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Preface 

This report has been prepared for the Nordie Gas Technology Centre 

(NGC) by the Danish Gas Technology Centre. 

1 

The aim of the Nordie Methane project has been to compile an estimate 

of the methane emissions from the Nordie Natural Gas Industry with a 

far higher accuracy and degree of documentation than previous estimates. 

The conclusions and results presented in this report have been based on 

data provided by the Nordie Natural Gas Industry, including the produc

tion, transmission and distribution sectors. 

Conclusions and results regarding the productian sector have been based 

on analyses provided by the Norwegian Oil Industry Association (OLF). 

Conclusions and results regarding the transmission sector have been 

based on logging data from all the gas transmission campanies in the 

Nordie countries. 

Conclusions and results regarding the distribution campanies have been 

based on detailed information on the networks for all natural gas distribu

tion campanies in the Nordie countries and on a leak measurement pro

gramrue carried out by the Greater Capenhagen Natural Gas Company 

(HNG). 

Evaluatian and analysis of data regarding the distribution sector have 

been carried out by RADIAN Corp. which is the consultan t of the Gas 

Research Institute (GRI)/Environrnental Proteetian Agency (EPA) 

Methane Emissions Project. 

NGC has followed the development of the report through project working 

groups consisting of representatives from the involved companies. 

The conclusions and results presented in this report have been reached in 

agreement with the working groups. 

Danish Gas Technology Centre a/s, 
December 1993 

Jan Jensen, Sec. of the Nordie Methane Project 
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1 lntroduction 

As earlyas 1989, the discharge of methane from the gas industry in the 

Nordie region was evaluated by NGC. At that time, the estimate was 

based solely on information from the gas industry, and no analyses were 

made of its accuracy or of the method of computation. 

The aim of the present study is thus to campile an estimate with a far 

higher accuracy and degree of documentation than was the case in the 

1989 study. 

The use of natural gas produces less earbon dioxide (COz) and other 

pollutants per unit of energy generated than other fossil fuels. For this 

reason, it is generally accepted that global warming could be reduced by 

fuel switching to natural gas. 

However, natural gas consists of approximately 90 per cent methane 

(CH4), and methane is a much more potent greenhouse gasthan earbon 

dioxide. 

Therefore, leakages of natural gas could reduce or even eliroinate the 

advantage for natural gas because of its lower earbon dioxide emission. 

Methane emissions from the natural gas productian seetar and the natural 

gas networks constitute only a fraction of the total anthropogenic methane 

emission in the Nordie region. Nevertheless, the uncertainty regarding 

the methane emissions from the natural gas system has been a subjeet for 

discussion. 

In order to provide an accurate estimate of the total methane emission, 

NGC has formed a project group in which the production, the transmis

sion and the distribution campanies are represented. 

This report sumrnarizes results from two extensive environmental pro

grammes, one by the Norwegian Oil Industry Association (OLF) and one 

by The Gas Research Institute (GRI) and the Environmental Proteetian 

Agency (EPA), which is an ongoing project. 
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Measurements made by Hovedstadsregionens Naturgasselskab (HNG) 

have been pooled with data from US-distribution companies, and the 

GRI/EPA-methodology has been used in order to provide an accurate 

estimatefor the distribution system. 

4 

Logging data collected in routine operation situations and detailed data on 

the natural gas networks have been received from the transmission and 

the distribution companies. 

In this study, all major emissions sources have been carefull y evaluated, 

and the final methane emission estimate must be regarded as the best 

available. 
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2 Background 

About 20 per cent of the global (natural and anthropogenic) annual CH, 

emissions are from fossil earbon sources such as coal mining, productian 

and distribution of oil and natural gas as well as end use of fossil fuels. 

Combustion of natural gas produces less earbon dioxide per unit of 

energy generated than both oil and coal. However, methane is a more 

potent greenhouse gas than earbon dioxide. Since natural gas is approxi

mately 90 per cent methane, leakage of natural gas could reduce or even 

eliroinate the inherent advantage of natural gas because of its lower ear

bon dioxide emission. 

2.1 The greenhouse effect 

The greenhouse effect, which is a natural phenomenon, has received 

great attention in recent years. 

Radiation from the sun is absorbed by the earth, rnainly at the surface. 

The received energy is re-radiated to space at a longer wave length 

(infrared wave length). Same of the re-radiated infrared radiation is 

absorbed by greenhouse gases in the atmasphere, principally water 

vapour but also earbon dioxide, rnethane, the CFCs, ozone, and other 

gases. 

The result is that the surface laoses less heat to space than it wauld do 

without the greenhouse gases. 

The reduced loss is the greenhouse effect. Without the greenhause effect 

the surface of the earth would be same 30QC calder than it is now. 

The cancern is that human activities increase the concentrations of the 

greenhouse gases in the atrnosphere - resulting in an increased green

house effect. 

In 1992, the Intergovernmental Panel on Climate Change (IPCC) pub

lished an updated Scientific Assessment Report, which concluded that: 
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emissions resulting from human activities are substantially increas

ing the atmospheric concentrations of the greenhouse gases: earbon 

dioxide, methane, chlorofluoro-carbons, and nitrous oxide; 

the evidence from the modelling studies, from observations and the 

sensitivity analyses indicates that the sensitivity of the global mean 

surface temperature to doubling co2 is unlikely to lie outside the 

range 1.5 to 4.5°C. 

there are many uncertainties in our predietians particularly with 

regard to the timing, magnitude and regional patteros of the elimate 

change; 

the size of this warming is broadly consistent with predietians of 

elimate modeJs, but it is also of the same magnitude as the natural 

elimate variability. Thus the observed increase could largely be due 

to this natural variability; alternative! y, the variability and other 

human factors could have .offset a still larger human-induced green

house warming; 

the detection of the enhanced greenhouse effect from observations is 

not likely to be clarified for a decade or more. 

2.2 Natural gas as a greenhouse gas 

Natural gas consists mainly of methane (about 90 vol per cent) tagether 

with higher hydraearbons (figure 2.1 ). Also small amounts of earbon 

dioxide, nitrogen and sulphur compounds are present in natural gas. 

The effect of a greenhouse gas can be expressed by the Global Warming 

Potential (GWP) which is a measure of the relative, globall y averaged 

warming effect arising from the emissions of a particular gas. 

The GWP of a well-mixed gas was defined in IPCC (1990) as the time

integrated change in radiative forcing due to the instantaneous release of 

l kg of C02• Calculation of the GWP for a particular species requires 

specifications of the following: 
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Natural 
gas 

Propane (C
3
) l 

Butan e (C J LfG l 
NGL 

Pentanes and heavier fractionsl 
also referred to as: 
C,+ 
Natural gasoline 
Condensate 

7 

Figure 2.1. Narural gas; definitions. Source: Fact sheet, the Norwegian 

confinental she((, 1992. 

' 

Gas Lifetime (years) "Direct" Effect for Time Sign of 
Horizons of l 00 years "Indirect" Effect 

c o, 'l l none**) 

CH, 10.5 11 positive 

N.O 132 270 uncertain . 

CFC-11 55 3400 negative 

CFC-12 116 7100 negative 

CFC-13 400 13000 negative 

c o months - positive 

NMHC days to months - positive 

NO, day s - uncertain 

The persistence of earbon dioxide has been estimated by explicit/y inte
g rating the box~dfffusion modet of Siegenthaler (1983); an approximate 
lifetime is 120 years. 

" CO~ is not invalved in chemical reactions ajjecting the concentrations oj 
the radiatively active species. However, it could ajfect the relevant chemi~ 
ca! reactions through its injluence on the atmospheric thermal structure. 

Table 2.1. Direcr and indirecr GWP for different gases 

(After lPCCl992). 
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The radiative forcing, the time horizon, the atmospheric lifetime and the 

pathway of chemical breakdown of the species. 

Methane contributes directly as weil as indirectly to global warming. 

lndirect effects are eaused by products formed by chemical reactions of 

methane. 

The indirect GWP for methane is reported (by IPCC 1992) to be positive 

but the IPCC does not quantify the indirect GWP. Numerical estimates of 

the "direct" GWP and an indication of the "indirect" GWP effect of sev

eral gases are listed in table 2.1. 

The amount of C02 released during combustion of fossil fuels depends 

only on the earbon contents of the fuel. Typical C02 emission factors for 

natural gas, oil and coal are listed in table 2.2. 

Fuel Type C02 emission factor (kg/GJ) 

Natural gas 56 

O il 76 

C o al 96 

Table 2.2. Typical C02 Emission Factors. 

Knowing the amount of greenhouse gases (i. e. C~, N20) released dur

ing combustion and knowing the efficiency of the process due to fuel 

consuroption (i. e. coal or natural gas consuroption for power generation 

(MJ per kWh), it is possible to estimate the break even leakage rate. 

A method for calculation of the break even leakage rate has been pub

lished by Rhode (1990), and Lelieve1d and Crutzen (1992) have calcu

lated the leakage from natural gas use that would eliroinate the actvan

tages of natural gas with respect to the higher earbon content fossil fuels 

such as coal and oil. Assuming a GWP of 22 for methane (direct and 

indirect effects) and looking at a time horizon of 100 years, the break 

even leakage rates for gas vs. coal and gas vs. oil were found to be 11% 

and 7%, respectively. 

A great nu m ber of leakage rates can be found by using different time 

horizons and process energy efficiencies and by incorporating more or 
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less greenhouse gases in the calculations. Break even leakage rates of 

11% (coal) and 7% (oil) are regarded as the most realistic estimates. 

2.3 Anthropogenic and natural sources of methane 

The growth of the atmospheric concentration of CH.t is about O. 75% per 

year and the present atmospheric concentration (l. 7 ppm ) is more than 

double its preindustrial value. 

Table 2. 3 shows how IPCC (92) estimates the global sources and sinks of 

methane. 

Sources 

Natural 

o Wetlands 
o 1lermites* 
o Ocean 
o Freshwater 
o CH4 H ydrate 

Anthropogenic 

o Coal Mining, Natural Gas & Pet. 
lndustry't: 

o Rice Paddies* 
o Enteric Fermentation 
o Animal Wastes* 
o Domestic Sewage 

1lreatment* 
o Landfills* 
o Biomass burning 

Sinks 

Atmospheric (tropospheric+ 
stratospheric) removal * 

Removal by soils 

Atmospheric Increase 

* indicates revised estimates since IPCC 1990 

Tg CH4 per year 

115 
20 
10 
5 
5 

100 

60 
80 
25 
25 

30 
40 

470 

30 

32 

(100-200) 
(10-20) 
(5-20) 
(1-25) 

(0-5) 

(70-120) 

(20-150) 
(65-100) 
(20-30) 

? 

(20-70) 
(28-37) 

(420-520) 

(15-45) 

(28-37) 

Table 2.3. Estimated sources and sinks of methane (Tg CH4 per year). After 
/PCC 1992. (fg = J {j' g = 111' tons) 

The anthropogenic sources of methane are larger than the natural sources 

and on a global scale, energy related sources are recognized as the 
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largest contributer to the anthropogenic methane emission. About 20% of 

the total annual CH4-emissions derive from fossil earbon sources, primar

ily from coal-mining operations, and from oil and natural gas production, 

transmission, distribution, and use. 

Emissions from wetlands are the largest natural source of C~ to the 

atmosphere. 

Some methane sources which are dominant on a global scale, like rice 

paddies and enteric fermentation in insects, are of no importance in the 

Nordie region. Tables 2.4 and 2.5 show the Swedish and the Danish 

emissions of CH4 from various sectors. The uncertainty range for the 

estimates is very wide. 

Sources Sweden 
(kilo tons per year) 

Wetlands 1 

Methane hydrates* 

Coastal areas 

Freshwater*** 

Landfills*** 

Animals"'** 

Manure*** 

Combustion*** 

Natural gas leaks*** 

Total 

Central estimate 

2200 

? 

220 

90 

340 

120 

20 

<25 

<3 

3020 

Table 2.4. Sources oj merhane in Sweden. Estlmated yearly flux expressed in 
units oj J (f g (thousand tons). 

Degree oj anthropogenic origin: * = low, ** = moderate, *** = high. (Ajter 
B. H. Svensson, J. C. Lanstoker, H. Rodhe, 1991). 

Methane emissions from the Nordie region are dominated by emissions 

from wetlands, agriculture and landfills. Fossil earbon sources are very 

small contributors to the anthropogenic CH4-emission in this region. 
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Sources Denmark Best estimate 
Kilo tons per year 

Power plants 0.06 

Coal storage 16.00 

District heating 0.01 

Process (energy/part) O.Q7 

lndividual heating 1.78 

Domestic transport 6.93 

Gas network l) 8.45 

Industry 0.04 

Landfills 310 

Wastewater 1.6 

Agrkulture (biogenic) 262 

Forestry -3 

Natural Eecsystems 350 

Table 2.5. Sources ojmethane in Denmark. Best estimatesjor 1989. (lhousand 
tons). 1): Estimated by NGC (1989). (Ajter J. Fenger, J. Fenhann, N. Kilde, 
1990). 
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3 The Nordie Methane Project - summary 

As ear! y as 1989, the discharge of methane from the gas industry in the 

Nordie region was evaluated by NGC. At that time, the estimate was 

based solely on information from the gas industry, and as mentioned no 

analyses were being made of its accuracy or of the method of computa

tion. 

3. 1 Objectives and activities 

The aim of NGC's 1992 methane project have been to campile a methane 

emission estimate with a far higher accuracy and degree of documenta

tion than was the case in 1989. As part of the methane project, NGC has 

formed a Nordie project group in which the productian campanies are 

represenled by Oljeindustriens Landsforening (OLF), Statoil and Norsk 

Hydro. The transmission campanies are represented by Dansk Naturgas, 

Sydgas and Neste, and the distribution campanies are represented by 

Hovedstadsregionens Naturgas (HNG) and Naturgas Syd. Danish Gas 

Technology Centre has been engaged to draw up the project report and to 

assist with equipment for the emission measurements. 

The evaluation and analysis of data regarding the distribution seeter have 

been carried out by Radian, which is the consultant of the Gas Research 

Institute (GRI)/Environmental Proteetian Agency (EPA) - Methane 

Emission Project. 

The objective of the GRI/EPA-project is to determine the methane 

emissions from the American gas industry with an accuracy of ± 0.5% 

of the natural gas productian (± 2.8 billion normal cubic metres). 

In February 1992, NGC entered into the GRI/EPA-project in order to 

obtain access to some of the methods which have been developed. 

3.2 The distribution seeter 

In order to determine discharges from the distribution sector, GRIIEPA 

initiated a leak-measurement programme in. which 10 American distribu

tion campanies are participating, each with 20 leak measurernents per 

company. Measurements have been made of the discharge rate from 
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identified leaks. All measurement data has been systematized according 

to type and age of pipe. 

HNG is one of the distribution companies, which had carried out a rneas

urement programrue on the underground distribution network. 

The other distribution campanies in the Nordie region have completed an 

extensive questionnaire on the distribution networks, in accordance with 

GR!' s standard. 

The outcome of the leak-measurement programrue is one estimatefor the 

US, and one for the Nordie region. GRI has provided consultancy to the 

Nordie part of the project. 

3.3 The transmission seetar 

The transmission companies' contributions to the Nordie project have 

been logging data for vented and fiared gas in the context of operations 

and maintenance. Discharges from the transmission seetar in the Nordie 

region are expected to be minimal - something which has been confirmed 

by the American record. Therefore, the method which has been used to 

deterrnine the discharge from the US transmission seetar are considered 

too expensive for the Nordie network. 

3.4 The productian seetar 

Under the aegis of OLF, the operator campanies in Norway have fin

ished an extensive environmental programrue in which discharges of 

methane, among other substances, has been determined. Prime emission 

sources have been identified and reduction measures proposed. Methane 

discharges have been divided into the following main source categories: 

- Venting and flaring 

- Non-combusted matter from gas turbines 

- Leaks 

Discharges from the first two source categories have been determined 

with approximately 100 per cent accuracy. As regards leaks, rueasure

ments have been made on an offshore oil platform (Hydra) and at the gas 

process plant at Kårst0 (Statoil). 
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Additional measurements and calculations on methane sources have been 

made by OLF, Hydro and Statoil. 

Greater uncertainty is attached to the estimate of leaks than to the other 

two source categories. 

Mrersk Olie og Gas has been contacted in order to discuss ways of esti

mating the discharges from the Danish offshore industry. 

3.5 The Nordie methane emission estimate 

Key numbers for production, export, import and consumptian of natural 

gas in the Nordie region are given in table 3.1. 

By far the largest part of the natural gas productian in the Nordie region 

is produced in the Norwegian seetar of the North Sea. Most of the pro

duced gas is exported from Norway to the European continent and the 

UK via subsea pipelines. 

The natural gas produced in the Danish North Sea seetar supplies the 

total consumptian in Denmark and Sweden and a minor part is exported 

to German y. Finland is supplied with natural gas from Russia. 

l ·109 m3 Production Export Import Consuroption 

Norway 24.5 24.5 o o 
Denmark 3.6 1.5 o 2.1 

Finland o o 2.8 2.8 

Sweden o o 0.8 0.8 

Total 28.1 26.0 3.6 5.7 

Table 3.1. Total Productian and Consumptian of Natural Gas (1992) in the 
Nordie Countries. Sources: Energistyrelsen, (1993) and Sean Energy (1993) 

Table 3.2 summarizes the results of the methane emission estimates for 

production, transmission and distribution of natural gas. The relative 

natural gas leakage rate is calculated as the leakage rate of the total vol

ume of natural gas in relation to production, transmission, and distribu

tion, respectively. 
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CH,- Productian Transmission Distribution Total 
emissions 

Tons % Tons % Tons % Tons 

Denmark 1,300 0.05 402 0.02 16,224 1.34 17,926 

Nmway 8,600 0.05 - - - - 8,600 

Sweden - - 8 0.002 11,494 0.32 1,502 

Finland - - 302 0.02 o - 302 

Nordie 
Region 9,900 0.05 712 0.02 17,718 1.04 28,330 

Table 3.2. Merhane Emissions from the Nordie Narural Gas System. 

The methane emission is relatively high per natural gas consumer. This is 

due to the facts that the natural gas productian in the Nordie region is 

five times the consumptian and that the quality of the old east iron net

work in Capenhagen is very poor. 

The average leakage rate in the Nordie region, from platform to gas 

meter, is 1.11 per cent of the consurned natural gas. 

The largest emission rate has been detected in the old east iron network 

in the Copenhagen area. The replacement of the HNG east iron network 

by a polyethylene network will be completed in 1996. Bythat time, the 

overallleakage rate in the Nordie region will be 0.24 per cent. 

The accuracy of the methane emission estimates for the natural gas pro

ductian and the distribution networks must be regarded as the best avail

able. The estimated relative precision of the total leakage estimate for the 

distribution network is ± 54 per cent based on a 90 per cent of confi

dence. The methane emission estimate for the transmission networks has 

some degree of uncertainty, bu t even a high degree of uncertainty would 

have a minor influence on the total methane emission estimate. 
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4 The Nordie natural gas system 

The natural gas seeters in the Nordie countries are relative! y young, and 

they are characterized by a !arge natural gas productian volorne cam

pared to the consumptian volume. 

All natural gas is produced offshore mainly in the Norwegian contioental 

shelf. All gas produced at the Norwegian seetar is exported. The Danish 

offshore productian supplies Denmark and Sweden. Of the Nordie 

countries, only Denmark has a widespread natural gas grid operated by 

one transmission and five distribution companies. 

The natural gas seeters in Sweden and Finland are only developed in the 

southern parts of both countries. 

4.1 Productian and consumptian of natural gas 

Far the largest part (87 per cent) of the natural gas productian in the 

Nordie region is produced in the Norwegian sector of the North Sea. 

From Norway, most of the produced gas is exported to the European 

continent and the UK via subsea pipelines. A minor part of the produced 

natural gas is converted to LPG. Norway is not sopplied with natural 

gas. 

The natural gas produced at the Danish North Sea seetar sopplies the 

total consumptian in Denmark and Sweden and a minor part is exported 

to Germany. Finland is sopplied with natural gas from Russia. 

l ·109 m3 Productian Export Import Consumptian 

Norway 24.5 24.5 o o 
Denmark 3.6 1.5 o 2.1 

Finland o o 2.8 2.8 

Sweden o o 0.8 0.8 

Total 28.1 26.0 3.6 5.7 

Table 4.1. Total productian and consumptian of natural gas (1992) in the Nor
die countries. 
Sources: Energistyrelsen, (1993) and Sean Energy, (1993). 
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Only 10 per cent of the natural gas produced in the Nordie region is con

surned by the Nordie countries. 

Of the primary energy supply, natural gas covers: Denmark (11 per 

cent), Finland (7 per cent), Sweden (2 per cent) and Norway (O per 

cent). Table 4.2 shows the natural gas consumptian divided into catego

ries. 

Category (per cent) Finland Denmark Sweden 

In dustry 57.9 32.6 37.8 

CHP/district heating 37.3 30.6 47.7 

Power plants 4.2 3.4 o 
Domestic 0.6 33.4 15.3 

Total 100 100.0 99.8 

Table 4.2. The Nordie natural gas consumptian (per cent) divided into cate~ 
gories (1992). Sources: Scan~Energy (1993) and Neste Oy Naturgas. 

4.2 The natural gas productian at the North Sea 

The North Sea oil productian began in 1971 when the Ekofisk field, 

located at the southern part of the Norwegian shelf, went on stream. 

Until 1975, the oil was loaded on board tankers offshore, but since the 

pipeline of the Norpipe System was completed in 1975, the oil has been 

piped through the Norpipe System to the UK. The dry gas pipeline of the 

Norpipe System from Ekofisk to Emden in Germany became operational 

in 1977. 

Norpipe was tied in with Statpipe in 1986. Statpipe consists of an 880 km 

pipeline system with 2 riser platforms and a terminal at Kårsto. 

The gas pipeline from the Frigg field to St. Fergus in Scotland went on 

stream in 1978. 

To ensure sufficient transportatlon capacity for the gas, new pipelines 

(Zeepipe and Europipe) were planned and are now under construction. 

The accumulated sale of gas and oil (incl. condensate) from the Norwe

gian fields have been 348.4 mill t. o. e. and 650.0 mill t.o.e. respectively 

(1971 to 1991). 
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Figure 4.1. Gas and oi/ producrion and transporration faciltties in the 

Norrh Sea (Ajier Facr Sheer, 1992). 
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At the end of 1991, a total of 24 oil and gas fields were on-stream on the 

Norwegian contioental shelf. 

Productian fields located in the Danish North Sea contioental shelf are 

not connected to the Norwegian transpartatian system. Gas and oil pro

duced at the Danish contioental shelf are transported via pipelines from 

the fields Tyra and Gorm to the onshore terminals at Nybro and Fils0. 

Since 1984, gas produced in the Danish North Sea seetar has supplied 

the Danish gas market. 

The accumulated sales of gas and oil have been 18.8 mill t. o. e. (1984 to 

1992) and 52.9 mil! t.o.e. (1972 to 1992), respective1y. 

At the end of 1992, a total of 7 oil and gas fields were on-stream in the 

Danish contioental shelf. 

4.3 Methane emissions from the Nordie offshore industry 

Emission data from the Norwegian oil and gas productian in 1992 has 

been provided by OLF. The data is based on information on production, 

volumes and fuel and flare gas measurements given by the operators, and 

on studies performed during the OLF Environmental Prograrnme. 

A list of facilities and terminals included in the studies is given in ap

pendix B. 

Detailed analysis, measurements and experiments have been carried out 

to improve the knowledge of the emission quantities of which six sources 

are identified as the most imported: Fuel gas exhaust, Diesel engine 

exhaust, Gas flaring, Weil testing, Oil leading and Direct hydraearbon 

emissions. The OLF Environmental Programrue is doeumented in 24 

technical reports (listed in Appendix C). 

Direet hydraearbon emissions are found to be the single largest methane 

emission souree. Direet hydraearbon emissions consist of all low pres

sure units and fugitives from the installations and contribute with 46 per 

cent of the methane emissions and 3 per cent of the VOC emissions from 

the Norwegian offshore industry. 
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Figure 4.2. Mai n sources for emissions to air from Norwegian oil and 

gas production. 

(After: OLF environmenral programme, phase II, 1993). 
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Figure 4.3. Direct hydraearbon emission sources. Ajter OLF environ

mental programme, phase II, 1993. 
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Glycol regeneration and gas turbine start gas are the two predominant 

contributors to the direct hydraearbon emissions. Also leakages through 

compressor seal oil, vents, purge and blanket operations and fugitive 

emissions contribute with more than 10 per cent each. These five sources 

represent 85 per cent of the direct hydraearbon emissions. 

Methane emissions from gas fiaring are found to be l per cent of the 

total methane emission. The amount of gas flaring, distributed between 

eight sources was reported to the OLF programme from 10 productian 

installations. Figure 4.4 shows the main sources of gas flaring. 
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.!! ii c· .. - .5 !! - .. ! .. § .. ... >- E o 
~ ~ u ~ o .. o c ä: x. ... Flare ~ ., m ö 
~ 

.. - .. ~ o .. m 

i 
~. ~. 

u m "' m 
o E m ~· u .c o k !l ö (,) ... :::> w 

Figure 4.4. Main Sources of Gas Flaring. A/ter OLF En viranmental Pro

gram me, Phase 11, 1993. 

Emissions from gas turbine exhaust gas (unburnt hydrocarbons) are found 

to be 20 per cent of the methane emissions, and emissions from offshore 

oil leading are found to be 33 per cent of the methane emissions from the 

Norwegian oil and gas industry in 1992. 

Of the identified emission sources offshore oil leading is excluded from 

emission sources related to natural gas. 
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CH4 emission source 103 tons CH4 

Gas turbine exhaust gas 2.2 

Gas fiaring 0.1 

Diesel fuel exhaust gas 0.0 

Weil testing 0.1 

Offshore oil Jaading 3.6 

Other direct hydraearbon emissions 5.1 

Total Il. O 

Table 4.3. Emission of CH4 jrom the Oil and Gas !ndustry in 1992. A.fter OLF 
Environmental Programme, Phase Il (1993). 

The OLF study demonstrated a clear progression in emission reductions 

when camparing old platforms (more than lO years in operation), young 

platforms and new pfatforms (in planning or operating). 

Platforms CH-t-emissions tons VOC-emissions tons 
per year per year 

01d(<1982) 240 160 

Young(> 1992) 80 70 

New 60 40 

Table 4.4. CHr and VOC-emissions from old, young and new platfonns. After 
OLF Environmental Programme, Phase !!, 1993. 
(VOC: VoJatile Hydraearbon Components, except CH). 

Kårst0 on the Norwegian west coast is the only onshore gas processing 

plant in Norway. 

Methane emissions from the Kårst0 terminal are not included in the OLF 

stud y. 

From measurements made by Statoil, an emission of 130 kg hydraearbon 

per hour from the Kårst0 process plant is estimated. In this study the 

hydraearbons are assumed to be methane (1.1 · HY tons per year), 

which is a very conservative estimate. 

No detailed rneasurernents have been made to identify the rnethane 

emissions from the Danish oil and gas productian industry. 
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Similarities between the Danish and the Norwegian offshore industries 

regarding age and installations, justify the assumption that the emission 

quantity from the Danish offshore industry is proportional to and at the 

same level as the Norwegian emissions. 

Of the Danish gas produced in 1992, 34 per cent was reinjected, 4 per 

cent used as fuel gas, 4 per cent was fiared and the rest (56 per cent) 

was delivered to Dansk Naturgas A/S. 

The amount of fiared gas from the Danish fields is five times the volume 

of fiared gas from the Norwegian fields per delivered m3 gas. According 

to the low importance of methane emissions from gas fiaring (table 4.3), 

adjustments due to fiaring volumes have not been made. 

Methane emissions from the Danish gas productian industry are assumed 

to be 15 per cent of the methane emissions from the Norwegian gas in

dustry. 

CH4-emission source 103 tons 

Norway 

Gas turbine exhaust gas 2.2 

Gas fiaring 0.1 

Weil testing 0.1 

Direct hydrocarbon emissions 5.1 

Treatment plant (Kårst0) 1.1 

Sub-total 8.6 

Denmark 

15 per cent of Norwegian 1.3 
emission 

Sub-total 1.3 

Total 9.9 

Table 4.5. Emission of CH ,from the Nordie gas productian industry in 
1992. 9.9 ·III ronsmethane = 13.9 ·](/m'" methane = 15.4 ·]If 
m'" natural gas (90 per cent (vol) CH,J. 
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Methane emissions from the Nordie gas productian industry represent 

0.05 per cent of the produced volume. 

4.4 The transmission networks 

The natural gas transmission networks in the Nordie countries are shown 

on figure 4.5. 

Ö EIFaro 

Figure 4.5. The naruralgas nerwork in Europe. Dashed Iines for planned 

pipelines. Source: 1993 Energi i ra! og figurer, Dansk O lie og Naturgas. 

Denmark has a widespread natural gas network built over the past 10 

years. The Danish transmission network is connected to the Swedish 

transmission network which was established from 1985 to 1988. 

The Finnish transmission system was built from 1971 to 1990 and it is 

supplied with natural gas from Russia. 

The key numbers of the Nordie transmission system are summarized in 

table 4.6. 
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Average Network Compressor Treatment storages MIR-
Pressure (km) stations Plants stations 
(bar) 

Denmark 80 1004* o l 2' 45 

Finland 54 808 2 o o 121 

Norway - - - - - -

Sweden 50 300 o o o 27 
(521) 

Total - 2112 2 l 2 193 
(2333) 

* Subsea pipelines at 278 km are included. One of the storages (Stenlille) will be 
in routine operationfrom 1994. 

Table 4. 7. The Nordie natural gas transmission Networks (1992). 

The routine inspection and maintenance proeectures are: 

Sweden: 

o M/R-stations are checked for leaks every other month 

o Transmission Iines are checked by helkopter every month 

o Venting volornes are not measured, but estimated and registered in 

the maintenance log book 

Denmark: 

o M/R-stations are checked once a year with soapy water 

o The vented gas at the storage plants is logged 

o Emission rates are not recorded when leaks are discovered, but 

leaks are fixed immediately 

o There is no venting during start and stop operations. 

Mass balance calculations on the Swedish transmission network have 

quantified the unaccounted gas volume to -0.8 per cent per year (aver

age). 

Mass balance calculations on the Danish transmission network have 

quantified the unaccounted gas volume to -0.2 per cent as a yearly aver

age. 
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The unaccounted gas volume for the subsea pipeline from the productian 

site is ± l per cent. 

The unaccounted gas volumes are not a measure for leaks but represent 

uncertainty during metering operations. 

4.5 Methane emissions from the Nordie transmission networks 

The leakage estirnates from the Nordie natural gas transmission network 

are based on data provided by the transmission companies, Dansk Natur

gas, Vattenfall Naturgas and Neste OY and on emission factors estirnated 

by Radian in the GRI/EPA Methane Emission Programrne. 

Table 4.8 shows the different techniques developed in the GRIIEPA-pro

gramme for measuring steady emissions from leakages in the natural gas 

supply system. The essence of each method is described in appendix D 

and F. 

This technique has not been used to estimate the emissions from the 

Nordie transmission networks, but emission factors developed during the 

GRI/EPA-programme have been used in the Nordie estimate, when no 

other data were available. 

Emission factors developed in the GRI/EPA-programme are given in 

table 4.9 (and Appendix F). 

An emission estimate for a given category (eg compressors) is found by 

multiplying the activity factor (number of cornpressors) by the emission 

factor. Activity factors for the transmission network are given in table 

4.7. 

Emission factors for both steady and unsteady emissions are given in 

Appendix F, where al so the precision of the US-emission estimates is 

gtven. 
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Source types 
Emissions earrelation 
factor equation* 

Production 

- Wells • • 
- Gathering 

- Separation • • 
- Gas Plants • • 
Transmission 

- Pipelines 

- Compressors • 
- Meters • 
- Regulators • 
Distribution 

- Mains 

- Services 

- Metering St. • 
- Regulator St. • 
Meters • • 

o = In progress, • = Completed, * 
systems 

27 

Techniques 

T racer Leak Mass balance 
statistics 

* o 

• 
• 

o 

* 
• 
• 
• 
• 

• 
• 

Based on data from distribution 

Table 4. 8. Techniques developed on measuring steady emissions. Status on the 
GRIJEPA-programme August 1992. Source: Roben A. Lott, Merhane Emissions 
from Natural Gas Operations, NGC-Conference, Natural Gas and the Environ
mem, Proceedings, Capenhagen 2 to 3 September 1992. 
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Emissions (BCF) 

Category Emission Activity Subtotal 
Factor Factor 
(CFIUNITS-YR) (# UNITS)* Source segment 

Type 

Production: 

Wells 6,000 543,000 10.7 

Gathering Lines 900 900,000 2.7 

Heaters 9,400 64,000 2.0 

Separators 28,500 210,000 18.3 

Campressars 105,000 24,000 8.0 

Metering 14,700 260,000 12.0 

Dehydrators 23,800 9,000 0.7 

Other --- --- 1.7 
56.1 

Processing: 1.9 x 106 740 1.3 

Transmission: 

Pipelines 1,500 276,000 0.4 

Compr. Stations 4.6 x JO' 2,000 9.3 

Metering 

stations 59,000 20,000 1.2 10.9 

Storage: 1.7x!O' 90 0.2 

Distribution: 

Mains 38,000 888,000 33.9 

Services 60 44 x 1064 2.8 

Metering/ 170,000 118,000 20.2 

Reg. Stations 85 50 x 1064 4.2 61.1 

Total sready: 128.5 

* Nurnber of facilities or miles of pipefor mains and gathering lines 

Table 4.9. Summery of steady emissionsfor the US gas industry August 1992. 
(l m1

n = 37 CF) Source: Robert A. Lott, methane emissions from US natural 
gas operations, 1993). (Appendix F). 
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By using the logging data from the Nordie transmission companies, sup

plemented with the GRI/EPA-emission factors, a natural gas emission 

estimation for the Nordie transmission networks have been made. Table 

4.10 summarizes the emissions from the Nordie transmission networks. 

Estimates based on emission factors are marked ( ). 

Nm3/year Metering Treatment storages Compressor Total 
and plants stations 
networks 

Denmark 105,000 (53,000) 460,000 - 618,000 

Finland 183,000 - - (249,000) 432,000 

Norway - - - - -

Sweden 12,000 - - - 12,000 

Total 300,000 53,000 460,000 249,000 1,062,000 

Table 4.10. Estimated emissions from the Nordie natural gas transmission net
works (1991). ( ): Estimates based on emissionfactors. 

Most data in table 4.10 are based on regisiered (controlled) emissions 

and only for the categories "Treatment plants" and "Compressor stations" 

have emission factor estimates been used. 

Steady as well as unsteady emissions from the categories "Metering and 

networks" and "Storages", which is not covered by the logged data, are 

not estimated. 

Those emissions are considered to be small, but existing of course. The 

total estimated methane emissions from the Nordie transmissions net

works must therefore be regarded as a "minimum" estimate. 

The natural gas emissions from the Nordie gas transmission networks 

represent less than 0.02 per cent of the transmitted volume. (7 .2 x 109 m3 

per year). 

On a mass basis, the total amount of methane emissions from the trans

mission networks is 712 tons Cfit per year based on methane volumes 

of: Finland: 98 vol per cent CH.,, Denmark and Sweden: 91 vol per cent 

CH4 • 
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4.6 The distribution networks 

Of the Nordie countries, only Denmark has a widespread distribution 

network managed by five distribution companies. The Nordie distribution 

networks were built up starting 1982 in Denmark, 1985 in Sweden, and 

1980 in Finland. The Nordie low pressure distribution networks are 

mainly made by pnlyethylene pipes. 

Exceptions are the low pressure east iron networks in Capenhagen and 

Malmö whieh were networlcs for town gas original! y. The east iron net

work in Copenhagen is under replacement by a polyethylene network and 

the conversion will be completed in 1996. 

The number of gas consumers varles a lot in the Nordie eountries. 

In Finland, only 5 per cent of the used natural gas is distributed by 30 

small regional distribution eompanies with a total number of end users of 

2,500. The number of services is (14,000) in Sweden and 217,000 in 
Denmar k. 

The number of Metering and Pressure Regulating Stations ( 40/4 bar and 

19/4 bar) are app. 500 in the Nordie countries. 

The total annual volume of natural gas distributed via the distribution 
campanies is 2,610 x 106 m3. 

The key numbers of the Nordie natural gas distribution networks appear 

from table 4.11. Detailed data on each distribution company is given in 

appendix E. The included distribution campanies are: Naturgas Midt

Nord (DK), Naturgas Fyn (DK), Naturgas Sjrelland (DK), Naturgas Syd 

(DK), HNG (DK), Göteborg Energi (S), Malmö Energi (S) and Finland 

(all, excluding Helsinki). 
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Pipe material Mains Services 
(km) (Number) 

east iron 814 1,332 

Plastic 12,691 209,120 

Protected steel 2,163 -

Unprotected steel 152 14,209 

Total Nordie 15,820 224,661 

Table 4.11. Key numbers of the Nordie natural gas distribution networks. 

4. 7 Methane emissions from the Nordie distribution networks 

Methane emissions from the Nordie distribution networks have been 

estirnated on the basis of measurements made on networks in the US, 

Canada and Denmark. 

In the Capenhagen area, HNG has made detailed rneasurements including 

analysis of the soil at 17 different locations. 

The measurement technique used by HNG is described in appendix E, 

which is a separate report on the Nordie Distribution System, prepared 

by Radian Corp. 

The key numbers from appendix E are summarized on table 4.12. 
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Country Pipe Service Pipe Material Annual Leakage 
(m') 

Denmark All All 23,356,634 

Sweden All All 1,605,622 

Finland All All o 
All Nordie Mai n Plastic 219,705 

Mai n Protected Steel 53,383 

Mai n Cast Iron 23,995,912 

Service Plastic 2,593 

Service Unprotected Steel 32,430 

Service Cast Iron 658,232 

Total Nordie All All 24,962,255 

4.12. Estimate on the Natural gas leakage from the Nordie distribution system. 
(24.96 ·llf m3 natural gas (91 vol% CH,J ~ 16.2 ·]If tons CH,J. 

The summary of the report on Estimated Leakage From the Nordie Un

derground Distribution System is (Appendix E): 

The estimate of natural gas leakages from the Nordie countries indicates 

that the overallleakage is about 25 million normal cubic ruetres per year. 

The estimated relative precision of the total leakage estimate is ± 54 per 

cent based on a 90 per cent leve! of confidence. The breakdown in leak

ages estimated in the respective countries includes about 23.4 and 1.6 

million normal cubic metres per year from Denmark and Sweden, respec

tively. Leakages from the campanies in Finland, excluding Helsinki, 

were assumed be negligible in comparison to leakages from Denmark and 

Sweden, because the Finnish systems are new, with mostly plastic mains 

and services, and are small in overall size. Leakages from Helsinki, Fin

land, are not included in this estimate since data on the Helsinki under

ground natural gas distribution system was not available, and the systern 

is present! y butane-based. 

The major contributer to the total leakage estimate is the east iron pipe in 

the network, which accounts for around 99 per cent of the leakage. The 

estirnated leakage rate for the east iron pipe in the Nordie countries was 
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based exclusively on leak measurement data provided by Hovedstadsre

gionens Naturgas (HNG) in Copenhagen, Denmark. The HNG test data 

for east iron was statistically campared to pooled east iron leakage data 

sopplied by North American companies; the pooled data exhibited statis

tically higher leakage characteristics. Therefore, the HNG east iron data 

was used to estirnate the leak rates from all Nordie east iron systems, 

since leak detection and repair practices of the Nordie campanies are 

Iikely to be similar. The overall relative precision of the leakage estimate 

for the Nordie countries is determined almost exclusively by the preci

sion of the east iron leakage rate, since the east iron pipe is the major 

contributer to the overall leakage. 

The leakage estimates for non-east iron systems are based on pooled data 

available from the North American campanies partkipating in the coop

erative leak measurement programme. Since these leakage rates are based 

on measurements of individualleaks, the leak frequencies for each of the 

non-east iron pipe types must be estimated to derive the totalleakage 

from the system. The leak frequencies for the non east iron pipe types 

are based on breakclowns of leak indications provided by the various 

Nordie companies. Since the contribution to the totalleakage from the 

non-east iron systems is insignificant in cornparison to the east iron sys

terns, the precision of the estimated leak frequencies and leak rates for 

these non-east iron pipe types does not significantly influence the overall 

relative precision of the total leakage estimate for the Nordie countries. 

Besides the emissions from the networks, steady emissions from Meter

ing and Pressure Regulating {M/R) stations are identified as a major 

emission source. 

By using the emission factor given on table 4.9, an emissionestimatefor 

the M/R-stations can be made. 

Number of M/R-stations : ~ 500. 

Emission factors (table 4.9): 170,000 CF/year. 

Emission from M/R-stations (distribution network): 2.3 · 106 m3/year. 
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Du e to differenees in ag e and maintance of the M/R -stations in the US 

and the Nordie eountries, the estimate found for the Nordie M/R-stations 

must be regarded as a "maximum" estimate. 

Due to the number of M/R-stations, 90% of the emissions are assumed to 

be from Denmark and 10% from Sweden. 

Table 4.13 summarizes the Ieakage estimates for the Nordie distribution 

system. 

Country Annualleakage (lO' m') 

Pip~ M/R-stations Total 

Denmark 23.36 2.07 25.43 

Sweden 1.61 0.23 1.84 

Finland o o o 
Total Nordie 24.97 2.30 27.27 

Table 4.13. Estimateon the total natural gas leakagefrom 
the Nordie distribution system. (27.27 ·1fY m1 natural gas 
(91 vol% CH,) = 17.7 ·10' tons CH,). 

4.8 Total methane emission from the Nordie natural gas system 

Table 4.43 summarizes the results of the methane emission estimates for 

produetion, transmission and distribution of natural gas. 

The relative natural gas leakage rate is calculated as the leakage rate of 

the total volume of natural gas related to produetion, transmission, and 

distribution, respectively. 

CH,- Production Transmission Distribution Total 
emissions 

Tons % Tons % Tons % Tons 

Denmark 1,300 0.05 402 0.02 16,224 1.34 17,926 

Norway 8,600 0.05 - - - - 8,600 

Sweden - - 8 0.002 1,494 0.32 1,502 

Finland - - 302 0.02 o - 302 

Nordie 
Region 9,900 0.05 712 0.02 17,718 1.04 28,330 

Table 4.14. Methane emissionsfrom the Nordie natural gas system. 



DGC-report- NGC: Methane Emissions 35 

5 Conclusion 

The total emission of methane, related to production, transmission and 

distribution of natural gas in the Nordie countries has been estimate-d to 

be 28,330 tons per year. 

The methane emission is relatively high per natural gas consumer. This is 

due to the fact that the natural gas productian in the Nordie region is five 

times the consumptian and that the quality of the old east iron network in 

Capenhagen is very poor. 

The average leakage rate in the Nordie region from platform to gas 

meter, is 1.11 per cent of the consurned natural gas. 

The accuracy of the methane emission estimates for the natural gas 

productian and the distribution networks must be regarded as the best 

available. The estimated relative precision of the total leakage estimate 

for the distribution network is ± 54 per cent based on a 90 per cent of 

confidence. The methane emission estimate for the transmission networks 

has some degree of uncertainty, b ut even a high degree of uncertainty 

would have a minor influence on the total methane emission estimate. 

The largest emission rate has been detected in the old east iron network 

in the Capenhagen area. The replacement of the HNG east iron network 

by a polyethylene network will be completed in 1996. By that time the 

average leakage rate in the Nordie region will be 0.24 per cent. 

Most of the methane emissions from the Nordie natural gas system are 

related to the low pressure distribution network. When the east iron 

network is replaced, forther methane emission reductions will be difficu1t 

to achieve. 

End use emissions (start and stop operations) are not included in this 

stud y. End use emissions are expected to be rather small. Methods to 

identify end use emissions are under development. 

The methane leakage rates estimated in this study do not affect the posi

tion of natural gas as the most greenhouse friendly of the fossil fuels. 
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Nesty OY Naturgas (1993) 
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Distribution: 

Staff and Campanies involved in The Nordie Methane Project. 

Lars Bo Petersen, 

Philip Porter, 

Preben Mikkelsen, 

Peter Salbo, 

Lars Schjermer Nielsen, 

Flemming Jensen, 

Freddy Johansen, 

Jorgen Hol0V, 

John Falk0 Lorentzen, 

Olle Johansson, 

Stig Hansson, 

Einer Änghede, 

Nils Widing, 

Stefan Malin, 

Pekka Särkkä, 

Lars Jacobsen, 

HNG 

HNG 

HNG 

HNG 

Naturgas Sjrelland 1/S 

Naturgas Sjrelland 1/S 

Naturgas Syd I/S 

Naturgas Midt-Nord 

Naturgas Fyn I/S 

Malmö Energi 

Göteborg Energi AB 

Göteborg Energi AB (1993) 

Sydgas AB 

Neste OY 

Neste OY Naturgas (1993) 

DGC 
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Appendix B 

lncluded Offshore facilities 

(From : OLF, Environmentel Programme, Phase Il, Summary Report, p 133). 
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FACILITIES AND TERMINALS INCLUDED 

In operation Approved for Fields under evaluatlon 
development 

Albuskjell Bra ge Gullfales S~r 
Cod Draugen Huldra 
Edda Embla Mj~lner 

Ekofisk Fr~ y N jord 
Eldfisk Heid.run Oseberg Beta 
Frigg Lille Frigg Sleipner Theta 
Gullfales Loke Sm~rbukk S~r 

Gyda Sleipner V est Snorre Phase 2 
Heimdal Sleipner 0st 
Hod Statfjord Nord 
Mime Statfjord Ost 
Murchison Tordis 
N0Frigg Troll Oil 
Odin TrollOst 
Oseberg Kollsnes 
Snorre Phase l 
statfjord 
Tommeliten 
Tor 
Ula 
Valhall 
Veslefrikk 
V est Ekofisk 
0st Frigg 
Sture 

Please note that Kårstw, Mongstad and Kjellbergodden are not included. 
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Appendix C 

Technical Reports, references 

(From: OLF, Environmentel Programme, Phase II, Summary Report, p 127-129). 



OGC~Appendix C ~ Methane Emissions 

111 OLF Environmenta1 Pragrarorne Phase L Emissions to Air. December 1991. 

121 OLF Environmental Progranune Phase L Discharges to Sea. December 1991. 

/3/ OLF Environmental Progranune Phase II. Project A02 «Identification Systems 
& Industry Guidelines for Discharge Reporting", IKU Petroleumsforskning 
a.s, February 1993. 

/4/ OLF Environmental Programme Phase II. Project A03 "Massbalance of 
Productian Chemicals", Hjellnes-COWI A/S, February 1993. 

/51 OLF Environmental Pro g ramm e Phase II. Project A04 "Environmental Effects 
of Discharges from Drilling", OLF, February 1993. 

161 OLF Environmental Programrue Phase II. Project BOl ''C0
2 

Extraction and 
Disposal", OLF March 1993. 

171 OLF Environmental Pragrarorne Phase II. Project B02 "Hydroelectric Power 
from Shore", OLF March 1993. 

/8/ OLF Environmental Programme Phase IT. Project B03 "Utilization of Gas 
Turbine Waste Heat", OLFMarch 1993. 

191 OLF Environmenta1 Progranune Phase IL Project B04 "Coordinated Shared 
Power Generation", OLF March 1993. 

/lO/ OLF Environmental Pragrarrune Phase IL Project B05 "Reduction of Energy 
Demand", OLF March 1993. 

/Il/ OLFEnvironmental Programme Phase II. ProjectB06 "Reduction in Emissions 
from Offshore Loading", OLF March 1993. 

/12/ OLF Environmental Programrue Phase IL Project BO? "Reduction of NOx 
Emissions from Gas Turbines", OLF March 1993. 
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/13/ OLFEnvironmental Programrue Phaseii. ProjectB08 "Reinjection of Drilling 
Cuttings", OLF March 1993. 

/14/ OLFEnvironmental Prograrnme Phase II. Project CO l "Emission andDischarge 
from Weil Testing", Kjelforeningen Norsk Energi, February 1993. 

1151 OLF Environmental Programme Phase IL Project C02 "Quantification of 
Emissions from Offshore Diesel Consumption", Aker Engineering a.s, J anuary 
1993. 

/16/ OLF Environmental Programme Phase IL Project C03 "Analysis ofPower and 
Energy Demand on Offshore Installations", Veritec, Det Norske Veritas 
Industri Norge A/S, February 1993. 

/17/ OLF Environmental Programme Phase IL Project C04 "Gas Fiaring Analysis", 
Aker Engineering a.s, February 1993. 

/18/ OLF Environmental Programme Phase IL Project C05 "Direct Hydraearbon 
Emissions", Aker Engineering a.s, February 1993. 

/19/ OLF Environmental Programme Phase Il. Project C06 ''Scenarios for future 
Energy Demand", IKU Petroleumsforskning a.s, February 1993. 

/20/ OLF Environmental Programme Phase IL Project C07 "Cost Factors for 
Plattorm Modification", Novatech a.s, February 1993. 

/21/ OLF Environmental Programrue Ph ase IL Project DO l "Treatment ofProduced 
W ater", Phase A, Kvremer Engineering a.s, July 1992. 

/22/ OLFEnvironmental Programme P has e II. Project DO l "T reatment ofProduced 
W ater", Phase B, Kvremer Engineering a.s. March 1993. 

/23/ OLFEnvironmental Progranune Phaseii. Project D02 "Reinjection ofProduced 
W ater", Orkney W ater Test Centre Ltd., March 1993. 

/24/ OLF Bovironmental Programrue Phase IL Project D03 "Onshore Handling of 
Drilling M ud and Cuttings", Ostlandskonsult A/S, March 1993. 

/25/ OLF Bovironmental Progranune Phase Il. "Emissions and Discharges from the 
Oil and Gas Industry 1991 and 1992", OLF March 1993. 

/26/ OLF Environmental Programrue Ph ase IL "The Irnpact ofinereased Imports of 
Natural Gas from Norway on the C0

2 
Emissions in the Federal Republic of 

Gennany", Fraunhofer-Institute for Systems and Innovation Research, March 
1993. 

/27/ H. Celius et al. "Emission of Non C0
2 

Greenhouse Gases from Offshore 
Installation", IKU Petroleumsforskning a.s for OLF, January 1993. 
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/28/ G. Sollesnes: "Driftserfaringer med gassturbiner i Nordsj~en", Norsk Energi 
nr. I. 1991. 

1291 "Environmental Inputs, Impacts and Issues" Report prepared for UKNorth Sea 
Oil and Gas Industry by Environmental & Resource Technology Ltd. 

1301 "Methane Emissions" The Watt Committee on Energy, 1993 

/31/ S.E. Sorstrom et al. "Produced W ater. Chemistry and Taxicity Study"', IKU 
Petroleumsforskning a. s for OLF, January 1993. 

/32/ R. Sheffield et al. "Produced W ater Chemistry and T reatment Study", Oil Plus 
for OLF, September 1992. 

/33/ OLF Environmental Programme Phase IL "Environmental Effects of Barite 
M ud in Offshore Drilling Operations", Allforsk A VH, Department of 
Exotoxicology, January 1993. 

/34/ "Environment Nonbern Seas", ENS, Norwegian University Press, 1991. 

1351 PARCOM, "Triennial Report of Discharges from Offshore Exploration and 
Exploitation Installations in 1989", The Hague June 1991. 

1361 Statistisk Sentralbyrå. "Oil and Gas Activity 3rd Quarter 1992", Oslo
Kongsvinger 1992. 
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Appendix D 

Steady Methane Emission Measurements 

(From : Methane Emissions from U .S. Natural Gas Operations, Robert A. Lott, Gas 

Research Institute, NGC-Conference on Natural Gas and the Environment, Copenhagen, 

2-3 September 1992, Proceectings pp 69-70). 
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Emission Factor Approach This approach is used to determine emissions 
from different source types based on messurements of emissions from 
individual pipe fittings such as valves, flanges~ seals, and threaded 
fittings. Emissions from a large number of fittings are measured and an 
emission factor (i.e., average emission rate per f i t ting) is determined 
for each fitting type. Emissions from a source are calculated by 
multiplying the number of fittings comprising the source by the 
appropriate emission factor. The emissions are measured using the 
bagging technique; i. e.. enclosing the leak in a bag, blmdng 
uncontaminated air through the bag at a eonstant rate. and measuring the 
concentration in the stream. The emission rate is the product of the 
flow rate and concentration. 

Correlatiort Eguation Technigue Like the Emission Factor Approach, this 
technique is based on measuring emissions for individual pipe fittings. 
However, a screening value is also obtained. The screening value, which 
is the maximum concentration measured on the fitting at the point of the 
leak, is correlated with the emission measurement. To determine the 
emissions from a specific source, the concentration measured from every 
leaking fitting is used with the earrelation equation to calculate the 
emission rate for each fitting. The emissions from all the fittings 
comprising the source are .summed to .. obtain the total .value. 

Tracer Gas In this approach, a tracer gas is released at a known 
eonstant rate at the methane source, and the concentration of both the 
tracer gas and the methane is measured at a point downwind where these 
gases are uniformly mixed. The emission rate of the methane source 
(EM) is calculated from the expresslon EM = (CM/CT)ET, where 
CM is the methane concentration corrected for background, CT is the 
tracer gas concentration, and ET is the emission rate of the tracer gas. 

Leak Statistics Method This method is directed toward evaluating 
emissions from buried pipelines in distribution systems and gathering 
lines in productian fields. Emission rates are measured for a large 
mmber of leaks in order to accurately determine the average emission 
rate per leak as a function of pipe material, age, pressure, and soil 
characteristics. 

The leak data recorded by individual gas distribution campanies are 
statistically analyzed to determine the actual number of leaks in the 
system. Total emissions from the underground pipe system are calculated 
by multiplying the appropriate average emission rate per leak by the 
number of leaks permile and the number of miles of pipe in each category. 

Mass Balance Approach This method uses the existing metering system to 
perform a mass balance. The difference between the amount entering and 
leaving a system is equal to the amoWlt leaked to the atmospb.ere plus an 
error term. The key to the technique is to minimize the error. This can 
be accomplished by carefully selecting the site and by eaUbrating and 
characterizing the meters in the system. 
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Appendix E 

Estimated leakage from Nordie underground distribution system. 

Prepared for Gas Research Institute and Nordie Gas Technology Center by Radian 

Corporation, September 1993. 
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1.0 SUMMARY 

The Nordie Gas Technology Centre has requested an estimate of the leakage 

from natural gas underground distribution systems in the Nordie countries of Denmark, 

Sweden, and Finland. The estimate of natural gas leakage from the Nordie countries 

indicates that the overallleakage is about 25 million Normal cubic meters per year. The 

estimated relative precision of the total leakage estimate is ±54 percent, based on a 

90 percent leve! of confidence. The breakdown in leakage estimated from the 

respective countries includes about 23.4 and 1.6 million Normal cubic meters per year 

from Denmark and Sweden, respectively. Leakage from the campanies in Finland, 

excluding Helsinki, was assumed to be negligible in comparison to Denmark and Sweden, 

because the Finnish systems are new, with mostly plastic mains and services, and small in 

overall size. Leakage from Helsinki, Finland is not included in this estimate since data 

on the Helsinki underground natural gas distribution system were not available, and the 

system presently is butane-based. 

The major contrihutar to the total leakage estimate is the east iron pipe in the 

network. which accounts for around 99 percent of the leakage. The estimated leakage 

rate for the east iron pipe in the Nordie eountries was based exclusively on leak 

measurement data provided by Hovedstadsregionens Naturgas (HNG) in Copenhagen. 

Denmark. The HNG test data for east iron was statistically campared to pooled east 

iron leakage data sopplied by North American companies; it exhibited statistically higher 

leakage characteristics. Therefore, the HNG east iron data were used to estimate the 

leak rates from all Nordie east iron systems, since the leak detection and repair practices 

of the Nordie campanies are Iikely to be similar. The overall relative precision of the 

leakage estimate for the Nordie eountries is determined almost exclusively by the 

precision of the east iron leak:age rate, since the east iron pipe is the major contributer to 

the overall leakage. 
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The leakage estimates for non~cast iron systems are based on pooled data 

available from the North American campanies participating in the cooperative leak 

measurement program. Since these leakage rates are based on measurements of 

individual leaks, the leak frequencies for each of the non-east iron pipe types must be 

estimated to derive the total leakage from the system. The leak frequencies for the non

east iron pipe types are based on breakdowns of leak indications provided by the varlons 

Nordie companies. Since the contribudon to the totalleakage from the non~cast iron 

systems is insignificant in comparison to the east iron systems, the precision of the 

estimated leak frequencies and leak rates for these non·cast iron pipe types does not 

significantly influence the overall relative precision of the total leakage estimate for the 

Nordie countries. 

2.0 BACKGROUND 

The leakage estimate for the underground natural gas distribution networks 

located in the Nordie countries is based on leakage rate data collected in the cooperative 

testing program by the Gas Research Institute (GR!) to quantify the methane leakage 

from underground natural gas distribution systems. The program invalves a cooperative 

effon between GR! and a number of United States, Canadian, and European 

distribution companies, including HNG in Copenhagen. Participating distribution 

campanies are providing leak measurements, historical leak record data, and the total 

length of underground pipe to determine the total average annual leakage within a 

distribution system. 

GRI's cooperative program was established to share the expense of an extensive 

measurement program, which would allow for accurately estimating leakage from the 

underground distribution systems of individual campanies as weil as extrapolating the 

data to estimate leakage nationwide for the United States. The GR! program is based 

on the concept of pooling the test data provided from multiple companies to improve the 

precision of the overall estimated leakage from individual systems. The sampling 
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design for the test program was structured to include system-specific parameters that 

influence leakage rate, such as Iine pressure, pipe material, pipe age, pipe diameter, soil 

type, and the leak detection and repair practices of the company, Analyzing the 

influence of these parameters improves the precision of the overall leakage estimate for 

any panicipating company. 

The basic technique used to measure the leakage rate from buried pipe is based 

on a metered gas measurement procedure. The general proeecture entails selecting a 

suitable test site; centering the leak(s) (without disturbing the soil surrounding the leak); 

isolating the segment of pipe containing the leak(s); and measuring the gas flow rate inta 

the isolated segment required to maintain the segment at normal operating pressure. 

The segment to be tested may be: 

(l) a service Iine which is isolated (capped·off) at the service·to-main 
connection and the customers' meter, 

(2) a shon segment of main pipeline (about 6 meters in length) containing the 
detectable leak, which is isolated by capping off both ends of the isolated 
segment and both ends of the live main, or 

(3) a lon g segment of main pipeline containing multiple leaks, which is isolated 
by capping off each end of the segment to be tested and each end of the 
live main. This segment test method is only being used for east iron main 
pipelines. 

The isolated segment to be tested is repressurized to its normal operating pressure by a 

feed line from the live main or bottled gas. After the normal operating pressure of the 

isolated segment has stabilized, the quantity of gas required to keep the segment at 

normal operating pressure is measured, which is equivalent to the leakage rate. 

The cooperative program has also established a rigorous leak survey protocol to 

be used in identifying candidate leaks for testing. The rigorous leak survey protocol is 

also intended to provide a basis for estimating the actual numbers of leaks in a given 

pipe uselmaterial category. When the rigorous protocol is used to re-survey leaks on a 
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part of the system recently surveyed using the company's standard procedures, a scating 

factor can be developed to prediet actual leaks from historical teak indication data. The 

estimated number of actualleaks should be the basis for determining the leak frequency. 

However, the results of the rigorans survey campared to the standard survey proeectures 

are not yet available from participating campanies in the cooperative program. 

The leakage estimate for the underground distribution networks located in the 

Nordie countries is based on the data collected in the cooperative program. The 

objective of this report is to document the estimate of leakage from the Nordie 

underground natural gas distribution system based on the information provided by the 

individual Nordie companies, the test data from HNG, and the collective test data from 

all participating campanies in the GRI cooperative leak measurement program. This 

report documents the following: 

• approach used to estimate leakage; 

• leak frequency data provided by the Nordie companies; 

• leakage rates based on l) the HNG test data and 2) the collective test data 
from all partkipating companies; and 

• estimated leakage for the Nordie region and the relative precision of the 
estimate. 

3.0 APPROACH TO ESTIMATE LEAKAGE 

The estimated leakage from the natural gas underground distribution systems in 

the Nordie countries is derived from data collected as part of GRI's cooperative leak 

measurement program. The estimate is based on the following overall approach: 

Total Leakage = [ E (Leak Frequency. • Leak Rate.)) • (Pipe Lengthc1 • Leak Ratea) 
n=l 
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where: 

Total Leakage 

n 

Leak Frequency, 

Leak Raten 

Pipe Lengtha 

Leak Ratec1 

= 

= 

= 

= 

= 

= 

summation of the leakage from underground 
distribution systems in Denmark, Sweden, and Finland, 
Nm3/year 

pipe categories, excluding east iron, broken down by 
pipe use (main pipelines versus service Iines) and type 
of pipe material. 

estimated number of leaks for pipe type n 
continuously leaking throughout the year. 

average leakage rate for pipe type n based on 
measurement data, Nm3 /leak-year. 

total installed length of east iron main pipeline, 
kilometers. 

average leakage rate for east iron main pipeline based 
on leak measurement data, Nm3 /kilometer-year. 

As indicated, the estimat e is broken down by the pip e use ( main pipelines versus 

service Iines) and type of pip e material. The leak frequency is estimated based on 

reported information from individual Nordie natural gas distribution companies. The 

leakage rate is based on test data from HNG for the east iron main pipeline, and from 

other North American campanies in the cooperative GRI program for the other types of 

pipe materials in use for mains and services. The leakage rate for east iron pipe is 

derived as a loss rate per unit length of pipe, which is commensurate with the leak 

measurement technique used for east iron pipe. 

3.1 Leak Frequency Estimatian 

A questionnaire was sent to each distribution company in the Nordie countries to 

collect information on the kilometers of underground distribution mains and number of 

service Iines, the number of annual leak indications found by leak surveys or other 
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means, and the number of annual leak repairs. Information was requested on pipe 

material, ag e, pressure, and diameter. The kilometers of main and number of services, 

as weil as leak indications and repairs, was requested to be broken down by these 

parameters. The leve! of detail actually provided by the respective campanies varled 

according to their record keeping capabilities. 

The leak frequency is a function of the actual number of leaks in the system and 

the average duration of these leaks on an annual basis. The actual number of leaks for 

a given system and the duration of these leaks are a function of the leak survey 

frequency, the outstanding unrepaired leaks at the beginning of the year, the annual 

number of leak indications and repairs, and the number of undetectable leaks that are 

not found during the arumal survey. Since the data required to evaluate these 

relationships is difficult to obtain. especially when broken down by pipe use and material 

type, the number of annual leaks was assumed to be equivalent to the annual leak 

indications. As a simplifying assumption, these leak indications were assumed to be 

contributing to the total leakage year round. 

ldeally, the actual number of leaks for each pipe uselmaterial in a system could 

be determined using the rigorous survey protocol developed as part of the GR! 

cooperative program. The camparisa n of leaks f o und by HN G u sing both their standard 

leak survey procedure and the rigorous protocol would establish a scaling factor which 

could be used to prediet the actual leaks from the leak indication records for all Nordie 

companies. 

The leakage estimate for east iron pipe was not based on the estimated number of 

leaks in the system, but rather is based on the total length of installed east iron pipe, 

which is commensurate with the segment measurement technique for east iron pipe. 

Therefore, the estimated leakage from east iron pipe is not calculated as a function of 

the leak frequency and, as a result, is expected to yield a more accurate estimate of 

leakage. 
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3.1.1 Leak Frequency Estimation for Distribution Mains (Excluding Cast Iron Mains) 

The total kilometers of underground distribution mains and the number of leak 

indications and repairs, broken down by pipe material, pipe age, pipe diameter, and line 

pressure were provided by distribution campanies in the Nordie region (Table 1). Total 

kilometers of main and number of leak indications and repairs, broken down by pipe 

material are summarized by country. 

Denmark 

About 3500 kilometers of main pipeline from one Danish company. Naturgas 

MIDT /NORD I/S, are of unspecified material. This unspecified material and the 

corresponding leak indications and repairs are assumed to be 80 percent plastic and 20 

percent protected steel, which is consistent with the percentage breakdown for other 

Danish campanies with pipe of a similar age. One Danish company, Naturgas Syd, 

reported steel pipe instal!ed after 1970, which was assumed to be cathodically protected 

steel. HNG did not break down leak repairs by pipe type; therefore, for the purposes of 

estimating leakage, the breakdown of leak repairs was assumed to be 95 percent on east 

iron pipe (based on guidance from HNG) and 2.5 percent each on protected steel mains 

and unprotected steel services. Leak indications were also not provided by HNG; 

therefore, the total number of leak indications was calculated based on the following 

equation: 

where: 

pjsj122 

OL,1 = O L,. + IND91 - RP 91 

OL,1 = Outstanding (umepaired) leaks at the end of 1991 

OL,. = Outstanding (umepaired) leaks at the end of 1990 

1ND91 = Leak indications in 1991 

RP91 = Leak repairs in 1991 
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Table l. Nordie Company Data on Underground Distribution Mains 

~ 
~ 

------ ------ ------ ---···-- ---- --- -----

Company Pipe Line Pressure Pipe Kilometers Le a k Le a k 
Name Material (Bars) A ge Diameter Mai n Indleations Repairs 

DENMARK 

Naturgas MIDT/NORD 1/S All 4 Post 1970 <125mm 2470.9 20 20 

4 Post 1970 :d25mm 325.6 

40 Post 1970 <125rnm 97.5 Il 6 

40 Post 1970 :d25mm 609.9 

Plastic Allocation 2803 25 21 

Protected Steel All. 701 6 4 

Subtotal: 3503.9 31 26 

Naturgas Fyn Plastic 3.6 Post 1970 <125mm 932 3 3 

Post 1970 ::!:l25mm 321 

Subtotal: 1253 3 3 

00 Naturgas Sjaelland Plastic 4 Post 1970 All 1282 o o 
Protected Steel 19 . Post 1970 <125mm 40.3 

19 Post 1970 :;d25mm 271.5 

Subtotal: 1593.8 o o 
Naturgas Syd Protected Steel 40 Post 1970 All 595 o o 

Plastic 4 Post 1970 All 1539 20 20 

0.1 Post 1970 All 1283 26 26 

Subtotal: 3417 46 46 

HNG Cast Iron 0.026 764 1934 1706 

4 18 

Proleeted Steel 19 Post 1970 451 51 45 

Unprotected Steel 0.026 40 o o 
Plastic 0.026 Post 1970 418 o o 

0.1 Post 1970 48 

4 Post 1970 2961 

Subtotal: 4700 1985 1751 ' 
---- ------ . -----



Table 1, continued 

~ 
" Company Pip e Line Pressure Pipe Kilometers Le a k Leak 

Name Material (Bars) A ge Diameter Mal n lndlcatlons Repairs 

Sommary Denmark Cast Iron 782 1934 1706 

Protected Steel 2058.8 57 49 

Unprotected Steel 40 o o 
Plastic 11587 74 70 

Total Denmark 14467.7 2065 1825 

SWEDEN 

Gateborg Energi AB Plastic 4 Post 1970 ~125mm 12 l l 

Protected Steel 4 Post 1970 ~125mm 68 

Subtotal: 80 l l 

Malmo Energi A B Plast i c Medium Post 1970 <125mm 171.1 o o 
Medium Post 1970 <!:l25mm 22.9 

'C Lo w Post 1970 <125m m 19 

Lo w Post 1970 <!:l25mm l 

Protected Steel High Post 1970 :!:l25mm 21.2 o o 
Medium Post 1970 <125mm 0.65 

Medium Post 1970 ~l25mm 14.9 

U nprotected Steel Lo w Pre 1940 <125mm 28 o o 
Lo w Pre 1940 ~125mm 12 

Lo w 40-69 <125mm 50.6 

Lo w 40-69 :!:l25mm 21.6 

Cast Iron Lo w Pre 1940 <125m m Il lO lO 

Lo w Pre 1940 :!:l25mm Il 

Lo w 40-69 <125mm 5.02 

Lo w 40-69 <!:l25mm 5.02 

Subtotal: 421.79 lO lO l 



Table 1, continued 

~ 
" Company Pip e Line Pressure Pipe Kilometers Leak Le a k 

Name Material (Bars) A ge Diarueler Mai n lndlcatlons Repairs 

Sommary Sweden Cast Iron 32.04 10 lO 

Proleeled Steel 104.75 o o 
Unproteeted Steel 112.2 o o 
Plastie 226 l l 

Total Sweden 501.79 Il Ii 

FINLAND 

All. Excluding Helsinki Plastie Post 1970 <125mm 566 o o 
Post 1970 <!:l25mm 312 

Total Finland 878 o o 
TOTAL NORDIC 

Cast Iron 814.04 1944 1716 l 

5 Plastie 12691 75 71 ' 

Proleeted Steel 2163.6 57 49 l 
Unprotected Steel 152.2 o o ' 

T~tal ~ordi~ _15820.8 2076 .~1836- l - - --- ··-···-·- ------------------- ~--- ··------- l__ _____________ 



Sweden 

One company in Sweden, Goteborg Energi AB, reported steel pipe installed after 

1970. Based on the relatively recent installation date, this steel pipe was assumed to be 

cathodically protected steel. 

Finland 

The campanies in Finland did not report the number of service Iines, so the 

number of customers was used as an approximation for the number of services. The 

pipe material for the campanies in Finland was reported to be 98 percent plastic. For 

purposes of estimating emissions, all pipe material in Finland was assumed to be plastic. 

The number of leak indications and repairs was not available for Finland; therefore, 

based on the new installation age and relatively small size of the system, it was assumed 

that no leaks were reported. 

The information received for Finland excluded the distribution system servicing 

Helsinki, Finland. The Helsinki system is currently being converted from butane-hased 

town gas to natural gas; therefore, the leakage rate estimates for a natural gas-hased 

system may not accurately represent the town gas-based Helsinld system. Consequently, 

the Helsinki network can justifiably be excluded from this analysis, with the results 

documented to reflect this exclusion. 

3.1.2 Leak Frequency Estimation for Distribution Services 

The total number of distribution services, including the leak indications and 

repairs for an annual period, are presented in Table 2. The unspecified service pipe 

material reported for Denmark is assumed to be plastic, which is consistent with the 

majority of Danish campanies with relatively new systems. 
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Table 2. Nordie Company Data on Underground Distribution Services 

~ 
~ Line Pipe Number of Le a k Le a k 

Company Name Pipe Material Pressure Diameter Pipe Age Senlces lndicatlons Repairs 

DENMARK 

Naturgas MIDT /NORD I(S All (Piastic) 4 s20mm Post 1970 27938 o o 
4 >20mm Post 1970 2572 

Subtotal: 30510 o o 
Naturgas Fyn Plastic 3.6 s:20mm Post 1970 21340 3 3 

3.6 >20m m Post 1970 160 

Subtotal: 21500 3 3 

Naturgas Sjaelland Plastic 4 All Post 1970 26500 2 2 

Naturgas Syd Plastic 0.1-4 :s:20mm Post 1970 41190 19 19 

;:; 0.1-4 >20m m Post 1970 2671 

Subtotal: 43861 19 19 

HNG Plastic 0.026 Post 1970 12698 o o 
O. l Post 1970 2191 

4 Post 1970 66782 

Unprotected Steel 0.026 13140 51 45 

Subtota l: 94811 51 45 

Summary Denmark Plastic 204042 24 24 

Unprotected Steel 13140 51 45 

' Total Denmark: 217182 75 69 

SWEDEN 

Gateborg Energi AB Plastic o .s:20mm Post 1970 110 o o 
o. l >20m m Post 1970 110 

Subtotal: 
L_-----

220 o o 
- ·- ----- -- ·- -- - ··-- ·-- ----
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Company Name 

Malma Energi AB 

Summary Sweden 

All, Excluding Helsinki 

L--~ 

Pipe Material 

Plastic 

U nprotected Steel 

Cast Iron 

Subtotal: 

Cast Iron 

U nprotected Steel 

Plastic 

Total Sweden: 

Plastic 

Plastic 

Unprotected Steel 

Cast Iron 

Total Nordic: 

Table 2, continued 

Line Pipe 
Pressure Diameter 

Medium s:20mm 

Lo w s20mm 

Lo w s:20mm 

Lo w >20mm 

Lo w s20mm 

Lo w >20mm 

Lo w >20m m 

Lo w >20mm 

FINLAND 

TOTAL NORDIC 

Nu m ber of Leak Le a k 
Pipe Age Senices Indicatlons Repairs 

Post 1970 1766 

Post 1970 592 

Pre 1940 139 

Pre 1940 532 

40-79 78 

40-79 320 

Pre 1940 636 4 4 

40-79 696 

4759 4 4 

1332 4 4 

1069 o o 
2578 o o 
4979 4 4 

Post 1970 2500 

239630 24 24 

14209 51 45 

1332 4 4 

224661 79 73 



To summarize the data reported by the Nordie companies, most distribution 

systems in the Nordie region are relatively new, with a high percentage of plastic mains 

and services. As a result, it is expected that the Nordie leak frequency would be low, 

campared with data provided from other campanies in the United States and Canada, 

which are participating in the cooperative GRI program. As shown in Table 3, the leak 

frequencies, expressed as the number of leaks per kilometer, for the non-east iron 

distribution systems of the Nordie campanies are much lower than the average reported 

in North America, as is expected since the Nordie systems are newer, on average, than 

those in North America. For east iron mains, the estimated average teak frequency for 

the Nordie campanies is higher than for the North American companies. 

3.2 Leakage Rate Estimatlon 

The leakage rate estimates used to quantify the losses from the Nordie 

underground distribution network were based on data available from the cooperative 

leak measurement program. The leak measurement data provided from HNG was 

statistically campared to the remaining paaled data from North American companies. 

Since the majority of the HNG data was collected for east iron mains (i.e., 15 out of 17 

tests we re performed on east iron mains), only the east iron data set was statistically 

compared to the North American data. The means and standard deviations of the east 

iron HNG and North American data, as well as for the other pipe materials, are 

presenled in Table 4. 

A non-parametric statistical analysis was used to test for a significant difference 

between the mean leak rates of the HNG east iron data and the North American east 

iron data. The non-parametric approach was selected for the following reasons: 

• The east iron leak intensity data exhibited a lognormal distribution; and 
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~ Table 3. Leak Frequency Gomparison 
~ Nordie Companies versus North American Companies 

----- -----------

Nordie Avg. Leak North American Avg. 
Nordie Leak Frequency Leak Frequency 

Pipe Service Pipe Material lndications Kilometers Main (leaksfkllometer) (leaksfkilometer) 

Mai n Proleeted Steel 57 2,258 O.Q25 0.039 

Unprotected Steel o 254 o 0.917 

Plastic 75 12,514 0.006 0.011 

Cast Iron 1944 814 2.39 1.~-~-

Nordie Avg. Leak North American Avg. 
t; Nordie Leak Frequency Leak Frequency 

Pipe Service Pipe Material lndlcations Number of Services (leaks/service) (leaksfservice) 

Service U nprotected Steel 51 15,498 0.0033 0.017 

Plastic 24 207,831 0.0001 0.0007 
------ ------- - ----- --------- l .. - _________________ __:__::_______ -----------------
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Table 4. Underground Distnbution Leakage Rate Estimates 

Mean Leak Rate Standard Deviation 
Plpe Service Pipe Material Number of Tests (Nm 3/leak-hr) (Nm 3/leak-hr) 

Mai n Cast lron8 15 0.0038 "b 0.0048 "b 

Cast Iron c 18 O.OOib.c 0.001 b,c 

Protected Steelc 16 0.107' 0.240' 

l Unprotected Steelc 13 0.154c 0.372c 

' Plasticc 6 0.334' 0.647' 
' 

Service Cast Iron,.. 15 0.0038 "b 0.0048 'b 

U nprotected Steelc Il 0.073' 0.138' 

Plasticc 3 0.012c 0.019c 

8 Based on HNG test data. 
t>units of leak rate are Nm3jm-hr. 
cBased on pooled test data from North American companies. 

Coefficient of 
Variation 

1.1 

1.4 

2.2 

2.4 i 
' 

1.9 

1.1 

1.9 

1.0 



• The datasets were relativelysmall (e.g., HNG sample size = 15 and the 
North American sample size = 18). 

The test stalistic calculated using the Wilcoxon K-Sample test indicated that the HNG 

data were significantly different from the North American data (the p-value was lessthan 

0.05). Therefore, the mean leak rate per unit length of east iron pipe calculated solely 

from the HNG data was used to calculate the annual gas leakage for east iron pipe in 

the Nordie region. 

Differences between the east iron test data from HNG and North America were 

evaluated to determine the cause of discrepancy between the average leakage rates. The 

system parameters such as line pressure, pipe installation age, and pipe diameter are 

sintilar for the two sets of data (HNG and North America). The only major difference 

identified was the average number of detectable leaks in the tested segments. The HNG 

data bad a significantly higher average number of detectable leaks in the east iron 

segments tested than the North American data, which is consistent with the estimated 

leak frequencies (Table 3) based on historical leak records. These differences in average 

leak rate and leak frequency suggest that the leak detection and repair practices of the 

Nordie campanies and the North American campanies may be different. After all 

partkipating campanies have completed the rigorans survey on a seetian of their system 

recently smveyed using standard procedures, these differences in leak detection and 

repair practices between campanies can be verified. 

One company in Sweden reports east iron service lines. No leak rate data is 

currently available for east iron services, because they are not common in North 

America. For the purposes of this estimate, the east iron services were assumed similar 

in leakage characteristics to east iron mains. Therefore, the leak rate for east iron 

services was assumed to be the same as the leak rate for east iron mains. Since the leak 

rate for east iron mains is on a per unit length basis, the number of east iron services 

were also converted to an equivalent total length of east iron pipe. The conversion from 
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number of services to an equivalent Iength of east iron pipe was based on an average 

service length of about 16 meters, which is equivalent to the average service length in the 

United States. 

The leak rate estimates for the other pipe materials (including protected stee~ 

unprotected stee~ and plastic mains; as weil as unprotected steel and plastic services), 

were derived from the paaled data from the campanies in North America, since HNG 

was not expected to provide sufficient data for these other pipe materials. However, it 

should be noted that the cooperative leak measurement program is not complete at this 

time. Therefore, the non-east iron leak intensity estimates are only interim estimates 

based on the leak measurement data collected to date. 

Although the pipe age, pipe diameter, and operating pressure are expected to 

influence the leakage rate from both mains and services, the Ieak rates used in this 

analysis for the Nordie estimate are not broken down by these parameters. At this time, 

the GRI cooperative program does not have sufficient data to allow for a statistical 

analysis of the data at this leve! of data disaggregation. 

4.0 TOTAL LEAKAGE ESTIMATE 

The total leakage estimate for the underground distribution networks in the 

Nordie countries was derived from the reported Ieak frequencies and the average 

leakage rates broken down by pipe use (i.e., main versus service) and material. As 

mentioned, the leakage rates were based on the pooled data -from the cooperative leak 

measurement program, with the exception of Ieakage from east iron mains and services, 

which were based exclusively on the HNG data. 

Table 5 presents the estimated totalleakage by company and country. The total 

gas leakage from the underground distribution networks in the Nordie countries is 

estimated to be about 25 million Normal cubic meters per year. Of this estimated 
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Company 

Naturgas MIDT/NORD IS 

Naturgas Fyn 

Naturgas Sjaelland 

Naturgas Syd 

HNG 

Total Denmark: 

Gateborg Energi AB 

··~----

Table 5. Nordie Leakage Estimate for Underground Distribution Network 

Nu m ber Nordie 
Pipe Pipe Kilometers of Leak Leak 

Service Material Mal n Senices Indications Rate U nits 

DENMARK 

Mai n Plastic 2,803 25 0.33 Nm3/lk*hr 

Mai n Protected Steel 701 6 0.11 Nm3/lk*hr 

Service Plastic 30,510 o O .Dl Nm 3/serv*hr 

Mai n Plastic 1,253 3 0.33 Nm3/lk*hr 

Service Plastic 21,500 3 0.01 Nm 3/serv*hr 

Mai n Protected Steel 312 o 0.11 Nm3/lk*hr 

Mai n Plastic 1,282 o 0.33 Nm3/lk*hr 

Service Plastic 26,500 2 0.01 Nm3/serv*hr 

Mai n Protected Steel 595 o 0.11 Nm3/lk*hr 

Mai n P lastic 2,822 46 0.33 Nm3/Jk*hr 

Service Plastic 43,861 19 0.01 Nm3/serv*hr 

Mai n Protected Steel 451 51 0.11 Nm3/tk•hr 

Mai n Unprotected Steel 40 o 0.15 Nm3/lk*hr 

Mai n Plastic 3,427 o 0.33 Nm3/lk*hr 

Ma in Cast Iron 782 1,934 0.003 Nm3/m*hr 

Service P lastic 81671 o 0.01 Nm 3/serv*hr 

Service Unprotected Steel 13140 51 O.D7 Nm3/serv*hr 

14,468 217,182 2,140 

SWEDEN 

Mai n Protected Steel 68 o 0.11 Nm3/lk*hr 

Mai n Plastic 12 l 0.33 Nm3/Jk*hr 

Service Plastic 220 o O .Dl Nm3/serv*hr 

Total Annual 
Leakage 

(Nm3/hr) 
Leakage 

(Nm 3/year) 

8.4 73,242.6 

0.6 5,620.1 

o 0.00 

1.00 8,787.8 

0.04 324.1 

0.00 0.00 

0.00 0.00 

0.02 216.1 

0.00 0.00 

15.4 134,745.8 

0.2 2,052.6 

5.5 47,763.7 

0.00 0.00 

0.00 0.00 

2,631.4 23,051,451.0 

0.00 0.00 

3.7 32,429.9 

2,666.3 23,356,633.6 

0.00 0.00 

0.3 2,929.3 

0.00 0.00 



~ Table 5, continued 
~ 

---~-----~~ - ----

Nu m ber Nordie Total Annual 
Pipe Pipe Kilometers of Le a k Leak Leakage Leakage 

Company Service Material Mal n Senlces lndications Rate U nits (Nm3/hr) (Nm3jyear) 

Malmo Energi AB Mai n Protected Steel 37 o 0.11 Nm3/lk*hr 0.00 0.00 

Ma in U nprotected Steel 112 o 0.15 Nm3/lk*hr 0.00 0.00 

Main Plastic 214 o 0.33 Nm3flk*hr 0.00 0.00 

Mai n Cast Iron 32 lO 0.003 Nm3jm*hr 107.8 944,461.0 

Service U nprotected Steel 1,069 o O.G7 Nm3jserv*hr 0.00 0.00 

Service Plastic 2,358 o O .oJ Nm3/serv*hr 0.00 0.00 

Service Cast Iron 1,332 4 0.003 Nm3jm*hr 75.1 658,231.5 

Total Sweden 475 4,979 15 183.3 l ,605,621.8 

~ 
FINLAND 

All, excluding Helsinki Ma in Plastic 878 o 0.33 Nm3flk*hr 0.00 0.00 

Service Plastic 2,500 o 0.01 Nm3jserv*hr 0.00 0.00 

T otal Finland 0.00 0.00 

TOTAL NORDIC ESTIMATE 

All Nordie Mai n Plastic 12691 75 0.33 Nm3/lk•hr 25.1 219,705.5 

Mai n Protected Steel 2164 57 0.11 Nm3/lk*hr 6.1 53,383.8 

Mai n U nprotected Steel 152 o 0.15 Nm3/lk*hr o o 
Mai n Cast Iron 814 1944 0.003 Nm 3/m*hr 2739.2 23,995,9121 

Service Plastic 209120 24 O .oJ Nm3fserv*hr 0.22 2,592.8. 

Service Unprotected Steel 14209 51 0.07 Nm3jserv*br 3.7 32,429.9 

Service Cast Iron 1332 4 0.003 Nm3/m*hr 75.1 658,231.5 

Total Nordie 15,821 222,161 2155 2,849.6 24,962,255.4 
- ---- -----



leakage, the campanies in Denmark and Sweden are estimated to contribute about 23.4 

and 1.6 million Normal cubic meters per year, respectively. Because the campanies in 

Finland are new, with mostly plastic mains and services, and the Finnish network is small 

overall, the relative contributlon to the overall leakage is assumed to be negligible. The 

distribution company in Helsinki is not included in the estimate because it is a butane 

based system, and data were ·not available to prediet methane leakage from the system 

when it is converted to natural gas in the future. 

As shown in Table 5, the east iron pipe systems contribute most to the overall 

leakage. The overall contribution of the east iron systems to the totalleakage estimate 

is around 99 percent. Because the other non-east iron pipe systems supply only around 

one percent to the total leakage estimate, the total leakage estimate is relatively 

insensitive to the magnitude of the leak frequency or leak rates for these other pipe 

types. 

The overall relative precision of the leakage estimate for the combined Nordie 

countries is approx.imately ±54 percent, based on a 90 percent leve l of confidence. The 

estimate of relative precision is based on the estimated precision of the leak rate and 

leak frequency estirnates for each pipe type. The precision of the leak rate estimate for 

the east iron data from HNG far outweighs the contribudons to the precision estimate 

from the other non-east iron pipe types. Therefore, the precision estimates for the non

east iron pipe types do not significantly influence the overall relative precision of the 

Nordie leakage estirnate. 

To improve the relative precision of the estimate, additional east iron segment 

tests could be performed in the Nordie region. Ten additional tests would improve the 

estimated overall relative precision at around 43 percent; whereas 20 additional tests 

would improve the estimated overall relative precision at around 37 percent. 

pjsj122 21 



DGC-Appendix F - Methane Emissions 1 

Appendix F 

Methane emissions from US Natural Gas Operations. 

Robert A. Lott, Gas Research Institute. 



Methane Emissions 
from U.S. Natural Gas Operations 

Robert A. Lott 
Gas Research Institute 

8600 W. Bryn Mawr Avenue 
Chicago, Illinois 60631 

Gas Processors Association 
Conference 

on 
Multiphase Fluid Export and 

Transportatian System 
November 1993 

ABSTRACT 

The Gas Research Institute and the U.S. Environmental Proteetian 
Agency are cofunding and comanaging a program to evaluate methane 
emissions from U.S. natural gas operations. The purpose of the 
program is to provide an emissions inventory accurate enough for 
global elimate modeling and for actdressing the policy question of 
"whether encouraging the increased use of natural gas is a viable 
strategy for reducing the U.S. contribution to global warming. 11 

The program is camposed of three phases: Scoping, Methods 
Development, and Implementation. 

The purpose of Phase I was to define the problem. Phase II of 
the program concentrated on developing techniques for measuring 
steady or fugitive emissions and for calculating the unsteady 
emissions from the variety of sources that comprise the gas 
industry. Because of the large number of sources within each 
source type, techniques were also developed for extrapolating 
emissions data to similar sources within the industry. 

Phase III of the program was started in 1992 and will be 
completed in early 1994. The purpose of the current phase of the 
program is to collect sufficient data to achieve the goal of 
determining emissions to within ± 100 BCF. 

Based on the amount of data collected to date, methane emissions 
from the U.S. gas industry appear to be in the range of l to 2 
percent of production. 



SECTION 1.0 

INTRODUCTION 

The combustion of natural gas produces less earbon dioxide per 
unit of energy generated than either oil or coal. For this 
reason, a nurnber of organizations have suggested that global 
warm~ng could be reduced by encouraging fuel switching. However, 
methane is a more potent greenhouse gas than earbon dioxide. 
Since natural gas is approximately 90 percent methane, leakage of 
natural gas could reduce or even- eliroinate the inherent advantage 
that natural gas has because of its lower earbon dioxide 
emissions. 

In order to accurately evaluate the impact of various fuels, the 
emissions of all greenhouse gases must be considered as well as 
the end use efficiency. In such an analysis, two major issues 
have been identified: The magnitude of the methane emissions for 
each fuel (coal, gas, and oil), and the impact of methane 
relative to earbon dioxide; i.e., the global warmingpotential 
(GWP) of methane. The uncertainty surrounding these two issues 
overwhelms all other considerations. For this reason, the Gas 
Research Institute (GRI) and the U.S. Environmental Proteetian 
Agency (EPA) have developed a jointly funded program to better 
define methane emissions from the U.S. gas industry. It is a 
comprehensive program to quantify emissions from the wellhead to 
and including the customer's meter. 

The goal of the study is to determine emissions to within 0.5 
percent of productian or approximately 100 billion cubic feet 
(BCF) per year. 

The purpose of this paper is to describe the GRI/EPA program, 
present interim results, and describe future work. 
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SECTION 2.0 

DISCUSSION 

~ GRI/EPA Program 

2.1.1 

The GRI/EPA program is divided inte three phases: 

P ha se 
P ha se 
P ha se 

Phase I 

I Scoping 
II Methods Development 

III Implementation 

Scoping studies were conducted by GRI and EPA independently, 
before the formation of. the joint program. It was clear from 
these scoping studies that three major problems needed to be 
solved in order to quantify methane emissions from the u.s. gas 
industry. 

First it was recognized that all types of emissions could not be 
measured. Steady emissions -- which are defined as emissions 
that are nearly eonstant in time such that a measurement made 
over a relatively short period (1 hour) is representative of the 
annual average value -- can be evaluated by measurement. 
However, it would be impossible, certainly irnpractical, to try to 
measure unsteady emissions; i.e., those that are highly variable 
with time. Therefore, techniques needed to be developed to 
calculate the unsteady emissions from all the different source 
types. 

The seeond problem was that proven techniques for measuring the 
steady emissions from the different source types were not 
available. New techniques needed to be developed and validated. 

Lastly, even if methods for calculating the unsteady emissions 
and measuring the steady emissions were available the emissions 
from all sources could not be evaluated because of the large 
nurnber of sources. For example, there are a quarter million gas 
wells, over a million miles of pipe, and hundreds of thousands of 
pressure regulators. Because emissions from all these sources 
could not be measured, scientifically defensible techniques 
needed to be developed that would allow data obtained for a set 
of sources to be extrapolated to similar sources throughout the 
industry. 

In summary, the scoping studies established that three major 
tasks needed to be accomplished in Phase II or the Methods 
Development Phase of the program. These are to develop methods 
for: 
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• Measuring Steady Emissions 
• Calculating Unsteady Emissions 
• Extrapolating Emissions Data 

2.1.2 Phase II 

During Phase II it was recognized that, in addition to developing 
methods for (l) measuring the steady emissions, (2) calculating 
the unsteady emissions, and (3) extrapolating emission data, 
accuracy targets needed to be defined and a framework for 
accounting for all emissions needed to be developed. 

The overall accuracy goal for the program was established to be 
± 100 BCF. Accuracy targets were defined for each source in such 
a way that, if the target is met for each source, the oVerall 
accuracy of the program <±100 BCF) would automatically be 
achieved. In addition, the accuracy target was established as a 
function of the size of the source. ~ higher degree of accuracy 
is required for larger sources. This approach provides an 
automatic mechanism for apportioning project resources to the 
most important emission soUrces. 

A framework was developed to account for all possible emissions 
by first identifying all the hardware that are sources of methane 
and then identifying the cause of the emissions. The industry 
was divided inte its five major segments {production, processing, 
transmission, storage and distribution), then each segment was 
disaggregated inte types of equipment, such as wells, separators, 
compressors, etc., and each piece of equipment was divided inte 
its basic components, such as valves, connectors, pumps and 
pneumatic devices. 

Emissions can result from six causes. These are: 

Startup activities 
Normal operations 
Maintenance 
Leaks 
Upsets 
Mishaps 

Each piece of equipment and component was then exaroined to 
determine if significant emissions could result because of any of 
these causes. 

Measurement Technigues 

Five different techniques were developed during Phase II of the 
program. Typically, proof of concept {POC) tests were first 
performed to demonstrate the viability of the method and define 
it 1 s accuracy. The method was then used to perform field 

4 



measurements to demonstrate that it was applicable for measuring 
emissions from various types of equipment. The basis of each 
method and the results of the POC and demonstration tests 
conducted in Phase II are described below. 

Emission Factor Approach This approach is used to determine 
emissions from different source types based on measurements of 
individual pipe fittings such as valves, flanges, seals, and 
threaded fittings. To develop the method, emissions from a large 
number of fittings are measured and an emission factor (i.e., 
average emission rate per fitting) is determined for each fitting 
type. Emissions from a facility can be calculated by multiplying 
the number of fittings that comprise the source by the 
appropriate emission factor. Typically, emissions are measured 
using the bagging technique; i.e., enclosing the leak in a bag, 
blowing uncontaminated air through the bag at a eonstant rate, 
and measuring the concentration in the stream. The emission rate 
is the proäuct of the flow rate and concentration. 

One problem with the emission factor approach is that the 
emission factors are highly site specific and will only produce 
reasonably accurate results when applied to similar facilities. 
Differences between facilities that could affect leakage, such as 
age, pressure, inspection and maintenance (I&M) programs, etc. 
could ~esult in large differences between actual and predicted 
emiss~ons. 

Currently, generally accepted emission factors (Ref. l) are based 
on data collected in the late 1970s. Since it is believed that 
oil and gas productian facilities have become much tighter as a 
result of environmental cancerns, a study was cofunded with the 
American Petroleum Institute (API) to develop a new set of 
emission factors {Ref. 2). The emission factors for gas 
process~~; facilities obtained from this study (API/GRI) (Ref. 3) 
are campared in Table l with the previous data collected in the 
API/Rockwell study and EPA emission factors (Ref. l). The lower 
values obtained in the current study indicates that facilities 
are less leaky because of better I&M practices. To test this 
hypothesis, emission rates from facilities with inspection and 
maintenance programs that are only driven by safety 
considerations were campared with those from facilities with I&M 
programs designed to reduce leakage. The results indicate that 
emissions from facilities without leak reduction programs are 
approximately a factor of four higher than for facilities with 
these programs. {Ref. 4). Additional data will be collected to 
better define these relationships. 

The API/GRI emission factors were used with component counts in 
Phase III of this study to determine emissions from gas 
productian and transmission facilities. 
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Correlation Eguation Technigue Like the Emission Factor 
Approach, emissions from different types of sources are 
determined by evaluating the emissions from individual pipe 
fittings. Unlike the Emission Factor Approach, this method was 
designed to account for site specific differences. To develop 
this method an OVA is used to screen each fitting to determine 
which fittings are leaking and to measure the maximum 
concentration on the fitting at the point of the leak. The 
fitting is then bagged to determine the emission rate, and a 
earrelation is developed between the concentrations measured 
during the screening test and the emission rate measured during 
the bagging test. Emissions from other facilities can then be 
determined by conducting a screening test and determining the 
leak rate for each leaky fitting from the concentration 
measurement by using the earrelation equation. 

Although this is a standard technique approved by EPA (Ref. S) 
for measuring fugitive emissions, it was found to be inadequate. 
The OVA instrument recommended for performing the screening test 
is the cause of the problem. The pump on the OVA which draws the 
sample inte the instrument is not large enough to capture the 
entire leak. The concentration measurement for small leaks is 
affected by the wind, variations in the standoff distance of the 
probe, and pipe fitting geometry. This eauses extremely large 
variations {approximately 2 to 4 orders of magnitude) in the 
data. For large leaks, the range of the instrument is exceeded. 
To handle this problem, the procedure has been to determine the 
average emission rate from 11 bagging tests 11 for all fittings that 
exceeded the range of the OVA. Although the range of the 
instrument is exceeded infrequently, these fittings contribute 70 
to 80 percent of the total emissions from the facility. Because 
this average value is also highly site specific, the earrelation 
equation method fails to provide a useful alternative to the 
Emission Factor Approach. 

New screening instruments were developed (Refs. 6 and 7). The 
range of the standard OVA was extended and a large auxiliary pump 
is used to increase the flow rate. This allows the entire leak 
to be captured and measured by the instrument. The large 
variability in the data is reduced to around 10 to 20 percent and 
the new equipment allows the emission rate to be measured 
directly. There is no longer a need to perform the very 
expensive bagging procedure. 

Leak Statistics Method This method is used to evaluate leakage 
from buried pipelines in distribution systems and gathering lines 
in productian fields. Emission rates are measured for a large 
number of leaks in order to accurately determine the average 
emission rate per leak as a function of pipe material, age, 
pressure, soil characteristics and the type of I&M program. 
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The leak data recorded by individual gas distribution campanies 
are statistically analyzed to determine the actual number of 
leaks in the system. Total emissions from the underground pipe 
system are calculated by multiplying the appropriate average 
emission rate per leak by the number of leaks per mile and the 
number of roiles of pipe in each category. 

This technique is costly to apply on a national scale. 
Therefore, a cooperative study was formed with nine U.S., two 
Canadian, and two European distribution campanies to measure 
leakage from distribution systems. This Leakage Measurement 
Program is intended to be a separate project designed to provide 
participating campanies a leakage estirnate that is accurate 
enough to address operational issues (Ref. B). 

At this time, leak tests are approximately 50 percent completed. 
The data have been analyzed to determine if the leak rate per 
leak is different from mains and services and whether it is a 
function of pipe type, age, pressure, size, soil characteristics, 
and the I&M proeectures of the distribution company. A 
statistical analysis of the data indicated that leak rate is a 
function of pipe material for both mains and services. The 
average leak rate per leak, standard deviation, and coefficient 
of variation are presented in Table 2 for the entire data set and 
the data grouped inta mains, services and pipe material. 

At this time there is not sufficient data to determine if age, 
pressure, size or soil characteristics affect the leak rate per 
leak. The effect of I&M was investigated by camparing data from 
each company to the rest of the data set and also by ranking the 
campanies based on I&M practices. The results were inconclusive; 
additional data are being collected to further investigate these 
parameters. 

Tracer Gas In this approach, a tracer gas (normally SF6 ) is 
released at a known eonstant rate at the methane source, and the 
concentrations of both the tracer gas and the methane is measured 
at a point downwind where these gases become uniformly mixed. 
The emission rate of the methane source (EM) is calculated from 
the expression EM=(CM/C1 )E1 , where CM is the methane concentration 
corrected for background, C1 is the tracer gas concentration, 
and Er is the emission rate of the tracer gas. 

Proof of concept field experiments were conducted where the 
amount of methane released was measured and compared to the value 
predicted using the procedure described above. The emission rate 
for methane could be determined within ± 10 percent of the true 
value. 

Demonstration tests were also conducted to determine if the 
tracer method was suitable for determining emissions from a 
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variety of sources, such as pressure regulation and metering 
stations, gas plants, small towns, campresser stations, wells, 
separators and other productian field equipment. The results of 
these experiments are presented in Refs. 9, 10 and 11. Generally 
the method can be successfully used to measure the total 
emissions from sources as camplex as gas plants or small towns if 
the methane plume from the source is 200 ppb above the background 
concentration. For our application, however, the goal is to 
measure the steady or fugitive emissions from natural gas 
facilities, and this is a more difficult problem. Although total 
methane emissions can be measured with reasonable accuracy from a 
small city, the contribution from the natural gas system could 
not be accurately determined because it could be separated from 
the contributions of other methane sources. Also, there is a 
problem in evaluating just the steady emi-ssions from a source 
such as a gas processing plant where the unsteady emissions from 
compressor engines, pressure relief valves, dehydrator vents and 
other equipment are the major contributors to the total 
emissions. For these reasons, and also because it is less costly 
to estimate emissions from productian equipment using the 
emission factor approach, the tracer method was used primarily to 
evaluate emissions from metering and pressure regulating 
stations. 

Mass Balance Approach This method uses the existing metering 
data to perform a mass balance. The difference between the 
amount entering and leaving a system is equal to the amount 
leaked to the atmosphere plus an error term. The key to the 
technique is to minimize the error. This can be accomplished by 
carefully selecting the site and by calibrating and 
characterizing the meters in the system. 

The Southwest Research Institute (SwRI) conducted a proof of 
concept study to determine the fugitive emissions from a 130 mile 
long seetian of a natural gas transmission line. This 130 mile 
long section contained one compressor station, three metering 
stations, and 269 miles of pipe. The following proeectures were 
used to minimize the error in performing the mass balance: 

• The transmission line was carefully selected to 
minimize the error in the measured data. 

• Bias such as line pack and meter calibration eonstants 
were identified and corrected. 

• Random error was reduced by increasing the frequency of 
the mass balance calculation. 

• Days with minimal disruptions in operations were 
selected for analysis. 

The study {Ref. 12) indicated that within a 90 percent confidence 
limit, the fugitive emissions were 0.02 percent (-.02 to +0.18) 
of throughput. 
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Because of the time required to obtain and analyze the data using 
the mass balance approach, the tracer and emission factor methods 
were used in Phase III of the study to evaluate fugitive 
~missions from ges transmission facilities. 

Calculating Unsteady Emissions 

Emissions from a given source can be eaused by any of the 
following: 

Startup activities 
Normal operations 
Maintenance 
Upsets 
Mishaps and 
Leaks 

Because the technique for calculating the unsteady emissions is 
not only dependent on the type of source, but also the cause of 
the emissions, as many as six equations are needed to specify the 
unsteady emissions from a given source type. 

Techniques for calculating the unsteady emissions are described 
in Refs. 13, 14, and 15. 

Extrapolation Technigue 

Emission and activity factors are used to extrapolate the 
measured or calculated emissions data. These factors are defined 
in such a way that their product will be equal to the total 
emissions from a given source type or category. 

In the simplest case, the emission factor would be defined as the 
average emission rate calculated from a large number of 
measurements of randomly selected sources of a given type. The 
activity factor would then be the number of sources within the 
U.S. For example, total U.S. emissions from pressure regulating 
and metering stations could be calculated by multiplying the 
emission factor, which would be the average emission rate (cubic 
feet/station-year), by the activity factor, which would be the 
total number of stations. 

In applying the approach, two major problems can be encountered. 
The first is that the variability in the emissions data could be 
very large which would mean that a large number of expensive 
tests would be required to achieve the desired accuracy target. 
This problem can often be alleviated by presenting the emission 
and activity factors as a function of other parameters that 
affect the emission rate. 
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The seeond problem is that the sources tested cannot be randomly 
selected for a number of practical reasons. This can induce bias 
in the results. The bias can often be found through an analysis 
of the d&ta. For exarnple, Table 3 presents the measured emission 
rate from 86 pressure regulating and metering stations along with 
the emission and activity factors and the extrapolated emissions 
for this source type. The extrapolated emissions from this 
source category are 92.5 BCF. However, if the data are 
subdivided, inte metering and pressure regulating (M&R) stations 
and pressure regulating facilities located in vaults and above 
the ground, then the emissions from this category decreases to 
36.5 BCF. If these categories are then subdivided into discrete 
operating pressure ranges, the estimated emissions decrease to 
20.3 BCF. The bias, which was eaused by testing a disappropriate 
number of high pressure above ground facilities can be removed by 
refining the emission factor. 

As shown in Table 3, the extrapolated emissions decreased by 
nearly a factor 5 as a result of analyzing the data to refine the 
emission and activity factors. 

2.1.3 Phase III 

The purpose of Phase III is to collect sufficient emissions data 
to determine emissions for the U.S. gas industry within ± 100 
BCF. The first task of Phase III was to apportion available 
resources to focus on sources with the largest emissions and 
highest uncertainty in the emissions estimate. Each source was 
exaroined to determine the number of data points needed to achieve 
the accuracy target. This was calculated from the standard 
deviation for a 90 percent confidence level. 

The seeond task of Phase III was to develop an implementation 
plan. The Phase III implementation plan which defines the data 
needed and how, where, and when the data will be collected, was 
cornpleted and documented {Ref. 16). Testing started in the early 
summer of 1992 and will continue through 1993. Facilities around 
the country are visited to collect the information needed to 
calculate the unsteady emissions and to quantify the activity 
factors. The unsteady emissions will be calculated and the 
steady emissions will be measured at a sufficient number of 
sources to achieve the accuracy target. 

The last step of Phase III is to extrapolate the emissions data 
using the emission and activity factors to obtain the national 
emissions estimate. 

2.1.4 Summary of Results 

Table 4 lists the types of methods used in Phase III to measure 
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the steady or fugitive emissions for the different types of 
equipment in each segment of the gas industry. 

Table 5 summarizes the current estimate of steady emissions 
segregated by segt.1ent and source type. The table lists the 
emission and activity factors, total emissions, uncertainty, and 
accuracy target. The uncertainty in the emissions estimate is a 
straightforward calculation based on the assumption that the 
error is random. A camparisen of the uncertainty in the emission 
estimate and the accuracy target indicates that the accuracy goal 
for most major sources has been achieved. The exceptions are 
transmission line metering and campressar stations. Additional 
data are currently being obtained forthese facilities. 
Fugitive emissions from natural gas distribution systems and gas 
productian are the largest at 61 BCF and 56 BCF, respectively. 
Transmission and processing are relatively small and emissions 
from storage facilities are negligible campared to the rest of 
the industry. 

Emissions from productian facilities were determi~ed using the 
emission factor approach. Analysis of the test data collected 
during the API/GRI study (Ref. 2) indicated that facilities with 
a leakage reduction program are approximately a factor of four 
lower than facilities without such a program. At this point, the 
percentage of productian facilities with I&M programs is not well 
defined, but is estimated to be between 10 and 20 percent. The 
emissions data in Table 5 are based on the assumption that only 
10 percent of the productian facilities have leak reduction 
programs. 

Most of the emissions from distribution systems are from leaks in 
the underground pipe network. Table 6 presents emissions from 
pipeline leakage for mains and services disaggregated by 
material. Although the number of miles of east iron pipe is low, 
the emissions are highest because of the higher number of leaks 
per mile and larger leak rate. Unprotected steel pipe is the 
next highest category for mains and the highest category for 
services. 

As discussed previously, the unsteady emissions are a function of 
the cause of the emissions from each source. Although as many as 
six calculations would be required to account for all the 
unsteady emissions from each source, most are negligible. The 
latest calculations of the unsteady emissions are summarized in 
Table 7. 

Table 7 lists the emission and activity factors, total emissions, 
uncertainty, and accuracy target for each source type, as well as 
the major cause of the emissions. Pneumatic central devices, 
pressure driven chemical injection pumps, and campresser engine 
exhaust are the major sources of unsteady emissions and result 
from normal operations. Pipeline blaw downs and linepurges 
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which are required for maintenance and emissions from pressure 
relief valves are also significant sources. 

The current estimate of methane emissions from the U.S. Gas 
Industry are summarized in Table s by segment and type of 
emissions. The total emissions are currently estimated to be 
314 ± 110 BCF. Approximately 40 percent are steady or fugitive 
emissions and 60 percent are unsteady emissions. 

2.1.5 Future Activities 

Table 9 lists the number of sites visited during Phase III to 
collect information on the activity factors and the unsteady 
emissions or to measure the steady emissions. Table 9 also lists 
the activity and emission factor information collected at each 
si te. 

Additional measurements will be made at gas productian and 
processing sites to better define the effect of I&M on the 
emission factors. Additional data will also be collected on 
fugit~ve emissions from campresser stations and custorner meters. 
A number of sites will also be visited to improve the activity 
factors for pneumatic control devices, chemical injection pumps, 
campresser stations, transmission metering facilities, and 
separators. 
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SECTION 3.0 

SUMMARY/CONCLUSIONS 

The primary purpose of .the study is to provide an emission 
inventory accurate enough for global elimate modeling studies and 
for actdressing the policy question of whether or not to encourage 
the increased use of natural gas in order to reduce global 
warming. 

The GRI/EPA program is designed to determine methane emissions 
from the U.S. gas industry within ± 100 BCF. The purpose of 
Phase I was to define the problem. Phase II was spent developing 
the tools needed to measure or calculate methane emissions from 
the various source types that comprise the industry. Also, 
because of the large number of sources within each source type, 
techniques were developed for extrapolating emissions data to 
similar sources within the industry. The purpose of Phase III is 
to collect sufficient data to achieve the accuracy goal of the 
study. 

Phases I and II have been completed. Phase III was started in 
early 1992 and the data collection effort will be completed in 
1993. Analysis and documentation is scheduled to be completed by 
early 1994. 

Based on the data collected to date, methane emissions for the 
U.S. gas industry is calculated to be approximately 280 BCF± 110 
BCF. 
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PITTING TYPE 

Connectors 

Valves 

TABLE l 
GAS PLANT EMISSION FACTORS 

(CF /HR) 

API/ROCKWELL EPA 

0.09 0.06 

l. 07 1.10 

Open-end lines 1.48 1.21 

GAS PRODUCTION EMISSION FACTORS 
(CF /HR) 

API/GRI 

0.02 

0.16 

0.09 

PITTING TYPE API/ROCKWELL API/GRI 

Connectors .053 .006 

Valves .145 . 080 

Open-end lines .121 .015 

TABLE 2 
MEASURED LEAKAGE DATA FROM UNDERGROUND DISTRIBUTION SYSTEMS 

COEFFICIENT 
LEAK RATE sTANDARD OF 

CATEGORY (CF/LK-HR) DEVIATION VARIATION 

ALL 3.6 9.9 2.8 

Mains 6.1 14 .l 2.3 
Services 1.5 3.0 2.0 

Mains 
Plastic 12.5 24.1 1.9 
Protected Steel 4.0 8.9 2.2 
Unprotected Steel 5.7 13.9 2.4 
east Iron 22.6 33.9 1.5 

Services 
Plastic 0.5 0.5 1.0 
Protected Steel 1.2 1.8 1.5 
Unprotected Steel 2.8 5.4 1.9 
Cooper 0.9 0.6 0.7 
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TABLE 3 
METHANE EMISSIONS F'ROM METERING /\NO PRESSURE REGULATING STATIONS 

ACTIVITY 
CATEGORY NUMBER OF EMISSION FACTOR FACTO R EMISSIONS 

MEASUREMENTS (CF/STATION-HR) (# STATIONS) (BCF/YR) 

All stations 
. 

86 89 118,500 92.5 

M&R stations 31 170 7700 11.4 
Reg stations 27 89 31900 24. 9 
- Above Ground 28 0.3 78900 0.2 
- Vaults 

TOTALS 86 118,500 36.5 

M&R Stations 
>300 psig 23 204 2700 4.8 
100-300 psig s 111 so o o 4.8 
40-100 psig 3 4.3 100 0.0 

B,eg. stations 
Above Ground 

>300 psig 13 162 5900 8.4 
100-300 psig 7 41 5600 2.0 
40-100 psig 7 1.0 20400 0.2 

Vaults 
l 

>300 psig 4 1.3 2000 .02 
100-300 psig 10 0.2 5600 .01 ! 

40-100 psig B 0.1 61000 .os 
<40 psig 6 0.1 10000 .01 

TOTALS 86 118' so o 20.3 ! 



TABLE 4 
MEASUREMENT TECHNIQUES USED IN PHASE III 

TECHNIQUES 

SEGMENT/SOURCE TYPE EMISSION CORRELATION LEAK 
FACTOR EQUATION TRACER STATISTICS 

Productian 
Wells • • Gathering Lines • Separators • • Heate:rs • • Dehydrators • • Meters • • Compressors • • 

. 
Processing 

Gas Plants • • 
Transmission 

Campresser stations • • Metering Stations • 
Storage 

Wells • • Separators • • Dehydrators • • Meters • • Campressars • • 
Distribution 

Mains • Services • M&R stations • Customer Meters • Pressure Regulators • 
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TABLE 5 
SOMMARY OF STEAOY EMISSIONS 

EMISSIONS 
EMISSION ACTIVITY (BCP) PRECISION TARGET 

FACTOR FACTOR {%) ACCURACY 
CATEGORY (CF/UNITS- (# UNITS) * SUBTOTAL (%) 

YR) 
SOURCE 

TYPE SEGMENT 

Pi"oduction 
Wells 6,000 543,000 10.7 112 452 
Gathering Lines 900 900,000 2.7 38 475 
Heaters 9400 64,000 2.0 153 481 
Separators 28,500 210,000 18.3 124 354 
Compressors 105,000 24,000 8.0 126 431 
Metering 14,700 260,000 12.0 104 397 
Oehydrators 23,800 9, 000 0.7 128 493 
Other --- --- 1.7 122 483 

56.1 

Pt:Q~~ggj,gg 
1.9 x 106 740 1.3 101 490 ' 

T;rs!n1mi11i2n 
Pipelines 1,500 276,000 0.4 52 487 

l Compr. Stations 4.6 x 106 2,000 9.3 404 274 
' Metering 

l 
stations 59,000 20,000 1.2 10.9 714 395 

1.7 x 106 90 0.2 201 496 

Dist;r;:Umt12D ' ' 
Mains 38,000 888,000 33.9 62 58 
Services 60 44 x 106" 2.8 51 420 
Metering/ 170,000 118.000 20.2 57 139 

Reg. sta. 85 50 x 106" 4.2 61.1 250 383 

TOTAL STEADY 128.5 

• In the case o ' pipelines, the activlty a na emlSSlon factors are ex~-~~~~ p ·-
terms of miles of pipe rather than number of units. 
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TABLE 6 
METHANE EMISSIONS FROM NATURAL GAS MAINS AND SERVICE PIPELINES 

- - -···- ----

AVERAGE 
NUMBER OF NOMBER OF EMISSION TOTAL 

CATEGORY LEAKS PER MILES FACTOR EMISSIONS 
MILE (CF/LK-YR) (BCF/YR) 

Mains 
Protected Steel 0.06 451,466 34,881 1.0 
Unprotected Steel 1.5 82,109 50,062 6.0 
Plast i c 0.02 299,421 109,097 0.6 
Cast Iron 2.4 55,288 197,976 26.3 

NUMBER OF AVERAGE 
LEAKS NUMBER EMISSION TOTAL 

PER 1000 OF FACTOR EMISSIONS 
SERVICES SERVICEs (CF/LK-YR) (BCF/YR) 

Services 
Capper 10.9 233,246 8,000 0.02 
Plastic 0.7 17,681,238 4,000 0.05 
Protected Steel 2.2 20,352,983 10,000 0.5 
Unprotected Steel 16.6 5,446,393 24,000 2.2 

TOTAL 36.7 
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TABLE 7 
SUMMARY OF trnsTEADY EMISSIONS 

ACCURACY 
EMISSION ACTTVI TY TARGET 

CAUSE OF FACTOR FACTOR EMISSIONS PRECISION PRECISION 
EQUIPMENT EMISSIONS ( CF /UN ITS- YR) (# UNlTS) • (BCF/YR) (%) l' l 

Pneumatic Devices 

Productian Normal 58,400 1,043,000 60.9 87 121 
Transmission Operations 58,400 235,000 13.7 40 210 
Storage 58,400 171 0.01 1417 499 

Chemical Injection P~mRB 
Normal 

Productian Operations 161,300 230,000 37.1 131 72 

Comnr~ssors** 
Productian 0.02 429 8.6 55 292 
Process i ng Normal 0.02 289 5.7 56 353 
Transmission &: Operations 0.02 402 8.0 97 304 

Storage 

~.iw:lin~§ 
Productian Routine 4,500 900,000 4.1 262 386 
Transmission 33,500 276,000 9.3 201 278 
Distribution Maintenance 140 1.4 x 106 0.2 360 497 

~~~ggyxe R~li~f ~lv~g 
Productian 11,000 600,000 6.8 132 325 
Process i ng 365 11,000 0.003 181 500 
Transmission Upsets 30 230,000 0.007 201 500 
Storage 30 33,000 0.001 1005 500 
Distribution 32,000 53,000 1.7 122 449 
Other 

Oth~;r;: Routine --- --- 29.1 150 500 
Maintenance 

TOTAL UNSTEADY 185.2 
...... _ .. - -- - ---- ---- ,_ ___ .......... __ 

~-----~~ --~~-- ~-~ ~-~-~--~ 
-- .. ____ ~ . -- - -·-~ 

rather than number of units. 
••The emissionfactoris CF CH./CF fuel. The activity factoris BCF/YR. 



SEGMENT 

Productian 
Processing 
Transmission 
Storage 
Distribution 

TOTAL 

TABLE 8 
SUMMARY OF METHANE EMISSIONS 

(BCF) 

STEADY UNSTEADY 

56 135 
l 8 

11 39 
-- --
61 3 

129 185 

22 

TOTAL 

191 
9 

so 
--
64 

314 
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TABLE 9 - SUMMARY OF SITE VISITS AND INFORMATION TO BE GATHERED 

H OF 
SITE TYPE D OF SITES ACTIVITY FACTOR DATA EMISSION FACTOR DATA l 

SITES TO BE 
VISITEO VISITED 

Gas/Oil Field 17 8 Separators per well Dehydrator conditions ! 
Heaters per well Vessel volornes 
Field throughput Campressar volornes 
Dehydrators per well Field pressure 
Vessel blowdown frequency Pneumatic device types 
Campressar start/stop frequency Campressar Exhaust, fu~l use 
PRV* lift frequency 
Pneumatics per equipment type 
Nomber of compressors, type 

Gas Plants 10 4 Maintenance frequency Plant volumes & practices 
Campressar start/stop frequency Campressar volumes 
Nomber of compressors, type Blowdown volumes 
Dehydrator count 
PRV lift frequency 

Transmission Throughput and mileage Campressar volumes 
Facilities Compressor start/stop frequency Compressor exhaust, fuel use 

- Compressor 9 6 Number of compressors, type Pneumatic device types 
stations Pneumatics per equipment type Mishap volumes 

- Metering 91 O PRV lift frequency 
stations Mishap frequency 

Storage 2 o station throughput &: mileage Volume of linea 
Facilities Line blowdown frequency ' Compressor volumes 

Compr. start/stop frequency Blowdown volumes 
Pneumatics per equipment type 
Number of compressors, type 

Distribution Blowdown volumes 
Systems Mileage main & services, type Pneumatic device types 

- M&:R stations 86 O Number class l leaks Mishap volumes 
- Pipe Leaks 13 O PRV frequency 
- CuBtomer 4 12 Mishap frequency 

Meters Pneumatics per equipment type 
•nn.. n ---·· - n- • "- ··-
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