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ABSTRACT A research program was caried out to sample and characterize, 'ti

in terms of physical, chemical, and toxicological properties, oily sludges ‘»Cf‘

generated by oily wastewater and waste oil treatment facilities at ten major Z:-:'xj' :

Do Naval installations in the United States. The information generated under 'Q" ‘

Q. this program provides a basis for oily sludge classification and for developing

-] design criteria for treatment and ultimate disposal technology for oily sludges ) i
O produced at Naval installations. S
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;'f. FOREWORD
Zn This report is based upon the two volumes prepared by Rockwell
A0 International while under subcontract to Two-D Corporation. The prime
= contract number was N00123-81-D-0248 with the Civil Engineering Support
X5 Office (CESO), Port Hueneme, CA.
N Field and laboratory studies dealing with the comprehensive char-
’ acterization of oily sludges generated at Naval installations were car-
o ried out jointly by NCEL and Rockwell-EMSC personnel. The field studies
VE were conducted primarily by Leslie A. Karr, NCEL, and Ihor Lysyj, Rockwell
- International. Assitance was also provided by the following NCEL personnel:
;{{ Nicholas J. 0Olah, Charles Carpenter, and Will Pedersen.
Pt e The physical analysis of the oily sludge samples was carried out by
’. Will Pedersen. The chemical analyses were performed by the following
» personnel: (1) HPLC - Will Pedersen, NCEL, (2) GC - Dan Zarate, NCEL,
- (3) AA - Gina Melendez, NCEL, and (4) GC-MS - Matthew Yoong, Rockwell.
;: The toxicological studies were conducted by Carmen Lebron, NCEL, with
- assistance from Ana Chavez and Regina Guerrero for computer graphing of
> the results.
The results reported are derived from field observations and dis-
T cussions with plant personnel, and from experimental efforts carried out
I in the field and in laboratories. Such experimental effort generated
;{: new information and data on the physical, chemical, and toxicological
A : properties of oily sludges found at Naval installations and forms a
O foundation for the conclusions and recommendations presented here.
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o INTRODUCTION

o The Naval Civil Engineering Laboratory (NCEL) was tasked by the
- Naval Facilities Engineering Command (NAVFAC) to develop sampling and
analytical procedures for oily sludge characterization, and to sub-
sequently characterize Naval generated oily sludges.

0ily sludges are complex, multi-phase compositions of matter and
contain various chemical species in volatile, liquid, and solid physical
- states. Sludges are generated as the result of treatment of oily wastes
and contain some toxic residues of the process. Legal and environmentally
sound approaches to the ultimate disposal of oily sludge require a clear
understanding of the nature and amount of this toxic residue.

The data requirements and the methods for acquiring the needed data
for handling, treating, and disposing of oily sludges have not been
available. A sampling and analytical protocol was developed to identify
and quantify the relevant physical, chemical, and toxicological properties
of oily sludge.

This report summarizes the sampling and analytical procedures used
in the 0Oily Sludge Characterization Program, while giving a complete
characterization of the physical, chemical, and toxicological properties
of Navy generated oily sludges according to source.
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BACKGROUND

! Oily sludges are found at all stages of handling and treatment of
@ oily wastes and oily wastewaters which result from operation of the Navy
ff: fleet and onshore installations. Deposits of oily sludges can be found
e onboard military vessels in bilge compartments, engine rooms, in SWOB

. barges used for transfer of bilgewater from vessels to onshore installa-
. tions, in DONUTS used to contain oily wastes, in onshore storage tanks,
- and at all stages of onshore treatment operations. The principal

!&ﬁ repositories of oily sludges are in SWOB barges, bilge and ballast

s storage tanks, gravity separators, DAF sludge storage tanks, oil sumps,
and o1l recovery towers.

Onshore, oily sludges are a result of the treatment of bilge and
ballast wastewaters, as well as from waters contaminated by oil in
various onshore operations, such as surface water runoff from fuel
storage facilities. In a normal mode of Naval operation, bilge and
ballast waters are either delivered directly from docked ships to shore
treatment installations through lift stations, or transferred from
various Naval vessels into SWOB barges and then delivered to onshore
oily waste treatment facllities, Typically, onshore oily wastewater
treatment involves the separation of o0il and heavier-than-water sludges
from the water in the primary treatment operation, which usually consists
of gravity settling tanks. The treatment of oily wastewaters under
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current Naval practices at the majority of shore installations results
in, for the most part, its separation into three major fractions:
recoverable oil, oily wastewater, and oily sludges. Partially treated
0ily wastewater is then transferred into and is treated by secondary
unit processors, quite often of the dissolved aeration-flotation type.
This treatment produces additional recoverable o0il and treated effluent,
which is disposed of by discharging into receiving waters or sewer
lines.

Large quantities of oily sludge/scum are generated by dissolved
aeration flotation units. Such sludges contain only small amounts of
0il, but nevertheless form a stable oil-in-water dispersion as a result
of chemical additives used in the process.

Recovered oil is often processed by heating and separation (settling)
of residues (oily sludge) in recovery towers. The great bulk of oily
sludges produced at Naval installations results from settling in gravity
separators, treatment in DAF units, and in oil recovery units. The
toxic organic and inorganic substances are, by and large, removed from
the oily wastewaters during such treatment processes, and are concentrated
in the oily sludge. Consequently, the oily sludge becomes the principal
repository of toxic substances and priority pollutants derived from oily
waste generating activities.

Oily sludges are a complex composition of matter, which is multi-
phase in a physical sense and varied in chemical content. In three
states of matter (gas, liquid, and solids) that comprise typical oily
sludges, we find water, petroleum, water-soluble organics, volatile
organics, and organic and inorganic solids, In chemical terms we find
an assortment of volatiles, water-soluble and water—insoluble petroleum-
related compounds, as well as dissolved and particulate metallic sub-
stances, and soil and sand particles. 1In toxicological terms, oily
sludges are the repository of principal organic and inorganic toxicants
and priority pollutants that are separated from the water and oil during
storage and treatment of oily wastewaters. In simple terms, oily
wastewater treatment processes tend to separate toxic and environmentally
hazardous substances from the oil/water mixture and store them in the
sludge.

Until recently, oily sludges generated by industrial and government
operations alike were not treated any further and were disposed of by
commercial contractors in an unregulated manner. Such a mode of disposal
in many instances amounted to the introduction of the separated toxic
substances into the environment, negating to some extent the basis for
treating oily wastewater in the first place.

0ily sludges produced by petroleum refining, including those
generated in API and gravity separators and in DAF units, are designated
under the law as hazardous waste, and can be disposed of only in regu-
lated hazardous waste disposal sites. There is no reason to believe
that oily sludges produced at Naval installations are any less tazardous
than those produced at petroleum refineries. They also contain hazardous
substances and priority pollutants of an organic and inorganic nature,
including phenolic and polynuclear aromatic hydrocarbons and heavy
metals (chromium, zinc, copper, lead, nickel). Consequently, similar
disposal practices should be expected. The accredited disposal sites
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are few in number at this time and the costs associated with oily sludge
disposal in a regulated manner are high. Because of this, new techno-
logical approaches to ultimate disposal of oily sludges are needed.

Such technology can only be developed from a factual data base detailing
the physical, chemical, and toxicological properties of oily sludges.
The principal objective of this research effort is to develop such data.

EXPERIMENTAL DESIGN
GENERAL

The data requirements and the methods for acquiring the needed data
for handling, treating, and disposing of oily sludges have not been
available., An experimental program was implemented, involving both
field and laboratory investigations, to establish the handling and
treatability requirements for the ultimate disposal of oily sludges. A
sampling and analytical protocol was developed to identify and quantify
the relevant physical, chemical, and toxicological properties of oily
sludge.

ANALYTICAL PROCEDURES

Physical State Characterization

O0ily sludges are complex mixtures and/or dispersions of liquid,
solid, and gaseous matter. The following classification specifies the
physical components of oily sludge that must be considered for its
disposal. Methods are required for determining the following physical
components of oily sludge:

a. Solid Phase
e amount of organic solids

e amount of inorganic solids

b. Liquid Phase
e water content
e free oil content

e dissolved o0il content

c¢. Volatile Phase

e concentration of volatile aromatic and aliphatic
hydrocarbons
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A flow diagram (Figure 1), and a list of calculations are presented
T herein describing the basic methodology in determining the above.
."-l- \-4
T d. Calculations
o
?j}. Total suspended solids:
:Aj % concentration = weight of dry residue x 100/sample
1 weight
o
iij* Inorganic suspended solids:
YRR % concentration = weight of ashed residue x 100/sample
weight
o\,
R Organic suspended solids:
Aot
ji:f: % concentration = (weight of dry residue - weight of
i ashed residue) x 100/sample weight
®
[ Free oil:
:;;i % concentration = weight of oil residue (Freon 113
s extraction) x 100/sample weight
-

Dissolved petroleum:

% concentration = weight of residue (methanol extraction)
x 100/sample weight

Water:
% concentration = [weight of sample - (total suspended
matter + free oil + dissolved petroleum

+ volatile compounds*)] x 100/weight of
sample

Chemical Characterization

The chemical composition of oily sludges is highly complex and full
analysis (compound by compound) for each and every chemical present is
neither practical nor required as handling and treatability criteria.

Of principal interest to this program are toxic chemicals that might be
present in such sludges. Such toxicants associated with oily waste

*Determination of volatile organics is described in the Chemical Charac-
terization section of "Manual for Physical, Chemical, and Toxicological
Characterization of Oily Sludge." This value is not critical in deter-
mining the percentage of water since it constitutes such a small fraction
of the total sample weight.
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generally fall into two categories: (a) organic compounds of aromatic
nature, including aromatic hydrocarbons and substituted aromatic com-
pounds, and (b) inorganic compounds, mainly heavy metals,

Three separate determinations are performed as part of the chemical
analysis for toxic organic and inorganic compounds of oily sludge
samples.

HPLC. This method is used for the analysis of aromatic hydrocarbons
and other toxic compounds of an aromatic nature. The analytical tech-
nique is that of reverse phase, high-pressure liquid chromatography. A
methanol-water mixture is used as carrier solvent. The organic compounds
elute in order of decreasing polarity in the following sequence: phenols,
aromatic hydrocarbons, substituted aromatics, naphthalenes, and finally,
polynuclear aromatic hydrocarbons. The HPLC system is calibrated for
principal types of organic toxic compounds and average calibration
constants are used for calculation of each class of organic compounds
found.

A 5-ml aliquot of the methanol-water fraction and a 5-ml aliquot of
the Freon 113 fraction are secured in appropriate vials and 10-microliter
samples are injected into the HPLC system.

GC. This method covers the determination of principal classes of
toxic organic compounds that are known to be present in oily wastewaters.
The head space method is used for analysis of volatile hydrocarbons. In
this method a known amount (2-3 grams) of oily sludge is placed into a
5-ml reaction vessel with Mininert Teflon caps. The vessel is heated to
a temperature of 100°C for 1 hour, then brought down to room temperature
and a sample of gas phase is withdrawn by means of a gas-tight syringe
and injected into a gas chromatograph equipped with suitable column for
separation of volatile hydrocarbons. The system is calibrated with
known mixtures of standard gases and concentration of evolved hydrocarbons
is calculated from the weight of the sample used and the volume of head
space.

AA. This method is used for the determination of heavy metals
concentration in the sludge. Ashed residue is dissolved in concentrated
nitric acid with gentle heating, transferred quantitatively into 100-ml
volumetric flasks, and diluted with distilled water to the mark. A
description of procedures for determination of heavy metals is extracted
from EPA Methods for Water and Wastewater, EPA 600-4-79-020, March 1979,
EPA, Cincinnati, OH 45268. The analysis is based on atomic absorption
spectroscopy. The method is simple, rapid, and applicable to a large
number of metals in water samples.

Heavy metals represent the inorganic priority pollutants which are
found in suspended form in the sludge. Analyses are performed for
antimony (Sb), arsenic (As), beryllium (Be), cadmium (Cd), chromium
(Cr), copper (Cu), lead (Pb), nickel (Ni), selenium (Se), silver (Ag),
thallium (T1), and zinc (Zn).
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Toxicological Examination

The toxicity of the sample is determined using Beckman Instruments
Microtox Model 2055 precision photometer. This photometer measures the
decrease in bioluminescence as the result of exposure of marine lumi-
nescent bacteria to toxic samples. Light production in these micro-
organisms is an expression of the cells of the total rate at which a
complex set of energy-producing reactions is operating. Inhibition of
any one of a multitude of enzymes involved in this process may cause a
change in this rate. Thus, many different modes of action or types of
toxicants can be accommodated by the Microtox system. A flow diagram is
presented in Figure 2,

Microtox technique provides an extremely rapid, simple test of
toxicity with a precision equal to, or greater than a traditional fish
toxicity test (Carolanne Curtis et al, U.S., EPA, Duluth, Minn. publica-
tion No. 42, Center for Lake Superior Environmental Studies at the
University of Wisconsin). Moreover, direct relationships exist between
toxicity of organic chemicals to bacteria and the toxicity to fish and
mammals as shown in Table I. Using benzene and phenol as toxicity
standards, it is possible to estimate toxic effects of any chemical
composition for which EC_, value has been determined. The toxicity
values reported in this agcument should be considered in relationship to
the toxicity of benzene and phenol.

STATISTICAL METHODS

In the analysis of generated data under the Results section, four
statistical expressions were used: average value (mean of sample);
standard deviation of sample; correlation coefficient or factor; and
test value of correlation factor.

a. Average value is calculated for number of samples analyzed.

b. Standard deviation of the sample is calculated as:

E.(x, - x)2
ii
S =
X n -1

c. Correlation coefficient is calculated using linear regression
to indicate the degree of linearity between two sets of data. For
instance, in one case, toxicity of sample was correlated with the PAH of
the sludge. A value close to plus 1 indicates a high positive correla-
tion, and a value close to minus 1 indicates a high negative correlation.
A value of zero indicates that the two sets of data are not related.

Zero correlation or correlation with small negative values were not
reported.

d. Test value of calculated correlation factor reflects the
validity of correlation value and depends on the number of samples
examined. For the same correlation factor, the greater the number of
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samples examined the greater is the test value. The test values reported

were obtained from statistical tables using the number of samples

analyzed and the value of correlation factors. The test value (r )
test

is calculated as follows:

1/2
¢2

r = —_
test t2 + df

where df is degrees of freedom and t score is from a table of test
scores for a given degree of freedom. (Refer to Calculator Decision-
Making Sourcebook, Texas Instruments, Inc.)

For example, for the 18 samples analyzed from gravity separators
(bottom), the correlation coefficient of 0.75 for the relationship
between toxicity and PAH can be considered 99.9% valid (Table 2).

For more detailed information on the analytical procedures used in
this study, refer to NCEL Technical Memorandum TM 54-83-18 CR '"Manuals
for Oily Sludge," Part 2, August 1983,

FIELD OPERATIONS

Sampling

The sample collection plan is designed individually for each
facility whose sludge is being examined. Common to the majority of
Naval installations are sludge accumulations in storage tanks and
gravity separators, DAF unit processes, and oil recovery cookers.
Sludges from those sources are always collected if available. Addi-
tionally, major sources of sludge collection are o0il sumps, API separa-
tors, underground and surface fuel storage tanks, and surface oily
wastewater impounds. Samples from such sources are also collected when
appropriate, The sludge treatment and disposal facilities (such as land
disposal farms, sludge drying beds, and others) are examined when
available.

The overall scheme for field sampling is designed in such a manner
as to provide a comprehensive picture of sludge generation and disposal
at the individual Naval installations examined. Actual activities
sampled are shown in Figure 3. The scheme .also provides for development
of an overall comprehensive picture of physical, chemical, and toxico-
logical properties of oily sludges produced at a Naval facility.

Following are brief descriptions of sludge types and sampling
equipment used in this study:

a. Low Viscosity. These sludges are often produced in gravity
separators, settling tanks, and aeration-flotation cells; usually water
based.

> W 2 SR .
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b. Medium Viscosity. These sludges accumulate in oily waste
storage tanks/sumps and barges after prolonged containment; usually
petroleum based.

c. Semi-solid. These sludges are a result of long storage periods
in tanks, lagoons, or sludge drying beds; high solids content.

Following are the sampling equipment used in this study:

a. Bacon Bomb Sampler. A commercially available sampling device
used for sampling oil and crude o0ils in storage containers (Figure 4).
It is deployed to the bottom, or desired depth, by fishing rod and reel
with a safety line. Excellent for low viscosity sludge; good to satis-
factory for medium viscosity sludge; unsuitable for semi-solid sludge.
(VWR Scientific Imc., #52145-061, ASTM #D117, D270 or D923 or equivalent
of.)

b. Sediment Grab Sampler. A commercially available sampling
device used for sampling unconsolidated sediments (Figure 5). The
sampler is deployed by hydrowire* to the bottom of open storage con-
tainers or lagoons. Excellent for semi-solid sludge; marginal for
medium viscosity sludge; unsuitable for low viscosity sludge. (Kahl
Sci. Co. Box Sampler, #214WA172 or equivalent of.)

c¢. Hand-operated Bellows Pump. A commercially available sampling
device used for sampling oily sludge in enclosed containers and hard-to-
access locations (Figure 6). Excellent for low and medium viscosity
sludge; unsuitable for semi-solid sludge. (Guzzler, Medium Flow Pump,
Lab Safety Supplies Co., #B2140 or equivalent of.)

Sample Preservation and Transportation

Collected samples are secured in appropriately sized wide-mouth
glass or plastic bottles and shipped in plastic coolers equipped with
blocks of blue ice and secured in a styrofoam matrix (Figure 7). This
provides for EPA-specified regulated temperature for the required period
of time, 7 days, as well as a stable containment of sampling bottles in
a dry environment. (Plastic bottles - VWR Scientific Inc., #16186112
(1000 ml) or equivalent of; Glass bottles - VWR Scientific Inc., #16188140
(1000 ml) or equivalent of; Blue Ice - a commercial mixture of liquids
freezing below the freezing point of water, and cooler, may be purchased
in a sporting goods store.)

For more information on oily sludge sampling, techniques for sample
handling, containment, preservation and shipment refer to Manuals for
Oily Sludge, Part 1, NCEL Technical Memorandum 54-83-18CR, August 1983,

*A wire or string needed for deployment of sampler in water.

—— -
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Data Sources 3

Samples of various types of oily sludges were collected at ten
Naval installations throughout the U.S. Physical, chemical, and
toxicological characterizations of each sample were performed.

In San Diego, CA, field work was completed at (a) North Island
Naval Air Station, (b) Point Loma Naval Supply Center, (c) 32nd Street
Naval Station and (d) Miramar Naval Air Station. At Craney Island, VA,
sampling was performed at the Naval Fuel Depot and at Pearl Harbor, HI,
samples were collected at the 0Oily Wastewater Treatment and Reclamation
Facility, Naval Supply Center, and at Red Hill underground storage
facility., At Manchester, WA, the treatment facility operated by Puget
Sound Naval Supply Center was examined. Treatment plants at the Naval
Station in Mayport, FL, the Fuel Department in Oakland, CA (Point
Molate), and NSC Charleston, were also studied. The results of NSC
Charleston were not included in the statistical correlations due to late
sampling.

Reporting Structure

The results of these field and laboratory investigations will not
be presented according to location (this information; a brief descrip-
tion of each facility and a block diagram of each is presented along
with details on each sample taken in 10 separate reports). The data
presented here are by source only.

CHARACTERIZATION RESULTS BY SOURCE

As a result of the preceding characterization of oily sludges, ten
distinct types of sludges were identified. These sludge types are:

(1) Gravity separator (bottom)
(2) Gravity separator (interface)
(3) DAF

(4) 0il recovery cooker

(5) 0il sump

(6) Dewatered

E.?,._‘f. (7) O0ily wastewater impoundments
P L

b

. (8) API and coalescer

P ".,

M

t:,: (9) O0ily waste transport
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(10) Fuel tanks
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The analytical approach to the examination of the data is based on
relating toxicological properties to principal chemical parameters
determined: free and dissolved oil, PAHs, phenols, inorganic and
organic solids, heavy metals, and volatiles. Such examination permits
pinpointing relative contributions of each chemical parameter to the
overall toxicity of the sample in each category of oily sludge examined.

GRAVITY SEPARATOR (BOTTOM) SLUDGE

Sludges are produced as a result of settling of heavier than water
components of oily wastewater in settling or gravity separation tanks.
Such treatment of oily wastewater is most common in Naval shore instal-
lations. Gravity separation; by itself, or in combination with other
unit processes is the backbone of Naval technology for treating oily
wastes, and generates large portions of oily sludges. Composition of
such sludges consists largely of heavier than water petroleum, including
the bulk of PAHs and inorganic solids.

Chemical Considerations

Analyses were carried out for free and dissolved oil, inorganic and
organic solids, and toxicologically important PAHs, phenols, volatiles,
and heavy metals. As shown in Table 2, the average free oil content was
found to be 23.6% with a standard deviation of 23.7% . The PAHs concen-
tration in analyzed samples was found to average at 7,823 ppm with a
standard deviation of 9,320 ppm. On the basis of collected data it
appears that PAHs concentration in analyzed samples is proportional to
free oil concentration. The PAHs constituted an average 2.8% of free
0il content (with a standard deviation of 1.2%).

As can be seen from Table 3, the dissolved oil content of analyzed
samples was considerably lower: 0.9% with a standard deviation of 0.6%.
The phenolics content averaged 476 ppm with a standard deviation of
419 ppm. The concentration of phenols appears to be proportional to
dissolved oil and constitutes 6.3% of the dissolved o0il with a standard
deviation of 3.2Z.

As expected, relatively high concentrations of inorganic solids
were found in this type of sludge sample: an average of 6.6% with a
standard deviation of 15.6 (Table 4). Concentrations of organic solids
were lower: an average of 2.1Z%Z with a standard deviation of 3.2% . The
volatile hydrocarbon content of analyzed samples (Table 5) was found to
be on an average 42 ppm with a standard deviation of 14 ppm. This value
is relatively low in terms of total material balance. It is believed
that the volatile content of such samples will not significantly effect
any of the state-of-the-art treatment options or pose any air pollution
problems in sludge disposal.

Heavy metals content of waste matter is of considerable toxicological
importance and environmental consequence. Such chemical matter is
designated by the EPA as priority pollutants and their release into the
environment is regulated. For this reason all oily sludge samples were
analyzed in terms of eleven (l11) designated priority pollutants: Antimony
(Sb), Beryllium (Be), Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead
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) (Pb), Nickel (Ni), Selenium (Se), Silver (Ag), Thallium (T1l), and Zinc

X (Zn). Consistently present in the analyzed samples were chromium,

c?% copper, lead, nickel, and zinc (Table 6). Such metals are widely used

o in equipment associated with ship and shore operations and their con-

Y sistent presence in oily sludges generated at ..aval installations is not

.§£ surprising. Zinc was found to be present in the highest concentrations:

> 204 ppm with a standard deviation of 351 ppm. Next was copper: 78 ppm

) with a standard deviation of 117 ppm, and lead: 70 ppm with a standard

W deviation of 145 ppm. Chromium and nickel were in a lower concentration

. range: chromium value averaged 37 ppm with a standard deviation of

ﬁi: 64 ppm, and nickel was found at 12 ppm with a standard deviation of

e 16 ppm. This pattern of concentration relationship between various

S heavy metals appears to be consistent in all types of oily sludges
examined under this program. The average total heavy metals content of

;}?J gravity separator bottom sludges was found to be 400 ppm with a standard

e deviation of 679 ppm.

'{E Toxicological Considerations

® The average toxicity value of the 18 oily sludge samples in this

- category is EC 0 (15 minutes) of 61.8. This value falls in the middle
- range between goxicity of phenol, [EC5
L of benzene, [EC5 (5 minutes) of 173].Q
The correlagions between toxicity and various chemical parameters
are depicted graphically in Figure 8. As can be seen from this figure
the free 0il content and PAHs content of sludge samples correlate rather
e well with toxicity. A correlation factor of 0.77 with a test value of
o 99.9% was calculated for toxicity to free oil relationship, and a
- correlation factor of 0.75 with a test value of 99.9% was calculated for
ST toxicity to PAHs concentration relationship. A lower order of correla-
R tion is observed between toxicity and volatiles (a factor of 0.51 with a
test value between 90 and 95%). Other chemical parameters correlated
poorly, or not at all with toxicological properties: phenols 0.19,
dissolved oil 0.09, and organic solids, inorganic solids and heavy

(15 minutes) of 28] and toxicity

'j.~ metals have negative correlation factors. Examination of the composite
:: ) data (Figure 8) reveals that free o0il is the main chemical constituent
SR of gravity separator bottom sludges (23.6%), and also contains high
l!] levels of PAHs (7,823 ppm). Based on this it can be concluded that in
RS the case of gravity separator bottom sludges the main chemical compo-
R nents (free oil and PAH) are principal contributors to the toxicity of
T the sludge and their removal or destruction will significantly reduce
N any environmental hazards associated with disposal of such sludges.

e Also shown in Figure 8 is the correlation between free o0il and

L PAHs, which was found to be very high (0.98 with a test value of 99.9%)
RS and the correlation between dissolved oil and phenols, which was found
k. to be considerably lower (0.40 with a test value of 90%).
b i::::. ’

!E; *Microtox Application Notes, Beckman Instruments, Carlsbad, Calif.
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GRAVITY SEPARATOR (INTERFACE) SLUDGE

Two types of oily sludges are produced in gravity separators or

settling tanks: bottom and interface. Bottom sludges contain organic
and inorganic compositions heavier than water. Interface sludges
contain a chemical composition which is heavier than oil but lighter
than water. A typical gravity separator unit-process contains interface
sludge layers several feet deep. Such sludge is composed largely of
colloidal and emulsified petroleum as well as biologically degraded oil.
It is an extremely stable mixture, and is very difficult to treat.
Since interface sludges are generated in gravity separators which are
widely used as the principal method of treatment of oily wastewaters,
such sludges are important in terms of volume generated and wide geo-
graphic distribution.

Chemical Considerations

Collected samples were analyzed for free and dissolved oil, PAHs
and phenols, inorganic and organic solids, heavy metals, and volatiles.
Six individual samples comprise the data base on interface sludges.

Free 0il content was found to average at 18.5% with a standard
deviation of 6.9% (Table 7). The PAHs concentration was determined at
4,679 ppm and constituted 2.7% of free oil. The proportion of PAHs in
free 0il from bottom and interface sludges was almost identical.

Dissolved 0il content as well as phenol content of interface
sludges are also similar to gravity separator bottom sludges. It was
found that average concentrations of dissolved oil (Table 8) were 0.8%
with a standard deviation of 0.3%. Phenols were found at 575 ppm
concentration with a standard deviation of 386 ppm. The concentrations
of phenols and dissolved oil appear to be proportional. Phenols con-
stitute 8.2% of the dissolved 0il with a standard deviation of 5.8%. A
similar relationship was also observed in gravity separator bottom
sludges.

The inorganic solids content, as expected, is lower in interface
sludge than in bottom sludge (Table 9). It averaged at 1.67 with a
standard deviation of 0.7%. Organic solid concentrations on the other
hand are higher: 2.97 with a standard deviation of 2.2%. The bacterial
decomposition of petroleum is most intensive at the interface of oil and
water and some of the organic solids in this case might be derived from
the biological degradation of petroleum.

The volatile organic content (Table 10) averages at 49 ppm with a
standard deviation of 7 ppm. This value was similar to the volatile

organic content found in gravity separator bottom sludges. d
The interface oily sludges were analyzed for eleven (11) priority

pollutant metals, and five were found to be present: chromium, copper, o

lead, nickel, and zinc (Table 11)., Zinc was found in the highest N
concentrations: 180 ppm with a standard deviation of 60 ppm. Next was N
copper: 107 ppm concentration with a standard deviation of 63. Chromium .

and lead were found in similar concentrations: chromium averaged 46 ppm o

with standard deviation of 66 ppm, and lead 52 ppm with a standard H)
deviation of 62 ppm. Nickel was found in the lowest concentrations: q

16 ppm with a standard deviation of 14 ppm., The total heavy metals b
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content of the interface sludge averaged at 402 ppm with a standard
deviation of 237 ppm. Both the total heavy metals concentration level,
and the distribution between individual metals were very similar to
those observed in gravity separation bottom sludges.

Comparing chemical compositions of bottom and interface sludges in
gravity separators, we find similarities such as concentration and types
of heavy metals found, and concentration levels of dissolved oil and
volatiles. The principal differences are found in the inorganic solids
content and PAH concentrations. These differences are sufficiently high
to classify sludges from gravity separators into two distinct generic
types: bottom and interface.

Toxicological Considerations

The average toxicity for six gravity separator interface sludges is
EC 0 (15 min) of 35 with a standard deviation of *807. These sludges
aré closer in toxicity to phenols [EC (15 min) of 28] than to benzene

. 50
[EC50 {5 min) of 173].

The correlation between toxicity and various chemical parameters is
depicted graphically in Figure 9. As can be seen from this figure there
is no correlation between toxicity and free oil, PAHs, and dissolved
oil, inorganic solids, and heavy metals. A low order of correlation was
calculated for phenols (0.16), organic solids (0.22), and volatiles
(0.39).

It must be kept in mind, however, that the number of samples
analyzed in this category were rather small (6) and the concentration
spread for individual parameters (expressed as standard deviation) was
considerably narrower than for gravity separator bottom sludges.
Combination of these two factors makes development of correlation
factors more difficult., Additional sampling and analyzing of this type
of o0ily sludge is recommended to form a more extensive basis for eval-
uations.

DISSOLVED AERATION FLOTATORS (DAF) SLUDGE

Second to gravity separators, DAF unit-processes are widely used
for the treatment of oily wastewaters at Naval shore installations.
Such units are commonly found in conjunction with gravity separators and
function as a second means for treatment., In DAF treatment, air is
dissolved under pressure in the side stream and this water stream
becomes supersaturated with air., As the pressure is released, the
excess alr comes out of the solution in the form of minute bubbles.
These bubbles collide with any suspended solids or oil globules in the
stream and become attached. This changes the net specific gravity of
the agglomerates, causing them to float. The floating particulate
matter and oil are skimmed from the surface. The separation of oil from
water by aeration flotation is aided by the addition of flocculating
chemical agents (alum and polyelectrolytes).

0ily sludge produced in the operation of a DAF unit is initially
lighter than water due to the presence of air bubbles in the oil ag-
glomerate. After separation, surface scum/sludge is usually transferred
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into DAF sludge storage containers, where excess air is gradually lost
and the agglomerate of o0il and chemical additives becomes heavier than
{ water, The dissolved aeration flotators produce large volumes of waste
™ at Naval installations. Such sludge contains, in addition to separated

Ny oil, substantial imounts of chemicals (both organic and inorganic) added
'k:; as a part of the process. Added chemicals in many instances become

:“xj principal components of produced sludge and are found in this type of
V-

{ sludge in larger quantities than the separated oil due to the large
|~} volume produced. The disposal of DAF sludge poses serious problems in
. operation of some Naval shore installations.

Chemical Considerations

- Samples of DAF sludges were collected, in some instances, from the
’ DAF itself or from sludge storage tanks. Numerous samples were taken at
S various depths to account for spatial distribution in such tanks. In

P, one instance (Manchester, WA) such samples were collected from the top
N surface of the operating unit. The collected samples were analyzed for
- free and dissolved oil, organic and inorganic solids, PAH and phenols,
o heavy metals, and volatile organics.

| ] The free 0il content of DAF sludges was found to be low: 2.4% with
[ - a standard deviation of 2.5% (Table 12). This value is approximately
f_j 10 times lower than the free o0il content in gravity separator bottom

O sludges. Correspondingly, PAHs concentration was also low: 663 ppm
with standard deviation of 661 ppm. The ratio of PAHs to free oil
appears to be constant. On the average, PAHs contributed 3.1% to the
concentration of free oil. This proportion is not unlike one that was

N observed in gravity separator (both bottom and interface) sludges.
5{; As shown in Table 13, dissolved oil content as well as concentra-
"::: tions of phenols were also lower than those observed in gravity separa-
f- tor sludges. Dissolved oil averaged at 0.6% with a standard deviation of
o 0.5%, while phenols were found to be present in average concentrations
of 336 ppm, with a standard deviation of 202 ppm. The ratio of phenols
o to dissolved oil was however, constant; at 8.47 concentration phenols in
g{{ dissolved oil, it was not unlike values observed in samples of gravity
R separator sludges.
#.ﬁ Suspended solids constituted the bulk of chemicals found in DAF
»n oily sludge (Table 14). Organic solids were found at an average con-—
[ centration of 4.9% with a standard deviation of 5.9%. The organic
SRS solids value was approximately twice the value for free oil. 1Inorganic
e solids constituted, on an average, 2% of the sludge with a standard
o deviation of 1.4%. It is believed that the bulk of suspended solids
oo found in DAF sludges arise from chemical additives (alum and polyelec- 1
S trolytes) used in the process treatment. The volatile organic content
. of DAF sludges was very low: 5.3 ppm with a standard deviation of
;:}T 2.5 ppm (Table 15). S
s, Out of eleven (11) priority pollutant metals, five were found in
:t}f significant quantities: chromium, copper, lead, nickel, and zinc
O (Table 16). The concentrations, however, were considerably lower than
}}: those observed in gravity separator sludges: zinc was found at 71 ppm
. concentration with a standard deviation of 53 ppm, next to zinc was lead
;ft at 29 ppm concentration with a standard deviation at 28 ppm. Copper was
N
2
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found in concentrations of 22 ppm with a standard deviation of 18 ppm.
Chromium and nickel were found in very low concentrations: chromium
averaged at 6 ppm with a standard deviation of 8 ppm. Nickel concen-
tration was found to be 4 ppm with a standard deviation of 5 ppm. The
total heavy metal load in DAF sludges was found to be, on the average,
132 ppm with a standard deviation of 100 ppm.

The analysis of the chemical composition of DAF produced sludges
indicates that such sludges form a distinct and generically different
class of waste produced in treatment of oily wastes. The concentration
of significant (from a toxicological point of view) parameters (free
oil, PAHs, dissolved oil, phenols, volatiles, and heavy metals), is
considerably lower than that observed in gravity separator sludges. The
concentration of suspended solids, however, is high and is probably due
to chemical additives in the process stream.

Toxicological Considerations

The average toxicity for 18 samples of DAF sludge is an EC
(15 min) of 182 with a standard deviation of 257. A low order of tox-
icity in DAF sludges collected at Manchester contributed to the low
average value for this type of sludge.

The correlation between toxicity and various chemical parameters is
depicted graphically in Figure 10, The best correlation exists between
suspended organic solids and toxicity (a correlation factor of 0.90 with
a test value of 99.9%), and between phenols and toxicity (a correla: lon
factor of 0.73 with a test value of 99.92).

Lower orders of correlation were observed between toxicity and
heavy metals (a correlation factor of 0.58 with a test value of 997);
between toxicity and inorganic solids (a correlation factor of 0.59 with
a test value of 957); and between toxicity and volatiles (a correlation
factor of 0.31 with a test value <80%). No correlations were observed
between toxicity and dissolved oil and a very low order of positive
correlation (a factor of 0.11) was found between toxicity and PAHs.

It is interesting to note that DAF sludges, one of the major types
produced by Naval operations, are of a relatively low order of toxicity,
and that principal contributions to its toxicity are inorganic and
organic solids, which are added to process streams to enhance oil water
separation. In addition to chemical additives (alum and polyelectrolytes
and lime) phenolic materials are also contributors to toxicity of this
generic type of oily sludge.

Free oil, heavy metals, PAHs, and volatile organic compounds are
present in much lower concentrations in this type of sludge than in the
other sludges examined in this program and consequently do not contribute
significantly to toxicity of DAF sludges. It can be postulated that
elimination of alum and polyelectrolytes from the treatment process and
substitution of separation aids with lower toxicity (such as DAFSORB,
manufactured by RADECCA Inc.,) could further reduce toxicity of this
type of waste, simplifying procedures for its disposal.

Considering that free oil, PAHs and heavy metals are found only in
very low concentrations in this type of oily sludge, and that the
overall toxicity of this waste is the lowest of all examined under this
program, less stringent requirements for its treatment and disposal may
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be justified., Positive correlations were observed in the relationship
between free oil and PAHs (a correlation factor of 0.59 with a test
value of 99%) and between dissolved o1l and phenols (a correlation
factor of 0.89 with a test value of 99.9%).

OIL RECOVERY SLUDGE

Recovery of o0il from oily wastewater is a common practice at Naval
treatment operations. Normally, oily wastes which are separated from
the wastewater are transferred into treatment towers (commonly called y
"cookers'"). Treatment towers are usually heated and equipped with means
for the addition of demulsification chemicals. With assistance of heat
and chemicals, oily wastes are separated into an oil and water phase.
Depending on the quality of recovered oil, it is either used as a fuel
in marine operations or as a fuel in onshore power generation plants.
Some of the Naval shore installations are equipped with two oil recovery
units - one for producing specification fuel, the other for producing
off-specs products,

The undesirable waste compounds, including heavy metals, suspended
organic and inorganic solids, and water accumulate at the bottom of oil
recovery towers and constitute oily sludge produced in o0il recovery
operations.

Chemical Considerations

In all instances oily sludges were collected at the bottom layer of
oil recovery towers using a Bacon sampling bomb. Samples were analyzed
for free and dissolved o0il, inorganic and organic solids, PAHs and
phenols, heavy metals and volatile organics. The free oil content of
the sludges from the oil recovery towers was the highest of all the
types of samples collected under this program from treatment plants, and
only oily sludges from fuel tanks had higher concentrations of free oil.

As shown in Table 17, the average value for free oil in 16 sludge
samples collected from the oil recovery towers was found to be 40.3%
with a standard deviation of 33.6. Concentration of PAHs in this type
of oily sludge was also high. An average value of 10,924 ppm with a
standard deviation of 13,371 ppm was recorded. The concentration of
PAHs correlated rather well with free o0il; a correlation factor of 0.74
with a test value of 997 was calculated for 16 samples. Analyzed PAH
constituted 2,6% of free oil, a value similar to others observed in this
study.

The concentration of dissolved oil was also high, and at an average
of 2.8% with a standard deviation of 4.8% it was the highest observed in
this study (Table 18). The average level of phenols was recorded at
563 ppm with a standard deviation of 543 ppm. Phenols constituted 8.5%
or the dissolved oil concentration and correlated well with this parameter.
A correlation factor of 0.73 with a test value of 99.9% was recorded for
phenols - dissolved o0il relationship.

Suspended solids were present in moderate concentrations (Table 19).
Organic solids were found at 2.9% concentration with a standard deviation
of 2.6%. The inorganic solids content averaged at 1.3% with a standard
deviation of 2.1.
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As shown in Table 20, the volatile hydrocarbon content in this type
of sludge was high, it averaged at 49 ppm with a standard deviation of
38 ppm.

Out of eleven (11) priority pollutant metals studied, five were
present in significant quantities: chrowmium, copper, lead, nickel, and
zinc (Table 21). The range of concentrations for individual metals in
five (5) sources of sludges collected was quite wide. Zinc was found in
the highest concentration of 152 ppm with a standard deviation of
200 ppm. Next was chromium in concentrations of 82 ppm with a standard
deviation of 196 ppm. Copper was present in concentrations of 68 ppm
with a standard deviation of 88 ppm. Concentrations of lead were found
to be 52 ppm with a standard deviation of 78 ppm. Nickel was found in
the lowest concentrations: 23 ppm with a standard deviation of 47 ppm.
The total heavy metal content in the o0il recovery sludges was found to
be 379 ppm with a standard deviation of 532 ppm. The highest concentra-
tion of heavy metals was found in oily sludges collected from special
0il treatment and recovery tanks (Nos. 115 and 116) at the Manchester
facility. These tanks were used for reclamation of gravity separator
sludges accumulated over a period of many years. The process of recla-
mation is by heat and emulsion breaking chemicals.

The analysis of oily sludges produced in oily recovery processes
indicates that such sludges form a distinct and generically different i
class of waste produced at Naval facilities for treating oily wastewaters.
Such sludges have the highest free oil content, approximately twice the
average concentration for all oily sludges examined, and very high PAHs
content, which is second only to PAH concentrations in sludges collected
from fuel tanks. Higher than average concentrations of organic solids,

e and lower than average concentrations of inorganic solids are also
S characteristic of this type of oily sludge. Both free o0il and PAHs,

; dissolved oil and phenol concentrations correlated well (correlation
factors of 0.74 and 0.73, respectively),

Toxicological Considerations

- It was found that oily sludges from oil recovery unit-processes

) exhibit the highest order of toxicity within all the types of oily
sludges examined under this program. The average toxicity for 16 samples
of oily sludges was found to be EC (15 min) of 19, with a standard
deviation of 13. It must be kept in mind that this type of sludge has a
very high free o0il and PAH content, which is an important factor, as far
as toxicity is concerned,.

The correlation between toxicity and various chemical parameters is
depicted in Figure 11. Good correlation exists between PAHs and toxicity;
a correlation factor of 0.70 with a test value of 99.97 was established
for these two parameters. The degree of correlation between free oil
and toxicity is lower: a correlation factor of 0.49 with a test value

'; A/E s
g
. oate PR
L PR RN .
LA .
[ .
]

15 of 95%. There is no correlatjon between toxicity and concentrations of
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k%{ ' dissolved oil, phenols, inorganic and organic solids. Some degree of
k:, correlation is observed between toxicity and volatile hydrocarbon
¢ content: a correlation factor of 0.32 was computed. Fair correlation
SRR exists between heavy metals and toxicity: a correlation factor of 0.50
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On the basis of examination of this data, it may be concluded that
the principal factors influencing the toxicity of o0il recovery sludges
are: PAHs, heavy metals, and free oil. Because this type of oily
sludge is found to be extremely toxic, special protection of personnel
conducting disposal operations is recommended. Respiratory and skin
protection in this instance is advised.

OIL SUMP SLUDGE

0il sumps are found at the majority of facilities used for treating
or transporting oily wastewaters. They are normally below ground,
cenented structures, of rectangular or circular design, 5 to 10 feet
deep. The o0il sumps function as a part of the wastewater flow system
and as receivers for oily waste delivered by tanker-trucks or other
means. Heavier than water components of oily wastewater tend to settle
at the bottom of o0il sumps and accumulate to depths of several feet.
Periodically, such sumps are cleaned, usually by contractors, and
recovered oily sludge is removed from Naval property. It is difficult
to estimate, at this time, the volume of sludges produced at such
sources, but it could be a significant source of specific waste gen-
erated by the Navy.

Chemical Considerations

0ily sludges from oil sumps were collected at three (3) Naval
installations (Point Loma, CA , NSC; Pearl Harbor, HI, NSC; and Point
Molate, CA, NSC.) and analyzed for free and dissolved oil, inorganic and
organic solids, PAHs, phenols, volatiles, and heavy metals. It was
found that the average free oil content of this sludge was 5.24% with a
standard deviation of 3.8% (Table 22). The PAHs concentration was found
to average at 1,004 ppm with a standard deviation of 705 ppm. Both free
0il and PAHs concentrations in this class of oily sludge were relatively
low. Concentrations of free o0il correlated well to the concentration of
PAHs (a correlation coefficient of 0.76 with a test value of 95%), and
PAHs constituted on the average 2.2% of the free o0il content.

Dissolved oil content was found to average 1.0% with a standard
deviation of 1.1 (Table 23). Phenols were present at 423 ppm level with
a standard deviation of 281 ppm. Both the dissolved o0il content and the
phenols concentrations in oily sludges from oil sumps were very close to
the average values observed for all types of oily sludges analyzed under
this program.

Inorganic solids were found to average at 7.1% with a standard
deviation of 10 (Table 24). The organic solids were in lower concentra- |
tions of 4.8% with a standard deviation of 7.1.

The level of volatile hydrocarbons was similar tc that of the other
sludges analyzed under this program and averaged at 29 ppm with a
standard deviation of 24 ppm (Table 25).

The heavy metal content, on the other hand, was relatively high,
and the total value averaged at 1,076 ppm with a standard deviation of
1,668 ppm (Table 26). Zinc, similar to all the other sludges, was found
in the highest concentrations - 418 ppm with a standard deviation of
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639 ppm. Next in concentration was lead ~ 299 ppm with a standard
deviation of 500 ppm, and copper - 285 ppm with a standard deviation of
417 ppm. Present in lower concentrations were nickel - 41 ppm with a
standard deviation of 69 ppm, and chromium - 28 ppm with a standard
deviation of 46 ppm. The heavy metal content of oily sludges was found
to be quite high, and only dewatered (concentrated) sludges recorded
higher values.

Toxicological Considerations

The average toxicity value of the 6 oily sludge samples in this
category is EC5 (15 min) of 56, with a standard deviation of 42. 1his
value is close 90 the average toxicity value of all sludges analyzed.
Because of the low number of samples analyzed in this category, corre-
lation between toxicity and various chemical parameters was more diffi-
cult to establish. Nevertheless, positive correlations were established
between toxicity and free o0il (a correlation factor of 0.80 with a test
value of 95%) and between toxicity and PAHs (a correlation factor of
0.47) (Figure 12).

DEWATERED SLUDGE

Oily sludges contain large amounts of water, and dewatering is used
as a method for volume reduction. Two methods for dewatering are
normally used: open drying beds, and sludge presses. Air drying of
oily sludges is practiced at North Island NAS, and in Mayport, FL,
NAVSTA. The San Diego facility is equipped with two cemented beds, and
leachates from the beds are prevented from entering ground waters, while
the Mayport, FL facility has three unlined beds, where leachates may
enter groundwater. Two facilities are equipped with oily sludge presses:
Craney Island, VA, and Manchester, WA. The Manchester facility uses its
presses in routine plant operations, while the facility in Craney Islard
does not.

Sludges produced by dewatering processes are concentrated and
contain 30 to 40% of solid matter and oil. Heavy metal residues are
concentrated in such sludges and constitute a principal source of
toxicants. Organic matter, including PAHs undergo biodegradation in
open air lagoons and as a result are chemically modified and differ from
the original petroleum composition. Because of their concentrated
nature, this type of oily sludge represents a distinct type and is
generically different from other types of oily sludge.

Chemical Considerations

Samples of dewatered sludges were collected from three Naval
installations: North Island NAS, San Diego, CA; Mayport NAVSTA, FL; and
Manchester NSC, WA. A total of 12 samples were collected and analyzed
for free and dissolved o0il, inorganic and organic solids, PAHs and
phenols, volatiles, and heavy metals,
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As indicated in Table 27, the free 0il content of dewatered oily
sludge samples was quite high, it averaged at 10.8% with a standard
deviation of 8.3. Biodegradation over a period of years (oily sludge
concentrates were not removed from either lagooning facilities since
they were established) probably contributes to some reduction in the
concentration of free oil. The PAHs were found to be present in con-
centrations of 3,829 ppm with a standard deviation of 2,670 ppm. The
concentration of PAHs in the free oil was quite high (3.67) and corre-
lated well (a factor of 0.86 with a test value of 99%).

The concentration of dissolved oil was rather average at 1.17 with
a standard deviation of 0.6 (Table 28). The phenolic materials on the
other hand were present in very high concentrations: 7,821 ppm with a
standard deviation of 6,348 ppm. This value is almost five times
greater than the average phenol content of all the samples analyzed.
The high phenolic content in such sludges might be due to the oxidative
nature of biodegradation processes during long periods of fermentation
in drying beds. 7Tt is possible that the bulk of phenolic materials
originates not in petroleum waste, but is formed during long storage
periods in drying beds. BRecause of relatively low concentrations of
dissolved oil and very high concentrations of phenols, accurate deter-
mination of phenol content in dissolved oil was not possible.

Both organic and inorganic solids were present, as expected, in
high concentrations in this type of sludge (Table 29). The average
value for inorganics was found to be 137 with a standard deviation of
7.6. The organic solids were present at 10.2% with a standard deviation
of 6.1. Both organic and inorganic content of dewatered sludges were
the highest of all oily sludge samples analyzed under this program.

The volatile organic content of dewatered sludges was very low:
5.7 ppm with a standard deviation of 2 ppm (Table 30). This low value
might be explained by the fact that a long residence time of petroleum
waste in open air beds leads to depletion and loss of volatile matter
through evaporation.

Out of eleven (11) priority pollutant metals examined under this
program, five were found in significant quantities: chromium, copper,

= lead, nickel, and zinc (Table 31). Zinc was found in the highest

oo concentration, 1,072 ppm with a standard deviation of 1,195 ppm, next

1?} was copper at an average concentration of 176 ppm with a standard

22 deviation of 131 ppm. Lead was present in 74 ppm concentration, with a

M standard deviation of 69 ppm; nickel was found at 49 ppm level, with a
:*:f standard deviation of 42 ppm; and chromium was present at 45 ppm with a
?:TJ standard deviation of 30 ppm. The total heavy metal content of analyzed
{f{j samples was found to be 1,410 ppm with a standard deviation of 1,297 ppm.
':;:J The total heavy metal content of dewatered sludges was highest of all

vt the types of sludges analyzed under this program. Cadmium was also

present in some samples. Average concentration for cadmium was less
than 1 ppm.

Toxicological Considerations

The average toxicity value for 12 samples of dewatered sludges is
"n; an EC 0 (15 min) of 46, with a standard deviation of 42. This toxicity
e was c?ose to the mean value for all the oily sludges tested under this
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program. Heavy metals correlated positively with toxicity, and a
correlation factor of 0.74 with test values of 95-99% were computed for
those parameters (Figure 13). Other chemical parameters did not corre-
late with toxicity. There are two possible explanations for these
observations: (l) the very high heavy metal content is responsible for
major contributions to the toxicity of the sludge, overshadowing contri-
butions of other chemical parameters, and (2) biological modification of
organic matter over long residence periods in drying beds results in
chemical modification of compounds, leading to a lower order of toxicity
than found in original petroleum compositions. In any case, it is
apparent that the major source of toxicity in dewatered sludges is due
to heavy metals content.

APT AND COALESCER SEPARATORS SLUDGE

The preceding chapters dealt with major sources of oily sludge
generation at Naval installations. There are additional specialized
oily wastewater treatment units that are used at some Naval shore
installations. These units will be discussed in this section.

AP1 separators can be described as dynamic gravity separators. 0il
separates from water as wastewater flows through open air channels that
are approximately 60 feet long. Two of these channels are used at Pearl
Harbor NSC, HI, for treating oily wastewaters after primary treatment in
storage tanks.

Coalescer separators use physical means tor separation of oil from
water on fibrous filters. A unit of this kind is used for secondary
separation of oil from water in Point Molate NSC, CA.

While those two types of treatment are different in nature they
will be grouped in this chapter as specialty equipment of limited use at
Naval installations.

Chemical Considerations

The free o0il content of sludges in this category was the lowest of
all sludge examined under this program: it averaged at 1.2% with a
standard deviation of 0.4 (Table 32). In a similar way to free oil, the
concentration of PAHs was also lowest of all values observed: it
averaged at 224 ppm with a standard deviation of 92 ppm, The PAHs
constituted 1.9% of free oil and a correlation factor of 0.45 with a
test value of 807 was calculated for the relationship between PAHs and
free oil.

As shown in Table 33, the dissolved o0il concentration was found to
be low also, it averaged 0.5% with a standard deviation of 0.57.
Phenols were present at 211 ppm average concentration, with a standard
deviation of 159 ppm. This value was the lowest of all generated under
this program. Phenols constituted 5.8% of dissolved oil, and correlated
with it fairly well (an 0.69 correlation factor with a test value of
95%).

Inorganic solids were found at an average concentration of 2.57
with a standard deviation of 1.6 (Table 34). The organic solids were
present in a similar concentration of 2.67% with a standard deviation of
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2.4. The solids content in this type of sludge was low relative to the
other types of sludges. Volatile organics were present at a 9.3 ppm
average concentration level with a standard deviation of 3.8 ppm

(Table 35).

Out of eleven (11) priority pollutant metals analyzed, five were
present in significant quantities. The total heavy metal content was
146 ppm with a standard deviation of 106 ppm (Table 36). Zinc was found
in the highest concentration; it averaged 83 ppm with a standard devia-
tion of 54 ppm. Copper was present at 34 ppm with a standard deviation
of 36 ppm. The average concentration of lead was found to be 18 ppm
with a standard deviation of 17 ppm. Nickel had an average concentration
of 5 ppm with a standard deviation of 5 ppm. The concentration of
chromium was found to be 5 ppm with a standard deviation of 3 ppm.
Generally speaking, the concentration of heavy metals in this type of
sludge was low. It must be kept in mind that both APl separators and
coalescer separators are used as secoadary treatment processes, and that
the bulk of separatable oily sludge is removed from the process stream
in primary gravity separators before the process stream ever reaches the
second stage of treatment.

The analysis of the chemical compositiovn of sludges produced in
secondary treatment processes of specialized design reveals that the
concentration of almost every chemical parameter analyzed was very low.
This is due to the secondary nature of treatment, and the bulk of
contaminants are removed prior to the process water entering the sec-
ondary unit-processes. The oily sludge from this type of processing is
a distinct type or category.

Toxicological Considerations

The average toxicity for 8 samples is ECS (15 min) of 109 with a
standard deviation of 106. This toxicity ]eve? was the second lowest of
all the types of sludges analyzed under this program. Only DAF sludges
have a lower toxicity. The DAF, API, and coalescer separators are
normally used as secondary treatment unit-processes, and the influent
into such units has been previously treated in gravity separators. Data
reported in this document indicate that primary treatment units are
quite effective in separation of toxic substances from the process
stream into the sludge, and that the process stream is detoxified to a
large degree prior to its entry into secondary treatment unit-processes.
For this reason oily sludges produced in DAF, API, and coalescer separ-
ators have lower concentrations of free oil, PAHs and heavy metals, than
those produced from primary treatment, and consequently exhibit lower
orders of toxicity.

The correlations between toxicity and various chemical parameters
are depicted in Figure l4. As can be seen from this table some of the
chemical parameters correlated quite well with toxicological properties
of sludge while others did not.

Poor correlations exist between free and dissolved oil and toxicity.
The correlation factor of 0.14 was recorded for free oil and a correla-
tion factor of 0.17 was observed for dissolved oil. The PAH and phenol
concentrations, on the other hand, correlated with toxicity rather well,
For PAHs, a correlation factor of 0.54 with a test value of 90% was
observed, while a correlation factor for phenols was 0.69 with a test
value of 95%.
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Inorganic solids correlated with toxicity rather well; a corre-
lation factor of 0.64 with a test value of 907% was established. The
correlation betweer organic solids and toxicity was, on the other hand,
poorer; a factor of only 0.26 was established. The volatiles content of
this sample did not correlate with toxicity at all (a negative factor
was computed in this case). The correlation between heavy metals and
toxicity was fairly good, a factor of 0.61 with a test value of 95% was
computed.

Tt can be stated, in general terms, that secondary treatment units
of API and coalescer type produce sludge that is lower in toxicity than
sludges produced by other unit processes, and that the following chemical
parameters: heavy metals, PAHs, and phenols correlate fairly well with
observed toxicity of samples.

IMPOUND SLUDGE

Impounds of oily wastewaters in open air lagoons is practiced at
two Naval installations. Red Hill fuel storage facility at Pearl
Harbor, HI, uses this method for storage and treatment of fuel tank
bottom residues, which are composed largely of water. This storage pond
or lagoon is cemented and oily wastes separate into lighter than water
surface scum and heavier than water sludges, which deposit at the
bottom.

The Naval treatment facility at Mayport, FL, uses unlined lagoons
for final storage of treated oily wastewater before discharging into the
St. Johns River. 1In both instances oily wastewater is open to the air
for extended periods of time.

Chemical Considerations

Samples of bottom sludges and surface scum were collected in Pearl
Harbor, Hl. No surface scum was observed in the holding pond for
treated water in the Mayport, FL, facility, and only bottom sludges were
collected there. A total of 8 samples of sludges from this source were
collected and analyzed for free and dissolved oil, inorganic and organic
solids, PAHs and phenols, heavy metals and volatile organics.

Free oil content (Table 37) of this type of sludge was found to be
7.37 with a standard deviation of 12.3. A large standard deviation is
due to the dissimilar nature of sludges collected from the surface and
bottom of a storage pond in Pearl Harbor. The surface layer in this
case contained an average 28% free oil, while bottom sludge had only
0.67 of free o0il. PAH concentration was found to average at 2,667 ppm
with a similarly high standard deviation of 4,607 ppm. PAHs accounted
for 2.7% of free oil and correlation between both parameters was good - a
factor of 0.99% was computed.

Dissolved oil content in this type of oily sludge averaged at 1.0%
with a standard deviation of 0.9 (Table 38). This concentration value
is close to the average value obtained for oily sludges analyzed under
this program. The phenolic content of analyzed sludges in this category,
however, was high. It averaged at 2,850 ppm with a standard deviation
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- of 4,182 ppm. Very high concentrations of phenols were observed in the
. top layer of oily scum collected at the Pearl Harbor facility - an

. average concentration ot 9,500 ppm was recorded, inflating the average
N value of all samples collected in this category.

N3 Concentrations of inorganic and organic solids in impound sludges
e were high: an average value of 8.67% with a standard deviation of 9.0%

was determined for inorganic solids, and a 4.3% value with a standard

! ‘ deviation of 4.2 was recorded for organic solids (Table 39).

) The concentration of volatile hydrocarbons was moderate and a value
- . of 26 ppm with a stundard deviation of 24 ppm was recorded (Table 40).
Heavy metals content of the samples was low: the total concentra-
T tion averaged at 196 ppm with a standard deviation of 113 ppm (Table 41).
Out of 11 substances analyzed, five were found to be present in signifi-
cant concentrations: zinc at 80 ppm concentration, with a standard
deviation of 45 ppm; copper at 32 ppm concentration, with a standard

.;{ deviation of 17 ppm; chromium at 24 ppm concentration, with a standard
- deviation of 17 ppm; lead at 16 ppm concentration, with a standard

;fb deviation of 12 ppm; and nickel at 15 ppm concentration, with a standard
S5 deviation of 15 ppm.

!L Based on the information reported here, it can be concluded that
- surface scums and bottom sludges produced from oily wastewater in open
- air impoundments do form a distinct type of oily sludge. It is charac-
B terized by a high inorganic and organic solids content and a lower than
fi: average free 0il and heavy metals content.

Toxicological Considerations

A

:3: The average toxicity value for the 8 samples analyzed in this

-;* category is EC (15 min) of 102 with a standard deviation of 100.

:{g Cood corregation was established between toxicity and free oil, a

- factor of 0.98 with a test value of 99.97; toxicity and PAHs, a factor

C) of 0.99 with a test value of 99.9%; toxicity and phenols, a factor of
N 0.96 with a test value of 99.9%; and toxicity and volatile hydrocarbons,
i@ a factor of 0.79. No correlation was observed between toxicity and

L dissolved oil, inorganic and organic solids, and heavy metals. On the

‘1: basis of this information it may be concluded that toxicological prop-
¥ erties of impound type of scum and sludges are derived mainly from free
E oil, PAHs, and phenols (Figure 15).

7

o FUEL TANK AND WASTEBARGE SLUDGE

o 0ily sludges accumulate in fuel storage tanks as a result of fuel
- aging. The aging process includes chemical and bio-oxidation of hydro-
- carbons resulting in the formation of oxygenated compounds that have a

. tendency to settle at the bottom of tanks. Water that might intrude

- into storage tanks also accumulates at the bottom. The sludges from

:::: fuel tanks are normally removed during periodic cleaning and disposed

(-0 offsite by contractors. O0ily sludges produced in such a manner represent

'$; a significant part of all waste material produced at Naval installations.
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0Oily sludges are also produced during wastewater transportion in
DONUTS and SWOB barges. Under this program we had an opportunity to
examine only one situation of this kind at the 32nd Street NAVSTA in San
Diego, CA.

At this time we have only limited information on those two types of
0ily sludges, and the following discussion is indicative, rather than
conclusive in character,

Chemical Considerations

The free oil content of sludges from fuel storage tanks was the 5
highest of all observed in this study (Table 42). The average value was i
48.5% with a standard deviation of 38.8. PAH content was also high: it
averaged at 21,978 ppm with a standard deviation of 19,940 ppm. PAH a
correlated well with free 0il: a correlation factor was found to be 0.99
with a test value of 997.

The dissolved oil content was 1.3% with a standard deviation of
1.2. Phenols were present in 1,098 ppm concentration with a standard
deviation of 548 ppm (Table 43).

The inorganic solids content was low: 0.5% with a standard devia-
tion of 0.1%, while organic solids content was high: 10.77 with a
standard deviation of 8.0 (Table 44). The high organic solids content
is probably due to hydrocarbon oxidation products formed during fuel
storage. Volatile organic content was high at 97 ppm concentration, and
was probably due to the generally high oil content of the sample
(Table 45).

Heavy metals were almost absent from the fuel storage tank sludges,
and only traces of copper and lead were found (Table 46).

The average composition of samples from transportation sources
(SWOB and DONUTs) is reported in Tables 42 through 46. The amount of
data generated is insufficient for statistical analysis. It appears,
however, that toxicity of sludges from either source is fairly high and
generally close to that of phenol.

Toxicological Considerations

The amount of toxicological data generated on samples of sludges
from fuel tanks and transportation sources is insufficient for detailed
statistical analysis,

DISCUSSION
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GENERAL

.
_f% 0ily sludges found at Naval installations can be broadly classified
- into ten (10) generic types: (1) gravity separators - bottoms; (2)
e gravity separators - interface; (3) DAF units; (4) oil recovery cookers;
:f;j (5) secondary unit-processe:; APl and coalescer separators; (6) dewatering
g’;ﬂ unit-processes; (7) oil sumps; (8) oily wastewater impoundments; (9) oil
“n waste barges; and (10) fuel tanks. Each generic type has specific and
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characteristic properties of a physical, chemical, and toxicological
nature.
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The data indicate that oily sludges produced in primary treatment
operation (gravity separators) are generally more toxic than oily
sludges produced during secondary treatment (DAF, API, and coalescer
separators). This may be explained by the fact that heavier than oil
toxic substances, including PAHs and heavy metals, are removed by
settling in the gravity separators, and that process stream is sub-
stantially detoxified before it enters into secondary unit-processes.
High toxicity levels were also observed in dewatered sludge, probably
due to the concentration of heavy metals, and in oil sumps, oil waste
barges, and fuel tanks. Since each of these units functions also as a
gravity separator, it is reasonable to expect substantial concentrations
of PAHs and heavy metals in its sludge. The highest order of toxicity
was observed in oil recovery cooker sludges (EC 0 (15 min) of 19); and
the lowest order of toxicity was observed in DA? sludges (EC 0 (15 min)
of 182). Correlating to toxicity were high concentrations o% PAHs and
free 0il in sludges ifrom 0il recovery cookers. Low concentrations of
PAHs and free o0il were recorded for DAF sludge.

It was established through correlation of chemical and toxicological
data that principal contributors to oily sludge toxicity are: PAHs, a
significant (in toxicological terms) component of free oil; phenols; and
heavy metals. It was possible through correlation of chemical and
toxicological data to determine the principal sources of toxicity in
each type of oily sludge. Generally speaking, the predominant toxic
chemical specie dominates the toxicological properties of a given type
of oily sludge. Out of 8 metals regulated by federal standards for
drinking water and hazardous waste (Table 47), four (chromium, copper,
lead, and nickel) were found in all the sludge samples analyzed.

The study also disclosed that close correlation exists between free
0il and PAHs in all the types of oily sludges analyzed, and that the
concentration of PAHs is directly proportional to the concentration of
free oil in all instances studied. On the average, PAHs constitute 2.5%
of free oil. Concentrations of dissolved o0il and phenols correlated
well. Concentrations of phenols were directly proportional to concen-
trations of dissolved oil content. These findings suggest that the
origin and source of toxicants in all types of oily sludges and at all
Naval installations are probably the same.

FREE OIL AND PAH

Free 0il and PAHs are tound in all oily sludges, as shown in Table
48. The highest concentrations of free oil are observed in sludges from
fuel tanks and oil recovery cookers, 48.57 and 40.3%, respectively. The
lowest concentrations are in secondary treatment processes: APl and
coalescer separators, and DAF; 1.27 and 2.47, respectively. Gravity
separator sludges, both bottom and interface, are in the middle of the
range; 23.6% and 18.57, respectively. PAHs concentrations are generally
proportional to concentrations of free oil and are highest in oily
sludges from fuel tanks and oil recovery cookers, and lowest in oily
sludges from secondary treatment processes (API, DAF, and coalescer).
This observation may be explained by the fact that the bulk of oil and
PAHs are removed by gravity separators and only smaller quantities of
such are carried out into secondary unit-processes for treatment.
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Examination of chemical/toxicological correlation reveals that free
0il and PAHs contribute significantly to toxicologic properties of oily
sludges from: gravity separators - bottoms, oil sumps, impounds of oily
wastewaters, and oil recovery cookers. All those unit-processes are
essentially gravity separators for sludge. Because of the limited data
base, chemical/toxicological correlation could not be established for
0ily sludges from oily waste barges and fuel storage tanks.

In the case of secondary treatment processes, including DAF, APl
and coalescers, the contribution of free o0il and PAHs to toxic properties
is less significant, and other chemical components play a greater role.

No free oil or PAH/toxicological correlation was established for
dewatered sludges and for oily sludges from gravity separator interface.
It is believed that in the first case, a very high concentration of
heavy metals overshadows toxic contributions from other sources. In the
case of gravity separator interface sludges the small numbers of samples
analyzed may have been insufficient to establish valid correlation.

DISSOLVED OIL AND PHENOLS

Dissolved o0il and phenols are found in all the oily sludges analyzed,
and are reported in Table 49. Both chemical parameters are interrelated,
and phenols constitute on the average 8.6% of the dissolved oil content.
The concentrations of dissolved 0il in sludges are usually considerably
lower (by factor of 20) than that of free oil. The highest level of
dissolved oil was found in sludges from oil recovery cookers (2.8%) and
the lowest level was found in secondary treatment sludges: API, coalescer,
and DAF separators ("0.5%). The average concentration for dissolved oil
in all types of oily sludges is 1%.

Phenols are toxicologically important compounds and are present in
significant concentrations in all the oily sludges analyzed, averaging
at 1,746 ppm. The highest concentrations are found in dewatered sludges
(9,255 ppm) and the lowest in secondary treatment unit-processes (API,
coalescer, DAF).

There is very little correlation between dissolved o0il and the
toxicity of the sludges. This might be due to the relatively low
concentration of dissolved oil in oily sludges. Other toxic substances
such as free 0il/PAH and heavy metals, which are present in high con-
centrations, overshadow toxic contributions of dissolved oil, which is
present in considerably lower concentrations.

Phenols correlated fairly well with toxicity in ocily sludges from
impoundments of oily wastewater (a factor of 0.96) and in sludges from
secondary treatment processes: API - coalescer a factor of 0.55, and a
DAF factor of 0.73. There was little correlation between toxicity and
phenols in oily sludges from oil recovery cookers, oil waste barges,
gravity separators (bottom and interface) fuel tanks, dewatered sludges
and oil sumps. Generally speaking, secondary treatment units produce
oily sludge low in free oil, PAH and heavy metals. Because of low
concentrations of those important types of toxic substances, they
contribute to overall toxicity of sludges from secondary treatment to a
lower degree than primary separators. Because of this shift in chemical
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composition, the correlation between phenols and toxicity is more
apparent in secondary treated sludges than in sludges produced in
primary treatment processes.

SOLIDS

Organic and inorganic solids are found in all oily sludges. Such
materials are heavier than water and tend to settle to the bottom of
storage containers and unit-processors. The highest concentrations of
inorganic and organic solids are found in dewatered sludges: 13.0%
inorganic solids and 10.2% organic solids (Table 50). Primary separa-
tors, as well as storage units (o0il sumps and impoundments) generally
have fairly high inorganic solid content. The inorganic and organic
content of the rest of the oily sludges generally ranges between 2 and
5Z.

No correlation between toxicity and inorganic content exists in
primary treatment unit-processes, and it is reasonable to assume that
such matter does not contribute significantly to the toxicity of such
sludges.

Good correlation, however, was established between the toxicity and
organic and inorganic content of DAF sludges (factors of 0.59 and 0.90,
respectively). The inorganic and organic solids in this case derive
from chemical additives used in the processes and it does appear that
toxicity of DAF sludges is mainly due to such chemical additives (alum
and polyelectrolytes) and phenols.

HEAVY METALS

Heavy metals are toxicologically important chemical compounds and
release of such into the environment is closely regulated by the govern-
ment, Principal types, including antimony (Sb), beryllium (Be), cadmium
(Cd), chromium (Cr), copper (Cu), lead (Pb), nickel (Ni), selenium (Se),
silver (Ag), and thalljum (Tl) are designated priority pollutants.
Additional federal regulations dealing with heavy metals are in force
for drinking water and hazardous wastes. Eight (8) metals have desig-
nated maximum limits in drinking water: arsenic (0.05 ppm), barium
(1 ppm), cadmium (0.0l ppm), chromium (0.05 ppm), lead (0.05 ppm),
mercury (0.002 ppm), selenium (0.01 ppm), and silver (0.05 ppm).

Federal limits also exist for the same eight metals in hazardous wastes.
Maximum concentration limits, as determined by extraction procedures
(EP) for those metals in hazardous waste are: arsenic (5 ppm), barium
(100 ppm), cadmium (1l ppm), chromium (5 ppm), lead (5 ppm), mercury

(.02 ppm), selenium (1 ppm), and silver (5 ppm).

The results for the heavy metals reported here are comparable to
federal limits for drinking water, since in both cases analysis is
performed directly on collected samples. The federal limitations for
hazardous waste, however, are based on a specially designed procedure
(EP), which requires aqueous extraction prior to analysis.

Under this program all collected sludges were analyzed for 11 heavy
metals: antimony, beryllium, cadmium, chromium, copper, lead, unickel,
selenium, silver, thallium, and zinc. Consistently present in all the
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sludges analyzed were five metals: chromium, copper, lead, nickel, and
zinc, Cadmium was found in some oily sludge samples less frequently.

The average total concentration of heavy metals found in oil sludges was
470 ppm (Table 51). Zinc was present in the highest concentrations, an
average of 260 ppm; next down the line was copper (98 ppm), lead (62 ppm),
chromium (28 ppm), and nickel (18 ppm) (Table 51). When the above

values are related to the maximum concentrations limit for drinking
water, we find that they exceed the concentration limit for chromium by

1
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L. a factor of 560, and for lead by a factor of 1,240.

:E Considering the chemical nature and toxicological properties of ten
rj' types of oily sludges characterized in this study it can be concluded

Iy that heavy metals make significant contributions to toxicity of oily

s:ﬁ sludges produced in secondary treatment unit-processes, including the

DAF separator with a correlation factor of 0.58, and API - coalescer
separators with a correlation factor of 0.61. Good correlation also
pf; exists between heavy metals and toxicity in dewatered sludges (a factor

- of 0.74) and in sludges from oil recovery cookers (a factor of 0.50).
- Poor correlation between heavy metals and toxicity was found in oily
O sludges that are high in free oil and PAH content: gravity separators
~ . (bottom and interface). 1In this case, the impact of PAHs and free oil
on overall toxicity of predominates.

VOLATILES
b Volatile organic matter that is present in oily sludges consists
. largely of aliphatic and aromatic hydrocarbons including methane,

ethane, ethylene, propane, propene, unsaturated and saturated C,, CS’ C
hydrocarbons and benzene, toluene, ethylbenzene, and xylenes. éenzene,
- toluene, and ethylbenzene are designated by the EPA as priority pollu-
S tants.
C) The analysis of oily sludges carried out under this program re-
vealed that all contained volatile hydrocarbons (Table 52). The average
concentration level was found to be 35 ppm. Volatiles in this concentra-
_ tion range will not have a significant effect on treatment operation,
o nor pose air pollution problems when disposed of at waste sites. Fair
. correlation between toxicity and volatile hydrocarbons was observed in
3 the case of gravity separator sludges (bottom 0.51, interface 0.39), oil
-~ recovery cookers (a factor of 0.32), and DAF sludges (a factor of 0.31).
K In other types of oily sludges toxicity and volatile organic content did
- not correlate.
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SOURCES OF TOXICITY

&1!

The completed study and data base generated on the chemistry and
toxicology of oily sludges permit identification of principal chemical
contributors to toxicity of each type or class of oily sludge studied.
Examination of data reveals the following:
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Gravity Separator Sludges - Bottoms

Principal contributing factors to toxicity of this type of oily
sludge are free o0il and PAH. Dissolved o1l and phenols, solids (organic
and inorganic), and volatiles do not contribute significantly to toxicity
of this type of waste.

Gravity Separator Sludges -~ Interface

Because of the small number of samples analyzed in this category no
positive relationship between toxicity and chemical parameters can be
established.

DAF Sludges

Principal contributing factors to toxicity of this type of oily
sludge are organic and inorganic solids, free oil and phenols, and heavy
metals. PAH and dissolved oil do rnot contribute significantly to this
type of waste. The toxic organic and inorganic content of these sludges
originates in chemical additives used in the treatment process.

0il Recovery Cookers

Principal contributing factors to toxicity of this type of sludge
are free oil, PAH, and heavy metals. Dissolved o0il, phenols, and
inorganic and organic solids do not contribute significantly to toxicity
of this waste.

0il Sumps

Principal contributing factors to toxicity of this type of sludge
are free oil and PAHs. Dissolved oil and phenols, inorganic and organic
solids, and heavy metals do not contribute significantly to this type of
sludge.

Dewatered Sludges

The only significant contributors to toxicity of this type of oily
sludge are heavy metals, which, due to a concentrated nature, a:e
present in high concentrations. All other chemical parameters do not
contribute significantly to this type of waste.

Impounds of Oily Wastewaters

Principal contributing factors to toxicity of this type of sludge
are free oil, PAHs, and phenols. Dissolved o0il, inorganic and organic
solids, and heavy metals do not contribute significantly to toxicity of
this type of waste.
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API - Coalescer Separators

{ Principal contributing factors to toxicity of this type of sludge
o are heavy metals, inorganic solids, phenols, and PAHs. Free and dis-
- solved o0il, and organic solids do not contribute significantly to this
type of waste.

Sludge Barges

Insufficient data to draw conclusions on source of toxicity in this
type of oily sludge.

- Fuel Tanks

! Insufficient data to draw conclusions on source of toxicity in this
o type of oily sludge.

T CONCLUSIONS

e

'fj All oily sludge samples contain toxic chemical substances. Organic
s toxicants include PAHs and phenols. Inorganic toxicants include zinc,

5 chromium, copper, lead, and nickel. High concentrations of free oil and

) PAHs were found in primary treaters, low concentrations were found in
: secondary treaters: DAF, API, and coalescer separators.

{ All oily sludges exhibit toxic properties. Generated data indicate
AN that oily sludges produced in primary treatment operations (gravity

‘N separation) are generally more toxic than oily sludges produced during
|\i secondary treatment (DAF, API, and coalescer separators). This may be
‘5 explained by the fact that heavier than oil toxic substances, including
- PAHs and heavy metals, are removed by settling in the gravity separators;
(L the concentrations of principal toxicants are significantly reduced in
5}: the process stream prior to its entry into secondary treatment units.
;:? High toxicity levels were also observed in dewatered sludge, probably
fnn due to the concentration of heavy metals, and in o0il sumps, waste

o barges, and fuel tanks.

S Close correlation exists between free 0il and PAHs in all the types
Q_ of oily sludges analyzed, and the concentration of PAHs is directly

L proportional to the concentration of free oil in all the instances

L studied. On the average, PAHs constitute 2.5% of free oil. Good

e correlation exists between concentrations of dissolved oil and phenols.
S Concentrations of phenols were directly proportional to concentrations
O of dissolved o0il content. Those findings suggest that the origin and

.r source of toxicants in all types of oily sludges and at all Naval

: installations are probably the same.

oS It was established through correlation of chemical and toxico-

"y logical data that principal contributors to oil sludge toxicity are:

{3 PAHs, a toxicologically significant component of free o0il; phenols; and
L heavy metals, It was possible through correlation of chemical and

J’ toxicological data to determine principal sources of toxicity in each
Hﬁ: type of oily sludge. Generally speaking, the predominant toxic chemical
o specie dominates toxicological properties of a given type of oily
:J{ sludge.
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‘{j The oily sludges from different sources exhibit different physical,
™ chemical, and toxicological properties. Using an accumulated information
e base it was possible to define the ten different types or classes of
N oily sludges produced at Naval installations. The most toxic sludge was
.: generated in oil recovery cookers. The least toxic oily sludge was
R produced in the DAF unit.
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Table 1. Relationship Between EC.. and LC50 (Fish)
and L050 (Mammal) MeasuTrements
EC_./ppu’ LCs LD
50 . 50
Fish c
Toxicity (oral)
5 Min 15 Min (mg/1) (ng/kg)
Benzene 173 -= 50 5.7
Phenol 25 28 5 0.53
Ratio:
Benzene/Phenol 7 10 11

8Microtox Application Notes, Beckman Instruments, Carlsbad, CA
McKim et al., J. Water Poll. Control, 48, 1544 (1976)
“Merck Index, Merck and Co., Hohway, NJ
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ﬂ:; Table 2. Gravity Separator Bottom Sludges;
o Toxicity - Free 0il - PAH Relationship
') Toxicity )
2% Location EC Free 0il PAH % PAH Comments
'Qﬁ (15 ggn) (%) (ppm) in oil
X
}1 North Island NAS 56 55.0 1,336 2.4
San Diego, CA 59 43.0 587 1.4
"; Point Loma NSC 112 44,0 384 0.9
0 San Diego, CA 287 29.0 329 1.1
o Miramar NAS 62 2.0 1,156 5.8 Aged oil
T San Diego, CA 24 21.3 4,724 2.2 Aged oil
o 23 52.9 16,588 3.1 Fresh oil
o 7 50.1 16,578 3.3 Fresh oil
e
o Craney Island, VA 132 11.3 2,749 2.4
N Fuel Depot 45 13.9 3,189 2.3
! Pearl Harbor, HI 11 37.8 15,912 4.2
‘-_' NSC 9 64.2 23,874 2.3
o Manchester, WA 6 29.9 7,104 2.3
Y NSC 9 45.3 13,696 3.0
SN
.o
() Point Molate, CA 9 4.9 1,241 2.5 Waste oil
~« waters
- 5 70.3 30,355 4.3 Vaste oil
i waters
¥ 136 2.0 533 2.6 Run-off
" waters
Y 120 2.1 482 2.3 Run-off
- waters
::x
:{: Average value 61.8 23.6 7,823 2.8
A Standard deviation 73.0 23.7 9,320 1.2
-y % Standard deviation  *118 +100 £119  *43
B
o Toxicity
N e
oS Correlation to Toxicity PAH t?
IO . to PAH Free 0il
Ay Free 0il
[
~..: Factor 0.77 0.75 0.98
Al Test Value 99.9% 99.9% 99.97%
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Table 3. Gravity Separator Bottom Sludges; *
Toxicity - Dissolved 0il - Phenols %
Relationship .
Toxicity Dissolved % P?enol £
. Phenol in i
Location EC59 0il (ppm) Dissolved Comments g
(15 imin) (%) 0il 3
North Island NAS 56 0.4 416 10.4
San Diego, CA 59 0.4 257 6.4 K
Point Loma NSC 112 1.7 216 1.3
San Diego, CA 287 1.7 280 1.6
Miramar NAS 62 1.1 1,300 11.8 Aged oil
San Diego, CA 24 1.5 1,456 9.7 Aged oil
23 1.3 671 5.3 Fresh oil
7 1.4 764 5.5 Fresh oil
Craney Island, VA 132 0.6 200 3.3
Fuel Depot 45 0.6 82 1.4
Pearl Harbor, HI 11 0.6 453 7.6
NSC 9 0.5 240 4.8
Manchester, WA 6 1.8 938 5.2
NSC 9 1.4 739 5.2 )
\
Point Molate, CA 9 0.1 94 9.4 Waste oil 1
NSC water
5 0.3 330 11.0 Waste oil
water Y
136 0.1 68 6.8 Run-of f )
water
120 0.1 69 6.9 Run-off
water
Average value 61.8 0.9 476 6.3 ]
Standard deviation 73.0 0.6 419 3.2 3
% Standard deviation *118 +68 +88 52 ‘
[ 3
- {
[ ‘
|]_ .' q
D {
35i Toxigity Toxicity Phigol
ﬁ~: Correlation Dissolved Phto 1 Dissolved
& 01l eno 0i1
s
5{; Factor 0.06 0.19 0.40
f“{ Test Value - - 907
L.‘_:-
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o Table 4. Gravity Separator Bottom Sludges;
& s Toxicity - Inorganic Solids - Organic
o Solids Relationship
=4
; ,_ X Toxicity 1norganic Organic J
\ ~ Location ECSO Solids Solids Comments
i (15 min) (%) (%)
.00
- North Island NAS 56 53.2 11.6 ‘
’\*.\" San Diego, CA 59 45.7 8.8
-._1_.-
: Point Loma NSC 112 1.3 0.5
San Diego, CA 287 1.3 0.6
o
::_‘_‘:: Miramar NAS 62 0.3 0.7 Aged oil
::-.:: San Diego, CA 24 0.5 4.5 Aged oil
o 23 0.2 0.4 Fresh oil
" 7 0.2 0.5 Fresh oil
K~
Lo Craney Island, VA 132 3.0 0.7
>, Fuel Depot 45 1.3 1.0
30N
Ny Pearl Harbor, HI 11 0.9 1.9
‘ NSC 9 0.9 2.2
-.‘_?:'_j Manchester, WA 6 2.5 1.9
o NSC 9 1.9 2.2
Point Molate, CA 9 0 0 Waste oil
NSC waters
o 5 1.9 0.3 Waste oil
o waters
)5 136 2.6 0.4 Run-off
*.
[Nn waters
b3 120 1.4 0.3 Run-off
i; waters
Average value 61.8 6.5 2.1
- Standard deviation 73 15.6 3.2
" % Standard deviation +118 +236 +152
:" Toxicity Toxicity
‘t'- Correlation to to
> a Inorganic Organic
O Solids Solids
o ——e
[ :
Factor Negative Negative
s, Test Value -- - 1
) .
.:j
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Table 5. Gravity Separator Bottom Sludges;
Toxicity - Volatiles Relationship

Toxicity Volatile
Location EC Hydrocarbons Comments
(15 iin) (ppm)
North Island NAS 56 -
San Diego, CA 59 21.5
Miramar NAS 62 25.1 Aged oil |
San Diego, CA 24 41.2 Aged oil |
23 51.2 Fresh oil
7 52.9 Fresh oil
Pearl Harbor, HI 11 55.5
NSC 9 36.1
Manchester, WA 6 55.8
NSC 9 -
Point Molate, CA 9 54.1 0ily waste waters
NSC 5 42.4 0ily waste waters
136 52.5 Run-off waters
120 15.5 Run-off waters
Average value 38 42
Standard deviation 43 14
% Standard deviation +113 £33
Toxicity
Correlation to
Volatiles
Factor 0.51
Test Value 90-95%
37
e -'_ _". .'_ .'_ ;".:’ e e ‘_ . '_'.:_\ IR SRR

W T R I T U T R
AT PRSItk A A e e e T N T e e s
T iy \- ™t n-)‘...u("‘"" S -"‘."-'\_- ‘-t"h.“":»'-'\ i -‘7:-‘:' L\' ey R




B
g
I-
=
Y
? .
~_ Table 6. Gravity Separator Bottom Sludges;
Toxicity - Heavy Metals Relationship
A Toxicity Conc?ntlrn;t ion
_', Location EC59 PP
3 (A5 @in) ¢, P NI zn  Total ¢
L/
i
™~ North Island NAS 56 218 407 486 57 1,444 2,612
oy San Diego, CA 59 148 331 436 45 714 1,674
- Point Loma NSC 112 9 115 15 6 154 299
San Diego, CA 287 4 5 11 4 104 128
o Miramar NAS 62 7 16 0 4 37 64
Ao San Diego, CA 24 9 32 0 7 84 132
o 23 4 12 0 4 61 83
Wy 7 4 7 0 3 30 44
o
N Craney Island, VA 132 13 39 40 7 138 237
" Fuel Depot 45 5 25 0 4 49 83
S
Pearl Harbor, HI 11 5 67 57 8 142 279
NSC 9 7 53 47 7 138 252
"\S"
! Y
-f,':{: Manchester, WA 6 119 159 86 30 >240 >634
: xﬁ\\ NSC 9 100 133 62 24 >270 >589
AN
O Point Molate, CA 9 0 0.3 0 0 2 2
b NSC 5 0 0.4 9 0 16 29
K 136 2 3 5 0 18 28
b 120 3 2 8 0 23 36
v
b Average value 61.8 37 78 70 12 204 400
Y ] Standard deviation 73.0 64 117 145 16 351 679
S 7 Standard deviation  *118 +173 *150 +207 *137 171 170
.}:_:_ j
;:.4 Toxicity to
o Correlation Total Heavy
=7 Metals
dr.s'l
S 4
| ‘_\- Factor Negative
o Test Value --
N
ket
N
Ao\
=
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ke Table 7. Gravity Separator Interface Sludge;
) Toxicity - Free 0il - PAH Relationship

o Toxicity Free 0il PAH % PAH |
SR Location

= (lgcagn) (%) (ppm) in 0il |

A Craney Island, VA 93 22.7 4,943 2.
{:ﬁ Fuel Depot 18 22.6 5,093 2

Pearl larbor, HI 24 26.9 6,640
NSC 19 18.0 4,851

NN
.
~

Manchester, WA 22 10.7 3,363
NSC 33 10.2 3,182

w W
.
—

P Average value 35 18.5 4,679
- Standard deviation 28 6.9 1,272
2 Standard deviation +80 *37 +27

1+
—
~O N
.
E ]

s Toxicity .
" Correlation to Toxicity PAH to

h
C) Free 0il to PAH Free 0il

-}cﬁ Factor Negative 0.11 0.96
N Test Value - - 0.99%
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Table 8. Gravity Separator Interface Sludge;
Toxicity - Dissolved 0il - Phenol
Relationship
Toxicity Dissolved % P?enol
, . Phenol in
Location EC5 0il (ppm) Dissolved
(15 imin) (%) 0il
Craney 1lsland, VA 93 0.9 109 1.2
Fuel Depot 19 0.9 142 1.6
Pearl Harbor, HI 24 0.5 765 15.3
NSC 19 0.4 508 12.7
Manchester, WA 22 1.2 985 8.2
NSC 33 0.9 938 10.4
Average value 35 0.8 575 8.2
Standard deviation 28 0.3 386 5.8
% Standard deviation *+80 +38 +67 +71
1oxtglty Toxicity Ph:gol
Correlation Dissolved thgol Dissolved
0il 0il
Factor Negative 0.16 0.71
Test Value - - 907




Table 9. Gravity Separator Interface Sludge;
N Toxicity - Inorganic Solids - Organic
) Solids Relationship

.

- Toxicity Inorganic Organic
) ‘{: Location EC, Solids Solids
2 (15 2n) (%) )
. Craney Island, VA 93 1.3 1.2
Fuel Depot 18 1.4 0.9
Pearl Harbor, HI 24 0.9 1.5
5 NSC 19 0.9 6.2
;.—: Manchester, WA 22 2.4 2.8
e NSC 33 2.6 4.8
.“ Average value 35 1.6 2.9
RN Standard deviation 28 0.7 2.2
oy % Standard deviation *80 +46 74
i
'.\::
::4:: Toxicity Toxicity
v::\:" Correlation to - £o
- Inorganic Organic
/ Solids Solids
;_'-:: Factor Negative 0.22
- Test Value - -
.d,*
o
g
e
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Table 10. Gravity Separator Interface Sludge; .
Toxicity - Volatiles Relationship -

Toxicity Volatile ;

Location 5 Hydrocarbons n

(15 mgn) (ppm)

Pearl Harbor, HI 24 53.9 g
NSC 19 45.9 N
3

Manchester, WA 22 55.8 {
NSC 33 41.9 .
.

Average value 25 49 :
Standard deviation 6 7 <)
% Standard deviation +25 14 "4
|2

Toxicity f

Correlation to {

Volatiles N

Factor 0.39 »

Test Value - =

-
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Table 11, Gravity Separator Interface Sludge;
Toxicity - Heavy Metals Relationship

. . Concentration
Toxicity (ppm)
Location ECSQ PP
A5aIn) ¢4 ¢r cu Pb Ni  2Zn Total
Craney Island, VA 93 - 8 37 40 5 130 220
Fuel Depot 18 - 8 44 54 5 128 239
Pearl Harbor, HI 24 - 8 105 28 10 150 301
NSC 19 - 7 96 15 10 164 292
Manchester, WA 22 6 168 >200 >173 40 >240 >827
NSC 33 4 75 157 3 26 >270 >535
Average value 35 - 46 107 52 16 180 402
Standard deviation 28 - 66 63 62 14 60 237
% Standard deviation *80 — %143 +59 +]119 +88 +33 +59
Toxicity to
Correlation Total Heavy
Metals
Factor 0.12

Test Value -
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R Table 12. DAF Sludges; Toxicity - Free
iff 0il - PAH Relationship
oy Toxicity
F:? Location ECSO Fr?;)Oil (PAﬁ) ?npg?l Comments
(15 fin) ; PP '
S North Island NAS 60 6.4 1,721 2.7
L San Diego, CA 56 7.1 1,708 2.4
P Point Loma NSC 446 0.1 16 1.6
.z San Diego, CA 287 0.02 4 2.0
g;}f Craney Island, VA 132 1.2 430 3.6 Top
s Fuel Depot 156 0.7 355 5.1 Top
o 20 2.7 217 0.8 Middle
- 9 4.0 203 0.5 Middle
o 20 7.0 667 0.9 Bottom
22 5.5 681 1.2 Bottom
Pearl Harbor, HI 121 1.4 217 1.6 Top
i NSC 172 0.8 202 2.5 Top
A 49 1.3 667 5.1 Middle
A 58 1.0 681 6.8 Middle
B 54 2.4 1,535 6.4 Bottom
- 24 2.5 2,023 8.1 Bottom
o Manchester, WA 616 0.1 40 4.0
' NSC 980 0.1 20 2.0
i_:_ Average value 182 2.4 633 3.1
e Standard deviation 257 2.5 661 2.3
oy % Standard deviation +141 +103 +104 68
o
s
:%:f Toxicity .
RIS Correlation to Toxicity PAR Lo
o . to PAH Free 0il
O Free 0il
B
:f: Factor 0.51 0.11 0.59
S Test Value 95% - 997%
e
.
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b Table 13, DAF Sludges; Toxicity - Dissolved
iy 0il - Phenol Relationship

N Toxicity Dissolved 7 P?eHOI
. . Phenol in

- Location EC 0il . Comment
pE! 50 - (ppm) Dissolved

. (15 min) (%) .
.:_ 0il
- North Island NAS 60 0.2 155 7.8
"‘ San Diego, CA 56 0.2 185 9.3
1Y

- Point Loma NSC 446 1.5 89 0.6

. San Diego, CA 287 2.2 118 0.5
Craney Island, VA 132 0.5 125 2.5 Top
P Fuel Depot 156 0.5 116 2.3 Top

o 20 0.4 475 11.9  Middle
.- 9 0.4 830 20.8 Middle
- 20 0.5 326 6.5 Bottom
22 0.3 387 12.9 Bottom

: Pearl Harbor, HI 121 0.3 455 15.2 Top
S NSC 172 0.4 331 8.3 Top

N 49 0.5 438 8.8 Middle
T 58 0.5 380 7.6 Middle
- 54 0.5 662 13.2 Bottom
" 24 0.5 492 9.8 Bottom
<

2y
@ Manchester, WA 616 0.4 268 6.7

. NSC 980 0.3 219 7.3 .
fl- Average value 182 0.6 336 8.4

. Standard deviation 257 0.5 202 52

e % Standard deviation 141 +83 60 +62

e

Ry

;f Toxtglty Toxicity Ph:gol

Y Correlation Dissolved Ph;gol Dissolved

.' 0il 0il
N Factor 0.20 0.73 0.89
{f Test Value - 99.97% 99.97

o

¢

1
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; X Table 14. DAF Sludges; Toxicity - Inorganic
}';) Solids - Organic Solids Relationship
&4
i 'fr_]
Ol Toxicity Inorganic Organic 1
") Location EC5 Solids Solids Comment
'}-}_. (15 ain) (%) 3
oo North Island NAS 60 0.1 0.5
o San Diego, CA 56 0.1 1.8
.a\.
Point Loma NSC 446 0.3 0.4
St San Diego, CA 287 0.5 2.0
:}:‘;‘ Craney Island, VA 132 0.7 1.2 Top
o Fuel Depot 156 0.4 1.4 Top
20 2.8 15.9 Middle
. 9 3.4 19.9 Middle
o 20 3.7 12.2  Bottom
AN 22 3.9 4.0 Bottom
g Pearl Harbor, HI 121 2.1 2.3 Top
S NSC 172 2.2 3.4 Top
: 49 2.3 2.8 Middle
o 58 2.3 1.5  Middle
N 54 3.7 5.6 Bottom
~.:}:. 24 3.9 12.2 Bottom
::;;::j Manchester, WA 616 2.3 1.2
NSC 980 1.8 0.7
e
XN Average value 182 2.0 4.9
.‘;—. Standard deviation 257 1.4 5.9
s % Standard deviation 141 +69 +121
N
‘o Toxicity Toxicity
SO to to
:-:2 Correlation Inorganic Organic ]
'S Solids Solids
w ———————————————
Ry Factor 0.59 0.90 - J
1‘.::.;. Test Value 997 99.9%
ok
N:‘y'.
=
[ 2]
'..j_'-.
‘-L:'.;
YA o
< 46

by »
a

) e

5
-
o

..;_ 1__-’__(‘:)'._. ,-_‘.-. "'\"- e ."‘." s ('x.' e -'_-v‘..q"_ o e
e lel . _..'4. - -~_..( RS {-"_ ¢ v-..h- . ".‘-‘. .
o ate e TN 'A’.ﬂ&ﬁq&mi&@ﬁ;&i‘;ﬁ;‘ “»




L g Mt Nty an gos arel 404 el s o aa B BoA-Saeddl g 2B RE S ala 0 g aus San Bm Shh-SEA AN 4 0e gl i AR AN AR Al Al -k cal aate ol aulh Snd-Bed 2ol g At Sl e A it B a-ui S AL anAr A St A -.w--:q

"Table 15. DAF Sludges; Toxicity - Volatiles

Relationships
Toxicity Volatile
Location EC5 Hydrocarbons Comment
(15 mgn) (ppm)
North Island NAS 60 4.3
San Diego, CA 56 3.2
Pearl Harbor, HI 121 6.1 Top
NSC 172 4.3 Top
49 10.9 Middle
T 58 4.7 Middle
» 54 - Bottom
-~ 24 - Bottom
-
9 N Manchester, WA 616 6.4
) NSC 980 3.1
K
3 I
o Average value 219 5.3
DN Standard deviation 320 2.5
>, % Standard deviation 146 47
Toxicity
Correlation to
Volatiles
Factor 0.31

Test Value -
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- Table 19. 0il Recovery Sludges; Toxicity - Inorganic
S Solids ~ Organic Solids Relationship
; Toxicity Inorganic Organic
Q Location EC5 Solids Solids Comment
: (15 2n) (%) )
Point Loma NSC 31 0.03 3.9
o San Diego, CA 26 0.04 6.9
i Craney Island, VA 13 1.4 4.1
. Fuel Depot 35 2.1 5.1
Pearl Harbor, HI 12 0.1 2.4
- NSC 29 1.3 1.0
{ Manchester, WA 13 0.6 2.8 Off-spec tank
N NSC 6 0.3 0 Of f-spec tank
) 10 0 0 Spec tank
q 11 0 0 Spec tank
a 26 7.3 3.9 Rec. tank 115,
" bottom
. 48 5.3 4,1 Rec. tank 115,
g bottom
- 5 0.8 8.1 Rec tank 116,
top
- 1 0.8 3.7 Rec. tank 116,
. top
N Point Molate, CA 15 0 0.1
~ NSC 27 0 0.1
oy Average value 19 1.3 2.9
< Standard deviation 13 2.1 2.6
N % Standard deviation +68 tl6l +90
s Toxicity Toxicity
AN to to
-2 Correlation Inorganic Organic
ot Solids Solids
‘
Y
q Factor 0.08 0.09
O Test Value - -
TS
[
: 51
q
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Table 20. Oil Recovery Sludges; Toxicity - Volatiles Relationship

Toxicity Volatile
Location E05 Hydrocarbons Comments
(15 m?n) (ppm)
Pearl Harbor, HI 12 21.1
NSC 29 53.0
Manchester, WA 13 53.2 Of f-spec tank
NSC 6 39.4 Off-spec tank
10 128.2 Spec tank
11 68.2 Spec tank
26 - Tank 115, bottom
48 20.4 Tank 115, bottom
Point Molate, CA 15 -
NsC 27 10.5
Average value 20 49
Standard deviation 13 38
% Standard deviation +65 +78
Toxicity
Correlation to
Volatiles
Factor 0.32
Test Value -
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Table 22. O0il Sump Sludges; Toxicity - Free
0il - PAH Relationship

T°Xi°ity Free 0il PAH 2 PAH

Location Comments
(15 %gn) (%) (ppm) in 0il
Point Loma NSC 125 0.8 109 1.3 Ballast water
San Diego, CA 16 10.4 1,163 1.1 Waste oil water
Pearl Harbor, HI 32 8.0 1,535 1.9
NSC 35 7.0 2,023 2.9
Point Molate, CA 91 4.0 656 1.6
NSC 37 1.1 539 4.9
Average value 56 5.2 1,004 2.2
Standard deviation 42 3.8 705 1.4
% Standard deviation *76 75 +70 *65
Toxicity
5 Toxicity PAH to
S Correlation to to PAH Free 0il
O Free 0il
\,‘..":'. ——
S
e Factor 0.80 0.47 0.76
- Test Value 95% 80% 95%

. :\.. ‘1 “ ‘ .: ':‘! )- j
IR I e



e

Ldiaas Aum i aNa 8 as A te 4l 1

L Aast oilas Jand Sakt B - el Bt G~ ol

L

Y

= A e A ad e~ b ud

+SUOTIETNOTED 9TqEIT31 aEew 03 MO 03 [0 PIATOSSTP JO UOFIBIJUIDUO],

- - anyep 31§91
010 L1°0 103084
170
Touayd
03 vw>~mmman UoT3ILTI110)
KAT1oTX0], £379TX0L
~- 99% Q11+ 9.% UOTIBTASP pIEpUBIS I
- 18¢ 1°1 44 UOFIBTA3P piepuels
- %A 0°1 g6 anyea adeiaay
0ce 1°0> LE JSK
z 6S% 1°0 16 VD ‘?3eToy uyod
'
1At €19 $'0 Gt . OSN
1°L1 LS8 S*0 Z¢ IH ‘xoqaeyq Taedd
133eM 23119 £°0 9¢ 1°e T4 VD ‘o8a1Q ues
13jem TIO aiseM 6°0 9¢¢ L 91 OSN ewmo] Jutod
170 0
%) (ugu S1)
sjuaumo) pPaATOSSTA MMMav 170 mmom uoT3e20]
ut Tousud paatossId A3yoFx0]
Touauyd 7

sdyysuotlie(ay Iouayd - 110
paAnTossTqQ - A31d¥x0]l ¢sadpnts dung TTO

*¢Z °1qEL

“

~
-
i

oaA AR aln A

L

55

ﬁ»«'\!q\.A .l\.ﬂ Ay Ry I‘
S A
AT e



Table 24. 0il Sump Sludges; Toxicity - Inorganic
Solids - Organic Solids

Toxicity 1lnorganic Organic

Location EC5 Solids Solids Comments
(15 ain) (2) )
Point Loma NSC 125 0.1 0.2 Bilge water
San Diego, CA 16 0.9 0.3 Waste oi1l water
Pearl Harbor, HI 32 25.0 10.5
NSC 35 12.9 16.8
Point Molate, CA 91 1.1 0.1
NSC 37 2.6 1.0
Average value 56 7.1 4.8
Standard deviation 42 10.0 7.1
% Standard deviation +76 +141 +148
Toxicity Toxicity
Correlation to . to'
Inorganic Organic
Solids Solids
Factor 0.09 0.07
Test Value - -
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Table 25. Sump Sludges; Toxicity - Volatiles

Toxicity Volatiles
Location ECS Hydrocarbons
(15 23n) (ppm)
Pearl Harbor, HI 32 55.8
NSC 35 6.6
Point Molate, CA 91 41.0
NSC 37 11.1
Average value 49 29
Standard deviation 28 24
7 Standard deviation 57 +83 i
Toxicity
Correlation to
Volatiles
Factor Negative
Test Value -
.
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- Table 27. Dewatered Sludges; Toxicity - Free
0il - PAH Relationship

Toxicity p..e 0il PAH % PAH

- Location EC < X . Comments

: (15 %gn) &3] (ppm) in 0il

f Drying Beds

- s North Island NAS 40 27.8 9,623 3.5 Drying bed #1

0 San Diego, CA 63 25.4 5,539 2.2 Drying bed #1

- 35 16.2 5,921 3.7 Drying bed #2

o 59 9.0 2,263 2.5 Drying bed #2

i Mayport, FL 170 5.7 1,147 2.0 Inlet lagoon #1
- Naval Station 47 12.1 3,911 3.2 Inlet lagoon #1
W 39 9.6 4,963 5.2 Opposite side

{ lagoon #1

b 28 7.9 5,170 6.5 Opposite side

L) lagoon {1

- 24 5.6 2,618 4.7 Lagoon #2 middle
¥ 19 6.2 3,964 6.4 Lagoon #2 middle
7 Sludge Presses

Manchester, WA 16 2.4 336 1.4 Pressed cake

, NSC 18 2.2 492 2.2 Pressed cake
fﬁ Average value 46 10.8 3,829 3.6
Tj Standard deviation 42 8.3 2,670 1.7

. % Standard deviation 391 75 +70 48
C

- Toxicity .
= Correlation to T:zi;;ﬁy Fiiz 821
o Free 0il

- Factor Negative 0.35 0.86

. Test Value - - 997
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Table 29. Dewatered Sludges; Toxicity - Organic
Solids - Inorganic Solids
Toxicity Inorganic Organic
Location EC5 Solids Solids Comments
(15 2in) %) (%)
North Island NAS 40 20.9 18.9 Drying bed #1
San Diego, CA 63 26.5 22.8 Drying bed #1
35 1.5 4,5 Drying bed #2
59 0.7 1.2 Drying bed #2
Mayport, FL 170 19.4 11.9 Lagoon #1 inlet
Naval Station 47 17.6 11.5 Lagoon #1 inlet
39 8.3 11.8 Lagoon #1 opposite
side
28 12,6 13.2  Lagoon #1 opposite
side
24 10.1 7.3 Lagoon #2 middle
19 9.9 6.3 Lagoon #2 middle
Manchester, WA 16 15.1 6.4 Sludge press
NSC 18 14.0 6.5 Sludge press
Average value 46 13.0 10.2
Standard deviation 42 7.6 6.1
% Standard deviation 91 +58 +60
Toxicity Toxicity
Correlation to . to.
Inorganic Organic
Solids Solids
Factor Megative Negative
Test Value - -
61
e A I N S o




Table 30.

Dewatered Sludges; Toxicity -~ Volatiles

Relationship
Toxicity Volatile
Location EC Hydrocarbons Comment
50
(15 iin) (ppm)
North Island NAS 40 4.1 Drying bed #1
San Diego, CA 63 4.6 Drying bed #1
35 4.4 Drying bed #2
59 4.9 Drying bed #2
Manchester, WA 16 9.1 Sludge press
NSC 18 7.0 Sludge press
Average value 40 5.7
Standard deviation 20 2.0
% Standard deviation 50 %35
Toxicity
Correlation to
Volatiles
Factor Negative

Test Value
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b Table 32. API and Coalescer Sludges;
Eo Toxicity - Free 0il - PAH
T Relationships
n““-‘
P
~ .:-'_;. Toxicity v
o Location EC5 Frcz;)Oil (PAQ) /inpglji_l Comments
oy (15 mgn) ° PP
)
LA S Pearl Harbor, HI 65 1.5 206 1.3 API #1 inlet
NN NSC 91 1.8 208 1.2 APl #1 inlet
oy 69 0.9 135 1.5 API #1 outlet
s 72 .8 212 2.7 API #1 outlet
N 63 1.1 247 2.2 API #2 inlet

67 1.6 411 2.5 API #2 inlet
‘E‘_'::i‘ Point Molate, CA 370 0.9 108 1.2 Coalescer
b NSC 75 0.9 262 2.9 Coalescer
R
::. Average value 109 1.2 224 1.9
o Standard deviation 106 0.4 92 0.7
E % Standard deviation +97 +32 42 +38
.-_(.'
b2
\\:-'
::"::: Toxicity
Ll -

Correlation to Toxicity PAH t(,’
R to PAH Free 0il

Sk Free 0il
~f Factor 0.14 0.54 0.45
R Test Value —-- 90% 80%
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Cﬂi Table 34, API and Coalescer Sludges; Toxicity - Inorganic
o= Solids - Organic Solids Relationship
;}j Toxicity Inorganic Organic
ok Location 5 Solids Solids Comment
o (15 Bin) (%) (%)
N
v Pearl Harbor, HI 65 3.6 4.7 API #1 inlet
g NSC 91 3.5 7.2 API #1 inlet
:~:: 69 2.9 1.4 API #1 outlet
o 72 2.7 1.8 AP1 #1 outlet
o 63 3.1 3.5  API #2 outlet
67 4.3 1.6  API #2 outlet
aand Point Molate, CA 370 0.1 0.1 Coalescer
. NSC 75 0.1 0.3 Coalescer
“r
X Average value 109 2.5 2.6
‘Y Standard deviation 106 1.6 2.4
° % Standard deviation +97 *63 93
e Toxicity Toxicity
o Correlation to to.
Inorganic Organic
Solids Solids
o Factor 0.64 0.26
o Test Value 907% -
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1585 Table 35. API and Coalescer Sludges;
b Toxicity - Volatiles
3 Relationship
;%2 Toxicity Volatile
o Location EC, Hydrocarbons Comment
- (15 23n) (ppm)
)
o Pearl Harbor, HI 65 5.9 AP1 #1 inlet
- NSC 91 14.1 API #1 inlet
s 69 7.9 API #1 outlet
K- 72 3.1 API #1 outlet
e 63 11.5 API #2 inlet
67 11.8 AP1 #2 inlet
g
AN Point Molate, CA 370 - Coalescer
el NSC 75 - Coalescer
LR
e
:yg. Average value 109 9.3
® Standard deviation 106 3.8
KK % Standard deviation +97 *40
X
:E:E
P o .
e Toxicity
Correlation to
. Volatiles
N
e Factor Negative
{k{ Test Value -
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Table 37. Impound Sludges; Toxicity - Free
0il - PAH Relationship

Toxicity piee 011 PAH % PAH

Location EC o Comments
(15 agn) (%) (ppm) in 0il
Mayport, FL 107 0.4 52 1.3 Inlet
Naval Station 73 1.1 377 3.4 1Inlet
Settling pond 47 0.8 158 2.0 Outlet
90 1.1 158 1.4 Outlet
Pearl Harbor, HI 14 30.1 10,134 3.4 Top layer
NSC 14 24.0 10,125 4,2 Top layer
Stilling basin 149 G.5 158 3.2 Bottom layer
323 0.6 175 2.9 Bottom layer
Average value 102 7.3 2,667 2.7
Standard deviation 100 12.3 4,607 1.0
% Standard deviation +98 +168 +173 +39
Toxicity .
Correlation to szi;;;y FPAH 891
Free 0il ° ree U1
Factor 0.98 0.98 0.99
Test Value 99,9% 99.97% 99.9%
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R Table 38. Impound Sludges; Toxicity - Dissolved
YOAC 0il - Phenol Relationship
il .
=T Toxicity Dissolved - Phenol
Phenol in
Location EC50 0il (ppm)  Dissolved Comments
(15 @in) (%) PP
1 Oil
) Mayport, FL 107 1.2 508 4.2 Inlet
-~ NS 73 1.2 177 1.5 Inlet
) Leaching pond 47 3.0 146 0.5 Outlet
e 90 1.1 153 1.4 Outlet
Wy
'~ Pearl Harbor, HI 14 0.7 10,191 2 Top
. NSC 14 0.5 8,836 a Top
oo Stilling basin 149 0.1 1,327 a Bottom
S 323 0.1 1,094 Bottom
S
*:';:: Average value 102 1.0 2,805 -
LN Standard deviation 100 0.9 4,182 -
L % Standard deviation  *98 +90 £149 -
il
o
~e
%
>y
'\»J,‘. i
\'- I
‘ Toxigity Toxicity '
4‘:‘-"; Correlation Dissolved to
" - Phenol
o 0il
g Factor Negative 0.96
. Test Value - 99.9%
24
W,
n’."‘_
L 8Concentration of dissolved oil too low for reliable calculation.
s
= ‘
[~ i
Lo !
53 '
-f::-“
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Table 39. Impound Sludges; Toxicity - Inorganic
Solids - Organic Solids Relationship

Toxicity Inorganic Organic
Location E05 Solids Solids Comments
(15 fin) (%) (%)
Mayport, FL 107 13.6 10.7 Inlet
NS 73 7.2 4,2 Inlet
Leaching Pond 47 20.9 10.5 Outlet
90 21.7 4.9 Outlet
Pearl Harbor, HI 14 2.3 1.3 Top
NSC 14 2.3 1.4 Top
Stilling basin 149 0.2 1.4 Bottom
323 0.5 1.6 Bottom
Average value 102 8.6 4.3
Standard deviation 100 9.0 4.2
% Standard deviation *+98 *+105 +97
Toxicity Toxicity
Correlation to . to
Inorganic Organic
Solids Solids
Factor Negative Negative
Test Value - -
Table 40. Impound Sludges; Toxicity - Volatiles
Relationship
Toxicity Volatile
Location EC5 Hydrocarbons Conments
(15 mgn) (ppm)
Pearl Harbor, HI 14 3.8 Top
NSC 14 5.9 Top
149 50.8 Bottom
323 41.9 Bottom
Average value 125 26
Standard deviation 147 24

...4 % Standard deviation +118 92
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Table 42. Fuel Tanks and Waste Barge Sludges;
Toxicity - Free 0il - PAH Relationship

Toxicity o .e 0il PAH % PAH

Location EC . X Comments
(15 %gn) (%) (ppm) in 0il
Fuel Tanks
Peari Harbor, HI a 17.3 6,349 3.6 Tank 11
NSC a 12.6 3,257 2.6 Tank 1l
48 79.8 41,160 5.2 Tank 13
44 84.2 37,147 4.4 Tank 13
Average value 46 48.5 21,978 4.0
Standard deviation - 38.8 19,940 1.0
% Standard deviation —_ +80 +90 28
. PAH to
Correlation Free 0il
Factor 0.99
Test Value 99%
Waste Barges
32nd Street 39 11.6 1,100 0.9 SWOB barge
Naval Station 29 1.8 54 0.3 SWOB barge
San Diego, CA 28 96.2 2,932 0.5 Top of DONUT
Average value 32 36.5 2,029 0.6

aNot determined.




N Table 43. Fuel Tanks and Waste Barge Sludges;
N Toxicity - Dissolved 0il ~ Phenol
Relationship
% Phenol
Location Toxicity DiSS9lved Phenol in Comments
ECS 0il (ppm) Dissolved
(15 fin) (%) PP : *
0il
Fuel Tanks )
Pearl Harbor, HI 2 2.0 1,608 8.0  Tank 11
NSC 2.5 1,527 6.1 Tank 11
48 0.3 716 23.8 Tank 13
44 0.2 541 27.1 Tank 13
Average value 46 1.3 1,098 16.2
Standard deviation - 1.2 548 10.7
% Standard deviation - +92 50 *66
f Waste Barges
r 32nd Street 39 1.6 1,580 9.9 SWOB barge
N Naval Station 29 3.0 3,576 11.9 SWOB barge
San Diego, CA 28 1.3 0 0 Top of DONUT
n Average value 32 2.0 1,719 7.3
::-:t:.
-
fﬁfﬁ #Not determined.
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Table 44. Fuel Tank and Waste Barge Sludges;
Toxicity - Inorganic Solids - Organic
Solids Relationship
Toxicity Inorganic
Location EC5 Solids Comment
(15 in) (%)
Fuel Tanks
Pearl Harbor, HI : 0.6 Tank 11
NSC 0.3 Tank 11
48 0.5 Tank 13
44 0.5 Tank 13
Average value 46 0.5
Standard deviation - 0.1
% Standard deviation - *+20
Waste Barges
32nd Street 39 9.7 SWOB barge
Naval Station 29 1.2 SWOB barge
San Diego, CA 28 0 DONUT Top
Average value 32 3.6
%Not determined.
Table 45, Fuel Tank Toxicity - Volatiles
Relationship
Toxicity
Location EC50 Hydrocarbons
(15 @min)
Pearl Harbor, HI 48
NSC 44
Average value 46
75
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-\ Table 46. Fuel Tanks and Barge Sludges;
{f Toxicity - Heavy Metals
? Relationship
% Toxicity Conc?ntiitlon
- Location ECSQ PP Comments
(15 ™) ¢4 ¢r cu Pb Ni Zn Total
fﬁ Fuel Tanks
- Pearl Harbor, HI 2 o 0 0 0 0 0 0 Tank 11
- NSC @ 0 0 0 0 0 © 0 Tank 11
48 0 0 0 6 O 7 13 Tank 13
- 44 0 0 12 11 o0 0 23 Tank 13
::: Average value 46 0 0 3 4 0 2 9
L Waste Barges
e,
. 32nd Street 39 6 1 423 8 29 991 1,458 SWOB barge
S Naval Station 29 2 11 85 15 8 36 157 SWOB barge
- San Diego, CA 28 0 1 4 0 o0 19 24 Top DONUT
Average value 32 3 4 171 8 12 349 546
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Table 47. Federal Regulations for Drinking Water and Hazardous Waste

Maximum Concentration Limits

Substance Drinking Razardous
Water Waste a
(mg/1) (EP Toxicity)
(mg/1)
Arsenic 0.05 5.0
Barium 1.0 100.0
Cadmium 0.010 1.0
Chromium 0.05 5.0
Lead 0.05 5.0
Mercury 0.002 0.2
Nitrate (as N03) 45 _
Selenium 0.01 1.0
Silver 0.05 5.0
Endrin 0.002 0.02
Lindane 0.004 0.40
Methoxychlor 0.1 10.0
Toxaphene 0.005 0.5
2,4,D 0.1 10.¢C
2,4,5~-TP (Silvex) 0.1 1.0
Fluoride (Temp. dependent) (1.4-2,4) -
Combined Radium 226 and 228 5pCi/L -
Gross Alpha particle activity 15pCi/L -

Tritium
Strontium 90

Gross Beta particle activity

20,000 pCi/L
8 pCi/L

50 pCi/L

8EP = Extraction procedure.
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S Table 52. Volatiles in Oily Sludges

;fﬁ Source of 1ogécity Volatiles Correlation
Ii:; Sludge (15 %gn) (ppm) Factor
& —

: 0il recovery 20 49 0.32
fﬁ? cookers

{:j Gravity separator 25 49 0.39
D& interface

T

vy Fuel tanks 46 97 -
fn; Dewatered sludge 40 6 negative
f:’,-

xﬁ 0il sumps 49 29 negative
Pt Gravity separator 38 42 0.51
’ bottoms

fﬁi Impounds of oily 125 26 -
R wastewaters
;gn API - Coalescer 109 9 negative
_ separators
x-’:
O DAF separators 219 5 0.31
S35

o Average 74 35

o NOTE: Smaller number of samples were analyzed for volatiles.
ﬂ{i Toxicity values refer to samples analyzed.
[
s

e’

¢

el

A

o
=
.'::.'

[ 2

(N

Y
5O
RN

S 82
28

o

B &




J o W ha bt AT RS AT T by o T.'!'.“T‘.ﬁ':T

¢ Low water content
V) \
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L Transfer ~40 mi into

~. - Toxicological analysis weighed 50 ml beaker
Microtox

TN

Place filter and

in weighed crﬂ

——— e g e e ]

Little or no phase ® Freon (200 ml) and

methanol (50 ml)
washings

separaton

Low

e Vacuum filtration

(o
/ U ltrasonation Water ”
\ So g saph 1S oun content {

Pronounced phase
wparltion

<
‘ ‘-..‘-\.. |
Chemeal analyas

Transfer 250 m
( ) xas chromatography into volumetric
~

Transfer solutic
separatory funad

/ Weigh filter

paper
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Place filter and residue
i weighed cruaible

=

® Drying oven 110°%C
(1 hour)

9 A e W .y

Total suspended
sohids

Suspended
inorganic solids

Total

® (ool in dessicator at
room telnpcrz(urt

* 5 mi ahiquot

" eChenucal analysis HPLC

* Transfer methanol fraction

\\

® 250 ml weighed heaker

/ Transfer solutic  to

separatory funici

—_—

® 250 ml weighed heaker

® Transfer Freon fraction

® Place on hot plate (low)
e Reduce volume to 50 mi

——— 5 mlaliquot — g

liagram:
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A physical characterization.

® Place on hot plate (medium)
® Reduce volume near to dryness

&

e

suspended scf

Ash sample

= » -~ Inorganic o§
and cool

solids

'8000(3, 1 hour

= Organic su+
-
solids

Water soluhle

petroleum
overnight

overnight

" eChemical analysis HPLC - |
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Figure 4. Bacon bomb sampler.

Figure 5. Sediment grab sampler.

<. N S

LS. T e M
R . R S AR L
" '\-" AR o e e .." R Y A\ v '-"-1
SN WL LY. . U WS - VSO SRR U W SN S O Y



r e
AR

« 2

)
"
S

LA

I
u'-?

19

2 20 g Su 2N
X

v 4
S L

L,
a

5]
rold
S,

K|
1
Tl

el
SN

NS A e
G @y

AR Cad . ull el tait Sl S8 Sad ek dak faf Sabh Pall dait Sk Salk Ak Sak Sl dabhath i A b St b S b Al i A A\ ELA A 0C B A AL Bt A A B A A AL MR RS w-zw—v'wrrj

Figure 6.

Figure 7. Sample shipping/preservation container.

Hand-operated bellows pump.
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DISTRIBUTION LIST

AFESC AFESC/TST. Tyndall AFB. FL.

ARMY-BELVOIR R&D CTR STRBE-BLORE. Ft Belvoir. VA

ARMY CORPS OF ENGINEERS Scattle Dist. Library. Scattle, WA

ARMY ENVIRON. HYGIENE AGCY HSE-RP-HG/Pest Coord, Arberdeen Praving Ground. MD:
HSHB-EW. Water Qual Engrg Div. Aberdeen Proving Ground. MD

ARMY-BELVOIR R&D CTR STRBE-WC. Ft. Belvoir, VA

CBC Code 10. Davisville. RI: Dir. CESO. Port Hueneme. CA: Library, Davisvitle. RL: PWO (Code 80). Pant
Hueneme, CA: Tech Library, Gulfport. M$

CINCUSNAVEUR London. England

CNO Code NOP-964, Washington DC

COMFAIRMED SCE (Code N3S). naples. Taly

COMNAVMARIANAS CO. Guam

DOD Staff Spee. Chem. Tech. Washington DC

DTIC Alexandria. VA

DTNSRDC Code 42, Bethesda MD: Code 522 (Library). Annapolis MD

ENVIRONMENTAL PROTECTION AGENCY Reg. I Library. Philadelphia PA: Reg. VI SM-ASL
Denver CO

FCTC LANT. PWO. Virginia Bch. VA

GIDEP OIC. Coraona. CA

LIBRARY OF CONGRESS Washington. DC (Scicnces & Tech Div)

MCAS PWO. Kancohe Bay. HI

NAS Code 182, Bermuda: Code 18700, Brunswick. ME: Code 70, Adanta. Manctta GA: Code 8E. Patuxent
Riv.. MD: Dircctor, Engrg. Div: Engr Dept. PWD. Adak, AK: Engrg Dir. PWD. Corpus Christi. TX: Fac
Plan Br Mgr (Code [83). NI, San Dicgo. CA: PWO. Cucit Field. FL: PWO. Key West. FL: PWO. Occana.
Virginia Beach., VAL PWO. South Weymouth. MA: SCE Norfolk. VA: SCE. Barbers Point. HI

NATL RESEARCH COUNCIL Naval Studies Board, Washington DC

NAVAIRDEVCEN Code 832, Warminster, PA

NAVAIRENGCEN PWOQ. Lakchurst. NJ

NAVCOASTSYSCEN PWO. Panama City, FL: Tech Library. Panama Citv, FL

NAVCOMMSTA Code $01. Nea Makri. Greeee

NAVEDTRAPRODEVCEN Technical Library. Pensacola. FL

NAVFACENGCOM CO. Alexandria. VA: Code 03, Alexandria, VA: Code 03T (Essoglou). Alexandria, VA:
Code MM, Alexandria. VA: Code 09MI124 (Tech Lib), Alexandria. VAL Code 1113, Alexandria. VA

NAVFACENGCOM - CHES DIV. Code 406C. Washington. DC: Library. Washington. D.C.

NAVFACENGCOM - LANT DIV. Br Ofc. Dir. Naples. Ttaly: Code 1112, Norfolk. VA: Code 493, Norfolk,
VA: Library. Norfolk., VA

NAVFACENGCOM - NORTH DIV. (Borcetsky) Philadelphia. PA: CO. Phita. PA: Code (4AL. Philadelphia
PA: Code tit. Phila. PA: Code 114, Phila. PA

NAVFACENGCOM - PAC DIV. Code 09P. Pearl Harbor. HI: Code 402, RDT&E. Pearl Harbor HI: Library,
Pearl Harbor, HI

NAVFACENGCOM - SOUTH DIV. Code 1112, Charleston. SC: Code 406 Charleston, SC: Library.
Charleston, SC

NAVFACENGCOM - WEST DIV. 09P.20, San Bruno. CA: Br Oftc. Code 1H14C, San Dicgo. CA: Code 04B.
San Bruno. CA: Code 405, San Bruno. CA: Library, San Bruno. CA: RDT&E LnO. San Bruno. CA

NAVMEDCOM SWREG. Code 29, San Dicgo. CA

NAVPETOFF Code 30. Alexandria VA

NAVPHIBASE PWO Norfolk, VA

NAVSEASYSCOM Code 06H4. Washington. DC

NAVSHIPYD Code 202.5 (Library). Bremerton. WAL Code 380, Portsmouth, VA: Code 440, Bremerton, WA:
Code 440, Bremerton, WAL Code 457 (Maint. Supr.) Mare Island. Vallejo CA: Code 903, Long Beach, CA:
Dir. Maint Control. PWD. Long Beach. CA: Dir. PWD (Code 420). Portsmouth. VA: PWD, Long Beach.
CA: PWO. Bremerton, WA PWO. Mare Island. Vallejo. CA: SCE. Peart Harbor. HI

NAVSTA A. Sugihara. Pearl Harbor, HI: PWO. Keflavik Tecland: PWO. Mavport FL

NAVSURFWPNCEN Code E211 (C. Rouse) Dahlgren. VA

NAVWARCOL Fac Coord (Code 24). Newport. Rl

NAVWPNSTA PWO (Code (9B), Colts Neck. NJ: PWO. Charleston, SC

NAVWPNSTA PWO. Yorktown., VA

NETC Code 42, Newport, RI: PWO, Newport. Rl

NOAA Library Rockville, MD

NSC Cheatham Annex. PWO. Williamsburg, VA: Code 54.1 Norfolk. VA: SCE Norfolk. VA: SCE. Charleston,

At $C
{\':".': NUSC DET Code EAI23 (R.S. Munn). New London, CT
- PWC Code 10, Oakland. CA: Code 101 (Library). Oukiand. CA: Code 123-C. San Dicga. CA: Code 200,

Guam. Mariana Islands: Code 30V, Norfolk. VA: Code 400, San Dicgo, CA: Code 420, Great Lakes, 11;
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Code 422, San Dicgo. CA: Code 423, San Dicgo. CA: Code 438 (Aresto). San Dicgo, CA: Code 614, San
Dicgo. CA; Code 700, San Dicgo. CA: Library (Code 134). Pearl Harbor. HY: Library, Guam. Mariana
Islands: Library. Norfolk. VA: Library. Pensacola, FL: Library, Yokosuka JA: Teeh Library. Subic Bayv. RP

SUPSHIP Tech Library. Newport News, VA

U.S. MERCHANT MARINE ACADEMY Kings Point. NY (Reprint Custodian)

USCG Library Hys Washington, DC

USCG R&D CENTER Library New London, CT

CORNELL UNIVERSITY Ithaca NY (Scrials Dept. Engr Lib.)

DAMES & MOORE LIBRARY Los Angeles. CA

HARVARD UNIV. Dept. of Architecture. Dr. Kim. Cambridge. MA

LEHIGH UNIVERSITY Bethlchem PA (Linderman Lib. No. 30, Flecksteiner)

MIT Cambridge MA: Cambridge MA (Rm 10-500. Tech. Reports. Engr. Lib.)

NY CITY COMMUNITY COLLEGE Library. Brooklvn, NY

PORT SAN DIEGO Port Fac Port Engr. San Dicgo. CA

UNIVERSITY OF ILLINOIS Library, Urbana. IL: Mctz Ret Rm. Urbana (1.

VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library)

BRITISH EMBASSY M A Wilkins (Sci & Tech Dept) Washington, DC

LINDA HALL LIBRARY Doc Dept. Kansas City, MO

97

e AN AT LT N T T e
e N e



DAl ea fanates -t Sruiei St Ja apun an it ie* SIS ML il ARSI N T L W T R T G e b SR A B N MRt s P, f

INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of
the mailing label has several numbers listed. These numbers correspond to numbers assigned to the list of
Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and
type of documents you are presently receiving. If you are satisfied, throw this card away (or file it for later
reference).

If you want to change what you are presently receiving:
® Delete — mark off number on bottom of label.
® Add — circle number on list.
® Remove my name from all your lists — check box on list.
® Change my address — line out incorrect line and write in correction (ATTACH MAILING LABEL).
® Number of copies should be entered after the title of the subject categories you select.

Fold on line below and drop in the mail.

Note: Numbers on iabel but not listed on questionnaire are for NCE L use only, please ignore them.

Fold on line and staple.

DEPARTMENT OF THE NAVY

POSTAGE AND FEES PAID

NAVAL CtVIL ENGINEERING LABORATORY DEPARTMENT OF THE NAVY jl
PORT HUENEME, CALIFORNIA 93043 DOD-31¢ MANR
[ ]

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300
1 IND-NCEL.2700/4 (REV. 12-73)

0030-LL-L.70-0044

Commanding Officer

Code L14

Naval Civil Engineering Laboratory
Port Hueneme, California 93043
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DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES

1 SHORE PACILITIES

2 Construction methods and materials lincluding corrosion
control, coatings)

3 Waterfront structures ( Ideteri control}

4 Utilities (including ditioning}

§ Explosives sefety

@ Construction equip and hinery

7 Fire prevention and control

8 Antenna technology

9 Structural snalysis and design (including numaerical and

computer techniques)
10 Protective construction (including hardened shelters,
shock and vibration studies)
11 Soil/rock mechanics
13 BEQ
14 Airfieids and psvements
13 ADVANCED BASE AND AMPHIBIOUS FACILITIES
16 Base facilities {including sheiters, power generstion, water supplies)
17 Expedient roads/sirtislds/bridges
18 Amphibi perations (includi
19 Over-the-Beach operati (i e
materiel transfer, lighterage and cranes)
23 POL storage, transfer snd distribution
24 POLAR ENGINEERING
24 Same a8 Adh d Bese and Amphibi Facilities,
except limited to cold-region environments

breah s, wave forces)

v
Foacki

TYPES OF DOCUMENTS
83 Techdac Sheets 86 Technical Reports and Technical Notes
83 Tabie of Consents & Index to TDS

28 ENERGY/POWER GENERATION

29 Thermatl conservation (thermal enginesring of buildings, HVAC
systems, energy 0ss Messurement, pOwer generstion)

30 Controls and electrical conservation (slectrical systems,
energy monitoring and control systems)

31 Fuel flexibility {liquid fueis, cosl utilizetion, energy
from solid waste)

o "

32 Alternate snergy (ge power, p
power sy solar sy wind sy , SNErgy storage
systems)

33 Site data and systems integration (snergy resource data, energy
consumption datas, integrating energy systems)

34 ENVIRONMENTAL PROTECTION

35 Solid waste management

36 Hazerdous/toxic materials management

37 Wastewater management and sanitary enginesring

38 Oil potlution removal and recovery

39 Air poliution

40 Noise shatement

44 OCEAN ENGINEERING

45 Seafl soils and f dati

48 Seafioor construction systems and operations {including
diver and manipulstor toois}

47 Undersea structures and materisis

48 Anchors snd moorings

49 Underses power sy
and connectors

50 Pressure vessel facilities

51 Physical environment (including site surveying)

52 Ocean-based concrete structures

53 Hyperbaric chambaers

54 Undesrses cable dynamics

1 cablas

82 NCEL Guide & Updates
91 Physical Security

) None-
remove my name
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DEPARTMENT OF THE NAVY
= - POSTAGE AND FEES PAID
:-, NAVAL CiVi{. ENGINEERING LABORATORY DEPARTMENT OF THE NAVY ’

- PORT HUENEME. CALIFORNIA 93043-5003 50D.s1e S MAIL
y R

OFFICIAL BUSINESS

» PENALTY FOR PRIVATE USE. $300
. 1 IND-NCEL.2700/4 (REV. 12.79)

- 0030-LL-L.70-0044
3
Commanding Officer 2

Code L14
Naval Civil Engineering Laboratory
Port Hueneme, California 93043-5003
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