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FOREWORD

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

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

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

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or transmitted by any
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the
publisher. Contact the publisher, API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.
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EXECUTIVE SUMMARY

The 1996 API Refining Residual Survey collected data on the manner in which U.S. petroleum refineries
manage their residual materials. This report summarizes the characteristics of the facilities that responded,
and presents nationwide trends in residual management practices. The nationwide estimates were
determined from a regression analysis of the respondent data in terms of residual quantity in wet tons by
refinery capacity in barrels per stream day (bsd).

1996 Refining Residual Survey—Response Level
Estimated U.S. Total Survey Respondents Percent

No. of Facilities 152 ) 79 52 %
Refining Capacity 15,534,500 bsd 8,925,800 bsd 57 %
Residual Quantity 3,722,000 wet tons 1,887,000 wet tons 51%

The 1996 survey collected data an the management of 14 residual streams and requested cost data on six of
these streams. By comparison to the quantities reported for 30 residual streams i the surveys prior to
1994, these. 14 streams are believed to represent nearly 80% of the total quantity of residuals managed at
U.S. refineries. As with previous surveys, data were collected on the age, size, location, and type of
refinery, and on the configuration of the wastewater treatment systems.

DIFFERENCE FROM PRIOR YEAR RESULTS

This year’s survey continued to seek improvement in the consistency of reported data through enhanced
guidance on the survey form. Prior to the 1995 survey, some facilities had reported the quantity of residual
generated prior to dewatering, while others had reported the quantity managed after dewatering. The 1995
survey, however, had specified that only the quantity of residual remaining after dewatering was to be
reported, without the recovered water or oil, thus providing for a consistent basis of response and more
-accurately reflecting quantities of residuals managed. This approach was continued with the 1996 survey.
In the following chart, the data for 1987 through 1994 have been adjusted by deleting the quantities
considered to be recovered oil or water rather than true residuals.

Trends in Management Practices—Nationwide Estimates of Quantity per Year
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The specific adjustments made to the 1987 through 1994 data were to delete the amounts shown as
managed by wastewater treatment from the streams that are reduced by dewatering, which are the fank
bottoms, API separator sludge, DAF float, primary sludges, slop oil emulsion solids, biomass, and pond
sediments streams. Amounts listed as recycled to a crude unit were deleted from these same streams, with
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the exception of DAF float and slop oil emulsion solids. The latter two streams had entries in the crude
unit category for 1995 (and again in 1996), and therefore this category was retained for these two streams

in the adjustments of prior years’ data.

The estimated total quantity of residuals managed at U.S. refineries increased from 3,049,000 wet tons in
1995 to 3,722,000 wet tons in 1996, an increase of 673,000 wet tons. The 1996 nationwide estimate,
however, is still lower than the annual estimated quantities for 1992 through 1994. The reporting units of
wet tons indicate that the stream volumes are taken in their as-managed condition, rather than on a dry-
solids basis. While residuals that have been dewatered will have a higher percent-solids content than if they
bad not been dewatered, they may nevertheless include a significant amount of water.

The portion of residual material reported as having been recycled continues the strong upward trend of
recent years, with well over half of the total quantity managed now shown as recycled.

Trends in Management Practices—Nationwide Estimates of Percent of Total per Year
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The next chart compares residual quantities by stream for 1995 and 1996.
Nationwide Estimates of Residual Quantity by Stream—1995 versus 1996
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Several facilities reported a combined amount of certain residuals associated with wastewater treatment
facilities (i.e., API separator studge, DAF float, primary sludges, and slop oil emulsion solids), in that
they commingle these streams for management. The sum of these oily wastewater residuals increased from
554,000 wet tons in 1995 to 726,000 wet tons in 1996.

Another step taken in the 1995 survey to improve reporting consistency was to combine all manner of land

Jarming and land spreading into a single land treatment category. This approach was continued in the
1996 survey. The 1996 survey additionally discontinued the physical treatment category. In the following
chart, the quantity reported under physical treatment in 1995 has been combined with other treatment in

order to make the data comparable to 1996.

Nationwide Estimates of Residual Quantity by Management Technique—1996 versus 1995
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The most significant difference in the quantity per residual stream from 1995 to 1996 is the increase in the
quantities of biomass, DAF float, and spent sulfidic caustic. These three streams, in fact, account for 75%
of the total increase in estimated quantities from 1995 to 1996.

The biomass, DAF float, and spent sulfidic caustic streams often contain very small concentrations of the
residual in a relatively large volume of water. Wide variation in the quantities reported for these streams
may be due at least in part to differences in how reporting facilities account for the accompanying volume of
water. In the 1996 survey, for example, three facilities reported managing biomass by wastewater
treatment, and one facility reported this practice for DAF float. Follow up phone calls confirmed this to be
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the case, but the streams in questions were less than 5% solids. Other facilities use a continuous flow coker
technology that requires large amounts of water. Spent sulfidic caustic is increasingly used for pH control
in the wastewater plant, and again the quantity reported typically includes large volumes of water. Thus the
increase in the biomass, DAF float, and spent sulfidic caustic streams shows up in the management
techniques primarily under coker, other recycle (for pH control), and wastewater treatment.

The mmproved data integrity in the 1996 survey has virtually eliminated routing to the cat cracker as a
management practice. It was found that most materials reported as being routed to the cat cracker were in
reality routed to either the coker or the crude unit, with the exception of FCC catalyst. When FCC
catalyst is routed to a cat cracker, however, it is for continued use as a catalyst. Ifit has been processed in
some manner in order to restore its suitability for service, it should be reported as regenerated. If, on the
other hand, it is cascaded for continued use as a catalyst without any processing to improve its
performance, then it is still being used for its intended fimction, and would not yet be a residual. Thus it
appears that U.S. refineries do not process residuals by routing them to the cat cracker.

The next chart displays the nationwide distribution by management practice for each stream, as estimated
from the 1996 survey. The streams that are sometimes dewatered, which include tank bottoms, the oily
wastewater residuals, biomass, and pond sediments, are on the left side of the chart.

Nationwide Estimates of Distribution by Management Practice—1996
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The most evident trend of the last two years in the management of residual material by U.S. refineries is the
movement toward recycling as the dominant management practice.

ES4

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale




STD-API/PETRO PUBL 345-ENGL 19948 B 0732290 0bLO47L A8L HE

Section 1
METHODOLOGY

LISTING OF REFINERIES

The term ‘petroleum refinery’ is used differently in various contexts. For purposes of the 1996 API
Refining Residual Survey, a refinery is defined as a facility that currently processes crude oil. Facilities
that do not have crude units are not included in the survey.

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

The survey was sent to those U.S. refineries listed as processing crude oil in the Worldwide Refineries-
Capacities as of January 1, 1997 published by the Oil & Gas Joumal. Excluding those refineries that were
found to either not actually process crude or to have been shut down resuited in a final count of 152
refineries. Of these, 79 responded to the survey.

RATIONALE FOR SURVEY CLARIFICATIONS .

As was explained in last year’s report, the survey now specifies that only the quantity of residual remaining
after dewatering is to be reported, without the recovered water or oil, thus providing for a consistent basis
of response and more accurately reflecting quantities of residuals managed. The quantity reported for each
stream, then, is that remaining after any dewatering of the sludge. For those streams that are not defined as
RCRA-listed hazardous wastes, the quantity may include both hazardous and nonhazardous materials.
‘Where it was determined that a facility had reported both the quantity of material that was treated and the
quantity that was disposed of after treatment, only the quantity treated was included in the analysis.

The reporting units of wet tons indicate that the stream volumes are taken in their as-managed condition,
rather than on a dry-solids basis. While residuals that have been dewatered will have a higher percent-
solids content than if they had not been dewatered, they may nevertheless include a significant amount of
water.

RESIDUAL STREAMS _

Earlier annual surveys had collected data on 30 separate residual streams, but the 1994 survey reduced the
number of streams to 15 for simplification. These 15 streams were believed to represent approximately
80% of the total quantity of refinery residuals. The 1994 survey had included two separate categories for
primary sludges (i.¢., the FO37 and FO38 RCRA categories). Combining these two streams into a single
primary sludges category resulted in 14 streams in the 1995 survey. The 1995 survey also collected
information on the cost of managing six of the 14 streams in the survey, compared to three streams having
had cost data questions in the 1994 survey. The 1996 survey continued to collect data on these 14 residual
streams, as well as soliciting cost data on the same subset of six. The definitions assigned to each stream
are listed in Appendix A.

It should be understood that the residual stream labels used in this survey are NOT used in a regulatory
sense. Whereas the Environmental Protection Agency (EPA) regulations implementing RCRA have given
these terms special meaning, the usage here is in a broader, more generic sense. API’s intent is to have
survey participants report the management of all residual type materials (e.g., materials that are
byproducts or residuals of petroleum refining operations). This includes residuals that are beneficially
recycled or reclaimed, as well as materials that are discarded.
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In order to facilitate consistency of response, definitions are provided as pop up messages attached to
buttons on the survey form, as shown in the following figure.

Figure 1—Sample Screen from the Survey Form

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

API Separator

click the
button below
to
rint reports

print only a
selected
itream, enter

as both From
4 and To in the
4 Page Range

sion Solids

MANAGEMENT PRACTICES AND TECHNIQUES

The 1996 survey continued to group management techniques into three categories of management
practice-recycling, treatment, and disposal. The management techniques from the 1995 and 1996 surveys,
with the definitions assigned to them for the 1996 survey, are listed in Appendix A. Note that the physical
treatment category has been discontinued as a separate management technique. The results of prior years’
surveys have had the quantities from this category added to other treatment, to accommodate comparison
with the 1996 data. Each of these management technigues is allowed under certain regulatory scenarios.

DATA ANALYSIS

Completed survey forms were received from respondent facilities in the form of data files on diskettes. Data
cleaning included a check of the data for self-consistency. For example, if a facility indicated that its
classification is ‘topping’, then it should not have reported any spent FCC catalyst; or if it did not report
having an API separator, then there should not be any API separator sludge. The data were also reviewed
visually and statistically for outliers. Follow up phone calls resolved apparent discrepancies, such as
whether the quantity had been reported in the correct units and, if so, why the amount differed from
expected levels.

As with previous surveys, the data from the respondents were extrapolated to nationwide estimates by
applying a regression analysis in which throughput capacity is taken as the explanatory variable. For
consistency with previous years, the following form of equation was retained.
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VR =b450,C

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

The equation developed from the 1996 survey is

/R = 28.0+8.88x104C

with an R? measure of correlation equal to 0.70 and a percent error of 7.7%. The statistical analysis is
described in more detail in Appendix B.
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Section 2
RESULTS

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

Figure 2——R&eponse Rate by Refinery Capacity.
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Figure 3—U.S. Department of Energy’s Petroleum Administration for Defense (PAD) regions.
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Figure 5—Response Distribution by Complexity of Facility.
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Figure 6—Response Distribution by Age of Facility.
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Figure 7—Response Distribution by Average Weight Percent of Sulfur in the Crude Run.
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The number of responses from each NPDES Permit Classification for each residual stream are summarized
in Table 1, and are presented on a percentage basis in Table 2.

Table 1—Number of Facilities in Each NPDES Classification Reporting Each Stream.

NPDES Permut Classification
Topping Cracking Petrochemical Lube — Integrated

Total No. of this type: 11 48 5 5 10
Distribution by Residual Stream: '
API Separator Sludge 3 35 4 2 4
Biomass 3 29 4 3 8
Contaminated Soils 8 43 5 5 10
DAF Float 0 22 1 2 6
FCC Catalyst 0 30 5 3 9
Hydro. Catalyst 4 35 4 3 9
Other Spent Catalysts 2 31 3 3 7
Pond Sediments 0 3 1 2 2
Primary Sludges _ 8 42 5 4 10
Slop Oil Emulsion Solids 1 17 3 2 5
Spent Cresylic Caustic 0 19 2 3 7
Spent Naphthenic Caustic 1 2 1 0 3
Spent Sulfidic Caustic 3 31 4 3 9
Tank Bottoms 5 40 4 4 9
Table 2—Percent of Facilities in Each NPDES Classification Reporting Each Stream.

NPDES Permit Classification
Topping Cracking Petrochemical Lube — Integrated

Distribution by Residual Stream:
API Separator Shudge 27% 73% 80% 40% 40%
Biomass 27% 60% 80% 60% 80%
Contamunated Soils 73% 90% 100% 100% 100%
DAF Float 0% 46% 20% 40% 60%
FCC Catalyst 0% 63% 100% 60% 90%
Hydro. Catalyst 36% 73% 80% 60% 90%
Other Spent Catalysts 18% 65% 60% 60% 70%
Pond Sediments 0% 6% 20% 40% 20%
Primary Sludges 3% 88% 100% - 80% 100%
Slop Oil Emulsion Solids 9% 35% 60% 40% 50%
Spent Cresylic Caustic 0% 40% 40% 60% 70%
Spent Naphthenic Caustic %% 4% 20% 0% 30%
Spent Sulfidic Caustic 27% 65% 80% 60% 90%
Tank Bottoms 45% 83% 80% 80% 90%
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WASTEWATER MANAGEMENT

Every responding facility indicated that its wastewater is treated prior to discharge. All of the 79
responding facilities reported having primary oil-water separation equipment, with 57 indicating that they
use an API Separator. The remaining 22 facilities listed various types of equipment for primary separation,
with the most frequent mention being a corrugated plate interceptor. A new question in the 1996 survey
asks whether the facility discharges to a publicly-owned treatment works (POTW), a joint treatment facility
(i.e., a privately-owned wastewater treatment shared by multiple users), or neither. This question allows a
determination of whether the onsite treatment is pretreatment prior to additional treatment offsite, or is the
complete treatment process for the facility’s wastewater. The schematic in Figure 8 (on the following page)
illustrates the distribution of equipment in the wastewater treatment facilities, as well as indicating whether
effluent discharged prior to advanced treatment is sent to another treatment facility.

Three facilities reported baving primary separation only, two of which discharge to a POTW. An additional
eight facilities reported discharging after secondary separation, of which six discharge to a POTW and one
to a joint treatment facility. Of the remaining 67 facilities, 64 have some form of biotreatment and the three
without biotreatment have some form of advanced treatment. Thus 77 of the 79 facilities (97%) report
having biotreatment and/or advanced treatment, or discharging to another facility for further treatment.

The most common equipment configuration (reported by 62% of respondents) includes primary separation,
gas flotation, and biotreatment. The following list summanizes the responses.

Primary separation ... 100% (typically an API Separator)

Secondary separation . 80% (typically some type of gas flotation)

Secondary

biological treatment . .81% (typically includes activated sludge)
Advanced treatment .. 43% of all reporting facilities (filtration is most common), and
52% of those not subject to posttreatment.

The survey previously sought to differentiate among stormwater, process wastewater, and combined flow
by asking for information on holding structures for segregated sewers separately from combined sewers.
This question was revised in the 1996 survey to ask what percent of the facility is served by segregated
sewers. In addition, the 1996 survey asks whether the effluent parameters were measured at the discharge
from the wastewater treatment plant, or for the combined discharge of wastewater and untreated
stormwater.

Figure 9 illustrates the type of structures used to hold stormwater and wastewater. The predominant type
of structure reported for holding wastewater-only was tanks and for stormwater-only was impoundments.
Twenty one facilities reported having 100% segregated sewers, and another eighteen facilities reported
having some segregated sewers and some combined sewers. The remaining half of the respondents
indicated having 100% combined sewers. These responses are summarized below.

100% Segregated Sewers ....... 21 facilities
Some Segregated/Some Combined . 18 facilities
100% Combined .............. 40 facilities

In that some facilities have both segregated sewers and combined sewers, the total number of responses in
Figure 9 exceeds 79.
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Figure 9—Stormwater and Wastewater Holding Structures.
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Most of the facilities that reported using impoundments also reported the estimated acreage, which varied
from 0.01 to 350 acres per facility. Figure 10 shows the total acreage having RCRA permits or interim
status versus the acreage of impoundments that are not RCRA regulated. The chart also indicates the
number of facilities that reported their acreage for each category. The average size of impoundments is

sunmmarized in the following list.
average of average without
all responses largest & smallest
RCRA-permitted: 10.4 acres 4.3 acres
not RCRA regulated: 16.8 acres 11.6 acres

Figure 10—Stormwater and Wastewater Impoundment Acreage.
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Every responding facility listed the quantity of wastewater discharged daily. The average of the reported
daily discharge rates was 2.7 million gallons per day (MGD), and the median rate was 1.0 MGD. One
facility indicated that it practices 100% evaporation, and thus is a zero discharge facility. All but three of
the remaining respondents gave a breakdown of the sources of their discharge water, with each reporting
some contribution from process wastewater. The number of facilities reporting each source of discharge
water is shown in Figure 11. Note that most facilities report more than one source of discharge water. Of
those listing ‘other’ sources, the most frequently mentioned source was blowdown water. Sanitary
wastewater was also mentioned in several responses.
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Figure 11—Sources of Discharge Water.

No. of Refineries
coB885838338

Cooling Water* Untreated Stormwater Other
Process Wastewater Treated Stormwater Treated Groundwater
Sources of Discharge Water

*Only Includes hon-contact once through cooling water that is treated prior to discharge.

Additional detail on the sources of discharge water is provided in Table 3. In this table, the contribution of
each source is shown as a percent of total discharge water, for those facilities reporting that source.

Table 3—Sources of Discharge Water as a Percent of Total.

No. of Respondents Median Flow Median Flow

reporting this source = Range Median 1996 (MGD) 1995 (MGD)
Process Wastewater 75 13-100%  73% 1.0 1.0
Noncontact Cooling Water* 35 1-70% 21% 0.1 0.1
Treated Stormwater 57 05-60%  7.5% 0.1 0.2
Untreated Stormwater 29 01-44% 65% 0.08 0.1
Treated Groundwater 30 0.001-80% 1.0% 0.04 0.05
Other 16 0.1-100% 11% 0.1 0.03

* only includes non-contact once through cooling water that is treated prior to discharge.

Levels of eight discharge parameters were requested in the question on effluent quality. The levels are
presented as an amount (pounds per year) in Table 4, and as a concentration (pounds per million gallons) in
Table 5.

Table 4—Water Quality Discharge Parameters (pounds per year).

No. of Respondents
reporting this parameter Median-1996 Median-1995

Total Suspended Solids (TSS) 76 73,000 Ibs 66,000 Ibs
Biochemical Oxygen Demand (BOD) 71 49,000 Ibs 40,000 Ibs
Chemical Oxygen Demand (COD) 69 380,000 Ibs 310,000 Ibs
Ammonia 73 9,700 1bs 9,400 lbs
Oil & Grease (O&G) 77 13,000 Ibs 17,000 Ibs
Chromium 50 26 Ibs 29 Tbs
Nickel 18 100 Ibs 120 Ibs
Selentum 25 120 Ibs 42 Ibs
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Table 5—Water Quality Discharge Parameters (pounds per million gallons of wastewater discharge).

Median-1996 Median-1995
Total Suspended Solids (TSS) 140 Ibs/MG 130 1bs/MG
Biochemical Oxygen Demand (BOD) 87 1bs/MG 77 Ibs/MG
Chemical Oxygen Demand (COD) 750 Ibs/MG 680 Ibs'MG
Ammonia 26 Ibs/MG 31 Ibs/MG
Oil & Grease (O&G) 27 los/MG 26 Ibs/MG
Chromium 0.04 1bs/MG 0.08 Ibs/MG
Nickel 0.13 Ios/MG 0.20 Ibs/MG
Selenium 0.12 Ibs'MG 0.15 Ibs/MG

In addition to the effluent parameters, the 1996 survey solicited measurements of certain wastewater
parameters at intermediate points in the system. The survey requested the level of oil and grease levels after
primary separation and again after secondary separation, as an indicator of the effectiveness of secondary
oil/water separation. In a similar manner, the survey asked for levels of both BOD and COD before and
after biotreatment. Approximately half of the respondents supplied this information. The average levels of
these parameters at the intermediate points indicated, as well as the average effluent levels, are summarized
in Table 6.

Table 6—Water Quality Parameters at Intermediate Points (pounds per year).
No. of Respondents ~ Total Level*  Average Level*
1eporting this parameter (pounds/vear) (pounds/year)

Oil and Grease (O&G)
After primary separation 37 45,200,000 1,290,000
After secondary separation 37 11,200,000 319,000
At effiuent 37 1,990,000 57,000
Biochemical Oxygen Demand (BOD)
Before biotreatment 40 57,900,000 1,480,000
After biotreatment 40 4,380,000 112,000
At effivent 40 4,120,000 106,000
Chemical Oxygen Demand (COD)
Before biotreatment 43 168,000,000 3,990,000
After biotreatment 43 28,100,000 670,000
At effluent 43 26,100,000 622,000
*Two outliers were deleted from the 0&G summary, and one each from the BOD and COD
summaries.
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POLLUTION PREVENTION

The simplified pollution prevention question introduced in the 1995 survey was retained in the 1996 survey.
Rather than soliciting pollution prevention practices for each residual stream, a single listing was requested
for the entire facility. The question asked for a description of those pollution prevention activities
undertaken in 1996. Most respondents listed only those projects brought on line in 1996, but it is evident
from other portions of the survey that virtually every facility practices certain pollution prevention
techniqu&s, such as recycling.

Many of the pollution prevention techniques relate to recognizing that waste streams are often comprised
largely of water and dirt that have been contaminated by being combined with process materials.
Accordingly, the pollution prevention techniques include:
» reducing the amount of dirt that enters the oily wastewater stream,
» reducing the amount of water that enters the oily wastewater stream,
dewatering, to reduce the volume of oily sludges, and
» minimizing the contamination of dirt by reducing spills and leaks.

In addition to reducing the volume of water and dirt in the wastewater residuals, the industry has continued
to implement strategies to better manage the process residuals, including:

» source reduction,

» waste segregation, and

» recycling.

Each of these practices is enhanced by education and training. The specific responses from the 1996 survey
are listed in Table 7.

Table 7—Pollution Prevention Activities.
General Practice Survey Response

Reduction of dirt to the oily water sewer.  Improved housekeeping.
Regularly cleaned stormwater holding basins, catch basins, and
drainage systems upstream of the oily sewer.
Installed concrete curbing around process units to reduce solids
entering the sewer.

Reduction of water to the oily water sewer. Completed containment projects to better segregate stormwater
from units.
Installed closed loop pump cooling to minimize wastewater
volume.
Replaced seal fluid at dewaxing unit from water to neutral o1l.
Improved drainage and drain system to reduce the flow of
water entering the plant from offsite.

Dewatering of oily sludges. Installed new dewatering equipment.
Replaced or improved existing dewatering equipment.
Expanded the use of dewatering equipment.
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Table 7—Pollution Prevention Activities (continued).

General Practice
Reduction/Containment of spills and leaks.

Source reduction/process modification.

Waste segregation.

Survey Response

Improved housekeeping.

Improved or expanded leak inspection programs.

Installed an HDPE barrier wall twenty feet into the ground to

intercept leaks, which are then collected and recovered.

Installed covers on API Separators.

Installed double bottoms in storage tanks.

Upgraded rim seals on storage tank floating roofs.

Replaced underground piping with either double-walled piping
or aboveground piping,

Replaced leaking lines or gaskets.

Installed double seals on pumps.

Initiated more stringent specifications for solids in the crude
and used oil brought into the plant.

Installed clarifier to remove solids from river water used for -
cooling,.

Process modifications to reduce benzene concentration in the
wastewater.

Improved sulfur processing, including installation of a NaHS
wnt.

Improved oil/water separations in the process umits.

Reduced acids, caustics, and solids entering the sewer from
process units. '

Converted loading racks from top loading to bottom loading.

Modified combustion units to lower NOx emissions.

Changed barometric pressure in crude to decrease wastewater
flow.

Eliminated the use of liquid chlorine as a biocide in cooling
towers, by substituting a Br/Cl compound.

Installed a centrifuge to remove oil from desalter effluent before
1t enters the sewer.

Commissioned a Sats Gas plant to more efficiently process
refinery gases.

Installed piping and equipment to allow neutralization of Acid
Soluble Oil with potassium hydroxide.

Changed from high-concentration caustics to merox for
gasoline treating,.

Installed a new sour water stripper and Claus plant, thereby
eliminating a large SO, and odor source.

Kept nonlisted residuals from combining with listed wastes.
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Table 7—Pollution Prevention Activities (continued).
General Practice Survey Response

Recydling. Found markets for materials formerly treated or disposed of.

Installed a compressor to recover vacuum tail gas.

Routed oily sludges to the coker.

Designed & constructed a patented spent caustic stripper.

Sent oily sludges to fuels blender.

Blended contarminated soils into refinery roadbase.

Installed vapor recovery for railcar loading of propylene.

Recycled ethylene glycol.

Mulched used lumber.

Recycled employees’ used motor oil.

Segregated scrap metal and shipped to metals dealer.

Used caustic stream for pH adjustment in the wastewater plant.

Recycled spent catalysts, dessicants, and caustics.

Recycled high mercury content wastes.

Regenerated Stretford Solution and Sulfinol Solution by
desalting.

Recycled spent pleated paper filters for fuels blending.

Blended bioremediated biomass and contaminated soils into
topsoil.

Recovered oil from a thermal desorption umit.

Routed an oil-water separator drain to a crude tank for
Teprocessing.

Recycled ceramic packing supports.

Education and training, Raised awareness of the benefits of pollution prevention.
Raised awareness of the facility’s pollution prevention
practices.
Raised awareness of regulatory requirements.
Initiated a Permanent Pollution Prevention Program.

- Improved treatment. Installed new and upgraded existing wastewater treatment
: facilities.

Began to use bioremediation.

Relocated a wastewater outfall to a larger-flowing stream.
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. Section 3
RESIDUAL STREAM PROFILES

The U.S. refining industry managed an estimated 3.72 million wet tons of material from the 14 residual
streams included in the 1996 API Refining Residual Survey. A summary of the total quantity of residuals
‘managed per year is presented in Figure 12. The data for 1987 through 1994 have been adjusted in Figures
12 and 13 by deleting the quantities considered to be recovered oil or water rather than true residuals.

Figure 12—Nationwide Estimate of Residual Quantity per Year: 1987-1996.
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‘Figure 13 shows the relative contribution of the residual streams, with certain streams grouped together.
‘The FCC catalyst, hydro. catalyst, and other spent catalyst streams are combined into a spent catalysts
category; and a spent caustics category includes spent cresylic caustic, spent naphthenic caustic, and spent
sulfidic caustic. The oily wastewater residuals (i.e., API separator sludge, DAF float, primary sludges, and
slop oil emulsion solids) make up a third grouping. The contribution of each category in 1996 is estimated
to be within three percentage points of its contribution to the 1995 data.

Figure 13—Nationwide Estimate of Residuals Distribution: 1995-1996.
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The remainder of this section presents detailed information for the individual streams, with the streams
arranged in alphabetical order. The data for this section are summarized in the tables of Appendix C.
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API SEPARATOR SLUDGE!

The U.S. petroleum refining industry managed an estimated 97 thousand wet tons of API Separator Shadge
in 1996, which was a 162% increase from 1995. A summary of the quantity of API Separator Sludge
managed per year is presented in Figure 14. The data for 1987 through 1994 have been adjusted by
deleting the quantities considered to be recovered oil or water rather than true residuals.

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

1994 1985 1996

Several facilities combine some or all of the residuals associated with their wastewater treatment facility
(i.e., API Separator Sludge, DAF Float, Primary Shudges, and Slop Oil Emulsion Solids). The combined
quantities of these oily wastewater streams are summarized in Figure 88, which shows an increase from
554'thousand wet tons mn 1995 to 723 thousand wet tons in 1996, an increase of 30%.

The portion of the API Separator Sludge stream that is managed by each management practice is shown in
Figure 15 for 1995 and 1996. Recycling has become the dominant management practice, and disposal is
disappearing as a management practice for this stream.

Figure 15—Nationwide Estimates of API Separator Sludge by Management Practice: 1995-1996.

Recycle
62%
Recycle
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Disposal
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Disposal

o% 2 Treatment

Treatment 10%

29%
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'Recall that this report uses labels such as API Separator Shudge in the broader context of a
residual stream which includes matenials that are not subject to RCRA regulation.
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Figure 16 shows the API Separator Sludge distribution by management technique for 1995 and 1996. This
stream is primarily managed by techniques that recycle the il content. This is most commonly
‘accomplished by routing the stream to a coker. Anocther frequently employed technique is to send this
stream to a fuels blending unit for incorporation into kiln fuel. When oil is recovered from this stream by
thermal desorption, it is reported as reclamation.

Figure 16—Distribution of API Separator Shudge by Management Technique: 1995-1996.
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Responses in the other categories are listed below.

Other Recydle: one facility reports recycling for aggregate manufacturing.
Other Treatment: one facility sends this stream to Permitted Storage.
Other Disposalz none.

The schematic on the next page illustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 17 - API Separator Sludge Summary: 1996

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

Recycle

Treatment

APl
Separator
Sludge

46

Disposal

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

dewatering

method

no. of
facilities

30

management
technique

location

Recycle:

regeneration . . . .
kiln feedstock . . .

o] [o]le] -] o] o] =[¢

-chemical .......

-1and treatment . .

stabilization . . ..

(o} o]
b | 3
7] ]
= ==
[¢)] [0]
(] (o]
= - =]
—
(1] (0]

A

1

8

=l B el
/o]l [l

3-4

Not for Resale

Disposal:

impoundment . . .




STP.API/PETRO PUBL 345-ENGL 1998 ®E 0732290 0b1LOY9Y &T1 EA

The following three graphs summarize the cost data reported for API Separator Sludge.

Figure 18—Onsite Management Cost for API Separator Studge: 1996
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Figure 19—Offsite Management Cost for API Separator Sludge: 1996
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Figure 20—Total Management Cost for API Separator Sludge: 1996
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The U.S. petroleum refining industry managed an estimated 729 thousand we tons of Biomass i 1996,
which was a 25% increase from 1995. A summary of the quantity of Biomass managed per year is
presented in Figure 21. The data for 1987 through 1994 have been adjusted by deleting the quantities
considered to be recovered oil or water rather than true residuals.

Figure 21—Nationwide Estimates of Biomass per Year: 1987-1996.

e

FEAT

1992 1893
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The portion of the Biomass stream that is managed by each management practice is shown in Figure 22 for
1995 and 1996. Treatment has become the dominant management practice, and disposal is declining as a
management practice for this stream. -

Figure 22—Nationwide Estimates of Biomass by Management Practice: 1995-1996.
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Figure 23 shows the Biomass distribution by management technique for 1995 and 1996. There appears to
be a trend toward decreased land treatment and landfill applications of this stream.

ZRecall that this report uses labels such as Biomass in the broader context of a residual stream
which includes materials that are not subject to RCRA regulation. -
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Figure 23—Distribution of Biomass by Management Technique: 1995-1996.
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Responses in the other categories are listed below.

Other Recycle: one facility routes this stream to an RCC unit; another facility biotreats this stream and
blends it to make topsoil.

Other Treatment: one facility treats biomass in a sludge digester.
Other Disposal: none.

The schematic on the next page illustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 24 - Biomass: 1996

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

STD.API/PETRO PUBL 3I45-ENGL 1998 WE 0732290 0b10O49? 500 M

dewatering no. of management i
method facilities technique location
Recycle none . ... .. 6 9 Ricycle: Tnﬁne (I)ff___(sl_it_-T
FCOKer . .........
drying . . ...
mech. @ crudeumit . .. ... @ @
ﬁ;‘:fm“g' ctomdker..... [0] [0]
- TeSS . .
/'_> p oo reclamation . . . . . @ @
V%lctrm:up E)] Tegeneration . . . . @
on..
gravity kiln feedstock... [ 0] [ 0]
=2 [o] [0
[1]
Treatment (l)nj!ite clﬁ::'mla
[o]
[o]
[2] [0]
-
S
iomass ‘ @
45 | | [0]
;i [0]
Disposal 2 23 al c@ue ([%T
impoundment . . .
drymg . .. ..
me?h. . fill........
thickening - well injection [E @
filter press . . o
| ifuce . . er.......... @
vacuum
filtration . .
Riration . [ 0]
decanting . .
other...... @ 38

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

Not for

Resale




STD.API/PETRO PUBL 345-ENGL 1998 Em 0732290 0610498 yu7? EE

CONTAMINATED SOILS?

The U.S. petroleum refining industry managed an estimated 522 thousand wet tons of Contaminated Soils
in 1996, which was a 1% reduction from 1995. A summary of the quantity of Contaminated Soils managed
per year is presented in Figure 25.

Figure 25—Nationwide Estimates of Contaminated Soils per Year: 1987-1996.
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The portion of the Contaminated Soils stream that is managed by each management practice is shown in
Figure 26 for 1995 and 1996. While the portion of this stream that was recycled increased significantly,
disposal continues to be the most common practice.

Figure 26—Nationwide Estimates of Contaminated Soils by Management Practice: 1995-1996.
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Figure 27 shows the Contaminated Soils distribution by management technique for 1995 and 1996. This
stream is still primarily either Jand treated or landfilled, although some facilities find innovative ways to
recycle contamunated soil.

3Recall that this report uses labels such as Contaminated Soils in the broader context of a residual
stream which includes materials that are not subject to RCRA regulation.
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Figure 27—Distribution of Contaminated Soils by Management Technique: 1995-1996.
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Responses in the other categories are listed below.

Other Recycle: one facility reuses this stream as roadbed material without requiring any treatment of the
contaminated soil; another incorporates this stream into asphalt; and another biotreats this stream and

blends it to make topsoil.

Other Treatment: one facility biotreats contaminated soil iz situ.

Other Disposal: none.

The schematic on the next page illustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 28 - Contaminated Soils Summary: 1996

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

Figure 29—Onsite Management Cost for Contaminated Soils: 1996
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Figure 30—Offsite Management Cost for Contaminated Soils: 1996
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DAF FLOAT*
The U.S. petroleum refining industry managed an estimated 276 thousand wet tons of Dissolved Air

Flotation (DAF) Float in 1996, which was a 69% increase from 1995. A summary of the quantity of DAF
Float managed per year is presented in Figure 32. The data for 1987 through 1994 have been adjusted by
deleting the quantities considered to be recovered water rather than true residuals.

Figure 32—Nationwide Estimates of DAF Float per Year: 1987-1996.

1887 1888 1889 1290 1931 1992 1293 1994 1985 1996
Year

Several facilities combine some or all of the residuals associated with their wastewater treatment facility
_(i.e., API Separator Sludge, DAF Float, Primary Sludges, and Slop Oil Emulsion Solids). The combined
quantities of these oily wastewater streams are summarized in Figure 88, which shows an increase from

554 thousand wet tons in 1995 to 723 thousand wet tons in 1996, an increase of 30%.

The portion of the DAF Float stream that is managed by each management practice is shown in Figure 33
for 1995 and 1996. Recycling continues to be the dominant practice.

Figure 33—Nationwide Estimates of DAF Float by Management Practice: 1995-1996.
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“Recall that this report uses labels such as DAF Float in the broader context of a residual stream
which includes materials that are not subject to RCRA regulation.
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Figure 34 shows the DAF Float distribution by management technique for 1995 and 1996. While this
stream is grouped with the oily wastewater residuals, it often includes relatively large volumes of water. It
is most commonly managed by being routed to a coker.

Figure 34—Distribution of DAF Float by Management Technique: 1995-1996.
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Responses in the other categories are listed below.
Other Recycle: one facility routes this stream to an RCC; another recycles it to desalters.
Other Treatment: none.

Other Disposal: none.

The schematic on the next page illustrates the distribution of dewatering techmcp,es and onsite versus offsite
management for this stream by number of respondents.
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Figure 35 - DAF Float Summary: 1996

Note: Boxes show no. of facilities reporting each option.
Some facilities report multiple options
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FCC CATALYST®
The U.S. petroleum refining industry managed an estimated 143 thousand wet tons of Fluidized-bed

Catalytic Cracking (FCC) Catalyst in 1996, which was a 17% reduction from 1995. A summary of the
quantity of FCC Catalyst managed per year is presented in Figure 36.

Figure 36—Nationwide Estimates of FCC Catalyst per Year: 1987-1996.
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The portion of the FCC Catalyst stream that is managed by each management practice is shown in Figure
- 37 for 1995 and 1996. Disposal continues to be the most common practice.

Figure 37—Nationwide Estimates of FCC Catalyst by Management Practice: 1995-1996.
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Figure 38 shows the FCC Catalyst distribution by management techmque for 1995 and 1996. Spent
catalyst is typically recycled as cement kiln feedstock, whereas fines from the flue gas are typically
landfilled. One facility sends this stream for reuse in the steel industry.

SRecall that this report uses labels such as FCC Catalyst in the broader context of a residual
stream which includes materials that are not subject to RCRA regulation.
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Figure 38—Distribution of FCC Catalyst by Management Technique: 1995-1996.
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Responses in the other categories are listed below.
Other Recycle: none.
Other Treatment: none.
Other Disposal: none.

The schematic on the next page illustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 39 - FCC Catalyst Summary: 1996
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The following three graphs summarize the cost data reported for FCC Catalyst.

Figure 40—Onsite Management Cost for FCC Catalyst: 1996
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Figure 41—Offsite Management Cost for FCC Catalyst: 1996
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Figure 42—Total Management Cost for FCC Catalyst: 1996
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HYDRO. CATALYST®

Hydro. Catalyst is a generic label applied in this report to catalysts used to remove sulfur, nitrogen, and
metals. These catalysts are variously referred to in the industry by such terms as hydroprocessing,
hydrotreating, hydrorefining, hydrofinishing, and other hydro-prefixed descriptors. The U.S. petroleum
refining industry managed an estimated 37 thousand wet tons of Hydro. Catalyst in 1996, which was an
41% decrease from 1995. A summary of the quantity of Hydro. Catalyst managed per year is presented in
Figure 43.

Figure 43—Nationwide Estimates of Hydro. Catalyst per Year: 1987-1996.
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The portion of the Hydro. Catalyst stream that is managed by each management practice is shown in Figure
44 for 1995 and 1996. Recycling continues to be the most common practice.

Figure 44—Nationwide Estimates of Hydro. Catalyst by Management Practice: 1995-1996.
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Figure 45 shows the Hydro. Catalyst distribution by management technique for 1995 and 1996, This
stream is typically reclaimed, regenerated, or landfilled. The reclamation activity typically mvolves
recovery of metals.

Recall that API uses labels such as Hydro. Catalyst in the broader context of a residual stream
which includes materials that are not subject to RCRA regulation.
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Figure 45—Distribution of Hydro. Catalyst by Management Technique: 1995-1996.
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Responses in the other categories are listed below:.
Other Recycle: none.
Other Treatment: none.
Other Disposal; none.

The schematic an the next page illustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 46 - Hydro. Catalyst Summary: 1996

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

Figure 47—Onsite Management Cost for Hydro. Catalyst: 1996
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Figure 48—Qffsite Management Cost for Hydro. Catalyst: 1996
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Figure 49—Total Management Cost for Hydro. Catalyst: 1996
10,000 =
T .
T u
L X u
~ 1,000 = - = _a _
E F " o W Ny = .
g T g RN L ]
b T m
S 100 n = u
T ] |
T m
10 bt e : bttt R
1 10 100 1000 10000
Residual Quantity (tons)
3-23

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale




STD.API/PETRO PUBL 345-ENGL 194948 -. 0732290 0L10513 543 W

OTHER SPENT CATALYSTS’

The U.S. petroleum refining industry managed an estimated 48 thousand wet tons of Other Spent Catalysts
in 1996, which was a 209% increase from 1995. A summary of the quantity of Other Spent Catalysts
managed per year is presented in Figure 50.

Figure 50—Nationwide Estimates of Other Spent Catalysts per Year: 1987-1996.
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The portion of the Other Spent Catalysts stream that is managed by each management practice is shown in
Figure 51 for 1995 and 1996. Recycle has replaced disposal as the most common practice.

Figure 51—Nationwide Estimates of Other Spent Catalysts by Management Practice: 1995-1996.
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Figure 52 shows the Other Spent Catalysts distribution by management technique for 1995 and 1996. This
stream is typically reclaimed or landfilled. Several reclamation activities are reported, including metals
recovery, chemical industry reuse, and use in the fertilizer, aluminum, and mining industries.

"Recall that this report uses labels such as Other Spent Catalysts in the broader context of a
residual stream which mcludes materials that are not subject to RCRA regulation.
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Figure 52—Distribution of Other Spent Catalysts by Management Technique: 1995-1996.
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Responses in the other categories are listed below.
Other Recycle: none.

Other Treatment: none.

Other Disposal: none.

The schematic on the next-page illustrates-the. distribution-of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 53 - Other Spent Catalysts Summary: 1996

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

The U.S. petroleum refining industry managed an estimated 69 thousand wet tons of Pond Sediments in
1996, which was a 7% increase from 1995. A summary of the quantity of Pond Sediments managed per
year is presented in Figure 54. The data for 1987 through 1994 have been adjusted by deleting the
quantities considered to be recovered oil or water rather than true residuals.

Figure 54—Nationwide Estimates of Pond Sediments per Year: 1987-1996.
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The portion of the Pond Sediments stream that is managed by each management practice is shown in Figure
55 for 1995 and 1996. While disposal shows a significant decline from the previous year, it continues to be
the most common practice.

Figure 55— Nationwide Estimates of Pond Sediments by Management Practice: 1995-1996.
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Figure 56 shows the Pond Sediments distribution by management technique for 1995 and 1996. This
stream is typically managed in some land-applied marmner, by being land treated, impounded, or landfilled.

®Recall that this report uses labels such as Pond Sediments in the broader context of a residual
stream which includes materials that are not subject to RCRA regulation.
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Figure 56—Distribution of Pond Sediments by Management Technique: 1995-1996.
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Responses in the other categories are listed below.
Other Recycle: none.
Other Treatment: none.
Other Disposal: none.

The schematic on the next-page illustrates-the distributien-of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 57 - Pond Sediments Summary: 1996

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

Recycle

Treatment

;Pond
Sediments

Disposal

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

3-29

Not for Resale

dewatering no. of management
method facilities technique location
none . ..... @ 0 Recycle onsite offsite
. coker.......... @ E
drying . . . ..
mtﬁlghl.{ _ @ crudeumit . . .. .. @ 'I]
ﬁlte:perj::g.: % cat cracker. . ... @ @
o @ reclamation . . . .. @ @
v%lcturtalg_l @ regeneration . . . . @ @
on..
gravity kiln feedstock . . . @ [o0]
fltraion... [ 0 | Kiln fuel ... (o] [0]
oih B @ other.......... @
{other. .. ... :(ﬂ
Lnone . ... ... |:zj 3 Treatment: onsite offsite
) chemical ... .... @ @
deying . . . ..
mﬂ;gﬂ:k . E heat........... @ E
cnivg.- | 0 ] wastewater..... [0] [0]
filter press . . % cinoration @ [(ZI
centrifuge . . )
vglcg land treatment . . [I'
on..
gravity IE stabilization . . . . [_T__l @
filtation. .. | 0 | | other.......... (o] [0]
other...... II]
i NN
mﬂench . land fill . ... .. .. !Il
cheniag - | 0 | wellinjection... [ ] [0]
Hfilter press . .
ifuce III other.......... @ II]
vacuum
filtration . . [g__!
SRitration . [0 ]
decanting . . @
other ... ... @




STD.API/PETRO PUBL 345-ENGL 1998 W 0732290 0b10O519 TTL M

PRIMARY SLUDGES’

The U.S. petroleum refining industry managed an estimated 131 thousand wet tons of Pomary Sludges in
1996, which was a 2% increase from 1995. A summary of the quantity of Primary Sludges managed per
year is presented in Figure 58. The data for 1987 through 1994 have been adjusted by deleting the

quantities considered to be recovered oil or water rather than true residuals.

Figure 58—Nationwide Estimates of Primary Sludges per Year: 1987-1996.
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Several facilities combine some or all of the residuals associated with their wastewater treatment facility
(i.e., API Separator Sludge, DAF Float, Primary Sludges, and Slop Oil Emulsion Solids). The combined
quantities of these oily wastewater streams are summarized in Figure 88, which shows an increase from

554 thousand wet tons in 1995 to 723 thiousand wet tons in 1996, an increase of 30%.

The portion of the Primary Sludges stream that is managed by each management practice is shown in
Figure 59 for 1995 and 1996. Recycling continues to be the most common practice.

Figure 59—Nationwide Estimates of Primary Shudges by Management Practice: 1995-1996.
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*Recall that this report uses labels such as Primary Sludges in the broader context of a residual
stream which includes materials that are not subject to RCRA regulation.
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Figure 60 shows the Primary Sludges distribution by management technique for 1995 and 1996, This
stream 1s primarily managed by techniques that recycle the oil content. This is most commonly
accomplished by routing the stream to a coker. This stream may also contain significant quantities of
contaminated soil, and is sometimes treated by stabilization.

Figure 60—Distribution of Primary Sludges by Management Technique: 1995-1996.
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Responses in the other categories are listed below.
Other Recycle: none.
Other Treatment: none.

Other Disposal: none.

The schematic on the next page llustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 61 - Primary Sludges Summary: 1996

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

Figure 62—Onsite Management Cost for Primary Sludges: 1996
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Figure 63—Offsite Management Cost for Primary Sludges: 1996
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Figure 64—Total Management Cost for Primary Sludges: 1996
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SLOP OIL EMULSION SOLIDS™

The U.S. petroleum refining industry managed an estimated 218 thousand wet tons of Slop Oil Emuision
Solids in 1996, which was a 3% reduction from 1995. A summary of the quantity of Slop Oil Emulsion
Solids managed per year is presented in Figure 65. The data for 1987 through 1994 have been adjusted by
deleting the quantities considered to be recovered water rather than true residuals.

Figure 65—Nationwide Estimates of Slop Oil Emulsion Solids per Year: 1987-1996.
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Several facilities combine some or all of the residuals associated with their wastewater treatment facility
(i.e., API Separator Sludge, DAF Float, Primary Sludges, and Slop Oil Emulsion Solids). The combined
quantities of these oily wastewater streams are summarized in Figure 88, which shows an increase from
554 thousand wet tons in 1995 to 723 thousand wet tons in 1996, an increase of 30%.

1887 1988 1989

The portion of the Slop Oil Emulsion Solids stream that is managed by each management practice is shown
in Figure 66 for 1995 and 1996. Recycling continues to be the dominant practice.

Figure 66—Nationwide Estimates of Slop Oil Emulsion Solids by Management Practice: 1995-1996.

Recycle - Recycle -
99% Dlsposal o9% Dlsposal
0% 0%
Treatment Treatment
1% 1%
1985 1986

1%Recall that this report uses labels such as Slop Oil Emulsion Solids in the broader context of a
residual stream which includes materials that are not subject to RCRA regulation.
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Figure 67 shows the Slop Oil Emulsion Solids distribution by management technique for 1995 and 1996.
This stream 1s primarily managed by techniques that recycle the oil content. This is most commonly
accomplished by routing the stream to a coker. This stream is also sometimes routed to a crude unit, or
may be sent to a fuels blending unit for incorporation into kiln fiuel.

Figure 67—Distribution of Slop Oil Emulsion Solids by Management Technique: 1995-1996.
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Responses in the other categories are listed below.

Other Recycle: none.

Other Treatment: one facility uses-a-proprietary biological process to treat oily sludges.

dOIrher Disposal: one facility sends oily sludges to a Treatment, Storage, and Disposal Facility (T.S.D.F.) for
isposal.

The schematic on the next page illustrates the distribution of dewatering .technique§ and onsite versus offsite
management for this stream by number of respondents.

3-35

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



STD.API/PETRO PUBL J45-ENGL 1998

Figure 68 - Slop Oil Emulsion Solids Summary: 1996
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SPENT CRESYLIC CAUSTIC"

The U.S. petroleum refining industry managed an estimated 175 thousand wet tons of Spent Cresylic
Caustic in 1996, which was a 14% increase from 1995. This caustic was not identified as a separate
residual stream prior to 1994, but a summary of the quantity managed per year from 1994 onward is
presented in Figure 65. The combined quantities of all spent caustics managed per year since 1987 are
summarized in Figure 91, which shows an increase from 988 thousand wet tons in 1995 to 1,271 thousand
wet tons in 1996, an increase of 29%.

Figure 69—Nationwide Estimates of Spent Cresylic Caustic per Year: 1994-1996.
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The portion of the Spent Cresylic Caustic stream that is managed by each management practice is shown in
Figure 70 for 1995 and 1996. Recycling continues to be the dominant practice.

Figure 70—Nationwide Estimates of Spent Cresylic Caustic by Management Practice: 1995-1996.
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Recall that this report uses labels such as Spent Cresylic Caustic in the broader context of a
residual stream which includes materials that are not subject to RCRA regulation.
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Figure 71 shows the Spent Cresylic Caustic distribution by management technique for 1995 and 1996. The
most common management technique continues to be reclamation. Reclamation listings typically represent
either reuse in the chemical industry or sale to a caustics processor/broker.

Figure 71—Distribution of Spent Cresylic Caustic by Management Technique: 1995-1996.
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Responses in the other categories are listed below.

Other Recycle: two facilities route this stream to0-a-sour water stripper;-and two others list reusing it for
corrosion control (pH balance).

Other Treatment: none.

Other Disposal: none.

The schematic on the next page illustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 72 - Spent Cresylic Caustic Summary: 1996

Note: Boxes show no. of facilities reporting each option.
Some facilities report muitiple options
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SPENT NAPHTHENIC CAUSTIC"”

The U.S. petroleum refining industry managed an estimated 220 thousand wet tons of Spent Naphthenic
Caustic in 1996, which was an 11% increase from 1995. This caustic was not identified as a separate
residual stream prior to 1994, but a summary of the quantity managed per year from 1994 onward is
presented in Figure 73. The combined quantities of all spent caustics managed per year since 1987 are
summarized in Figure 91, which shows an increase from 988 thousand wet tons in 1995 to 1,271 thousand
wet tons in 1996, an increase of 29%.

Figure 73—Nationwide Estimates of Spent Naphthenic Caustic per Year: 1994-1996.
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The portion of the Spent Naphthenic Caustic stream that is managed by each management practice is
shown in Figure 74 for 1995 and 1996. Recycling continues to be the dominant practice.

Figure 74—Nationwide Estimates of Spent Naphthenic Caustic by Management Practice: 1995-1996.
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“Recall that this report uses labels such as Spent Naphthenic Caustic in the broader context of a
residual stream which includes materials that are not subject to RCRA regulation.
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Figure 75 shows the Spent Naphthenic Caustic distribution by management technique for 1995 and 1996.
The dominant management technique continues to be reclamation. Reclamation listings typically represent
either reuse in the chemical industry or sale to a caustics processor/broker.

Figure 75—Distribution of Spent Naphthenic Caustic by Management Technique: 1995-1996.
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Responses in the other categories are listed below.
Other Recycle: none.
Other Treatment: none.

Other Disposal: none.

The schematic on the next page illustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 76 - Spent Naphthenic Caustic Summary: 1996

Note: Boxes show no. of facilities reporting each option.
Some facilities report multiple options
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SPENT SULFIDIC CAUSTIC"

The U S. petroleum refining industry managed an estimated 935 thousand wet tons of Spent Sulfidic
Caustic in 1996, which was a 35% increase from 1995. This caustic was not identified as a separate
residual stream prior to 1994, but a summary of the quantity managed per year from 1994 onward is
presented in Figure 77. The combined quantities of all spent caustics managed per year since 1987 are
summarized in Figure 91, which shows an increase from 988 thousand wet tons in 1995 to 1,271 thousand
wet tons in 1996, an increase of 29%.

Figure 77—Nationwide Estimates of Spent Sulfidic Caustic per Year: 1994-1996.
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Theiyponion of the Spent Sulfidic Caustic stream that is managed by each management practice is shown in
Figure 78 for 1995 and 1996. Recycling continues to be the most common practice.

Figure 78—Nationwide Estimates of Spent Sulfidic Caustic by Management Practice: 1995-1996.

Recycle
Recycle 80%
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3Recall that this report uses labels such as Spent Sulfidic Caustic in the broader context of a
residual stream which includes materials that are not subject to RCRA regulation.
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Figure 79 shows the Spent Sulfidic Caustic distribution by management technique for 1995 and 1996. This
stream is typically regenerated, recycled for pH control, reclaimed, or managed in the wastewater
treatment facility. Reclamation histings typically represent either reuse in the paper industry or saleto a
caustics praocessor/broker, but in two. cases involved recovery of elementary sulfur. The significant quantity
estimated for regeneration is due primarily to the survey responses of one company with muitiple facilities.

Figure 79—Distribution of Spent Sulfidic Caustic by Management Technique: 1995-1996.
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Responses in the other categories are listed below.

Other Recycle: eight facilities reuse spent sulfidic caustic onsite for pH control, another routes this stream
to a cracked gasoline treater for conversion to cresylic caustic, and another recycles this stream through an
RCC vmit.

Other Treatment: none.

Other Disposal: none.

The schematic on the next page illustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 80 - Spent Sulfidic Caustic Summary: 1996

Note: Boxes show no. of facilities reporting each option.
Some facilities report multiple options
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The following three graphs summarize the cost data reported for Spent Sulfidic Caustic.

Figure 81—Onsite Management Cost for Spent Sulfidic Caustic: 1996
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Figure 82—Offsite Management Cost for Spent Sulfidic Caustic: 1996
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Figure 83—Total Management Cost for Spent Sulfidic Caustic: 1996
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TANK BOTTOMS™
The U.S. petroleum refining industry managed an estimated 180 thousand wet tons of Tank Bottoms in

1996, which was a 116% increase from 1995. A summary of the quantity of Tank Bottoms managed per
year is presented in Figure 84. The data for 1987 through 1994 have been adjusted by deleting the
quantities considered to be recovered oil or water rather than true residuals.

Figure 84—Nationwide Estimates of Tank Bottoms per Year: 1987-1996.
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The portion of the Tank Bottoms stream that is managed by each management practice is shown in Figure
85 for 1995 and 1996. While the total quantity managed is shown in Figure 84 to have increased
significantly, Figure 85 shows that this increase was accompanied by a trend toward recycling.

Figure 85—Nationwide Estimates of Tank Bottoms by Management Practice: 1995-1996.
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Figure 86 shows the Tank Bottoms distribution by management technique for 1995 and 1996. This stream
1s primarily managed by routing it to a coker in order to recycle the oil content. Other techniques used to
manage this stream are to dispose of the material in a landjfill, or to manage it by land treatment.

1Recall that this report uses labels such as Tank Bottoms in the broader context of a residual
stream which includes materials that are not subject to RCRA regulation.
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Figure 86—Distribution of Tank Bottoms by Management Techmique: 1995-1996.
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Responses in the other categories are listed below.
Other Recycle: one facility. recycles tank bottoms to an RCC umit.
Other Treatment: none.
Other Disposal: none.

The schematic on the next page illustrates the distribution of dewatering techniques and onsite versus offsite
management for this stream by number of respondents.
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Figure 87 - Tank Bottoms
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Section 4

COMBINED STREAMS

OILY WASTEWATER RESIDUALS”
Several facilities combine some or all of the residuals associated with their wastewater treatment facility
(i.e., API Separator Sludge, DAF Float, Primary Shudges, and Slop Oil Emulsion Solids). The combined
quantity of these oily wastewater streams increased from 554 thousand wet tons in 1995 to 723 thousand
wet tons in 1996, an increase of 30%. The combined quantities are summarized in Figure 88. The data for
1987 through 1994 have been adjusted by deleting the quantities considered to be recovered oil or water
rather than true residuals.

Figure 88—Nationwide Estimates of Oily Wastewater Residuals per Year: 1987-1996.

1000——{947 | —(g77T

B 0732290 0610539 89T B

g 833
g 507 721 [eso] = |723
| o z b‘:;;_* o 621 .
fé’ 600 PR ; 1 g __{_sgﬂ_ I —
2 2 503 S [504] . - H
& 400 e T
s ‘
3 ;
2 * -
0L . - : \
1987 1988 1889 1990 1991 1992 1983 1994 1995 1996

Year

The portion of the Oily Wastewater Residuals managed by each management practice is shown in Figure
89 for 1995 and 1996. Recycling continues to be the dominant management practice.

Figure 89—Nationwide Estimates of Oily Wastewater Residuals by Management Practice: 1995-1996.
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5Recall that this report uses labels such as Oily Wastewater Residuals in the broader context of a
residual stream which includes materials that are not subject to RCRA regulation.
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Figure 90 shows the Oily Wastewater Residuals distribution by management technique for 1995 and 1996.
. These streams are managed primarily by techniques that recycle the oil content. This is most commonly
- accomplished by routing them to a coker. These streams are sometimes sent to a fuels blending unit for
- incorporation into kiln fuel. When oil is recovered from these streams by thermal desorption, it is reported
: as reclamation.

Figure 90—Distribution of Oily Wastewater Residuals by Management Techgique: 1995-1996.
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Responses in the other categories are listed in the sections for each of the streams that comprise oily
wastewater residuals (i.e., API Separator Sludge, DAF Float, Primary Sludges, and Slop Oil Emulsion
Solids).
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SPENT CAUSTICS*

The U.S. petroleum refining industry managed an estimated 1,271 thousand wet tons of Spent Caustics
(i.e., the Spent Cresylic Caustic, Spent Naphthenic Caustic, and Spent Sulfidic Caustic streams combined)
n 1996, which was a 29% increase from 1995. A summary of the quantity of Spent Caustics managed per
year is presented in Figure 91.

Figure 91—Nationwide Estimates of Spent Caustics per Year: 1987-1996.
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The portion of the Spent Caustics stream that is managed by each management practice is shown in Figure
92 for 1995 and 1996. Recyclng continues to be the most common practice.

Figure 92—Nationwide Estimates of Spent Caustics by Management Practice: 1995-1996.
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Figure 93 shows the Spent Caustics distribution by management technique for 1995 and 1996. While
recycling by regeneration and reclamation are the dominant techniques used to manage Spent Caustics,
there is significant variation depending upon the type of caustic. Referring back to Figures 71, 75, and 79,
it is evident that it is much more common to regenerate spent sulfidic caustic, whereas spent cresylic or
naphthenic caustics are more likely to be reused in another industry (reclaimed). Reuse of cresylic and

16Recall that this report uses labels such as Spent Caustics in the broader context of a residual
stream which includes materials that are not subject to RCRA regulation.
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naphthenic caustics is typically associated with chemical processing. Sulfidic caustic that is reused more
commonly ends up in the paper industry. Spent caustics may be managed by wastewater treatment, or may
be recycled for pH control in the wastewater plant. Spent caustics are the only type of residual reported as
managed by deep well injection in 1996.

Figure 93—Distribution of Spent Caustics by Management Technique: 1995-1996.
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Responses in the other. categories are listed in the sections for each of the streams that comprise Spent
Caustics (i.e., Spent Cresylic Caustic, Spent Naphthenic Caustic, and Spent Sulfidic Caustic).
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Appendix A
ELECTRONIC SURVEY FORM

The 1996 API Refining Residual Survey was distributed as a set of diskettes containing Paradox®
Runtime™ and a custom Paradox® application. Paradox® Runtime™ is software that allows an end user to
run custom Paradox® applications without requiring that they have Paradox® or any other application
software. Both Paradox® and Paradox® Runtime™ are owned by Borland International, who allows
companies registered to use both products to distribute unlimited copies of Paradox® Runtime™ on a
royalty-free basis to end users in order to nm custom Paradox® applications. In this instance, the registered
application developer is The TGB Partnership, and the custom Paradox® application is the 1996 API

Refining Residual Survey.

The custom application required the following computer system features and capabilities.
Processor 386 or higher.
Memory (RAM) 6 MB (8 MB recommended).
Hard disk 13 MB of free space.

Video monitor VGA or higher.
Operating system  Microsoft Windows, version 3.1 or later.
Mouse Required.

Upon loading the software, 2 Runtime icon group is created in the Program Manager. Double-clicking the
Runtime icon results in the following menu being displayed on the screen.

There are five forms to be filled ocut. Each one is accessed by clicking
the numbered button next 10 it. They may be done in any order, but please
respond to all five.

] Béﬁnery ldentification] =
-2 { |Refinery Characteristics |
3 | [Wastewater Treatment Facmm

-

4| [Residual Streams]

"5'1I—(m;
.__J- B

|

click here to ri Y

ful set of reports - :
Bithese could also ho JIE B
Elused as blank formsi I ¥

The written instructions direct the user to click on a button to open a form. Completing the survey requires
filling out each of the five forms. A button was added for the 1996 survey, allowing the user to print out a
paper copy of the forms. The user begins the survey by clicking on Button 1-Refinery Identification, which
brings up the screen shown on the next page.
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At any time, the user may retum to the main menu by clicking
this button. All data will be automatically saved, and can be
revised by returning to this form.

click here for
- @ TEpDIt an your Sl
R tefinery identification R

fol

R L

Clicking this button will print a report of the data on this page. J
Returning to the main menu and clicking Button 2-Refinery Characteristics brings up the following screen.

EIRefmery D] 10001 [

NOTE: K your refinery shares

- ~{residuals management with an

. ~jadjacent facility, report only the
data forthe reﬁnery in this survey

iAppmx vear of startup: | click for men:

: !NPDES Class: | - chck for meny

{ {Crude Oil Capacity in 1996 (bpsd): b \ i(as repmted in the Oﬂ & Gas Joumal}

E { Sulfur Content {avg weight %):|  click for meny 1

45 - § - click here for
. arteportonyour .
refinery characteristics

Many of the survey questions include a button
that brings up a list for choosing a response.

On-screen buttons allow the user to access a list from which to choose a response. This format is handy to
the user in that it does not require any particular computer skills, nor does it require searching through an
instruction manual for a list. Providing a list of appropriate response choices also promotes consistent entry
of data. A sample list is shown on the next screen.
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[Reﬂnefy»kB;: |
;, Apuiox. yeas of statup. |- YOUT refinery shares
i : ; e “Imanagement with an
Sl b — - Beility, report oniy the
1 {NPDES Class: } - “olick. ent o ¢

refinery in this survey.

T
B

1 Crude Gil Capacity in 1[196 {bpsd): | .

*/ [Suffur Content (avg-whight %) | - -

click here for
§ 2 report on your
Winery characteristics

L Users simply click the menu button for ‘Approx year of
startup’, then click on the response that corresponds to
the period in which their facility began operations.
The third button on the main menu opens a multi-page form collecting data on the configuration of the
refinery’s wastewater treatment facility.
Wastewates Troatment Facility. -

Identify ail the types of equipment used at each stage of ' A - i
the facility where you managed process wastewater in 1996. [R”ﬁ"e'y LD-: -

— next {8 -

our WwWTPl] we don't
has this have this

| Primary Oil/Water Separation?  _ | | ves| _wo

. | Proceed by clicking the appropriate button for each stage: |

|| Secondary OilWater Separation? ~ | | yes| NO* |
%i Biological Treatmen?, = . i ! _‘@_J
| Additional Biotreatment? . - | i : _PJE_J
[ Sedimentation? 3 [ vEs No |
' %;PolishingffertiaryTreahnent?i 1 ‘YES
| Additional Teriary Treatment?: T ves |

‘{ Wastewater pp_1 of 5

For each level of wastewater treatment, there is a J

button to open a form containing a list of equipment.

The first page of the Wastewater Treatment Facility form requests that the user indicate the types of
equipment in use at the wastewater facility. The form shows various levels of wastewater treatment, and
mncludes a button for each. Clicking the button calls up a form containing a list of the types of equipment
typical to that level of treatment. One such list is shown on the next screen.
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As with the residual streams and treatment
teehmques,the <2> button pops up a descnphon

Firet Phasé of Biological F1sstment

Click the type of bialogicyl teatment equipment used at your process wastewater facility.
(if more than one level of\iotreatment, list the first phase here, and the second phase on
the ne form - for equipment descriptions, click 79

:.-rfgc;w;;;a:s'meg ,_

Aerated Lagoon : wr _?_j

A Rotatmg Bmlogu:al COMactm:i r

If you have bistreatment, but in the first phase
use equlpment not Imd above, dick 'Other

“Other B(ulogfcal Trealment Eqmpment 1 _’il ) Cli‘::;g!("

prnur facility uses more than one type of finished

equipment for the first phase of biotreatment, e

click "Other...” and then enter each type used.
fe.g.,-Activated Sludge and RBC).

Whenever the-user has gone to an attached form, aj
button is-provided for retuming to the sending form.

After responding to the equipment questions on the first page via its called lists, the user simply clicks the
button labeled ‘next page’ to advance to the second page of the Wastewater Treatment Facility form.

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

Indicate how much m'ycur facity was served by segregated-sewers in 1996,
respond to.the questions on types af holdmgstructures

\”\J

Percert of || [Wastowater Oniy | _sfickiarrmeia [ T

units
Al having [ fl@w of surface impaundments that is RCRA permitted:i |
|se§:/ers~ . ‘ facreage of surface impoundments that is not RCRA regulated] !
; i ' .
IR % [ Stormwater Only: | click formenu |
(entelr_nthe . i fcreage of surface impoundments that is RCRA permitted]]
percent as .

arrinteged- | '{ar.reage of surface-impoundments-that is not RERA regulated:]

t
i

% of units- §-
having.
combined

i Storm & Wastewater Combiheri£§ chckfcrmenu r_ i

Haereaga of suface impoundments that is RCRA permitted:|f i

g*lacreage of surface impsundments that is not RCRA regulated:} ,

2 of5

: ~ L S O
This page collects mformatlon on the management of wastewater and stormwater. 'Ihe menu buttons offer
the choices of ‘tanks only’, ‘tanks and impoundments’, and “surface impoundments only’. If'the user
mdicates the use of surface impoundments, then the acreage is requested.
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The third page of the Wastewater Treatment Facility form was revised for the 1996 survey to collect data
on certain wastewater parameters at intermediate pomts n the wastewater system

Wa:!ewalef 'heatnem Facm .

#[ Characterize the requested intermediate wastewater parameters for 1936.
(the following two pages address discharge parameters)

Data is to be recorded in units of pounds
per year. You may input [bs/yr directly,

£ H o input-ppm or-mg/ and the flow rate.* ;
 [__(after primary sep.) Oil &Grewe:]él_ T lbfyw:b ppm or my/ éo&(;

L Secondary OilWater Separati 3'
LS »-E!—--f———-—f-— para onl mnfrate thry sec)(ary separatron”i {MGD |:

[(after secondary sep.) Oit& Grease;} y ')61‘-2 fi-- _ppm or mg/t ; 086

* [ (before biotreatment) BOIM*[’ / g lbfyr H ppm or mg/t | BOD

[efore bistweatmert RO | 7 Woyr | ppm ormgh | COD
[Bno logical Treatment{ A=

11 [Primary OlWater Separation]-|

e / //f I flow rate thru biclogical treatment: | | LMGDJ%
‘[ {aher biotreayfnent) JFOD: || iy |] ppm of mgA | BOD
y A" 4 ; > )
[ (atter biotgéatmgft) COD: |:[ Wye; | ppm gr mg/ | COD

*NOTE: the concentration and fiow rate will not be saved.  page 3.3

1 Wasiewater po. 3 of

=

L \Where parameter values are requested as annual quantities,
the form allows entry as a concentration (i.e., ppm or mg/l},
which the form then automatically converts to pounds per year.

The survey proceeds to collect data on the quantity and sources of the water discharged from the facility.

If the user attempts to enter a decimal fraction rather
thana percent, the program will prompt a correction.

e ra— }”:eatoent Faciity )

:: : [Quantity of discharge} . Hilli j
: " cooling water that is NOT
1 -pwater in 1996: g .. @gﬂ; ‘treated prior to discharge)

| Ofthis quantity. what percentis. | [ymgrawquamny} 1

' B Process wastewater; | | ]‘: : igd| Either enter
«ﬁ — ) - 3 17 mng the percent
47 T directly, or
iIf% Nencontactonce: |+ . mgd! enter the raw
.| through cooling water: | s i ‘ i mgd; quantity, and
“is pa i — the program
-1 [k Treated stormwater:| | 1 mad:  will compute
o ———— = " thepercent
. i Untreated stormwater: |- i myd
i: ] * Note: the raw
A B Treated groundwater:] | £ mgd; 9uantity isfor
N i — computation
33 U P —1 only, and will
: Z IR _j__ 3 . mgd ot be saved.
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The next screen shows a typical message alerting the user of a data inconsistency.

Alerts such as this help prompt
oonsstent data entry

How much water was discnarged uailyifrom ur facility either through your
NPDES permit, to a POTW or was dgep-well injected in 18867

3. = y J— —

{Tuantity of discharge ] Willion galionf/day ; [ xclude once through

1 [ty o dcharge | oy 42 | coving water thatis NoT

9 a2 - " A  treated prior to discharge} < frery
4 | Ofthis quantity, what percentis: | [ (# enter raw quantity: | - Jioags
: |k Process wastewater:] | 35 §: / u.’mgg? Either enter

g — : el 7 A = the percent

1B Treated groundwater:] | 10 - I mgd quantity is for

kE o e . ! computation
= T v T only, and will
; : AR, i" i mgd: ot be saved.

" |: DESCRIBE HERE (ust start typing) i:

Wastewater pp. 4 of 5

The final page of the Wastewater Treatment Facility form requests detail on the characteristics of the

discharge water.

Being the last page of this form, the buttons for printing a
report and for returnmg to the mam menu are found here

Characterize your reﬁnery‘s effiuent in 1996 by providing the actual
amount of each of the follnmng discharge parameters.

. lndicate whetherthese parameters are forthe wasiewatertreatment plant (wwtp) cﬁck
dlscharge only or for combined wastewater and umreaxed stormwater dxscharge here

- pw"ﬂs-"‘{eaf "'—ppmormgn e

o l T Efﬂuent Flow i
= mw
T
i '1 —1
A i Either-enter the
o . Ibsir directly, or
b | enter the
mmfeﬁ“‘ v T | mdteprgam
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The first three forms of the survey have collected information on the facility. Button 4-Residual Streams—
opens the form that gathers the actual residuals management information. This form has a button for each
residual stream in the survey, with a <?> button next to each. Clicking on the <?> button produces a pop
up message with 3 brief description of that residual.

The 14 residual strearns in the 1996 survey and the definitions assigned to each are listed below.

API Separator Sludge—the sludge that settles out by gravity in the API separator. (aka K051)

Biomass—excess microorganisms (dead bugs) and other sludge removed from biological treatment units.
(aka BIOX sludge) This does NOT include sediment from polishing ponds, which should be
reported as Pond Sediments.

Contaminated Soils—includes dirt and dirt mixed with construction rubble that has been contaminated by
spills or leaks. This does NOT include clean dirt excavated for construction.

DAF Float—the froth skimmed off the tap of a DAF umit (the sludge on the bottom is Primary Sludge). For
gas flotation units other than DAF (e.g., DNF, IAF), both the float and the sludge are primary
sludges. DAF Float is RCRA listing K048.

FCC Catalyst—this includes withdrawal of equilibrium catalysts, solids drawn off from an electrostatic
precipitator, and sludge from an FCC catalyst settling pond. If routed to TANKAGE for settling,
however, the tank sludge should be reported as Tank Bottoms.

Hydro. Catalyst—catalysts that are used to remove sulfur, nitrogen, & metals. This residual is typically
only generated when a reactor is reloaded during a tumaround. This does NOT include precious
metal or raw water treating catalysts.

Other Spent Catalyst—only include other SOLID catalysts, such as precious metal or raw water treating
catalysts_. These are also typically generated only at tumarounds.

Pond Sediments—sludges (including underlying soils) removed from the bottom of ponds or pond sites,
including ponds downstream from bio units, raw water intake ponds, and stormwater holding
ponds - but NOT catalyst settling ponds.

Primary Sludges—generally any wastewater residual that is not separately classified (i.e., everything
removed from the wastewater stream other than from the API Separator, bio-treatment umits, or the
float from DAF units). This category includes BOTH F037 AND F038.

Slop Oil Emulsion Solids—solids (aka K049) derived from the breaking of slop oil emulsions. If the solids
are not managed until after setthing to the bottom of a vessel or container, they should NOT be
reported as Slop Oil Emulsion Solids.

Spent Cresylic Caustic—this spent caustic is typically from treating gasoline.

Spent Naphthenic Caustic—this spent caustic is typically from treating jet fuel.

Spent Sulfidic Caustic—this is spent caustic that was used for the removal of hydrogen sulfide from light-
end products.

Tank Bottoms—sludge cleaned from storage tanks, including tanks storing crude oil, refined products (both
leaded and unleaded), and bottoms receiver tanks (i.e., tanks collecting the heaviest product fraction
from distillation units).

It shoyld be understood that the residual stream labels used in this survey are NOT used in a regulatory
sense. Whereas the Environmental Protection Agency (EPA) regulations implementing RCRA have given
these terms special meaning, the usage here is in a broader, more generic sense. API’s intent is to have
survey participants report the management of all residual type materials (e.g., materials that are
byproducts or residuals of petroleum refining operations). This includes residuals that are beneficially
recycled or reclaimed, as well as materials that are discarded.
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The user selects each stream in turn, and answers

the questions for that stream.
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Causlic

Spent Sulfidic)_

Tupe of Résidual Stream:
APt Sep. Sludge

Did your facility
manage any-of
this in 19967 : -

themc Causm:

~VES please indicate which
ment practices were used !’

THRaTy—
Sludges

Biomass

to eliminate this residual:

Pond

-{ buiton below {.

—°{ print reports

.} stream, enter

-f stream button |-
- { as both From

click the
to
to print only a
selected

the number
next to the

1" Sediments
——— | and To in the
| Page Range

{[Stop O Emal-
sion Solids

click here
10 print
epors |

pape 4.1 -

Bottoms |

Clicking <YES> for a management practice brings up
a menu of that pracfice’s management techniques.

Clicking a button with a stream name makes it the active stream in the form, and the user then fills in the
information for it. Clicking <YES> for any of the management practices calls a form listing management
techniques, with the currently selected stream active. When a form for a selected management practice is
first called for a particular stream, it has no data. After data have been entered and the form has been
exited, the data can be revised by selecting that stream and again clicking <YES> for that management
practice. The called form will reappear, but will now show the data entered previously.

The user fills out the information for each technique
used at that facility for the stream in question.

:5 AR v_fv..- clrachoh ..; ua U aner percerna e
4 15 this residual b mm' : .

1 dewatering: recycled 5

: E dev,{atered pr.iorto =1 _twettons) bythis  § percentage

s _ [ thistecyeying B spogecake | technique dueto an

] =] onfsreqd ¥ = technique? ondy, NOT OFFSITE:  § ahnormal
N 5 CP;;WW’ . [Giick for deseription ||| | /ecovered §i click button ¢ orone tme

"~ waler & oif for options _#

EZE lCrudeUmtf
::rﬁ_icm(:rackerl N

f---w—-medmm}ﬂr '

I Regenemuon 318

T e T

|7 [Fin Feedsock]

RETURN TQ MAIN FORM
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The management techniques from the 1995 and 1996 surveys are listed below, with the definitions assigned
to them for the 1996 survey.

Recycle

Coker—this refers to routing the residual back to the coker, which is a thermal cracking umnit (i.e., no
catalysts).

Crude Unit—this refers to routing the residual back to a crude unit, which is an atmospheric or vacuum
distillation umit.

Cat Cracker—this refers to routing the residual back to a cat cracker (fluidized-bed or other).

Reclamation—extracting oil or other usable material from the residual. If the residual is restored to its
ariginal use, however, then it is classified as Regeneration. Report thermal desorption here if it

~ involves recovery; otherwise report it as Heat Treatment.

Regeneration—restoring residual material so that it may be retumed to its on'ginal use (typically applied
to catalysts); this also applies to the oxidation of spent caustics IF resulting in reusable caustic
(even though it also involves reclamation of oil).

Cement Kiln Feedstock—this applies if the residual is used as raw material (rather than for fuel) at a
cement kiln.

Cement Kiln Fuel—this applies to residuals that are sent to cement kilns to be used as fuel.

Other Recycle—this applies to any recycling technique not listed above.

Treatment
Chemical—this involves the addition of chemicals for the purpose of treatment, such as flocculant to
settle out solids from emulsions.
Heat—medium to high heat methods (e.g., hot oil, electric drier, rotary kiln, thermal desorption) should
be reported as Heat Treatment. Use of low heat, such as steam, is reported as Dewatering and
NOT as H@at Treatmenx

tmﬂrfor—an—cﬁmde&penod—ofﬁme— [Dzscontmued asa treatment technzque in the 1996 survey ]
Wastewater Treatment—this applies to residuals that are routed to wastewater, typically through the

sewer. Do NOT include material sent to the sludge digester, to sludge thickening, or liquids
returned to the wastewater stream from dewatering operations.

Incineration—this applies to enclosed combustion, and typically requires auxiliary fuel.

Land Treatment—this includes any landspreading or landfarming operation. The residual may be
broadcast onto the ground or injected just under the surface, and may involve subsequent activities
to promote biodegradation, such as tilling, watering, or fertilizing,

Stabilization—this applies to solidification with agents such as lime or cement for purposes of reducing
leachability.

Other Treatment—this applies to any treatment technique not listed above.

Disposal

Impoumdment—this refers to placing the residual in 2 depression in the ground or in an area diked with
an earthen material (e.g., a pit, pond, or lagoon). This does NOT apply to settling or bio ponds,
which are Treatment techniques.

Landfill—this applies to material that is collected in or on the ground and covered. It typically involves
only nonflowing residual material.

Well- Injection—this applies to injection into a deep well which would typically extend into a nonporous
rock formation. Surface injection is classified as Land Treatment.

Other Disposal—this applies to any disposal technique not listed above.
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The form that is called by selecting a management practice includes a question on the type of dewatering
operations used, if any. This question is repeated for each management technique listed on the form. As
with most other non-numerical queries, 2 pop up menu is provided to facilitate the response.

Clicking the dewatering <help> button pops
up a menu of dewatering operations.

e percentage
_Isthis residual & dewatering: recycled
tewatered prior fo ": _twottons) by this

pen:emage

4 ying. . technique duets an
OFFSITE: || abnomal
tlick button § oronctime

}Regenerat‘onl [~
!Klln Feedﬁockl

el | Kiln Fuell

e e
tfany other,

The <click for description> button under the dewatering question calls a form with the dewatering
operations listed. Clicking on the button with the name of 2 dewatering operation pops up a menu with a
description of that operation, as shown on the next screen.

Clicking on any of the dewatering operations
\ popsupa descnptlon of that operahon

Dewatsnng 1s any operz-mun tnarreduces the
water cantent, and thus the volume, of siudge.
WITHQUT treating it

& a DESCRIPTION-of a- dewatering method,
click it from the list below.

] hlechamml Thu:kemng ”

+T0 ENTER ane of the methods tisted abave, retum 1o the
form and click the menu to the et of the box.

'you use a gewatering method not fisted, please type it
+  inthe box (don't worry if your text runs aut of sight).
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The descriptions of the dewatering operations are listed below.

Drying—Drying with low heat, such as steam, is classified as Dewatering. Medium to high heat (e.g., hot
oll, electric drier, or rotary kiln) is classified as Heat Treatment, rather than as Dewatering,

Mechanical Thickening—This generally involves a round tank with rotating arms in the bottom that stir the
sludge. Liquid is drawn off the top by flowing over a weir into a trough. The sludge isn't treated, it
just has some of its iquid removed.

Filter Press—The sludge is pressed against a rigid, sieve-like filter to squeeze liquid out.

Decanting (Gravity Setthng)—The sludge is placed in a tank, roll off box, or other container from which
water 1s drawn off from the top.

Vacuum Filtration—This is similar to a filter press, but flow of liquid through the filter is assisted by
maintaining a negative pressure beyond the filter.

Gravity Filtration—The sludge is placed in a container (such as a roll off box designed for this purpose)
which allows water to drain out through a screen or filter in the bottom.

Centrifuge—This is kind of like putting sludge in your washing machine on the SPIN cycle.

The final form of the survey is activated by clicking Button 5-Cost Data. This form is similar in
appearance to the Residual Streams form, but contains 6 streams rather than 14, as shown mn the fo]lowin_g
Screen.

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

= “ -
Bein\ by clicking a stream from the list,

cantinue untit complete. » s eri- 'sh‘,"d’g o
o {{API Separator| -[Contaminated]| ,, |- -
E Sludge - Sails i
E 2 anary .| Spent Sulfidic] ,
: ludges Caustic
'?J VECC “ [ Tiydro. 2 | when
- Catalyst ) finished

Catalyst

with all

44 SR S

click here
fora

Tte

Bas:s of Of&ieCnst Data' .

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

Clicking <YES> for either the onsite or offsite cost question calls a form for entering the cost data, shown
in the next screen.
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Separate columns are provided

‘ for onsite & offsite costs.

| OFFSITE
Resid Stream: | || Offsite Recycle:|- - [

AP Sep.
Sludge Ifo_ﬁsi'le Treatment:} ‘I]

| |[Onste Recycle:] . IR

Onsite Dewatering | ", 7

& Wastewater

1 1| Treatment H
| [[Onsite Other ,______,j Ficase h()!ﬁte Disposal] - | :]
) Trealmem: provide as
i much cost - - - -
; Oetailas | |[Ofisite Anabyfical] [_ 1|
possiple - | L ’
atieast - -
estimate lm . l T
the totals. Transpottation: b i
Onsite handling L .
costspriorto offsite! . — i >
management: i ] llMB’ﬁ'EJ c d
_ ﬁl‘nﬂal Onsite Costs:] | ﬂ : LffntalOﬁsit_ng]E ;!

’ ﬁercemage of onsite costs | I ercentage of offsite costs

at were abnormal? L% at were abnormal? L %

The user may retum to any form or page and edit the entries. After completing the survey, the respondent
copies the directory to a diskette and mails it to APL
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Appendix B
DESCRIPTION OF STATISTICAL PROCEDURES

The 1996 API Refining Residual Survey used similar statistical analysis methods as used in previous years.
No changes were made in the procedures for generating the regression model, extrapolating the respondent
data to nationwide estimates, or in estimating nationwide quantities for the individual residual streams.
This was done to maintain consistency in the reporting methods from year to year.

DATA COLLECTION

The 1995 survey was the first to require electronic submission of data. While this impacted the mechanics
of compiling the data, it required no change in the procedures used to analyze the data. The electronic
format was continued with the 1996 survey.

It was observed that a certain amount of the variance in earlier surveys was attributable to inconsistency in
the assumptions made by respondents. Quantities had varied depending upon whether a facility reported
the amount of residual before dewatering, or only the sludge cake remaining after dewatering. Furthermore,
the assignment of categories had varied due to differing interpretations of the meaning of certain survey
terms. To promote consistency, the 1995 survey included explicit instructions to report only the quantity of
residual remaining after dewatering, exclusive of recovered oil or water. Another step taken to facilitate
consistency was to add a pop up message box for each category in the survey, containing a definition of the
label for that category. These guidance tools were enhanced in the 1996 survey.

Data were collected on the same 15 residual streams as in the 1994 survey, but combining the two primary
sludge categories resulted in 14 streams in the 1995 and 1996 surveys. The 15 streams in the 1994 survey
were only half the 30 streams mncluded in earlier surveys, but those 15 streams represented approximately
80% of the total residual quantity from the previous surveys. The 1994 report concluded that the data
pattemn had changed very little with the fewer streams, and the regression model used previously was
retained. In that the 1996 survey collected data on the same streams as in 1995, the same regression model
was used again.

REGRESSION MODEL

In order to generate an estimate of the total quantity of residuals managed nationwide, a model must be
developed for predicting the quantity of residuals managed at the facilities which did not respond, based on
the data received from those refineries that did respond. The development of this model involves
establishing the relationship of some known quantity to the unknown quantity of residuals. In each year of
the API Refining Residual Survey, the known quantity of throughput capacity has been used to predict the
unknown quantity of residuals managed. The model assumes a linear relationship between throughput
capacity and the square root of the total quantity of residuals managed, as shown in the following equation.

VR = b,+b,C

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

The value of R is described as an estimate of the total quantity of residuals managed by a refinery, but in
fact is now taken as the total of those streams included in the survey. Given this revised definition of R,
which was first introduced in the 1994 survey, throughput capacity continues to be an acceptable predictor
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of the square root of residual quantity. The known value of throughput capacity was taken as that
published by the Oil & Gas Joumal in the table, Worldwide Refineries-Capacities as of January 1, 1997.

FITTING THE MODEL TO THE 1996 DATA

Data from the 79 respondents to the 1996 survey were plotted on a scale of R** versus C and assessed for
outliers. A linear regression was displayed on the scattergraph of the data, with parallel bounds drawn on
either side of the regression. A visual appraisal identified two data points falling above the upper bound,
and two falling below the lower bound. The data were then ranked by squared error, confirming that the
four facilities visually identified from the scattergraph did indeed have larger squared errors than the other
facilities. These four outliers were removed, and the final regression was then performed on the remaining
75 facilities.

The equation developed from the 1996 survey is:
JR = 28.0+8.88x1074C
with an R? measure of correlation equal to 0.70, which is the same level as for the 1995 survey.

INDUSTRY ESTIMATES

The industry estimates were determined in the same manner as in previous years. First, the throughput
capacity was determined from the Oil & Gas Joumal table for each facility that did not respond. This value
was then input as C in the regression equation to calculate an estimated value of R for that facility. The
square root of a quantity, however, is a biased estimator and thus requires a correction factor to yield an
unbiased estimate. After the bias correction was made to each facility estimate, the nonrespondent
quantities were summed and added to the sum of the respondent quantities. This yielded the total residual
estimate for the U.S. petroleum refining industry. The reliability of this estimate can be stated as a percent
error. Both the bias corrections for the individual estimates and the percent error for the nationwide

estimate are explained below.
ESTIMATING NONRESPONDENT QUANTITIES
Biased Estimate
A biased estimate of the quantity of residuals managed by each nonrespondent facility is calculated from the
regression equation:
VR = 28.0+8.88x107*C
And then:

R = (/R)’
In order to illustrate this determination, assume a throughput capacity of 72,000 bsd:

yR =28.0+ 8.88x10% (72,000)
=91.936
R =(91.936)
R =8452
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Bi TT
The bias correction factor is derived from the following relationship:’

7(/R) = E®-[EWR)?

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:

E® = [EWR)?+V(/R)
R* = R+ V)

The variance, V(,/—R) , in the above equation is calculated from the equation’ below for an individual
nonrespondent facility 4. This equation represents the variance of 2 new observation, independent of the
values from which the regression analysis is based.

C,-C)?
14 MSE|1+—+ _(._’1___
AR B
T (c-C)
i=1
Where: C, =the throughput capacity of nonrespondent facility 4,
C; =the throughput capacity of respondent facility 7,
C =the average of the throughput capacities of the respondent facilities,
And the mean square error, MSE, is determined as follows:

.2:07,.’_)‘7\’.)2
MSE = =21

_ 22418 oo
73

n-2

Where: ¥; = R as reported for respondent facility i, and
$, = yR aspredicted for the same facility, from the regression equation.

i

The average capacity of the respondent facilities is 107,358 bsd and the sum of the squares equals
663,700,000,000. The bias correction factor for the illustration of 72,000 bsd is then calculated as follows:

- 2
75 663,700,000,000

=3118
The unbiased residual estimate is then the sum of the biased estimate plus the bias correction factor:
R* = R+V({R)
R* =8452+3,118
= 11,570 wet tons.

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

Neter, John and William Wasserman, 1974, Applied Linear Statistical Models: Regression,
Analysis of Variance, and Experimental Design, Richard D. Irwin, Inc., Homewood, IL, pp. 69-74.
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Var f bi Esti

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 of the square root of the biased value discussed
previously (i.e., the bias correction factor). The variance of the unbiased estimate, based on the equation
for R*, is:

V(RY) = @+ V[V (/R
The first term in the above equation, V(R), is the variance of R and can be derived from the following

relationship:?
R Pom) - (oW
w - 7{yR) o F 7{/R)
= /R P{/R)
= 4RxV{/R)

The second term is the variance of a-variance. If 6 represents a variance, then the variance of ¢ is:*
4
v(e?) = 2%
n-1
Rewnting the above equation in terms of R, the second term becomes:
2|V (yR)?
i) - 2R

Putting the first and second terms together, the variance of the unbiased estimate can now be stated in
terms of the biased estimate and the bias correction factor (both of which were determined previously) as:

2
V) = arxv{yR) + 2K
n -
For the illustration of a 72,000 bsd facility, the biased estimate was 8,452 and the bias correction factor
was 3,118, and thus the unbiased estimate of the residual quantity is 11,570 wet tons. The variance of the
lmbi{ased estimate 1s
s 2(3,118)2

V(R*) = 4(8452)(3,118
(&) = asas2is118) 2118

= 105,676,100

This variance is between the value determined for the same illustration of 140,155,624 in the 1994 survey
report and 87,145,716 in the 1995 survey report.

3Op. cit., Introductory Probability and Statistical Applications, pg. 139.

*Bury, Karl V., Statistical Models in Applied Science, Wiley-Interscience, New York, pp.249-250.
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ESTIMATES FOR THE U.S. PETROLEUM INDUSTRY

Estimated Nationwide Total Residuals

The estimated total quantity of residuals for the U.S. petroleum refining industry is the sum of the residual
quantities reported by the respondent facilities plus the unbiased estimates for the nonrespondent facilities.
The total quantity reported by the respondent facilities was 1,708,451 wet tons, resulting in an estimate of
1,340,324 for the nonrespondent facilities. The total nationwide estimate of the quantity of these residual
streams for the petroleum refining industry is therefore 3,048,776 wet tons.

Variance of the Total Result
The variance of the total estimated quantity is the sum of the variances associated with each individual

facility. As in previous years, this calculation was simplified by assuming that the residual quantities of the
respondents are known quantities which have no variance. Therefore, only the nonrespondents contribute
to the variance of the total estimate. Since the total residual quantity for the industry, 7, is a linear
combination (sum) of the individual facility quantities, the total variance is calculated by the following

equation:’ n
V(T) = V(_Rl‘) + V(R;) + ..+ V(R:) = hZ_ZIV(R,,‘)

Where:
V(R,) = the variance of the unbiased estimate for nonrespondent facility 4, and n
is the number of nonrespondent facilities.

The sum of the vaniances of the unbiased estimate for the nonrespondent facilities for the 1996 survey is
20,766,000,000.

Percent Error for the Estimate of Total Residuals

The percent error is based on the prediction interval for the estimate of total residuals, which is dependent
upon the total vanance and the confidence level chosen. For a 95% confidence level, the prediction interval
is calculated by the following equations:®

Ty = T+2/V(T)
T, = T-2/7(T)

where the coefficient 2 is the approximate value of the Student’s ¢ distribution for sample sizes larger than
30, and T, and 7 are the upper and lower limits, respectively. Using the above equations, the prediction
interval for the total industry is 3,433,533 to 4,009,949 wet tons.

The percent error, £%, is then expressed as:
E% = .2.__._\/”T(T ) 100%

The percent error for the 1996 estimate is 7.7%.

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, pp. 87-
88.

®Op. cit., Applied Linear Statistical Models, pp. 71-74.
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RESIDUAL STREAM ESTIMATES

The estimated total quantity of residuals for the U.S. petroleum refining industry was subdivided into
individual residual streams and management techniques based on the proportion of each in the respondents’
total. This method of proportioning the total to the individual categories assumes that the regression
equation developed for the total is also valid for each residual stream and management technmique. This
assumption is not known to be valid, but the procedure is used for consistency with previous surveys.

The proportioning procedure begins with the calculation of the ratio of the quantity reported by respondents
for a given category to the total quantity reported by respondents. This ratio is then muitiplied by the total
quantity estimated for nonrespondents. The sum of the quantity reported by respondents plus that
determined by proportion for nonrespondents is then the estimated nationwide total for that category.

This procedure may be illustrated by considering the API Separator Sludge stream. This stream represents
49,175 tons of the 1,887,198 total tons reported by respondents, or 2.6%. Agp_lxing the 2.6% proportion to
the estimated nonrespondent total of 1,834,544 yields 47,802 tons. Adding the respondent and
nonrespondent, quantities yields an estimated nationwide total quantity of API Separator Sludge of 96,977
wet tons. :
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Appendix C
DATA TABLES
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21 27 10
65
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57

23
45

Disposal Subtotal
1996 Stream Totals

49

30

27

43

30 44 51
* The subtotals exceed the stream totals because some facilities report more than one management technique for a stream.
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