REUSE OF WASTE OLL AT ARMY INSTALLATIONS(U)
CONSTRUCTION ENGINEERING RESEARCH LAB (ARMY) CHAMPAIGN
IL L C CHICOINE ET AL. SEP 82 CERL-TR-N-135
UNCLASSIFIED F/G 131/8

AD-A123 097




““‘ | O o \FU%;? iz
= :

S

L

e

22 s e




— =

United States Army

construction

engineering RER o o Eronees
research TECHNICAL REPORT N-135
|ab0|’atory Huzu:dous/’l‘ox?cea‘t:.;‘: z:):\??oi

REUSE OF WASTE OIL AT ARMY INSTALLATIONS

T
o,
-
an
AN
r—
<
din
<

by

L. C. Chicoine

G. L. Gerdes

B. A. Donahue

\ .\ / 4
E=Rl

~ -
—

Vo s !
AR sy, TR B . N
Y e i* [ : Approved for public release- cistribution unlimited.

,/




The contents of this report are not to be used tor advertising, pubhcation, o1
promotional purposes. Citation of trade names does not constitute an
official indorsement or approval of the use of such commercial products.
The findings of this report are not to be construcd as an official Department
of the Army position, unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN IT IS NO | ONGER NEEDED
DO NOT RETURN IT TO THE ORIGINATOR




UNCLASSLFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
READ INSTRUCTIONS
REPORT DOCUMENTAT'ON PAGE BEFORE COMPLETING FORM
T. REPORT NUMB*=R 2. GOVT ACCESSION NO.| 3. RECIFIENT'S CATA. DG NUMBER
CERL~TR=N~-135 , /}0’ 4143 ¢ 77 ] !
4. TITLE (and Subtitle) . TYPE OF REPCRT & F‘ER\” L - ‘,,.FNE' \ !
)
REUSE OF WASTE OIL AT ARMY INSTALLATIONS FINAL !
4
6. PERFORMING ORG. REPORT « ;mBEn |
!
7. AUTHOR(s) B CONTRACT "R GRANT NUMBER- . ©
LAC. Chicoine
G. L. Gerdes
B. A. Donahue L o
9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGRAM ELTMENT SRIJECT YAk
U q ARm‘ AREA & WORNK INIT NUMBERS .
CONSTRUCTION ENGINEERING RESEARCH LABORATORY LATOZ2 T 2UARUA g
P.0. BOX 4005, CHAMPAIGN, IL 61820
* 1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE T -
September 1980 :
13 NUWMBER OF 7 &5L< T
43 '
T4, MONITORING AGENCY NAME 8 ADDRESS(If different from Controlling Office) | 15. SECURITY CLASS +f rhis report
§
Unclassifice |
T5a DECLASSIFICATION DOWNGRADING
SCHEDULE
16. DISTRIBUTION STATEMENT (of this Report) -
Approved tor public release; distribution unlimited.
17. DISTRIBUTION STATEMENT (of the abstract entered /n Block 20, if different from Report) T T T
]
e e e e,
18. SUPPLEMENTARY NOTES
Copies are obtainable from the National Technical Informition Scrvi o :
Springfield, VA 22151 !
-
19. KEY WORDS (Continue on reverse side {f necessary and tdantity by block number) e
waste recycling z
oil wastes |
1
A 1
20. ABSTRACT (yvnu-»n revecrse side M neceesary and ldentily by block number) R —
Typical Army installations produce large amounts of waste ol up to 250 V0U gl
annually. In response to the growing need for energy conservation, Army polics reguiies
that these installations reuse oil whenever possible. The objective of this reporr 10 o
analyze the economics of waste oil reuse. and to examine the environmental aspects of
used oil management.

EDITION OF ! %0V 68 13 OBDSOLETE
D0 3% 1473 ' UNCIASSTFLED

Sk uRHV CLASSIFICATION OF THIS P AGE When Data Enteren.

‘ B M




UNCLASSLFILED
SECURITY CLASSIFICATION OF THiS PAGE(When Data Entered)

RLOCK 20, (CONTINUED)

Regulatory requirements dealing with waste oil reuse were reviewed, and personnel
with Army agencies, the General Accounting Office, the Environmental Protection
Agency, State agencies, and private industry were interviewed. Waste oil from three Army
installations was analyzed.

Three options for reusing waste oil were assessed: selling the oil to a re-refinery.
burning it as a boiler tuel, and recycling 1t in a closed loop agreement with a re-rehiner.
The closed loop recycling option appears to be most economical.

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

[PEPIEN




FOREWORD

This report was prepared for the Directorate of Military Programs, Office of the Chief

of Engineers (OCE), under Project 4A762720A896. “Environmental Quality for Con-
struction and Operation of Military Facilities™; Task Area A. “Installation Environmental
Management Strategy™: Work Unit 032, “Hazardous/Toxic Waste Control.” The research
was performed by the Environmental Division (EN) of the U.S. Army Construction
Engineering Research Laboratory (CERL). Principal Investigator was Mr. B. A. Donahue.
The OCE technical monitors were Mr. R. Newsome and Mr. F. Bizzoco. Dr. R. K. Juin
is Chiet of EN.

Special acknowledgement is given to Dr. R. Vogel. coordinator of the chemical anal-
ysis, and Mr. A. Miekowski, chemist. for their work in the oil characterization.

COL Louis J. Circeo is Commander and Director of CERL. and Dr. L. R. Shaffer is
Technical Director.
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REUSE OF WASTE OIL AT
ARMY INSTALLATIONS

1 INTRODUCTION

Background

Typical Army installations produce large amounts
of waste oil-up to 250,000 gal annually. Recent
emphasis on energy conservation and regulations
concerning hazardous wastes have caused the Army
to consider reusing its waste oil.'! The Office of the
Chief of Engineers (OCE) asked the US. Army Con-
struction Engineering Research Laboratory (CERL) to
assess waste oil handling and reuse for Directorate of
Facility Engineers (DFAE) and Defense Property
Disposal Office (DPDQ) personnel.

Objective

The objectives of this research were: (1) to analyze
the economics of waste oil reuse, and (2) to examine
the environmental aspects of used oil management.

Approach

The state of the art of waste oil management was
surveyed through a literature search and contacts
with personnel at various Governmental and private
agencies. Representatives from Army commands.
Army installations, the General Accounting Office
(GAQ), the US. Environmental Protection Agency
(EPA), State agencies, and re-refiners were inter-
viewed. Waste oil samples from three instaliations
were analyzed to see how the characteristics of Army
waste oil affect reuse options (Chapters 2 and 3).

From this information, CERL assessed the three
handling and reuse alternatives that are most appro-
priate for the Army: (1) selling the oil to a re-refinery,
(3) burning it as a boiler fuel, and (3) recycling it in a
closed loop agreement with a re-reiiner (Chapter 4).

Mode of Technology Transfer

It is recommended that the information in this
report impact on the Army Energy Plan and AR
200-1.

'Army Energy Plan (Headquarters, Department of the
Army, 1978).

REGULATIONS AFFECTING
WASTE OIL REUSE

Federal Water Pollution Control
Act Amendments of 1972

One of the first and most important pieces of
environmental legislation of the 1970s was the Federal
Water Pollution Control Act Amendments of 1972.
The purpose of this legislation was to reduce and
eventually eliminate the discharge of pollutantsinto the
nation's navigable waters. Discharging toxic pollutants
in harmful amounts was prohibited immediately. One
concern of Congress was the degradation of the en-
vironment cuased by the improper disposal of waste
oil. The EPA was directed to conduct a study of:

1. The generation of used engine, machine, cooling
and similar waste oil. including quantities, quality,
present collection and disposal practices, and alternate
uses.

2. The long-term, chronic biological effects of the
disposal of waste oil.

3. The potential market for waste oils. The fol-
lowing issues were to be considered: the economic and
legal factors relating to the sale of products made from
such oils, the level of subsidy needed to encourage
public and private nonprofit agencies to buy the
products, and the possibility of Federal procurement
of these products.

The result of this work was the EPA’s Waste Oil
Study ?

PL 94-163

To reduce energy demand and provide emergency
conservation measures, the Congress passed the Energy
Policy and Conservation Act (PL 94-163) in December
1975, The authors of this bill recognized used crank-
case oil as a valuable, reusable resource and devoted a
section of the law to policy on recycled oil. Section
383 of PL 94-163 was intended:

1. To encourage the recycling of used oil

2. To promote the use of recycled oil

*Waste Oil Study-A Report to the Congress, PB257693
(Environmental Protection Agency [EPA], April 1974).




4 To reduce consumption of new ol by promoting
mcreased use ot recycled ol

4 T reduce environmental hazards and wastetul
practices anedtated with the disposal of used oil.

In addition. PL 94-1603 directed the National Bureau
ot Stundands (NBS) 1o Tdevelop test procedures 10
determine substanual equivalency  of re-retined or
otherwise processed used oils or blend of new and used
ot for a particular end use.” Test procedures developed
by the Bureau for burner fuel were published in
1980."

PL 94-163 also directed the Federal Trade Conumis-
sion, after reviewing the Bureau’s test procedures. to
prescribe lubeling standards for recycled oil containers.
For containers of new oil. used oil. and recycled oil.
the EPA was directed to establish labeling standards
concerning the proper disposal of oil after use. Also. all
Federul agencies were to revise policies to encourage
procurement of recyeled oil when available at compet-
itive prices tor the same use as new oil.

Finallv. Federal agencies were to inform Federal.
State. and private sector employees about the need to
use recveled oil to conserve new oil and to prevent
environmental  hazards  assoctated  with  improper
oil disposat.

Resource Conservation and Recovery Act

In 1976, the Solid Waste Disposal Act (42 USC
32510 was amended by the Resource Conservation and
Recovery Act (RCRA)Y PL 94.380. The revised law
offers technical and financial assistance in developing
facilities for and managing not only recovery of energy.
but also safe disposal or recovery of discarded materials.
The law also regulates the management of hazardous
wastes. Section 3001 of RCRA requires the EPA to
issue criteria for identifying hazardous wastes and
tor categorizing those subject to RCRA's subtitle
(¢). When characterizing a hazardous waste. the EPA
must consider factors such as toxicity. persistence.
degradability, potential for accumulation in tissue.
flammability, and corrosiveness.

The hazardous waste regulations were issued in
May 1980 (40 CFR Part 260), but used oil was not

*D. A. Becker und J ). Cometord. Recveled Qil Program.
Phase | Test Procedures tor Recyeled Oil Used as Burner
Fuel, Technical Note 1130 (Nanonal Bureau of Standards
INBS|. August 1980).

specitically mentioned. although 1t was in the proposed
regulations. Nonetheless, CERL believes that used
crankcase vl would quality as o hazardous waste 1 1t
tailed the toxicity test speaitied m the regulations

Used Oil Recycling Act

The Used O1l Recydling Act of 1950 (PL Yo-303)
amended the Sohd Waste Disposal Act to speaitically
include used ol Thas faw v descrbed tully here
because it is directly relevant to Ammy reeycling policy

Section 2 of the Act lists Congresstonal findings
which reflect an mcreasingly favorable stutade toward
used oil. Congress tound that

1. Used oil 1 a valuable source of scaree energy
and materials.

2. Technolopy exists to re-refine. reprocess. reclam.
and otherwise recyele used oil.

3. Used oil constitutes a threat to public health
and the environment when reused or disposed ot -
properly. Theretfore. it is m the national interest to
recyvele used oil in order to protect public health and
the environment, and to conserve energy and materials.

Section 4 of the Act dears with lubeling require-
ments for new and used oil containers. Part (¢) effec-
tively repeals the rule which requires used oil containers
to bear a label indicating that the oil was made from
used or recyceled il Tt was thought that this notice
implied that the product was inferior.

Section 3 (b) amends Section 4008 of the Solid
Waste Disposal Act by adding a subsection providing
financial assistance 1o States for oil recveling programs.
To carry out the provisions of Section 5. Congress
allocated S5 million each for fiscal vears 1982 and
1983. None of the tunds may be used for construction.
land acquisition. or equipment.

Section 6 of PL 96-463 amends Section 4008 of the
Solid Waste Disposal Act by authorizing the EPA 1o
provide technical assistance to States which have to
address economic and institutional problems with
recycling used oil.

Section 7 amends subutle (C) of the Solid Waste
Disposal Act and directs the EPA to issue regulations
on performance standards and other requirements
necessary to protect public health and the envitonment
from the hazards associated with recycled oil.




Withuin 90 davs atter the enactiment of PE Yo-dos
(o by IS lunuary 198D the EPA was 1equned by
Sectron N o decide whether subsecntons 001 ta) and
(h) o1 the Sohd Waste Disposal Act are applicable to
used ol e st g hazandous waste ) and to report the
Jdecision and relevant data to Congress The EPA was
not to disvoutage the secyching and reuse ot used wil
when making this decion.

Finally. Secuon 9 requires the Admummstrator of the
'PA. the Secretury of Energy. the Federal Trade Com-
nusston, and the Secretary of Commerce to study the
environmental problems associated with the imptoper
disposal or reuse of wsed oill collection ot used ol
betore reevehng, supply and demand in the used uil
industey - and energy savings associated with e-refinimg
aud ey cling used ol

DOD Policy

I'he Department ot Detense (DOD) recognized the
nuportance ot proper management ot waste oil betore
the Used O1l Recyeling Act was passed. 01l Recyceling
and Reuse Policy™ s the subject of a 1979 DOD
memorandum.® This document emphasizes re-refining
waste o1l and. it more economical. burning waste oil as
atuel.

A subsequent memorandum directs DOD 10 es-
tablish a priority system to maximize the sale of used
lube oil to re-refiners. reprocessors. brokers for re-
refiners:reprocessors, and energy converters. and to
purchase re retined lube oil from industry through
closed Toop or stock. store. and issue systems.”™s

The most sigmiticant change in DOD regulations to
promote the puichase of re-refined ol was the revision
of MIL-L 4o 52 “Lubncating Oil. Internal Combus-
tion Engine. Admmistrative Service.” the specification
qualitying engine lubricating oil for administrative
service vehicles. The revision to MIL-L-46152A (23
January 1980) and then to MIL-L-46152B (26 January
1981) allows used oil as a feed stock. Previously.
buying re-retined oil had been prohibited. MIL-L-2014,

*-0il Recveling and Reuse Policy.”™ Memorandum tor the
Secretaries ol the Military Departments, the Directors Defense
Agencies (Assistant Secretary ot Detense | Manpower, Reserve
Affairs, and Logistics]. June 4. 1979).

SeDefense  Environmental Actions for 1981." Defense
Fnvironmental Quality Program Policy Memorandum No.
81-1 (Assistant Secretary of Defense [Manpower, Reserve
Affairs. and Logistics|. 12 January 1981).

“Lubncatmg Ody Internal Combastion b ngre Taon e
Service.” v abwo bhemy changed to low osed ol s
a4 feed stock

3 CURRENT WASTE OIL MANAGEMENT

Sources

Waste ol at Ay anstallations comes Trom the
maintenance of tactical, support. and tacihty eng:
neering vehicles. Crankcuse oils. transmussion oils. tina
drive oils, und hydraulic tluids are removed pertodicathy
tfrom these vehicles at the maintenance facihties

Tuctieal vehicles provide most o the Army's used
ol as ndicated by the cranhaase and transmissgon
capacities shown in Tables | and 20 O1l v (hanpeed
about twice a year for tanks and other tracked vehicios
and once a year for urmored pensonnel carniers The vil
in wheeled vehicles 1s changed twice a vear unless iois
done according ro mileage ©

Storage

Waste oil is stored m three places betore ity il
disposed ot the container used to catch the ois when
1s drained from a crankcase. a pod or undereround
storage tank to hold o1l changes trom one or more
muaintenance units, and central storage tanks serving
the entire installation. The oil 18 usually hand-carried
in its collection container from the motor pool to the
maintenance unit's storage tank. Each umt’s ol
usually picked up by a contractor and transterred to
the central storage tank. however. at some installations
the oil is hauled to the central storage arca by the
units. If the contractor collecting the oil from the unts
Is also hauling the oil to a waste ofl processing tacihty .
then there probably will not be a central storage tank
on the installation.

Quantity

The Defense General Supply Center reported that
3329842 gal of new crankcase ol were shipped 1o
Army facilities between June 1979 and June 1980 Ot
this amount. 315,105 gal were to be used m adininis
trative vehicles. These oils were requued to meet

*R. Fileccia, J. Benson, and ). Matherdy. In-Hardstand
Tactical Vehicle Maintenance Facilities Concept Desyn and
Preliminary Recommendations for Wastewater  Treatment.
Interim Report N-67/ADA067985 (U.S. Army Construction
Engineering Research Laboratory |CFRL]. 1979, pp 10, 11




Table

Characteristics of Various Types of Track-Laying Vehicles

Designation General Description
M48AL Tank. combat. 90 mm
MABA2/A2C Tank, combat. 90 mm
M4B8A3 Tank. combat. 90 mm
M60/60AL Tank. combat. 10§ mm
MiO7 Gun, selt-prop. 175 mm
MG Howitzer, selt-prop. 8-in.
M109 Howitzer. selt-prop. 155 mm
M108 Howitzer. selt-prop. 185 mm
Md42/42A1 Gun. Anti-aircraft
Mso6 Gun, self-prop. 90 mm
MS3 Gun, self-prop. 155 mm
M55 Howitzer. selt-prop. 8-in.
M7 Howitzer. selt-prop. 105 mm
M52/52A1 Howitzer. self-prop. 105 mm
Md4/44A1 Howitzer, selt-prop. 155 mm
M84 Mortar. self-prop. 107 mm
53 Vehicle. combat engr. 165 m
MS-MSA4 Tractor. high speed
MBAL - MBA2 Tractor. high speed
M6 Bulldozer, tank mounted
M3 Bulldozer. tank mounted
M9 Bulldozery. tank mounted
M578 Recovery vehicle
M88 Recovery vehicle
M113 Armored personnel carrier

M577-MS§77A1

Armored personnel carrier.
command post

1
Crankcase Transmission
Capacity, Capacity,
Qt Qt
72 92
64 92
48 76
48 76
26 87+
26 ST+
28 S§2+
26 58+
44 44
i1 1§
104 96+
64 72+
16 30+
44 49
44 70
22 45
m A 688
22 48
44 72
64 80+
72 92
48 76
26 NA
64 7
10 16
12 12
18

MIL-L-46152 specifications. In addition. 2924737
gal. shipped for use in tactical vehicles, had to qualify
under MIL-L-2104.

The literature commonly assumes that 50 percent of
the crankcase oil is lost during use. disposed of with
the filter cartridge. or spilled.” If 50 percent of the

"H. B. Kaufman. “EPA Activitics in Waste Oil Manage-
ment.” Proceedings of a Workshop on Measurements and Stan-
dards for Recyeled Oil-ll, Gaithersburg, Maryland, National
Burean of Standards, 1977 (NBS Special Publication 556,
1979). p 201.

Army’s oil is indeed lost. then 1.600.000 gal of used ol
is produced each year. Some Army facilities and ther
approximate rates of used oil production arc¢ hsted in
Table 3. Table 4 is an example of gencration rates from
the maintenance units at Fort Lewis, WA *

*R. Fileccia. J. Benson. and J. Matherhy, /n-Hardstand
Tactical Vehicle Maintenance Facilities Concept Design and
Preliminary  Recommendations  tor Wastewatcr Treatmeny.
Interim Report N-67/ADAOS7985 (CHRL. 1974)




Table 2 Quality
Characteristics of Various Tvpes of Wheeled Vehicles Beture any ot recyciimg or reuae proce s 1oseic

the contaminants m the used o mast be sdontine

: (Ta"k‘za” and the contaminants’ sources exaniied  Generg!
! Capacity N ’
i . - contaminants are classitied as metais, water sedimons
; Designanion General Description Qt ] )
; and asho Tuable 3 gives the weneral chiaractenisn, o
1 i
i MiT0 /4 ton ambulance 5S used ol Table o Tisty nypresd wddimnves and Cor e
; M43 - MA3BI 3/4-ton ambulance s rants m used ol
! M4 MIS M6, 2-1/2-ton truck chassic 9 .
l M46C MS8. M1 33, CERL conducted 4 imited churacternizann sl
i M207M207C see i the Armyv s waste il s similar o et s
i M 34 M 36.M36C 3 1:2-ton truck chassis 18 i the htersture. Sumphng woas done o0 P Booo
M40 M0C Mot Ston cargo 9 rt Brugg, and P.url Benmmng. these sty u‘wm v
‘ M6 Mo 3C ML 9. chosen because they dre representative ot the ave
M I9C M 39D producers ot Army waste ol All hree siallasnor s
MITIS M2TTMARS 2102 ton cargo triiech 1) have central storage wnks trom which waste o wann
MS4 A2 MSS were taken. The results ot CERE™S anaby ses e ~fome
128 0 ton cargo tiuck 3 me Table 70 Although time and tundime restr o
A4 2.172-10n cargo. dump 105 prevented o more comprelicnsve angly s o
. samples. the parameters considered most g o
Mst S-ton dump 22 . ) ,
tor processing the oil vr using 11 ax boiler twel weore
- AR AN , 9
MA9 MI9C 2-1/2-ton gasoline : included.
M2ITM217C 2-1/2-ton fuel servicing 9
z MIS0.M222 2-1/2-ton water 9 Sources of Contaminanrs in Used (il
5‘ M38.M221 . M275 2-1/2-ton truck tractor 9 Commercial basestocks contam only very s
: “oncentry ot e DMty oo
i MS2MS2A1 S-ton truck tractor 3 cotventrations of metals, so these contaminents o
% . introduced to ol ax additves, o1 nont wear corroso,
MI23IMI23CMI123D 10-ton truck tractor 22 M )
i or combustion.” Additives which usually conviute
H 5 R rec 22 : "
| M40 S-ton wrecker - 20 percent. by volume. ot high grade cronkoase vils
H M38.M38A1.MI8AIC 1/4-ton utitity 4 typically contain sodium. banum. calaum. 72mne. ang
Mis1 1/4-ton utility 4 magnesium  compounds<.’ Wear and coriovon pro
M108.M60) 2-1,2-ton wrecker 9 cesses contribute alumimum. copper. iron, sthoon. anda
M6 ME2F | 5-ton wrecker 18 tin.'' Combustion of leaded tuels 10 gasoline engines
o may cause the lead concentration i crankease oils to
MSI2MS120CM512D 2-1/2-ton shop vans 9 .
MS 121 MS 126 increase by a tactor of 10,000 to as much as 114
i percent by weight '*
i
' Table 3 Of course. the metal profiles of gasohne engine snd
Used Crankcase Oil Production Rates diesel engine crankcase oils differ: most signiticant i
of Some Army Facilities that used crankcase o1l from diesel engmes contains no
Installation Gal/Yr
Fort Hood. TX 256.596 . n. Coyle and A. R. Siedle, “*Metals i O Occurrence
! and Significance for Reuse of Spent Automotive Lubnicanine
! 2 3 R :
ort Polk. LA 255.364 QIls.™ Proceedings ot a Workshop on Measurements and Sian
Toelle Army Depot. UT 125.948 dards for Recveled Oilll. Gaithersburg, Maryland, National
Stewart/Hunter AAF. TX 142.236 Bureau of Standards. 1977 (NBS Special Pubhication S86.
’ ) 1979).p 197.
Red River Army Depot. TX 122.124 0 e . N0
Waste Oil Study -1 Report 10 che Congress. PR237692
Anniston Army Depot. AL 118.000 (Environmental Protection Agency [FPA}. Apni 1974, p 16
' Fort Bragg. NC 108.400 Waste Ol Studv. p 16
) 1 ort Carson. CO 90.400 2Coyle and Siedie. p 23
4
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Table 4

Estimated Waste Oil Generated Annually by Various Tactical Units

Vehicle Counts

U nit Designation Track
Cavadey Squadion R
Artllers Bartshion -3

BN ot din
Atr Detense Arullery BN 44
Military Police Group (GP)y
Ordnance CO

to

transportanion €O

Adjutant Genera! CO

Signal BN

I ngineer BN 12-18
Military Intelligence GP

Armored BN 94
Mechanized Intantry BN 88
Medwal GP 108
Intantry BN

Supphy & Transport CO

Aviation BN

*Rounded to next highest 100 gal.

crementul fead from the combustion process.' Thiy
IS anmportant consideration in the evaluation of reuse
options discussed i Chapter 4. Additional metal
contamunation  may - occur during  the  collection.
handhing. and storage of the used oils. Table $ lists
wome common metal contaminants and trace metals.
and their concentration ranges in used oil.

Durning use. crankcase oil changes chemically and
physically. Additives are consumed or undergo mo-
lecular change. and lead and wear metals accumulate
4s partrculates. Organics are volatilized and inorganics
are concentrated as oil osses occur.™ Zine dialkylidthio-

Y waste il Preliminary Report to the Congress (Fnviron-
mental Protection Agency. April 1973). as cited in T. D. Coyle
and A. R. Siedle. “Metals in O1l: Occurrence and Significance
tor Reuse of Spent Automotive Lubricating Oils.” Proceedings
of a Workshop on Measurements and Standards Jor Recyele |
O0l-11. Gaithersburg. Maryland. National Burcau of Standards,
1977 (NBS Special Publication 556, 1979). p 197

"% Ware O Studv. pl2

Estimated Waste Oil Generated.

Wheeled Gal*
43 Kty
91-111 400-900
[1s Q00
54 i
46 400
70-73 30U-600
29 Ton

lou-222 600
214-213 800-17010
21 100
'8 3400
91 9003

300
116 300
121 600
46 200

Znc-contamming  substances ' Accordimg o Covie
and  Siedle.  calcium dialky Ingpthalene  <ultonates
st partigily converted 0 morganic caloum conie
pounds and organic products Magnesum and banun
sulfonates may hydrolize to produce their respective
hy droxides '

phosphate. an anuwear additive. 1y degraded tonargan:

Orgamic bromir. compounds are added to gasolme
to scavenge lead us lead brom:de. Covle and Siedle
suggest that some of the leud 1n ol trom gasoline
engines 1s present as lead dibromide. Lead 15 4o
thought to be present as lead salts and chlondes '

"¢ Versino and C. DelSole. “Cromatagrati. S-Le Spet

trototometria IR di Oil Minerali Lubriticant.” la Rniste dot
Combustibili, Vol 26. No. 321 (1972). ¢ Versino. A. Kuc-
chiorrini. and C. DelSole. “Spettrofotometria IR di un Oho
Mineraie Lubrificanti Fsausto [a Rivista dei Combpustipih.
Vol 26, No. 421 (1972). as cited in Covie and Siedle, p 203

"®Coyle and Siedle, p 203.
" Coyle and Siedle. p 200
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Although specitic chemicdl and physical toims of
ticiais 1 wsed ol are not entirely known, tiftiation
and centtugaton bave revesled small particles of
ead, 2ine. calaum, banum, magnesium, and sron M
A uch s S0 percent ot the lead present an used
cranhoase ot s behieved to occur as fine suspended

n

Patticles -

Water contanmination occuns as o product of tuel
combustion, condensation. and seepape mito storage
tanks. "t Water contamination sarvimg trom 02 (o

338 percent dvovolume has heen reported. T An
analysis of the water o contumunated o1l sample
may show lirge amounts ol sodium, zine. banum.
cafvram. wron. pliosphurus. magnesiura, byron. un.
and lead  This wmphies that the metals are present
noome ot saltike torms Consequently . simple
sepuration of vil and water will remove some metals. ™

Generally . tactors such as length of dism mtervals.
extent ot tuel leakage mto the oil. engine operating
conditions, and chimate intluence the rutes of chemical
and physical teacttons i the ol and theretore dictate
the vil's metal protife.?

Analysis ot used o1l quahity is important because the
cost and effectiveness of recyeling processes depend on

24

the speditic chemical torms of the metals
Contamination During Handling

The most sertous contamination may oceur after the
otl has been dramed trom the crankcase. During
CERL's sampling exercise. nearly all maintenance unit
storage tanks were tound to have been used as dump-
sters. Otl filters. rags. cans. trash. and water were in

¥ Covie and Stedle. p 203
" Coyle and Siedle. p 203
Covie and Siedle. p 23

1 Coyie and Siedle. p 199

2Ip. A Becker and ). 3. Comeford. Recyeled Oil Program
Phase 1 Test Procedures for Recycled Oil Used as a Burner
Fuel, Technical Notwe 1130 (National Bureau of Standards,
1980). p S.

P Covie and Siedie. p 207
33 Coyle and Siedle. pp 193, 199.
X Coyle and Siedle. p 199

these tanks. CERL also toand signiticant concentra-
tions of volatile iquids  probably solvents o1 fuels fn
some tanks, up to 11t of water had accumulated AL
of these contamiants make the o1l less valuable 1o
reuse gs re-refining stock or builer tuel.

Table §
Characteristics of Used Oil
Pruperty or Element Used Ol
Viscostty (SUS* w40 ) 70 RAT
American Petroleum Institute 19 11 3y 3

(APL) gravity (60 1)

Specitic gravity 8™t as
Water ¢ by volumey G2t 33N
BS & W** 7 by volume) O to42

Benzene insofubles U SR FERRE

t 7 by volume)
Gasoline (7 by valumer REUS O
I lash point ¢ () "9 iV

Heating value (Btu/lby 13.870 10 19 3n

Ash. sultated ¢ by weightl 003106413
Carbon residue (77 by weighty I R2 o342
Aluminum (ppmi 0210 Kee
Bartum (ppm) 9 1o 390¢
Cadmium (ppm) 4
Calctum (ppn) 211 1o 2enn
Chromwum (ppm) LRI
Copper tppm) ERRIKELY
lron (ppm) S0 2401
Lead tppm) 85 to 21.70u
Magnesium (ppm) 10 to 1100
Phosphorus (ppm) 319 to 2000
Silicon (ppm) 1010 875
Sodium (ppm) 16 to 3¢
Sulfur (7 by weight) U.17t0 109
Zinc (ppm) 260 1o 2000

(Table derived from D. A. Becker and J. ). Comeford. Re
evcled Oil Program. Phase 1 Test Procedures for Recvcled
Oil Used as a Burner Fuel. Technical Note 1130 |National
Bureau ot Standards. 1980]: T. D. Covle and A. R. Sicdle.
“Metals in Oil: Occurrence and Significance for Reuse of
Spent Automotive Lubricating Qils.” Proceedings of a Work.
shop on Measuremen: and Standards for Recyeled Qilll,
Gaithersburg, Maryland. National Bureau of Standards. 1977
| NBS Special Publication 556, 1979) )

*SUS Savholt Universal Seconds

**BS & W: bottom settlings and water




Table 6
Lubricating Oil Additives and Contaminants Likely To Be Found in Used Motor Oils

(See H. A Bruwer. “Metals in O™ dnal Chem.. Vol 43, No. 185R {1971}, and R ¢

Terrelt

Anal Chem.. Vol 149. Nu. 255R [1977]. B. R. Willlams, “Automotive Crankcase Draimngs Used 1or
buel.” Proceedings of u Workshop on Measurements and Standards for Recycled Oil, Gaithershury,
Maryland, Nuatwonal Bureau of Standards, 1976 (NBS Special Publication 488. 1977} . Finnegun
Spectra. Vol 6o Noo 2 {Sunnyvale, California. Finnegan Corp.. 1976 )

Typical Additives

Antwear zine organo-dithiophosphates.
organtc phosphorus compounds.

Corrosion inhibitors: sultfonates. amine
phosphates: organic phosphites.

Detergents and dispersants: calcium,
magnesium, barium. and zine sulfonates,
phosphonates. and phenates; alkenyl
succtnimides: acrylic polymers.

Viscosity index improvers: isobutylene
polymers. acrylate polymers.

Pour-point depressants: polymethacrylates.
polyacrylamides.

Antitoam agents: sihicones, synthetic

poly mers.

Antondants. zine organo-dithiophosphates.
hindered phenols. aromatic amines,
sulturized phenols.

The solid trash problem could be corrected easily by
putting screens over the inlet holes of the tanks. There
would be fewer problems with water in the tanks if
installations put spring closures on the tank lids and
traimed the troops in proper disposal methods. In
addition. Fort Eustis personnel suggested putting the
maintenange tanks on the outside of the
compound enclosure. This would allow easy access for
the contractor collecting the oil: additional piping
would peimn the tanks to be filled tfrom inside the
compound

storgge

Is Army Waste Oil a Hazardous Waste?

A matenal 1s considered a hazardous waste if: (1) it
Is 1gnitible. corrosive, reactive, or toxic as defined in
subpart ¢ of 40 CFR Part 261, or (1) it is listed in
suhpart d of 40 CFR Part 261. the Hazardous Waste
Regulations. A facility emitting over 1000 kg per
month of hazardous waste is responsible for storing.
transporting. and disposing of the waste according to
the regulations in 40 CFR Parts 260-265.

Waste oil has not been officially listed as a hazardous
waste in the Hazardous Waste Regulations. However.

Primary Source and Type
of Typical Contaminan's

Gasoline. lead and lead
compounds. halogens.

Additives® zinc and zing
vompouads, phosphorus
compounds. etc.

Combustion products:
polynuclear aromatics. water.
oxygenated compounds.
sludge. varnish.

Fuel: volatile liquid.

Contamination: dirt. weas
metals.

Coolant leaks: water. ethylene glycol.

according to an EPA report. .. .the following waste
vils are hazardous wastes. and thus should be subject
to the regulations prescribed under Sections 3002
through 3004 of RCRA: (1) Oil spilled to land. and
oily debris generated from cleaning up spills to land
or surface water: (2) used autormotive oils: and. (3)
used industrial oils.” As to whetker the Army’s o1l v
“waste” or “used™ oil, the EPA report states: “Used i
becomes a waste oil when it is contaminated with
physical or chemical impurities resulting from use. such
that the oil cannot be reused for its original purpose
without first removing these impurities ™" This
detinition suggests that oil becomes o wiaste when it i
removed from the crankcase. In FYS&2. the EPA
scheduled to issue regulations dealing speciticatly
with waste oil.

CERL'’s analyses of waste o1l storage tank samples
revealed that oil should be considered a hazardous

26Rrporr to Congress Listing of Waste Oil as ¢ Hazardous
Waste Pursuant to Section (§)(2). Public Law 96-463 (FPA.
January 1981).




Table 7
CERL Army Waste Oil Analysis

Fort Benning
Upper Middle Top
Sample Sample Sample
Density (g/cc) 0.903 0902 0911
Specitic gravity 0.890 0.884 [UR.TN
Sultur () 0.61 0.71 0.30
Heating value
Btu/ib 19.000 19.000 15.700
Btu/gal 143.000 143.000 119.000
Bottom solids & 0.41 0.50 20
Water (7)
Flash point (“C) 85 80 S0
Viscosity (100 F) 298 102 16
(cSt)
Lead (ppm) 480 310 10
Ash (1) 1.40 2.08 4.29
Polychlorinated <1.0 <1.0 < 1.0
bipheny! (PCB)
(ppm)

waste regardless of the new regulations. The ignitibility
test for a hazardous waste 15 defined in 40 CFR Part
201.21. 1t a liqud has a flash pont of less than 140°F
(607C). then 1tasagnitible and is a hazardous waste. All
samples tested trom Forts Bragg and Eusus. and at
least one sample trom Fort Benning. had flash points

below 140 F. This test probably shows the presence of

solvents or tuels. Improved management by segregating
wiste oils trom other liquid wastes should alleviate
problems with igmitibility.

Even it Army waste oil were classified a hazardous
wiste. it is not subject to the notitication requirements
o RCRA. Part 261.6 of the Huzardous Waste Reguly-
tons exempts wastes that are “being beneficially used
or seused or legitimately recycled or reclaimed™ from
regulation under Parts 262 through 265, and from the
notification requirements of Section 3010 of RCRA.
However, this means that installations must be careful
that all used oil is reused and none is disposed in
another manner.

Fort Bragg Fort Eustis
Upper Middle Top Upper Middie
Sample Sample Sample Sample Sample
0910 912 0912 0907 0 98S
u 892 0 842 11892 0901 019Ky
033 033 (7] 183 031
18100 16.100 IR.700 18.800 7.8
115.000 122.000 142,000 142.00u 64.000
66 76 0.2 0.2 6.8
42 46 52 41 46
217 255 2 219 812
0 220 80 80 20
0.12 0.17 366 3717 316
< 1.0 1.0 <1.0 «~1.0 <.

4 REUSE OPTIONS

Current Policy

The 4 June 1979 memotandum from the Assistamt
Secretary  of Defense (Manpower. Reserve Attairs,
and Logistics) limits the options for disposing of used
tubricaung oil. The memorandum directs Defense
agencies 1o sell as much o1l as possible through DPDOs
to te-refiners. and to bum the used oil as a tuel when
re-retining is not economical. Disposal practices such as
using the vil for weed. insect. and dust control. burning
it in open pits. and dumping 1t mto landfills or sewers
are rejected as environmentally unacceptable.®?

A GAO report to Congress recommends another
option tor recyching DOD’s used oil. This repornt

il Recycling and Reuse Policy.” Memorandun tor the
Secretaries of the Military Departments, the Directors Defense
Agencies (Assistant Secretary of Defense [Manpower. Reserve
Aftairs, and Logistics|. June 4, 1979}




oV

proposes 4 ddosed oyele™ system an which a mayor
Aty astatlation provides used o1l as a teed stock tor
4 teretiner and then buys back the processed onl =
The 12 January 198} memorandum from the Assistant
Secretany ot Defense (Manpower, Reserve Affaus, and
L ogistios b endonses this opuion.

Re-Refining

Reaetinenes buy bulk quantiies of used o1l at y
wide range ot prices, dependimg on factors such s the
quality ot the used o competition, and ~o on. Used
ol s otten brought to these companies by independent
haulers who act us muddlemen between the waste vl
wenerator and the processors Most Army installanions
are now sellmg then ol o these independent haulers
The amount paid to the installation varies across the
country. rangng trom less than .10 per gallon to more
than S 30 per gallon Atter the wiste o1l has been
reprocessed. 1ty sold as tubncaung ol at ST.30 1w
S200 per galton Appendix A bretly describes vanious
re-reting processes. and Appendix B lists reprocessing
companies

Used Qil as a Fuel

When cconamically teasible. used ol may be burned
ds 3 botler tuel Ot coutse the costs of using this option
for disposal depend on the boiler tuel system currently
used at tallation.

The three tactities CERL visited during the sam-
phing survey were all using waste oil as a boiler fuel. As
with these three botlers, conversion to waste oil burn-
ing is much more feasible if a liquid tuel system is
already in use. Figure 1 is an example of a design for
adding waste oil as a supplemental boiler tuel.

Impurities usually have to be pretreated before
waste oil can be used as a fuel: the design in Figure |
includes screens and filters. A system for eliminating
and treating wastewater must also be provided. Sus-
pended metals and other contaminants may cause
air pollution problems. As Table 8 indicates. the
Army’s waste oil ranges from safe in all categories
to unusable without air pollution controls on the

2"Wa_nr the Department of Defense Can Improve Oil
Recveling {General Accounting Otfice. Report to Congress,
September 28, 1977).

22upyetense  Environmental Actions for 19817 Defense

Fnvironmental Quality Program Policy Memorandum No. 81-1
(Assistant Secretaty of Defepse |Manpower. Reserve Aftairs,
and Logistics], 12 danuary 1981,

botlers A poliution problems probably would result
trom particulate levels and lead emissions

Table 8 Dists  FPA-recommended hmits on the
characternsties of waste il used as o tuel Appendin
Cis 4 detaled assessment ot waste oil as 4 botler fuel

Closed Loop Recycling

The closed Joop watem as the most promising
option for reusing wuste o1l The Ammy s niol now
using this method. but the raifroad and auto industries
dare having success with e and 1t was used by the
mithitary dunng World War 110 Closed Joop reeyvehing
wis not possible betore Junuary 1980 because MIL-L-
401520 for adnuimistrative service vehicles. and MIL-L-
2104, tor wactical vehucles. did not allow used oils as a
feed stock. However. the admunistrative vehicle speciti-
catton hasy been amended (MIL-L-46132B). and the
tactical vehicle  specitication wiall be amended by
mid- 1982 to allow used o1l as feed stock. This change.
along with the memotanda mentioned carlier, permits
closed Joop re-refiming. Al re-retiners contacted by
CERL have stated that they are interested i closed
foop agreements.

The major obstacle 1o the Army’s using closed loop
agreements extensively is the cost of qualifyimg an ol
o meet MIL-L-46132 vequirements. For a re-refiner’s
product to quahty under MIL-L-40152B. 1t must pasy
CXPensIve eng.iie sequence tests. Re-tefiners have stated
that the $30.000 cost of the engine test has Kept them
trom trying 1o quahty then ;b However. they said
they would be interested it the cost of testing could
be included in the closed loop agreement.

Economic Comparison

To detertaine which disposal method to use. the
waste oil manager must assess the costs and benefits of
each. The munager should consider several factors,
which vary from installation to installation: current
waste oil management. availability of large storage
facilities. present boiler fuel system. proximity of
re-refiners. and waste oil transportation costs. A
masnager would probably use the following method
to analyze the options.

1. Selling oil to private collector.

$Return = no. of gal of waste oil X $/gal (going rate
paid by collector).

2. Using oil as a boiler fuel.

$Return = ($ value of replaced tuel} - ($ cost of
handling, storage. filtering, and piping facility).
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Table 8
Characteristics of a Used Oil Which May Be Combusted
With Little or No Environmental Risk

CERL Analysis
Characteristic* Comment® of Army Waste Oil

Fotal ash =« 0.37 iby weight) Equivalent to 0.12 grams/SCF emission 01210 377
((F excess air).
Mecets many state and local regs when
burning 1007 used oil.

Lead content - 50 ppm Meets almost all local ambient air JO 10 480 ppm
quality standards when burning
1007 used oil.

Chlorine <. 0.4/(weight) Normal tor used oils indicating Not analysed
no contamination by chlorinated
solvents.

PCB -2 50 ppm Consistent with PCB criteria. Less than 1.0 ppm

40 CFR Part 761.

BS&W < 17 Indicator absence of substantial 02t 76
water and sediment which may
contribute to emission or burning

problems.
Flash point > 140°F (60°C) Corresponding to hazardous 41 10 85 C
waste classification under RCRA.
Sulfur: < 0.27 (by weight) Probubly meets all State regs. 031008
« 0.5 (by weight) Probably meets most State regs.
*1-rom Used Oil Burned as g Fuel. Vol 1. SW 892 (FPA. 1980). pp 1-7. 1-8. J
3. Entering into a closed loop purchase agreement. 1. Sold to private collector. J
SReturn = (Svalue of replaced new lubricating oil) 4. Costs: none,
— (§ cost of closed loop agreement. transportation to ‘
and trom re-refining, and cost of re-refining oil). b. Suvings = $.15;gal X 100.000 gal = STS.000 v cur

Net Value = .15 gal .

Perhaps the best way to compare alternatives is to
assume a hypothetical situation. Suppose an installation

produces 100,000 gal of used oil per year. Assume 2. Used as a boiler fuel.

major contamination has been eliminated by good

management, and all of the oil can be shipped to a a. Costs: Retrofit at boiler and oil storage (assume
vacuum distillation re-refiner. Also assume that all 20-yr life) = $75.000 ($3750/yr).

maintenance units have storage tanks accessible to a

contractor. and that administrative contracting costs Cost to transfer oil to boiler storage =

are the same for all three options. All dollar figures $.10/gal X 100,000 gal = $10.000/v1.
are approximate norms derived from reported actual
expenses. Total costs = $13,750/yr.




b Savings 100000 gal ol used ol will replace
dbout 85,000 gal ot No. 4 fuel vil, due to ditterences
n heating value.

83,000 gal X $.90/gal = $76.500/y1.

Net Value =
S.03/al .

76.500 13.750 = $62.750/yr. =

3. Closed loop.

Assume: 80 percent of volume is returned as new
oil re-refinery 1s 200 mi from installation.

a. Costs for transportation:

100,000 gal waste uil

0300 gul trip = 1o nps:
200mi_ $1.20
lo trips X — — = $3840.
trip i
80.000 gal re-refined oil )
=13 trips;
6300 gal trip
) 200mi . $1.20
13 trips X —— X —=3$3120.
tnp mi

Transportation cost = $6960.

b. Savings = (80.000 gal X $3.10 gal for new oil
purchase) — (80,000 X $1.60/gal fee for re-refining
service) = $120.000/yr.

¢. Net Value: $120.000 ~ 7.000 = $113.000/veur =
$1.13/gul .

The ahove costs are for approxiunate comparison
only and do not reflect all costs associated with the
management of waste oil. The following expenses also
should be accounted for: administrative costs of
contracting, pretreatment costs of the waste oil to
remove water and sludge. disposal costs for the water
and sludge. possible increased maintenance at the
boiler facility, and improvements to the present
storage and collection facilities.

Pretreatment

The three installations CERL visited use pretreat-
ment for their waste oil boiler fuel. All are similar to
the system shown in Figure 1. but one important
difference is that the instailations have their two

storage tanks in series. rather than in parallel. as
shown in the figure. Oil is drawn from the upper

part ol the first tank and puped anto the second
tank. This allows much of the water und heavy sedr-
ment to settle 1n the bottom of the tirst tunk where
it can be drained oft penodically  The churactenstics
of this water and sediment have not been determined
the pollution potential should he analy zed

Interviews with bailer operators indicare that water
contamination may be beneticial The operutors sy
that oil containing as much as 10 percent water will
burn successtully in the boilers. and that water acts as
4 steamn cleaner and may actually decrease maintenance
on the inside of the boiler. Wuter's effect on combus-
tion efficiency (zero BTU s/lb) and the quahty ot the
stack emissions is not known, and should be determined.

Pretreating oil sold to re-retiners does not seemn to
be common. though it may be to the Army’s advan-
tage. Sludge and particulates in the feed o1l to acid-cln
re-refining increase the volume of waste sludges trom
the process. and thereby decrease the volume ot the
product oil. Though the contaminants may huave less
effect on vacuum distillation. the process’ costs sull
must increase.

Pretreatment could be most important for closed
loop recycle agreements. By decreasing the cost of
ie-refining by using oretreatment. the timshed o'~
cost to the Army will “e lower. The best pre-treatment
process still needs to be determined.

Environmental Considerations

The Army’s first priority tor improving waste oil
management would probably be 1o remove solvents.
waste fuels and sludges from the used oil. This should
climinate two immediate problems: handhng the uscd
ol as 4 hazardous waste und gaining approval of
Army boilers as hazardous waste Jisposal facihties
However. solvents and sludges would then have to
be dealt with. The most effective techniques tor
properly disposing of or reusing these wastes need
to be determined.

In additon. waste oil managers should ensure the
proper disposal of solid and hquid wastes coming
from the pretreatment of the waste oil, The sediment
and water dramed from the bottom of storage tanks
and filtration units contain emulsified oil and metals
in solution or in suspension. To prevent these trom
entering groundwater o1 surface water. the waste-
witer should be collected and druned 1o a sanitan
sewer, or preferably to an ol-water separation unit




preceding the sanitany sewer, A characterization study
should be done on this waste stream to determine to
what extent it s a pollution hazard.

As mentioned previously, burning waste oil may
cause atr pollution problems it ambient air standards
for lead or particulates are violated. The source of lead
i waste ol s undoubtedly leaded gasoline, because
new oil containy no lead additives. I waste oil s
burned as a boiler fuel and lead becomes an air pollu-
ton problem. then the installation should consider
restricting or prohibiting the use of leaded fuels in
vehicles. Filtration alone may lower particulate levels
enough. Pretreatment studies need to be done to
decide how to make Army oil safe for use as a boiler
fuel.

The problem of waste oil spillage can be addressed
immediately. Oil is often spilled while being transferred
from crankcase to storage tank or from storage tank to
transporting vehicle. This oil is then washed away by
storm water and may contaminate surface or ground-
witer supplies. To preven. this. storage tanks should
be placed on a smooth. impervious surface with berming
to contain spills and to allow drainage through an
oil-water separator 0 a sanitary sewer.

CONCLUSIONS AND
RECOMMENDATIONS

This report has evaluated the economic and environ-
mental aspects of used oil management, emphasizing
waste oil reuse. It is concluded that:

1. Closed loop agreements to re-refine the Army's
waste vil appear to be the most economical option for
disposal. However, the cost to qualify re-refined oil
under MIL-L-46152B prevents most re-refiners from
entering into these agreements. When deciding whether
a closed loop purchase agreement with a re-refiner is
practical. Army installations should consider including
the cost of qualitying the oil for the military specifica-
tion in the total cost of the contract.

2. Using waste oil as a boiler fuel is also a disposal
option. but may cause air pollution problems because
of contaminants in the oil. The effects of these con-
taminants on ambient uair quality should be quantified
to determine the usefulness of waste oil for boiler fuel.

3. Contaminants, especially trash, solvents und
water, in the Army’s waste oil can decrease its value
for re-refining and for burning. Pretreatment ot the
oil may be required. The effect of such contanununis
on the value of vil should be quanutied.

4. Volatile organics found in samples of Army
waste oil make this product a hazardous waste undetr
the flammability critena of the Huzurdous Waste
Regulations. The most likely source of this contamina-
tion is the dumping of waste solvents and tuels mnto
waste oil storage tanks. Collection and storage should
be managed so that used oil is not contaminated with
solvents or fuels.

5. Water and solids drained from the bottom of
waste o1l storage tanks sometimes are allowed to run
onto the ground and may pollute surfuce water and
groundwater. Water and solids should be analyzed to
determine their pollution potential. Wastewater should
be collected and drained to a sanitary sewer.

6. Oil is frequently spilled on and around waste ol
storage tanks. This oil could be carnied away by storm
water run-oft and cause a pollution problem. Storage
tanks should be placed on or buried under 2 non-
absorbing surface with benming to contain oil spillage
and direct run-off through an oil-water separator 1o
sanitary sewer.

7. Waste oil storgge tanks at maintenance units
are not always aceessible to contract collectors, not
are they designed to prevent trush from being deposited
in the tanks. Where possible. storage tanks should be
placed outside maintenance unit compounds. with the
tank inlet inside the compound. The inlets should have
screening to keep trash out of the tanks.
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APPENDIX A:
RE-REFINING PROCESSES

Acid-Clay

Acid-clay 1 probably the most common re-refining
process in the United States (Figure Al). A pretreat-
ment step to remove debns and water usually precedes
the process. Atter passing through gods and screens.
free water s allowed to settle. The oil s then de-
hvdiated at 3007F and atmosphenc pressure. Betore
sotng to aod treatment, the ol s cooled 1o TOO'F

over 2 days

The acid tieatment as performed with 92 percent
sultunic aoid e volumies of 4 (o 6 peicent of the
reactor volume. The coagulation reaction occurs n
24 to 48 hours. The acid sludge which contans the
contamunants and ash from the ol as drawn oft and
disposed of.

The clay treatment removes light fuel fractions,
metcaptans. and color bodies trom the oil. The process
oceurs at 500 o o0 F and takes 13 o To hours. The
clay atselt consists of activated clay and diatomaceous
carth (200 to 250 mesh). About 0.4 Ib of clay is
required per gallon ot oil.

The tinal step 15 a filtening process. The o1l passes
through s filter press at 250 to 300°F. It may be
filtered :nore than once to achieve a desired quality.
The fimshed oif s sent 1o storage. where additives
may he intioduced.

A typical actd-clay process yields 45 o 75 percent
of the feed oil. depending largely on operating con-
ditions and feed composition. The product of an
acid-clay process is a solvent neutral blending stock
with a wviscosity (Saybolt Universal Seconds [SUS]J.
2107F) of 55 1o 58 seconds. corresponding to a Society
of Automotive Engincers (SAE) 20-weight ol " Diesel
crankease draimngs as leed stock produce a heavies
SAE 40-weight ol with 4 viscosity (SUS. 210°F)
of 80 to 85 seconds.™

Wyyaste Ol Study A Report to the Congress, PB257693
(FPA. April 1974y, pp 35-37

W iwaste O Study., P 40.

A2G. ) Mascetti and Ho M. Whate, Urtilization of Used Oils,
Final Report, US. Department of Fnergy Contract FY-76-C-
03-1101-003/ATRTBTIB41 (August 1978).

The mayor dovadvantage ot the process s disposingy
ot the large volumes ot aad sludee e generastes This
sludge s produced at g volumetine tate of 1 1ot the
il teed tate. at least 110 ot the mcommg oil iiselt s
contaned 1 the sludge Speaitically - the sludee con
tams sulfune gcid. combustibles, lead. orggnometalinos
sultonates. and possibiy some carcimogenie nuaterls ¥
The tact that 30 10 S0 percent ot the sludge s solanie
complicates the disposal dilemma The shudee v oo
bustible. but shouid not be burned hecause o1 the bigh
concenttation of sultur oxides and seny e el

contwning particulates present ¥

The spent clay v composed ot palar commounds
such as oaygens and  mibogen-contamimg ot
\

The ol content s appronunately 20 1o 30 peicent
Generally - the spent clay 1 not a disposa! problem ™

Vacuum Distillation

Vacuum disullason presents no senous disposa!
probtem (Figute A2) The process consts ot thiee
steps pretieatiment. distlhation. and fimshing e
pretreatment i o dehvdration step Tae o] s heated
10 3007F at atmosplicte pressure The overhead s e
W a decantation process and the bottoms are nuaed
with caustic and naptha to break up old-water emul
stons and preaipitate solids

The disnllation occurs st 00 F (371 C) with
vacuum of 27 . of He (o800 mm of He). The overhead
goes to the plant fuel. The bottom may have an ash
content as high oy 10 10 28 percent. dependme on the
extent ot pretreatmont and teed stock chutactensties
The bottoms are also higher i sultur, nittogen. oxyvgen
and acudity than the feed stock Fmally ) lead v con
centrated i the bottoms, which may have 4 bud
content of § 1o 13 percent ™ The mddie cut. ot lube
distillate, is sent to g finnlung process (caustic iy
treatment or hvdrotieatment) and sold as jube il The
properties ot ol processed by sacuum denllation gre

listed 1n Table AT,

The distllation process v advantageous begguse
more than one cut may be taken ot the nuddie o the
tower o praduve severdl products with ditterem
viscosities. One can expect ¢ ~Q pereent viel trom

Mwuste Oif Studv, p 44
Y haste O Snedv, pp 4445,
Y iaste O Studv, p 45,

Y NS
“Waste Ol Studv, p 46




{ _Nr:_ 1a40123() ./i.__ 09 JHd x_.g.i:.v;.v\ H1O 2ISPAY OF MaoLang] [DUONRINIS UL PUD DO 9 |
PHHECHC ] LR A0 ¥ (1) 2)SPA JO APRIS NUOUf pup potigoo | wol ) csasold Aep-py oy amdig

IVWOLS
13N00ud

/| v3onae
SHNVL IALIQAY
39vHOLS
JAILIQQY
f L) (P20l woeyg)

SOAUIPOY $NOEIDWOIDIP PuUD WNVL ONILY3IML WNYL

UOQIBD 1ODIOWOS K INIS 11O M3IXIN 39VY0LS AMQ

1o peulei-oy ANNNTS
(LT YY) v
109D wowng yjipe sopnis 400€ ‘wo peiniphisg
$N0GIDWOIDNQ
431714
Aungs 10 4001
. xhwm%zu.m .__u%mvoox q peinipAyeq s
- [F] 1 ' S|DIWeYd
to._.umwm Buypes} HOiv¥aAHIQ
dwns 0; JojDm HO. HSV4
¥OlvNvd3s
dwng o
ion4 J9|10q 0} H3ISNIANOD

SOLDIINSIP 011iDIOA

iy ey - AT
- e ST T 1 s T




3gvHO1S 01
VH1HdJVN

dnd
WAAJYA

Cltcot udy vdd) £69L5T4d

NI Y Mgl Jaod 3y b APRIS JI) 21SPAL W01 ) 1O 1SEM ISEINUEID O UOLIR[[INP WINAOEA TV am3ig

NOILVIVLSIO WNNJVA

{INILVIULOYAAH HO)
INILVIHL AVID 01 31VTILSIA 38M

431003

d¥ifld Xn143Y

39vHO0LS 01 woilog

431000

1NIW1VIHL-I4d

WNNaVA

s nam——

431000

NOILVITILSIO

I
i
§
'
|
]
_
" j9ams
|
i
I 3904181830
" I9VH01S WOH4
N VHIHdYN %
I , 211SAV2
|
)
|
! 39VHuN4
3JVYNYN4 “ g
| _
” ¥32101 HSVY13 Q34
|
NOILY3I41HNd

01 431vm —

39VHO1S 01 13N = v\w




e T g T e g = e - e R W

SIYF[IPAT JON 4
(Kis0asta judsedde) sojenuns dulyuriH-plo),

VN ) )] 0 A
VN i 0l 0 us
VN s gl € 'S
VN SOl 0cyol 0 4d
VN 0 T 0 IN
VN 0 < [ UW
VN (] L L A
VN 0 6¢1 ! 24
VN l 4 I na
VN 0 0f 0 1D
VN 0 4! [ v
8T g 19¢ 6S¢ uz
VN VN 009 OLY d
S 1] 81 S EN
009 0 Ly 174 3N
0S8'1 0 009°¢ (243 €)
NIRL +9 ST+ 0 waiad - aonaag b 0 0S1 91 ed
¢ e 6y NIERIEN| ‘wdd ‘uonenuarued LIS
sty (Lo (eutdugy 1Yo NIt VN 200 asTasIul
b9 ST+ ¢l wansad douarog] (4,001'SNS) L1081
6t by waag N Let VN 9 JSPAIDUL J[QNIOSUL FURIUDG
SISRQ {10 PAIAAOIIY Lo ¢ VN o aradUL ‘ON PRV .
jod pur snrwioIesjod o usoy Y} VN umolq A aaueieaddy =
tort 1) t aviad - aouaa ) LAupqeis yonepIXQ)
| Y Ny aag VN VN ssrd wed weo |
SIS fuy _f:u:C SNR srd ssrd s\td (I121EMERS ) UOISOILO0 )
N 0 0 uaagad aouaidgq It L9 ol L1 1eam Xaje,]
N S Sy [EDRERA | g 1o UL $8'9 ON seq [FI0]
SISR IO PAIAA0IAY TN 00t LTl ‘ON PIOF [PI10]
S RWOIrI(] VN (1KY O wangd: T uonmnip autjosnn)
iy 6L " o ad Hunag g TN TRE] we ‘oN uonejiuodeg
[ L [ AN ag VN dau VN wdd: Cazaaimuy
NN IR LIRISTY IR g1 SO0 op ©oagniosul auriuag
Nword by ¢ wasisd  asuaegig Nt e 0f0 op : nng
s t 1l l (LR AR B0 ST oo 1200 tuaniad UdBOIUN
MNP [T IR0 VN LLUN Ny [Ny op 1wod 1mog
MIFHoIrouafy SOy SLy [y [NNY 4 wod yseyy
vyl o " s ad ouang 8¢ i (R< ! 1aazad ysr parJIng
oty 0 uR S [EBAIR| i1 I vt 11 SRPIAI UOUITY
N rundti) ol ' S| KL XaPHL ATISODN A
e v 0 ATRRYA RRITRYRIRI Y| NN g7l Lo VN <91 ol LS
Cors [EREN TN g PR (e s 1Ry e 1917 'SAS
TG o paisseray ERN ot sa (8¢ b ool 'SAS
surprirg a:IOUJ_‘_/
e fiee | e vrenl ey IS8\ IRE LOR 0 LYR Y] i 09 1y 13 dg
1o 1o o ALERTEER] 1) no 1o 1o Luadoyg
1"I.-<l._ Py 5.;.[ —4...:“::::.-:1 —J.ul}bv:_._ —u.l.- 3...Z

SIS ARUY UOIRMOIp Ay
(| tf :wr\; SOULEY Py \~. JHed POy ) Ui o sy _3:,:>: JannoRi oy
RN A I I U IR TRIT R 10 BT AVAR T 1) OV ] PUr SR04 TURISTY Y T By e
HONEBHNSK] WNNOE A ),2 passarosy 1O w::—“uf_c_—\‘ pasn) jo zu_:vn::&
IV ageg




vacuunt distillation pesretimny process. which s the
most that can be attnned wath the aard clay process
Fiwe product gquaitty v comparable 1o that ot the

: i
actdsc by provess

Solvent Extraction and Clay Treatment

A propane extraelion rerehining process s shown
in Frgure A3 The genenal treaument scheme s thermul
dehvdiation, preapitation and  sobvent extracuon,
vacuum  doutlanon, aad and clay treatment. and
tltration

Propance s usad to selectively exoact the base lube
stock trom additives and impunties. The propane-to-
teed stock tatio must be 15 1o 20 01 tor o hugh quality
product. The propane-oil nuxture 1s removed trom the
extractor. and the propane is tlashed trom the oil und
recyeled. The residue at the vt bottom s o dark.
asphattic substance contamimg oxidized hydrocarhons
and suspended sohids.

The recovered lube wil next underyoes an acid-clay
treatment simdar 1o that descobed carhier: Because
sgniticatt amoynt ot contamitnatien has been e
moved. the acd aind clay doses are ondy balt ot what
would be used moan acid-cluy re-retinimg process The
final step s nltanon

The wastes from the process are the distillation
buttoms. acid sludge. and spent clay. Even though the
sludge and clay quantitics are smaller than those trom
an acid-clay process. the disposal problem s sigmticant
because of the waste’s charactenistics The color and
color stability qualities o1 the produci. however, are
superior to that ot an acid-clay prmc».""

Phillips Re-Refined Oil Process

The Phillips Petroleum Co. has developed  the
Phultips Re-Refined Oil Process (PROPY. Phillips sells
modular. skid-mounted PROP umits that can treat
2.5 and 10 mallion gallons per year. at costs of $1.8.
$2 §. and $4.3 mulhon. respectively.

The process hegins by mixing dinmmonum phos-
phate (DAP) with heated o1l to remove the metals.
Metallic  phosphates are formed and removed by
filtration. Trace inorganics are then removed by mixing
the oil with hydrogen. percolating it through a bed of
clay. and passing it over a nickel molybdate catalyst.

st .

YTiwaste Ol Study. p 37.
W este O Stiadv, pp $0-42
Y Waste Ol Studv, p 2.

The treated il s flashed. covled. and put throuah .
spper to remove any remaining tuel

The requirements for a2 mithou pallon per e
process are Y00 th'hir ot 130 pa ~team »5 kW
of electnaty, 300 gal hr cooling water. and 08
muthon Bru'hr fuel. According to Phuilips thie proces

recovers 90 percent ot the waste ol contarnime less

Tie

than 10 ppm metals.

Wustes trom the process anddude the filter ahe
from the demetathzauon, whick Phunps says can be
deposited 10 g sanitary fandtll and some woastewate:
which can be sent without pretrestment mro g sunitar

SEWET.

Wastewater

Wiastewater from re-refining opesations ungimates as
water separated trom new drain oil, cooling water frum
heat exchangers. contuminated cooling water. wate:
trom condensed steam that contacts the wml. plant
runoftf water, and water from vent gas scrubbers *" The
water can be eapected o contan some metals gy
dissolved  or suspended solids. as well gy dissolved
phenols and other organies. and suspended or emul

]»41

sified o1 Wastewater  characterntios depend. ot

course. on the re-refinmng process ar i the teed stuck

Treatment tacilities required at a re-retinery depend
ot cooling water and vacuum facihities. water contamy
nation ot the teed stock runott problems. land avail-
shility . regulations. and tocal sewage treatment plant
avatdabiiny 7 Typraally . aad-clay and distiffanon-clay
plants are cquipped with  oilwater separators und
neutrahization facilities

Air Pollution

A properly operating re-refinery emits very tew an
pollutants: sources ot these are vents fiom process
and wastewater treatinent units, and storage tanks.
Emissions mav be discharged 10 a turnace where
combustible materia's are burned. Anv odors from 3
plant are probakly due to esters and other organic
compounds containing oxygen and mtrogen. Very low
concentrations of organic sulfur compounds may be
emitted. Acid-sludge processes may  produce SO,
and SO4.*

®yaste Ol Study, p 6.
W Wagte Ol Study., p 47
*2 waste Ol Study. p 39
W ivaste Ol Studv. p 46
M waste il Studv. p 47
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APPENDIX B:
WASTE OIL RE-REFINERS
AND PROCESSORS

Arkansas

Henley Ol Company

P.O. Box 141

Norphlet. Arkansus 71759
Telephone: 501-546-2582
Contact: Charles W. Henley

California

Baystde Oif Corporation

977 Bransten Road

San Carlos, Calitorn 94070
Telephone 415.593-2944
Contact: A, Ray Bunks

Leach 01l Company. Inc.
625 East Compton Blvd.
Compton. Calitormia 90220

Telephone: 213-323-0116
Contact: George Leach

C. S. McAuley. fne.

P.O. Box 219

Downey. California 90241
Telephone: 213-869-1179
Contact: C. S. McAuley

Motor Guard Lubricants Co.
4334 East Washington Blvd.
Los Angeles. Califorma 90023
Telephone 213-26K-0877
Contact: B, Miblard

Fabtan il Refining Co
4200 Alameda Avenue
Oukland. Calitornia 946(:|

Telephoune: 415.532-5051
Contact: Biyan Fabuan

Talley Bros. Inc.
2007 Laura Avenue
Huntington Park. Cabiforma 90255

Telephone: 213-587-1217
Contact: A. W Talley

Neleo Od Refimg Company
1211 McKinley Avenue
Nauonat City. Cahiformia 92050
Telephone: 714-474.7511
Contact: Otis F. Humphrey

Colorado

Williams Refining Company
5901 North Federal St.
Denver, Colorado 80221

Telephone: 303-433-2497
Contact: Lloyd Cunningham

Florida

Davis Oil Compuny

Box 13031100 Orange Ave.
Talluhassee. Florida 32302
Telephone: 904-576-3116
Contact: George Davis

Peak Oil Company
Route 3. Box 2«
Tampa. Florida 33019

Telephone: 313-626-91 16
Contact: John Schrotet

Petroteum Products Co.
Box 336. South Park Road
Pembroke Park
Hallendale. Flonda 33009
Te'ephone 305.989-4000
Contact Sol Blan

Scaboard Ol Industnes of Flonda. Inc.
Box 6336

' Nsonwville. Flonda

Telephone: 904-389-8845

Contact: Byron Cohen

Georgia

Scaboard Industries

Bux 47333

S810 New Peachtree Road
Doraville. Georgia 30040
Telephone: 404-458-2241
Contact: Bryon Cohen




Ulinois

Central Refimng Company
2000 T Madison

PO Box 3003
Spangtield. Hhimow 62703
lelephone 217525030y

Contact: Marnm Pierce

Estech Oy Compuny

TOUL West 47(h Strees
McCook. llinos 00528
Telephone: 312-240.005>
Contact: Johny O'Connell

Indiana

\\'\'\I\l”\‘ ) & '\“L! [
Box S5 Stute Road 2!
Westville, Indign, 406391
Telephone: 219,785,353

Contact: Andrew Cutson

Kansas

Coral Retining Company
705 Puwnee Avenue

Kansas City . Kansas 06 10§
Telephone: 913.281-5454
Contact: Robery O'Blasny

Resaurce Technology. ne.
SOY'S Tth Street

PO Box 5187

Kanns ity Kanas 66119
Tetephone: 913.021.00n0
Contict: Tunothy | Sparks

Michigan

Dearborn Refining Company

3901 Wyoming Avenue

Dearborn. Michigan 48120
Telephone: 313.V).3.) 700

Contact: Jack W, Epstein, B. Horton

Minnesota

Warden Quf Company

187 Humboldt Avenue North
Mianeapolis. Minnesota $5405
Telephone: 612-374-1 200
Contac A, L. Warden

Gopher State Oil Co

2500 Delaware St.. SE
Minneapolis. Minnesota 55405
Telephone: 612-331.593¢
Contact: C. H. Romness

Mississippi

Jackson Ol Products Co.
Box 5685

Jackson. Mississippi 3920
Telephone: 601-939.313}
Contact: H. K. Robertson

Missouri

Midwest Oif Refimng Co
1900 Walton Road

St fouwns, Missouri 631 14
Tefephone: 314-427.2662
Contact: Glen Gettinger

Clayton Chemical Company
10 S. Brentwood Blvd.
Clayton. Missouri 63105
Telephone: 314-726-6320
Contact: Bug Haney

New Jersey

Diamond Head 01} Refiming Co.
1427 Harrison Tnpk.

Kearnev. New Jersey 07032
Telephone: 201-99).5800
Contact: Martin Morrison

National O1l Recovery Corp.
Box 138

Bovonne, New Jesey 07002
Telephone: 20} 437-7300
Contact: Solfred Maizus

New York

George T. Booth & Son. Inc.

“6 Robinson Street

North Tonawanda. New York 14120
Telephone: 716.093-0%61

Contact: George T. Booth

Northeast Qil Company
327 Edward Drive
Fayetteville, New York
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[elephone 3154544180
Contact R W Mable

Newton Retining Corp.

37-80 Review Avenue

Long Islund City. New York 11101
Telephone: 212-RAY-7660
Contact: R. W. Mahler

North Carolina

Seaboard ludustries. Inc.

South Oil Division

Box 106, Old Burlington Road
Greensboro. North Carohina 27402

Telephone: 919-375-5811
Contact: Byron Cohen

Ohio

Research Oil Refining Company
3680 Valley Road

Clevelund. Ohio 43109

Telephone: 216-749-2777
Contact: Juc Fallenberg, Allan Gressel

Keenan Oil Company
2] Parkway Drive
Cincinnati, Ohio 45212

Telephone: 513-631-2900
Contact: S. R. Passell

Oklahoma

Double Eagle Refining Co.
Box 11257
Oklahoma City, Oklahoma 73111

Telephone: 405-232-0244
plant: 405-232-6878
Contact: Frank Kerran, Cameron L. Kerran
Oregon
Nu-Way Oil Company
7039 NE 40th Avenue
Portland, Oregon 97218

Telephone: 503-281-9375
Contact: A. L. Geary

Ager & Davis Refining Co.
9901 NE 33rd Street
Portland. Oregon 97211

Telephone: 503-288-3584
Contact: Harold W. Ager, Jr.

K}

Pennsylvania

Berks Associations. Inc.

Box 617

Pottstown. Pennsylvania 19464
Telephone: 215-385-3031
Contact: Lester Schurr

Petrocan Corporation

P.O. Box 547

Valley Forge. Pennsylvania 19481
Telephone: 215-383-5262
Contact: John Cunningham

Tennessee

Gurley Oif Company

Box 2326

Memphis. Tennessee 38102
Telephe . *: 901-527-9940
Contact: William M. Gurley

Texas

S&R Oil Company
Box 358516
Houston, Texas 77035

Telephone: 713-729-8740
Contact: R. A. Swasey

Capital Supply & Refining Co.
Box 397

1401 West Hurst Blvd.

Hurst, Texas 76053

Contact: Abel Theriot

Texas American Qil

300 Westwall, Suite 1012
Midland. Texas 79701
Telephone: 915-683-4811
Contact: William F. Judd

Utah

Alco Refining Company
133 North First West
Salt Lake City, Utah 84113

Contact: J. R. Mastelotto

Ekotek Lube. Inc.
P.O. Box 21006
Salt Lake City, Utah 84110

Telephone: 801-487-5984

N WA e g




Virginia
L C Ol Campany

1500 Noith Quincy St.
Athingron, Vg 22207

Contact V T, Worthington

Washington

QED Corpuration
P.O. Box 1004
Renton. Washington 98055

Telephone: 206-271.1540
Contact: Willlam §. Kemp

Wisconsin

Warden Refining Company
1910 South 73rd
W Allis. Wisconsin 53214

Telephone: 413.541.1000
Contact: M. A. Warden




APPENDIX C:
USED OIL AS A BOILER FUEL

Thousands ot gallons ot used crankcase oil are
burned each year 1 Army boilers. Before an instal-
lanon mukes a4 comnmutment to such an oil disposal
program, economic and environmental tactors must
be considered. Although using waste crankcase oil as
2 supplement or alternative to virgin fuel probably
will reduce tuel costs. stack emissions of lead and
other pollutants may increase signiticantly. The com-
bustion performance ot the boilers may be impaired.
Maintenance may be needed more often because of
tapid deposit buildup. Boiler parts may have to be
replaced more trequently. Pretreatment of the used
oil or boiler modtfication may ehminate some ot the
problems but will add to the capital expense of modi-
fying the system. Finally. one must consider the
availability (present and future) of used oil. fuel
requirements, which are a tunction of heating season
length: and current tuel prices and trends.

Air Pollution Legislation

The Clean Air Act of 1970, with amendments in
1974 and 1977, includes regulations which may atfect
the burning of used oil as a virgin fuel supplement
or alternative. The National Ambient Air Quality
Standard (NAAQS) (40 CFR Part 50) for lead is
relevant because of the significant concentration of
lead in automotive crankcase drainings. The NAAQS
for total suspended particles is of concern since the
higher ash content ot used oil contributes to higher
particulate emissions. Since the sultur content of used
ot 15 not significantly higher than that of virgin fuel
oil. the SO, enussions from a boiler using recycled fuel
will not be higher. Similarly, the NO, emissions
are approximately equal tor recycied and virgin fuel.

Where air quality is better than the NAAQS. it is
preserved by the Prevention of Significant Deterioration
program. This may apply to some boilers moditied to
burn used oil und to some new boilers. Some modified
boilers may not have to undergo the entire permit
process.

The Nonattainment Provisions of NAAQS may
affect new or modified sources that potentially will
emit more than 100 ton/year of any regulated pollutant.
or that lie in or affect a nonattainment region.

The New Source Performance Standards of NAAQS
apply to new or modified generators with heat inputs

greater than 250 X 10° Btu/hr. Army boders though
seldom this large. may be restricted by State and
local regulations.

The Toxic Substance Control Act (PL 94-309)
regulates used oil burning with respect to PCBs. See
40 CFR Part 761. May 31. 1979 tor the most recent
PCB regulations 3*

Used Oil/Virgin Oil Blends

Generally. the values of properties of blends are
linear with the proportion in each ovil. The exceptions
are viscosity and API gravity. important characteristics
of a boiler fuel. Viscosity affects the flow rate of the
fuel and the spray pattern from the nozzle*® The
viscosity of a blend can be determined from a plot
such as that in Figure Cl. The desirable finng tem-
perature for a given viscosity can then be obtaned
from Figure C1.

The API gravity of an vil (expressed as degrees API)
is a tunction of the specitic gravity and can be culcu-
lated by the following equation:

141.5

degrees APl = S(60°F) ~

1315 [EqCl])

where S = specific gravity of the oil.

API gravity is also related 1o the heat of the burning
oil. Table C1 lists densities and heats ot combustion tor
a range of gravities. Figure C2 graphs the relationship
between specific gravity. APl gravity. and heating value.

Storage Considerations

The location and design of storage tacilities are
affected by several safety considerations, including
the proximity of heavily traveled areas and compliance
with local fire codes.*” Generally. storage requirements
are similar to those for residual fuels.®® However.

48 Used Oil Burned as a Fuel. Vol 1. SW 892 (EPA. 1980).
pp 1-6 and 1-7.

4T T.buandR.S. Chapler. Utilization of Navy-tienerared
Waste Oils as Boiler Fuel Fconomic Analysis and Laboratory
Tests, Technical Note N-1570 (Naval Construction Batallion
Center. 1980). p 14.

47p. L. Fink and 3. W. Jackson. Waste POL Disposal Through
Fnergy Recovery (Air Force Civil Engineering Center. Junc
1976). p S.

48(;. J. Mascetti and H. M. White, Utilization of Used Oils,
Final Report. U.S. Department of Energy Contract EY-76-C-
03-1101-003/ATR7873841 (August 1978), p 10-6.
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rom GO Maseettand M White U ilicaiion of Used Oils, Vainad Report. VS, Department
ol Fnergy Contract FY-7o-C-03-1101-003/ATRTRTI84Y { Aupust 1978, p 10-3)

Gravities, Densities, and Heats of Combustion of Fuel Qils

Table C1

GRAVITY AT 60/60 7 |DENSITY. AT TOTAL HEAT OF COMBUSTION NET WEAT OF COMBUSTION
(18716 C 0 F(1C) (At Constamt Velume) (At Constant Prasswre)
oEC apr | SPECIFIC | LBPER 8Ty ’&“L:E: cAL BTy BG";”L:EY" cAL

GRAVITY GAL PERLB | ¢’k sy PER G PERLE | oo'F s 0 | PER G

) 1.0366 8643 18.250 157.700 10,340 17.290 149 400 9610
6 10291 8 580 18 330 187.300 10.180 17.340 148.800 9650
7 1.0217 8518 18.390 156 600 10.210 17.390 148.100 9670
3 1.0)43 8487 18 440 155.900 10.240 17 440 147 S00 Q700
9 10071 8.397 18 490 155.300 10.270 17 490 146.900 9 720
10 10000 8137 18 540 154,600 10.300 17.540 146.200 9 740
1 0.9930 8.279 18,590 153.900 10.330 17.580 145 600 9170
12 0.9861 8221 18.640 153.300 10.360 17.620 144.900 9 790
13 09792 8.164 18.690 152.600 10.3%0 17.670 144.200 9.810
14 0.9725 8.108 18.740 152.000 10.41C 17.710 14,600 9 840
18 0.9659 8.053 18.790 151,300 10.440 17.750 142,900 9 860
16 0.9593 7.998 18.840 150.700 10 470 17.7% 142.300 9 880
1 09529 7 944 18.890 150.000 10.4%0 17.820 141,600 9.900
18 0.9465 7891 18,930 149 400 10.520 17.860 140.900 9920
19 09402 7 839 18,980 148.800 10.540 17 900 140.300 9 940
20 09340 7187 19.020 148.100 10.570 17 830 139600 9 960
21 09279 7736 19.060 147 500 10 590 17 960 139 000 9.980
2 09218 7 686 19.110 146800 10.620 18.000 138 30¢ 10 00C
23 0.9159 763 19.150 146200 10 640 18 030 137 700 10 020
24 0.9100 7 587 19.190 145.600 10.660 18.070 137100 10 04C
28 09042 7538 19.230 145 000 10.680 18.100 136 400 10 05¢
26 0.8984 7 4% 19.270 144 300 10.710 18 130 135.800 10 070
2 0.892? 7 443 19 310 143.700 10.730 18.160 135.200 10 09¢C
28 0.8871 7.39% 13 35¢ 143.100 10 750 18.130 134 600 1c 110
29 0.8816 7 350 19 380 142,500 10.770 18.220 133.900 10.120
30 08762 7.308 19 420 141.800 10 790 18.250 133 300 10 140
3 08708 7 260 19 450 141.200 10.810 18.280 132,700 10 150
32 0 8654 7218 19 490 140 600 10 830 18.310 132 100 10 170
3 0 8602 71 19.520 140 000 10.85¢ 18330 131 500 10.180
34 0 8550 3128 19 560 139.400 10.860 18.360 130.200 10 200
3 0.8498 7 085 19 590 138,800 10.880 18,390 130 300 10 210
36 0 8448 7 043 19 620 138.200 10 900 18.430 129700 | 023
37 08398 7 001 19 650 137.600 10.920 18 430 129100 1G240
18 0 8348 6.960 19.680 137.000 10.940 18 460 128500 | 10 260
39 0 8299 6920 19720 136,400 10.950 18.480 127,900 ) 1627
40 0 8251 6 879 19.750 135800 10 970 18.510 127300 | 10.280
4l 0 8203 6.839 19.780 135.200 10 990 18 530 126700 | 10300
Y] 0.8155 6 799 19.810 134 700 11.000 18.560 126200 | 10310
K] 08109 € 760 19,830 134,100 11 020 18 580 125600 103X
" 0 8063 6.722 19.860 133.500 11.030 18 600 125.000 10 330
45 0.8017 6.684 19.890 132.900 11.050 18 620 124 400 10 34C
&“% 0.7972 6.646 19.920 132.400 11.070 18.640 123.900 10 360
Y] 0.7927 6.609 19,940 121,900 11.080 18.660 123 300 10 370
“° 0.7883 6.572 19.970 131,200 11.100 18,680 122.800 10 380
© 0.7839 6.53% 20.000 130,700 11.110 18.700 122.200 10 290

is
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contanatton ol the used ol with eeadihy comb suhie
weterals such as nonhalide solvents glhvools and
anvoline may tane the vapor pressuie o alter the
flash pomt ot the munture. theretore. speaual storage
tacthties muy be necded A

Drainage tor gravitysettled sediment and water
an essential feature tor used onl storage. Ahoveground
tanks should contam o drain valve. and subsurtace

tanths should have a suitable sucton pump ™ One of

Fort Benming's two wsed o1l storage tanks 1v shown
in Figure €3

The used oibvirgin oil blend must be mixed o
dgitated o prevent segregation of the orls over tume
because of density ditterences. Mihitany Speaitication
VVLEXTESD, “Fuel Ol Burner,”™ requtres erther me
chanical muxang ot im-hine blending ot oil mixtures.

Boilers

A major consideration is the effect ot used il
combustion on the boiler atself. Of cournse. used ol
characteristics such as water und ash content. con-

centrations of vartous additives, and the degree of

dilution with virgin oil determine the quahty of il
actually entering the boiler (Table C2). Short-term
burning of used o1l probably does not signiticantly at-
fect combustion efticiency or damage boiler equipment.

Some problems can be expected. though. as u result
of long-term used oil combustion: clogging ot pipes
and nozzles. accelerated corrosion ot pipes and tanks,
and reduction of heat transter efticiency. Sediment can
clog transter piping. and water may corrode tanks and
pipes. as well as treeze fuel lines. ™' Oil additives may
cause @ tine lint buldup 1 barrels and nozsles. ash
buildup in the fire box. and deposits v boiler tubes. ™

49 Used Oil Burned as a Fuel, Vol 1. SW 892 (EPA. 1980).
p4-7

S0p L. bink and J.W_Jackson, Waste POL Disposal Through
Energy Recovery (Air Foree Civil Engineering Center. June
1976).p 5.

SIF D, Coyle and A. R. Siedle. “Metals in Oil: Qccurrence
and Significance for Reuse of Spent Automotive Lubricating
Qils.” Proceedings of a Workshop on Measurements and Stan-
dards for Recveled Oil-ll, Gaithersburg. Maryland. National
Bureau of Standards. 1977 (NBS Special Publication §56.
1979). p 199.

SIr T, Fuand R.S. Chapler, Utilization of Navy-Generated
Waste Oils as Boiler Fuel FEeonomic Analysis und Laboratory
Tests, Techaicul Note N-1870 (Naval Construction Batallion
Center, 1980, pp 12

Additives are avarlable that can help sodse these

problems with burming used o1l

Emissions

Army o boilers can be generally Chatactensed s
imdustnalsized. That s they have o capaany between
S0 % 10" and 250 a0 1% Bt Industsiabsized
botlais wsually burn residudd tuel (or N 4050000
tuel oh) at a rate of TO to 3300 gal browith 13 percent
excess an."t Some are converted stokernired coul
bollers. Others were cotaucted as oil-ired boilers
Few have modein air pollution contiol equipment
Many converted coal botlers have outdated. metticient
cvelones: some boilers have none  Oil-fired bolers
usually do not have pollutien control equipment
(Virgin tuel oil s g relamnvely dean-burmng tuel )
Theretore.  emssions  from  Anmy - botlers burmng
used oil probably will be uncontrolled und should be
carefully evaluated before a decision v made 1o tie
used oil.

The number of pollutants cimtted from o stack
tunction of the characterstioy of the oif and e
combustion equipment itelt. Pollutants o concern
mclude lead and other heavy metals trom the wsh
sulfur. nirvogen. chlorme. and  bromime  ongeating
from the ash and organic fractions Also ot conceo
are polynuclear geromatios (PNAs) and polvavain
organic matter (POMs) from the combustion of fos
tuels. PCBs are not normally tound in used oils but 3
the used otl has been contomimated. burming 1t &
Army boiler would be not only harmtul to the environ
ment and the health of personnel. but also iega
Other contuminants  that affect enussiony  mclude
gasoline. glveol antifreeze. pestades. halides. and
other solvents. ™

[.ead Fmissions

Lead emissions trom burning used vil are g tunction
of the firing rate (liters per hour). lead concentration
of the oil. and the percent ot that lead which is emitted
with the flue gas. Figure C4. data collected by the EPA
from 1969 to 1978 shows an mverse relationshup
between lead emissions and the lead concentration m
the total oil (used oil and virgin tuel).

ST, Beard, K. A Lacheta,  d 1 U Lilleleht. tor
Pollution Training Institute Course 4.7 Combustion Fvalug
tion Student Manual. FPA 450/2-R0.063 (FPA. | chruany
1980). p 8-2.

34 Used Ol Burned as a Fuel, p 4-1.
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Table (2

Properties of Virgin Fuel Oil (No. 2 Distillate and No. 6 Residual) and
Used Oil tAutomotive Crankcase Drainings)

throm G ) Mascetn and H M White, Urilizanion of Used Onds, Fansl Report. US Department
ot bnergy Contract FY-76-C-03-1101-003/ATR7873841 |Aupust 1978, p 103

Composite Range Values

3 roperty'd Tsed O Lrank-
No. 2 Distillate No. 6 Residual case drainings

Gravity, deq AP at 60°F 30.210 45,3 0.3t 26.0 2.01027.9
Specific Gravity 0. 800 to 0.879 0.398 to 1. 022 1,887 100.934
Density, ivgal 0.08t07.30 1.5t%8.5 7.40t07.78
viscosity, SFS at 122%F - 24 t0 350 .
viscosity, SUS at 100°F 32t0 40 - ' 1710 837
Viscosity, Centistokes 1.3t 4.1 710750 17.310 180. 6
Pour Paint, ¥ -5 to 25 1-101 t0 95 < (~40 to (-30)
Flash Point, oF 126 to 204 150 to 270 175 io 415

Hedting vaiue, 8twqal
Heating value, Blu/ld
Neutralization Number,
™g KOH/Igm
Bottom Solids and Water,
vol %
Sulfur, m %
Ash, Mm%
Silicon, opm
Caicium, ppm
Sodium, pom
Iron, ppm
vagnesium, ppm
Lead, ppm
vanadium, ppm
Copper. opm
g8arrym, ppm
Chromium, ppm
Nickel, ppm
Aluminum, ppm
Silver, ppm
Titanium, ppm
Molybdenum, ppm
Zing, ppm
Shosphorus, ppm
Tin, ppm
Beryllium, ppm
vianganese, ppm
Cadmium, ppm
Strontium, ppm
Boron, ppm

130, 900 to 141, 800
18,145 to 19, 895

0.00t0 <0. 1

0.02t0G. 59
0.00 to 0.005

146, 100 to ¢ >157, 700
17,410 to (> 20, 480

0.00to 2.00

0.3t04.0
0.00to0.50
3.2t0164.0
0.7t 95.0
1 to 480
10.5t0 230.0
0.41027.9
.70 4.1
1t 380
2.5

13.7
Ito 118
0.5t 219

0.3
.5
.3

RV}

105, 555 to 143. 360
13,571 to 19, 300
4310143

.12

0.2 00.45
.03t03.78
10 to 875
700 to 3, 200
16 to 300
50 to 2, 000
10to 1,108
300 to 11, 200
Ito 39
5to 348
10to 2, 000
305
3t0 30
10 to 800"
1
5t0 30
2% 3
300 to 3, 000
500 to 2, 200
Sto 112
[
Sto 10
4
10t0 30
Jto 20

‘Dopm (as the element) +0.0001 #t % .

.




CONCENTRATION OF LEAD IN TOTAL OIL, PPM
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lable €3
Particle Size Distribution ot Lead and Other Major Contaminants
in Emissions from Waste Oil Combustion

throm €0 1 Mascetu and H M White

Unilizanion ot Used (s, Fingl Report. US Department ot

Faeny Conttact FY-76 40311010 003/ ATRTETI8IL [August 19781 . p 10-15)

Weight Percent

Particle Size Lead Calcium Phosphorus Zine tron Banum

I micron 76 to 69 ot 19 23w 561073 2710 36 RIREVILY
1 to 10 mwron 16 to 21 710 74 49 10 66 231w 39 S1to &0 e 7Y

10 micron 27044 10 to 18§ 89toln 341050 131018 89 1 18

EPA tests show that trom 20 to 100 percent ot the
fead entermng o ~steam boiler can be expected 1o be
trom the stack. Some lead s enutted as an
though  most
Table €3 Iists the particle size distnbu-

emitted

derozol or vapor. v assoctated  with

particulates **
ton ol fead and other mapor contamitnants (o emissions
from  waste ol combustion. Knowing  particulate
size Iy unportant tor considernmg environniental and
health ettects of pollutants. Smaller particles penetrate
deep mnto the humun respiratory tract, whereas larger
particulates tend to be removed in the upper tract ¢
Alsot pollution equipmient is to be nstalled. the par

ticle size distabution 1s an mportant design parametes

In one EPA test. 90 percent of the lead enutted was
assoctated with particulates smaller than 1 mcron.
Nearly 73 percent ot this lead was recovered trom
boler tubes. and 25 percent was emitted directly mto
the atmosphere. Furnace deposits may be emitted to
the atmosphere during soot blowing. or may be re-
moved during furmace cleanimg.®”

Other Pollutants

SO, emissions are a furction of the sulfur content
ot the used vil. Since used crankcease oil usually has
little sultur. a biend ot high sultur residual oil and
used il can sctually reduce SO, emissions and cor-
rosion of internal boiler surfaces.s*

*SUsed 01l Burned as a Fuel, pd-4.

“H.
n 136

*7Used Uil Burned as a Fuel, p4-2.

S*p. D. Spawn und P | Fennelly. “An Updated Look at
the Fuel Potential of Waste Automotive Oil.™ Proceedings of
a Workshop on Measurements and Standards for Recveled
-1, Gaithersburg. Marylund. National Bureau of Stan-
dards. 1977 (NBS Special Publication §56.1979). p 51.

Perkins, e Pollution (McGraw-Hill, Inc. 1974,

41

SO, emissions witl not be dealt with o this report
because they are not specific to used vif combustion
Sinilarly. N()X SMISIONS dre 4 funchion ot combustion
temperature and the mtrogen in the o1l rather than
hermng related to oil contammination *°

In Used Oil Burned as a Fuel, the FPA combines
ait pollution ynd ased  wif composition cniternia o
chatacterize & used ol which muay be bumed with
mimmal environmental risk. The results are presented
m Table 5 In the same pubheation. the EPA suggeste
uncontiolled enussion factors for used o1l and used
otlvign o bleads. The eovsaion taciars e vansstent
with  those previously  published the

pollutants (Table C4).%°

tot selected

\lmielmg

Betore building storage facilities and modifying
bollers o burn oil. it might be usetul 1o model the
lead emussions that would result from burning used
oil. The model could help in caleutating the maximum
lead concentration allowable in the oil. This maxunum
depends on the ambient lead concentration hetore the
builer emissions’ contribution. and on the lead emitted
as a function of lead concentration in the fuel. The
amount of lead could be reduced. then. either hy
pretreatment or by reducing the ratio ot used oil 10
virgin fuel. Waste oil managers may contact CERL tor
information about the modeling procedure

Pretreatment
Prewreatment the used ol can significanty
improve oil quality. thereby reducing boiler damage

of

Sy T, Beard. 1. A. Lachetta. and 1. U. Lilleleht.

Pollution Training Institute Course 427 Studenr Manual,
FPA 450/2-80-063 (EPA. February 1980). p 8-3.

0 jsed Oil Burned as a Fuel, p 4—4.




Table C4

Uncontrolled Emission Factors for Combustion

throm Used O Burned as a Fuel, Yol 1.SW 892 [FPAL 1980

Fmission Factors, 1b/10° gal

Poltutant EPA AP42 (3)
Ph Waste o 0.0075(L)
Pb Virgin otls 0 0042(1)

tresidual. distillate)

Coal 1.6 1b/10* ton
1[\llumlnnll\, All(th‘llL‘)

Partcutate Woaste vil 75¢A)

Particatate Virgin oids
60 1NS) + 3
85 10
o 7
Ind./comm. dist. 2
Domestic dist. 2.5
Other metals Not included
0 partic.ate
S0, Residuat il 157(S)
Distillate oil- 142(S)

SO, All virgin vils - 2§
NO, ttotal Residual vils
~NO ) Power plant
tangential - 5¢
Power plant
other - 105
Ind.‘comm. 22+400(N)2
Ind.;comm. dist. 22
Domestic dist. - 18
Hydrocarbons Al virgin oils - |
(ttotal. as CH )

PNA'ST? Not included
HCL** Not included
HBr** Not included
P tin Not included
particulate)

CcOo N

* And tor used oil/virgin oil minture,
* *Suggested for these pollutants.

Suggested

for Used Oil*
0.0075(L)

75(A)

0.0075(L)

150¢S)

(5]
to

0.007S

77(C) max.
76(B) max.
75(P) max.

N

Comments

L= ppm Pban o1l Based on 100
emission at 7.5 ths/gal o densits
Based on substantially less than
1007 emissions. Ave L - 1 O1os
residual oals, and O 1 for distillate
oils.

Bused on 80 cmitssions,.

A =~ ash ol Based on 100V
cquivalent emission at 7.5 [hs/gal
vil density .

S -7 sulturan oil

Note that used ol with approx.
0.137 ash would be equivalent to
=5 tuel oIl

L = ppm metal in oil.

S = 7 sulfur in oil. Suggested factor
tor used oil hased on 1007
conversion of § 10 SO, for 7.5
Ib/gal oil density .

S =7 sulfur in oil.

= v nitrogen in oil.
See AP-42 1.3 tfor turther discussion
of NO, emissions.

RECON measurements ranged trom
14 to 165 up/p fuel (113 avg) as
compared to 1 1b/10° gal (approx.
133 uy/g) emission factor.
Corresponds to 1 ug/y. Insut-
ficient data to determine how PNA
emissions tor used vils compare to
virgin oils.
C =7 chlorine in oil.

= ‘7 bromine in oil.
P =7 phosphorous in oil

CO emissions vary with combustion
control on all tuels. No CO emission
detected by Orsat analyses in
RECON tests 1-4. Determinations by
Kitagawa detector tube in runs §-9
showed 10 to 100 ppnt in the flue
gas or an average of about 5 1b/10°
g,




over an extended time The treatiment may be as sunple
Ay swreening to remove large toreign ohjects and seds-
ment - The most common treatinent s setthng o
remove water and sediment. More sophisticated re-
pProvessing conisists of centrifugation, dltration, atinus
phere or vacuum distilfation, or chemieal treatment. !

GLOSSARY

additive A Chenncal added to improve oil

anthne number (or point): Temperature (7C) at which
mixtures ol petroleum and anihne become mis-
cible. The value is a measure of studge solvent
power. A low aniline number indicates high
sulvent power.

asphalt: A solid hydrocarbon tound as a natural
deposit. When subjected 1o distillation to remove
light tractions. crude oil of high asphaltic content
leaves asphalt as a residue. Asphalt is dark brown
or black and is a solid at normal temperatures.

BS&W: Abbreviation tor bottom solids and water.
Found in petroleum crudes. undistilled tueis
and used oils.

flash powt: Maximum temperature at which ol can
be stored and handled without senous tire hazard.

lubricating oil: That fraction of the crude oil which is
sold to reduce friction in any industrial or me-
chanical application. This term includes re-refined
oil.

neutralization number: The number of milligrams of
potassium hydroxide nceded to neutralize 1.0 g
of an oil sample.

pour point: Primary indication of the lowest tempera-
ture at which an oil can be stored and still flow
under very low forces.

&) Used Oil Burned us a Fuel, Vol 1. SW 892 (EPA. 1980).
pp 2-6. 2-7.
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reclanming or reprocessing: Physical treatment with o
without chemwcul treatment to  prepare  tuels
from used oils.

recycled oil: Any used ol which s reused tor any
purpose. This includes ol which s re-refined.
reclaimed. burned. or reprocessed.

re-refined oif: Used oil from which the physical and
chemical contaminants acquired through use have
been removed by a re-refining process,

Saybolt Umversal Viscosity: Tune tin seconds) it takes
to run 60 ml ot a flud through a standard size
orifice. Usually reported at 100°F. 150°F. or
210°F.

Saybolt Furol Viscosity: Same as Saybolt Universal
Viscosity. except the orifice through which the
fluid passes is larger: 62 seconds. Saybolt Furol
Seconds (SFS) = 600 seconds SUS.

used oil: Any oil which has been refined from crude
oil and used. and which has therefore been phy-
sically or chemically contaminated.

virgin oil: Oil products manufactured from previously
unused petroleum products.

viscosity: Measure of a fluid’s resistance to shear wi
angular  deformation. Indicates  relative  euse
of tlow.

viscosity index: An empirical measure ot the effect of
temperature on the viscosity ot vils. A fow index
indicates a large change with temperature.

METRIC CONVERSIONS

lgal =3.785L

°C =5/9(°F-32)
IIb =037kg

1 psi =6.895X 10% Pa
1 Btu=0.293 W

I ton =09 MT

I mi =1.6km

lin. =254 mm
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St. Payl 55101
A1TN: ({hvef, ED-H
Chicage 60604
ATTN: (hef, NCCCO-R
ATTN: (Chief, NCCED-H
ATTN: (Chief, NCCPD-ER
ATTN: (hief, NCCPE-PES
St. Louis ©3101
ATTN: Chief, ED-B
ATTN:  Chief, ED-D
Kansas City 64106
ATiIN: Chief, Engr Div
Omaha 68102
ATTN: Chief, Engr Div
tittle Rock 72203
ATTN-  Cnfef, Engr Otv
Tulsa 94102
ATIN: (Chvef, Engr Oiv
Fort worth 76102
ATTN: Chief, SWFED-D
ATIN: Cmief, SwFED-MA/MR
Galveston 77550
ATTN: Cntef, SAGAS-L
ATTN: Chief, SWGCO-M
Los Angeles 90053
ATTN: Chief, SPLED-E
San Francisco 94105
ATIN: Chtef, Engr div
Sacramento 95814
ATIN: Chief, SPKED-D
Far East 96101
ATTN: Chief, Engr Div
Seattle 98124
ATTN: Chief, NPSEN-FM
ATTN: (hief, EN-DB-SE
ATTN: Crief, NPSEN-PL-WC
ATTN: Cri~f, NPSEN-PL-ER
Walla all. 19362
ATTN: o , Engr Oty
Alaska 99 .
ATTN: ' .itef, NPASA-R

W, Army Engtneer Division

New tngiand 02158
ATTN: Chief, NEOLO-L
North Atlantic 1000/
ATTN: Chief, NADEN-T
Middle East (Rear) 22601
ATTN: Chief, MEDED-T
South Atlantic 30303
ATTN: Chief, SADEN-Te

US Army Engineer Division WASH DC 2033
Huntsville 35807 AF /RDXT
ATTN: Chief, HNDED-(S
ATIN: Chief, HNDED-ME Little Rock AfFg
ATTN: Chief, HNDED-SR ATTN:  314/VELE
Lower Mississippi Valley 39180
ATIN: Chief, PO-R Patrick AFB, FL 32925
Ohio River 45201 ATTN:  XRQ
ATTN: Chief, Engr Div
North Central 60605
ATIN: Chief, Engr Planning tr
Missouri River 68101
ATTN: Chief, MRDED-T Tyndall AFB, FL 32404
Southwestern 75202 AFESC/PRY
ATTN: Chtef, SWDED-TH
South Pacific 94111
ATTN: Chief, SPDED-TG
ATTN: tLaboratory
Pacific Ocean 96858
ATTN: Chief, Engr Dtv
ATTN: Chiet, PUDED-MP
ATTN: Chief, PODED-P

Tinker AFB, 0K 73145
2854 ABG/DEEE

Dept of Transportation
Tallahassee, FL 32304

Oept of Transportation Library

B81dg Research Advisory Boara <udls

2US%u

Transportation Research Bocara 2udls

5th Us Amy /8234
ATTN: AFKB-LG-t

Ottawa, Ontario, Canada KA (N8
6th US Army 94129

ATTN: AFKC-EN Division of Building Research

Ottawa, Ontario, Canada KlA URb
7th US Army 09407

ATTN: AETTM-nRD-LHD National Defense Headquarters

Ottawa, Ontario, Canada KlA uk.
Us Army Foreign Science & Tech Center

ATTN: Charlottesville, VA 22901
ATTN: Far tast Office 96328

USA ARRADCOM
ATTN: DRDAR-LCA-O0K

West Point, NY 10996
ATTN: Dept of Mechanics
ATTN: Library

Ft. Belvoir, ¥A 22060

ATTIN: Learning Resources Center
ATTN: ATSE-TD-TL (2)

ATTN: British Lraison Officer (5)

Ft. (layton Canal Zone 34004
ATTN: DFAE

Ft. A. P. H11) 24502
ATIN: fE

Ft. Leavenworth, KS 66027
ATIN: ATILCA-SA

Ft. Lee, VA 23801
ATTN: DRXMC-D (2)

Ft. McPherson, GA 30330
ATTN: AFEN-CD

Ft. Monroe, YA 23651
ATTN: ATEN-AD (3}
ATTN: ATEN-FE-E
ATTN: ATEN-FE-U

Aberdeen Proving Ground, MD 21005
ATTN:  AMXHE
ATTN: HSE-EW

Naval Facilittes Engr Command 22332
ATIN: Code 04

Y Naval Ucesnoqraphic Offfce 1952/
ALIN: i ibrary

Naval Tratning Equipment (enter J28I1J
ATTIN: Technical Library

Port Hueneme, CA 93043
ATTN: Morell Library

Bolling AFB, DC 20332
AF /LECEY

Airports ana Construction Services ulr




S
towdnte
fhige . --
e T
e

S,
e

St e
Skt
Lot







