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SPECIAL NOTES

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

2. APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU-
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGA-
TIONS UNDER LOCAL, STATE, OR FEDERAL LAWS.

3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI-
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET.

4. 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.

5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF-
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE-
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS
AFTER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR,
WHERE AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STA-
TUS OF THE PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHOR-
ING DEPARTMENT [TELEPHONE (202) 682-8000]. A CATALOG OF API
PUBLICATIONS AND MATERIALS IS PUBLISHED ANNUALLY AND UPDATED
QUARTERLY BY API, 1220 L STREET, N.W., WASHINGTON, D.C. 20005.

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,

AP Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 1997 American Petroleum Institute
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1996 API/NPRA SURVEY OF

REFINING OPERATIONS AND PRODUCT QUALITY

I. SURVEY PURPOSE

The refining industry has relied in the past on industry surveys to collect information
about current product quality and process facilities. Given changes in crude slate,
process configurations and product specifications that have taken place since the 1989
survey of the National Petroleum Refiners Association (NPRA), a new survey was
commissioned to provide current information.

A survey of industry refining data was conducted for the period May 1 through
August 31, 1996. It includes information on domestically produced gasoline and diesel
product quality as well as domestic refining capacity and operating data.

The blank data input forms found in Appendix G were used to collect the necessary
information. These forms were designed by experts from the American Petroleum
Institute (API) and NPRA with input from the contractor. API and NPRA distributed
these forms to their member companies in August 1996 with instructions to complete
and return the forms to the contractor chosen for data base management. No party
other than the contractor saw the raw, disaggregated data. The objectives of contractor
were to: 1) respond to all industry questions in regard to completing the data input
forms, 2) receive and validate the data, and 3) aggregate the data, all the while
maintaining confidentiality of individual refinery and company information.

II. SCOPE OF WORK

The required work for this survey was divided into four tasks as explained below:

Task 1: Tracking

The contractor was the point-of-contact for all questions about the data
input forms. While the API and NPRA each designated a person from the
association’s staff to respond to questions from the companies, all issues
related to data input instructions were resolved by the contractor, when
possible.

The contractor was also responsible for advising the API which member
companies and refineries had responded to the survey. APl and NPRA staff
in turn relied on this information to solicit maximum practical participation
from the industry. Information regarding the identity of participants was not
shared with API or NPRA member companies. The data reporting period was
closed on January 6, 1997.

Task 2: Data Base

As input forms were received from the refineries, the contractor entered the
data into a Paradox data base which had been previously designed to hold
and aggregate the data. Paradox is a relational data base well-suited for
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multi-refinery studies of this size. The contractor relied upon an extensive
background in designing data base systems using Paradox Application
Language (PAL) to record, calculate, and report client data.

Data validation consisted of three steps. First, all data initially entered into
the data base were independently verified for accuracy by another individual
in the contractor’s office. Second, using a statistical program, the contractor
identified outlying values for each variable. Data points outside three
standard deviations of the average were reviewed and either corrected or
removed from the data base. A third validation step consisted of comparing
Petroleum Administration for Defense District (PADD) aggregated data from
this survey with the data reported for May through August 1996 in the
Petroleum Supply Monthly issued by the Energy Information Administration
(E1IA). Comparisons are noted later in this report.

The contractor has maintained individual refinery data as confidential
information. No part of a refinery’s submission will be made available to any
other party. The results of the survey have been aggregated to eliminate the
possibility that any individual refinery data might be recognized.

Task 3: Respondents’ Sample Representation

To provide information on the actual representation of the survey
respondents, the contractor has calculated the percentage of crude
distillation capacity, gasoline production, and distillate production included
in the survey by PADD. These percentages have been calculated using the
information reported in Petroleumn Supply Monthly, issued by the EIA, as
representative of the entire industry for the period May through
August, 1996. Summaries of these analyses appear below.

Task 4: Data Summaries
The contractor has aggregated the data by seven (7) geographic areas:
PADDs 1 through 4 individually, PADD 5 (excluding California), the Total
United States (excluding California), and California. @Each aggregation
consists of the data summarized on a set of input forms similar to that
supplied by each refinery. All aggregations are volume-weighted averages.

III. DATA ANALYSIS

Gasoline Properties

Table 1 of the survey (Appendix A) requested that refineries supply gasoline volume and
properties sorted by type (Conventional, Reformulated, or Sub-Octane) and by grade
(Regular, Mid-Grade, or Premium). Most of the data are reportable to the US
Environmental Protection Agency (EPA) as “Reformulated Gasoline and Anti-Dumping
Batch Report,” Form 3520-20C. Except where noted in the instructions, definitions for
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gasoline properties in this survey were the same as used by refineries to complete the
EPA batch reports.

One notable problem encountered during data validation was inconsistent reporting of
gasoline volumes when requested as a sort by Sulfur Level, or by Drivability Index (DI),
or by Reid Vapor Pressure (RVP). The highest level of closure with total volume can be
found with the sort by Sulfur Level. The lowest level of closure with total volume can
be found with the sort by DI. The data tables indicate sub-total volumes for each sort,
S0 one can exercise judgment as to the magnitude of under-reported volume.

Reconciliation by PADD with Petroleum Supply Monthly data is illustrated below:

---—-- Motor Gasoline, MB -----

PADD 1996 Swrvey EIA Percent of EIA
1 51.3 97.2 52.8
2 204.0 226.5 90.1
3 392.1 432.1 90.7
4 28.2 31.8 88.7
5 133.0 163.0 81.6
Total 807.6 950.6 85.0

The above table indicates that the 1996 survey captured information on 85.0 percent of
gasoline produced in the US during the survey period.

Jet Fuel and Other Kerosene
Table 2A of the survey (Appendix B) requested that refineries supply volume and
properties for two categories of No. 1 distillate products: Jet Fuels and All Other

Kerosene Products. Reconciliation by PADD with Petroleum Supply Monthly data is
illustrated below:

————— Total Kerosenes, MB -----

PADD 1996 Survey EIA Percent of EIA
1 5.3 9.6 55.2
2 24.1 26.3 91.6
3 92.9 93.4 99.5
4 3.3 3.5 94.3
5 37.5 52.2 71.8
Total 163.1 185.0 88.2

No. 2 Distillates (Diesel/Heating Oil)

Table 2B of the survey (Appendix C} requested that refineries supply volume and
properties for six categories of No. 2 distillate products. Four of the requested
properties were only sporadically reported by respondents: Cetane Improver Level,
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Cetane Number (additized), Pour Point (additized), and Polynuclear Aromatics. Except
for California, these four properties were not reported by enough refineries to constitute
statistically valid averages, and they have been suppressed from the data summaries.
Reconciliation by PADD with Petroleun Supply Monthly data is illustrated below:

- Total Distillate FO, MB ---

PADD 1996 Survey EIA Percent of EIA
1 23.5 46.1 51.0
2 84.0 98.5 85.3
3 153.2 180.4 84.9
4 14.9 17.6 84.7
5 38.5 54.5 70.6
Total 314.1 397.1 "79.1

Process Facilities

Table 3 of the survey (Appendix D) requested that respondents supply capacity and
utilization data for twenty-seven possible process units. These data summaries will
permit subsequent analysis of the gasoline and distillate data along with refinery
characteristic data, such as the degree of conversion or hydrotreating capacity as a
percent of crude distillation capacity. The data on process facilities will also permit
construction and validation of linear programming (LP) models for each PADD in order
to study industry limits or marginal production costs. Reconciliation by PADD with
Oil and Gas Journal (0O&GdJ) data is illustrated below:

---- Crude Capacity, KB/SD -

PADD 1996 Survey OGS Percent of ORGJ
1 772 1,662 46.5
2 3,249 3,375 . 96.3
3 6,646 6,934 95.8
4 433 513 84.4
5 2,219 2,871 77.3
Total 13,319 15,355 86.7

Feedstocks, Intermediates and Blendstocks

Table 4A of the survey (Appendix E) requested that refineries supply volume and
quality data for Crude Oils, Catalytic Cracking Feeds, Catalytic Cracking Gasoline,
Coker Gasoline, Cat-Cracked Naphtha Hydrotreater Feeds/Products, and Hydrogen
Burned as Fuel Gas.

Crude Oil data have been collected by three different sulfur levels (Low, Medium and
High) and two different gravity levels (Light and Heavy).

Catalytic Cracking Feed data were reported by refineries for as many as four distinct
streams. These data were aggregated as one stream for each geographic region.
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Catalytic Cracking Gasoline data were reported by refineries for as many as four
distinct streams. These data were aggregated as one stream for each geographic
region. Subsequent review of these data revealed that a more meaningful reporting of
the data would be to divide the gasoline into three categories: Full-Range, Heavy, and
Light Gasoline. The sort criteria were based on distillation data such that Light
Gasoline has T90 < 270° F and T10 < 150° F. Heavy Gasoline has T10 > 170° F. All
other distillations were considered to be Full-Range. These three-gasoline sorts are
provided in Appendix E as “Table 4A Supplemental” found immediately after Table 4A.

Data for Coker Gasoline (blended directly to gasoline) were not widely reported by the
industry. There were only enough respondents to provide average data for California
and PADDs 1 and 3. The data for Total US (excluding California) actually includes

some data which could not be revealed by individual PADD because of an insufficient
number of respondents.

Cat-Cracked Naphtha Hydrotreater data were also not widely reported by the industry.

Due to insufficient number of respondents, only data for California and Total US
(excluding California) are reported.

The last part of this section requested that refineries estimate their daily consumption
of fuel gas that is hydrogen-rich gas (at least fifty volume percent hydrogen). The data
are expressed as thousand of standard cubic feet per day of pure hydrogen.

Distillate Blending Data

Table 4B (Appendix F) of the survey requested typical distillate blendstock properties
and recipes as volume percents summing to 100. The blendstock properties and
recipes requested were for the same categories of No. 1 and No. 2 distillate fuels
covered by Tables 2A and 2B (Appendices B and C), namely: Jet Fuel, All Other
Kerosene, EPA (Low Sulfur) Diesel, Railroad Diesel, Other Off-Road Diesel, CARB

Diesel, Heating Oil, and Marine Diesel. The possible blendstock categories were divided
among:

Straight-Run Material

Cracked, Unhydrotreated
Non-Cracked, Hydrotreated
Cracked and Hydrotreated
Hydrocracked

Coker Streams, Unhydrotreated
Coker Streams, Hydrotreated
Raffinate from Aromatic Extraction

For each of the above categories (except for Raffinate), there were four possible types:
Naphtha, Light Distillate, Heavy Distillate, and Light Gas Oil. Typical distillation
ranges were provided on the data input forms; however, more instructive are the actual
distillation values provided by the respondents. For example, shown on the following

page are average distillation values (°F) for Straight-Run Material for Total US
(excluding California).
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Light Heavy Light
Distillation, °F Naphtha Distillate Distillate Gas Oil
T10 325 360 466 421
T50 393 421 540 547
T90 452 477 601 618

This table illustrates the definitional overlap provided by many respondents. Overall,
Naphtha is very heavy and not dissimilar to the material reported as Light Distillate.
The front-end distillation for Light Gas Oil is actually lighter than the front-end of
Heavy Distillate.

Another definitional problem observed with this section was the reporting of
unmeasurable properties. For example, several respondents blend distillate products
upstream of a hydrotreater. The properties of the final (hydrotreated) product are
well-known. However, this section requested that data be supplied for individual
blendstocks. How can one report distinct properties for one of several commingled
blendstocks after hydrotreating?

When asked for clarification, the contractor recommended that respondents report
blendstock properties at the point of blending, even if a hydrotreater is an additional
processing step downstream of the blending point. The significance of this problem is
not known. However, it is likely that the average blendstock sulfur is higher than that
reported for the corresponding final products on Tables 2A and 2B (Appendices B
and C).
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