils by



TABLE'S8. PARTIAL LIST OF COMPOUNDS IDENTIFIED IN EXTRACTS FROM OIL

REFINERY WASTEWATERS (MODIFIED FROM BURLINGAME, ET AL., 1976)

Compound Type Formuls Present in Fraction
‘ ' No. of Scers Phenolic Acidic
Anisole CoHg0 1 X x
Methy! Anisole CBHIOO. i x
c, Anisole CoHy 50 1 x
Methyl Benzoate QBHBOZ 1 8 x
Saturated Methyl esters CnH2n02 28 X
Safurated,Ethyl esters CnH2n02 ¢ 6 x
Olefinic Ethyl esters CnH2H_202' . x
Ssturated Propyl esters CnH2n02 x
Cyclic Alky! Methy! es?er§ cn”2n-2°2 4 x
_Alkyl-sub, Methyl Benzostes CnH2n-802 16 . . x
Phenylalkyl Methyl sters CnH2n—802 X
:;:Z:;sub. Naphthenic Metnyi CnHZn-UOZ | x
indenic Methyl esters an2n—12o2 1' x
:::::;—sub. Aromatic Methyl chHZn_Gozs ) 3 | x
Alkyl-sub. Rethyl! sulfides CoHon6S 1 x
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* TABLE9. PARTIAL LIST OF COMPOUNDS IDENTIFIED IN NEUTRAL EXTRACTS FROM
OIL REFINERY WASTEWATERS BY BURLINGAME, ET AL., 1976

Compound Type

e

* major constituent of extract.

## relstively ebundant

Formula , Sample location
K~1-N K-2-N K-3-N
n-alkanes CnH2n+2 n=11-33 n = 12-33 n=15
tkanes i ' . d.

branched atkanes CnH2n+2 series n. d

mono-saturated or CH n=11-28 n. d. n. d.

R . n 2n . .

mono-cyclic alkanes ' .

elky! benzenes CnHZr-é n.=9.3) n=29 ne=8 (2)

- Lo e n =10 (6) n=10 (yes) n=9 (3)
#p = 11 n=10"{3)"

’ \ L2 = - = - = -

Paphthalenes anZn-12 n 10-13 n 19 14 n 12-14

(seversal) (yes)
phenanthrenes or CHynoig N = 14-19 n = 14-19 n=15-17

‘anthracenes ##n = 17 trace

pyrene or fluoroanthrene ChHZn-22 n= 16 n= 1? , n. d.
minor mino:

‘slkyl biphenyls CnHzn_14 n= }3' n. d. n=12
significant n=13
n=14 trace

;methyl indan C10H12 trace n. d. n. d.

‘sikylated phenols CH o] n=7=-12 n = 7-13

: n 2'“ 6 #n =849

‘Thiacyclanes CH,S n==6 n = 8-11 n = 6-11

n2n
n=28 (several)
pbenzothiophenes anZn-los n = 8-12 n = §-11 n=9
. : n =10
{few)

Numbers in parentheses indicate number of isome-s detected.

i

|
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- - prewoos researchers. Therefore, Burlingame's analyses confirm whot many reseorchers
have suspected; any compourid originally present in crude oil could potentially occur in
oil refinery wastewaters. Perhaps the most significant result of their analyses was the
detection of somz isomers of n-alkanes, alkyl benzenes,. naphthalenes, phenanthrenes or
“anthracenes, o|ky| biphenyls, etc. in the influent and effluent from the biological treat=
ment system. These resulrs confirm that some cldsses of compounds are resistant to bio=
‘logical treatment and may persist in the final effluents.

Raphaelian and Harrison 44 analyzed 24-hour composite samples of wastewaters
from dissolved air flotation (DAF) and firal clarifier (FC) units of Cldss B refinery acti-
voted sludge treatment system. Sclvent extrocted neutral, acidic, and basic fractions
frem the wastewater were analyzed by Grob-type splitiess injection glass copillery GC- .
MS. Over 300 compounds were identified in the neutral fraction from the DAL unit
wastewaters based upon GC retention time and presence of major ions.in mass spectral
scans. The concentration of the compounds was semi-quantified by either the area or
peak height of major ions in the mass spectra (Table 10). In addition, Rophaelian and
Harrison also anclyzed the trace organics after passage of thr: oil refinery westewater
through o mixed-media filter/activated carbon (MMF/AC) pilof-scole treatment system.
Identification of over 300 compounds in the neutral fraction from the DAF unit waste~
waters illustrates the complexity of organic contamination in oil refinery effluents. The
majority of the compounds |denhf|ed were aromatic and alkylaromatic types.

The relative efﬁcienq of biological end MMF/AC treatment systems for removal
of specific compounds can be determined from Rophaelion and Harrison's data. The
. activated sludge unit was mcre effective in removal of aromatic than long chain ahphohc
hydrocarbons. The long chain aiiphatic hydrocarbons, greater than Cyq, were
especially difficult to remove. The effectiveness of the activated sludge trectment
system for removel of polynuclear aromatics could not be determined since the concen-

“trations of these comppunds were too low for accurate quentification. ‘

: Several organic compounds were det=cted in final effluents during the cocper-
ative survey of 17 petroleum refineries by the EPA and API, The most frequently
"detected compounds were methylene chloride, benzene, toluene, chloroform, trichloro-
ethylene, ethyl benzene, pyrene, di-n-butyl phthalcte, and bis(2-ethylhexyl) phfhalote.
* The concentratians of these contaminunts ranged from less than detectable to a maximum
of 60ug/L. o »

, A significant result of the cooperative EPA-API survey was a measure of the

'accuracy and reproducibility of analyses for trace organics. The range in percent

"recovery of spiked somples for polynuclear aromatics was from. 56 to 72 percent for the 5 '

«to 20 ug/2 range and from 78 to 104 percent for the 33 to 220 Lg/4 range. The overall
' percent recovery of phenol spikes was é5 percent and the quantity of the spike did not
appear to uffect extraction efficiency. The efficiency of liquid/liquid extraction for
.recovery of phthalate spikes was very erratic with o range from 4 to 300 percent., Over-
"all, the accuracy and reproducibility of the liquid/liquid extraction procedure appeors
_fc_i_ke inadequate ot this time. Considerable effort should be expended to improve the

Xy
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TABLE 10, LIST OF ORGANIC COMPQUNDS IDENTIFIED OR DETECTED IN NEUTRAL
EXTRACTS FROM THE EFFLUENTS FROM A DISSOLVED AIR FLOTATION
(DAF), AN ACTIVATED SLUDGE FINAL CLARIFIER (FC), OR A FiLOT-
SCALE MIXED-MEDIA FILTER/ACTIVATED CARBON (MMF/AC) TREAT-.
MENT SYSTEM, MODIFIED FROM RAPHAELIAN AND HARRISON, 1978

- | Relative ] | Presenca(+),
| Conc. | Presence(+), |  Absencet(-)
| in DAF Neu- | Absence(-)" (MMF 7AC

Compound Name {teal Fraction |(FC effluent) eftluent)
! l

Chioroform | high ] + +

1,1,1-trichloroethane | high | + ' +

benzene ' . |  meédium | + | +

.carbdn tetrachloride | high | + ] +
cyclohexene | high | C+ | +
toluene , | high | + | +
ethyl benzene ‘ | low | + | +
p-xytene | high R + +
m-xyiene | high | + +
o-xylene ’ |  medium | + +
n-nonane | ow o + -
i-propy! benzene trace | + | -
n-propy! benzene fow | + | -
m-ethy! toluene < medium | + -
p-athyl toluene medium | + .-
1,3,5-trimethyl benzene low | + -
o-ethyl toluene I ow | + T
1,2,4~trimethyl benzene | high | + | +
cycloalkane | trace/medium | T/+ ! -
j=butyl benzene , | trace | + | -
.s=butyl benzene , trace | + | -
n-decane : medium | + -
1,2,3-trimethyl benzene medium + +
m=isopropyl toluene . trace T -
o-!3opropyl toluenre trace - -
p-isoprepy! toluene , " trace - | -

. Indan ' |  medium | + | +
Tndene | trace | + -
m-diethyl benzene - ] low T -
m-n-propyl toluena Tow + -
p-n-proupy! toluene ' , low + -
n-sutyl benzene - trace T | -
1,3-dimethyl-5-ethy! benzene low | + i -
o-n-propy| toluene : | low | + -
1,4-¢imethyi-2-ethy! benzene . . |, fow | NM NM
ethyl styrene " low | - | -
1, 3-dumefhyl-4-ethyl benzene | ow, | + A -
ethyl styrene ' medium ] + | -
1,2-dimethyl-4-ethyl benzene , I ow ! + | -

. S— > r—

A _ » L (continued)



* TABLE 10 continued

| Reiative | . | Presencet+),
| Conc. | Presencel+), | Absencel-)
| in DAF Neu- | Absencel-) | {MMF /AC
Compound Name Jtrel Fraction |(FC effluent) | effluent)
| L -
1,3-dimethyl-2-ethyl benzene | fow | - | -
1,2-dimethyi-3~ethyl benzene | ow } T | -
C,-benzene , | trace | NM | NM
172,4,5-tetramethy! benzene | ow | + | -
1,2,3,5-tetramethyl benzene |  medium | + l. +
n-undecane | . hignh | .+ I -
2-methy! indan ] medium | T co -
l-methy! indan ! medium A + | -
1,2.3,4- tetramethy! benzene |  medium , | + | -
tetratin . . low | - | -
naphthaiene | high ] + " +
C_-benzene (16) . | trace | + | -
n-dodecane | high { + | +
emyl indan | 1 ow | - | -
-alkane ' ' A high | + | -
d}%ethyl indan {3) |  medium’ | 7 | 7
me?hyl tetralin | medium | T | -
-indan | trace | - | -
mgfhyn benzothiophene (4) | I ow | + | -
methy! ethyl indan | trace | - | -
2--methy! naphthalene - | high | + | .+
trimethyl indan (3) | trace | - | -
C,-indan/C ~-tetralin (7} | trace ( +/- | -
dimethyl t2tralin | low | 7 | -
n-tridecane | high | . + | +
bipheny! | low ] + | T
dimethy! benzothiophene (5) i trace | + | -
ethyl benzothiophene (2) | trace | + | -
ethyl naphthalen2 | medium + | ‘
dimethyl naphthatene 1(6) | high + | +
-slkane (2) ' | high + | +
n-fetradecane | high + | +
acensphthene | | trace + | -
methyl biphenyl (2: | tow + | -
C,-nsphthalene (14) | low to high + , +
C.,-alkane | high + +
n-gerfadecawe | high . + +
fluorene | fow NM NM
C,-bipheny! {4} | trace NM -
m29hyl scensphthene .(3) | | ow NM/+ -
n-hexsdecene |- nigh + +
: .
: (continued)



 TABLE 10 continued -

|
Relative |
' |

Presence(+),

|- |
l I
| Conc. Presencel+), | Absence(-)

! | in DAF Neu- | Absence(-) | {MMF /AC

Compound Name [tral Fraction |(FC effluent) | effiuent

l | |

C.~bipheny! (5] | ‘trace | NM § -
mdihyl §luorene (3) I otow. + | -/T
C_-scensphthene (5) | low | NM | -
n=heptadecone ] high | + | +
dibenzothiophene | I ow T | -
pristane | high + | -
anthracene/phenanthrene | high’ + | +
C-fluorene (7) | | ow , NM | -
n>~octadecane | high + ] +
methyl dibensothiophene (2) | dow NM/+ ) -
phytane | medium + ] +
methy! phenanthrene (3] |  medium NM | 7
2-methy| anthracene ] low | 3 ] T
1-methyl antnracene ‘ | low | + T

C, fluorene (2) |  trace " + T/~
n=nonsdecr.ne . | ' high + e
C,-diben.othiophene | trace - -
C_-phenanthrene/anthracene (8) | trace/low -/+ | -

* ¢fuorantnrene ' | trace NM ] -
C.-phenanthracene/anthracene | trace | NM -
n=eicosene | high ] + +
C,.-phenanthrene/enthracene (6) ] trace NM/T | -
pyrene | I ow + | -
n-heneicosane | medium | + N +
C17H PNA (6) trace NM/T -
n-doégsane ‘ medium + +
C, . H,, PNA (3) trace +/7 | -
cﬁpyggne trace ] + -
1,2-benzanthracene low + -
n-tetracosane low + +
n-pentacoseane | ow + NM
phthalete (2) |medium/high + i +
m . ELIETEEY i
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occurocy "ar-»c‘i‘pf-edsioh of this ;S;ééedg)re or to develop new and better p.ocedures.

The results cited in this review illustrate the rapid advances in analyses of troce
orgonics which have occurred since the development of commercial computerized GC~
. MS systems. Additional investigations in the next few years will undoubtedly idertify
many more new organic compounds. Detailed knowledge of chemical compounds in the
influent ond effluent streoms from wastewater treatment systems will permit inore realistic
evaluations of their effectiveness. In addition, delerterious effects of oil refinery woste~
waters upon aquatic organisms can be correlated with concentration of specific toxiconts
‘rother than attempting to correlate with collective measures of organic chemicals such as
COD or BOD. '

EFFECTS OF PETROLEUM REFIMERY WASTEWATERSl

Acute Lethol Effects

Short term lethal effects of wastewaters are customorily determined with a bio=-
ossay test. Basicolly, this test consists of exposing o number of individuals (6-10) of tae
same species of organism to selected percentage concentrations of a wastewater for a
predetermined interval of time (1-4 days) ond recording response of the organisms. Death
of test organisms, sometimes referred to as the quantal or "all or none" response, is an
easily recognized ond the most frequenfly used measure of effect. The most reproducible
measure of response of @ group of organisms is the median or 50 percent response. There-
fore, the results of acute tests are usually expressed as median lethal concentration or
median tolerance level for a sperified time of exposure, i.e., 96 hour LC50 or 96 hour
TLy. The specific procedures for performance of acute toxicity tests with aquatic
_ organisms are presented in detail elsewhere (Doudoroff, et al., APHA, and EPA). There-

fore, u detailed discussion will not be presented in this section. However, some of the
subjective decisions which may affect the results of the test and possibly the interpre-
tation of the daota will be discussed. :

The choice of dilution woter is very importont Lecause of the probable occur=
rence of other chemicals in the dilution water which could offect the toxicity of some
contaminants in the effluent If possible, dilution water should be obtained from the
receiving stream above the point of wastewoter discharge. (‘hange in pH cen increuse ¢
decrease the lethal effects of ummznia (Wurhmonn and Woker! ), hydrogen sulfidn
(Smith, et al.), and cyonide (Doudoroff" ). In general, shifts in pH which resuit in |
grecter concentration of the un-ionized equilibrium form result in an increase in iethal
effects of the contaminant. Increases in h'ordn?%s of water decrease the lethal effects of
heavy metals (Mount; Pickering and !Handerson'“®) ond also the presence of org
chelators decrease the lethal effects of heavy metals (Sprogue, et al.'2”). Lee”” pre-
“sented o good summary of many chemical factors which shou!d be considered in toxicity
testing. Obviously, the dilutien water should duplicate conditions in the receiving
.stream, ofter ollowarice for mixing, as near us possible. If water from the receiving ,
streom cannot be used for dilution, then the following choices should be considered in
.~-:orders of preference; untreated well wote/, reconstituted wuter prepared from distilled ‘

LN
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) wofar, ‘and dechlerinated h:p'woter

It is preferable to use confinuous=-flow for exposure of test organisms to waste=
waters due to the potentiol for o decrease in dissolved oxygen concentrotion and an
increase in metcbolic waste products in static methods of exposure. A comparison of 96
hour LC50's of fatheod minnows exposed to oil refinery wastewaters in’ continuous—Fflow
versus static conditions indi thot the continuous—flow exposure was not os lethal os
the static exposure (Kleinholz 3). The differences in 96 hour LC50 were not statistically
significant between the two methods of exposuce, however the fish in the continuous~flow
tests appeared healthier.

Species of oquatic organisms differ in susceptibility to chemical hxiconts end
therefore care must be used in selection of a species for testing. Within the fishes,
solmonid species such as rainbow trout and solmon are considered to be more susceptible
than most warm water fishes such as largemouth bass, sunfish, end chennel cotfish.
Irwin87 compared the susceptibility of 57 different species of fish by performing 96 hour
static ocute toxicity bioosscys of on oil refinery wastewater. The response wos used to
ronk the species cf fish relative to the most resistont, the commor guppy (Lebestes
reticulotus), which was assigned o volue of 100.00. The relative ronking of some fish
commonly. used in bioassay tests were: mosquiio fish (Gambusio affir.is), 74.02; chonnel
caffish (Ictalurus punctatus), 60.15; goldfish (Carossius curatus), 51 75; fathead minnow
(Pimepholes pramelas), 49.19; bluegill sunfish (Lepomis macrochirus), 54.10; ond reinbow
trout (Salmo gairdneri), 34.68. The oquatic invertebrate species have not been used :
extensively as test orgonisms, therefore it is difficuit to make generalizations conceming
their relative susceptibility to chemical toxiconts. The water flec (Do E#mo sp.) is the
most commonly used and is much more sensitive than mo;t specues of fi

: Acute toxicity bioassay tests of onl refinery wastowaters with fish indicate that

* effluents from properly operated biological treatment systems do not cuse greater than

. 50 percent mortality of fathead minnows or roinbew trout’'“°. Properly operated secon+
dary biological wastewater traatment systems can produce final effluents wﬂ%h cause no
mortality in 96 hours at 100 percent (undiluted) concentrations. Matthews' 'Y found that
activated sludge treatment systems reduced the toxicity of the influent feed water from
'18-56 percent (volume/volume percent dilution) to 100 percent in the final effluent as
meosured by 24 hour TLsg in four different mfmenos

The Qil Refiners Weste Control Counc:l (ORWCC) in Oklahoma nos been
coopercting with- Okluhoma State University (OSU) in o monthly acute toxicity testing
progrom since 1959, These acute toxicity tests are performed in accordance %ith APHA
stondard methods for static 96 hour fish biocssoy tests>>, Grohom and Dorris reported
some of the data generated by OSU-ORWCC for 1960-1962. The wostewaters from
refineries which used either activated sludge or waste stabilization lagoons consistently
haed a mean annual TLm of greater than 100 percent, i.e., more than 50 percent of the
' test fish could survive in 100 parcent effluent, Wastewaters from refineries which had’
_not been treatad adagquately with some type of biological secondary treatment system __
: Z?;*_wprergxtremgly toxic, with a mean annual Tly, of 19 ond 21, respectively,
!
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Since Grahom and Dorris’© reported their data, all of the refineries within the
ORWCC have installed the equivalent of activoted sludgs secondary trearment or better.
All fincl effiuents tested in the lost five years have consistently had TL,'s areater thon
100 percert. In foct, the mothod of reporting doto has been changed to the convention
of reporting leo; ., the concentration (parcentage of effluent) in which 100 percent'
of the test orgonisms ws“ survive. -

- Grohem and Dorris’0 clso purformed 32-day continuous-flow fa*heod minnow
biocossoys. Wostewaters which ware highly toxic in 96 hour acute tests had to be diluted
by 90 percent to obtain greater than 80 peroenf survival. Waostewaters from the binlog=
ical treatment units were relatively non-toxic in short term tests; i.e., 23/25 or 92 per-
cent of the dilutions tested had greater than 90 percent survival after 96-hour exposure.
However, the wastewaters conteined chemicol toxicents which had either delayed or
cumulative effects; i.e., 17/25 or 68 percént of the dilutions tested aofter 16 days of
exposure hod greater than 90 percent survival whereas only 9/25 or 36 percent hod
greater thon 90 percent survival ofter 32 days of exposure. Groham and Dorris observed
that mony fish appeared to stop feeding and oppoared emaciated prior to death, The
observation was supported by tha cendition index, K = weight in grams times 100,000
divided by total length in mm3 (Carlender), which wos uniformly 0.52 for all fish that

. died, indicating that decth occurred when the fish reoched a certoin degree. of emaciction.

Cotd“? reviewed the liteiature on effects of oil refinery wastewaters upon
oquatic orgonisms ond was unchle to locate many articles. Most of the articles were
concemed with the effects of compounds identified from crude oil or crude oil spills.
Cotd also reported on the resuits of some acute toxicity rainbow trout bioassays performed
on Canadian oil refinery effluents. In general, effluents which had been adequately
treated in biological systems coused less thun 50 percent mortality of rainbow trout at
100 percent concentration for 96 hour exposure. Pessch, et al.! reported similar
_results on Conadian petroleum refinery wostewofers

In the most comprehenswe study located, Sprogue, et al. 163 performed several

. types of sublethol tests in order to determine: (1) the sublethal effects of biologically
trected Sil r=finery effluents, ond (2) the type of test which appeored to yield the best
“measure of subiethal effects in the shortest interval of time and wes simple to perform. '
'They used rainbow trout, small tropical flagfish, end Daphnia mogna as test orgonisms in -
+long term continuous=flow exposures to the waostewaters. Wastewaters were collected ond
 transported to the laboratory for performing the tests. Most of the effluent samples tested
. over @ two=year period were considered to be non-lett al based upon 96 hour roinblow
trout bioassays. Growth of rainbow trout indicated o hreshold level in the vicinity cf
.9.4 percent effluent. The threshold concentration in a 3.5-month chronic test of flog-

. fish was dbout 9.1 percent for an appreciable effect on final size of males. However,
maojor effects were only observed in 28 percent or higher concentration o «.ffluent. A
significant increase in cough-reflex response by roinbow trout occurred k. tween 25 und
50 percent effluent. Daphnia experienced a 50 percent failure in reproo.ction when
_exposed to 3.1 percent of the effluent for 14 days. The "safe” level ot which only 5 __

| xpercent impairment of Daphnia reprod:chon ‘would occur wos predicted to be 0,52
4
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. ™ percent effluent. *

The fish cough-reflex has been suggested to be very promising for predicting

potential long-term effects based upon responses obtained during short-term tests.

“ Carlson and Drummond3” ysed the fish 'cough-reflex of bluegill sunfish 12 measure the

_effects of an activated sludge treoted oil refinery wastewater. Analyses of three different

“-effluent somples collected over an 8-month period of time, showed the effluent coused
sngmfuconf increzses in coughs at concentrations os low os 0.8 percent following an upset
in the biolcgical treatment system. After the system had retumed to normal, 12 percent
effluent caused a significant increase in cough frequency. Previous investigators hod
detected a 200 percent increase i rote of coughs-at concentrations of zinc just above the
LCs0 velue of 6.0 mg/L. A large ond rapid rise in frequency of cough-reflex of fish

. exposed to wastewaters or chemical toxicants indicates potential toxic effects. Smoaller
incraases in frequency of cough responses may be indicaiive of potentially sublethal long=
tarm effects. Sprogue, et ol. 163 Jetected the threshold of significont increase in
frequency of coughs by rainbow trout at between 25-50 percent cil refinery wastewater.
In contrast, the safe" Ievel of effluent for Daphnia was predicted to be 0.52 percent
’amuen! )

The detection of an increasa in tumors in fish collected from a polluted river
may have serious implicofﬁns for feng=term contamination with trace ievels of chemicz!
.toxicants., Brown, et al.“” found 4.48 percent of the fish collected from the polluted
Fox River had tumorous growths compared to only 1,03 percent in fish from a non-poliuted

,river. Severul classes of contaminants were detected in the polluted river; crude oil,

' gasoline, aromatic hydrocarbons, polynucleor aromatics, ethers, organic acids, organo=-

_phosphates, triaxinies, and chlorinated hydrocarbons. The concentrafions ranged frcin

0,002 to 0.1 mg/2. In subsequent orticles, Brown, et ol. also showed an increase in

1 incidence of diseose in fish from the pollufed river compared to the fish from the non-

‘polluted river. The increase in tumors in fish fror the polluted river may have been

| partly due %o an increase in virai mfecfnons

|

! The ocute toxicity of oil refinery wastewaters has been demonstrated wvfh many

‘different types of tests. Daphnia sp. have frequently been used os very sensitive bicassay
1orgonisms for comparison of other tests163,  Although Daphnia have long been recognized
;@s a very sensitive bioassoy organism, they have not been widely used becouse of
.unexplainable mortality in leboratory cultures and in controls. Buikema, et al. performed
!4ome inter-laboratory Daphnia sp. bioassay tests to determine reproducibility of the test.,
i Their results indicated that refinery personnel could be quickly tmmsd to obtain satis- |
foctory reproducibility with Daphnia bioassays. Richardson, et al.1%7 showed cell
,culfure assays of oil refinery wastewaters to be more sensitive than 24-hour Daphnia bio-
,asscys The cel! culture assay would permit exposure of two generations of cells during o
1 40-hour test and thus could be vaivable for detecting mutagenic effects in o short period
yof time. Another shori=term test using enzyme irhibition studies of glucose-6-phosphots .
j dehydrogenase was more sensitive than fish bicassays but not Dophnic or grass shrimp

¢ | bioassays (Rutherford, et al.). The grass shrimp (Palaemonetes pugio) has been found to

.1 mbe as sensitive os Daphnia for detecting acute lethal effects of oil refinery wastewaters
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o The chemical toxicants in oil refinery wastewatars which cause short=term acute
toxicity can be removed by good biological treatment systems. These substances have not
been identified and probably will not be since most refineries within the U.S. have the
. equivalent of biologicol treatment or better. However, as some long-term toxicity tests
hove shown, biological treatment generally does not remove ali chemical toxicants,
-Some substances persist which have been shown to be iethal after 16 to 32 days of
*enpossre’/0, 30, These substonces con be removed by octivated corbon adsorptien, which
. indicates that the substances may be organic in noture. Mony of the acutely lethal com-
. ponents of oil refinery wastewaters con be removed by simple steam stripping, which
.would indicate volatile substances™S. Since the long=term toxicity can be reduced by
: activoted carbon treatment, it would indicate that these components are organic in -
- nature. In the EPA-API survey of priority pollutants, most of the compounds identified
.in the bose—meutrol fraction would hove to be judged deleterious to orgonisms in the

_receiving environmen’s. \

‘ Long=Term Effects . §

i

=% -~ The long~term effects of any chemical toxicant are difficult to measure and even

: more difficult to predict. The effects may be lethal to selected stoges in the life cycle
, ¢f the organism o:\d might not be detected in short-term tests. Lorval stages of fish and
ouvatic invertebrates seem to be especially susceptable. Chemicol toxicants con also .
aftect the ability of an organism to escape predators or purate food and thus indirectly
"impair the organisms chance of survival. Othsr sublethol long=term effects may resuit in
.a chonge in the normal behavior pattern of orcanisms and thus impoir spowning
' a~tivities] 77 or offezt response time of avoidei:ce reflexes'81. Since the long-term
effec’s ot eve.: zinale chemical toxicants are difficult to measure, there have been few
’invesﬁgoﬁons of the long=teni cffects of complex mixtures such os petroleum refinery
E wastewuters . : i
' One method. that has been used to obtain an integrated assessment of the effects
! of all environmental factors is an evaluation of the structure’ of the biological communities
| in receiving waters. The balence of oquati¢ communities can be used as integrated
' émsponse to mony diffarent stresses such as chemical pollution, artificidl enrichment, or
i severe changes in physical foctors (Hawkes). Wilhm and Dorris' 82 ytilized this technique
'to assess the combinad effer.ts of municipal and oil refinery wastewater discharges into @
' creek. A numerical index, diversity of the distribLilon of individual organisms among
Especies, was used to compare effects ot various distances downstream from the discharges.
: The diversity index of the benthic macroinvertebrate organisms directly below the dis~ !
: l charges was less than 1.0, whereas'it was greater than 3.0 downstream a distance of 60 |
km. Wilhm and Dorris proposed that a species diversity index of less then 1.0 indicated !
! @ severe effect upon the benthic community, whereas diversity indices of greater than |
3.0 indicated o n?n-disrurbed community. ' '

"Although numerical indices have bfeen criticized for over-simplification ond for

_ing | not being sensitive to rore species, several indices have proven to be very useful for __

a ’M@"%ﬂ@?@@ﬁﬂ?ﬂﬁﬂ%ﬁg'ﬁ???t Severol indices shovld beusedto
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X provude the moxnmum amount of information possible . In'some cases, the dlsoppeoronce
'of species of organisms known to be sensitive to chemical toxicants should be used to !
supplement the numerical indices. : _ !

. 1
1 . '

i
N The long-rerm effecfs of a bunker 4il spill in a river wos studied over a fwo-year

. period following the sle 16, Many species of phytoplankton and benthic macroinverte=
“’brates were eliminated cfter-the spill. . Using the indicator species approach, McCouley -
‘showed that Gammarus, Agrion nymphs, and Dugesio disappearec from the benthic

i community after the spill. Tne tolerant species of Tubifex, Tencipes larvae, Nemata and
(ond Hiridinea remained in the area ofter the spill. Thus the pres prese1ce or obsence of :

 sensitive species can sometimes be used to interpret water quality. However, this :
: approach must be used with cautior since many factors other than pol mon can affect the

" desirability of the environment for a particular species.

}
Periphyton, o collective term referring to organitrms which' attach to a substrate

:in o flowing stream, composed mainly of algue ond diotoms have been used as effective |
- monitors of water quality. Cooper and Wilkm?! used plexiglass plates suspended in o
“$tream raceiving domestic ond oil refinery effluents to measure productivity, species
'dwemty, and pigment diversity of colonizing periphyton. Comparison of the penphyfon
_responses directly below the discharges and 60 km downstream indicoted thet species
 diversity was lowest near the outfalls and increased downstream. These data were inter= |
"preted as a measure of an improvement in water quality downstream from the outfolls. !
:' Burks ond Wilhm3! used artificial substrates (Hester Dendy samplers) colonized -
! with benthic mocroinvartebrotes from a nonpolluted stream as bioassay colonies. The |
, authors demonstrated that species diversity, total number of species, and mean density of |
! individuals could be used to evaluate the effects of on oil refinery wastewuter during a
! 30+day exposure in artificial streams. In a comparison of an activated sludge treated,
| duol-media filtered, and octivated curbon treatment methods, activoted carbon treated
i wastewater caused no significent effects upon the benthic macroinvertebrate colonies. In
| contrast, the sctivated sludge trected wastewater caused o significant decline in species |
 diversity, number of indivicduals, and mean densxfy of individuals of the benthic macro~ |
invertebrate colonies. . l
Burks30 ysed the henthic macreinvertebrate bioassay's and continuous~flow fat- l
‘head minnow bioassays to avaluate the effectiveness of sequenhol pilot=scale dual-medic:
filtration and activated cr.bon adsorption trearment technologies as "add on" systems to f
improve oil refinery wastewaters from biological treatment systems. The combined results:
of the fathead minnow and benthic macroinvertebrate bioassays clearly showed thot l
_lactivated carbon would remove toxic substarices not removed by biological trectment
systems. The range in median lethal time (LT50) of fathead minnows to the biologicaliy I
treated oil refinery effluents was from 11.5 hours to 28 days. The acutely toxic waste- ’
‘{water, i.e. LTsg =11.5 hours, was from aon‘activated sludge system which was i
 hydron!cally overloaded from rainfall runoff within the refinery. All of the other bio- J’ :
B
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|

M r' logical treatment systems were operating at near ophmum eff’cuency In seven tests per=.
;}riormed at four different refineries, fhefg_Wugre onlv twa taete in whirh thara wae lace than
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100 percent mortlity of the test fish at the end of 32 days of exposure. Therefore, even
"though the effluents were not ruxic in short=term exposures, the fish could not survive
“long=term exposures. Species diversity and total number of ‘axa of benthic macro~ =
. invertebrates were not as sensitive ‘o, the effluents as the fathead minnows. In three of |
fhe saven tests, there was no significan® effact upon specnes diversity or number of toxa '

. of benthic macroinvertebrates exposed to th biologicelly treated effluents for 32 days.
;) -
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Another Iong-ferm effect of oil refluery wastewaters is an impairmant of the _
'taste/flavor of fish in the receiving waters. ' Studies iniilated in 1952 and conducted ;
(intermittently until 1968 showed a direct rolationship between the threshold wJo: number

' i (TON) of oil refinery wastewaters and tie presence cf an "oily" toste/flavor of rainbow
"trout?5, Dilutions of oil ref‘nery wastewaters of greater than 1/100 were required to
~prevent occurrence of the "oily" taste/flavor in trout exposed to the effluent. A panel
. reported the odor was not like the odors of nophtha, turbo fuel or diesel fuel. Ogata and
lOguro]32 exposed greenfish (Girella punctata) and eels {Angulla rostrata) to an aqueous
lsolx.mon of u mineral oi! composed of 81 percent paraffinic and naphthenic hydrocarbons ,
rand 19 percent aromatic hydrocorbons The taste and odor in the exposed organisms
§‘b'ﬁpeored fo be coused by sevem| unsaturated aliphatic hydrocarbons and possibly some
aromatic compounds ‘ ‘ : 2
{ . . ]
Steam voloﬁle exiracts of salmon collected from the Great Lakes contained over
85 different organic compounds identified by GC-MS. Many of the compounds were
suspected to be derived from natural compounds synthesized by foodfish (alewives; 1-
octen=3-one) or microbial activity (geosmin). However several of the compounds were
suspected to have cume from industrial waste discharges; p-methoxy thiophenal,
!nopnfholene, 2-isopropy| phenol, 3-|.ooropy| phenol, 4~isspropy| phenol, t-butyl
{ phenol, ‘and chlonobenzoldehyde.

el

Several claquohc toxicologists have bbserved t+at behavior of aquatic organisms
should be o very sensitive indicator of deletérious effects of chemical toxicants
However, there have been very few studies of the effects of chemical pollutants upon l
behavior. A recently completed study at OSU indicates the utility of using changes in
normal agonistic behavior of 'oronge-spoffed'sunf'sh (Lepomis humilis) for detecting sub-
lethal effects of oil refinery wastewoters. Agonistic behavior, oggressive acts such as
bites and chases, is. imgortant in establishing territories and spowmng areas of many fish,
Exposure to non~lethal oil refinery wastewaters for periods of 10 doys sugmf'confly
decraased the agonistic behavior of the expased fish compared to controls. The eco-
logical s:gmf'conce of changes in agonistic behavior have not been determined yet,
therefore the practical significance of these effects have yet to be demonstrated. How=
ever, such tests moy be important for monitoring other more significant de'eterious sub-
' lethal effects upon populations ot organisms Withir receiving waters of oi refinery waste-,
'waters. |
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SECTION5

© AN EVALUATION € EXISTING AND EMERGING CONTROL TECHNOLOGY FOR
THE TREATAASINT OF PETROLEUM REFINERY WASTEWATERS AND SLUDGES

Davi: L Ford
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'

l Engineering=Szience, Inc.
i ' Austin, Texas
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INTRODUCTION' !
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Wastewater, .penf ocuds, spenf caustic, and other liquid mafenals ore generafed
'by petroleum refining operations and present disposal problems. The wastewaters
emonatmg from refinery and petrochemical operohor\s can be divided into five genercl
cotegones

H [ S §

e e

1. wastes containing a principal raw material or product resulting from the

: stripping of the material from solution;

|
2. reactuon by-producfs, o

|

3. spnlls, slob wosh!‘owns, vesse| ?lecnoufs, sample point overflows, etc. o

4. cooling tower ond boiler blowdown, steam condensate, water treatment
wastds, and general washing water; and

188

! 5. storm waters from ontaminated dminoge drea
. | |
glhe first conslderahon in the evaluation of tieatment and control technology for o
lparﬂculor industry requ:res an estimation of the characteristics of the various source fiows.
iA logical approach in formulating these estimates is to categorize the 1:aollutu:mc:l Jinputs !
,mfo select source components. ' These compor.ents, as defined by Ford!S? are: (1) process
|operation wastes; (2) utility operation wastes; (3) sanitary sewage; (4) bailast water blow=i
[dcwn ond (5) contaminoted storm runoff. The utility wastewaters include the blowdown i
‘from boiler and cooling systems. In addition, the miscellaneous flows resulting from
'sp:”s, fumorounds, ond other inordinate diséharges also must be considered.

The prinéipal contaminants in the wastewaters include organics from residual
:products and by-products, oils, suspended solids, acidity, heavy metals and other toxic
imaterials, color, and taste and ‘odor producing compounds. The principal parameters
lused to characterize orgonic wastewater cﬁnﬁuents are BOD, COD, OC, ‘otal oxygen

I
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)ﬂgmond (TOD), T§S, greose and oil, and phenohc compounds. The principal porometers

L:down waters. The pH of refinery wc..fewotei's is normally alkaline, but mey vary con=-
"sidercbly depending on- disposal of spent ocads -coustics; -ond ocvém&hes e e e

.‘n

| wastevraters is to relate the quantity and quality of pollutant produced by a unit process !

| The principal processes which characterize the refining industry are: (1) crude and

1 amounts of oil, COD, end suspended solids,| and a minor emount of BOD.

jusad to characterize inorganic wastewoter conshfuents are acidity, alkalinity, TDS, ;
.cmmomo-mfrogen, sulfides, and specific i morgamc jons. In many cases, it is important |
i to mecsure the inorganic dissolved ions in solution such as chlorides, sulfates, nitrates, '
i ond phosphates. Thns is important in the quality control of ccoling tower and. boiler blow"

i
| PROCESS OPERA‘i'ION WASTEWATERS

Wastewaters from plants manufacturing similer or even the same compounds
usually display dissimilar characteristics. This can be ascribed to the use of different
monufocturmg processes coupled with the fact thot the by=-product disposal pattem may
‘occurin a number of different ways. The mény combinations of process operation, rype
{ of crude charge, or age of plant make clossification of a "typical” refinery petrochemical
'wostewofer dlff'cult. The differences in in—plant effluent segregation systems, in=plant !
! treotment sysfems,, and process design, operation, ond maintenance also contribute to _ !

~“fhese voriations:™ The lorge variety of compounds produced within thé refinery-petro= it
chemucol mdush'y‘ make the task of treating process wastewaters difficult and complex.
‘ Hence, a wastewdter treotablhfy study i is often required before treatment optiuns can be ‘
considered. t .
318" }
The most common approach to predi-:ting the quality of petroleum refinery
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|

[to producflon]89 190 This information, when combined with general wastewater
| characterization dofo, offers insight into thé noture of production and processing wostes.

product storoge; (2) crude desalting; (3) crude oil fruchonohon (4) catalytic cracking;
(5) thermal cracking; (6) hydrocracking; (7) 'reformmg, (8) polymerization; (9) alkylaticn;
(10) uomenzonon, (11) solvent refining; (lﬁ) dewaxing; (13) hydrotreating; (14) de-
asphalting; (15) diying and sweetening; (16)|wox manufacture; (17) grease manufacture;
i (18) lubricating oil finishing; (19) blending ond packeging; and (20) hydrogen monu-

! facture. A brier d|scussnon of the wastewatérs and solid wostes associated with each of
the aforementionad processes is presented herein.

The wcsiles associated with storage of crude oul ond products are mainly in the
form of free ard emulsified oil ond suspendeh solids. The storage of crude oil produces ol
waste liquor which is both high in COD ond! 8OD and also high in an oily bottom sludge l
which must be removed intermittently . Crude oil storage is frequently the source of poly3
sulfide-bearing wastewaters and suspended solids. Product storage con produce high BOD
alkaline wastewafers, as well as tetraethyl f‘eod Tank cleaning can contribute large

|
The wastes associated with crude ofl desalting contain emulsified and free oils,

| ammonio, phenc“ and suspended solids. lee ammonia is added to the desalter to reduce
corrosion. This waste streom is relatively high in BOD and COD, and contains

N,




- :desalter waste often exceeds 200°F. !

> significant levels of chlorides and other dissolved moferwls which contribute to the over-;

goll dissolved solids concentration in the combined wastewater. The temperature of the !

\ |

1
s

The wastes from crude oil fractionation generally result from the wastewater

'-”-’ escociated with overheod accumulators, the wastewater discharged from oil sample lines, -

iME
T

" ‘and the westewater associated with barometric condensers. - The wastewaters from the- - -
laccumulators are o major source of sulfides, especially when sour crudes are processed.
'ond it also contuins significant amounts of oil, chiorides, mercaptans, and phenols. The
i wastewoters cheracteristic of the barometric condensers which are used to crecte the
'reduced pressure in vacuum distillation units are o source of stable oil emulsions. Like=
.wise, the major source of wastes in thermal cracking is the overhead cecumulator on the -
ifractionator. These wastewaters usually contain various oil. fractions and may be high in
80D, COD, ommonia, phenol, and sulfides.

l i .
[ Catolytic cracking units are one of the largest sources of sour waters in u
ipetroleum refinery. Pollution from catalytic cracking generally derives from the steam
strippers and overhead accumulators on fractionators used to recover and separate various
hydrocarbon fractions. The major pollutants resulfmg from catalytic cracking operations
lare oil, sulfides, phenols;, and ammonia. These wastewaters are alkaline with high BOD

'
:cnd COD concentrations. . , :
R :

Information conceming waste production associated with hydrocracking has not -
{been published; nevertheless, o waste stream from the process could be high in sulfides
Isince hydrocracking reduces the sulfur content of the material being cracked. This woste
stream would probably be generated in the product seporation and fractionation units ,
following tne hydrocracking reactor. f ‘ c
Reforming, which is o relohvely clean process, will generate a smo!l volume of -
wostewater. This waste stream is alkaline, and the major pollutont is swifide which is !
derived from the overhead accumulator on the stripping tower used to remove light hydm“
carbon fractions from the reactor effluent. In addition to sulfides, the waste contains
small emounts of ammonia, mercopfons, ondoil. . . i
' ' ! ' :
Polymerizotion is characterized by'a major pollution loading per barrel of
chorged moterial, but beczuse of the smoll polymerization capacity in most refineries,. the
total waste production from the process is small. Even though the orocess makes use of
acid catalysts, the woste stream is alkaline, becaute the acid catalyst in most of the sub-=!
processes is recycied, and any remaining acid is removed by caustic washing. Most of |
the waste materiol, which is high in wlf;des, mercaptans, and ammonia, comes from the :
prefrecrmenf of the feedstock to the reocfcr.l These materials are removed from the feed~ !
stock in coustic scrubbers ond woshwoier towers, The spent coustic must be removed 'l
penod- cally and contributes to the solids dlsposol problem. ’
l
The two principal alkylation processes are coscade sulfuric acid alkylation and
drofluoric acid alkylation. The general sources of waste in o sulfuric acid alkylation _|
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w-treated product and regeneration of the ?reofmg solution. These waste streams will
i

Cor s oy
[unit are the overl';‘ead accumulators in the fractionation section; the olkylotion reactor;

and the caustic wash. The wastewater from ;the overhead accumulators contains varying I
,cmodnfs of oil, sulfides, and other contominanfs, but is not considered the major source ]
of waste in this process. The waste from the reactor consists of spent acids and has a pH |
less thon 3. This stream seldom enters the sawer system becouse most refineries process it

1_‘40 recover clean acids. Censequently, the tajor contaminants entering the sewer fromo
b

‘sulfuric-ecid atkylotion unit-are generally-spent-coustics from the neutralization of the—1
hydrocarbon stream leaving the alkylation reactor. Hydrofluoric acid alkylotlon units doj
not have a spent cmd or spent caustic.waste’ streom, consequently, the maior source of
waste material is the overhead cccumulofor on the fractionator.
|
* Data are not available concerning waste discharges from isomerization processes;
but it is the general contention f the mdusrry that these wostewaters are low in phenolic!
1 compounds and oxygen demand; ond sulf'des and ammonia are not likely to be present.
|
The pofenhol pollutants from fhe various solvent refining processes are ‘the
solvents themse!ves. Many of the solvents used in the process, such as phenol, glycols,
nd amines, con produce o high BOD." ‘Undér ideal conditions, the solvenfs are con~ "1
tinually recirculated; but in reality, some solvent is lost to the sewer through pump secls, ;
flange lecks, etc. The principol source of wastewater is from the bottom of the fraction-i
ation towers. Oil and solvent are the major waste constituents. Likewise, leaks and
spills are the major source of wastes in solvent dewoxing processes which use MEK. A
spill of MEK can result in o waste stream which'is high in BOD. Propone dewaxing is o

|
cleaner process that poses few water polluhon problems. - !
!

The hydrotreating proces is used M! suturute olefins, it also will remove sulfur,
nitmgen, and oxygen compounds and cther contominants from either straight-run or
cracked petroleum fractions. The strength and quantity of waste generated by a hydro-
treating process depends on the type of process used and the material being hydrotreated.
The major waste streams derive from overhead accumulators on fractionators and steam
strippers and sour Water stripper bottoms. The major pollutants are sulfides and ommonia.’
Phenols also may llae present if the boiling range of the feed is high enough.

Doto are not ovailoble concerning waste discharges from deaspholting processes.:
Indications are that wastewater does not result from the actual deasphalting step, but is
generated from overhead condensers on the steam sfnppers that are used to separate the
aspholt, deasphalted oil, and propene. Thn? sour water" genercted from the condensers
probobly contains small amounts of sulfides, ‘oil, ond ammonia.

The principal waste stream from drying and sweetening operations is spent
caustic. The sperit coustic is characterized os phenolic or sulfidic depending on which is
present in the largest concentration. Phenohc spent caustics ccn*ain phenol, cresols,
xylenols, sulfur cmpounds, and some neutrcl oils. Sulfidic spunt caustics are rich in
sulfides, but do not contuin any phenols. Both spent caustics are usually high in BOD an¢
:1COD. Other waste streams from the process’ are generated from water washing of the

—
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¥z, contum small ar omoynfs of oil ond the freohng material; namely, sodium plumblfe or i
- copper chloride. J '
| | ! ‘ |
! Data are‘ not available concerning waste dascha-ges from wax manufecturing pro=
lcesses, but there is little reason to believe that such wastes pose a significant source of
-pollution. Likewlise, only smail volumes of wostewater are discharged from grease manu-
- foctusing processes.. In the cass of both manufocturing processes, o small amount of oil
‘may be lost to the wastewater system through leaks; but the largest waste loading occurs
iwhen batch units are washed. This results in soap and oil discharges to the sewer.
: i ' i ’ o
.; Acid treatment of lubricating oils produces ocid—Beoring wastes occurring os
“rinse waters and sludges. In addition, there are discharges from sumpling points, leoks,
. and shutdowns. These waste streams are usuolly high in dissolved and suspended solids,
'sulfotes, sulfonates, and stable oil emulsions. The ccid sludges produced in this process

' create: a significent solids handling problem. . {

H h
: ' (

Blendmg ond packaging processes pose few pollution problems becouse care is

*eken to avoid loss of product through spitlage. The primary source of waste material is

: from 'the washing of railroad tank cars or tankers prior to loading finished products. These

.wash waters are high in emulsified oil. Sludges from gasoline storage tanks can contain

: lorge amounts of tetraethyl lead, a highly toxic compound, which could be flushed into
‘the wosfewofer sysfem during washmg operohons

1
'
!

Infom\aﬂon conceming wastes generafed during hydrogen manufacture is not
'available; however, the process appears to be relatively clean. In the special case of the
steam reforming process, a potential waste st’reom produced durmg desulfurization would

contain od, sulfur compounds, and phenol.. | !

9
UTILITY OPERATION WASTEWATERS ;
!

Utility operations which are an integral part of a petroleum refinery contribute |
to the wastewater flow in the form cf blowdown from boilers, process steam generators,
;and cooling towers. In order to control excessive scaling and fouling of heat transfer

‘surfoces in boilers and process steam generators, o limitation is placed on the level of
"dlssolved solids and clialinity presenf in the water within steam drums. Blowdown occurs
'each time treated makeup woter is fed to fhe system so that allowable quality limits con
'be maintained. Although the volume of process steam generation blowdown will vary fron"l
,sysfem to system, it normally represents less than 5 percent of the total treated feed water

iused to produce steam. This is a smol! portion of the rotal utility operation wastewater
volume; although, the concentration of key water-quality constituents may be significant
Blowdown from cooling towers represents o sizable portion of the combined wostewater
flow, and constitutes the majority of the utility wastewater volume.

i

In general, cooling tower effluent qualify will be similor to the feed water
¢isupply fora once-fhrough cooling system except for the addition of corrosion control
py[;hemxcols. Cooling towers which recirculate 2 water within the system experience higher
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B solt concentrations since pure water is cbntmucusly emporoted to the suncundmgs
xCoclmg tower additives, TDS, and contamiriants entering the water through heat o

» iexchanger leaks constitute the polluhon charactaristics of cooling tower blowdown. The
mo<f commonly used additives for corrosior and cfgaa control are chromotes and phos-
,phofes ‘

J’:—-—- Boiler and-cooling tower blowdowns which are segregated from process waste~ -
| waters are sometimes referred to as clean streams. Such nomenclature is predicted on the
}relohve organic content of the waste stream and only is valid if the segreantis o7 stream
rigidly foliows process-utility operation lines. However, 1!ty biowdown streams still
i contain organic pollutants; albeit, at low carzzrirations. The principal cleon stream
i quality parcmeters are TDS, temperature, chromates, phosphotes, and pH.

|

fCONTAMINATED STORM RUNOFF
1

Storm runoft is o high volume, intermittent wastewoter stream which is bofh
,quonhfohvely and qualitatively unpredictable. The flow rate and contaminant concen-
“fration will riot orily vary with time during the course of a'storm, but alsc wili chonge ~*
{with each individval arec within a refinery-petrochemical complex since each area has
{ifs own geometric characteristics which influence pattems of surface runoff. The investi-
{gation of storm water flows is usuclly oriented toward obtaining dota regarding the prob=
1 able wastewater volume, quality characteristics, and runoff hydrograph shape. The
i anticipated rainfall volume estimate is developed statistically from long=term precipi-
tation records with sufficient accuracy to allow computation of meaningful probability
statements conceming future events. i

The chat"ocfer of contaminated storm runoff is similar in water quality to the
wastewaters generpted during operation of fhe petroleum refinery inasmuch os there will
exist o slgmf'cont oxygen demond, TSS, and oil and grease level in the nunoff which mus
be removed baford these waters con be dls"horged to a receiving body. The unalysis of
storm flow COD concentration relationships from numerous ranery-petrochemlcal com=
plexes has indicoted that between 60 and 80 percent of the organic moss is washed from
the surface of the facility during the first hour of the rainfoll-runoff event!89 . Similar
relationships exist, for other pollutant constituents,

'

BALLAST WATER %LOWDOWN

Tankers énd barges which transport crude or products to and from reﬁnery and
petrochemical facilities in coostal areas seldom cerry payload on both legs of @ joumey.
This is true of refineries in crude~producing areas whare tankers are used pnmanly for
exporting finished) products. Consequently, the excess ba!last from incoming tankers is
discharged ot the ‘debarkoﬁon port.

WATER POLLUTION CONTROL MEASURESIN PETROLEUM REFINING

JEL - ! ) , . —
e Isolation, of liquid wastes at their g&g_g:e for treatment before discharge of the




=water to the refinary wostewater collection system has been found to be the most
effective und economical means of minimizing pollution problems. Among the principal
wastes thot could be traated separately are oil=in-water emulsions, sulfur-bearing waters,
acid sludges, ond spent cnustic wastes. A complete evaluation of the effectiveness of in=
plant processing practices in reducing wastewater pollution requires detciled information
on the wastewater flows and pollutant concentrations from al! types of refinery process

~ units ond storage facilities, Unfoﬂunofely, this kmd of information is not readily oveil-
able. :

Despite the lock of specific process wastewater data, there exists information of

a mare general nature which indicutes that substantial wustewatcr pollution reduction

_could ke achieved through changes in processing facilities and practices. For instance,

_hydrocracking and hydrotreating are two processes that generate much lower waste

"lo..dings than the procesces they reploce. However, the greotest potential for in-plont

waste load reduction appears to be in improvement of genera! operating and hcusekeeping

practices rother than in changing prozesses or subprocesses.

=&~ = Although the central thrust of this trectise is to evaluate existing and emerging -
* end-of-pipe westewate: treatment technology as it applies to the petroleum refining
“industry, one should be aware of the existance 'of numerous in=plant source reductions,
" procese modifications, and conrrol practices which contribute to the overall goai of
poilution control. Such in-plant treatment control methods include stripping and
1 recovery operations, neutralization ond oxidation of spent caustics, ballast water treot-
‘ment, slop cil recovery, ond temperature control. These assorted in~plant treatment
. practices not nnly reduce the waste loadings tc the wastewater treatment facility, but
' 'olso enhance its performance. In some cases, in-plant control will show a cosf credit in .
‘the form of product recovery. { o , ' '
|
i__C_)il-cher Separation ! .
+ ! '

i
Oily wastewater treatment systems are found in the three phases of the petroleum

'
.

! industry; namely, production, refining, and morkehng These systems will vary in size

1 and complexity, although their basic fuhctior is to collect and recover valuable oils and

| to remove undesirable contaminants before discharge to a receiving body. The wastewate
i treatment systems found in refineries are larger and more elaborate than those found in the
production phase. The wastewater collection system of o modem refinery usuelly includes
"| gathering lines,. drain seals, juncticn boxes, and chennels of vitrified clay or concrete
which transport wastewater from processing units to oil-water separators. These oil-water
sepaorators are designed to raceive wastewater from all process sources, sometimes even
including storm runoff ond ballast water blowdown. The discharge of liquid wastes to

! these systems originates from a variety of sources such as pump gland and accumulator
leaks, process spills, cleanouts, 'somple ports, relief valves, etc.

_ The removal of oil contamination fiom wastewaters can be accomplished by the '
r ingLuse of several we|l known and widely accepted techniques. The performance of any
N2 x-glven separation techmque will depend enmely on the condition of the oil-water mixture:
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~ therafore, the noture of a particular oily waste stream must be determined before the

proper treatment device can be selected. The types of oil-water mixture which can be
encountered may be classified 2s wostswaters with oi! present os free oil, dispersed oil,
emulsified oil, and dissolved o- soluble oil. Free oil is usually characterized by an oil-
water mixture with droplets larger thon 150 microns in size, while o dispersed oil mixture
will have @ droplet size range between 20 and 150 microns.  An emulsified oil mixture
‘will have droplet sizes smaller thon 20 microns. A wostewater which is charocterized by
on oil-woter mixture where the oil is seid to be solubje, is o liquid woste where oil is not
‘present in rhe form of dropiets. Soluble oils are, in actuality, nonoily materials such as
phenolic type aromatic compounds and colloidal sulfur compounds which are selectwely
extrccted to varying degrees by the solvents used in the onalysis.

Several professional societies and industrial institutes have offered definitions .
for oil in the form of methods for measuring oil concentration in water and wastewater.
The commonly used solvents in oil and grease analysis are hexane, petroleum ether,
benzene, chloroform, carbon tetrachloride, ond freon. Thace solvents exert selective
extraction of specmc greases and oily constituents. Since oily matter and grease moy be
"of mineral, .onimal, or vegetable origin, the solvent action, exerted on moterial of such
different chemical structure, will vary to o marked degree. The opplication of o test
method for oil ond grease analysis to such material will produce a variety of results each |
depending on the solvent used. Therefore, the definition of grease and oily motter is, by
necessity, based on the procedure used for analysis. '

Theory and Practice of Gravity Qil Separation ' ‘ ;

) The three main forces acting on a discrete oil droalet are buoyancy, drag, ond
‘gravity. The buoyancy of an oil droplet is proportional to its volume and the drog is
'proportlonol to the projected area of the droplet. As the diameter of an oil droplet .
decrecses, the rotio of its volume to surfoce area also decreases. Because of this droplet
'size relationship, larger droplets tend to rise while smaller droplets remoin suspended.

, This relationship is defined by the well=known "Stokes Law." The concept ossumes that
'the terminal velocity of a rising droplet is: (1) proportional to the specific gravity

i difference between the oil ond water; (2) proportional to the square of the oil droplet
diameter; ond (3) inversely proportional to the viscosity of the water. '

The oil r‘emovol efficiency exhubuted by o partnculo: seporotor is o function of
the droplet size distribution, the amcunt of oil piesent in the confominated water, and
the presence of surfoctcnts or chemicol emulsuf‘ers which may or may not be indigenous to
the crude oil. ; -

If o free'or dispersed oily water mixture is brought to a relatively quiescent state
and given sufficient time, the oil droplets will coalesce and eventually separate from the
wastewater. The droplets which collect on the surfoce of the water will coalesce, pri-
marily because of their proximity to other droplets, and form @ continuous floating oil

| layer which may be decanted from the water. This process is called "gravity separation, ®
i ' '
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o “Genenlly, oil droplets 20 microns and smaller cannot be separeted proctically
with o gravity separator because the net buoyancy force is o' ercome by the drag force of
the continuous water phase. These droplets which were pre iously clossified as emulsified
oils are so smoll that the rondom movement of the water keeps them suspended. In
addition, impurities present in both the oil end water phases also may offect the separ-
~ obvhty
Nearly all o:l\ wastewaters hove some amount of free, dnspersed ‘and emulslf'ed

oil present. Rainfali runoff which has not been pumped may typically be contaminaied
with oils which heve between 8 and 10 percent of the oil droplet sizes below 20 microns.
Pumped mixtures may have up to 2C percent of the oil droplets below microns. Contomi-'
noted bilge ond ballast water will fypocally have from 10 to 15 percent or more of the oil

. in @ mechanically emulsified state.

The principal objective of gravity differential=type oil-water separators such os

. the APJ separator and the parallel or tilted-plate separator is to establish an environment
in which suspanded solids are settled coincident with the separation of oil in the influent.
‘The current design principles of the APl separator are based on extensive studies into the

effect of inlet and cutlet arrangements on oil seporuhon efficiency as well as the impact
of appurtenances on the hydraulic ciruicztristics in the separation chomber. The prin-
cipal factors which offect the design of oil~water separarors uis: /1) the specific qmvufy
of the oil; (2) the specific gravity of the wastewater; .(3) wastewater temperoture; (4) imo
percentage of emulsified oils; and (5) the concentration of suspended solids. The specific
gravities of both oil and waier which are a function of temperature determine the rate of

. oil separation. The cforementioned foctors set the allowable hydraulic overflow rate for
the particular oil=water separator design .

The porallel-plote interceptor (PPI) separator essentially reduces the distance

that o porticle of oil must travel before reaching a collection surface. In this case, such

- @ suiface consists of a number of parallel plates, evenly spaced and set ot on angle from
the horizontal. The oil particles coalesce on the underside of these plates and creep up
to the water surface. Therefore, the distonce traveled by on cil droplet is a few inches
instead of severul feet. An alternate design uses a variont of the normal PPI separator

. known os the tilted-plate separator (TPS) or the CFi which have only recently been '

" applied to the removal of free oil from ref‘nery effluents.

% A coagulation—flocculation step is commonly employed in refinery wastewater
: treatment to increase the overall removal of oil and suspended solids. The flocculated
suspensicn may be removed by simple gravity separation but an air flotation scheme is
, more common. The addition of a chemical coogulant to an oil contamincted wostewater
' serves to promote the oggregation of dispersed and emulsified droplets into flocculoted
' clusters. It also may negate the effects of indigenous crude oil surfactants and permit
' smaller Jroplets to coalesce into larger ones. This piocess is irreversible, leading to o
- decrease in the number of oil droplefs and finally to complefe demulsification. The net
effecf of coagulation=-flocculation is to render the suspension more amenoble to phase
mbwpomtlon '
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=56 When a quonmy of an aluminum (Al ) or iron (FOH) salt sufficient to exceed
the solubility limit of ths matal hydroxide is odded to woter, a series of complex ,
hydrolysis reactions occurs. These proceed from the production of simple hydro-complexes
through the formation of @ metal hydroxide precipitate. The reactive form of these com-
“plexes is o function of system kinetics, expressed as metel ion concentration, pH, and
alkalinity. Chemical theories attribute coogulation tn precipitaticn of metal hydroxides
““which act to-enmesh colloidal particles, specific chemical reactions, surface adsorption,
and specific chemicol interoctions involving coagulart hydrolysis producrs.:
- The impact of coogulahon-flocculohon on removal of emulsified oils is repre=
"sented by the date presented in Figure 9. These dato indicate the results of a series of
“botch tests conducted to examine the means by which aluminum added as alum and iron
odded as ferric sulfate interact with oil droplets!?1. The curves presented in Figure 9
! reveal that performance response is a strong function of pH. The factors believad to be
- responsible for the oil removal at pH=5.5 and 8.5 are the charge on the oil droplet and
the nature of the hydroxy~metal species. The combined effects of charge reduction,
' sorption to the droplet surfoco, ond mterdroplet bndgmg are requured to effect sngmﬁcont
%H removal
. Synthetic organic polymeric electrolytes or polyelectrolytes are used with
increasing frequency in water and wastewater treatment. They function both as primory
coagulants and as coogulant aids when used in conjunction with metal coagulants. Asa
coogulont aid, their principal function is to strengthen the flocs fermed by metal coogu-
_lonts such os alum. . A series of batch tests was conducted in order to examine the effects
- of polyelectrolyte addition on oil removal efficiency ond these data are presented in
Table 11191, Specific foctors evaluated were polymer type (anionic, nonionic, or
' cationic), polymer dose, and order of addition. The data presented in Table 11 mducofe
thof the anionic polymer is least effective for oil removal and that the nonionic and
| cationic varieties are approximately equal. However, none of the polyelectrolytes
exommod resulted in sufficient oil removol to justify itsuse as @ priraary coagulent.
: |
" Since both the polyelectrolyfes cnd the cil droplets are highly charged, there
" exists o very strong electrostatic attraction between the two substances. Consequently,
this may result in @ nonspecific interaction in which the polymer coats the oil droplet
'. surface instead of attaching ot @ point and extending into solution to act as a bridging -
. agent for other droplets. Moreover, the relatively high ionic strength of petroleum
| refinery wastewaters may inhibit the polymers from fully uncoiling in soluhon, thercty .
'acbcmg their effectiveness. i o
!
j These some polyelectrolytes were avoluoted as coagulant aids in comunchon
‘with olum as the primory coagulont. The results of these tests are presented in Figure 10 '
' and indicate that polymer addition does not significantly improve oil removol efficiency

. but may even hmder 19, | o
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TABLE 11. POLYELECTROLYTES AS PRIMARY COAGULANTS FOR CRUDE CIL DISPERSIONS

Polyelectrolyte . Percent 011 and Grease Removal
Dose - - Anfonic Nontonic . Cationic
(mg/1) i Polymer* Polymer*+ T Polymerees
0.1 16 22 o 18 -
0.2 S [ 20 27
0.5 . I T 26 27
1.0 - 15 29 _ ) 30
2.0 o 12 : 29 ’ 29
5.0 12 27 3
0.0 , 10 271 N

*Anionic polymer = polystyrene sulfonate, approximate molecular weight 2 x 105.
**Nonfonic polymer = polyacrylamine, approximate molecular weight 1 x 106.
*++Cationfc polymer = polyacrylamide, approximate molecular weight 1 x lp .



LS v ¥ LA §

WOTE:
INITIAL ALUM DOSE = 10 mg/1

'

CATIONIC POLYMER

MONION

- TN

S \
C POLYMER N\

ANIONIC

oLym

€R' ' . \

O1L AND GREASE REMOVAL (PERCENT)

L l

()
0 02 04 26 O

O L2 14 16 1.8 20 22 24

. POLYELECTROLYTE DOSE (mg/1)

FIGURE 10. Polyelectrolytes evaluated as coogulant aids in ‘conjunction with
alum as the primary coagulant ‘

100



~Flotation Oil-Water Seporation :

i
]

Flotation is one of the most common oil refinery wastewater pretreatment
' technjques and generaily includes o chemical coagulation-flocculation step. It is o unit
" operation specifizolly desianed for the separation of liquids and solids from wastewate:.
" Natural flotation occurs to some extent ir ~ravity oil-water separation techniques, but
is generolly limited to the removal of oil globules greater than 40 micvons in size.

\ ;
i " The flotation process relies on uniting gas bubbles with the dispersed oil phose
' resulting in a reduction in the specific gravity of the oil and a subsequent increase in
' rise velocity. Flotation is strongly influenced by the surfcce characteristics of the dis-
' persed oil phase ond to a lesser degree by the oil droplet size.
. Flotation methods are divided into dispersed-gas and dissolved=-gas processes.
! Dispersed or entrained gas flotation utilizes bubbles generated by one of the follawing
. techniques: (1) mechanical shear; (2) gas diffuzion through a porous media; or (3) homo~- -
' genization of the gas into the wastewater. Dissolved gas flotation generotes gos bubbles
by the precipitation of gos from a super-saturated solution. The processes differ in the
; size of the gas bubble produced. In dissolved gas flotation, bubbles averoge 80 microns
t in diometer, ‘while they are generally an order of magnitude larger in dlspersed gas
! flotation. The gases commonly used for flotation of dispersed oils are air ond] nitrogen.
_Air will oxidize any ferrous iron in the wostewater which may precipitate as ferric
: hydroxide. The ferric hydroxide, however, ‘may act as o coagulating egent and improve
| overall oil removal eff‘clency. !

| DAF is the process commonly used in refinery and petrochemical installations to.
enhance oil and suspended solids removal. It is generally preceded by a gravity oil

. separctor which will remove gross quontities of free oil ond oily suspended solids. The

; orocess involves the pressurization of wastawater in the presence of air, thereby creating
. @ super-saturcted solution which when passed into o flotation chamber at atmospheric

! pressure will precipitate the air from solution in the form of small bubbles. These bubbles

! unite with the dispersed oil phase to form a collection of distinct oil droplets (coagule)
! and carry it to the surface. The floot is removed to disposal or recovery by mechanicol

' flight scrapers, while the Underflow represents the clarified effluent.

(

The mechomsms by which fhe-orr Lobbles and dispersed oil dro,:lefs interact are :
generally classified as follows: (1) the achesion of oil droplets to air bubbles; {2) '
ertrapment of air bubbles in a coagule or a. f’loc*ulont structure; and (3) absorption of orr'
bubbles into fh'a coogulo or floc structure, 1 i

The principal mode: of operohon fclr the DAF process are: (l) full wastewater
stream pressurization; (2) split stream prossunzanon and (3) recirculation stream pressuri=
zation. Most applications of the DAF process for the treatment of refinery wastewaters
use recycle stream pressuruzonon os the prmclpol mode of operation. This system hrs the
odvantage of reqmrmg a smaller pressurizing pump than in full-stream pressurization so

#+hat capital am_ opﬂroth costs are rg_c!t_:_cgq' quddmon __pump life is increased because
1 | r ™
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' rgbrasive solids org not pumped since ?hey are sepurofed From the mcycle streom in the __ i
‘flotation chamber prior tc pressurization. Flocculant structures formed in the wastewater

-, 'stream are not subjected to the shearing forces of the pressurization pump. Moreover,
’emulsnon formation due to shear is minimized. A potential disadvdntage of recycle oper=.
:ation as compared :o full-stream or split-stream operation is the necessity of an enlarged |
“sflotation chomber. . _ - e
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P The use of chemical agents has hlstoncolly been on integral part of the fiotation:
lprocess. 'These chemicals function by modifying the surface properties of ohe or more
phases. For instonce, there are chemical agents (frothers) which serve to lower the mfer-
ifacial tension between the air bubble and the wastewater. Other chemical agents ,
'(collectors) either reduce the ‘interfacial tension between the dispersed oil phass and the
'wastewater or increase the interfacial tension between the air bubbles end the oil phase. ,
iBoth conditions tend to increase bubble=~droplet adhesion. Cezgulating chemicals such os
‘aluminum ond iron salts are often used to enhonce the bubble capture mechanisms of
iflotation. As discussed prewously, these coagulants function to improve the flocculant. '
inature of the dispersed' oil pnose and enhcnce the capture of smoll oil dvaplets. !
9([.-_....-.-..-*4 . [ e em e e - ——‘,7.1.
The cmgulanfs may be:introduced mto the process stream in many ways depending
‘on the mode of operation ond the type of chemicals used. In some installations, the
t'hem'col is injected downstream of the pressure release; while at others, it is injected
.directly into the suction side of the pressurizing pump. When chemicals are injected
- diractly into the pressurizing pump suction, mixing is enhonced; but the relatively short
'time available for floc formation clong with the shear forces encountered may be detri-
;menfol to the overall system performance. ! : L
! ! . i
L In recycle or split flow operation, the coogulant moy be added directly to the
iwastewater in o seporate reuctor for better control of the coogulation-flocculation process.
‘The flocculated wastewater stream is then transferred by gravity to the flotction chamber
(where it is combined with the pressurized stream. This mode of operation provides for
.more effective use of coogulants by increasing reaction time as well as improving floc

formation ond increosing separation rotes. |
1

{

) : 3
!Oil-Woter Separator Performance |
| : |

On°woter separator treatment efﬁcuency is @ function of many design ond oper=
iating variables, The two factors which are most significant. in impacting upon seporator
performonce are flow rate ond influent oil concentration. Separators must be protected
.in order to prevent flusking during periods of high flow. Bypass and overflow lines )
‘generolly are used to prcvide this hydrc_ Vic protection. The influence of initiol oil and |
grease conzsntrotion on ine ireuimeni performance of conventional oil-water separators is’

iillustrated in Figure 11. Assuming the systems are operated properly, these data indicate ! '
'fhof the influent oil concentration is a significant foctor with respect to process capacity ;
and efficiency. This effect is underscored by data for both the conventional AP separator
..+ jond the chemicol flocculation DAF unit inasmuch as higher influent oil concentrations ore \
(f x:?nmoved with greater efficiency t} fhcn fhcf of low influent oil concentrations.,
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* Although grevity saporahon ‘will not orovude a sahsfo»tory effluent onl qualll'y |
Tfor direct discharge to biological trectment, it is the most economical and efficient ;
i approach to the ramoval ¢f high concentrations of incoming free oil. The effluent oil !
concentrations frem API separators generally range from 70 to 150 mg/L, cithough devi- .
‘uhons on either side of this range ore common due to the great variety of wostewoters
ftreoted with, this type of oil removol equipment. Nevertr.eless, under excellent operating
»condmom-on opparent -lower limit of oil in o grovity separoter effluent is usvally around
150 mg/L. It should be emphasized that the removal efficiency of o!l gravity separotion
ifechmques isa funcﬁon of temperature ond the density difference between oil and water.
i As observed from the dato presenfed in Figure 11, DAF unit effluent oil levels of
i10 to 30 mg/l can he achieved if the influent oil concentration remains below 20C mg ’2.
Alrhough it is possible to obtain an effluent oil quality of 10 mg/4 under certain con-
~dmons with a chemical flocculation DAF unit, ceasistent performance ot @ 10 mg/4
"effluent oil concentration would appear to be difficult if not impossible to sustain
' This is particularly true when considering the fluctuations in influent. oil concenrruficn
. inherent with most petroleum processing operchons, ond the corresponding effect on
fgtavity and DAF oil removal systems

-~

i v

‘ The effect of peak hydmul.c loading on APl separator effluent oil concentrations
iis illustrated by the dato presented in Figure 12. In general, the ideal API seporotor’
"design seeks to !imit the extent to which turbulencs ond short=ciccuiting will offect the

! operation of the seporator. The effects of turbulence increase with the magnitude of the
jratio of the horizontal velocity to the rate of oil droplet rise. Theoretically, turbulence
ionly can be compensated for by decreasing the overflow rate. It is apparent from the
jdata presented in Figure 12 that g deterioration of effluent oil quality will occur when

i hydraulic surges exceed the design maximum. Unfortunately, a theory does not exist
'which defines the. mogmfude of a'maximum absolute value of the norizontal velocity.

i f Dota collected during the operohor of o pilot=scale tilted=plat separator are |
i presented grophically in Figure 13. The pilot unit was operated as part of a comprehensive
!irreofobuhh study on wastewaters from an integrated petroleum refinery. The opparent oil
tremovol eff'cnencles tend to vory between a low of 50 percent to a hjgh of 80 percent at
! the design average hydraulic load. Like the APl separators, .ne treatment performance of
‘fhe TPS unit is affected by hydraulic surges, and the overall suspended solids and oil
{ removal efficiency of this pilot unit did- dectease when the system was operated at 1.5

. 'times the design averoge hydraulic load. Nevertheless, there is broad application for
'hlfod-ploh seporators.in the treotment of refinery~petrochemical wostewaters since 3o
Jlittle space i required for their instollotion. The TPS unit con be installed in series with
,on existing AP seporotor which is either overloaded or improperly designed, # ereby
lincreasing the overall oil removal efficiency normally obtained by this graviiy seporator.
i The TPS unit also con be installed to opercto in porailel with existing AP| saparators,
lroduclng the hydrouhc load and enhancing the oil removal capacity of fhe system,

i Several cose histories where DAF units are used to treat ref’nery ouly waste~ -
L:!gtgll's_ are presented in Figures 14 and 15. These curves represent statistical anolyses of
! . ] AN
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s< DAF process eff'caency data obtained from wostewoter surveys performed wuthm petroleum

refineries which employ flotation oil-woter separation equipment for secondary oil
recovery. The first case l'nsfory which is graphicolly presented in Figure 14 is character=

, istic of the expectad treatment performonce associated with o DAF unit operated in series
with on APl seor.ator. These data indicate that the DAF unit reduced the oil level from
.68 mg/L to 15 mg/L 50 percent of the time, and from 105 mg/L to 25 mg,” "4 at a 90 per-
““centile probability level. The second case history (Condition B) whick is ‘presented in
Figure 15 depicts the variction in DAF treatment performance for oil ‘and grease removal
ot @ much higher level of influent concentration. These data indicate that this DAF unit
reduced the median ¢il level from 580 mg/L to 68 mg/L and the 90 percentile probobnlnr/
valve from 1,930 mg/L to 128 mg/L.

DAF oil removal efficiency is a function of many factors; namely, design over-
flow rate, retention time, recycle volume, pressurization level, air-to—solids ratio, type
and volume of chemical odditiun, and the concentration and form of the influent oil.
The doto tabulated in Table 12 account for these variables inasmuch as the operational
overflow rates fall within the accepied design spectrum of 1.5 to 3.0 gallons per minute
_{gpm) per square foot and oll use the pressurized recycle mode of operotion. All of the
cases cited pse coogulation=flocculation with the principal chemical being alum ot o

' dosoge of between 100 and 150 mg/4 on the overoge. A few operate with a small poly=-
electrolyte oddition. \

In geneml, the DAF unit experiences better oil and grease removal at the higher
influent concentration levels. This also is the case regarding the separation of influent
_suspended solids and COD. The overall COD removal efficiencies presented in Table 12
ore not surprising when ‘'one considers that a large fraction of the COD is associated mth
suspended solids. i

The information presented in Table 13 summarizes the design parometers which
choroctenze full-scale DAF units treating petroleum refinery wastewaters both with and

| i without coagulant addition. It should be emphasized that air flotation without chemical
; eddition is not widely used in refinery wastewater treatment. Moreover, the addition of
- polyelectrolytes has not substanticlly increased oil-water separation by air flotation
; Systems to warrant their use as anything other than o cnogulant aid. This is indicated by
;i the data presented in Figure 16 which depicts air flotation process efficiency as a
function of influent oil concentration. The doto specify treatment performance of both
DAF units ond induced air fictation (1AF) units with. various ranges of polyelecfrolyfe
', oddition. |t is opparent from these data that polyelectrolyte addition did not improve
flotation treatment eﬂ'cuency, ond in some cases, it may hove even hindered effective
oil removal. :
. { i

The variation in the treatment performance of a pilot-scole IAF unit used pri=
marily for oil-woter separotion is presented in Figure 17. Pollutant removal efficiencie:
are essentially equal to those achieved by the DAF units, but operation is more difficult
| and chemical flocculant requirements are significantly higher. Moreover, the skimming
-—ore much less "oncenfrofed ond represent a ‘significant waste solids disposal problem.
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TABLE 12. EVALUATION OF DISSOLVED AIR FLOTATION TREATMENT PERFORMANCE

011 _and Grease Removal COD Rewoval 15S_Rewoval =
Sample Influent Effluent Percent influent Effluent Percent Influent Effluent Percent
Observation (mg/1) (mg/1)  Removal (mg/1) (mg/V)  Remcval {mg/1) {mg/1)  Removal
1 1,781 20 99 1,335 492 63 740 -86 88
2 2,029 35 98 4,115 552 87 1,304 48 96
3* 1,034 50 95 2,813 - - 650 36 . 94
4 3,500 sS4 98 4,525 1,128 15 805 170 79
5 700 60 92 1,660 656 60 244 L} ‘83
6* 370 160 84 1,680 6158 63 229 21 88
? 1,530 13 S 3,663 555 85- 466 50 89
-8 230 60 74 . 193 453 43 75 32 57
g+ 420 190 55 1,200 675 - «“ 152 121 20
10 120 130 82 4,432 1,968 56 222 106 52
n 310 90 n 4,702 2,551 46 11s 3 70
12 324 12 78 286 513 T as 142 7 46
13 170 70 59 966 523 46 95 70 26
—————

*Addition of five mg/) polyelectrolyte.
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TABLE 13. DISSOLVED AIR FLOTATION DESIGN PARAMETERS
. Example Refinery

Design Parameter A ' B C D E F G H
Average Inlet 011 and - T 270 70 12 - - - . 100 125
Grease, mg/1 ; - . -
Hydraulig Loading Rate, 3.5 - 2.3 2.9 2.3 4.0 2.5 .9 2.3
gpm/ft - _ ) . . R
Detention Period, minutes 19.5 23 .2 ‘ 20 1n 25 - -
in flotation chamber
Recycle Pressure, psig 50 40 40 45 40 40 - -
Recycle, Percent of Feed - 25 33 33 see note 50 35 -85 .see note
Afr-Water Ratio, 0.8 1.0 1.0 0:36 - 1.0 - .-
SCF/100 gal ’ o - » '
Chemicul Addition prior - Yes ) No Yes Yes Yes Yes Yes No
to Flotation . - - _
Inlet pH - - - . 6.5-10.0 8.5-10.0 - - -
Design Flow, mgd 30 4.3 5.7 2.5 2.5 - - - T -
011 Removal Efficiency, 70-85 60 92 66 75 - 92 72
- Percent . - . : '
Suspended Solids Removal  30-50 - - - - - -

Efficiency, Percent.

NOTE: Full flow pressqrization method.
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f‘:"Operuhon data fog an |AF unit treating pefroleum reﬂnery ballast wastewater are pre=~_
‘santed in Table 14. This, pilot=scale unit wos operated under closely contrclled hydroulu
'condmons. In general, suspended solids removal was unimpressive, exhibiting @ meon
,; removol of 33 percent with greatly decreased efficiency ot the higher influent solids con-
‘centrations. Conversely, effluent oil concentrations were consistently low with increase
~.oel removal efficiency at the higher influent oil concentrations. In addition, the |AF .~
unit produced @ large volume of float material which wos between four ond nine percent
of the throughput volume.

t
i

The variations in the treatment performance of both @ TPS unit and an IAF unit
‘used for suspended solids removal from petroleum refinery ballast wastewaters are pre=
Ksenfed in Figure 18. These dato are depicted as a function .of anticipated probability of
toccurrence. The curves presented in Figure 18 indicate thot the overall removal of -
suspended solids by the aforemontioned processes will increase with increased influent
“solids ‘concentrations which also was observed wafh the removal of oil ond grease.

I
{ Curves which depict the relative treatinent performance of oil-water separators
[Yor the removal of dispersed and some emulsified oil fractions from refinery wastewaters™
' ore presented in Figure, 19. As discussed in the preceding parogrophs, gravity differentia
?oalwofer seporators of either the AP! or TPS type are needed to absorb shock oil loadings
fsincs excessive influent oil concentrations will reduce the performance of DAF and |AF
‘oil removal systems. Of the two gravity separators, both perform reasonably well and are
{ low energy and low maintenonce systems. Although API seporotors are more widely used
for primary oil removal, the current trend is to install TPS units becouse of their more
: @conomical price ond reduced space requnremenfs The data presented in Figure 19
indicate thot @ TPS unit also will experience better oil removal efficiency than the con=
veational APl separator. Since gravity oil separation by itself cannot be depended upon
to meet the influent oil criteria of biclogical treotment systems, additional oil removal b
a DAF or on |AF unit will be necessary. The data presented in Figure 19 also indicate
that an |AF unit i iess stoble than o DAF unit and it will obtein sllghfly lawer oil remove
efficiencies, as ilustrated. i
Recemlyt, pilot-scole fibrous~bed coolescers have been applied to wastewoter
trectment for the rémoval of residual secondary oil-water emulsions that are not separable
l\mdet prolonger detention in gravity seporotors. A fibrous=bed coo!sscer is o' fixed=filter
.i element constructed of fiberglass or other mdtericls which act to coalesce oil droplets anc
| break emulsions. In a continucus water phate, oil droplets have a grent affinity for the
specicl fibrous materials (some fibers are less than 0.5 microns in dlamefer) contoined in
the coolescmg element. When oil-water emulsions are forced through the elemant, the
micronic oil droplets preferentially adhere to the fibers where coclescence tokes piace.
As the oil droplets grow, they migrate through the elements, The droplets emerge from
the coalescer elements large enough to ropidly rise to the surface of tha water. The
velacity of flow is controlled by the design of the separator to prevent oil droplets from
being entrained with the flow of wostewater, The oil is removed from the water surfoce
s by skimmers or other withdrawal devices and the oil free water leaves the bottom of the _

»-separator.
) i

-
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TABLE 14. EVALUATION OF INDUCED AIR FLOTATION TREATMENT PERFORMANCE*

Influent Effluent Percen_t Removal Efficiency

; Standard ) - Standard Standard

Parameter . Mean Deviation Mean Deviation Mean Deviation
01} and Grease, mg/1 29 13 6 4. 76 17
Suspended Solids, mg/1 70 40 45 38 33 3
B0Dg, mg/1 92 13 57 15 38 15
00, mg/1 T T 2w 74 126 49 a7 ©16
TOC, ng/} ns 18 7 13 3 10
Phenol, mg/1 I 1 6 6 5 32 .2
" Turbidity, standard units - 122 A T 26 - 47 )
Color, standard units 2 1 - 1 1 s a

*Evaluation perforwed with a r’lot-scale IAF unit on petroleum refinery ballast wastewater,
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> Coalescence in a fibrous bed mvolves three steps; ncmely (l) interception of _i
Pne oil droplets by fibers; (2) attachment of droplefs to the fibers or retoined droplets; |
iand (3) release of enlarged droplets from the fibers. The actual process of demulsification

gns due to the rupture of the interfacial film which surrcunds each droplet when the '
.emulsion flows throug the small passoges in the fibrous media. The subsequent coa~ ’

-lescence of the dispersed oil phase is due to the preferential wetting c‘u.roctenshcs of

tbe»me& -surfocs.-

0 T s e e

! Experimenrol observations with lcbérotory-scole coalescers have shown that ;‘
’sfeady-sfofe oil removal can be achieved after the fibrous beds are saturated with dis= |
! persed oil cnd conhnuous operation is possible before excessive pressure drops are
'realized! 193, 4, Dota which illustrate the treatment ‘performance of fibrous-bed coa=
;lescers for oll removol from oil and gas production effluents are presented in Figure 20.
(Included with this information ore treatment performance datog r oil removol from oil ond
1 gas production effluents using a DAF unit and o PPI seporofor These data indicate
ithat at low levels of oil present in the wastewaters sampled, the DAF unit with chemical
‘addition performed comparably with the fibrous~bed coalescer! 73, 1t should be empha-
“$fzed that the efficiency of o fibrous=bed coclescer is dependent nn such operating param-~
‘eters os influent oil concentration, fiber size, flow rate, oil wettability, oil dropiet
isizes, and solids concentroﬁon. .
[} t

Fllfraﬂon systems have been applied te the separo‘non of free and emuisified oil
from refinery wastewaters, A brood spectrum of materials ranging from gless, porous
ceromic, metals, plastics, send, onthracite, to graphite have been tested as filter media.
These medio exhibit a specific offinity for oil. Filtration os o pretreatment step for oil
and solids removal can be used independently or in conjunction with gravity separators or.
air flotation systems. -

The oil removal mechanism is by direct filtration and induced coalescence where

even smoll solid porhcles and oil globules are separoted and retained on the media. This!

filtration ond coalescing procass is often enhanced hy rhe use of polymer resin media. i

Experimental observations with pulof-scole f'ltronoq cocile}cers have proven
ithat the filtrotion process is effective for breaking emulsions'* The applications o
ja filtration process based on most experimentol observations is best suored for selected !
solids=free streams where the media con serve o3 o coclescer and not as o collector of oil |
This would greatly increase the run times o:socuoted with this oil removal process.
Experimentation with pilot-scale membrane processes such as ultrafiltration or reverse
losmosis has indicated thot effective oil removal can be achieved, but ot relatively low
flux rates. Moredver, membrone fouling and membrane~lifa problems prevent the
practical application of such processes for oil and grease removal from refinery waste= '
wofﬁr’. |

- The primbry advantages ond disadvgntoges of such oil removal process applied to
the treatment of refinery waostewaters discussed in previous sections of this report are pre~
“sented in Toble. 15. A discussion regordmg fhe ovl _removal potentjal of both biological. #
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_TABLE 15. PROCESS COMPARISON FOR Ol AND GREASE REMOVAL

Process ODescription

Advantages .

Disadventages

4

Sravity Seperstion AL, CPL, TPS, PPl

Ale Flotation DAF, IAF

Chamical Flocculation " Used tn conjunction with
,rulty sepavation end afr

lotation.

Filtration Sand, anthracite, multf-
wedia, crushed grap-ite.

Coatescence Fidrous media

Agubrane Process Reverse owmosis

Stological Processes Activated studge, MBS

Carbon Adsorption GAC will act doth as
effective_filtration medivm
- and coalescing separatory
PAC for resoval of seluble
- . ofls oaly.

Petentiol for trestment of suipended

solids; effective removal of free and
dispersed oi); sisple and economical

treatment operation.

Potentisl for treatment of suspended
solids; effective removal of dispersed
and emylsitied ol) with chemica) od-
ditton: rellable process which effac-
tively trests shock loads.

Potenttsl for treatment of high sus-
pended solids.

Effective suspended solids resoval;
has application to the separation of
free, dispersed and emulsified ofl,

Effective rem;ﬂ of 311 ofl compo-~
nents except soluble ofls.

. Soluble oil removal desonstrated in

laboratory tests.

Effective soludle ol removal,

Effective remova) of al) o) compo-
nents inciuding sotubie ofls.

Limited efficiency for removal of e~
tifled 0l)1; will not remove soludle il
restricted to the removal of ofl
droplets greater than 20 aicrons.

Chemical sludge handling when coagulants
are used.

Chemical sludge produced. N

Requires backws:iwing nd the beckwesh
creates 2 subsequent trestment prebles,

High Yevels of suspended tolids will (e-
duce fouling: potential for biolog‘cal
fouling; needs extensive pretreatwanty
not demonstrated as o8 practicel process
in full-scale operation.

Low flux rates; merbrane fouling end
Vimited membrane 11fe; not demonstroted
as 8 practical process In fyll-scale
operation; needs extensive pretreatsaat.
fRequires extensive protresteen. to re-
duce influeat oil levels to less thaam
40 mg/t.

Requires extensive pretreatsent; process
13 enpensive; carbon must be regenerated
or replaced; mot drmonstrated as & prac-
tical process for {ull-scale€ cperatiom.
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:;nd carbon odsorphon treatment processes will be presented in subsequent sections of
[this report. ] : -
! .

Intermediate Trea‘ment Processes ;
|- The need to equoiize wostewater surges from reflnery ond perrcchemlcal pro=...
Zeessing.units.ason intormedicte. step in. a treatment system-is well established. Biological
processes as well as physical-chemical systems operate more efficiently if the pollutant
concentration and flow of the wastewater are relatively constant. The objeci’ve of
equalization is to minimize or coutrol fluctictions in wastewater characteristizs, thereby
' providing optimum -conditions for subsequen. treotment processes. The size ond type of
- i the required equalization basin will vary with-the quentity of wostewater and the vari=
| oblhfy of the pollutant concentration. Many of the wastewater discharges within a i
iref'nery complex are from washdowns, tank clecnings, batch operohons, ond inadvertant
ispulls. Adequate equalizatior would provide demping of the organic fiuctuations associ=
| ated with these intermittent wostewater sources in order to prevent shock loading of the |
BIO'OQICQI treatment system. » ’ : !

RO U P O O e - e

t
Mixing is usually orovided io ensure adequate pollutant concentration equali-

zation ond fo prevent setticable solids from depositing in the basin. In general, the
design problem corsists of determiniag o functional relationship between the size of the |
' equalization facility and the probctle reduction in the fluctuations xssociated with the:
'ipollutonl' concentration of the wastewoter. \When flow varies considerably, and not in
the same manner gs the pollutont concentration; the equali. ation facilities should be .
physicolly arranged to provide additionul storage beyond the normal required volume in
order to dampen bcth the flow rate and concentration. Such off-specificetion impound-
ment of hydraulic surges ond high orgonic loadings would require additional pumping
capacity. The required size and mixing fectures of the equalization basin denend on the
wastewater characteristics, process plant eperoting schedule, ond ony unusually severe
operational ﬂucfvofions. . l ‘ - '

—

l

The presane of on equalization bosm will often minimize the chemical requure-"
ments necessary for neutralization of wastewaters by mixing acidic and olkaline streams
which would normally be discharged from rhc refinery ot different times, Although ;

refineries and petrochemical installations have many individual streams which are highly |
acid or alkaline, the combined wostewater d.schorge is generally slightly hasic within a ;
pH range between 7 and 10. Conseatently,. the combined wastewater from many install-:
ations does not raquire neutralization; however, the separate discharge of cer*zin streams
must be neutralizéd. ‘Such streams include dilute ocid or alkaline was waters, spent !
coustizs from coustic trecting operations, acid sludges from alkylation, acid treating
processes, and spent acid catolysts. :

Typical 6pplicoﬁons where neutralization is reqbired include: (1) emulsion
ybreoking through gcidification and neurrol‘zf:ﬁon following gravity separation; (2)
_neutralization prlor to biologicol treatment;:(3) neutralization of specified streams to __
prevent corrosion; (4) pH adjustment to prevent unwanted precipitation of certain
. ‘-?:,J .'.- . M
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»-constituents; and l5) pH odjustment to enhon"::"ef:éowlaﬁon and sedimentation. ,‘ o
i
3 Design of a neutralization system i predlcofed on titration curves which deter- |
Imine the totol alkalinity or acidity of a solution. These curves graphically depict the pH
| change per milliequivalent of reayent. The design and control of a neutralization pro=
'Qcos includes consideration for mixing, reagent feed, and pH control systems. The -
*'economics of the neutralization system depend on the characteristics and quovmfy of -
. wastewater neutrollszed ond the source and supply of neufrollzmg agents,
l .
‘Biologicel Treatment Processes
’ { ! -
| The treciiiont of wastewaters discharged from refinery=- petrochemkol install=
"ations encompasses the removu! of many pollutants, bu: most of the attention in refinery
'pollution control is facused on organic removal. Biological treatment is generally con=
i sidered the most effective technique available for removing organic materials from !
- petroleum refinery wastewaters. Essentially; the basic biclogical treatment processes .
_include suspended growth activated solids systems, fixed microbial slime systems, and
““waste stabilizotion lagconing. Usually wostewater pretreatment is required to remove *™
‘oils, suspended solids, and toxic substances. Additional unit operations required to '
' | maximize process stability are provided by such processes as neutralization, equalization,
land surge or holding capacity (off-specification impoundment) as was previously discussed.
. : ! . '

o rr e —— e -t S ead e e
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The priné:ipol suspended growth activated solids system which is most effective in

i the treatment of refinery~petrochemical wastewaters is the activated sludge process. This
|is @ continuous treatment system in which o microbial population is contacted with waoste=!
{water in a completely-mixed reactor and then separated by gravity from the treated :
tliquor. The basis'for the design of an activated sludge process is predicated on main~ !
'tommg an environment in the bioreactor which is optimal for the growth and activity of

select populohons of acclimated mlcroorgom'sms.

Treatability studies using bench- orl pilot-scale process simulation techniques arg
used to formulate the basic design criteric for suspended growth systems and predict
treated effluent quality. These treatability Sfudues ore conducted: (1) to vertify the
1applicability of biologically stabilizing the orgomc constituents in the wastc water; (2) to:
'develop the basic: kme.ncs for process design} (3) to establish the impact of various
organic and inorganic wastewcter constituents upon biological process efficiency; and
(4) to predict the trected effluent quality cnd evaluate this quality in temns of effluent
requirements. This process simulation will prowde predictor relationships in the form of
mathematical expressions which describe the activated sludge process and its applicability
to the treatment of the given wastewater.

The actual degree of treatability c‘\orocfenshc of a refinery wastewater is a.
function of the type of refinery, the type of! lerude charge, the oge of the facility, the |
type of collection system, the quantity of ufhlty water blowdown, and the degree of in-
gl_gnt control. For these reosons, the actualidesign of the basic activated sludge process._
Pimay vary from one installation to arother. |

'n
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Petroleum refinery wostewaters, while highly voriable in nature, tend to '
‘exhibit similar biological treatability charocteristics. Consequently, if the wostewater
choracteristics for a given ref'nery are known aond the capacity of the various refinery
processes are considered, it is possible to use historical data collected during bench-scale
treatability studies on other petroleum refinery wastewaters to obtain the required design
coefficients. The pertinent design coefficients fit mathematical models which describe
the biological oxidation process. These models depict the rate of substrate removul in o
completely-mixed bioreuctor, the growth of biological cells, ond the oxygen requnre
.ments for oxidation of the organic material and cell synthesis.

For the complefely-mixed acﬁvci'ed sludge process, the soluble organic content
of the treated effluent is equal to that in the bioreactor. Crganic removal results from
the physical enmeshment of suspended materiol in the biological floc, the flocculotion
and absarption of colloidal organics in the biologicol floc, and the biological oxidation
of soluble organics which results in direct cell synthesis. The suspended and colloidal
organics present in refinery wastewaters are essentially removed by the pretreatment pro-
cesses for primary and secondary oil and solids separation. Therefore, the activeted

<sfudge process is primarily desigred to ochteve o reduction in the soluble organic content
of refinery wastewoters.

The Kmehc model ‘which describes soluble substrate removol in o completely~
mixed bioreactor is:

15, = S,1/1%, 1] = kS =y - (1)

where S is the influent organic concentration; Se is the effluent organic concentration; '
Xq is the average mixed liquor volatile suspended solids (MLVSS) under oeration; t is the

detention time; k is the organic removal rote coefficient; and y is the nonremovable or
refractory pomon of the organic conshtuenfsws

The tofoi oxygen requirement for momfenonce of a’biological treatment system .
is represented as follows: ‘

1
‘

RV=c'(S -S)Q+b'X V+IQ - . (2)
‘r o e ! a R

'

whers R, is the oxygen requirements; o' is the fraction of organics oxad:zéd b' is the ,
oxygen iequired for endogenous respiration; Q is the flow, li is the immediate oxygen o
demand; and V is the volume of the aerohon basin :

]
The sludge accumulation can be estimoted as follows: |

, l '

AI_X=QXO-H:(SO-SQ)Qi-(b.XOV*'-QXe] .(3)
. ‘ E

-where a is the froction of organics converted to cell mass; b is the fraction of sludge —

+ — _f-_* S
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. oxldazed by endogenous respiration; Xo is the influent suspended solics; Xe is the  __ .
 effluent suspended solids; ond AX is the net sludge accumulation! 78, The basic theory of
‘biological wostewate: treatment and the kinetic develog'nent behind each of the ofore-

' menhoned models dre adequately described elsewhere!

!
e Engmeermg-Scnence, Inc. (ES) has conducted numerous investigations into the

“3rectment of petroleum refinery wastewaters in which weste cheracterization und bench-
"scale cctivoted sludge treatability dota were collected. Table 16 summarizes the results '
of nine different investigations into the biologicol treatment of refinery waostewaters and
lists the biologicol coefficients which characterize these wostes. The majority of these
dato are presented in terms of COD. In general, the organic removol rate coefficient in
terms of COD varied from a low of 0.007 liters per milligram of VSS per day to a high of
0.017 liters per milligram of VSS per day at 24°C for the refinery wastewaters investi=
goted. The highest value for the organic remcval rate coefficient presented in Table 16
indicotes the likelihood of exte sive stripping of organics to the atmosphere during
ceration of the wastewater. A typical mognitude of the orgonic removal rate coefficient

' choracteristic of petroleum refinery wastewater treatment would probably be slfuoted
‘between 0.008 ond 0.01 liters per milligram of VSS per day ot 24°C. -~

th severul exrephons, the majority of the sludge accumulation coefﬁclenfs
characteristic of refinery wastewaters varied between 0.4 and 0.5 for the mognitude of
"a" and from 0.96 10 0.1 for "b". The range associated with the oxygen requirement
coefficients o' ond b’ is 0.35 te 0.6 and 0.01 to 0.14, respectively.

The octivated sludge process, by virtue of its high Mi.VSS concentration, is
classified as o high-rate biological process which can tolerate more concentroted con~
, taminant levels in its influent stream. In general, biotoxicity in an octivated sludge
; process cun be minimized or completely circumvented by in-plant controls, effective
: equalization, end complete mixing of ceration basins. Most plant upsets result from
. inodvertent dumps or spills into the process sewer which shock the biologicol system. The.
"dischorge of excessive levels of chromates, sulfides, ammonia, free oil, or other known
 biotoxiconts common to refinery-petrochemical wostewaters also will severely upset bio-
“logical treatment. C

.The m0|0f design considerations for the successful activated sludge treatment of -
 refinery. wastewaters include: (1) the orgonic loading; (2) the organic removal kinetics;
i (3) the organic and inorgonic fluctuations of the wastewater; (4) the free oil loading;
{(5) the temperature effects; (G) the potential biotoxic or biostutiz effects; (7) the oxygen
.utilizetion ond sludge production rates; and (8) the settleability and I'hnckemng charocter=
Listics of the biologicol sludges. The design organic loading for most activated sludge
systems will range from-a low of 0.10 pounds of BOD5 per pound of MLVSS per day for
! extended aerotion to o high of 1.0 pounds of BODs5 per pound of MLVSS per day. Higher
‘ |oodmgs generally resuh in poorer treatment efficiency and higher treated effluent .
'organic levels. |
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TABLE 16. BIOLDGICAL TREATMENT COEFFICIENTS FOR PETROLEUM REFINERY WASTEWATERS

Organtc Rewoval Rate® s Growth Ozygen Yequiremeat Average

o hg:nq [——" ) Coefficients . aast Coc"ldcnncm aasts . ma!”hll
Cose  Category (as_:;) eoo,-:.m -too’um 1“ .“"b om S 'b l'.”s * ’b‘ 'y b’ {~/1)
e 1 € w08 - 0.017 0.0068 - - - . . - 0.57 0.10 108
r ¢ -0 . - 0.005 - - 0.50 0.0 - - 08 oM 53
’ ° %0 - 0.0077 _ - - 0.50 0.06 - - 0.3 0.0 100
] c 63 - 0.0044 0.50 0.08 0.4 0.10 - . 0.8 0.083 0
X L T | e - 0.010 . . 0.2 0.03 . . 0.46  0.08 - 100000
] 3 €27 - 0.0035 - 0.50 0.05 - - 0.47 0.28 - - -
? -8 208 _0.017 0.0188 - - 0.20 0.08 - - 0.40 0.0 ”
8 c ) - 0.010 . - 0.43 0.10 - - T 0.82 - 0.18 ]
E ’ [ T - | 0.006 - . 08 ° _o0.03 - - 0.53 0.17 - - -
- ———— ]

*Appreximste tesperatere ‘24°C.
*Pilot-scale blelogical reacter.
mm
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- ‘A low-rgte suspended growth activated solids system in which oxygenation and
i mixing ore norma!ly provided by mechanical surfoce aerators is the aerated lagoon bio-

: logicol treotment process. The mechanical aerotion system is designed such that the !
j power levels are normally too low to maintain dissolved oxygen in all porticiis of the
'basin or to completely mix the system. The operoting MLVSS level is normally between |

‘;2°nd 10 percent of that maintainud in an activated sludge process; consequently, aeroted
= logoons- mmsemmve to-transient-organic loodings, toxic substances, ond temper=- -
ofure effects. i : i.

Aerofed legoons are operated at hlgh organic loading levels because of the low |

concentration of microorganisms suspended in the wostewater. These loadings usuclly vcry
; between 1.0 ond 2.0 pounds of BODs5 per pound of MLSS per doy. The aerated lagoon is
effechve for the traatment of most hydrocarbons such as those present in the discharge
. from topping plants, but exhibits a reduced efficiency for the treatment of more complex

| wastewaters such os those discharged from integrated refineries , |

: ' ! :

‘ * ‘Because of the low mixing levels in aerated lagoons, large volumes of oily

"ﬁhds tend o settle within the basin where they decompose anaerobically releasing
additional BOD to the upper Iayers of the lagoon. This feeaback can he os high as 20
| percent of the infivent orgamc loed d.ring the summer months. Moreover, winds tend to

1 stir up bottom sediments, cousing o deterioration of afflucnt quality in terms of suspended.

“solids ond pomaﬂy stahilized oily material. A "
i

R T

A fcbulcmon of efﬂuent-quohry data from o modlf' ed erated lagoon treating
| petroleum refinery wastewaters is presented in Table 17, .This aerated lagoon was oper-
: ated with intermittent solids recycle and post-clarification of the effluent, Hws providing
G greater degree of operational control. These dato indicate a better effluent quality !

than normally essocioted with aerated logoon .treatment. The conventional approach to |
aeroted lagoon design spacifies that the trectment unit will function either as a process i
preceding waste stabilization logooning or as an interim treatment process which can be |
converted to an aciivoted sludge system os wos the case illusirated by the doto presented
in Table 17. i . E

: :
Temperoture is o particularly important variable in the biological treatment of
refinery wastewaters, and the influence of temperature on biochemica! reactions is well~
documented!89, Excessive temperature losses through o biological treatment system
during winter months in o northem climate might lower microbial activity to the point of ;
foiiing to meet effluent BOD quality stondards. In generol, tempercture effects are more
pronounced with the increasing solubility and complexity of the wastewater und activated
sludge treotment would be significantly offected by aeration basin temperature.

The level of oil and grease discharged to a biological treatment system can have
¢ significant impact on treatment performance. In general, hexane extractable oils will |
| odversaiy affect q biological system os the doncentration of free ond emulsified oils in
:| the mixed liquor opprooches 50 to 75 mg/4.| The most significont problem ossociated with
wthe presence of oil’in biological systems is a"nbufed to the lowering of floc density to a
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TABLE 17. EFFLUENT QUALITY FROM A MODIFIED AERATED LAGCON TREATING PETROLEUM REFINERY WASTE-
WATERS* (MONTHLY AVERAGE DATA)

T

2zt

Parameter -

Suspended . _ - Total 0i1 and

. Solids CoD BOD NH3-N Phenols . Cyanide Grease

_ Month (mg/1) (ng/1) (mg/T) (/1) (mg/1) (mg/1) (mg/1)
January 8 221 52 - 20 0.024 0.119 8.3

February 28 - - 196 o 22 41 0.114 0.167 3.3

_ March .30 122 23 38 0.044 0.40 2.8
April . 25 - 99 S 45 0.028 0.052 2.8
May 4 21 88 9 36 0.024 0.076 2.0
June 26 - 81 10 28 0.036 0.041 1.7
Suly 24 90 14 22 0.031 0.0% 1.5
August . 33 90 12 37 0.024 0.03 1.9
September - 22 72 n 30 0.017 0.015 1.0
October -7 108 ) 15 29 0.024 0.045 1.8
November . 27 131 27 48 - 0.011 0.22 2.7
December _ 23 110 J 18 . 32 0.015 0.17 3.5

am——
E—

*EPA Category D:
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"ﬁevel where the slydge settlmg properties are destroyed. Free oils will coat the bio= _ .
rloglcel floc and prohibit the efficient transfer of nxygen and substrate within the biomass.
; The opparent quantities of oil associated with the loss of suspended solids from o secon-
dary clarifier are indicoted graphically in Figure 21. The accumulation of oil on sludge

‘particles will contribute to effluent quality deterioration. Therefore, .pretreatment
?»foculmss for oil-water separation should be capable of removing oil to an acceptable -~ -
--concentretion-level for-efficient operotion: oi the bco%ogch! -freatment process,— - -- ~

é Buologucol treatment processes are very hmlfed in their potential for oil removal
i Whiie microorganisms are capable of oxidizing most soiubie ‘cii fractions present in
irefinery wastewaters, they ore limited in their ability to degrade free and emulsified oils
within the contact times characteristic of most- biological treatment processes. The' best
,documentation of biological process effectiveness for the removal of ol is the analysis of
‘ﬁ:“'scole plant operation. ES has compiled effluent oil quality data from selected bio-
i logical traatment plants handling refinery wostewaters. These dota are presented in
,Figure 22 3s a function of anticipated probability of occurrence. These case histories

' present operational data for on activated sludge process operated both with and without
“Polymer addition to the secondary clarifier, an activated sludge process with tertiary
!filtration, an aerated lagoon process, and an aerated lagoon process with tertiary
!f’ltmhon Although these data were obtained for treotment of wastewaters from refinerie:
{which represent various production subcategories (as defined by EPA), refine crudes of -
’vorylrg characteristics, and have other process idiosyncrasies which impact on the raw
lwostewater characteristics; they do indicate a probable ronge of obtainable effiuent oil
‘ond grease levels. The median values range from a low of 3.0 mg/4 to a high of 12 mg/L
,effluent oil ond grease, while two percent of the observed values (98 percentile prob=
:ability) exhibited a range from 20 to 60 mg/4 effluent oil and grease concentrations.
‘With the addition of tertiary filtration, biological treatment processes can meet allowoble
Best Procticable Control Technology Currently Available (ngT%A) discharge levels for
the presence of oil and grease in treated refinery effluents 199

|

¢ : ! o

! The second type of biological treatment process to be considered herein is the
fixed microbial slime system. In this system; attached microorgonisms remove suspended
and dissolved organic material from the wastewoter as it flows over fixed slime surfaces.
At the some time,; oxygen is absorbed into the wastewater from the eir which is induced
through the system by notural droft. At the surface of the slime, oxygen and organics are
mode readily available to the microorganisms by mixing and diffusion in the wastewaer.
The effective film depth is that which is in immediate contact with the wastewater. The
area between the filter media and the effective film depth is considered anaerobic be~
cause all oxygen fs consumed before it can diffuse to the inner layer. The relative sizes
of these two regions depend on the concentration of oxygen in the wastewater and the
turbulence between the liquid film ond‘the dttached slime surface.

| ' :

A typical fixed microbial slime system is the conventional frickling filter in
which granulor media are generally used to support the biologice| mass. The introduction
:|of synthetic filter media, with low bulk deninfy, has resulted in the use of deeper filters_

woperated at gneofly increased organic and hydmullc loading_rates. Trickling filters are
] i o
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not used exfensr;evly for the treatment of ref{nery-petro::l;emicol wastewaters since the _J
‘trend is toword high-rate biological proresses. Nevertheless, they do have appl:canon :
s roughing devnc?s preceding other biclog! cal or physical=chemical units, ‘

The rom‘mg biclogical surfoce (RBS) uni? is o fixed microbial slime system which
has appiication as o secondary wastewater treatment system for handlit.g refinery waste=-.,
Wwoters.— It-consish-of Jorge-diomeier-plastic media mounted on o fotating -horizonta! ——
shaft such thot opproximately 40 pescent of the surface area comes in contact with the ;
wastewater ot any one *ime. The large microbial population which is fixed to the
rotating surface permits a high degrae of treatment in a short retention period. During
rotation, the contactor carries:a film of wastewater into the air which absorbs oxygen i
while fncklmg down the biological surface.’ Microorganisms in the biomass then remove |
both the dissolved oxycen and orgonic material from the wastewoter. Further treatment |-
occurs as the biologicnl surfaces continue rotation through the bulk of the wostewater. |
The shearing forces exerted on the biomass os it passes through the wostewater cause :
excess slime to slough from the surface of th¢ media. This prevents clogging of the media
surfaces and momfoms a constant microorgonism population on the media. The turbulence
‘nduced by the rotorlon of the biotogical surfaces through ‘the wastewater will mgintain™*"
sloughed solids in:suspension until the flow of treated wastewater is passed to secondary '
clonfuers for sohds separation and dusposal

The biomcss associated with the RBS unit is shaggy in appearance with many
elongnted macroscopic filoments which project outward into the adjocent liquid film of
the wostewater. This provides @ much larger active biological surface area than that
defined by the surfoce area of the support medium. It also permits substrate and dnssolved
oxygen to reach a greater portion of the biomass. The nature of the attached biological
growth is due primarily to the continual dreg induced by contactor rotation through the
wastewater and the draining of entrained liguor from the contactor surface.

5
|
|
i
l

- The results of o pilot-scale study in‘?o the application of the RBS unit for the
treatment of petroleuin refinery wostewaters are presented in Table 18. in general, the
effluent quality from this pilot-scale RBS unit compares favorably with other biological
treatment processes. These data indicote thot the effluent quality associated with an RBS;
unit is a furction of hydraulic loading. For' iinstance, better removals of soluble orgomcsl
oil and grease, and sulfides were obtained ol the lower hydraulic loadings. On the other,
hand, o degree of stable nitrification was uc,hoeved at each of the hydreulic loodings
examined during the study. Air stripping of ammonio was not considered responsible for
the apparant redugtions observed during the qudy because of the operating pH and temper-
ature levels. Tesri conducted in microorganism~free reactors indicated that the loss of
less than 10 percent of the ammonia may be ottributed to air stripping2 . Since the
upparent ammonial reductions experienced with the RBS unit were greater than 25 percent,
a degree of nitrification did occur. :

. i

The variétion in pilot=scale RBS traatment performance for both COD and oil
removal is presentad in Figure 23. In generri , the RBS unit did not perform consistently |
well for the traatment of oil and grease indiJ:aﬁng the need for tertiary treatment I

LT
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TABLE 18. PILOT-SCALE R8S EFFLUENT QUALITY FOR TREATMENT OF PETROLEUM REFINERY WASTEWATERS*

€00 800, TSS - 011 and Grease  WH,-R Sulfide Phenols
0.9 gpdsre? .
s Nean (mg/1) 170 19 20 18 : a8 0.2 0.04
Standard Ceviation (mg/1) 142 ? 18 10 B 0.2 ° 0.02
95 Percentile (mg/1) s k] 55 8 97 0.6 0.08
Removal £fficiency Percent 58 - S0 - -65 26 99 19
1.9 gud/fel o
Mean (mg/1) . . 156 25 28 12 It 0.3 0.03
Standard Deviation (mg/1) ~ 70 -6 . n n 18 0.1 0.07 .
, 95 Percentile (mg/1) 293 36 50 34 83 0.5 2.05
— Removal Efficiency Percent 44 87 - .72 - 99 84
<4 " 2.6 gpd/fel s : ’
Mean (mg/1) 22 2 65 »” s 0.7 . 0.03
Standard Deviation (mg/1) n 21 7] 18 6 0.7 0.01
95 Percentile (mg/1) 351 " 159 - 7 15 20 0.05
Reroval Efficiency Percent 35 69 - . 66 2 88 n

SEPA Category D Refinery. ’ ’ A -
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E‘?proceses tc enhapce effluent quality. The variotion in pilot-scale RBS traatment per-__ J

formance for pher:ol removal is presented in Figure 24. The median effluent phenol con=-
centration is cpprox:motely 0.025mg/%.

The fhll‘é altemative bioclogical treatment process for refinery wastewater treat-
«1ment is that of waste stobilization lcgoonmgl In general, waste stabilization ponds -
T rdepsnd—on-bhe-ﬁomml-nquotm processes of bucte-ml and algei-symbiosis which require——
sunlight as o primary enargy source. Trodmonally, waste stabilization ponds were used t¢
provide long-term polishing of effluents dlschorged from upstreom bco'oglcol processes;
although, they do have application os a total treatment system
i

Since waste stobilization ponds ¢:mI suscephble to wind action and short=
cireuiting, practicol design application specuf'es a series of small ponds which provide
more predicable performoncc High organic loadings usually induce anaerobic conditions
in the first pond. ' Moreover, the accumulation of oils in the waste stabilizotion pond ‘
prevents the penetmhon of sunlight, fhereby restricting algal growth which also will i
induce anaerobic condmons. L
g~ — - — — - -

Woste sfcblllzohon ponds are not wudaly used in the United States for trectment
of refinery wastewnters since this treatment process requires large amounts of land which
may not always be cvailable. This process is very tempercture dependent and practical
i applicution must be restricted to warmer climates. Algal proliferation will often add to
the effluent suspended solids level and cause effluent limitation violations even though
the soluble organic fraction may be acceptable.

Tertiary Treatment Processes

Wastewater treatment technology wlhnch is designed to remove pollutants which
are not odequofely removed by conventional; secondary treatment is defined as an
advanced or fertidry treatment process. These pollutants may include soluble inorgonic
compounds such a4 ommonia, a soluble orgamc material which contributes BOD,
suspended ond colloidal solids, and bacterici. Two wastewater treatment processes which
are most often applned os tertiory trectment ére filtration and carbon adsorption.

I genercl filtration has application as o treated efﬂuent polishing process for
treatment of effluent contaminoted with suspended and colloidal material discharged from
activated sludge treatment. Filtration remoyes most of these constituents and is vsally:
required prior to ﬁorbon adsorption treatment.

‘The design and operation of o filtration process must consider such factors as (1)
the mode of throughput; (2) the type of filtration medio; (3) the distribution of medio; (4)
the underdrain system; and (5) the type of bdckwashing operation. Gravity filters oper~
ated in either the 'downflow or upflow mode tre generally used for effluent polishing. In
concept, all filtefs operate as three-dimensibnal strainers. Dual-media and multimedia ‘
i | filters act as multilayer stroiners removing Idrger flocculated particles in the coarser __|
semedia and smoller pcmcles in the fine medié. A filtration cycle terminates when the

i 1 ] -~
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= wmount of particulote matter escaping ‘the filter exceeds the effivent guidelines or whep___J
;fhe headloss through *he filter caused by solads capture exceeds the limiting value. |
g '
“to the tertiary treatment of petroleum refinery wastewaters is presented in Table'19. Both
‘of these pilot-scale filtration units were fed biologically treated secondary effluents, -
' chemically wonditioned before application to the filter. . Run-times were considerably ---
‘longer with the upflow sand filtration unit and the overall operational performance ‘
' characteristics were more fovorable. ; : ;
! ! -

Irrespective of .heir relutive efficiency, all filters require the periodic removal E
,of deposited material. Cleaning of o filte: 4t the end of a run cycle is generally accom=,
phshed by high-velocity backwashing and the overoll efficiency of a filtration unit is 5
'greatly affected by the amount of backwash water required. In general, the contominated.
.backwash water cen be treated separately or rechanneled back fhrough the biological i
‘ process. - : ~ i
{’"“ -~ == A measitement of fiter eff'cuency is specific capture whuch represents the mass” {
''of particulate matter retained in the filter per square foot of surface area and foot of ‘

-headloss. Specific capture is offected by opprooch velocity ond loading rate since filters
. operating at higher loading rates will experience higher intergranular velocities, thereby
i driving solid particles deeper into the filter bed and increasing specific deposit. A
‘number of values for specific capture determined from the operation of both shallow and

; deep~bed filtration units are presented in Table 20. In gereral, an increase in the !
:mogmfude of the specific capture or efficiency of the filter is offset by increased oper- :
ohonal dlfflwlhe‘s and maintenance problems. '

General characteristics common to most filtration processes used for the *reat-
ment of bnolog:cohy treoted secondary effluents ore: (1) that the variation in wastewater
flow and effluent quality from biological treatment will not adversely offect filter
efficiency; (2) that BPCTCA discharge limitations for suspended solids can be met with
either deep-bed or shallow~-bed filtration umrs, and (3) that filter performance is
exfremely sensmve to changes in media size and configuration.

i ' :

A second tertiary treatment process apphed to the removal of refractory trace
organics from petroleum refinery wastewaters is carbon adsorption. Activated carbon
adsorption involves the use of high surface area activated carbon as o physical media for
surface adsorption of organic contominants from wastewaters. The controlling design
parameters are: (1) conteminant concentration in the waste stream; (2) temperature; (3)
adsorbent area per unit volume; (4) adsorption characteristics cf the contaminants; and
(5) diffusion considerations. The principal advantages of activated carbon treatment 3
include: (1) the ability to remove select organic molecules; (2) the ablhry to withstand

;rg'lent process for the removal of potentially foxic organic materials. Its disodvantages
winclude: (1) a htgh h capital and opercmon cast; (2) fouling; (3) the inability to remove

PORTREA-SIO)

| |
A compcnson of both the upflow anid downflow mode of filter operation as applied

shock loodings; (3) the ability to remove extremely low concentrations of sorbable con- o

4
4

tominants; and (4) the relotive ease of operation. Carbon adsorption is @ veluable treat- ! ¢
T
}.
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TABLE 19. COMPARISON OF UPFLOW SAND AND DEEP-BED TERT:ARY FILTRATION FACILITIES FOR THE TREAT~

MENT OF REFINERY WASTEWATERS*

Parameter - Upflow Sand Deep BeC PVC Media

Hydraulic Loading (gpm/ft¢) 8-10 6-15
Cumylative _Loading at Breakthrough ) . 1,800 - 4,000 200 ~ 850

(gal/ft2)
Solids Loading at Brsakthrough ) 0.10 - 0.28 0.05 - 0.20

{1b dry solids/ft<) - _
Pressure Drop at Breaithrough 0.35 - 0.90 2.5 - 8.0

{psi/ft of bed) ) B
Average Effluent TSS (mg/1) 5 16
Average Effluent BODg (mg/1) 3 i 5 .
Average Effluent COD (my/1) . 74
Shape of Breakthrough Curve Sharp Breakthrough Continyous Deterioration of

. : ) Effluent Quality

Effect of Chemical Addi*'cn Alum and polyelectrolyte addition Alum and polyelectrolyte addition

did not significantly effect solids
Voading, but did 1ncrease the
pressure drop.

increased the solids loading.

*Pilot-scale study for EPA Category B Refinery.
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TABLE 20. DESIGN CHARACTERISTICS FOR TERTIARY FILTRATION FACILITIES

Media Type Hydraulic Specific Capture
. and Loading (1b dry solids/ft? Effluent TS$

© Filtere Configuration (gpm/ft<) per ft H,0) (mg/1)
Deep Bed 24" sand and 36" anthrafilts* 7 0.015 4
Shallow Bed 16" sand*** 2 0.010 10
Shollow Bed ‘16" sand' 2 . 0.046 2
Shallow Bed 16° sang't 2 0.022 ‘

Deep Bed 24" sand and 36" anthrafiiettt 3.5 . 0.07 2

“P{lot-scale study for EPA Category C Refinery.
*¢0.5 to 1.0 »mm sand below 1.0 mm anthrafilt.
*440.5 to 1.0 rm sand above 1.2 sm sand.

*0.6 to 0.65 mm sand above 1.2 sm sand.

”0.6 to 0.65 mm sand above 1.0 mm sand.

Ra47

0.5 to 1.0 rm sand below #3 anthrafiit.



-1 mony morgumc cwnpounds and some orgomc compounds and (4) the necessny for
extensive carbon regeneruhon equipment.

: The two types of carbon adsorption technology opplied to the treatment of
refinery wostewaters are: (1) GAC in a continuous flow=through system and (2) the
oddition of PAC to an activeted sludge process. Vorious approaches to the application of

" ‘the GAC odsorption process are: (1) carbon-biclogice! series treatment; (2) biologicol-
corbon series treatment; and (3) carbon adsorption as o total process. FEach of these
opplications requires primary treatmeént for the removal of oil and suspended solids.

Of the three GAC process dpplications indicoted, only the series biological=
carbon treatment scheme will probably be prevalent in the immediate future since many’
refineries olready have made the copital investment in secondary biological treatment.
The carbon-biological series treatment option has some apparent advuntoges in that it
ollows for a more effective use of carbon, dampens organic surges to the bioreactor, pre=~
vents biological upset by removel of biotoxic substances, and allows for a reduction in

. excess sludge production. Navertheless, many of these advantages also are characteristic
‘of the PAC adsorption process. Some obvious disadventages are: (1) a potential effluent”
suspended solids ond color problem associated with biological treatment; (2) a less
efficient utilization of the biclogical i rocess; and (3) o strong dependence on a sensitive
biological process to consistently produce an effluent which will meet stringent quality
_requirements,

The results of a pilot-scale GAC process treating the effluent from a conventionel
* APl sej;orator are presented in Figure 25 in terms of o probability analysis. As illustrated
in Figure 25, the effluent TOC concentration from the pilot carbon columns was con-
isistently less than 30 mg/2, although the influent TOC levels also were fairly low due to
dilution with cooling water. The probability distribution of long=term mean effluent COD
; values from pilot-scale and full-scale GAC treatment systems treating refinery or related
' wostewaters is pretented in Figure 26197, These data indicate that the effluent concen=
' trations and removal copabilitiés of activated carbon vary signifi conﬂy ond must be
. assessed on a case~by-case basis. In generul a total carbon treatment system is not
sahsfocfory because of excessive orgonic leakage to the effluent, and it shoyld not be
‘ considered o process panacea for producing h:gh-quolny effluenfszm : !

} The opphccmon of full-scole GAC treatment to a relatively low=strength
!ref’nery wastewater consisting pnmanly of contaminated storm water indiccted mixed !
 results in erms of both removal of organic materials and coit effectiver.ess. ~ The operation
{ of full=scale co'bon facilities has indicated that carbon cepacity, in tenns of pounds of
j organics removed per pound of cocsson appliad, has generally been less than that deter-
' mined during pilot-scale studies This can be attributed to the difference in
- ‘cdsorphve capacity between virgin ccrbon which is often used in pilot studies and regen-

Eemted corbon whn:h is recycled in full~scale systems.

i

Y Ci——- The PAC process may have wider cpphtohcn for the treatment of refinery wclstel l

1
D?Wofers since it has been shown to improve the Jeﬁomance of biological treatment _Systems -
A
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wnh a relatively minor addition of equipment fo an exlshng plont The pnmory oper=__
'ahng Forameter that defines the performance of a PAC process is the equilibrium curbon
' concentration in fhe ceration basin. This equilibrium carbon concentration is a function
'of the carbon dosoge to the wastewater, the amount of carbon leaving in the final
! effluent, the quantity of carbon/biological sludge wastad, and the hydioulic retention
“time. It is estimated that @ PAC variation of the activated sludge process can achieve o
“odditional 54 -percentTOC + emgvol Jver conventional-octivated sludge treatment when -
treating refinery wostewaters? In general, the performance of a PAC process is highl
;dependent on the * fype of carbon used. i
i !
i - .GAC ﬂ'eatment has application bath as a tertiary process for the removal of
1soluble onls from secondary treatment effluents and as a coalescing media for the sepa~
i ration of dispersed and emuisified oils. The oil and grease removal perfornance of a
|pnlof-scole GAC system treohng the effluents from o conventional APl separator is pre=
,sented in Figure 27. These data ore illustrated in tems of the probability of occurrence
'ond indicate that lfhe medion effluent oil and grease concentration was approximately 2..
img/L. The variation in pilot-scale GAC treatment performa:..e for oil and grecse
“Temovd from® derdited lagoon effluents is illustroted by the probability distributions pre= "
'sented in Figure 28. These da'a indicate the characteristic GAC treatment potential for
,fhe removal of soluble oils. The data presented in Figure 28 also indicate that the medic
! effluent oil and grease concentration was less than 0.5 mg/L. Both systems were precede
by sand filtration. . in geneul, the oforementuonedépulof-scole perforance character-
| istics ogree with other experimental observations! 76, Nevertheless, current operoting
1experience with full-scule GAC treatment sysiag\s hes indicated madion oil and grease
;concentrcmons in the neighborhood of 8 ma/4““~, Two documnented full-scole case
[ histories mduccfmg effluent oil and grease quohfy from GAC tréatment of APl reparator
effluenis'are presented in Figure 29. Although these data foll within the same range as
oil ond grease offluent qualities from the ochvoted sludge and ceroted logz don processes,
they do indicate fhot oppllcohon of carhon adsorption treaiment to refinery wastewaters
is most effective os an organic removal step following biological treatraent and sand
filtration rother than os a replacement process for biological freofmenf

|
SOLID WASTE DISPOSAL o

‘ Any oftempf to improve the qull"y‘ of a wastewater is generally occompomed by
o solid waste disposal problem. Solid waste handling can be extremely cosfly, porticular
in the case of wostewater sludges that must be dewctered pricr to economica!l ultimate
disposal . Becausq of the assuciated costs and increasingly stringent regulatory ‘controls,
solids handling ond disposal opemhons must Le considered on integrol part of any treat=
ment grogram in order for engineering or ecancmic evaluations to be relevant.

The types of sludges generated by e petroleum reﬁning industry are: (1) once-
| through cooling sludge; (2) cooling tower sludge; (3) alkylation.sludge; (4) waste catalyti.
“cracking catalyst;| (5) spent treating clays; (é) tank bottoms; (7) storm water silt; (8) oil~-
‘water separctor bottoms; (9) air flotation f!oat and (10) woste bnologucol sludge. The _

rgenerol characteristics of these waste solids were discussed in previous sections of this’
i i
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B reporf Thec‘pemf'c constituent nature of the sludges is adequately described else-
‘wherp

!

»

Sludges fiom refinery operations and waste treatment processes can be nandled in
' rumerous way.. Historically, the method most often used was logoon storoge of sludges
with vltimate disposal of the combustible moterial. As lond resources diminished, the
* "necessity for concentration of sludyes prior to disposol become opporent. In general, the
- methods of sludge concentratior vary with the type of sludge. Qily sludges from sterage
. tanks and oil-water separator bottoms can be concentrated by precoat vacuum filtration or
cenfnfugahon These methods permit a certain amount of oil recovery from the sludges
"and such recovery is warranted considering the quantity of oil likely to be present in
! grovity separator bottoms. A chevacterization of oil contominated sludges from both an
_API separator and o TPS unit is presented in Tables 21 and 22, respectively. ' These data
" indicate that a greater amount of oil can be found in AP! separator bottoms than in TPS
sludges; nevertheless, a significant quantity of oil is present in the sludges from both of
. these units.

- Sludges from boiler treatment blowdown and chemical or biological treatment of
_refinery wastewaters also can be thickened and subsequently dewetered by vacuum
' filtration or centrifugation. The ultimate disposal of dewatered sludge is nomoily either
. by incineration, londfill/londfarming, or ocean disposal. Acid and caustic sludges from
refinery processes generally require neutralization before dewatering and ultimate dis-

posal .

: The only aveilable method of disposal for spent treating clays ond crozking/da-
: sulfurization catalysts is landfilling due to the potentially hazardous rature of these
i materiols. Some refineries have reported londfarming uf spent clays, although this
. mathod is unacceptable in areas where the soils have a relatively high permeability and
, would run the risk of groundwater contamination. The spent clays and catalysts should be
’ considered hozardous solid wastes and should be disposed of in accordance with proper
hezordous material landfill procedures. ling tower siudges can be landfarmed or lond~
! filled, provudmg that neither chromate nor zinc is present. If these constituents are
+ present in the sludge in significant concentrations, this would preclude the use of lend~
1 forming as a disposal method. Conseguenfly, some cooling tower sludges must be dnsposed
i of in o hozardous material londf'll :

With the exception of incineration and digestion where waste solids are actually
uastroyed, the majority of existing solids hondling processes are oriented toward the con-
centration of sludges. Since the economics of ultimate disposal are predicated on the
volume of sludge handled, the concentration of waste solids can result in definite cost
! sovings. The most ¢ i.on sludge dewatering processes are: (1) rotery drum vacuum
. filtration; (2) pressury filtration; and (3) cenfrifugafion.

'

Vacuum filters ore the most widely used type of mechomcol sludge dewatering
device for the conceniration of wastewater sludges. It is a filtration process in which
x-solids are separated from the liquid phase by means of a porous media which retains the

N
t
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TABLE 21 . CHARACTERIZATION OF OIL CONTAMINATED APl SEPARATOR BOTTOMS*

AP1 Separator 011 Free rolatite “Ratio of 011 Total
Samples Ory Solids DOry Solids o0f1 To 011 Free Sulfur
(grad) Percent Weight Percent Weight Percent Weigh:i - Dry Solids Percent

1 6.6 2.1 “16.5 2.5 -
o2 9.2 2.7 5.7 0.6 0.2
3 2.5 1.1 3.0 13.5 -

] n.s a0 4.5 0.3 0.4

5 9.9 R 5.8 0.6 4.6
6 15.1 4.0 1.9 0.1. 0.7

7 - 4.9 8.0 - 0.6 0.7

g+ 26.5 3.7 3.7 1.2 1.2

*EPA.Category € Refinery.
**Compcs ite taken over 24 hours.



TABLE 22. CHARACTERIZATION OF OIL AND SLUDGE PHASES FROM TILTED-PLATE SEPARATOR*

o 0t1 Phese Sludge Phase _
Percent Percent Specific Percent Percent ;
Sediment o} Gravity Sediment 0f) - 188 vsS
Case Volume Volume ~of 011 Volume**  Volume - (ng/1) . {mg/1)
1 5.0 17 - n 2 25,000 21,000
2 6.0 82 0.921 14 2 §7.,000 45,000
3 n.s 86 0.897 25 5 - -
4 3.0 85 0.905 9 6 - .
S 0.5 99 - - - - -

syL

*These data are charscteristic of a pilot scale tilted-plate separstor tresting petroleum refinery wastewatar

**7he sludge phase exhidited an average dry solids content of four percent by weight.



.~ solids but allows the liquid to pass through. Media employed fo- this purpose include
nylon, dacron, polyethylene cloth, steel mesh, or tightly-wound steel coils. The
filtration process is occomplished by means of a horizontal drum covered with filter media
which rototes in a tank with approximately one quarter or.more of the drum submerged in
wet sludge. As the drum rotates, o vacuum is applied on the inner side of the filter media
which draws water from the sludge and produces a moist cake of solids on the outer surface
which is removed prior to re-eritering the tank. Precoats are often used to speed filtration
rates or collect more of the fine particles in the slurry. The principal sludge properties
which offect vacuum filtration devsatering are: (1) solids concentration; (2) viscosity; (3)
compressibility; and (4) chemical charactetistics.

The filter press, which is the ssmplesf of all pressure filters, is an assembly of
olterncte solid plates, the faces of which are grooved to pemit drainage. Berween these
plates rest hollow.spaces in which the cuke collects during filtration. A filter medium,
usually some sort of fabric, covers both faces of each plate and coke formation occurs on
each face. Fiitar presses con operate ot pressures up to 1,000 psio. Water andi oils are
able to pass through the filter medium while solids are retained on the fabric. Dota from
a pilot-scale filter press unit used to dewater oily solid wastes are presented in Table 23.
Filter cake solids concentrations range from o low of 40 percent by weight to o high of 71

. percent, depending on the nature of the fil*rotion aid applied during operation. The
sludge properties which affect filter press dewatering are the same as those which impact
upon vacuum filtrotion process afficiency.

Centrifugation permits the mechanical dewatering of sludges through centrifugal

‘force. Within a centrifuge, centrifugol force acts on o sludge porticle causing it to

settie through the liquid. The varicbles which affect gravity sedimentation also offect
sedimentation within centrifuges; namely, porticle size, density differential, and liquid
viscosity . Sludge sclids in suspension are o combination of perticles both grenulor ond
fibrous in nature, Extremely fine porticles which will not settle under normal gravity can=
ditions will separate at higher grevitatior.al forces. In general, those sludges which
‘separate most readily and concentrate to a fair degree during plain sedimentation will de-
water most efficiently by centrifugation. The introduction of flocculation aids, such,as
polymers, has increased the ronge of materials that can be satisfactorily dewatered by
centrifuges. The degree of solids capture can be regulated over o wide range by adjusting
the omount of chemical coogulont ooplied during dewatering. Deoto from g pilot-sccle
vertical solid bowl centrifuge unit used to dewater oily solid wastes are presented in Table
24. Bowl coke solids concentrations range from a low of 43 percent by weight to a high
of 62 percent, depending on operating conditions, The sludge dewatering performance
levels for the centrifugation orocess were comporoble to that observed with the filter press
unit, '
! I.andformmg of organic, biodegrcdable petroleum ranery solid wastes is an

envnronmentolly sound solid waste manogement practice when careful considerotion is
given t5 3lie seiection, soiids, tcpogravhy, ond surrounding land uses in order to minimize

adverse impacts thot could arise from the operation. The types of sol's usually considered
- best suited for waste disposal by landfarming are those that contain high proportions of

)
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TABLE 23. PILOT-SCALE FILTER PRESS UNIT FOR DEWATERING OILY SOLID WASTES®

et aie (e oot Teeinre irl Percest Porcemt percont  Catorteie Woive
Watere® 16 dry o)) (isrgal)® (*#) hoves "8 03 158 o (1)
' 0.4 o2 1 2 u .s 0 1.s o
] 0.6 0.12 s ? - " 'X) 0. 1.0 -
’ o - " ] n 1.3 " 1.0 -
i P 0.8 0.0 1o 2 n 1.8 “ 5.0 -
s 0.6 o.06f 00 ) 1) 5.9 M 8.4 .00
' 0.5¢ 0.07 180 ' 1 - Y ar 4.8%
? 0.5 0.0 1% ' ” - - 58 10.1 2,%0
] " 0.00 0 2 ” - o .y -
7 1y .10 0 ? " . " - -
4 0.87 0.068 " ? 18 ERTX 58 -1 3.1%
" at - 1% t » n.7 " "y 3.770

Sgrh Category € Refinery.

aatarial.
“Lime
Yspent camtic

Simcontaninated AP) Seperstor sludge

Tspent catalyst
Finickoned INF float solids

’u"nry o1y siudge sisture contisted of contasinated APl separator studge, Veeded and nonlesded 9o10)ine storsye tor bottoms and ofl free 3)

wiee



TABLE 24. PILOT-SCALE VERTICAL SOLID BOWL CENTRIFUGE UNIT FOR DEWATERING OILY SOLID WASTES -
EPA CATEGORY E REFINERY )

15t

Feed Centrate Cake

- .Sludge - Percent Percent

Feed Operating Percent Percent 1S5S oit Percent Percent Percent
Mixture* Conditions** 1SS 011 Recovery Recovery 1SS 1SS oM
1 .- 8.3 5.4 98 99 0.2 53.8 0.3
2 limo addition 9.5 1.9 82 97 1.8 54.9 3.4 .-
3 emulsion break- 7.0 - 26.5 86 99 1.3 6.0 2.5
ing chemical ’

T s - . 7303 15.2 8 99 2.0 . 62.4 0.9
5 - 9.4 22.6 78 99 2.1 59.0 1.2
6 - n.0 10.5 88 9% 1.4 60.3 a.5
7' unheated feed 8.5 - - % - - 0.34 54.4 -
st - 10 0.8 95 98 0.50 2.7 0.7

*Refinery otly sludge mixture consisted of contaminated API separator sludge, leaded and unleaded gascline
storage tank bottoms and ofl free sludge material.

**Feed heated to 175°F.
fUncontami.:ated AP1 bottoms. i . -
*Ihickened IAF float solids.



" cloy and organic matter to odsorb ond filter the app!ied woste matericl. Wastes to be
londforned should contoin orgonic constituents that are susceptible to biodegrodation ond
not subject to significant leaching while the degredation process proceeds. In gernerol,
refinery oily solid wostes and wuste treatment biosolids meet these requirements.

The rote and extent of biodegradation of waste in the soil is strongly ir.fluenced
by many chemical and physical factors. Some of the principal factors controlling biode~
grodation are: (1) the composition of the waste; (2) contoct between waste ond soil micro-
organisms; (3) presence of adequate oxygen; (4) soil temperature; (5) soil pH; (6) presence
of ovailable inorganic nutrients; and (7) moisture content of the soil. The presence of
adeguate oxygen in the soil is essential to effective biodegradation. Aerobic biodegra=
dation of organic matter is. much more rapid and complete than is cncerobic waste stabili~
zatior . Generully, cdequafe drainege and proper waste Ioodmg will prevenf anaerobic
conditions.

The pre.ance of ovailable nitrogen and phesphate in the soil is essential to
- achieve the maximum biodegradation rate. These nutrients are normally suppl ed by
common aogriculture! fertilizers. The amounts required cre dependent on availible nitrogen
and phosphate in the waste, fertilizer persistence in the soil, rate of waste gpy:lication,
ond waste biodegradation rate. :

' Data from pilot=scale landfarm plots traating oily solid wastes are presented
grophically in Figure 30. These dota, which depict both firtilized ond unfertilized con-
ditions, indicate that the removal of oil and grease by landfarming is rapresented by first=
order kinetics. Nomely, that the fraction of oil and grease remaining in the soil of the
landfarm site (F) is directly proportional to the time elapsed since the initial application
(t) as follows: . .

F = e-k' ' ' ) ' . (4)
where k is the first-order rote constont. The rate constant may be obtained from the slope

of the line of best fit os is indicated in Figure 30. The impact of fertilization upon oil
ond grease biodegrodation rote is apparent from these dota.

The opplication rate of 800~960 barrels of sludge per acre per year is considered
acceptable for landfarming oily sludges from refinery operotions and bollast waste treat=
ment. It is recommended that groundwater quality in the landfarm area be monitored
periodically. If deterioration is observed, the application rate is generally reduced to a
level which precludes further contamination. Due to the potentially high solt content of
ballest oily solide, however, it is necessary to elutriate these sludges before landfermirg.
It is occepfable to mix together the elutriated ballast solids and the refinery sludges in @
single landfarming operation.

, [andfilling‘ also is an acceptable treatment process for final disposal of petroleum
refinery oily process and hallast water sludges. Landfilling consists of the basic operations
-of dumping, spreoding, campacting, and covering waste solids which are classified either
ﬁ T

iy - 152



N
AN
A
N AN
\i\

k (UNFERTILI2ED) = ~0.0095

k (FERTIUZIED) - -0.0!37\

FRACTISH REMAIMING

0.3
of o \ e
°
0.2 o—|
o s\ |o
‘ O FEATILIZED SOIL
S UKFERTILIZED SOIL
0.

O 20 40 60 80 00 120 140 160 180 200
ELAPSED TIME (DAYS)

FIGURE 30, Oil and grease removal as a function of landfarm residence time

153



basis.

1

* hazardous or nonhazardous. The sludge classification will ultimately determine the pro-

cedures and requirements for safe disposal of the various solid wastes. Usually, londfill
sites are located in thick, relotively impermeable formaticns such os massive clay beds.
Soils with a high clay and silt content also are acceptable as landfill sites. Artificial
impermedble finers will be required for most hazardous solid wastes, as well os other pre-
cautionary measures such as landfill monjtoring and leachate collection systems.

A two-level leachate collection system is usually mstolled beneofh a pit, pond,
or earthen facility receiving hozardous wastes. The primary level of protection consists of
an impermeable synthetic liner which is, in tum, ‘protected by a loyer of permeable

- washed sand. A network of perforated pipes is usually placed iinmediately above the

primary linsr to focilitate leachate collecrion. A secondary barrier of compacted clay
will usually underlie the primary barrier and serve as further protection for underlying
groundwater. The disposal site also will include groundwafer-quohfy monitoring wells,
and the performance of the leachate management system is usually monitored on a regulor

~ Oily sludges from gravity oil-water separators and tank bottoms (other than,
lecded) may be either landfarmed or landfilled. Any leaded tank bottom sludges will have
to be disposed of in o hazardous material landfill in order to prevent potential groundwate:
contemination from the leaching of lead. Landfarming rather than landfilling is the
réecommended disposal method for all oily sludges including air flotation float material pro-
duced in a refinery wastewater treatment piant. In general, oily sludges other than leade:
tank bottoms have been successfully degraded by the landfarming processzos. The analysit
‘'of soil from experimental landfarm sites used for the disposal of oily solid wastes is pre=
‘sented in Table 25. Data from these experimental plots which are operuted both with and
wuhout fertilizer addition to the soils indicate that slight increases in the quonmy of lead
'nitrate, and chromium have occurred over the test period. Major incredses in the quantity
-of ommonic, potosslum, and sulfate present in these soils also are evident. These .
‘increases are due, in part, to the fertilization process. The storm water runoff and leach-
.oie characteristics from the experimental landfarm sites are presented in Table 26. These
‘data illustrote the need for proper runoff and leachate collection measures ot a landfarm
slte in order to minimize any harmful effects to the environment,

i Incmerahon is used to reduce the volume of a solid waste by combustion to an
iash, which is subsequently londfilled. At present, it is costly in comparison to other land
disposal methods and normnlly only is feasible where available land is scarce. A primary
‘consideration in the cast-effectiveness of sludge incineration is the effect of sludge feed
.composition on cuxiliary fuel requirements. The heat yield of a given sludge is a function
‘of the relative amounts and elemental composition of the contained combustible elements.
Pretreatment methods such os chemical conditioning ond dewatering result in a substantial
‘reduction in incineration fuel requirements, but ot the expense of creating increased
.energy demands on other unit processes. The combustibility of a sludge is dependent on
the volatile content of the sludge. The inert content of the feed sludge wall reduce its

heot value ond effect the requirements for complete combustion.
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<~ _TABLE 25. ANALYSIS OF SOIL FROM LANDFARM SITES FOR 1"HE DISPOSAL OF OILY SOLID WASTES _

ss1

Parameter

Experimental Plot

Expertmental Plot

Control®* With Fertilizer** Without Fert’lizere*
pH 1.7 6.2 7.9
_ Organic Matter, 1b/acre*** 0.25 3.75 3.6 )
Cation Exchange Capacity, 1.66 6.13 4.15
meq/100 @ R
Chlorides, meq/100 g 2. 2.7 2.1
Sulfate, lb/acre N1 >250 >250
Nitrate, 1b/acre 2 18 22
Mmonia, “b/acre 5 25 1
Potassium, 1b/acre” 25 -285 25
Cadmium, mg/} ) <0.0015 <0.02 <0.02
Chromium, mg/1 <0.003 3.9 3.54
Lead, mg/1 <0.015 0.9 1.28
Mercury, mg/l 1] - -
Nickel, mg/1 <0.01 0.14 <0.1
Iinc, mg/1 0.1 5.5 4.8

*Lime applied.

**_ ime applied; tolal oil and grease ioad = 3.35 lb/ftz.
**¢The 1b/acre represents seven. inches of soil over one acre.



ABLE 26. STORM WATER RUNOFF AND LEACHATE CHARALTERISTICS FROM A LANDFARM SITE FOR THE DISPOSAL
-OF OILY SOLID WASTES

Site Runoff Forced Leachate
from rom Forced Leachate
Parameter Experimental Plot* Experimental Plot** From Control
* pH 5.8 6.5 1.2
BODg, mg/1 © 406 174 35
coo, mg/1 1,041 1,304 40
011 and Grease, mg/1 WM NiY Lik}
T0C, mg/) 268 295 13
Chlorides, mg/1 201 380 5
Sul fate, mg/1 N1l 4 .
Ammonia, mg/1 27 140 NiY
: 105, mo/l - 1,930 4,950 122
§ o - Cadmiym, mg/1 T Nl <0. 0015 <0.0015
: Chromium, mg/1 <0.003 <0.003 <0.003
. Lead, mg/1 Nil i <0.015 <0.015
Mercury, mg/1 <0.002 - -
Nickel, mg/} L1} <0.1 <0.01
Zinc, mg/1 0.38 0.21

<0.001

water was poured through the sample under pressure.

*Fertilized test plot; total ofl and grease load = 3.35 1b/ft°.
**Leachate data taken from laboratory test core obtained trom the experimental plot in which defonized



2 Incineration is o two=step process involving both drying and combustion. The
drying step essentialiy involves some form of mechanical dewatering which reduces the
moisture content of the sludge to within a range where the heat required to evaporate the
remaining water within the solid mass nearly balances the available heat from combustion
of dry solids. The practical limit for mechanical dewatering is normelly between 50 and
40 perceni moisture whict. is not sufficient to sustain the combustion reaction; consequently,

. the remaining portion of the drying sequence which occurs in the incinerator, will require
auxiliory fuel oddition. Self-sustained combustion is often possible with dewatered row
sludges once the buming of auxiliary fue! ruises incinerator temperatures to the ignition

point,
PROCESS PERFORMANCE VARIABILITY

! il
Candidate wostewater treatment, sohds handling, and dnsposol processes are pre~

sented schematicolly in Figures 31, 32, and 33. Considering these schematic drawings, it
,is apparent thot o multitude of sequctntial process permutations are possiole, ranging from

- 'direct contract disposal to a complex system involving primary, secondary, and tertiary
wastewater treatment, conditioning, dewatering, incineration, and ultimate disposal of
isludges. Selection of the optimum orocess or system is usually based primarily on economic
lconsidert:‘io'as. Moreover, since the economics of disposal are contingent upon such
idynamic factors as londfill availability ond regulotory criteria, the system must be flexible
enough for modification. Therefore, the optimum disposal system should provide for a
ileast=cost solution which ultimately ollows for the efficient mplemenfohon of future

- j@xpansions as dictoted by treatment ob|echves.

|

Regordless of the type of wosfewcfer or waste solids processing system finally
‘lmplemented a residucl of material will require ultimote disposal to either a landfarm,
Iondf’ll or some other treatment option. Moreover, the implemantation of a solids
hcmdlmg process requires a decision as to whather it is necessary to continue further solids.
processmg or take the option of contract dispusal. For instance, aercbic or oncerobic
.digestion presents un altemative process for solid waste handling. Such prccasses not only
gred:ce the volume of degradable solids, but the remaining solids also are less susceptible | i
‘to the production of noxious odors and ore rendered more amenable to several of the .
'potential dewatering processes. Since waste activated sludge is the only waste solid © |
category presented in Figure 30 which is subject to biodegradation by digestion, it would ;

. jconstitute the only feed to a digester. However, landfarming can be used to dispose of
}wosfe biological solids and oily process sludges which mokes it a more faverable sludge

i
!
'dusposol olfemcmve. , l

0

| it is axiomatic that bnologlcal chemncal or physical wastewcfer treatment pro-'
:cesses produce effluents of varying quality and th:s inherent variability cannot be signifi-
..omly oltered by in-plant control, operational changes, or changes in concept and-design.
!Although effluent variability is common to all we stewater treatment processes, it is most

. Inoticeable with biological systems. The variebility in effluent quality from a properly
‘designed and operated biological treatment system is nitributable to the basic noture of .
= the frearmenf process, the row waste load chcrocfensncs, and geogrophical and
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wclimatological ccaditions. This is the minimum variability which can be practically
obtained assuming sroper svstem design, management, and operational control,
' A change in feedstock will result in rew waste lood variations which impact
upon biological treatability. Both the quantity and quality of the raw waste load are
functions of such crude oil properties as spacific grovity as well as sulfur, nitrogen, and
trace metal content. Changes in product mix and product specifications have a similar
effect. The reduction of wastewater flow from production units normally results in higher
influent concentrations of orgonic constituents to the trectment facility. Since most
transitory loads from refinery processes cannot be completely sequestered, the cyclic
changes in raw waste loads will result in effluent quality variation. Events such as tum-
arouinds, production of specialty items, changes in calendar production pattems, ond
contrasts in dry~weather ond wet-weather operations impact on the vari-bility ronge.
Included with the oforementioned items are the effects due to inordinate dumps or spills
and poor housekeeping practices. Nevertheles:, the impact of raw wasta load variation
con be minimized by in-plant changes or by installing equalization, surge, and off-.
specification impoundment capacity in front of biological treatment processes.

The impact of temperature on biodegradation rote ond its subsequent effect on
biologicel traotment voriability is primarily evident on o long-term or seasonal basis. The
octual deg -ee of variability is not only ottributable to water teniperature, but also to the

" nature and complexity of the wastewater. The performance of an activated sludge system
is mere subject tc temperature fluctuations when treating soluble organic materials. This
'is atiributed, in pert, to the temperature-sensitive noture of biochemical reactions which
are responsible for the removal of soluble organics, rather than tlie "bicsorption™
mechanisms which remove colloidal or suspended organic matter..

Effluent TDS voriability is a function of the varying dischorges of process waste-
water as well as the charges in cooling tower or boiler blowdown and the cyclic treatment
‘of contominated ballast water ond storm water runoff. Biological treatment systems
nomally function more efficiently when treating low dissolved solids wastewaters and
obrupt chonges will hove a pronounced deleterious effect on system performance. This -
reduction in efficiency is often nccompanied by o noticeable increase in effluent
suspended solids discharged from the final clarifier. Additional factors which impact on
effluent veriability are pH, nutrient deficiency, low dissolved oxygen, or the presence of
toxic and/or inhibitory substances in the bioreactor.

Colculated daily and momhly voriubility factors for treatment of %i'roleum
refinery wastewaters are presented in Table 27 and Table 28, respectively'””. A daily
variability factor is defined as the ratio of that effluent concentration or loading which
encompasses 99 percent of the expected daily variation to the long=-term arithmetic aver-
oge effluent, ond a monthly variability foctor is defined as the rtio of that effluent con~
centration or loading which encompasses 99 percent of the expected monthly variation to
the long~term arithmetic average effluent. These datc specify an averuge variability
factor for each polluiunt parameter as well os the range of anticipated vaives. A com-

~parison of the variability foctors for the various end-of-pipe. treatment systems indicotes
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TABLE 27. DAILY VARIABLUTY fACTCRS FOR TREATM:ENT OF PETROLEUM REFINERY WASTEWATERS

Aztiveted Sludge Asreted Logoen and Aarited Logoon ond PCICA Activated !lu" Agrated uru
Polishing Pend Pssolved Alr Flotatien Sand Filtrotion' Rined Medis Filtretion®®
M/Chemical Addition /AN Addition
i Mreneter Rengs ~  Aversge Range Averege Range - Average fange  Aversge Range Averege
- T 800 T s.6-2.8 1.3 2.3-3.6 3.2 KN 5.8 3.t - a7 ut "
o 3.2-5.0 4.3 1.8-2.4 t i (7} 3 - a3y - oW "
™ . s " " " 1) 2.1 " N m "
8 4.5-5.2 4y 2.3-2. 2.6 - 2. 2.9 - e M -
91} 8 Greass 3.9-8.4 'R 1.9-6.1 s - - 38 3.0 . 3.8 " "
Parnels 4.8-%.2 'K} 2.4-6.7 as - 2.2 1.8 - Y " "
L 9.5-10.9 10.2  2.8-3.4 n - - %2 1.3 . .2 " m
Seifide - .6 " " " " .- M " Y ™
o' < . " " " " 1.0 'y Y " "
o " " " [ M KA 1.1 - n.a " '

©  Tiree 2y compesite used to Geterming datly variadility facter.
®® 2aily date net svailadile.

* M- taformetion net svelledle.

 Desh indicates ene set of values.
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TABLE 28. MONTHLY- VARIABILITY FACTORS FOR TREATMENT OF PETROLEUM REFINERY WASTEWATERS

Activeted Sledpe Asrated Lagoon and Asrated Lagoon and SXCTCA  Activated $Sludge Aerated Lo
Pelishing Pond Blssalved Aly Flatetica Sand Filtration . Rimed Wedia Filitratise
_ N/Chemical Addition - WAlum Additien
Perenter Range Average Pange Aversge ~ Range Average Range  Average Range Avarege
o0 p2ae 28 1.2-2.2 2.0 - . 39 - wr e 4 - 2.6
0o 1.5-2.7 1.9 1020 1.8 [ “ 1Y 2.2 " (1]
ot - 2.9 " " x M 1.8 [ A (7} "
s 1.8-3.3 I K S W R R ] 1. - V.8 1.0 - 3.2 - 2.0
891 5 Greese 1.8-2.9 2.2 2.0-5.7 3.8 - IR 1.6 - (K] - 5.0
Mecls 1.¢-2.6 2.8 2.2-4.1 3 - 1. 1.7 - 3.2 - )
LR 2.1-4.1 3. 1.7-2.6 2.2 - 2.0 1.8 - sz . - "
Satfide - 1] n 7} W 7} 1.4 m oo "M - "
o' 1.5-2.8 2.2 " " » ) R ") ) M N
ot @ " " “ " " 1.4 . 2.9 ) "

®  gush indicates one tot of values. N
M - infermacion met svailedle, )



that the effluent from an activated sludge system is more variable than that from on
cerated lagoon and polishing pend. The lower effluent variability of the cerated lagoon/
polishing pond system is attributable to the long hydraulic contact times required of such
bivlogical treatment units to obtain long-term effluent qualities comparable to those
attainabie with the activated sludge process. In general, cn aerated legoen/polishing
pond system provides low effluent variability, although the control of suspendcd solids in
these effluents is difficult. Moreover, aerated lagoons do not offer the same operational
flexibility as activated sludge systems and may not meet long-term effluent quality speci-
fications for BPCTCA conditions. :

The calculated variobility fzcrors for the various pollution abatement systems
indicated in Tubles 27 and 28 are greater than fha 'SPA variability factors specified in the
Development Document for BPCTCA conditions! 707 197 The addition of a filtration unit
after biological treatment does reduce the monthly variability. However, the magnitudes
of the variability factors are still greater than those specified in the Development Docu=
ment.

It should be recognized that the distribution of effluent concentraiions or mass
loadings is bounded at the lower end by the ncnremovable portion of a particular waste-
water constituent. Such a boundary does not exist at the upper end of effluent concen~
trations or loadings. Consequently, the effluent variability factor will increase as the
effluent concentration or loading from a treatment system. decreases. Moreover, those
variability analyses which are based solely on concentration information ignore that vari-
ability present in mass discharge which s due primarily to variations in flow.

An examination of the variability factors for each pollution abatement system
indicates ihat the variability may be high for one waste constituent and low for onother
in the some treatment process. This is undoubtedly reloted to the differences in con=
stituent concentration present in different refinery wastewaters which can, in tum, be
related to product mix and refinery complexity. These differences are often manifested in
the form of different effluent qualiiies from two similar tre~tment systems racsiving the
same type of wastewater. These data illustrate the diffi_ulty in keeping the daily and
monthly maximum cllowable effluent qualities from refinery wastewnter treatment systems
within the allowable veriation limits set by EPA, even when long-term effluent quality
constraints are attained. ' o
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SECTION 6

. EVALUATION OF POLLUTANT LEVELS OF FETROLEUM
REFINERY WASTEWATERS AND RESIDUIALS

E. H. Snider
~ F. S. Manning
' Department of Chemical Engineering
* The University of Tulsa
Tulsa, Oklchoma

. INTRODUCTION . '

In 1978 the EPA awarded the University of Tulsa contract No. R-805 099 010 to
develop an environmenic! assessment for petroleum refining: wastewaters and residuals.
One portion of this assessment is the preparation of a state=cf-the-art report on pollutont
emission levels. Accordingly this section summarizes a careful search of the recent liter-
ature on emission loads; avenues of emission; ond includes estimates of accuracy,
precision, varionce and causes of variance whenever possible.

WASTEWATER EMISSIONS

Wastewater emissions are discussed under two classifications: raw waste loads
ond treated effluent loads. ' C

" Raw Waste Loads

Raw waste loads are reported for most of the so-called "traditional" pollutants,
and for several priority pollutants, primarily those (such os cyanide, phenol, mercury)

" which have been mo'nifored‘exfensively. Median row waste loadings for the five sub-
cofegories of refineries were collected in o 1972 study, conducted jointly by APl and
EPAZ0S, in this study, the net raw waste loading was defined as the amount of a g,'vgg
contominant added to intake water per unit volume of crude oil charge to a refineryz .
The median concentration values of these pollutants based on the refineries studied are
presentad in Table 29 in units of 5.t.b. of crude oil processed. Since an average value
of gallons of wastewater produced per barrel of oil processed was also given, a simple
conversion gives the results in mg/Z, as also reported in Table 29. In aridition the
follov.ing priority pollutants were included and the results are included in Table 29:
cyonides, phenolics, copper, lead, and zinc. '
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TABLE 29. MEDIAN RAW WASTE LOADIMNGS FOR REFINERY SUBCATEGORiES
THROUGH E AS REPORTED IN API-EPA SURVEY206

Porometer” Clcub' €
A ) C b [
b , b : 1b ib ib

1000 b1 _mo/L V00O bbi_mg/L 1000 BBl _mg/t 1000 Bi mg/L 100G bbl_mg/L
gal/bbl .. 18,00 ,40.u4 ' 42.65 . 47.34 84.96
BOD5 £.92 194 3829 N3 57.99 143 59.79 151 129.40 178
coo 13.33  88.7 105.77 313 168.38 473 184.00 446 296.59 409
T0C 249 6.6 17.76 52,6 54.26 152 50.91 129 58.65 80.8
Ot & Greon 3.3 208 1374 40.7 18,09 S0.8  56.82 V44 50.¥6 69,0
Phenolict .00 .0.07 1.52 4.5 400 1.3 2,19 55 2.5 3.5
Suspended Solids 4.43 29.5 11,84 35.1 18,62 52.3 39.23 9.3 21.73 29.9
Dissolved Solids 103.49 687  210.46 624 186,04 523  200.12 506 299.28 412
Sulfides 0.03 0.20 0.34 1.00 0.71 2.00 0.02 0.05 1.40 1.93
Chromium - 0.00 <0.07 0.03 0.09 0.19. 0.53 0.06 0.15 0.31 0.43
Ammonio .

Nitrogen 0.34 2.3 7.9 3.1 1695 476 8.39 '21.2° 16,55 22.8
Orgonic '

Nitrogen 0.04 90.27 2.3%9 7.0 2.9 6.40 2.85 7.20 4.38 6.0

' Nitrote . .

Nitrogen .0 0.00 0.00 .03 0.00 <0.03 0.00<0.02 ~0.02 0.00
Acidity -0.96 0.00 $.00 <0.03 0.00 <«0.03 -0.26 0.00 -0.5 0.00
Alkolinity 0.53 3.5 12,35 3.4 33.81 950 32.94 83.4 53.04 73
fotol Phosphote  0.02  0.13 0.08 0.2 0.20 0.5 0.19 0.48 0.19 0.2%
Cyonide 0.00 <0.07 0.00 <0.03 0.05 0.4 0.03 0.08 0.00 <0.0V
Chioride 15.75 105 65.34 194 76.37 4  67.43 N 50.49 ¢69.8
Fe 0.06 0.40 0.22 0.65 0.25 0.70 0.06 0.15 0.27 0.%7
Cv 0.00 <0.07 0.00 <0.03 2.00 <«.03 0.00 <0.02 0.0 0.0V
[ 0.00 <0.07 0.00 <0.03 0.01. 0.03 0.00 <0.02 0.01 0.00
Zn 0.00 <0.07 0.07 0.2 0.06 0.17 0.03 0.08 0.03 0.04
Color 18 38.3 104 5u 2.7
Turbidity }78 83.8 1064 12 4.2
Volotile Suspendad

Solids 15 19.8 ' 2.8
Cond ctonce 1712 1312
Nitrite Nitrogen 0.06 0.15 0.80 " 0.10 0.V7
Toto! Kieldenl ) '

Nitrogen 6.6 9.5 448 54 23.3

8.2 8.0 . 8.4 8. 7.8

OUnins for ofl porometers are mg/1 with the following exceptions: color {color unins), turbidity (J.7.U.),
conductonce (umho/em), ond pH (pH units), .

byvalues reported for coler, turbidity, VSS, conductance, nitrite nitrogen, TKN, ond pH were obtained
from limited row data reported in the appendices to this reference ond do not represent averoges bosed .
( on ofl the refineries which made up the API-EPA wrvay.

€A negotive value for @ paromet~r in the 1b/1000 bbl column represents @ case In which the plant
intoke wate: concentration exceeded the row waite load by the indicated omount, and was reported
¢ © 280 concentration in mg/L. A 2ero value in the 1b/1000 bbl column. was interpreted o1
meaning o loading of less than 0.01 1b/1000 bhi and 3o this limit wos used to arrive ot the mg/L value.
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B In 1978 a Department of Energy (DOE)-EPA study determined the variation in

_ trace or onics concentrations across the wastewater treatment system of a typical Class B
refmery 7. In addition ‘o the trace organics several traditionol pollutants were moni=-
tored in the raw waste streain; these are included as part of Table 30, which ulso reports
concentrations ot severci stoges of treatment for this waste stream as well os for the intake
water.

The organic analyses in the DOE-EPA study were performed by GC-MS on
methylene chloride extracts of the wastewater samples. Three extracts were collected -
a neutral extract, an acid extract, and o base extract. Weter samples extracted and
onalyzed included ths raw wastewater after DAF treatment, effluent from octivoted
sludge (AS) treatment, and effluent from activated carbon (AC) columns. The details of
the extraction and analysis procedures are contained in the report of the sfudy207. The
results, which indicated that 304 trace crganic compounds were detected, are presented
in Tables 31 through 37 for the neutral extracts, Table 38 for the acid extracts, and
Tobles 39 through 41 for the base extracts.

Evoluohon of the 26(5%'55(%‘ levels of the priority pollutants was the purpose of o

' 1978 study by EPA and API Intake waters, wastewater feeds to biotreatment,
ond final effluent streoms from 17 ref'neries were sampled and anclyzed for the 129 sub-
stances on the EPA Priority Pollutant list. A summary of the dato from this study is pre-
sented in Tobles 42 through 45. : '

" Treated Effluent Loads

Several sources of data on the effluent concentrations of various pollufants aofter
differing modes of treatment are avmloble.

: In the DOE-EPA ttudy which hos been des§r|bed prevuously, data were presented
for effluents from an ACFC, MMF, and AC golumns . These dafo are presenfed in .
" Tables 30 through 41, : \

In the 1972 APII"EPA sv.'rvey206 data were collected to defermi;we the median
performance of AS treatment plonts for five refineries = three Class R and two Class C.
These data are summarized in Table 46. '

1 Dota for treated effluent loadings of priority pollutants from 17 refineries were
_ reported as part of the 1978 API-EPA sfudyzoa. Concentration ranges for the priority
pollutants in treatment plant effluents are presenfed in Tables 42 through 44 desc:ibed
pfev»ously

In addition, at six of the refineries considered in the above study208, pilot=

- scale GAC results were obtained for several traditional pollutants as well os 0 number of
- priority pollutants.. These results were reported in a separate document209, | The inlet
wastewaters to the carbon columns were treated using multimedia filtration, and results

" were obtained for both virgin and regenerated carbons. The data summarizing the ranges
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| TABLE 30. AVERAGE INTAKE AND WASTEWATER EFFLUENT CONCENTRATIQNS

AFTER VARIOUS TREATMENT PROCESSES IN A CLASS B REFINERY

'Concentration, mg/L

Porameter toke  DAF®  pcb MME® acd
Oil & Grease <10 24 <10 <10 <10

" Cyamids  <0.02  0.25 o4 05 . <0.02

" Phenol . 002 .39 0.02 0.02 < 0.01
cop <15 1% 43 4“4 <15
BOD <t0 - 103 7 17 - . <i0
TOC 18 57 24 22 9
188 21 38 <10 I<lO ‘ <10 :

6 v e . ‘. .
Raw wastewater after dissolved air flntation treatment in plant's full-scale treatment
system.

bEffluen? from octivated sludge final clarifier of full-scale treatment system,
C&ffluent from pilot=scale mixed-media filter.

dEfﬂuen§ from pilof-scole‘ocﬁvafed carbon columns.
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TABLE 31. CONCENTRATION OF n*ALKANES IN THE NEUTRAL FRACTION CF THE
DAF EFFLUENT FROM A4 CLASS B REFINERY AND PERCENT REMOVAL BY
. THE ACTIVATED SLUDGE AND ACTIVATED CARBON UNITS&Y -

o Pe:cent Removal , '
Concentration by Activated Percent Removal

Compclmd in_DAF (ppb) Studge® by MMF + AC
'n=noncne 32 o NM . ND
n-decone 128 » 99 + ND
n-undecone 349 99 + A |
n~dodecane \ 544 99+ | 98
n-tridecane ' 675 ' _ 9+ . 96
n-tetradecane 483 99+ ' 94
n-poniadecane 651 9+ 91

. n—hexadecane 493 99 + N
a-heptadecane * 355 9 + 88

* n=octadecone 261 , . 99+ ' 87
n-nonadecane 205 99 + 88
h-eicosanle 160 99+ 85

' n~heneicosane 107 | 99 + | | 79
n-docosane : 64 99 + 80
n-tricosane 61 99 + . 83
n-tetrocosane 43 o 99 + - 79
n-pentacosone 32 | 99 + 70
' n-hexocoscne . 27 99 + - 78
n-heptocosane 19 ' 99t o T
n=octocosane ' 13 ' 99 + T
n=nonacosane n ‘ 'NM T
n-triocotane ' NM T 1
n-heneitriocotane NM T :

ONeutral froction of final=clorifier effluent.
T  Troce concentrotion present :
NM Not measurable due to interfarences
ND Concentration not detectable

of
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TABLE 42, CONCENTRATION OF CYCLOALKANES AND ALKANES OTHER THAN ,
n=ALKANES IN THE NEUTRAL FRACTION OF THE DAF EFFLUENT FROM A
CLASS B REFINERY AND PERCENT IBQAOVAL BY THE ACTIVATED SLUDGE
AND ACTIVATED CARBON UNIT5? '

Percont Removal

—

- Concentrohon by Activoted Percent Removal
Compound in DAF (ppb) Sludge® - Ly MMF + AC
CipAlkane 159 99+ | T
CI 3"A|l<one 77 99 + ~ ND
C, 4-Alkane .19 99 + T
CM’AIané 246 99 + 79
'_. Pristone R EY4 99 + : 78
Phytane 67 9+ )
‘ Czc:loc:ll«:mesb
' 30 - 994+ ND
21 99 + ND
57 NM ND
3l 99 + . ND
4 99 + " ND
] .29 99 + NO
Z 27 99 + "~ ND
71 9+ ND
42 ' 99 + ND

43 99 + ' ND

°Noutro| froction of final=clarifier effluent.

Also includes alkenes; exact qualitative cnalysis was not made; the 10 entries represent
10 cycloalkone-clkene compounds.
T  Troce concentration presant
'ND Concentration not detectable
NM Nor menasurcble due to interfarences
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- _TAELE 33. CONCENTRATION OF ALKYLATED BENZENES IN THE NEUTRAL
FRACTION OF THE DAF EFFLUENT FROM A CLASS 3 REFINERY AND PER-
CENT REMOVAL BY THE ACTIVATED SLUDGE AND ACTIVATED CARBON

UNITS207 |
Percent Removel
Concentrotion by Activeted Percont Removel
Compound in DAF (ppt) Sludgs® by MMF + AC
Toluene* ' L[] B X I 84
Ethy! benzene® 35 ' 99+ 67
p ond m-Xylenes 187 99+ ‘ 77
o~Xylene 101 99 + 77
i=Propy| benzene 5 ND ND
n=Propyl benzene 13 994 : T,

. m=Ethyl toluene . 99 +. , N
o~Ethyl toluene 2 , 99+ T
1,3,5-Trimethyl ' '

i benzene 43 99 ¢ , ND -
1,2,4-Trimethyl
benzene 176 99+
1,2,3-Trimethyl v :
benzene 96 99+
n-Buty! benzene 8 T ND
m-n-Propy| toluene 19 99 + © .ND
on-Propyl toluene N 9 + ND
m-Diothyl benzene 13 T ND
1,3-Dimethyi-5- .
othyl benzene 2 99 + ' ND
1,3-Dimethyi~4- , :
othy! benzene 7 99 + : ND
1,2-Dimethyl=4- - ' ,
othy! benzene 43 99 + ND
1,3-Dimethyl-2- ,
othyl benzene 16 ND ' ND
1,2-Dimethy!-3- . :
othyl benzene B ki 1 o ND
- 1,2,4,5Tetromethyl
. benzene g 99+ : ND
1,2,3, 5-Tetromethyl ' '
benzene 9 + ' T
1,2,3,4-Tetromethy : : .
benzene . o4 99 ¢+ ' 5

— ]

“Neutrol frection of final clorifier effluent.

T  Trece concentrotion present

'ND Concentration not detectuble ' i
1.9An B.P.A, Priorlty Polluient
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= TABLE 34 CONCENTRATION OF INDAN AND TETRALIN AND RELATED COM-
. POUNDS AND THEIR ALKYLATED DERIVATIVES IN THE NEUTRAL
FRACTION OF THE EFFLUENT FROM' A CLASS B REFINERY AND PERCENT
- REMOVYAL BY THE A(‘TIVATED SLUDGE AND ACTIVATED CARBON

UNITS
Percent Removal
Concentrotion by Achvohd Percent Removel
~ Compound in DAF {pob) Sludge® by MMF + AC
" Indon - 93 - 99 50
' V-methyl indon . 104 99+ . . T
2-methyl indon . &1 99 + - ND
Ethy! indan 27 ' T - ND
. Dimethy! indcznb 6 9+ _ T
. Dimethyl indon n ND , ND
Dimethy! indan 35 99+ ND
: Trimethy! indon , 35 T | ND
~ Temalin n. ND ND
| Methy! tetralin 64 T ND
' thyl tetralin 7 99 + : ND
" Dimethyl tetralin 2 T ND
i Ethyl styrene . 19 ND : ND
. Ehylstyrene 48 99 + ND
' CyStyrene” 19 — ND
g C,-Styrene ' 72 C994+ ‘ ND
- Cs'Sfyrene ‘ 21 99+ ND
! Cs-Sfyrene ' 53° | 99+ ' ND

Neutral fraction of final clorifier effluent.

bSovoml dimethyl indon and C-Styrene compounds were observed see succeeding
compounds Reference 2 prov ?du structures.

T  Troce concentration pressnt

ND Concentrotion not detectable
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«.-TABLE 35, CONCENTRATION OF NAPHTHALENE AND ALKYLATED NAPHTHALENES
IN THE NEUTRAL FRACTION OF THE DAF SFFLUENT FROM A CLASS B
REFINERY AND PERCENT REMOVAL 3Y THE ACTIVATED SLUDGE AND
ACTIVATED CARBON UNIT$207

Peicent Removal

Concentration by Activated. Percent Removol

Compourid ' i-» DAF (ppb) Sludge® by MMF + AC
Nophthalene* 197 99+ 38
1-Methyl nophthalene . 448 99+ 45
2-Methy! nophthalene 259 99 + .33
Ethy! nophthalene 7 | , 99 + , ' '56

© Bimethyl nophthalene 192 99+ S 38

,.Dimothyl mphfh;:lene NM - -
Dimethyl nophthalene 267 994+ - 27
Dimethy! naphthalene 203 994 -
Dimethyl naphthalene % . 9+ 12
Dimethy! nophthalene 45 . 99+ - 37
C,-Nophthal ene 24 - -~ 1
Cs-Naphfholene -2 99 + 88
C3~Nophtholene 160 ' S99+ 92
Cs-Nophthalene 45 | , 99 + ‘
C3-Nophtho|ene 37 99 + : T. .
C3-Noph’ho|ene S ' 99 + : :
C3-Noph9ho|eﬂe A 99 99 + , 70 5
C4~Naphthalene 125 99 + - 61
Ca-Nophtholene - 85 99 + L 45

: C3~Nophtholcne . 80 99+ '

‘ C3'Nophfha!ene -9 ' 99+ " T

®Neutral fraction of fingl clarifier effluent
NM Not measurcble due to interferences
T  Troce goncentration present

| Increose in coacentration

“ *An E. P.A, Privrity Pollutant
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TABLE 36, CONCENTRATION OF ALKYLATED BENZOTHIOPHENES AND DiBENZO-
THIOPHENES IN THE NEUTRAL FRACTION OF THE DAF EFFLUENT FROM
A CLASS B REFINERY AND PERCENT REMO\2/6¢\;. BY THE ACTIVATED
SLUDGE AND ACTIVATED CARBON UNITS .

Percent Removel '

.. Concentration by Activoted Percent Removal
Compound in DAF (ppb) Sludge® ‘ by MMF + AC
Methy! benzothiophene 21 . T ND
Methy! Benzofhidphe:\e 16 ' 99 + ' 71
" Methy! 'benzofhiopi'sene 13- 99+ ND-
Methyl benzothiophene 32 ‘ 99 + . - 83
Ethy! benzothiophene n o 99 + ND
Dimethyl benzo-
. thiophene - n 99 + ND
. Dimethyl benze~ L - :
" thiophene’ ' 16 99 + . ND
Dimethyl benzo-
thiophene : 8 ' 99 + ND
Dimethyl benzo- . '
. . thiophene 8 99 + 7 ND
. Dibenzothiophene 13 ' T(N) : ' ND

!

» “Neutrol fraction of final clarifier effluent.
" T  Troce concentration present

N Noisy, possibly due to column blsed
" ND Concar:tration not detectoble
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TABLE 37. PNAs AND ALKYLATED PNAs OTHER THAN NAPHTHALENES IN THE
NEUTRAL FRACTION OF THE DAF EFFLUENT FROM ,* CLASS B REFItiERY
AND PERCENT R; OVAL BY THE ACTIVATED SLUDGE AND ACTIVATED

. CARBON UNITS
o — — 2
. Percent Removel
Concentrotion by Activated Percant 2emoval
Compound  * in DAF (prb) Sludge? by MMF 4+ AC
Phenonthrene/ 1 '
Anthrecene® 168 9 53
Mathy! phenanthrene 72 N ' T
Maethy! phenanthrene 80 N ' T
1=Methyl unthrocene hJ 99+ T
. 2-Mathy! enthrocene’ z 99+ 1
~Fhenanthrene/
Anthracane 5 ?*.l ND
Cz-H\omnH\nnn/ .
Anthrocsne L] N ND
=Krnonthrene/ . .
Anthrocere 16 N . ND
Cz-ﬂ\ononfhnm/ . ,
Antarocens x N ND
Cz-ﬂ\ommhmo/ ' ,
' Anthracene |, . 40 N ND
Cz-Hanhnm/ : ,
Anthrocsne n N . , NO
Fivorane® z N NOD
Fathyl flurens % 9+ T ND
Methy! fluorene k] 9+ T
Methy| fluorene V) 99+ ND
Acenophthene® 3 i ND
Methyl acencphthene 35 N i ND*
Mathy! ocenaphthene 2% N ND'
Maethy! acenophthens 6 N ND
Bipheny! 24 (N) E 1
Meshy! bipheny! 19 TN . ND
* Methy! bipheny! n ' T(N)
Pyrone* ‘ . , 99+ 76
€,y g PNA (sch o1 .' :
morl\yl pyrene) n 1 . A . ND
Chryrems® s ”we " ND
1,2=Benzonthrocene 13 o9+ ND
®piautrol frection of the final clerfiar effluent. 'ND 'Cwm"lllﬁm not do’;ehblo
N Nolsy, ibly due to unmsolved Interfering evponics ncreose In concentrotion | '
| 1:9:0' xnn’mm present *An E.P.A, Priority Polivtent
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TABLE 38. PHENOLS !N THE ACID FRACTION OF THE DAF EFFLUENT FROM A CLASS
B REFINERY AND PERCENT REMOVAL BY THE ACTIVATED SLUDGE AND
ACTIVATED CARBON UNITS . '

 Percent Removel
Concentrotion by Activeted Percont Removol

' Compound in DA? {pob) Sludge® by MMF + AT
Phenot’ 2 ND ' " ND '
Cresel .3 9+ . ' Nm
p~Cresol L) ND o NOD

Ehy| phenol 4 ND ND

Ethy! phenol 7 ND - ND
Dimethyl phenol* 29 ND . © ND
2,3-Dimethy! phenol 16 9+ ND
Dimethyl phenol® 8 ' ND ND
n~Propy! phencl 1 ND ' ND -
1-Propy| phenol 2 ND ND
t=Propy! phenol 4 ND . ND
I=Prgy) phenol 10 NC ' " ND |

I=7 ropy| pheno! 1 ND ND

" ~Propyl phenol 1 ND ' ND
n-Propy! phenol &

 Mathyl athyl p”cﬂol 4 ND NOD

n~Propyl phenol & B '

Mathyl othyl phenol <1 ND ‘ MD
Mathyl ethy! phenol 2 ND ND
Mathy! othyl phenol 3 ND ND
2,4,5-Trimethyl phenol 3 9 + ND
Mothy! ethyl phenol &

Ci-Phanol 1 MD ND
Mothy! ethyl phenol & -

C(~Phenol <) ND ND
€y end € ~Phanol 1 ND ND
Cyad Cibhandl 1 ND ND
Diathy! phenol ) ND : ND
Diethy] phenc! a ND ND

®Acid froction of the final clorifier effivent. .
ND Concentrotion not detecteble’

NM  Not meosureble

*An E.P.A. Prioty Pollutent
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< TABLE 39. ‘ALKYLATED PYRIDINES IN THE BASE FRACTION OF THE DAF EFFLUENT
FRCM A CLASS B REFINERY AND PERCENT %;MOVAL BY ACTIVATED
SLUDGE AND ACTIVATED CARBON UNITSZ .

Percent Removal

' Concentration by Activated . Percent Removal
C.mpound in DAF (ppb) Sludge® by MMF + AC
Picoline ' <] | - | -
Ethyl pyridine <1 ND ND
4-Ethy| pyridine <1 ' ‘93 : ND
Lutidine <1 " ND T
Lutidine 2 98 ND
Ethyl picolina NM NM " ND
2-Ethyl picoline | 1 . ND ' ND
Ethy! picoline 6 ND ~ ND
2,4,6-Cb|lidine 2 ND ND
2,3,6-Collidine <) ND - ND
2,3,5-Collidine <  ND . ND
Collidine <1 67 99
Collidine . 2 ND ‘ ND
C3-Pyridine <1 ND ND
Ca-h/ridine <) ND | ND
Ethyl lutidine : 1 ND ND
Ethyl lutidine < ND ND
Ethyl luticine 1 ND . ND
Ethyl lutidine <t . " ND . ND
Ethyl lutidine <1 ND . ND

%Bose froction of the final clarifier effluent.

NM Not measurcble due to interferences
"ND Concentrotion not detectable -

T  Troce concentration present
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TABLE 40. ALKYLATED QUINOLINES iN THE BASE FRACTION OF THE DAF

EFFLUENT FROM A CLASS B REFINERY AIND PERCENT (E;AOVAL BY -
ACTIVATED SLUDGE AND ACTIVATED CARBOMN UNITSY/ :

Percont Removal -

Concentration - by Activated Percent Remova!

Compound in DAF (ab) . Sludge® ' by MMF + AC
Quinoline ‘ 6 ND - ND
Methyl quinoline ‘ 4 ND , ND
Methyl quinsline S B ND ' . ‘ND

. Methyl quincline + <1 ND ND
Methyl quinoline <1 85 NO

. Methyl quinoline : 2 ' ND ' ND
Methyl quinoline M ND ' NO
Ethyl quinoline - «Q , ND ND
Dimethyl quinoline 2 94 89
Dimethy! quinoline 1 ~ ND ND
Dimeathy! quinoline 2 ND ND
Dimethyl quinoline <] ND - ND
Dimethyl quinoline 2’ 92 - ND
Dimethy) qﬁ%nolina ) ND NQ
Ca-Quincline 2 97 . ND
Ca-Quinoline 2 97 ND

°Bds¢ fraction of the final clarifier offluent.
ND Concentration not detecicble
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TABLE 41. ALKYLATED ANILINES IN BASE FRACTION OF THE DAF EFFLUENT FROM
REMOVAL BY ACTIVATED SLUDGE

A CLASS B REFINERY AND PERCE

AND ACTIVATED CARBON UNITS

Percent Removal

Concentration by Activated Percent Removal
Compound __in DAF (opb) Sludge® by MMF + AC
Aniline 27 99 + T
o-Toluidine 29 NM ND
Toluidine 10 NM ND
N, N-Cimethy!
eniline <1 89 ND

%8ase fraction of the final clarifier effluent.

T  Troce concentration present
ND Concentration not detectcbie
NM Not measurable due to interferences
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TABLE 42. CONCENTRATION RANGES OF PRIORITY POLLUTANTS - VOLATILE
ORGANICS CATEGORY REPORTED IN API-EPA PRIORITY POLLUTANTS

.'b
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TABLE 43. CONCENTRATI("N RANGES OF PRIORITY PCLLUTANTS ~ SEMI-

VOLATILE EXTRACTAB

POLLUTANTS SURVEY

S CATEGORY REPORTED IN AP!~EPA PRIORITY
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TABLE 44. CONCENTRATION RANGES OF PRIORITY POLLUTANTS - TOTAL METALS CATEGORY REPORTED IN
API-EPA PRIORITY POLLUTANTS SURVEY20 ]

Refinsry Cchgo'y’

Poremeter : Category
(mat) A - ] C £ indesignated
Bio. -Finol, - Blo. Final 8io. -Finol 8io. Final Blo. Finol

o lems? Erre? gre.e! €. +2 ers.o! ere .02 efe.e! erfo2 | el efr. 2
Ag = |<s <s <1 - 2 <1 - 15]|<5 <5 <5 <s <) < §5<1 «<§
As 12 <10 <2 - 41 <4 - 31 |<10 =20 - <10 —<20]<20 <20 <4 ~ 480 <4 ~-900
[ <3 <13 <1 =<3 <t < 3l<3 = <3 <3 <3 <] < 3 < <3
cd <1 < <) - 7 <) <1 < < <1 [< =15 - 5
Cr n 5 <3 =300 <5 -~1000] 73 -240 24 -110]450 ~-14C0 120 1 <1600 1 =73
G 7 <5 2 -500 <5 -125f<5 -3 <5 - 8] 13 -.61 I 3 -280 3 -180
Hg <0.5 <0.5 <0.1- 6 <0.1- 6/<0.5 < 0.5 <0.5 <G8 | @2~ 9 <02 ¢
Ni 2 <15 <1 - 77 3 - sg|<as -2 <15 =19|<15 ~-. 16 <15 <) - 44 <1 =15
Y &4 <15 <15 -2000 9 <15|<as -27  «<s <15 - 18 <15 2 -40 2 -5
Se <i0 <10’ <4 - 31 <0 - 27|<10 =20 . 12 =<20|<20 - <20 <4 - 15 3 -3
S <5 <23 <] -0 <1 -0 |25 <5 <15 <25 1 =25 <1 <28
1] <15 <15 <1 - 3 <) 15 |<158 <s <15 . <15 <) <15 < -2
Zn 220 k) 30 2100 25 -400] 50 -140 <10 -50|570 -4800 35 24 ~1400 38 -700

“The sevonteen refineries conidered In this shidy were disiributed o8 follows: Clox A = 1; Clars 8 = 7; G C~% ClomE-1

Undasignated Class -~ 5. The concentration ranges reported for each class are the minimo and imavima observad In all the
refinery dato for the clas. ’ .

"&w Effluent

qﬂml Bflyent



TABLE 45. CONCENTRATIONS OF PESTICIDES AND ASBESTOS CATEGORIES
. OF PRIORITY POLLUTANTS OBSERVED IN DATA CBTAINED
DURING API-EPA PRIORITY POLLUTANTS SURVEY

Poromater Concentratia: Refinery . Scmple Soureo
U720y Clon
£-8HC 0.7 8 Cooling tower blowdown
Chiordone 2.8 ] Intcke woter
" e—endosulfon 0.1 unknown DAF sffluent
Heptochior epoxide 4.6 4 Chem. plant effluent
PC8 1220 0.1 ] Cooling tower biowdown
<5 3 Final effivent
0.} E Separator efflent
7C8 1232 0.9 A Separator effivent
' 3.5 unknown DAF effluent
0.5 L Separator effluent
6.5 E Seporator effluent
04 E Chem. plont effluent
PCB 1242 1.1 ] DAV effluent
, 0.2 C DAF e¥lvent .
0.5 unknown " Separator effluent
0.5 unkncwn DAF offluent
0.5 ] Separotor sffluent
0.1 3 Bio~pond influent
0.2 '8 intoke wuter
5.2 8 Separotor effluant
PC8 1016 1.8 unknown Seporctor effluent
7.9 vnknown DAF offluent
0.2 ] Separator affluent
1.9 3 Separator effiuent
1.3 E Chem. plont effluent
Asbestor no fiben unknown 50 m! seporctor effluent
no fibers unknown 50 m! fincl effluent
3.40 25 ml separotor efflvent
no fibers 25 m! finol offluent

B
]
no fibers C 50 m| DAF offivent

no fibers C 25 ml finol efflvent

no fibers - L} 50 ml seporator effluent
no fibens L] 100 m} finol offluent

%Uniis = millions of fibers par liter
*Concentrotion (sg/1) except oibestes
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TABLE 46. MEDIAN PERFORMANCE OF ACTIVATED SLUDGE TREATMENT

PLANTS FOR THREE CLASS B REFINERIES AND TWO CLASS C
REFINERIES206

Mecicn Influent

Medion Effluent

Median Tregtment

H

184

mg/L except pH, which is raported In pH units, turbidity, chh 1s nponod In
cckw which Is reperted in coler unih,

Poromater’ Concentration’ Concentration Efficiency (% Removal)
80D, " 85 8.5 89.2
cod 213 70 54.6
10¢ 55.5 25 0.9
QOil ond Greom 2.2 n 60.0
Pheno!s 3.4 0.01 99.8
Suspended Solids 3% 25 23.8
~ Digsolved Solids 968 170 . -8.8
Sulfides 2.88 0.225 90.0
Cheomium 1.3 0.2 58.2
Ammonie 12.5 11.25 16.2
Oxgonic Nitrogen 3.44 * 2.9 22.5
Nitrate Nitrogen 0.13 0.055 4.6
Acidity 0 8 0
Alkalinity 13 Y00 58,
Pheophote 0.3 0.48 1.4
Cyonides 022 0.1 .9
Chloride 188.7 175.5 8.8
tron 1.0z 0.78 »a
Copper 0.14 0.05 5.7
Leod 0.1 0.1 0.0
Zine 0.22 0.16 2.0
Nirite 0.1 0.02 7.3
T.K.N, 16.56 14.58 17.2
pH 5.8 7.3 18.5
Conductivity . 1475 " 1450 -5.9
Color E ') 0
Twbidity z 18.5 3.2
Volotile Susperded: '
Solich n 8.3 8.6

s me e



" of pollutants cbzerved in this study ore presented in Tables 47 through 49.

' Furthermore, four of the refineries studied above20? participated in a pilot=scale
PAC study. The study was conducted using a small AC pilot unit to whick PAC was added
batchwise. The unalytical data for pilot plant ir.fluents and effluents for traditional and
pricrity pollutants ore summorized in Toble 50.

A study of 15 case histories of refinery treatment plants achieving levels | and 1l
obatement wus made by ES and was summarized in a 1975 report 10 All available
effluent cuality doto for these treatment plonts were analyzed c..d the long-term overage
concentrations for the contaminants controlled by effluent guidelines were determined.
These data are presented in Table 51. In mast cases the data extended over o greater

_than 12=months time span, o the concentrotions reported were considered to be annual

, averages .

‘Also os part of the ES réporrzw, a comprehensive summary was mode of dnta
available from the pilot=scale and full=scale applications of AC to refinery and refinery- .
related wastewaters. These doto were tabulated for four wastewater parameters; COD,
TOC, oil and grease, and phenols, and are shown in Table 52.

A 1979 EPA indicatory fate sfudyzn presented data for a number of priority

- pollutants ot seve ol stoges of wastewate; treatment in o sample refinery. The refinery
prozess wastewater was passed through APl separators and DAF units. This clarified waste-
water became the influent to the biological treotment system. Biorrectment consisted of
two parallel extended aeration basins with clearifiers.. One aeration basin containad PAC

. as part of *the mixed liquor, and PAC retum sludge and effluent somples were analyzed

" from this system. ‘The other aeration basin and clarifier was operoted without carbon and
return sludge and final effluent samples were analyzed. The data fron: this study are
reported in Toble 53. In addition, on air-stripper sampler equipped with a resin trap was
_placed in each aeration basin at a point ofter the entry of DAF effluent. Aftmi o 49-hour
- operation time with an air flow rate of 300 cfh, the resin traps were removed and
analyzed. The results ore presented ir Table 54.

WASTEWATER RESIDUALS

‘ Wastewater residuals from the petroleum refining industry include sludges pro-.
duced by chemical and biological means and oily residues. A survey of the literature
produced limited datn on emissions of specific pollutonts from chemicol ond biological
sludges specificolly t~m refineries, Dota a3 to the composition of oily residues were
found in a 1972 EPA mportz‘z. In this repert; a study of oily weste disposal Ly soil
cultivation, three simuloted oily sludges were investigoted. One of the sludges was o
crude oil tank bottoms which contained a natural balance of hydrocarbon types; another
waos o high moleculor weight fuel oil (bunker C or No. 6) which contained olefinic ond
aromatic components; and the third was a woxy raffinate, an intermediate waxy oil
pioduct containing haghly paraffinic components, The properties of these simulated
sludges are summarized in Table 55. Additional dota on the oil content of the soil
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TABLE 47. CONCENTRATION RANGEIS OF CLASSICAL PARAMETERS AND
THE PRIORITY POLLUTANT TOTAL METALS OBSERVED IN PILOT-
SCALE GRANULAR ACTIVATED CARBON TREATMENT OF THREE

CLASS B REFUNERIES?

! . Virgin Regensicad
o.b Filter Filter Coidon Curbon
Porometer ' Influent Eflvent Effluent Bflvent '
- 80D, <é -7 <% - < -2 2 -4
8GD, 4 -2 |4 -23 4 -2 5 -8
cop, 24 . -120 20 - -160 12 -9 0 -8
T10C 1 -5 8 =7 6 '-52 3 -
Totet Suspended :
Solids 4 -~ 3% | VI 2 -n 1 -n
Ammonia
Nitvogen 3.9 -22 22 -2 2.8 -4 3.4 -2

ot <0.02- 0.02 [<0.02- 0.02 | <0.02-002 | <0.02

Sulfides <0.1 - 0. <0.} - 0.4 0.1 ~0.2 |<0.1 -0.2
Oil & Greose 4 - 40 4 - 24 5 -20 2 -0

pH 7.2 -~ 7. 68 - 2.9 | 7.1 -8.2 7.2 7.6
1. Cyanide 0.01 - 0. 0.01 = 0.12 0.01 - 0.07 | 0.01 - 0.07
Phenols 0.012- O. 0.013- 0.092 | <0.005-<0.01 | <0.005~<0.01
Ho < 0.5 <0.0005 <0,0005 <0.0005

Ag < 9.001=< 0,005 | <0.001< 0,005 | <0.001-<0.005 | <0.001-<0.005
As < 0.020 <0.020 <«.020 <0,020

' < 0.001-< 0.003 | <0.001< 0.003 | <0.001~<0.903 | <0.001~<0,003
cd < 0.001- 0.010 { <0.001~< 0.002 { <0.001~ 0.004 | <0.001~<0.002
G {toml) < 0.005- 0.060 | <0.005- 0.050 | <0.005~ 0.046 | <0.005- 0.040
o < 0,005~ 0.032 | <0.005- 0.014- | <0.005- 9.020 | <0.005~ 0.020
Ni < 0.005- 0.016 | <0.005- 0.016 ! <0.005- 0.042 | <0.005<0.015
m < 0.015~ 0.020 | <0.013~ 0.020 | 49.015-<0.020 | <0.015-<0.0%0
sb < 0.025- 0.470 | <0.025- 0.43) | <0.025~ 0.450 | <0.02%- 0.410
Se '|< 0.020- 0.062 | <0.020~ 0.0%3 | <0.020~ 0.050 | <0.020- 0.0%0
T < 0.01% <0.015 T {018 . | <0.018

2n 0.015=< 0.060 | 0.020- 0.0°C | 0.020~<0.060 | 0.020~<0.080

*

CAll concantrotions nponod‘ih mg/L except pH which Is reported in pH units,

b fro. ' SODy through pH were performed by loborotories
All onclyses for pocamaters In this Hasting fro 1 throug
wud::‘:on”:;c' to the Effluant Guidelines Divlsion of E.P.A, All onolyres for porometen from
1. Cyonide through Zn were performed by the R. §. Kerr Environmentol Research Laborotory d

EP.A,
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TABLE 48. CONCENTRATION RANGES OF CLASSICAL PARAMETERS AND THE
~ * PRIORITY POLLUTANT YOTAL METALS OBSERVED IN PiLOT-SCALE
' . GRANULAR ACTIVATED CARBON TREATMENT OF TWO CLASS €
. REFINERIES20? ' :

Virgin , Regorerated
" a.b Fllter Filter Corbon Corbon

Porometer Influent Efflvent Eflvert Efflvent
8OO, 10 =12 <3 -3 < -9 < -l
DODS . | é - 13 -3 3 -8 3 -10
coo "o lrs -1s0 2 =12 100 -88 B -88
10C 17 - 55 ~ 53 5 =34 4 -34
Totol Suspended '

Solids 7 - 42 1 - <) -52 1 =24
Ammonio .

Nitrogen <j - 3.4 <1 - 2.8 <) -3.4 <1 -12
e* <0.02 - 0.02 |<0.02- 0.04 | <0.02-0.02 | <0.02-0.02
Suvifides 0.3 - 0.8 0.3 - 0.7 2.1 -~ 0.7, 0.1 -0.5
Oil & Grecse 5 -3 7 -17 " é ~25 3 -25
pH ' 7.5 - 8.4 7.6 - 8.4 7.4 -8.3 7.3 -8.8
1. Cyonide <0.02 - 0.0 <0.02 - 0.09 <0.02 - 0.03 <0.02 - 0.02
Phenols <0.01 = 0.038 [<0.012- 0.040 | <0.005<).012 | <0.005~<0.012
Mg <0005~ 0.0008 | <0.0005 <0.0005 <0.0005 o
Ag <0.001~ 0.005 |<0.00'- 9.005 | <0.001- 0.010 | <0.001- 0.007.
As <0.020 <0.020 <0.020 <0.020 '
Be <0.001-< 0.003 | <0.001=< 0.003 | «0.001-<0,003 | <0.001-<0.003
Cd <0.001- '0.007 | <0.00'=< 9.002 | <0.001-<0.002 | <0.00T~ 0.006
Cr (rorol) 0.024~ 0.110 0.017- 0.100 | <0.005- 0.070 0.010~- 0.080
(Y] <0.005~ 0.020 | <0.005- 0,010 | <0.005- 0.018 | <0.005- 0.014
NI <0.005~< 0.015 | <0.005=< ¢.015 | <0.005- 0.050 | <0.005~ 0.030
" <0.015 0.060 |<0.015- 0.030 | <0.015 0.070 | <0.015- 0.050
4 <0.025 <0.025 - <0.025 <.025
$e <0.N20~ 0.025 | <0.020~ 0.026 | <0.020~ 0.026 { <.020- 0.023
AL «<0.015 <0.015 <0 .08 <.018 ,
p 2 <0010~ 0.100 1 <0.010- 0.300 0.017- 0,100 0.012- 0.100

“All concentrotions reported in mg/L except pH, which s roported in pH wnin.

bA" onalyses for parometers in this listing from BOD) through pH ware performed by loborotories

under controct 10 the Efluent Guidelines Division of E.P.A. All onclyses for porometers from
7. Cyonide through Zn were parformed by the R. S. Kerr Environmental Research Laboratory of
€.P.A, : . ‘
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TABLE 49. CCNCENTRATION KANGES OF CLASSICAL PARAMETERS AND THE
PRIORITY POLLUTANT TOTAL METALS OBSERVED IN PILOT-SCALE
GRAI\ULAR ACTIVATED CARBQN TREATMENT OF A REFINERY OF:

UNKNOWN CLASSIFICATIONZ9?

re—

CAll concentrations reported in rng/l except pH, which Is resorted in pH units,

bAH anolyses for porometers in this listing fram BOD) through pH were performed by loborotorles
under contract to the Effluent Guidilines Divition of E.P.A. All analyses for paromaeters from
T. Cyonide through Zn were performed by ll\o R. S, Ker f:nvlrmml Rasearch Loborotory of

E.P.A,
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‘ Virgin Regenerated
ob - Filter Filter Corbon Corbon
Poronveter ’ Influent Efflvent Effuent Effiuent’
DOO‘ 1< <0 <12 <4 < -120
!Ol)3 - - - -
Ccod 96 =170 52 -40 3 ~13 15 -.16
T10C 32 ~-58 18 =25 é -1 8 - 12
Toto) Suspended
Solids 33 - 86 1 -7 <} -2 <) - 2.
‘Ammonia
Nitrogen 6.2 - 1 5.3% -1 5.6 -1 546 -1
o <«0.02 < 0.02 <0.C2 <0.02
Sulfides 0.6 - 0.8 0.5 0.2 ~0.6 0.3 - 0.6
Qil & Greose 2 - 42 -] -8 5 -9 <] - 8
pH 7.0 - 7.5 7.1 ~7.4 7.2 -7.3 7.y - 2.5
1. Cyenide <0.02 < 0.02 <0.02 <0.02
Phenols 0.018- 0.031 0.017- 0.029 | <0.0) =<0.012 | <0.01 < 0.012
Mg 0.0008 < 0.0005 <0.0013 <0,0016
Ag <0.001< 0.005 | < 0.001-%0.005 | <0.001=<0.005 | <0.001-< 0.005
As <0.020 < 0.020 <0.020 <0.020
Be <0.001< 0.003 | < 0.001<0.003 | <0.001-<0.003 | <0.001< 0.003
d <0.001< 0.002 | < 0.001—=<0,002 | <0.00'~<0,002 | <0.001< 0,002
Ce (rotol) 0.196~ 0.200 0.028- 0.040 0.010 0. 010‘ 0.020
Cy ' 0.024- 0.030 | < 0.005- 0.010 | <0.005-<0.006 | <0.005< 0.004
NI <0.005~< 0.015 | < 0.005=<0.015 | <V.003-<0.015 | <0.005=< 0,015
1.3 <0.015< 0.020 |} < 0.015-<D.020 | <0.015~D.020 | <0.015=< 0.020
» <0,025 < 0.025 <0.025 <0.025
Se <0.02¢ < 0.020 <0.020 «<0.020
A (] <0.015 <0.015 <0.015 <0.015
/. 0.200- 0.210 0.085~ 0.1C0 0.030-<0.060 | 0.035-< 0.260




iy
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TABLE 50. CONCENTRATION RANGES OF CLASSICAL PARAMEVERS AND THE PRIORITY POLLUTANT TOTAL
METALS OBSERVED IN PILOT-SCALE POWDERED ACTIVATED CARBON YREATMENT OF REFINERY

WASTEWATERS?
Refinery Clon® - -
8 C Cloms Undesignated
ob Pllor Phunt Pilot Mont Pilot Plont Pilot Plont Ptlot Plont Pilot Plont
Paemeter - Inflyent Effluent Influent Effluent Influent Effluent
300, 10~ -200 5 -u 6 -95 g8 -1 <0 -10 < =12
20D3 : 110 -22 < <16 - - - © -
COD 340 ~480 63 -~190 260 ~350 84 -140 ~1400 {36 -76
T0C il 58 -180 20 -5 .|la -8 17 -32 M0 - 450 12 -2
Total Suspended |
_Solids p A4 -78 k1) =140 2 -3 33 - 82 150 - 850 6 - 3%
Amamonio .
Nitrogen A9 -10 38 - 6 -2 10 -18 -56 « 10 2.0 3.4
Cr*o < 0.0Z - 0.09 | ©0.02 - 0.02 |<0.02 1 <0,020 0.02- 0.1 |<0.02
Sulfides 0.7 -1 0.7 - 2.7 1.0 - 8.7 .S - 07 1.8 - 2.7 0.6 ~ 0.7
Ol & Greaxr % -8 s - 19 -3 9 -2 93 - 40 1o -13
pH 8.2 -~ 9.3 7.0 - 8.2 8.3 - 25 | 56 - 58 720 - 74 |73 - 27
1. Cyonide 0.0 - 0.07 | .02 =« 0.03 0.0t - 0.28 ;<. 02~ 0.07 0.0t ~ 0.62 |<«0.02
Phanols 18 - 80 <0.01 - 0.99 52 - 6.4 <. - 0.018 0.23= 2.5 1<.012- 0.014
Hg < 0.0005 <0.00C5 < 0.00US <,,0008 < 0,0005 0.0uG:
Ag < 0.001-< 0.005; <0.001—< ).003 | 0.002-< 0.0C3 | <1.001~< 0.00S5 | < 0.001~X 0.005)<0.001—< 0,005
As < 0.020 <0.020 - < 0.020 <0.020 < 0.020 <0020
Be < 0.001< 0,003] <0.001=< ¢,003 | 0.002< 0.003 | 0.902—< 0.003| 0.002-¢ 0.003|<0.001-< 0.003
cd ; < 0,001- 9.007| <0.00}~ ©.006 {°: 0.001-=< 0.002 | <0.001- 0.02C|< €.002= 0.003|<0.001~=< 0.002
Cr (totol) 0.081- 0.700] 0.018- 0.110] 0.393- 0.500] 0.033- 0.060] 1,700~ 2,0001 0.049- 0.070
Cu < 0.005 0.014] <0.005- 0.052| 0.017- 0.020 | <0.005- 0.009| 0.370~ 0.400|-0.008- 0.020
Ni < 0.005- 0.018] <0.005- 0.339 | ©.010< 0.013 | <0.005—< 0.008| V' 0.020~ 0.027|<0.005< €.015
) < 0.015< 0.020| <0.015~< 0..720 {< 0.015~< €,020 | <0.0\5- 0.060| 0.065~ 0.100{<0.015-< 0,020
Sb < 0.925 0.4.0| <0.025- 0.410 [< 0.025 <0.025 < 0.028 <0.025
Se < 0.020. 1 <0.020- 0.440] 0.023 «<).020 < 0,020 <.020
n < 0.015 <.013 < 0.013 <0.0\3 < 0.01S <0.015 A
In 0.030~ "0.110] 0.030~ <Q.u\S 0.250- 0.300| 0.100- 0.170] . 1.&»~ 10.000] C.i1Q= O.{N

P _——— 4 T T 1 —— T ]

®All concentrations reportad in mg/l excapt pH, which Is teportud in ph units,

b )
All anslyses for porameters in this listing from BODy through pH ware performed by laborei=eies under controc? to the Sfluent Guldelines
f!vls!on o":'.:.:.AMI onolyses for porometers from T. Cyonide # rough Zn wore gerfomed by the R. $. kerr Eavironmentel Research

SFour refinaries comprised this port of the study = 2 Clom 8, 1 Clow 12, ond | Undesignated Clom.
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S0AF - Dtmslved Ale Flatotion
MME = Mixed Modia Filmation

TABLE _51 . CASE HISTORY LONG-TERM EFFLUENT CONCENTRATIONS FOR PLANTS
CONFORMING TO ABATEMENT LEVELS | AND “210
™ Dt Ansal wotions In
Come . Copacity Traatment Oil end NH.-N b4 Tewl .

o Nmber  Suboutegory (1,000b/Ad) Sysws SO0  CCO T3S  Greows Phonol ) Wifide s Ce

1 1 &0 AS® 13 174 ” .4 0.0%) 1.10 0. 0.41 -

2 c .63 AS 16 120 2 9.0 0.15 6. 0 1.38 -

3 [ 135 AS 18 (£7] 13 - - - - - -

4. 3 83 AS - P 183 4 - - - - - -

s s 208 Aéu 12 n2 15 N 0.04 8.2 [ - -

6 D 9 TFO+AS 18 121 19 - - - - - .

b4 » 160 AS+PP° - .14 7 - - 1.7 - - .

s o 17s Avdiep - P » 5.1 0.04 2 - - -

’ -0 .8 AL - % - ¥ a3 0.4 3.0 - - -

10 s 63 ALsPP n 07 2% - - - - - -

h C 83 AL+PP 10 148 20 - - - - - -

12 [+ 331.6 AL+DAF® 18 - 15 3 0.35 3.8 - - -

" C 53 AL 23 - 58 1 - 0.30 4 1.3 - -

, 1s c 93 AS+oP 24 142 " - - - - - “e

19 [ 203 A 1 104 i} e 0.08 a4 0 - 0.12
" C 53 ALSMME 18 - b3/ 7.8 0.4 [ 0.y - -
T OAS - Activord Sivdge

Y¥ = Trickiing Filter
“rp - Poltdhing Pond
$AL - Acvated Lagoen
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TABLE 52. CASE HISTORY ACTIVATE
WASTEWATER TREATMENT

ISARBON APPLICATIONS IN PETROLEUM REFINERY

3" 0 Plot Plent

AR
Sord Filrer
5% ¢ Pllet Plose

AP Separeter EVivent
Send Flirer

EXLL™

Folt Senle Systam

AR Sepmater Fivent
Seabiiisetien Pond et
Sard Filter

6°.¢ Nl Mot

Phat Plont

AN Seperaty Efivant
Nelegical BV
Sered Fllver

5° ¢ Miot Plene

4° ¢ Riot Plant

Aguon
of Naghthes ond Noovy
Condaraste Ot

OAF EMiuene
Plist Plost Columew

 telt-Scate Trestment of

Shirm Runolt end frecam
Weters bem Saflawy

. e, Single-Stage Trastment
b. Twe-Sixgs Trostmant _

0.1 IS -

5CO0
0.4 r0 0.73 i

0.1 08 hoR '
0.1 "T.%o’_

1.2 %520,

0. s RO

EEETYEL T

0.0, 0.15 8"

0.13 1003 BEC2.

anBS®

75-00

u-ns

«10-100

15-1%
8103

17

38

aa

10-14

-n
Fa])

_ a3

<} 41

<

-1
-1

23

<.001-.000 0.029 #

2
&

2a
Iy &

oo
e
-

88
3

0 -0.23 0.0

* Bttmutad Vioiucs

(continued)
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TABLE 52 continued B}

Qe [oeeription Capocity
n Miot Pl . 0.16 BS00 ®1o v o0 e W @
DAF EiMuent

Act. Sludge Eftuent
Onidetion Pend Hlvent
Lime Cloriflor EMvant
43" ¢ Cor'on Columme -
12 Pliot Mot » 4 2 0.0 0.0 L)
Rosuting Dteks [ B )
Sond Filer
§ Carben Columre . . .

19 AN Sepureter Ffuent -
Als Flottien ~ 6° ¢ Col, - 217 -
Chnicel Congslotion ~ -

0 Col. R ) -
Riwetion ~2° & 4° ¢ Cob. o *n -

88 4




_3LE 53. ANALYTICAL DATA FOR PRIORITY POLLUTANTS FROM ONE REFINERY?Z!!

PAC Return  Retuen PAC Finel
influemt Studpe Studye Efflvent tilvent

‘Porometer (o) © bgN) eg/) (g (N

CLASSICAL .

TOTAL CYANIDES (mg/L P < .05 € 05 < .05 < .05 < .08

TOTAL PHENOL 417 s &7 42 ® .

TOTAL METALS

© Anenic ' . <10 260 150 <10 <10
Selenium ' <19 400 280 <10 <10
Codmium <) n " 24 < <
Aeryllium <3 20 9 <3 <3
Copper : - 48 . 5,800 4,920 18 16
Antimony <10 < 10 < 10 <10 <10
Chromium ' 280 ¢’ 00 60, 000 100 . 2
Nicke! 17 1,200 1,100 4 17
Zinc : »0 37,000 28,000 19 130
Siiver : <10 n 2 <10 <10
Thallivm . <19 < W < 0 <10 <10
Lecd 40 12,000 11,000 18 14
Mercury < 0.6 < 10 < 10 < 1.0 '8 0.8

ORGANICS (GAS CHROMATOGRAPHY) .

PURGEABLES '
slathylene chloride ’ <10 . NA NA <10 <10
Chioroform ‘ <10 NA NA <10 <10
Benzens 20 NA NA <40 <40
1,1,2,2-Tetrachloroethylene <10 NA NA <10 <10
Toluene . 695 NA NA <10 <10
Ethylbenzene . 5 NA NA <10 <10

POLYNUCLEAR AROMATICS _

Pyrene <10 < 12 < 13 <10 <190
Benzo-o-pyrene , <44 < 106 < 110 <13 <
Cheyrone ' S <10 < 4 < <0 10
Fluoronthrene <10 < 12 < 1 <10 <10
Phenonthrene/Anthrocene <10/410 <1414 <4417 <1040  <10410
Nophtholene biv < 14 < 14 <10 <10
Acencphthene b7} < 10 < 10 <10 <10
Fluorene . <18 < 3y < 4 <10 <10

PHENOLS - ' :

2, 4-Dimethylphenol 12 10 ND ND ND

PHTHALATE ESTERS ! ' '
Dimethyl phtholote <10 < 10 < 10 <10 <10 .
Ciethyl phrhaiore <10 < 10 < 10 <\0 <10
Di-n~butyl phthalote <0 . < 10 < 10 <10 . <10

< 16 < 19 <16 <1¢

Bis=(2-wthylhaxyl) phthalete <16

*Non: Total Cyanides upand inmg/L.

NA = Not Applizable
ND = Not Detectable, er less then detectable limits
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_TABLE 54. AIR-STRIPPER SAMPLER ANALYSIS RESULTS FROM ONE REFINERY?!!
| Sparged Air, XAD-2

Priority Pollutant . Resin (pg)
. PAC Control

POLYNUCLEAR AROMAT.CS .
Nophtholene ND ND
2-Chloronuphthane 30 220
Acenaphthalene ‘ <10 <10
Acenophthene . <10 <10 .

' Fluorene - <13 <13

Phenanthrere/Anthrocene <10 . <10
Fluoronthene <10 <10
Pyrene <10 <10
1,2-Benzarthrocene 20 <10
Chrysene 20 . <10
3,4-Benzopyrene <35 <35
1,2:5,6-Dibenzonthrocene ND ND

PHENOLICS
Z-Chlorophenol <25 <25
2-Nitrophenol <25 - <25
Phenol <10 <10
2,4-Dimethylphencl <25 <25
2,4-Dichlorophenol <50 r <50
2,4,6-Trichlorophenol <10 - 200
4-Chloro-m=cresol 49 30
2,4-Dinitrophencl <100 <100
4,6-Dinitro~o-cresol <25 <25
Pentochlorophenol ) <25
4-Nitrophenol <25 <25

N[ = Not Detectable, or less than detectable limits.
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TABLE 55. PROPERT!ES OF SIMULI%EP OILY SLUDGES USED IN STUDY OF DISPOSAL
BY SOIL CULTIVATION :

SLUDGE

Tenk Crude : Waoxy

" Paramater Bottoms Oil Bunker C Product

Spec. Grov., 60/60°F 0.86 1.03 0.85

Lby/Gol | 702 8.5 7.08
Pour Point, °F . -5 40 95
Viscosity, SU, 60°F 60 19,000 -
' ,SSF, 122°F - 120 59
Hydrocorbon Type, %w ‘ | ‘
Saturate 34 18 ' 90
© Resins o 8 2 | -
Aromafic' 56 56 10

Totol Sulfur, %w ' " 0.47 1.96 0.04

Total Nitrogen, %w ~ 0.09  $.41 ' <0.0005

Total Phosphorus, PPM 6 " 5
Totol Ash, PPM 31,000 320 8
Calcium 1,880 0 Nl
Mognesium 375 ] Nil
Sodium 13,135 15 Nil
Iron | 1,255 20 Nil
Copper 94 3 I Nil
Leod COONI Nil . -
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samrples, c"aronolog- cz! aota, penetration deprhs, nydrocarbon types, ond microbial pro-
ﬂ!e* are also presented in the EPA repor

In the EPA indicatory fate study described prevnodslyﬂ 1 samples of return
sludges trom both the conventional and PAC systems, as well as influents and effluents
were anclyzed. These data are contained in Table 53.

ANALYTICAL CONSIDERATIONS

Wastewater and wastewater residual, sumples generated by the petroleum refining -
industry are routinely arialyzed by standard techniques. The onolghccl methods are sum=
marized in several of the reporfs considered in this study 206,207 ond will not be
reiterated here.

However, the topics of accuracy, precision, and variance in refinery waste
onalysis deserve consideration. 'Accuracy is o measure of how zlose analytical results are
to the "tiue" volue, while precision is u meosure of the repeatability of the anclytical
resuits, Precision doto ore usually easy to obtain, while accurocy daotu are often difficult
or impossibla to obtein, Most accuracy measurements are based on a "spiked"” sample, in
which a knewn concentration of o parcmeter.to be determined is added to the wostewater
somple under consideration, and the "recovery" of the spike is determined?10, A
summary of precision and accuracy data for refinery wastewater onolysas i~ presented in
Table 56, and further results on metals ore shown in Table 57.

There are a number of reasons that analytical variability and errors exist.
Several contributing foctors cre as foliows:

1. Repectability of the test method itsel208,
2. Interferences from contamination of sompleszoa, either in field or laboratory.
3. Presence of interfering compounds os part of the wastewatar208,

4. Voriobil; 28' which mewtobly exists omong chorotones using the same test
methods '

5. Use of different analytice! procedureszoe.

6. |nt§rloboro?ory analysis of porallel, not true duplicate, ;arnpleszoa.

' 7. Ingbdility to perfectly preserve sondgles for transport from fiald vo loboratory
_and time delays due to tronsport

Most of the traditional porometers, such as COD, TOC, oil ond grease, ond
1SS, are anclyzuble to o reasonably high degree of accuracy, since they routinely exist
ot levels signifizantly cbova the lower detection limit in wostewoters. Biologicol
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TABLE 56, ANALYTICAL VARIABILITY OF WASTEWATER PARAMETERS

. Test Concentrotion  $tondord Spike
Porom.ster or Renge (mg/L.) ‘Deviotion facovery  Raference
(raZh) (%)
8O0 175 26 Eng-Sci, Inc. (1975)
coo 12.2 415 . ,
137.3 3.3 95.9 Mysrs, ot ol, (1976)
270 . 17.8 Eng=Sci, Inc. (1975)
10C 101 Myars, ot ol (1972)
Oil & Greose ~ Hernne 1.2 3.5 Mven, et ol. (1976)
= Freen na 1.7 "
~Freon with Infrared
onalysis 13.86. 1.4 Eng-Sci, Inc. (1975)
~freon by separatory
funne! 13.9 0.9 *
_ Freon by Soxhlet
. extroction 12.3 1.1 - '
Phenol 98 Myers, ot ol (1972)
0.120 42 A.P.l. (1978)
0.330 45 "
0.330 42 *
0.0085 48 *
0.029 55 "
Shenolics 0.004 <0.CO9 68-92 "
; 0.014 -0.029 55-93. "
0.084 -0.330 25-89 ",
5.5037 0.46504 Myers, ot of, (1976)
=By extroction 0.00%9¢ 0.00099 Eng-Sci, Inc, (1975)
0.0483 0.0031 * :
0.093s, 0.0042 "
=By direct photometric
onalysis 4.7 0.8 N
43.2 0.43 "
97.0 1.58 ¢
Tota! Suspended Solids 18.6 4.3 Myen, et cl, (1976)
Sulfides : 85 Myen, ot ol, (1972)
Chromium 0.352 (0.370)°. 0.105 Eng=Sci, Inc. (1975)
0.38) (0.407) 0.128 .
0.072 (0.074) 0.029 *
0.7584 (0.093) 0.035 "
0.0102 (0.0074) 0.0078 "
- 0.016 (0.015) 0.009 N
Ammonie Nitrogen 8.6 0.7 5.6 Myers, ot ol (1976)
=By distillution 0.1 0.122 Er;9=Sci, Inc. (1975)
0.26 0.07 "
1.7y 0.24 .
. 1.92 0.28 -
By specific ion electrode 1.00 0.04 * '
. : 0.77 0.17 . .
0.19. 0.007 * '
0.13 0.003 . .
=By automated onolysis 0.43 -1.4) 0.005 . '
T.K.N, , 100 Myen, ot o), (1972)
Nitrate Nitrogen , 4] . o
Nitrite Nitrogen 100 *

*Twe concentretion In "pllzod' vyv;"nﬂe sample
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TABLE 56 continued

, Test Concentration Stondard Spike
Porometer or Ronge (mg/L) Deviation Recovery Reference
. (%)
Croniis 98 Myen, ot ol. (1972)
0.06 0.005 Eng=-5ci, Inc. (1975)
- 0,13 0.007 »
8:2 0.03) -
' ' . 0.094 .
Codmivm 0.070 (0.071) 0.02) .
0.074 (0.078) 0.018 "
' 0.0168 (0.014) o.0n .
0.0183 (0.018) 0.010 "
0.0033 (0.0014) 0.005 *
0.0029 0.0028) 0.003 N
PINAY 0.008 -0.007 46-70 A.P.1. (1978)
©.018 -0.033 67-84 .
0.054 -0.220 19-112 .
Phtholate Exters 0.006 =0.025 4-7 °
0.140 -0.610 | 41-420 .
Moo thalene 0.074 26 .
' 0.210 8! "
0.210 100 -
0.0044 , 46 .
0.018 67 .
Fluorene 0.054 94 .
0.160 106 .
0.160 110 *
. 0.0C51 49 , "
. b 0.019 84 .
Phenonthrene,/anthrocens 0.078 n3 .
' 0.220 104 "
0.220 N .
0.005 70 -
4 0.020 75 .
Pyrene 0.033 73 .
0.095 . 79 .
0.095 ns .
. 0.0073 48 *
0.023 70 .
Din=buty! phtholote . 0.140 300 .
0.380 . 25 "
0.380° 33 "
Bis (2-Ethythexy!) phtholote  0.220 88 J
' 0.610 89 .
0.610 77 .
2-Chlorsphenol 0.084 90 »
, 0.240 . . 67 .
0.240 )] .
0.0034 92’ .
0.014 ”n .
Bstyl benxyi phthalote, 0.0062 6.5 .
0.025 4 .
B ]
b

The tpiks compound was phenanthrens .
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. TABLE 57. ANALYTICAL VARIABILITY OF METAL CONCENTRATIONS IN REFINERY WASTEWATERS
" o Refinery # Refinery 12 , Refinery 3 .
Concentration, ng/g Percant Concentration, /g Percent Cc;nccmro?ion‘ ng/o Percent

Element Initia pike  Found  Recovery Initial  Spike  Found _ Recovery Initial  Spike  Found Recovery
Tine 55 10 25 161 82 ~ 00 720 124 27 20 280 - 101
Chramium no © % 100 % 0 1 146 94 100 190 98
Copper 130 B 0 104 6 100 130 12 52 100 130 86
Lead 66 5.0 2 18 53 50 18 175 3 100 83 - 8
Beryllium 0.2 1.7 19 100 0.7 20 35 10 < . 1 7 70
Antimony 5.3 10 2 13- 8 100 22 131 % 50 3% a2
Thallium 48 % 2 58 T 9.5 50 75 126 - <2 1000 48 48
Nickel 34 w0 -13 .97 3.6 10 v 103 21 2 2 74

' Arsenic ) 50 a4 N7 ° 0 62 94 4 100 120 105
Selenium n 5 15 94 15 50 2 4 74 100 130 75
Sitver 13 17 s 0.8 2.0 3.0 107 42 5 9 98
Codmiven Y 200 33 106 0.8 2.0 3.0 107 - .0 126 N4
Mercry 05 005 05 9 0.4 0.05 05 W o s 2 V)

e —— ]



anclyses such os BOD are lumlfed in occurocy by the voriability of mucroorgomsm be-
havior.

Among the priority pollutants analytical accuracy and precision problems orise
from several causes. Many priority pollutant metals are present ot quite low concen-
trations, often very near or below the lower quantifiable level, ond often below the limit
of detection. As a general rule, the nearer to the limi* of detection an anolyticol result
is, the larger the percent error in its determination, Hence many of the metals analyses
presented may be reported accurately only by indicating a coicentration less than o

. lower quontifiable level. '

Organic priority pollutant onalyses are subject to the some errors described
above, and others due to the method of analysis. The preferred analytical technique for
these tests is anolysis by a GC coupled to @ MS. in oddition to problems of contami=
nation, low-level analysis inaccurocies, ond differing procedures of analysis?08, severol
problems due to the noture of the anclytical method arise as summarized below 07

1. Obtaining sfcndord somples of the priority pollutant compounds is offen a
problem,

2, GC-MS doto are only semiquon'tifoﬁve ot best.
3. MS ond dato system quadrupole peck errors exist.
4. Low concentration somples can be "lost” in the chromatogrophy column.

5. Eff'cuency of extraction of the organics from the oqueous phase to on organic
soivent phase is variable, -

6. Vorigtions in injection volume and technique occur.
7. On many systems there is o loss during the purge step.
8. Inaccuracies orise in dilution and concentration steps.

be"spife these limitations, GC-M$ onalysis provides the most sensitive ond most accurate
method widely available for determining organic priority pollutonts. -

Another type of variability arises in the analysis of similor but not identical or
duplicote wastewaters. -This is the variobility which exists in wastewater somples fok?n
from one locaotion ot different times, defined by some authors as inherent voriobchfy .
Several factors influence inherent variability, including the following:

1. Row woste loading variations;

2.. Temperoiure variations; S ' ‘



3. Dissolved solids variations;

4. pH vaiiations;

5. Nutrient ievel variations;

é. Dissolved o'xygen level variations; ond. .
7. Toxic and/or inhibitory species variotions,

Furthermore, cbtaining o "representotive™ somple may invoive voriabilities. For
wastewaters a representative sample may be obtained by continuously withdrawing a small
fraction of a wasta stream ond compositing. A less accurate representotive snmpling
technique, but one often used, is the collection of "grob" scmples over specified time
intervals ond compositing. For sampling solid wastes such os sludges, cbtoining o repre~
sentative somple is quite difficult, ond :pecfol scmplmg procedures are often colled for
in t‘hese coses

A detailed discussion of onalytical variability of f've wastewater parameters in
the refining industry is provided in on EPA repoii published in 1976213,

ADDITIOMAL |NFORMATION AVAILABILITY.

Since the purpose of this section Is to summarize the availoble dato on refinery
wastewaoter po||umm ioadings, not all the available data ure appropricte for inclusion
hersin, in m!- sacflon o brief description of other available informaiion will be provided.

First, ln this section little has been said obout the volumes of wastewaters emitted
by refinery operotions. Details of the volumes pfoduced by verious operations ore pfe-
sented in reference 209.

Second, doto cre available conceming the waste looding to a trea. nent facility
oased by once-through cooling woter, ond o comparison is mode to these op srotions -
without once~through cooling water. These doto ore tabulated in reference 206, Also,
dota on row waste loodings by desclter brines are presented in referance 210.

' Long term expected effluent loodings for @ number of treatment technologies ore
discussed in reference 210. Multimedio environmentol goals = for air, woter, ond solids =
ore considered from the standpoint of health effects and ecology effects in roferenco 215,
Thase gools are outlined for over 850 pollutants.

Information on the frequency with which the priority pollutants are used as row
moterials, intermediate materials, or ore the products of monufacturing processes is pre=
sented in reference 209.



The amounts of solid wastes generated by refineries are re-:orfed in reference
210. The expected ievels of a number of metals in sludges from refineries and other .
manufacturing and processing operations are.given in reference 214.

Further information on analytical vormbulnv is also available. Data compar=
isons of intralaboratory and m?erloborafory results are shown in reference 213 for five
wastewater paramstars, ond variability in PNA analysis is discussed in reference 208,
Compounds which coused contamination of blanks are listed also in reference 208.
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SECTION 9

RECOMMENDED RESEARCH NEEDS

INTRODUCTION AND PURPOSE

The omount ond composnhon of wastewaters or.d sludges gererated by petroleum
refineries are highly variable in nature and are dependent upon @ complex matrix of
factors which include?1€;

o The types of refineries and their product slutes.

o Compasition of the feedstock w.rude oils which, in tum, depends upon the geo-
grophic sources of the cruds oils.

o The processes and technologies used in the refineries.

o The geographic location of the refineries and the prevailing climate patterns
at those: locations.

o The type cf cooling water systems used in thy refineries, oand whether or not
the refineries must hondle tonker bollost woters,

o The degree of air-cooling ond wastewater reuse utilized wnhm the refineries,

o The physical age of the refineries end the degree of good housekeeping
practiced within the refineries.

There is o lorge body of literoture ond dota conceming the cheracteristics and variability
of refinery wostewaters and sludgtzrs216 217, There isalso o large body of literature, dalo
case histories conceming the existing control technolcgies for the treatment of refinery
wastewaters end sh.adgesg 8. The purpose of this section is to delineate and to discuss key
oreas in which the existing body of literature end doto needs to be improved by more
reseorch ond development so os t> provide:

o More comprehensive, more valid and better correlated dote on the amount,
composition ond variability. of refinary wastewaters and sludges.

o More information related to the long-ferm toxlcnry effects of raf'nery waste=
waters upon rish.

o Better demonstrated and documented data on the deslgn pcmmefers,

~ economics-and performance capabilities of existing and emerging control
technologies for the treatment of refinery wastewaters and sludges.

o More and better guidance as to the technological and economic feasibility of
‘methods proposed for the ultimote disposal and/or reuse of treated wostewaters,

concentrated pollutant brines and residual sludgus. ' '
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Rother than declmg with genercalized areas or categories of research, this section fecuses

upon a number of specific research needs and discusses each specific need on on
,individual basis. '

IDENTIFYING THE SPECIFIC REFINERY WASTEWATER POLLUTANTS
WHICH ARE TOXIC TO FISH ON LONG-TERM EXPOSURE

As discusted by Burkszw, short-term (96=hour) fish bicassoy tests of the woste=
waters from a number, of refineries clearly indicate that the effluents from properly oper~
ated biotreaters consistently had a mean onnual Tl of g'reofer than 100 percent, which
means that more than half of the test fish could survive in the undiluted effluents. On the
other hand, wastewaters from refineries without any blofreahng had a mean annual Tl
of 19-21 percent, which means that more than half of the test fish could not survive unless
the efﬂuents were diluted obout 4-to-1." In other words, biotreating of refinery woste~
waters consistently removed or degraded those pollutonts which are letho! to fish on o
short-term (96~hour) exposure.

However, other tests21? have shown thot biotreated refinery wastewaters retain
some pollutants which are lethal to fich on a long-term (16-32 doy) exposure. There may
also be some long~-term, sub-lethal effects such as the impairment of spawning activities,
or the impairment of the ability to escape predators or to pursue food.

It is not known if the long~term toxicity of biotreoted refinery wastewaters is due
to low residual levels of the short~term lethal pollutants (which are largely removed by
biotreatment) or ic due to a completely different group of pollutants. It thould be of con-
siderable usefulness to both industry and to regulatory ogencies to undertoke research
studies Jdirected toward: '

o ldentifying the specific pollutants retained in biotreated refinery wastewaters
which are toxic to fish on a long-term exposure basis.

o Determining the concentration levels at which the specific effluents exhibit
long-term toxicity .

o Determining the interaction effects (if any) in mixtures of the specific
pollutants, which either increase or decrease the long-term toxicity of the
individual pollutonts.

At.a lower level of priority, it is recommended that research olso be undertaken
to develop techniques for the more rapid determination of long=-term toxicity effects. In
other words, the development of a technique which could correlate the short-term ‘
responses of aquatic organisms with long-term toxicity effects (either lethal or sub-lethal) °
would be of great value as a research tool as well as a practical effluent monitoring tool .
One such hiologicai monitoring technique, based on fish ven!ilatory responses (breathing
behoviorz), i~ already under development for use os an on=line, continuous and autamated

. system ' « o
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VARIABILITY OF TREATED EFFLUENT QUALITY

Ford218 presents o comprehensive discussion of the problems associated with the
variobility of trected effluent quality resulting from process performance varicbility. The
voriability in process performance of wastewoter trecting is dependem upon o multitude of
factors, including: ‘ . ‘

o The inherent variability of biological treatment processes citributable to the
basic nature of the process, the influent waste load characteristics, the geo=

" grophic ond climetic conditions prevoiling at the plant site, and the sensi~
tivity of biological treatment to secsonal changes i ambient temperatures.

o Changes in row wastewater flow and composmon due to changes in the
refinery's feedstock crude oil.

o Changes in raw wastewater flow and composition resuiting from events.such os
maintenance tumarounds, short-term production of specialty products,
seasonol changes in product slates, seasonal changes in roinfall, etc.

To some extent. the impacts of the above voricbility foctors may be minimized by
instolling oppropriate surge and equalization ponds, but their impacts cannot be com-
pletely mitigated.

Snider and Manning2!7 summarize the many factors involved in the variability of
onalytical test methods for determining pollutant levels in wastewaters. Bomberge
discusses the specific problems and inadequacies encountered in the onalytical determin=
otion of pollutonts in refinery sour wastewaters, Burks2!? also reviews some inodequocies
in the methods for analyzing organic pollutants in refinery waostewaters.

Both process performanze variability and aiolytical test method voricbility con=
tribute to the overall problem of treated effluent quality variability. It is recommended
that research be undertoken to: (1) determine how much onclyticol test methed vori-
ability contributes to overall effluent quality variobility, (2) determine which test methods

“are the least relicble, and (3) develop new, more relicble test methods if possible.

ACTIVATED SLUDGE BIOTREATMENT

- There is a most extensive Jiteroture base on the theory and design of AC bio~
treaiment of wastewaters. The majority of that literature concems the theoretical aspects
of the biochemical reaction process, such cs: reaction kinetics, cellular energy and
material balances, sludge yields end sludge cliaracteristics, volatile and non-volatile
suspended solids Ievels in the mixed liquor, food~to=microorganisms ratios, methods of
supplying oxygen to the reaction, etc. Such studies have contributed o greot deal to our
understonding of the theoreticol mechanisms of AS biotreatment, but have done little to
mprove the basic procoés performence. In foct, Schoumberg and Marsh have pointed out
in o JWPCF editorial 2

205



o The number of technical studies concerning octivated sludge biotreatment
* published in the JWPCF over the past 65 years has risen from about 0~25 per
yeor (during the period 1910-1965) to.cbout 145 per year in 1975.

o Yet, the BOD removal efficiency of the activated sludge process has remained
constant over the past 65 years {at a level of about 88-96 percent).

It would appear that al! of the years of research directed at understanding the process
have not improved the process performance beyond that which had been achieved in the -
early '1900's. It would clso appear thut there moy be merit in re~directing AS research
towards correlcting key design perometers with process performance instead of further
studying of theoretical mechonisms. For exomple, insteod of studying reaction models
based upon assuming completely mixed reaction systems, ressorch should be directed
toward defining how much mixer horsepower is needed to achieve complete mixing in real~
world biotreatment systems. As another exomple, insteod of continuing to study reaction
kinetics in glassware systems, there should be more benefit to be derived from correlating
reaction basin retention time with process performance in real-world, full-scole bio-
treaters operating ot various parametric levels of mixing horsepower input.

There cen be little doubt that improving the performance copabilities of the
AS biotreotment procers would be most desirable. It is recommended that studies be under-
taken to correlate key design parameters, such as mixer horsepower and recction basin
retention time, ‘with actual process performance in the full-scale AS units currently
operoting in refineries. -

GRANULAR ACTIVATED CARBON AS END~OF-PIPE TECHNOLCGY

CAC systems follzwing a biotrecter os en end-of-pipe technology is one of the
options considered by the EPA as the regulatory basis for their lctest BAT effluent limi-
tations for petroleum refineries223, The EPA's latest Development Document223 ¢con-
ceming refinery affluent limitations presents pilot plont test data on the performance of
GAC in treating refinery wostewaters. However, the foct remains that only two 1iajor
refineries have ever installed full—scale GAC systems ond opérated them on a long=term
basis. One of those two systems was intended only for use in treating impounded storm
water for a smoll part of the year. The other system wos used as the main trectment pro=
cess.in that there wos no biotreoter ahesd of the AC system. Tha latter system was
eventually shut down because of poor performance. '

If GAC systems are to be considered os vioble options in arriving ot BAT or eny
other regulatory effluent limitations for refineries. then it would appeor that there is -
real need for the long=term testing of such systems on o demonstraticrn~scale basis. It is
. recommended thot research grants be used to fur.d the demonst-ation of GAC units in
petroleum refineries, in sizes capable of treating ot least 200-400 gpm of biotreated
wastewnters and including the facilities for the necessary corbon regeneration.
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ENHANCEMENT OF ACTIVATED SLUDGE BIOTREATMENT BY PAC

The direct addition of PAC has been shown to be a very cost-effective method of
enhancing the performance of AS biotreotment of refinery wostewaters223, 224, ifitis
necessary to ochieve an effluent quality better than that which can be achieved by con-
ventional AS processes. Oil indusiry studies by Sun Oil Company, Amoco and Exxon have
provided an extensive amount of dota on the PAC enhancement of A5 biotreaters. How-
ever, the developmer:t of an economic method of recovering and regenerdting the spent
PAC wouid be a major improvement to the process in terms of cost-affectiveness. Research
directed toward that end should be worthy of consideration.

" EFFLUENT TREATING VIA CHEMICAL OXIDATION | ‘

A number of small refineries utilize chemical oxidotion of their wastewater
effluents by the addition of hydrogen peroxide or chlorine. Ozonation may also be
efiective for oxidation. Very little dato is available in the literature regarding such
opplications. A reseorch study cimed at collecting, correlating and publishing actual
case history data on the chemical oxidation of refinery wastewatars should be most useful. .

LANDFARPMING OF WASTEWATER SLUCGES

Londfarming of organic, biodegradable sludges derived trom refinery wastewater
trectment is an environmentally sound proctice when careful consideration is given to site
location, scils, hydrolog{ ond surrounding lond uses in order to minimize the adverse
impocts that might arise<18, Landforming application rates eppear to range from 100-120
borrals of sludge per acre per application with about eight applications per year
(ollowing four winter months per year when applications are not cdvisable). Thus, it is
possible to landfarm cbout B0O-900 harrels of sludge per.acre per yeor. A %ood many
refineries have tested and practiced landfarming for dispusal of oily sludges 5,

There are two creas of research conceming the landfarming of oily sludges which
merit consideration: '

1. The relationship between oily sludge vapor pressure and problems of odor
control ond oir emissions, if ony, ond the methods for mitigating such
problems (by sub-surface injection, for exomple).

2. The problems associated with landfarming vis—o-vis RCRA regulations ond the
methods of resolving any such problems.

ULTIMATE DISPOSAL OF CONCENTRATED POLLUTANT BRINES
AND FEASIBILITY OF METHODS PROPOSED FOR “ZERO DISCHARGE"

Technologies such as reverse osmosis and vapor compression e.voporoﬁor'\ do exist
which may be technicolly feasible for the concentration and devalination of trected
wastewaters frem refineries, olthough such technologies have not yet been procticed on o
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large scale in the refining industry. Such technologies ore very costly and energy=
intensive, and.their endproduct is essentially a concentrated pollutant brine. The ulti=
mate disgusal of such brines in an environmentolly sound and secure method which pre-
vents their dissolution by subsequeént rainfall poses a very difficult problem. Tronsport of
pollutent brines to some dispcsal site merely transfars the problem without providing an
ultimate resolution of the problem.

Injection of concentrated brines, or resicual wostewaters, into underground dis-
posal wells may be environmentally acceptable in those locations where the sub-surface
geology ond hydrology are deemed suitable fer such disposal.

Evaporation-percolation ponds are listed in the EPA's Development Document223
in support of their NSPS requirement of 'nc discharge' from refineries into the waters of
the United States. Such ponds may provide a short-term method for the ultimate disposal
of residucl wastewaters in those locations where the soil's permeability and the sub-
surface nydrology ore suitable, or where the ponds are provided with liners or barriers to

" prevent wustewater pollutants from permeating to sub-surface aquifers. However, in the
long-term, those ponds will eventually fill with accumulated, concentrated pollutants
which must be removed and disposed of in a monner that secures them from dissslution in

subsequent rainfall.

Research studies are needed to define the long~term problems of 'no discharge’
or 'zero discharge'. The ultimate disposal of wastewater pollutants in evaporation=-
percolation ponds and in disposal wells does, in fact, constirute 'no discharge' into

" waters of the United States over the short-term. However, there remain the problems of
protecting underground aquifers from long-term contamination ond the problems of long=
term disposal of the concentrated pollutants accumulated in the evaoporation-percolation
ponds. Studies of these problems should include a realistic assessment of the magnitude
of improvements in the quality of the nation's waters to be expected from the refinery
NSPS *no discharge’ requirement, ond whether thot requirement can be justified on o
coit-benefit basis relative to control of other sources such as non=~point sources
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