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Institute 

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 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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

Full document details: API Publ 352-1999 scan

http://www.avadocuments.com/doc/api-publ-352-1999-scan
http://www.avadocuments.com/doc/api-publ-352-1999-scan


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 
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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. 
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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. 
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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 
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c. 
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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. 
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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 
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150 

50 
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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 

L 

14t none.. . . . . 
drying..... 111 

filterpress. 

centdùge. 

loi other. . . . . . 

Disposal: onsite offsite 
impoinidment . . . lolm 

I 
\-landfill . . . . . . . . ml' ' 151 

mlol other . . . . . . . . . . 
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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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