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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT

The South Coast Air Quality Management District (AD) is the air pollution control agency
for all of Orange County and the urban portiond.@é Angeles, Riverside and San Bernardino
counties. This area of about 10,000 square nslé®me to nearly 16 million people. It is the
second most populated urban area in the Unite@<Séatd one of the smoggiest.

AQMD is responsible for controlling emissions priiha from nonvehicular sources of air
pollution. These can include anything from largavpr plants and refineries to the local dry
cleaner. Emission standards for mobile sourceestablished by the state or federal agencies,
such as the California Air Resources Board (CARBJ #he U.S. Environmental Protection
Agency (EPA), rather than by local agencies sudh@®QMD.

Under the Federal Clean Air Act, EPA establishedthébased ambient air quality standards that
all states must achieve. The California CleanAt establishes additional standards to be met.
AQMD develops plans to achieve these public hesifindards and adopts and implements
regulations to reduce stationary source emissioasc¢ordance with the plan.

2007 AQMP

The AQMD is required to prepare an Air Quality Mgement Plan (AQMP) and periodically
revise it to achieve the ambient air quality stadda AQMD approved the 2007 AQMP, whose
primary purpose is to achieve compliance with tee federal 8-hour ozone and fine particulate
(PM2.5) ambient air quality standards. These newbient air quality standards are more
stringent than the previous 1-hour ozone standaddRM10 standards, and they require more
emission reductions than the old standards. Hoxyvetve new standards do allow some
additional time to comply: 2015 for the PM2.5 startts, and 2024 for the ozone standard.

Although air quality in the AQMD will continue tarmprove in future years, the existing local,
state and federal regulations will not be adequateachieve the new ambient air quality
standards. Significant additional reductions ofatite organic compounds (VOC), oxides of
nitrogen (NOXx), oxides of sulfur (SOx) and PM2.® aeeded to attain the federal air quality
standards and to protect public health. All foallygants contribute to PM2.5 levels, directly or
indirectly through reactions that form secondaryZ3/in the atmosphere, while VOC and NOx
are precursors to ozone formation.

Figure 1 shows the projected baseline emissioM¢ and VOC, based on current regulations,
and the emission levels that need to be reachedhieve the PM2.5 standards in 2015 and the
ozone standard in 2024. In order to meet theserd#lg-mandated standards, the emission
reductions must be achieved by 2014 and 2023. oAth NOx and VOC will be significantly
lower in 2014 than current levels, they must baiced another 78% and 22%, respectively, by
2023. In addition, SOx emissions must be reduced@ from baseline levels and direct
PM2.5 emissions by 14% by 2014 to achieve the PMaadards.
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Figure 1 — NOx and VOC Baseline Emissions and Emiss Reductions Needed
to Achieve the PM2.5 and Ozone Standards
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NATURAL GAS UTILITIES

The natural gas utilities in the AQMD area inclubde municipal gas utilities in the Cities of
Vernon and Long Beach, and the investor-ownediesliof Southwest Gas Corporation and
Southern California Gas Company.

Southwest Gas is a small utility serving San Betimar desert areas outside AQMD as well as
the communities around Big Bear Lake in AQMD.

Southern California Gas Company (SoCalGas)

SoCalGas is the largest gas utility in Southernf@alia, serving 20 million people in the
counties of Los Angeles, Orange, Riverside, Sam&eino, Imperial, Ventura, Santa Barbara,
San Luis Obispo, Fresno, Kern, Kings and Tulargartions thereof. Figure 2 shows a map of
the SoCalGas service territory, although it dodsshow the other three gas utilities previously
mentioned. SoCalGas, along with Sempra LNG andiego Gas & Electric Company, are
subsidiaries of Sempra Energy.

Figure 2 — SoCalGas Service Area
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NATURAL GAS

What is Natural Gas?

Natural gas is the predominate fuel used by statypsources in AQMD. Natural gas is
considered to be a “clean” fuel, compared to ofbssil fuels such as fuel oil and coal. As a
result of the 1988 adoption of AQMD'’s Clean Fuetdi¢y, and adoption of stationary source
rules based on the use of natural gas, very titler coal is burned by stationary sources in
AQMD.

Rule 431.1 defines natural gas as “a mixture oégas hydrocarbons, with at least 80 percent
methane (by volume), and of pipeline quality, sashhe gas sold or distributed by any utility
company regulated by the California Public Utisti€ommission.”

Where Does Natural Gas Come From?

Natural gas is produced in gas wells and by soingadis. Less than 15% of the natural gas
used in California is produced in California. Aodimg to the California Energy Commission,
the sources of natural gas used in the State dod@ss.

Table 1 - Sources of Natural Gas Used
in California in 2006

Million Cubic
Feet
Per Day
California Production 860
Canada 1,371
Southwest 2,380
Rocky Mountains 1,421
Total 6,032

The various pipelines that bring natural gas taf@alia are shown in the figure on the following
page.
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Figure 3 - Western North American Natural Gas Pipahes
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What is the Composition of Natural Gas?

Although natural gas is primarily methane ({fHhere are other components that affect the
combustion characteristics and emissions of naggasl These other components include:

» Higher hydrocarbons such as ethangHg}, propane (gHs), and butane (§H0), which
increase the heating value of natural gas;

* Inert compounds such as carbon dioxide {Cd nitrogen (B which reduce the
heating value of natural gas;

* Oxygen (Q); and

» Trace sulfur compounds, such as mercaptans, whécimintionally added to give an
odor to the normally odorless natural gas.

NATURAL GAS REGULATIONS

AQMD Rule 431.1

The AQMD Board adopted Rule 431.1 — Sulfur Contdribaseous Fuels on November 4, 1977
and has subsequently amended the rule several witfethe most recent amendment being June
12, 1998. The purpose of the rule is to reducéusuxides emissions from the burning of
gaseous fuels in stationary equipment locatedenAQMD. The rule applies to gaseous fuels
such as digestor gas, landfill gas, refinery gas maatural gas. Paragraph (c)(1) of the rule
includes the following requirement for natural gas:

“A person shall not transfer, sell or offer fores&br use in the jurisdiction of the District
natural gas containing sulfur compounds calculateebS in excess of 16 parts per
million by volume (ppmv).”

Any hydrogen sulphide or other sulfur compoundscaireverted to sulfur dioxide or sulfur
trioxide when burned. Based on an average nagasatonsumption of 2 billion cubic feet per
day (bcfd) in the AQMD, this limits natural gas S@missions to 2.7 tons/day. Total SOx
emissions are estimated to be 40.9 tons/day in.2008

California Public Utilities Commission (CPUC) Geneal Order 58-A

CPUC regulations only apply to investor-owned tiéi$ such as SoCalGas and do not apply to
municipal gas utilities. CPUC’s General Order 58SAANDARDS FOR GAS SERVICE IN
THE STATE OF CALIFORNIA establishes many groundesufor gas utilities.

Sections 6 and 7 of General Order 58-A regulatejtiadity of natural gas. These sections are
provided in their entirety in Appendix A of thispert. Section 6 — Heating Value of Fuel Gas
requires gas utilities to develop a plan that:

1. Establishes distinct distribution system araaghich a uniform quality of gas will be
supplied.

2. ldentifies a heating value range for each sueh.
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3.  Provides for verification of the average heattalue of the gas supplied to each area,
at intervals frequent enough to assure that théngeaalue is being maintained within
the heating value range established for the area.

3. Regquires that records be kept for three years.

These requirements give gas utilities wide latituddeciding how to maintain a “uniform
quality” of natural gas.

Section 7 — Purity of Gas establishes concentrdtiaits for hydrogen sulfide and total sulfur.
For natural gas derived from landfill gas, theralso a vinyl chloride concentration limit.

Southern California Gas Company (SoCalGas) Rule 30

Southern California Gas Company’s Rule 30 — Trariagion of Customer-Owned Gas
establishes the general terms and conditions gpdy avhenever SoCalGas transports customer-
procured gas (i.e., large natural gas users whethpse gas directly from an energy supplier
rather than from SoCalGas) over its distributiostegn. Under Section | — Gas Delivery
Specifications, Rule 30 further sets some standardsatural gas quality (Section | can be
found in its entirety in Appendix B of this reportpoCalGas Rule 30 was approved by the
CPUC.

SoCalGas Rule 30 imposes the following naturalogesity requirements on interstate pipelines,
and, to a lesser extent, on in-state producersiéiater gas into the SoCalGas distribution
system:

a. Heating Value: From 990 to 1150 Btu (gross)gtendard cubic foot on a dry basis.

b.  Moisture Content or Water Content: Maximumifen or 20 pounds per million
standard cubic feet, depending on delivery pressure

c. Hydrogen Sulfide: Maximum of 0.25 grains of hygen sulfide, measured as hydrogen
sulfide, per one hundred (100) standard cubic(eepm).

d. Mercaptan Sulfur: Maximum of 0.3 grains of nagt@n sulfur, measured as sulfur, per
hundred standard cubic feet (5 ppm).

e. Total Sulfur: Maximum of 0.75 grains of totalfsr compounds, measured as sulfur,
per one hundred (100) standard cubic feet (12.6)ppm

f.  Carbon Dioxide: Maximum of 3% by volume.
g. Oxygen: Maximum of 0.2% by volume.

h. Inerts: Maximum of 4% total inerts (the totahtbined carbon dioxide, nitrogen,
oxygen and any other inert compound) by volume.

I. Hydrocarbons: Maximum gas hydrocarbon dew pofrt5 or 20 degrees F depending
on the delivery pressure.

J. Merchantability: No dust, sand, dirt, gumssahd other substances injurious to
SoCalGas facilities or that would cause gas tortmearketable.

k. Hazardous Substances: No hazardous substanckesling but not limited to toxic
and/or carcinogenic substances and/or reprodutiias) concentrations which would
prevent or restrict the normal marketing of gasinp&rious to pipeline facilities, or
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which would present a health and/or safety haza®biCalGas employees and/or the
general public.

l. Delivery Temperature: The gas delivery tempgeats not to be below 50 degrees F or
above 105 degrees F.

m. Interchangeability: Wobbe Number from 1279 384. The gas shall meet American
Gas Association’'s Lifting Index, Flashback Inded &rllow Tip Index
interchangeability indices for high methane gaatiet to a typical composition of gas
in the SoCalGas system serving the area.

Acceptable specification ranges are:
Lifting Index (IL): IL <= 1.06
Flashback Index (IF): IF <= 1.2
Yellow Tip Index (IY): IY >=0.8
n.  Liquids: No liquids at or immediately downstmeaf the receipt point.
0. Landfill Gas: Gas from landfills will not be@pted or transported.

p. Biogas: Biogas refers to a gas made from abaedigestion of agriculture and/or
animal waste. The gas is primarily a mixture of maee and carbon dioxide. Biogas
must be free from bacteria, pathogens and any sthzstances injurious to utility
facilities or that would cause the gas to be unetatde and it shall conform to all gas
guality specifications identified in this Rule.

The key specification is the Wobbe Number rang&23 to 1385 Btu/scf, which is equivalent
to 1332 Btu/scf +4.0%. This Wobbe Number raragel the other specifications, resulted from
the September 21, 2006 CPUC Decision 06-09-03%lerRaking 04-01-025.

Because some natural gas produced and used io@&ift the time of the CPUC decision
exceeded the 1385 Wobbe Number maximum, the dedisguired and Rule 30 allows for a
generic deviation from the Rule 30 minimum gas iyapecifications for California natural gas
producers. California producers (offshore or omshproducing as of January 1, 2006 are
allowed to comply with the less-stringent requiretseof SoCalGas Rule No. 30 in effect on
September 21, 2006, or, to the extent that prodadtad a deviation in place at that time, to the
agreement governing that deviation.

Although a previous version of SoCalGas Rule 36vwad a much wider Wobbe Number range
of + 10.0%, the Wobbe Number was not a limitingdador California producers because the
1150 Btu/scf limit on heating value essentiallyited the Wobbe Number to a maximum of
approximately 1435.

It is also noteworthy that the Rule 30 maximumltstdfur specification of 12.6 ppm is more
stringent than AQMD’s 16 ppm limit in Rule 431.1.
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NATURAL GAS QUALITY ISSUES

Why Are There Concerns about the Composition of Naitral Gas?

In 2005, a group of natural gas industry stakehsldeganized by the Natural Gas Couhcil
(NGC) and called NGC+, released a “white papertéRace 1) (hereinafter referred to as
“NGC+ White Paper”) on natural gas interchangehilfInterchangeability” is defined in the
report as:

“The ability to substitute one gaseous fuel fortaroin a combustion application without
materially changing operational safety, efficienggrformance or materially increasing air
pollutant emissions.” Reference 1, p. 2

The report was initiated because of concerns rdigeble natural gas industry regarding current
and potential changes to the composition of nagaaldue to importation of liquefied natural
gas, development of unconventional gas suppligs asichale gas and coal seam gas, and other
factors. The objective of the NGC+ White Paper {taslefine acceptable ranges of natural gas
characteristics that can be consumed by end udels mvaintaining safety, reliability, and
environmental performance.” NGC+ White Paper,.pAdcordingly, the report examined the
impact of changing natural gas quality on end-ugepeent including appliances, industrial
boilers, reciprocating engines, and non-combusis®s.

Notably, the report identified a number of undddeaeffects on combustion equipment that can
result from changing natural gas composition, idirig the following:

* “In appliances, it can result in soot formatiorewted levels of carbon monoxide and
pollutant emissions, and yellow tipping. It casashorten heat exchanger life, and
cause nuisance shutdowns from extinguished pilotspping of safety switches!d.

p. 4

* “In reciprocating engines, it can result in engkmeck, negatively affect engine
performance and decreased parts lifiel’at p. 5

* “In combustion turbines, it can result in an in@&@ emissions, reduced
reliability/availability, and decreased parts lifdd. at p. 5

* “In appliances, flame stability issues includinigihig are also a concernld. at p. 5

* “Inindustrial boilers, furnaces and heaters, it oasult in degraded performance,
damage to heat transfer equipment and noncompligiticeemission requirements.”
Id. atp. 5

What Were the Recommendations of the NGC+ White Pag?

The NGC+ White Paper recommended the followingrimtésuidelines for natural gas
interchangeability. These guidelines reflect meretommendations rather than mandatory
requirements:

! Members of the Natural Gas Council include the Aozer Gas Association, Interstate Natural Gas
Association of America, Independent Petroleum Asgmn of America, and the Natural Gas
Supply Association.
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“A. A range of plus and minus 4% Wobbe Number Visoiafrom Local Historical Average
Gas or, alternatively, Established Adjustment aigéaGas for the service territory.
(Note 1)

Subject to:
Maximum Wobbe Number Limit: 1,400 (Note 2)
Maximum Heating Value Limit: 1,110 Btu/scf (Note 2)
B. Additional Composition maximum limits: (Note 1)
Maximum Butanes+: 1.5 mole percent
Maximum Total Inerts: 4 mole percent

C. EXCEPTION: Service territories with demonstcaéxperience (Note 3) with supplies
exceeding these Wobbe, Heating Value and/or Compodiimits may continue to use
supplies conforming to this experience as long dses not unduly contribute to safety
and utilization problems of end use equipment.

Notes:

1 Experience has shown that using this plus/miouspercent formula in combination
with the compositional limits will result in a ldc&/obbe range that is above 1,200.

2 Based on gross or higher heating value (HH\$tatdard conditions of 14.73 psia,
60°F, dry, real basis.

3 Demonstrated experience refers to actual enéxyserience established by end-use
testing and monitoring programsd. at p. 27

The NGC+ White Paper’'s recommendations were basethta and analysis of traditional gas
appliances, but lacked data on gas interchangsataitia broad range of other end-use
applications. As such, the report recommendedimtguidelines and identified major data gaps
to be filled within three (3) years of the repoitsue date. After that time period, it was
envisioned that development of more complete angdoterm guidelines could be pursued.
Notably, the NGC filed its report on February 2602 and to date, no subsequent guidelines
have been issued.

What is the Wobbe Number?

The Wobbe Number, also known as the Wobbe Indeonésof the most important
characteristics of natural gas in terms of natgsal interchangeability and its effects on air
pollutant emissions.

The WOBBE INDEX (WI) of natural gas is the higheyating value (HHV) of the natural gas,
expressed as Btu per standard cubic foot, divigetthéd square root of the natural gas specific
gravity (SG), i.e.,

WI = HHV / SG'?

Where, SG = density of gas in poundsspeandard cubic foot
density of air in pounds per standarblic foot (.07650 Ib/f)

The above definition is based on standard conditafri4.73 psia and 6&. The units of WI
are Btu/scf, the same as HHV.
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Significantly, the heat input rate (Btu/hr) througlfixed orifice at constant pressure is
proportional to WI. If the WI of the gas incread€¥46, the heat input rate through the orifice
increases 10%. Unless the combustion device leasagbability of adjusting air flow with
changes in WI, which few do, the air-to-fuel ratidl be reduced if the WI increases. Changes
in the air-to-fuel ratio are the primary causedbanges in emissions from combustion
equipment.

The following table shows the HHV and WI of the inosmmonly found hydrocarbons in
natural gas. Both the HHV and WI of natural galt wcrease with higher levels of ethane and
higher (more carbon atoms) hydrocarbons

Table 2 — Properties of Hydrocarbons in Natural Gas

Hydrocarbon Higher Heating Value Wobbe Index
(Btu/scf) (Btu/scf)
Methane 1010 1357
Ethane 1769 1736
Propane 2517 2040
Butane 3262 2303

Natural gas also usually contains the inert comgewarbon dioxide (C£pand nitrogen (}.
These compounds significantly reduce the WI becthesghave no heating value, they displace
hydrocarbons with heating value, and they havenaitlemuch greater than methane that also
reduces the WI. One percent nitrogen by volumacesl the WI about 1.4%.

What is the Composition of Natural Gas in the AQMD?

SoCalGas reported that the system-wide averageahgts composition, based on 1997 data,
was as shown in the following Table 3:

Table 3 — Average SoCalGas System Properties

Heating Value (Btu/scf) 1020
Wobbe Index (Btu/scf) 1332
Methane 95.4%
Ethane 2.1%
C3+ 0.5%
Carbon Dioxide 1.25%
Nitrogen 0.6%
Oxygen 0.1%

More recently, SoCalGas reported that the averaljead/increased to 1342. The composition,
HHV, and WI of natural gas varies in the AQMD betnesuppliers. As shown previously in
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Figure 3, there are four major out-of-state gaslpcong areas as well as in-state local producers
providing natural gas to SoCalGas. In 2007, natyaa supplies came from the following
sources listed in Tabl€4

Table 4 — 2007 Annual Average SoCalGas Natural G&upplies
(billion cubic feet per day)

Supplier Bcf/day Percentage
El Paso Natural Gas 1.108 40.8%
Transwestern Pipeline 0.615 22.6%
Kern River Pipeline 0.529 19.5%
California Producers 0.232 8.5%
GTN (Canada) 0.176 6.5%
Other 0.057 2.1
Total 2.717

The following figure shows receipt points where itfiierstate pipelines connect to the SoCalGas
system.

2 Reference 4
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The WI of these supplies varies. According to daported by SoCalG3sEl Paso Natural Gas
and Transwestern Pipeline tend to have low WI (leas 1340), Kern River Pipeline generally
has a moderate WI (about 1355), and California ters vary significantly (from 1283 to
1431).

Further, the supply percentages listed above i éide 3 vary significantly in time as
illustrated in the following Figure 4A and FigurB4 Compared to the overall SoCalGas flows
in Figure 4A, the gas flows from the El Paso Pipelt Ehrenberg varied much more in the
short term and long term. The El Paso percenitaf supplies appears to vary from 13 to 40%

% Hourly WI data are available at SoCalGas’s Enveysite:https://envoyproj.sempra.com/

4 Reference 5

> The capacity reported in Figure 4B does not ineltite gas that El Paso Pipeline delivers to the
Topock receipt point.
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Figure 4A — Total SoCalGas Flows Figure 4B — Eld30 Flows at Ehrenberg
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At any given location in AQMD, a gas user may beereing gas that is 100% from one supplier
or a mix of supplies from multiple suppliers. Caapion will depend on the local fuel demand
and how much gas enters the SoCalGas system atexagipt point. This will vary both daily
and seasonally.

How Much Does the Wobbe Index Vary in AQMD?

Although there are not a great deal of publiclyilade regarding the WI variability in the
AQMD, the following Figure 5 from SoCalGas showe thnge of WI over a five-year period of
2000 to 2004 for the 48 “Btu Districts” in the SdGas territory. Because the relevant data are
not easily legible, staff reproduced the same &dor the 13 Btu Districts in the AQMD in a
more legible format (see Figure 6).

Btu Districts are the areas that SoCalGas haspsket tiack the heating value of the natural gas.
The data are compiled monthly and used to calctia&t¢herms of fuel used for each customer in
that area. This is necessary because fuel matgrsneasure the volume of fuel used and not
the heating value. The Btu Factor (in therms @€ dubic feet) is published on the SoCalGas
website® For February 2009 the Btu Factors ranged fror@5L(@quivalent to 1,025 Btu per scf)
in Riverside County to 1.134, 11% higher, in theaBtu District 58 (Cuyama) straddling the
border between San Luis Obispo and Santa Barbaratiés,

® Seehttp://www.socalgas.com/residential/prices/btu/
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Figure 6 — Detail from Figure 5 - SoCalGas Wobbe Nuber Ranges, 2000-2005
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The size of the Btu Districts varies greatly. Sare quite large occupying most of a county,
whereas others are very small. Generally whene thee smaller Btu Districts there are local
gas producers that may have a significant effe¢hergas quality in that district.

The WI ranges for all of the AQMD Btu Districts asdme other significant Btu Districts
outside AQMD are shown in Table 5 on the next padgegeneral, the AQMD area is less
affected by local gas producers. Excluding theatenBtu Districts 12 and 56 in the
Castaic/Gorman area of Los Angeles County, theds-Wé range was very narrow in each Btu
District, from only £0.5% in most of Riverside Cadyrio +0.9% in Santa Monica. The overall
WI range for these areas was only 1319-1353. Cozdpa the 1279 to 1385 Wobbe Index
range (x4.0%) allowed by SoCalGas Rule 30, theggatity in AQMD has been very stable.

Outside of AQMD the situation is much differentltiugh some Btu Districts have WI levels
comparable to AQMD, other areas affected by loeal groduction and shown on the right-hand
side of Table 5 have very high WI up to 1429, arder ranges up to +3.8%.

LIQUEFIED NATURAL GAS

What is Liquefied Natural Gas?

Some large natural gas fields are located in reg@as or areas without sufficient demand for
natural gas. By cooling natural gas to -26@nd condensing it to liquefied natural gas (LNG),
its volume is reduced to 1/600 of its gaseous stadking it possible to ship it in specialized,
marine vessels with insulated storage tanks toralafias markets. The ships deliver the LNG to
regasification terminals where the LNG is heatetymed to a gaseous state and put into natural
gas pipeline systems.

LNG is produced in countries such as Abu Dhabiefily Australia, Brunei, Indonesia,
Malaysia, Qatar and Trinidad and Tobago. Primansamers of LNG have been China,
France, Japan, Korea, Spain, Taiwan and the USBit&ies.
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Table 5 — 2000-2004 Wobbe Number Ranges

AQMD Btu Districts Other California Btu Districts
Btu District Wobbe No. % Btu District | Wobbe No. %
Range Change Range Change
#11 — Los Angeles  1327-1347 +0.8%  #25-Ventura O081B380| +2.8%
#12 — Castaic 1334-1372 +1.4% #31 — Santat1366-1390| +0.8%
Maria
#16 — Santa 1328-1353 +0.9%| #58-Cuyama +1304-1407 +£3.8%
Monica
#17 — Malibu 1332-1350 +0.7% #60 —Kern +1343-1429| +£3.1%
County
#18 — San Pedro 1319-1341 +0.8%  #55,57,59 62311-1376| +2.4%
Kern County
#19 — El Monte 1325-1346 +0.7%
#20 — West Covina 1323-1339 +0.6%
#21 — Pomona 1319-1341 +0.8%
#22 & 23— Orange 1319-1341 +0.8%
County
#40 — Riverside | 1324-1338 +0.5%
County
#41 — San 1319-1336 +0.6%
Bernardino
#56 — Gorman 1334- 1374 +1.5%
Overall AQMD 1319-1374 +2.0%
AQMD except #12/ 1319-1353 +1.3
and #56

What is the Composition of LNG?

LNG compositions vary depending on where they aoeyced and how much processing they
undergo. In the US, domestic gas is often processeemove most of the propane, butane, and
higher hydrocarbons called natural gas liquids (NGEven ethane is separated to and used to
make ethylene, a common feedstock for plasticsstMBIG liquefaction plants, on the other
hand, are in remote areas where there is littteodGL market, so ethane and some NGLs are
left in the LNG. The following table shows someityal LNG compositions and specifications.
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Table 6 — LNG Characteristics

Bontang,

Alaska | Indonesia Malaysia Australia
Methane % 99.72 90.60 91.20 87.80
Ethane % 0.06 6.00 4.28 8.30
C3+% 0.00 3.31 4.24 3.84
Inerts % 0.22 0.09 0.28 0.06
HHYV, Btu/scf 1008 1111 1114 1137
Wobbe, Btu/scf 1356 1412 1414 1426

Source: Reference 5

The Alaska LNG, which is exported to Japan, is uaus that it is almost pure methane. The
other three are more typical, having higher leeélsthane, propane and higher hydrocarbons
and a WI exceeding 1400. These LNG sources caillldanply with the SoCalGas Rule 30
WI limit of 1385 by adding nitrogen to the gas.n80LNG regasification terminals, in the US
and elsewhere, have nitrogen production and imgedacilities to do this. The Australian LNG,
with the highest WI, would require about 2.3% rga by volume.

LNG in the United States

Nine regasification terminals with a combined catyaaf about 11 billion cubic feet per day
(bcf/d) are currently located on the Eastern antl Goasts of the United States. Several more
have been approved, including one in Oregon, anerstare proposed, including in Southern
California and Oregon. LNG deliveries to the U&iothe last few years have not been large,
only between 1.0 to 2.0 bcf/d on an annual averageause natural gas prices have been higher
in Europe and Asia, drawing LNG cargos to thosatioos.

Several LNG regasification terminals have been @sed in the Southern California area,
although all but one have been disapproved or théthelrawn. The remaining active proposed
facility is the 1.4 bcf/d Clearwater Port projeatie located on a converted oil platform 10.5
miles offshore, near Oxnard, California. It idlsti the permitting process with the US Coast
Guard and California State Lands Commission.

Energia Costa Azul LNG Terminal

Of most immediate concern to Southern CalifornidnésEnergia Costa Azul (ECA)
regasification terminal located 14 miles North oisEnada, Mexico. The 1.0 bcf/d facility is
owned by Sempra LNG, a subsidiary of Sempra EneFdfyy percent of the capacity of the
facility is leased to Royal Dutch Shell (“Shell).

ECA is intended to serve gas users in Baja Mexmuding two large power plants near the US
border, and the US market. Figure 7 shows hovgésewill flow into the US. Before ECA, gas
used in Baja Mexico came from the El Paso pipelimnen South through the North Baja pipeline
into Mexico. ECA natural gas will enter the USwab locations. The first is at Otay Mesa near
San Diego, where SoCalGas and San Diego Gas &El€@impany have established a receipt
point for up to 0.4 bcf/day. This gas will primigirserve San Diego County, although some gas
could flow North into Riverside County. By revargithe flow of the North Baja Pipeline, the
second location will be at Blythe, California, nedrere the El Paso pipeline also connects to the
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SoCalGas system. From this location, gas up tddf/Aay could flow to Imperial County,
Riverside County and other parts of Southern Qalifo

Figure 7 — Energia Costa Azul LNG Terminal Connectns
with the SoCalGas/SDG&E System
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Sempra LNG has contracted for LNG supplies fromgbai, Indonesia, and Shell has
contracted for LNG supplies from Sakhalin, Rus®ath of these supplies are from new LNG
liquefaction facilities that are expected to bggiaduction in March or April 2009. Sempra’s
supplier can divert some of the LNG to other magkéthe same may be true for the Russian
supplies. Sempra LNG and Shell may also bringot sargos of LNG from other suppliers.
Sempra LNG brought in two spot cargoes in early82@0commission the facility and to cool
down the storage tanks. In May 2008 the first Lii3ived natural gas was delivered to Mexico
and the United States, but gas flowed into the blg for a few days. As shown in Figure 8, the
flows were relatively low. The flow from Otay Mes#ost likely remained in the San Diego
area. The flows from the North Baja Pipeline mixath the much greater flows from the El
Paso Pipeline before they were delivered to Rider§iounty and other AQMD areas.

20 March 2009



Preliminary Staff Report for Proposed Rule 433

Figure 8 — Flows into the US during the ECA Commissning
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Sempra LNG has not released the gas specificaoriseir Tannguh LNG, but they have told
AQMD staff that the WI will be less than 1385 witliany nitrogen being added.

In March 2008, Sempra LNG was reported to havergaz&100 million contract to build a
nitrogen injection plant for ECA, to be startedhypthe end of 2009. Once it is installed it could
be used to reduce the WI of cargos from other seygpthat exceed a 1385 WI.
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INTRODUCTION

In addition to the 2005 NGC+ White Paper that disewl previous studies and described the
effects of changing gas quality on various typesashbustion equipment, testing of residential,
commercial and industrial combustion equipmentdeen occurring in California, other parts of
the US, and internationally such as in the Unit@agklom. References 6 and 7 are two literature
reviews sponsored by the California Energy Commissin this subject. This chapter will not

be an exhaustive report on these studies, bubwdfly review some of the important results.

LNG EFFECTS WITH DIFFERENT BURNER TYPES

As previously described in the discussion of theQNGNhite Paper, natural gas with a high WI,
compared to historical supplies, can cause emis$ianges with some equipment. Some burner
types are relatively insensitive to moderate Wingfes. Other burner types are quite sensitive.
Since a change in WI usually results in a changthefair-to-fuel ratio (AFR), burners whose
emissions are sensitive to changes in AFR willdresgive to changes of WI.

In general, most residential equipment with pantiegmix burners and secondary air, such as
storage type water heaters and furnaces, are neitise to changes in WI. However, a few
appliances have been found to have excessive QOnhgh-WI gas.

Burners that use a lean premix strategy to redud& Bimissions have been found to be very
sensitive to WI changes. Small commercial boitéten use this strategy. High-WI gas reduces
the AFR, increases adiabatic flame temperaturejramndases NOX.

Not many industrial nozzle-mix burners have beatett but high-WI gas should not normally
increase NOXx significantly. It may even reduce NsDghtly with some burners. However, CO
emissions can increase significantly if the burn@s been adjusted to operate with low excess
air with normal WI gas, and then begins burninghnigl gas.

Burners that are not properly adjusted at the outsey also behave differently than properly
adjusted burners. Most residential and commecoalbustion equipment are rarely checked for
proper adjustment after initial setup, and may af@efor tens years or more without adjustment.

SOCALGAS GAS QUALITY AND LNG RESEARCH STUDY

SoCalGas tested and reported on the effects ofWighas on a variety of residential and
commercial combustion equipment in 2005. The rfiaad report and individual test reports for
each device tested are found on the SoCalGas wedisit
http://www.socalgas.com/business/gasQuality/resedrStudy.html .

Some units demonstrated increased CO emissiongivathighest WI gas. For example, a
commercial fryer had excessive CO, over 1,000 pprinee, with the highest WI gas.

Appendix G of the SoCalGas report illustrates &t tesults for NOx emissions (Appendix G

has been reproduced in Appendix C of this repddf)the various residential and commercial
combustion units tested, conventional domesticdces and storage-type water heaters were not
sensitive to the varying WI. Staff has been infedithat SoCalGas has recently tested the
newest 10 nanograms NOXx per Joule water heatdrsdahgly with AQMD Rule 1121, but

these results have not yet been released.
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Seven units’ NOx emissions, however, demonstragadisvity to changes in the WI, albeit to
differing degrees. These units include the:

Instantaneous water heater (residential)
Pool heater

Condensing hot water boiler

Hot water boiler

Steam boiler

Ultra Low NOx Boiler

Deep Fat Fryer

Figure 9 illustrates the NOx emission results vao bf the tested units: a pool heater and an
ultra low NOx boiler. As shown below, NOx emisssdncreased linearly with WI but NOx
emissions demonstrated a weaker correlation witi HAlthough both units’ NOx emissions
increased with WI, the degree of sensitivity waskedly different. From the lowest to highest
WI, the pool heater NOx increased about 400% awndts®00 ppm, whereas the ultra low-NOx
boiler only increased about 50% and 3 ppm. Notahlyrange of WI of the gases tested was
large — indeed, the highest WI was about 1440, hkignificantly exceeds the SoCalGas Rule
30 WI limit of 1385.

Figure 9 — Sample Results from the SoCalGas Study
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Uitra Low Mox Steam Boiler
KOx vs. HHVY
Performance Test [11-3-04)

Ultra Low Mox Steam Boiler
M= vs. Wobbe No.
Performance Test (11-3-04)

— - -
= * e *
S 0 T S 9
- 3
[=1] 5 ™ o S =1} B ™ . »inehio
E mEsalne E_ = Eassite
= &

- . 3
g ¢ g

D 1 1 T T D 1 T 1 T

a5 100D 1050 1100 1150 1200 1250 1300 1350 %400 1450 1500

Btuiscf Bitu'scf

SoCalGas also conducted follow-up testing on thkers, whose NOx emissions increased
with WI, and found that by retuning the boilersofgerate with a higher WI gas, the NOx
emission increases with high-WI gas could be rediice

SOCALGAS NATURAL GAS VEHICLE STUDIES

SoCalGas has also conducted and published on lisitefeseveral studies and tests of natural
gas vehicles. One of the studiéssted two Detroit Diesel Series 50G engines, wbambined
were used in about 50% of all heavy duty naturalghicles, such as transit buses, in the
AQMD in 2005. Reference 9 at p. 6 The resultthefSoCalGas study are not reported in a
manner that illustrates the relationship betweenx d@issions and WI. As such, staff has
reproduced the data from the SoCalGas report inr€id0.

Two versions of the engine were tested: an oldemiddel, and a newer MK model with an
oxygen sensor and closed loop AFR control. Eveh thie AFR control, which maintained a
constant AFR with all of the fuels, the NOx emissi@f the newer MK model still increased
significantly with a higher WI.

’ See the “Low-NOXx Boilers —Expanded Testing” sectib the following SoCalGas webpage:
http://www.socalgas.com/business/gasQuality/equigBtedies.html

8 http://www.socalgas.com/business/gasQuality/legeatStudy.html

° Reference 8
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Figure 10 — NOx versus Wobbe Index for Detroit Diesd Series 50 G Engines
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CALIFORNIA ENERGY COMMISSION NATURAL GAS QUALTITY S TUDIES

Residential Appliances

The California Energy Commission has contracteth wie Lawrence Berkeley National
Laboratory to test the emissions of residentialhgyéroilers, furnaces, cooktops, and water
heaters with different qualities of natural gahisTstudy is still in progress, but preliminary
results show that most residential appliances ar@ery sensitive to changes in gas quality.
However, a few appliances had small increases in §00%) and some tankless water heaters
had significant NOx increases (up to 82%) with leigi¥1 gas. Some units also had higher CO
emissions with high-WI gas. The CO increases wererally negligible, except for one
tankless water heater that demonstrated a signifinarease in CO emissions with the high-WI
gas.

Industrial Burners

The NGC+ White Paper identified a gap in data rdigarthe effects of changes in gas quality
on industrial combustion equipment. The Califorfareergy Commission has contracted with the
Gas Technology Institute to test the emissionsuonérs used in industrial boilers, ovens, and
furnaces. This study is still in progress. Testscompleted for an infrared burner, a radiant U-
tube burner, a linear ribbon burner, a high vejoeiirner, an oxy-fuel burner, and a boiler
burner. Generally, the burners were not sensitivgas quality, except for: (1) the radiant U-
tube burner, which had several thousand ppm inereaSO emissions with high-WI gas; and
(2) the oxy-fuel burner, which had increased COssions and decreased NOx emissions with
higher WI. The effects of high CO emissions cdagdmitigated by retuning burners for higher
WI gas.
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The boiler burner tested was not sensitive to Wi,the burner was not a low-NOx type that
would be required to comply with AQMD rules. Mdbeilers burners are expected to be tested.

SAN DIEGO COUNTY AIR POLLUTION CONTROL DISTRICT/SAN DIEGO GAS &
ELECTRIC EMISSIONS TESTING

During the commission of the ECA LNG regasificattenminal in Baja California in May 2008,
the San Diego County Air Pollution Control Distr{@8DCAPCD) and San Diego Gas & Electric
Company (SDG&E) collaborated on emission testingtafionary industrial combustion
equipment, including one rich-burn engine, thremiburn engines, five gas turbines, eight
boilers, a small kiln and a pool heater. The ea@pt was tested a day before the arrival the
LNG-derived natural gas as well as during the LN@n¢. Before the LNG arrived, the WI
ranged between 1341 and 1346. During the LNG eteatVI ranged between 1372 and1384.

Nearly all of the equipment had emission increasetecreases of less than 10%, which may not
be statistically significant due to only singlettesn different days. A few had higher percent
increases or reductions, but the absolute valudseatoncentration changes were low.

Contrary to expectations, two 2400-horsepower lmam-engine tests showed a decrease in
NOx emissions by 16 to 19% with LNG. Also unexpectvas an increase in the AFR of the
engines with LNG, indicated by the % oxygen in éxbaust. Normally, the AFR would be
reduced with a higher WI gas, unless the engieguspped with an oxygen sensor and AFR
controller, which would maintain a constant AFRnother lean-burn engine’s NOx emissions
increased 13% with LNG.

SDCAPCD also reviewed NOx continuous emission tatare and during the LNG event at
eight gas turbines and two steam generators & &egtrical power plants. With active add-on
controls (selective catalytic reduction), the uii@ not experience significant changes in NOx
emissions.
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INTRODUCTION

The basic purpose of PR 433 is to monitor the dquyaoit LNG supplied to AQMD, the effects
of the LNG on the quality of natural gas in AQMDdethe effects of natural gas changes on
combustion equipment emissions in AQMD. A sumyradrthe proposed rule follows.

APPLICABILITY — SUBDIVISION (b)

PR 433 will apply to “...all natural gas distributisgstem operators that convey natural gas to
end users located within the District...” exceptdperators that qualify for the exemptions
described in the next section. Currently, AQMCffdtalieves that the rule will only apply to
SoCalGas.

DEFINITIONS — SUBDIVISION (c)

Definitions in subdivision (c) include:

(1) A BTU DISTRICT is a geographic area defined by dperator of a natural gas
distribution system for the purpose of determirtimg heating value of natural gas and
natural gas bills for natural gas customers withat area.

(2) LIQUEFIED NATURAL GAS (LNG) is natural gas that hbsen converted to a liquid
state for shipment by a marine vessel and thenestet back to a gaseous state for
delivery to a natural gas distribution system.

(3) A STANDARD CUBIC FOOT is one cubic foot of gas astandard temperature of%60
Fahrenheit and a standard pressure of 14.73 pqardsjuare inch absolute.

(4) The WOBBE INDEX (WI) of natural gas is the higherating value (HHV) of the
natural gas, expressed as Btu per standard cultticdiwided by the square root of the
natural gas specific gravity (SG), i.e.,

WI = HHV / SG'?

Where, SG = density of gas in pounds per standard cubic foot
density of air in pounds per standard cubic fa@§50 Ib/ff)

REQUIREMENTS — SUBDIVISION (d)

Gas Quality Monitoring Plan

Paragraph (d)(1) requires the gas utility to ha@Gaa Quality Monitoring (GQM) Plan. The
objectives of the GQM Plan are to monitor the gigntomposition and WI of LNG delivered
to distribution system receipt points and the cositpmn and WI of natural gas in each Btu
District. The GOQM Plan must include:

A) Locations in the distribution system at which th&éwlll be monitored,

B) Information showing that the selected locationssarfficient to determine the
composition and WI at all locations in the disttibn system,

C) Sampling and analytical methods and calculatiori®etased in determining the
composition and WI,
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D) Frequency of composition and WI determination ahdacation,
E) Receipt points at which LNG is being added to tisérithution system,

F) Frequency at which LNG quantities added to theibistion system at each LNG
addition location will be recorded, and

G) Method, frequency and format of reporting the LNgghposition, Wl and quantity data
to the District.

Much of this monitoring information will already laeailable to the gas utility given that the
CPUC General Order 58-A requires SoCalGas to mohéating value in each area or district.
An example of the monthly billing factors for SoGals, which reports the HHV of the gas but
not the WI, is found in Appendix D to this repofthe GQM will make it publicly available how
a gas utility monitors natural gas quality.

Paragraph (d)(2) requires the GQM Plan to be updateenever there is a change in the
locations of receipt points at which LNG is beirtglad to the distribution system or a change in
the distribution system that requires a changberidcations at which the composition, WI
and/or LNG additions must be monitored to complthvparagraph (d)(1).

Historical Data

Paragraph (d)(3) requires gas utilities to subcnAQMD a summary of the daily average HHV,
SG and WI at each Btu District within the Distrigt the three year period from January 1, 2006
until December 31, 2008. This will provide baselinformation about current natural gas
quality before the introduction of LNG-derived natugas.

LNG Rollout Plan

Paragraph (d)(4) requires the gas utility to docointieeir LNG Rollout Plan. The plan must
include the following:

(A) Past actions and future planned actions to eduedteal gas end-users about gas
guality changes and recommend revisions to endagepment maintenance or tuning
practices;

(B) Past actions and future planned actions to deterthim effects of gas quality changes
from LNG on emissions from end-user combustion gaeint;

(C) Results of emission testing conducted prior to Jyrg009 by the gas utility or a
contractor at an end-user, or at a test facilayttie purpose of determining effects of
changes to gas quality from LNG, including the AQMpplication or permit number
of the tested equipment, equipment descriptione(tyfpequipment, make, model, rated
thermal input), the date of the test, sampling medsurement methods, the natural gas
WI, and the test conditions and emission resuttmust be identified whether a test
was conducted to determine baseline emissions faricnanges in WI from LNG, or
after changes in Wl due to LNG. If emission testsdone before and after any
repairs, adjustments or tuning of the equipmehgraission tests and what repairs,
adjustments or tuning was conducted must be reghoResults of tests that were
posted by June 5, 2009 on a publicly available welidentified in the plan do not
have to be submitted;

(D) A map of Btu Districts existing as of June 5, 2009;
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(E) A map of any planned changes to Btu Districts; and

(F) Past actions and future planned actions to mitigtieets of gas quality changes from
LNG such as retuning end-user combustion equipment.

LNG Rollout Plan Amendments
Paragraph (d)(5) requires Plan amendments whenegessary.
District-Wide Projection of LNG Emission Effects

Paragraph (d)(6) requires the gas utility to dgvelnd maintain a projection of LNG effects on
emissions within the District based on populatiatadbf end-user equipment and available
information on the effects of LNG on emissions freamious end-user equipment types. The
projection must be updated to incorporate new méiron on the effects of LNG on emissions
as it becomes available. Periodical reports offitea and methodology used for the projection
and the results in annual tons of NOx, CO and V@Qequired.

COMPLIANCE — SUBDIVISION (e)

Subdivision (e) requires:
(A) Submittal of the historical data by July 10, 2009;
(B) Submittal of the initial GQM Plan and LNG RollougR by July 10, 2009;

(C) Implementation of the approved GQM Plan and LNG&alPlan by August 1, 2009
or the plans as submitted if they have not yet lzggmoved,;

(D) Development of an initial projection of LNG effeas emissions by December 31,
2009; and

(E) Plan modifications when needed.
MONITORING, TESTING AND RECORDKEEPING — SUBDIVISION (f)

Subdivision (f) requires the following minimum maaring, recordkeeping and reporting:
(1) Ateach receipt point where LNG is being addedh#odistribution system:

(A) Determination and recordkeeping of the compositwh,SG and HHV of LNG
being added to the distribution system at lease@very hour, and

(B) Recording the volume, expressed as standard cedticdf LNG added each hour.

(2) At each Btu District in the natural gas distribatigystem, determination and
recordkeeping of the natural gas composition, VA,&d HHYV at least once every
hour.

(3) Reporting the recorded data monthly to AQMD in glauic format.

(4) Reporting monthly all actions required by and infation resulting from the LNG
Rollout Plan. The first report must include altians taken since those reported in the
LNG Rollout Plan application. Each report shadllude the following.

(A) Results of all emission tests on end-user equipnmasitiding the AQMD
application or permit number, equipment descripfiype of equipment, make,
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model, rated thermal input), the date of the &mtpling and measurement
methods, the natural gas WI, and test conditidriee gas utility must identify
whether a test was conducted to determine basatm&sions prior to changes in
WI from LNG, or after changes in WI due to LNG. elhission tests are done
before and after any repairs, adjustments or tuafrige equipment, all emission
tests, and what repairs, adjustments or tuningoeaducted must be reported.

(B) Guidance, services or technologies offered to esatsuto mitigate emission
increases caused by LNG.

(5) Beginning July 1, 2009, a semi-annual report oratstrict-wide projection of LNG
effects on emissions.

TEST METHODS — SUBDIVISION (g)

The gas utility is required to use the followingsdrocessors Association (GPA) methods to
determine the WI, HHV and SG of natural gas, unéesalternate method is approved by
AQMD:

(A) GPA Method 2166, Obtaining Natural Gas Sampleg\falysis by Gas
Chromatograph,

(B) GPA Method 2261, Analysis of Natural Gas and SinfBaseous Mixtures by Gas
Chromatography, and

(C) GPA Method 2172, Calculation of Gross Heating VaRelative Density and
Compressibility Factor for Natural Gas Mixturesnr@€€ompositional Analysis.

A calibrated gas chromatography system that complieh California Public Utilities
Commission General Order 58-B, items 4 and 8 meistded.
EXEMPTIONS — SUBDIVISION (h)

PR 433 includes the following two exemptions:

(1) Any natural gas distribution system operator whadg source of natural gas is by
receiving natural gas from another natural gasiligion system operator at supply
points located within the District is exempt fronmstrule.

(2) Any natural gas distribution system operator tlwgsdnot receive LNG directly from
an LNG supplier is exempt from paragraphs (d)@)), (d)(6) and (d)(7) of this rule.

The cities of Vernon and Long Beach, and the Soeshas Corporation are expected to
qualify for the second partial exemption. Long &edoes receive gas from local gas producers
in the Long Beach area and, thus, will not qudbifythe first complete exemption.
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EMISSION IMPACTS

PR 433 will not have any direct emission impactsalose it does not specify any emission limits
or natural gas quality specifications. It will gmequire monitoring and reporting of natural gas
quality, LNG rollout activities and estimation ahesion changes resulting from LNG-derived
natural gas delivered to AQMD. However, mitigatimeasures such as equipment tuning, may
occur as part of the LNG Rollout plan which wiltteee emissions impacts from LNG. These
emission reductions can not be estimated at tmis. ti

COST EFFECTIVENESS
Since this is a monitoring and reporting rule, afgtctiveness cannot be calculated.
CALIFORNIA ENVIRONMENTAL QUALITY ACT

Pursuant to the California Environmental Quality ACEQA) and AQMD Rule 110, SCAQMD
staff is reviewing the proposed project and, agad Agency, will be preparing the appropriate
CEQA document after analyzing any potential adversgaronmental impacts associated with
the proposed project pursuant to CEQA Guidelin&s@2(k) — Three Step Process.

SOCIO-ECONOMIC ANALYSIS

A socio-economic analysis will be made availableeast 30 days prior to a public hearing for
the proposed rule.

COMPARATIVE ANALYSIS

Health and Safety Code Section 40727.2 requirasAQ@MD identify and compare any other
AQMD or federal regulations that apply to the sasgeipment or source type. There are none
in this case.

DRAFT FINDINGS

Before adopting, amending or repealing a rule, ARBMD shall make findings of necessity,
authority, clarity, consistency, non-duplicatiomdareference, as defined in Health and Safety
Code Section 40727. The findings are as follows:

Necessity- The AQMD Governing Board finds and determineat tRroposed Rule 433 —
Natural Gas Quality is necessary in order to moratad mitigate the impacts of LNG-derived
natural gas deliveries to AQMD.

Authority - The AQMD Governing Board obtains its authorityadopt, amend or repeal rules
and regulations from Health and Safety Code 884080001, 40440, and 40720-40728.

Clarity - The AQMD Governing Board finds and determinest tAroposed Rule 433 is written
and displayed so that the meaning can be easilgratabd by persons directly affected by it.
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Consistency— The AQMD Governing Board finds and determines froposed Rule 433 is in
harmony with, and not in conflict with or contrafdicy to, existing statutes, court decisions, or
federal or state regulations.

Non-Duplication — The AQMD Governing Board has determined thapBsed Rule 433 does
not impose the same requirements as any existatg st federal regulations.

Reference - In adopting Proposed Rule 433, the AQMD GovegnBoard references the
following statutes which AQMD hereby implementstenprets or makes specific: Health and
Safety Code Sections 40001, and 40440.
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The following excerpts from General Order 58-A: NIBPARDS FOR GAS SERVICE IN THE
STATE OF CALIFORNIA contain the California Publidilities Commission (CPUC)
Regulations on natural gas quality.

6. Heating Value of Fuel Gas

a. Each gas utility supplying fuel gas for domestmmmercial or industrial purposes shall
develop and maintain a plan establishing the hgatue of the gas being supplied. This
plan shall provide for the following requirements:

1. Establish distinct distribution system areawlmch a uniform quality of gas will be
supplied.

2. ldentify a heating value range for each suatm.aProvide for verification of the
average heating value of the gas supplied to eaa) at intervals frequent enough to
assure that the heating value is being maintaingdinvthe heating value range
established for the area, and to assure adequaieaay for customer billing.

3. Provide for establishing, and maintaining toee years, records of the heating value
of the gas provided in each area.

b. Each gas utility shall establish and maintasputlined in General Order 58-B, Heating
Value Measurement Standard For Gaseous Fuelsnbeatlue measurement stations,
and shall develop and implement the proceduresssacgto determine the heating value
of the fuel gas being supplied in each area, tot tieerequirements of Section 6.a. If
heating value determination of the same gas isfaatorily made by another utility,
supplier or qualified laboratory, it may be usedtfte purpose of the above record upon
written approval of the Commission.

Such utility, supplier, or qualified laboratory dhase a heating value measurement
device of a type that has been approved by the Gssion.

c. Each gas utility supplying a liquefied petrategas-air mix, shall establish and maintain,
with the approval of the Commission, a standardtihgavalue for its product. The
maximum daily variation shall not exceed twentyefi{25) Btu per standard cubic foot
above or below the standard heating value.

d. Each gas utility supplying fuel gas, includilguefied petroleum gas and a liquefied
petroleum gas—air mix, shall file with the Commassias a part of its schedule of rates,
rules and regulations, the average total heatirlgevaf such gas together with the
maximum fluctuation above and below the averagal to¢ating value which may be
expected.

e. The monthly average total heating value atgingn test station shall be the average of
all total heating value tests made during each mont

f. As an alternative to establishing a heatingugaineasurement station, samples may be
taken near the center of a distribution system.a¥éhaere this is done, at least one
determination per week shall be made of the tottihg value of gas delivered to
customers in distribution system areas identifisdnaSection 6.a.1. which have annual
sales in excess of one hundred million (100,000,@00ic feet of gas. Where a number
of distribution system areas are so interconneatetb be certain of receiving gas from
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the same source, there may be established a temtisgmpling station at a location
where the gas tested will be representative ofgbated in all such distribution system
areas.

7. Purity of Gas
a. Hydrogen Sulfide

No gas supplied by any gas utility for domestianarercial or industrial purposes in this
state shall contain more than one-fourth (0.25ingp& hydrogen sulfide per one hundred
(100) standard cubic feet.

b. Total Sulfur

No gas supplied by any gas utility for domestianagercial or industrial purposes shall
contain more than five (5) grains of total sulfier pne hundred (100) standard cubic
feet.

c. Test procedures used to determine the amofifgdoogen sulfide and total sulfur shall
be in accordance with accepted gas industry stdadard practices.

d. When hydrogen sulfide, or total sulfur, exce#us limits set forth in Section 7.a. and
Section 7.b., the gas utility shall notify the Commsion and commence remedial action
immediately. The Commission shall be notified whiea level of hydrogen sulfide, or
total sulfur, has been reduced to allowable limits.

e. Vinyl Chloride

No regulated gas utility shall knowingly purchasedfill gas if that landfill gas, when
supplied to any existing gas customer, containgl\dhloride in a concentration greater
than 1,170 parts per billion by volume. This valseadopted as instructed by Section
25421(b) of the California Health and Safety Codetlea maximum amount of vinyl
chloride that may be found in landfill gas supplieda gas utility customer pursuant to
Section 25421 (a). Testing for vinyl chloride shadl performed as specified by Section
25421(d) of the Health and Safety Code. When vthybride exceeds the limits set forth
herein, the gas utility shall notify the Commissiand commence remedial action
immediately. The gas utility shall notify the Conssion when the level of vinyl chloride
is reduced to allowable limits. Direct delivery famdustrial use of landfill gas is
exempted from these requirements as provided byidBe@5421(e). A gas utility
desiring to purchase landfill gas with a vinyl aidie content that exceeds the
Commission adopted standard shall file an appboatwith the commission. The
application shall demonstrate that dilution of fhdjas exceeding the Commission’s
standard with other natural gas in the utility'steyn shall not result in any customer
receiving gas with a vinyl chloride concentratiavedl exceeding the Commission’s
standard.
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The following is Section | from Southern Califorrgs Company’s Rule No. 30 —
Transportation of Customer-Owned Gas, which relategtural gas quality:

|. Gas Delivery Specifications

1. The natural gas stream delivered into the ty8lisystem shall conform to the gas quality
specifications as provided in any applicable ages@mand contracts currently in place
between the entity delivering such natural gasthadJtility at the time of the delivery.

If no such agreement is in place, the natural gal§ sonform to the gas specifications as
defined below.

2. Gas delivered into the Utility's system for #ueount of a customer for which there is no
existing contract between the delivering pipelind ¢he Utility shall be at a pressure
such that the gas can be integrated into the yXilgystem at the point(s) of receipt.

3. Gas delivered, except as defined in |.1 absiall conform to the following quality
specifications at the time of delivery:

a. Heating Value: The minimum heating value iertiandred and ninety (990) Btu
(gross) per standard cubic foot on a dry basis.ni@eimum heating value is one
thousand one hundred fifty (1150) Btu (gross) pandard cubic foot on a dry basis.

b. Moisture Content or Water Content: For gasveedid at or below a pressure of eight
hundred (800) psig, the gas shall have a wateeobnbt in excess of seven (7)
pounds per million standard cubic feet. For gas/dedd at a pressure exceeding of
eight hundred (800) psig, the gas shall have arndate point not exceeding 20
degrees F at delivery pressure.

c. Hydrogen Sulfide: The gas shall not containertban twenty-five hundredths (0.25)
of one (1) grain of hydrogen sulfide, measuredyakdgen sulfide, per one hundred
(100) standard cubic feet (4 ppm). The gas shaltontain any entrained hydrogen
sulfide treatment chemical (solvent) or its by-proid in the gas stream.

d. Mercaptan Sulfur: The gas shall not containariban three tenths (0.3) grains of
mercaptan sulfur, measured as sulfur, per hundaediard cubic feet (5 ppm).

e. Total Sulfur: The gas shall not contain moenteeventy-five hundredths (0.75) of a
grain of total sulfur compounds, measured as sy one hundred (100) standard
cubic feet (12.6 ppm). This includes COS and @$é@rogen sulfide, mercaptans
and mono, di and poly sulfides.

f. Carbon Dioxide: The gas shall not have a tcéabon dioxide content in excess of
three percent (3%) by volume.

g. Oxygen: The gas shall not have an oxygen comasxcess of two-tenths of one
percent (0.2%) by volume, and customer will makergveasonable effort to keep
the gas free of oxygen.

h. Inerts: The gas shall not contain in excedsuf percent (4%) total inerts (the total
combined carbon dioxide, nitrogen, oxygen and d@hgranert compound) by
volume.

Appendix B B-1 March 2009



Preliminary Staff Report for Proposed Rule 433

i. Hydrocarbons: For gas delivered at a pressui8®® psig or less, the gas
hydrocarbon dew point is not to exceed 45 degressAB0 psig or at the delivery
pressure if the delivery pressure is below 400.d%0g gas delivered at a pressure
higher than 800 psig, the gas hydrocarbon dew pembt to exceed 20 degrees F
measured at a pressure of 400 psig.

j.  Merchantability: The gas shall not contain dssind, dirt, gums, oils and other
substances injurious to Utility facilities or thabuld cause gas to be unmarketable.

k. Hazardous Substances: The gas must not cdraardous substances (including but
not limited to toxic and/or carcinogenic substareed/or reproductive toxins)
concentrations which would prevent or restrictribemal marketing of gas, be
injurious to pipeline facilities, or which wouldgsent a health and/or safety hazard to
Utility employees and/or the general public.

|. Delivery Temperature: The gas delivery tempaeats not to be below 50 degrees F
or above 105 degrees F.

m. Interchangeability: The gas shall have a mimmWobbe Number of 1279 and shall
not have a maximum Wobbe Number greater than I38 gas shall meet American
Gas Association's Lifting Index, Flashback Inded &llow Tip Index
interchangeability indices for high methane gaatred to a typical composition of
gas in the Utility system serving the area.

Acceptable specification ranges are:
* Lifting Index (IL)
IL <=1.06
* Flashback Index (IF)
IF<=1.2
* Yellow Tip Index (1Y)
lY >=0.8

n. Liquids: The gas shall contain no liquids ainmmediately downstream of the receipt
point.

0. Landfill Gas: Gas from landfills will not be @pted or transported.

p. Biogas: Biogas refers to a gas made from abaedigestion of agriculture and/or
animal waste. The gas is primarily a mixture of maet and carbon dioxide. Biogas
must be free from bacteria, pathogens and any sthestances injurious to utility
facilities or that would cause the gas to be unetatile and it shall conform to all
gas quality specifications identified in this Rule.

4. The Utility, at its option, may refuse to actapy gas tendered for transportation by the
customer or on his behalf if such gas does not theetpecifications at the time of
delivery as set out in I. 2 and I. 3 above, asiapple.

5. A generic deviation from the minimum gas qyadipecifications set forth in Paragraph
1.3 is granted for “Historical California Produatid Quality specifications for Historical
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California Production will be governed by SoCal@Gade No. 30 in effect as of
September 21, 2006, or, to the extent that prodadtad a deviation in place at that time,
pursuant to the agreement governing that deviatiblistorical California Production” is
defined as follows: Onshore or offshore Califorpraduced natural gas delivered at
points of interconnection existing as of Januard0)6, up to the maximum historical
deliveries or Maximum Daily Volume effective on titate as specified in any
agreement permitting supply delivery at those @ilita producer moves its deliveries of
Historical California Production from a point ot@mconnection existing as of January 1,
2006, to another existing or a new point on theéesgsor if one or more producers
consolidate two or more existing points of intemwection existing as of January 1, 2006,
to another existing or a new point on the systém deviation granted under this
provision will follow the Historical California Pouction provided that (a) the Utility has
required or approved the change in receipt poicdation and (b) the continuing deviation
shall not exceed the Maximum Daily Volume statethmaccess agreement(s) governing
deliveries at the producer’s original point of mti@nnection and (c) specifically, the
quality of the gas should not lessen to the pdiat it falls outside the grandfathered Rule
No. 30 specifications.

6. In addition to the generic deviation providagaragraph 5, the Utility will grant other
specific deviations to California production frohetgas quality specifications defined in
Paragraph 1.3 above, if such gas will not havegatige impact on system operations.
Any such deviation will be required to be fileddbgh Advice Letter for approval prior
to gas actually flowing in the Utility system.

7. The Utility will grant a deviation to existingterstate supplies consistent with prior gas
quality specifications if requested by the intemecting interstate pipeline for a period
of not more than 12 months from the date of D.0&89.

8. The Utility will post on its EBB and/or genekaébsite information regarding the
available real-time Wobbe Number of gas at idezdifbperational locations on its
system.
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Gas Cluality and LNG Research Study
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Gas Quality and LNG Research Study
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Gas Quality and LNG Research Study
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Gas Quality and LNG Research Study
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Base Gas. The other emussion points result fom the introduchon of difference gas compositions to the equipment
without re-admsting the set up. See Gas Quality & LING Besearch Study Appendices for detailed equipment reports.
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Gas Quality and LNG Research Study
Mot Appendx G

Enfizrpin
Gag Crepary-

¥
# A& Sempra Energy”utay

Steam Boiler Steam Boder
WO ws. HHY MNx ve. Wobbe No.
Rated InputTest (8-07-04) Rated InpuiTest [8-07-04)
120 120
e . * . *
6 o 2 g
i . @& & [
L Lo
& &0 FYeTY =] 80 Py
E_ WEasskne E_ LE
B [ | o |
e oy 1 E an 1
2 2
{0 T T T T 0 T T T T
R0 100D 1050 1100 11503 4200 1250 1300 350 1400 1450 1500
Bruiscf Biu'scf
Uktra Low Nox Steam Boiler Ulltra Low Mox Steam Boiler
Mix ws. HHY MOx vs. Woblbe Mo,
Performance Test {11-9-04) Performance Test [11-3-04)
12 2
- - . L 3
g g d d g »
: ¥ s £ §
=4 5l * o #EH- =1 Fl® = # oo
E mBasaling E_ m Easaioa
& -
- P
g °® 2
D T T T T D T T T T
853 100D 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500
Btuiscf Biu'scf

TMote: Bazelme Frmssions are from ecuupmment set up to appropriate test standards or manufactwer's specifications on
Base Gas. The other emission peints result fom the meduction of difference gas compositions fo e equipment
without re-admsting the set up. See Gas Quality & LN Besearch Study Appendices for detailed equipment raports.
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Gas Quality and LNG Research Study

o+ Appendix G
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Mote: Bazaline Emuzsions are from equupmesnt set up to appropnats test standards or manufacorer’s specifications on
Base Gas. The other emnizsion points result from the introduction of difference gas compositions to the equipment
without re-adiasting the setup. See Gas Chaality & LG Reasearch Study Appendices for detailed aquipment reports.
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|Manth- Mar-200% Altitude Zone Applicable for Standard Pressure Meters Only

BTU BTU 0 i 2 3 4 5 g T L

DIST | FACTOR §4.000 |0.968 |0.535 | 0.903 |0.B¥1 | 0.8419 [0.812 [0.782 [0.755
11 028 028 [0.883 (0950 0525 |0.824 108683 |0.833 |0 202 |0.775
12 036 038 [1.003 [0.060 0036 (0802 10871 |0.847 |0.510 |0.782
13 028 028 |0.983 |0.958 0525 |0.824 108683 |0.833 |0.202 |0.775
1a 031 031 [0.068 [0.984 10031 |0.828 08687 |0.837 |0808 |0.77s
17 030 030 [D.08F |[0.853 10030 |0.827 10885 |0.836 |0.8508 |0.7vs
13 025 028 |0.882 |0.958 [0525 |0.823 |0862 |0.832 |0.202 |0.774
14 025 A28 0002 0058 10025 |0.823 10862 |0.832 |0.802 |0.77
20 023 023 |0.080 0957 06024 |0.821 10880 |0.837 |0.800 |0.7Fv2
21 1.021 1.021 |0.888 |0.8958 |0.522 |0.8285 |0850 |0.820 |0.758 |0.771
22 1.0413 1.078 [0.086 [0.853 |0.520 |0.828 |0.857 |0.827 |O.VET |0.7G0
23 1.024 1024 [008] |[QQ5F |0025 |0822 10861 |0.831 |0201 |0.FF3
24 1.055 1.088 [1.021 [0.886 |0.0683 |0.899 (0887 |0.857 |0.828 | 0.7V
23 1.044 1.044 [1.011 [0.87VE |0643 (0808 |08VE |0.845 |0.518 |0.78s
25 034 034 | 41.001 (D987 (0534 (0901 [0270 |0.840 |0.308 |0.751
27 054 054 [1.020 [0.958 [0082 (0898 |0.885 |0.856 |0.524 |0.796
28 080 SO0 [1.045 [1.090 0675 |0.841 (0008 |0.87F7 |0.245 |0.815
29 043 043 [1.010 |0.875 [0542 |0.808 |0877 |0.847 |0.218 |0.7E7
£l 13 13 19.077 |1.041 005 |0.o80 |0.635 [0.904 [0.570 [0.840
H 4 i4 |91.078 |1.042 005 |0.9v0 |0.837 [0.8905 [0.571 [0.847
33 4 i4 |1.0758 |1.042 006 |0.8970 | 0837 |0.805 |0.871 | 0.841
44 3 13 19.077 |1.041 005 |0.o80 |0.635 [0.904 [0.570 [0.840
33 14 114 [1.078 [1.042 005 |0.9v0 |0.837 [0.8905 [0.571 [0.847
36 A13 JA73 [1.0FF [1.044 [1.005 |0.850 10035 |0.604 10870 |0.840
kN 091 0ot | 1.086 [1.020 [0085 (0950 0018 |0.886 |0.583 |0.824
38 02 02 [1.087 [1.030 [|0.9685 |0.8960 |0.827 |0.885 |0.882 |0.832
40 022 22 |0.088 |0.0568 0023 (0820 108680 |0.830 |0.788 |0.772
41 0286 28 [0.0803 [0.050 10025 (0824 108685 |0.833 |0.802 |0.FVS
42 024 024 |0.981 (0957 [0.525 |0.892 10881 |0.837 |0.801 |0.773
43 024 24 |0.089 |0.857 0625 (0822 108681 |0.831 10801 |0.773
ad 044 041 [1.008 [0.973 0640 |0.80F (0875 |0.845 |0 514 |0.7EG
a1 063 05 [1.035 [1.000 [0.9685 |0.831 | 0888 |0.862 |0.538 |0.807
32 1.033 1.038 [ 1.006 [0.871 |0038 |0.0805 (0874 |0.844 10212 |0.784
53 1.042 1.042 [1.008 |[0.874 |0541 |0.808 |087VS |0.845 |0.515 |0.7E7
34 083 8 [ 1.083 [1.097 [0082 |0.848 100195 |0.883 |0.851 | 0.827
EE] 044 O44 (1.0 Dove [0043 [0.000 0878 |0.845 |0.518 |0.788
a8 044 044 [1.0 0976 [0543 (0900 [087VE |0.845 |0.518 |0.788
37 044 044 1.0 0o7e [0043 (0000 0878 |0.848 0518 |0.788
Bl 40 40 [1.104 (10868 [1.028 | 0.823 |0.050 |0.8635 |0.581 |0.857
29 044 o044 [1.01 0976 [0543 (0908 [0878 |[0.845 |0.518 |0.788
&0 083 08 [1.083 [1.097 0082 |0.848 10015 |0.883 |0.851 | 0.821
b1 044 041 [1.008 [0.973 0540 |0.80F (0875 |0.845 |0 514 |0.7EG
62 044 044 [1.011 [0.976 [0.543 |0.808 |0878 |0.845 |0.518 |0.788
B3 080 Os0 [1.045 |1.090 0675 |0.841 (0008 |0.8FY |0.245 | 0.815
bd 044 041 [1.008 [0.973 0540 |0.807F |0875 |0.845 |0.514 |0.786
7a 042 042 [1.008 [0.974 [0.541 |0.908 |0875 |0.845 |0.818 |0.787
71 076 JOFE [ 1.042 |1.008 [0572 (0837 (0005 |0.874 (0241 |0.812
i 083 038 [1.083 [1.097 [0.582 |0.848 | 0915 |0.883 |0.851 |0.821
T3 022 022 [0.988 (09568 [0.523 |0.820 |0.880 |0.830 |0.788 |0.772
T4 1.022 1.022 [0.588 [0.956 |0.523 |0.850 10880 |0.830 |0.788 |0.7v2

Btu Factor units are therms per 100 scf.

Current billing factors are available dtttp://www.socalgas.com/residential/prices/btu/
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