Experimental Survey of Heating Network Sections 
under EHDP in Vladimir and Izhevsk
(by V.G. Khromchenkov)

1. Introduction
One of the lines of work for the TAG-2 group is an experimental survey of some sections of district heating pipelines to be replaced under EHDP. The largest scope of work on heating pipeline retrofits is planned in the cities of Vladimir and Izhevsk

Retrofitting the heat supply network consists in replacing the old pipes with pre-insulated pipes with polyurethane foam insulation inside a jacket pipe, and employing the method of direct (duct-free) pipe laying.

In accordance with the Project Consultant (TAG-2) work program as agreed with the Housing and Communal Services Board (UZhKH) in the above cities, the experimental survey comprised the determination of actual heat losses in the existing sections of the heat supply network and their comparison with the normative values, as well as the examination of the current state of the pipeline in terms of their failure rate. Later, based on the available data an evaluation must be conducted of the economic effectiveness of replacing the selected sections of the heat supply network pipelines. 

Sections of District Heating Network under Survey

Vladimir

At the request of the UzhKH management, the survey has been carried out on all sections of the heat supply network which are planned to be replaced in 2001. Heat supply via these sections is accomplished from 5 sources of heat:
· urban co-generation plant;

· «Erlangen» boiler plant;

· «Komzona» boiler plant;

· «Yugo-Zapadnaya» boiler plant; 
· «301-i kvartal» boiler plant.

Total length of the sections surveyed (85 in number) was 6670 metres.

Izhevsk

The longest section of heat supply network from CHP-31 up to schools №33 and №63 was selected as an object for survey. The length of the section under survey is 993 metres. The pipelines are laid underground. 

In the process of carrying out this work and obtaining additional data on the flows and heating medium temperatures at most of the other buildings connected to CHP-31, calculations were done for the heat losses also in these sections of the heat supply network. In this way, the total length of heat supply network sections surveyed was 1600 metres, and the number of sections 23.

Measuring Equipment

In carrying out the survey, the following measuring devices were used:

· «Panametrics» (USA) and «Portaflow» (Great Britain) ultrasonic flowmeters; 
· “Omega” (USA) electronic digital thermometers .

2. Procedure employed in carrying out tests on sections of heat supply network to determine heat losses
In accordance with «Methodical guidelines for determining heat losses in water-carrying networks» (РД 34.09.255-97), in order to determine the actual heat losses on the sections to be tested in a two-pipe water carrying heat supply network and to compare them with their normative values a circulation loop must be set up consisting of supply and return pipelines with a shunt pipe between them. All branches and individual users must be disconnected therefrom, and the flow in all sections of the heat supply network must be the same. Also, the minimum volume of sections to be tested in terms of material characteristics must be at least 20% of the material characteristics of the total network, while the temperature differential of the heat-transfer medium should be at least 8(С. In this way, a loop of great extent must be formed (several kilometres long). 

Considering the impossibility of conducting tests according to this procedure and meeting a number of its requirements during a heating period, as well as its complexity and unhandiness, the TAG-2 group has offered a procedure of thermal tests based on simple physical laws of heat transfer. Its main point is that knowing the decrease («runout») of temperature of the heat-transfer medium inside a pipeline between one point of measurements and the other with a known and unchanging flow of the medium it is possible to determine the heat loss in a given section of the heat supply network. In further calculations, in accordance with the above-cited «Methodical guidelines» the available values for heat losses are re-calculated for the annual average conditions and compared with the normative values that have also been reduced to the annual average conditions for a given region subject to the temperature control curve for heat supply. 

Measurements of Heat-Transfer Medium Temperature
In view of the above, measurements of the temperature of heat-transfer media (in supply and return pipelines) must be taken at bifurcation points of the heat supply network (ensuring constant flow), i.e. at inspection pits and wells. 

Vladimir

Direct temperature measurements were taken to determine the temperatures of heat-transfer medium at the beginning and end of each section under survey.

Considering very small values for the temperature differential in the heat-transfer medium, as small as tenth fractions of a degree, advanced requirements are presented to both measuring instrument (its dial must be graduated in tenths of (С) and thoroughness of conducting the measurements proper. Considering that the temperature of pipe surface is measured, it must be cleaned to remove rust, while the pipes at the points of measurements (at section ends) should preferably be of the same diameter (of the same wall thickness).

Measurements were taken with the use of an electronic digital thermometer accurate to 0,1(С.

Izhevsk

In contrast to Vladimir, a section of heat supply network was specially selected in Izhevsk where heat meters had been installed at every building connected to it. 

The values for heat-transfer medium temperatures were accepted from the heat meter readings. Considering that, as a rule, buildings stand at a distance of 12 - 20 metres (in some cases up to 50 m) away from pits, the error in determining the heat-transfer temperature must not be significant. This allowed to speed up and simplify taking the required measurements.

Measurements of Heat-Transfer Medium Flow
The heat-transfer medium flow needs to be determined at each of the unramified sections of a heat supply network. When taking measurements in Vladimir, «Panametrics» (made available by MUP «Teploservis») and «Portaflow» portable flowmeters (made available by UzhKH in Vladimir) were used. The intricacy of direct water flow measurements with an instrument is due to the fact that practically all sections are situated in inaccessible underground channels, while it is not always possible in inspection pits (because of shut-off valves located there) to meet the requirement for the necessary length of straight runs upstream and downstream of the instrument installation point. Therefore, to determine the heat-transfer medium flows at the heat pipeline sections to be surveyed, data from heat meters installed in buildings connected to the network sections under survey were used along with direct flow measurements. If heat meters were unavailable in a building, water flow measurements have been taken with a portable flowmeter on the supply and return pipelines at inlets to buildings. 

In a number of cases (this is particularly the case of heat supply network sections delivering heat from a cogeneration plant) due to impossibility to carry out direct measurements of service water flows, calculated values have been used to identify the heat-transfer medium flows.

Thus, knowing the heat-transfer medium flow at the outlet from the boiler plant and at other points, including the buildings connected to the heat supply network sections under survey, it is possible to determine the flows practically in all sections of the heat supply network.

In Izhevsk the identification of heat-transfer medium flows in each of the sections has turned out to be much easier considering the availability of heat meters in all buildings connected to the heat supply network section under survey. This permits to obtain precise data on heat-transfer medium flows in each of the sections in point.
Disadvantages of Procedure

Measuring the heat-transfer medium temperatures in supply and return pipelines must be accomplished at end points of each heat supply network section under survey. The heat-transfer medium flow at these points must be the same in each of the sections. As network sections selected for replacement are located mainly within a town district, the length of unramified sections is short and often does not exceed several tens of metres. For this reason the temperature decrease across such sections is also very small, which may lead to considerable errors in identifying the heat losses as hundredth fractions of a degree have to be registered. For this reason, no consideration was given to the sections of the heat supply network - from a pit to the inlet into a building (their length usually is 20-40 metres). It should be noted that despite the likelihood of a noticeable error in the determination of heat losses across an individual section of the pipeline (the shorter its length the greater the error), the survey of sections following each other, as a rule, makes it possible to obtain a true picture of heat losses on the whole. The temperature differential in a branch under investigation is 1-2(С or more, as a rule.

Attention has been given during the survey to the condition of pipelines. Such aspects were registered as, for example, presence of water in the pit, the quality of thermal insulation, etc. By polling the boiler plant managers and foremen, approximate service life periods of the pipelines and their condition were identified, as well as information was obtained on the number and locations of ruptures that had occurred in pipelines over the last year. These data were required to conduct economic calculations, and in a number of cases they may prove to be decisive in explaining the necessity of pipe replacement.

When conducting a survey of network sections along which heat is supplied from boiler plants (Vladimir), measurements were taken of the amount of heat supply network makeup water and its usual value was learned from the boiler plant manager.

3. Test results processing
In accordance with the above-stated procedure temperatures have been measured, and heat-transfer medium flows have been identified in the supply and return pipelines in 85 sections of the heat supply networks where heat comes from a cogeneration plant and municipal boiler plants in Vladimir, and in 23 sections of the heat supply network in Izhevsk. Later, using the available data the actual heat losses and their normative values were calculated for each of the sections under survey. 
Calculation of Actual Heat Loss
Calculations of the actual heat losses were done for all sections of the heat supply network under survey followed by summarizing them for various types of pipe-laying.

The actual heat losses in the supply and return pipelines for each section were found from formulae:

 Qпф = c*Gп·(tпн –tпк )·103 

 Qоф =  c*Gо·(tон -tок )·103, where:

· Gп, Gо – heat transfer medium flows through supply and return pipelines, [t/h];

· с – heat capacity of water within relevant temperature range, [kcal/kg(С];

· tпн; tпк; tон; tок - initial and final heat-transfer medium temperatures in supply and return pipelines at each section surveyed, [(С];

For recalculation of the available actual values obtained for heat losses in the supply and return pipelines in order to reduce them to average annual operating conditions of the given heat supply networks, the following values of typical temperatures were used

for conditions in Vladimir:

· tвс.г. = -3,4 оС – average annual outside temperature;

· tгрс.г. = 5 оС - average annual soil temperature;

· tпс.г.= 77,0оС, tос.г.= 48,7оС - average annual water temperatures in supply and return pipelines of heat supply networks where heat is delivered by a cogeneration plant;

· tпс.г.= 73,4оС, tос.г.= 46,4оС – average annual water temperatures in supply and return pipelines of heat supply networks where heat is delivered by boiler plants;

· tгр. = 5(С – mean soil temperature over the test period;

· tв = -4(C - average ambient air temperature in the test period;

for conditions in Izhevsk:

· tгрс.г. = 5,5 оС - average annual soil temperature;

· tпс.г.= 61,5оС, tос.г.= 41,4оС - average annual water temperatures in supply and return pipelines;

· tгр. = 5(С – mean soil temperature over the test period.

The actual average annual heat losses for the underground sections of the heat supply network are calculated summarily for the supply and return pipelines:

Qпфс.г. = [Qппф (tпс.г. –tгрс.г.) + Qопф (tос.г. –tгрс.г.)] / {[(tпн +tпк +tон +tок )/4]-tгр}, where:

- Qппф, Qопф – actual heat losses in the supply and return pipelines.

The actual average annual losses in the supply and return pipelines of the  above-ground section of the heat supply network were found from formulae:

Qпнфс.г.= Qпнф (tпс.г. –tвс.г.) / [(tпн +tпк)/2-tв]

Qонфс.г.= Qонф (tпс.г. –tвс.г.) / [(tон +tок)/2-tв], where:

- Qпнф, Qонф – actual heat losses in supply and return pipelines.

Normative Heat Losses

The values of normative average annual heat losses for given sections of the heat supply network are found on the basis of existing norms for specific heat losses for various pipeline diameters and types of network laying subject to known values of typical temperatures for the conditions in the cities of Vladimir and Izhevsk. 

For sections of underground laying:

Qнсг= Qпн+Qон=((qн*L),

qн= qпн+qон=[qн(90()+qн(50()]*((tпср.г+tоср.г-2tгрср.г)/130.

For sections of above-ground laying:

Qпнсг=((qпн*L),

Qонсг=((qон*L),

qпн=[(qн(100()- qн(75())*( tпср.г -tвср.г)+95qн(75()-70qн(100()]/25,

qон=[(qн(75()- qн(50())*( tоср.г -tвср.г)+70qн(50()-45qн(75()]/25.

In the above formulas:
· Qн, Qпн, Qон – normative values for heat losses in sections of supply and return pipelines, in calculating which the totals must be taken over all pipe diameters in the given section subject to length (L) of the supply and return pipelines of every diameter;

· values for specific heat losses qн, qпн, qон  shall be calculated for every pipe diameter separately proceeding from normative values qн(90() and qн(50() prescribed for every pipe diameter at underground laying, and from normative values qн(100(), qн(75() and qн(50() prescribed for the given pipe diameter at above-ground laying.

After calculations of the actual and normative average annual heat losses over all sections of the heat supply network to be replaced, calculations are done to find out the factor indicating the excess of actual losses above normative ones, which will be for sections at underground laying:

K= Qпфс.г./Qнсг;

for sections at above-ground laying, for supply and return lines respectively:

K=Qпнфс.г /Qпнсг;

K=Qонфс.г /Qонсг.
4. Results obtained and their analysis
Summary results of measurements and calculations done for heat supply network sections from each heat source are tabulated in the Appendix
. In general, the following observations may be made by the results of work: 
Vladimir

1. Heat losses both in the supply and return pipelines of the sections under survey considerbaly (by a factor of 2 - 5) exceed the normative values.

2. Heat losses on sections where heat is delivered by a cogeneration plant are twice or more as high as those on heat supply network sections relating to municipal boiler plants ("Erlangen", "Komzony", "Yugo-Zapadnaya" and "301-i kvartal"). To a considerable extent this is due to the fact that their operating life is often 25 years and more, which by 5 - 10 years exceeds the operating life of the pipelines where heat is delivered by boiler plants. 

Another cause for a better condition of the pipelines is, possibly, that the length of sections maintained by boiler plant operators is relatively small and they are located in a compact manner therefore it is easier for the boiler plant management to look after the heat supply network condition - to promptly detect heat-transfer medium leakages, to perform repairs and carry out preventive maintenance. Boiler plants are equipped with instruments to determine the flow of makeup water, and in the event of a noticeable rise in makeup water flow activities are launched to locate and eliminate the leakages sprung.

3. It is likely that due to the use of aged pipelines under changing conditions of heat supply (construction of new boiler plants, reconnection of users, etc.), a substantial change has occurred in the flows of heat-transfer medium in various sections of heat supply networks. In this connection, noticeable changes (mainly decreases) have occurred in the velocity of water motion in pipelines which is often several times lower than the optimum (1-1,5 m/s). Water velocities in pipelines in heat supply sections running from the cogeneration plant are 0,33 m/s on the average, while in those running from boiler installations they are within the range of 0,48-0,56 m/s. This results in a lower quality of heat supply to end consumers and even if this might be somehow explained under normal operation of the heat supply pipelines (in the case of a satisfactory condition of the pipeline its replacement must be justified economically), when retrofitting the heat supply network the diameter of the new pipe needs to be reduced. 

Considering that when replacing the old sections of the heat supply network with new ones it is intended to use pre-insulated pipes in a foamed polyurethane jacket (FPJ) where major costs involve the cost of equipment, one can speak of the possibility for a substantial reduction in the total costs by way of reducing the diameter of new pipes to the most suitable values.

4. The available calculations show that considering the incremental nature of the pipeline diameters and the relatively small range of optimum water flow rates, in most cases the choice of a new diameter is unequivocal. In case of a possible departure of the flows (either to smaller or to greater values) due to a change in the connected load, the diameters quoted for the pipelines can easily be recalculated to new conditions.

5. A review of the data on the number of ruptures in pipelines obtained from boiler plant managers and employees of PTO MUP «Teploservis» and «Teplovyie seti» has revealed that the selected heat supply network sections have not only higher heat losses, but also demonstrate considerable wear, this especially applies to heat supply network sections that carry heat from the cogeneration plant. Practically all of the sections under survey have 100% wear, and the pipelines have often been in operation for over 25 years. Whereas in 1999 there were on the average 3.12 ruptures per kilometre of a heat supply pipeline (235.2 km), there were already 3.56 in 2000. But, that was on the average. 

Considering the service life of the pipelines on areas under study, a greater breakdown rate of pipelines may be expected. Indeed, these pipeline sections are connected to inspection pits ТК 188; 43; 116; 238/2 and 54 and have a total length of 14,5 km. Over the last three years, 186 ruptures have been recorded there, i.e. 4,2 ruptures per kilometre per year on the average. Unfortunately, information by years is unavailable yet there is no doubt that the number of ruptures was increasing year after year. It has been known that in engineering networks with 300-350 breakdowns per 100 km, their number starts to build up avalanche-like. In Western Europe this indicator is under 10 breakdowns per 100 km. 

The heat supply network pipelines connected to boiler plants are in a somewhat better condition. Among other things, this may possibly be due to the fact that pipelines have (on average) been in operation for a shorter period (15-20 years).

Fig. 1 below shows a growing trend of the number of ruptures over the last five years in pipeline sections associated with these boiler installations. The total length of pipelines is 17.74 km. In 2000 the number of ruptures per kilometer was 2.25. Average costs of repairing a rupture in 2000, including the reclamation works, added up to about 12 thousand rubles.

Fig. 1 
Growing trend in number of ruptures in heat supply pipeline sections running from boiler plants
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Table 1 of the Appendix shows averaged results of the survey undertaken on sections of heat supply pipelines proposed to be replaced. It displays the total actual and normative heat losses in transportation of heat-transfer medium through the supply and return pipelines. The table also displays heat savings with heat losses reduced to the normative level, both in physical values (Gcal/year), and in rubles allowing for the present-day prices of heat. Data on pipe ruptures are presented for the year 2000, along with financial costs of repairing them. Shown also are the average values for the heat-transfer medium velocities in a pipeline at present and after pipe replacement subject to alteration of their diameters to proposed values.

Izhevsk

1. Heat losses, both in the supply and return pipelines of the sections under study, go on average 2.5 times beyond the normative values (see Table 2 of Appendix).

2. Against the background of approximately identical condition of the pipelines in heat supply network sections surveyed (measured heat losses exceed the normative ones by 1.8-2.5 times), individual areas stand out where the relationship between the actual and normative losses is about 3-6 times and over.

3. The velocities of heat-transfer medium in the space heating system pipelines are mainly below the optimal values (1.0-1.5 m/s), and are 0.53 м/с on average. It is important that when drawing up specification for new pipes due consideration be given to the survey results obtained, which will permit to diminish their diameters and, accordingly, considerably reduce the cost of new pipes and to bring down heat losses in future.

4. The number of ruptures in heat supply network sections surveyed (10 ruptures) was 6.25 per one kilometre of heat supply networks in the year 2000, which suggests their unsatisfactory condition, i.e. the degree of pipe wear is about 100%.

5. Conclusions
Surveys made on heat supply network sections that carry heat from a cogeneration plant and four municipal boiler plants (Vladimir) and from CHP-31 (Izhevsk) have made it possible to evaluate the existing level of heat losses that occur during transit of heat-transfer medium and also to identify the heat supply network sections with the greatest heat losses and highest degree of pipeline wear. 

The main conclusions to be drawn from experimental and computational studies made may be as follows:
1. 
The heat losses on every running metre of pipelines whose service life period exceeds 15 years are on average 2.0-2.5 times greater than the normative values. It is possible that such a level of losses is determined in general by the deteriorated condition of the thermal insulation coat which has been changing its properties over such a long period of service as a result of moisture, and damage during repair works both on the heat supply network itself and, in particular, on the domestic hot water supply line whose service life is in practice several times shorter. Considering that, as a rule, the DHW pipes and the heat supply network pipes are located in one trench the damage involving them either in the process of operation or during repair works result in the above-mentioned negative consequences (deterioration of heat insulation coating performance and its damage). Besides, moistening of heat insulation increases the likelihood of external corrosion on pipelines, which will substantially shorten their service life. The use of the duct-free laying method for heat supply networks will permit to remove the problem of their damage during repairs on DHW pipelines.

In those places where the heat insulation coat is practically non-existent or is in an extremely poor condition, the heat losses exceed the normative values 3-4 times. And, finally, in case pipelines become waterlogged or sanded the result is that heat losses increase still more considerably. Such were the heat supply network sections connected to the cogeneration plant (Vladimir), where the degree of wear is as high as 100% and the heat losses exceed the normative values by 4.6 times on the average. Also in Izhevsk there are several sections of heat supply network having similar values of heat losses. It appears that in these sections pipe replacement should be carried out in the first place.

2.
A second important aspect was the identification of low heat-transfer medium velocities in pipes on the majority of sections under survey, the velocities being 2-5 times below the optimum values, which contributes to increasing relative heat losses (the part of heat losses in relation to usefully utilized thermal energy). Calculations done have permitted to recommend pipeline diameters for pipes intended as replacement to the existing pipes, which in most cases are significantly smaller and that will make it possible to substantially reduce costs of procurement and installation.

3.
A review of the acquired data as regards the number of pipeline ruptures per one kilometre of its length reveals a considerable increase in their number with every subsequent year. At present this number is approaching the critical values: 3-4 ruptures per 1 km, which speaks for the urgency of carrying out works involving replacement of pipelines.

6. Supplements
Table 1. Summary table of survey results (Vladimir)
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Boiler plant

Boiler plant

Boiler plant

Boiler plant

Erlangen

Komzony

Yugo-Zapadnaya

301 kvartal

Total length of sections

m

2757

768.5

589

1609

947

Total normative heat losses

Mcal/h

311.9

77.9

130.2

193.1

113.5

Total actual heat losses

Mcal/h

1446.7

248.4

354

399.7

255.2

Mean overrun factor for losses

4.6

3.2

2.7

2.07

2.2

Number of ruptures in 2000

pcs

11.6

4

2.25*

3.6*

7

Cost of rupture repairs

thou. rub.

116**

48

15.9

43.2

84

Average velocity of water in pipes

m/s

0.33

0.58

0.46

0.5

0.48

Average velocity of water in pipes

after retrofit (recommended)

m/s

1.14

1.23

1.12

1.2

1.17

Annual heat savings

Gcal

6154.9

867.5

1138.7

1034.3

721

Annual heat savings ***

thou. rub.

100.5718

156.16

186.068

169.012

117.809

* - assumed on the basis of mean values for ruptures over 2000 (2.25 ruptures per 1 km)

**- costs to repair one rupture are assumed to be 10 thousand rub.

***- price per Gcal - 163.4 rub.
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Table 2. Summary table of survey results (Izhevsk)
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Unit

Heat network areas connected to CHP-31
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Total normative heat losses
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Total actual heat losses
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-
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Number of ruptures in 2000
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10

Number of ruptures in 2000 per one km of route
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6.3

Cost of rupture repairs

thou. rub.
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Average velocity of water in pipes

m/s

0.5

Average velocity of water in recommended pipes after retrofit

m/s

1.1

Annual heat savings

Gcal

1034.7

Annual heat savings **

thou. rub.

215099.0

*- costs to repair one rupture are assumed to be 12 thousand rubles.

**- price per Gcal is 216 rubles.








� - For details of measurement results at each of the 108 sections please refer to the EHDP site (� HYPERLINK http://www.fer.ru) ��www.fer.ru)�
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