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GAS PIPELINE DIAMETER SELECTION METHOD WITH REFERENCE
TO THE PIPE MANUFACTURING STANDARDS

METODA DOBORU SREDNIC ODCINKOW SIECI ROZDZIELCZYCH GAZU ZGODNYCH
Z PROGRAMEM PRODUKCIJI RUR

A method of the optimal selection of the gas distribution network component section diameters has
been described in the present study. The definitions of the alternative values of such parameters as:
diameter, length and flow discharge, have been described. In result of the diameter calculation, the
disposable pressure drop, including both alternative diameter and gas flow discharge, are modified, in
result of the successive elimination of the component row sections, for which the diamet&r was
calculated. However, the diameter values calculated in such manner are not fully compliant with pipe
manufacturing standards. Therefore, an optimal diameter selection method, with reference to the pipe
manufacturing standards, has been developed. The proposed new methods can be implemented when
the gas distribution networks are designed.
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W publikacji podano podstawy tcorctyczne doboru optymalnych $rednic odcinkéw sieci gazowych
funkcjonujacych w uktadzie szeregowym oraz zasady doboru $rednic ztozonych uktadéw gazociagow
rozgatgzionych lub pierScieniowych. Zasady doboru srednic opracowane zostaly na potrzeby projekto-
wych sieci rozdzielczych. Warunki funkcjonowania tych sieci w zasadniczym zakresie roznia sig od wa-
runkow funkcjonowania sieci przesylowych. W przypadku sieci rozdzielczych odbiorcy gazu rozmiesz-
czeni sg praktycznie wzdhuz wszystkich odcinkéw sieci, co w znacznym stopniu zmniejsza doktadno$é
oszacowania obliczeniowych natgzef przeptywu gazu okreslanych réwniez jako projektowane.

Opracowane zasady doboru $rednic uwzgledniaja rowniez ten problem, szczegélnie wazny, gdy
ustala si¢ $rednice ztozonych uktadow gazociagow.

W zatozeniu teoretycznym opracowanej metody doboru srednic minimalizuje sig $rednice szeregu
odcinkéw, przy statych predkosciach przeptywu gazu w kazdym z odcinkéw. Odcinki wchodzace
w sktad analizowanego szeregu roznia si¢ natgzeniami przeptywu gazu i dtugoéciami. Wykorzystujac
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wprowadzong zalezno$é oblicza si¢ w pierwszym ctapie stratg ci$nicnia, a nastgpnie tcorctyczna
optymalna $rednicg odcinka sieci gazowej najblizszego od stacji gazowe;. Srednica teoretyczna zalezna
jest w istotnym zakresie od dyspozycyjnej straty ci$nienia AP. Wiclko$¢ AP ustala si¢ indywidualnic
dla kazdego szeregu odcinkow.

Waznym clementem opracowancj metody jest wprowadzenie nowych poje¢, takich jak zastgpcza
dtugo$é, zastepeze natgzenie przeptywu gazu oraz zastepceza $rednica. Zastgpezo$é w tym przypadku
zwiazana jest z mozliwoscig obliczenia dla szeregu odcinkdéw — rézniacych si¢ dugosciami, natg-
zeniami przeptywu gazu i $rednicami — straty ci$nicnia rowncj sumie strat cisnien obliczanych kolejno
dla poszczegdlnych odcinkéw danego szeregu.

W opracowanej metodzie, wykorzystujac wyprowadzona zaleznos¢, kolejno oblicza si¢ wszystkic
$rednice odcinkéw danego szeregu. W trakcie obliczen $rednic kolejnych odcinkéw szeregu, zmianie
ulegaja réwnicz odpowiednie dyspozycyjne straty ci$nicnia oraz wiclko$ci zastgpeze dtugosei i natgzen
przeptywu gazu. Kolejna dobrana $rednica zmniejsza wiclko$¢ poczatkowa AP ustalona dla dancgo
szeregu. Zmienno$é tej wielkoscei, jak rowniez wiclkodci zastgpczych, wynika z eliminowania ko-
lejnych odcinkow szeregu, dla ktdrych obliczona jest nastgpna Srednica.

Uwzgledniajac opracowane zatozZenia teoretyczne doboru $rednic, mozna obliczy¢ tylko opty-
malne teoretyczne $rednice odcinkéw wchodzacych w sktad odpowiedniego szeregu. Obliczone teo-
retyczne $rednice, praktycznie w zadnym przypadku nie sa zgodne z tymi, ktére sa produkowane. Aby
umozliwi¢ praktyczne wykorzystanic opisanej metody do celéw projektowych, opracowano rownicz
zasady doboru $rednic odcinkéw zgodnych z programami produkcji. Dobrana $rednica zgodna z od-
powiednim programem produkcji moze by¢ najblizsza wigksza lub najblizsza mnicjsza od obliczone;j
optymalnej teorctycznej.

Dla utatwicenia doboru $rednic z wykorzystaniem opracowanych zatozen teorctycznych, kazda sie¢
gazowa po jej uprzednim rozeigeiu traktuje sig jako uktad potaczonych szeregdéw odcinkéw. W takim
uktadzic wyrdznia si¢ szeregi o znaczeniu dominujacym, dostarczajace gaz od stacji gazowej do
konturu zasilania, oraz pozostate. Szeregi odcinkéw rozprowadzajace gaz od stacji gazowych do
konturu zasilania okre$lono gléwnymi kierunkami. Liczba gtéwnych szeregdw zasilania jest zalezna od
wiclkos$ci sieci i liczby stacji gazowych zasilajacych dana sie¢ rozdzielcza. Pozostate szeregi odcinkow
zawsze sg funkcjonalnic podporzadkowane odcinkom szeregéw gtownych. Podporzadkowanie polega
na tym, ze szeregi tc bezposrednio lub posrednio maja wspoélne wezty zasilania z odcinkami gtéwnego
szeregu. Zgodnic z opracowanymi zasadami w pierwszcj kolejnoéci dobicranc sa $rednice odcinkow
szeregow gtownych.

W publikacji okres$lono rownicz szezegotowe zasady, ktére winny by¢ spetnione, aby dobor
$rednic zgodnych z programami produkcji spetniat zatozone kryterium minimalizacji $rednic. Opra-
cowana metoda sktadajaca si¢ z zatozen teoretycznych i zasad doboru $rednic uwzglednia réwnicz
istotne wymagania funkcjonalne. Do takich wymagan zalicza si¢ minimalizacjg znicksztatcen oblicze-
niowych natgzen przeptywu gazu, ktére uznaje si¢ za najblizsze rzeczywistym. Nadmierne znicksztat-
cenie tych wielkoéci moze by¢ przyczyna, iz zaprojektowana sie¢ rozdziclcza po jej wykonaniu moze
nie spetniaé¢ w catosci lub fragmentarycznie postawionych celéw technologicznych.

Stowa kluczowe: sicci rozdziclcze, Srednice gazociagow, optymalizacja

1. Introduction

Gas distribution network is developed in order to provide gas supply for potential
consumers, due to assumed exploitation parameters. Selection of suitable diameters,
with reference to pipe production standards, is a major factor needed to achieve that
goal. Problems met in achieving proper exploitation parameters, at every point of the gas
distribution network, are related to incorrect knowledge of the gas consumption volume,
in every point of the gas distribution network, as well as within individual zones, regions
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and whole gas network, as well. Incorrect assessment of the gas flow discharge may
result in the occurrence of local pressure depression, causing malfunction of local gas
installations. Redimensioning of the gas network (oversized diameters of component
network sections, too big flow capacity of gas stations), are also considered as incorrect
solutions.

Elimination of such abnormalities calls for the implementation of the suitable
diameter selection rules, depending on the on gas distribution mode, due to functional
requirements, i.e. distribution from the gas station to the supply contour, including
regionalization of the gas consumption. Regionalization problem calls for division of the
supply network into individual regions, which are usually independently operated.
Reasoning of such functional division of the gas distribution network results from the
fact that individual groups of consumers have diversified gas consumption demand. In
result of such assumptions, various functions can be assigned to individual sections of
the gas network, what is related to the pipe diameter selection necessity.

While selecting diameters of the gas distribution network we tend td the optimal
cost-reduction program, however realization of such ventures is accompanied with
many problems, both of analytical and technical character. Analytical problems are
related to the methodology, because the problem of gas network construction cost-
-reduction program is not connected with a number and distribution of the gas stations.
Gas distribution networks are built in diversified field conditions, thus simple function
relation between the pipeline diameter and its construction unit cost, is not observed.
Thus the currently used cost-reduction criterion programs, limited only to gas distri-
bution networks, are rarely used, and their practical value is limited. Gas distribution
networks are commonly built irrespectively to the unit cost and diameter of given
pipeline, thus the criterion, which can satisfy the general-purpose function, comprises
the problem of the diameter minimization. Universal character of such criterion results
from the fact that it gives consideration to the cost-minimization problem, including
functional criterion.

The cost-minimization criterion comprise some faults and simplifications, such as:

« unit building costs of the pipeline sections of the same diameter, fixed depen-
dently on their location, can be considerably diversified,

« partial construction costs of individual section (earth works, infrastructure, as-
sembling works, material costs, repairs, and work arrangement) are changed very
often, thus after some time, the assumed criterion may no longer be satisfied,

 as the calculated gas flow discharges, computed for individual network sections
and gas stations, have to be considered as constant values, we have no possibility
to consider the errors constituting individual components of each case.

The method of selection of the optimal gas network diameter (Ellis et al. 1998;

Osiadacz 2000; Hansen et al. 1991), describes the cost-minimization criterion expres-
sed as:

k(D)= L, -S(D,)

=l
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where:

K — construction cost of the distribution network, based on the planned
localization of gas stations and the assumed gas distribution directions,
for each component section of the pipeline,

D; = (D ... D,;) — diameters of component sections,

m — number of sections within the gas network,

S(D;) — function describing the unit cost, depending on the diameter,

L; — length of the component section of given network.

The method is based on linearization of the function K(D), using generalized pressure
calculation formula, matrix record of the connection of individual sections, as well as on
the condition, that the minimal pressure on supply contour can not be lower than defined
Ppin, should be satisfied. Initially assumed diameters of individual sections, which are
changed in result of the interaction, are considered as the basis of the assumed solution.
The calculations are made in the manner giving consideration to the change of individual
network diameters into “nearby-smaller” or “nearby greater” of the pipe series of types,
until minimum of the assumed function is achieved.

Implementation of the method causes modification of the initially assumed dia-
meters. For the options where the assumed criterion is satisfied, diversified diameters of
considered gas network are achieved. The obtained results depend on the initial values
used in the optimization calculations. For similar cost of several options satisfying needs
of the assumed minimum, a problem related to the decision which option should be
implemented, is met.

The method gives consideration to the calculated values of the gas flow discharge,
considered as constant values prescribed to given network section, including its length.
Such assumption leads to solutions satisfying the diameter solution criterion, where only
pressures on the contours are greater than the minimal permissible ones.

Within the gas distribution networks, depending on their size, 8 to 12 various
diameters are used. Gas network construction unit cost increases non-linearly, depen-
ding on the diameter, thus when the diameter minimization criterion is used, the smaller
diameters are preferred. Considering conditions of the gas distribution within given
network, depending on its size and configuration, the problem comprises only 30 to 50%
of the network sections. The other sections of the network have diameters equal to the
technical minimum.

2. Gas network diameter selection method

Selection of the diameter of component section of given network constitutes major of
the gas pipeline designing, including minimization of the construction cost and functio-
nal efficiency. Factors affecting diameter selection of individual section comprise:

+ gas network configuration,

« function of given pipeline within the system,
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* gastype,

 disposable pressure drop,

« section length,

- gas flow discharge within given section.

Analytic solution of the diameter selection problem, in first order calls for assump-
tion of the proper criterion. Computational gas flow discharge is determined for given
configuration of the gas network. Accuracy of assessment of the gas flow discharge of
component network sections is a major factor of the diameter selection procedure,
including technical requirements.

Gas networks are usually composed of several sections, and analysis of their ope-
ration, from supplying source to the contour, including diameter selection, is very
essential for the network functionality. To facilitate the problem, the methods based on
suitably selected alternative values, have been considered. Such alternative values
comprise: length of individual sections, sectional gas flow discharges, and sectional
diameters. These methods have been formerly described (Zajda 1994, 1996).

In a case of the gas distribution networks, we can assume (without essential error)
that gas density, gas flow velocity, temperature and flow resistance coefficient, are not
diversified within individual sections of given gas network. In a case of row of
connected sections supplied from the same node, we can assume that the pressure drop
volume 1is effected mostly by the length of individual sections, including gas flow
discharges and diameters of these sections. Substitutivity of these values within a row of
sections of diversified values of the mentioned parameters should be equivalent to the
calculated pressure drops. This equivalence should satisfy conditions of the following
equation (1).

KQgLZ =K leLl +K Q22L2 +K Qr%—an—l +KQ3Ln (1)
R B
where:

K — constant related to the gas density, flow resistance factor, unit
conversion, etc.,

0. — alternative value of the gas flow discharge,

Ly — alternative length of component network sections,

d, — alternative diameter of sections with parameters L, and Q,,

01, O, ...— gas flow discharge within individual sections,

Ly, Ly ... — length of individual sections,

d, d, ... — diameters of individual sections.

Alternative value for a row of sections L, is equal to a sum of lengths of the
component sections of the gas pipeline. Length of the component row sections, i.e. their
alternative length, influence the total pressure drop, independently on the gas flow
discharge and diameter of individual sections.

Thus, alternative length L, can be calculated from a formula (2):
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L=Li+Ly+..+L, +L, 2)

Alternative value of the gas flow discharge Q. for a given row of sections depends not
only on the gas flow discharges within individual sections but also on the total length of
these sections. Thus, all mentioned values influence the total pressure drop.

To facilitate calculations, considering only two sections of the row, we can re-write
formula (1), in form:

QlL, _OiL  OsL &)
d> d? d;

When rearranged, the equation (3) takes a form:

o \/(QELIdSJrQ%def)di )
’ d15d25(L1 +L,)

As Q. is calculated from a formula (4), we must already know parameters: d,, d, 1 d5.
If we consider particular case, where individual sections of given row have the same
diameters, thus d; = d, = d,, and consequently we receive formula (5).

Q12L1 +Q22L2 )
(L +Ly)

IR

9.

Alternative diameter of individual sections is determined using the relation (3),
which when rearranged, and substituted in place of 0, in formula (5), takes a form:

2 2 (6)
d:;dldvs\/ et
“VOiLid; +05L,d,

For greater number of sections within given row, we can analogically determine
generalized dependence allowing to assess parameters (J, and d,, from formulas (7)
eggd (8)

0 :\/Q$L1+Q22L2 +...+0rL, )

Ly+Ly +...+L,

Y . O'L +Q3L, +... +0,L, ®)
TV QiLd3d; .. d} +Q3L,d d5. . dS +.. + Q2L didS .. d2

Thus @,, d, and L, comprise values of the gas flow discharge, diameter and length,
which equilibrate total pressure drop of individual sections within given row, having
gas flow discharges Oy, O, O3, ..., Oy, diameters d, d», ds, ..., d, and lengths Ly, L,,
Ls, ..., L.
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Pressure drop calculations are usually made using one of a number of formulas,
which are diversified only with indices of O and d, thus formulas (7) and (8) should also
take under consideration this feature. Final form of the formulas is following:

» alternative value of the gas flow discharge

0 :a\/Q{’Ll +Q5L, +...+Q°L, 9)

Li+Ly, +...+L,

» alternative diameter of the gas pipeline

; QIHLI +Q§1L2 T +Qllzan (10)
"NocLdidl., d® +0%L.d%d8...d° +... +O°L d¥d®.. 4"
] &4 P 3 n 2 %] M3 n 1 %2

n*n n-1

d,=dd,.d

In the proposed diameter selection method, conditions of the diameter reduction
criterion should be satisfied only with reference to a rows of sections, which have
different lengths and gas flow discharges.

For the determined disposable pressure drop AP of all sections within given row, the
system is considered as two row sections with given values of the flow discharge,
diameter and length, where for the first section of the row we have values Oy, d{, Ly;
for the second @,, d, and L,, according to formulas (1), (9) and (10).

In this case we have a generalized formula:

2 2 11
AP:KQILI +KQZLZ ( )
£y d?
Substituting O and Q, with
0, =Adf (12)
0, =4d;
where:
A:Ew
4

w — gas flow velocity; w = const for d;| and d, (as assumed)

as well as substituting to formula (11) the assumption (12) we receive:
2 44 2 ;4

A°d|'L, +KA d;L,
d; d>

AP =K

and in result of further rearrangements, we receive:
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d = del

-l S
¢ ol

Substituting =B, d, takes a form:

KAZ
__L.d (13)

d, =

Alternative diameter of the first section having diameter dy, and the next one in the
row, having fixed diameter d,, can be calculated from a formula:

(|47 d2(Q1L +02L,) 9
O7Ld; +02L,d}

D

Ik

z

Substituting d, to formerly determined formula (13), we receive:

D

z

IR

4Ly (QFL +QL,)
OFLL; +Q7(Bd, ~ L)’

and substituting

Jriin +0iL.) =a
and
leLlLi =i
we receive
ad, (15)

D
b +02(Bd, - L,)°

Z

N

The diameter reduction procedure calls for the selection of minimum of the formula
(15), with respect to a variable d|, finally:

\/—Q—T-LZ +L, =Bd, (15)
0,

Using formula (12), for a section located nearby the gas station, the pressure drop
AP will occur.

As well as using the former substitution

2 =B, we receive

K4
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_AP-L,

1

Substituting this relation to formula (16) we receive:

\/ZL_Z.*.L—_LAE (17)
Qz Ll AP]

Formula (17) determines relation between the disposable pressure drop AP of
component sections of given row and the pressure drop for optimal diameter of a section
located nearby supplying node, depending on the alternative values of: total gas flow
discharge and length, as well as gas flow discharge and length of the first section of
the row.

In the equation (17), only value AP; should be determined, whereas the other values
result from intermediate calculations, as values O,, and L, can be estimated formerly.
When rearranged, we can obtain practical relation which can be used to calculate APq,
for the first section of the row, counting from the supply source (gas station), having
a form:

JO. L, (18)
AP, = AP
] '\/—QTLZ +\/Q_Z_Ll

or for arbitrary section of the row:

AP.. =AP, Quily (15
ij i
Oply; +40 51y

However, if we consider the use of any of usually applied formulas of pressure drop
calculation, formula (19) takes final form:
4z Ly (20)

AP.. = AP.
! ’ @in+aniLU
where:
AP; — pressure drop of the section (i), used to calculate its diameter,
AP; — disposable pressure drop of all sections of the row, including also
section (i),
Q,; — alternative gas flow discharge of the component row sections, without
section (i),
Ly — length of section (i), for which the pressure drop AP;; was calculated,

Q;  — gas flow discharge within section (i),
L,;  — alternative length of the component row sections, excluding section (i—),
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i, j  — numbers nodes of gas network,
a, b — ndex occurring in the formula, used in the pressure drop calculation
AP =K —— Ql/ ” a=1.8-2.25, b=4.8-525

db

y

Estimation of the pressure drop of successive row sections is schematically shown in
Fig. 1a, b and c. Scheme shown in the Fig. 1 refers only to calculation of the “theoretical”
diameters, according to formula

21

Such procedure of the diameter selection has no practical use, as the “real” diameters
should be compliant with all pipe-manufacturing standards.

If the diameter of section (i—j) d;; is calculated from the formula (21), using
the pressure drop AP;; determined by formula (20), where the selected diameter djjz
is compliant with the assumed production program  the pressure drop estimated for
this diameter equals to AP;g. In general, depending on the selected diameter djp,
greater or smaller than that calculated from formula (21), the following inequalities
may occur:

AP,-« > AP[-R or API-- < APi.R

A rare case, when AP; =AP;,, may be practically neglected. If an inequality
AP;; > APy occurs, it means that network sectional diameters d;jr will be selected,
bem'7 the “nearby-bigger” to the manufactured pipe standards. Option of the selection of

“real” diameters, i.e. the “nearby-bigger” diameters, is schematically illustrated in
Fig. 2a, b and c. If a “real” diameter is selected — according to the “nearby-smaller”
rule — the following inequality can be written:

AP; < APy,

The first option of the diameter selection results in a fact that for all next sections of
given row, the disposable pressure drop AP — AP, is adequately greater than in a case
AP;, thus it leads to the selection of smaller diameters for the other sections of the
row, as AP —AP; < AP — AP, . However, if an inequality AP —AP; > AP — AP, is
observed, the dlsposable pressure drop of the other component row sectlons w111 be
smaller, i.e. diameters selected for the other sections will be greater. Each of the
mentioned methods of the “real” diameter selection is accompanied with the occurrence
of differences between diameters d;; and dj;g, particularly for the sections within the row.
Selection of successive “real” dlameters of given row is closely connected to the
selection of downstream sections, i.e. with the disposable pressure drop. In the second
option of the diameter selection, a reverse range of the disposable pressure drop, is
observed.
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Fig. 1. Graphical scheme of the pressure drop calculation procedure used for the optimal diameter
selection of the row component section, according to formula (19)

Rys. 1. Graficzna ilustracja obliczenia strat ci$nienia pozwalajacych na dobér optymalnych $rednic dla
kolejnych odcinkéw w szeregu, z wykorzystaniem zalezno$ci (19)
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Fig. 2. Graphical scheme of the “real” diameter selection method, based on the selection rule
“nearby-bigger diameter”, with reference to the pipe manufacturing standards

Rys. 2. Graficzna ilustracja metody doboru ,,rzeczywistych” $rednic przy zastosowaniu zasady doboru
,»najblizsza wigksza” z produkowanego szeregu wymiarowego
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Problem of the diameter optimization comprise also necessity of the diameter
selection, according to requirements of the production program.

A case, when the calculated pressure drops are compliant with the pipe manu-
facturing requirements is rather sporadic. Selection of “real” diameters is thus related
with the necessity of the selection of the “nearby-smaller” or “nearby bigger” diameter.
In each case of the selection of the “real” diameter d;;g, a pressure drop AP;;g will occur,
being different from that which is calculated as APj;, using the method mentioned
before. Selection of the “first-bigger” diameter of the manufactured pipe series leads
to cumulation of the differences AP'.

In a case of small number of sections within the row, including big differences in the
section length and gas flow discharge, a diameter which is bigger than in cases of the
preceding sections, may be selected for the last section. Occurrence of such problem
confirm a rule that the proposed diameter selection method can be effectively used in
cases when number of sections of the main row is not bigger than 10. Main supply
direction of the gas distribution network serves the transit functions for the sections
supplied by component sections, thus the diameter selection should be commenced from
this row. Neutralization of such cases, for small number of the row component sections,
calls for the diameter selection procedure which is based also on the rule “nearby the
arithmetic mean”, which satisfy conditions of the assumptions listed below. In a case of
inequality:

dpw —d; ' 22
RW RN 5 i
j > ————L—+d py, a diameter djgyy is selected, ky
however, in a case when:
dpy —d: 23
RW RN . .
d;<— 2= +d jpy, a diameter djgy is selected (23)
where:
digw — ‘“real” diameter, “nearby-bigger”,
digy  — ‘“real” diameter, “nearby-smaller”.

As the described diameter selection method is considered with respect to the prob-
lems related to pipe manufacturing standards, we can conclude that selection of the
diameter d;;z from the manufactured pipe series, which is closest to the theoretically
calculated optimal diameter dj;. Thus we can consider only “nearby-bigger” and
“nearby-smaller” diameters of the manufactured series of types. Finally, we can draw
the following conclusions:

1. In the optimal diameter selection method, pressure drops within individual
sections are determined as the priority. The calculated pressure drops are used to
calculate diameters, in direction from the gas station toward the supply contour.

2. Depending on the predicted functional parameters of the gas distribution net-
works, we can define general rules of the diameter selection, i.e. “nearby-bigger”






























