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INTRODUCTION

KYPIPE has been developed to calculate steady state flows and pressures for pipe distribution
systems. The program can be applied to any liquid, but does not generally apply to gas flow unless the
assumption of constant density isacceptable. The programiswritten to accommodate any piping configuration
and various hydraulic components such as pumps, valves (including check valves and regulating valves), any
component or fitting which produces significant head loss (such as elbows, orifices, etc.), flow meters and
storage tanks. Computations can be carried out using both English and Sl units.

KY PIPE isalso capable of carrying out an extended period simulation (EPS) considering storage tank
levels which vary over the simulation period. Storagetanks may have any shape and have upper and lower
surface levels which define the range of operation of thetanks. Linesleading to storage tankswill closeif the
liquid surface levels reach these limits (altitude valve). As afeature of the extended period simulation the
open-closed status of designated pipes may be controlled by the hydraulic gradelineat a specified location
in the network (pressureswitch). Thisfeature will allow, for example, bringing abooster pump on lineif the
pressure at a specified location drops below a specified switching value. This pump will operate until the
pressure is increased above asecond specified value. The same feature can be employed to usethe water level
in a storage tank to control a pump.

In thismanual the elevation plusthe pressure head isreferred to asthe hydraulic grade line (HGL). The
value of the hydraulic grade lineis used for various datainputs rather than specifying both elevation and pressure.

The use of the features availablefor EPS will allow you to solvevarioustransient pipeflow problems.
This applies to a large class of dowly varying transients where acceleration forces are insignificant.
Draining and filling of tanks are examples of this type of problem. Using an EPS, the analysis of flooded
surcharged storm sewers can be made. The detention pools for the flooded regions at the inlets for the storm
sewers are modeled as storage tanks which have a specified inflow which is determined from the run off
hydrograph. The computer simulation will determine how high the water will rise at each detention basin and

how the sewer system handles the flow, and the analysis can be carried out until all the detention pools have
emptied.

Normal pipe network modeling involves the calculation of the flow ineach pipeand the pressure at
each node for a particular operating condition. Inaddition to carrying out these calculations, K'Y PIPE hasbeen
enhanced to allow you to directly calculate avariety of additional design, operation and calibration parameters
which will exactly meet stated pressure requirements. This powerful, state of the art capability, greatly
increases the usefulness of KYPIPE as a pipe network modeling tool by eliminating the trial and error

procedure normally associated with such calculations. The following parameters can be selected for
calculations:

pump speed
pump power
HGL settings for supplies or storage tanks
HGL settings for regulating valves
control valve settings (loss coefficients)
diameters
roughnesses
demands, flow requirements
One of these parameters can be sel ected for each pressure requirement specified. Additional detailson
the use of thisfeature is presented in a later section.
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METHOD OF ANALYSIS

KYPIPE is based on solving the full set of mass continuity and energy equations utilizing efficient
linearization schemesto handle non linear terms and a very powerful spare matrix routine developed by A.R.
Curtisand JK. Reid of the Theoretical Physics Division, UKAEA Research Group, Harwell, England. This
approach accommodates elements such as closed lines, check valves, and regulating valvesinadirect and very
efficient manner. The approach also effectively handles data with widely varying parameter vaues. Extensive
testing of various algorithmsfor pipe network analysisled to the conclusions that theapproach used by KY PIPE
is the most powerful and has the best convergence characteristic of the commonly used approaches (1).
Appendix V provides details concerning the theoretical approach used by KY PIPE to solve the network
equations.

MODEL SIMPLIFICATION AND CALIBRATION

Before analyzing a pipe distribution system you should consider any possible simplificationswhich will
not significantly affect the solution. Thisis particularly important for large distribution systems. It may be
possible to save considerable computer time and reduce office time needed to obtain and code data. The most
obvioussimplification is to model askeletonized distribution system comprised of fewer pipesthan the actua
system. The most common method of skeletonizing the distribution system isto only consider pipes above a
certain minimum size. If thisisdone, flow demandsfor the regions not considered should be shown at junctions
in thevicinity of these regions. Also, it is often possible to eliminate tree type pipe regions from a system.
Demands to these regions can be specified at junctions leading to the region eliminated. Eliminating regions of
this type will not affect pressures and flows in the main system. Series and parallel pipes can be replaced by
single equivalent pipes. If the system hasdistinct low pressure regions these can be analyzed separately. If
more detailed information is needed on portions of a simplified system these portions can be analyzed
separately using the results of the analysis of the main system.

If an analysisisbeing carried out on an existing piping system where valuesfor piperoughness and other
dataare not accurately known, someinitial adjustments of the datamay be necessary to calibrate the system so
the system pressures predicted for specific conditions are in general agreement with field measurements.
This calibration process is necessary if the computer model is to provide reliable results on which to base
design or operation recommendations. Network skeletonization and calibration may be somewhat difficult in
certain cases and it is not possibleto cover these topics thoroughly in this manual. KY CAL isanoptimum
network calibration devel oped specifically for KY PIPE and performs the optimization utilizing all the available
field data. KYCAL isvery easy to utilize and the KY CAL User’s Manual discusses network calibration more
fully. Additional information is also included in AWWA Manual 32 (reference 2).

PIPE SYSTEM CHARACTERISTICS

It isnecessary to describe the features of the piping system using datawhich assign numerica vauesto
the pertinent system characteristics such as pipe lengths, diameters, etc. Part of these datarequired refer to the
physical characteristics of the pipe system components and therest to pressure and flow requirementsimposed
on the system. Also a general description of the pipe system geometry isrequired. This section includes
guidelines for describing the pipe system geometry and a review of pipe system parameterswhich requiredata
input.

Pipe System Geometry



The principal elements in the pipe system are pipe sections. For KY PIPE applications these are
constant diameter sectionswhich can contain pumps and fittings such as bends and valves asdepicted in Fig. 1.
The end points of pipe sections are called nodes and are classified either asjunction nodes or fixed grade
nodes (FGNs). These aredepicted in Fig. 2 and Fig. 3 and are described below.

junction node - A node where two or more pipes meet or where flow is put into or removed from the
system. If a pipe diameter change occurs at a component such as avalve or a pump,
this point is ajunction node.

fixed grade nodes - A node in the system where both the pressure head and eevation (HGL) are
known. This is usually aconnection to a storage tank or reservoir or a source or
discharge point operating at a specified pressure. Each system must have at least one
fixed grade node (FGN).

In addition, pipe networks include primary loops which are defined as follows:
primary loop - A closed pipe circuit with no other closed pipe circuits contained within it.

If thejunctions, primary loops, and fixed grade nodes are identified as described above, thefollowing holds
for al pipe systems:

p=i+i+i-z ®

where p = number of pipe section
j = number of junction nodes
| = number of primary loops
f = number of fixed grade nodes
Z = number of separate zones

Separate zones are ones which can not be accessed from another zone through a pipe section and, therefore,
operate as independent systems Fig. 4 illustrates this concept.

Pipe System Components

Dataregarding the physical characteristics of the components in the pipe system must be obtained prior to
creating amodel for computer analysis. A general description of the components which are incorporated
into the program and the necessary data follows:

Pipe Sections - Thetota length, inside diameter and roughness of each pipe section must be input as data.

The designation of pipe roughness depends on the head loss equation used. Users primarily interested in
water distribution systems may prefer the Hazen Williams Equation which was devel oped to compute line losses
for pipes carrying water. If thisexpressionisto be employed, the Hazen-Williams factor must be input as
datafor each pipe. Thisroughness coefficient depends on the type and condition of each pipe and Appendix |

gives the Hazen Williams Equation along with some representative values for






this coefficient. However, the variation with age depends somewhat on the location of the water
distribution system and sometimes field tests are required to obtain reliable values of the Hazen-Williams
roughness coefficient for old pipes.

Y ou may prefer or berequired to employ the Darcy-Weisbach Equation for computing head loss. This
expression can be applied to systemstransporting water and isrequired for fluids other than water. If this
option isemployed, the roughnessfor each pipe section corresponding to the Darcy-Weisbach expressions must
be input as data as well as the kinematic viscosity of the fluid for that system. Appendix Il gives the
Darcy-Weishach Equation along with the explicit relationship for calculating the friction factor employed
by KY PIPE and sometypical valuesfor roughnessfor new pipes. Again, the roughness depends on type and
condition of the pipe.

Pumps - A pump can be included in any line of the pipe system. The effects of pumps can be described in a
variety of ways.

1. Constant Power Pumps

The useful power (horsepower or KW) of the pump can be specified asinput data. Theuseful power refers
to the actual power which istransformed into anincreasein pressure head of theliquid as it passes through the
pump. This method of describing a pump is particularly useful for a preliminary analysis or design when the
specific operating characteristics of the pump are not known. Interms of the fluid densityg, theflowrate, Q, and
the pump head, E,, the useful power is given by:

P, = E, Qg/Const (2a)
In Sl unitsthe constant is 1 (one) for kilowatts, and 550 for horsepower in English units.
2. Head-Flow Data (3 data points)

A pump can be described by a curve fit to points of operating data. If the pump head-flow curveis
smooth and, generally, concave downward as shown in Figure 5a. The preferred technique is to use three
head-flow data points including cutoff head. KYPIPE fits an exponential curveto this data to obtain a
pump characteristic curve describing the pump operation in the form:

E, =H, - CQ" (2b)

K'Y PIPE determinesthe coefficient C and exponent m (see Appendix V) for this curve. The pump cutoff
head H; , and two additional points of operating data (head -discharge) input are used to definethe curve. Fig.
7a depicts this representation. The data points are shown along with the curve of the form of Equation (2b)
which passed through these data points.

The exponential relation given in Equation (2b) closely represents the pump between zero flow and thethird data
point (Hz and Qs) but is not suitable for flow reversal and may not be suitable for flowsin excessof @ Itis
possible, however, that asolution of the hydraulic equations requires pump flowrate outside the range of pump
representation by Equation (2b) (the pump may not be suitable for the conditions specified). In order to
satisfactorily handle this, KY PIPE is designed to do the following:
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a. A pump described by operating datawill shut off if flow reversal occurs. Thisindicatesthat the pump
cutoff head is not adequate to overcome the system grade caused by other factors, and the
pump as described is unable to operate in anormal manner. KYPIPE automatically placesa
check valvein a pump lineto prevent flow reversal.

b.If the solution indicates that the pump is operating at a flowrate above the third data point (@) then it
operates on astraight line described by Ep = A - SQ where the slopeisthe same asgiven by Equation
(2) a Q = Qs. KYPIPE determines the values of A and S (Appendix 1V). This gives a
characteristic which ismorerealistic than Equation (2b) for Q > Qand will better stimulateatypica
pump curve in this region.

c. If the pump operates out of the flow range 0 < Q < Q then the pump is considered to be out of its
normal range and a message to this effect is generated. This aerts you to potential problems
associ ated with the description of the pump. The use of pump data which are not compatible with the
system requirements may lead to poor resullts.

3. Head-Flow Data (multiple data points)

If the pump curveis not smooth but includes inflection or near inflection points such asthe onedepictedin
Fig. 5b, then additional data pointswill be required. When more than three points of pump head-flow data are
provided, KYPIPE fits an quadratic equation of the form

E, =A+BQ+CQY (20)

to the three data points closest to the operating point. As the solution is obtained thisdata used may vary. This
will require additional trials and may cause convergence problems if several pumps are described in this
manner. Thereforeit is suggested that this approach only be applied if the pump curveis not smooth.

4. Variable Speed Pumps

You can specify a dimensionless pump speed ratio, n, when providing pump data. The speed ratio is
defined asthe ratio of the actual pump speed, N, to the speed for which the datais applicable, N. Thisratiois
used to modify the pump data by applying homologous considerations

H=H" , Q=Qn

where H and Q are modified head-flow dataand H and Q are the original data points. In this manner,
solutions can be obtained for a pump described by a series of head-flow data points operating at a different
speed. The modified exponential head flow curve for variable speed pump operationis

Install Equation Editor and double-

click here to view equation.

In many instances variable speed pumps are operated such that a constant discharge head or a constant
flowrate is maintained. For those applicationsthe approaches described below provide accurate and smple
modeling.
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5.  Constant Head Pumps

An aternate method of indirectly incorporating the effects of a pump into the system may be desirableif
the analysis is to be made for asituation wherethe pump is operated such that the discharge pressure may
be specified or isfairly closely known. For thisapplication the pump dischargelocationis modeled asafixed
grade node (FGN) with the HGL computed using the elevation of the pump and specified pump discharge
pressure. If the pump ison an external line this fixed grade node issimply asupply reservoir. If thepumpis
onaninternal line (a booster pump) then thisapplicationisidentical to that for a boosting pressureregulating
valvewith the regulated (boosted) pressure being the discharge pressure of the pump. For both applications the
analysis determines the pump flowrate associated with the specified discharge pressure. This approach to
pump modeling isillustrated in Fig. 6a.

6. Constant Flow Pumps

If apump isoperated such that it delivers aspecified discharge into (or out of) the distribution system the
pump can be represented as ajunction node. The desired inflow can be specified at this node and the
analysiswill determine the pump discharge pressure which will be required to produce thespecifiedinflow. This
approach is aso illustrated in Fig. 6b.

Minor Loss Components- A number of componentsin apipe system (such as valves, junctions, bends,
meters, etc.) produce a head loss which may be substantial and should be included in an analysis of the flow
distribution of that system. The need to include such losses depends on the relativeimportance of theselosses
compared to thelinelosses and this judgment must be made by theuser. These losses areincluded by usingthe
concept of aminor loss coefficient (M) which is a non-dimensional term which multipliestheveocity head to
givethe concentrated head loss at the component. Hence, thelossis given by:

how = SM V2 /2g (3a)

where h \ isthe head lossin feet (meters) head, V isthe line velocity in ft/s (m/S)SM representsthe sum of all
theminor loss coefficients for that pipeand g = 32.17 ft/$ (9.807 m/s”). The minor loss coefficient may vary
somewhat with flow conditions but it is usually sufficient to consider this to be a constant for a certain
component. KYPIPE usesa single dataentry for each pipe section folSM to incorporate minor losses and
some representative values of M which may be used for common fittings are givenin Appendix Il1.

It isoften necessary to compute avaluefor M from data (observed or furnished by the manufacturer) for a
particular component. If the pressure drop across acomponent is known for a specific flow, the value of M is
easily computed from Equation (3a).

If asingle value for M does not adequately represent the head loss-flow relationship for acomponent, it
may be necessary to input several values of head loss-flow and utilize acurve fitted to this data. KYPIPE
does not have a special component for this approach. However, you can apply the approach available for
representing pump data to also model head loss-flow data. In this case the data would consist of pairs of
head loss - flow pointsinstead of head gain - flow points.

Check Valves- Thesevalvesallow flow only inthe specified direction. |f conditionsexist for flow reversa, the
valve closes and the line carries no flow. Check valve locations and allowed flow directions are specified in
the input data. There are some restrictions on the placement of check valves which are noted as various
components are discussed. The use of check valves can result in additional trials to converge. Therefore, itis
recommended that you utilize them only when necessary. Check valves are automatically incorporated in pumps
to prevent flow reversal through the pump.

12



Regulating Valves- There arethreetypes of regulating valveswhich can beincorporated into K'Y PIPE. Pressure
regulating valves regulate the pressure downstream from the valve. Pressure sustaining valves regulate the
upstream pressure. Flow control valves regulate the flow. All of these valves are designed to operatein a
throttled state and maintain a set condition. However, the valves may operate fully open or fully closed and be
unable to maintain the set conditions. KYPIPE is designed to accommodate thesethree valvesoperatingin
both a normal (throttled) and abnormal (wide open or closed) mode. Data required for regulating valves
includes the type of valve, the valve location (a junction node), the connecting controlled pipe and valve
setting.

1 Pressure Regulating valves (PRVS) - These valves are designed to maintain a specified discharge
pressure which islower than the upstream pressure. A PRV locationismodeled, asshownin Fig. 7(b),
as a junction node positioned at the upstream end of the controlled pipe. Within KYPIPE the PRV is
modeled as shown in (7¢) astwo nodes. The upstream node is ajunction node with an added flow demand
set (within the program) equal to the flow through the PRV. The downstream node becomes a FGN
feeding the controlled pipe with the HGL head input equal to the elevation of the PRV plus the set
pressure head.

Two situations can occur which can keep the PRV from operating in anormal fashion. 1) Where the
operating conditions and network configuration indicate flow reversal, the PRV cannot control the
downstream pressure which exceeds the set pressure. The line downstream from the PRV will automatically
closeinthissituation. 2) The upstream pressure drops below the set pressure. Inthis case maintaining the
PRV setting would result in an increase in the pressure and act as abooster pump which isincorrect unlessthis
specific applicationis desired. The analysiswill automatically be carried out with the PRV removed (linewide
open) if thissituation occurs. A report concerning the valve operationisgivenin the results. Y ou canchooseto
model abnormal situations where the set pressure is maintained under al conditions.

2. Pressure Sustaining Valve (PSV) - This device is designed to sustain the upstream pressure at a
designated locationinthe system (by limiting the flow if necessary) through the valve. Thisvave can be
modeled asdepicted in Fig. 8 with the controlled pipe upstream from the junction node which represents
the location of the PSV. Likea PRV the PSV can operate in three modes.

I. Thevalveisfully open and the upstream pressure is above the set value.
2.Thevalveisthrottled and the upstream pressureisregulated at the valve setting.

3.Thevalveis closed and the upstream pressure drops below its set value but cannot be controlled by
thevalve.

K'Y PIPE checksto determine which of these situations occurs and analyzesthat situation. Theregulating valve
report clarifiesthe valve operation mode at all times.

3. Flow Control Valve (FCV) - A flow control valve, designed to produce adesignated flowrate, ismodeled
as depicted in Fig. 9(b) by locating aclosed line segment at the valve location with ajunction node
positioned on both sides of the flow control valve. Within KYPIPE the set flowrate, @ is imposed as
a demand at the upstream junction and an inflow (negative demand) at the

13
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downstream junction (9c). The analysis will calculate the pressure at both nodes and, therefore, the
pressure drop required to produce the designated flow. If theupstream HGL falls bel ow thedownstream
value the designated flow demands are removed and the line segment opened. This will model the
situation where the flow control valve is unable to maintain the designated flow. Y ou also may chooseto
model an abnormal situation where the set flow is maintained under all conditions.

Variable Pressure Supply - In some instances pressures maintained by asupply point vary depending onthe
amount of flow delivered from that supply. For example, aconnection to atransmission main may represent
aprimary source for asystem to be analyzed and the pressure available inthe main may vary significantly with
the amount of flow withdrawn at that point. If the pressure-flow variation for themainis known (from field
tests) this variable pressure source can be represented as a pseudo pump described by operating data based
on the measured field conditions. Suppose, for example, a pressure main at 200 feet elevation has the
following measured flowrate-pressure characteristics.

flowrate available pressure equivalent head
(gpm) (psi) (ft)
0 70 161.5
1800 62 143.0
2500 53 122.3

Thiscan besimulated by afeed line with a pseudo pump connected to areservoir at elevation 200 feet.
The pump characteristics are described by the flowrate-head data shown above where the head represents the
pressure head of the source for the associated flowrate. This representation will simulate a variable pressure
source which operateson a smooth head-flow curve which passes through the three specified points.

Often, only two data points are available; the static pressure and the residual pressureand residua flow. In
this case, it is recommended that you use an intermediate point at one half the residual flow with one quarter the
residual pressuredrop. For the above example, thisis Q = 1250 gpm and pressure = 65.75 psig. Thisapproach
utilizes the known fact that pressure drop is approximately proportional to flow squared. Fig. 10illustratesthis
application.

Variable Leve Storage Tanks (EPS) - For regular smulations a connection to a storage tank represents a
fixed grade node withthe HGL specified asthe elevation of thewater surface. However, for an EPS, the water
levelsvary and the storage tank characteristics must be specified. Theseinclude arepresentativetank diameter,
maximum surface elevation and minimum surface elevation as depicted in Fig. 11. The representative
diameter may be calculated asthe diameter corresponding to the average tank area (tank capacity/depth). If the
tank isfull no additional flow from the pipe system can enter thetank, and if it isempty no additional flow can
leave the tank. However, flow can go in the opposite direction in either case. This models the action of an
atitudevalve. Note: For EPS, check valves are not permitted in linesconnectingtovariablelevd storage
tanks. The program also allows a specified externa inflow (or outflow), Q, to the tank as depicted. This
feature allows the tank to receive a secondary supply from an external source.

Some storage tanks, such asthat depicted in Fig. 12, may not be adequately modeled by arepresentative

diameter. Inthiscase, you can define datafor the stored volume, ¥, as afunction of depth of water, Dr inthe
tank. Thisallowstanks of any shape to be modeled.
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Pressure Switches (EPS) - A second feature provided for EPS applicationsis a pressure switch which allows
the open-closed status of lines to be controlled by the HGL (elevation + pressure head) at a specified junction
node. If the HGL at the specified junction node (reference node) goesthrough the defined switching value
during an EPS, the open-closed status of the designated pipe (reference pipe) will change. When switching
occurs a new value of HGL for the next switch can be designated or the same value can be employed. This
feature can beused, for example, to turn on abooster pump if the pressure (or HGL) at some location falls
below aspecified value. Thisisdepictedin Fig. 12. Line2 with no pump isoriginaly open and will stay
open if the HGL at A isabove the switching value (200 ft.). If the HGL at A falls below 200 ft., line 2 will
closeand linel will open bringing the booster pump online. When this occursthe switching valueischangedto
250 ft. so the booster pump will continueto run until the HGL at A reaches 250 ft. At that time, line2will open
and line | will close and the switching value will change back to 200 ft. and the procedure continues. This
feature can also be used to cycle pump operation by having pumpswith different characterigticsin parald lines.
Thisapplicationisdepicted in Fig. 13 where the low service pump isswitched off and the high service pump
switched onif theHGL at A dropsbelow 200 ft. This status continues until the HGL exceeds 250 ft. where
the high service pump is switched off and the low service on. A third applicationisdepictedin Fig. 14 where
a pressure switch is used to control apump to astorage tank based on the water level inthe tank. A junction
node located a short distance from thetank (A) will have a HGL nearly identical to thetank levd devation. In
the case shown the booster pump which is originally off will come on if the water level dropsto 190 ft. and
will stay on until the water level reaches 200 ft.

Flow Meters (EPS) - For EPS, flow meters can be designated for any pipe. These meters produce atabulation
(report) of the total volume of flow passing through that pipe during the EPS.

Boundary Pressure and Flow Demand Specifications- Certain data are required to describe boundary
pressure and flow specifications. The most important of these arethe flows entering or leaving the distribution
system at the junction nodes (demands). For some systems, analyses are carried out with no inflows or
outflows (demands) specified. For most systems, however, demand requirements are specified at designated
junction nodes and the pressure and flow distribution is determined for thissituation. At any junction node,
theexternal inflow (negative) or outflow (positive) demand may be specified. For each different caseortime
of (EPS) any change in these demands from the initial specifications must be input.

Variations in demands represent very important data. K'Y PIPE allows up to four global demand factors
associated with up to four junction demand types to enable you to easily create multiple demand patterns. In
this manner the demands at junctions which may represent residential, commercial or industrial users can be
changed using different demand factorsto represent different types of demand variations which occur for regular
simulation changes or throughout an EPS.

The elevations of junction nodes must be specified if the pressures (or pressure heads) are to be
calculated. Values for the elevation of junction nodes are not required to compute the flow distribution and
only affect the pressure calculation at the junction nodes. Thus, elevations need only be specified where
calculated values of pressure are desired. Elevationsarerequired if pressure contoursare to be shown using
one of the KY PIPE postprocessors.

At each FGN, including variable level storage tanks for (EPS only), the initial HGL (pressure head +
elevation) is an operating condition which must be specified. Thismeansthat the elevation of surface levels
in reservoirsand theinitial levelsfor storage tanks must be specified for regular simulations. Also, if thereare
pressure requirements at fixed grade nodes, these are incorporated into the value specified for
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the HGL maintained by the FGN. If there are pressure regulating valves or pressure sustaining valvesinthe
system HGL representing the setting must be specified. The regulated pressure is incorporated into the
calculation of the HGL representing the valve setting (pressure head + elevation).

Normal Flow Directions- Flow directionsfor lines with pumps, check valves, and pressureregulating valves
must be specified in the data input and thisis done by the order which the connecting nodes for the pipe
section are input. Thenormal flow direction isassumed to be from thefirst node input to the second nodeinpui.
If the calculated flow is in the opposite direction it will be tabulated with a negative sign.

PARAMETER CALCULATION
Overview

KYPIPE (versions 2 and 3) providesafast and accurate calculation of a variety of design, operating
and calibration parameters for pipe distribution networks. Pipe system parameters are calculated to exactly
satisfy stated pressure requirements at designated locations in the piping system for arange of operating
conditions. Thisoffersa basis for determining the"optimum" values for the various design, operating and

calibration parameters in the sense that the parameters are calculated to just meet the specified pressure
conditions. This will allow you to provide sound decision making and to conceive and evaluate efficient
and reliable aternatives or recommendations with reference to suggested or required system performance.
This manual contains examples and illustrations of various applications.

With the addition of this capability K'Y PIPE becomes a comprehensive distribution network analyzer. It
haswidespread applications associated with the design, operation, and calibration of pipedistribution networks.
It allows awide variety of pipe system parameters and any of their combinations to be determined while
meeting specified system performance criteria. These criteria represent specified pressure requirements at
designated junction nodes throughout the distribution network for specified operating conditions. The parameters
that can be considered may be divided into design, operating and calibration parameters, although there may be
some overlap in these designations. The parametersinclude:

1.Design parameters such as. pipe diameter, pump power, pump head, storage level, and valve
characteristics.

2.0perating parameters such as. pump speed, pressure regul ating valve setting, control valve setting, and
flow or pressure specifications.

3.Cadlibration parameters such as. pipe roughness, node demands, and minor loss coefficients.

There are three ways in which system parameter values can be calculated using KYPIPE. For each
designated pressure condition, one of the following calculations can be made:

1.Calculation of asingle value for asingle designated parameter. For example, the calculation of
the diameter of adesignated pipe needed to just meet a specified pressure condition.

2.Calculation of asingle valuefor amultiple designated parameter. For example, the calculation

of asingle value of HGL to be used asthe setting for anumber of pressure regulating valves
whichwill just meet a pressure specification in the regulated region.
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3.Calculation of a global factor change for a designated parameter. For example, a percentage
changein all the pipe roughness valuesfor agroup of designated pipeswhichwill just meet a
specified pressure based on afield test.

Parameter calculation requiresa "one-to-one" relation between the selection of parametersfor evaluation
and the specification of pressure constraints. That is, one designated pressure specification alows the
determination of one pipe system parameter. However, through the use of global factors and grouping of
parameters, considerable flexibility in choosing network variablesis possible.

Combinations of the numerous parameter types and the three methods for calculating the parameter values
provide a very powerful and general approach for defining the network variables to be determined.

General Approach

KY PIPE provides a direct calculation of the values of a variety of system parameters which exactly
meet the stated specifications. The objectiveisto simultaneously satisfy the network conservation laws and
the pressure specifications imposed. This approach involves adding equations and corresponding unknowns
to the full set of flow continuity and energy equations describing the network hydraulics. The added equations
describe the specified pressure requirements (pressure constraints) and the added unknownsrepresent the system
parameters to be determined. The augmented system of equationsisthen recasted analytically in terms of
pipe flow rates and indeterminate pipe system parameters.

Various pressure specifications representing desired performance conditions can be defined. For each
defined specification, an additional energy equation is incorporated into the equation set for the piping
system. Each additional equation allows the explicit calculation of one parameter. The solution, which is
determined from a continuous variable space, is optimal in the sense that the calculated parameters are those
required to exactly meet the stated pressure requirements. It is assumed that the basic network geometry is
fixed, along with the location of the basic network components. Any number of pressure specificationsand, thus,
equations may be added. Each added specification will allow the explicit determination of an additional
parameter. There is no restriction on the number of additional pressure specifications and corresponding
parameter calculations as long as a one-to-one relation ismaintained. That is, the following identity, whichis
derived from Eq. 1, must hold:

p+td=j+l+f+c-z (13

in which d designates the number of parametersto be determined; and ¢ isthe number of pressure constraints.
In addition, a single pipe cannot be assigned more than one indeterminate parameter. For example, it is not
possible to solve for the diameter and roughness of a particular pipe required to meet two pressure
specifications. Eq. laensuresthe assembly of as many equations as there are unknowns and, therefore, should
alwaysbeverified. The augmented system of equations can then be solved for network flow distribution plusthe
additional specified system parameters. Additional details are provided in Reference 3.

Pressure Constraints

KYPIPE explicitly determines the value of selected pipe system parametersto exactly satisfy one or
more stated pressure requirements (constraints) for given network operating conditions. Pressure
requirements can be specified at designated critical locations throughout the distribution network. Thecritical
locations often correspond to junction nodes where pressures are maximum or minimum. Any junction nodein
the system can be pressure constrained.
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Pipe System Parameters

A variety of pipe system parameters and any of their combinations can be utilized asdecision variablesfor
direct calculationsto exactly mest stated pressure requirements. The parameters include:

1 pump speed - Pump speed may be calculated for pumps described by three pointsof operating data.
Using homologous unitsthis data can be modified to represent the operation of the pump at other speeds and
provide an expression for the pump head-flow curve at various speeds (Equ. 2d). Based on the calculated
operating point the required pump speed may be determined.

2 pump power - For pipesoriginally containing no pump or a pump described by useful power, the
useful power can be selected as a decision variablefor direct calculation. Theuseful power, P, refers to the
actual power which is transformed into an increase in pressure head and kinetic energy of the liquid as it

passes through the pump and was previoudly given as.
Install Equation Editor and double-
click here to view equation.

where g is the density of the fluid and CON is a conversion term which equals 550 for English units
(horsepower) and 1.0 for Sl units (kilowatts). The calculation of this parameter is particularly useful for a
preliminary design when the specific operating characteristics of the pump are not known. Theflowrate, Q,
and pump head, E,, will aso be calculated for the operating point.

3 FGN setting - The setting (head) for any FGN may be selected as a decision variable. This
application will normally be utilized to determine the water level in storage facilities for various operating
conditions.

4 PRV settings - The setting (head) for asingle or group of PRV's may be selected as a decision
variable. The ability to determine these settingsfor various operating conditions is essential for efficient
operation of systems with several pressure zones.

5 minor loss coefficient - Theselossesare included by using the concept of aminor loss and can be

Install Equation Editor and double-
click here to view equation.

expressed as previously presented as:

in which h y isthe concentrated headloss at the component; SM is the combined minor loss coefficient for
the pipe section which is a non-dimensional term; g is the acceleration of gravity; A is the pipe
cross-sectional area; and Q isthevolumetric flow rate. The termSM can be selected as adecision variablefor
direct calculation.

control valve setting - The setting for a control valve in aparticular pipe section required to meet a
specified pressure condition can be determined asfollows. The combined minor loss coefficier§M, for the pipe
section isdesignated asadecision variablefor direct calculation. from the calculated value M theminor loss
coefficient for the valve, M, is obtained as:

M, =SM - SM_
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where SM_ represents the sum of all other minor loss coefficients for the pipe section. If the pressure-flow
relation for the valve is adequately handled by the orifice relation, then aratio of the open areato thefully open
areafor the control valve, Ag, can be calculated as:

Install Equation Editor and double-

click here to view equation.

where G isthe discharge coefficient for the valve.

6 pipediameter - Theinside diameter of a pipe section can be selected as adecision variable for
direct calculation. The calculated value, B, will, in general, not be an available nominal pipe size. Oncethis
calculation is made, you can select the actual design pipe size in one of following ways:

1. Select the next largest nominal diameter.

2. Determinethelengths of sections of aseries pipe of the next smallest and next largest nominal pipe
equivalent to the calculated value, Q.

3. Determine the smallest nominal diameter of a pipe paralel to the origina pipe which provides a
capacity equal or greater than .

4. Determine the lengths of sections of a series pipe installed paralel to the original pipe with a
capacity equal to D..

For each pipe diameter calculated, subsequent calculations may be carried out to determine nominal
diametersfor each of the above options. KYPIPE includes a utility program$lZE) to aid you in carrying
out the calculations. Additional details are provided in Appendix XII.

7 piperoughness - The roughness of a pipe section can be selected as a decision variable for direct
calculation. Herethe pipe roughnessrefersto the Hazen Williams roughness coefficient for the pipesection, i.e,
C factor. Thecalculation of this parameter is particularly useful for network model calibration when the
initial estimates of C factors are not fairly well defined. The C factor values can be adjusted to improve
agreement between predicted and measured values of pressure for known operating conditions. This
capability islimited to analysis carried out using the Hazen Williams head |oss equation.

8a external demandsat junction nodes- Node demandsrequired to meet observed or stated conditions
of pressure can be designated as decision variables for direct calculations. This is particularly useful for
calibrating or fine tuning network models when small variations in the demand distributions are acceptable.
Thisvariable can also be used to determine the flowrate required to satisfy a specified pressure constraint as
noted below.

8b flow limiting control device (pressure sustaining valve)- A direct calculation of the magnitude of
flow, which can be allowed to exit adistribution system such that a specified pressure condition will be
maintained, can be made as follows. The location at which the flow exitsthe system is denoted as ajunction
node and the external demand at that location isdesignated asadecision variablefor direct calculation. Thisis
especially useful for analyzing fireflow conditions. Also, the flow requirement for aflow control valveto meet
aspecified pressure can bedirectly calculated by simultaneously computing the demand and inflow at adjacent
nodes separated by a closed pipe.
Selection of Decision Variables (Parameters) for Calculation
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There arethree waysin which pipe system parameter values can be calculated using KY PIPE. For each
designated pressure specification, one of the following calculations can be made:

1.Calculation of asingle value for asingle designated parameter. For example, the calculation of the
setting of a control valve needed to just meet a specified pressure constraint.

2.Calculation of a single value for a parameter applied to a group of variables. For example, the
calculation of asingle value of HGL to be used as the setting for a number of pressure regulating
valves, which will just meet the minimum pressure specification in the regulated region. Thisis
accomplished by initially setting all the original valuesfor the calculated parametersin the input data
fileto asingle value.

3.Calculation of a global multiplying factor change for a designated parameter. For example, a
percentage change in all theroughnessesfor agroup of designated pipes, which will just meet a
specified pressure constraint. For this application theoriginal valuesfor the calculated parameters
can differ. If the original values are identical thisisthe same as (2).

Considerable flexibility in the adjustment of network parameters is allowed when using a global
multiplying factor as a decision variable. Thisfactor, which will adjust al or a group of selected
network parameters, can be computed in order to satisfy the pressure specification imposed. When more than
one pressure specification isdesignated, various pipe system parameters can be grouped into several typessuch
that the sum of the groups equalsthe number of specified pressure constraints. A different global factor for
each group can then be calculated. Thisfactor isused to adjust all decision variablesincluded in its respective
group. Each group will consist of aset of pipes with one indeterminate system characteristic, which may differ
from one group to the other. In addition, selected pipes may be excluded from these groups and would, thus, be
kept unaffected. For example, one group may consist of the roughness of all pipesolder than a stated age, and
asecond group may consist of all the node demands which represent industrial consumption.

Combinations of the numerous parameter types and the three methods for cal culating the parameter values
provide a very powerful and general approach for defining the decision variables to be determined to
simultaneously meet designated pressure specifications, and it is possible to accommodate most practical
situations. This will alow the practicing engineer to form and evaluate efficient and reliable
recommendations regarding suggested system behavior.

The choices for the parameters which can be designated as decision variables are summarized below:

1 pump speed

2 pump power

3 FGN settings (HGL)

4 PRV settings (HGL)

5 minor loss coefficients (valve setting)
6 pipediameter

7 pipe roughness

8 demand - flow requirements.

Special Considerations

There areanumber of special considerations which should be reviewed before carrying out parameter
calculations with KYPIPE. Errors may result if these requirements are not considered.
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1.KYPIPE requires aone-to-one zone rel ation between the sel ection of parametersfor evaluation and the
specification of pressure constraints. That is, each selected pipe system parameter and associated
pressure constraint must bel ong to the same pressure zone. For example, it isnot possibleto solvefor
adiameter of apipeina particular pressure zone to meet a pressure specification at ajunction
node in adifferent pressure zone.

2.A pipe section, which isdesignated to be closed (valve shut), must not contain an unknown parameter
for direct calculation. For example, itisnot possibleto solvefor apipe diameter, whichisrequired to
meet a specified pressure condition, if this pipe section is coded to be closed in the original data or
closes due to changing conditions as the simulation proceeds. Thus, considerable attention must be
given when selecting a pipe section, which contains apump or acheck valve, for parameter evaluation.

The check valve allows flow only in thedirection specified by the user (first to second node input
in theoriginal datafile). If conditionsexist for flow reversal, the valve shutsand theline closesand a
selection for a parameter for that lineisnot possible.

3.1f a pipe section in abranched area of the network with no terminating FGN node isto be selected asa
decision variablefor direct calculation, then the pressure at aterminating junction must be designated
as a pressure constraint.  For example, it is not possible to solve for the diameter of a pipe section,
which is connected to a single junction node, unless the pressure at that node is specified.

4.When an external demand is selected for direct calculation, then the junction node selected must contain
anon-zero external demand. For example, itisnot possibleto solve for a demand for nodes with
demandsinitially set to zero. Thisisbecause afactor which multipliestheinitia demandiscalculated.

5.Y ou can not select anode adjacent to thefirst FGN in the dataset for apressure constraint designation.
Thiswill produce an error.

Non Feasible Situations For Parameter Calculations

There are anumber of non feasible situations which will produce asituation where the solutionswill not

converge or the equations can not be solved asindicated by acomputer message. The possibility of encountering
anon feasible situation increases as more pressure constraints and parameter cal culations are added.

1. Dueto Network Geometry

Non feasible situations due to network geometry occur because the parameters chosen are positioned

such that they can not independently or uniquely control the pressures set by the pressure constraints. Severa
examples are:

a) Two decision variable parameters specified for asingle pipe. For this Situation no unique solution exists.
For example, itis not possibleto determinethe diameter and roughness of a particular pipeto meet
two pressure constraints anywhere in the system.

b) Different decision variables specified for pipes in series or parallel. For example, a determination

of two different pump speeds for parallel pumpsis not acceptable because no unigue solution
exists.
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C)A pipe with adecision variable and the corresponding pressure specified node must be in the same
pressure zone. For example, it isnot possibleto calculate the diameter of a particular pipe section,
which is in the main zone, to meet a pressure specification in a separate zone.

d) A pipewith adecision variablein abranching pipe section of the network which does not terminate
with a junction node which is pressure specified. For this situation no solution exists.

Determining if the above requirements are met usually can be verified by inspection of the network
geometry.

2. Dueto Network Hydraulics

Non feasible situations due to the network hydraulics are much moredifficult to anticipate because these
situations depend on the flow distribution. Such situations essentially occur because the decisonvariables
are unable to control the specified pressures for the baseline conditions. Some illustrations of the types of
conditions which lead to this situation follow:

a)No value of the decision variable will meet the pressure specification. For example, a pipe with a
diameter decision variable can be closed and the pressure specification is exceeded. Therefore no
solution exists for the diameter which will meet the pressure constraint.

b) The pressure at a pressure specified node is unaffected by the value of the decision variable. For
example, the setting of athrottlevalveinalineleading from a storage tank can not affect the
pressure at a node where none of the supplied flow originates from that storage tank.

There are a number of similar situations which are non feasible due to network hydraulics. The
possibility of encountering this type of non feasible condition increases as more decision variables are
considered. If you encounter situations which can not be handled you should modify your pressure
constraint or parameter designations or both. Parameter calculation providesa powerful capability but
even experienced users may occasionally encounter non feasible situations. Theseare not errorsin the usual
sense and normally require only trying other variations to obtain useful results.

DATA PREPARATION

The pipe system data required to analyze a specific piping system is read from an Input Data File. The
data consists of Baseline Data which describes the physical characteristics of the pipe system and the initial
conditionswhich apply to thefirst analysis. To this datayou can add Change Datawhich defines one or more
changes in the physical characteristics or operating conditions for additional analyses during asingle
computer run. Asmany sets of changes asdesired (up to dimensional limits) can be incorporated into the
data file. For extended period simulation (EPS) additional EPS Dataisrequired and the changes are defined
for specified times throughout the simulation period.

The ingtructions for the format of the Input Data File are detailed in the following sections. A KYPIPE
Input DataFile may be created by several means, e.g. word-processing or text editors, provided the data are
arranged according to thedatafileformat instructions. Preparation of the datafileisthe principal task facing
the user and the KY PIPE2+ and K'Y PIPE3 environments provide some very advanced capabilitiesto aid you in
thistask. The method you choose to do this depends on the modules you have available and the form which you
can access your data. A brief description of the principal modules and the features of each follows.
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KYCAD - Thiscustomized CAD module allows you to graphically layout your network and enter most of
the basdline data using a mouse. This module will perform such task as automatic node and pipe numbering,
automatic data value assignments, and length calcul ations which can greatly simplify and speed up data entry.
The groups selection - data entry feature available in KY CAD will also simplify and speed up data entry.

KYDATA - Thisadvanced windowstype data module handles all the network dataand isnormally used to
enter and edit the non-baseline data (changes, etc.). It can, however, be used to enter all the required dataand can
be used for all KY PIPE data management operations.

KY-AIMS- Thisstandsfor Advanced Input Module and is used to access avail able raw network dataand
incorporate it into the KYPIPE data file. The data could be stored in a GIS database, a CAD database, a
spreadsheet, wordprocessor file, or any ASCII format. Theuse oKY-AIM S can greatly simplify and speed up
the task of developing aKY PIPE datafile. Almost any pertinent data can be utilized by this program including
node coordinates, |abels, elevation, demands, pipe diameters, |engths, roughnesses |abel s and node connections.
This module can also perform other useful operations such as updating your datafile by importing updated data
(such as demands or roughness) or merge existing data files.

The most efficient (and recommended) approach to KY PIPE data preparation is to utilizé&KY CAD to
layout your network, automatically labeling pipes and nodes and entering the basdinedatagraphicaly. If someof
your datais already availablein asuitable form, then you should consider the benefits of first using( Y-AIMS.
The time savings can be very great for larger systems once the baseline data isinput.K Y DATA isthen used
extensively to specify the additional datafor changes, EPS data, and auxiliary datafor the calibration and water
quality modules (KYPIPE3). Detailed instruction and examples of using the modules are presented in the
appropriate Addendum manual (KY PIPE2+ or KY PIPE3) and the Visud Guides. Thismanua providescomplete
details concerning overall data requirements and the input data file format, and isintended for reference and to
provide additional clarification of the data requirements when needed.

Thedatarequiredto create an Input DataFile is arranged in aspecific order and DataPreparation Forms
are provided (Appendix VI) which may be used to aid you in the task of collecting and collating the required
data.

DATA REQUIREMENTS

The explicit instructions for providing the input data are presented in this section.

They are divided into three sections:

|. Basdline Data

2. Extended Period Simulation (EPS) Data

3. Change Data

The Basdline Dataincludes all the data necessary to define the basic system characteristicsfor theinitial
simulation. This includes pipe data, pump data, demand data, and other data essential to definethedistribution

system.

The EPS Datais required only if an extended period simulation isintended and includes data required
to define the system characteristics relating to atime simulation (tank characteristics, simulation time, etc.).
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The Change Data is data which allows additional simulations to be carried out with various changesin
system parameters. For regular simulations the change data allows any of the origina data (excluding
pipe system configuration) to be altered for subsequent simulations. For EPS applications the change data
defines system changes which occur at specified times throughout the simulation.

Input dataisrequired for all non-zero items unless otherwise indicated. Units required are noted in English
with Sl unitsin parenthesis.

The specific detailed input data file requirements follow. Formatted input is specified to conform to
standard FORTRAN requirementsusing up to an 80 columnfield for each line of input data. Datais input as
either integer numbers (I Format) which are normally typed in afive column field and must be right justified
(endinthelast column of thefield) or decimal numbers (F Format) which are normally typedina ten column
field and can be typed anywhere in the field but must contain a decimal point. Non-required or zero values
can be omitted (field left blank). The locations on the data line of the specific dataitems are indicated in the
instructions. The data input includes a number of options which represent useful but, normally not
essential data. Datafor optionsareindicated by ** and the options are discussed more fully in Section 14.

Thedatacoding instructions are separated into the following fifteen categoriesof datainput. KYDATA
combinesthisdataonto just six screensand the KY DATA screen used for each category isnoted in parenthesis.

System Data (System Data)

Constraint Data (Other Data)

Label Data (System Data)

Regulating Valve Data (PRV's, PSV's and FCV's) Other Data)
Pipe Segment Data (Pipe Data)

Pump Data (Pipe Data)

Junction Data (Node Data)

Output Option Data (System Data)

Pipes - Limited Output Option (System Data)
Junctions - Limited Output Option (System Data)
EPS Set Up Data (System Data)

Tank Data (Tank Data or EPS Data)

Flow Meter Data (Pipe Data)

Pressure Switch Data (EPS Data)

15 Change Data (Change Data)

Detailed instruction for the pipe system datarequirements and dataformat for each of these categoriesis
presented in the next section.
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INPUT DATA FILE FORMAT

The format of the KYPIPE data file is presented in this section along with information which will help
clarify certain datarequirements. The dataentry modules (KY CAD and KYDATA) aredesigned to automatically
provide any data which can be determined so that you will not have to actually provide thisdata. This applies
particularly to the number of dataitems (number of pipes, number of nodes, etc.). However, thisdatawill appear
inthe KYPIPE input datafile as specified below. Also, most keys (flow units - etc.) are selected using the mouse
when using KYDATA or KY CAD so these values are not entered directly by the user.
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Features incorporated into KY CAD and KYDATA are designed to simplify datainput. The user isno
longer required to format input datafile. Asnoted above, many of the datainput items are handled indirectly or
automatically using these modules. However, for reference, the exact KY PIPE input data requirements and
formats are presented in this section.

Basdline Data

1. SYSTEM DATA (oneline)- FORMAT(11,11,13,715,2F10.6,F10.7,215)

first no. integer - simulation type key
(column 1) 0 - regular simulation (default)
1-EPS

second no. integer - number of pressure constraints specified

(column 2)

third no. integer - flow units identification:

(column 5) 0-CFS, 1-GPM, 2-MGD, 3-L/S, 4-CMS

fourth no. integer - number of pipes

(endsin 10)

fifth no. integer - number of junction valves

(endsin 15)

sixth no. integer - number of regulating valves

(endsin 20)

*1* seventh no. integer - datacheck: Enter one(1) to check and print an input data

(column 25) summary but not carry out the analysis. Default is to
carry out the analysis.

*2* eighth no. integer - suppress input data summary: Enter one (1) to suppress

(column 30) the input data summary. Default isto print the summary.

*3* ninth no. integer - geometric verification option: Enter one (1) to check the

(column 35) consistency of pipe and junction connections in the
junction data with pipe and junction connections in the
pipeline data. Default is not to perform geometric
verification.

*4* tenth no. integer - maximum number of trials allowed: If thisis omitted, a

(column 40) default value of 40 is used.

*5* 11th no. decima - relative accuracy: If this is omitted, a default value of

(between 41-50) 0.005 is used.

*6* 12th no. decimal - specific gravity of theliquid: If thisisomitted, water with

(between 51- 60) the default value of 1.0 is assumed.

*7* 13th no. decimal - kinematic viscosity of the liquid, ff/s.: Thisinput keys

(between 61- 70)

the use of Darcy-Weishach head loss equation. Defaults
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to the use of the Hazen-Williams head loss equationif not

input.
*8* 14th no. - integer - Enter one (1) to print junction titles (from Geometric
(column 75) Data) in tabulated output. Default isnot to print junction
titles.
*9* 15th no. - integer - Enter (1) to key the use of non-consecutive pipe
(column 80) numbering. If thisoption is used, the pipe numbers must

be input with the PIPELINE Data. If this option is not
used (column 80 is blank), the pipes are automatically
numbered consecutively and the pipe data must be input
in consecutive ascending order.

2. CONSTRAINT DATA (onedataline for each constraint defined in the SY STEM Data - and number) -
FORMAT(2I5,F10.3)

first no. - integer - parameter type key
(column 5) 1 - Pump Speed
2 - Pump Power

3 - HGL setting for FGN

4 - HGL setting (regulating valve)
5 - Value setting (loss coefficient)
6 - Diameter

7 - Roughness*

8 - Demand*

*Enter with anegative (-) sign to key aglobal factor four
roughness (-7) or demand (-8). Constraint numbers for
pipes or nodes are not required but can be used to override

this option.
second no. - integer - junction node number for pressure specification
(endsin 10)
third no. - decima - HGL for pressure specification (junction elevation +
(between 11-21) pressure head), ft. (m.)

Subsequent data for pipes and junctions is required to identify the specific pipes and junctions which are
associated with each constraint. Thisrefersto the above data using the constraint number which is the order
in which this datais entered.

3.  LABEL DATA (threelines) - FORMAT(20A4)
Whatever istyped on these three data lines appears as a problem identification heading for the

computer output (thisinformation can be input anywhere in the 80 column dataline). Exactly threelines must
be inserted here even if they are left blank. Do not use commasin the label.
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4. REGULATING VALVE DATA - FORMAT(11,14,15,F10.3 (repeat 3 times))

Thisdataissupplied only for systems with Regulating Valves (RV's) specified (anon zero entry for the
sixth number on data line #1 - SYSTEM DATA). Note that the location of the RV is defined by ajunction
node at the RV location and the pipe controlled by the RV.

first no. - integer
(column 1)

second no. - integer
(endsin5)

third no. - integer
(endsin 10)

fourth no. - decimal

(between 11-20)

regulating valve type key:

0 - PRV (normal) - default (PRV1)

1- PRV (maintains set pressure under all conditions)
(PRV?2)

2-PSv

3- FCV (normal) (FCV1)

4 - FCV (maintains set flow under all conditions)
(FCV2)

junction node representing the RV location

pipe no. for pipe controlled RV: For PRV’s thisis the
downstream pipe and for PSV’ sthisisthe upstream pipe.
Note this pipe will automatically be closed for flow
control valves.

valve setting for RV
for types 1-3 thisis set HGL, ft. (m.)
for type 4-5 thisis set flow in specified units

Thisdatais provided for each RV in the system up to the dimensioned limit. Datafor up tofour RV'sareinput

on each dataline using 20 column fields.

5. PIPELINE DATA (next p datalines- onefor each pipe) - FORMAT (11,14,15,2F10.2,F10.4,3F10.3,215)

first no. - integer
(column 1)

second no. - integer
(endsin5)

and

third no.
(column 5)

pipe status key:
0- open
1 - check valve
2 - closed

Node numbers for nodes connecting this pipe - order given
indicates assumed flow direction. The order isarbitrary
except for pipeswith pumps, pipescontrolled by RV’'s
and pipes with check valves where the normal flow
direction isindicated by thenodeorder. For pumpsthe
program assumes the pumping isin the direction indicated
by the order the nodes are given. For check valves the
program allows flow only in the direction by the order the
nodes are listed. The valve closes if the flow tends to
occur in the opposite direction. Node numbers for all
FGN'’s must be assigned zero (blank) and the value of the
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HGL for this FGN isinput as the ninth number of thisdata
line.

fourth no. decimal pipe length, ft. (m.)

(between 11-20)

fifth no. decimal inside diameter, in. (cm.) or *10*: This filed can be left

(between 21-30) blank if the diameter is the same as the last one input.

sixth no. decima Roughness Coefficient, or *10*: This field can be left

(between 31-40) blank if the roughness coefficient is the same as the last
one input. If the use of the Darcy-Weisbach head loss
relationship is specified by a non-zero entry for the
kinematic viscosity (*7* - twelfth no. - SYSTEM data)
then the pipe roughnessin millifeet (mm) isinput here. If
not, input Hazen Williams C value.

seventh no. decimal sum of the minor loss coefficients for all fittings in this

(between 41-50) pipe

eighth no. decimal Pump characteristics: A blank (default) indicatesthereis

(between 51-60) no pumpintheline. Anentry greater than zero istaken as
the useful horsepower (or kilowatts for Sl units) input by
the pump. *11* A negative one (-1) keysthe computer to
read pump headflow operating data pointsinput on adata
linedirectly following thisone. Refer tothefollowing data
coding ingtructions (PUMP DATA) for this data
specifications.

ninth no. decimal initial value of the HGL (elevation + pressure head, ft.

(between 61-70) (m)): Enter only if this pipe connects afixed grade node
(including tanks). Thisfieldisblank if this pipe does not
connect afixed grade node.

tenth no. integer pipe type (0-9) - Thisis used for constraint number if a

(column 75) parameter is to be calculated for this pipe: (Order this
constraint was entered in Constraint Data.) Not required
for global roughness factor indicated by parameter type
key =-7.

eleventh no. integer pipe number: required if non-consecutive numbering (* 9*)

(endsin 80) is used: May be blank if consecutive numbering is

specified or, optionally, may contain pipe number.

Repeat this datawith separate datalinesfor each pipeinthe system. Enter the pipe datain ascending numerical

order.

6.

PUMP DATA (*11*) - FORMAT(6F10.3,215,F10.4)

Thisdatais supplied only for pumps described by operating data (head-flow points). Thisoption (*11*)
is keyed by a negative one (-1.) for the pump data (in columns 51-60) on the PIPELINE DATA line and
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immediately follows each pipe with the pump characteristic so specified. Thefirst data point input must bethe
cutoff head at zero flow. Head-flow data may be omitted for identical pumps previously defined (for alower
numbered pipe) by inputting only the pump identifier number which was previously specified for this pump.

The data must be input in the order of increasing flowrates.

first no. - integer - cutoff head, ft. (m)

(between 1-10) (head at zero flow)

second no. - decima - zero (blank) or minimum normal discharge flag in the

(between 11-20) flow units specified for this analysis: For any discharge
below thisvalue areport indicates that the pump operates
out of range.

third no. - decima - head at second data point

(between 21-30)

fourth no. - decimal - discharge at second data point (in specified units)

(between 31-40)

fifth no. - decimal ) head at athird data point

(between 41-50)

sixth no. - decima - discharge at the third data point: Thisvalueisalso used

(between 51-60) to flag out-of-range operation (for 3 data point
description).

seventh no. - decima - pump identifier number - Required only if same pump

(between 51-60) datato be specified for a pump position in another pipe.

eighth no. - integer - number of additional head-flow data points (limit of 8)

(endsin 70)

ninth no. - decima - pump speed ratio (defaultsto 1)

(between 71-80)

If additional pump head-flow data points are specified, input the following data in the order of
ascending flowrates - FORMAT(8F10.3).

first no. - decima - head for data point, ft. (m.)
(between 1-10)
second no. - decima - discharge for data point in specified flow units

(between 11-20)

Repeat pairs of data up to four pairs on adataline until all the head-flow datais entered.
7. JUNCTION DATA (onedata line for each junction selected) - FORMAT (2F10.3,11,14,11,14,815)

Onedatalineisrequired for each junction node selected for datainput. Only datafor junction nodeswith
an external demand must be provided. Others are optional. Results for HGL may be output for al junction
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nodes, but pressures and pressure heads will be output only for junction nodes with elevationsinput. The
order that the junction dataisinput isarbitrary but input in
ascending numerical order is recommended.

first no. - decima - baseline external demand in flow units specified: Thesign
(between 1-10) if positive for outflow and negative for inflow.
second no. - decima - elevation of junction node, ft. (m): *12* This can be
(between 11-20) omitted and pressure will not be output for this junction
node.
third no. - integer - constraint number if the demand is to be calculated for
(column 21) thisnode: Notethe parameter type key for thisconstraint

must be 8 (demand). May be omitted if parameter type
key is entered as -8 for global factor calculation.

fourth no. - integer - node number for thisjunction

(endsin 25)

fifth no. - integer - demand type (1-4), defaultsto 1: This datais required

(column 26) only if you wish to define more than one global demand
factor (GDF).

Repeat this data on separate data line for each junction node selected for data input.
END OF JUNCTION DATA

After all thejunction datais input_a blank dataline must be inserted to key the end of the junction data.

8. OUTPUT OPTION DATA (oneline) - FORMAT (615)

first no. - integer - output control key: A zero (blank) will produce full

(column 5) output, aone (1) will result in limited output as specified
below.

second no. - integer - the number of junction nodes for summary of maximum

(endsin 10) and minimum system pressures

third no. - integer - number of pipes selected for limited output

(endsin 15)

fourth no. - integer - number of junction nodes selected for limited output

(endsin 20)

*13* fifth no. - integer - option to generate or read geometric data: Various

(endsin 25) options are keyed by the following input: 1 (one) will

cause required geometric data to be writtento afile named
EQUS., 2 (two) will cause required geometric datato be
read from a file named EQUS. This assumes that the
geometric datapreviously obtained using this option may
be accessed from the data file named EQUS. This data
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will not be generated if the second option is employed.

*14* sixth no. - integer - option to read the original data and one or more change

(endsin 30) situations before doing a simulation:  This input
represents the number of situations to be carried out
(including the original data).

seventh no. - integer - the number of pipes for summary of maximum and
(endsin 35) minimum velocities

eighth no. - integer - the number of pipes for summary of maximum and
(endsin 40) minimum head 10s/1000

For thefull output option Dataltems 9 and 10 listed below are omitted. If [imited output is specified but no
pipes are noted (third number is blank), Item 9 isomitted. If no junction nodes are noted (fourth number is
blank) Item 10 is omitted.

9. PIPESFOR LIMITED OUTPUT - FORMAT(1615)

integers - pipe numbers for pipes selected for output
(endsin 5, 10, 15, etc.)

Use additional datalinesif more than 16 entries are to be made.
10. JUNCTION NODESFOR LIMITED OUTPUT - FORMAT(1615)

integers - pipe numbers for pipes selected for output
(endsin 5, 10, 15, etc.)

Use additional datalinesif more than 16 entries are to be made.

EPS Data

The following additional datalines (items 11-14) are required only if an extended period simulation
(EPS) is keyed on the SYSTEM DATA.

11. EPSSET-UP DATA (oneline)- FORMAT(2F10.4,315)

first no. - decimd - total time for EPS, hrs.

(between 1-10)

second no. - decimd - normal time period for calculations, hrs.
(between 11-20)

third no. - integer - number of variable surface level tanks
(endsin 25)

fourth no. - integer - number of flow meters

(endsin 30)



fifth no. - integer - number of pressure switches (pipes with open-closed
(endsin 35) status controlled by the HGL at specified junction node)

12. TANK DATA (one dataline for each tank) - FORMAT(15,4F10.2,15)

first no. - integer - pipe number connecting tank

(endsin5)

second no. - decima - maximum surface elevation, ft. (m)

(between 6-15)

third no. - decima - minimum surface elevation, ft. (m)

(between 16-25)

fourth no. - decima - tank diameter, ft. (m), or tank capacity if variable area

(between 26-35) tank is specified, f& (m®) or gallons (liters)

fifth no. - decima - inflow from external source to tank at initiation of EPS -

(between 36-45) in flow units specified for problem (+ into tank, - out of
tank)

sixth no. - integer - tank type key: blank (default) - constant diameter

(endsin 50) n - number of data points to define variable area tank

(requires additional data as specified below):

For aconstant diameter tank no additional dataisrequired. However, if thetank typeisspecifiedasn>0
where n is the number of entriesto define a variable area tank the following additional data is required -
FORMAT(8F10.4).

first no. - decima - depth ratio (depth/maximum depth)
(between 1-10)
second no. - decima - volume ratio (volume/maximum volume)

(between 11-20)

This data should be entered in ascending order with four data pairs per dataline and additional datalines
as required to enter atotal of n pairs of data points. Data points 0,0 and 1,1 are assumed for the lowest and
highest values and these points should not be included in the above data.

Repeat this data on separate lines for each variable surface level tank.

13. FLOW METER DATA (one entry for each flow meter) - FORMAT(1615)

integers - pipe with flow meters
(endsin 5, 10, 15, etc.)

Up to 16 pipescan bedesignated in this manner on one data line. Additional datalinescanbeusedif
necessary.

14. PRESSURE SWITCH DATA (one dataline for each switch) - FORMAT (315,2F10.3)
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first no. - integer - reference pipe number (pipe with open-closed status

(endsin5) controlled by this switch)

second no. - integer - reference junction node number (HGL at this node is
(endsin 10) compared to switching grade)

third no. - integer - switch type: One (1) will close reference pipeif HGL at
(column 15) reference node exceeds switching grade, two (2) will open

reference pipeif HGL at reference node exceeds switching
grade, three (3) will closereference pipeif reference HGL
is between switching grade and four (4) will open
reference pipe if reference HGL is between switching

grades.
fourth no. - decima - first switching grade - grade (HGL) for which first switch
(between 16-25) will occur, (ft (m)): This switching grade is the one
utilized at the initiation of the EPS (time=0)
fifth no. - decima - second switching grade - grade (HGL) for which second
(between 26-35) switch will occur: If this datais omitted the same value

used for first switching grade will be employed.

Repeat this data on separate data lines for each pressure switch.
Change Data

The program is designed to perform a simulation using the original data and carry out additional
simulations using specified changes. These changes include both changes which are made to alter the original
data and specify new conditionsfor additional regular simulations, and changes specified to occur at designated
times during an extended period simulation. The change data is coded using the same specifications for both
applications.

Changesto any of the original dataexcept connecting nodesare allowed. All pipeline characteristicssuch
as length, diameter, roughness and pump characteristics can be changed. HGL changes for FGN's may be
specified. Demands may be changed at designated junction nodes and global demand changes based on the
original datamay be made. For thisapplication all the demands of agiven type are changed by aspecified global
demand factor. The global demand factors are applied before any designated specific demand changes at
specified nodes. Thus, specific changes supersede the global changes.

When aseries of changes are specified for aregular or EPS all changes other than junction node demands
are incorporated into the system data, these changes remain in effect throughout the remaining simulations
unless the same parameter is subsequently changed again. Junction node demands, however, are always
referenced back to the original data for each simulation and
changes based on the original demands must be specified.

The specific data coding instructions for one set of changes follows:

15. CHANGES

15-1. CHANGES SPECIFIED - (one dataline) - FORMAT(F10.4,415,2F10.4,15,3F8.4)
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**first no. - decima - time from initiation of simulation when these changestake

(between 1-10) effect (hrs.) (must bein atime reached during the EPSrun
using time periods specified). Omit for regular
simulation.

second no. - integer - number of junction nodes with specified demand changes

(endsin 15)

third no. - integer - number of pipes with open-closed status changes

(endsin 20)

fourth no. - integer - number of pipes with other parameters to be changed

(endsin 25) (Iength, diameter, roughness, minor loss coefficients or
pump data)

*15* fifth no. - integer - label option: Enter one (1) to read three datalines which

(column 30) are output as alabel for thisrun.

sixth no. - decima - global demand factor for type 1 demands (GDF1) for this

(between 31-40) simulation (all type 1 demands will be multiplied by this

factor), a blank will result in afactor of one (1), i.e., the
type 1 demands specified in the original Junction Data

will be used.
**geventh no. - decimd - time interval to be used for EPS until the next set of
(between 41-50) changes areinput: A blank will result in the normal time

period originally specified to be used. Only enter anon-
zero value here if you wish to change the normal time
period. Omit for regular simulation.

**gighth no. - integer - number of tanks with changes in external inflows for the
(endsin 55) next period: Omit for regular simulation.
ninth no. - decima - GDF2 (defaultsto 1.0)

(between 56-63)

tenth no. - decima - GDF3 (defaults to 1.0)
(between 64-71)

eleventh no. - decima - GDF4 (defaultsto 1.0)
(between 72-79)

15-2. LABEL DATA LINES- 3lines- FORMAT(20A4)

If the label option (*15*) is specified (non zero entry - fifth number Item 15-1) then exactly three data
lines must be inserted here containing the desired label information. Do not use commas in the label.

** Indicatesthat thisdata applied to changesfor an EPS only and is omitted for regular
simulations.
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15-3. JUNCTION DEMAND CHANGES - (One dataline for each change) - FORMAT(15,F10.3)

first no. - integer - junction node number where demand change is specified
(endsin5)

second no. - decima - new demand for thisjunction node, in flow units specified
(between 6-15) for this simulation

This data supersedes global demand factorsfor thesejunctions. Repeat thisinformation on separate datalinesfor
each such change specified in Item 15-1 (2nd no.). Thesedatalinesare omitted if no such changes are specified.

15-4. PIPESWITH STATUS CHANGE - (one data entry for each change) FORMAT (1615)

integers - pipe numbers for pipes with open-closed status changed:

(endsin 5, 10, 15, etc.) (Do not use status change for lines containing check
valves, controlled by pressureswitchesor connecting
variable level tanks).

Up to 16 changes can be entered on one data line - additional data lines can be used if required. This
datalineis omitted if no such changes are specified in Item 15-1 (3rd no.).
15-5a. PIPE NUMBER - PARAMETER CHANGE - FORMAT (15, F10, 3)

first no. - integer - pipe number for parameter change or (*16*) - key for

(endsin5) global change in roughness factor: For *16* use these
keys. -1 (one) will causethe factor to be used to multiply
original roughness, -2 (two) will cause the factor to be
added to original roughness.

second no. - decima - normally blank with following exceptions:

(between 6-15) a) If thefirst number is positive, an entry herewill beused
as the HGL for the pipe number input (which must
connect a FGN). For this application, the next data line
(15-5b), is omitted.

b) If the first number is negative (*16*), this entry is a
factor which multiplies or adds to the roughness for each
pipe (depending on the value of the first number).

If either aor b isinput, thefollowing dataline (15-5b) is
omitted.

15-5b. PIPE LINE DATA

Dataisinput using the same format as specified in theinstructions for the original data. Thisdataline
includeslength, diameter, roughness, minor loss, pump data and a closed line or check vave statuskey if oneisto
be designated. Connecting node dataand HGL data (for lines connecting a FGN) will not beread. Connecting
nodes cannot be changed and HGL's are changed as specified on the previous dataline.

Data lines 15-5a and 15-5b are repeated for each change of this type specified in 15-1 (4th no.) and
are omitted entirely if no such changes are specified.
**15-6. EXTERNAL TANK FLOWS- FORMAT(I5,F10.3)
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first no. - integer - tank number (according to the order in whichthetank data

(endsin5) isinput)

second no. - decima - external inflow (+ for in and - for out) into tank for next

(between 6-15) simulation period - in flow units specified for this
simulation

Repeat this information for each change of this type specified in 15-1 (8th no.). Omit if no such
changes are specified.

END OF DATA - insert a-2. between columns 1 and 10.
DISCUSSION OF DATA CODING OPTIONS

A total of sixteen optionswereidentified in the previous section ondata coding instructions. These
options provideincreased flexihility, but are not normally required. Some optionsare no longer used and are
not directly accessed using KYCAD and KYDATA. However, they all can be implemented by modifying the
actual data file as described previously. The principal options are discussed in this section in the order they
were identified in the previous sections and by the option number which was previously defined.

*1* Data check - This option will allow the computer to read and check all the input data but suppresses the
actual analysis. Output pertaining to theoriginal datais obtained and can be used for checking theinput data.

This option is useful for checking physical data by hand before proceeding with the actual network analysis.
Thisoptioniskeyed by aone (1) in column 25 onthe SYSTEM DATA line.

*2* Suppress data input summary - A complete summary of input data for pipelinesand junctionsis
normally a part of the tabulated computer results. However, thisoutput can be redundant and lengthy and
may be suppressed using this option which is keyed by aone (1) in column 30 on the SYSTEM DATA line.

*3* Geometric data verification - While inputting a minimum of geometric datais convenient, it creates a

situation where comprehensive computer checking of the geometry described is not possible. The only
geometric data which isinput arethe connecting nodes for each pipe, and if thisisinput incorrectly itispossible
that the data will be accepted. The result is that the system geometry isincorrectly represented even though

KYPIPE detects and identifies disconnected systems. The input data summary includes a list of pipes

connected at each junction node which you can check against system geometry and, if verified, will assurethat the
input data for connecting nodes iscorrect. An option isavailable for computer verification of this data. If

this option is used the computer will check its determination of pipes connecting each node against

additional data input for this purpose. A successful check of thisdatawill assure you that your system

input isgeometrically correct. The use of thisoption iskeyed by anon zero entry in column 35 onthe SY STEM

DATA line and this requires that the data specifying the connecting pipes at each junction node be input in

ascending numerical order onthe JUNCTION DATA lines. A successful verification will produce averifying
message while an unsuccessful verification will produce a message identifying thiserror and the junction node
whereit occurred KY PIPE will not conduct the analysis until this discrepancy is removed.

*4* Maximum number of trials- Thislimitisset at 40 unless a different limit is specified on the SY STEM

DATA line. Itisunlikely that this limit will ever be reached, but it is imposed to guard against an
unforeseen convergence problem (this conceivably could be caused by poor dataor a check valve or a pump
operating extremely closetoits boundary condition). Also attempting to analyze a non feasible situation
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involving parameter calculations may result in convergence not occurring. Thisoption will asoalow asmaller
number of trialsto be run if desired.

*5* Relativeaccuracy - This parameter determines when the solution isaccepted. It isdefined asthetotal
(absolute) change in flowrate in the pipesfrom the previoustria divided by thetotal (absolute) flowrateand is
set at 0.005 unless this option is employed to change this value. This isdoneby inserting the desired relative
accuracy between columns 41-50 on the SYSTEM DATA line. If thisfield isleft blank the default value of
0.005 isused which normally provides an extremely accurate result.

*6* Specific gravity of the liquid - Unless otherwise specified, water is assumed to be the liquid being
transported. Other liquids are considered by inserting a non zero entry between columns 51-60 on the
SYSTEM DATA line. Thisnumber isthe specific gravity of theliquid being considered (ratio of liquid density
to water density). Notethe use of liquids other than water requires utilizing the next option.

*7* Kinematic viscosity of the liquid - A non zero for this parameter keys the use of the Darcy-Weisbach

equation for head loss calculations and the kinematic viscosity, which is needed to employ thisrdationship, is
input inthisfield. If thefield (columns 61-70) is left blank the Hazen-Williams head |oss equation is used
whichisappropriateonly for water. For other liquids (and for water, if desired) the Darcy-Weisbach equation
must be used and this option requires inputting the value for the kinematic viscosity (inft/sorm/s). If this
option isused, the pipe roughness (see sixth number on the PIPELINE DATA lines) must beinput for use with
the Darcy-Weishach equationsin the units of millifeet or mm.

*8* Printing of junction titles- Alphanumeric titles up to 12 characters, may be printed with the junction data
and results if this option is keyed by aone (1) in column 75. The junction titles are input and edited using
KYDATA or KYCAD. This data is primarily for CAD plots but may be printed to enhance the tabulated
results using this option.

*9* Non-consecutive pipe numbering - Non-consecutive numbering of junction nodes is acceptable.
However, it is assumed that the pipes are numbered 1 through p and the dataisinput in thisorder unlessthis
optionisemployed. Using option *9*, which iskeyed by aone (1) in column 80 on the SYSTEM DATA ling a
pipe number isinput ending in column 80 on the PIPELINE dataline for each pipe. Thisisthe pipe number
used for all subsequent input-output operations. The datamust beinput for the pipes in ascending numerica
order and the pipe and junction node numbers assigned must not exceed the dimensional size. The pipe
number can be included on the PIPELINE DATA lines (columns 77-80) even if this option is not employed.
This number aidsin handling the pipe data. No alphabetic information isallowed in thisfield.

*10* Omission of input datafor pipediameter and roughness- Valuesfor piperoughnessareoftenidentica
for all or many pipes in a system and many pipes have the same diameter. Thus, an option is available to
automatically assign avalueto these parameters if thefield for these parametersis left blank onthe PIPELINE
DATA line. Any timethisinformation isnot input the value for the previous pipe will be assigned and this
valuereflected in the input data summary. The use of thisoptionisillustrated in the examples and issimply
keyed by the omission of this data on the PIPELINE DATA line.

*11* Pump operating data input - The description of a pump by points of operating data (pairs of
head-discharge data) is keyed by an entry of -1. asthe eighth number on the PIPELINE DATA line. Thedata
points should represent awide variety of operating conditions and should include the rangewhere the pumpis
expected to operate. Thisisavery effective means of describing a pump and al so addresses out of range pump
operation. Theinput data defines the normal operating range as well as providing data within that range.
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Normally three data points should be specified including cutoff head. |f necessary additional datapointscan
be used. However, thisoption should beemployed only if thepump curveisnot a smoothly descending
curve. Pump speed ratio may also be specified using thisoption. This assumes that the data providedisfor a
speed ratio of one (1) and this is the default. Defining a pump speed ratio not equal to one (1) will result in
using a modified pump curve to define the head-flow relationship of the speed defined.

With this option a pump type identifying number may also beused. Subsequent datainput for identical pumps
can utilize this number and omit repeating the pump operating data. Thisfeatureis used for specifying identica
pumps in several lines or specifying changesin pump speed in the CHANGE DATA.

You may also use this option to represent flow dependent head loss at a hydraulic component such as a
backflow preventor. For this application you enter head loss (with a negative sign) - flow data and the first
data point should be at zero flow. The results will show ahead lossinstead of ahead gain at the pseudo pump.

*12* Omission of input datafor junction node elevation- Vauesfor junction node €l evations are not dways
known and can be omitted from the input datafor ajunction node (even if other dataisinput for that junction
node). Theresult of thisisthat the static pressure and pressure head for that junction node will not be output in
the tabulated results. Thisisthe same situation for junction nodes for which no input datais provided.

*14* |ncor porating changes befor e carrying out smulations- Thereare often situationswhenitisdesirable

toinitiate aregular simulation starting with one of the changesinstead of the original data. This can be done
by inputting the number of situations (including the original data) which should be bypassed before the
simulations start. The fifth number (ends in column 30) on the OUTPUT OPTION DATA LINE by this
option. All changes incorporated will be summarized in the computer output.

*16* Global changein roughnessfactor - Intheinitial stagesof a computer simulation of an existing piping
system it may be desirable to "calibrate” the input data so that the computer results will reasonably reproduce
field data. The most common data adjustment is a change in pipe roughness, and option * 16* allows global
changes which may be useful when attempting to "calibrate” the system. Two types of changes can be made.
All the roughness values will either be multiplied by afactor or afactor will be added algebraically to each
roughness. Thisoptioniskeyed by enteringa-1ora-2 in the field for the pipe number (endingincolumn5) on
the PIPE NUMBER DATA LINE (line 15-5a) and afactor in the next field (columns 6-15) to be used to
adjust roughnesses. The factor is either multiplied by all the roughnesses (if -1 is used) or is added to all the
roughnesses (if -2 isused). PIPEDATA simplifies handling this datainput by providing the opportunity to enter
an additive or multiplying factor for roughness on the Changes Set-up screen. With the new featureto calculate
roughness as a constraint parameter you may prefer to directly calculate roughness factorsto reproduce field
data.

FURTHER EXPLANATORY NOTESON DATA REQUIREMENTS

Additional discussion and clarification of datarequirementsand program capability are provided here.
Reference is made to the numbers used in Section 11 (Data Coding Instructions).

1. System Data
KYPIPE can work in both English and SI systems of units. If English units are employed the
available options for flow dataare cubic feet/second (CFS), gallons/minute (GPM) and million gallons/day

(MGD). In S, the flowscan beinliters/second (L/S) or cubic meters/second (CMS). The flow unitsspecified
must be used for all input datainvolving flows (demands, operating datafor pumps, external tank flows, etc.).
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KYPIPE will analyze water distribution systems using the Hazen Williams equation unless the
kinematic viscosity isinput. The use of fluids other than water is keyed by inputting the specific gravity
(relative density) of thefluid. Y ou may employ the Darcy-Weishach equation by inputting a non-zero number
for the kinematic viscosity. For this application the roughness values provided in the Pipeline Datamust befor
this equation. For applications other than water the Darcy Weisbach equation should be employed.

Options*1* and *2* allows several useful output variations. Option *1* resultsin creating tabulated
output only of a system data summary including a summary of changes. This allows checking of the data to
ensurethat they areinput correctly. Thisisavery useful feature, especially if long computer runsor runswith
numerous changes are anticipated. This run, which isrelatively fast, provides ameans of visually checking
the data to verify that al the data are properly prepared. A second option (*2*) will suppress the input data
summary but will carry out and tabulate the results of thesimulation. Thisisuseful when several runsare
made with the same original data and the input data summary would be redundant. A run using either of these
options will produce both the input summary and the tabul ated results.

2. Constraint Data

For calibration applications it may be desirable to find a global roughness factor for al pipesor a
global demand factor for all junctions. To readily accommodate this, the roughness and demand parameter type
keys can be entered as negative and they will be handled as global factors applied to all pipes and non zero
demand nodes. Thiswill allow you to avoid entering constraint numbersfor al the affected pipes and nodes.
Additional specific constraint types will override these assignments.

3. Regulating Valves

KYPIPE handles five types of regulating valves. The input data includes a key for the valve type,
junction node defining the valve location, the pipe controlled by the valve which definesthe normal flow direction
for the valve and the valve setting. The controlled pipe is downstream from the valve location for all
applications except PSV's where the controlled pipe isupstream fromthevave. Thefivetypesincludethe
following:

PRV 1 - aPRV whichwill fully open if the set pressure can not be maintained and fully closeif
flow reversal isindicated - Thisisnormal PRV action and isthe default if the valvetypeis
not defined.

PRV 2 - aPRV which maintainsthe set pressure under all conditions- Thismay be used to model
abooster pump with a specified discharge pressure.

PSV - aPSV which will fully open if throttling is not required and will closeif flow reversal is
indicated

FCV-1 - aFCV which will fully open if the set flow can not be maintained
FCV-2 - aFCV whichwill maintain the set flow under all conditions.
KY PIPE producesa report for Regulating Valves which clarifies the operation of thesevalvesfor each

situation. PRV-2 and FCV-2 represent applicationsin which the regulating valve may not operate in a
normal fashion. These situations are useful for certain applications.
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4, Pipeline Data

Pipe data should beinput in ascending numerical order. Numbering can be nonconsecutive. All assigned
pipes and node numbers must, however, not exceed the dimensioned limit for pipes and junction nodes which
depend on the size limitations for the version of KY PIPE which you acquire.

Check valvesmay be designated using the pipe status key and oftenrequire additional iterations and,
consequently, longer computer runs. Therefore, check valve designations should not be utilized unless
necessary (flow reversal and check valve activation is likely). Also pipes can bedesignated as closed for the
initial smulation using the pipe status key. Pumps are turned off for the initial simulation in this manner.

A useful feature for pipe diameters and roughnessisthe option to omit thisdata. This defaultsthe data
valueto the one for the previous pipe. Thus, datawhich are the same for anumber of consecutive pipes will
need to be entered only for the first pipe.

6. Junction Node Data

The only junction node data required to determine the flow distribution isthe demand data so input data
arerequired only for junction nodes with demandsor inflows. Junction node pressuresor pressure heads can be
computed only if elevations areinput so additional input datamay be provided for this. Also, pressure contour
plots and summaries for maximum-minimum pressures consider only junction nodes with e evations input.
Therefore, it isrecommended that al this data be provided.

8. Output Option Data

A full output record for al pipesand junction nodes is not desirablefor al situations and you have the
optionto limit this output. This is particularly useful because you are provided with asummary of system
demands, inflows and outflows, along with an optional summary of maximum and minimum valuesfor severa
key parameters. Limited output optionsinclude the output of results for selected pipes and junctions only.

11- 14. EPS Data
Severa points should be made regarding the input data for EPS applications.
i. Starting conditions for an EPS are specified intheoriginal data input (PIPELINE DATA). Theseinclude:

a.initial levels in tanks - these are set by the HGL specified for the FGN associated with the pipe
connecting the tank.

b.initial status of lines controlled by pressure switches - aline can be designated as closed for the initial
simulation - otherwise thelinewill beinitially open.

ii.  Theorder of the switching grades for apressure switch (types 1 and 2) depends on the specified initial
status (open-closed) of a linecontrolled by apressure switch. If, for example, the statusof a pumpis
controlled by the water level inatank and the pump is initialy asoff (line closed) and the water level is
initially between the switching grades, then thefirst switching grade should be input asthelower surface
level. Thisfollows the reasoning that the water level will drop when the pump is off. However, if the
pump is initialy specified on (line open) then the first switching grade should be input as the higher
surface level. If the order of the switching gradesis not consistent with the initial status of the line, the
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simulation cannot proceed asdesired. If, for example, thepump is off and the higher switching gradeis
input first, the pump will turn on immediately which will result in an undesired modification of the system
behavior.

iii.  The switch type (I or 2) depends only on the application and not on the initial status of the line to be
switched or the order specified for the switching heads. A booster pump, for example, whichiscontrolled
by the surface level is on when the surface level is below the switching grade (or off when the surface
level isabove). Thisapplication alwayscallsfor atypel switch. A low service pump, on the other hand,
will be on when the HGL is above the switching grade and this application always indicates atype 2
switch.

iv. Variablelevel storage tanks should not have check valvesin their feed line. Also thisline should not be
controlled by a pressure switch. The open-closed status of variable level tank feed lines should be
controlled only by the tank level.

v.  Theuse of external inflowsinto tanks have afairly limited application and generally will be zero. They
represent flow into or out of a tank (or storage area) from a source external to the pipe system
analyzed. One application involves surcharged storm sewer analysis with the storage tank modeling a
detention area and the external inflow representing runoff entering the detention area. Be awarethat the
use of external inflows for a storage area (tank) which empties faster than the external inflow may cause
some computational problems. This is dueto the uncertainty in the status of the connection to the tank
modeling the storage areaoncethetank hasfilled or emptied. External flowsalsomay beintroduced at a
nodein the distribution system adjacent to thetank if the connection hasvery low resistance and this is

often preferable to designating external tank flows - particularly if the above situation occurs.

15. Changes Specified Data

This data sets up the demand pattern by defining thefour global demand factors associated with demand
types 1-4. Since the GDF's default to 1 they need not be defined if avalue of 1 isdesired. Also the use of
demand typesfor junction nodesis optional. If they are not used all demand types default to one (1) and only
GDF1 will have any significance.

15-4. Pipe with status change

This data can be used to change the open-closed status of any pipe in the system except those which
contains a check valve, are controlled by a pressure switch, or connect a variable level storage tank (for EPS).
Sincethe status of alinewith acheck valveisnot known until asimulation is carried out thisfeature cannot be
applied to effect a status change for a line with acheck valve. The status of lines leading to variable level
storagetanks for an EPSisonly controlled by the surface elevation in thetank. Pumpsmay beturned onand off
using the status change data.

15-5. Pipeswith parameter change

Normally the data for this change includes a data line with the pipe number and a corresponding second
dataline with all the normal pipeline data included. However, several optionsare available. Tomake a HGL
change for a pipe connecting a FGN, the new HGL isinput on the same data line which contains the pipe
number (15-5a). The second dataline (15-5b) is not used in thiscase. Also aglobal change in the roughness
canbemade. This feature keyed by anegativeinput for pipe number followed by afactor, allowsall roughness
valuesto be multiplied by this factor or this factor to be added or subtracted to each value of roughness.
Thisfeature is used primarily for network calibration.
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EXAMPLES

Several examples follow, with the aim of demonstrating the application of the KY PIPE program. The
examples are intentionally based on very simple systems to provide you with a variety of information used in
preparing the relevant data and creating the Input Data Files. The examples cover featuresfor both regular
steady state situations and extended period simulations. Thelast example is used to illustrate the adding
of pressure constraintsto allow the calculation of additional parameters. The data files for these examplesis
normally provided with K'Y PIPE software and you should access these files and review them to supplement the
following discussions. The tabulated output, which includes a summary of the data, is presented and should
clarify the data requirements.

Regular Steady State Simulations (no constraints)

Thisis perhaps the most common application and refers to the steady state analysis of pressure and flow
in apiping system for a given set of conditions. Here conditions refer to the physical and geometrical
characteristics of the piping system and the operating conditions as described by the input data file. A
number of different setsof conditions can be analyzed by a single computer run. These conditions are defined
by the user viathe input data.

Example No. 1

Figure 16 shows apump drawing water from a supply reservoir and delivering it to various demand
points and a storage tank. Pipe lengths and diameters are shown in feet and inches respectively. A roughness
value of C = 120 is assumed for all pipes implying the use of the Hazen-Williams head loss equation. The
network consists of eight pipes, five junction nodes and two fixed grade nodes.

The supply pump is described by three pairs of head-flow data points taken from the head-flow
characteristic curve and the significant local minor loss coefficient is shown for the pump valve (M = 10).
Other minor losses at junctions, entrances and exits and the fully opened check valve are neglected. A check
valve prevents backflow from the tank into the distribution system.

For this example, we will illustrate the recommended approach. If you are going to use atext based input
method, (such as KYDATA) to create the datafile. For this approach you first need to number the pipes and
junction nodes and label the FGN's. Figure 16 shows how the numbering scheme for this example can be set
up. Thejunctionsareidentified by numbers1-5incircles and the pipes connecting them are numbered 1-8 with
the pipe numbers noted. The sourcereservoir and elevated tank are designated by letters A and B and their
surface elevations shown. The elevations of the junctions are shown inside oval boxes. To check whether the
geometric data are consistent recall Equation (1):

p=j+l+f-z

p = no. of pipe sections (8)

j = no. of junction node (5)

| = no. of primary loops (2)

f = no. of fixed grade node (2)
Z =no. of sep. zone (1)

ie 8=5+2+2-1(0K)



Prior to attempting to create the Input Data File, you are strongly recommended to tabul ate the pipe, node
and pump datain a convenient form inorder to facilitateinputting the data. This is easily done by reference
to the section on data preparation which recommends using the Data Preparation Forms provided in
Appendix VI. For this example the collated data can take the following form:

Pipe Data
Pipe Node Node Length Dia Rough Minor Pump HGL of
No. 1 2 (ft) (in) -ness Loss cff. Type FGN
1 (pump) AA 1 600 12 120 10 1 100
2 1 2 570 10 120 0 0
3 2 3 650 6 120 0 0
4 (cv) 3 B 390 4 120 0 0 200
5 4 3 675 6 120 0 0
6 4 5 510 8 120 0 0
7 2 4 680 6 120 0 0
8 1 4 590 8 120 0 0

Letters are used as node labels to represent a connection to areservoir or tank. These connections will
require you to enter additional datafor the elevation + the pressure head (HGL) of the Fixed Grade Node (FGN).
The node order entered for pipes 1 (pump) and 4 (check valve) must indicate the correct flow direction for
normal conditions.

Pump Data

Severa options are available for providing pump data for Pipe No. 1,. In this example three pairs of
head-flow pump data are used. Arrangethe datain order of ascending flow as follows:

Pipe H, (cutoff) H., Q2 Hs Q3
No. (ft) (ft) (gpm) (ft) (gpm)
1 250 230 2000 190 4000

Note that Q,, the cut-off flow is automatically assumed zero within the KYDATA program. Also the node
order input for pipe 1 containing the pump must be in the normal flow direction (AA to 1).

Junction Node Data

Node No. El. (ft) External Flow Demand (gpm)
1 90 0
2 80 1000
3 80 200
4 89 0
5 75 1200

The external flows are the specified flows (demands) |eaving the system. They represent flowsto factories,
housing developments, fire demands, etc.
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Fixed Grade Node Data

Node No. El. (ft) HGL (ft.)
AA 90 100
B 150 200
Change Data

Thedataprinted abovewill providefor a single analysis. At thisstage one can poseall the"What if....?"
guestions and make the necessary data changes.

For example, what if the 675 foot long line, pipe 3, isshut off? Referring to Fig.16, thismeanswe should
close line No. 5. The method for doing thisisto call for one set of changes and to provide datafor pipe 5
indicating this pipeisclosed. Thiswill changethe statusfrom theinitial condition (open) to closed. All other
data remains unchanged.

Results

The KY PIPE results for this example are shown in Table 1. These include the data summary and the
results for two hydraulic simulations.
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Example No. 2.

This is a fifteen pipe, pump-fed system with several storagereservoirs, asshown inthediagram, Fig.
I7. Thepipe lengths, diameters, minor loss coefficients, junction demands, elevationsand FGN €levationsare
noted on the schematic. Sl units are employed among the featuresthat are demonstrated with thisexample are:

i) A non-consecutive numbering scheme is used for the pipes (and junctions) i.e. thefifteen pipes are

vi)

numbered 1-9, 20-24, 40. A schematic denoting the numbering schemeisalso showninFig. 17.

Two pipes (22 and 24 in this example) are fed from a common source. There are, in effect, two
separate fixed grade node connections required. Thus, the model requires a total of four FGN
reservoir connections in this case, not three. This also means that there are four primary loops
(including the parallel pipeloop). Note p =15, j =8, =4 and f = 4 which satisfies Equation (1).

The pump is described by three sets of head-flow data points taken from the pump operating curve.
Thedatais shown on Fig. 17.

Hydraulic componentsincluding acheck valve (CV), pressure regulating valve (PRV) and aparalld
lineare featured in this example. The check valve preventsflow reversal in line 4. The PRV
limits the pressure head at the upstream end of line 9 (adjacent to node |) to 43 m. by setting the
HGL at the upstream end of line 9 to 55 m. (elevation = 12 m.).

Data changes illustrated are a global demand increase of 50%, i.e. anew demand of 1.5 timesthe
original, except that at junction node 3 the external demand remains fixed at the original 3 I/s.
This may be achieved by using Change Data and first changing all demands by a global demand
factor of 1.5 then re-setting the demand at node 3 back to 113 I/s.

Tables of maximum and minimum values of pressure and velocity (3) are requested.

The computer output showing the data summary and the results for the two simulationsis shownin Table
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Example No. 3.

The schematic diagram in Figure 18 represents a system designed to transport water from a pressurized
connection and discharged it through anumber of sprinklers. Thisisrepresentative of an irrigation system but
is also similar to systems employed for fire protection. For such systemsthere may be several patterns of
sprinkler operation. Again, Sl units will be employed for this example.

The network supply is from a pressurized connection to a water transmission main. Field testing has
determined the static pressure head at the connection to be 120 m. Asflow iswithdrawn at the connection the
pressure drops and an additional field test showsthat for adischarge at 30 1/s the pressure head dropsto 75 m.
Since the pressure at the supply depends on the flow leaving the transmission line, a variable pressure supply
must be modeled using the approach asdiscussed previously. This requires three head-flow datapointsand, in
the absence of field data, a third operating point can be simulated utilizing a typical square law head-flow
relation. At half the measured flow (15 I/s) assume one quarter of the pressure drop (11.25 m). If possible,
however, this point should be obtained using field data. Thusthefollowing three head-flow data points may be
used for the pseudo pump modeling the variable pressure supply.

flow head
(I/s) (m.)

0 120
15 108.75
30 75

There are several means of representing asprinkler in the hydraulic simulation. Theseinclude modeling
the sprinkler asa junction node with the required demand specified or asa FGN with the required pressure
specified. Perhapsthe most suitable means, however, isto determine a minor loss coefficient based on operating
datafor aparticular sprinkler. Thisisappropriate since sprinkler characteristics are such that the pressuredrop
acrossthe sprinkler varies approximately asthe square of the flow. For the example problem, the sprinklersare
designed to operate at aflow of 4 1/sat apressure of 100 kPa (10.2m.). The sprinklersare positioned at the end
of 40 mm dia. lines so the velocity at the design flow is 3.183 m/s and the pressure drop in metersis|0.2. The
equivalent minor loss coefficient is:

M = H/(V?/2g) = 10.2/(3.183% /2 x 9.81) = 19.7

Thisvaueisincluded in the input for the minor loss coefficient in the lines terminated by sprinklersin
order to model their characteristics.

In thisexample, additional minor loss coefficients are included to account for the effects of fittings. The
principal ones employed are:

Straight through T entrance - 0.3
Side branch T entrance - 1.8

90° elbow - 0.9

entrance from main - 0.5

In some hydraulic analyses of sprinkler systems (particularly fire protection sprinkler systems) inclusion of
the effects of fittings may be required, although in thisillustration the effects are relatively small.



The Darcy-Weisbach relation is used for head loss calculations (kinematic viscosity = 1.3x10 m/sfor
water at 10 C) and the piperoughnessfor all pipesexcept D =100 mm istaken as0.2 mm. The roughnessfor
the 100 mm pipeis 0.5 mm. Elevations for reservoirs, junctions and sprinklers are noted on the schematics.

The strategy in this simulation is to check whether or not when discharging to atmospheric pressure,
the sprinklers can deliver the required flow.

A simulation is carried out with all eight sprinklers operating simultaneously and a second and third
simulation with two cycles of four different sprinklersoperating (B,D,H,G and C,E,F,I). The resultsshow that
the system (see the outflows and heads) is not effective (sprinkler flows below design) with all sprinklers
operating. With half of them flowingthey operate nearer the design flow athough location of the sprinkler
and its elevation significantly affect the flows.

The computer simulations are given in Table 3.
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Extended Period Simulations (EPS)

Extended period simulations are carried out at specified intervals over a designated period of time.
Additional program features include variable level tanks, flow meters, and pressure switches which control
valves and pumps. The following exampleillustrates the use of these features.

Example No. 4. (Extended Period Simulation)

The schematic for this system is shown in Figure 19. It represents a pump fed municipal water
distribution system with three elevated storage tanks and two supply pumps. One pump has two service
levels which are represented by two pumpsin parallel, with only one operating at any onetime. Altogether
there are 28 pipesin the system, with 16 junction nodes, six fixed grade nodes and seven primary loops. English
units are employed with the flowrate expressed in MGD (million gallong/day). Data for the pipe and node
characteristics are summarized in Table 4.1

Simulation Period - Demand Pattern

For the particular case being illustrated, an extended period simulation covering aperiod of 24 hours
with calculationsevery two hoursisrequired. The steady demand on the system is varied using aglobal demand
factor shown below which is applied to all except two nodes (12 and 16) where the demands are assumed to
remain constant. These nodes are assigned ademand typetwo. No changesare defined for the global demand
factor for thetypetwo demands (GDF2) so thisterm defaultsto 1.0. Thiswill resultinthedemandsat nodes12
and 16 remaining fixed for the entire simulation period

Time Global Demand Factor
0 1.00 (average demands)
2 1.30
4 154
6 1.58 (peak demand)

8 155

10 1.46

12 1.20

14 0.85

16 0.65

18 0.55 (slack demand)

20 0.57

22 0.75

24 1.00 (average demands)

Pump Data

The pump head (ft.) - flow (MGD) data for the three pumps is asfollows:

Pipe Hc H> Q2 Hs Qs
1 270 240 8 195 10
7 250 225 8 195 10
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TABLE 4-1 - Pipe Distribution System Char acteristics (Example 4)

Pipe Node Node | Length(ft) | Diameter | Roughness Minor Loss Coefficient Fixed Grade
Number #1 #2 (in) Coefficient (feet)
1 0 1 2000.0 20.0 98.0 0 100.00
2 1 2 800.0 18.0 98.0 0
3 2 3 5000.0 16.0 97.0 0
4 3 0 700.0 10.0 94.0 0 270.00
5 3 4 3700.0 12.0 96.0 0
6 5 4 3900.0 15.0 97.0 0
7 0 5 2100.0 16.0 97.0 0 120.0
8 6 4 2500.0 10.0 94.0 0
9 3 7 3100.0 10.0 94.0 0
10 2 7 5500.0 15.0 97.0 0
11 6 7 3700.0 12.0 96.0 0
12 0 6 900.0 8.0 93.0 0 270.00
13 5 6 2900.0 12.0 96.0 0
14 5 13 4500.0 15.0 97.0 0
15 6 13 2500.0 10.0 94.0 0
16 7 8 2700.0 10.0 94.0 0
17 2 10 3100.0 12.0 96.0 0
18 10 9 1900.0 12.0 96.0 0
19 10 11 1600.0 8.0 93.0 0
20 11 12 1500.0 6.0 91.0 0
21 9 12 1650.0 8.0 93.0 0
22 8 9 2900.0 8.0 93.0 0
23 0 8 1900.0 12.0 96.0 7.0 270.00
24 13 8 3100.0 12.0 96.0 0
25 13 14 1600.0 8.0 93.0 0
26 14 16 1750.0 6.0 91.0 0
27 14 15 1500.0 6.0 91.0 0
28 0 5 2100.0 16.0 97.0 0 120.00
Junction Demand Elevation Connecting Pipes Title
Number (MGD) (feet)
1 .00 90.00 1 2
2 1.00 110.00 2 3 10 17 Main St.
3 1.00 95.00 3 4 5 9
4 3.00 105.00 5 6 8
5 1.00 100.00 6 7 13 14 28
6 3.50 103.00 8 11 12 13 15 Bank Tower
7 3.00 97.00 9 10 11 16
8 1.50 103.00 16 22 23 24 Fire Dept.
9 .00 107.00 18 21 22
10 .00 112.00 17 18 19
11 .50 115.00 19 20 Lakeview Rd.
12 .50 112.00 20 21
13 .00 110.00 14 15 24 25
14 .00 120.00 25 26 27
15 25 135.00 27 East Mall
16 25 130.00 26 Central Hos.
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Variable Level Storage Tanks

The elevated storage tanks have a constant diameter of 60 feet and the level ranges from an elevation of 240to 270
feet. They are assumed to beinitially full following aperiod of slack demand and their levels will be monitored. The
data required to describe the tanksis as follows:

Tank Pipe No. Max. El. Min. El. Diam. Capac. Ext. Flow
(full) (empty) (ft.) (gd.)
B 4 270 240 60 634,500 0
D 12 270 240 60 634,500 0
E 23 270 240 60 634,500 0

Theinitial tank levels are set at 270 ft. (full) in the original data as the HGL values for the FGN's specified for
pipes 4, 12 and 23. The capacities (in gallons) are based on a30 ft. high x 60 ft. diameter tank. Inorder toillustrate
the procedure for handling a variable area tank, the tank connecting line 23 is coded as a variable area tank with
four intermediate depth-capacity ratios defined as shown.

D/Dwu VIVu
0.2 0.2
04 04
0.6 0.6
0.8 0.8

The linear relationship indicates that the tank has a constant cross-sectional area. This same procedure will
handle tanks of any shape.

Pressure Switches

The high service pump in line 28 isincorporated into the analysis and iscontrolled by a pressure switch at the
network low pressure node (junction node 15 - elevation = 135 ft). This pump is turned on if the hydraulic gradeline
(HGL) at junction node 15 fallsbelow 197 ft (pressure head = 62 ft) and remainsin service until the HGL exceeds 226 ft
(pressure head = 91 ft). Initially with all tanks full the low service pump is operating.

Two pressure switches are required to control the operation of the high and low service pumps. The first switch
controlling the low service pump isatype 2 because the pipe (pump) will be open (on) if the HGL at node 15 isabovethe
switching grade. This pump is initialy on and the first switching grade is set at 197 ft. The second switch
controlling the high service pump is atype 1 because the pump will be off when the HGL at node 15 is above the
switching grade. Thispumpisinitially off (pipe 28 closed in original data) and thefirst switching grade is set at 197 ft.

Therequired datais summarized below.

Pipe No. Node No. Switch Type 1st Switching 2nd Switching
Grade (ft) Grade (ft)
7 15 2 195 226
28 15 1 197 226
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Note theinitial open-closed status of line 7 isopen and line 28 isclosed (low service pump on) and thissituation
will reverseif the HGL at node 15 drops below 197 ft.

Other Data Features

Non-baseline data is entered as usual accessing the KYDATA data screens. Since thisis atime (EPS)
simulation, the simulation Key istoggled to EPS. Flow units are toggled to give MGD (System Data).

Theoptionto limit the output is illustrated in this example by limiting tabulated output to resultsfor pipes 10
and 20 and to nodes 11, 15, and 16 for junction nodes. Thisisdone using the column 1 data check boxesto select these
pipes (Pipe Data) and junctions (Junction Node Data).

Simulation Results

The Tabulated Output File shownin Table 4 for this exampleinclude a Data Summary which includes all the datafor
the pipelinesand nodes, etc. and a summary of al the changes. Y ou can select to view or print al or any single set of
results and the results for atime = 8 hoursis shown.

Commentson the Results

Initially the lines to the storage tanks remain closed as the pumps handle the demand. After 2 hours, when the
demands increase, the lines to the storage tanks open and the levels are drawn down.

With increasing demands and tank drawdown, the HGL at node 15 dropsbelow 197 ft. and the high service pump
inline 28 isswitched into service (10.38 hours). Thelow service pumpinline 7 issimultaneously shut down. Later as
the demands decrease and the tank levelsincrease the high service pump is switched off and thelow service pump back on
(12 hours). At 10.38 hourstank E empties. Then at 19.0 hourstank B fills and the connecting pipe (4) closes. At 21.97
hours and at 23.86 hours this situation also occurs for tanks E and D.
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Calculation of Additional Parameters (pressur e constraints)

The ability to compute a variety of additional parameters isillustrated using both regular ssimulations and
EPS. Examples of calculation of calibration, operation and design parameters are presented.

The pipe system utilized in the demonstration and Example 4 (Figure 19) is employed with minor changes. The high
service pump line (28) is removed and a new pipe (also numbered 28) is connected as shown (dashed line) to anew
junction node (17). Thisrepresents aproposed new line for the network and the following datais used for the new line.

Length - 2100 ft.
Diameter - 10in.
Roughness - 120
The added line has no effect on the network performance if no demand is specified at the added node.
Example No. 5A (calibration)

Itisassumed that field data was obtained for the demands specified in Table 4-1 and all the tanks areoperating at
250 ft. The observed field pressuresare:

node 10 - 70 psig
node 15 - 50 psig

These are somewhat higher than the values computed for the same situation (68.33 and 47.22 psig).

Itisdesired to calculate parameters to calibrate the network to exactly calculatethefield pressures. Calibration
is generaly done by adjusting roughnesses and/or demands. For thisexample both field pressureswere used aspressure
constraints to simultaneously compute global factor to adjust al roughness, coefficients and another global factor to
change all demands. The datarequired to do thisis asfollows.

There are two pressure constraints specified in the System Data and for each constraint the following data is
required:

Constraint No. Type Node Specified HGL
1 - 7 - roughness (global) 10 273.54 (70 psig)
2 - 8 - demand (global) 15 250.38 (50 psig)

It is immaterial which parameter type is associated with a particular pressure constraint. The specified HGL
representsthe pressure head plusthe elevation for that node.

The tabulated resultsare shownin Table 5A. The additional results associated with the constraint dataand
parameter calculations are shown in this table. The results show that multiplying the demands by 0.90 and the
roughnesses by 1.035 produces pressure calculations which exactly match the specified conditions. Note the
calculated pressures at nodes 10 and 15 are 70 and 50 psig respectively which are the specified values.
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Alternate calculations could be made which will produce adjustments to parameter values which will also give
results which exactly match field data. For example the roughnesses could be adjusted in two pipe groups with no
adjustment in demands. For examples pipes 1, 2 and 17 and pipes 25, 26 and 27 are grouped because an inspection
shows that these will be able to influence the observed pressures. This produces roughness adjustment factors of
1.182 and 1.430 respectively. Although these adjustments will exactly calibrate the network, theincreasein C values
required to raisethe pressuresto the observed values may not be reasonable. The adjusted roughnessfor pipe 27, for
example, is 130.1 while the initial assigned value is 91. When you perform calibration calculations using
constraints considerable judgment is required to conceive and evaluate alternative approaches.

Example No. 5B (oper ation)

This example illustrates the calculation of operating parameters required to meet specified pressure constraints.
Itisdesired to maintain apressure of 60 psig at the minimum pressure node (15) and 80 psi at node2. The parameters
selected for calculations are the pump operating conditions, the speed ratio for pump no. 2 (pipe 7) and al tank levels
(pipes 4, 12 and 23). The results (case 1) areshownin Table 5B. Theresults were obtained for three cases (GDF1 =
1.0, 1.5 and 0.5), the calculated parameters for these three cases are shown below.

Case Pump Speed (ratio) Tank Level
1 (GDF=1.0) 1.34 260.5
2 (GDF=15) 1.59 231.1
3 (GDF=0.5) 12 329.0

These operating parameters result in operation exactly at the required pressures (as noted in Table 5B). However,
the required settings for the operating parameters may not be practical. A considerable variation in thetank levelsis
required to maintain the specified pressures. Thisisnot apractical means of controlling system parameters. Note,
the pump speed refers to the ratio of the required speed to the speed for which the pump data applies.

A second analysis was carried out cal culating pump operating conditions (speed) required for both pumps. Thisis
done by changing the data for constraint no. 1 to a parameter type 1 (pump speed) and applying this to pipeno. 1
containing the pump. Theresults obtained for the calculated parameters follow:

Case Pump Speed (Pipe 1) Pump Speed (Pipe 7)
(ratio) (ratio)
1 (GDF=1.0) .98 1.29
2 (GDF=15) 1.05 1.67
3 (GDF=0.5) 93 95

It appears that this may be a more feasible method of maintaining the specified pressure.
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Example No. 5C (design)

Thisexample illustrates the calculation of design parameters by investigating optionsfor the proposed added
line which is required to deliver a2 MGD flow at 60 psig under normal (baseline) conditions. At the sametime a
minimum pressure of 50 psig isto be maintained inthe rest of the system.

An inspection of the operating conditions of the network showsthat the minimum operating pressure occurs at
node 15. Thus, the pressure constraints selected are arequirement of 60 psig at node 17 and 50 psig at node 15. The
parameters selected for calculation arethe diameter of the added pipe (28) and the operation (speed) of pump no. 2
(pipe 7). The only other change to the data file is the addition of a2 MGD demand at node 17. A summary of the
results of the parameter calculation is shown below. The same three cases with various global demand factors were
considered.

Case Pump Speed (Pipe 7) Diameter (Pipe 28)
(ratio)
1 (GDF=1.0) 1.32 11.67
2 (GDF=15) 1.93 11.39
3 (GDF=0.5) .80 14.23

The calculated diameters are not normally available diameters. These values can be used to select available diameters
and to consider alternative designswhich involve series and or parallel pipes. These aternative designswill utilize
smaller pipesand could represent a more economical design. A utility program named SIZE isavailable with KYPIPE
to enable you to evaluate alternatives. This program is described in Appendix XII and is utilized to evaluate
alternatives for this example.
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Example No. 5D (oper ation-EPS)

EPS cases carried out with pressure constraints specified and corresponding parametersidentified can provide
apowerful modeling tool for evaluating various proposed designs or operating scenarios. To illustrate thisthe EPS case
(Example4) iscarried out illustrating the calculations of the pump speed required for pump no. 1 (pipe 1) to maintain a

constant pressure of 60 psig at node 11 throughout the entire simulation. The datarequired to do thisis asfollows:

no. of pressure constraints (System Data) = 1

Constraint Data: parameter type = 1 (pump speed)
pressure constant node = 11
set HGL = 253.46 ft. (60 psig)

Constrained Pipes (Pipe Data) = pipe no. 1

Table 5D shows sometypical results. A summary of the results of the pump speeds required throughout the entire
EPSto maintain the pressure at node 11 are shown below:

time pump speed time pump speed
0 0.81 12 1.04
2 0.95 14 0.91
4 1.09 16 0.83
6 1.14 18 0.79
8 1.14 20 0.78
10 1.16 22 0.82
10.81 (tank fills) 121 24 0.84

The effect of the variable speed pumping on the operation of thetanks over the 24 hour periodisof particular importance.
A plot of the tank levelsfor thethreetanksisshownin Figure 5D-1 and may be compared to Figure4-1 which shows
the same results for constant pump speed operation.
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