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One of the most significant long-term trends affecting the future vitality of the petroleumindustry is the 
public’s concerns about the environment. Recognizing this trend, API member companies have developed 
a positive, forward-looking strategy called STEP: Strategies for Today’s Environmental Partnership. This 
program aims to address public concerns by improving our industry’s envjronmental, healfh and sakty 
performance; documenting performance improvements; and communicating them to the public. The 
foundation of STEP is the API Environmental Mission and Guiding Erívironmental Principles. 

API ENVIRONMENTAL MiSSION AND GUIDING ENVIRONMENTAL PRINCIPLES 

The members of the American Petroleum Institute are dedicated to continuous efforts to improve the 
compatibility of our operations with the environment while economically developing energy resources and 
supplying high quality products-and services to consumers. The members recognize the importance of 
efficiently meeting society’s needs and our responsibility to work with the public, the government, and 
others to develop and to use natural resources in an environmentally 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 these principles: 

9 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. 

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

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

*:. To counsel customers, transporters and others in the safe use, transportation and disposal of 

e:* To economically develop and produce natural resources and to conserve those resources by 

9 To extend knowledge by conducting or supporting research on the safety, health and 

, 

our raw materials, products and waste materials. 

using energy efficiently. 

environmental effects of our raw materials, prgducts, processes and waste materials. 

9 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 gqvernment and others in creating responsible laws, regulations and 
standards to safeguard the community, workplace and environment. 

9 To promote these principles and practices by sharing experiences and offering assistance to 
others who produce, handle, use, transport or dispose d 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. 

MI IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MA"FAC- 
TURERS, OR SUPPLIERS TO WARN AND PKOPERLY 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, APPAMWS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

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

The petroleum refining industry managed 4.8 million wet tons of 15 key residual materials in 1994. This 
was comparable to the quantity for these streams reported in 1992, and is somewhat less than the high 
observed in 1990. A peak in the Primary Sludge residual stream (associated with the regulatory 
deadlines to close or retrofit surface impoundments) and an increase in Hydroprocessing Catalysts 
overwhelmed the reductions observed for Pond Sediments and Contaminated Soils, and contribute to 
making this last cycle the third largest documented by the American Petroleum Institute's (API) annual 
refining survey. 

Summary of Residual Generation: 1987 - 1994 (represents 15 residual streams') 
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Regarding the management of these streams, treatment continues to account for slightly more than 30 
percent of the residuals. Since 1992, however, more material has been recycled than treated. Use of land 
treatment has diminished substantially and disposal, which peaked between 1990 and 1991, has 
stabilized at a low level comparable to that observed in 1989. 

These findings were based on the data from 15 residual streams that were included in API's refining 
survey. API substantially reduced the number of streams included in its 1994 survey in order to curtail 
the burden associated with participating in the study. The streams selected for continued study include 
the most closely regulated residuals and other high volume streams that are generated by the majority of 
refineries. The 15 streams represent approximately 80 percent of all residuals generated and are the most 
costly streams to manage. Refiners responded positively to these changes, reporting that the new, 
abbreviated forms were much easier to complete. This was reflected in the response rate for the study, 
which continued to represent more than 60 percent of the domestic refining capacity. 

Other modifications of the survey questionnaire were undertaken to improve the utility of the data. For 
example, the spent caustic stream was broken out to differentiate the three types of caustics: sulfidic, 

API's Petroleum Industry Environmental Performance (PIEP) report (API, 1996) lists 13 residuals. The 
numbers are comparable, however, since the PIEP report treated three caustic streams as one stream. These streams 
represent approximately 80% of all residuals generated. 

ES- 1 
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naphthenic and cresylic. This enabled a better comparison between Environmental Protection Agency’s 
(EPA) and MI’S findings on the management of these materials. As noted in the report, both groups 
found that a substantial portion of the spent caustics are reclaimed, used as commercial feedstock, or 
reused as secondary materials in other manufacturing processes. 

- e . .  ,.... * * ’  
-.* ., . . . * - . - * .  a .  

I I l I l I I 

Trends in Management Practices 
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Other revisions included new questions on wastewater treatment systems and discharges and the 
inclusion of questions on the management costs for several of the streams. This information should 
expand the utility of the survey findings, enabling multi-media tracking of industry progress and 
practical experience with cost accounting strategies. A series of scatter plot charts summarizing the cost 
data are included following the discussions of API separator sludge, hydroprocessing catalysts, and spent 
sulfidic caustic. 

ES-2 
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INTRODUCTION 

For 1994, the American Petroleum Institute (API) substantially revised its annual refining survey. The 
scope of the survey was expanded from the single media (wastekesidual) approach by the inclusion of 
new questions on wastewater treatment systems and discharges. A series of questions on the 
management costs for select residual streams was added to the basic survey items on generation 
quantities and handling practices. To reduce the burden associated with completing the survey, API 
limited the number of residual streams included in the survey. Using criteria that included regulatory 
status, quantity generated, and the magnitude of management costs, the number of streams included in 
the 1994 survey was reduced from 30 to 15. Data reported in the Executive Summary represents only 
the 15 streams surveyed for years 1987-1994. 

These changes reflect API’s ongoing critical review of the survey effort and its commitment to 
implement modifications that will improve the quality and utility of data collected. The reductions in 
the scope of the survey were bom of necessity. Given the overarching economic considerations 
directing the streamlining of American industries in the 1990s, refiners view voluntary efforts 
critically. An important factor in their decision to participate in such efforts is the “value added to 
their operations from participation in an extemal effort. 

The additions to the 1994 survey are N I ’ S  attempt to increase the value of the survey. The inclusion 
of information on capital improvements to the wastewater system and on management costs will be 
used to create benchmarks that refiners can use to evaluate their performance and the efficiency of their 
operations. The inclusion of these questions also reflects N I ’ S  desire to keep abreast of current 
environmental performance monitoring trends: multi-media tracking systems and mechanisms to 
support total cost accounting. 

The changes in the scope of the survey also have ramifications on the public reporting of the industry- 
wide estimtes. Whereas the survey previously summarized all residuals generated by the industry, the 
1994 effort provides a profile of some of the residuals. Accordingly, the format used in this report 
focuses on specific streams, in a section-by-section basis. The waste management hierarchy--which 
recognizes that prevention of waste by source reduction activities and recycling is preferred to 
treatment and disposal of wastes--has been retained, but is used now to structure the reporting on each 
of the residual streams. 

Despite these changes, the procedures used to collect and analyze the data have remained consistent 
over time. The next chapter of this report will describe these methods. 

METHODOLOGY 
The listing of refineries published by the Department of Energy as The Petroleum Supply Annualfor 
1994 was used to identify the census of 159 operating refineries. The revised questionnaires were 
mailed out in April, 1994 with instructions to return the completed forms within six weeks. This 
submission deadline was extended 10 additional weeks to maximize the response rate. As in all 
previous surveys, contact was maintained with all refineries during the field administration, with 
follow-up calls placed to refineries to encourage participation and through a “HELP-line’’ staffed by a 
refining expert. 

The sections that follow describe the revisions to the data collection forms and the estimation 
procedures used in the study. 
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Data Collection Forms 

The two-section format was retained for the survey questionnaire. The first section was comprised of 
12 short-answer questions that obtained information on refinery characteristics such as age, size, 
complexity of processing, sulfur content in the crude slate, sewer and wastewater treatment system 
codigurations, and effluent characteristics. 

The major revisions to the questionnaire focused on its second section, wherein data are collected on 
specific residual streams. As noted previously, the number of residual streams was reduced from 30 to 
the 15 streams listed below': 

API Separator Sludge 
DAF Float 
Slop Oil Emulsion Solids 
Primary Sludge (F037) 
Primary Sludge (F038) 
Tank Bottom 
Pond Sediments 
Contaminated Soils 
Biomass 
FCCU Catalyst or Equivalent 
Hydroprocessing Catalysts 
Other Spent Catalysts 
Spent Sulfidic Caustic 
Spent Naphthenie Caustic 
Spent Cresylic Caustic 

These streams actually correspond to 14 of the residuals used in previous surveys, because Tank 
Bottoms includes both Unleaded and Leaded Tank Bottoms, while the three Spent Caustic streams had 
previously been amalgamated into one Spent Caustic category. 

To further minimize the effort required to complete the forms, the data sheets were streamlined. In the 
past, empirical data were collected on the amount of residual generated and the total amount that was 
managed in a given year. Because the industry had substantially reduced its use of additives to facilitate 
subsequent handling, and movement of residual material in and out of storage was extremely small, it 
was decided to drop the questions on generated quantities and the adjustments made for treatment 
additives and storage. This eliminated four i tem from the data sheet. 

The streams on which data were not collected in 1994 were: Waste Oils/Spent Solvents; Other Oiiy 
Sludges & Organic Wastes NOS; Heat Exchanger Bundle Cleaning Sludge; Waste Coke/Carbon/Charcoal; Waste 
Sulfur; Other Contaminated Soils; Oil Contaminated Waters (Not Wastewater); High pH/Low pH Waters; Spent 
Sulfite Solution; Spent Stretford Solution; Other Aqueous Wastes; TSD Leachate (F039); Spent Acids; Waste 
Amines; Other inorganic Wastes; and Other Wastes. These residual streams were reported by fewer respondents 
and in smaller quantities that those streams retained for investigation in the 1994 survey. The 15 streams included 
in the survey represent about 80% of ail residuais generated. 

I 
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The data sheets were also precoded to further reduce the respondent burden. The responses to the 
1992 and 1993 questionnaires were reviewed to identify the most common recycle, treatment and 
disposal methods used for each residual stream. These methods were then used to customize and 
precode the data sheet for each stream, obviating the need to look up management techniques and 
transcribe the associated numeric codes. Spaces were provided for respondents to designate “other” 
handling techniques, in addition to those preprinted on the forms. 

The question on pollution prevention activities previously included on each data sheet was moved to the 
first section of the questionnaire with the other short answer questions. This placement of the question 
gave recognition to the importance of the descriptive information obtained on innovative pollution 
prevention activities. 

These changes to the data sheet enabled a substantial reformatting of the form to further increase the 
ease of completion. 

As noted previously, new items were developed to obtain information on the costs associated with 
handling residual materials. In an effort to limit the burden of these new questions, while gaining 
experience with the cost data elements, the questions were placed on only three data sheets: API 
Separator Sludge, Hydroprocessing Catalysts and Spent Sulfidic Caustics. Two cost questions were 
asked. The first was directed at on-site management costs. Respondents were asked to indicate the 
total expenditures as well as the factors included in the estimates (e.g., capitalization of costs, operating 
expenses or contractual costs). The second question focused on off-site management costs, requesting a 
break-out that included recycling, treatment, disposal, analytical, transportation, and tax costs. Here 
respondents were asked to designate the basis of their response, either actual costs/receipts, estimates 
or rough estimates. 

A copy of the questionnaire illustrating these revisions is presented in Appendix A. 

Data Analysis 

For the 1994 survey cycle, all data handling and analysis procedures were performed on a PC 
platform. This necessitated rewriting the statistical programs (which had previously been performed on 
a mainframe computer using the SAS programs), but even with this reprogramming, the overall data 
management costs were reduced by the reliance on PCs. 

As in the past, the data verification and estimation procedures included automated consistency checks 
for the variables on each data sheet, as well as final range checks across respondents and comparisons 
with the data previously submitted by the respective refinery. In all cases, any questionable data were 
verified by direct contact with the facilities to ensure their accuracy. 

A detailed description of the estimation procedures is presented in Appendix B. As discussed, 
preliminary analyses were performed with data sets from previous survey cycles to ascertain if the 
reduction in the number of residual streams and collection of data on the “managed” quantities (as 
opposed to “generated” quantities) would affect the use of regression analysis to create industry-wide 
estimates. Because very little change was noticed in the overall pattern of the abbreviated data set as 
compared to the scattergram containing all residuals, it was concluded that the 1994 survey would not 
require a new regression model. 
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The general linear regression model used relates the square root of the residual quantity, R, for an 
individual refinery directly to throughput capacity, C, as shown in the following equation: 

where bo is the intercept and b, is the slope of the regression line. 

The specific regression equation developed for the 1994 data is: 

a = 46.284 + 8.9652.X 104C 
with a coefficient of determination (COD), ?, of 0.59. This COD is similar to values obtained in 
previous surveys. (It should be understood that this equation is used to develop an estimate for the 
group of refineries that did not participate in the survey. It is not intended for use with an individual 
refinery. ) 

As described in Appendix B, procedures similar to those used previously were developed to create a 
bias correction factor for the estimate and to calculate its variance and the percent error. The percent 
error for the 1994 estimate, 5.44 percent, was similar to that for previous survey cycles. 

RESULTS 

Response Rate 

Of the 159 operating refineries in 1994, 84 (53 percent) completed and returned the survey forms. 
These refmeries represented 64 percent of the domestic crude oil refining capacity. 

Participation of refineries in the largest capacity classes was quite high, with more than haif of ail 
operating refineries greater than 10,ooO barrel per stream day (bsd) responding. Also, as noted in the 
discussion of the estimation procedures, the six largest refineries all participated in the survey. 

Respondent Characteristics 

The location of the participating refineries is illustrated in Figure 2. The largest concentration of 
participating refineries was in the US. Department of Energy’s Petroleum Administration for Defense 
(PAD) III, the TexadLouisiana region. With 33 refineries, this was one more facility than responded 
in the last survey cycle. The number of refineries participating in PADS I, II, and IV were similar to 
those previously reported (11, 18 and 8, respectively). In contrast, the 14 refineries responding from 
PAD V represent a substantial drop in participation from the California region. 
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Figure 1 .  Number of Respondents by Capacity Group 
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Figure 2. Location of Participating Refineries 
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API uses the National Pollution Discharge Elimination System (NPDES) permit classifications to 
categorize the complexity of refineries (See Question 4 in Appendix A). The simplest form of crude 
processing is performed at facilities that exclusively rely on “Topping” operations, while the most 
complex processing configuration is an “integrated” system that includes operations to catalytically 
crack hydrocarbons and to produce chemical and lubricating products. As shown in Figure 3, the 
“cracking” refineries were the most predominant group, with 42 refineries or approximately half of the 
respondent population. As depicted, there were slightly more petrochemical plants than topping, lube 
or integrated facilities. 

Figure 3. Distribution of Respondents by NPDES Complexity Classification 

50 

40 

10 

o ” I I I I l 
/ 

TOPPING CRACKING PETROCHEM LUBE INTEGRATED 

As the distribution of refineries by age shows, half of the refmeries began operations before 1940, and 
another third came on line between 1941 and 1960. Only eight of the participating refineries began 
operations in the last 25 years. 

Figure 4. Distribution of Respondents by Refinery Age 
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As previously noted, the 84 responding refineries represented 64 percent of the domestic refining 
capacity. They reported processing 3.34 million barrels of crude during 1994. Thirty-four (34) 
refineries charged crude every day during the year and another 12 were down for less than a week. 
All other refineries reported operating on 304 days or more. Regarding the crude run, 43 reported 
stock with less than 1 weight percent of sulfur, while 29 reported a slate between 1 and 2 weight 
percent sulfur. The remaining 12 refineries reported crudes with more than 2 weight percent of sulfur. 

Eighty facilities answered the new question (Question 7) on the configuration of their wastewater 
system. None of these refmeries indicated that they did not have wastewater treatment components. 
As indicated in the following table, 80 refineries reported having primary oil/water separation 
equipment, 60 had secondary oil/water separation components, 64 used secondary biological treatment, 
and 34 reported tertiary/polishing treatment. Most refineries reported having only one type of each 
stage of treatment, but 8 indicated that they had more than one type of secondary biological treatment 
and 5 had more than one type of tertiary/polishing treatment. 

Table 1. Frequency of Reporting Wastewater System Components 
WASTEWATER TREATMENT COMPONENT 
PRIMARY OWWATER SEPARATION (n = 80) 

OiUWater Separator (e.g., API separator; corrugated plate, etc.) 
Other 

Gas Flotation (Dissolved or induced Gas) 
Filtration 
Other 

SECONDARY OWWATER SEPARATION (n = 60) 

SECONDARY BIOLOGICAL TREAThENT ( n = 64) 
Aerated Lagoon 
Trickling Filter 
Activated Sludge 
Rotating Biological Contactor 
Other 
Anaerobic Filters or Contactors 
Other 

TERTIARYIPOLISHING TREATMENT (n = 34) 
Filtration 
Carbon Adsorbers 
Biological Denitrification 
Metals Removal Processes 
Other 

76 
3 

~ 

52 
2 
6 

11 
4 
52 
4 
1 
O 
3 

17 
6 
3 
3 
11 

As would be expected by the reporting patterns, the most commonly reported combination of 
wastewater treatment components include primary oil water separation, dissolvedhduced air flotation 
and activated sludge. As shown in Table 2, reporting such a combination of primary and secondary 
wastewater treatment components predominated in each capacity class. Note that 40 percent of the 
refineries with capacities greater than 100 BSD have upgraded their systems to include tertiary 
treatment. 
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TREATMENT TYPE/ 
CAPACITY CLASS 4 0  BSD 10-50 BSD 51-100 BSD 101-200 BSD >200 BSD 

I primary Separation Only I 1 2 1  I 3  I l  
Primary & Secondary 

Primary, Secondary & Tertiary 

~~ 

3 16 13 11 9 

2 3 10 7 

In response to the new Question 8,35 refineries indicated that they exclusively use tanks to manage 
storm water and wastewater downstream of their primary oil/waste separation units, while 6 reported 
that they use only surface impoundments. The 32 other facilities that answered Question 8 use a 
combination of tanks and impoundments. Sixteen facilities reported having obtained Resource 
Conservation and Recovery Act (RCRA) permits for their impoundments (or the impoundments had 
interim status). These impoundments ranged in size from 1 to 44 acres. Combined, there were 249 
acres of permitted impoundments. There was a total of 1178 acres of impoundments reported as not 
regulated under RCRA. The 31 facilities reporting these impoundments indicated that their size ranged 
from less than 1 acre up to 350 acres. 

Another new question (Question 10) developed for the 1994 survey pertained to the quantity of water 
discharged daily from the refineries. The 72 facilities that answered the question reported values from 
O to 34 million gallons per day (MGD) for a total of 268 MGD. This resulted in an average of 3.3 
MGD per refinery. The median value was 1.73 MGD. 

The second part of the question on water discharges required the refiner to indicate the sources that 
contributed to the water discharged (e.g., the percentage that was process wastewater, non-contact once 
through cooling tower water, treated storm water, etc.) The table below summarizes these responses. 

Table 3. Sources of Water Discharged by Refineries 

As these values indicate, almost all refineries report that process wastewaters contribute to the water 
discharged under their NPDES permit. In fact, 18 refuieries indicated that process wastewaters 
represent more than 90 percent of the water they discharge. More than half of the respondents 
indicated that non-contact cooling tower waters and treated storm water contribute to their effluent, 
while approximately one third reported discharging untreated storm water or treated groundwater. 
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Another new question (Question 1 i) requested information on the annual water quality discharge 
parameters. To standardize the responses, the pounds of each parameter reported as discharged 
annually was divided by the wastewater flow reported in Question 10. The values for the five 
parameters that were most widely reported are presented below. 

v Discharge Parameters 

As the table entries indicate, the values vary substantially within a given parameter. Because of this, the 
median is used as a measure of central tendency since it provides a better understanding of the 
distribution of responses. Specifically, use of this middle most value as a benchmark highlights that the 
majority of responses are well below the high end of the range reported. 

The survey also collected information on the amount of wastewater that failed the Toxicity 
Characteristic (TC). In 1994, a total of 143 million wet tons were reported by 46 facilities. Of this 
quantity, 77 percent was managed solely in tanks exempt from RCRA permitting prior to discharge. 
Eighteen percent was managed in RCRA permitted surface impoundments and 4 percent was managed 
in other ways. 

To monitor the industry’s progress on managing TC wastewater, API compares the quantities reported 
by refineries that participate in successive survey cycles. This procedure controls for the turnover in 
survey respondents or changes in the response rate that influence the reported quantity of TC 
wastewater. The total quantity reported in 1993 by the 29 refineries that reported TC wastewaters in 
both years was 116.0 million wet tons; for 1994, this dropped to 92.8 million wet tons. 

Comparison of the management methods used by these refineries to handle TC wastewaters is 
graphically depicted in Figure 5 .  As indicated, the management practices remained fairly constant. 
More than 60 percent of TC wastewater was treated in tanks that are exempt from RCRA permitting 
requirements. Only one quarter of the TC wastewater was managed as a RCRA hazardous waste in 
surface impoundments and the remainder was reported as “Other” management techniques. 

Figure 5 .  Management of TC Wastewater 9 (Totais may not equal 100% due to independent rounding.) 

1994 2993 

oTanks Bûhnpoundments mother 
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As noted in the section on the instrument revision, the pollution prevention questions were moved to 
the first section of the questionnaire. The question format was similar to that previously used, with the 
exception that quantitative data were not requested. The responses are summarized in Table 5. 

As indicated, the residuals with the highest number of responses were the API Separator Sludge stream 
and the Primary Sludges with 39 and 35 responses, respectively. This listing of pollution prevention 
activities highlights the industry's reliance on in-process recycling to minimize the generation of oily 
waste and its use of reclamation and regeneration to handle spent catalysts and chemicals. Refiners 
also continue to report housekeeping improvements and staff training programs to promote more 
efficient management practices. 

Few source reduction activities were reported this year. This is not surprising given the subset of 
streams included in the 1994 survey. These streams were selected because they are more closely 
regulated and their management costs are higher. Consequently, these are the streams on which 
pollution prevention activities have focused in the past. Processes have already been modified, 
materials substituted wherever possible and external sources for residual reuse have already been 
identified. Thus, the "low hanging fruit," those pollution prevention activities most easily 
accomplished, have already been picked. Successive achievements for these streams will be driven by 
additional analyses and R&D efforts, both of which require time and funding to succeed. 
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# Responses 

ble 5. Responses to Pollution Preven 

Lesiduai Stream 

,PI Separator Sludge 

)AF Float 

ilop Oil Emulsion 
iolids 

>rimary Sludges 

rank Bottoms 

Zontaminated Soils 

Pond Sediments 

Biomass 

FCCU Catalysts 

Hydroprocessing 
Catalyst 

Other Catalysts 

Spent Caustics 

39 

22 

14 

38 

28 

19 

8 

9 

24 

30 

21 

28 

sn Question 

'oiiution Prevention Techniques Reported 
~ ~~ ~ ~~~ 

:oking 
'ilteringídewatering/drying 
Iousekeeping ( sweeping, paving, covered API separator) 

Joking 
'ilteringldewateringdrying 
reated & recycled through wastewater treatment plant 

:eking 
3lteringldewatering 

Zoker 
:iltering/dewatering 
lousekeeping (dust control, paving, replaced ponds w/ tanks, 
:overed sewers, install silt fences in tank farm areas) 

~ ~ ~ ~~ 

2oker 
:rude unit 
3lteringldewateringkentrifuge 

ïhermal desorption 
3ousekeepingítraining (paving, spiliíleakage control awareness, 

segregate wastes) 
3ther reuse (use as road base, capping material at municiple 

landfill, stabilization agent for non-haz tank bottoms) 

Recycle to LTü 
Replace ponds with tanks 
lñermal desorption for oil recovery 
Housekeeping (dust suppression, cleaned basins & segregated WW) 

Coker 
Filteringkentrifuging 
Recycle to LTU 

Recycle to cement kilns 
Modified procedures to reduce catalyst loss 
Reuse as catalyst 

Reclamation 

RegeneratiodReclamation 
Cement kiln feed 

Sold as feedstocWproduct (Merichem, paper mill) 
Reuse (corrosion inhibitor in crude oil charge, pH control in 

Regeneration 
www I 
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Residual Stream Profiles 

For 1994, the total industry estimate of residuals managed was 4.8 million wet tons. As graphically 
portrayed in Figure 6, this was intermediate in the range of quantities reported since 1990. 

Figure 6. Summary of Residual Generation: 1987 - 1994 (represents 15 residual streams) 
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As shown in the pie chart, Oily Sludges (a broad group of residual streams that includes the RCRA 
listed K and F wastes) accounted for 30 percent of the total quantity managed. This was comparable to 
the 29 percent that was Spent Caustics (Sulfidic, Naphthenic and Cresylic). Biomass represented 18 
percent of the total, while Contaminated Soils were 14 percent. Spent Catalysts were 7 percent of the 
total quantity of residuals, and Pond Sediments were just 3 percent . 

Figure 7. Residuals Managed in 1994 (Totals may not equal lex)% due to independent rounding.) 

a Oily Sludges 30% \ 

LContaminatedsoils 14% 

The remainder of this chapter will present information on the management of each of the residual 
streams. It should be understood that the residual stream labels used in this survey are NOT used in a 
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regulatory sense. Whereas the Environmental Protection Agency (EPA) regulations implementing 
RCRA have given these terms special meaning, our usage here is in a broader, more generic sense. 
API?s intent is to have survey participants report the manugement of all residual type materials (e.g., 
materials that are byproducts or residuals of petroleum rt.fining operations). This includes residuuls 
that are benejîcially recycled or reclaimed, as well as materials that are discarded. 

Note that the computer print-outs, from which all the statistics presented in the text are derived, can be 
found in Appendix C. 

API Separator Sludge2 
The estimated quantity of API Separator Sludge residual stream for the entire refuillig industry was 219 
thousand wet tons. As illustrated in Figure 8, this was somewhat higher than in 1991 and 1992, but 
substantially below the large quantities reported in the late 1980s. 

Figure 8. Managed Quantities of the API Separator Sludge Residual Stream: Industry 
Estimates for 1987 - 1994 
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As noted in the introduction of this section, MI?S use of the term ?API Separator Sludge? is not in a 
regulatory sense. The API Separator Sludge residual stream includes materials--such as water and oil--which 
when recovered by dewatering and deoiling do not fall under the purview of RCR4. 
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Figure 9 summarizes how the refiners handled the API Separator Sludge residual stream in 1994, 
highlighting the fact that the industry relies on recycling--primarily via cokers and crude units-to 
manage this material. 

Figure 9. Management of the API Separator Sludge Residual Stream 

Review of the data in Table 6 shows how the specific management practices have changed over time. 
Note that the amount of material recycled in cokers has fluctuated: in 1994 it was twice the quantity for 
1993, but still less than that reported in 1988. Recycling of the API Separator Sludge residual stream 
as Cement Kiln Fuel and as Other Industrial Fuel both peaked in 1994, while its use as feed for cement 
kilns dropped substantially. 

For treatment, Table 6 shows that the industry continues to use wastewater treatment to handle the 
separated aqueous portion of the residual material. This practice accounted for 84 percent of the 
residual that was treated. The fluctuations observed between years in the entries for incineration, heat 
and physical treatments are quite substantial, without any ready explanations. 

A series of scatter plot charts summarizing the cost data for API separator sludge are included following 
Table 6. 

Concerning disposal patterns, the 1994 responses reflect that several refineries successfully pretreated 
their API Separator Sludge which enabled them to landfill the material. 
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Table 6. Management Techniques Used for the API Separator Sludge Residual 
Stream (Industry Estimates) 
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API Separator Sludge Cost Data 
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DAF Float 
The industry-wide estimate for the DAF Float residual stream was 628 thousand wet tons. This quantity 
was comparable to that observed in 1987 and 1988. 

Figure 10. Managed Quantities of the DAF Float Residual Stream: Industry Estimates for 1987 - 1994 
/ì I 
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In 1994, slightly more than half of the DAF Float residual stream was recycled, while 48 percent was 
managed by treatment. Two thousand wet tons were land treated or disposed, but since this represents 
less than 1 percent of the total managed quantity, it is not graphically depicted on the following pie 
chart. 

Figure 1 1 .  Management of the DAF Float Residual Stream 

Treatment 48% 

Table 7 displays the data on the management techniques used to handle the DAF Float residual stream. 
Review of the subtotals in the table indicates that the industry relied more on recycling in 1994 than 
ever before, while there was a reciprocal drop in the proportion of DAF Float that was treated. 

Over half of the residual material that was recycled was handled by cokers, while another quarter went 
to crude units. For both recycling methods, the quantities reported in 1994 were substantially greater 

Recai1 that API uses labels such as DAF Float in the broader context of a residual stream which 
includes materiais that are not subject to RCRA regulation. 
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than ever reported before (i.e., the 170 wet tons that went to the coker were more than twice the 
previous high of 79 thousand wet tons reported in 1989, and the 85 thousand wet tons recycled in crude 
units were 10 thousand wet tons larger than the 75 thousand wet tons reported in 1992). 

For out-of-process recycling, there was a marked drop in the quantity of material used as cement kiln 
fuel, while there was a sizeable quantity handled by “Other” methods. 

Wastewater treatment, responsible for treatment of 91 percent of the DAF Float residual stream in 
1994, continued to be the predominant treatment method. The 20 thousand wet tons sent to 
incinerators was the smallest quantity ever reported for this handling practice. For physical treatment 
there was a substantial increase over 1993, while there was a concomitant drop in the use of heat 
treatment. 

Table 7. Management Techniques Used for the DAF Float Residual Stream (Industrv Estimates) 
~ ~~ 

1994 1993 1992 1991 1990 1989 1988 1987 
QUANTITY MANAGED 627,773 520,118 546,136 409551 564300 520.797 660515 653.899 

IMANAGEMENT TECHNIOUES I I I I I I I 

Other Industrial Fuel 1,523 1,098 492 137 74 
Cement Kiln Feedstock 945 684 1,191 43 
Reclamation 777 11 1,243 1,505 533 12.031 10.573 
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Slop Oil Emulsion SolidSS 
As the bar chart graphically depicts, the 60 thousand wet tons of the Slop Oil Emulsion Solids residual 
stream managed in 1994 was within the range reported in the two previous survey cycles. This was 
approximately 70 percent less than what was reported in 1987, and 80 percent below the peak quantity 
reported in 1990. 

Figure 12. Managed Quantities of the Slop Oil Emulsion Solids Residual Stream: Industry 
Estimates for 1987 - 1994 
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Close to 75 percent of the Slop Oil Emulsion Solids stream was managed by recycling in 1995, while 
23 percent was eliminated by treatment, as shown below. 

Figure 13. Management of the Slop Oil Emulsion Solids Residual Stream 

The specific handling practices used for the Slop Soil Emulsion Solids stream were similar to those 
reported for the API Separator Sludge and DAF Float streams: 60 percent of the recycled material was 
handled by cokers and crude units, while a smaller portion was sent off-site as cement kiln fuel. More 
material is eliminated by wastewater treatment than by any other treatment method. Overall, however, 
treatment of Slop Oil Emulsion Solids residuals has declined in the 1990s, as has Land Treatment and 
Disposal. 

Recall that API uses labels such as Slop Oil Emulsion Solids in the broader context of a residual stream 
which includes materiais that are not subject to RCR4 regulation. 
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Landspread 

TOTAL 
Other Disposai 

143 20,388 2,268 3,859 
23 219 792 81 774 

1.186 503 1,324 387 24,324 39,315 24.667 29,207 
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Primary Sludges6 
The 406 thousand wet tons of the Primary Sludge residual stream managed in 1994 was the largest 
quantity ever reported. It is likely that this reflects the refiners efforts to meet the statutory deadlines to 
retrofit or close Primary Sludge or TC surface impoundments in 1994. Thus, just as the increases noted 
between 1991 and 1993 were related to regulatory actions--the phase-in of land disposal restrictions on 
Primary Sludges--the peak noted in 1994 may reflect the industry’s effort to meet another regulatory 
mandate. 

Figure 14. Managed Quantities of the Primary Sludge Residual Stream: Industry Estimates 
for 1987 - 1994 
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To obtain a better understanding of the 1994 peak, responses to the question on abnormal generation 
were explored. These responses suggest that 22 percent of the total quantity managed was related to an 
abnormal or one-time event. This is possibly an underestimate, because very few refiners answered this 
item. Specifically, of the 70 respondents, only 17 indicated that some quantity was due to abnormal or 
one-time events. However, half of these 17 refineries reported that 90 percent or more of their managed 
quantity was due to an abnormal occurrence. Consequently, some refiners who did not answer this 
question, may have generated Primary Sludge residuals as a result of one time activities. 

The graphic depiction of the management practices employed in 1994 shows that one third of the 
Primary Sludge residual stream was recycled, similar quantities were treated and disposed 
(approximately 25 percent each), and just over 10 percent was placed in land treatment units. 

The 1994 questionnaire included separate data sheets for F037and F038, the two residual streams from 
which the primary Sludges designated as hazardous under RCRA are derived. Many refineries submitted a 
combined datasheet for the two streams because these residual materials are commingled for management and the 
relative contribution of each stream cannot be distinquished. Therefore, data for both streams were aggregated for 
all respondents and reported here as Primary Sludges. Similarly, the data for F037 and F038 for 1991 to 1993 have 
been aggregated. Before promulgation of the RCRA rule in 1990, data from the Other Separator Sludge category 
are used in longitudinal displays. 
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Figure 15. Management of the Primary Sludge Residual Stream 
(Totals may not equal 100% due to independent rounding.) 

As indicated in Table 9, most of the recycling of the Primary Sludge residual stream in 1994 was 
considered to be in-process, with 70 percent sent to cokers. The 1 13 thousand wet tons reported in 1994 
was also a 70 percent increase over the quantity sent to cokers in 1993. 
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The amount of residual material sent to crude units dropped in 1994, while a sizeable quantity was 
reported as “Other In-Process Recycle.” For out-of-process recycle, the largest quantity was sent to 
cement kiln as fuel. 

As in the past, the vast majority of the Primary Sludge stream was subjected to wastewater treatment, 
although a sizeable quantity was eliminated by heat treatment in 1994. For disposal, most was 
accomplished in landfills. 

Tank Bottoms 
Tank Bottoms was a new category for 1994 replacing the leaded and nonleaded tank bottom streams 
previously distinguished in earlier surveys. The estimate for the entire industry was 107 thousand wet 
tons, which as shown below, was the smallest quantity ever reported. 

Figure 16. Managed Quantities of Tank Bottoms: Industry Estimates for 1987 - 1994 
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As shown by the following pie chart, the majority of Tank Bottoms were disposed of in 1994, while the 
amount recycled was just slightly greater than that handled by treatment. Land treatment accounted for 
1 O percent of the total quantity managed. 

Figure 17. Management of Tank Bottoms (Totals may not equal 100% due to independent rounding.) 

Treatment 17% 
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Landfill 
Landspread 
'Impoundment 
Other Disposai 
TOTAL 

Table 1 O, which summarizes the management practices used for Tank Bottoms since 1987, suggests that 
the industry's current reliance on disposal reflects general reductions in the use of wastewater treatment 
and land treatment technologies. Despite these overall trends, review of the specific entries does not 
suggest any systematic changes in how Tank Bottoms are handled. Note the variability between years for 
recycling in cokers. The vascillations in the quantities sent for reclamation, however, suggest a possible 
explanation: there is substantial turnover in refineries reporting management of Tank Bottoms across 
survey cycles, reflecting the cyclical nature of tank cleanouts. 

54,874 60,582 70,285 75,040 84,521 49,105 44,353 55,720 
631 4,882 20 2,658 4,989 548 1,841 527 

68 2,017 917 2,251 6,739 
2,715 16 28 19 398 49 22 

58,220 65,532 70,333 77,717 91,925 50,619 48,467 62,986 

Table 10. Management Techniques Used for Tank Bottoms (Industry Estimates) 
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Pond Sediments 
As the bar chart depicts, the managed quantity of Pond Sediments in 1994 was the lowest reported since 
the survey began. Consistent with previous observations, 92 percent of the total quantity managed was 
due to one-time events. 

Figure 18. Managed Quantities of Pond Sediments: Industry Estimates for 1987 - 1994 
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Two-thirds of the pond sediments were disposed, 15 percent were eliminated by treatment and another 
15 percent were managed in land treatment units (See Figure 19). 

Figure 19. Management of Pond Sediments (Totals may not equal 100% due to independent rounding.) 

6 

Rec :ycle 2% 

Table 11 shows that after landfilling, refiners relied on incineration in 1994 to manage Pond Sediments. 
Although the quantity incinerated in 1994 was only slightly greater than that reported in 1990, it 
represents 14 percent of the total quantity compared to the 5 percent incinerated in the 1990 peak year. 
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The patterns of reporting are also interesting. Between 1993 and 1994, when the total managed 
quantities reported were similar, there are differences in the practices used to recycle and treat Pond 
Sediments. Recycling via cokers dropped, while incineration and heat treatment peaked. Most likely 
this variability is related to changehmover in refineries reporting the management of Pond Sediments. 
(As noted above, 20 refineries indicated managing Pond Sediments in 1994, but only 14 reported in 
1993). 

Table 1 1. Management Techniques Used for Pond Sediments (Industry Estimates) 
1994 1993 1992 1991 1990 1989 1988 1987 

QUANTITY MANAGED 143,205 144,661 391,095 380,652 1,039,645 273,216 31 1,269 359,996 
MANAGEMENT TECHNIQUES 
RECYCLE I 
In-Process Recycle 

I Coker I 4741 10.7831 1,6621 1.741 
I Crudeunit I I 831 13.8251 11 
Out-of-Process Recycle 

Reclamation 1,915 1,450 
Cement Kiln Fuel 697 21 
Other Recycle 15 

TOTAL 2,405 11,563 15,487 3,223 
TREATMENT 
Incineration 20,068 19,254 

Wastewater Treatment 
Stabilization 

1,954 

IPhvsical I I I 

I 4.9231 2.8541 233 
~~ 

3601 798 I 3371 1,765 
I 1 I 

~ 

1621 I 

360 5,883 3,191 2,002 

1,201 I 48,4331 21,5301 73,653 
211.1001 I I 

11 7.0951 

Impoundment 1,348 96,695 34,462 
Other Disposai 9,410 
TOTAL 96,027 111,314 38,713 337,244 450,716 71,506 200,982 111,476 
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Source 

Spills 

Contaminated Soils 
The industry estimate of 661 thousand wet tons of Contaminated Soils was comparable to 1993, and as 
shown below, substantially lower than what was reported between 1990 and 1992. 

Y' of Quantity Managed 

22 

Figure 20. Managed Quantities of Contaminated Soils: Industry Estimates for 1987 - 1994 
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Thirty-six refineries responded to the item regarding abnormal generation. Based on their answers, 14 
percent of the managed quantity was due to one-time events. 

To gain a better understanding of why Contaminated Soils are generated, API had included an additional 
question on the datasheet regarding the source of the residual material. Using the subset of respondents 
(n = 65) that answered this question correctly (Le., their responses totalled 100 percent), the following 
profile was developed. As indicated, more than half of the contaminated soils managed in 1994 resulted 
from construction activities. 

Figure 21 depicts how contaminated soils were managed in 1994. Less than 10 percent was recycled or 
treated, and only slightly more was placed in land treatment units. More than 75 percent was disposed. 
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Impoundment 
Landspread 
Other Disposai 
TOTAL 

Figure 21. Management of Contaminated Soils (Totais may not equal 100% due to inàepenàent rounding.) 

16,005 34 3,982 155 
6,499 56,901 24,031 6,385 14,770 16,463 10,619 4,085 

518,934 399,986 616,430 486,167 512,137 336,457 203,490 145,104 
2 2 227 3,098 

As shown in Table 13, although only a small percentage of Contaminated Soils was eliminated by 
recycling in 1994, substantially more was recycled in the preceding two years. 
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The table entries also show that refiners have used a great variety of recycling and treatment techniques 
over the years. Note the substantial drop in the quantities managed in land treatment units (a 68 percent 
drop between the peak in 1990 and the current reported quantity). 

FCCU Catalysts 
The industry estimate of 286 thousand wet tons of FCCU Catalysts for 1994 was the largest quantity ever 
recorded. 

Figure 22. Managed Quantities of FCCU Catalysts: Industry Estimates for 1987 - 1994 
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As the pie chart of management practices shows, equal quantities of FCCU catalysts were recycled and 
disposed in 1994. Although the quantities eliminated by treatment and land treatment were the largest 
ever reported, these practices accounted for only 24 and 4 percent, respectively, of the total quantity 
managed. 

Figure 23. Management of FCCU Catalysts 
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other Disposai 7,650 33 28 2,824 570 245 
TOTAL 94,785 99,558 109,523 145,562 193,659 133,485 129,440 139,280 

From Table 14 it is clear that there have been some systematic changes in the management of FCCU 
Catalysts. Recycling has increased 300 percent since the survey began, while disposal rates have 
dropped. It appears that this may reflect the increased use of cement kilns, catalytic crackers and other 
out-of-process recycle methods that began in 199 1. 

Table 14. Management Techniques Used for FCCU Catalysts (Industry Estimates) 

It should be noted that the relatively large quantity sent to wastewater treatment in 1994 reflects the 
management practice at one refinery whose configuration of cracking equipment enables recovery of 
suspended catalyst fines from wet gas scrubbers. 
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Hydroprocessing Catalysts 
As shown in Figure 24, the 53 thousand wet tons of Hydroprocessing Catalysts managed in 1994 was 
comparable to the quantities reported in 1992 and 1993. These quantities continued to be higher than 
those reported in the first five survey cycles. 

Figure 24. Managed Quantities of Hydroprocessing Catalysts: Industry Estimates for 1987 - 1994 

w 

In 1994, three quarters of the Hydroprocessing Catalysts were recycled, while 
disposed. 

the remainder was 

Figure 25. Management of Hydroprocessing Catalysts 
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Refiners use a combination of recycling and disposal to manage Hydroprocessing Catalysts, and as the 
data in Table 15 indicate, the actual percentages fluctuate over time. Note the differences in the 
recycled and disposed quantities for 1992 and 1994 compared to 1993. The very low percent of material 
disposed between 1989 and 1992 (6 to 13 percent) is also interesting, given that the total quantities 
managed during this period covered the range observed in the survey. 

A series of scatter plot charts summarizing the cost data for Hydroprocessing Catalysts are included 
following Table 15. 

ïable 1 5. Management Techniques Used for Hydroprocessing Catalysts (Industry Estimates) 
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Other Spent Cata&sts 
The Other Spent Catalyst stream is comprised of spent reformer, shift converter, other metallic, and not 
otherwise specified (NOS) catalysts. The 18 thousand wet tons estimated for the industry in 1994 was 
the smallest quantity ever reported. As illustrated in Figure 26, the amounts managed in more recent 
years are lower that than observed in the late 1980s. 

Figure 26. Managed Quantities of Other Spent Catalysts: Industry Estimates for 1987 - 1994 
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As illustrated below, disposal is the predominant method used to manage these spent catalysts. Close to 
one third is recycled (primarily through reclamation and regeneration as shown in Table 16 ), and very 
small quantities undergo treatment and land treatment. 

Figure 27. Management of Other Spent Catalysts 

Land TI 

Treatment 1% 

The variability in the data in Table 16 is interesting. Note how the quantities fluctuate between survey 
cycles. Given that the number of respondents have ranged from 59 to 63 over the survey timefiame, it 
does not appear that this is related to respondent turnover. Instead, it may reflect the variety of catalysts 
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QUANTITY MANAGED 

included in this category, each of which may have different changeouthenewal cycles that mistrate 
delineating a pattern when they are aggregated. There is, however, one clear reporting pattern: none of 
these materials has received wastewater treatment since 199 1. 

1994 1993 1992 1991 1990 1989 1988 1987 

18,085 29,246 27,642 23,201 40,589 33,396 37,905 38,239 

Table 16. Management Techniques Used for Other Spent Catalysts (Industry Estimates) 
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Biomass 
As the graphic portrayal suggests, the quantities of Biomass managed are quite comparable across the 
cycles. 

Close to one half of the Biomass was land treated, while one quarter was recycled. Treatment and 
disposal both were less than 20 percent of the total quantity. 

Figure 28. Managed Quantities of Biomass: Industry Estimates for 1987 - 1994 
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Figure 29. Management of Biomass 

Treatment 11% 

% ìan  

Review of the data in Table 17 suggests that the management practices in 1994 were different than 
previously observed. Reliance on land treatment was the highest ever reported. This is a break in the 
pattern of fairly systematic reductions in the use of land treatment previously observed. Biosolids are 
particularly suited to land treatment for they provide moisture and some of the nutrients that encourage 
growth of the organisms used to biodegrade organic materials. Since they are generated from the 
biological degradation of pollutants, biosolids have few pollutants themselves and any that are present 
are at trace or very low levels. 

36 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



A P I  PUBLr336  96 0732290 0560296 4 5 4  

For recycling, the amount sent to cokers was intermediate to previous reports. For the first time, 
refineries reported recycling biomass to catalytic crackers. Also, for the first time, biomass mixed with 
coke fines, was sent off-site as an industrial fuel. 

For treatment, note that reliance on wastewater treatment in the last three years was significantly less 
than in the previous five survey cycles. Also, 1994 witnessed a substantial reduction in the use of 
incineration. 

The rate of disposal was comparable to that observed between 1989 and 1992, even though the quantity 
sent to landfills was close to twice the previous high recorded in 1993. 

Table 17. Management Techniques Used for Biomass (Industry Estimates) 
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Spent Caustics 
As noted earlier in this report, API elected to distinguish among three types of caustics for this survey 
cycle: sulfidic, naphthenic and cresylic. These break-outs for 1994 will be discussed in this section, but 
the data will also be aggregated to enable longitudinal comparisons to previous survey findings. 

As graphically illustrated in Figure 30, the overwhelming majority of residual managed in 1994 was 
spent sulfidic caustics, totaling just over one million wet tons. The industry estimate for spent 
naphthenic caustic was 220 thousand wet tons, while the industry estimate was 157 thousand wet tons for 
cresylic caustics. 

Figure 30. Managed Quantities of Spent Caustics: Industry Estimates for 1987 - 1994 

o ” 1 1 I I I I I I 

1967 1988 1989 1990 1991 1992 1993 1994 

I Creyslic I Naphthenic Sulfidic 0 Combined 

The overall quantity managed in 1994 was comparable to that estimated for the two previous years. As 
hypothesized in earlier survey cycles, the general increase in the quantity of spent caustics managed may 
reflect increased reporting of the material, rather than an increase in its generation. 

2% Naphthenic 

m Recycle I Treatment o Disposal 
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In Process Recycle 
Crude Unit 
Desalter 
Catalytic Cracker 

The pie charts depicting the types of management practices used (Figure 3 1) suggest different patterns 
for the three types of caustics. Two thirds of spent sulfidic caustics are treated, while recycling accounts 
for a similar proportion of the naphthenic type. Management of cresylic caustics is primarily through 
out-of-process recycling (i.e., off site reclamation). 

10,714 6,072 8,820 16,786 

Despite the seeming differences in the way the caustics are handled, when specific management practices 
are reviewed, as in Table 18, it is apparent that the practices used are similar. Note that the only 
differences among streams are the additional uses of regeneration, "other" recycle, treatment and 
disposal procedures of sulfidic caustics. Cresylic caustics were the only type disposed in a landfill 
(reported by only one refinery). Thus, it is the difference in the quantity of suifidic caustic, compared to 
the naphthenic and cresylic caustics, that contributes to the view that the handling practices differ among 
the three types of caustics. 

Other In-Process Recycle 

Industrial Furnace 
Reclamation 
Regeneration 
Other Out-of-Process Recvcle 

Out-of-Process Recycle 

Following Table 18, a series of scatter plot charts summarize the cost data for spent sulfidic caustics, 
which are representative of the overwhelming majority of spent caustics. 

Table 18. Management Techniques Used in 1994 for Sulfidic, Naphthenic and Cresylic Caustics (Industry 
Estimates) 

I I SULFIDIC I NAPHTHENIC I CRESYLIC I TOTAL I 

15,860 15,860 

125,043 4 1,990 73,295 240,328 

1 16,057 116,057 
10.459 10,459 

~ ~- ~~ 

QUANTITY MANAGED I 1,001,6301 219,7361 156,801 I 1,378,167 

Other Recycle 
TOTAL 

MANAGEMENT TECHNIQUES I I i I 1 

54,004 92,393 60,781 207,178 
332.137 140.455 142.896 6 15.488 

- ~ - ___ ~~ ~~ ___ 

~Öther Disposal 1,747 1,747 
TOTAL 18.07 1 5.265 7.383 30.719 
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Injection 27,291 33,908 29,057 31,575 32,213 13,664 23,989 32,811 
Other Disposal 476 524 1,163 577 308 337 463 
,TOTAL 28,973 34,384 29,581 32,813 33,805 14,629 26,859 35,072 

The handling practices reported in Table 18 were very similar to those observed by EPA in its RCRA 
3007 survey (60 Federal Register 57747; November 20, 1995 ). A substantial portion of the spent 
caustics is reclaimed or otherwise used as a commerical feedstock. Others are reused as secondary 
materials in other manufacturing processes (e.g., paper milling, chemical and fertilizer production). 
Smaller, but comparable, portions were sent to wastewater treatment or deepwell injected. 

Regarding the treatment of spent caustics, reliance on the wastewater system has increased since 1991. 
For disposal, injection continues to account for the largest quantity. This is not a widespread practice, 
however, with only seven refineries reporting injection in 1994. 

Table 19 presents the 1994 data aggregated for all caustic types as well as the data from previous survey 
cycles. In this longitudinal context, the quantities recycled in crude units and other in-process methods 
reported in 1994 are noteworthy. Exploring this further, however, reveals these practices were 
performed by only one refinery. 

Table 19. Management Techniques Used for Spent Caustics: 1987 - 1994 (Industry Estimates) 
1 
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It is interesting that the quantities recycled by reclamation between 1992 and 1994 were greater than 
those reported as regenerated. This pattern reversed itself between 1989 and 199 1, while reclamation 
predominated in 1987 and 1988. This may simply be another instance where respondent bias affects the 
data (Le,, individuals completing the forms do not use consistent definitions of reclamation and 
regeneration). 

DISCUSSION 

API has now accumulated eight years of consecutive data on the management of residual materials in the 
petroleum refining industry. Each new year of data has improved understanding of the factors that 
influence residual generation patterns and trends in handling practices. For example, the survey allowed 
API to track abnormal or one-time generation of residuals that result from non-routine activities such as 
construction or remediation projects. These data helped to demonstrate how beneficial activities can 
produce overall increases in the amount of residuals handled by the industry. These spikes, as witnessed 
with pond sediments in 1990 or contaminated soils in 1992 and 1993, can overwhelm reductions, such as 
those achieved with the RCRA regulated K-wastes. 

The 1994 data enabled some new observations: 

The generation rates for Pond Sediments and Contaminated Soils have dropped from the 
peaks observed in the early 1990s. These streams continue to be some of the most 
widely reported residuals across the industry, but the amounts reported by each refinery 
are now quite small. 

Since 1992, the industry has used substantially more hydroprocessing catalysts than used 
previously. This may reflect that refmeries are running higher sulfur content crudes. 

The managed quantity of the Primary Sludge residual stream reached a new high in 
1994, with at least 20 percent due to one-time events (associated with the deadlines to 
close or retrofit surface impoundments that handle TC wastewaters or Primary Sludges). 
As in 1992 and 1993 when refiners reported increased quantities from one-time events 
prior to the effective dates of the land disposal restrictions, 1994 witnessed the effect of 
another new regulation. That is, managed quantities increased as part of the preparatory 
activities necessary to come into compliance with the new surface impoundment 
regulation. 

Based on a comparison of refineries that reported both in 1994 and 1993, it appears that 
generation of TC wastewater continues to decrease, with the majority of these waters (63 
percent in 1994) managed solely in tanks.' 

It should be noted that with the avaiiability of 1993 RCRA Biennial Survey data, API attempted to 
replicate its analysis comparing the information on residual streams and TC wastewater compiled in the API 
survey to the values published by EPA. For 1993, comparison of the values for the 10 refineries, identified by 
EPA as large quantity generators and were participants in the API survey, indicated a difference greater than the 
4.5 percent difference observed with the 1991 data. Review of the 1993 data revealed that there were several 
cases with large discrepancies between the EPA and API values. Subsequent discussions with these refineries 
clarified the differences which included one case where the value reported to EPA had been inexplicably doubled, 
inconsistent reporting of TC wastewaters managed in tanks (Le., sometimes this quantity was not subtracted from 
the quantity reported as hazardous by EPA), and variability between the two surveys regarding the point of 
generation of the TC wastewaters. Taking this into consideration, a re-analysis of the 1993 data revealed a 
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When the managed quantities of all residual streams reported in 1994 are aggregated, the resulting total 
is 4.8 million wet tons. As shown in Figure 32, this is comparable to the quantity reported in 1992, and 
is somewhat less than the high observed in 1990. The one-time quantity of Primary Sludges and the 
increase in Hydroprocessing Catalysts contribute to making this last cycle the third largest documented 
by this survey. 

Figure 32. Summary of Residual Generation: 1987 - 1994 (represents 15 residual streams) 
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Figure 33 shows how these streams were managed. Since 1990, the industry has increased its reliance on 
recycling. Treatment continues to account for slightly more than 30 percent of the residuals, but since 

diminished substantially. Disposal, which peaked between 1990 and 1991, seems to have stabilized at a 
low level comparable to that observed in 1989. 

I 1992 more material has been recycled than treated. At the same time, use of land treatment has 

Figure 33. Trends in Management Practices 
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4 percent difference between the two surveys. Thus, its appears that the large numbers reported by the EPA 
Bienniai Survey as hazardous wastes continue to be dominated by TC wastewaters which are decharacterized and 
managed under the strict requirements of the Clean Water Act and therefore pose littie, if any, threat to human 
heaith or the environment. 
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In viewing these graphic summaries, one must also consider that theses are representations of a sub-set 
of the residuals managed by the refining industry. Recall that API reduced the number of streams 
included in the survey from 30 to 15. Consequently the data used to create Figures 32 and 33 were based 
on the 15 streams that were retained for 1994. 

To provide a better understanding for viewing these industry totals, the managed quantities observed in 
1993 for the complete dataset of 30 streams are graphically presented below. As indicated, the 15 
streams that were not included in the 1994 questionnaire (labelled “15 Other Streams” below) constituted 
only 20 percent of the total quantity managed in 1993. It is reasonable to assume that this remained 
constant in 1994. 

Figure 34. Managed Quantities of All Residual Materials: 1993 

Oily Sludges 19% 

Spent Catalysts 5% 

Contaminated Soils 12% 

Thus, API has been able to continue the collection and analysis of data on the overwhelming majority of 
residual materials, but by reducing the number of streams, has minimized the survey effort. Refiners 
responded positively to these changes, reporting that the new, abbreviated forms were much easier to 
complete. 

Another benefit of revising the survey has been a significant reduction in the overall cost and time 
ïequired to complete the analysis and reporting of the data. Moving to the PC platform has also 
facilitated the analysis and the development of the benchmarking reports for survey participants. These 
new feedback reports, combmed with the stream by stream reporting format adopted in this report, 
should enhance the utility of the data to the refiners and sustain this survey effort in future years. 

API will also continue to collect information on the management costs for selected streams in future 
surveys. As would be expected with a first attempt to collect data on a complex parameter such as cost, 
API noted substantial variability in the data reported. Some of this variability was related to the 
management practices utilized and the quantity of residuals managed. For example, refineries that 
recycled API Separator Sludge in their cokers and sent filter cake to cement kilns incurred lower unit 
costs than refineries that sent the material to commercial incinerators. Similarly, refineries that managed 
large quantities of a residual, incurred lower costs per ton. 

The range of on-site management costs was broad, with the sources of variability more difficult to 
isolate. In part, this was related to the question format. Refiners were asked to report the total cost for 
all on-site activities as a single variable. Thus, this estimate reflected an aggregation of the costs 
calculated for different management techniques, (e.g., the unit costs for in-process recycling, filter 
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pressing, and wastewater treatment), as well as the inclusion (or omission) of cost factors to cover 
operating and maintenance expenses. Review of the data across streams also suggests that on-site cost 
components were considered differentially, based on the residual under consideration. For example, 
refiners that managed hydroprocessing catalysts off-site were more likely to include some estimate of 
associated on-site costs than were refiners that managed API Separator Sludge off-site. Modification of 
the question for the 1995 survey cycle should help standardize the responses. 

Despite the imprecision of the responses, the inclusion of these questions on management costs in the 
survey has already benefited the industry. API has gained a better understanding of the magnitude of 
costs associated with managing residual streams. At the same time, an appreciation of the complexity, 
and inherent difficulty of total cost accounting procedures has developed. NI anticipates that its efforts 
to improve collection of cost information in the future will result not only in more accurate estimates of 
residual management expenditures, but also, as the information is circulated among survey participants 
as benchmark reports, refiners will glean an increased awareness of the relative efficiencies of the 
various handling practices. 
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Appendix A - Copy of the Questionnaire 

The datasheet for API Separator Sludge contains the questions on management costs; this same form 
was used to collect data on Hydroprocessing Catalysts and Sulfidic Caustics. 

The datasheet for DAF Float was used to collect information on all other residual streams except those 
that had a unique section on the sources of the soil. 
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Appendix B - Description of Statistical Procedures 
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DATA ANALYSES 

This is a summary of the analytical techniques that were used with the 1994 survey data. It describes 
the selection of a regression model to project residual quantities reported by refineries in this survey 
to the entire refining industry. It also explains the statistical techniques used to estimate the variance 
and prediction limits for the residual quantities and how estimates for individual residual streams (e.g., 
API separator sludge) were made. 

REGRESSION MODEL 

Model Selection 

One of the objectives of this survey is to estimate residual quantities for the entire refming industry 
based on the data from the subset of refineries responding to the survey. API has conducted this type 
of survey since 1987 and has consistently found that throughput capacity to be the best predictor of 
residual quantity. The general linear model that has been used in the previous surveys relates the 
square root of the residual quantity, R, for an individual refinery directly to throughput capacity, C, 
as shown in the following equation: 

f i= bo+ b,C 

where bo is the intercept and bl is the slope of the regression line. The goodness-of-fit of this model 
to the 1994 data is discussed in the following sections. 

Changes in Data Collection 

Two changes were made to the 1994 survey that had the potential to impact the data analyses. The 
first change was in the types of residual streams that were reported. In previous surveys, facilities 
were required to report all residual streams, subdivided Into approximately 30 categories. In 1994, 
API decided to focus the survey on those streams that were of significant volume or regulatory 
importance; 14 streams were identified. Although representing less than half of the types of residuals 
that are generated by the refining industry, these 14 residuals account for more than 75% of the total 
quantity.1 

Prior to sending out the 1994 survey, data from the 1993 survey for these 14 residuals were plotted 
in a scattergram versus throughput capacity to determine if the above regression model would be 
impacted by this change. Very little change was noticed in the overall pattern of the data when 
compared to the scattergram containing all residuals. Therefore, it was concluded that this change in 
the 1994 survey would not require a new regression model. 

The second change that was made to the 1994 survey concerned generation versus managed 
quantities. Until the 1994 survey, both generated and managed quantities were reported; in 1994, 

*These 14 residuals account for 75% of all residual quantities in the 1991 survey, 79% in the 
1992 survey, and 84% in the 1993 survey. 
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only managed quantities were reported. Generation may differ from management because 
management can include additional quantities from treatment additives or change when residuals are 
placed into or taken out of storage. Often, the differences between generation and management are 
small and do not affect trends. In previous surveys, error estimates had been caiculated for the 
individual residual streams to help in judging the precision of the residual quantities and in deciding 

~ whether trends were real or just pait of the natural variability in the data. However, analysis of the 
1994 data showed that there were enough differences in some streams to make the trend graphs 
questionable. Therefore, the error estimates for 1994 are only presented as precision estimates for 
the 1994 data and not for the purpose of analyzing trends. Changing from generated to managed 
quantities, fortunately, did not affect the choice of regression model which, prior to 1994, had always 
been applied to generated quantities. The 1994 managed quantities are represented by the linear 
regression model well, as demonstrated in the following section. 

Fitting Model to 1994 Data 

Data from the present survey (82 plants) were plotted in a scattergram (square roots of residuals vs. 
capacity) as a visual check to see if the model used in previous surveys was still a good fit. The 
regression line drawn through the data indicated that the model was acceptable. There was, however, 
a distinct break in the data around 300,000 barrels per stream day (bsd) with six plants in the higher 
capacity group widely separated from the smaller capacity plants. The variability in residual 
quantities of these six plants was also much greater than the other plants as shown by the dispersion 
of the data points around the regression line. Because the regression equation is used to estimate 
residual quantities for plants that do not respond to the survey, it is important that the regression not 
include plants that are unrepresentative. To help in deciding whether these six plants were 
representative of the nonrespondents, the capacities of the nonrespondents were reviewed. Since the 
highest capacity of the nonrespondent group was 3 10,000 bsd, it was decided to leave these six plants 
out of the regression analyses. No outliers were identified for the smaller capacity plants; all 76 
plants were used in the regression analyses. 

The regression equation developed from these 76 plants is: 

with a coefficient of determination (COD), r2, of 0.59. This COD is similar to values obtained in the 
previous surveys. The test of the correlation coefficient, r, by the following statistic:2 

= 10.3 r&T - t =  - - ,  
0 . 7 7 f i  . . 

shows that the correlation coefficient is significant at the 99% level. 

Both the slope and intercept of the regression equation were tested for significance using Student?s t 
test. A parameter value is considered significant in the regression model if it is found to be 
significantly different from zero. The t value for the slope and intercept are calculated by the 

ZBhattacharyya, Gouri K. and Richard A. Johnson, 1977, Statistical Concepts and Methods, 
John Wiley & Sons, New York, pg. 4 1 1. 
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following equation:3 

X t = -  
SE 

where x is the value of the parameter to be tested and SE is the standard error of the value. The 
standard errors for the slope and intercept are 8.6525~10-5 and 10.208, respectively. The t values for 
the slope and intercept are 10.36 and 4.53, respectively. The critical t value at a significance level of 
95% (two-tailed test) with 74 degrees of freedom is 1.99. Both values are greater than the critical t, 
so both the slope and intercept values are considered significant. 

INDUSTRY ESTIMATES 

The first step in calculating residual quantities for the refining industry is to estimate the residual 
quantity for each facility that did not respond to the survey, using the above regression equation. 
However, the regression equation operates with the square root of the residual quantity, so it is a 
biased estimator and requires a correction factor to yield an unbiased estimate. After the bias 
correction is made to each facility estimate, the nonrespondent quantities are summed and added to 
the sum of the respondent quantities. This yields the total residual estimate for the refining industry. 
The reliability of this estimate can be stated as a percent error. In statistical terms, a prediction 
interval is calculated from the variance of the estimate and translated to a percent error. Both the 
bias correction and variance calculations are explained below. 

Nonrespondent Estimates 

Biased Estimate 

The biased estimate for each nonrespondent is calculated as follows: 

f i=46.284+8.9652 x 10-4C 

R = ( f i ) 2  

For example, for a throughput capacity of 72,000 bsd, the biased estimate of residual quantity would 
be 12,284 tons as shown below: 

*=46.284+8.9652 x 10-4(72,000) 

= 110.83 

R =(i  10.83)2 
= 12,284 

3Neter, John and William Wasserman, 1974, Applied Linear Statistical Models: Regression, 
Analysis of Variance, and Experimental Design, Richard D. Irwin, Inc., Homewood, IL, pp. 53-62. 
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Bias Correction 

The bias correction factor is derived from the following relationship:4 

where V is the variance and E is the expected value. Rearranging the above equation to solve for E(R) 
and using R’ to represent E(R), the expected or unbiased value, the following equation is obtained: 

The variance in the above equation is calculated from the equations below for an individual facility i. 
This equation represents the variance of a new observation, independent of the values from which 
the regression analysis is based. 

The MSE is the mean square error of the original data. An example calculation is shown below for 
the same 72,000 bsd facility. The average capacity and sum of squares from the original 76 values 
upon which the regression is based are 94,793 and 374,920,064,673, respectively. The MSE is 2,807. 

1 1 (72,000- 94,793 )” -+ 
7 6 374,920,864,673 

V ( f i t ) =  2807 [ 1 + 
= 2848 

Therefore, the unbiased residual estimate for a 72,000 bsd facility is 15,132 tons, as show by the 
following calculation: 

R’= 12,284+2,848 
= 15,132 

Variance of the Unbiased Estimate 

Each residual estimate for a nonrespondent has a variance associated with it. This variance is the 
variance of the unbiased estimate which is different from the variance discussed previously (Le., the 
variance associated with the regression value, or the square root of the biased value). The variance of 

~ ~~ 

4Meyer, Paul L., 1970, Introductory Probability and Statistical Applications, 2nd ed., 
Addison-Wesley Publishing Company, Reading, Massachusetts, pp. 134-135. 

sop. cit., Applied Linear Statistical Models, pp. 69-74. 
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the unbiased estimate, based on the equation for R’, is: 

V(R’ )= V R ) +  YI Y ( f i  )I 
The first term in the above equation, the variance of R or V(R), can be derived from the following 
relationship5 

=4R x v ( f i )  
The second term is the variance of a variance. If 02 represents a variance, then the variance of 02 

is:7 

2 d  
rl- 1 

V(OZ)=- 

1 Rewriting the above equation in terms of R, the second term becomes: 

n- 1 

Putting both the first and second terms together, the variance of the unbiased estimate can now be 
stated as: 

n- 1 

For the 72,000 bsd facility, the variance of the estimated residual quantity (15,132 tons) is therefore: 

V(R’ )= 4( 12,284) (2,848 )+ 2 (2,848)2 
76- 1 

= 140,155,624 

Total Residuals For Industry 

The total estimated residual quantity for the refining industry is the sum of the residual quantities 

6Op. cit., Introductory Probability and Statistical Applications, pg. 139. 

7Bury, Karl V., Statistical Models in Applied Science, Wiley-Interscience, New York, pp. 
249-250. 
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a 

reported by facilities in the survey and the nonrespondent estimates. For the 1994 survey, the sum of 
the respondents' residuals is 3,139,513 tons. The estimated residual total for the nonrespondents is 
1,660,656 tons. Therefore, the total estimate for the refining industry is 4,800,169 tons. 

Variance of the Total Residual 

The variance of the total residual estimate for the refining industry is the sum of &e variances 
associated with the individual facilities. The residual quantities of the respondents are taken as known 
values which have no variance. Therefore, only the nonrespondents contribute to the variance of the 
total estimate. Since the total residual quantity for the industry, T, is a linear combination (sum) of 
the individual facility quantities, the total variance is calculated by the following equation9 

The sum of the nonrespondent variances for the 1994 survey is 17,050,312,772. 

Prediction Interval for Total Residuals Estimate 

The prediction interval for the industry residuals estimate is based on the total variance and the 
confidence level chosen for the estimate. For a 95% confidence coeficient, the prediction interval is 
calculated by the following equations? 

Tu= T+ 2 4- 
TL= T- 2 dm 

where Tu and TL are the upper and lower limits, respectively. Using the above equations, the 
prediction interval for the total industw estimate is 4,539,015 to 5,061,322 tons. 

The prediction interval can also be stated as a percent error, E%. The percent error is calculated by 
the following equation: 

E%= 2 d  x 100% T 

The percent error for the 1994 estimate is 5.44%. 

RESIDUAL STREAM ESTIMATES 

Allocation from Total Managed 

 BOX, George E.P., William G. Hunter, and J. Stuart Hunter, 1978, Statistics for 
Experimenters: An Introduction to Design, Data Analysis, and Model Building, John Wiley & Sons, 
New York, pg. 87-88. 

9Op. cit., Applied Linear Statistical Models, pp. 71-74. 
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The total industry residual estimate was subdivided into individual residual streams and management 
practices based on the proportion of each in the respondents’ total. Proportions or ratios were 
calculated using the respondents’ data without the higher capacity plants that had been excluded from 
the regression analysis. These ratios were multiplied by the nonrespondents total residual quantity to 
get the nonrespondents’ contribution in each category. 

An example with API separator sludge will illustrate this allocation method. The total quantity of 
residuals reported in the 1994 survey is 3,139,513 tons of which 119,827 tons are API separator 
sludge. The six higher capacity facilities that had been previously excluded from the regression 
analysis reported 1,320,899 tons of residuals, of which 11,750 tons are API separator sludge. The 
proportion of API separator sludge reported by the remaining 76 facilities is calculated as follows: 

119,827- 11,750 =0.05943 
3,139,513-1,320,899 

The quantity of APJ separator sludge attributed to the nonrespondents was the above ratio multiplied 
by the total nonrespondent quantity (1,660,656 tons). The quantity of API separator’sludge for 
nonrespondents was therefore: 

0.05943 (1,660,656)=98,690 

The estimate for API separator sludge for the entire industry was therefore, 119,827+98,690, or 
2 18,5 17 tons. 

Stream Variances 

Error or precision estimates for individual residuais are based on the variance for each stream which is 
derived from the equation used to estimate the residual quantity: 

Ts= rTN + <,s 

where T, is the total for the stream, r is the ratio or proportion of this stream relative to the 
respondents’ total residuais (excluding the higher capacity plants), TN is the nonrespondents’ total, 
and TR,, is the respondents’ total for the stream (including ail plants). For the API separator sludge, 
this calculation as discussed previously is: 

T=0.05943( 1,660,656)+ 119,827 

=218,517 

The variance associated with T, is: 

The stream residual total for the respondents is taken as a known value that has no variance, thus the 
above equation reduces to the first term. 
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The first term, which is the product of two variables, can be estimated by the following equation:lo 

The variance of TN is 17,050,3 12,772 as shown previously. >To determine the variance of the ratio, 
r, the ratio can be thought of as the sum of individual stream quantities for the respondents divided by 
the total residual quantities of the respondents. The total residual quantity of the respondents, TR, is 
assumed to be a known value with no variance. Thus, the ratio can be written as: 

The variance of r can be written as: 

The variance of a sum, assuming equal variances of the individual terms, is: 

Thus, the variance of the ratio is: 

In the above equation, the value of n represents the number of respondents that actually reported the 
stream. Thus, n may be different for each stream. 

The percent error for each stream is calculated in the same fashion as described previously for the 
total industry estimate. 

An example will help illustrate these calculations. In the 1994 survey, the ratio for API separator 
sludge is 0.05943 based on a total of 1,818,614 tons from the 76 plants used in the regression 
analysis. The variance of the quantities of API separator sludge reported in the survey-(55 values) is 
13,672,042. 

The variance of the ratio of AF’I separator sludge with respect to the total reported by the 
respondents is: 

55(13,672,042) 
1,818,6 142 

v(r) = 

=22736x 

loBenjamin, Jack R. and C. Allin Cornell, Probability, Statistics, and Decision for Civil 
Engineers, McGraw-Hill Book Co., New York, pp. 169-170. 
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The variance of the stream estimate (218,517 tons) is: 

V(rTN)=0.05943’( 17,050,312,772)+ 1,660,656’(2.2736~ 10-4)+(2.2736x lo-‘)( 17,050,312,772) 

= 691,102,902 

The percent error for the stream estimate is thus: 
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t Total 1.00000 4,800,169 2,982,795,981 I 2% 

B-10 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



A P I  PUBLX336  76 W 0732290 0560326 T L L  M 

Appendix C - Data Tables 
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1994 API Residuals Survey 

Estimate of Residuals Managed by U.S. Refining Industry 
(thousands of wet tons) 

Code Residual 

101 API separator sludge (K051) 
102 Dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
105 Other separator sludges 
11 O Primary sludge (F037) 
11 1 Primary sludge (FO38) 
1 12 Tank bottoms (unleaded, leaded) 
202 Contaminated coils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 
501 Spent caustics (total) 

501 a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501c Spent cresylic caustics 

Total 

- 
1994 
- 

21 9 
628 

60 
143 

385 
20 

1 O7 
661 
286 

53 
18 

842 
1,378 
1,002 
22C 
157 
- 

4,80( 

1993 

167 
520 

56 
145 

226 
62 

133 
631 
197 
52 
29 

722 
1,434 

.t 

** 
t. 

- 
4,374 

1992 

174 
546 
74 

39 1 

247 
54 

1 30 
953 
197 
51 
28 

641 
1,425 

** 
** 
** 

4,911 

1991 
- 

214 
41 O 
160 
381 

133 
180 
112 
785 
204 
33 
23 

862 
908 

** 

** 
** 

4,405 

1990 
- 

260 
564 
295 

1,040 
104 

* 

199 
91 5 
259 

30 
41 

794 
894 

*t 

t. 

*. 

5,395 

425 
521 
262 
273 
117 

* 

168 
496 
185 
36 
32 

655 
71 € 

t. 

*. 
*, 

3,887 

1988 
- 

430 
661 
214 
31 1 
110 

141 
242 
189 
37 
38 

749 
656 

** 
** 
** 

- 
3,7ï8 

1987 

564 
654 
21 2 
360 

83 

227 
186 
171 
39 
38 

720 
675 

t. 

** 
** 

3.929 

* Not identified as specific residual category prior to 1991; included with other separator sludges. 
** Not identified as specific residual category prior to 1994; included in total spent caustics. 
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1994 API Residuais Survey 
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1994 API Residuals Survey 

Number of Respondents Reporting Each Type of Residual 

Code Residual 
Total number of respondents 

101 API separator sludge (K051) 
102 Dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
1 1 O Primary sludge (F037) 
11 1 Primary sludge (F038) 
112 Tank bottoms (unleaded, leaded) 
104 Leaded tank bottoms 
107 Nonleaded tank bottoms 
202 Contaminated soils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 
501 Spent caustics (total) 

501 a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501 c Spent cresylic caustics 

1994 
(82) 

60 
38 
26 
20 
70 
11 
67 
*t 

L l t  

77 
60 
57 
61 
51 

64 
10 
36 

ttt 

I 

I 

I 

70 
37 
30 
14 
69 
11 

15 
67 
80 
63 
55 
59 
45 
62 

t* 

*tt 

.** 
*.+ 1 

72 
41 
32 
16 
69 
11 

12 
64 
84 
69 
58 
60 
44 
64 

t. 

t.. 

t*t 

t"" 

1991 
(1 13) 

76 
44 
32 
25 
59 
14 

20 
69 
90 
76 
57 
63 
45 
69 

** 

tt. 

tt. 

ttt 

199c 
(103: 

85 
50 
35 
34 

t 

*. 

27 
72 
87 
79 
52 
57 
44 
66 
f.. 

ttt ... 

198E 
(117: 

93 
47 
38 
31 

t. 

31 
72 
88 
84 
65 
60 
44 
70 
..I) 

ttt 

*.* 

94 
50 
43 
29 

t. 

37 
75 
77 
86 
60 
60 
45 
77 
ttt 

ttt 

**. 

1987 
(1 15) 

91 
53 
47 
26 

t .. 
38 
72 
77 
85 
57 
62 
47 
79 
tt* 

ttt 

*** 

* Not identified as specific residual category prior to 1991; included with other sludge-type residuals. 
** Starting with 1994 survey, reported as combined residual stream. 

*** Not identified as specific residual category prior to 1994; included in total spent caustics. 
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1994 API Residuals Survey 

Management Estimates for U.S. Refining Industry 
(wet tons) 

Code Residual 
Land 

Recycled Treated Treated Disposed Total 

101 API separator sludge (K051) 
102 Dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
110 Primary sludge (F037) 
11 1 Primary sludge (F038) 
112 Tank bottoms (unleaded, leaded) 
202 Contaminated soils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 

501 a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501c Spent cresylic caustics 

87,259 
326,998 
44,148 
2,405 

144,558 
14,285 
20,107 
21,759 

1 10,425 
40,767 
581 9 

221,955 
332,137 
140,455 
142,896 

11 9,244 
298,387 

14,278 
22,372 
93,314 
1,839 

17,681 
26,593 
68,873 

140 
95,164 

651,422 
74,016 
6,522 

1,442 
1,148 

13 
22,401 
46,440 

10,650 
93,839 
12,067 

444 
385,306 

10,572 
1,240 
1,186 

96,027 
100,881 

4,326 
58,220 

51 8,934 
94,785 
12,539 
11,683 

139,490 
18,071 
5,265 
7,383 

21 831 7 
627,773 
59,625 

143,205 
3851 94 
20,450 

106,658 
661,125 
286,150 
53,306 
18,085 

841,914 
1,001,630 

21 9,736 
156,801 

Total 1,655,973 1,489,843 573,750 1,080,602 4,800,169 I I 
l I 
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1994 API Residuals Survey 

Management Estimates for U.S. Refining Industry 
(as percentage of quantity managed) 

Code Residual 
Land 

Recycled Treated Treated Disposed 

101 API separator sludge (K051) 
102 Dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
1 1 O Primary sludge (F037) 
1 11 Primary sludge (F038) 
112 Tank bottoms (unleaded, leaded) 
202 Contaminated soils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 

501a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501c Spent cresylic caustics 

40% 
52% 
74% 
2% 
38% 
70% 
19% 
3% 
39% 
76% 
32% 
26% 

64% 
91% 

33% 

55% 
48% 
24% 
16% 
24% 
9% 
1 7% 
4% 
24% 
0% 
1% 
11% 
65% 
34% 
4% 

1 Yo 
0% 
0% 
16% 
12% 
0% 
10% 
14% 

0% 
2% 
46% 
0% 
0% 
0% 

4% 

5% 
0% 
2% 
67% 
26% 
21 % 
55% 
78% 
33% 
24% 
65% 
17% 
2% 
2% 
5% 

Total 
Tons 

~ ~ _ _ _  

218,517 
627,773 
59,625 

143,205 
385,194 
20,450 

106,658 
661 ,I 25 
286,150 
53,306 
18,085 

841,914 
1,001,630 

21 9,736 
156,801 
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1 994 API Residuals Survey 

Estimated Recycling (On-Site, Off-Site) for U.S. Refining Industry 
(wet tons) 

Code Residual 
On-Site Off-Site 

Tons % % 

101 API separator sludge (K051) 
102 Dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
110 Primary sludge (F037) 
11 1 Primary sludge (F038) 
112 Tank bottoms (unleaded, leaded) 
202 Contaminated soils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 

501 a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501 c Spent cresylic caustics 

87,259 
326,998 
44,148 
2,405 

144,558 
14,285 
20,107 
21,759 

11 0,425 
40,767 
581 9 

221,955 
332,137 
140,455 
142,896 

70% 30% 
97% 3% 
58% 42% 
20% 80% 
70% 30% 
93% 7% 
75% 25% 
20% 80% 
23% 77% 
4% 96% 
0% 100% 

79% 21 % 
11% 89% 
4% 96% 

15% 85% 

Total 1,655,973 
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1994 API Residuals Survey 

Estimated Treatment (On-Site, Off-Site) for U.S. Refining Industry 
(wet tons) 

Code Residual 
On-Site Off-Site 

Tons % % 

101 API separator sludge (K051) 
102 Dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
110 Primary sludge (F037) 
11 1 Primary sludge (F038) 
112 Tank bottoms (unleaded, leaded) 
202 Contaminated soils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 

501 a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501 c Spent cresylic caustics 

1 19,244 
298,387 

14,278 
22,372 
93,314 

1,839 
17,681 
26,593 
68,873 

140 
951 64 

651,422 
74,016 

6,522 

90% 
99% 
88% 
10% 
90% 
83% 
71 yo 
87% 

100% 
NIA 
0% 

61% 

100% 
99.9% 

99.7% 

10% 
1 Yo 

12% 
90% 
1 0% 
17% 
29% 
13% 
0% 
NIA 

100% 
39% 
0.3% 
0.0% 
0.1 % 

Total 1,489,843 
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1994 API Residuals Survey 

Estimated Land Treatment (On-Site, Off-Site) for U.S. Refining Industry 
(wet tons) 

Code Residual 
On-Site Off-Site 

Tons % % 

101 API separator sludge (K051) 
102 Dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
1 1 O Primary sludge (F037) 
11 1 Primary sludge (F038) 
112 Tank bottoms (unleaded, leaded) 
202 Contaminated soils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 

501a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501 c Spent cresylic caustics 

.l,442 
1,148 

13 
22,401 
46,440 

10,650 
93,839 
12,067 

444 
385,306 

100% 
100% 
100% 
99% 

100% 
NIA 

100% 
89% 

100% 
NIA 

86% 
100% 

NIA 
NIA 
NIA 

0% 
0% 
0% 
1 Yo 
0% 
NIA 
0% 

11% 
0% 
NIA 

0% 
NIA 
NIA 
NIA 

14% 

Total 573,750 
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1994 API Residuals Survey 

Estimated Disposai Techniques Used by U.S. Refining Industry 
(wet tons) 

Code Residual 
Impound- Land- Land- Other 

ment fill spread Injection Disposal Total 

101 API separator sludge (K051) 
102 Dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
1 1  O Primary sludge (F037) 
11 1 Primary sludge (F038) 
112 Tank bottoms (unleaded, leaded) 
202 Contaminated soils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 
501 a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501c Spent cresylic caustics 

86 
2,009 

16,005 
8,225 

84 

10,298 
1,240 
1,186 
96,027 
100,624 
2,317 
54,874 
496,430 
78,086 
12,398 
11,100 
133,222 

1.682 

63 1 
6,499 
825 

4,471 
16,324 
5,265 
5.702 

274 

170 

2,715 

7,650 
142 
583 

1,712 
1,747 

10,572 
1,240 
1,186 
96,027 
100,881 
4,326 
58,220 

94,785 
12,539 
11,683 
139,490 
18,071 
5,265 
7,383 

518,934 

Total (tons) 26,409 999,484 12,426 27,291 14,992 1,080,602 
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1994 API Residuals Survey 

Estimated Disposal (On-Site, Off-Site) for U.S. Refining Industry 
(wet tons) 

Code Residual 
On-Site Off-Site 

Tons % YO 

1 O1 API separator sludge (K051) 
102 Dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
1 1 O Primary sludge (F037) 
11 1 Primary sludge (F038) 
112 Tank bottoms (unleaded, leaded) 
202 Contaminated soils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 

501 a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501 c Spent cresylic caustics 

10,572 
1,240 
1,186 

96,027 
100,881 

4,326 
58,220 

51 8,934 
94,785 
12,539 
11,683 

139,490 
18,071 
5,265 
7,383 

30% 
0% 
0% 
4% 

46% 
1% 

11% 
25% 
22% 
28% 
16% 
34% 

100% 
53% 

53% 

70% 
100% 
100% 
96% 
47% 

99% 
89% 
75% 
78% 
72% 
84% 
66% 
0% 

47% 

54% 

Total 1,080,602 
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1994 API Residuals Survey 

Disposal Techniques Used by Respondents 
(number of respondents reporting each residual) 

I Code Residual 
Impound- Land- Land- Other 

ment fill spread Injection Disposal 

1 O1 API separator sludge (K051) 
102 r dissolved air flotation float (K048) 
103 Slop oil emulsion solids (K049) 
106 Pond sediments 
11 O Primary sludge (F037) 
1 11 Primary sludge (F038) 
112 Tank bottoms (unleaded, leaded) 
202 Contaminated soils and solids 
301 FCC catalyst or equivalent 
302 Hydroprocessing catalysts 
303 Other spent catalysts 
401 Biomass 

501 a Spent sulfidic caustics 
501 b Spent naphthenic caustics 
501 c Spent cresylic caustics 

14 
5 
4 
10 
20 
3 
49 
64 

18 
40 
25 

43 - 

1 

7 
1 
2 

(2-15 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



98PP 

~ - ~ 
~~ 

A P I  P U B L * 3 3 6  9 6  0 7 3 2 2 9 0  O560342 L b 4  W 

This publication is printed on recycled paper. 

09962C1 P 
Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



API PUBLx336 76 0 7 3 2 2 7 0  0560343  O T O  

American 1220 L Street, Northwest 
Petroleum Washington, D.C. 20005 
Institute 202-682-8000 

http://www.api. org 

Order No. J33600 
Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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


