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American Petroleum Institute 
Environmental, Health, and Safety Mission 

' and Guiding Principles . \  

I 

MISSION The members of the American Petroleum Institute are dedicated to continuous efforts 
to improve the, compatibility of our operations with the environment while 
economically developing energy resources and supplying high quality products and 
services to consumers. We recognize our responsibility to work with the public, the 
gwernment, and others to develop and to use natural resources in an 

'1 environmeptally sound manner while protecting the health and safety of our 
employees and the public. To meet these responsibilities, API members pledge to 
manage our businesses according to the following principles using Sound science to 
prioritize risks and to implement cost-effective management practices: 

. <  

e To recognize and to respond to community concerns about our raw materials, 
I products and operations. 

PRINCIPLES 

e To operate our plants and facilities, and tQ handle our raw materials and products 
in a manner that protects the environment, and the safety and health of our 
employees and the public. 

e To make safety, health and environmental considerations a priority in our 
planning, and our development of new products and processes. 

e To advise promptly, appropriate officials, employees, customers and the public of 
information on significant industry-related safety, health and environmental 
hazards, and to recommend protective measures. ' . 

e To counsel customers, transporters and others in the safe use, transportation and 
disposal of our raw materials, products and waste materials. 

e To economically develop and produce natural resources and to conserve those 
resources by using energy efficiently. 

o To extend knowledge by conducting or supporting research on the safety, health 
and environmental effects of our raw materials, products, processes and waste 
materials. 

o To commit to reduce overall emission and waste generation. 

o To work with others to resolve problems created by-lìandling and disposal of 
hazardous substances from-our operations. \ 

e To participate with government and others in creating responsible laws, 
regulations and standards to safeguard the community, workplace and 

/ 

_. 

a \  

environment. 
- 

o \ To promote these principles and practices by sharing experiences and offering 
assistance to others who produce, handle, use, transport or dispose of similar raw 
materials, petroleum products and wastes. 
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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 

AF'I IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS? MANUFAC- 
TURERS? OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE? FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR INFRINGEMENT OF LETTERS PATENT. 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or transmitted by any 
means, electronic, mechanical, photocopying, recording, or otherwise, w i t h &  prior written permission from the 

publishel: Contact the publishel; API Publishing Services, 1220 L Street, h! W, Washington, D.C. 20005. 
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EXECUTIVE SUMMARY 

The 1996 API Reñmg Residual Survey collected data on the m e r  in which US. petroleum r&eries 
manage their residual materiais. This report summarizes the Characteristics of the facilities that respondeú, 
and presents nationwide tren& in resichial-m practices. The nationwick estimates were 
determined from a regression analysis of the respondeat data in terme of residual quantity in wet tons by 
refhery capacity in barreis per stream day (bsd). 

1996 Reñnmg Residual Survey-Response Level 

No. of Facilities 152 79 52 % 
m Capa(& 15,534,500 bsd 8,925,800 bsd 57 % 
R e s i m i a l W ~  3,722,000 wet tons 1,887,000 wet tons 51 % 

Estimated U.S. Total Survey Respondents Per& 

The 1996 survey collecteddata.cmthe-of 14 residual streams and requested cost data on six of 
these streams. By comparison to the quantities rqorted for 30 residual streams III the surveys prior to 
1994, the 14 streams are believed to represeat nearly 80% of the total guantis of residuals managed at 
U.S. refineries. As with previous surveys, data were mliected on the age, size, location, and type of 
refinery, and on the configmation of the wastavater treatment systems. 

DIFFERENCE FROM PRIOR YEAR RESULTS 
This year's survey &ued to seek improvanenî in the COflSiStedlCY of rqorìeú data through enhanced 
guidance on the survey fim Pior to the 1995 m e y ,  some &&ties had reported the qumtity of residual 
generated prior to áewata.while others had reported the qpanîty manag@ a%er dewatering. The 1995 
survey, however, had spec¡.lïedthat only the cpdw of resiW remainkg after dewatering was to be 
reported, d o u t  the recovered water or oil, thus proviáing for a coI1sistetlf basis of response and more 
accurately r&e&ng *es of residuais managed 'Ihis approach was C o n t i n u e d  with the 1996 survey. 
InthehUowing&art,theáatahr 1987through 1994havebeena~usteúbyáeletingthequantiti~ 
consiáered to be recovered oil or water raîher than true resiáuals. 

Trends in Managera& h.adce+NationwidEEstimates of QuLinttyper Year 
5,000 1 

C 
O 
I- - Total 3,000 

Recycle 
Treatment 

Disposa I 

. . . . . . x . .  . . . 

-.-*-.- 

1987 1988 1989 I990 1991 1992 1993 1994 1995 i996 
Year 

The specific adjustments ma& to the 1987 through 1994 data were to delete the amounts shorn as 
managd by wastewater treatment fiom the streams that are reúuced by dewatering, which are the tank 
bottoms, M I  separator sludge, DAFjloat, primary sludges, slop oil emulsion solEds, b i o m s ,  and pond 
sedimenfs streams. Amounts listed as recycled to a crude unit were deleted fiom these same streams, with 
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the exception of DAFJoat and slop oil emulsion solids. The latter two streams had entries in the crude 
unit category for 1995 (and again in 1996), and therefbre Ulis category was r&ed for these two streams 
in the adjustments of prior years’ data. 

The estimated total quantity of residuals managed at U.S. refinenes increased h m  3,049,000 wet tons in 
1995 to 3,722,000 wet tons in 1996, an increase of 673,000 wet tons. The 1996 nationwide estimate, 
however, is still lower than the mual estimated qynúúes for 1992 îhrough 1994. The reporting units of 
wet tons indicate that the sú-eam volumes are taka in their as-managed canditiun, rather than on a dry- 
solids basis. while residuais that bave been dewatered will have a higher percat-solids conteni than ifthey 
had not been dewatered, they may neveríheless include a sigmñcant amow of water. 

The portion of residual material reported as having been recyded continu& the strong upward trend of 
recent years, with weli over half of the total quantity mmageú now shorn as reqded. 

Trends in Management Practice-Nationwide Estimates of Percent of Tatal per Year 

50% 

- Recycle 
Treatment 

Disposai 

.. ... .x. .. ... 

-.-*-.- 
IO% I 
0% I I I I I I I I I 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Year 

The next chart compgres residual qgantities by stream for 1995 and 1996. 

Nationwide Estimates of Residual Quantity by Str-1995 versus 1996 

ES2 
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Several facilities reported a combined amount of certain residuals associated with wastewater treatment 
fàcilities (&e., Aplseparutor slwige, DAFfloat, primary sludges, and slop oil emulsion soliáS), in that 
they commingle these'stram for management. m e  sum ofthese oiiy wastewater resichials inamscxi fiom 
554,000 wet tons in 1995 to 726,000 wet tons in 1996. 

hother step taken in the 1995 survey to improve reporting Consistency was to combine all m e r  of land 
farming and lami spreading into a single I d  treatment category. ' Ibis approach was coi.itinued in the 
1996 survey. The 1996 survey a d d i t i d y  discontinuedthephysical treafpnent category. In the following 
charî, the @ty reported unch physicul treatment in 1 995 has been combined with other treatment in 
order to make the data comparable to 1996. 

Nationwide Estimates of Residual Quaniityby Management Teckinque-1996 versus 1995 

Land Treatment 

O 100 200 300 400 500 600 700 800 
Wet Tons (thousands) 

sy 1995 1996 

The most signiiicant di£terence in the qyntiîy per residual stream fiom 1995 to 1996 is the increase in the 
quantities of biomass, DAF$out, and spent sulfidic caustic. 'Ihese three streams, in hct, a m &  for 75% 
of the total increase in estimated @ties fiom 1995 to 1996. 

The b i o m s ,  DAFfloat, and spent sulficric caustic streams o%= contain very snail Concesitrations of the 
residual in a relatively large volume of water. Wide variation in the guantities reported for these streams 
may be &e at least in part to c€i&rences in how reporting íàcilities account for the accompanying volimie of 
water. In the 1996 survey, for example, three facilities reported managing bioms by warrtewuter 
treatment, and one fàcility reported this practice for DAFfoat. Follow up phone calls ccmhned this to be 
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the case, but the streams in questions were less than 5% solids. other facilities use a continuous flow coker 
technology that requires large amounts of water. Spent sulfidic c a z ~ ~ t i c  is hcreasmgly used for pH -01 
in the wastewater plant, and again the @ty reported typ idy  includes large volumes of water. Thus the 
increase in the biomass, DAFfloat, and spent sugdic camtic streams shows up in the management 
techniques primarily máer coker, other recycZe (for pH control), and wastewater treatment. 

The improved data integrity in the 1996 survey has virtually eliminated routing to the cat cracker as a 
management practice. It was found that most materials reported as beuig routed to the cut cracker were in 
reality routed to either the coker or the c d e  unit, with the exception of FCC cataZyst. when FCC 
catalyst is routed to a cat cracker, however, it is for continued use as a catalyst. Ifit has been processed in 
some mamer in order to restore its suitabdity for service, it should be reported as regenerated. 
other hand, it is cascaded for d u e ú  use as a catalyst without any processing to improve its 
pe&ormance, theu it is still being used for its intended fimction, and would not yet be a resimial. Thus it 
appears that U. S. refineries do not process resiáuais by routing them to the cat cracker. 

on the 

The next caiart displays the nationhde distribuîion by managmat practice för each stream, as estimated 
fromthe 1996 survey. The streams that are sometimes dewatered, whichinclude tmzk bottom, the oily 
wastewater residuals, biomars, and pond sediments, are on the left side of the cbarî. 

Nationwide Estimates of Distribution by Managemeai Practic+1996 
- n Recycle Subtotal Treatment Subtotal Disposal Subtotal 

- 

m 
Q Y 

m 
x c n i= Q 

i ü LL d B i 
The most evident trend of the last two years in the manag- of residual material by US. reheries is íhe 
movemat toward recycling as the dorninatrt managemeat practice. 
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section 1 
METHODOLOGY 

LISTING OF REFINERES 
The term 'petroleum refinery' is used ciifkrdy in various contexts. For purposes of the 1996 API 
Refinuig Resicbal Suniey, a r&ery is &ed as a facility that currently processes Cnide oil. Facilities 
that do not have crude units are not includedmthe survey. 

The 1996 survey was distributed in ele&&c format (Le., computer software on diskettes), in a similar 
manner to the 1995 survey. Selected screens from the electronic survey form are presented in Appendix A. 

The survey was sent to those US. refineries listed as processing crude oil in the Worldwide Re3neries- 
Capacities as of January I, I997 published by the oil & Gas J o d .  Excluduig those reîineries that were 
found to either not actually process aude or to have been shut dom resulted in a fuial count of 152 
refineries. Ofthese, 79 responded to the survey. 

RATIONALE FOR SURVEY CLARIFICAïïONS 
As was explaindin last year's report, the survey now specifies that oniyíhe guaritisr of regchial remaining 
after &watering is to be reported, without the recovered water or od, thus providmg for a consistent basis 
of response andmore accurately refledkg -es ofresiduals managd The quantjisrreportedfor ea& 
stream, íhq is that remaking after any dewatering of the dudge. For those streams that are not deñned as 
RCRA-listedhazardouswastes,ttie~~may~~~bothhazardous andnunhazardousmatenals. 
Where it was & e e d  that a fàciiity had reported both the @ty of materiaí that was treateá and the 
cpnûtyîhat was áisposeú of after treatment, only the quauîitytreatedwas indudedin the aníilysis. 

The rqorîing uuiîs of wet tons ináicate that the strm volumes are taken in their as-managed conáition, 
rather than on a dry-soíiás basis. While residuals that have been dewatered will have a bigher percent- 
s o l i d s ~ t h a n i f t h e y h a d n o t b e e a i ~ ~ ~ t h e y ~ y n e v e r t h e l e s s i n ~ ~ a s i g n i f i c a n t ~ o ~ o f  
water. 

RESIDUAL S T R E W  
Earlier annual surveyshad collected data on 30 separate resichial streams, but the 1994 survey reducedthe 
number of stream to 15 for simplifimtion. These 15 strams were believed to rqreseut approximately 
80% of the tatal q.ntisr of reñnery residuals. The 1994 survey hadindudedtwo sqarate categories fix 
primary sZudges (i.e., the F037 and F038 RCRA categories). Combining these two streams into a single 
primary sludges category resulted in 14 streams in the 1995 survey. The 1995 survey also colledixi 
S o d c m  onthe cost ofmmliieing. six ofthe 14 streams in the survey, comparedto three streamshaving 
had cost data questions in the 1994 survey. ?he 1996 survey umtinued to collect data on these 14 residual 
streams, as well as soliciting cost &ta on the same subset of six. The deñnitiions assigneá to each stream 
are listed in Appendix A 

It should be undemtood that the residual stream labels used in this survey are NOT used in a replatoy 
sense. Whereas the Environmental Protection Agency @PA) regulations implementing RCRA have given 
these t e m  special meaning, the mage here is in a broader, more generic sense. MI'S intent is to have 
survey participan fs  report the management of all residual type materials (e.g., materials that are 
b p r d u c t s  or residuuls ofpetroleurn re$ning operations). ïñis includes residmls that are benejìcidly 
recycled or reclaimed, ar well as rnateriak; that are dhcarded. 
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In order to facilitate consistency of response, dehitions are provided as pop up messages attached to 
buttons on the survey form, as show in the following figure. 

Figure 1-Sample Screen fiom the Survey Form 

Clicking the <?> button next to a sirearn name r r.esuits in a box popping up mith the definition.7 

MANAGEME" PRACTICES AND TECHNIQUES 
The 1996 survey continued to group management tedmiqes into three categories of management 
practice-recyclin& t raw and disposal. The management techniques fiomthe 1995 and 1996 surveys, 
with the tíefMîons assigned to them fir  the 1996 survey, are listed in Appert& A. Note that thepJpsica2 
treatment category has been áis&ueú as a separate managemeat technique. The remilts of prior years' 
surveys have had the @ties from this category added to other treatment, to accommodate comparison 
with the 1996 data. Each of these management techniques is allowed d e r  c e m %  regulatory scem'os. 

DATA ANALYSIS 
C o m p l a  survey hrms were received from respondeat fadities in the fbrm of data ñíes on disketh. Data 
cleaning incluáeá a check ofthe data for s&&steaicy. For examplle, ifa facility ináicatedthat its 
classiñcation is 'toEp"g', then it shouldnot have rqorteú any speilt FCC catalyst; or ifit Clidnot report 
having an API separator? then there shouldnot be any API separator sludge. The data were also reviewed 
visually and statistically fir outliers. Follow up phone d s  resolved apparent CliscrepanCies, such as 
wheeherthequantisrhadbeenreported~the~~~Mitsand,ifso,vcZnytheamaunt~~~om 
expectedleds. 

As with previous surveys, the data from the respondeats were extrapolated to nationwide estimates by 
applying a regtession analysis in which throughput capacity is taken as the explanatory variable. For 
Consistemy with previous years, the followingform of equation was retained 

1-2 
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Where: 
R = tatal residuals manaqxl by a fäcility (wet tons), 
bo = the y-interqt of the Ìegression h e ,  
b,-= the siope of the regression line, and 
C = the thoughput capacity of the facility (bsd). 

The eq-tiOn developed fiomthe 1996 survey is 

f i  = 28.O+8.88x1O4C 

with an R2 measure of correlation eq-2 to 0.70 and a percent error of 7.7%. The statistical analysis is 
describedin more detail m Appendix B. 
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section2 
RESULTS 

RESPONSE RATE 
The 1996 survey response rate is illustrated by several parameters in the following charts. 

Figure 2-Response Rate by RefineSr Capacity. 
25 
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Figure 3-U.S. Depaxtment of Energy’s Petroleum Administration for D e f w  (PAD) regions. 
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Figure 5-Response Distribuíion - by Complexity of Facility. 

Topping Cracking Peirochern. Lube integrated 
NPDES Permit Classification 

Figure &-Response Distribution by Age ofFadty. 

< 1925 25-w '41 -5û '51 - '60 61 -70  '71 -BO 
Year Operations Started 

Figure 7-Respcsnse Distribution by Average Weight P e r d  of Sulfur in the Crude Run. 
4 0  

- = l w t %  1 -2wt% 
Average Weight Percent of Sulfur 
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The number of responses from each NPDES Permit Clas&cation for each residual stream are summarized 
in Table 1, and are presented on a percentage basis in Table 2. 

Table 1-Nimba of Facilities in Each NPDES Classification Reporthg Each Stream. 
NPDES Permit Clasdicaticm 

Topping; Cracking Petrockmical Lube himated 
Total No. of this type: 1 I 48 5 5 10 

API Separator Sludge 3 35 4 2 4 
Distribution by Resichial Stream: 

Biomass 3 29 4 3 8 
contaminated soils 8 43 5 5 10 
DAF Float O 22 1 2 6 
FCC Catalyst O 30 5 3 9 
Hydro. Catalyst 4 35 4 3 9 
other Sp& catalysts 2 31 3 3 7 
Pond Sedimats O 3 1 2 2 
pnmasr Sludges 8 42 5 4 10 
Slop Oil Emulsion Solids 1 17 3 2 5 
Spent Cr@c Caustic O 19 2 3 7 
Spat Naphthdc Caustic 1 2 1 O 3 
Spent Sulñdic Caustic 3 31 4 3 9 
TankBottoms 5 40 4 4 9 

Table Z-Percent of Facilities in Each WDES Clasdicahon Reporting Each Stnxm- 
NPDES Permit classificaticm 

Topping Cracking Pebrochamcal Lube &mated 
Distribution bv Residual Stream: 

API Separator Sludge 27% 73% 80% 40% 40% 
Biomass 27% 60% 80?! 60% 80% 
m e d  soils 73% 90% 100% 1 OO?? 100% 
DAF Float 0% 46% 20% 40% 60% 
FCC Catalyst 0% 63% 100% 60% 90% 
Hydro. Catalyst 36% 73% 80% 60% 90% 
mer spent catalysts 18% 65% 60% 60% 70% 
Pond Sedime& 0% 6% 20% 40% 20% 
pnmasr Sludges 73% 88% 100% 80% 1 OO?? 
Slop Oil Emulsion Solids 9% 35% 60% 40% 50% 
Speat Cresyhc Caustic 0% 40% 40% 60% 70% 
Spent Naphthaic Caustic 9% 4% 20% 0% 30% 
Spent Sdfidic Caustic 27% 65% 80% 60% 90% 
Tank Bottoms 45% 83% 80% 80% 90% 
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WASTEWATER MANAGEMENT 
Every respmdmg hfacility indicated that its wastewater is treated prior to discharge. All of the 79 
responding iàcilihes reportai having primary oil-water separation equipment, with 57 in&catmg that they 
use an API Separator. "he remainkg 22 fàdities listed various types of eq'ipment for primary separation, 
wiîh the most fivent d o n  being a corrugated plate interceptor. A nay question in the 1996 survey 
asks whether the facilis disdmges to a publicly-owned treatmeat works (POTW), a joint treatment facility 
(i-e., a privately-owned wastewater treatment shared by multiple users), or neither. This guestion allows a 
&ennination of whether the onsite treaúnm is pretreatment prior to additional treatment offsite, or is the 
complete treatment process for the facility's wastewater. "he schematic in Figure 8 (on the fòllowing page) 
illustrates the distribuîion of equipment in the wastewater treatmeut &dities, as well as iudicatq whether 
eí3luent dishgedprior to advancedtream is seni to another treatment fadiv. 

Three hdities reportedha%prjmary separation d y ,  two of wbich àisdxìrge to a POTW. An aciditid 
eight fIicilities reported d i s h &  a& secondary separation, of whit& six disdmge to a POTW and me 
to a joint treatmeat faciiity. Ofthe remaining 67 facilities, 64 have some fom of biotreaîment andtúe tbree 
without biotreatment have some form of advanced treatm&. ?bus 77 of the 79 fadities (97%) report 
haWigbiot.reatm& and/oradvancedtre&meut, or dischargingto anotheríàdtyforfurthertreatment. 

The most common equipment amñguration (reported by 62% of respundents) mcludes primary separation, 
gas ñotation, andbiotreatment. 'Ihe follayinglist Summarizes the responses. 

R-jmary separation . . . lW! (typicaily an API Separator) 
S m á a r y  sqgaticm . 80% ( t p i d y  sane type of gas flotation) 
secondasr 

biolo@caltreatment . 81% (typiCaiiyinclUdes adivatedsludge) 
Advanceátreatmmt - - 43% of all reporting facilities (fütration is most common)), and 

52% of those not subject to p o s ü x ~ .  

The survey previously sought to clifkrdate among stomwater, process wastewatery and comóinedflow 
hy a- for information on holáingstmctures for seg~qgited sewers q g a t d y  jÌom combined sewers. 
This question was revised in the 1996 survey to ask what percent ofthe faciíity is served by segregated 
sewers. In aáditicm, the 1996 survey asks whether the ef)iUeatp~am&xs weremeasured at the &ischarge 
from the wastewater trtsatmeart piant, or for the combined CfisCaiarge ofwastewater and untreateú 
stonayater. 

Figqe 9 illustrates the type of stnictines used to hold stomwater and wastewater. The prtxbmkmt type 
of stnxcture reported Ier holdrng wastavatersnly was tanks and for &--dy was impounáments. 
Tw- one &&ties reportedhaving 1Oû% qegtted sewers, and another ei@eea f'âcilîties reported 
having some segregated sewers and some combined sewers. The remaking half ofthe respondents 
indicated having 1Oû% combed mers. niese responses are summanzed below. 

1000h segregated sewers . . . . . . . 21 facilities 
Some SwegitecüSome combined. 18 fkilities 
1000h combined . . - . . . . . . . . . . . 40 ficiliíies 

In that some facilities have both sqgegated sewers and combined sewers, the total number of responses in 
Figure 9 exceeds 79. 
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Figure %-Wastewater Treatment System Summary. (tota1 number of responses = 79) w 
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Figure 9-Stomwater and Wastewater Hokhng Stnictures. 

tanks only 

tanks 8 impound. 
impound. only 

Wastewater only Stormwater only Combined 

Wastewater, Stormwater, or Combined Flow 

Most ofthe fifacilites that reportedusirtg impound me&^ also reportedthe estimated acreage, which varied 
fim 0.01 to 350 acres per fic3ty. Figure 10 shows the total acreage having RCRA permits or interim 
status versus the acreage 0fimpoundmmt.s that are not RCRA regutated The chaa also indicates the 
number of kiíities that reported their acreage for each category. The average size of impom- is 
summarized in the following list. 

average of average without 
aU responses largest & d e s t  

RCRA-pernnaed: 10.4 acres 4.3 acres 

not RCRA regulated: 16.8 acres 11.6 acres 

Figure lO-Stormwater and Wastewater Impoundment Acreage. 
30 

700 

600 es total acreage; number 
indicates how many refineries reported the¡ Q 

?'soo 
2 
4 *  RCRA-permitted 
$300 non-RCRA 
- 

b o  
100 

O 
Wastewter only Stormwater only Combined 

Wastewater, Stormwater, or Combined Flow 

Every respmdmg fâcility listedthe quantity ofwastewater discharged daily. The average ofthe reported 
daily dis-e rates was 2.7 million gallons per day (MGD), and the median rate was 1 .O MGD. One 
fàcility indicated that it practices lOoO/o evaporation, and thus is a zero discharge fkcility. AU but three of 
the remaining respondents gave a breakdown of the sourm oftheir discharge water, with ea& reporting 
some Coriinbution from process wastewater. The nimiber of iàdities reporting ea& source of discharge 
water is shown in Figure 1 1. Note that most facilities rqort more than m e  source of Ctischarge water. Of 
those listing 'other' sources, the most frequently mentioned source was blowdown water. Sa&ary 
wastewater was &o metitimed in severaí responses. 
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Figure 1 1-Sources of Discharge Water. 
8Ox 

I Cooling Water" Other 

Sources of Discharge Water 

Additional detail on the sources of discharge water is provided in Table 3. In this table, the cunhibufion of 
each source is &own as a percent of total discharge water, for those facilities reporîing that source. 
Table 3-Sources of D i s M e  Water as a P e r m  of Total. 

Process Wastewater Treated Stomwater Treated Groundvinter 

'Only Includes non-contact once through cooling water that is treated prlor to discharge. 

No. of R e s p o n e  MedianFlow MedianFlow 
rwortbz this source Range Median 1996 (MGD) 1995 (MGDI 

Process Wastewater 75 13-100% 73% 1 .o 1 .o 
Nonconiact cooluig Water* 35 1-70% 21% o. 1 o. 1 

Treated Stormwater 57 0.5 - 60 YO 7.5% o. 1 0.2 

Weated stormwater 29 0.1-44% 6.5% 0.08 o. 1 

Treated Groundwater 30 0.001 - 80 % 1.0% 0.04 0.05 

mer 16 0.1-100% 11% o. 1 0.03 
* only includes nm-contact once through cooluig water that is treatdprior to discharge. 

Levels of @ discharge parameters were requested in the guestion on efñ- qual@. The levels are 
presenteú as an amount (porn& per year) in Table 4, and as a concea3tration (pounds per million gallons) in 
Table 5. 

Table +Water Quairty Discharge Parameters (pounds per year). 
No. OfRespondents 

r w o h  - this ~ararneter Median- 1 996 Median- 1995 

Total Suspended Solids (TSS) 76 73,000 lbs 66,000 lbs 
Biocherm'.cal Oxygen Demand (BOD) 71 49,000 lbs 40,000 lbs 

Chemical ûxyga Demand (COD) 69 380,000 lbs 3 10,000 lbs 

Ammonia 73 9,700 lbs 9,400 lbs 

Oil & Grease (O&G) 77 13,000 lbs 17,000 lbs 

chromium 50 26 lbs 29 Ibs 

Nickel 18 100 lbs 120 lbs 

Seleniirni 25 120 lbs 42 lbs 
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Table %Water Quaiity Discharge Parameters (pornids per million gallons of wastewater discharge). 
Medim-1 996 MeCIim- 1995 

Total Suspended Solids ('ISS) 140 lbs/MG 130 lbs/MG 

Bi0cherpica.l Oxyga Demand @OD) 87 1bsMG 77 lbs/MG 
Chemical wen Demand (COD) 750 lbs/MG 680 lbs/MG 
M a  26 lbs/MG 31 Ibs/MG 

oil & Grease (O&G) 27 lbs/MG 26 1bsíMG 
chrorniimi O. o4 lbs/MG 0.08 lbs/MG 
NlCkd O. 13 lbs/MG 0.20 1bsMG 
SeleniMi O. 12 1bsMG O. 15 lbs/MG 

In addition to the efñuent parameters, the 1996 survey solicited measurements of certain wastewater 
parameters at ititemiediate points in the system The survey requestedthe level of oil and grease levels after 
p""y separation and again after seamdmy separation, as an indicator of the eí3ixtiveness of secondary 
oilhater separation In a similar manner, the survey asked for levels of both BOD and COD before and 
after biotreatment. ApproMmateyhaífof the respondents silpplied this uiformation. The average levels of 
these parameters at uie intermediate poiiits in&cated, as weíi as the average efl8uerit levels, are summarized 
in Table 6.  

Table &Water @ty Paranieters at Intermeúiiate Points (pounás per year). 
No. of Respundents Total Level* Average Level* 

-this parameter homds/vear) /D OUIlddVeal-)  

oil and Grease (O&G) 
Mer primary separation 37 45,200,000 1,290,000 

Mer secondary s€paration 37 1 1,200,000 3 19,000 
AteBBuerit 37 1,990,000 57,000 

Biochernicai Oxygen Demand (BOD) 
Before biotreaw 40 57,900,000 1,480,000 

AfterbicTtr- 40 4,380,000 112,000 
Atemu€alt 40 4,120,000 106,000 

Chmical O q p n  Demand (COD) 
Before biotratment 43 168,000,000 3,990,000 

Afterbiotreatment 43 28,100,000 670,000 
At&& 43 26,100,000 622,000 

*Two outliers were delekeú íÌom the O&G summary, and one ea& &om the BOD and COD 
Summaries. 
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POLLUTION PREVENTION 
The SiraDiified pollution prevention @on introduced in the 1995 survey was retained in the 1996 survey. 
Rather than soliciting pollutim prevedon practices for each residiial stream, a single listing was requested 
for the &e hility. The question asked for a description of those pollution prevention activities 
undertaken m 1996. Most responderits listed only those projects brought on line in 1996, but it is evident 
fiom other portions of the survey that viriually every fa&~.practices certain políution prevdon 
techmqus, such as recychg. 

Many of&e poiíution prevdon techipes relate to r- that waste streams are often camprised 
largely of water and dirt that have been contarrnnated by being ambinecl with process materials. 
Accorcbgíy, the poilution prevention techniques include: . reducing the amor& of dirt that eaters the oily wastewater stream, 

b rechicingthe amount of water that &ers the oily wastewater stream, . dewatering to reduce. the volume of oily sludges, and 
b miniminTig. the COfKamination of dia by reducang spills andleaks. 

In addition to reducing the volume of water and áirt in the wastewater residuals, the industry has continued 
to implement stratcgi- to better manage the process residuals, includmg: 

sourcerechrction, 
b wastesegegatictqand 

recycling. 

Each ofthese practices is enhanced by education andtraining. The specific responses from& 1996 survey 
are listed in Table 7. 

Table 7-Pddon Preventicm Activties. 

GeaieraIPractice SurveyResponse 

Reduction of áirt to the oily water sewer. Improved housekeeping. 
Regularlycleanedstormwaterholdingbasins, catchbasins, and 

Installed concrete cur@ aroundprocess wits to reduce solids 

projects to Wer wegate stormwater 

drainage systems upstream of the oily sewer. 

entering the sewer. 

Reúucticm of water to the d y  water sewer. conp>leted 
£romunitS. 

volume. 
Installed c l o d  loop pump mhg to minimize wastewater 

Rqlaced seal fluid at clewaxing unit from water to neutral Oil. 
Improved drainage and drain system to remice the flow of 
water atering the plant h m  offst,. 

Dewatering of oily sludges. Installednew dayatering ecpipmmt. 
Replaced or hproved existing dewat- equipme& 
EqanMthe use of dewatering equipment. 

2-9 
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Table î-Pollution Prevention Activities ( 4 u e á )  

General Practice Survey Respanse 

ReúudoníCcmtainm& of spius and leaks. Improved housekeeping. 
@roved or expanded leak inspection programs. 
InstaíledanHDPE barrierwdtwentyfeetintothegrouudto 
i u t e r e  leaks, which are &en collected and recovered. 
Installed covers on API Separators. 
Installed double battoms in storage tantCs. 
Upgraded rim seais on storage tank floating roofs. 
Replaced undergound piping with either doubIe-walled piping 

R a d  lealaag lines or gaskets. 
W e d  double seals cmpumps. 

or aboveground piping. 

Source rechiction/Erocess modificaton. hitiated more string- spdcations for solids in the crude 

Installed c k i ñ e r  to remove solids fim river water used for 

&- moóiñdons to remicRbenzene concerrtratminthe 

Improved sulfllr processing incluchng installation of a NaEE 

Improved dwater separations in the process units. 
R e á u d  au&, caustics, and solids entering the sewer fim 

Converted loadingracks fkomtcploa&ng to bottom loading. 
M&ed amibusíion units to lower NOx emissions. 
changed b a r d c  pressure in crude to decrease wastewater 

Ebmbated the use of liquid chiorhe as a biocide in mhng 

Installed a adxifbge to remove oil from desalter eíñ- before 

Commissioned a Sats Gas piant to more &cientlyprocess 

Instaííedpiping -and equip- to d o w  neuîraiizatim of Acid 

changeedñ-omhi&-um~un causticstomeroxfbr 

Installed a new sour water stripper and Claus plant, thereby 

and used oil brou& into the piant. 

c4mliIlg. 

wastewater. 

irnit. 

process units. 

flow. 

towers, by substituíing a Br/CI cmpouná 

it eaters the sewer. 

refinerygases. 

Soluble oil with potassium hyároxide. 

gasoline treating. 

elimktbg a large SO, and odor source. 

Waste segregation. K q t  nonlisted residuals frm combinmg with listedwastes. 

2-10 
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Table 7-Pollution Prevention Activities (continued)). 
General Practice Survey Response 

Recycling. 

Educatianandtraining. 

Foinid markets for materials formerly treated or disposed of 
Installed a compressor to recover vacuum tail gas. 
Routed oily sludges to the coker. 
Designed & constnrcted a patented spent caustic stripper. 
Seat oiiy síuáges to Gels blender. 
Blended ca&mk&d soils itit0 reñnery roadbase. 
Installed vapor recovery for raiicar l o a h  of propyleue. 
Recycled ethyiene glycol. 
Mulchedusedlimiber. 
Recycled employees’ used motor oil. 
Segregated scrap metal and shippedto metals dealer. 
Used caustic stream fbr pH adjustment in the wastewater plant. 
Recycled spa catalysts, dessicants, and caustics. 
R ~ e d h i g h m e r ~ c o r r t e a i t w a s t e s .  
Regaerated Strdord Solution and Sulfino1 Solution by 

Recyded spent pleated paper ñlters for íù& blending. 
desalting. 

topsoil. 
Blended bioremec€iated biomass and contaminatal soilsinto 

Recovered oil fim a thermal desorption unit. 
Routed an oil-water separator drain to a d tank for 

Recycledcermuicpaclnng supports. 

Raiseúawaraess ofthebenefìts ofpollutimpme&m. 
Raised awareness of the fädity’s poliytion prevention 

Raised awareness of regulatosr requiremenis. 
Initiated a Permanent Pollution R e v d m  Program. 

reprocessing. 

practices. 

Improveútreatmeat. Installednew and upgraded existing wastewater treatmeat 

Began to u seb io rda t im  
~elocated a wastewater outfaii to a laqyx-ffowing strm 

facilites. 

2-1 1 
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Section 3 
RESIDUAL STREAM PROFILES 

TheU.S. r~ in~managedanes t ima ted3 .72nn l l ionwe t tons  ofmat~alfcornthe 14resiáual 
streams included in the 1996 API Refining Residual S w e y .  A summary of the total guantis of residuals 
manageú per year is presented in Figure 12. The data for 1987 through 1994 have been adjusted in Figures 
12 and 13 by cieletmg the quantities &ked to be recovered oil or water rather than true residuals. 

m 
E 
O 

Y z 
a c 
(II m 
7 
O c 
I- 

x e  12-NationWide Estunate of Residual Quantityper Year: 1987-1996. 
5,000 

4,000 

3,000 

2,000 

1 

O 
1987 1988 1989 1998 1991 1992 1993 1994 1995 1996 

Year 

Figure 13 shows the relative conirbuticm ofthe residual streams, with certain streams groupedtog&er. 
'Ihe FCC catalyst, hydro. catalyst, and other spent catalyst streams are combined into a spent catalysts 
categov, and a spent caustics category includes spent cresyhc caustic, spent naphthenic caustic, and spent 
suííì&c caustic. 'Ihe oily wmtmater residuals (i.e., API separator sludge, DAF float, primary sludges, and 
siop oil emulsion solids) make up a thirdgrouping. The d b u i i c m  of ea& categoryin 1996 is estimated 
to be within three percentage points of its d b u î i m  to the 1995 data. 

Figure 13-Naîionwide Estunate of Residuals Distributia- 1995- 19%. 
Oily WW Residuais 

Tank Bottoms 

Spent Caust-s 

I 19% 
I 6% I I 

Pond Sediments 

'an k Bottom 
5% 

Spent Caustics 

1995 1996 

The remainder of this section presents derailed ir&ormaticm for the individual streams, with the streams 
arranged in alphabetical order. The data fòr this section are summanzed in the tables of Appedix C. 

3- 1 
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API SEPARATOR SLUDGE' 
The U.S. petroleum reiìrung hchstry managed an estimated 97 thousand wet tons of API Separator Sludge 
in 1996, which was a 162% increase fÌom 1995. A summary of the CIUaritity of API Separator Sludge 
managed per year is preseaited in Figure 14. The data for 1987 through 1994 have been adjusted by 
delethg the quantities considered to be recovered oil or water rather than true resïáuals. 

Figure 14-Nationwide Estimates of API Separator Sludge per Year: 1987-1996. . 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Year 

Several fàcïlities combine some or ali ofthe resichials associatedwiththeïr wastewater treatme& fàcility 
(i.e., API Separator Sludge, DAF Float, Primary Sludges, and Slop Oil Emulsion Solids). The combined 
cpmtities of these oiíy wastewater strams are al in Figure 88, which shows an increase from 
5 5 4 ' t h o ~ ~ d  wet tons in 1995 to 723 thousand wet tons in 1996, m increase of 30%. 

The portion of the API Separator Sludge stream that is mamgeú by ea& management practice is shown in 
Figure 15 fbr 1995 and 1996. Recycling has become the dumimat managanent pradice, and disposal is 
&sappearing as a management practice for this stream. 

Figure 15-Natiwwide Estimates of API Separator Sludge by Managemeart practice: 1995-1996. 

Treatment /29961 
1995 1996 

'Recall that this report uses labels such as API Separator Sludge in the broader amtext of a 
residual stream which indudes materiais that are not subjed to RCRA regulation. 
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Figure 16 shows the APL Separator Sludge áistributim by managemat technique for 1995 and 1996. This 
strepa is primarily managed by techniques that recycle the oil amtent. This is most commonly 
accomplished by roubng the stream to a- coker. Another frequently employed technique is to send t h i s  
stream to a fuels blenámgunit for inc0rporatiOn into kilnfiel. When oil is recovered from this stream by 
thermal desorption, it is rqorted as reclamation. 

Figure 1ó-Disûibuîion of API 5 
f coke&- 

larator S1i 
w 

I 

gement Tecamiq~e: 1995- 1996. 

O 70 20 30 40 50 60 70 
Nationwide Estimte (thousand wet tons) 

ea 1995 ,1996 

Responses in the other categories are listed below. 

other Recycle: one &&ty reports r e q m  for aggregate manufàcturing. 

other Treatment: one & d t y  sends this stream to Permitted Storage. 

other Disposal: none. 

The s & d c  on the next page illustrates the distribritiun of dewatering techni- and onsite versus o&te 
managan& for this stream by nimiber of respcmáents. 
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Figure 17 - API Separator Sludge Summary: 1996 

Note: Boxes show no. of facilities reporting each option. 
Some  facilities report multiple options 

gravity 
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$ 

The following three graphs summa~ze the cost daîa reported for API Separator Sludge. 

I I I , , < , , , I  , , , . , , , , I  , I , , , , < , I  , ,  I , / , I ,  I . I , , , , .  
' 

L I  ' ~ ~ ~ 1 ~ ~ ' l  a E * ' ' ' " l  ' 1 , 1 1 1 1 1  

o. I I I O  100 IO00 70000 100000 
Residual Quantify (tons) 

F i w e  19-Ofkite Mänagm Cost for AJ?I Separator Sluáge: 1996 

70*000 5 

Figure 2û-Total Managemfat Cost for API Separator Sludge: 1996 
I",""" * I 
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BIOMASS’ 
The US. petroleum refinily: in- managed an estimated 729 thousand wet tons of Biomass in 1996, 
which was a 25% increase from 1995. A summary of the quanúty of Biomass managed per year is 
presented in Figure 21. The data for 1987 through 1994 bave bem adjusted by deleting the quantities 
considered to be recovered oil or water rather than me resi&. 

1987 i!388 i989 1990 1991 1992 19% I994 1995 I996 
Year 

The portion of the Biomass stream that is managed by ea& management practice is shown in Figure 22 for 
1995 and 1996. Treatmeait has became the dominant management practice, and disposal is decluiing as a 
manag- pradice for t i i s  stream. 

Figure 22-Naticmwiáe Estimates of Biomass by Mamgexnent Practice: 1995-1996. 

1995 1996 

Figure 23 shows the Biomass distribution by managanent technique for 1995 and 1996. ïñere appears to 
be a trend toward decreased I d  treatment and Irmdfill applications of this stream. 

2Recall that this report uses labels such as Biomass in the broader context of a residd stream 
whichincluáes materials that are not subject to RCRA regulation. 

3-6 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



~~ ~ ~ 

STD=API/PETRO PUBL 345-ENGL 1998 W 0732290 ObL049b b 7 4  

Figure 23-Distribution of Biomass by Minagem& Techque: 1995- 1996. 

Land Treatment 

Deepwell Injec. 

I l 

Nationwide Estimate (thousand wet tons) 

a 7995 7996 

Responses in the other categories are listed below. 

ûther Recycle: me facility routes this streamto an RCC unit; another facilis biotreats this stream and 
blends it to make topsoil. 

other Treatment: une fàdtytrats biomass in a sludge &gesta. 

ûther DLsposal: none. 

The schematic on the next page iuustrates the disiributition of dewatering technips and onsite versus ofkite 
managanent for this stream by number of respondents. 
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Figure 24 - Biomass: 1996 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report multiple options 
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CONTAMINATED SOILS~ 
The U.S. petroleum re- industry managed an estimated 522 thousand wet tons of contaminated Soils 
in 1996, which was a 1% r&&on from 1995. A summary of the cpmíxty of Contaminated Soils managed 
per year is preseated in Figure 25. 

" 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 

Year 

The portion of the contamina tedsoils Streamthat is~~byeachmanagementpra~~iSshOwnin 
Figure 26 for 1995 and 1996. W e  the portion ofth is  stream that was recycled increased sigtdidy, 
disposal &ES to be the most commonpradice. 

Figure 2ó-Nationwide Estimates of Contarmnat ed Soils by Management Practice: 1995-19%. 

1 67% I 

Treatment 

1995 1996 

Figure 27 shows the contarnuia * ted Soils distnbimon by managand technique for 1995 and 1996. This 
stream is still primariy either land treated or Zdj l led ,  although some facilites ñnd innovative ways to 
recycle coritaminated soil. 

3Recall that this report uses labels such as Contarnuia . ted Soils in the broader umtext of a residual 
stream which includes materials that are not subject to RCRA regulation. 
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Figure 27-Distribution of Contambated Soils by Mana; 

I?] j I 
Cat Cracker 

$/ . . Redatnafion 

Land Treatment 

ment Technique: 1995- 1996. 

. DeepWdí lnjec. 

O 50 7 0 0  150 200 250 300 350 
Nationwide Esümate (thousand wet tons) 

1995 i996 

Responses in the other categories are listed Mow. 

Other Recycle: one facility reuses this stream as roadbedmaterial without reqhing any treatment ofthe 
cmîamhted soil; another incorporates this stream into asphalt, and another biotreats this stream and 
blends it to make topsoii. 

Other Treatment: one ficihíybiotreats co&mimM soil in situ. 

ûther Disposal: none. 

The schematic on the next page illustrates the distribution of dewatering t e c h i p  and onsite verw offsite 
management for this stream by nrrmber of respondeaits. 
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Figure 28 - Contaminated Soils Summary: 1996 

I 1 Note: Boxes show no. of facilities reporting each option. 
Some facilities report multiple options 
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The following three graphs summarize the cost data reported for Contaminated Soils. 

Figure 29-ûnsite Mcmagme@ Cost for Coniaminated Soils: 1996 

Residual Quenfify (tons) 

Figure 3û-ûfEite Management Cost for Contarnuia + tedsoils: 1996 

o. I i io 100 7000 10000 700000 

o. I 1 70 1 O0 1000 1 O000 100000 
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Figure 3 1-Total Managemebit Cost k r  Contammated Soils: 1996 

o. 7 1 70 100 7000 7 O000 700000 
Residual Quant/@ (tons) 
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DAF FLOAT4 
The U.S. petroleum r e h q  inaustry managed an estimated 276 thousand wet tons of Dissolved Air 
Hotation (DAFI Float in 1996, which was a 69% increase &om 1995. A summary of the qumúty of DAF 
Float managed per year is presented in Figure 32. The data for 1987 through 1994 have been adjusted by 
deleting the guantites considered to be recovered water rather than true residuals. 

Figure 32-Naticm~de Estimates of DAF Fioat per Year: 1987-1996. 

1987 i988 1989 I990 i991 1992 1993 1994 1995 1996 
Year 

Severaí ficilities combme some or all ofthe residuals associatedwiththeir wastewater treatment facility 
&e., API Separator Sludge, DAF Float, Primary Sludges, and Slop Oil Emukicm Solids). The combined 
cpantities ofthese oily wastewater streams are . ed in Figure 88, which shows an increase fim 
554 thousand wet tons in 1995 to 723 thousand wet tons in 1996, an increase of 30%. 

The portion of the DAF Float stream that is managed by ea& management practice is shown in Figure 33 
for 1995 and 1996. Recyclu~g codnues to be the dominant practice. 

Figure 33-Natim~de Estimates of DAF Float by Management Practice: 1995-1996. 

1995 1996 

4RecaU that this report uses labels such as DAF Fioat in the broader context of a residual stream 
which includes materials that are not subject to RCRA regulation. 
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Figure 34 shows the DAF Float distribution by managanent technique for 1995 and 1996. While th is  
stream is gouped with the oiiy wastewater resiáuals, it often includes relatively large volumes of water. It 
is most commoniy managed by being routed to a cohr. 

Figure 34-Distribu1ion of DAF Float by Managemedlt Technique: 1995-1996. 
Coker +- 

Crude Unif 
cat Cracker 2 I 
Reclamafion 

Kib, Feed 
Kun Fuel 

Chemical 

* 8: wastewater 
Incineration 

<II 
Lend Treatmení 

ofher Treatment 
knpoundmenf m 

Deepwell injec. 

- 

I 

O 50 700 750 200 250 
Nationwide Estimafe (thousand wef fons) 

gj 7995 7996 

Responses in the other categories are listed below. 

Other Recycle: one fàciüty routes tbis stramto an RCC; another recycles it to desalters. 

Other Treatmeat: none. 

other Disposal: none. 

The schematic on the next page iuustrates the distibution of dewatering tedmiqes and onsite vezsus offsite 
management for this stream bynumóer of respondents. 

\ 
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Figure 3 5 - DAF Float Summary: 1996 

1 Note: Boxes show no. of facilities reporting each option. 
Some facilities report multiple options 
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FCC CATALYST' 
The US. petroleum refinuig in- managed an estimated 143 thousand wet tons of Fl~dized-bed 
Catalyûc Craclang (FCC) Catalyst in 1996, which was a 17% reduction fim 1995. A summary ofthe 
quantity of FCC Catalyst managed per year is presented in Figure 36. 

Figure 36-Nationwide Estimates of FCC Catalyst per Year: 1987-1996. 
300 

n a  
C 

f m  

3 150 

!j loo 

E 5 0  

al 

'p 
C 

O 

O 
1987 1988 1989 1990 i991 1992 1993 1994 1995 1996 

Y= 

The portion of the FCC Catalyst stream that is managed by ea& management practice is shorn in Figure 
37 for 1995 and 1996. Disposal continus to be the most common practice. 

Figure 37-Nationwide Estimates of FCC Catalyst by Management Practice: 1995-1996. 

Recycle rn Recycle I 45% I 

1995 1996 

Figure 38 shows the FCC Catalyst disbibutim by management technique for 1995 and 1996. Spent 
catalyst is typically recycled as cem& kiln feedstock, whereas fines fim the flue gas are typically 
Id@ìlled. One ficility sends this &eam for reuse in the steel in-. 

'Recall that this report uses lab& such as FCC Catalyst in the broader contexi of a residual 
stream which inci& materials that are not subject to RCRA regulatian 
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Figure 38-Distribiitim of FCC Cataíyst by Managema Technique: 1995-1996. 

I 

O i0 20 30 40 50 60 70 80 
Nationwide Estimate (thousand wet tons) 

t l  

7995 4 7996 

Responses in d e  other categories are listed Mow. 

other Recycle: none. 

other Treatmerit: none. 

Wer Disposal: none. 

ïhescbematic on thenext p a g e i t h e  distributionofáewat-tfiqes andonsite versus &te 
management fòr this stream by numóer of responáents. 
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Figure 39 - FCC Catalyst Summay: 1996 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report multiple options 
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The following three graphs SUMmaTize the cost data reported for FCC Cataiyst. 

E i p e  4o-onSite lManagem& Cost for FCC Catalyst: 1996 
I00 * 
I 

I 

i . rn 
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l 
1 > I , I , /  

I I , , ,  0-1 I I / / , I  

I O  I00 7 O00 10000 
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Figure 4l-ûfEite Managem& Cost for FCC catalyst: 1996 
IO00 

l 
i L l I 

70 I O0 7 O00 
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70000 

Figure 42-Totai lbmgernent Cost for FCC Catalyst: 1996 
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HYDRO. CATALYSP 
Hydro. Catalyst is a generic label applied in this report to catalysts used to remove sulfur, d r o g a  and 
metals. These catalysts are variously refimd to in the inctuStry by such terms as hydrqrocessing, 
hydrotreating, hydrorefhng, hydroñnidmg, and other hydro-prefixed descriptors. The U.S. petroleum 
r&mg in- managed an estimated 37 thousand wet tons of Hydro, Catalyst in 1996, which was an 
41% decrease íÌom 1995. A summary of the quant@ of Hydro. Catalyst managed per year is preseaited in 
Figure 43. 

Figure 43-Nationwide Estimates of Hydro. Catalyst per Year: 1987-1996. 

O 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 

Year 

The portion of the Hydro. Cataiyst stream that is managed by ea& management practice is shown in Figure 
44 for 1995 and 1996. Recycli~~g Continues to be the most common practice. 

Figure 44-Nationwide Estimates of Hydro. Catalyst by Management Practice: 1995-1996. 

Recycle 

ij/\ 
I l  

-- 
Treatment 

1995 

Treatment 

1996 

Figure 45 shows the Hydro. Catalyst distribution by management technique for 1995 and 1996. This 
stream is typically reclaimed, regenerated, or I d j l l e d .  The reclamation adivity typically involves 
recovery ofmetalS. 

6Recaii that API uses labels such as Hydro. Catalyst in the broader context of a residual s & e m  
which includes materials that are not subject to RCRA regulation. 
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Figure 4SDiStnbution of Hydro. Catalyst by Management Technique: 1995- 1996. 

CNde cder4 Unit 

O 70 20 30 40 50 
Nationwide Estimate (thousand wet tons) 

7995 1996 

Responses in the other categories are listed óelow. 

Oiher Recyde: none. 

Other Treatment: none. 

other Disposal: none. 

ïhescálematic, m the next page illustrates the distribution of dewateringtecaniicpies and onsite versus o&te 
management for this stream by number of respondents. 
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Figure 46 - Hydro. Catalyst Summary: 1996 

Note: Boxes show no. of facilities reporting each option. 
Some facilities report muitipie options 
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The fóííowing three graphs sUmmanze the cost data reported for Hydro. Catalyst. 

Figure 47-€h&2 Management Cast for Hydro. Cataiyst: 1996 
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Figtire 4842fEa ‘te Managemeart Cost for Hydro. catalyst: 1996 
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Figure 4 4 - T d  Managemeat Cost for Hydro. Catalyst: i996 
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OTHER SPENT CATALYSTS7 
The US. petroleum refinuig industry mauaged an estimated 48 thoustud wet tons of Other Spent Catalysts 
in 1996, which was a 209% increase from 1995. A summary of the &ty of Other Spent Catalysts 
managed per year is presented in Figure 50. 

Year 

?he portion of the ûther Spent Catalysts stream that is managed by each management practice is shown in 
Figure 51 for 1995 and 1996. Recycle has r q l a d  dsposal as the most commonpradice. 

Figure 51-Natim.de Estimates of other Spat Catalysts by Managemeut Practice: 1995-1996. 

I 72Oh J 

1995 

I ““’I 

I 4% I 
1996 

Figure 52 shows the other Speut Cataiysts áistnbution by managanent technique fm 1995 and 1996. This 
stream is îypidy reclaimed or l d j l l e d .  Several reclamation activities are reported., including metals 
recovery, chemical industry reuse, and use in the f&dizer, aluminum, and mbing industries. 

’Recall that this report uses labels such as Other Speat Catalysts in the broader umtext of a 
residual stream which includes materiais that are not subject to RCRA regulation. 
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Figure 52-Distribdm of Wer Spent Catalysts by Management Techni 
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Respaises in the other categories are listed Wow. 

Other Recyde: none. 

Other Treatmeait: none. 

other Disposai: none. 

ïhes&ematiconthe~pageillustrates-the&stzi ?x&m-d--*w and onsite versus oEte  
management for this stream by number of respmdents. 
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Figure 53 - other Spent Catalysts Summary: 1996 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report multiple options 
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POND SEDIMENTS' 
The U.S. petroleum refming industry managed an estimated 69 thousand wet tons of Pond Sediments in 
1996, which was a 7% increase fiom 1995. A summary ofthe gUantity of Pond S & a  managed per 
year is present& in Figure 54. The data for 1987 through 1994 have been adjusted by deleting the 
quantities considered to be recovered oil or water rather than true resiáuals. 

Figure 54-Natimwide Estimates of Pund SectimeaitS per Year: 1987-1996. 
Inx1 

O - 
1987 1988 198!3 1990 1991 1992 1993 1934 1995 1996 

Year 

?he portion of the Pond Sedimeaits stream that is v e d  by each management practice is shorn in Figure 
55 for 1995 and 1996. while disposal shows a sgmfícant decline from the previous year, it CoIitiflUes to be 
the most common practice. 

Figure 55-Nationwide Estimates of Pond S&& by hhagemmt Practice: 1995-1996. 

I Treatment I 
Treatment I 42% I 

58% I 
1995 1996 

Figure 56 &om the Pond Sedimats distribution by management technique for 1995 and 1996. This 
stream is typicaiiy managed in some land-applied manner7 by being land treated, impounded7 or landfled. 

%d that this report uses labels such as Pond Sediments in the broader context of a residual 
stream wbich includes matexialc that are not subject to RCRA regulation. 
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Fimire 56-Distribution of Pond Sedimenîs by Mauagement Teclnzique: 
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Responses in the other categories are listed below. 

other Recycle: none. 

other Treatmat: none. 

other Disposal: none. 
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Figure 57 - Pond Sediments Summary: 1996 

1 Note: Boxes show no. of facilities reporting each option. 
Some facilities report multiple options 
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PRIMARY SLUDGES9 
The U.S. petroleum re6ning in- managed an estimated 13 1 thousand wet tons of Primary Sludges in 
1996, which was a 2% increase from 1995. A summary of the quantity of Primary Sluclges managed per 
year is presented in Figure 58. The data for 1987 though 1994 have been adjusted by deleting the 
quant~ties considered to be recovered oil or water rather than tnxe resicbis. 

Figure 5f3-Nationwide Estimates of Primary Sludges per Year: 1987-1996. 

1987 1988 1989 1990 1991 1992 1993 1994 1935 1996 
Year 

Severd &&ties combine some or aU ofthe residuals associatedwiththeir wastewater treatment facilisr 
(i.e., API Separator Sludge, DAF Float, Primary Sludges7 and Slop Oil Emulsion Solids). The combined 
quadti= ofthese oilywastewater streams are summarized in Figure 88, which shows anincrease from 
554 thousaud wet tons in 1995 to 723 thousand wet tons in 1996, an increase of30%. 

The portion of the Pnmary Sluáges stream that is managed by each managemeart practice is shown in 
Figure 59 for 1995 and 1996. Recycling CoriImUes to be the most conmuni practice. 

Figure 59-Nationwide Estimates of pnmaSr Sludges by Managemglt Practice: 1995-1996. 

I 25% I Treatment I 42% I 
1995 1996 

?Recall that this report uses labels such as pnmasl Sludges in the broader context of a residual 
stream which includes materials that are not subject to RCRA regdatmn. 
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Figure 60 shows the Primary Sludges disbibutim by management technique for 1995 and 1996. This 
strm is primarily managed by techniquesthat reqcleíhe oil amtent. This is most commonly 
accomplished by routing the stream to a coker. This streammay also contain si@& quantities of 
contaminated soil, and is sometimes treated by stabilization. 

Figure 6C-Distributían of Primary Sludges by Manag;ement Technique: 1995-1996. 

I l  
LandTreatment 

I 

O i0 20 30 40 50 60 70 80 
Nationwide Estimate (thousand wet tons) 

7995 7996 

Responses in the other categories are listed below. 

Other Recycle: none. 

other Treatment: none. 

Chha Disposal: none. 

The schematic on the next page illustrates the c€i&ibuticm of dewatenng techniques and ansite versus o E t e  
managanent for this stream by number of respondents. 
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Figure 61 - Prhary Sludges Summas.: 1996 

Note: Boxes show no. of facilities reporting each option. 
Some facilities report multiple options 

Recycle 

Treal 

dewatering no. of management 
method faci I i ties technique location 

.... Recycle: onsite offsite 
. . . . . . . . . .  -coker m m  
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m m  

m e . .  33 

. . . . .  nideunit. 

. . . .  -reclamation. 

vacuum regenedon. ... i Htration.. 

Htration.. 
gravity 

ihiin fuel . . . . . . .  

other .......... decantuig.. p-p 
other.. lol .... 

... Disposal: onsite offsite none...  
impoundment. .. 101101 

m m  
wdinjection. .. mlol 

cenmfige.. 2 .- other. 101m 

I O  

........ -land fill 

. ......... 

vacuum 
filtration.. 

other.. . . . .  mil 
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The foliowing three graphs summarize the cost data reported for primary Sludges. 

Figure 62-Onsite Mimagement Cost for pnmaSr Sludges: 1996 
10000 5 

I I 

H I  

mm w 
I 

I 

l 

*ciw I 1 m m  
I 
i 
I 

= = m i  .+z. 
l 
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I 
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I I 

0.7 T I ! I / / / ! ! j  I I I I I l l i j  I I j i ! I ! ! j  I I I I : : ! ! ,  I , I  , I , , ,  , , / . ,  , '  , j j , ,  , i 
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Residual Quantity (tons) 

Figure 63-ûfEite Managemedlt Cost for pnmaSr Sludges: i 996 
1 o, O00 

m 

Figure &Total A 4 á n a g m  Cost for Primary Sludges: 1996 
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SLOP OIL EMULSION SOLIDS lo 
The U.S . petroleum refúmg industry managed an estimated 2 18 thousand wet tons of Slop oil Emulsion 
Solids in i 996, which was a 3 % reduction from 1995. A summary of the @ty of Slop Oil Emulsion 
Solids managed per year is presented in Figure 65. 'Ihe data for 1987 through 1994 have been adjusted by 
deleting the quadties considered to be recovered water rather than tme residuals. 

Figure 65-Nationwide Estimates of Slop Oil Emulsion Solids per Year: 1987-1996. 

1987 1988 1989 1990 1991 1992 1- 1994 1995 1996 
Year 

Several facilities combine some or aU of the residuals associated with th& wastewater treatmat íàcility 
(i.e., API Separator Sludge, DAF Fioat, Primary Sludges, and Slop oil Emulsion Solids). The combined 
quadties ofthese d y  wastewater streams are sxxmamd ' in Figure 88, &ch shows an increase fim 
554 thousand wet tons in 1995 to 723 thousand wet tons in 1996, an increase of 30%. 

me portion of the Slop oil Exnulsion Solids stream that is managed by each management practice is shown 
in Figure 66 for 1995 and 1996. Recychg continues to be the ckmhant practice. 

Figure 66-Naticmwicie Estimates of Slop oil Emuision Solids by Managemat hctice: 1995-1996. 

i 995 1996 

'"Recall that this report uses labels such as Slap Oil Emulsion Solids in the broader coritexs of a 
residual stream which includes mataiah that are not subject to RCRA regdation. 
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Figure 67 shows the Slop oil Emulsion Solids distribution by management technique for 1995 and 1996. 
This stream is primarily managed by techniques that recycle the oil content. This is most conmiony 
acumpliished by routing the stream to a coker. This stream is also somebmes routed to a crude unit, or 
may be smt to a fuels blaáing mit for incorporation into kiZnJúe2. 

Figure 67-DistribUtion of Slup oil Ennil! 

O 

m Solids by Mmaj 

I 

mentTechnique: l! - 5- 1996. - 

50 1 O0 150 
Nationwide Estimate (thousand wet tons) 

200 

-5995 7996 

Responses in the other categories are listed below. 

other Recycle: none. 

other Treatmeut: one Wty uses a proprietary biological ~ F - S  to treat oiiy siuáges. 

other Disposal: me fädty sends oily sludges to a Treatment, Storage, and Disposal Facility (T.S.D.F.) for 
ditispOsa2. 

The schematic on the next page illustrates the distribuíion of h a t e r i n g  t e c h i 7  and onsite versus o s t e  
management for this stream by number of respondents. 
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Figure 68 - Slop Oil Emulsion Solids Summary: 1996 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report multiple options 

Recycle 

Disposal 

none.. .... 

thickening. p l  mech. 
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other.. . . . .  
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. . . .  loi other.. 

10/ 
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SPENT CRESYLIC CAUSTIC" 
The US. petroleum refkmg in- managed an estimated 175 thousand wet tons of Spent Cresyhc 
Caustic in 1996, which was a 14% increase fiom 1995. This caustic was not id.dñed as a separate 
residual stream prior to 1994, but a summary of the quantity managed per year fiom 1994 onward is 
presentedin Figure 65. The combined quadties of all spent caustics mmgedper year since 1987 are 
sunmiarized in Figure 91, which shows an haease from 988 thousand wet tans in 1995 to 1,271 t h o d  
wet tons in 1996, an increase of 29%. 

Figure 6%Natimwide Estimates of Spenî Cresylic Caustic per Year: 1994- 1996. 

The portion ofthe Spent Cresyhc Caustic stream that is managed by each management practice is shown in 
Figure 70 for 1995 and 1996. Recycling CantinUes to be the dominaizt practice. 

Figure 7û-Nationwide Esthates of Spent Cresylic Caustic by Management Practice: 1995-1 996. 

n 

1995 1996 

"Recall that this report uses labels such as Spent Cresyhc Caustic in the broader context of a 
residual stream which includes materials that are not meet to RCRA regdaticm. 
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Figure 7 1 shows the Spent Cresylic Caustic distribution by management teclmique for 1995 and 1996. The 
most common management-techmpecmtinues to be reclamation. Reclamation listings t yp idy  rqreseait 
either reuse in the chemical inclusby or sale to a caustics processorhroker. 

Figure 7 1-Distribuîion of Spa Cresylic Caustic b: 

~ 

I 
I 
I I 
I 
I 
I 

MauagementTechn 
I 
I 

I 

I 

I 

pe: 1995-1996. 

n 

O 20 40 60 80 7 O0 720 7 4 0  7 60 
Nationwide Esfimafe (fhousand wef fons) 

7995 7996 

Responses in the other categories are listed below. 

Other Recycle: two facilites route this streamto.asour watmstDpperj and two others list reusing it for 
corrosiOn control @H balance). 

other Treatmebit: none. 

other Disposal: none. 

The s c h d c  on the next page iuustrateS the Cti&& of ~~~ and onsite versus offkite 
managemeait fbr this stream by number of respondents. 
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Figure 72 - Spent Cresylic Caustic Summary: 1996 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report multiple options 

dewatering no. of 
method facilities 

Recycle 

Treatment 
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. . . .  other.. 
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SPENT NAPlXEENIIC CAUSTIC'2 
The U.S. petroleum reñning indusîry managed an estimated 220 thousand wet tons of Spent Naphthenic 
Caustic in 1996, which was an 1 1% increase fiom 1995. This caustic was not identifled as a separate 
residual stream prior to 1994, but a summary of the quantity managed per year from 1994 onward is 
preseaitedin Figure 73. The combined quadties of all spent caustics manag.edper year smce 1987 are 
summarizedinFigure91, whickishowsaninCreasefiom988thousandwettonsin 1995to 1,271 thousand 
wet tons in 1996, an increase of 29%. 

Figure 73-Nationwide Estimates of Spat Naphtha~ic Caustic per Year: 19941 996. 

O 
l! 987 1988 1989 1990 1991 1992 1993 1994 19% 1996 

Year 

The portion of the Spent Naphthesic Caustic stream that is managed by each managemeat practice is 
shorn in Figure 74 fir 1995 and 1996. Recy~lu~g Continues to be the domimat practice. 

Figure 74-Natimwide Estimates of Spent Naphthenic Caustic by h!íanagm& Practice: 1995-1996. 

n. 

1995 1996 

'?Rd that this report uses labels such as Spent Naphthenic Caustic in the broader amtext of a 
residual stream which includes materials that are not sd-gect to RCRA regulaton. 
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, 
Figure 75 shows the Spent NapMenic Caustic distxibdon by management technique fix 1995 and 1996. 
The dolltinarrt management technique continues to be reclamafion. Reclamation listings typically represent 
either reuse in the chemical mdust~~ or sale to a caustics processor/broker. 

Figure 75-Distributim of Spent Naphthenc Caustic by Management Technique: 1995- 1996. 

r/U/ 

O 20 40 60 80 7 O0 120 140 1 60 
Nationwide Estimate (thousand wet tons) 

Responses in the other categories are listed below. 

ûîher Recycle: none. 

other Treatment: none. 

ûîher Disposal: none. 

The s c h d c  on the next pageiiiustrates the distribution of dewat-.technicpes and onsite versus o s t e  
mmagmmt for this stream by number of respondents. 
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Figure 76 - Spent Naphthenic Caustic Summary: 1996 

Note: Boxes show no. of facilities reporting each option. 
Some facilities report multiple options 

dewatering no. of management 
method facilities tec hn ¡que location 
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SPENT SULFIDIC CAUSTIC13 
ïhe U.S. petroleum reíimng d u s k y  managed an estimated 935 thousand wet tons of Spent Sultidic 
Caustic in 1996, which was a 35% increase from 1995. “his caustic was not idenhfied as a separate 
residual stream prior to 1994, but a s m  of the qwntity managed per year fiom 1994 onward is 
presented in Figure 77. me combined @ties of all spent caustics managed per year since 1987 are 
surmnarized in Figure 91, which shows an increase fiom 988 thousand wet tons in 1995 to 1,271 thousand 
wet tons in 1996, an increase of 29%. 

Figure 77-Nationwide Estimates of Speat Sulfidic Caustic per Year: 1994-1996. 
lax) 

19û7 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Year 

The portion of the S p a  Sulfidic Caustic stream that is managed by each management practice is shown in 
Figure 78 for 1995 and 1996. Recycling Continues to be the most common practice. 

Figue 78-Nationwide Estimates of Spent Sulfidk C a d c  by Management Practice: 1995- 1996. 

Recycle 1 86% 

1995 

L b  Recycle 

1996 

13Recall that this report uses labels such as Spent Sulficlic Caustic in the broader umtext of a 
residual stream which includes materials that are not subject to RCRA regulation. 
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Figure 79 shows the Spent Sulliáic Caustic distribution by management teclmique for 1995 and 1996. This 
sireamis t y p i d y  regenerated* recycled for pH control, reclaimed,or managed in the wattwater 
treatmesit facility. Reclamation listings typically represent either reuse in the paper mdusüy or sale to a 
caustics pmaxsoríór&er,-but in two cases involved recovery of elemmtary sutfiir. ?he sigdicant quantity 
estimated for regeneration is due primariiy to the survey responses of one company with muitiple fâcilities. 

Figure 79--&d42& Sulfic5.c Gaudc.by Managanent Technique: 1995-1996. 

o 7 O0 200 300 400 500 600 
Nationwide Estimate (thousand wet tons) 

7995 7996 

Respmes in the other categories are listed below. 

other Recycle: eight facilities reuse spent sulñdic caustic onsite for pH cuntroi, a n d e r  routes this stream 
to a cracked gasoline treater for umversim to cresylic caustic, and another recycles this stream through an 
RCC unit. 

Other Treatment: none. 

Other Disposal: none. 

The schematic on the next page illustrates the distxibuiian of dewatering techniques and onsite versus o s t e  
managemeat fbr this stream by number of respondemes. 
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Figure 80 - Spent Sulfldic Caustic Summaxy: 1996 

Note: Boxes show no. of faalities reporting each option. 
Some facilities report muitipie options 
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The foilowing three graphs summarize the cost data report4 for Spent Sulñcfic Caustic. 

Figure Sl-onsite Management Cost for Spenî Sulfidic Caustic: 1996 

r’ 

o. 1 I 

100000 1000000 10 7 O0 7000 70000 
Residual Quantity (tons) 

Figure 82-OffSite hbnagement Cost for $eut Sdñúic Caustic: 1996 
70,000 

1,000 

- - - - 
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Figure 83-Total Management Cost for Spent Sulñdic Caustic: 1996 
70,000 - 

- 
. , . .  
. . . ,  I . /  , . . . . .  . .  
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TANK BOT~OMS~ 
The U.S. petroleum reiimng ináustry managed an estimated 180 thousand wet tons of Tank Bottoms in 
1996, which was a 1 16% increase ficm 1995. A summary of the quantity of Tank Bottams managed per 
year is preseháed in Figure 84. The data for 1987 îhrough 1994 have been adjusted by deIeb'ng the 
@ties considered to be recovered oil or water rather than true resiáuaís. 

Figure 84-Nationwide Estimates of Tank Boîtoms per Year: 1987- 1996. 

I 

m l  

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Year 

The portion ofthe Tank Bottoms stream that is managed by each management practice is shorn in Figure 
85 fór 1995 and 1996. while the total quanúty managed is shown in Figure 84 to have increased 
sigtnficanily, Figure 85 shows that this kcrase was accompanied by a trend toward recycling. 

Figure 85-Nationwide Estimates of Tank Boüoms by Mauagema Practice: 1995- 1996. 
Recycle 

1995 

I I 

Treatment 

1 i96 

Figure 86 shows the Tank Bottoms &stxibution by managanent technique for 1995 and 1996. This stream 
is pnmariiy managed by routing it to a coker in order to recycle the oil umta&. other techniques used to 
manage this stream are to &spose of the material in a landfill, or to manage it by Zand treatment. 

I 4 R d  that this report uses labels such as Tank Bottoms in the broader context d a  residual 
stream which includes materials that are not subject to RCRA regulation. 

3-47 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



STDIAPIIPETRO PUBL 345-ENGL 1998 0732290 Ob10537 TL7 m 

I 
Figure 8ó-DiStnbimon of Tank Bottams by Managemeat Technique: 1995- 1996. 

coke1 +=< 

l 

i 1 
I 

O 20 40 60 80 7 O0 7 20 740 
Nationwide Esiimate (thousand wei tons) 

a, 7995 f996 

Responses in the other categories are listed Mow. 

other Recycle: one facility r e c y h  ta& bottoms to au RCC unit. 

other Treatment: none. 

other Disposal: none. 

The schematic on the next page illustraesthe ctistribuîim of ckwateringtechniques and onsite versus o&te 
management fix this stream by number of respcmchts. 
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Figure 87 - Tank Bottoms Summq: 1996 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report multiple options 
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section4 
COMBINED STREAMS 

OILY WASTEWATER 
Several facilities combine some or all ofthe residuals associated with their wastewater treatment Iacility 
(i.e.7 API Separator Sludge, DAF Float, pnmaSr Sluáges, and Slop oil Emulsion Solids). The combined 
guantis of îhw d y  wastewater streams increased fim 554 thousand wet tons in 1995 to 723 thousand 
wet tons in 1996, an increase of 30%. The combined guarititieS are summanzed in Figure 88. The data for 
1987 through 1994 have been adjusted by deleting the -ties amsidered to be recovered oil or water 
ratherthantrue residuais. 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Year 

The portion of the Oily Wastewater Resiáuais managed by each managanent practice is shown in Figure 
89 for 1995 and 1996. Recycling Continues to be the &minant management practice. 

Figure 8%Natimwide Estimates of Oily Wastewater Residuals by Management Practice: 1995-1996. 

1995 1996 

"Recall that this report uses labels such as ûily Wastewater Resichials in the broader context of a 
residual stream which includes materiais that are not subject to RCRA regulation. 
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Figure 90 shows the Oily Wastewater Residuals &stxibution by management technique for 1995 and 1996. 
Thesestreams aremanagedprimarîly bytecbniques that recycle the oil content. This is most commonly 
accomplished by rouhg them to a cuker. ïñese streams are d e s  SeniI to a h i s  blending uuit for 
incorporation into kilnfuel. When oii is recovered íì-om these streams by thermal desorption, it is reported 
as reclamation. 

Fizme 90-Dishibdan of oilv Wastewater ReScbais by& Technique: 1995- 1996. 

O 7 O0 200 300 400 500 600 
Nationwide Estimate (thousand wet tons) 

7995 7996 

Responses in the other categories are listed in the sections fbr each of the streams that comprise oily 
wastewater resichials (i.e., API Separator Sludge, DAF Float, Primary Sludges, and Slop Oil Emulsion 
Solids). 
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SPENT 
The U.S. petroleum refimng industry managed an estimated 1,271 thousand wet tons of Spent Caustics 
(i.e., the Spent Cresykc Caustic, Spent Napbthenic Caustic, and Spent SultiCtic Caustic streams combined) 
in 1996, which was a 29% incrase fim 1995. A summary of the @ty of Spent Caustics m g e d  per 
year is presented in Figure 9 1. 

Figure 9l-Naticmwiáe Estimates of Spent Caustics per Year: 1987- 1996. 

1987 1988 1989 1990 1991 1392 1993 1994 1995 1996 
Year 

The portion of the Spent Caustics stream that is managed by each management practice is shown in Figure 
92 fbr 1995 and 19%. Recycling umîinues to be the most common practice. 

Figure 92-Nationwide Estimates of Spat Caustics by Management Practice: 1995-1 996. 

Recycle 
89Oh 

Recycle I 85% 

I \ -  

1995 1996 

Figure 93 shows the Spat  Caustics &stxibution by management technique for 1995 and 1996. While 
recydmg by regeneration and reclamation are the dominant techniques used to manage Spent Caustics, 
there is sigmñcant variation dependmg upon the type of caustic. Refemng back to Figures 71,75, and 79, 
it is evideart that it is m& more common to regenerate spent sulfidic caustic, whereas spent cresylic or 
naphthenic caustics are more likely to be reused in another inclustry (reclaimed). Reuse of cresylic and 

16Recall that this report uses labels such as Spent Caustics in the broader conte>rt of a residual 
stream which includes materials that are not subject to RCRA regulation. 
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naphthenic caustics is typidy associated witb caiernicaí processing- Suiñdic c a d c  that is reused more 
commonly ends up in the paper industry. Spent caustics may be m g e d  by wastewater treatment, or may 
be recycied for pH control m the wastewater plant. Speaî caustics are the only type of residual reported as 
managed by deep well injection in 1996. 

Figure 93-Distributim of Spent Caustics by Managemart Technique: 1995- 1996. 

O 100 200 300 400 500 600 
Nationwide Estimate (thousand wet tons) 

7995 -1 7996 

Responses in the other categmies are kitedinthe sections for each of the streams that comprise Spent 
Caustics @e., Spent Cresylic Caustic, Spent Napñthmic Caustic, and Spent Suiñdic Caustic). 
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Append~x A 
ELECTRONIC SURVEY FORM 

?%e 1996 MI Reñn~ng Residual Survey was distributed as a set of diskettes contarning Paradox* 
Runtimem and a custom Paradox@ application. Paradox* Runtim~? is software that allows an end user to 
run custom Paradox* applications without requirkg that they have Paradox@ or any other application 
software. Both Paradox@ and Paradox@ Runtimem are o w e d  by B o r h d  Internatiaal, who allows 
companies registered to use bothprochicts to distribute unlimited copies of Paradox@ RurrtimeTM on a 
royalty-fie basis to end users in order to run custom Paradox@ applications. In this instance, the registered 
application developer is The TGB Partnership, and the custom Paradox@ application is the 1996 API 
Refin~ng Residual Survey. 

n e  custom application reqtrired the foliowing computer system features and capabilities. 
Processor 386 or higher. 
Memory (RAM) 
Hard disk 
video monitor VGA or higher. 
Operating system 

6 MB (8 MB recommended). 
13 MB of free space. 

Microsoft Windows, version 3.1 or later. 
Mouse Req[uired 

Upon loadrig the software, a Runîime icon group is created in the Program Manager. Double-clickmg the 
Rmîime icon results in the foilowing menu bang displayed on the screes. 

I i 
i 
i respond to all five 

There are fnre forms to be filled out. Each one is accessed by clicking 
the numbered bunon ne f i  to  d They may be done in any order, but please 

3 1 IRefinery Identification i 
2 f I Refinery Characteristics I 
32 I Wastewater Treatment Facility I 

4 1 Residual Streams] 
5 1-1 

Exit I (ExitJ i 
ïhe writteninstructions direct the user to click on a bi.rtton to open a fom. Compl+the survey requires 
fillurn out each of the five forms. A button was added for the 1996 survey, allowing the user to print out a 
paper copy ofthe forms. The user begins the survey by cliclung on Button l-R&ery Idmtiñcation, which 
brings up the screen shown cm the nex t  page. 

A- 1 
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At any time, the user may reium to the main menu by clicking 
this button. All data will be automaticaliy saved, and can be 
revised by rehirning to this form. 

Clicking this button will print a report of the data on this page. 

Returning to the main me9111 and cliclung Biiaon 2-Reñnery Characteristics brings up the following screen. 

oosing a response. 

ûn-screen buttons aiiow the user to access a list fiomwhich to choose a response. This format is handy to 
d e  user in that it does not require any particular computer skills, nor does it require sear- through an 
instmdion manual for a list. Providing a list of appropriate response choices also promotes umsisteut entry 
of data. A sample list is shown on the next screen. 
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The third button on themain m u  opens a muhi-page form c o i l b  data on the contiguration of the 
reiinery’s wastewater treattxat fàciiitv. 

--..--,.- 
LSemndaiy OiVWater Separation? , 

1 ed iöona l  Biotreat- 

button to open a form containi . .  
The &st page of the Wastewater Treatment Fa* form requests that the user indicate the types of 
equipmat in use at the wastewater facility. The form shows various levels of wastewater treatment, and 
includes a button to, ea&. Clickmg the button calls up a form mntakbg a list of the types of equipment 
typical to that level of t ra tmer~~ One such list is &own on the next screen. 
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As with the residual streams and treatment 
techniqu-the e?> button pops up a description. 

ipmentusedatyaurprowss wastewater faality. 
stthe first phase here, and the second phase on 
ipment descriptions, dick ?) 

Act'nrated Sludge 

AeratedLagmn [A 1--1 - . - -~ 

If p u  hawe bioneatment, but in the first phase 
use equipment not l i d  above, dick mher ...' 

if your f a ä i i i  uses more than one type of 
equipment for the first phase of bioteatment, 
dick 'Other...'and tñen enter eadi'type used. 

@ . w a t e d  Sludge and REq 

Qick -OK' 
when 

finished 

Whenever t h e w  has gone to an attached form, a 
button is fxouidedfoc rehiming to the sending form. 1 

Mer responding to the eqyipment qesiions on the ñrst page via its cailediists, the user simply clicks the 
button labeled 'next page' ta advance to the second page of the Wastewater Treatment Faciiity firm. 

Buttons are provided for advancing to the next page 
of the form, or returning to the previous page. 

\ \  

1 I indicate how much or your tacny was serveu try segregated.sewers in 1996,YN i 

bereage ~fcui-iceimpaundment that is RCRA permitted:h 

! b c r e a g e  of surface impoundments that IS not RCRA regulated I 
I I  I 

i kcreage of surface impoundments that IS RCRA permtied 1 
of surface rmpmmdmentsthat ts not RFA regulated 1 , 

'% Ofan& i i Storm &Wastewater Combined click fer menu I 1 hwuig - -  
i breaqe aísudace unpaundmeolsththatis RCRA permttted:fl ! 

! 
?& 

Wastewater DD 2 of 5 

; b c r e a g e  of surface impoundments that is not RCRA regulated I 

ims page cmec€s mormauon cm me managmcnt or wastewater and stormwater. ïhe  mmi 
the choices of 'tanks &y', 'tanks andimpomdmrrts', and 'surfice impoundmats oniy'. Ifthe user 
indicates the use of surEdce impoundmmts, then the acreage is requested 

A 4  
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The third page of the Wastewater Treatment Facility form was revised for the 1996 survey to c~llect data 
oncertain wastewater parameters at jntermediate points in the wastewater systan 

I t  Charactem the requested intermediate wastewater Darameters for 1996. 7 
I (me following two pages address discharge parameters) I 

r, 

\AAtere péuneter uakiesare requested as annuai quantities, 
the form allows entry as a concentration (Le., ppm or mgA), 
which the form then automatically converts to pounds per year. 

The survey proceeds to collect data on the quant19 and soultes ofthe water dischargedf?omthe íàcíiity. 

if the user attempts to enter a decimal fraction rather 
than a percent, the program will prompt a correction. 7 

I .  

. .  . .. _. . . ~ .  ... . 
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Thenext screen shows a typical message alerting the user of a data incunsisteucy. 
Alerts such as this help prompt 
consistent data enity. 7 

The ñnal page of the Wastewater Treatment Faciíity form requests detail on the characte&tics of the 
discharge water. 

Being the last page of this form, the buttons for printing a 
report and for returning to the main menu are found here. 7 
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The first three forms of the survey have collected *ormation on the fàciJity. Button 4-Resichial Streams- 
opeas the fonnthat gthers the actual residuais managanent information. ’Ihis firmhas a button for each 
resichial streaminthe survey, with a <?> butionnext to each. clim anthe <?> button produces a pop 
upmessage with a briefdescription ofthat resichal. 

The 14 resimial streams in the 1996 survey and the definitions assigned to each are listed below. 

API Separator Sludg&e sludge that seüles out by gravity in the API separator. (aka KO5 1) 
Biamass-excessmiaoorgamsmS (dead bugs) and ather sludge removeúfrmbiological treatment units. 

(aka BIOX sludge) This does NOT include s- from polislung ponds, which should be 
reported as Pond S-es. 

spilis or leaks. This does NOT include clean áirt excavated for coI1StNction. 

gas flotation units other than DAF (e.g., DNF7 IAF), both the float and the sluúge are primary 
sludges. DAF Eloat is RCRA listing Kû48. 

FCC Catalyst-this indudes withdrawal of eqinlibnum catalysts, solids dram off fiom an electrostatic 
precipitator, andsludge from an FCC catalyst settlzngpond Ifrouteú to TANKAGE for settltn& 
however7 the tank sludge should be reported as Tank Bottoms. 

Hydro. Catalyst-catalyststhat are used to remove sulfbr, &wen, & metals. ï h i s  resictual is t y p i d y  
oniy generated when a reactor is reloaded during a tumaround This does NOT include precious 
metal or rawwatertreating catalysts. 

Other Spent C a t a i y s t d y  indude other SOLID cataiysts, such as precious mebl or raw water treatmg 
Catalycts These are also typically generated only at tumaromds. 

Pond Sedimeaits- sludges (induchg underlying soils) removed fim the bottom of ponds or pond sites, 
incl- ponds downstream from bio iniitS, raw water intake ponds, and storxnwater holding 

F b m y  Slwlges~ierally any wastewater residual that is not separately classilied (ie., everythug 

Contaminated Soil-inclh dirt and dirt mixed with amstrudìon rubble that has been umminateci by 

DAF Hoat-the froth skimmed athe tap of a DAF unit (the sludge on the boaom is Pnmary Sludge). For 

ponds - but NOT ~atdyst settling ponds. 

removed fim the wastewater stream other than from the API Separator, b i o - t r a m  units, or the 
float f i d A F  mits). This categoq includes BOTH F037 AND F038. 

Slup Oil Ermilsion Solids-solids (aka KO49) denvedfiomthe breaking of slop oil emulsions. Ifthe solids 
are not managedinitil &er settlingto the bottom ofa vessel or cuntainer, they should NOT be 
reported as Slop oil Ermilsion Solids. 

Spent Cresylic Caustic-this spent caustic is typically from treating gasoline. 
Spent Naphthernc Caustic-this spent caustic is typicaily fim treating jet fuel. 
Spent SuEdic Caustic-this is spent caustic that was used for the removai of hydrogen sulfide from light- 

eadprochicts. 
Tank Bmoms-sl-e dmd from storage tanks, including tanks storing crude rnl, r&ed products (both 

leaded and unleaáeú)7 and bottoms receiver tanks (i.e., tanks cou- the haviest product fiaciion 
fiam distiílationuoits). 

It should be understood that t h  residd stream labels used in this suwey are NOT used in a regulatory 
sense. Whereas the Environmental Protection Agency @PA) regulations implementing RCRA have given 
these t e m  special meaning, the usage here is in a broader, more generic sense. API’s intent is to have 
survey participam report the management of aII residual type materials (e.g., materids thut are 
byproducrs or residuals ofpetroleum refining .operations). This includes residmh that are beneficiaIIy 
recycled or reclaimed, as well as materials that are discarded. 

A-7 
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The user sel& each stream in turn, and answers 
the auestions for that stream. 7 

Clicking <YES> for a management practice brings up a menu of that practice's management techniques. 1 
Ciickmga button with a stream name makes it the active streamin the fonn, and the user thea fills in the 
infòmation for it. Cliclsog <YES> for any of the management practices calls a form listing management 
tdmicpes, with the currently selected stream active. When a form for a selecteú management practice is 
&st called for a particular stream, it has no data. Mer data have been &erd and the formhas been 
exited, the data can be revised by Selectingthat stream and again cliclang<YES> for that management 
practice. The called fÒrm will reappear, but will now show the data entered previously. 

The user fills out the information for each technique b Usedatthatfaditg for the stream in question. 
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The management teCainiques fi-om the 1995 and 1996 surveys are listed below, with the deíhitiioos assigneú 
tq them for the 1996 survey. 

Recycle 
Coker-this refers to rCnmng the resiáuai back to the coker, which is a themai crac- unit (ie., no 

Cmde_Ihit+his refersto rQuting the r e d d  back to a crude unit, d i c h  is an atmospheIic or vacuum 

Cat Cracka-this refers to rouikgthe residual back to a cat cracker (fluidized-M or other). 
R e c k m a t i e a c t i n g  oil or other usable material from the residual. Ifthe residual is restored to its 

cataiysts). 

distdlationiniit. 

onginai use>howew, then it is classified as Regmmtim. Report thermal desorption here ifit 
involves recovery; oîherwise report it as Heat Treatment. 

Regener~~restoringresiIi-restoringresidual material so that it may be returned to its ori@ use (typically applied 
to cataiysts); this also applies to the oxidation of spent caustics IF resulting in reusable caustic 
(eveathougú it also involves reclamation of oil). 

Cement Kiln Feedstock-this applies ifthe residmi is used as raw m a t e d  (rather than for fuel) at a 
cement kiln. 

Cement Kib Fuel-this applies to residuais that are sent to cement kilns to be used as fuel. 
Other Recycle-tl~is applies to any recycling techniquenot listed above. 

Treatment 
G h e c a l 4 s  involves the adáitiun of chemicals for the purpose of ú-eatment, such as flocCulant to 

settle out solids fim emulsions. 
Heat-mectium to high heat methods (egl hot o& electric drier% rotary l d q t h d  deso@on) &odd 

be reported as Heat Treatment. Use of low heat, such as steam, is reported as Dewatering and 
NOT as Heat Treatment. 

[Discontimed as a treatment technique in the i996 survey.] 
Wastewater Treatmeait-ulis applies to residuals that are routed to wastewater, typically through the 

sewer. Do NOT include material sent to the sludge chgester, to sludge tbickaing, or liquids 
~tothewastewaterstream~omdewateringoperations. 

Incineration-tks applies to enclosed combustion, and typically requires aiwliary fuel. 
Land Treatmeut-îhis includes any landspreading or hdfàrming operation. The residual may be 

broadcast cmto the ground or injected just mder the siarface, and may involve subsequent activities 
tr, promote bi-datim, such as t.lflmg. watering, or ferllzing. 

Stabilizatim-this applies to soiidi.fiCation with agents such as lime or cement for purposes of reducing 
labbility. 

Mer Treatmeart-this =lies to any treatment technique not listed above. 

Dispocal 
~ d m ~ 4 s  r& to placing the residual in a depression in the ground or in an ara diked with 

an earthen matenal (e.g., a pit, pond, or lagoun). This does NOT apply to sealuig or bio ponds, 
which are Treatment techniques. 

only nonfiowing residual material. 

rock formation. Surface mjdon is classified as Land Treatment. 

LancEfiu-thisapplies to material that is wllected in or on the gound and cowed. It t y p i d y  involves 

Weil Iqecûoo-ths applies to inidon into a deep well which would typically extend into a nonporous 

ouier Drsposal+his applies to any disposal technique not listed above. 
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The formthat is calidby selecting a mmagemenîpra&ceinchdes a quesíion onthetype of dewatering 
qerations used,-ifany. ï h i s  guestion is repeated for each manag-ment tecarnique listed on the fbrm. As 
with most other non-numerical @es, a pop up m u  is provided to facilitate the ~ e ~ p o n ~ e .  

Clicking the dewatering <help> button pops \ up amenu &dewatering operations. 

Ibe <click for description> button under the dewatering cpstion calls a form with the d e w a t e  
operatium listed. clickmg on the button with the name of a dewatering Operation pops up a menu with a 
description of that qeration, as shown on the next screen. 

Clicking on any of the dewatering operations h pops up a description of that operation. 
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The descriptions of the dewatering operations are listed below. 

Dsmg-Dsring with low h t ,  such as steam, is classified as Dewatering. Medium to high heat (e.g., hot 
oil, electric drier, or rotary kiln) is classified as Heat Treatment, rather than as Dewatering. 

Mechmical Thickening-”his generally involves a round tank with rotating arms in the W o r n  that stir the 
sludge. Liquid is drawn off the tup by flowing over a weir into a trough. The sluáge isn‘t treated, it 
just has some of its liquid removed 

Filter Press-The dudge is pressed against a rigid, sieve-like ñlter to squeeze liquid out. 
Decanting (Gravity Sealtng>-The sludge is placed in a tank, roll off box, or other container &om wiii& 

Vacuum Filtraticm-ïl~is is similar to a filter press, but flow of liquid îhrough the Hter is assisted by 

Gravity FhtiOn-The sludge is placed in a cuntajner (such as a roll off box designed for this purpose) 

CentrXüge-ïbis is kind oflike putting sludge m your washing machine on the SPIN cycle. 

water is &awn off fiom the top. 

maintaining a negative pressure beyond the filter. 

which d o m  water to drain out through a screen or filter in the bottom. 

The cial form of the survey is activated by clicking Button 5-Cosî Data. This fôrm is sirnilar in 
appearance to the Residual Streams fora, but co13LtaiDs 6 streams rather îhan 14, as shorn in the following 

The Cost Data form is similar to that for Residual 
Streams, but lists oniy six streams. 

Clicking the <YES> button calls a 
form with boxes to enter cost data. 

Clickmg <YES> for either the onsite or offsite cost question calls a form for dering the cost data, show 
in the next screen. 

A-11 
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Separate cidumns are provided 
for oncite 8 offsite costs. A 

The user may retum to any form or page and edit the &ries. After c~mplt?hng the survey, the respundmt 
copies the directory to a diskette and mails it to API. 

A-12 
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AppendixB 
DESCRIPTION OF STATISTICAL PROCEDURES 

The 1996 API Refinulg Resiáual Survey used d a r  statistical anaiysis methods as used in previous years. 
No changes were made in the procedures for generating the regression model, extrapolating the respondent 
áata to nationwide estimates, or in estunating nationwide quantities for the individual residual streams. 
This was done to maintain consistacy in the reporting meehods from year to year. 

DATA COLLECTION 
The 1995 survey was the ñrst to require electronic submission of áata. W e  this impacted the mechanics 
of comphg the data, it requireú no change in the procedures used to analyze the áaîa. The electronic 
fòm was COntifluBd with the 1996 m e y .  

It was observed that a certain amount of the variance in earlier surveys was attributable to inwnsistmcy in 
the assumptions made by respandeaiis. Quantities had varied depmh upon whether a facjiity reported 
the amount of residual before dewataing, or only the sludge cake remainkg after dewatering. Furthermore, 
the assigmneni of categories had varid áue to ciúhng interpretatiuns of the meaning of certain survey 
terms. To promote Cotisistency, the 1995 survey i n d a  expiicit instnrctiuns to report only the quantity of 
resichiat remaining after davatering, exclusive of recovered oïl or water. Another step taken to fàciíitate 
consistency was to add a pop up message box fòr each category in the survey, COnIaining a dehition of the 
label for that category. These guiciance tools were enhand in the 1996 survey. 

Data were collected on the same 15 residual streams as in the 1994 survey, but ímmbmng the two primary 
sludgecategOresresultedin14streamsinthe 1995and1996surveys. Thel5streamsinthe1994mey 
were unly haifthe 30 streams included in eariier surveys, but those 15 streams represated approximately 
80% of the total resichal guantaY fiom the previous surveys. The 1994 report mcluded that the áata 
pattern had changed very littie with the fewer streams, and the regression model used previously was 
retained In that the 1996 survey coneded data on the same streams as in 1995, the same regression model 
was usedagain. 

REGRESSION MODEL 
In order to generate an estimate of the total quantity of residuals xnanagd nationwide, a model must be 
developed for predicting the quantisr of residuals managed at the facilities which did not respond, based on 
the data received from those refineries that did responá. The developmat of this model involves 
establishmg the relationship of some know quantity to the unknown quantity of residuals. In each year of 
the API Reñmg Residual Survey, the know quantity of throughput capacity has been used to predict the 
iinknown guantis of residuals managed. The modei assumes a linear reiationstnp between throughput 
capacity and the square root ofthe total quantisr of residuals managed, as show in the fbiiowing equation. 

JR = b,+b,C 

Where: R = estimate oftotal residuals managed by a faciiity (wet tons), 
bo = the y-intercept ofthe regression line, 
b, = the dupe of the regression h e ,  and 
C = the throughput capacity of the ficility (òsd). 

ïhe value of R is described as an estimate of the total quantity of residuals managed by a reñnery, but m 
íàct is now taken as the total of those streams included in the survey. Given this revised cieñnition of R, 
which was ñrst ixtr- in the 1994 survey, throughput capacity continues to be an acceptable predictor 

B- 1 
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of the square root of residual quanti@. The known value of throughput capacity was taken as that 
puhlisbed by theoil & Gas J o d  in the table, Workhvide Re$nenes-Cqacities as of Jamury I ,  1997. 

FITIDTG THE MODEL TO THE 1996 DATA 
Data fim the 79 respondetlis to the 1996 survey were platted on a scale of R"' versus C and assessed for 
outliers. A linear regressicm was displayed un the scattergraph of the data, with parallel bounds drawn cm 
either side af the rwession. A visual appraisal ickdied two data pouzts falling above the upper bound, 
and two fähg below the lower bound. The data were thea ranked by squared error, conñmmg that the 
four facilities visually identiñed from the scaüergaph did indeed have large squared errors than the other 
facilities. These four ouíüers were removed, and the final regression was ihm performed on the remaining 
75 facilities. 

The equation developed from the 1996 survey is: 

fi = 28.0+ 8.88~10-~C 

with an R2 measure of correlafion equal to 0.70, which is the same level as fbr the 1995 survey. 

INDUSTRY ESTIMATES 
The in- estimates were determined in the same manner as in previous years. First, the throughput 
capaciîy was determined fim the oil & Gas Journal table for each fa&ty that did not respond This value 
was then input as C in the regression eqation to caldate an estimatexi value of R for that ficility. The 
square root of a qyzdty, however, is a biased estimator and thus reqixires a correCb'.on factor to yield an 
inibiased estimate. After the bias correction was made to each facility estimate, the ncmrespun& 
quanîities were summed and added to the sum of the respondent cpntit ies. 'Ihis yielded the total residual 
estimate for the U.S. petroleum rehingindustry. î l e  reliability ofthis estimate can be stated as a percent 
error. Both the bias COTTeCticX1S for the inclividual estimates and the percat error fòr the nationwide 
estimate are explained below. 

ESTIMATING NONRESPONDE" QUí4"KES 
Biased Estimate 
A biased estimate of the quantity of residuals managed by each nmespon& fàciiity is dculated from the 
regression equation: 

= 28.0 + 8 .88~10-~C 

R = (fi)' 
Andthm: 

In order to illustrate this &eminatim, a s m a  throughput capacity of 72,000 bsd: 

@ = 28.0 + 8 . 8 8 ~ 1 0 ~  (72,000) 
= 91.936 

R =(9i.936)2 
R = 8,452 

B-2 
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Bias Correction 
The bias correction íàctar is denved fkom the fòílowing r e l a t i d p :  * 

Y ( @ )  = E(R)-[E(4aI2 

.uirbere Yisthe Vanance and E is the expected d u e .  Rearranging the above e ~ ~ ~ t i o n  to solve for E(R) and 
using R* to represent E@), the expected or unbiased value7 the following equation is obtain& 

n e  miance, V ( J R )  , in the above quationis caículataifiomthe equation2 wow for an i n d v i ~  
murespondent &&ty h. This equation represents the variance of a new observation, indepgident ofthe 
values fim which the regression d y s i s  is based. 

Where: Ch = the throughput capacity of nonrespon& faciiity h, 
- Ci =the througjqut capacity of respondeat fàciiity i, 
C = the average of the throughput capacities of the respondent fàciiities, 

Ami the mean square error, M E ,  is &ermined as follows: 
n 

Where: yi = fi as reported for respondent facility i, and 
y j  = J R  as preáicted the same fiu~~ty, fiom the regression equation. 

The average capacity dthe respondeat fàciiities is 107,358 bsd and the sum of the squares equals 
663,700,000,000. The bias correCtion factor for the illustration of 72,000 bsd is then calculated as foliows: 

Ï 1 (72,000-107,358)2 V(&) = 3071 1 +- + I 75 663,700,000,000 

= 3,118 

"he unbiased residual estimate is then the sum of the biased estimate glus the bias correction factor: 

R *  = R + V ( J R )  

R * = 8,452 + 3,118 

= 11,570 wet tons. 

'Meyer, Paul L., 1970, Introductory Probability and Statisticul Applications, Pd ed., Addison- 

%&er, John and William Wasserman, 1974, Applied Linear Statistical Malelsr Regression, 
A d j &  of VananCe,m?d Expel-imental Resignz Richard D. Iniviq Inc.,Homavood, IL7 pp. 69-74. 

Wesley P&fishrne,Cony'my, Rea- MässacHUseaS, pp. 134-135. 
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Variance o fuieUn biased Estimate 
Each residual estimate for a nonresponderithas a variance associated nith it. ’ibis variance is the variance 
of the unbiased estimate wbich is Were& fim the variance of the square root of the biased value discussed 
previously &e., the bias COK~C~~CIU factor). The variance ofthe unbiased estimate, based on the equation 
for R*, is: 

V(R *) = V(R) + Y[V(@)]  

The íkst term in the ahaveecptiog Y(R), is the variance of R and can be denved fiom the following 
relationship: 

= 4RxV(@) 

The second term is the variace da-- Ea! represents a variance, then the variance of d is:4 

204 Y(.”) = - 
n-1 

Rewnhgtheahove w o n  in terms of R, the sesund term becomes: 

pizwngtheñrst and second terms together, the variance of the unbiased estimate can now be stated in 
terms of the biased estimate and the bias Correction factor (Mh of which were determined previously) as: 

For the illustrationda 72,000 hsd facility,the biased estimate was 8,452 and the bias correction factor 
was 3,118, andthustheunbiasedestimateoftheresi~~~is 11,570 wettons. ThevarianCeofthe 
unóiased estimate is 

2 (3,ll 8)2 
75 - 1 

Y@*}- = 4(8,452)(3,118) + 

= 105,676,l O0 

This vananceisbetween the value determined for the same fiustration of 140,155,624 in the 1994 survey 
report and 87,145,716inthe 1995 survey report. 

30p. cit., Introductory Probabilis, and Statistical Applications, pg. 139. 

4Bury, Karl V., Sfatistical Models in Applied Science,Wiey--Intersciaice, New York, pp.249-250. 
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ESTIMATES FOR THE U.S. PETROLEUM INDUSTRY 

EstimatedNationwide Total Residuals 
The a e d  total quanúty of residuals for the U.S. petroleum refbng industry is the sum of the residual 
@ties reported by the respondent fàcilities plu the unbiased estimates for the nonresponáent faciíities. 
The total guantis reported by the respondent facilities was 1,708,45 1 wet tons, resdtïng in an estimate of 
1,340,324 for the ncmrespondeait facilities. The total natiunwide estimate of the quanîity of these residual 
strams fbr the petroleum reíinmg industry is therefbe 3,048,776 wet tons. 

Variance of the Tatal Result 
The variance of the total estimated quanîity is the sum of the variances associated with each incli~cfual 
&&ty. As in previous years, this calcuiatim was simpliñed by assinnin& that the resimial quamties of the 
respondents are know quantities which have no variance. Thadore, cmly the nonrespondmts d b u t e  
to the variance of the total estimate. Since the total residual quantity for the industry, T, is a linear 
combination (sum) of the individual facility &ties, the total variance is calculated by the following 
equation:5 n 

Y(T) = Y(R;) + Y($*) + ... + Y@,*) = 2 V(Rh? 
h-1 

Where: 
?‘(Rh7 = the variance of the uubiased estimate for nonrespandent iàciíity h, and n 

is the number of nonrespondeni facilities. 

The sum of the varianca of the unbiased estimate fbr the ncmrespondent fadties for the 1996 survey is 
20,766,000,000. 

P e r m  Error for the Estimate of Total Residuals 
The perceut error is based on the prechction interval for the estimate of total residuals, which is áepeudent 
upon the total variance and the d h c e  level chosen. For a 95% confidence level, the prediction interval 
is calculated by the following equations:6 

T u =  T + 2 m  

where the d c i n i t  2 is the approximate value of the Stuckt’s t aistribuîion for sample sizes larger than 
30, and Tu and TL are the upper and lower limits, respectively. Using the above equations, the prediction 
interval for the total industry is 3,433,533 to 4,009,949 wet tons. 

The percent error, E%, is then expressed as: 

The percesit error for the 1996 estimate is 7.7%. 

5B0x, George E.P., William G. Hunter, and J. Stuart Hunter, 1978, Statistics for Experimenters: 
An Introduction to Design, Data Analysis, andModel Building, John Wtley & Sons, New York, pp. 87- 
88. 

60p. cit. , Applied Linear Statistical Models, pp . 7 1-74. 
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RESIDUAL STREAMESTIMATES 
The estimatedtoîal qumtity of residuais for the U.S. petroleum reñnïng industry was subdividedinto 
inúivimial resichal streams and management techniques based on the proporticm of ea& in the respondents' 
total. ?his methd of proportioning ktatal to tbeindividual categories assumes that the regression 
equation developed for the total is also valid for each residual stream and management techique. This 
assumption is not know to be valid, but the procethire is used for umsistency with previous surveys. 

?he proportioning procedure begins with the d d a t i o n  ofthe ratio ofthe quantiSr reported by respondents 
€01 a given category to the total quant& reported by respondenis. This ratio is thm muhpíieú by the total 
quantity estimated hr nunrqondents. The sum of the quantity reported by respondents plus that 
determined by proportion for nonrespondents is then the estimated nationwide tatal for that category. 

ï h i s  procedure may be flustrated by considering the API Separator Sludge stream This stream represents 
49-175 tonsofthe 1,887,198 total tons regorted by respondmts, or 2.6%. &$mg the 2.6% proportion to 
the estimatednonrespondat total of 1,834,544 yields 47,802 tons. Adding the respon& and 
nonrespon- c p d t i e s  yields an estimated r&onwide total qpantity of API Separator Sludge of 96,977 
wet tons. 
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Appendixc 
DATA TABLES 
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