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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. Jam
is Chief 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 9)REGULATIONS AFFECTING
ARMY INSTALLATIONS - WASTE OIL REUSE

Federal Water Pollution Control
I INTRODUCTION Act Amendments of 1972

One of the first and most important pieces of
environmental legislation of the 1 9 70s was the Federal

Background Water Pollution Control Act Amendments of 1972.
Typical Army installations produce large amounts The purpose of this legislation was to reduce and

of waste oil-up to 250.000 gal annually. Recent eventually eliminate the discharge of pollutants into the
emphasis on energy conservation and regulations nation's navigable waters. Discharging toxic pollutants
concerning hazardous wastes have caused the Army in harmful amounts was prohibited immediately. One
to consider reusing its waste oil.' The Office of the concern of Congress was the degradation of the en-

Chief of Engineers (OCE) asked the U.S. Army Con- vironment cuased by the improper disposal of waste

struction Engineering Research Laboratory (CERL) to oil. The EPA was directed to conduct a study of:

assess waste oil handling and reuse for Directorate of
Facility Engineers (DFAE) and Defense Property 1. The generation of used engine, machine, cooling

Disposal Office (DPDO) personnel. and similar waste oil, including quantities, quality.
present collection and disposal practices, and alternate

Objective uses.
The objectives of this research were: (1) to analyze

the economics of waste oil reuse, and (2) to examine 2. The long-term, chronic biological effects of the

the environmental aspects of used oil management. disposal of waste oil.

Approach 3. The potential market for waste oils. The fol-
The state of the art of waste oil management was lowing issues were to be considered: the economic and

surveyed through a literature search and contacts legal factors relating to the sale of products made from
with personnel at various Governmental and private such oils, the level of subsidy needed to encourage

agencies. Representatives from Army commands, public and private nonprofit agencies to buy the

Army installations, the General Accounting Office products, and the possibility of Federal procurement
(GAO), the U.S. Environmental Protection Agency of these products.
(EPA), State agencies, and re-refiners were inter-
viewed. Waste oil samples from three installations The result of this work was the EPA's Waste Oil
were analyzed to see how the characteristics of Army Study .2

waste oil affect reuse options (Chapters 2 and 3).
PL 94-163

From this information, CERL assessed the three To reduce energy demand and provide emergency

handling and reuse alternatives that are most appro- conservation measures, the Congress passed the Energy
priate for the Army: (1) selling the oil to a re-refinery, Policy and Conservation Act (PL 94-163) in December

(3) burning it as a boiler fuel, and (3) recycling it in a 1975. The authors of this bill recognized used crank-

closed loop agreement with a re-reii.Ier (Chapter 4). case oil as a valuable, reusable resource and devoted a
section of the law to policy on recycled oil. Section

Mode of Technology Transfer 383 of PL 94-163 was intended:

It is recommended that the information in this
report impact on the Army Energy Plan and AR 1. To encourage the recycling of used oil
200-1.

2. To promote the use of recycled oil

Army Energy Plan (Headquarters. Department of the 'Waste Oil Study-A Report to the Congress, PB257693
Army, 1978). (Environmental Protection Agency [EPA I. April 1974).
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0 To dJC rd c OnSUrnpt101 of new oil b> promoting speiicalk iientioned, although it %kas, in the proposed
ith rcaSCeLl ue or reCsCletd 011 tiulat o s. Noiietlielexs. (hR L believes that used

ciatikease oil Would (111altts as a hazardous waste if it
4~ [' reLL,. eriioniiieiital haiards and washtetll tailed tile to\icit\ teN specified in dile reguilltons

t~aC~~ Cx*~x ~ 'Al ih thle disposal of used Oil.
Used Oil Recycling Act

n addition. PL 04-10 dhBLi ected tile National Burireau Thl: Used Oil Rcc liii eV~ ct 019is (PL 90-40.,)
01 Stanidads \RSo to *\lei:vehlp test lmocedoreN to iieted thie Solid \\rstc Dixjh sNal A~ to xpe,.ificail

dieterinle slibStanrial, equivalenci. of re-refired or include Llsed oil. 1111 a' ix% 11 x& f-Iull\ hiere
otherw-ise processed used oils or Mlend of n~ew and used because it is directly rlelevauit h, A rrr_ I ecs I in g pollcs
Oil 'oi a1 Particular end use." lest procedures developed
hr tile Bureau for hurrner fulel were Published in section 2, of tile Act liqtNor~ex r iil tditrex
1080. "which reflect in incicasinels lavorabiL tintiide to\Iarld

used oil. (iongress iokrrd that
PL. 04- 103 also directed thle Federal Trade Coninis-

Nioti. alter reviewino tile Bureau's test procedures. to 1 . U sed oil is a Valualei sonrtCe of scarce ietrim
prescribe labelitt-, standards fill recycled oil cotainers. atid materials,
Fi conitainers Of 110% OL. used oil. and recycled oil.
the EPA was directed to establish labeling standards, 2. lechnitoCS exists ito ie-relitie. repiocess. reda~itri.
concernting thle proper Ldisposal of' oil after use. Also, all atid otherwise recy cle used oil.
Federal agencies were to revise policies to etncourage
procuremnent of rec\-cled oil whleni available at conipe t- 3. Used oil cornstitu tes a thireit toi public heal th
llive Prices for1 thle Samte use as new oil. and thle enviroiitent \ hen reeLl( or dlSP('Sedl oit oil-

properl\-. Therefore, it is in thle natiotnal interest ito
Finalls. Felral aentcies were to infortm Federal. reciycle useLd Oil iti orlder to protect public health atid

State. and private sector emlployees about the need to the enrviroinment. and~ to cotiserve eni~g atiJ l tateriids.
use recs ced oil tii cotnserve new oil and to prevent
environmental hazards associated with improper Sectioni 4 of' thle Act deais with labelingi require-
oil disposal. itetits tor new\ atnd used oil coroainers. Part (ci el Icc-

tCivrepeals thle rule N, hich requires used oil I ;ntaitter
Resource Conservation and Recovery Act to bear a label itidicatitie that thle oil wias mtade from

It 1 7(). tlte Solid Waste Disposal Act (42 USC used or recs cled oil. It was thought thtat tisl, notice
3~25 1 ) wvas intended hi, thle Resource Coniservationi and imlplied that theC prorduct Was inferior.
Recovery Act WRRA( PIL 914-5S80 The revised law
Offers technical amid Financial assistance in Ldeveloping Sectiotn ; (b) aintds Section 400S ot' thle Solid
facilities for and managing riot only recovery of energy. Waste Disposal Act b\ additng a subsectioni providig
hut also sale disposal or recovery of discarded materials, financial assistance to States for oil rec\ clitng programs.
The law also regulates the mantagement of hazardous To carry out tile provisions of Section 5,. Cotngress
wastes. Section 3001 of RCRA requires thle EPA to allocated S'S million each for fiscal years 1982 and
issue criteria for identifying hazardous wastes and 19)83. None of' thle funds mlaN be used 1'0i conistruction.
tor categorizing those subject to RCRA's subtitle land acquisition, Or eqlUi.ptuenilt.
(c). When characterizing a hazardous waste, the EPA
ttlust consider factors such as toxicity. persistence. Section 6 of'PL 96-463 atntds Sectioni 4008 of tine
degradability, potential for accurnulation in tissue. Solid Waste Disposal Act by authorizing thle EPA to
flanmmability, and corrosiveness, provide teclinical assistance to States wh-Inch have to

address economic and institutiotial problems with
The hazardous waste regulations were isstued in recycling used oil.

May 1990 (40 CFR Part 260). but used oil was not
Section 7 amrends subtitle (C) of the Solid Waste

11) A. Becker dnd J J (ometord. Re-ercIed Oil Program. Disposal Act and directs the EPA to issue regulations
Phmase' I Test Procedures for Rtcreh-d Oil Used as Burne'r on performance standards and other requirements
luel~l IechntflI Note 11I30 (N.itmonial Bureau of Stindairds necessary to Protect public health atid the environment
IN HSS I. Augut 1980i). fromn thle hazardls associated with recycled oil.
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:); 15 I ~lriuiiNt 10,s I I lie EPA. Was lequtied h% So Mc C, " N A.Ilso hcii Jl~ic I tIl II I' 11di !

sel'~:on I" dcide Ohlicl *,0 1.0titi Llt a.nd a toed stock

0) o it th S-lid WaJste Disposal A~t ate applicahle it)
U i: 1 (I c i. I t a I/.itliios 'vaste). and to repoirt the

iri111llOd telesii daita to (origress [hle EPA was
riot ti isuiNflge thle ic:cling and rouse o1 used oil 3 CURRENT WASTE OIL MANAGEMENT
\Owlin mikinig tills d'cisioni.

Fiiiallv. Section 1)i equires thre .Admniif it of the Sources

IA. the Sec:retar% of Lnerges thre Federal Trade (Li- Waste Oi at1 Aiin\_ iistlallatiin'l Comes~ lf)It [h,

miission. and thle Secretai% of Commerce to studx the flnalintenlce Of ltctkl. NUIp(ll ad tdlll eiI-

ens ironiiial problemns aSSOCIated with thre inipioiper neeririg vehicles. Crankcase oils. tnansnisin il_ iOrd

dt'pOsail Or louse Of' used oil. Collec tioni Of used Lil drive oils. and hyvdraufl uids aire reinos ed period. ilk

hetoo e ec\ cit!. suppis anmd demand i thle uised oil tront these vehicles at the inainteliante tacifitic,

iniiJUIIN Cl l cteic sislites issociadied with te-retinifiv
andl I cc' ciIg 11xcd otl Tactical vehicle, pros ide mlost it thle AnIttt U~cd

iii. as Indicated 1, the crankcasec and t rat -w,

DOD Policy capattire-, shoiwin Itn Tahles I mid~ 2' Oil . , hn

Noi lDepai tIllitit[ Of Dtensc (1)01)) lecoeiitd tlie ahout twice a year fot tanks itid oi1Tlita LJ vhri

ittipoitat1ice ot propl nianlagettieli of waste oil betore and once a -Ca fr aitnor1ed personiiel lit nets flie ii
thre Used Oil Rec~ cling Act was passed. "Oil Recycling Ill Wheeled Vehticles Is changed twic a Cat. LIIICle1

and Reuse Policy" is tire subtect of' a 19)79 DOD done according to ileage!"

ilelitiianduinl.4 This document emphasizes re-refitiing
waste oil atid. if' more economnical. hurtling waste oil as Storage
a hod. Waste o-il is stired l i three pLiid' hetote ItI i,!!

disposed of' tbe container used ito caitch iei . C

A subsequent itemorandumn directs DOD to "es is drained fromt a crankcase. a podl or tnndcietgtnnui,

tablisli a priority systein tLo tmaximize the sale of, used storage tank it) old oil chiange,, front one mn trot

luibe oil to re-refiners. reprocessors. brokers for re- maintenance units, and central storage tanks, setiCmk

refiners rieprocessors., atid energy converters, and to the entite itnstallation. The oil is usualx liand-catried

puichase re ieivted lube oil fromt itndustry tihrough in its collection containet frotnt tile mnotor pooli to the

cilosed loop or stock. store. anid Issue systettis.-5 maintenance unit', storage tank. Each unilts Ol 1i

usuaill picked up byr a contractor atnd tranisferred to)

The niost signftcail change Ii 1)0D regulations ito the central storage tank, however, at some inst aint nt
piotiloiV tile puIiclias]e of l'-ietilied oil was the revision the oil is hauled to the ceiitrai storage area h\ tile

of NI-4ol S52, "I iihiicat'ig Oil, Iiiternial Coitihos- units, It tile contractor collecting the oil tromn tite Ulits

non1 Friginl'. Adiniuistiaive Service." the, specificationi is also hiauling the o~il to at waste oil processing facilit.

quality ing einie lubricating oil tor administrative then there probably will nolt be a central storage tailk

service vehicles. Thre revision to MIL-L-46152A (23 urn the installatioti.

January 1Q)80) and then to MIL-L-4o I52B (26 January
1981 ) allows used oil as a feed stock, Previously. Quantity

buying re-refined oil (tad been prohibited. MIL-L-2014. The Defense General Supplyr Center reported that
3.3201.842 gal of new crankcase oil were siiipped to

Armyv facilities between June 10(70l and Juiie ]')SO Ot
__________________this aniount. .3 .. 11)5 gal were to he used Ili idoittu

"O0il Recocling and Reuse Polic .' Memnorandumi for thii trative vehicles. These oils w're required to mnet
Secretaries ol tire Military Departments, tile Directors Defense
Agencies (Assistaint Secretary ot Defense IManpower. Reserve
Affair%, and Logistics I . J inelI 4. 199) 6 R. I- ileccia. J. Henson..and J . Maltherk . li 1a~JsaniJ

5"Doefense Environmiental Actions for 1981 ." Defense Iiictical Veh/icle Vaintepiance Facilites ('onct ev igni air.
nrvironiiienttil Quality Program Policy Memorandum No. .rlrinr'I Recommendations for Wasn'water Frearmlcni.

81-I tAssistant Secretary of Defense [Manpower. Reserve Interim Report N-67/ADA067985 (U.S. Army C'onstruction
Affairs, and 1.ogisticsi. 12 january 1981). Fnigirleering Research Laboratory JIFRILI. 1979i. pp t0. ItI
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Table I
Characteristics of Various Types of Track-Laying Vehicles

Crankcase Transmission
Capacity. Capacity,

Designation General Descripion tQ

M49A I 1lank. , ombat. 90 mim 72 92

N148%2, AYC I ink, comibat. 90 mmi 64 92

NI48AS I Ink. ounhit. 90mmir 48 76

M60, 6ttA I Tink. comihit. 105 mmn 48 76

MIl07 Gun. %ell-prop. 175 mmn 26 57+

Ml Il0 Hlow it ir. sell -prop. 8-in. 26 57+

NI 19 Howliter. self-prop. 155 mmi 28 52+

M 108 Howitzer. Nelf-prop. 155 min 2658

M4 2/42A I Gun. Anti-aircraft 44 44

\156 Gun. self-prop. 90 mm 11 15

M153 Gun, self-prop. 155 mmn 104 96+

M55 Howitzer, self-prop. 8-in. 64 72+

M37 Howitzer, self-prop. 105 mim 16 30+

M52152A1 Howitzer. sell-prop. 105 mmn 44 49

NI44/44AlI Howitzer. sell-prop. 155 mm 44 70

\184 Mortar, self-prop. 107 mm 22 45

53 Vehicle, combat engr. 165 mm 1 11A 688

MS -MS A4 Tractor, high speed 22 48

MgAl - MBA2 Tractor. high speed 44 72

M6 Bulldozer, tank mounted 64 80+

\18 Bulldozer. tank mounted 72 92

M9 Bulldozey. tank mounted 48 76

M5 78 Recovery vehicle 26 NA

M88 Recovery vehicle 64 72

MI113 Armored personnel carrier t0 16

M577-M577AI Armored personnel carrier. 12 12
command post 18

MIUL-4(31S2 specific ations. In addition. 2.P24,.;37 Army's oil is indeed lost. then l.t,00.000 gil of used oil

gal. shtpped for use in tactical vehicles, had to qualify is produced each year. Some Army facilittes and thetn
under MILL-2104. approximate rates of used oil production arc listed fin

The iteatue cmmony asums tat 5 pecen of Table 3. Table 4 is an example of gencratton rate!. frotm

the crankcase oil is lost during use. disposed of with thmanencuisatFrLwsW .

the filter cartridge. or spilled.' If 50 percent of the

'7H. B. Kaufman. FUPA Activities in Waste Oil Manage-
ment." Proceedings of a Workshop on Measureme'ntsand Stan- AR. Ilileccia. J. Henson. and J. Ntatlserl\. In-Hardstand
dards for Ru'cvcled Oil-Il. Gaithersburg. Mary land. Natisonal ractiu'aI I e/icle .taipttenance F-acilitie-s Co'ncept Duvigt and
Btureau of Standards. 1977 INBS Special Publication 556. Pru'Iinhar Re-omnmendations for W4axfr-wur r rreafltCl.
1979). p 201[ Initim Report N-67/AI)A067995 (0 RL. 10791
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Table 2 Quality
Characteristics of Various Types of Wheeled Vehicles Bctute .iti\ oil reCL cirtic Wr !ciX I: p.Cl

tlte mOltaI il n11 t, I ltile .iscd olP i I, -
Crankcase antd te&iit~ntt ule ~Ei t

Designaiin Ceneral Description Qaaty 5 oltii'ilalt, are cliSiled :i', r lerisl waIc Ic;.

anid ashi rjhle g!%e tilc rierl data

NI ii 1,4 ton aiiiulance 5 5 uJ ed oil. Tale 11 t' ~pa ~iic t

M-13 - N14S15 I 3,4-ton amt'uianLC na it~ i usd oii

N144.M45 -14os. 2-I /2-toir truck chiassi, 9

N14t&..MSM 13. CERL conducted i liiniie u ..i'
Nt1M207(ir see it tire Arni\' A satc oil >;;omnjr t!

\1 3-t Nt 3bN 3oC 2-I, 2-ron truck cra-sh 18 lin the literature. Saiplnks %ks Jon,,!, I iI

NI4i1',.I4 0CAI 5-toll carico 9Fort Bragg. attd Fort Berior. iticeir;a't';

\~It'3 (' 3Cr\ I9. Chosent beCause thley are rcpreset ttll":,!.-i

NI I 19C \I 1 3IM ptoduceis of Artrtv wasie oil All iree c tra

kli '" N-1I/I I 2 1,2 ton (aiv',irii~k I I liave cetli~ ttal iage tank, ruon whril vsa-c -x1-!
%I15 4 \ -'Al were tajken. T-Ie resultN o! C'iI -l', Jnai\ s, -

Nt 125 Iii ton -argo iruck 22in Lihle AlthoLugh ltime iti,!lurditie c n

214 ,-I '2-on cago dum 1015 preventied ai iriote 5 ;tprliersv- Jin 'I

\15 I 5-ton dump 22tpe.tleprmee'cniee r~
f- ot processing the oil or using it as isoilc ;:

M49AI49C 2-1/2-ton gasoline 9 incIuded.

\12 17A1217C 2-1/2-ton fuel servicing 9

MI 15(.\1222 2-I '2-ron water 9 5~l cus-' (,t Co,iPtla'ln I ;tJ Oil

\148.M221..M275 2-1/2-ton truck tractor 9 Cotrttter al hasestoc:ks onitaini 'rib, . ,i

MS 2M5 2A I 5-ton truck tractor 22 coticent1rat 1otis 01 mletals. so I liese ot

Ml 12 3I 12 3CAI 12 31) 10-ton truck tractor 22 itou:dt )[I'lkd'C.0 111\et
Or corrrbus tlollj Additives Whi1,h usulls 'i' \ U

M1240 5-ton wrecker 22 2o petceltt hb volumelc of 11i0rgir rde i J a,c

NMNA I .NI38A IC 1(4-ton utility 4 typicall\ containi sodium11. bajriuml. CaILILurn /11t, a' -a

MI15t I '4-ton utility 4 tiragnesium11 cotn1pOunds.t'" WCar 1iid cOr;'NO;- 1p!--

M t 08AN1601 2-I 1'2-ron wrecker 9 cesses cotirbute' aluttimturi copper. i ron,->; ih on -il:

NIP'2M62- IS-lon wecke 18tin." Combiustiont of leaded fuelS Itt gasLriN11C 0uG rICs\1621621 I -ionwrekert8ttav cau!se tire lead coticentlIatioi itt cranlkCaSe 0il 0- T
M.S 2)N1 12 Jk 5 2 1) 2-12 tn %op ant9trc rease hw a tactor of 10.000 to as itruch is i I -

M5 12 A1512(1percenit hN weight ':

Table 3 0t' course, thle iletal profiles of vasohnti etic ire aitd

Used Crankcase Oil Production Rates diesel engine cratnkcase oils differ, Ittost Si191lti,-1ti1 i,

of Some Army Facilities that used cratnkcase oil front diesel engitr's corltartis not

Installation Gal/Yr

I on llood. TX 256.596 91' D Coyle and A. R. Siedle. 'Metals in, Otil 0 curren..e
and Significance for Reuse of Spent Aiitorrroti~c lUticatini-

I o rt Polk. LA 255.364 Oils." /Nocceidinv's ort 2 Wo' rkshonp on' ift ,vuire'Pm ni I and i,ta;

1Toellc Army Depot. UT 125.948 dards "for R-er-cl-jI Oil-U. Gaitlrerslrn. Mars land. Nar,.'ral

Stewart/Hlunter AAI-. I X 142.236 Bureau ot' Standards. 1977 iNBS Speccial Publicationr56
19 7 9 ). p 197T

Red River Army Depot. rx 122,124 10tar i rd- IRpr i i'(otC5.Pt tQ

Anniston Army Depot. AL 118.000 [nsiifrotnental Protection Agenc% I VPA I .Aril 19741. p, 16

l-ort Bragg. NC 108.400 it1 Waste Oil StudY. p 16

1 ort (Carson. ('0 90.400 1 Coyle and Siedle. p 23



Table 4
Estimated Waste Oil Generated Annually by Various Tactical Units

V'ehicle Counts Estimated Waste Oil (Genera ted.
Lnii tDesvataion Track Wheeled (;a]*

s '.1.d wil It) 43 (141c

5r ier l[Aiiic, ((-5 91-111 4010-911 l
I is lilt d kI

Dirvleii~c -\riilic Bs, 44 115 90jl1
Mitit.it% Pll"i: Group il1Pi 54 11i'l
Ordnjnc CO 2 46 41(
I Trt111perrt.Jon CO0 70.-73 3o-o
.Adjutlent G.eneral CO 29 1 11)
Signal ION Pso-222 60o
I ngcineer BN 12-18 21-S-21 II-1'0
lihiajr% lniellivence CP 21 1t

Arniored ION 94 78 1400
.Nlhaniied lntantr ION 88 91 9()(
Mledic'ii (;P t08 30oU
Intaflir) ION 116 300
Suppl% & Tran~port Co. 123 600c
As ijtjoi iN 46 200

*ROUnded t,, nc\i higheit 100 gal.

tInCienjelItti leid front tile croh ust j,)1 process.'3 This posphaic. an dnmieir additive. isdegraded t fi CL
Is inl Impol lant ccotisidei ation in the evaluation of reuse /Inc-contadining substances " Ac:ot ding To Ci
options discussed inl (Ciapter 4. Additional metl and Siedle. calcium dhalkN Iniptiilene '11lto1Iiite
contamlination ill\ occur during the collection. ale paltial> cOnverlted Ii) itt gill :Jll uln L1
handling, and traeof the used oils. Table 5 lists pounds and organic priiu~ t Magine'om and hirtIu!1.1
some commnon metal contaminants and trace metals. su1ltoilaic i h~ droli/e tO prod uJ @ their 1esPCc w1e
and their concentration ranges in used oil. Ii> droxides '"

During use, crankcase oil changes chemically and Organic hromr . ompounds at,, added to qasoli
physically. Additives ire consumed or undergo mu- to scavenge lead is lead hron;,:de. Co le and Siedle
lecular change. atid lead and wear metals accumulate suggest that some ot the lojd in oil limm gasoline

as particulates. Organics are volatilized and inorganics engines is present as lead dibromide. Lead is also
ire concentrated as oil losses occur. 1 Zinc dialkylidthto- thought to be present as lead salts and chlorides,'-

LWaste Oil Prelitninarv Report to the Congress (Fnviroln- iS C Vcrsino and C. DelSote. "Crorniatagr! .. S-Le Spc't.
menial ProtCtion Agency5. April 1973). av cited in T. D). Coyle irofotomnetria IR di Oil Minerali Luhriticant.' La Rii:sa Jdiand A. R. Siedle. "Metals in Oil: Occurrence and Significance (omthustibili, Vol 26. No. 321 ( 19 -72): C Versino. A. lisofor Reuise of Spent Automotive Lubricating Oils.Proceedings chiorrini. and C. DelSole. "Speittrokotomet ria tR di oin Oloof a Wiorksvhop on 31eaxirenents and Stan dards for Rec, I Minerale Lrubrificanii Fsausto." La Reiiqa dci ('cnnhisiili.
Oil.11. GAaithersburg. Maryland. National Bureau of Standards. Vol 26. No. 421 (1972). as cited in Cot lo and Siedle. 1, 203

1977 i NIS Slcial Publication 556. 19791. p 197. (6o% te~ rnd Siedle. p 203.
14 Wa it, Oil Stitde. P 12 1 'Co) le and Siedle. p 200



. . e:,u, !etal pair, .ic 'A iri To ,. todu,c these ranks, ('VRL alo uand slgniicantl .t..-

1 .:(0. aid I e,0, tions of volatile liquids probably solvents oi fuel, I,
NImc tanks. up to I ft of water had ac cumuljed A..

.ltouc h ,pc~itt, Jiei,,al and ph ical oInis ol of these contaminants make the oil less saluahlc
ItI i eJ d oi aie riot entiiei kntowin. tiltiaton reuse as re-refining stock or boiler fuel.

.Tili ,cllieatligotIl hase rcealed iiall particle: ol
Ci. . /i1y . 'lctltn. ' l, ll. liiae[ill inl . aid iron I

\, , , "(1 pci tll It tile lead pleslcill Itl ed
laik.t-c ,sl I, helc\cd To ,.'iii a, lile uspcndcd Table 5

a tiC, Characteristics of Used Oil

Property or Element Used Oil

,0t1thit1t1. o11dl'l.olltt alttd scepa e lie sto rage \' iS,'t'. StS 411 C-

Iliks.
1  

%ale? , lltaliltlails'li ,all , ig T1olt .) T American Petroleum InstiltU' I1 31

C pel:eit 15 ,oluIle ha heen repoitedf: All API Irav, it> 61)t I

aIa l I tie watel In i 0ill ntanlitlated Oil sallple Specifi gravtls t1 ' .

,lla 11k lg altoUn, i sodiuil. /i1c. >itc, i . volume 1 2 I,.,
rl itSiUI. hotOi. in. BS & b.% I O ,olume 1 I o42

and lead This itplie, That tile netals are present

In ioni, or .ill-like tormb ('otisequetl . simple Benene inolu e 5 , 33

sCp ratlofl o oil and water w ill re ilo e so le imetal,.
2' i , b . volumel

t.a'oline i , vo l ,,lumei 2 U t 9 -

(euelal, ,. la,. t, tih as lentteh of diatil itervals. I lash point i (0 9 to 2;,

ex'entt or fuel leakage int1 tile oil. engine operating Healing ,alue Blub) 1 7 3.", t, 1 ..

,ondtLliollo. and ctitiate lllluetlce tile rates of ciietrical A0. ,ullated I by ,eight) 1 03 to 6 43

aiid ph, ,ical Ieaitions il the oil. and therefore dictate24Carbon residue I: b%, weightn 1 92 1,, 4 43,
the ,il', tueral proile.2 a

Aluminum ; ppm I It to S''

Atll %,i of used oil qaaht, i, inportant because tile Barium t ppii 9 Io S sif

Cost and effectieriess of recycling processes depend on Cadmium i ppmin 4

tie specifiL cheinical ornils of the met als.
:
5 Calcrur (ppmi 211 r. 3b,,

Chruniuin ipprrl t , Io
( ,,n waiuatu it l)urnng Itidling

Copper (ppm) 4 Io' 34
The noNt serious contiamination ma> occur after the

iron (ppin) 5 I to 24 A
oil las been drained from the crankcase. During
CFRLs sampling exercise, nearly all maintenance unit Lead ippm) 85 to 21 .,u

storage ltnks were found to have been used as dump- Magnesium (ppm) 10 to l It,,
sters. Oil filters, rags. cans. trash, and water were in Phosphorus t ppm) 319 to 20o0

Silicon (ppm) I0 to 8"5

Sodium (ppm) lb 1t, 30(1
Sulfur I": by weight) 0.1 7 to I 09

I c.ind Stedie. p 20. Zinc lppm) 260 to 300o

(Table derived from D. A. Becker and J J Comeford. R,

C'o\le a nd Siedle. p 2 3 cy-cled Oil Program. Phase I Test Procedures Jor Recycled
('o le and Siedle. p 199, Oil Used as a Burner Fuel. Technical Note 1130 [National

Bureau of Standards. 19801 T. D. Covle and A. R. Si-dle.
-ZD. A Becker and J. J. (Cometord, Rec led Oil Program "Metals in Oil: Occurrence and Significance for Rei;,e of

Phase I Fest Procedures for Recycled Oil Used as a Burner Spent Automotive Lubricating Oils." Proceedings or a Work-
F ,1. lechnical Note 1130 (National Bureau of' Standards, shop on Measuremeni and Standards for Recycled Oil-Il.
19890). p 5. Gaithersburg. Maryland. National Bureau of Standard,. 1q77

23C(o., le and Siedle. p 2(17 1I BS Spteial Publication 556. 19791 .1

24 CO, e and Stedle. pp 193. 199. *SUS Saybolt Universal Seconds

25Co),le and Siedle. p 199 **BS & W: bottom settlings and water
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Table 6
Lubricating Oil Additives and Contaminants Likely To Be Found in Used Motor Oils

(See H, A Btaier. "Mietals in Oil,.- A4nal (hemn Vol 43. No 18SR 119711. and R I I eirell.
Anal Chem.. Vol 149. No. 255R 11t977 1. B. R William%. "Automotive C'rankcase Drainings Used 1,,f
I uel.- Protceedings of a Workshop on Meas'urements and Standards for Recj cled Oil, Gaithersbuig.
Niarsland. National Bureau ot Standards. 1976 INBS Spcia Publication 488. 19771. Finnegan
Sp, t'a VA t, No~ 2 I Sirin\%ale. Calitornia. 1Finnegan Corp.. 19761

Primary Source and Type
Typical Additives of Typical Conlaminants

linisser ,inc .irgano-ditliioplio)sphaites. Gasoline lead and lead
org anl phosphorus comnpounds. , om1pounds, halogens.

Corrosion inhibitors. sultonates, amine Additives zinc and zin,
pliosphates: Oriranc phosphites. compouads. phosphorus

compounds. etc.

Detereents and dispersants; calcium. Combustion products.
magnesiurn, barium, and uinc sullonates. poly nuclear aromatics. water.
phosphonates. and phenates: alkenyl oxygenated compounds.
,ucciniides; acrv 1kc polymers. sludge. varnish.

\'~ itniide.x imoprovers: isobutytene Fuel: volatile liquid.
;")I\ mlers. acry late polymers.

Pour-poinit depressants: pialymethacrylates. Contamination: dirt. wear
poly acr> lamides. metals.

ANrtitoarn agents silicones. synthetic Coolant leaks: water, ethylene g1%ycol.
poliers.

Aritiko\idants. tinc organo-ditliiophosphates.
hindered plienirts. aromatic amuses.
'ulturiied phenols.

The solid trash problemn could he corrected easily b according to an EPA report.. the followving Wskate

i'ul ting screens over the inlet holes of thle tanks. Ther'e oils are hazardous wastes. and thus should he sub ject
%%,'ujd tie fewer pioiblems, with waiter in thle tanks if to the regulations prescribed under Secttons S~
instilhitions put spring closures ott the tank lids and throsughi 3004 of RCRA: 0 ) Oil spilled to land, and
trained die troops ini proper disposal methods. [In oily debris generated fron cleaning up spills to land
addition. Fort Eust is personnsel suggested putting the or surface water: (2) used autotlotive oils. and. 13,)

mtainteitatice storaec'e tanks otl the outside of' thle used industrial oils." As to whetl-er thie Arms's oil is

,oittpoutid cticlosute. This would allow easy access for "waste"' or "used" oil, the EPA report states "Used oilI
thle cornrctor collecting the oil: additional piping becomes a waste oil when it is contamitnated wxith
wo~culd peimis the tanks to be filled trorn inside the physical or chemical impurities resulting from) use. suo]i
:ottipoutid that the oil cannot be reused I or its original puipose

without fiisi removing these itopurit ies.This
Is Army Waste Oil a Hazardous Waste? definition suggests that oil becomes, a waste when it is

A material is considered a hazardous waste it: ( I) it removed from the crankcase. In FYls2. the EPA i,
is ignitible. corrosive, reactive, or ttoxic ats def tied in scheduled to issue regulations dealing specificalls
subpart c of 40) CFR Part 261. ort (2) it is listed in with waste oil.
subpart d of 40 CFR Part 261. the Hazardous Waste
Regulations. A facility emitting over 1000 kg per CERL's analyses of waste oil storage tank samtples
month of hazardous waste is responsible for storing. revealed that oil should be considered a hazatdoUsi
transporting, and disposing of the waste according to
the regulations in 40 CFR Parts 260-265.

26 Reporr to Congress L~istinge of Wiasti Oil as a lla-ardiu
Waste oil has not been officially listed as a hazardous Wastte Piursuant to Section (S)(2J. Public Law Q6-.4, (UPA.

waste in the Hazardous Waste Regulations. However. January. 1981).
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Table 7
CERL Army Waste Oil Analysis

Fort Benning Fort Bragg Iort Eustis
Upper Middle T op Upper Middle Top Upper Middle
Sample Sample Sample SAmple Sample Sample Sample Sample

Densit) (g/cu 0903 () 902 0911 (I 910 1 912 ( 912 0907 0985

Speciti" gravity 0890 (0884 o 895 t 892 ) 892 o' 892 o9(1 0 989

Sulfur ( 1 0.61 0.71 (Y30 0 33 33 0. 71 (83 ) 31

Heating value
Btu/lb 19,000 19.000 15.700 15.100 16.10) I8.10(0 18.800 7.8tl(l
Btu/gal 143.000 143.000 119.000 115 0,1 122.000 142,00 142.00 64.000

Bottom solids & 0.41 0.50 2.0 66 7 6 0.2 0.2 6 5
Water ( )

Flash point ('C) 85 80 50 42 46 52 41 4t,

Viscosity (0 0I) 298 102 l 217 255 22,' 219 812
test)

Lead (ppm) 480 310 10 70 221" 80 80 20

Ash ('' ) 1.40 2.05 0.29 o.12 0.17 3.6t 3.77 3 16

Polychlorinated -1.0 < 1.0 1 .0 I 0 -:1.0 < I U 0 - I,)
biphenyl (PCB)
(ppm)

waste regardless of the new regulations. The igntbility 4 REUSE OPTIONS
test for a hatardous waste is defined it 40 CFR Part
261.21. It a liquid has a flash point of less than 140'F
(60C). then it is igni:ible and is a hazardous waste. All Current Policy

samples tested from Forts Bragg and Eustis. and at Tie 4 lone I '0 nimatulu ! oiii the Assisiant

least one sample from Fort Benning, had flash points Secretary of Defense (Manpowei. Reserve Affairs.

below 140 F. This test probably shows the presence of' and Logistics) limits the options for disposing of used

solvents or fuels. Improved management by segregiling lubricattng oil. The Menorandum directs Defense

waste oils fruon other liquid wastes should alleviate agencies to sell as much oil a s possible through DPDOs
pro)blems withi i tihility. to te-refitiers. and It) buin the used oil as a fuel when

re-relittitig is not econotical l piaclices such as

using the oil for weed. insect. and dust control. burning
Even if Army waste oil were classified a hazardous it tni open pits. and dumping it into landfills or sewers

waste, it is not suhjct to the notification requirements are rejected as environnientall\ unacceptable.2 7

ot R('RA. Part 261.0 of the Hazardous Waste Regula.
,IIOs exempts wastes that are "being beneficially used A GAO report to Congress reconititends another
or tensed or legitimately recycled or reclaimed" from optioti for recycling DOD's used oil This report
regulation under Parts 262 through 265. and from the
notification requirements of Section 3010 of RCRA. 21..Oil Recycling and Reuse Polio. Memorjndur tor the
However, this mneans that installations must he careful Secretaries of the Military Departments, the Directors Defenwe
that all used oil is reused and none is disposed in Agencies (Assistant Secretws tt Defense IManpower. Reserve
another manner. Affairs. and LogisticSl .June 4. 1Q79)
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pinose a clisedcv c"svsteni in which a iriair hiler,, Aui polltion piohleinN piohably Ao uld result

kniii' iiIis.liOii pikvideS used iii aN J teed stock for fromi particulate level,, arid load ciliissioii.

Ito 2 Jiitiai I tINI'tiN bcfle rocessed Xii Table S lists FPA-reclnniierided linis 0i1 The~

Secyctai% ot D~etense I Martpow.ci. Reserve Affalls and chiaracterist ic,, of' "~asiC oil used a, a fuel Ap)eniui

I OC~tiu u~id.)5L' thi Opion. 5  C is .a detilled sessriierit ot waste oil is a boiler tuel

Re-Refining Closed Loop Recycling
Re-zionric. fill bulk quifIItIrie of used oil at a The closed loolp .,tetnr is lie iot pioilsing

s%%ide ige ofpie. depending (ii td,10- sucI J, tilie option for reusing ,Nie ni rT ii i i, nti flow

qulit11 Oi tile use d 11it. Anrpron id 10 011 L~e ii llII NuieN~ hutti ailro'11d id 4a isdustrfile
oil IN 0tiCni b101,1911 tO these cipiish', Independent .e ~ ~ ~ i ~db h
haUlers %%11 J,1 a.1 a iddlenrien betwIeel r. [li ie oil ilitary durInlg World Xil II. ('1010d loop1 rCcClg

gCne1.itol Ind ihie JIoceSSOis Monst Ani> istallations was nor1 possible hetOte JlnuaI,1 I')SO because MIL-L
aire rnoA sellinik! thieii nil in these iiidepeiidefil taiileis 40 152_. ton adininisiative seivice vehiicles, and MIIL-L

Ike airiliit paild to thle Iistallation %aries act).s thie 2104. for jctiii -ld did nit allow used oils as a

,oiitt\ .iatiliniii trout less than S.10i per gallon to inie teed stock. llowevei. the adinuiiirarive vehicle specifi-

than C. _,0 pci liloni Altier thle waste nil has beeii cation his b)een intended (NiL-L-4o15213). and t he

repinc:essed. i s old as lubri-itiiig oil it Sb i0 t actical vehicle speciticatiori will be intended bk

S'oit pci gallon .\pperix A hiietl% describes v.10l mlid-I NS-' tn allow used oil as, feed si10ck. This change.

ic-ictimi pcsss arid Appendix Bi lits reprocessing along \%it (te liienIoraiida Miriertind Caliei. pMnit.

colljuines closed loop re-refinin. All ic-retiners cont1[dACd h\
CERL hiave stated ihat thle\, re iriteiesied fit closed

Used Oil as a Fuel loopaiictiris

Whenl 0e0iiiiiii1a3l1 teasible, used 0i I ia he hit n d
. a hllCi tulel, 0t couise thle costs of" using this option The inalor obstacle to thle Arm\ s using closed loop

for disposal depend onl tile hoiler fuel system currently agreemntirs extensively is the cot qualitfyiing an oil

usved at iallatiorv to meet M lL-4Hs 12 Yequireineil. For a re-refiner's
product to qiialrfv\ iiider Ml-[-_4n I 52B. it must pass

The three facilities CERL visited diaring thle sam- expensive enguc seqluence tests. Re-refiniers have stated

pling survey %%ere all uIsingL Waste oil as a hoiler fuel. As that th10 S5O00 cost of lif tinigir e test has kept thetn

with these'three horlers, conversion ito waste oil hurn- fiorn trying ito qualit\ thein oil. However. tbe , said

iris is much iiiore feasihle if' a liquid fuel system is trev would he Interested if- tile c.ast of testing could

already in use. Figure I is an example of a deig ho e included in thle closed loop agreement.

adding waste oil as a supplemental boiler fuel.EcnmcC paio

Impurities usually h-ave ito be pretreated before To deterinre which disposall method to use. thle

waste oil can he used as a fuel the design in Figure I waste oil manager must assess the costs and benefit,. of
incldesscrensand iltrs.A sstemforeliinaing each. The moanager should consider several factors.

and treating wastewater must also be provided. Sus- wihvr rmisalto oisalto urn

pended metals and other contaminants may cause waste orl management, availability of large storage

air pollution problems. As Table 8 indicates. the facilities. present boiler fuel system, proximity of

Army's waste oil ranges from safe in all categories remafngers woud proablyuse thensfollatong mesthodA

to unusable without air pollution controls on the mngrWudpoal s iefloigmto
to analyze the options.

I- Selling oil to private collector.

'AWaIs thie Departmtfr of' Defense Can lIrprov-e Oil $Return = no. of gal of waste oil X S/gal (going rate
Rerclinrg iGental Ac~ouriring GOve. Report to Congress. padbcoltr)
Septerirer 28. 1Q)77).padbcoltr)

21
,i)ctense I.nvirornnientarI Actions for 198L-" Deterise 2. Using oil as a boiler fuel.

Irvirorrmental Quality Prograrn Policy Menioranrdunr No. 81-1
(Assistaint Secretary of Defense IManpower. Reserve Affairs. $Return =Svaltue of' replaced fuel) - (S cost o1
and Logistiesh - 12 January 1981)- handling, storage, filtering, and piping facility).

lb
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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

I utal ash z. 0 37 ibh weight) Equi%alent to 0.12 grams/SCI emission 0.12 to 3 77
(0'; excess air).

Meets man%, state and local regs when

burning 100"; used oil

Lead conlent- 50 ppm Meets almost all local ambient air J() 0o 48 j ;pm
quality standards when burning
100,; used oil.

Chlorine , 0.4/(weight) Normal for used oils indicating Not anal/,-id
no contamination by chlorinated

solvents.

PCIB -- 50 ppm Consistent with PC(B criteria. Less than 1 0 ppm
40 CFR Part 761.

IBS&%, - I,; Indicator absence of substantial 0 2 to 7 6
water and sediment which may

contribute to emission or burning
problems.

Ilash point > 140'[: (60 0 C) Corresponding to hazardous 41 to 85 C
waste classification under RCRA.

Sulfur: N 0.2", (by weight) Probably meets all State regs. 03 to 0.8
S : 0.5% (by weight) Probably meets most State regs.

I rom Used Oil Burned asa Fiuil. Vol I. SW 892 ([PA. 1980), pp 1-7. 1-8.

3. Entering into a closed loop purchase agreement. 1. Sold to private collector.

$Return = (Svalue of replaced new lubricating oil) a. Costs: none.

(S cost of closed loop agreement. transportation to

and from re-refining, and cost of re-refining oil). h. Savtngs = S. I 5/gal X 100.000 gal S I5,001 '. a

Perhaps the best way to compare alternatives is to Net Value 5, gal

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

tanagetnent. and all of the oil can be shipped to a a. Costs: Retrofit at boiler and oil stolag e fassuiltL

vacuum distillation re-refiner. Also assume that all 20-yr life) = $75,000 ($37501) r).

mainlenance 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 $.0/gal X I00000 gal $I0,000iN t.

are approxinate nortns derived from reporteJ actual

expenses. Total costs $13,750/N r.
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1 Ssi 11igs 1tt,0O0 gal ol used oil will replace part of the first tank and irimpcd ifo tlfe scid
about 85.000 gal of No. 4 fuel oil, due to differences tank. This allows much o! life %,iter and hieis,' edi
In heating value. nent to settle in the bottom of the fiil tank where

it can be drained off periodically The chxalalteriooi,
h5.000 gal X S.O/gal $70,500/yr. of this water and sediment have not been determined

the pollution potential should he analyzed
Net Value = 7o.500 13,750 = So2. 7 50/yr. =

S.o3/gal Interviews with boiler operat!ot, ilicite thit walel
contamination iiay be beneficial The operatot, ,J0

.. Closed loop. that oil containing as much as I) perient watei A ill
burn successfully in the boilers., aid thit water acts a,

Assume: 80 percent of volume is returned as new a steam cleaner and may actually decrease maintenatic
oil" re-refinery is 200 mi froi installation, on tie inside of the boiler. Water's etfect ot coinhus-

tion efficiency (zero BTU's/lb) and the qualit% ot the
a. Costs for tiansportation: stack emissions is not known, and should be determined.

100,000 gal waste oil Pretreating oil sold to re-retiners does not seeit,
,300 gal trip tr= It Ips, be common, though it may be to the Armiys adan-

200 nit $1.20 tage. Sludge and particulates in the feed oil to acid-claN
trip fil re-refining increase the volume of waste sludges from

80,000 gal re-refined oil the process. and thereby decrease the volume of the
6 13 trips, product oil. Though the contaminants may have less

6300 gal trip effect on vacuum distillation. the process' costs still
200mii $1.20

13 trips X i X fil = $3120. must increase.trip m

Pretreatment could be most important for closed
Transportation cost = $6960. loop recycle agreements. By decreasing the cost of

fe-Tefining by using nreireatinent. the tinished od',
b. Savings = (80.000 gal X $3.10 gal for new oil cost to the Army will ')e lower. The best pre-tieatment

purchase) -- (80.000 X $1.60/gal fee for re-refining process still needs to be determined.
service) = S120,000/yr.

Environmental Considerations
c. Net Value: $120.000 -- 7.000= SI 13.000/year The Artiy's first priority for itpros.ing waste oil

$1.13/gal . Inanagetnent would probably be to remove sol.e uts,

waste fuels and sludges from the used oil. Ttis should

The above cost,, are for approximate comparison eliminate two immediate problems- handling the used
only and do not reflect all costs associated with the oil as a hazardous waste and gaining approval of
management of waste oil. The following expenses also Army boilers as hazardous waste disposal facilities
should be accounted for: administrative costs of However, solvents and sludges would then have to
contracting, pretreatment costs of the waste oil to be dealt with. The most effective techniques lot
remove water and sludge. disposal costs for the water properly disposing of or reusing these wastes need
and sludge, possible increased maintenance at the to he determined.
boiler facility, and improvements to the present
storage and collection facilities, In addition, waste oil managers should ensure the

proper disposal of solid and liquid wastes conlnv
Pretreatment from the pretreatment of the waste oil The sediment

The three installations CERL visited use pretreat- and water drained from the bottom of storage t iks
ment for their waste oil boiler fuel. All are similar to and filtration units contain emulsified oil and metals
the system shown in Figure 1. but one important in solution or in suspension. To prevent these frot
difference is that the installations have their two entering groundwater oi surface water. the waste-
storage tanks in series, rather than in parallel. as water should be collected and drained to a sautati\
shown in the figure. Oil is drawn from the upper sewer, or preferably to an oil-water separation unit
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pic, dug the sanitaiy sewer. A characterization study 3. Contaminants. especially trash. ,solvents and
,hould be done on this waste stream to determine to water, in the Army's waste oil can decrease itS value

hat extent it is pollution hazard. for re-refining and for burning. Pretreatment o ihe

oil may he required. The effect of such .otaniunaritN
As mentioned previously, burning waste oil may on the value of oil should be quantified.

cause atr pollution problems if ambient air standards
for lead or particulates are violated. The source of lead 4. Volatile organics found in samples of Arrn
it waste oil is undoubtedly leaded gasoline, because waste oil make this product a hazardous waste under
new oil contains no lead additives. If" waste oil is the flammability criteria of the ttaiardous WaNic
buned as a boiler fuel and lead becomes an air polIlu- Regulations. The most likely source of this contanJtni-
fion problem, then the installation should consider tion is the dumping of waste solvents and fuelS I1110

restricting or prohibiting the use of leaded fuels in waste oil storage tanks. Collection and storage should
vehicles. Filtration alone may lower particulate levels be managed so that used oil is not contaminated with

enough. Pretreatment studies need to be done to solvents or fuels.
decide how to make Army oil safe for use as a boiler
fuel. 5. Water and solids drained from tire bottom of

waste oil storage tanks sometimes are allowed to run
The problem of waste oil spillage can be addressed onto the ground and may pollute surface water and

immediately. Oil is often spilled while being transferred groundwater. Water and solids should be analyzed to
from crankcase to storage tank or from storage tank to determine their pollution potential. Wastewater should
transporting vehicle. This oil is then washed away by be collected and drained to a sanitary sewer.
storm water and may contaminate surface or ground-
water supplies. To preven. this. storage tanks should 0. Oil is frequently spilled on and around waste oil

be placed on a smooth. impervious surface with berming storage tanks. This oil could be carried away by storm
to contain spills and to allow drainage through an water run-off and cause a pollution problem. Storage
oil-water separator to a sanitary sewer, tanks should be placed on or buried under a non-

absorbing surface with benning to contain oil spillage

and direct run-off through an oil-water separator it) a

sanitary sewer.

5 CONCLUSIONS AND
RECOMMENDATIONS 7. Waste oil storage tanks at utaintCran,'cC t111s1

are not always accessible to contract collector,. nor
are they designed to prevent trash fron being deposited

This report has evaluated the economic and environ- in the tanks. Where possible, storage tanks should be
mental aspects of used oil management, emphasizing placed outside ntaintenance utit compounds. with the
waste oil reuse. It is concluded that: tank inlet inside the compound. The inlets should have

screening to keep trash out of the tanks.
I. Closed loop agreements to re-refine the Army's

waste oil 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 CITED REFERENCES
a closed loop purchase agreement with a re-refiner is
practical. Army installations should consider including
the cost of qualifying the oil for the military specifica- Ar,,ty Energy Plan (Headquarters. Depattttent of IlI,
tion in the total cost of the contract. Army. 1978Y.

2. Using waste oil as a boiler fuel is also a disposal Beard, J. T., F. A. Lachetta, and L. 11. Lilleleht. -Air

option. but may cause air pollution problems because Pollution Training Institute Course 427 (',mu-

of contaminants in the oil. The effects of these con- tion Fraluatio Student Manual. EPA 450 2-,t,0
taminants on ambient air quality should be quantified 063 (Environmental Protection Agentc [1PAI
to determine thle usefulness of waste oil for boiler fuel. February 1980).
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APPENDIX A: Th lie opi disadsaaii~ge ,I ili i -.,. ,; .

RE-REFINING PROCESSES Oft Ire LiiiiU WIltitICs 0? i d11 sl11iil~c 11 gCHeill" I!!!

slUdie is p1i otln., d .1t 1 % lu11jti o1 1c 1 11 11,
oril teed late. at least I wt I tin IiiicrilIrig oil i1,C11 1,

Acid-Clay oiuillted Ini tile sludv.L, c ii> t sIii e
Ai-aIprobably the most C01111ni0n re-re'fiig IJIrNs NUMMLtu acid. cotIlbUsftibC1, lead. o~iicii

process in tlie United States (Figure AlI I. A pheieat- siiltrrriates. anid possibl> WHnccI' i enc ilri~

Ohi'rt siep to irmove debris arid WaM ler uull\ piecedes Ihe IactI that 3'0 to ;0 pcl~crit o 1he Aluecs 1i'c
tile process After passlIng throu1gh gilds anid scietis. roiniphicates tile disposal dliit ile sliue is -0:

lice water is aillowed ito settle. liii oil is then de. bustible. bilt shOUld 1101 11C hut nd keiUNC t1 11C 1:4:1
livdiated at _,001: and aittirsplienc pitessiiie. Befoic 011rCCIMt~liiri of sfilll 0\id1C, Jiiij \Le\ tic1 liln:.,

goi,, to acid treatitteilt. life oil is cooled to 1004' contlaliig Patticulaites plesenit
OVVi _2 da N

Illt,- idW trie1iit IN peioited %kith 02 peiceiit such is ox gt MIiid 111 iiL,'eii-, 0'lItiitiiiie 1 L!Cil.

Nultunlic ac:id fin volumecs of 4 to os percent kit thle [It, ilcttetiapvriiies21i JcIll

reactor %oluirrle. The coagulation reactiOli ocur Il (;.ncll> (lie spent 1i1% is 110t a dispo'(1A p bIOW i

'4 ito 48 hioui s. -Fhe ac id sludge Which conltaiS tile
contatimnants and ash fromn the oil is drawn oft anid Vacuum Distillation
disposed of. Vacuumrt distillat itl leelits It' serio"us Ji'llosd

pioblein IFigure A_'I Tire piocess cotlisist o f l~ic-

'Fhe claN Treatment reioves light I'uel fractiouts. StCp5S Pi'tiaiti'i . ditilit 1at ,is'ri
tilercaptans. .and colot bodies roin the oil. Thre process 1110t leatIlrt is d dell drtir \step01 SC Tle oil is i~ie
occurs at 500 to 000OF anid rakes I i to I o houts. The to) .,00"F[ a.titiospliic piessulic [lie" o0e head is eutO

clay Itself cotisists oit activated clav anld diatomlaceous to a dec:antatiloll 1piocessti IJ lie hottotiis arie tIitsCe
ea rth (200 to 'iO tueshi. About 0-4 lb 01' clay is \kith :,austi,: antd taplilli to bleak up oul-%kitei eniiill
required per gallotn of oil. siiiiis ittd pre:iplilte solids

The final step is a filtering process. Thle oil passes The dtStillaii0i OCcul1s at -()) I- (-'I ('I ks ithi

throught a filter press at 250 to 300'F. It tnaN tie %acutni of in. kit hgtSo tmtn of Ihi. The ovejhli
filtered :niore than once ito achieve a desired quality, goes to tile p~~laItifel. The bottorit ma>~ liasC anl ash
The fished oil is sent ito storage. w,.here additives cotiletit as high as I o to 2,5 pc"icerii. depetlidtink on il
inay be tnt iod uced . ' extentl ot pretteatttr1-tit and teed st., j ltkte Ill[ Is

Thre boltOtIs are also unglieri sitit t. ilioveui. o\% ei

A typical acid-ciay process yields 45 ito 75 percent anld acidity thanl thle teced Stock Fiil~.lead' is o
of' ite feed oitl, depending largely ott operatinig con- centtated fin tile bottomts. witiJi tias lhave a -.i,
ditions and feed composition. The product of' anl content oft 5 to IS lie icent " Fire irtiLdIe cut or le
acid-clay process is a solvent neutral blending stock distillate, is sent ito .i f"inishinig pro:es i'i i

with a vtscosity (Saybolt LUniversal Seconds [SUSj. Itatmnret orIt dttetieitIai sl slbeol[i
2 l00 F) of 55 to58 secirdis. correspoitidinigto a Society, plope ties it oil processeNd h\ sienitirI drstnllATiori ir,'
of Auitoimotive Enigineers (SAF) 20-weight oil. D~iesel listed fi Table AlI
crankcase drainings as heed stock produce .i heavier
SAl: 40-weight oil with a viscosity (SUIS. 210' F) Tile distillatiort process is adi.irtta ,enrus , iu-J1c
of' 80 to 85 seconds."2 irroic tha ttle cuit ma>I be Tikenif itt tI tiddle, or Ill

torweli to produce -several ir oducts \\Il th dirteew
viscosrties. Onre catl expect a -0 pecerr lei I trollt -i

4li/asit, Oil .Vtucjr A R,ort to thre Conrgress. P1325 7693
ti-PA. April 1974). pp 35-37 31 Waste Oil Snndv, p 44.

W1Uaste Oil Stuck. v' 40. .1
4 hWasic Oil Sndi. plp 44 -45.

.;(; .1 iricetti andt 1 M. White. t ril,:arionr oiL (e oils, i~j i rj

I-i nun Repor i. U. S. liepart ireni of hi nrgN Con tract l Y. 76-C. acOltdi 145

03-it 0-003/A YR787384 I (Ai u~t 1978). Wa.ste Oil Soari, p 4f,
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si irI di s II llaIorI I e -I Ctr II III cII1cIss. 11: 11 is I ilk The i rej I d kil I Is 11 ished.o irilt- anid put iiroaIdr 1 fa
a0n 1 1 hetj .11it I I Iio. d lIi tIew a, i 1ii Ir C ss stripper It' reiiioSC ails ICrrirIrrIIII tLIC1

RI la is: ~ -~life requunrernts or a2illionr gallui p- I j
pro, Nss are L)UU lb 'I ot I 51) pw lei s

Solvent Extraction and Clay Treatment ot eiellel inn 30( gal hI) 'rli xAtler.

. pisipaICL'\ eii. I II111 re-itI11IL: ) procesC i, I iltil iiilliori Bill hr tfuel. A-kidIHLg to Pflilip' 11c1 pi
fit nkniirc -%3 Pi'e ,eneiil iitirnei iicille is tiiciiiiali fc~ii~eis Q0 perert ut thc. wa'ie' )d iO~

deliS .liliis'i. preca 1pita I Ir aind 'ol e t.III eXitrac:I fort. thanl 10( ppii Imetals.

% JaILUMr distillainon. a~id and clak treatmntici. aind

.t Iiol ixVa Ierrin the plko ess i11,11d& thLe -kk: m
wmin tile deiiietalliiatiOri. wA;I1+ichilip Sa\ -s! .iC

Pro~pane is 1 d to NCICleei OXIIld I lie r ~ise depioslied it) a sdiitaro, laiidfiiI.ar It c -11" isjter Ate:

stock 110111 adciiti5s Jiid JIIIpUIIIIes1 [ic pro~pane-to, winch canl be serii withonit prerieiini III',, nia

feed strr.k iairo MIst be 15 to) 2 1 [Iia high qfalit\ ese

pI ( idUc I lie piopane-i mniixture is remroved froili the

extrae ror. arid the propane is flashed from the oil and Wastewater
reeseled. file residue at [lie Willi ottOI as dark. Wasinewxaer Ifrom re-ref'Ining operations ~rigjniates as

aSphial11 iie sub-st C at1t IIIII ho anng xdt d s dihmarbiN water separated trim n~ew drai il01. ,aol III ngwater Ii urn

alld suspended N0oL1d s heat exc:hangers. corrtanmraied :ooling sr ater. w~ate:
front uondensed steamn that otacts the oil. planti

The recosered lub' oil next urIdIIIeige III ac ni-clay ruof wa)ttL\.der, arid ajter froni vent Las scrubber, 4i Thc.
ireatirieii similar to Iit decrIibedl carlier tic, U Io. a ssA-ter all be expected to Lwntaini S"ile n11ietas as
I-erritc.iii .iiiiOU1it 0 ortiiiii- hi'- leeii me- kllsolsed or suspended solids, as wkell as dissols\ed
iiroved. the' acid aid Ji\ dose, are otl% htalt it %hlat phenolIS and other organiks. and suspended or eiiul
\A,riild he rise(] fi air aiil-cla\ teietiririg pec'The sitied oiL4i Wastewajiei cihata teristiis depend. )I
final Step Is t11r111011 course. on the re-relining pro~ ess iv !ite teed Sto)L k

The wastes froi ti te process lie tire distillat ion Treat mernt iacihit ies requied at a re-re tirerr depe nd

bottomis. arcid sludge, aid "Pent Ji B Fen thoiughi the Oil Uoillg Water arid vac LUrr a tres1[1. \kier L)Itiaill
sludge and ciay qaitear ialethantOse tfrrrur nation ot thle teed sino~k runirit probierri. larid asail-

arl rc id-dav pro'ess. tile disposai pi lbietti Is '1IgMirtcair abiiit. eglations, and3 10-1 al sege irrICletl(it 'lanit

be5 aue kit the wastes. cilaacterrstks Te 5oioy arid -o raii' ~pe a rid -c ia% Ad dist l~ilat n

5 oior stability qualities of rthe prodoI. lio\Acer. are plants .lie equipped With ii-atise parators arid

superior to tirat of anr acrtd-clay pro,,ess; rreutrairitiot i tcilities.4

Phillips Re-Refined Oil Process Air Pollution
The Phillips PeCtroCLeurr CO iras developed tire A proiperir operating re-refiriei\ eits1 very tekk air

Phillips Re-Reftilled Oil Process (PROP I. Pillirps sells pollutanrts. sources Of !hese are veits tiom p c~

riridulat . skid-rrrourted PROP units tirat :arl treat arid wistewiter tr~eatrireri Units, arid ,storage tanks.

25.arid 10 mrnillion gallons per year. at costs oifSI.8. Erisosma bersctge toatraewhe

S1. arid S4.3 mnlliron. respectively combustible materia~s are burrned. An\ Odors from a
plant are probably due to esters arid orhet organic

Tire prirLeSS begins bry rtrrxrng diartrntonrunr phos. compounds 5ontaininrg Oxygen and nitrrogern. Ver\ lotA
pirate (DIAP) with It Ca red oil to remonrve tire metals. concerntrations of organic sulfur cormpournds rrra\ be
Metallic phrosphrates are formned and remorved by, etritted. Acid-sludge processes tray Produce SO,
filtration. Trace inorganics are thren rerrioved by mnixing and S0,."4

the oil with hydrogen. percolating it rihrough a bed of

clay. and passing it over a nickel iolybdate catalyst.
4 0 

Waste Oil Stud-. p 46.
41 Wasute il Stud vn. p 47

17 Was'le Oil situd I.. p 3 7,. Wasie Oil Sfudti. 1p 39

Imiv.-tc oil Sruslv, pi 401-42 43 Waste Oil Studv. p 4 6

Waste Oil Strur', p 4 2. 44'ate 3i1 Si'ui J. r 4 7
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APPENDIX B: Nelco Ol Rchnrir1, Comniy

WASTE OIL RE-REFINERS I -I1 McKinley Avenue
AND PROCESSORS National City. (California 9)2050

Telephone: 714-474-7511

Arkansas Contact: Otis F. Humphrey

Hlenley Oil Company

P.O. Box 141 Colorado
Norphlet. Arkansas 71 759) Williams Refining CompanNy

Telephone: 501-546-25821 5901 North Federal St.
Contact: Charles W. Henley Denver, Colorado 80221

Telephone: 303-433-2497
CalifrniaContact: Lloyd Cunningham

Bay.side Oil Corporatio n
977 Br-ansien Road
Saii Car los. ('aloria Q4t070 Florida

leleplioiie 41 S 593 _'944 Davis Oil Company
Contact: A. Ray Baniks Blox I 303. 1 100 Otange Ave.

Tallahassee. Florida 32302

Leach Oil Company. Inc. Telephone: 904.576-3116
625 East Compton Blvd. Contact: George Davis
Compton. California 90220

Telephone: 2113-3213-01 lo Peak Oil Company

Contact. George Leach Route 3. Box 7-
Tamipa. Florida 33o 1I)

C. S. McAuley. Inc. Telephone: 81 3-620-q) 16
P.O. Box 219Q Contact: John Schrotet
Downey. Califoitia Q)0241I

Telephone: 213-869-1179 Petroleum Products Co.
Cotc:C. S. NMcAulev Box 336. South Park Road

Contact:Pembroke Park

Motor Guard Lubricatits Co. liallendale. Florida .71009
4334 Fast Washington Blvd. Te'.-photre 3iL(iS.80-4000
Los Angeles. California 902'3 ('otitactl Sol Blair

TCeone 13 B. -oX77 Seaboard0 Oil Itndustries of Florida. Inc.

Box (,33t,

Fabian Olil Wfining Co I' ,ssnville. Florida

4200 Alameda Avenue Telephone: 904-389-8845
Oakland. California 946( 1 Contact: Byron Cohen

Telephone. 415 532 505I
Contact, Biy an Fabian Georgia

Seaboard Industries
Talley Bros. Inc. Box 47.33
2007 Laura Avenue 58 10 New Peachtree Road
Huntington Park. California 90255 Doraville. Georgia 30040

Telephone: 213-587-1217 Telephone: 404-458-2241
Contact: A. W Talley Contact: Bryon Cohen
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Mlinot%
( L-111JI Gophler State Oil Co

2 +l1 z R irio 2500 Delaware St.. SE
P ()BUu I m ~ o Min nleap lis, Minnesota 55405

Sp I i~t id lliri,, ~ 703Telephonei ( 2.33 *543111nol 02703Contact: C. H. Ronmiess

ICkmt :ir in Pierce Mississippi

Oil CmpanyJackson Oil Productjs Co).
'001 West 47th Street Baon. 5 i685 i 1 390MicCook. hilinois (05,5 Teaekone Mi0issppi39 08
Telephone: 3, 2- 4'.Ii Teehoe
('011.1Ac J01h1n OC onnell Contact: H-. K. Robertson

IndianaMissouri
0 0d k & n ~g I M d W C "( O il R li i n ge C o

\\Y~5il c Ro) l'&) Nt 1  W0 alfun Road
H o\ Ss tai K o l ~S t, L OUIS, M iSou i 631 14

Te~lieone:~ i . Telephone: .114-42 7-2 6T e l e h o n 2 1 0 > s ~ sC o n t1a c t : G le n G e t t i n ge y(o c:Andrew Catrson

KansasClayton Chemnical CompanyKansas 0 S. B~rentwood Blvd.CorA Refining Company Clayton. Missouri 13 105765 Pawnee Avenue 
Telephone: 3314-720-.6320

Ranss (its. l'arias ~ tContact: Bud Hanev
Telephone: ()1328 15454
Co~ntact: Robert O'Blasny New Jersey

Diamond Head Oil Refining Co.Resouice Technrology. Inc. 1427 Harrison Tn;pk.',0) S. 7 th Street Kearne)x. New Jerses 0)703,2P. ()Bo 518 7 
Telephone 201 Q991 -5800

risK 6 ItoContact: Martin Morrison
(riritTioth I. Slja k, National Oil Recoverv Corp.

Box 33O%Michigan 
B-. vorne. Ne\A Jersus (70j)2

Dearborn Refining Company Telephone. 20) -437-7300-"'() Wyomning Avenue Contact:i Solfred Maizus
lOcar'born. Michigan 48120
t e-lephone 3 I 3-VJ.3. I71)1) New Yorkonta. t: JackW. Uplei, Bt. I Iortofj George I. Booth &SnIc

- Robinson Street
Mlinnelsota 

North Tonawanda. New York 141-10Warden Oil Com,1pany eeloj 1-93f~
187 Humboldt Avenue North Contact: George T. BoothMinneapolis, Minnesota 55405NotesOiCmpn

Telephone: 61J2-3 74.1200 Noth7 s Oil~r Corpve
C ont c ~ . L. W rdenF ayetteville . N ew Y ork
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lclephone 3154544 I M Pennsylvania
Contact R W Mtchle Berks Associations. Inc.

Nevton Refining Corp. Box 017

3.' So Reve, Avenue Pottstovn. Pennsylvania 19464

Long Island City. New York 11101 Telephone: 215-385-3031

Telephone: 21 2-RA10-7660 Contact: Lcuter Schurr

Contact. R W. Mahler Petrocan Corporation

North Carolina P.O. Box 547

Seaboard Industries. Inc. Valley Forge. Pennsylvania 19481

South Oil Division Telephone: 215-383-5262
Box 100. Old Burlington Road Contact: John Cunningham
Greensboro. North Carolina 27402 Tennessee

Telephone: 919-375-5811 Gurley Oil Company
Contact: Byron Cohen Box 2326

Ohio Memphis. Tennessee 38102

Research Oil Refining Company Teleph( , -: 901-527-9940

3680 Valley Road Contact: William M. Gurley

Cleveland. Ohio 44101) Texas

Telephone: 21(-749)-2777 S&R Oil Company
Contact: Jac Fallenberg, Allan Gressel Box 35516

Houston, Texas 77035
Keenan Oil Company Telephone: 713-729-8740

l Parkw ay D rive C on : R . 3 -. S -8740
Cincinnati. Ohio 45212 Contact: R. A. Swasey

Telephone: 513-631-2900 Capital Supply & Refining Co.
Contact: S. R. Passell Box 597

1401 West Hurst Blvd.
Oklahoma Hurst. Texas 76053
Double Eagle Refining Co. Contact; Abel Theriot
Box 11257
Oklahoma City. Oklahoma 73111 Texas American Oil

Telephone: 405-232-0244 300 Westwall. Suite 1012
plant: 405-232-o878 Midland. Texas 79701

Contact: Frank Kerran. Cameron L. Kerran Telephone: 915-683-4811

Oregon Contact: William F. Judd

Nu-Way Oil Company
7039 NE 46th Avenue Utah
Portland, Oregon 97218 Alco Refining Company

Telephone: 503-281-9375 133 North First West
Contact: A. L. Geary Salt Lake City. Utah 84113

Contact: J. R. Mastelotto

Ager & Davis Refining Co.
9901 NE 33rd Street Ekotek Lube. Inc.
Portland. Oregon 97211 P.O. Box 2106
Telephone: 503-288-3584 Salt Lake City, Utah 84110
Contact: Harold W. Ager, Jr. Telephone: 801-487-5984
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~irgai~iaTeiephune 206-271I 1540
X U il ompal (onitact: WAilliamn S. KemTpI0 N~ oi III QuJIIIc. SI.

%i lion. VlgIIIuJ 22 20 7 Wisconsin
(oilhia:1 \! I- W0Vor1lr1ngton W'arden Refinting Conipan)

h ashington W-Allis. Wiscuonsiii 531214
QjS[)C(Xupuwltioi Telephone, 4 14-541 0(o
1) 0 Box 10(04 Conr1act: MI. A. Warden
Reruoui Washrogtol 08X05i



APPENDIX C: greater than 250 X 10" Btu/hl. Army boilers though

USED OIL AS A BOILER FUEL seldom this large. may be restricted by State and
local regulations.

Thousands of gallons ot used crankcase oil are The Toxic Substance Control Act (PL 94-4,0)

bulned each year ii Army boilers. Before an instal- regulates used oil burning with respect to PCBs. See

lition makes a commitment to such an oil disposal 40 CFR Part 761, May 31. 1979 for the most re ent

proglami. economic and environmental factors tlust PCB regulations.4"

be considered. Although using waste crankcase oil as

a supplement or alternative to virgin fuel probably Used OilNirgin Oil Blends
will reduce fuel costs, stack emissions of lead and Generally, the values of properties of blends are
other pollutants may increase significantly. The com- linear with the proportion in each oil. The exceptions
bustion pertormance of tile boilers may be impaired. are viscosity and API gravity. important characteristics
Maintenance may be needed more often because of of a boiler fuel. Viscosity affects the flow rate of the
iapid deposit buildup. Boiler putts may have to he fuel and the spray pattern from the nozzle 4 6 The
replaced more frequently. Pretreatment of the used viscosity of a blend can be determined from a plot

oil or boiler miodification may elmminate somie of the such as that in Figure Cl. Tile desirable firing tenn-
problems but will add to the capital expense of modi- perature for a given viscosity call then be obtained
fyting the system. Finally. one must consider the from Figure C1.
availability (present and future) of used oil: fuel
requirements. which are a function of heating season The API gravity of an oil (expressed as degrees API)
length: and current fuel prices and trends. is a function of the specific gravity and can be calcu-

lated by the following equation:

Air Pollution Legislation
The Clean Air Act of 1970. with amendments in degrees API = S O.5) 131.5 [EqCI

1974 and 1977. includes regulations which may affect S(600F)
the burning of used oil as a virgin fuel supplement
or alternative. The National Ambient Air Quality where S = specific gravity of the oil.
Standard (NAAQS) (40 CFR Part 50) for lead is
relevant because of the significant concentration of API gravity is also related to the heat of the burning
lead in automotive crankcase drainings. The NAAQS oil. Table C I lists densities and heats of combustion ti

foi total suspended particles is of concern since the a range of gravities. Figure C2 graphs the relationship
higher ash content of used oil contributes to higher between specific gravity. API gravity, and heating value.
partcullate emiissions. Since tile sulfur content of used
oil is not significanily higher than that of virgin fuel Storage Considerations
oil. the SO, emissions froin a boiler using recycled fuel The location and design of storage facilities are
will not be higher. Similarly. the NO, emissions affected by several safety considerations. including
are approximately equal for recycled and virgin fuel. the proximity of heavily traveled areas and compliance

with local fire codes.4
7 Generally. storage requirements

Where air quality is better than the NAAQS. it is are similar to those for residual fuels. 4" However.
preserved by tile Prevention of Significant Deterioration
program. This may apply to some boilers modified to
burn used oil and to some new boilers. Some modified 4 5Used Oil Burned as a Fuel. Vol 1. SA 892 (fPA. 1980).

boilers may no( have It undergo the entire permit pp 1-6 and 1-7.
roers. m46a n. 'r. Fu and R. S. Chapter, Utilization oJNary.-Generated

Waste Oils as Boiler Fuel Economic Analysis and Laboratory
Test.s, 'echnical Note N-1570 (Naval Construction Batallion

The Nonattainment Provisions of NAAQS may Center, 1980). p 14.

affect new or modified sources that potentially will 4
7P. L. link and J. W. Jackson. Waste POL Disposal Through

emit more than 100 ton/year of any regulated pollutant. Energy Recovery' (Air Iorce Civil Ingineering Center. June
or that lie in or affect a nonattainment region. 1976), p5.

48 G. J. Mascetti and 1-. M. White. Utilization of Used Oils,
The New Source Performance Standards of NAAQS final Report, U.S. Department of Energy Contract EY-76-C-

apply to new or modified generators with heat inputs 03-1101-003/ATR7873841 (August 1978), p 10-6.
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Fable CI
Grmvities. l)ensities. and Heats of Combustion of Fuel Oil%

0 1" C, Ma.omll an .iwIt Ni %klmvc I tili-aim oj I sid oil,. I mal Rqpori. I'S. IDepairtimnt
oI I-rpr (ontral I N 7-(-1 I 110-(I113!, iIAR797384 IA utusi 19781. 1 10-3)

GRAVITY AT 6// F DENSITY. AT TOTAL MEAT OF COMIUSTION MIT MEAT Of COMUUSTIO
(1i/I6 Cl 4 IF (16 C) IA Csla2Mt Vefwel (At Costit Presswel

SPECFC PER ST TU PER TU TCAL
OtG APi LG R GAL AT CAL GAL AT CAL

GRAVITY GAL PER L 60 F (16 C PER PERLS 60 F 16 C PERG

S 1.0366 S 643 18.250 157,700 10 140 17 .290 149 400 9 610
6 1 0291 8 580 18330 IS7.300 1018.0 17,340 148800 9 650
7 1.0217 8 518 18,390 156 600 10,210 17.390 148 100 9 670
8 10143 8 457 18 440 155.900 10.240 17 440 147500 700

9 I 0071 8.397 18 490 155.300 10.270 17 490 146.900 9 720

10 1 0000 £ 337 18 540 154.600 10,300 17.540 146.200 9 740
11 0.9930 8.279 18,590 153.900 10,330 17.580 145600 9 770
12 0.9861 8.221 18.640 153.300 10.360 17 620 144.900 9 790
13 09792 8.164 18.690 152.600 10.390 17.670 144.200 9.810
14 0.9725 8.108 18.740 152.000 10.410 17.710 143.600 9840

15 0.9659 8.053 18.790 151,300 10.440 17,'50 142.900 9 860
16 0.9593 7.998 18.840 150,700 10 470 17.790 142.300 9 880
17 09529 7 944 18.8190 150.0 10 490 17.820 141.600 9900
18 09465 7 891 119130 149 400 10.520 17.660 1401900 9 920
19 09402 7 839 18.980 148.800 10.540 17 900 140.300 9 940

20 09340 7 787 19.020 148.100 10.570 17.930 139.600 9 %0
21 0 9279 7 736 19.060 147 500 10 590 17 960 139000 9980
22 09218 7 686 19.110 146.800 10.620 18,000 138 300 10 000
23 0.9159 7 636 19150 146,200 10 640 16.030 137 700 10 020
24 09100 7 587 19.190 145.600 10.660 18.070 137 100 10 04C

25 09042 7 538 19 230 145 000 10,680 18.100 136 400 1 05c
26 0.8984 7 490 19 .70 144.300 10.710 18 130 135800 10 070
27 0 8927 7 443 19 310 143 700 10.730 18.160 135.20C 10 09C
28 0.8871 7 396 19 35C 143.100 10 750 18.190 134 600 10 HO
29 0.8816 7 350 19 380 142.500 10.770 18.220 133,900 10 120

30 08762 7.305 19 420 141.800 10 790 18.250 133 300 10 140

31 08708 7 260 19 450 141.200 10.810 18.280 132700 10 150
32 0 6654 7215 19 490 140 600 10.830 18.310 132 100 10 170
33 0 8602 7 171 19.520 140000 10.850 18.330 131 500 10.180

34 0 6550 7 128 19 560 139.400 10.860 18.360 130.900 10 200

35 0.:498 7 085 19 590 138.800 10.880 18,390 130 300 10 Z1C

36 0 448 7 043 19 620 138.200 10 900 18.410 129 700 10 23c
37 0 8398 7 001 19 650 137.600 10.920 18 430 129 100 1C 240
38 0 8348 6 960 19.680 137.000 10.940 18 460 128 500 t 260

39 0 8299 6 920 19 720 136.400 10950 18.480 127.900 10 2-C

40 0 8251 6 879 19.750 135 800 10970 18.510 1"7 300 10 so
41 0 8203 6.839 19.780 135.200 10 990 18530 126 '00 10 30C
42 0.8155 6 799 19.810 134 700 11 000 18.560 126 200 10 312
43 0 8109 6 760 19.830 134.100 11 020 18,580 125 600 10 3.c
44 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 18620 124 400 10 34C
46 07972 6646 19.920 132.400 11.070 18.640 123.900 10 360
47 07927 6.609 19.940 131.900 11.080 18.660 123 300 10 370
48 0.7883 6.572 19,970 131,200 11.100 18,680 122.800 10 380
49 07839 6.536 20000 130,700 11.110 18.700 122.200 10390
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Figure C2. Relationship between higher heating value and specific gravity of petroleum oils at 00 F. (From T. T. Fu
and R. S. Chapler. Utilization of Nav -Generated Waste Oils as Boiler Fuel Economic Anal ' sis and
L.aboratory Tests. Technical Note N-1 570 [Naval Construction Battalion Centet. 19801. p 39.)
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ito,* ilii e Ileeded 4, Aim hi' l~ilCISi -111 1"t.iii 1 I' u1)iJi~i,!II/C-J

indLIStIIal-sI/Cd Iha Is. Tile\ ae. lai\lt~s

t~aiiige iiciaii-Nettled siNC11e11iii Alid %klte i> A) x to and 1SU 10" But' Iti: hiiluxi siued

.an Cssetitial icaiuir1e tot Used iiil sJJluC. SAbIlveizouitd h(IL1v is usuall huril reILsdilJ lucl (of NI, 4. ,1
t ks siliild co1Iiiiii a1 Lliaiiil e N . Ji111 1jbunrtacc Itiel kill I at ja le of - toi IL) O )) i l hl I Ii,. 1 eci

:iik' shiould have .a stable111 suiloli0 p)umpl ") e it' exce.ss dii j Some ate omineiited stikci ii:!, ci wi

Forl leiiiie\ i used oil storalc tanik, s N ho~wn builCIS. Others Were 01!> II, uled a' iiilied boi!lci'

.i convert1'ed c0al bOilers have outdated. iTIelflCII~I

Ii used 0il-Mgirii oill hIetid ittust bl ixed tit cyloiies. soti e boilers have iioine Oil-iied buuiier'

Jai ai 1 ) 0 peveiit lelILg.1i10ii of tile oils uivel litte OsIy1) 110 n10t have IpoIllln wntioI cqtIIp)IlIeiti

''s il deisitxv ditlocietees. N.1i1tlis pec ifwlcatoli (Virgini fuel uiil Is a leldllisel. 'IJIIn-hUrTIIlIg e l I

VTSI 5[) FITUIe 011. lliiriiei . requirelitt tMe TheLrefoire. eiiissioiis troiut Aim\ bulei' !,iliii

clinial ii~iig ii tthueblli~ilgkit II Iiiixiiie' used] oil probablu, V.il! Ile uncIlil tolled aiti shoLu CL
car-efulli, evaluated betore .a dLCiLAii 1 ismde to tile

Boilers us.ed oil.

.A mtajor :onsideiationi is the etteC:t Lt us~ed oil
combustion onl the boiler itself'. Of coutse. us~ed oiih 1 11numb1er 01f poIlluItnts emitI ted truuit .i '

chadracteristics, sucht as water and .Nisi Cotent :onl- futnction of' thle cratitc ot !he oil

cent rations of' Various additives, and thle decree lt' co11niust1ion equipntent11 litself Pollu1tants 01i 01. LCT.

dilution with virgin oil determitte tile qulIiy0tf oil inc:lude lead aind othei tied\-\ metals twil the .,,I

actually entering the boiler (Table Ii) ShiOit-tertnl sulfur. iiizeri. chiloritne. and btoitie

burning of' tused oil probably does tnot sigitiica;itl) atr ti n tile ash and oigaltic trac:tiiuts -\IsLl it01,'1

feCkt CotubuJstijOtflcin or damiage boiler equipmlettt. are plot\inuclear aetoiatics (PN.X 5 I and it, ~
organ)ic mnatter (PON1s) trot thle 0oI~httoll 111ti 1

Somle problems cati be eXpected. thtough. aS a result fuels. PClS are no0t normalls11 foun0I~d III used oil, ' it

ot lonig-teriti used oil cotmbustioti: cloggitig of pipe-s rte used] oil has beenl contiminiated. burtmiitui

and nozles. accelerated corrosion (if' pipes atnd tanks. Artti boiler would ble nlot 011il, haitti t ih eM iii11

anld reduIctionI of heat transfer efficiency . Sediment call itetit an1d tile health of pO~INOITIie. butils 1O IIlL .

Jug transfer pIpitig. itid Water maxd orrode tatnks atid Other conitainllanlts that ailed eiti'sos u14iii~d"

pipes. as, well as freeze FueLInesi Oil additives inal gasoineI. gkLvcol atitif'rCee. petcd a.l~lides. Jii

c:ause a ftitle huft buildup,1 III bat rels aitd iioiils. ash other solvelnts.54

buildup it1 the0 fire box. ild deposits ott boiler tubes."
loudl hntissionus

Lead em issionrs front b sirri g used oil are di li c t Li

4
9L~dOlBre ~ -p.~ .~82 8) of' thle firitig rate (liters per hour). Call 01CCn111,1a1i11

p 4-7. of the oil. and tile percentkiof that lead v\hich is eititted

so.L n n .W.Jcsn an 'l.Dsoa lru.l with tile flue gas. Figure C4. data collcted b\ tile [P.
Engergyi Recuierr IA ir Force C'ivit hi- ginerirtg ('etiter. June rn ~b)t -7. l wsa iivrerlaiiLi ii

1976). p 5. between lead emissions atid the lead cotietutraiili it

5F . 1). ('oi he and A. R. Siedle. "Metals in OIL occurrence thle total Oil (uIsed oil and virgin fuel).

and Sigtnificance for Reuse of* Spent Automnotive Lub'ricating
Oils" Proceedings of a Workshop opt Mcasuremnerits and Stanr-
dards for Re' veled Oil Gaithersburg. MarvIand. National
Bureau of' Standards. 1977 (NIIS Special Publication 556. 15 Ber.I .Lcrua II nll.t
1979). p 199. J .Bad ,Lce-. JLUhlltt z

52 .r.uanR.S(hplrLiiaio f.au-;-rraud Pollut ioni Training Inrstitute course- 4_'- coinnhu iu n / iuc
r, . F an R.S. hapet.Utli~tio ojVar Gveraed tiopi Stuident Manuual. I-PA 45012-8(10 (1- tPA. I ehruiar,

Waste Oils as Boiler Fuel lheonomic A pialssis anud laloratorY 198f)). 11 8-2.
Tests. reefimcal Note N- 1570 (Naval C"onstunction Itatallion
Center. 1911t01. lip 1 2 51 sed Oil Burned as a Fuel. p) 4-I1.
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1 icl ('2

Properties of Virgin Fuel Oil (No. 2 I)itillate and No. 6 Residual) and
Used Oil (Automotive Crankcase Drainings)

it min (I J M,,iitj .and III N h " title. Ubil:ation tw vd d is. Iral Report. U S l)epart;eni
otI ncrrn> ConIr.,, I Y-7 ('-0 -11 101 1103/A lR7873841 [Auigust 1978 . p 10-41

Composite Range Values
1[)ertyta l  

3Jsed Oil. Crant-

No. 2 Distillate No. 6 Residual case drainings

Gravity, iq API at 60PF 30.2 to 45. 3 0. 3to 26.0 20. 0 to 27.9
Specific Gravity 0.800 to 0. 875 0. 98 to 1. Z2 0.887 to 0. 93
Density,. liqal 008 to . 30 7.5 to 8. 5 .40 to 7.78
Viscosity, SFS at IZ& 24 to 350
Viscosity. SUS at 1000F 32 to 40 37 to 837
Viscosity, Centistokes 1.3 to 4.1 7 to 750 17. 3 to 180. 0
Pour Point. F 1 -50 to 25 1 -101 to 05 0 d to I -)
Flash Point, OF 126 to 204 150 to Z70 175 t0 415
Heating Value, Btugal 130, 900 to 141, 800 146. 100 to ( >157. 7001 105, 555 to 143. 360
Heating Value. Btuilb 18. 145 to 19, 895 17, 410 to >20. 480 13, 571 to 19. 300
Neutralizaton Number, 4. 0 to 14. 3

lig KOHIqm
Bottom Solids and Water. .00 to l< 0. 1) 0. 00 to 2. 00 0.1 to 2. 0

vol %
Sulfur. mt% 0.02 to 0.59 0. 3 to 4.0 0. 21 to 0. 5
Ash, wtS 0. 00 to 0.005 0.00 to 0. 50 0.03 to 3. 78
Silicon, Dpm 3. 2 to 164. 0 10 to 875
Calcium. pom 0. 7 to 95.0 700 to 3, 000
Sodium, pM 1 to 480 16 to 300
Iron. ppm 10. 5 to 230.0 50 to 2.000
V'lqnesium, ppm 0. 4 to 27. 9 10 to 1,108
Lead, ppm 1.7to4.1 300 to 11.200
Vanadium. ppm I to 380 3to 39
Coper. ppm 0.5 5to 348
Barium, ppm 10 to 2.000
Chromium. pom 13. 7 3 !o 50
Nickel. ppm 3 to 118 3 to 30
Aluminum, ppm 0. 5 to 219 10 to 800"
Silver, ppm 0. 3 1
Titanium, ppm 5. 5 5 to 30
VolyOdenum, opm .2.3 2 !o 3
Zinc, ppm 300 to 3.000
ahosphorus, ppm 500 to 2. 300
Tin. ppm 5 to 112
Beryllium, pom 6
Mianqanese. ppm 5 to 10
Cadmium, Dpm 4
Strontium, ppm 10 to 30
Boron, Dom 3 to 20

Ialppm las the element) 0. 0001 wt
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LEAD EMITTED AS A PERCENT OF LEAD INTRODUCED WITH FUEL

Figure C4. Lead emissions. (From Used Oil Burned as a Fuel, Vol 1. SW 8142 tEPA. 19801.)
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I able C.3
Particle Size Ilimirihulion of Lxad aind other Major Contaminants

im Irmi i tront Waste Oil Coumbustion

ii fm i. I %lj,eti anid 11 NI %k hile I uhI:ati-'i or I %, 1i oti. 1tinal Report. U S D~epartment i I

I ricret c'niia, I N' -76 (3- 1l0 i sl3 A I R78.84t IIAugu'i 19781, p 10- 151

%eight Percent
Particle Sie Lead ( alcium Phophorus tanc Iron Barium

Imicron 76 to t9 Ili to 19 23 1,)4 2 56 to 73 2 7 to 36 3 3 1 o t

I to, 1utmicron 16 to 21 71to 7 4 49 to ts6) 23 to39 Si to 8o 401 t -

Itl1microln 2 7to 44 lo to 15 8 9to I1 3 4 to 5O 13 to IS 89 or , IS

I-PA test, sho%% that itull 20 to I 0) percent ot tilt SO,, emissions will nor he dlealt %% oh in til Iepwl
lead enterinlg I steani boiler -aill be expcted to bie heitse lie\ are not specifi. 1to used oil iomalNIwn
emitted tin, the stick. Sosme load is entitled a,, an Simir~il\ NO,, emissiotls are .I Iittitio o! ombu'tioll
aesissul or isr thiough most  

is associated Aith teilperature aiid the ilitroget lin tie oil. rather that
p1.1,ii itculat " Tlue C(3 lists thle pJItice Wie Jistrnbu,- hetng related to) oil :ontainlatioll
Ito11 sit leashd 'ilicihe iii,1iMtttstdliltt Ill siliissiulis

Ii iil % *ite til osinihustion.i Kiiowiig patitihate Ill U.Sis Oil Ijiit- as a Fuel, tire HPA L.oIttitiC'
si/C IN iiiipslttailt for cOtisidiitig envitiontiitnal atid alt psillutlIsi and uised sil c0IIsSltp Ionst [rilefi,i 10
11011l Cut tte isOf pollutantlls. Sller1 particles Penet rate chatracierize J Used Oil wich nias be hurned with
deep into tire luimami respiratory trac:t. wheteas larger iiiittal etvirontttelttal isk. The tesults ire presented
particulates tenid to he retIosed fin rte Lippet trct( lin Table s. In the same pubhlc,.Ition. thle LPA suggest,
AlIso. it psilltitisiti equipmtet is to) be intstailled, this pm1 Uikotiti slllt'd Ctttssiott I',ctoi. 101 Used til l d used
tiolt si/c disirIbUttOit Is in tiupsi-rtalt designiJtaatlt Osil-%tviie olt blends. rile enusl"'on tA~kkrs 'ite cslsx'.tln

\kIth Ithose prevOUSly publshed tOt thle seleoled
In One [PA test. 010 percent of' thle lead emtitted w&as pollutants (Table C4)hi0

associated witlIt particulates smnaller thtan I iiciuot.
Nearlly 7; peicent (it this lead wkas recovered tromit 11leh/ii
hoiler tubes. and _- percent was emitted directly into Before building storage facilities arid modit'\ie.
rthe attiosphere. Furnace deposits miax' he emitted to boilers io burn oil. it mnight be usetul to miodel thre
the aitiiosphiere durintg soot blowing." or miay be ic- lead eissionts that would result fromn burning used
itisied during tuiniace cleaning.5 7 oil. The model could help inl calculating the mnaximium

lead concentration allowable fin the oil. This maIXIImumII
Othier Pollutran ts depends on the ambient lead concentration heilire the

SO, eiissiots are a tfuition of' tie sulfur conttenit boiler emnissions' contribution, and ott thre lead etnitted
of' the used oil. Since used crankcase oil usually has as a function of lead concentration in thle fuel. Thle
little sulfur, a blend of' high sulfur residual oil and amiount of lead could be reduced, then. either b\
used oil canl actually reduce SO,, emissions arid cur- pretreatment or by reducing the ratio of used oil to
rosion oh' tnternal boiler surfaces."~ virgin fuel. Waste oil managers may, contact CERL tor

information about the nmodeling procedure
I ted Oil Ilurned as a Fl,~r p 4-4.

IL C Perk ins. A1ir P'olltin mIN {~rawk-I Iil. In- 1 I974). Pretrcasi newI

p 336 Pretreatmet of' (lie used oil canl sigitificartil
v7 Used Oil Burned asr a Fuel. 1) 4 -3 Imtprove oil qualiy, thereby reducintg hoiler datmage

5 P. 1). Spawn and P. I . Ienitetty. "An Updated Look at ~ .T er.I .Lcet.adIU mtllt i
tre Fucl Potential of %kaste A utootive Oil." Pr5 icccdintgr oif "JT.Bad A[clit.anIULle .I,
a Workshop on Measuremnents antd St aidardrv for Recyclied Pollution Trainting Institute Course 4.27 Sruiltnr .%fIllimal.
0,11. Gaithersburg. Mfaryland. National Bureau of Stan- I PA 450/2-80-063 (EPA. tFebruar% 1980). p 8-3.
dards. 1977 INBS Special Publication 556. 1979). p 5I. 60 Used Oil Burned as a Fuel, p 4-4.
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Table (4
tnontrolled Emission Factors for Combustion

I rom is, d 0d(i Bit rneJ as a Piic, Vol I. St 892 11 PA. I198n)

In mission Factors, lb/ 10' gal

Suggested
Pollutant FPA AP-42 (3) for Used Oil* Comments

Pb \ Ire oil 0 00751 L 0.0075f L) L ppm Ph in ,I Based on 1Oil
ejiiSMion it 7.5 lb'k/gl ,Il] denstlt.

Pb Virgin oil, 0 01)424 L) Baed on ubstantiall% less than
Iresidual. distillite) 100 1enission, A % v L 1 I t,)

residual oils, and 0 1 or distillate
oils.

(oal 1 .61l) lb/I 0' ton hased on ( ctnissions.
I (itunlOtus alilthracite)

Parilculate \uisic oil 7
SAI 75(A) A ash in oil. Based on 101

equivalent emission at 7.5 lbs/gal
oil densilN.

::6 loiS) + 3 S - sullur In oil.
;5 lIf Note that used oil wiili appro\.
:4 7 (I. 13' ash Would be equ ialcni to

Ind.,'onn disi 2 e5 fuel oil.
l)onlestI dii. 2.5

Other Iimetal, Not included 1i0754tL) L - ppm metal iII oil.
in partil ..,.ite
SO, Residual oil 157(S) 150(S) S sulfur in oil. Suggested factor

Distillate oil 142S1 for used oil based on 100'
conversion of S to SO, for 7.5
lb/gal oil densit\.

SO. All virgin oils - 2S 2S S = - sulfur in oil.
NO, (total Reidual oils
as NO, ) Puss er plant 22 N nitrogen in oil.

tangential - SO See AP-42 1.3 for further discussion
Power plant of NO. emissions.
other - 105

lnd.'conri. 22+4100(N)2
lnd/.cotn i. dist. 22
Domestic dist. 18

H1. drocarbons All virgin oils - I 1 RECON measurements ranged Irom
(total, as 1ll4 14 to 165 p/g fuel (113 avgv) as

compared to I Ib/lO' gal (approx.
133 jg/g) emission factor.

PNA, Not included 0.0075 Corresponds to I mg/g. Insut-
ficient data to determine (tow PNA
emissions for used oils compare to
virgin oils.

HI I Not included 77(C) max. C = % chlorine in oil.
Ilir** Not included 76(B) max. B = ' bromine in oil.
P (ii Not included 75(P) max. P = '3 phosphorous in oil
particulate)
CO 5 5 CO emissions vary with combustion

control on all fuels. No CO emission
detected by Orsat analyses in
RFCON tests 1"4. Determinations h%
Kitagawa detector tube in runs 5-9
showed 10 to 100 ppm in the flue
gas or an average of about 5 lb/I10'
gal.

And for used oil/virgin oil mixture.
-Suggested for these pollutants.
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inl 11 ekterided Tille Tihe tictliretit trrav be is simple reclaiming or reprocessing Physical tteatinent with or
. c rfeenImIe to I cmos c large torcigt obhjects arid sedi without chiemuil t reatmnent to prepare tuels

Im I'itn I 11C mio-. oinltoni llit ltit Is settlitig to troll) used oils.
ellris ssridl atnd Nedittiett Moic sophisticated re-

pioessitil oniists ot entrifugationm. filtration., arinos- recycled oil: Any used oil winuch is reused tot im
J1111-11,t ofiiacutitator orS11110L0 chemical ireattnetit.", purpose. This includes oil wich is re-refined.

teclaimed. burned, or reprocessed.

re-refinied oil- Used oil froni whiuch the physical and

GLOSSARY chemical containinants acquired tiough use liase
been removed by a re-tel ining process.

idditie .\ lriinical idded it)~ 111 il 1 Saybolt Universal Vistcosity: Tille in secotids? ii ake~s
to run 60~ in L ot a fluid through a standard si/c

atilte niurmber (or pointi:l Teniperature ("') at wich oritice. Usually reported at I00' F. I150I'F. or

in ix tures oit petroleumt arid ant iie becomne ni s. 21 00F.

cihe irevale s ameaureOf SldgeS ighn Saybolt Furol Viscosity: Satme as Saybolt Unisers.al
power A low atiilinme tiuiiber itidicites hihViscosity. except the orifice through wInch the
solvent ptiwei fluid passes is larger: o-2 secotids. Sa~ bolt Furol

asphalt: A solid hiydrocarbon toutrd as a tiatural Seconds (SFS) = 600 secotnds SUS.

deposit. When subjected to distillation to remove used oil: Any oil which has been refined fromt crude
light fractions. crude Oil of high asphaltic content oil and used. arid which has therefore been phy,-
leaves asphalt as a residue. Asphalt is dark brown sically or chemically contaminated.
or black arid is a solid at normal t ernperatutres.

BS&W: Abbreviatroni [Or bottom solids and water. virgin oil: Oil products mlanuf -actured from prevtousk

Found tit petroleumt crodes. undistilled fuceis utnused petroleutm products.

arid usd oils.viscosity: Measure of' a tIolid's resistance to sheart or

Has lilli: vlllllull lllieliilr i whch il anangular deformation. Indicate, relative ease

be stored ind handled witiirut seitnts tire iia/ard.

lob rica ttig oil: Thiat f'rac tion of' thle crude oil whiichi is viscosity inidex: An i HPtI ia i ttreasre of' the effect ot'

sold to reduce f'riction in arty industrial or nie- iemdicatsalre changie ithol terilsrau. l tle

clianical application. This terni itncludes re-retined idctsalrecag ihtmeaue

oil.

nieutralizat ion nuriber: The nutiber of milligratms of' METRIC CONVERSIONS
potassium hydroxide tieeded to tieutralize 1 .0 g
of an oil sample. I gal =3.785 L

pour point: Primary indication of the lowest tempera- ' j O-2

ture at which an oil can be stored and still flow I lb = 0.37 kg
under very low forces. I psi = 6.895 X 10" Pa

I Btu = 0.293 W

I toril = 0.9 MT

6i Used Oil Burned as a Fujel, Vot t. SW 892 ([PA. 1980). 1 nii = 1.6 kmn

pp 2-6. 2-7. 1 in. = 2 5.4 titrn
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ENE Tham Distribution

Chief of Engineers US Army Engineer Division WASH DC 2Oj3u
ATTN: DAEN-MPO-B Huntsville 35807 AF/RDXI
ATTN: DAEN-MPO-U ATTN: Chief, HNDED-CS

ATTN. DAEN-MPR ATTN: Chief, HNUED-ME Little Rock AFO

ATTN. DAEN-MPZ-A ATTN: Chief. HNDED-SR ATTN: 314/PEEE
Lower Mississippi Valley 39180

US Army Engineer district ATTN: Chief, PD-R Patrick AFB, FL 32925
New lork 10007 Ohio River 45201 ATTN: XRQ

ATTN: Chief, NANEN-E ATTN: Chief. Engr Div

ATTN: Chief, Design Br. North Central 60605 Tinker AFB, OK 73145

Pittsburgh 15222 ATTN: Chief. Engr Planning fr 2854 ABG/DEEE
ATTN: Chief. Engr Div Missouri River 68101

Philadelphia '91ob ATTN: Chief, MRDED-T Tyndall AFB. FL 324UJ

ATTN: Chief. NAPEN-E Southwestern 75202 AFESC/PRT

Norfolk 23510 ATTN: Chief. SWDED-TH

ATTN: Chief, NAOEN-D South Pacific 94111 Bldg Research Advisory Boaro zu418

Huntington 25721 ATTN: Chief, SPDED-TG

ATTN: Chief. ORHED-H ATTN: Laboratory Dept of Transportation
Wilmington 28401 Pacific Ocean 96858 Tallahassee. FL 32304
ATN: Chief, SAWEN-PM ATTN: Chief. fngr Div

ATTN: Chief, 1,AWEN-1 AITN: Chief. PUDED-MP Dept of Transportation Library 2US9u
Charleston ?940? ATTN- Chief, PODED-P

ATIN: Chief, inqr lv Transportatiin vesearch Seard 2ualb

Savannah 314U2 5th US Army 18234

ATTN: Chief. SASAS-L ATTN: AFKB-LG-L Airports and Construction Services uir
Jacksonville 32232 Ottawa. Untarto. Canada KIA ONi

ATTN: Env Res Br 6th US Army 94129

Mobile 36128 ATTN: AFKC-EN Division of Building Research
ATIN- Chief, SAMEN-C Ottawa, Ontario, Canada KIA URB

Vicksburg 3QI80 7th US Army 094U7

ATTN: Cther. Lngr 9)lv ATTN: AETTM-hR-LHU National Defense Headquarters

Louisville 40201 Ottawa. Ontario. Canada KlA ul,
ATTN; Chief. Engr Div US Army Foreign Science & Tech Center

St. Paul 55101 ATTN: Charlottesville, VA 22901

ATTN: Chief, ED-H ATTN: Far East Office 96328

Chicaqo 60b04
ATTN: Chief. NCCCO-R USA ARRADCOM

ATTN: Chief, NCCED-H ATTN: DRDAR-LCA-OK
ALTTN: Chief. NCCPO-1R
ATTN: Chief, NCCPE-PES West Point. NY 10996

St. Louis b3101 ATTN: Dept of Mechanics

ATTN: Chief, ED-B ATTN: Library
ATTN: Chief, ED-O

Kansas City 64106 Ft. Belvoir, IiN 22060

ATIN: Chief, Engr Div ATTN: Learning Resources Center

Omaha b8112 ATTN: ATSE-TD-TL (2)
ATTN: Chief. Engr Div ATTN: British Liaison Officer (5)

Little Rock 12203
AITN Chief. Engr Div Ft. Llayton Canal Zone 340U4

Tulsa 941lu ATTN: DFAE
ATTN: Chief, Engr Div

Fort Worth 76102 Ft. A. P. Hill 24502
ATTN: Chief, SW(ED-D AIIN: FE

ATTN: Cnief. WFED-MA/MR

Galveston ?7550 Ft. Leavenworth, KS 66027
ATTN: Chief. SwGAS-L ATTN: ATZLCA-SA

ATTN: Chief. SWGCO-M
Los Angeles 90053 Ft. Lee, VA 23801

ATTN: Chief. SPLED-E ATTN: DRXMC-U (2)

San Francisco 94105
ATTN: Chief, Engr div Ft. McPherson, GA 30330

Sacramento 95814 ATTN: AFEN-CD
ATTN: Chief, SPKED-O

Far East 96301 Ft. Monroe, VA 23651
ATTN: Chief. Engr Div ATTN: ATEN-AU (3)

Seattle 98124 ATTN: ATEN-FE-E
ATTN: Chief, NPSEN-FM ATTN: ATEN-FE-U
ATTN: Chief, EN-DB-SE
ATTN: Cztef, NPSEN-PL-WC Aberdeen Proving Ground, MD 21005

ATTN: CfI'f, NPSEN-PL-ER ATTN: AMXHE

WalIa '4al1. 19362 ATTN: HSE-EW
ATTN: Engr Div

Alaska 99 Naval Facilities Engr Command 22332

ATTN' ' ,lef, NPASA-R ATTN: Code 04

I1, Army Inqine...r livision I11 Naval Oceanoqraphic Office 39521
New Inqland )21',4 AIIN: I Ihrary

ATTN: Fhief, NfDLD-L

North Atlantic 10OI Naval Training Equie nt (enter 32113
ATTN: Chief. N AEN-F ATTN: Technical Library

Middle East (Rear) 22601
ATTN: Chief, MEDED-T Port Hueneme, CA 93043

South Atlantic 30303 ATTN: Morell Library
ATTN: Chief, SADiN-Te

Boiling AFS. DC iQ332
AF/L[EEU
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