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American Petroleum Institute 
Environmental, Health, and Safety Mission 

and Guiding Princ'iples 

MISSION The members of the American Petroleum Institute are dedicated to continuous efforis 
to impmve 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 
government, and others $0 develop and to use natural 'resources in an 
envimnmentally 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 und to implement cost-effective management practices: 

PRINCIPLES e 

o 

e 

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

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

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

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. 

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

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

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

To commit to reduce overall emission and waste generation. 

To work with others to resolve problems created by handling and disposal of 
hazardous substances from our operations. 

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

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. 

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANWAC- 
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 LEïTERS PATENT. 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 

All rights reserved. No part of this work m y  be reproduced, stored in a retrieval system or transmitted by m y  
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the 

publisher Contact the publishel; API Publishing Services, 1220 L Street, N.W, Washington. D.C. 20005. 

Copyright Q 1999 American Petroleum Institute 
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EXECUTNE SUMMARY 

ï h e  1997 API Reñ~ung Residual Survey c o l l e c t e d  data on the m e r  in which U.S. petroleum rehenes 
manage their resiciuai materiais. 'Ibis report summarizes the characteristics ofthe iàciiities that responded, 
and presents nationwide trends in residual management practices. 'he  nationwide estimates were 
detenmned fim a regression analysis of the respondent data in terms of resictual cpant~ty in wet tons by 
refinery capacity in barreis per stream day (bsd). 

1997 Reñmng Residual Survey-Response Levei 

No. of Facilities 152 70 46% 
Refimng Capacity 16,086,100 bsd 7,328,500 bsd 46% 

EstimatedU .S. Total Survev ReSpJll& 'percent 

ResidualQuantis 2,736,000 wet tons 1,179,000 wet tons 43% 

The 1997 survey collected data cm the management of 14 resimial streams and requested cost data on six of 
îhese streams. By comparison to the quantities reported for 30 residual streams in the surveys prior to 
1994, these 14 streams are believed to represent neariy 80% of the total quam@ ofresiduals manageci at 
U.S. reñneries. As with previous surveys, data were mllectgd on the age, size, location, and type of 
reñnery, and on the dgura t ion  ofthe wastewater treatment system. 

DIFFERENCE FROM PRIOR YEAR RESULTS 
?his year's survey &ued to se& improvement in the ccmiskncy of reported data. Prior to the 1997 
survey, the management techniques had induded recychg to the cat cracker, which refixred to Toutmg a 
residuai to a catalytic crackmg unit (rqpxdiess of whether fluidized bed or other type). Most of the &es 
for this technique were for FCC cadyst. Telephone follow up reveaied that this response was gmerally 
meant to indicate catalyst eitherhavingbeen cascadedto another craw unit or seatto anotherhiìityhr 
COntifiuBd use as catalyst. By definitiq however, ifthe material was still muse for its ongmal purpose, it 
was not yet a residual. Furthermore, entries for other residual stream to the cut cracker mar.ugement 
teclmique were generally found to have belonged in a differ& recycie category. It seemeú, ~IIESI, that the 
quantity ofresiduals actually rqcledto a crackmg unit was very mail, andperhaps non-. The cat 
cracker category was &erefixre deldeû fim the 1997 survey. Data fÒr prior years were adjusted by 
deleting qumt~ties show as FCC catalyst routed to a cat cracker, and moving ali other cpanhties reported 
under cat cracker to the other recycle management techique category. . 

Trends m Management Practices-Nationwide Estimates of Quantity per Year 
5,000 1 

U - Recycle 
Treatment ......x...... 

3 
O c -.+-.- Disposal 

C.+ ' /  'x-4.*...&,, 
1 I l I l l I I l I 
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i 0% 

0% 

As in the 1995 and 1996 reports, the data fir 1987 through 1994 in the precsdrng chart have been adjusted 
by áeie&ing the &ties umsidered to be rBcoveTed ail or water rather than true resiáuais. f i o r  to the 
1995 survey, some ficilities had reported the guantitY of residual generated prior to daivateruig, while 
others had reported the qyantity managed after dewatering. The 1995 survey, however, had spdedthat 
unly the quanfiw of residuaí remairhg after dewa@mg was to be reported, without the recovered water or 
o& thus providuig for a consistent basis of response and more accurately rdeding quantities of residuals 
managed. This approach was u m t i n d  with the 1996 and 1997 surveys. 

I l I I l I I I I 1 

The s p d c  adj- made to the 1987 through 1994 data were to delete the amounts shown as 
managed by wastewater treatment fromthe streams that are reduced by dewatering, which are the tank 
bottoms, API separator slwjge, DAF_foat7 prinuny sludges, slop oil emulsion solids, biomass, and pond 
sediments stream. Amounts listed as recycled to a crude mit were deleted fim these same streams, with 
the exception of DAFfoaf and slop oil emuision solith. The laüer two streams had entries in the crude 
unit category fbr 1995 (and again in 1996), and therefbre tiks category was retained fir these two streams 
in the acijusbnenis of prior years' data. 

'Ihe reporting units ofwet tans indicate that the stream volumes are taken in their as-managed condition, 
rather than tm a dry-solids basis. while residuals that have been dewatered will have a higher percent- 
solids ~thaniftheyhadnotbeebidewatered,thevmayneverthelesin~~a sSgmfkmt.amountof 
water. 

Theedmatedtotalquanîiîyofredualsmamgedat U.S. r ~ ~ e ~ ~ ~ f i ~ 3 ~ 7 2 1 , O O O ~ t o n s i n  
1996 to 2,736,000 wet tons in 1997, a decrease of 985,000 wet tons. ï he  1997 aationwide estimate 
c4miinues the downward t r d  that is evident fix the 1990s. The portion ofresidual material reported as 
having been recycled amtimes the strong upwardtreaid ofreceut years, with well over half ofthe total 
cpntity managed now shown as recycled, as shown in the following chart. 

ï h e  next chart compares residual @ties by stream fir 19% and 1997. Several f2iciIities reported a 
combined amouut of certain residuals associated with wastewater treatment facilities (ie., API separator 
sludge, DAFJoat, primary sludges, and slop oil emulsion soli&), m that they coIII[13lllgle these streams 
fbr management. 'Ihe sum ofthese oiS, wastewater residuals decreased fim 723,000 wet tons in 1996 to 
467,000 wet tans in 1997, 
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It is apparat that the most sigmñcant differeaces in the guantisr per residual stream from 1996 to 1997 are 
the decreases in the ípanhties of biomass, contaminated soils, slop oil emulsion solid, spent sulfidic 
caustic, and tank bottom. These five StTeamS, in fact, account for nearly 80% of the tatal decrease in 
estimated quanûties fim 1996 to 1997. Two of these streams (biomass and spent suljìdic caustic) had 
accoinited EDr a sigtnñw portion ofthe increase reported in 1996. The subsequent drop suggests that the 
t r d  for the 1990s is still downward, despite the one-year increase observed in 1996. 

A campaiscm of the i996 and 1997 nationwide rsistribuiion of residual guantties by management technique 
is shown in the next &art. Quantities reported as recycleú for pH control are included in the other recycle 
category in 1996, whereas this technique is a separate category in 1997. 

The final chart in this Executive Summary displays the nationwide distribution by managemeat practice for 
each stream, as estimated from the 1997 survey. The streams that are sometimes dewatered, which include 
tank bottom, the oily wastewater resiáuaís, biomass, andpond sediments, are on the left sick of the charî. 

The overd trend of the 1990s collfjtlues to be a decline in the total quantisr of residuals managed by U.S. 
petroleum refineries, and the most evident treud of the last three years is the movement toward recycling as 
the dominant management practice. .. . , 
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section 1 
METHODOLOGY 

LISTING OF REFINERIES 
The term ‘petroleum reñnery’ is used difFérdy in various conteirts. For purposes ofthe 1997 API 
Refimng Residual Survey, a refinery is defined as a fâcility that currently processes crude oil. Faciiities 
that do not bave crude mitts are not included in the survey. 

’Ihe 1997 survey was clistributsd in electronic format (i.e., computer software on diskettes), in a similar 
manner to the 1995 and 1996 surveys. Selected screens &om the electronic survey form are presented in 
Appendix A. 

’Ihe survey was seut to those US. reñneries listed as processing cxude oil in the Worhide  ReJneries- 
Capacities as of J m r y  I ,  I998 published by the Oil & Gas Journal. Exdudmg those r&eIies that were 
foinidtond actually process crude or tohave been &ut down resuitedin a hal  count of 152 refineries. of 
these7 70 responded to the survey. 

RATIONALE FOR SURVEY CLARIFICATIONS 
As was expiained in the 1995 and 1996 reports, the survey now specifies that only the quantity of residual 
remaining after dewatering is to be reported, wiîhout the recovered water or od, thus providing for a 
consistat basis of respanse and more accurately reñectmg quantities of residuals managed. The cluantity 
reported for each stream, then, is that remahing after any dewatering of the sludge. For those streams that 
are not deñned as RCRA-listedhazardous wastes, the quantity may include both hazardous and 
nonhazardous materials. Where it was determined that a facility had reported both the quantity ofmaterial 
thatwastr~tedandthequantstythatwasdsposedofaftertreatmetlt, cmlythequantitytreatedwas 
included in the analysis. 

The reportmg units of wet tons indicate that the stream volumes are taken in their as-managed umdition, 
rather than m a dry-solids basis. While residuals that have been dewatered wïü have a higher percent- 
solids content than ifîhey hadnot been dewatered, they may nevertheiess include a sigmñcant amount of 
water. 

RESIDUAL STREAMS 
Earlier aunual surveys had collected data on 30 separate resichial streams, but the 1994 survey r M t h e  
number of streams to 15 fÒr simplification. These 15 streams were believed to represent approximately 
80% of the total quanúty of refinery residuals. The 1994 survey had included two separate categoxies for 
primav sludges (i.e., the F037 and F038 RCRA categories). Combuiing these two streams into a single 
primary sludges category resulted in 14 streams in the 1995 survey. The 1995 survey also collected 
information un the cost of managing six of the 14 streams in the survey, comparedto three streams haviog. . 
had cost data que&ons in the 1994 survey. The 1996 and 1997 surveys umtinueú to coíiect data on these 
14 residual streams, as well as soliubng cost data on the same subset of six. ‘íhe de6nitcms assigned to 
each stream are listedin Appendix A. 

It should be undevstood that the residual stream labels used in this survey are NOT wed in a regulatory 
sense. Whereas the EmYonmentaI Protection Agency @PA) regulations implementing RCRA have given 
these t e m  special meaning, the wage here is in a broader, more generÌc seme. MI’S intent is to have 
survey particìpanrs report the management of all residual type materials (e.g., materials that are 

1-1 
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bproducts or residuals of petroleum reBning Operations). mis includes residuals that are beneficially 
recycled or reclaimed, air well air materials that are diwarded. 

h ordert0 fàciiitate consistency of response, defhkiuns are provideú as pop up messages attacheúto 
b ~ o n t h e m ~ f o r m , a s s h o ~ i n t h e f o l l o w i n g f i g u r e .  

Figure 1-Sample Screen &om the Survey Form 

Clicking the c?> button next to a stream name 
results in a box with the definition. 

MANAGEMENT PRACTICES AND TECHNIQUES 
?he 1997 survey coniinuedto group management teclmi- into three categories of management 
practice-recycling, treatmeat, and disposal. The managanent techniques &the 1996 and 1997 surveys, 
with the deihiticms assigned to them 6.x the 1997 survey, are listed in Agpendur A. Each of these 
management techniques is allowed under certain regulatory s c e m h s .  

Note that the cat cracker category has been discontinued as a separate management technique. The results 
of prior years’ m e y s  have had the quanhties fim this category added to other recycle, for streams &i* ’ 

than FCC cataZ’st, to accomniodate cornparisan with the 1997 data. Quantities fbr FCC catalyst that had 
been assigned to the cat cracker catqgory have beea deleted fim prior years’ resuhs, in that catalyst routed 
to another cracking innt fòr umtinueúuse as catalyst is StillperfDrnrmgitsinitialñmction, andisbretbre 
notyetaresidual. 

DATA ANALYSIS 
comp>leted survey fDims were received &om respandmt facilities in the fôrm of data files on diskettes. Data 
cleaning included a check ofthe data fbr self-umsistency. For exampley ifa fadi@ indicatedthat its 
classification is ‘topping’, then it shouldnot have reported my spent FCC catalyst; or ifit didnot report 

1-2 
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having an API separator, then there should not be any API separator sludge. The data were also reviewed 
visually and statistically for outliers. Follow up phone calls resolved apparent discrepancies, such as 
wiietherthequantityhadbeenreportedinthecorrectiniitsand,ifso,whythe~o~differedfrom 
expected levels. 

As with previous surveys, the data h m  the respondents were exîrapolated to nationwide estimates by 
applying a regression analysis in which thro&ut capacity is taken as the explanatmy variable. For 
consisteaicy with previous years, the fbliowing form of equation was retained 

Where: 
R = total residuals managed by a facility (wet tons), 
bo = the y-inîerqt of the regression line, 
b, = the slope of the regression line, and 
C = the îhroughput capacity of the faciliy (bsd). 

'Ihe equation developed from the 1997 survey is 

f i  = 22.8+7.17x104C 

with an R2 measure of correlation equal to 0.58 and a percent error of 9.8%. The statistical analysis is 
described in more detail in Appendix B. 

1-3 
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sechon 2 
RESULTS 

RESPONSE RATE 
’Ihe 1997 survey response rate is illustrated by severd parameters in the fcllowing charts. 

Figure 2-Response Rate by Refmery Capacity. 
25 

CapacHy (thousand bsd) 

Figure 3-U. S. Department of Energy’s Petroleum Administration for Mime (PAD) Regions. 
/”\ 

Figure &Response Rate by PAD Regton. - 

I II 111 iv V 
PAD Region 
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Figure 5-Response Disûibution - by Coqlexity of Facility. 
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ï h e  number of responses for individual categories is somehrm less than the total number of responses, 
to someficilitiesnot answering certain queSrim. 

due 
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The number of responses from each NPDES Permit Classiñcaticm for each residual stream is summarized in 
Table 1 and presebited on a percentage basis in Table 2. 

Table 1-Number of Facilities in Each NPDES Classiñcation Reporting Ea& Stream. 
"DES Permit Classification 

Topping Craclarip, Petrochemical hJkJiw+m@d 
Toial No. of this type: 9 38 6 6 7 

API Separator Sludge 4 26 5 3 3 
Biomass 1 20 4 4 5 
contaminated soils 6 33 6 5 7 
DAF moat O 14 1 1 4 
FCC Catalyst O 29 6 3 7 
Hydro. Catalyst 2 32 5 4 5 
ûther Spent Catalysts 1 31 5 2 3 
Pmd Sedimeats 1 5 1 O 1 
primary Sludges 5 32 6 5 6 
Slop oil Emuhion Solids O 12 4 4 3 
Spent Cresylic Caustic O 16 2 2 3 
Sperrt Naphîhenic Caustic 1 4 O O 1 
Spent Sulñdic Caustic 2 28 3 4 4 
Tank Bottoms 3 25 5 4 7 

on bv Residual Stream: 

Table 2-Perceat of Facilities in Each NPDES Classification Reporting Each Stream. 
"DES Permit Classiñcation 

Topping Craclanq Petrochemical U I n t e g J r a t e d  
Disbibuticm bv Residual S traun 
N I  Separator Sludge 
Biomass 
contamonated soils 
DAF Float 
FCC Catalyst 
Hydro. Catalyst 
mer spent catalysts 
Pond Sedimecitc 
Primary Sludges 
Slap oil w o n  solids 
Spent Cresylic Caustic 
Spent Naphtheuic Caustic 
Spent Sulfidic Caustic 
TankBotbms 

44% 
11% 
67% 
o?? 
0% 

22% 
11% 
11% 
56% 
0% 
0% 

11% 
22% 
33% 

68% 
53% 
87% 
37% 
76% 
84% 
82% 
13% 
84% 
32% 
42% 
11% 
74% 
66% 

83% 
67% 

100% 

100% 
83% 
83% 
17% 

100% 
67% 
33% 
0% 

50% 
83% 

17% 

50% 
67% 
83% 
17% 
50% 
67% 
33% 
0% 

83% 
67% 
33% 
0% 

67Yo 
67% 

43% 
71% 

100% 
57% 

lW? 
71% 
43% 
1 4% 
86% 
43% 
43% 
1 4% 
57% 

100% 
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WASTEWATER MANAGEMENT 
Ea& of the 66 facilities that reported their wastewater plant u-mñgurations indicated that their wastewater 
is treatedprior to discharge. They all reportedhaving primary oil-water separation equipment, with 49 
indicating that they use au API Separator. ï ñ e  remaining 17 facjiities listed various types ofeqipmeat for 
primary separation, with the most frequent d m  bemg a comigatedpla~ interceptor. The survey asks 
whether the faciiiîy discharges to a publicly-owned treatment works (POTW), a joint treatmeut fauhty (i.e., 
a privateiy-owed wastewater treatment facility shared by multiple users), or neither. This question allows 
a &emhation ofwhether the onsite treatment is pretreatment prior to additional treatment o&te, or is the 
conipleie treatment process for the fi&ty's wastewater. The schematic m Figure 8 (on the hllowing page) 
iilustrates the disbibutiian of eqiapment in the wastewater treatment facilties, as well as indicating wliether 
dux& discharged prior to advanced trednmt is sent to another treatment íàcility. 

Wee facilities reported having primary separation only7 two of which discharge to a POTW. Au a d d i t i d  
ten íàciiities reported dischargmg after secuudary separation, of which eight discharge to a POTW and one 
to a jaint treaíment facility. ûfthe remaining 53 facilities, 50 have sonie form of biotreaímmt and the three 
without biotreatment have some form of acivanced treatment. Thus 64 of the 66 facilities (97%) report 
havingbiotreatmentan&oradvancedtreatmex& ordischargingtoanoîherfacihtyforíùrthertreatment. 

nie most commun equip& cdiguration (reported by 50% of respon-) includes primary s e p d o n ,  
gas flotation, and biotreatmeait. ïñe foilowing list Summarizes the responses. 

Pnmary separaticm . . . 1W/o (typically an API Separator) 
Secondary separaticm . 74% (typically some type of gas flotation) 
secondary 

biological treatment . 76% (typically inchdes activated sludge) 
Advancedtreatment . . 45% ofall reporting facilites (ñitratim is most conrman), and 

59% of those not subject to posttreatment. 

The surveypreviously soughtto diEzentiate among stormwater, processwastewater, andcombined . flow 
by asking for Mformation on hol- stnichires for segregated sewers separately from conibined sewers. 
Ihis q[uestionwas revisedmthe 1996 surveyto ask what percent ofthe ficiiityis servedby segregated 
sewers. In addition, the 1996 survey askedwhetkthe e€€iuentpwametas weremeasured at the discharge 
fim the wastewater treatmeut plant, or h r  the combined discharge of wastewater and mtreated 
stormwater. 'lñe 1997 survey so@ to further c h $ t h i s  guestion by c3fErdating bemecm dry and& 
d e r  flow fòr combined sewers. 

Figuregillustratesthetypeofstruchiresusedtoholdsto~~andwastewater. "hepdomimuttype 
af stnichire reported for hol- wastmater-oniy was tanks and for St0nrrwater-d~ was mqmmbmh. 
Eqghtem facilities reportedhaving 1Wh segregated sewers, and another 25 facilities repdeedhaving some 
segregated sewers and some combed sewers. 'Ihre respandents didnot reporitheir sewer -, 
andthe remaimng respondeats ináicatedhavjng 100% combined sewm. responses are summamd 
bedow. 

. '  

100% Segregated Sewers . . . . . . . 18 facilities 
Some SegregaWSome comlrined. 25 íàciiities 
100?/0 combined . . . . . . . . . . . . . . 20facilities 

In that some facilites have both segregated sewers and combined sewers, the total number of resporises m 
Figure 9 exceeds 63. 
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Figure 8--Wastewater Treatment System Summary. (totai number of responses = 66) 
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Figure  stormw water and Wastewater Holding Stnrctures. 
25 

20 
s 
2 75 
p: 
$ 70 

w 
L 

% 

g 5  
O 

WaS<ateroníy Stotmwateronly CS, Dty Weahor CS, Wet Weather 

5 
tanks only 
tanks & impound. 
inpound. only 

Wastewaîec Stomwafer, or Combined Sewer (CS) Flow 

Most of the facilities that reported using impoundments also reported the estimated acreage, which Varied 
fim 0.01 to 350 acres per facility. Figure 10 shows the total acreage having RCRA permits or interkt 
status versus the acreage ofimpouudments that are not RCRA regulated "he chart also indicates the 
number of fadties that reportecltkr acreage for each category. 'Ihe average size ofimpoundmats is 
mmmarkd in the following list. 

average of average wiîhout 
a rem- - - 

RCRA-pemiiaed: 6.8 acres 4.3 acres 

not RCRA regulated: 29.1 acres 23.6 acres 

Figure IGStormwater and Wastewater Impoiindmeat Acreage. 
loo0 j 

-t 
e 

o 

E "t 
2 

mI n 

23 
Bar heighf indicates total acreage; number 
indicafes how many refineries reported their 
acreage 

7 

for this type of  im ipouncim 

20 

m t .  
5 

I RCRA-pemiittsd 
R O M C M  

- 
Wastewater only Stomwater only CS Dty Weather CS Wet Weather 

Wastewatw, Stomwater, or Counbineâ Sewer Flow 

Every respondmg fàcility listed the @ty of wastmater discharged daily. 'íhe average ofthe reported 
daily discharge rates was 2.5 million gallons per day (MGD), andthe d a n  rate was 1.0 MGD. Two 
fadities indicated îhat their wasbwater is roiited to evaporation ponds, resultirig in no oilkite discharges. 
Most ofthe remainiq3 respondaits gave a breakdow of the sources oftheir discharge water, with alí but 
one repohng some ccintnbiitionfrcrmprocess wastewater. nienuniber offacilities reportmg each source of 
discliarge water is &own in Figure 1 1. Note that most facilities report more than one source of discharge 
water. Ofthoselisting '&er' sources,themost~~ymenti~so~cewasblowdownwater.  
Sanitarywastewaterwasalsomeohonedinseveralresporises. 
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Figure 1 1-Sources of Discharge Water. 
I 

60 

50 
e 

40 
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u> 

G 

9 20 
c. 

2" 10 

O 

I Codhg Water Other 
Process Wastewetar Tmted Stomwater Tmaied Gnwndvabr 

Sources of Discharge Water 
*Only Include8 non-contict once through cooling water that k traite¿ prlor to dlrchirge. 

Add~ticmal daaií cm the sources of discharge water is provided in Table 3. In this table, the conrtnbuton of 
each source is shown as a per& of total discharge water, fôr those iàdities reporting that source. 

Table 3-sources of Discharge Water as a Percent of Tatal. 
No. OfRespOndents Median Row Median Row 
raorbnn this so urce Ran?,g Median 1997íMGD) 1996íMGD) 

Process Wastewater 57 10-100% 70% o. 8 1.0 

N o n e c t  Coohug Water* 25 2 -80% 20% 0.3 o. 1 
Treated Stomwater 48 0.5 - 100 % 9.9% o. 1 o. 1 
untreated stormwater 22 0.01-25% 5% 0.05 0.08 
Treated Groinidwater 22 0.01 - 80 % 3.1% 0.03 0.04 
other 12 0.1 - 57 % 6.5% 0.2 o. 1 

* d y  includes ncm-cmtact cmce through mimg water that is treated prior to discharge. 

Levels of eight discharge parameters were requesteú in the question on efEîumt 4ualtty. The levels are 
presented as an amount (pounds per year) in Table 4, and as a umcentraticm (pounds per million galions) in 
Table 5.  

Table &Water Quaiity Discharge Parameters (pounds per year). 
No. OfRespOndaits 

retioftlfl6t this D Z X ~  eter Medim-1997 M a n -  1996 

Total Suspended Solids (TSS) 58 84,000 lbs 73,000 lbs 
Bio&e!mical wen Demand(B0D) 56 49,000 lbs 49,000 lbs 
Chemical Oxygen Demand (COD) 51 435,000 lbs 380,000 lbs 

Ammonia 58 9,l O0 lbs 9,700 lbs 

oil & Grease (O&G) 60 14,000 lbs 13,000 lbs 
chromium 42 22 lbs 26 lbs 
Nickei 18 180 lbs 100 lbs 

Seleaiium 22 200 lbs 120 lbs 
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Table %Water Quaiity Discharge Parameters (pounds per million gailm of wastewater discharge). 
Medim-1 997 Median- 1 996 

Total Suspended Solids (TSS) 165 lbs/MG 140 lbs/MG 
Biochemical Oxygen Demand (BOD) 92 lbs/MG 87 lbs/MG 
Chmical Oxygen Demand (COD) 667 1bsiMG 750 lbs/MG 
Ammonia 25 lbs/MG 26 1 M G  

Oil & Grease (O&G) 28 lbs/MG 27 lbs/MG 
chromium 0.07 lbs/MG 0.04 lbs/MG 
Nickel O. 16 lbs/MG O. 13 lbs/MG 
Selenium 0.32 lbs/MG O. 12 lbs/MG 

In addition to the efñ- parameters, the survey solicited measurements of certain wastewater parameters 
at iniennediatepd inthe system The survey requestedthe levels of oil and grease after primary 
separation and again after secondary qaratim, as anindicator ofîhe effectvmess of seumhy &water 
sei>aration. In a similar matmer, the survey asked for levels ofboth BOD and COD befbre and after 
biotreatment. Approximately one third ofthe respondenis suppliedthis infbrmation. 'Ihe average levels of 
these parameters at the intermeclate points jdkabd, as weil as the average dueut levels, are 1 
m Table 6. ï h e  efñuetuî values do not match those reported in Table 5, in that cmly those f a a m  reporting 
these parameters at all three poitntS were mduded m Table 6. These, tlien, comprise a sub& of the fadities 
reportedm Table 5. 

Table &Water Quatity Parameters at Int&ate Points (pouuás per miilion gallons of wastewater flow). 
No. of Respondents 1997 

rePo- Total Level* Average Level* 
ws parmer -o - (OkG) 

Afterprimaryseparation 24 49,506 2,250 
After seccmhyqaratim 24 10,222 465 

A t a u e t u î  24 2,553 116 

Biochemical OXvnaiDemanB (BOD) 
Beíôrebiotreatment 27 45,183 1,807 
Ailer biotreatmmt 27 6,306 252 

Atefauelt 27 5,684 227 

Chemical Oxygen Demand (COD) 
Beforebimeattm~t 28 145,934 5,405 

ARerbiotreatment 28 31,108 1,152 
AtcZEhEnt 28 28,832 1,068 

*Two outliers were deleted fim îhe O&G summary, two oirtliers were deleted fi-om the BOD 
summary, d o n e  outlier was deletedfiomthe COD summary. 
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POLLUTION PREVENTON 
The s i q M e d  pollution prevdcm @on introduced in the 1995 survey and used again m the 1996 
survey was r 6 e d  in the 1997 survey. Rather than soliciting pollution prevdon practices for ea& 
residual stream, a mgle listing was requested for the entire facility. ï ñ e  guestion asked for a description of 
those polluiion prevention activities underíakm in 1997. Most respondents listed only those projects 
brought on h e  m 1997, but it is evident fim other portions of the survey that wtually every facility 
practices certain polluticm prevention t u q u e s ,  such as recychg. 

Many of the pollution prevention techniques relate to r&@ that waste streams are o h  comprised 
largely of water and dirt that have been contaminad by bemg combined with process materials. 
Amrdmgly, the pollution prevention techniques indude: . reduung the muut of dirt that eaters the oily wastewater stream, . reúuung the amount of water that enters the oily wastewater stream, . dewatenng to reduce the volume of oiiy sludges, and . mbhizhg the amtambation of dirt by reduung spills and leaks. 

In addition to reducing the volume of water and dirt in the wastewater residuals7 the in- has umtinued 
to implement strategies to better manage the process residuals, including: . sourcerechiction, . waste Segregation, and . recychg. 

Each of these practices is enhanced by educaticm and training. The specific responses fim the 1997 survey 
are listed in Table 7. 

Table 7-Po~ut.ion Prevention Activities. 
Generai Practice S w q R w m e  

Reduction of dirt to the oily water sewer. Improved housekeepuig. 
Improved site drainage. 
Modis. sewer systems to reduce solids entermg the sewer. 

Redudion of water to the oily water sewer. Eliminating andíor reroutmg drains to reduce the flow of 
water esitaing the sewers. 

Dewatering of oily sludges. 

Echicatianandtraining. 

Installednewdewrateringequipmmt. 
Replaced or improved existing davatahg equipmat. 
Ex;pandedîheuseofdewat~equipment. 

Raised awareness of the facility’s pollution prevenîicm 

Improvedîhe FCCU watmash program 
Initiated a study of MEK and toluene losses to identrfy 

practices. 

opportunities for redwmg losses. 
Improved operations of the îhermal desorption unit. 
Reviewed operating procedures to reduce th amount of 
acid soluble oil gaierated in the Alkybtion Unit. 

Compl&ed an NPDES point source study baseline. 

2-9 
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Table 7-Pollution Prevdm Activities (umtinued). 

General Practice Survey Reponse 

R ~ d ~  of spilis and leaks. Improved housekeeping. 
Tagged and entered components for LDAR program. 
Installed double boaoms in storage tanks. 
Improvedor expandedleakinspectionprogramsfortanks. 
Upgraded rim seais on storage tank floating roof%. 

Replacedundergroundpiping with either cloublewalledpiping 

Jnsîailed hydr0carhs.m recoverytreuches. 
Repladleakmg seals andgaskc&. 
Repladrepaired cancrete on hydrotreater and dewaxer his. 
upgraded andor reloaîed sewer hes. 

Reducsdflarmg fimunits throughprocess changes. 
Upgradedthe catalyst separator at the FCCU. 
Disumtinued use of Freon@ 12 (replaced with Freon@ 134). 
Phase out of tetraeîhflead 
P e y  removedmethylene chioride froomthe refhery's 

Improved oii/water separations in the process units. 
Improved sulfia: processing. 
substituted less toxic chemicals to, certain uses. 
cleaned or replaced crude heat exchmgers a n d k  Em air- 

Installed high level alarms on tanks. 

or aba-oundpípjng. 

Source reductiontprUcess modification. 

obsolete vapor recovery unit. 

product d e m .  
Purchased solve€lt-free parts washer. 
Replaced heavy atmosphe& gas oil (HAGO) seal flush with 
Mtrogenpump seals. 
Install4 a ñlter to reduce particulate loaduigs from the intake 

utilized a dry paint-removai'system to remice the use of 

Replaced caustic and cresyhc treating of crack stock gasoh 

Desalted Amine SoMon and Strhrd Solutim. 
Changedthe dguratiun ofthe burner system to maease the 
destniction &cieucy of VoCs Comthe asphait uperation. 

Kept nonlisted residuals fim COmblflMg with listedwastes. 
water utitized containers and tanks to retain cummhtd 

and d e  out solids prior to discharge to the wastewater 

water. 

hazardous abrasives. 

' 

with îïieï~x treating to meet -RSH spdCatianS. 

., . . 
waste segregation. 

tr-piant. 
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Table 7-Pollution Prevention Activities (continued). 

General Practicg $urvev bons e 

Recycling. 

Improved treatmeait. 

Utilized Delayed cokuig mit to recycle DAF flock anci tank 

Recycled recovered oil &om the process sewers back to the 
bottoms. 

Cnide mit. 
Converted wastes into prochicts or for use as intermecha . tes. 
Insîailed equipment to inject the muision precursor directly 
into the pipestiii crude feed pump sudion. 

Initiated use of chmicáí treatment for tank cleaning to 
dissolve and recycle hydrocarbons from the sludge. 

Began a Paperrecycluig program. 

Recycled spfxlt catalysts. 

Recycled ethylene glycol. 
Recycled activated alumina. 

Recycleddessicarrts. 
Recycled non-hazardous sanáblast abrasives. 
Recycled Freon@. 

Used antifoulants in the heat exchanger systems. 
Added odor/emission control equipment to units. 
Improved pH control in the MU. 
Upgraded the metering system for treated wastewater dud. 
Enhmiced water treatmat by the installation ofa solvent 
extractionsystemupstreamoftheDAFunitandbythe 
downstream addition ofmicrmrganisms. 

Installeâa unit totreat tail gas froom the sdfk recoverymit. 
Replaced a flare with a new, taller flare. 
Installed more &u& tertiary cyclones to control particulates 
from the FCC unit stack. 
Insblled a waste gas chilier. 
Installed a vapor recovery system at the NGL 1oachn.g rack. 
Installdatreatnmtunittoremovebenzenefroomthecrude 
desaltereflFluetit. 
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section 3 
RESIDUAL STREAM PROFILES 

The U.S. reñnmg industry managed an estimated 2.74 million wet tuns of material from the 14 resimial 
streams included in the 1997 API Fûfmng Residual Survey. A summary of the total quantty of residuals 
w e d  per year is presented in Figure 12. The data fir 1987 through 1994 have bem adjusted in Figures 
12 and 13 by deletmg the quantities consideredto be recovered oil or water rather thantnie residuals. 
Quantities reported as FCC catalyst recycled to a cat cracker bave been deleted fbr the years 1991 through 
1996, in that the material was still in use as a catalyst and therefore was not a residual. 

Figure 13 shows the relative coainbiition of the residual streams, with certain streams grouped together. 
ïhe FCC catalyst, hydro. cataiyst, and other spent catalyst streams are combined iato a spent catalysts 
category; and a spent caustics category includes spent cresyhc caustic, spent naphth&c caustic, and spent 
sulíidic causiic. The oily wmtewuter residuals &e., API separator dudge, DAF float, primary sludges, and 
slop oil emulsion solids) make up a third grouping. The Coninbiltian of ea& category in 1997 is estimated 
to be within five percentage points of its contribution to the 1996 data. 

Figure 13-Nationwide Estimate of Residuals Distribution: 1996- 1997. ' 

Spent Caustics Spent Ceustics 

7996 1997 

?he remainder of this section presents detailed infomiation for the individual streams, with the streams 
arrangedin alphabetical order. The data fir this sectim are summarizedinthe tables ofAppem€ix C. 
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API SEPARATOR SLUDGE' 
The U. S. petroleum reñmng mchistry managed an est¡mated 107 thousand wet ûms of API Separator Sludge 
in 1997, which was a 1oo/o increase fim 1996. A summary ofthe quantity of API Separator Sludge 
managed per year is presexted in Figure 14. The data for 1987 through 1994 have been adjusted by 
cí&ãhg the quantities & b e d  to be reavered oil or water rather than true resiáuals. 

Figure 14-Nationwide Estimates of API Separator Sludge per Year: 1987-1997. 

400 

350 

g300 

~ 2 0 0  

a 100 2 

c 

150 

50 
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1987 1988 1989 1990 I991 1992 1993 1994 1995 1996 1997 

Y08í 

Several fadties combine sume or all ofthe residuals associated with their wastewater treatment facility 
@e., API Separator Sludge, DAF Float, pnmaSr Sludges, and S l q  Oil Emulsion Solids). 'Ihe combined 
@ties ofthese oilywastewakr streams are summanzed * in Figure 88, which shows a decrease fim 723 
thousandwet~in1996to467thousandwet~in 1997, adecreaseof35%. 

The poriim ofthe MI Separator Sludge stream that is managed by each management practice is &om in 
Figure 15 19% and 1997. Recycling umtinues to be the dommanî managemait practice for this stream. 

Figure 15-NatianwideEstimates ofAPI Separator Sludge by rulanagement Practice: 19961997. 

i 996 i997 

'Recall that this report uses labels such as API Separator Sludgemthe broader cuntext d a  
residuu2 stream which indudes materials that are not sub~ect to RCRA regulation. 
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Figure 16 shows the API Separator Sludge distributim by managemeut technique fir 1996 and 1997. This 
stream is most co1I1[I1oJIy managed by techni- that recycle the oil content, primarily by Toutmg the 
stream to a coker. When oil is recovered fim this stream by t h d  desorpt~on, it is reported as 
reclamation. End uses rqmrteú fbr reclauned or reused material were oil recovery andjkels blending. 
The end-use categories are deñneù in Appendix A. 

Figure 16-Dstributim of API Separator Sludge by Mar 
1 -M 

3em- Technique: 1 996- 1997 
cai 

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

1996 7997 

The 1997 survey prompted respondeats who listed land treating or lau- this stream to explain the 
circumstances. same facilities indicatedhaving expokeùthe resiáuai to canada fir  îanm, others 
explainddthat the material in question did not fàll within the RCRA dehitim for this stream, and me 
facility cited a 'no migration land farm permit' as allowing land treatment of certain RCRA wastes. 

.. . . 
Responses in the other categories are listed Mow. 

Other Recycie: none. 

Other Treatment: one facility smds this streamto Permitted Storage. 

Other Disposai: none. 

ïhe schematic on the next page iliustrates the distribution of dewa%mg techniques and onsite versus oforite 
management for this stream by number of respunâents. 
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Figure 17 - API Separator Sludge Summary: 1997 

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

F Disposal 
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î l e  fblíowjng three graphs summarize the cost data repoaed for API Separator Sludge. 

Figure 18-Onsiî.e Managanent Cost for API Sqarator Sludge: 1997 
loo00 I 

4 
E s 

Figure 19-oflFsî.e Managemat Cost fbr API Separator Sludge: 1997 
loo00 

o. 1 1 10 100 1000 loo00 
Residual Quantity (tons) 

Figure 2û-Total Management Cost for API Separator Sludge: 1997 
IOOOO . . . 
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BIOMASS~ 
l[he U.S. petroleum refining industry managed an estimated 528 thousand wet tons of Biomass in 1997, 
whid was a 28% decrease &om 1996. A summary of the quanti@ of Biomass managed per year is 
presented in Figure 2 i .  The data for 1987 through 1994 have been adjusted by deletirig the quantkies 
~deredtoberecovered6ilorwaterratherthantnieresiduals. 

Figure 21-Nationwide Estimates ofBiomass per Year: 1987-1997. . 
800 

700 

100 

n " 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1986 1997 

Year 

The porîion of the Biomass stream that is managed by ea& management practice is &own in Figure 22 fÒr 
1% a d  1997. Treatmetit caahnues to bethe most common managemat pradce for this stream 

Figure 22-Nationwide Estimates of Biomass by Management Practice: 1 996- 1997. 

I 33% 1 
1996 1997 

Figure 23 Sliows the Biomass di&ibulion by management 
reporteáfiels blending as the d use for reclaimed or reused material. The d u s e  categories are defined 
inAppendixA. 

for 1996 and 1997. One facility 

?Recall that this report uses labels such as Biomass m the broader amtext d a  residualstream 
which Mcludes matn.ials that are not sub~ect to RCRA regulatian. 
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Technique: 1996- 1997 

ReclsMJReuse 

7 0 0  7 5 0  200 250 O 50 
Nationwide Estimate (thousand wet tons) 

7996 7997 

Responses in the other categories are listed below. 

other Recycle: one íicility biotreats this stream and bleds it to make topsoil. 

other Treatment: one faciiity treats biomass in a sludge digester. 

other Disposal: none. 

'Ihe schematic on the next page illustrates the distribution ofdewatexing techiques and &te versus o&ik 
managem& for this stream by number of responáents. 
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Figure 24 - Biomass Summary: 1997 

I I Note: Boxes show no. of facilities reporting each option. 
Some facilities report multiple options 
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CONTAMINATED soas3 
The U.S. petroleum refimng industry managed an estimated 360 thousand wet tans of Contaniinated Soils 
in 1997, which was a 3 1% reduction fim 1996. A summary of the quantity of Cantaminated Soils 
managed per year is presented in Figure 25. 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1998 1997 
Year 

%e portion of the ckmîamm * ted Soils stream that is managed by each management practice is show in 
Figure 26 for 1996 and 1997. While the portion of this stream that is recycled continues to increase, 
disposal is still the most common practice. 

Figure 26Nationwide Estimates of Gmtammt . ed Soils by Management Practice: 1996- 1997. 

Trisetment I 21% 1 

1996 

I 62% I 
7097 

Figure 27 shows the Contarnuia . ted Soils distributh by managemeut t e q u e  for 1996 and 1997. This 
stream is stili primarily either I d j l l e d  or land treated, although some íàcilities find i m o d v e  ways to 
recycle canrtaminated soil. An end use reported for reclaimed or reused material was to recover mphalt and 
return it to the process. 

3Recall that îhis report uses labels such as Contamina . ted Soils in the broader context of a residuul 
stream which includes materials that are not subject to RCRA regdatim. 
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Figure 27-Distrib~hm of Ccmtmnm . tedSoilsbyManq ment Technique: 1996- 1997 

O 50 100 7 5 0  200 250 300 350 
Nationwide Estimate (thousand wet tons) 

7996 4 1997 

Responses in the other categories are listed below. 

other Recycie: five faciiities blendîhis stream into asphaiî and/or roadbed material. 

'zhe schematic anthenext page imistrateS the distribuîim ofchwhmg M q u e s  and ansite versus o S t e  
managemat for this stream by number of reqodenb. 
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Figure 28 - Contaminated Soils Summary: 1997 

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

dewatering no. of 
method facilities 
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. . . .  Treatment: onsite offsite m e . .  
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-incineration.. . .  I o 1 1 7 1  
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25 

. . . . . . . . . .  

filter press. . 

vacuum iandtreatmeht.. FI 
filmtion.. 

. other . . . . . . . . . .  

other.. . . . .  p l 1  
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nie following three graphs summarize the cost data reported for chtamm tedsoils. 

0.1 ' I 

Figure 3(r-offste Managam& Cost fbr Cummmat edSoils: 1997 

I 

o. 1 1 I O  i00 loo0 loo00 100000 
ReUdwl Quantity (tons) 

Figure 3 1 T d  Management Cost fix (htamma ' tedsoils: 1997 
loo00 I 
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DAF FLOAT4 
The U. S. petroleum r&mg inciustry managed an esîimated 206 îhousand wet tons of Dissolved Air 
Flotation (DAF) Float in 1997, which was a 26% decrease from 1996. A summary of the quantity of DAF 
Float managed per year is presented in Figure 32. The data fbr 1987 through 1994 have been adjusted by 
deleting the quantities considered to be recovered water rather than true residuaís. 

Figure 32-Natimwide Estimates of DAF Float per Year: 1987- 1997. 
600 I L  14241 

200 
(Q 
5 
O 2 mo 

O 
1887 1888 i888 1990 1QQí 1882 i983 1884 1896 1986 1997 

Year 

Several facilities combine some or ail of the residuals associated with their wastewater treatmeut íàciiity 
(i.e., API Separator Sludge, DAF Float, pnmaSr Sludges, and Slop oil Emutsim Solids). The combined 
quanûties ofthese oily wastewater streams are s 
h o d  wet tons in 1996 to 467 t h o d  wet tons in 1997, a decrease of 35%. 

ed in Figure 88, which shows a decrease from 723 

The portion of the DAF Float stream that is managed by each management practice is show in Figure 33 
íbr 19% and 1997. Recycling continues to be the daminant practice. 

Figure 33-Natimwide Estimates of DAF Float by Management Practice: 199G 1997. 

I 15% I 

7 996 7 907 

4RecaU that this report uses labels such as DAF Float in the broader context of a residual stream 
which indudes matends that are not subject to RCRA regulation. 
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Figure 34 shows the DAF Fi& distribution by manag- technique for 1996 and 1997. while this 
stream is grouped with the oily wastewater resichials, it often indudes relativdy íarge volumes of water. It 
is most connnonly managed by being r0uî.d to a coker. An end use reported h reclaimed or reused 
mated was oil recovery. ?he d u s e  categories are clehed in Appemùx A. 

Figure 34-Distribution ofDAF Float by Management TecániiqUe: 19961997. 
cder +-q 

Other Trsadmeni - Impounabnent 
Q 

I l I I 

O 50 7 0 0  7 5 0  200 250 
Nationwide Estimate (thousand wet tons) 

1996 1 7997 

'zhe 1997 survey prompted responchts who listeúlanátreating or l a n m t h i s  stream to e x p h  the 
c i r m m .  Same facilites indicatedhaving exportedtheresidualto Canada for l a n a  others 
erqilainedîhat themateriai in questian ddnd fidl within the RCRA dehition Io, this stream, and one 
hxliîy cited a 'no migration laud farm pennit' as allowing laudtreatment ofcertain RCRA wastes. 

Responses m the other categories are listed below. 

Obex Recycle: none. 

other Treatmen: nme. 

OtherDispOsal :~ .  

'Ihe schematic on thenext page illustrates the disenbution ofdewateringtdmi~ andumite versus ofhite 
management for îhis stream by number o f r e s p m .  
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. . . . .  lo other. 

Figure 35 - DAF Float Summary: 1997 I Note: Boxes show no. of facilities reporting each option. 
Some facilities report multiple options 

Recycle 

dewatering 
method 

no. of 
facilities 

management 
technique location 

. . . .  El none.. 

drying..... 
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ñikr press 
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decanting. 

other. . . . .  
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L Disposal . . . . . .  none (o1 
drymg. . . . .  E l  
me&. 
thickening. E l  
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vacuum 
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decanting.. 
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pH control. . . . .  
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kiln fuel . . . . . . .  

other . . . . . . . . . .  
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El 
101 
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lol 
iol 
lol 
161 
lol 

12 

3-15 

Treatment: onsite offsite 
&elnical . . . . . . .  m m  
heat 101121 

mlol 
121151 
m m  

stabilization. . . .  lolm 
other lolm 

. . . . . . . . . . .  

. . . .  wastewater. 

incineration. 

landtreatment.. 

. . .  

. . . . . . . . . .  

Disposal: onsite offsite 
impoinidment . . .  

1andíii.l. . . . . . . .  I l '  . 111 
well injection. . .  (Olm 
other lolm . . . . . . . . . .  
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FCC CATALYSF 
The U.S. petroleum reñnmg udustry managed an estimaîed 108 thousand wet tons of Fliadized-bed 
catalytic Cra- VCC) Catalyst in 1997, wbichwas a 25% r a m  &om 1996. A summary ofthe 

ofFCC M y s t  mmagedper year is p r d  in Figure 36. 

Figure 36-Natimwide Estimates of FCC Catalyst per Year: 1987-1997. 
300 

,250 

cm 
4 150 E 
2 7 0 0  

C o 

a 

o 

o c 
b 5 0  

O 
1987 1988 1989 1990 1991 1992 1993 1994 7995 1996 7997 

Year 

The portion of the FCC W y s t  stream that is managecí by ea& management practice is shown in Figure 
3 7 h  199óand1997. Disposal~uestobethemostcotmncNipractice. 

Figure 37-Natim~áe Estimates of FCC Catalyst by Manag- Practice: 1996-1997. 

Figure 38 shows the FCC Catalyst distribution by management teclmique for 1996 and 1997. Spat 
d y s t  is typidy recycid as cement kilnfeedstock, whereas 6 . m ~  &om the flue gas are typidy 
l d B l l e d .  One fàcility sends this stream for reuse in the steel industry. Severai athers report sale to a 
catalyst broker as the d u s e  for reclaimed or reusedmaterial. The d u s e  categories are áeíìnedm 
Agpenchx A. 

'Recall that this report uses labels Sucai as FCC M y s t  in the broader antext of a residual 
s ~ ~ ~ ~ m ~ S m a t e i r i a l s t h a t e n o t ~ e c t t o R C R A r ~ a n .  
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Figure 3 8-Distribution of FCC Cataíyst by Management Technique: 1996- 1997. 

r 2 z j l l l  
pH Contrwl 

RsclaMilRwse 
Regenemtion 

Kiln Feed 
Kiln Fuel 

PPI Chemical 

Wastewater 

Incheraiion 

Lend Treatment 
St abiikation 

Other Treatment 

5 

O 10 20 30 40 50 60 70 80 
Nationwide Estimate (thousand wef tons) 

7996 1997 

Respanses in the other categories are listed Mow. 

Wer Recycle: one íàicility reports bleaiding this stream into roaáóase materials. 

Wer Treatment: none. 

other Disposai: none. 

The schematic on the next page illustrates the distribution of dewatering techniques and onsite versus offsite 
managemeait for this stream by number of respmdent+s. 
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figure 39 - FCC Catalyst Summary: 1997 

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

dewatering no. of management 
method facilities technique location 

28 
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fíltration.. pjl 

.. . .  lol other.. 

none.. . . . .  
d r y m g . . . . .  
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The following three graphs summarize the cost data reported for FCC Cataiyst. 

Figure 4û-Onsit.e Managemmt Cost íbr FCC Catalyst: 1997 
lo00 I I 

i 

1 10 100 lo00 
Resiciual Quantity (tons) 

10000 

Figure 42-Total Managemat Cost fix FCC Catalyst: 1997 

. i 
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HYDRO. CATALYST6 
Hydro. Cataiyst is a generic iabeJ appiied in this report to catalysts used to remove suiñ~,  nitrogen, and 
metals. 'Ihese catalysts are variousiy r & m d  to in the mchistry by such teum as hydroprocesing 
hyárotreating, hydrorefiniqg, hydroíiuishmg, and &er hydro-prefixd descriptors. ïhe U.S. petroleum 
reíimnginchstrymanagedanestllnated 33 thousand wet tuns of Hydro. Cataiyst m 1997, whidi was an 
11% decrease fim 1996. A summary ofthe W t y  0fHydro. Catalyst managedper year is preseateüin 
Figure 43. 

Figure 43-Nationwide Estimates of Hydro. Catalyst per Year: 1987- 1997. 
70 

60 
(Q 
P 2 50 

$ 40 
u 

2 30 

8 20 
iit 
(Q 

10 

O 
1887 lQû8 18ûQ 1880 1QQl 1882 1889 1894 1885 lQQ6 1997 

Year 

'Ihe portion of the Hydro. Catalyst stream that is manageú by each management practice is show in Figue 
44f'or 1996and1997. R e c y ~ c o n t i n u e t o b e t h e m o s t ~ p r a c t i c e .  

Figure 44-Nationwide Estimates of Hydro. Catalyst by Management Practice: 1996-1997. 

Tmatment 

1 996 1997 m7 
Figure 45 shows the Hydro. Catalyst disenbiltion by management technique for 19% and 1997. This 
stream is typidy reclaimed, regenerated, or ld#lled. nie aid use reported for reclaimed or reused 
matenal was aiways metals recovery. 'Ihe end-use categories are definedm Appaidk A. 

6RecallthatAPIuseslabelssuchasHydro. Cataiystmthebrwdercontextofaresiddstremn 
wnich indudes materials that are not sub~ect to RCRA regulattan. 
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Figure 45-Distribution of Hydro. Catalyst by Management Technique: 
I 

Crude cderl Unit 
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other Recycle 
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1996 1997 

Responses m the other categories are listed below. 

other Recycle: none. 

other Treatment: none. 

other Disposal: none. 

25 

The schematic on the next page illustrates the clistnbhon of dewatering techniques and onsite versus 0fEsit.e 
management for this stream by number of respondents. 

.. . . 
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Figure 46 - Hydro. Catalyst Summary: 1997 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report multiple options 
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The foiiowing three graphs summarize the cost data reported for Hydro. Catalyst. 

Figure 47-ûnsit.e Management Cost for Hydro. Cataiyst: 1997 

Figure 48-offsite Minagemat Cost for Hydro. Cataiyst: 1997 
loo00 

. 
o. 1 1 10 100 lo00 loo00 

Residual Quantity (tons) 

Figure @-Total Managemm Cost for Hydro. Catalyst: 1997 
loo00 

o. 1 1 10 100 1000 loo00 
Residual Quantity (tons) 
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OTHER SPENT CATALYSTS7 
The U.S. petroieUm reñmng nxh t ry  managed an estimated 59 îhousandwet tons of Other Spent catalysts 
in 1997, which was a 25% increase fim 1996. A summary ofthe quantíty of other Spent catalysts 
manageci per year is premtd in Figure 50. 

Figure 50-Naíimwide Estunates of other Spat catalysts per Year: 1987-1997. 

60 

u r =  

k *  

s 
2 10 

C 
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1987 1988 1989 I990 I991 1992 i993 1994 I995 1998 1997 

Year 

Figure 51-Nationwide Esthates of other Spent Catalysts by Management Practice: 1996-1997 

'7 1 2 0 %  I 

w 
1006 1907 

.- . . 
Figure 52 shows the Wer Sperrt Catalysts distribution by management technique for 1996 and 1997. 'Ibis 
stream is typically reclaimed or MflZZed. The end uses reported fór reclaimed or reused mated was 
metals recmevin every case. The end-use categcnies are áeñnedm pgpaidur A. 

7Recautbatthis rqmt uses labels such as ûther Spent Catalystsinthe broader umtext d a  
residid smam wliich includes materials îhat are not subject to RCR4 reguhan. 
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Other Teatment 

+----- 1 I 

30 40 50 O 10 20 
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a I996 1997 

Responses in the other categories are listed below. 

Other Recycle: none. 

Other Treatment: none. 

other Disposal: none. 

ïñe schematic on the next page iilustrates the distribution of dewatering techiques and omite versus ofite 
management for this stream by number of respondents. 
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figure 53 - Other Spent Catalysts Summary: 1997 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report muiüple options 
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management 
technique location 

RecyCle: onsite offsite 
. . . . . . . . . .  mker lolm 

...  lolm pHcontrol.. 

regeneration. . . .  

kilnfuel. . . . . . .  m m  
1 - 1 1 - 1  

. . . . . . . . . .  other m m  
Treatment onsite offsite 
& d c a l  . . . . . . .  lolm 
heat lolm 

lolm 
incineration. . . .  m m  
stabilization.. . .  1-q ml 
&er mlol 

.... . . . . . . .  

waskw&z..... 

landtreatmatt.. 111 ml 
... . . . . . . .  

onsite offsite m m  
171' ' 1271 

30 
. . . . . . . .  

I 
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POND SEDIMENTS8 
'IheU.S.~o~~refintnginchistsr~edanestllnated71thousandw~tonsofPondSedimentsin 
1997, which was a 3% increase fim 1996. A sumnary ofthe quantity of Pond Sediments managed per 
year is presented in Figure 54. 'he data for 1987 through 1994 have been adjusted by deletmg the 
quantities cxmsideredto be recovered oil or water rather than true residuals. 

Figure 54-Nationwide Estimates ofpond Seclimaits per Year: 1987-1997. 
1200 

y i000 
E c..,  
p 800 

g 4 0 0  

b 
C 

o 
E 200 

O 
1987 1988 1989 1990 1991 1992 1993 1994 I995 1996 1097 

Year 

The portiun of the Pond Sediments stream that is m g e d  by each managemat practice is shown in Figure 
55for 1996and1997. Disposal~todecluie ,withtreatmenthaVingnowbecomethemost~  
practice. 

Figure 55-Nationwide Estimates of Pond Sediments by Management Practice: 1996 1997. 

i 996 7997 

Figure 56 shows the Pond Sedimarts distribution by managemeait technique for 1996 and 1997. ' Ihis 
stream is typicaily managed in some land-applied manner, either by bemg Imulfilled or by ñrst beang 
stabilized. 

8Recall that this report uses labels such as Pond Sediments in the broader ccmtext of a residual 
stream which indudes materials that are not sub~ect to RCRA regulation. 
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bY 
Coker - 

CNde Unit - 
pH-- 

Reclaim/Reuse- 
u R e g e M b n -  

Kiln Feed - 

Kiln Fue- 
Other Recycle - 

C h m í d  - 

* 
ii! 

% I- 

ment Technique: 19961997, 

~~ 
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O 5 70 75 20 25 30 35 40 
N8tionwide Estim8te (thousand wet tons) 

1 7996 1997 

Respcmses in the other categories are listedbeiow. 

ûther Recycle: none. 

Other Treatmeot: none. 

Other Disposai: none. 
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none . . . . . .  

Figure 57 - Pond Sediments Summary: 1997 

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

2 . 3 

Recycle 

P Treatment 

pz-f Sediments 

m- n 
\P Disposal 

L 

dewatering no. of 

none . . . . . .  

dly lng.. . . .  

method facilities 

mech. 
thickening. ml 

fílterpress . . lm I 
‘I 

- 1  
VacuUm 
fltration . .  

filtration. 
gravisr 

101 
lol 

decarmg.. 

. . . .  lol other.. 

. . . .  141 none.. 

drying..... 
1 - 1  

mech. 
thickening. ml 

@terpress. . m} 
vacuum 

mviw 
lol 

mmtion.. pj-l 
jiltration. . 

other. . . . . .  [öl 

I 
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management 
technique location 

Recycle: onsite offsitë 
. . . . . . . . . .  

coker m m  
L - 1  I - 

pH control. . . .  

. . . .  m m  recladreuse. 

regeneration . . . .  ml 
c - l  

kilnfeedsto ck... pjl 
k i l n f u e l . . . . . .  

. . . . . . . . . .  lolm &er 

Treatment: onsite oífsite 
chemical . . . . . . .  m m  

. . . . . . . . . . .  
heat lolm 

lollol 
101121 

land--.. 1Ö-l 101 
sbbilizahm.. . .  pq 111 

wastewater..... 

incineration. . . .  

other . . . . . . . . . .  

Disposal: onsite offsite 
. . .  m m  impounciment 

landñíl . . . . . . . .  111’ . 11 
wellinjection . . .  lolm 
other . . . . . . . . . .  

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



STD-APIIPETRO PUB 352-ENGL 1791 W 0732290 Ob21877 T 2 T  = 

PRIMARY SLUDGES' 
'Ihe U.S. petroleumrehmg inrhistry manageáan estiii3ated 112 thousauáwet tans of- Sludgesm 
1997,whichwasa 14%decreasefiom 1996. AsummaryofthequanûtyofPMiary Sludgesmanagedper 
year is presented in Figure 58. î ñ e  data for 1987 through 1994 have bem adpstedby deleting the 
~ t i ~ ~ ~ ~ t o b e r e c o v e r e d o i l o r ~ r a t h e r t h a n t n i e r e s i d u a l s .  

Figure 58-Natimwide Estllnates of primary Sludges per Year: 1987-1997. 
350 

300 
e 
2250 
* 
b" ; 150 

b o  

a 0 100 

O 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

Year 

Several hdties combine some or ail of the resictuals associated wiîh their wastewater treatm& fàcälïty 
@e., API Separator Sludge, DAF Fiat, Pnmary Sludges, and Slop Oil Emiilsiau Solids). 'zhe combined 
quanttties ofthese OiiywaskwaW streams are summanzed * in Figure 88, which shows a decrease fim 723 
îhousandwettmsin 1996to 467 thousand wet tans in 1997, a decrease of35%. 

'IheporíicmofîhePnmary Sludges streamthatismaniin~byeach~ementpraceiceisshownin 
Figure 59 fix 19% and 1997. Recycling conbnuesto bethemost commonpradice. 

Figure 59-N&&de Estimam of pnmaS. Sludges by Management Practice: 1996-1997. 

I""] n 

7 996 1987 
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Figure 60 shows the Pnmary Sludges distribuiion by managemcat technique for 1996 and 1997. This 
stream is most commonly managed by techniques that recycle the oil content, primarily by routing the 
stream to a coker. This stream may also ccmtain s i g r d a u t  guannhes of coniaminated sod, and is 
,mn&mes I d  treated. End uses reported £or reclainied or reused matenal were oil recovery andhels 
blending. ïhe end-use categories are debed in Appendix A. 

Figure 6û-Distribution of PRmai 

Reclaim/Reuse 

Sludges b 

I a.. - . . 1 I I I 

: 1996-1997. 
m 

O 10 20 30 40 50 60 70 
Nationwide Estimate (thousand wet tons) 

7 996 7997 

The 1 9 9 7 s u r v e y p r o n r p t e d r e s p ~ w h o l i s t e d l a n d t r e a t u i g o r ~ t h i s s t r ~ t o ~ ~ t h e  
circumstanoes. Same facilities indicatedhaving exportedihe residual to Canada for landfillui& others 
explainedthat the mataial in guestiOn didnot fall within the RCRA dehition for this stream, and o m  
&cility cited a ‘no migrationland farm p d t ’  as allowhglandtnWment of certain RCRA wastes. 

Responses in the other categories are listed below. 

other Recycle: none. 

other Treatment: none. 

Wer Disposal: none. 

ïhe ,schematic on the next page ïilusîmtes the distribution of h a t e -  tedmìque-s and omite versus offsite 
management for this stream by number of respondents. 
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figure 61 - Primary Sludges Summary: 1997 

I I Note: Boxes show no. of facilities reporting each option. 
Some facilities rewrt muitide oations 

Recycle 

dewatering no. of management 
method facilities technique location 

. . . . . . . . . .  

Cnide unit. . . . . .  

kilnfeedsto ck... ml 

Disposa' r 
I 

L 

... . .  w.  126 
-drying..... 

o t h e r . . . . . .  

.... 121 none.. 

drymg. . . . .  lo] 

other. . . . . .  I 0 I 

47 diemical.. . . . .  

. . . . . . . . . .  

onsite offsite - m m  

'I m m  I other. . . . . . . . . .  
c 

i 

Disposal: onsite offsite 
impoiindment . . .  I 
landñii.. . . . .  
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ï h e  following three graphs sutumarize the cost áata reported for prrmaSr Sludges. 

m .  =. 
I , , , , , I  

1 
I 

I 
I I I  I 6 ,  , , , / , , _  

Figure 62-onSite Managemat Cost for pnmaSr Sludges: 1997 . 

1 1  I 1 , I , , , , I  
I 

I I I , , , ( , I  
I 

1 , , 1 1 1 1  

I 
I I I / /  I , "  

10 

Figure 63--O&ite Management Cost for Pnmary Sludges: 1997 

5 
1oO00 =.. = m  

. 
I I I I I  I I ,  , " +  

Figure %Total Managemat Cost for Fkmary Sludges: 1997 

H 
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SLOP OIL EMULSION SOLIDS’o 
The U.S. petroleum refitnng uidustry managed an estimated 42 thauSand wet tons of Slop oil Emiilsion 
Salidsin 1997, whichwas an 81% reductionfim 19%. A summary oftúe quantity of Slop OilEmUtsion 
Solids managedper year is pnxmted in Figure 65. “he data for 1987 ihr@ 1994 have beai @ustedby 
deleíing the quadties cansidered to be recovered water rather than true residuais. 

SeveralfaciIitiescambinesomeorallofther~~assocbatedwiththeirwastewatertTeatmeaitfacit.y 
(i.e., API Separator Sludge, DAF Float, Pnmary Sludges, and Slop oil Ermilsian Solids). ’The combmed 
quarittiesofîheseoilywastaivaterstreamsare~ . m Figure 88, which shows a decrease &om 723 
thousand wet tans in 1996 to 467 thousand wet tons in 1997, a decrease of 35%. 

The portion ofthe Slop oil Emulsion Solids stream that is managed by ea& management practica is &own 
in Figure 66 for 1996 and 1997. Recychg ccmîinues to bethe cimimut practice. 

Figure óó-Nationwide Estimates of Slop oil Emulsion Solids by Mzmagemesit Practice: 1996-1997. 

n 

7 906 1097 

‘OReCaiithattliis reportusesiabels such as Slop OilErmilSton Soiidsintúebroadercanisrt d a  
residualstreamwúicliínduáesm&xiaísthat arenot suó~ecttoRCRArtypbt~rn. 
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Figure 67 shows the Slop Oil Emulsion Solids distribution by management tedmique for 1996 and 1997. 
This stream is most Commony managed by techniques that recycle the oil contea3t, primarily by routing the 
stream to either a coker or to the crude unit. End uses rejmted for reclaimed or reused material were oil 
recovery blending. "he aid-use categories are defined in Appaidix A. 

Figure 67-Distribiztion of Slup oil Emulsion Solids by Management Technique: 1996- 1997. 
I C O k e r Y  

I 

O 50 100 150 
Nationwide ístimete (thousend wet tons) 

1996 1 1997 

Responses in the other categories are listed below. 

other Recycle: none. 

Other Treatmesit: none. 

ûtha Disposal: none. 

200 

The schematic on the next page illustrates the distribution of dewatering techniques and &te versus ofkite 
management for th is  stream by number o f r e s p o n h .  
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12 

figure 68 - Slop oil Emulsion Solids Summary: 1997 

Treatment: unsite OffSie 
chemical . . . . . . .  lolm 

-heat.. 121111 . . . . . . . . .  

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

dewatering no. of 
method faci I ities 

management 
techniaue location 

Recycle 

Disposal 

. . . . .  -none. 5 ,- 16 
-drying.. . . .  2 -  
medi. 
-thicikemng. 1 . -  
-filterpress.. 1 - 

-ceaitnfuge.. 6 - 

. ... 101 
dryin%..... p l  
none.. 

. 

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

pHcontrol.. . . .  m m  

kilnfeedstock . . .  rn] 
kilnfuel . . . . . . .  pq 

.. . . . . . . . .  other lolm 

101 
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k D  

wastewater..... ml 
-mcineraticm. ... 121161 

stabilization. . . .  m m  
other mlol 

landtreabneait.. 111 ml 
.......... 

Disposal: onsite OffSie 
jnlpolmdmalt. .. m m  
weiiinjecâicm.. . 

.......... other m m  
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SPENT CRESYLIC CAUSTIC" 
The U.S . petroleum r e h n g  indusby managed an estimated 15 1 thousand wet tons of S p a  Cresylic 
Caustic in 1997, which was a 13% decrease fiom 1996. This caustic was not icienti6ed as a separate 
residual stream prior to 1994, but a summary of the cluanúty managed per year fim 1994 onward is 
presented in Figure 69. ?he combined quant~ties of all spent caustics managedper year since 1987 are 
sunmiarizedinFigure91,whichshowsadecreasefiom1,271 thousandwettonsin1996to 1,056thousm.d 
wet tons in 1997, a decrase of 17%. 

Figure 6P-Naticmwiáe Esthates of Spat Cresylic Causeic per Year: 1994- 1997. 

1987 1988 1989 1990 I991 1992 i993 1994 1995 I996 1997 
Year 

The portion of the Spesit Cresyhc Caustic stream that is managed by each managemait practice is shown in 
Figure 70 for 1996 and 1997. Virtually all of this stream is recycled. 

Figure 7 L N a t i k c l e  Estimates of S p a  Cresyhc Caustic by Management Practice: 199á-1997. 

Recycle I 97% 1 

; 

1 996 

- 1  \ 

I R2Yl I \ ,  

1. W I  TRDF*l 

1997 

"Recall that this report uses laW such as Spent Cresylic Caustic in the broader amtext of a 
residual stream which indudes materials that are not subject to RCRA regulatimi. 
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Figure 71 shows the Spat Cres@c Caustic dishibution by manag- teCainique fix 1996 and 1997. IIhe 
most co~innan mamgetneut technique contiriues to be reclmrpation. End uses reported fix redaimed or 
reused materiat were sale to a caustics processorhroker, reue in ckmical processing, and in ane case, 
reuse as a product usedíbr metah recovery. ’Ihe d u s e  categories are áeûneûin plppaidix A 

Figure 71-Dist1ibution of Spa 

Other Recycle 

Chernicd 

Cresyhc 

m 

atT& pe: 199t - 1997. 

PZD 

O 20 40 60 80 io0 120 140 160 
Nationwide Estjmte (thousand wet tons) 

i996 1997 

Respanses m the orher categories are lisîeú below. 

Other Recycle: none. 

Other Tre;rtment: none. 

ûîherDisposal:nane. 

ï he  s-c on the next page ilhistrates thedishibutionofdewatenngtecJmi~andcmsiteversusaffsite 
mamgmmt for this stream by number ofrespondmts. 
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Figure 72 - Spent Cresylic Caustic Summaxy: 1997 

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

Disposai 

dewatering no. of 
method facilities 

drying..... (01' --i 
me&. 
thicácening. 

filterpress.. 

- g . .  p l  
lol . . . .  other.. 

. . . . . .  m none 

drying..... 
mech. 
thickening. 

merpress. . E l  

VacuUm 
fíltration.. ml 

&ravis - filtration 

other. . . .  

. .  
. .  

. .  

. . . . . .  IOI 
drying..... [-öl 
none 

mech. 
thickening. ml 

filterpress.. 

cmtnfùge.. 
vacuum 
ñîtration . . 

gravisr 
fltration.. 

deCamg..  

other. . . . . .  

lol 
101 
- lol 

management 
tech n ¡que location 

Recycle: onsite offsite 
. . . . . . . . . .  

coker m m  
\ p u d e i n i i t . . . . . .  m m  

pHumtro1.. . . .  121101 
. . .  .lm ml 

k D  

L 

101 
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. . .  101121 regeneration. 

kilnfeedstock... 

kiln fuel . . . . . . .  lolm 
. . . . . . . . . .  

other lolm 
Treatment: onsite offsite 
&elnical . . . . . . .  mlol 

. . . . . . . . . . .  m m  heat 

wastewater.. 111101 
. . .  m m  incineration. 

landtreatment.. E[ 

other . . . . . . . . . .  lollol 

Disposal: onsite offsite 
impoundTnent . . .  

I landfill. . . . . . . .  

I wellinjection.. . 

lother.. . . . . . . . .  
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SPENT NAPlTí'HENC CAUSTIC" 
Ihe U.S. petroleumreñning industry managed an estimated 78 thousand wet tons of Sptmt Naphîhmic 
Caustic in 1997, which was a 52% decrease fim 1996. This caustic was not icldiñed as a separate 
resiáualstreampriorto 1994,biitasummaryofthequaneity~~peryearfrm1994~dis 
p r d  in Figure 73. The ambitmi quantities of all spent caustics mmagedper year since 1987 are 
summan'lzedm Figure 91, whi& shows a decrease fim 1,271 thousaná wet tuns m 19% to 1,056 thousand 
wet tans m 1997, a decrease of 17%. 

Figure 73-Natimwide Estimates of Spent Naphtheuic Caustic per Year: 1994-1997. 

1987 1988 1989 le00 19QI 1992 1993 1094 1996 1996 1997 
Year 

T h e ~ ~ o f t h e S p ~ N a p ~ c C a u s t i c s t r e a m t h a t i s ~ e d b y e a c h ~ g ~ p r a C t i c e i s  
shown m Figure 74 for 1996 and 1997. Recyclmg ccmhues to be the chnimut practice. 

Figure 76Natimwide Estimates of Spat N a p W c  C a d c  by Management Practice: 1996-1997. 

i996 i 997 
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Figure 75 shows the Spent Naphthetic Caustic distribution by matmgment technique for 1996 and 1997. 
ï h e  dwiinant management technique continues to be reclamation. ïb end use reported fbr reclaimed or 
reused material was sale to a caustics processorfbroker, as defined in Appendix A. 

Figure 75-Distxibution of Spent Naphthetic Caustic by Miuq 

Kiln Fuel 

Wastewater 

Incjmraf ion 

, 

717LL 

nient Techique: 1996- 1997. 

O 20 40 60 80 100 120 140 160 
Nationwide Estimate (thousand wet tons) 

Ea 1996 1997 

Responses in the other categories are listed below. 

other Recycle: none. 

other Treatment: none. 

other Disposal: none. 

ïhe s&ematic on the next page illustrates the distribution of dewatehg techniques and cmsite versus o&te 
management for this stream by number of respandents. 
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Sped 
Na hthenicd 

Zaustic 

Figure 76 - Spent Naphthenic Caustic Summary: 1997 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report muiüpie options 

Disposal 

dewatering 
method 

no. of 
facilities 

.none.. .... 

dryin%..... lo] 
me&. 

mter press . . 

centnñge.. 

thickening. 14 
lol 

vacuum 
fikalion.. 

1 - 1  

decanting.. p l  
other . . . . . .  

. . . . .  3 none. 

ceniduge. 

filmlion. 
gravity 
filtration. 

decanting. 

VacuUm 

other..... 

. . . .  lol 
drying..... E l  
none.. 

. 
VWWIU 
fafation. 

gravity 
filmtion, 

d==tu43. 
other.. . . .  

101 
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management 
technique location 

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

... .  m m  
pHcontrol.. . . .  lolm 
Cnideuuit.. 

u- 

kilnfeedstock... rn p-1 
... . . .  m m  kilnfuel. 

other . . . . . . . . . .  

Treaíment: onsite offsite 
dlemical . . . . . . .  m m  

.... . . . . . . .  heat m m  
. v i m h a e r . .  . . .  121101 

. . .  l i lm mcjneraîim. 

lolm landtreatmeat.. 

other . . . . . . . . . .  

Disposal: onsite offsite 
impomdment . . .  lolm 
well injection. . .  m m  

.......... other m m  
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SPENT SULFIDIC CAUSTIC13 
The U.S. petroleum reñmng inmiStry managed an estimated 827 thousand wet tons of Spat Suiíidic 
Caustic in 1997, which was a 12% decrease from 1996. ïhis caustic was not iclmtified as a separate 
residual streamprior to 1994, but a summary ofthe V t y  managedper year from 1994 cmwardis 
presented in Figure 77. The combined -ties of ail spent caustics mauaged per year since 1987 are 
surrnnarized in Figure 91, wiiich shows a decrease íÌom 1,271 thousand wet tons in 1996 to 1,056 t h o d  
wet tans in 1997, a decrease of 17%. 

Figure 77-Nationwide Esthtes of Spent Sulfidic Caustic per Year: 1994- 1997. 
7200 
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The portion ofthe Speat Suiñdic Caustic streamthat is managed by each management practice is shown in 
Figure 78 for 1996 and 1997. Recyclrng Contiaues to bethe most common practice. 

Figure 78-Nationwide Estimates of Spat Sulñdic Caustic by Management Practice: 199ó-1997. 

7996 7997 

13Recall that this report uses IaW such as Spat Sulñdic Caustic in the broader ccmtext of a 
residual streum which incáudes materials that are not subject to RCRA reguiatim. 
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Figure 79 shows the Spent Sulñdic Caustic distribution by management technique for 19% and 1997. 'Ihis 
stream is îypically regeneraîed, recycled Iw pH control7 reclaimed, or managed m the wastewater 
&eatma& fkzlity. End uses reported for reclaimed or reused materiai were sale to a caustics 
prucessor/broker, reuse in chmical prucessing, and reuse in the paper industry. The end-use categories 
are defined in Appedx A. 

Figure 79--Dihbui,ion of Spent Sulñdic Caustic by Managemedit Technique: 199&1997. 

I I 

I I I 

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

other Recycle: one facilty recycles this streamto a sour water stripper. 

Other Treaûmmt: none. 

'Ihe sdiematic mthe next page illustrates the dih~mofdewateringtednnques andonsiteversus 
mauaganentibrthisstreambynumberofrespondents. 
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Figure 80 - Spent Sulfidic Caustic Summary: 1997 

Note: Boxes show no. of facilities reporting each option. 
Some facilities report multiple options 
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Thefoiowjngthreegraphs Summanzethemstdatareportedfbr Speut Sulfdic Caustic. 

Figure 81-te. Manageanent Cost fÒr Spat Sulfdic Caustic: 1997 
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TANK BOT~OMS~ 
The U.S. petroleum re&mng industry managed an estimated 53 thousand wet tons of Tank Bottoms m 1997, 
which was a 71% decrease from 19%. A summary of the quantisl of Tank Boaoms mgeâper year is 
presented in Figure 84. 'Ihe data fbr 1987 through 1994 have been adjusted by deleting the *ties 
consideredto be recovered oil or water rather tban true resichials. 

Figure 84-Nationwide Estimates of Tank Bottoms per Year: 1987- 1997. 
200 
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The portion ofthe Tank Bottoms stream that is matiaged by each management practice is shown in Figure 
85 for 1996 and 1997. Whereas 1996 bad shown anupward spike in quam@, most ofwhich was 
recycled, the estimated quantity f ir  1997 has dropped considerably. The most common managem& 
practice is again chsposal, as it was prior to 1996. 

Figure 85-Nationwide Estimates &Tank Bottoms by Management Practice: 1996-1997. 

Treatment I 43% I 

1996 

Disposai 

1997 

Figure 86 shows the Tank Battoms áistribution by management technique fbr 19% and 1997. 'Ihis stream 
may contain sigmñcant quantities of contaminad sod, and is ofteai managed by land treatment or by 
disposal in a lmrdfill. End uses reported for reclaimed or reused matenal were oil recovery andfuels 
blending. The end-use categories are defined m Appendix A. 

'"Rd that this rqort uses labeis such as Tank Bottoms m the broader umtext of a residual 
stream which includes materials that are not subject to RCRA regdaticm. 
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Fime 8ó-DisüibutionofTankBattoms by Managemat Technique: 199&1997. - 

RedairnReuse 

3 

O 20 40 60 80 100 120 140 
Nationwide Estimate (thousand wet tons) 

1996 1997 

ûther Recycle: none. 

ûtherTreirbnait: onefàditytreatsthissíxeambymacroencapsulation. 

(3he.r Disposai: none. 
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Figure 87 - Tank Bottoms Summary: 1997 
Note: Boxes show no. of facilities reporting each option. 

Some facilities report multiple options 
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section4 
COMBINED STREAMS 

OILY WASTEWATER RESIDUALS'' 
Several tadties d i n e  some or all  of the residuals associated with their wastewater treatment fàulity 
(i.e., MI Separator Sludge, DAF Float, Primary Sludges, and Slop oil Emulsion Solids). 'Ihe combined 
quamty of these oily wastewater streams decreased fiom 723 thousand wet tons in 19% to 467 thousand 
wet tons in 1997, a h e a s e  of 35%. The combined . @ties are sunimanzed . inFigure88. 'Ihedataíbr 
1987 through 1994 have been adjusted by deleting the quantities considered to be recovered oil or water 
ratherthantnieresimials. 

Figure 88-Natimwide Estimates of Oily Wastewater Resichials per Year: 1987- 1997. 

1987 1- 1989 1590 1991 1992 1983 1994 1995 1996 1997 
Year 

The portion of the Oiiy Wastewater Resichias managed by each management practice is shown in Figure 
89 fbr 1996 and 1997. Recychag cmtiuues tobethe domhant management practice. 

Figure 89-Nationwide Estimates of ûily Wastewater Residuals by Managan& Practice: 1996-1997. 

I \ .  

I 15% J 

1996 

I 21% I 

1997 

" R e d  that this report uses labels such as Oily Wastewater Residuals in îhe broach &ext of a 
residual stream which includes materials that are not subject to RCRA regulation. 
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Figure 90 s;hows the Oily Wastavater Residuals distribution by management tehique for 19% and 1997. 
These streams aremanagedprimarily by techniquesthat recycle the ail cunteut. This ismosî commonly 
accomjdished by rouiingîhemto a c o k .  These streams are Sometimes seoito a fiieás blendrng mitfor 
inwration into kiZnfie2. when oil is rmveredjÌmtheSe streams by îhermal desorption, iî is reported 
as reclamation. End uses r v &  for reclaimed or reused m;rterial were oil recovery andfiels Mending. 
The aid-usecategories are cie6nedin-A. 

- 
0 Redaim/Reuse 

Regeneration 
Kiln Feed pi 

Kiln Fue4 
Other Recyde 

Chemical 

que: 19961997. 
a 

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

1996 1997 

Respanses in the other categories arelistedmthe sedions fw each ofthe streamsthat camprise oily 
washmkr resi- (ie., API Separator Sludge, DAF Float, Primary Shdga, and Slop oil Emulsion 
Solids). 
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SPENT CAUSTICS16 
The U. S. petroleum refhung miustry managed an estimated 1,056 thousand wet tans of Spent Caustics 
(i.e., the S p a  Cresylic Caustic, Spgd NaphIhenic Caustic, and Spent Sulñdic Caustic streams combined) 
m 1997, which was a 17% decrease from 1996. A summary of the quarrirty of Spent Caustics managed per 
year is preseuted in Figure 91. 

Figure 91-Nationwide Estimates of Speut Caustics per Year: 1987-1997. 
1600 

1400 
o 0 1a)o 
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The portion ofîhe Spent Caustics stream that is managed by ea& management practice is shown in Figure 
92 for 19% and 1997. Recychg conhues to bethe most common practice. 

Figure 92-Nationwide Estimates of Spent Caustics by Management Practice: 1996- 1997. 

1996 1 BQ? 

Figure 93 shows the Spent Caustics distribution by management technique for 1996 and 1997. While 
recycling by regeneration and reclamation are the dominant techmques used to manage Spait Caustics, 
there is sigmñcaut variation ckpedmg upon the type of caustic. Refemng back to Figures 71,75, and 79, 
it is evident that it is much more common to regenerate s p a  sulfldic caustic, whereas spent cresyhc or 
M P ~ ~ ~ X I ~ C  caustics are more likely to be remed in another inchtry. Reuse of cresyhc and naphthenic 

“Recau that this report uses labels such as Spent Caustics in the broader context ofa residual 
stream which inducks materials that are not subject to RCRA regulaton. 

4 3  

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



caustics is tyjicaiíy associated with either sale to a caustics processorfiroker or reuse in chemical 
processing. Suüìdic caustic îbat is reused may additionally aid up m the paper idustry. nie d m  
catggoriesarede6nedinAppaidixA. Spai tca~csmayalsob%mananedbywartauafer~~ or 
mayberecycled~pHcontrolinthewastewaterplant. 

Figure 9SDisîributim of Spent Caustics by Managemeni Techmque: 19961997. 

RedainúReuse 

I 1 
O 1 O0 200 300 400 500 600 

Nationwide Estimate (thousand wet tons) 

1996 1997 : 

Respanses in the other categories are listedinihe sectim fix each ofthe streams that comprise Spent 
Caustia (ie., Speut Cresylic Caustic, Speut Naphthenic Caustic, and Speut SuEdic Caustic). 
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Appendix A 
ELECTRONIC SURVEY FORM 

The 1997 API ReiÙmg Residual Survey was distributed as a set of diskettes cmmning Paradox@ 
RiinhmeTM and a custom Paradox@ application. Paradox@ Runîimem is s o h e  that allows an end user to 
run custom Paradox@ appíications d o u t  reqiliring that they have Paradox@ or any other application 
software. Bath Paradox@ and Paradox@ R ~ m t i m e ~  are owned by Borland Iniematicmal, who allows 
compaties register& to use bothprochicts to distribute unlintited copies of Paradox@ Runtimem on a 
royalty-fiee basis to end users in order to run custom Paradox@ applications. In this instance, the registered 
application developer is The TGB Partnership, andthe custom Paradox@ application is the 1997 API 
Refining Resichial Survey. 

The custom applicaton required the fbllcwing compirter system fèatures and capabilities. 

6 MB (8 MB recommaided). 
13 ME3 o f h e  space. 

Mcrosoft W m h ,  version 3.1 M later. 

processor 386 or higher. 
Memo~y 0 
Hard disk 
Video monitor VGA or higher. 
Operathg system 
Mouse Reslai.ed. 

Upon l o a m  the sohare, a Runtime icon group is a d  in the Program Manager (or, in Windows 95 
padance, a shortcut icon is added to the Start Menu). D o u b l d w  the RirntUne icon (or smgleclicking 
m the Runtime shodcut iam) resuhs in the followiag menu bedng displayed on the screen. 

. . .- -. . . . . ._ .. . . . . . . .  . . . . . . . . .. 

five forms to be filled out. Each one is accessed by clicking 
Me numbered button nekt to it They may be done in any order, but 

please respond to all t i ,  
“ I  -. .  

,,. . 1 ,  

-~ , , r , - ,~ ~. 
’ _. , .  . ~ 

. .  ,I . ..- . , ,~ 

ïhe on-screminstnicticms directtheuser to dick m a  buttanto open a fana coriqiletingthe survey 
requiresfjllinn out eachofthefiveforms. An additional buttonallowstheusertopririI out apaper copy of 
the fbrms. The user begms the survey by clickmg cm Button l-Refinery Ideutiñcation, which brings up the 
screm & o m  on the next page. 
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At any time, the user may retum to the main menu by dicking 
this button. All data will be automatically saved, and CEYI be 
revised by reiurriing to this form. 

Many of the sunrey questions inciude a 
that brings up a list for choosing a response. 

&-screen birttons allow the user to access a list fim which to choose a respanse. 'zhis format is handy to 
theusermthatitdoesnatrequire~partlcular~~skills,nordoesitreqiai.eseardnqgthrighan 
insüudon mauual for a list. Providing a list ofappropriate response choices also promotes cansistent entry 
ofdata. Asampîelistis~onthenextscrea~. 
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Users simply click the menu button for 'Approx p a r  of 
siarhip', then click on the response that corresponds to 
the period in which their facility began operations. 2 

Ihe third button on the main menu opais a multi-page hrm coilecting data on the rehery's wastewater 
t r ~ f a c i l i t y .  

Begin by declaring how much of the process unit 
areas are served by segregated sewers. 

I - other nonprocess areas. 

Wastewater 

[kcreage of surface impoundhus that is RCRA permitted I I  
, 1 

kcreage oí surface impoundments &î IS not RCRA regulated]]-] 
\ 

u For the areas senred by segregated sewers, 
identify separately the types of hddirig sirudures 
used for process wastewater and for segregated stormwater. 

The ñrst page of the Wastewatm Treatment F a d @  form requests that the user indicate the extent to which 
the reñnery is served by segregated m e r s ,  and the types ofholáing stnrctures used for ummning 

A-3 
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segregated sewer flow. Themenu buttons ofBr the choices of ‘tanks dy’, ‘tanks andîmjmmcimats’, and 
dy’. Ifthe user indicates theuse ofsuríàce imp-, thaithe acreageis 

requested Thenart page 00iiect.s itlformaticm on the hol& ssnictures coiLl[tainjIIcT cambrmed sewer flow. 

identify separatelythe types af hiding siruciures 
For ihe areas suved by combined sewers, 

used for dry weather flow and for wet weather flow. 

’Ihethirdpag( 
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The form shows various levels of wastewater treaimmt, and includes a button for mach. Ciickrng the buttan 
calls up mother hm containuig a iist of the types of equipment typicai to that level of t r w .  One such 
list is shown on the next screen. 

As with the residual streams and treatment 
techniques, the <3> button paps up a description. 

, Click me type or 0101 
! more Man one level 

equipment used at your process wastewaterlacility. [il 
list Me first phase here, and the second phase on me 
equipment descriptutns, click '7') 

, If you have biotreaíment, Dut In the first phase 
, use equipment not listed above, CIIck 'Ower...' 

Click 'OK" 
when I 

r your raciiny uses more than one type of 

(e.g., m a t e d  Sludge and RBC) 

' equipmentfur me ñrst phase of Piotreatment, 
, cllck ' m e r  ...I and men enter each type used. 

Whenever the user has gone to an attached form, 
button is pmvided for returning to the sending form. 

"he survey proceedst0 d e c i  data on certain paramehm at&mmediatepoint.s inthe wastewater svstem. - -  

m e r e  parameter values are requestedas muai quantities. 
the form allows entry as a concentration (Le., ppm or mgA), 
which the form then automaiacaliy converts to p n d s  per year. 

A-5 
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'Ihenextsci r~requeststhel~oftheseandotherparametersinttie~dischargedbythe 
Again, the amouit may be entered as an 

fàdity. 

'Iheñnaipage ofthe Wastewater Treatmat Facilityformcollects data on the guarriitY andsoiiroes of 
dischargewater. 

Alerts such as this help prompt 
conais tentddentry .7  

A-6 
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The first three forms of the survey have collected înf¿mnation on the facility. Button 4-ResiW Streams- 
opens the form that gathers the actual residuais management idòrmation. This form has a button foT each 
residual stream in the survey, with a <?> button next to each. Cliclang on the <?> butûm produces a pop 
up niessage with a brief description ofthat residual. 

ïhe 14 residual streams in the 1997 survey and the clefinitions assigned to each are listed below. 

API Separator Sludge-the sludge that seales out by gravity in the API separator. (aka KO5 1) 
Biomass-acess microorganisms (dead bugs) and other sludge removed fim biological treatment wits, 

(aka BIOX sludge). "'his does NOT incluáe sechmait frmpolishmg ponds, which should be 
reported as Pond Sediments. 

spills orleaks. This doesNOTinclude clean dirt excavateclfór cmstmãion. 

gas flotaticm units other than DAF (e.%., DNF, IAF), both the float and the duâge are primary 
slu&es. DAF Float is R C M  listing K048. 

FCC Catalystt-this includes withdrawal of eqiúbrium caîalysts, solids &awn off fim an electrostatic 
precipitator, and sludge fim an FCC catalyst sealmg pond If routed to TANKAGE for seetlui& 
h o w e v e r , t h e ~ s l u d g e s h o u l d b e r ~ a s T ~ B a # a m s .  

Hydro. Caîalyst+xttalysts that are usedto remove sulfbr, mtrogen, & metals. 'Ihis re9âuai is typicaiiy 
only generated when a reactor is reioaded dumg a tumaround This does NOT indude precious 
Iiietal or rawwatertreatmg catalysts. 

other Spent catalyst-only incide other SOLID catalysts, such as precious metal or raw water treatirig 
catalysts. These are also typidiy gaierated cmly at t u m a r o d .  

Pond Sedim-udges (hd- unáerlying soils) removed fim the bottom ofponds or pond sites, 
inciuámg polishmg paaids downstream fim bio units, raw wata intake ponds, and stormwater 

contamiriated S-includes dirt and dirt mixed with ca is t rdon rubble that has bem contaminated by 

DAF Float-the froth skirinned off the top of a DAF unit (the &dge on the bottom is Primary Sludge). For 

h o l m  p o n d s  - birt NOT catalyst Seating p d s .  
Pnmary Sludges-generdy any wastewater residual that is not separately classified @e., everythmg 

removeú fim the wastewater stream other than fim the API Separator, bio-treatmeat units, or the 
k t  fim DAF units). This category includes B O "  F037 AND F038. 

Slop Oil Emuision Solids-solids (aka K049) derivedfiomthe breakmg ofslop oil etnuisim. Ifthe solids 
are not managedunîîl a&er seühng to the bottom of a vessel or COaIairer, they should NOT be 
reported as Slop oit Ermilsicm Solids. 

Spent Cresybc C a u s t i d  spent caustic is typically fromtreatmg gasoline. 
S p a  Naphthetic Caustio-this spent caustic is typ idy  fimtreahg jet fuel. 
Spent Sulfiáic Caustic-îbis is spait caustic that was used for the removai of hydrogen sulñde frm light- 

endproducts. 
Tank Botbms-dudge deanedfromtanks storing oily a m t a s ,  incluchng crude oil, refindproduds (both 

leaded and mleaded), and bo#oms receiver tanks @e., tanbs collecting the heaviest prorhict f i d o n  
from process units). 

It should be understood that the residual stream labels used in this survey 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 prtìciprmts report the management of all residual type materials (e.g., materiah that are 
byproducts or residuals of petroleum re$ning operatiom). ïñis includes residuals that are bene$cially 
recycled or reclaimed, ap well as materials that are headed. 
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The user selects each stream in turn, and answers 
the auesüons for that stream. 7 

Clicking <YES> for a m e m e n t  practice brings up 
a menu of that pmciice’s management techniques. 4 

’iñeuser clicks a biwaniwiîh a streamname, andthenñlismtheinfolmatianfbr it. Ciickmg <YES>fbr 
any ofthemmapmmtpradces CalLS a h í i s t i ng  managementtechnicpes, with the curreritly seáeded 
stream active. When a fonn fDr a s e l e c t e d  managemat practice is f h t  called fDr a particular stream, it has 
nodata. Afterdatahavebeeneciteredandthefiormhasbeenexited,theusercanrehinitothatfb~to 
revisethedatabyagains$ectmgthatstreamand~~pra&ce. ïhededñmnwjllreappar,ht 
wdinow&owthedata~edpreviuusíy. 

The user fills out the information for each technique 
used at that fadlitv for the stream in auestion. 
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The management techiques fim the 1996 and 1997 surveys are listed below, with the debtions assigned 
to them for the 1997 survey. 

Recycle 
Coker-this r&s to routing the residual back to the coker, wfiich is a thermal crackmg unit (i.e., no 

Cnide & t a s  r&s to r o w  the residual back to a crude mit, which is an atmospheric or vacuum 
Cataiysts). 

distillatmullit. 

[Discontinued as a treatment technique in the 1997 survey.] 
pH Ccisrtrol-this r& to routing a caustic residual to mix with an acidic stream in order to baiance the 

pH or to render the acidic stream less corrosive. 
RedaimReme+xtmcûng usable material fim the resiáual, or reusing the residual in some manner 

other than its o n p A  purpose. Ifrestoreúto its on@ use, report it as Regmeration 
Regeneratia+resto- resichial material so that it may be retumeúto its originai use (typically applied 

to catalysts); this also applies to the oxidaticm of spent caustics IF resultuig in reusable causîic 
(m though it also involves reclamaton ofd). 

kiln. 
Kiln Feedstock-tliis appiies ifthe residual is usedas a raw m a t e d  (rather than for fbd) at a canent 

Kiln Fuel-this applies to residuals that are seut to cement kdns to beused as fuel. 
Other R e c y d 4 s  applies to any Recycling Technique not listed above. 

Treatmaii 
Chemical-this mvolves the addition of chemicals for the purpose of treatmmt, such as f l d  to 

d e  out solids fromemulsicms. 
Hea--medim to high heat methods (eg ,  hot oil, elechic drier, rotary kiln, îhermai desorptim) should 

be reported as Heat Treatment. Use oflow heat, such as steam, &odd be reported as Dewabmg 
andNOT as Heat Treatment. 

wastewater Treatment-this appliesto residualsthat are r o d t o  wastewater, typically throughthe 
sewer. DoNOTin~~matenalsaittothesludge~~,tosludgetbickeonig,orliqiads 
retumedto the wastewatm stream from dewatmq operations. 

Incineration-this appiies to enclosed combustion, andtypidy r w e s  auxiliary fuel. 
Land Treatment-this includes any landspreading or landfanmng operation. 'Ihe residual maybe 

broadcast m o  the grouud or injectecl just under the surhe, and may involve s- activities 
to promotebiodegradation, sudi as- watmhg, or fkrhhmg. 

Stabilization-this applies to solidiñdonwith agents such as lime or cemerit for purposes ofreducmg 
leachability. 

other Treatmentas applies to any Treatment Technique not listed above. 

Disposal 
Impomdment4s ref& to permanently placing (not just in a âepmsian in the g r d  or in 

an area dikeúwithan e a r t h a d  (e.g., a pit, pond, or lagom). This does NOT apply to 
sealing or bio pmds associated with Treatment Techniques. 

Lanc€ñü4s  applies to material that is collected in or on the ground and covered. It typically mvolves 
d y  ndowing residd material. 

Well Injecti-s applies to injectioninto a weli which wauldtypidy extdiriio a nonporous 
rock formation. Surface injedan is classiñed as Lamí Treatment. 

Mer Drsposal-this applies to any Disposal Techique not listed above. 
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nie 1997 survey addeda fornithat is d e d  auîmnatidy when enines are made to the Reclaim/Reuse 
managemc?nttschmque. 'Ihisc.alledfinmrequests~montheenduseofthereclaimedorreused 
material. 

Sded the appropriate enduse category from this list. 7 

The fwmthat is d e d  by selecting a management practice also induds a qluestianonîhetype of 
dewatmgoperationsused,ifany. l l l isquestionisrepeatsdforeach~techaiquelistedcmthe 
iinm As with most othernon-numericaí queries, a pop up meau is providedto facilitate the respanse. 

Clicking the dewatering ehdp button pops \ up a menu d dewatering operations. 
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The <click h r  description> buüm under the dewakmg question calls a form with the dewakmg 
operations listed, as shown onthenext screen. 

Clicking on any of the dewatering operations 
pops up a description of that operaiion. 

~. 

. .  

click it from the list below. 

. .  
" - ._. 

I .  

in the box (don't worry K your texi runs out of sight). 
. .  - . .  

. ." 

Clickingontheb~withthenameofadewatenngoperationpopsupamaiuwitha~~onofthat 
operation. The descriptions of the áewatering operations are listed below. 

Drymg-Drymg with low heat, such as steam, is clasdíed as DewateIing. Medium to high heat (eg., hot 
oii, electric drier, or rotary kh) is classified as Heat Treatmat, rather than as Dewakmg. 

Mechanical Thickening-This generally involves a r o d  tank with rating arms in the bottom that stir the 
sludge. Liquid is drawn offthe top by flowing over a weir into a trough. The sludge isn't treated, it 
just has some of its liquid removed 

Filter Press-île sludge is pressed against a rigid, sievelike ñbr to &ze liquid out. 
DeCanimg (Gravity S&thng)---The sludge is placed in a tank, roii &box, or other container fim which 

Vacuum Fi€tration-"his is similar to a ñiter press, but flow of liquid through the fiber is assisted by 

Gravity Fikratitm-Tñe sludge is placed in a cmîajner (such as a roii off box chgned for this purpose) 

CgQituge-'Ihis is kind of like putúng sludge in your washrng machine on the SPIN cyde. 

water is &awn off from the top. 

mamtamq a negative pressure beyond the mer. 

which aliows water to drain outthroujjh a screen orñlterinthebottorn 

. . .  

The ñual f;orm of the survey is activated by clicking Button SCost Data. 'ibis hm is simiiar in 
appearance to the Residual Streams form, but collIajIls 6 streams rather than 14, as shown in the following 
screen. 
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The Cost Data form is similar to that for Residual 
stream, but lists only six streams. b 

clicking the <YES> button caUs a 
form with boxes to enter cost data. 

Ciidmg <YES>for either the gisite M ofhite co6t quesiian calls a form fw mîmingthe cost data, shown 
mthene?ctscreen. 

Separate cdumns are provided 
onsite & offsite costs. 
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Appendix B 
DESCRIPTION OF STATISTICAL PROCEDURES 

The 1997 API Reñmng Residual Survey used similar statistical analysis methods as used in previous years. 
No changes were made in the procedures for generaúng the rqgession model, extrapolamg the respondeat 
data to nationwide estimates, or in estimating ~ t i ~ ~ ~ ~ i á e  quanbties for the individual residual streams. 
This was done to maintah consistency in the reporhng methoás fim year to year. 

DATA COLLECTION 
?he 1995 survey was the first to require elecb-onic submission of data. while this impactedthe mechanics 
of compiling the data, it required no &ange in the proCsdures used to analyze the data. The eietmmic 
formatwascontinuedwiththe1996and1997surveys. 

It was observed that a certain amount of the variability m earher surveys was atbibutable to incunsimcy 
in the assumptions made by r e s p o n h .  Quar&ties had varied depending upon whether a f à d t y  reported 
the amount of residmi a r e  &watering, or only the sludge cake remainmg atter dewatering. Furthermore, 
the assignmPnd: of categories by respondents had varied due to ddììsng intapretations of the meaning of 
Certain survey terms. To promote wmktency, the 1995 survey mciuded explicit inshwtims to report only 
the quauhty of residual remaining after dewaterjng, exciusive ofrecovered d or water. Anuther step takm 
to hcilitate mmisteaicy was to add a pop up message box fbr each categoxy m the survey, amhiuhg a 
dehition ofthe label fbr that category. 'Ihese guidance tools were enhanced in the 1996 and 1997 surveys. 

Data wnîinue to be collected on the same 15 residual streams as in the 1994 survey, but combmmg the two 
primary sludge categories from that survey resulted in 14 streams begmmng with the 1995 survey. The 15 
streams in the 1994 survey were dyhalfthe 30 streams indudedin d e r  surveys, but those 15 streams 
r q d  approximately 80% of the total residual quantity &om the previous surveys. ï h e  1994 report 
concludedthat the data pa#emhad changed very little withthe fewer streams, and the regression model 
usedprevi~ywasretainedandhasconiinuedinusewithsubseqwntsurveys. 

REGRESSION MODEL 
In order to generate an estimate ofthe total quarrtity of residuais managednatimwiáe, amodei &be 
developed for predicting the quantity of residuals managed at the h d t i w  which did not respond, based on 
the data received &om those r&eries that did respond. The develop- of this niodel involves 
establishng the relatiodnp of some known quantity to the unknown quanúty of resiáuak. In each year of 
the API lùzhung Residual Survey? the known quantity ofíhroughput capacityhas been usedto predict the 
uuknown quanúty of residuais managed. î ñ e  model assumes a linear r e l a l i w  behiveen throughput 
capacity andthe square root of the total @ty of resimials manageù, as shown in the foilowing equation. 

$R = b,+b,C 

Where: R = estimate of total residuais managed by a fbcility (wet tons), 
bo = the y-intercept of the regression line, 
b, = the slope ofthe regression line, and 
C = the throughput capacity of the facility (bsd). 

nie value o f R  is described as an esbmate ofthe total quanitity of residuais managed by a r & q ,  but in 
fact is now taken as the total ofthose streams inchided m the survey. Given this revised deñniticm of R, 
&,ich was ñrst introduced in the 1994 survey, throughput capacity COZl$I1UeS to be an accepîable predictor 
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uîthe square root ofresidual quanti@. nie known d u e  ofthrougúput capacity was taken as that 
published by the Oil & Gas Journal m the table7 WorMuide Rejneries-Gqmcities m of Jmnuay I ,  1997. 

F “ G  THE MODEL TO THE 1997 DATA 
Data fiomfive ofthe 70 respondents to the 1 9 7  survey were either missing or inaccessible oníhe 
submitted cliskettes. Data &omthe reanaimng 65 repden& wereplotted on a scale ofR”’ versus C and 
assessedforoutlim. Alinearregressianwa~displayedonthescattergtaphafthedata~withp~ei 
boinids árawn on either sick ofthe regression. A visual appraisal i<lentined o m  data point íàllmg weil 
above the upper b o d  ï he  data w e r e h  ranked by squared error, conñmmgtbat the facilisr visuaüy 
identifiedfiomîhe scattergraph didjndeedhave a substautidy larger squarederrorthanthe chet ficilities. 
ïhis outlier was removed, andtheñnalregressionwastheuperformedontheresnaining ó4íàQzities. 

ïheequationdev$opedframthe1997surveyis: 

f i  = 22.8+7.17~10-~C 

with anR2 measure ofcorrehion equal to 0.58. 

ESTIMATING NONRESPONDE” Q U A ” E S  

. .  
Jnordertoih&ratethisdc3emm& cm,assumeathrougúputcapacityo 72,000 bsd: 

fi = 22.8 + 7 . 1 7 ~ 1 0 ~  (72,000) 
= 74.424 

R =(74.424)2 
R =5,539 

E 2  
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Bias Correction 
The bias correction ~ctor is derived fim the fÒUowing relationship:' 

where Vis the variance and E is the expected value. lhmqgg . the above equation to solve for E(R) and 
using R* to represcat E(R), the expected or unbiased value, the fbllowing equation is obtained: 

n e  variance, v(@) , inthe above equartim is calculated í i-mthe equatmn2 mow h r  an individual 
ncmrespona facility h. 'ibis equation represents the variance of a new observation, indepaiderii ofthe 
values fim which the regression analysis is based 

Where: C, = the îhroughput capacity of nonrespaaidait fàcility h, 
- Ci = the throughput capacity of respondent iàcility i, 
C =the average ofthetbroughpuî capacities ofthe respmdmt íàcilities, 

And the mean square error, MYE, is determined as fbilows: 
n 

Where: y j  = fi as reported fbr respondent faciltty i, and 
j i  = J R  as predicted for the same fim the regessim equation 

The average capacity of the respoadart facilities is 1 1 1,472 bsd and the sum of the squares equals 
570,500,000,000. nie  bias corredicm factor for the jJlustdon of72,OOO bsd is then calculated as follows: 

r 1 

1 (72,000 - 11 1,472)2 i.(&) = 339711 + - + 
64 570,500,000,000 

= 3,459 

The unbiased residual estimate is then the sum ofthe biased estimate plus the bias correction factor: 

R *  = R + V ( @ )  

R * = 5,539 + 3,459 

= 8,998 wet tons. 

'Meyer, Paul L., 1970, Introductory Probability and Statistical Applications, 2d ed, Addison- 

%&er, John and William Wasseman, 1974, Applied Linear Statistical M¿u€els: Regression, 
Analysis of Variance, and Experimental Design, Richard D. Irwin, lnc., Hamewood, IL, pp. 69-74. 

Wesley Publislmng Cbmpany, Rea- Massachusetts, pp. 134-135. 
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Eachresiáwi esh'mate for anonrespandent has a variance assoczatRd . 
ofthe~~sedestimatewhichis~~~~theva8imceofthesquarerootofthebiasedvaluediscussed 
previdy (i.e., the bias d o n  &dor). 'Ihe Vanance uîthe iaibiased eshate, based cm the equation 
fix R*, is: 

withit.Thisvarianceisthevariance 

V(R I) = V(R) + VIV(@)] 

nie ñrsttermmîhe above equation, VR), is the variance o f R  and can be clenvedfiomthe following 
l-dati*:3 

ïñe secandtermis the variance ofa variance. If$ represents a variance, then the variance of$ is:4 

Zd 
n-1 

V($)  = - 

P(R*) = 4RxV(@)+ 21V(@)12 
n-1 

FortheiuustratiOn ofa 72,000 bsdíàcility, thebiasedestimatewas 5,539 andthe bias correCtigi&ctor~ 
was 3,459, and thus the unbiased eslimate ofthe residual quardty is 8,998 wet tons. ?he Variance ofîhe 
inibiasedestimateis 

2(3,459)2 
64-1 

V(R *) = 4(5,539)(3,459) + 

= 77,017,435 

30p. cit., Inh.oductory Probability a d  Statistid Applicatiom, pg. 139. 

%uq, Kail V., StatistidModexS in Applied Science, Wiley-IoitarsCieice, New York, pp.249-250. 
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ESTIMATES FOR THE U.S. PETROLEUM INDUSTRY 

Estimated Nationw 'de Total Residuals 
The esîimateú total quantity of residuals for the U.S. petroleum refirnng inâustry is the sum of the residual 
quantities reporteú by the respadent facilities plus the unbiased estimates for the nonrespondent fadities. 
The total quanúty reported by the respondent fadities was 1,179,360 wet tons, resulûng in an &te of 
1,556,73 1 Ior the nonrespon- facilities. 'zhe total nationwide esthate of the quaniity of these residual 
streams for the petroleum re.tùnng máustry is therdore 2,736,091 wet tons. 

Variance of the Total Res& 
The variance ofthetotal estimatsd quatüity is the sum of the variances associated wiîh each individual 
fiicility. As in previous years, this calculation was simpliñed by assuming that the residual quantities of the 
respmdcm are known -ties whichhave no variance. ïherhre, oniy the ncmrespon~ umtribute 
to the variance of the total estimate. Since the total residual quanbty for the industry, T, is a linear 
combination (sum) ofthe individual íàciìity quantities, the total variance is calculated by the foilowing 
equaiian:5 n 

h-1 
V(T) = V(R,*) +Y(&*) + ... + Y(&*) = C Y@;) 

Where: 
V(RJ = the variance ofthe unbiased estimate for nonresponderrt íàclhty h, ami n 

is the nimiber ofnanrespandesrt íàcilities. 

nie sum ofthe variauces of the unbiased estimate íbr the nonrespondeait hcilities for the 1997 survey is 
18,114,000,000. 

Perceslt Error 6x the Estimate of Total ReSdw& 
The perm mor is based on the prediction intervat for the estimate of total residuals, which is depemhî 
upon the total variance and the cdidence level chosen. For a 95% amfidence level, the prdctioo inîerval 
is calcuiated by the Ioliowing  equation^:^ 

where the coefficient 2 is the approximate vaiue of the Student's t distribution for sample sizes larger than 
30, and Tu and TL are the wer and lower limits, respectively. Using the above equations, the prediction 
interval for the total mdusîry is 2,466,915 to 3,005,268 wet tons. 

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

E % =  - 2 m X  1Wh 
T 

The percent mor Ior the 1997 estimate is 9.8%. 

5Box, George E.P., William G. Hunter, and J. Stuarì Hunîer, 1978, Statistics for Experimenters: 
An Introduction to Design, Data Analysis, andModel Buikling, John Wiley & Sons, New York, pp. 87- 
88. 

60p. cit., Applied Linear Statistical Models, pp. 71-74. 
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Theproportioaiiogprocedure begins with the calculation ofthe ratio ofthe quantity reported by respaadents 
for a givm catqqnyto the total guLnisity reported by respcmdents. This d o  is then multiplied by the total 
quantity e s h a t e d f ò r ~ .  The sum ofthe qymtity reported by respondents plus that 
~byproportian~n~~~isthentheestimatednationwidetotalforthat category. 

'Ibis procechire may be itlustrated by consi- the API Separator Sludge stream. ' h is  stream regeserits 
46,063 tons of the 1,179,360 tutai úms r e p o d  by reqondem, or 3 .Ph. Applying the 3.9% propdm to 
theestimatednoarespaaidenttohal of1,556,731 yields 60,802tatis. Addingtherespondent and 

wettuns. 
quadties yields an estimatednatimwide total guantitY of API Separator Sludge of 106,865 

E 6  
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Appendix c 
DATA TABLES 
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Appendix D 
PARTICIPA~ûN SUMMARY 

1997 Survev Participants * 
AGE Renning 
American Refining Group 
ARCO 
BP 
mm 
Cenex 
Chevron 
Clark Refíning & Marketing 
coastal corp. 
Conoc0 
Crown Centrai Petroleum 
Equilon 
Ergon 
Exxon 
Farmiand Industries 
FINA 
Giant Refining 
Hunt W n i n g  
Huntway=w 
La Gloria oil and Gas 
LeaRehing 
Lyondell-Citgo 
MAPCO 
Marathon Ashland 
Mobil 
MontanaRefining 
Motiva 
Murphy Oil 
Naíional Coop. Refinery Assoc. 
Navajo Renning 
Pennzoii Quaker State 

Placid Refuùng 
SanJoaquinRenning 
Sinclair 
Somerset Refineq 
TOSCO 
U.S. Oil & Refining 
Utramar Diamond Shatnrock 
UnitedReEining 
Valero 
WynnewoodRe€ining 
Young Renning 

Phillips 

chnpanies Partici? a tine at Least once in the 1995- 1997 Perid* 
AGERefining 
American Refíning Group 

(was Kendall) 
Amoc0 
ARCO 
Ashland 
BHPPetr. Americas 

(now Tesoro Hawaii) 
Big West Oil (Flying J) 
BP 
Cenex 
Chevron 
mG0 
Clark Refining &Marketing 
coastal chp. 
&nom 
cwntrymak cooperative 
Crown Central Petroleum 
Ergon 
Exxon 
Farmland Industries 
FINA 
GiantRehing 
Golden Bear oil Specialties 

HUntRetïning 
Huntway Renning 
La Gloria oil and Gas 
LeaRefíning 
Lion oil 
Lyondeil-Citgo 
MAPCO 

(was Witco) 

(now Williams Rennuig) 

Marathon 
Mobil 
Montana Refining 
Murphy Oil 
National Cooperative Reñning Assoc. 
Navajo Reftning 
Neste Trifínery 
Paramount Petroleum 
Pennzoil 
Phiiiips 
PlacidRdning 
Pride Refíning 
San Josquin Refining 
Shell 

Sinclair 
Somerset Refinery 
CoUndReîining 
Star (now Motiva) 
SUn 
Tesoro 
Texaco (now m o n )  
TOSc0 
Total 

Ultramar Diamond Shamrock 

(certain facilities now E!quiion or Motiva) 

(now Ultramar Diamond Shamrock) 

us. oil &Refining 
UnitedRenning 
Valero 
W y n n e d R e n n i n g  

(Gary Williams Energy) 
Young Refíning 

*Listing indicates participation in tlie survey by one or more of a company's facilities. 
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