
7.0 INPUT AND OUTPUT FOR CENTS

The balance of plant and control system models including the associated user inputs are 

described in Chapter 6. This chapter describes inputs to the core power and kinetics 

model, fuel failure model, quench tank, and system malfunction models. It also 

summarizes the more useful output variables for characterizing the state of the PWR 

and its components. This chapter also describes the CENTS data dictionary and the 

CENTS standard output.  

7.1 Core 

This section describes the CENTS core model, representing the fuel rod bundle and its 

associated coolant channel. Variables for controlling the axial power shape, the power 

model, the point kinetics model, and the fuel failure model are described. Also, 

variables describing the state of these models as well as the core heat transfer model 

are described.  

7.1.1 Core Power 

CENTS provides two options for the core power: user input and a point kinetics model 

(Section 3.1.1). To access these options, see Table 7.2.  

User Control The options for control of core power and the input variables controlling 

the options are summarized in Table 7.1. The detailed input variables are listed in 

Table 7.2. A list of output variables summarizing power production in the reactor is 

given in Table 7.3.  

Use of Point Kinetics Model The input variables for the point kinetics model described 

in Section 3.1.1 are listed in Table 7.4. Separate control rod models are used to
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simulate insertion by scram, regulation by the control system, or a user-defined 

excursion. Note that if the moderator density feedback is used instead of the moderator 

temperature and boric acid concentration feedbacks, then the reactivity table as a 

function of moderator density must then be appropriate for the boric acid concentration 

in the core. The feedback reactivity output variables are listed in Table 7.5.  

Initialization of Reactivity Model The reactivity feedbacks are based on change from 

an initial steady state value as explained in Section 3.1.1. The reference database for 

the CENTS code is initialized at steady state full power operation. Any change in fuel 

temperature, coolant temperature and coolant boric acid concentration (or moderator 

density if this option is used) from the reference conditions will produce a reactivity 

change which will change core power. The user may do one of the following to 

compensate for the changes: 

I) Simulation of automatic reactivity compensation provides a reactivity equal to 

the perturbation, but of opposite sign, which exactly compensates for the 

perturbation. Use of this option overrides all feedbacks until the option is 

revoked; at which time a transient can be initiated from the just critical condition.  

(See Section 6.8 on the use of the CTLCEAPERFECT option.) 

2) Re-initialization of the reference reactivity feedbacks for a different set of system 

conditions establishes a new steady state for the database. Establish user control 

of the power as explained in Table 7.1, change other system variables as needed, 

and run a transient to a new steady state. Obtain values of the Doppler and 

moderator feedback reactivities (Table 7.5). Compute the new reference (initial 

condition) reactivities as 

P'o = Po + AP 

where 

PO = original reference reactivity, Table 7.4 

Ap = reactivity change due to change in system state, Table 7.5.  

Enter the new initial condition reactivities in place of the original ones.
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Point kinetics (Delayed and Fast Neutron Coefficients) The variables for these 

parameters are found in the POWERCOMMON partition POWKINCOMMON.  

The variables are defined in the CENTS variable dictionary. The user can input 

alternate values.  

Switch to Decay Heat Curve CENTS computes the core power using the point kinetics 

model until core trip. At that time, it computes core power using both the point 

kinetics model (power stored in CTLCOREPOWERFRACTION) and the decay 

heat curve described in Table 7.2 multiplied by the decay heat multiplier 

POWDKHT_DHCFCT (power stored in POW_USERQCDJLOOKUP). CENTS 

normally switches from the point kinetics model to the decay heat curve when the core 

power drops below an input value. That is, after trip (CTLCORETRIP = True), 

when 

CTLCOREPOWERFRACTION < POWDKHTDHCBEG 

then a permanent switch is made to take the power from the decay heat curve in the 

database. This can produce a discontinuity in power if the power from the decay heat 

table differs from the power from the point kinetics model at the time of the switch.  

Alternatively, a smooth transition can be achieved by comparing the power from the 

two models, using the following technique in a CENTS command file: 

1. Set POWDKHTDHCBEG < 0.0 

2. When CTLCORETRIP is True, then: 

3. When POWUSERQCDLOOKUP > CTLCOREPOWERFRACTION, then: 

4. Set POWDKHT_DHCBEG > maximum decay heat power in table 

This produces a smooth transition from the point kinetics power to the decay heat 

power.
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Axial Power Shape The axial power shape is defined by the user using one of three 

options controlled by the variable AXPDINPUTOPT as described in Table 7.2 and 

the text below.  

The AXPD_INPUT_OPT = 0 option supports an input shape with an average power 

for each fixed sized node (node-centered power) for any number of equally spaced 

axial nodes up tc ] CENTS determines the number of non-zero values, normalizes 

the total power to 1.0 and maps the power shape to the CHT_NUM_NODE axial nodes 

used for the core heat transfer solution conserving total power. The user must set any 

unused elements of the input axial shape array to zero. The resulting shape is 

transferred to the array POWUSER.QAXL.  

The AXPD_INPUT_OPT = 1 option supports input of pointwise power fractions 

(node-end-point power) for up t[_ ]unevenly spaced axial nodes. If values are not 

entered for the 0.0 or 1.0 axial height fraction locations, CENTS extrapolates the input 

shape to find the pointwise power at these locations. The input axial power shape is 

integrated assuming that the average power in an interval is the average of the powers 

at the ends of the interval. The integral power for each axial node used in the core heat 

transfer solution axial nodalization is found by interpolation in this integrated power 

shape. Finally, the average power for each axial interval is found by subtracting the 

integral power at the bottom of the node from that at the top of the node. This axial 

power shape is normalized to conserve power and the resulting shape is transferred to 

the CHT_NUMNODE axial nodes in the array POWUSERQAXL.  

The AXPDINPUTOPT = 2 option supports input of an axial shape with the same 

nodalization as the core heat transfer solution. This shape is transferred to the array 

POW_USERQAXL without any processing.
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7.1.2 Core Heat Transfer 

The core heat transfer is modeled by an average power fuel rod in a closed channel.  

Details of the model are given in Section 3.3. The fuel rod is subdivided radially and 

axially as shown in Figure 7.1. Typically, there are[ 

"] An option to use the original model or an improved model to calculate 

enthalpy in the coolant channel (models described in Section 3.3.5) is selected by the 

following input variable: 

CHlT_USENEWENTHALPYOPTION 

= 0.0, use original model for coolant channel enthalpy calculation 

= 1.0, use improved model for coolant channel enthalpy calculation 

Figure 7.1 shows the CENTS variables, which describe the state of the fuel rod and 

coolant channel. The variables are defined in Table 7.6.  

The heat transfer type, forced or natural convection, and the heat transfer regime on the 

boiling curve being used by CENTS are indicated by the variables CHTBOILING and 

CHTIHT, respectively, as shown in Table 7.7. The correlations being used are shown 

in Section 3.3.4.
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7.1.3 Fuel Failure

CENTS does not have a mechanistic fuel failure model associated with its point 

kinetics model. However, the consequences of fuel failure are modeled. Fission 

product presence in the RCS, steam generator secondary side, main steamline header 

and quench tank, and fission product release from paths exiting these components are 

modeled.  

The user simulates fuel failure by entering release rates for the various fission product 

groups at the time failure is to occur. As many as[ different fission product species 

or isotopes may be released in the core and tracked around the system. Of those, the 

core release rates for the following isotopes have specific variable names: 

Cesium Cs137  COREPARTREL (gtC/sec) 

Iodine I1s3 COREIODREL (QiC/sec) 

Xenon Xe133  COREXENREL (giC/sec).  

Additional isotopes (e.g., Krypton) may be released via the array 

CORERELESOLLFJ ] The structure of this array parallels that of the array of 

identifying pointers for all species, IDTYPESPECIES(1:20), which is displayed in 

Table 7.14. The first five elements are reserved for the predefined species that are 

tracked by the solutes transport model (Section 4.15) - boron (release = 0.0), 16N 

(production rate calculated by code), and the above three isotopes (input release rate).  

The last five elements are reserved for non-condensible gases (Section 4.12), of which 

hydrogen production in the core is calculated by the code. The remaining elements 

6-15 are available for defining other species. The half-life of all species and isotopes 

being defined are input in the parallel array HALFLIFESOLUTES(1:20). Their 

relative solubilities in liquid and steam (Section 4.15) are input in the parallel array 

CONCRATIOSTMLIQ(1:20).
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Variables for fission product release by the primary and secondary systems are detailed 

in tables in later sections of this chapter. Note that the abbreviation PART for 

particulates replaces cesium in many variable names.  

Fission product concentrations through the system are calculated on the basis of the 

various sources and sinks for these products, as described in Section 4.15. For the 

complete primary system represented by CENTS, the sources include: 

a. release due to fuel failure 

b. influx via the charging system (Section 6.2.6).
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Table 7.1

User Control of Reactor Power

POW USER IFUPOW 

False 

(F) 

True* 

(T)

Power and Reactivity Procedure 

CENTS calculates power based on reactivity 

feedbacks in Table 7.5. This includes the 

reactivity from the control rod regulating system 

computed according to the options described in 

Section 6.8.  

The user controls power through the input of a 

power versus time table as described in Table 7.2.  

Reactivity varies because of feedbacks due to 

the power change. The control rod controller 

may be used to compensate these reactivity 

changes as described in Section 6.8 if this is 

appropriate.

Must also set CTL_CORECONTROL_AUTO = F, Section 6.1.
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Table 7.2 

Core Power Inputs 

User Defined Power Inputs

POWUSER_IFUPOW 

POWUSERNPOWT 

POWUSERTPOWT 

POWUSERPOWT 

POWUSERPOWZ

POWDKHT_DHCFCT 

POW_DKHT_NDHC 

POW_DKHT_TIMDHT 

POW_DKHT_ANSDHC 

POWDKHT_DHCBEG

User supplies power table if True (T) 

and CTLCORECONTROLAUTO is False (F) 

Number of entries in power table 

Time for power tables entries (sec) 

User power table (fraction of rated power) 

Rated power (MWt) 

Decay Heat 

Multiplier on decay heat curve 

Number of entries in decay heat table 

Time for decay heat table (sec) 

Decay heat table (frac of the power at trip)* 

Core power frac for switch to decay heat curve'

Zirconium-Water Reaction

POWZRH20_NYZIR Flag to include Zr-H20 reaction, yes if True

Must also set CTL_CORECONTROLAUTO = F, Section 6.1.  
*Current table in database is ANSI/ANS-5.1 - 1979 for nominal full 

power operation of a PWR. (Reference 7.1).  
÷ Normally equal to the first entry of the decay heat table. Switch to 

decay heat occurs after scram when as described in Sections 3.1.2 and 7.1.1.
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Table 7.2 (Continued) 

Axial Power Shape

AXPDINPUTOPT = 0 

KSHAPIN(J) 

AXPDPRINTNORMALIZATION 

AXPDINPUTOPT = 1 

AXPDNUMPOINTS 

KSHAPIN(J) 

ZSHAPIN(J) 

AXPDPRINTNORMALIZATION 

AXPDINPUTOPT = 2 

KSHAPIN(J)

Input shape as node average power for 
equally spaced nodes 

Node average power for fixed length nodes 
(J = 1,User Choice < 50) 

Cue to edit normalization details 
(0/1 = not done/edit details) 

Input shape as node average power 

Number of axial points 

Node average power 
(J = 1, AXPDNUMPOINTS <50) 

Fraction of core height 
(J = 1, AXPDNUMPOINTS • 50) 

Cue to edit normalization details 
(0/1 = not done/edit details) 

Input shape as node power fraction 
(Must sum to one) 

Normalized power fractions 
(J = 1,CHTNUMNODE <20)
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Table 7.3 

Core Power Outputs 

Power

CTLCOREPOWERFRACTION 

POWEXCORE_POWERAV 

POWCORE_TRIPFRACTION 

CFTH_RCSAXIALQ(J)* 

CTLCORE_POWER 

CTLCORE_POWERA 

POWUSERQAXL(J)*

POWDKHT_IFDHC 

POWDKHT_TIMDHC 

POWUSERQCDLOOKUP 

POWUSERQCD

Fraction of rated power, actual 

Fraction of rated power, from ex-core 
detectors 

Fraction of rated power at trip 

Axial distribution of fuel heat generation rate 
(Btu/sec) 

Core power (Btu/sec) 

Core power (MWt) 

Axial power shape (Normalized to 1.0) 

Decay Heat

Flags switch to decay heat curve if true (T) 

Time of switch to decay heat (sec) 

Decay heat power from table (frac) 

(Table value * POWDKHTDHCFCT) 

Final decay heat power (frac) 

Zirconium-Water Reaction

POWZRH2OH2M 

CHT_HT_GENZRWAT(J)* 

POWZRH20_QZRH20(J)* 

POWZRH20_PCZR(J)* 

POWZRH20_ZX(J)*

Hydrogen generation (lbm/sec) 

Heat rate generated (Btu/sec) 

Heat flux generated (Btu/ft2-sec) 

Percent zirconium reacted 

Thickness of reacted cladding (ft)

* Defined for J=1,.... CHTNUM_ROD (•< 20) axial segments of fuel rod, Figure 7.1.
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Table 7.4 

Core Reactivity Inputs

Control Rod Scram 

(CTL_CORETRIP = T and POWKINSCRAMRODOPTION = T)*

POW_KINNQDK 

POWKIN_TQDK 

POWKINQDK

Number of entries in table (•< 30) 

Time for control rod reactivity table (sec) 

Reactivity+

User Specified Reactivity

POWKINDK User specified reactivity due 

to rod motion or other effects.** +

Doppler Reactivity (POW_KIN_DOPPLERFB_OPTION = T)

POWKINNDKTMP 

POWKINTDKTMP 

POWKINDKTMP 

POW_KIN_DKTMPZ

Number of entries in table ( < 30) 

Fuel temperature for Doppler reactivity 
table (OF).  

Reactivity+ 

Doppler reactivity for initial conditions+

Moderator Temperature (POW_KIN_MOD_TEMP_FB_OPTION = T)

POWKINNDKCTM 

POWKINTDKCTM 

POWKINDKCTM 

POWKINDKCTMZ

Number of entries in table (•< 30) 

Moderator (coolant) temperature for table 
(OF) 

Reactivity+ 

Moderator temperature reactivity for initial 
conditions+
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Table 7.4 (Continued)

Moderator Boric Acid Concentration (POWKINBORONFBOPTION = T)

POWKINNDKCON 

POWKINTDKCON 

POWKINDKCON 

POWKINDKCONZ

Number of entries in table (:5 30) 

Moderator boric acid concentration for 
table (ppm) 

Reactivity+ 

Moderator boric acid reactivity for initial 
conditions+

Moderator Density (POWKINMODDENSITYFBOPTION = T)

POWKINNDKDEN 

POW_KIN_TDKDEN 

POWKINDKDEN 

POWKINDKDENZ

Number of entries in table (•5 30) 

Moderator density for table (lbm/ft) 

Reactivity+ 

Moderator density reactivity for 
initial conditions+

POWKINMODDENSITYOPTION 

= F, Use core bulk density, I(V,/vi) / I(Vi) 
summed over the core axial sections 

= T, Use cold edge temperature 
(Appendix E) with the following 
parameters: 

POWKINEDGEWEIGHT Edge temp. geometric weight, frac 

POWKINDHFACTOR Core enthalpy rise, frac 

POWKIN HERMCREDITOPTION 

= T, Use Hermite credit (Appendix E) 

= F, Do not use Hermite credit 

(See Appendix E for the full set of input to support the Hermite 

ractivity credit CESEC emulation model.)
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Table 7.4 (Continued)

Control Rod Reiulating System (POW_KIN_REG_ROD_OPTION = T)

POWKINNDKINS 

P6WKINTDKINS 

POWKINDKINS 

POWKINDKINSZ

Number of entries in table (•5 100) 

Control rod position for table 

Reactivity + 

Control rod regulating system 
reactivity for initial rod position

Reactor Power Cutback System

(CTLRPCSTRIP = T and POWKINCUTROD_OPTION = T) 

POWKINNCUTBACK Number of entries in table (< 10) 

POWKINTCUTBACK Time for RPCS reactivity table 

POWKINCUTBACK Reactivity + 

Fixed Neutron Source

POWKINSOURCE Kinetics source term 
(fraction of fission power)

* T means true, F means false.  
**Use CEER's RAMP function to simulate variable insertion or withdrawal.  

+ Reactivity units - 5k/k
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Table 7.5 

Core Reactivity Outputs

POWKINOUT 

POWKINDKT 

POWKINDK 

POWKINDKBOR 

POW_KIN_DKMOD 

POW_KIN_DKDOP 

POWKINDKTMD 

POWKINDKROD 

POWKINDKSCRAM 

POWKINDKCUT 

POWKINDKHERMC 

POWKINDKINIT

Feedback Reactivity* 

Data Dictionary partition for the following 
parameters (see the CENTS variable dictionary) 

Total reactivity 

User specified reactivity 

Moderator boric acid reactivity 

Moderator density reactivity 

Doppler effect reactivity 

Moderator temperature reactivity 

Control rod regulating system reactivity 

Control rod reactivity (insertion, scram) 

Reactor power cutback rod reactivity 

Hermite 3-D credit reactivity 

Initial subcriticality reactivity

Independent Variable for Reactivity Feedback Interpolation**

POWKIN_T 

RCSBORONCORE 

CHT_TCOOLAV 

POWKINDENCOR

Average fuel temperature for Doppler (fF) 

Boric acid concentration in core (ppm) 

Moderator temperature in core (°F) 

Moderator density in core (lbmrft)

Other

SCRAMDELAY Total scram delay time after trip (sec)

* Reactivity units - 5 k/k **See section 3.1.1.
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Table 7.6

Fuel Rod and Coolant Channel Variables

Fuel Rod Nodal Variables

CHTHTGENZRWAT(J)* 

CFTH_RCSAXIALQ(J) 

CHTTEMPROD(IJ)* 

CHIT_TEMPFUELAV

Zirconium-water reaction heat 
generation rate (Btulsec) 

Axial distribution of fuel heat generation 
rate (Btu/sec) 

Temperature distribution in fuel rod (°F) 

Average temperature of rod (OF)

Cladding Surface Variables

CHTHT-LUX(J) 

CHT_TEMPSURF(J) 

CHT_BOILING 

CHT_IIIT (J)

CHT_ENTHCOOL(JJ) 

CUT_TEMP_COOL(JJ) 

Dimension of variable 

I = 1..., CHTNREGIONSRAD 

J = 1 ... ,CHTNUMNODE 

JJ = ,..., CHTNUMNODE + 1

Heat flux into coolant (Btu/ft2/sec) 

Cladding surface temperature (OF) 

Flag for heat transfer mode, natural 
convection is True.  

Heat transfer regime (Table 7.7) 

Coolant Channel Variables

Coolant enthalpy at bottom of section 
(Btu/lbm) 

Coolant temperature at bottom of section 
(OF) 

Number of radial regions in fuel rod (< 10) 

Number of axial sections in fuel rod (< 20) 

No. of axial sect. in coolant channel (5 21)
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Table 7.7 

Core Heat Transfer State

Heat Transfer Type

CHTBOILING* TYPE

Forced convection 

Natural circulation (pool boiling)

Heat Transfer Regime on Boiling Curve

REGIME

Subcooled 

Nucleate boiling 

Transition boiling 

Stable film boiling 

Steam 

Supercritical steam

*F = false, T = true.
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7.2 Primary System

As used here, primary system includes all of the major primary system components 

reactor vessel, hot and cold legs, pressurizer, steam generators (primary side), pumps, 

and quench tank. The reactor core is discussed in Section 7.1.  

The thermal-hydraulic equations for all of the primary system components except the 

quench tank are solved simultaneously as a single, coupled system. Consequently a 

single set of variables describes the primary system, with the exception of the quench 

tank which is discussed separately.  

Additional variables providing more information about the primary system are listed in 

the CENTS variable dictionary and Appendix A.  

7.2.1 Nodes 

Typical CENTS nodal maps of the primary system for PWRs designed by Combustion 

Engineering and Westinghouse are shown in Figure 7.2. Diagrams for the original 

nodalization and a more detailed nodalization are shown. The more detailed 

nodalization for the primary side of the steam generator (SG) is provided as an option 

to support the enhanced SG heat transfer model described in Section 5.3. An option to 

use a more detailed nodalization in the reactor vessel downcomer improves simulation 

of asymmetric effects in the loops of the RCS. Table 7.8 describes the system 

component(s) represented by each node in Figure 7.2 

Selected variables describing the thermal-hydraulic state of each node are listed in 

Table 7.9. The node numbers in Figure 7.2 and Table 7.8 correspond to the subscripts 

used for the variables in Table 7.9. The "overall node variables" describe the average 

state of a node at any time. When two-phase conditions occur in a node, details about 

the liquid and steam phases are provided by the "two-phase node variables" in Table 

7.9.
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7.2.2 Flowpaths 

The momentum equation for flow between the primary system nodes is solved as part 

of the coupled system of equations. The internal flowpaths included in the 

simultaneous solution are referred to here as momentum flowpaths. Other flowpaths 

for which a simpler flow solution is performed, mostly used as sinks or sources of fluid 

external to the primary system, are referred to as non-momentum flowpaths.  

The momentum flowpaths on the primary side are shown in Figure 7.2 and listed in 

Table 7.10. The non-momentum flowpaths are shown in Figure 7.3 and listed in Table 

7.11. Table 7.29 summarizes the current states of valves and leaks for many of the 

non-momentum paths in the primary system. Variables giving the area and cross

references to a description of the appropriate system are also given.  

Selected variables describing the state of the fluid in the momentum and non

momentum paths are listed in Table 7.12. Again the path numbers in Figures 7.2 and 

7.3 and in Tables 7.10 and 7.11 correspond to the subscripts in Table 7.12.  

Note that two numbering schemes are used for the non-momentum paths in Table 7.12.  

For the variables P_FLOW, PENTH and P_QUAL, the path numbers above 100 in 

Table 7.11 and Figure 7.3 refer to the non-momentum paths. The same information 

and additional variables are available for the non-momentum paths in Table 7.12. The 

non-momentum path numbers for these variables are numbered from 1 to 50 as 

described in Table 7.11. Here the Figure 7.3 path number for these variables must be 

reduced by 100 to obtain the proper subscript for the non-momentum path. For 

example, 

PFLOW(105) = RCS_P_FLOWNONM(5).
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7.2.3 Reactor Coolant Pumps

Table 7.12 also lists selected variables describing reactor coolant pump operation. The 

dimensioned pump variables refer to the reactor coolant pumps shown in Figure 7.2, 

with subscripts 1, ...,NUMPUMPS (number of RCP). Additional pump variables may 

be found in the RCPCOMMON partition of the CENTS database. (See Section 7.6, 

the CENTS variable dictionary and Appendix A.) 

Manual trip of any reactor coolant pump may be achieved by setting the pump voltage 

variable (Table 7.12) to zero. For example, RCPIVOLTFRAC(1) = 0.0 trips the 

pump in Loop 1.  

7.2.4 Core Bypass 

Core bypass is controlled by the variable RTRV_BYPASS, representing the fraction of 

total reactor vessel flow that bypasses the core. CENTS uses the reduced flow in 

computing forced-convection heat transfer coefficients, coolant heatup and certain 

frictional loss terms in the core.  

7.2.5 Core-Exit Enthalpy Tilt 

CENTS calculates the core-exit/hot-legs enthalpy tilt that results from non-symmetric 

operation of the steam generators, using a reactor vessel mixing model.  

The code determines the liquid enthalpy difference being fed from the cold legs to the 

reactor vessel downcomer, with a proper accounting for abnormal conditions, such as 

uncovery of the reactor vessel inlet nozzles or back flow through one of the nozzles.  

The contribution of the fluid from each cold leg to the inlet enthalpy of each hot leg is 

given by a matrix of weighting factors. This downcomer enthalpy tilt is subjected to 

fluid mixing during flow through the downcomer, flow skirt and lower plenum,
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resulting in a lower, core-inlet enthalpy tilt. The mixing process is governed by a core

inlet mixing factor, Fi, and by the relative and absolute magnitudes of the cold-leg 

coolant flowrates. Coolant passing through the core is mixed further, with a flow

dependent mixing factor Fo. The resulting core-exit enthalpy tilt is then transmitted to 

the flow streams in the hot legs.  

CENTS models core mixing using the following three input arrays: 

RTRVMIXINLET(1:2), F, 

(1) inlet plenum mixing factor for low flowrate 

(2) inlet plenum mixing factor for high flowrate 

RTRV_MIX_OUTLET(1:2), Fo 

(1) outlet plenum mixing factor for low flowrate 

(2) outlet plenum mixing factor for high flowrate 

RCSKWEIGHTHTILT(1:4,1:4) 

(I,J): In the I'th hot leg, impact weight of the flow from the J'th cold leg.  

Using these inputs, the hot leg enthalpy tilts, RCSDELHHLTILT(1:4), are 

calculated: 

RCSDELH_HLTILT(I) = {Hweighted(I)--Haverage} 

* f.(F,) * g.(Fo) * h.(flow imbalance among loops) 

where 

Hw,,ghted(I) : enthalpy of hot leg I, calculated from weighted contributions 

from the cold legs, according to the weights array, 

RCSKWEIGHTHTLLT.  

Haverage : flow-weighted average enthalpy of the hot legs 

f", g,, h, : linear functions of the parameter.
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Then for each hot leg path J, connected to hot leg node I, the path enthalpy is tilted: 

PENTH(J) <= PENTH(J) + RCSDELHHLTILT(I) 

The effect of the tilt on the hot legs can be observed through the path arrays PENTH 

(above), PENTHLIQ and PQUAL (Table 7.12), and the node arrays ENTHTOT, 

ENTH_LIQ, TEMP_TOT and TEMPLIQ (Table 7.9).  

7.2.6 Ouench Tank 

The nodes and flowpaths used in the quench tank model are summarized in Figure 7.4 

and Table 7.13. The state variables for the node are defined in Table 7.13. State 

variables for the rupture disk flowpath and a vent flowpath to the containment are also 

defined and solute information for the exit paths is provided. Variables for controlling 

opening of the exit paths are provided.

WCAP-15996-NP, Revision 0 7-22



7.2.7 Non-Condensibles and Solutes

CENTS provides models for transporting non-condensibles (Section 4.12) and solutes 

(Section 4.15) throughout the primary system. The variables available to the code user 

for sources, transport, sinks and release of non-condensibles (NC) and solutes in the 

primary system are summarized in Tables 7.14 and 7.15. Inputs in the CENTS 

basedeck that define the characteristics of these species are required to use the non

condensible and solute models. The following species are supported:.  

1. Non-condensible gases - hydrogen, nitrogen, air, and additional species defined 

via the CENTS basedeck.  

2. Solutes - boron, 16N, iodine, xenon, and particulates (usually cesium) , and 

additional species defined via the CENTS basedeck.  

I 

There are three sources of non-condensible (NC) gases: 

1. Input of a gas (such as nitrogen) by the reactor operator. This is simulated by 

the CENTS gas system using the variables described in Table 7.14.  

2. Input of gases (such as nitrogen) through the safety injection system. The 

variables described below are used by the system modeler or user to define the 

injection rates.  

3. Production of hydrogen in the core by the zirconium-water reaction is described 

in Section 3.1.3 and Table 7.3.  

There are three types of solutes with different sources: 

1. Boron injection as boric acid from the CVCS and safety injection systems is 

modeled directly in CENTS.
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2. 16N production by neutron capture in the coolant is represented using the 

production constant listed below. This is the production rate at full power, which 

is multiplied in CENTS by the fraction of core power due to fission to find the 
16N production rate.  

3. The fission product release rates from failed fuel - for iodine, xenon, particulates 

(usually cesium) and other isotopes and noble gases - are defined by the 

variables described in Tables 7.14 and 7.15.  

Transport, partitioning, and release rates for these species are computed using the 

models described in Sections 4.12 and 4.15. The variables used to observe the 

movement and release of the non-condensibles and solutes are listed in Table 7.15.  

Assignment of the species is defined by the pointers listed in Table 7.14 that identify 

the position (value of second subscript K) for each specie in the arrays. Solute 

concentrations of the charging and auxiliary spray as well as the safety injection flows 

are set to the user input concentrations listed in Table 7.12.
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Table 7.8A

Typical Primary System Node Descriptions 

(C-E PWR) 

1 Inner Vessel and Upper Plenum 

2 Pressurizer 

3 Reactor Vessel Annulus and Lower Plenum (Lower Plenum only)* 

4 Reactor Vessel Upper Head 

5 Hot Leg and Steam Generator Inlet Plenum (Loop 11) 

6 Steam Generator Tube Bundle - Hot Side (Loop 11) (Upper Part of Active U-tubes)* 

7 Steam Generator Tube Bundle - Cold Side (Loop 11) (Upper Part of Active U-tubes)* 

8 Steam Generator Outlet Plenum and Loop Seal (Loop 11) 

9 Cold Leg (Loop 11 A) 

10 Cold Leg (Loop 1 IB) 

11 Hot leg and Steam Generator Inlet Plenum (Loop 12) (Upper Part of Active U-tubes)* 

12 Steam Generator Tube Bundle - Hot Side (Loop 12) (Upper Part of Active U-tubes)* 

13 Steam Generator Tube Bundle - Cold Side (Loop 12) 

14 Steam Generator Outlet Plenum and Loop Seal (Loop 12) 

15 Cold Leg (Loop 12A) 

16 Cold Leg (Loop 12B) 

17 Control Element Assembly (CEA) Guide Tubes
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Table 7.8A (Continued)
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Table 7.8B

Typical Primary System Node Descriptions 

(Westinghouse 3-Loop PWR) 

1 Inner Vessel and Upper Plenum 

2 Reactor Vessel Upper Head 

3 Reactor Vessel Annulus and Lower Plenum (Lower Plenum only)* 

4 Pressurizer 

5 Hot Leg and Steam Generator Inlet Plenum (Loop C) 

6 it .. (Loop A) 

7 to " " .. .. . (Loop B) 

8 Steam Generator Tube Bundle - Hot Side (Loop C) (Upper Part of Active U-tubes)* 
9 9" "9 of it it It (Loop A) (Upper Part of Active U-tubes)* 

10 " " " " " " (Loop B) (Upper Part of Active U-tubes)* 

11 " " " " - Cold Side (Loop C) (Upper Part of Active U-tubes)* 

12 of if".. .. . (Loop A) (Upper Part of Active U-tubes)* 

13 t . ' " " " (Loop B) (Upper Part of Active U-tubes)* 

14 Steam Generator Outlet Plenum and Loop Seal (Loop C) 

15 If " " " (Loop A) 

16 f " o o " " (Loop B) 

17 Cold Leg (Loop C) 

18 it " (Loop A) 

19 " " (Loop B) 

20 Control Element Assembly (CEA) Guide Tubes
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Table 7.8B (Continued)
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Table 7.8C

Typical Primary System Node Descriptions 

(Westinghouse 4-Loop PWR)

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

WCAP-15996-NP, Revision 0

Inner Vessel and Upper Plenum 

Pressurizer 

Reactor Vessel Annulus and Lower Plenum (Lower Plenum only)* 

Reactor Vessel Upper Head 

Hot Leg and Steam Generator Inlet Plenum (Loop 1) 

Steam Generator Tube Bundle - Hot Side (Loop 1) (Upper Part of Active U-tubes)* 
"to it " " - Cold Side (Loop 1) (Upper Part of Active U-tubes)* 

Steam Generator Outlet Plenum and Loop Seal (Loop 1) 

Cold Leg (Loop 1) 

Hot Leg and Steam Generator Inlet Plenum (Loop 2) 

Steam Generator Tube Bundle - Hot Side (Loop 2) (Upper Part of Active U-tubes)* 
"It ti . .i - Cold Side (Loop 2) (Upper Part of Active U-tubes)* 

Steam Generator Outlet Plenum and Loop Seal (Loop 2) 

Cold Leg (Loop 2) 

Hot Leg and Steam Generator Inlet Plenum (Loop 3) 

Steam Generator Tube Bundle - Hot Side (Loop 3) (Upper Part of Active U-tubes)* 
"t it " t - Cold Side (Loop 3) (Upper Part of Active U-tubes)* 

Steam Generator Outlet Plenum and Loop Seal (Loop 3) 

Cold Leg (Loop 3) 

Hot Leg and Steam Generator Inlet Plenum (Loop 4) 

Steam Generator Tube Bundle - Hot Side (Loop 4) (Upper Part of Active U-tubes)* 
"f if o i - Cold Side (Loop 4) (Upper Part of Active U-tubes)* 

Steam Generator Outlet Plenum and Loop Seal (Loop 4) 

Cold Leg (Loop 4) 

Control Element Assembly (CEA) Guide Tubes
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Table 7.8C (Continued)

WCAP-15996-NP, Revision 0 7-30



Table 7.9 

Primary System Node Variables

PRESS(N)* 

ENTHTOT(N) 

TEMPTOT(N) 

TEMPSAT(N) 

MASSTOT(N) 

LEVLMIX(N) 

LEVLLIQ(N)* 

NUMNODES

Overall Node Variables 

Pressure (psia) 

Average node enthalpy (Btu/lbm) 

Average node temperature (fF) 

Saturation temperature ('F) 

Total coolant mass (Ibm) 

Two-phase mixture level (feet) 

Collapsed liquid level (feet) 

Number of primary system nodes

Liquid Phase 

ENTLLIQ(N) 

ENTHLIQSAT(N) 

TEMPLIQ(N) 

MASSLIQ(N) 

MASSBUB(N)

Two-Phase Node Variables 

Steam Phase 

ENTHSTM(N) 

ENTHSTMSAT(N) 

TEMPSTM(N) 

MASSSTM(N)

Enthalpy (Btu/lbm) 

Saturation enthalpy 
(Btu/Ibm) 

Temperature (fF) 

Mass (Ibm) 

Mass of entrained 
bubbles (Ibm)

Solute Concentrations

RCSCONCBORON(N) 

RCSCONCIOD(N) 

RCSCONCPART(N) 

RCSCONCXEN(N) 

RCSBORONCORE

Node boron concentration (ppm) 

Node iodine concentration (p.C/Ibm) 

Node particulates concentration (p C/ibm) 

Node xenon concentration (g.C/Ibm) 

Average boron concentration in core (ppm)

N = 1,..., NUMNODE Refer to Figure 7.2 for particular node numbers.  
In the inner vessel (N = 1), LEVLLIQ(1) is the subcooled liquid level
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Table 7.10A 

Typical Primary System Momentum Path Descriptions 
(C-E PWR) 

Number Description
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Table 7.10 A (Continued) 

Number Description

WCAP-15996-NP, Revision 0 7-33



Table 7.10B 

Typical Primary System Momentum Path Descriptions 

(Westinghouse 3 Loop PWR)

Description
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Number
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Table 7.10 B (Continued) 

Number Description
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Table 7.10 B (Continued) 

Number Description
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Table 7.10C

Typical Primary System Momentum Path Descriptions 
(Westinghouse 4 Loop PWR)

Description
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Number
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Table 7.10 C (Continued) 

Description
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Number
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Table 7.10 C (Continued) 

Paths Added for Expanded Nodalization
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Table 7.11A

Typical Primary System Non-Momentum Path Descriptions 
(C-E PWR)

Description+ Abbreviation

External to Primary System

Reactor Coolant Pump (RCP) Leak (Loop I IA) 
""t " " . (Loop 11B) 

" it it ' . .(Loop 12A) 
S.. .. ' . .. (Loop 12B) 

Charging to Cold Leg (Loop 1 A) 

Charging to Cold Leg (Loop 12B) 

Letdown Outlet from Pump Discharge Leg (Loop 12B) 

Hot Leg drain (Loop 11) 

Shutdown Cooling Outlet from Hot Leg (Loop 12) 

Emergency Core Cooling System Injection (Loop 11 A) 
It of IF of (Loop 11B) 

"of of it (Loop 12A ) 

it .. .. .. .. o(Loop 12B)

WCAP-15996-NP, Revision 0

Number*
Non-Mom* 

Number

PSL 
it 

it

101 

102 

103 

104 

105 

106 

109 

113 

114 

116 

117 

118 

119

1 

2 

3 

4 

5 

6 

9 

13 

14 

16 

17 

18 

19

CH 
it

LDNS 

RCW 

SDC 

SIS 
of 

II' of 

of
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Table 7.11 A (Continued)

Non-Mom* 
Number* Description+ Abbreviation Number 

Leaks for Component Breaks 

126 Steam Generator Tube Rupture (Loop 11 Hot Side) SGTR 26 

127 " " " " (Loop 11 Cold Side) " 27 

128 " it or (Loop 12 Hot Side) " 28 

129 " .. .. (Loop 12 Cold Side) " 29 

134 Discharge Cold Leg Small Break (Loop 1 A) SB 34 

135 Suction Cold Leg Small Break (Loop 12) SB 35 

136 Hot Leg Small Break (Loop 12) SB 36 

137 Pressurizer Small Break SB 37 

138 Control Element Assembly (CEA) Ejection (Upper Head) RODEJ 38 

139 O-Ring Seal Leak ATWS 39 

Internal to Primary System 

143 Main Spray to Pressurizer SPR 43 

144 Main Spray Source from Cold Leg (Loop 1 A) 44 

145 " " " " " (Loop 1 IB) 45 

146 Pressurizer Relief (SV, PORV and vents combined) SV, PORV 46 

147 Upper Head Vent Valve VENT 47 

* The alternate path numbers are for non-momentum paths as a continuation of the 

momentum path arrays (101-150) or for the non-momentum paths numbered from 1-50.  
See the text for more information.  

+ The non-momentum paths may be reconnected to different loops or nodes via the array 
P_NODEINLET, or at different elevations via the array P_ELEVINLET.
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Table 7.11B

Typical Primary System Non-Momentum Path Descriptions 
(Westinghouse 3 Loop PWR) 

Non-Mom* 
Number* Description+ Abbreviation Number 

External to Primary System 

101 Reactor Coolant Pump (RCP) Leak (Loop C) PSL 1 

102 ' " . . " " (Loop A) " 2 

103 " 1" if it " (Loop B) " 3 

105 Charging to Pump seal (Loop C) PS 5 

106 Charging to Pump seal (Loop A) PS 6 

107 Charging to Cold Leg and Pump Seal (Loop B) CH&PS 7 

109 Letdown Outlet from Pump Discharge Leg (Loop A) LDNS 9 

113 Hot Leg drain (Loop C) DRN 13 

114 Shutdown Cooling Outlet from Hot Leg (Loop A) SHC 14 

116 Emergency Core Cooling System Injection (Loop C) SIS 16 

117 " it " It to " (Loop A) of 17 

118 i w (Loop B) " 18
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Table 7. 11 B (Continued)

Description' Abbreviation
Non-Momr* 

Number

Leaks for Comnonent Breaks

Steam Generator Tube Rupture (Loop C Hot Side) 
it .. .. .. .' (Loop C Cold Side) 
of .. .. .. .' (Loop A Hot Side) 
"o of If. .. (Loop A Cold Side) 
"if it of i (Loop B Hot Side) 

" it "1 " (Loop B Cold Side) 

Discharge Cold Leg Small Break (Loop C) 

Suction Cold Leg Small Break (Loop A) 

Hot Leg Small Break (Loop A) 

Pressurizer Small Break 

Control Element Assembly (CEA) Ejection (Upper Head) 

O-Ring Seal Leak

SGTR 

it 

If 

it 

SB 

SB 

SB 

SB 

RODEJ 

ATWS

26 

27 

28 

29 

30 

31 

34 

35 

36 

37 

38 

39

Internal to Primary System

Main Spray to Pressurizer 

Main Spray Source from Cold Leg (Loop C) 
"it it f to (Loop A ) 

Pressurizer Relief (SV, PORV and vents combined) 

Upper Head Vent Valve

SPR 
to

SV, PORV 

VENT

43 

44 

45 

46 

47

*The alternate path numbers are for non-momentum paths as a continuation of the 
momentum path arrays (101-150) or for the non-momentum paths numbered from 1-50. See 
the text for more information.  

+The non-momentum paths may be reconnected to different loops or nodes via the array 
P_NODEJINLET, or at different elevations via the array P_ELEV_INLET.
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Number*

126 

127 

128 

129 

130 

131 

134 

135 

136 

137 

138 

139

143 

144 

145 

146 

147
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Table 7.11C

Typical Primary System Non-Momentum Path Descriptions 
(Westinghouse 4 Loop PWR) 

Non-Mom* 
Number* Description+ Abbreviation Number 

External to Primary System 

101 Reactor Coolant Pump (RCP) Leak (Loop 1) PSL 1 

102 " " " " " (Loop 2) PSL 2 

103 . of " " it (Loop 3) PSL 3 

104 " " " " of (Loop 4) PSL 4 

105 Charging to Pump Seal (Loop 1) PS 5 

106 Charging to Pump Seal (Loop 2) PS 6 

107 Charging to Cold Leg and Pump Seal (Loop 3) CH&PS 7 

108 Charging to Pump Seal (Loop 4) PS 8 

109 Letdown Outlet from Pump Suction Leg (Loop 3) LDNS 9 

110 Letdown Outlet from Pump Discharge Leg (Loop 3) LDNS 10 

113 Hot Leg Drain (Loop 1) DRN 13 

114 Shutdown Cooling Outlet from Hot Leg (Loop 2) SDC 14 

116 Emergency Core Cooling System Injection (Loop 1) SIS 16 

117 . it . . 11 (Loop 2) SIS 17 

118 " " " " it (Loop 3) SIS 18 

119 " " " t " (Loop 4) SIS 19 

120 Safety Injection to Hot Leg (Loop 1) SIS 20 

121 " t t t (Loop 3) SIS 21
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Table 7. 11 C (Continued)

Description' Abbreviation
Non-Momr* 

Number

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139

SGTR 

Ft 

Ft 

SB 

SB 

SB 

SB 

RODEJ 

ATWS

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39

Leaks for Component Breaks 

Steam Generator Tube Rupture (Loop 1 Hot Side) 
"to to o .I (Loop 1 Cold Side) 
" "t " " (Loop 2 Hot Side) 

of it (Loop 2 Cold Side) 

"t if (Loop 3 Hot Side) 

"t if (Loop 3 Cold Side) 

If F F (Loop 4 Hot Side) 

"f i Ft (Loop 4 Cold Side) 

Discharge Cold Leg Small Break (Loop 3) 

Suction Cold Leg Small Break (Loop 2) 

Hot Leg Small Break (Loop 1) 

Pressurizer Small Break 

Control Element Assembly (CEA) Ejection (Upper Head) 

O-Ring Seal Leak 

Internal to Primary System 

Main Spray to Pressurizer 

Main Spray Source from Cold Leg (Loop 3) 
f F..t of o (Loop 4) 

Pressurizer Relief (SV, PORV and vents combined) 

Upper Head Vent Valve

43 

44 

45 

46 

47

*The alternate path numbers are for non-momentum paths as a continuation of the 
momentum path arrays (101-150) or for the non-momentum paths numbered from 1-50. See 
the text for more information. +The non-momentum paths may be reconnected to different 
loops or nodes via the array P._NODE_INLET, or at different elevations via the array 
P_ELEV_INLET.
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Number*

SPR 
it 

SV, PORV 

VENT

143 

144 

145 

146 

147
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Table 7.12

Primary System Path Variables

Path Types

Momentum 

Non-momentum, sources or sinks external to primary system 

Non-momentum, leaks 

Non-momentum, sources or sinks internal to primary system 

Path Variables

P_FLOW(J)* 

P_ENTH(J) 

P_ENTHLIQ(M) 

P_ENTHSTM(M) 

PQUAL(J) 

DPTOT(M) 

NUMPATHSMOM 

NUMPATHS

Flowrate 

Enthalpy 

Liquid enthalpy 

Steam enthalpy 

Quality 

Momentum Path pressure drop

(lbm/sec) 

(Btu/lbm) 

(Btu.lbm) 

(Btu/lbm) 

(psid)

Number of momentum paths (< 100) 

Total of momentum and non-momentum paths 
(150)

Non-Momentum Path Variables

RCS_PFLOW_NONM(N)* 

RCSPENTH_NONM(N) 

RCS_P_QUALNONM(N) 

RCSPBORON(N) 

RCS_P_IOD(N) 

RCS_P_PART(N) 

RCSPXEN(N) 

NUM_PATHSNONM

-Flowrate (lbm/sec) 

Enthalpy (Btuflbm) 

Quality 

Boric acid concentration (ppm) 

Iodine fission products ([tC/lbm) 

P articulate of...  

Xenon " of 

Number of non-momentum paths (50)
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101-125 

126-142 

143-150

7-.46



Table 7.12 (Continued) 

Reactor Coolant Pump

SPEEDPUMP(I)* 

DPPUMP(I) 

RCPIVOLTFRAC(I) 

RCPHEAT(I)

Pump speed 

Pump head 

Pump voltage 

Pump heat

(RPM) 

(psid) 

(fraction of rated voltage) 

(Btu/sec)

NUMPUMPS

Critical Flow

Number of reactor coolant pumps (< 4) 

Ontion for Liauid and Two-Phase

RCSCRIT_MODEL = 0, Homogeneous Equilibrium model (HEM) 

= 1, Henry-Fauske model (H-F) 

See Section 4.7, CENTS variable dictionary 
and Appendix B.

Charging and Safety Injection System Solute Concentrations

CHGSRCSBORON 

CHGSRCSHYD 

CHGSRCSIOD 

CHGSRCSPART 

CHGSRCSXEN 

SISRCSBORON

Charging system boron concentration 

Charging system hydrogen conc.  

Charging system iodine concentration 

Charging system particulates conc.  

Charging system xenon concentration 

Safety injection system boron conc.

See Figures 7.2 and 7.3 for particular path numbers.  

I =1 ... , NUM_PUMPS 

J =l1....NUMPATHS 

M = 1,..., NUMPATHSMOM 

N = 1,..., NUMPATHSNONM

WCAP-15996-NP, Revision 0

(ppm) 

(Ibm/lbm) 

(gC/lbm) 

(gC/Ibm) 

(.tC/Ibm) 

(ppm)

C iia Flow........ fo ........ an Two-Phase....
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Table 7.13

Ouench Tank Variables

Input

GWSQTFLOW 

QTVENTMULT 

QTRUPTURESPOINT 

VLV_QTGWS 

VLVQTCONT

Gaseous waste system to quench tank flowrate.  

Adjustment multiplier on vent to containment flow 

Rupture disk setpoint pressure 

Valve position of vent to gaseous waste system (GWS) 

Valve position of vent to containment

Output: Node

PRESQT 

TEMPQT 

ENTHQT 

LEVLQT 

CONCSOLUQT(J)*

RUPTUREQT 

P_FLOWDISK 

ENTHQT

Pressure 

Temperature 

Enthalpy 

Level 

Solute concentrations

Output: Rupture Disk Path 

Disk ruptured when true 

Disk to containment flowrate 

Disk to containment enthalpy

Output: Quench Tank to Containment Vent Path

P_FLOWVENTWAT 

ENTHQT

Vent water flowrate 

Vent enthalpy

* See Table 7.9 for relationship of J to solute and units.
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(psia) 

(OF) 

(Btu/lbm) 

(ft)

(T/F) 

(Ibm/sec) 

(lbm/sec)

(Ibmrsec) 

(lbm/sec)
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Table 7.14 
Non-Condensible and Solute Inputs

Variable

GSVESNONC 

GSPRZRNONC 
GSSPECIES 

SISIRCSNONC(5) 
SIS2_RCSNONC(5) 
SIS3_RCSNONC(5) 
SIS4_RCSNONC(5) 
SIS5_RCSNONC(5) 
SIS6_RCSNONC(5)

COREN16_MULT 

COREIODREL 

COREPARTREL 
COREXENREL 
CORERELE_SOLU(20) 

IDTYPESPECIES(20) 
. IDTYPESOLUTE(15) 

IDTYPEBORON 
.. IDTYPE_N16 

IDTYPEIODINE 
IDTYPEXENON 
IDTYPEPART 

* IDTYPENONC(5) 
.. IDTYPEHYD 
.. IDTYPENIT 
.. IDTYPEAIR 
NUMSOLUTES 

NUM_NONC 
HALF_LIFESOLUTES(20) 
CONCRATIOSTMLIQ(20) 

WCAP-15996-NP, Revision 0

Description 

Input of Non-Condensibles Via Gas System 

Non-condensible inflow to vessel via Gas 
System 
Non-condensible inflow to przr via Gas System 
Type of NC gas (see DDTYPESPECIES) 

Non-Condensibles from Safety Injection 

Non-condensible inflow via SI line, CL 1 
Non-condensible inflow via SI line, CL 2 
Non-condensible inflow via SI line, CL 3 
Non-condensible inflow via SI line, CL 4 
Non-condensible inflow via SI line, HL 1 
Non-condensible inflow via SI line, HL 2 

Production of 16N in Core 
Production constant for 16N, giC/power-fraction 

Fission Product Release from Fuel 
Core iodine release 
Core particulate (typically cesium) release 
Core xenon release 

Solute release rate in the core 
Definition of Species 

Identifying pointers for all species 
Identifiers for the solute species 
Identifier for boron 
Identifier for 16N 

Identifier for iodine 
Identifier for xenon 
Identifier for particulates (typically cesium) 
Identifiers for the non-condensible species 
Identifier for hydrogen 
Identifier for nitrogen 
Identifier for air 
Number of dissolved solutes (< 15) 
Nnumber of non-condensible species (< 5) 
Decay half lives of dissolved species 
Relative solubilities in liquid and steam
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Units

lbm/sec 

Ibm/sec 
Pointer 

lbm/sec 
Ibm/sec 
lbm/sec 
lbm/sec 
Ibm/sec 
lbm/sec

Composite 

giC/lbm 
pgC/Ibm 
gC/lbm 

Composite 

Partition 
Pointer 
Pointer 
Pointer 
Pointer 
Pointer 
Pointer 
Pointer 
Pointer 
Pointer 
Pointer 
Counts 

Counts 

Seconds 
Fraction



Table 7.15

Non-Condensible and Solute Outputs

RCSCONCSOLUTE(I,K) 

MASSNONCDIS(I,L) 

MASSNONCSEP(I,L) 

MASSNONC_DISTOT(I) 

MASS_NONCSEPTOT(I) 

MASSNONCDISRCS 

MASSNONCSEPRCS 

RCSTOTALIODINE 

RCSIODRELTOT 

PCONCSOLU(J,K) 

P_FLOWNONC(J) 

PFRACNONC(J,L)

Node concentrations of dissolved species* 

Nodal mass of dissolved NC (Ibm) 

Nodal mass of separated NC (ibm) 

Total mass of dissolved NC in node (Ibm) 

Total mass of separated NC in node (Ibm) 

Total mass of dissolved NC in RCS (Ibm) 

Total mass of separated NC in RCS (Ibm) 

Total iodine in RCS nodes (Curies) 

Total iodine from core & ext. flows (Curies) 

Path concentrations of dissolved species* 

Path flow of all separated NC (Ibm) 

Path concentrations of separated NC*

I = 1,... NUMNODES (_550) 

J = 1,... NUMPATHS (<_150) 
This includes NUM_PATHSMOM momentum paths, and the non
momentum path types: 

external J = 101 ... , 100 + NUMPATHSEXT (_5 25), 
leak J = 126, ... , 125 + NUM_PATHSLEAK (_5 17) 
internal J = 143, ... , 142 + NUMPATHSINT (_5 8) 

K = 1, ..., 5 + NUMNONC (_ 20)

L = 1, ... , NUMNONC (• 5)

* Species 

Non-condensibles 
Boron 
Nitrogen-16 
Fission products 
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Concentration Units 

Ibm/Ibm fluid 
ppm 
gC/Ibm fluid 
gC/Ibm fluid
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7.3 Secondary System

The secondary system model includes the steam generator secondary (evaporator, 

downcomer and steam dome), main steamline header and related fluid sources and 

sinks as shown in Figure 7.5. The model also includes the steam generator tube heat 

transfer to the evaporator. Figure 7.6 gives a more detailed representation of the 

volume nodes and internal flowpaths for one steam generator, along with selected 

variables describing the state of the steam generator.  

7.3.1 Steam Generator Nodalization 

Table 7.17 defines the secondary node variables. Table 7.18 defines the secondary 

system internal flowpaths, i.e., paths between the secondary nodes. SGSHLEVEL(I) 

represents the actual water level in the downcomer region of steam generator I. It 

normally equals SGSHT3(I), the calculated level in the downcomer node, except 

when the can-deck/steam separators are flooded, i.e., exceeding the vertical limit of the 

downcomer node. SGSHTI(I,J) represents the indicated water level (feet) in the 

downcomer region of steam generator I, as measured by its J'th reference leg (J: 1 = 

narrow range, 2 = wide range, 3 = unused spare).  

CTL_SGILEVEL(I,J) exactly corresponds to SGSHTI(I,J), but is measured as 

fraction of span. CTL_SGILEVEL is used in feedwater control. Note that 

SGSHTI(I,J) may differ from SGSHLEVEL(I) at off-calibration conditions.  

7.3.2 Steam Generator Heat Transfer 

An enhanced heat transfer model that provides more detailed temperature profiles for 

the primary coolant and the tubes in the steam generators (SG) has been added as 

described in Section 5.3 to support the expanded nodalization in the SG. It produces 

more realistic heat transfer coefficients on both the primary and secondary side of the
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SG and a more accurate heat transfer rate. This allows use of more realistic values for 

the SG heat transfer tuning coefficients. It also gives more accurate flowrates and fluid 

temperatures in the RCS for natural circulation. Figure 7.7 shows the expanded 

nodalization in the SG and the enhanced heat transfer model.
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7.3.3 Main Steamline and Header 

The main steamline and steamline header model in CENTS has been upgraded as 

discussed in Section 5.6. The upgrade provides an option to model two mainline 

header nodes and to calculate the crossflow between them. It allows a main steamline 

break (MSLB) at any location along the steamline per the discussion for malfunctions 

on the secondary side of the NSSS in Section 7.5.2. It supports the capability to check 

for critical flow in any of the steamline flowpaths including the flowpath downstream 

of the steamline break location and the cross connect path (if the two node header 

model is used).  

Table 7.16 lists the steamlines' valved flowpaths, whose controls are described in 

Section 6.6 as part of the control systems. Upstream and downstream connections for 

these paths are fixed by the array MSLHVALVEINLET(I) (steamline and header 

sources, see Figure 7.5) with the values for fluid sources defined as

Source No. One steamline Two steamlines 
SL 1  SLI SL 2 

SGN SGN 2 - SGN- 1 2 • SGN 

MSLH1  NUMSL • NUMSG + I 
MSLH2 NUMSL • NUMSG + 2
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where

SGN is the SG number (1, 2, etc.) 

SL1 and SL 2 are steamline I and 2 (if it exists) 

MSLHI and MSLH2 are the MSLH node number 1 and 2 (if it exists) 

I = 1, .... MSLHVALVENUM (5 50 - NUMSL -NUMSG-NUMMSLH) 

The array MSLHVALVEEXIT(I) defines the flow sinks (see nomenclature for 

Figure 7.5) as: 

= 1, atmosphere 

= 2, condenser, 

= 3, containment, and 

= 4, turbine 

Table 7.17 lists the main steamline header and main steamline state variables.  

Table 7.19 presents the variables describing the external sources and sinks of fluid for 

the secondary system. Included, via the SLPFLOW array, are the 

MSLHVALVE_NUM valved flowpaths shown and numbered in Figure 7.5 and Table 

7.16. SLPFLOW also includes, after MSLHVALVENUM, one auxiliary steam 

path from each steamline (upstream of the MSIV) and one such path from each header 

node, each carrying a user-specified, constant steam flowrate (normally zero).  

MSLHFLOWCHOKED is a flag that controls flow choking between the steamline 

header and the steamline break: 

F =not choked 

T = choked

WCAP-15996-NP, Revision 0 7-54



7.3.4 Feedwater System 

CENTS provides two options for representing the main feedwater and auxiliary 

(emergency) feedwater systems (FWS): a simplified model and a detailed model. For 

the simplified model, the control system built by the system modeler (Section 6.7) 

directly specifies the flowrate to each steam generator. For the more detailed model, 

the control system controls the feedwater pump speed and the flow control valves. The 

model to be used is selected by the value of 

NUM_FWSPUMPS = 0, Use simplified system (Section 5.5.10), 

> 0, Use detailed system (Sections 5.5.1 - 5.5.9).  

The detailed, discrete model for the main and auxiliary feedwater systems is derived 

from a set of models developed for the LTC code, Ref. 7.2. The improved model 

includes component models for control valves, recirculation control valves, isolation 

valves, condensate pumps, main feedwater pumps, heater drain pumps, 

auxiliary/emergency feedwater pumps, feedwater heaters, the condenser, heater drain 

tanks, and the feedwater piping including cross connects. Piping from the outlet of the 

condenser to the SG inlets is modeled (including heater drains) by means of a node 

flowpath network. The FWS model represents pumps with head-flow curves, provides 

line and valve losses, and responds to control systems built with the CENTS generic 

control system models. A typical system for a C-E PWR is shown in Figures 7.8 and 

7.9. Tables 7.20 and 7.21 list the nodes and flowpaths for the system depicted in the 

figures.  

Table 7.22 provides information about the input variables that are used to build a 

detailed feedwater system and define the performance of the system. It lists the 

partition in the data dictionary for each FWS component model, the maximum number 

of elements for each type of component, and selected input variables of interest to the 

code user. Table 7.23 lists variables used to observe the behavior of the detailed
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feedwater system. Interfaces to the component models driven by the control systems 

are provided by the variables listed below. The variables are defined in Tables 7.22 

and 7.23 and in the CENTS variable dictionary.

FWS System Variable 

FWS_SPDMD { NPMPMFW(L) } 
L = 1..., NUMFWSPUMPS 

FWSSPDMD { NPMPEFW(L) } 
L = 1...,NUMFWSPUMPS 

FWSSTROKE{NVMFV(N) } 
N = 1,...,NUMSG 

If SGECONOMIZER = True 
FWS_STROKE{NVBFV(N) } 
N= 1....NUMSG 

If SQGECONOMIZER = False 
FWSSTROKE{ NVBFV(N) } 
N= 1....NUMSG 

FWSSTROKE{ NVALRC(LL) } 
LL = 1...FWSNRCIRC 

FWSPOSISO(NP) 
NP = NPATH{ NVMFV(N)) 
NP = NPATH{NVBFV(N)} 
N= 1....NUMSG

Interface Variable 

= CTLFWSSPEEDSIG(L) 

= CTLAFWSSPEED_SIG(L) 

= CTLFWSSIG(N) 

= CTLFWSECONSIG(N) 

= CTLFWSBYPSIG(N) 

= FWSFWRCOUT(LL) • 100.  

= CTLFWSISOPOS(N)

7.3.5 Solutes and Dose 

The CENTS solutes and non-condensibles models are described in Sections 4.12 and 

4.15. CENTS tracks the solute species and non-condensible gases in the RCS as 

described in Section 7.2.7. The solutes in the RCS are used to provide a source or sink 

for the solutes in the SGS. CENTS tracks selected solutes (Table 7.24) in the SGS 

components (SG, steamline and MSLH). The iodine solute is used to find doses by 

means of the CENTS dose model described in Section 5.8.
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Solutes can enter or exit the SG via feedwater, a SG tube rupture and SG steam flow.  

The concentration of solutes entering the SG for primary to secondary leaks such as a 

tube rupture is set to the concentration in the primary node where the leak occurs.  

For secondary to primary leaks, the solute concentration entering the primary system is 

based on the concentration in the SG. If the evaporator level plus the elevation of the 

tubesheet is above the leak location, the solute concentration is set to the concentration 

in the liquid. Otherwise, it is set to the concentration in steam space. The 

concentration of hydrogen for secondary to primary leaks is zero. Variables for the 

concentration in the SG of the solutes that have specific variable names are listed in 

Table 7.24.  

Solutes can also enter or exit the SG by means of the feedwater system. When flow is 

positive (to the SG), the solute concentrations are set to the values for the feedwater 

system in Table 7.24. When the flow is negative, which can only occur during a 

feedline break malfunction, the solute of the exiting fluid is set to the concentration of 

the SG node.
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Iodine and gases leave the SG as part of the steam flow. For flow out of the SG, the 

concentration in the exiting steam is set to that in the steam space. For flow into the 

SG, the solute concentration is set to that of the steamline path MSLHISL(I). Iodine 

release to the atmosphere from all secondary systems paths includes four components 

that are combined to calculate the total iodine release RCSDOSETOTCURIE: 

1. Direct release via secondary safety valves, ADVs, (possibly) bypass valves 

which discharge to the atmosphere as well as any contribution from a 

steamline break outside of the containment.  

2. Release to atmosphere due to containment leakage.  

3. Release to the atmosphere from the main steam system via the condenser 

with a decontamination term RCSDOSECONDDF.  

4. Release to the atmosphere from main steam system via the turbine with a 

decontamination term RCSDOSECONDDF.  

The variables used to specify key parameters for the iodine release model and to 

observe the iodine releases are listed in Table 7.24.  

CENTS calculates doses due to iodine released from the SG using two models: a two 

(2) hour dose model and an eight (8) hour dose model. The variables used to calculate 

and observe these doses are listed in Table 7.24.
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Table 7.16A 

Steamline External Flowpaths: 

Typical Numbering Scheme for Sources, Sinks and Paths 

(C-E PWR) 

No. Steamline Sources 

1. Steamline 1, upstream of MSIV 

2. Steamline 2, upstream of MSIV 

3. Steamline header, downstream of MSIV 

No. Steamline Sinks 

1. Atmosphere 

2. Condenser 

3. Containment 

4. Turbine 

No. Steamline External Flowpaths Source Sink 

1. Atmospheric Dump Valve 1 1 

2. ' ... .. 2 1 

3. Safety Valve 1 1 

4. " "1 1 

5. " "1 1 

6. " "1 1 

7. " "1 1 

8. " "1 1 

9. " "1 1 

10. " "1 1
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Table 7.16 A (Continued)

Steamline External Flowpaths 

Safety Valve 
it 46 

•6 16

No.  

11.  

12.  

13.  

14.  

15.  

16.  

17.  

18.  

19.  

20.  

21.  

22.

96

23.* Turbine Admission Valves 

24. Constant Auxiliary Flow 

25. ' ..  

26. ' ..  

MSLB Main Steamline Break 
46 At 44 44 

"64 at " I A

MSLHVALVENUM
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Turbine Bypass Valves 
44 94 66

Source 

2 

2 

2 

2 

2 

2 

2 

2

Sink 

1 

1 

1 

1 

1 

1 

1 

1

3 

3 

3 

3

2 

2 

2 

2 

43 

1 

2 

3 

1 

2 

3

*

3 

3 

1
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Table 7.16B 

Steamline External Flowpaths: 

Typical Numbering Scheme for Sources. Sinks and Paths 

(Westinghouse 3 Loop PWR) 

No. Steamline Sources 

1. Steamline 1, upstream of MSIV 

2. Steamline 2, upstream of MSIV 

3. Steamline 3, upstream of MSIV 

4. Steamline header, downstream of MSIV 

No. Steamline Sinks 

1. Atmosphere 

2. Condenser 

3. Containment 

4. Turbine 

No. Steamline External Flowpaths Source Sink 

1. Atmospheric Dump Valve 1 1 

2. it ... . 2 1 

3. "' "' 3 1 

4. Safety Valve 1 1 

5. " "1 1 

6. " "1 1 

7. " "1 1 

8. " "1 1
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Table 7.16 B (Continued)

No.  

9.  

10.  

11.  

12.  

13.  

14.  

15.  

16.  

17.  

18.

Steamline External Flowpaths 

Safety Valve 
49 4&

A A £6

Safety Valve 
At •6

19. Turbine Bypass Valves A + B 

20. " . .... C+D 

21. " .... E+F 

22. " . .... G+H 

23.* Turbine Admission Valves

24.  

25.  

26.  

27.

Constant Auxiliary Flow 
At 64 46

MSLB Main Steamline Break 
44 66 cc 44 

66 64 66 64

Source 

2 

2 

2 

2 

2

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

1 

2 

3 

4 

1 

2 

3 

4

MSLHVALVE_NUM
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Sink 

1 

1 

1 

1 

1

1 

1 
1 

1 

1 

2 

2 
2 

2 

4

3 

3 

3 

1
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Table 7.16C 

Steamline External Flowpaths: 

Typical Numbering Scheme for Sources, Sinks and Paths 

(Westinghouse 4 Loop PWR) 

No. Steamline Sources 

1. Steamline 1, upstream of MSIV 

2. Steamline 2, upstream of MSIV 

3. Steamline 3, upstream of MSIV 

4. Steamline 4, upstream of MSIV 

5. Steamline header, downstream of MSIV 

No. Steamline Sinks 

1. Atmosphere 

2. Condenser 

3. Containment 

4. Turbine 

No. Steamline External Flowpaths Source Sink 

1. Atmospheric Dump Valve 1 1 

2. " ... .. 2 1 

3. ' ... .. 3 1 

4. " " 4 1 

5. Safety Valve 1 1 

6. " "1 1 

7. " "1 1 

8 . " 1 

9. 1 1
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Table 7.16 C (Continued) 

No. Steamline External Flowpaths Source Sink 

10. Safety Valve 2 1 
11. " " 2 1 
12. " 2 1 
13. " 2 1 
14. " 2 1 

15. Safety Valve 3 1 
16. " " 3 1 
17. " " 3 1 
18. " " 3 1 
19. " " 3 1 

20. Safety Valve 4 1 
21. " 4 1 
22. " 4 1 
23. " 4 1 
24. " 4 1 

25. Turbine Bypass Valves 5 2 
26. ' 5 2 
27. " " 5 2 
28. " " 5 2 
29. I .. 5 2 
30. ' . .... 5 2 
31. ' . .... 5 2 

32.* Turbine Admission Valves 5 4 

33. Constant Auxiliary Flow 1 
34. 2 
35. 3 
36. 4 
37. 5 

MSLB Main Steamline Break 1 3 

cc .. ..... 2 3 
44 . . " " 3 3 
66 . . " " 4 3 
6 .. ...... 5 1 

* MSLH_VALVENUM
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Table 7.17 

Steam Generator Secondary Node Variables*

Steam Dome

SGSP(I)* 

SGSENTHI(I) 

SGSTI(I) 

SGSWFI(I) 

SGSWGI(I) 

SGS_MI(I) 

SGSCONIO1(I)*" 

SGS_HF(I) 

SGSHG(I)

Pressure 

Average enthalpy 

Temperature 

Liquid mass 

Steam mass 

Total fluid mass 

Iodine concentration 

Liquid saturation enthalpy 

Steam saturation enthalpy

Evaporator

SGSENTH2(I) 

SGST2(I) 

SGS_WF2(I) 

SGS_WG2(I) 

SGS_M2(I) 

SGS_CONIO2(I) * 

SGS_HT2(I)

Overall enthalpy 

Temperature 

Liquid mass 

Steam mass 

Total fluid mass 

Iodine concentration for 
evaporator and downcomer 

Level

WCAP-15996-NP, Revision 0

(psia) 

(Btu/lbm) 

(OF) 

(Ibm) 

(Ibm) 

(ibm) 

(lC/Ibm) 

(Btu/lbm) 

(Btu/lbm)

(Btu/lbm) 

(OF) 

(Ibm) 

(Ibm) 

(ibm) 

(gC/lbm)

(ft)
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Table 7.17 (Continued)

Downcomer

SGSENTH3(I) 

SGST3(I) 

SGSWF3(I) 

SGSWG3(I) 

SGSM3(I) 

SGSHT3(I)

MSLHSTATE 

MSLH_P 

MSLH_H 

MSLH_T 

MSLH_M 

MSLHCONIO § 

MSLHHF 

MSLHHG

Overall enthalpy 

Temperature 

Liquid mass 

Steam mass 

Total fluid mass 

Level

Main Steamline Header Node 1 

Steamline header Node 1 variables 

Pressure 

Average enthalpy 

Temperature 

Total fluid mass 

Iodine concentration 

Liquid saturation enthalpy 

Steam saturation enthalpy 

Main Steamline Header Node 2 (if used)

MSLH2_STATE 

MSLH2_P 

MSLH2_H 

MSLH2_T 

MSLH2_M 

MSLH2_CON_10' 

MSLH2_HF 

MSLH2_HG 

NUMMSLH

Steamline header Node 2 variables 

Pressure 

Average enthalpy 

Temperature 

Total fluid mass 

Iodine concentration 

Liquid saturation enthalpy 

Steam saturation enthalpy 

Number of MSLH nodes (5 2)
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(Btu/lbm) 
(OF) 

(Ibm) 

(Ibm) 

(ibm) 

(ft)

Partition 

(psia) 

(Btu/lbm) 

(OF) 

(Ibm) 

(gC/Ilbm) 

(Btu/lbm) 

(Btullbm)

Partition 

(psia) 

(Btu/lbm) 

(OF) 

(Ibm) 

(gC/lbm) 

(Btu/lbm) 

(Btu/lbm) 

(Counts)
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Table 7.17 (Continued)

Steamline

NUM_SL 

MSLHPSL(II) 

MSLHTSL(II) 

MSLHHSL(II)

Number of steamlines per SG (< 2) 

Pressure 

Temperature 

Average enthalpy

Downcomer Water Level'

SGS_HLEVEL(I) 

SGSHTI(I,L) 

CTLSG_ILEVEL(I,L)

NUMSG 

NUM_SGNODES 

NODESG(N) 

NUMSGSECT(N) 

RCSSGNSECT(N) 

RCS_SGSECTTOPT

Downcomer water level, actual 

Downcomer water level, measured 
by reference leg L 

Downcomer water level, measured 
by reference leg L 

Steam Generator Nodalization (Input) 

Number of steam generators (N < 4) 

Number of primary nodes in SG (N < 16) 
(NUMSGNODES / NUMSG = 2 or 4) 

Primary side node number in SG 
(N< 16) 

Number of primary side sections in SG 
node requested in base deck (N < 16) 

Actual number of primary side sections 
used in SG node (dynamic) (N < 16) 

Tube section primary side temp. model 
(0 = Exit, 1 = LMTD)
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(Counts) 

(psia) 

(OF) 

(Btu/lbm)

(ft) 

(ft) 

(fraction)

(Counts) 

(Counts) 

(Counts) 

(Counts) 

(Counts) 

(Pointer)

I
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Table 7.17 (Continued)

Steam Generator Tube Heat Transfer 

SGSNSECT(K) No. of secondary side sections in SG (Counts) 
( = Z RCS_SGNSECT(lower + upper)) 

RCSSGSECTTEMP(J,K) Primary fluid temp.of tube sections (OF) 

RCSSGSECTLQP(J,K) Primary heat rate of tube sections (Btu/sec) 

RCSSGSECTQS(J,K) Secondary heat rate of tube sections (Btu/sec) 

RCSSG_SECTTTUBE(J,K) Tube temperatures of tube sections (OF) 

SGT_.Q_..MULT(I)++ Multiplier on heat transfer area (fraction) 

SGTRCSQCOLD(I) RCS to cold side tubes (Btu/sec) 

SGTRCSQHOT(I) RCS to hot side tubes (Btu/sec) 

SGTSGQCOLD(I) Cold side tubes to secondary (Btu/sec) 

SGTSGQHOT(I) Hot side tubes to secondary (Btu/sec) 

SGSHEATLOAD Total secondary heat load (Btu/sec) 

* Dimensions for subscripts 

I = 1,..., NUMSG (<4) 

H = I,..., NUMSL NUMSG (•8) 
{Order is SLI and SL 2 (if it exists) for SGI, SLI and SL2 (if exists) for SG 2, etc.) 

J = 1,..., RCSSGNSECT(N) (_5 20) 
{Order is bottom to top of lower node, then bottom to top of upper node.) 

K = L..., 2 NUMSG (s 8) 
{Order is SG, hot side, SGI cold side, SG2 hot side, etc.) 

N = 1,..., NUMSGNODES (• 16) 

For solute species that have specific variable names, replace 10 by BORON (boron), XE 

(xenon) or PT (particulates) concentrations.  

§ For solute species that have specific variable names, replace 10 by XE (xenon) or PT 

(particulates) concentrations.  
+ See text, Section 7.3.  

+' This multiplier is user-input. It has the effect of simulating tube heat 
transfer area degradation due to tube plugging.
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Table 7.18 

Steam Generator Secondary Internal Flowpath Variables

SGSW21(I)* 

SGSW23(I) 

SGSW32(I) 

SGS_W13(I) 

SGSW31(I) 

SGSWOUTSG(I) 

MSLHWIN(I)

Evaporator to steam dome flowrate 
(Steam separation, Wilson model) 

Evaporator to downcomer flowrate 
(Recirculation flow) 

Downcomer to evaporator flowrate 
(Circular flow) 

Steam dome to downcomer flowrate 
(Steam condensation) 

Downcomer to steam dome flowrate 
(Boiling) 

Steam generator outlet nozzle flowrate 

Steam flow into MSLH

*I = Steam generator number = 1,..., NUMSG
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(lbm/sec) 

(lbm/sec) 

(lbm/sec) 

(lbm/sec) 

(lbm/sec) 

(Ibm/sec) 

(lbm/sec)
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Table 7.19

Secondary System External Flow Variables

Flow In Steamline

SGSWOUTSG(I)* 

MSLHWIN(I)

SL_P.FLOW(J)* 

SLP FLOW(NV + K)* 

MSLH_WOUT 

MSLHWOUTATM(K)* 

MSLHWOUTCOND(K) 

MSLHWOUTCONT(K) 

MSLH_WOUTTURB(K)

Flow at the steam nozzle 

Flow to the steamline header 

Flow Out of Steamline

Flow through each of the valve paths 
off the steamlines: atmospheric dumps, 
steam bypass, safeties and turbine 
admission. (Figure 7.5 and Table 7.16) 

User-specified auxiliary steam outflow from 
steamline source K.  

Partition of the following four arrays, which 
organize the above valve-path flows by 
source and sink (not including break 
flow and auxiliary flows).  

Total flow from steamline source K* to 
atmosphere (safety and atmospheric 
dump valves) 

Same as above, to condenser (turbine steam 
bypass) 

Same as above, to containment (none 
configured) 

Same as above, to turbine (turbine admission 
valve)
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Table 7.19 (Continued)

MSLHOUTFLOW(L,M) 

MSLHVALVE_POS(J)

FWSFLOW(I) 

FWSECONFLOW(I) 

FWSFLOWTOT(I) 

FWSENTH(I) 

FWSNOZFLOW(I)

Total exit flow quantities of species L to sinks M: 

L = 1 Total flow from all NUMSG+1 
steamline sources, including break 

= 2 Average specific enthalpy (Btu/lbm) 

= 3,4,5 Average concentrations of iodine, 
particulates and xenon (giG/lbm) 

M = 1 To atmosphere 

= 2 To condenser 

= 3 To containment 

= 4 To turbine 

Each of these twenty elements may be 
referenced by an individual name.  
See CENTS variable dictionary, 
e.g., MSLHFLOWATM 
is the total flowrate to atmosphere, 
via all ADVs and safety valves and a 
main steamline break at the header 
{ equivalent to MSLH_OUTFLOW(1,1)}.  

Open position of steamline valves, 
corresponding to SLJPFLOW(J) (fraction).  

Feedwater Systems 

Main feedwater flow to downcomer 

Main feedwater flow to economizer 

Total main feedwater flow 

Specific enthalpy of above (Btu/lbm) 

Flow to downcomer through the main feed 
nozzle. Different from FWSFLOW(I) 
only in case of feedline break
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Table 7.19 (Continued)

FWSNOZQUAL(I) 

FWSECONNOZFLOW(I) 

FWSECONNOZQUAL(I) 

AFWSFLOW(I) 

AFWSENTH(I)

Quality at above (fraction) 

Flow to economizer through the main feed 
nozzle. Different from FWSECONFLOW(I) 
only in case of feedline break 

Quality at above (fraction) 

Auxiliary feedwater flow 

Auxiliary feedwater enthalpy (Btu/Ibm)

Steamline and Feedline Breaks

See Table 7.27.

Critical Flow Option 
for Liquid and Two-Phase

SGSCRIT_MODEL = 0, Homogeneous Equilibrium model (HEM) 

= 1, Henry-Fauske model (H-F) 
See Section 5.2.6, CENTS variable dictionary 
and Appendix B.

I = 1,...,NUMSG 

J = 1....NV 

K = 1,..., NUMSG • NUMSL: Steamline number upstream of MSIV 
{order is SLI and SL2 (if it exists) for SGI, SLI and SL2 (if it exists) for SG2, etc.} 

= NUM_SG • NUMSL + 1: Main steamline header(s) downstream of MSIV.  

NV = MSLHVALVENUM = Number of external valve paths 

NUMSG = Number of steam generators 

NUMSL = Number of steamlines per SG
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Table 7.20

Typical Feedwater System Node Descriptions 

Node or 
Junction Description 

"0" Condenser 

1 Condensate Pump Inlet Header 

2 Condensate Pump Discharge Header 

3 Low Pressure Heater Inlet / Condensate Pump Recirc. Line / S/U & B/D 
Demineralizer 

4 Low Pressure Heater Discharge / Heater Drain Valve Discharge 

5 Main Feed Pump Suction Header 

6 Heater Drain Pump Discharge Header 

7 Heater Drain Tank 

8 Main Feed Pump #1 Discharge / MFP #1 Recirc. Line 

9 Main Feed Pump #2 Discharge / MFP #2 Recirc. Line 

10 Main Feed Pump Discharge Header 

11 Feedwater Regulating Valve Header / Auxiliary Feedwater Discharge Line 

12 Auxiliary & Emergency Feed Pump Suction Header 

13 Emergency Feedwater Pump #1 Discharge Header 

14 Emergency Feedwater Pump #2 Discharge Header 

15 EFW Supply Header to Steam Generator A 

16 EFW Supply Header to Steam Generator B 

17 Auxiliary Feedwater Pump Discharge Header 

18 EFW discharge to MFW Supply Line to Steam Generator A 

19 EFW discharge to MFW Supply Line to Steam Generator B

WCAP-15996-NP, Revision 0 7-73



Table 7.21 

Typical Feedwater System Path Descriptions 

Path Description 

1 Condenser to Condensate Pump Suction Header 

2 Condensate Pump #1 

3 Condensate Pump #2 
4 Condensate Pump #3 

5 Condensate Pump #4 

6 Condensate Pump Discharge Header to Low Pressure Heater Suction 

7 Condensate Pump Recirculation Line 

8 Low Pressure Heaters 

9 Low Pressure Heater Discharge Line to Main Feedwater Pump Suction 
Header 

10 Heater Drain Pump Discharge Valve 

11 Heater Drain Pump # 1 

12 Heater Drain Pump #2 

13 Heater Drain Tank to Condenser (not shown in diagram) 

14 Main Feedwater Pump #1 

15 Main Feedwater Pump #1 Recirculation Line to Condenser 

16 Main Feedwater Pump #1 Discharge Line to Header 

17 Main Feedwater Pump #2 

18 Main Feedwater Pump #2 Recirculation Line to Condenser 

19 Main Feedwater Pump #2 Discharge Line to Header 

20 Main Feedwater Pump Header to FRV Inlet Header 

21 High Pressure Heater to SG A 

22 High Pressure Heater to SG B 

23 Line to S/U & B/D Demineralizer / Filter 

24 Condensate Storage Tank to Auxiliary / Emergency Feedwater Pump 
Suction Header 

25 Emergency Feedwater Pump #1 

26 Emergency Feedwater Pump #2 

27 Discharge Line from EFW Pump #1 to SG A
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Table 7.21 (Continued)

Discharge Line from EFW Pump #1 to SG B 

Discharge Line from EFW Pump #2 to SG B 
Discharge Line from EFW Pump #2 to SG A 

EFW Discharge Check Valve to MFW line to SG A 
EFW Discharge Check Valve to MFW line to SG B 

Auxiliary Feedwater Pump 

Auxiliary Feedwater Pump Discharge Valve to EFW Header A 
Auxiliary Feedwater Pump Discharge Valve to EFW Header B 
Auxiliary Feedwater Pump Discharge Valve to FRV Inlet Header 

MFW Supply Line to SG A 

MEFW Supply Line to SG B 
Feedwater Line Break on MFW line to SG A 
Feedwater Line Break on MFW line to SG B

WCAP-15996-NP, Revision 0
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29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40
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Table 7.22

Feedwater System Inputs

FWS_FDPATH 
FWSNFLO 
FWS_HEXTN(J)* 
FWSPEXTN(J)* 
FWSWEXTF(I)* 
FWS_HEXTF(I)* 
FWSAEXTF(I)* 

FWSPEXTF(I)* 

FWSFDNODE 
FWSNNOD 
FWSNEXTN 

FWSFDVALV 
FWSNVAL 
FWSNHDV 
FWSNTABFV 

FWSFDPUMP 
FWSNPUM 
FWSNTABFP 
FWS_NMFWP 
FWSNEFWP 

FWSFDHEAT 
FWSNHT 
FWSHTRHMX 

FWSFDMODL 
FWSNRCJRC 
FWSFWRCPB(LL)* 
FWSFWRCRE(LL)* 
FWSFWRCSP(LL)* 
FWSFWRCIR(LL)*

FWS model flowpath partition 
Number of flowpaths in feedwater system 
FWS model external node enthalpy 
FWS model external node leak back press.  
FWS model node external leak flow out 
FWS model node external leak enthalpy 
FWS model node external leak flow area 

= 0, flow is input to FWS model 
> 0, flow is calculated by FWS model 

FWS model node external back pressure 

FWS model node partition 
Number of internal nodes 
Number of external nodes 

FWS model valve partition 
Number of control valves 
Number of drain tank flow control valves 
Number of diff. types of control valve tables 

FWS model pump partition 
Number of feedwater system pumps 
Number of different feedwater pump tables 
Number of main feedwater pumps 
Number of emergency/aux. feedwater pumps 

FWS feedwater heater partition 
Number of feedwater heaters 
Feedwater heater maximum enthalpy 

FWS model miscellaneous controls partition 
Number of recirculation control valves 
FWS recirc. pump control proportional band 
FWS recirculation pump control reset 
FWS recirculation pump control setpoint 
FWS recirc. pump control instr. range

* Subscripts are defined at the end of Table 7.23.

WCAP-15996-NP, Revision 0

(___ 50) 
(Btuflbm) 
(psia) 
(lbm/sec) 
(Btu/lbm) 
(ft2) 

(psia) 

(_ 30) 
(< 20) 

(•30) 
(_5 3) 
(!5 10) 

(_ 20) 
(< 10) 
(•5 4) 
(• 4) 

(• 9) 
(Btu/lbm) 

(__ 20) 
(%) 
(sec) 
(gpm) 
(gal)
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Table 7.23

Feedwater System Outmuts

FWSHNODE(I)* 

FWSP(I) 

FWSHEXT(K)* 

FWSHPATH(K) 

FWSICPUMP(K) 

FWSKEY 

FWSPEXT(K) 

FWSPOSISO(K) 

FWSQCURR(K) 

FWSW(K) 

FWSWMAS(K) 

FWSSPDMD(L)* 

FWSSPEED(L) 

FWSSTROKE(M)* 

FWSPOSIT(M) 

FWSTPWR 

FWSFWRCOUT(LL)* 

FWSDCLMASS(N)* 

FWSECLMASS(N) 

FWSLINEMASSES(N,2) 

AFWSFLOW(N)

FWS model node enthalpy 

FWS model node pressure 

FWS flowpath external node enthalpy 

FWS model flowpath enthalpy 

FWS model flowpath pump status 

FWS model any FW pumps on flag 

FWS model flowpath external pressure 

FWS model path isolation valve position 

FWS model flowpath heat transfer 

FWS model flowpath volumetric flowrate 

FWS model flowpath mass flowrate 

FWS model pump speed demand 

FWS model pump speed 

FWS model valve demand 

FWS model valve position 

FWS model turbine power 

FWS recirculation pump control output 

FWS model downcomer line mass 

FWS model economizer line mass 

FWS steady state feedline mass 
(downcomer line, economizer line) 

Auxiliary feedwater flowrate

WCAP-15996-NP, Revision 0

(Btu/lbm) 

(psia) 

(Btu/Ibm) 

(Btu/lbm) 

(flag) 

(flag) 

(psia) 

(fraction) 

(Btu/sec) 

(gpm) 

(Ibm/sec) 

(fraction) 

(fraction) 

(%) 

(%) 

(fraction) 

(fraction) 

(Ibm) 

(Ibm) 

(Ibm) 

(lbm/sec)
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Table 7.23 (Continued)

* I = 1,..,FWS_NNOD+ (5 30) 

J = 1....FWS_NEXTN ( 20) 

K = 1....FWSNFLO (_5 50) 

L = 1....FWSNPUM (•520) 

LL = 1....FWSNRCIRC (• 20) 

M = 1....FWSNVAL (• 30) 

N = 1....FWSNSG (54) 

+ Upper bound for arrays defined in Table 7.22.
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Table 7.24

Steam Generator Dose and Solutes 

With Specific Variable Names

Solute Concentrations in SG

Steam Node
Evaporator and 
Downcomer Nodes

Boron 

Iodine 

Particulates 

Xenon

SGSCONBORON1(I) 

SGSCONIOI(I) 

SGSCONPT1(I) 

SGSCONXEI(I)

SGSCONBORON2(I) 

SGSCONIO2(I) 

SGSCONPT2(I) 

SGSCONXE2(I)

Solute Concentrations in Feedwater and Steamlines

Species Steamline Header Node 1 Header Node 2

Boron 

Iodine 

Particulates 

Xenon

0.0 
MSLHISL(K) 

MSLHCSL(K) 

MSLHXSL(K)

0.0 
MSLHCON_10 

MSLH_CONPT 

MSLHCONXE

0.0 
MSLH2_CONIO 

MSLH2_CONPT 

MSLH2_CONXE

0.0 

FWSCONIO(I) 

FWSCONPT(I) 

FWSCONXE(I)

Overall Iodine Concentrations in Flows to Steamline Exits

Destination 

Atmosphere 

Condenser 

Containment 

Turbine

Value or Variable 

MSLHIOATM 

MSLHIOCOND 

MSLH_10_CONT 

MSLH_10_TURB

Units 

.tC/lbm 

g.C/lbm 

.tC/lbm 

g.C/Ibm

(continued...) 
I = 1....NUMSG 
K = 1,... NUMSL - NUM_SG {order is SLI and SL2 (if it exists) for SG 1 , SLI and SL 2 (if 

it exists) for SG 2, etc.}

WCAP-15996-NP, Revision 0

Species Units

ppm 
gC/lbm 

[tC/Ibm 

l.tC/lbm

Feedwater Units

ppm 
gIC/lbm 

giC/Ibm 

gC/lbm
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Table 7.24 (Continued)

Iodine Release to Atmosphere from Secondary Systems

MSLH_10_INT_ATM 

MSLH_IO_INT_CONT 

RCS_DOSE_CONT_LEAK 

MSLH IO CONTLEAK 

MSLHIOCONTINTLEAK 

MSLHI0_INTCOND 

MSLH_I0_INTTURB 

RCSDOSECONDDF 

RCSDOSETOTCURIE 

SGSTOTALIODINE

RCS_DOSE_CF 

RCS_DOSE_BF 

RCSDOSEXOQ2 

RCS_DOSE_XOQ8 

RCS_DOSE_2HR 

RCSDOSE_8HR

Integrated direct release to atmosphere (Curie) 

Integrated release rate from header to cont. (Curie) 

Input containment leak rate (fraction/day) 

Iodine leak rate from cont. to atmosphere (jiC/sec) 

Integrated leakage from cont. to atmosphere (Curie) 

Integrated release to condenser via bypass valves 
without decontamination (Curie) 

Integrated release from main steam system to turbine 
without decontamination (Curie) 

Iodine decontamination factor for condenser and 
turbine (fraction-) 

Total release from all SG sources contributing to offsite 
dose (Curie) 

Total iodine in SG and header (Curie) 

Iodine Dose 

Input iodine dose conversion factor (REM/Curie) 

Input effective breathing factor (ft3/sec) 

Input 2 hour site dispersion factor for dose (sec/ft3) 

Input 8 hour site dispersion factor for dose (sec/ft3) 

Accumulated dose for 2 hour model (REM) 

Accumulated dose for 8 hour model (REM)
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7.4 Wall Heat Transfer

CENTS calculates the thermal interactions of metal components ("wall heat") in the 

primary and secondary systems. The types of wall heat considered are 

Wall heat transfer to liquid coolant 

Wall heat transfer to steam coolant 

Wall heat transfer to containment air.  

Input variables to the wall heat model, that do not normally change, are found in the 

plant data segment of the CENTS database (Section 7.6). These include overall heat 

transfer coefficients and metal components' heat capacities.  

Other input variables, such as various multipliers and containment temperatures, which 

may be used to tune the wall heat processes, are listed in Table 7.30. The table also 

lists output variables representing the various wall temperatures and heat transfer rates.  

7.5 Malfunctions and Leaks 

Simulation of the more common system malfunctions and fluid leaks is facilitated in 

CENTS by providing commands that initiate the desired behavior. This section 

provides details about the malfunctions, their initiating and output variables, and the 

systems affected.  

Most of the malfunctions described are primary or secondary coolant system leaks. A 

practically unlimited variety of additional malfunctions can be generated by the user, 

through the combinations of the above malfunctions and manual control of the BOP 

and control systems described in Chapter 6.
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7.5.1 Primary System Malfunctions

The primary system malfunctions directly involving coolant leakage are listed in Table 

7.25. Small break (SB) loss of coolant accident (LOCA) leaks are provided in a pump

suction cold leg, pump-discharge cold leg, hot leg, pressurizer and upper head (CEA 

ejection). An anticipated transient without scram (ATWS) leak whose area depends on 

pressure is provided in the upper head as described in Section 4.14.4. Input variables 

for O-Ring seal leakage (ATWS) are given in Table 7.28.  

Valve-leakage malfunctions are provided for the upper head vent valve, the pressurizer 

safety valves (SV) and power operated relief valves (PORV), and the pressurizer vents.  

Pump seal leakage, shaft break and rotor-lock are provided for each reactor coolant 

pump. In addition, rupture of steam generator tubes (SGTR) is modeled in the hot and 

cold sides of each steam generator tube bundle as described in Section 7.5.2.  

The locations of system leaks are indicated in Figures 7.3 and 7.5 by the abbreviations 

used here. Node and flowpath designations are given in Table 7.25. The current state 

of the primary leak flow area is given by the variables in Table 7.29.  

Each malfunction is initiated by setting the associated cue variable of Table 7.25 to an 

appropriate value. A valve malfunction or CEA ejection is specified as a fraction of 

the indicated area of a full-open valve or CEA. The fraction may exceed unity. A 

LOCA is specified by its break area. LOCA flowrates may depend on the containment 

pressure, CONTPRES, which should be increased as the LOCA progresses to provide 

a proper back pressure. Multiple malfunctions are permitted. The normal value of an 

inactive malfunction variable is zero for the numeric variables, and false for the logical 

variables. Information about flowrate, enthalpy and solutes for the leaks may be 

obtained using the non-momentum path variables described in Table 7.12. Actual flow 

areas may be observed through the variables listed in Table 7.29.
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Use of the CEA ejection malfunction should be combined with user input of an 

appropriate reactivity ramp using the variable POWKINDK, Table 7.4. Despite 

having this capability, CENTS evaluations of regulatory compliance for the CEA 

ejection event are restricted as noted in footnote (6) to Table 7.25.  

Likewise, the CENTS capability of modeling LOCA events is restricted as noted in 

footnote (7) to table 7.25.  

CENTS provides an extended model for small break LOCA in a tributary or letdown 

line that supports specification of line pressure losses between the RCS piping and the 

break as described in Section 4.21. This includes friction, geometric and elevation 

pressure losses which are evaluated at the average of the upstream and downstream 

(break) properties. For a given flowrate the code iterates on the pressure losses until a 

pressure balance is obtained; then it iterates on the break flowrate until a flow balance 

is achieved in the line. For a letdown line break, the iteration process also considers 

the letdown flow contribution through the regenerative heat exchanger (RHX) without 

the break. Either a homogeneous equilibrium model (HEM) or Henry-Fauske (HF) 

model is available for the critical flow calculation per Section 4.7. The SBLOCA with 

line losses is invoked using the SBLOCA malfunction variable in Table 7.25. The 

variable used to invoke a letdown line break is listed in Table 7.25. Figure 4.12 shows 

the location of the letdown line breaks. The parameters used to find the letdown line 

losses and observe the results are listed in Table 7.27.
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7.5.2 Secondary System Malfunctions

Several types of secondary system leaks are provided - steam generator tube rupture 

(SGTR, primary and secondary leak), steamline break upstream or downstream of the 

MSIV (MSLB), and main feedwater line break upstream or downstream of the feedline 

check valve (MFWLB). Details of each leak are provided in Table 7.26. The normal 

value of an inactive malfunction variable is zero. The actual leakage rate may depend 

on the containment pressure, CONTPRES, which should be increased as the leakage 

increases for large, inside containment leaks. The physical locations of the leakage 

paths for the malfunctions are indicated in Figure 7.5 

Additional losses of fluid due to normal or abnormal operation of secondary steam 

systems are described in Section 6.6. The user may define malfunctions for these 

systems by interfacing with their automatic control functions or by imposing direct 

manual control. These malfunctions may be defined separately, or combined with the 

above leaks and any of the primary system leaks and malfunctions (Section 7.5.1).  

The CENTS model for steam generator tube rupture (SGTR) supports the two types of 

SGTR malfunctions described in Section 5.7 - a double-ended guillotine (DEG) or a 

slot break in a tube. It treats a DEG break as two breaks, each with a break area 

SG_TUBEAREA • MAL_SGTR(J) • RCSSGTRFLOWMULT, separate sources 

for the fluid (hot side and cold side nodes), different loss terms from the source of the 

fluid to the break, and different exit enthalpies and flowrates. The SGTR guillotine 

break model is also used for a slot break in the SG tube with an outer iteration on 

pressure upstream of the slot to balance flows from each tube segment. Reverse flow 

through the SG tube break (DEG or slot) is allowed. Variables to define the break 

location, break area, loss terms and type of break are listed in Tables 7.26 and 7.27.  

The CENTS model for main steamline break (MSLB) allows the break to occur at any 

location along the steamline. This requires specification of the flow resistance from
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the affected steam generator to the break location. The resulting flow resistance must 

be less than the total resistance from the SG to the main steamline header (MSLH) 

node. CENTS checks for critical flow in the steamline flowpaths, including in the 

flowpath downstream of the break location, and in the cross-connect line if two header 

nodes are used. The model supports representation of two possible flow restrictors: 

1. A SG-side flow restrictor located between the SG steam nozzle and the MSIV 

(before the break if there is one).  

2. A MSLH-side flow restrictor located after the MSIV (after the break if there is 

one) and before the header.  

The location of the possible breaks, flow restrictors (possible choke points) and MSIV 

are shown in Figure 7.10 and described in Table 7.27. The location for break option 

zero (0) serves as the "intermediate" steamline location for atmospheric relief. The 

variables used to define the break location, minimum flow area, and flow resistance are 

listed in Table 7.27. The area of the unrestricted steamline is ASLMAX. The break 

location is further positioned by the flow resistance coefficient MSLH_FKBRK. Some 

outputs from the MSLB are also listed in Table 7.27
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Table 7.25 

Primary System Coolant Leaks and Malfunctions (5)

Malfunction 

SBLOCA (3) 

Discharge Leg (7) 

Suction Leg(/) 
Hot Leg (7) 

Pressurizer RTD Well 7 
Letdown line break

Reactor Coolant Pumps 
RCP Seal Leak 
RCP Shaft Break 
RCP Locked Rotor 

Valves with Auto Controls (2) 

Pressurizer PORV 
Pressurizer Safety Valve 
Pressurizer Spray Bleed Valve 

Manually Controlled Valves (2.3) 

Upper Head Vent to Cont.  
Upper Head Vent to Quench 
Pressurizer Vent to Containment 
Pressurizer Vent to Quench 

Others 
UH Leak Due to CEA Ejection (6)

Node (5 ) Path (5) Cue Variable

17 
15 
6 
4

14-16

4 
4 

17-18 

2 
2 
4 
4 

2

134 
135 
136 
137

101-103 
16-18 
16-18 

146 
146 

144-145 

147 
147 
146 
146

Function of Cue

MAL_SBLOCA(1) Break Area (ft2) 
MALSBLOCA(2) Break Area (ft2) 
MALSBLOCA(3) Break Area (Wt) 
MALSBLOCA(4) Break Area (ft2) 
MALLDNBREAK Break Area (ft2) 

< 0, upstream of RHX; > 0, downstream of RHX

RCPSEALSLEAK(J) (') 
MAL_RCPSHAFTBREAK(J) 
MAL_RCPLOCKED(J) 

MAL_VLVPRZRPORV(K)(') 
MALVLVPRZRSAFETY(L) () 

MALVLVPRZRMSPRAY(M)(1) 

MALVLVUHEADCONT 
MAL_VLVUHEADQT 
MALVLVPRZRCONT 
MAL_VLVPRZRQT

88 MALRODEJECT

gpm (4) 
True/False 
True/False 

Fraction 
Fraction 
Fraction 

Fraction 
Fraction 
Fraction 
Fraction 

Fraction
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Table 7.25 (Continued)

Footnotes for table 7.25 

(1) J = 1...,NUMPUMPS (No. of RCPs) 

K = 1,..., RCSNUMPORVS (No. of pressurizer PORVs) 

L = 1,..., RCS_NUM_SAFETYVLVS (No. of pressurizer safety valves) 

M = 1,..., RCS_NUMMSPRAYVLVS (No. of main spray bleed valves) 

(2) Fail-open malfunctions. The valves will stick open at the fractional position indicated by the Cue, unless opened further by 
the automatic or manual controls described in Chapter 6. The indicated areas represent one open valve.  

(3) Leak paths may be reconnected to other nodes and/or at other elevations.  

(4) Liquid, at nominal pressure and temperature.  

(5) Path and node numbers are examples for a typical 3 loop Westinghouse PWR nodalization.  

(6) CENTS is not used for evaluations of regulatory compliance for the CEA (rod) ejection event which analyze for fuel failure 
using hot channel and DNBR calculations. However, CENTS can indeed be used for the pressure transient aspects of the 
rod ejection accident.  

(7) CENTS is not used for LOCA calculations for the evaluation of regulatory compliance to IOCFR50.46 ECCS performance.
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Table 7.26 
Steam Generator Secondary System Leaks'

Malfunction 

Tube Rupture

Location

Loop 1 
Loop 2 
Loop 3 
Loop 4

Cue Variable 

MALSGTR(1) 
MALSGTR(2) 
MALSGTR(3) 
MALSGTR(4)

Function of Cue 

Number of tubes*

Steamline Break

Feedwater Line 
Break

Upstream of MSIV: 

Steamline JJ* 

Downstream of MSIV

MALMSLBIN(JJ) 

MALMSLBOUT

Upstream of MALFWLBOUT(J) or 
check valve, Loop J* MALFWLBECONOUT(J)

Location of break 
in steamline

Flag 
(0/l=No/Yes) 

Fraction of 
area

See Table 7.27 
and Figure 7.10

See Table 7.27 
for associated 
flow variables

Downstream of 
check valve, Loop J*

MALFWLBIN(J) or 
MALFWLBECON_IN(J)

* J 
JJ

=1.....NUMSG 
=1....,NUMSG e NUMSL
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SGI 
SG 2 
SG 3 
SG 4
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Table 7.27 

Variables for NSSS Breaks

RCSCRITMODEL 

LDNPIPEAREA(L)* 

LDN_PIPELOD(L) 

LDN_PIPE_KGEOM(L) 

LDN_PIPE_KENT(LL)* 

LDNPIPEDELTAELE, 

CVCSRHX_HLDN(LLL) 

CVCS_RHX_HCH(LLL) 

CVCS_RHX_WLDN 

CVCS_RHX_WCH 

CVCS_RHX_HEAT 

SBPIPEAREA(I)* 

SBPIPELOD(I) 

SBPIPEKGEOM(I) 

SB_PIPEKENT(I) 

SBDELTAELEV(I)

Critical Flow Model 

Liquid and two-phase critical flow model 
0 = HEM 
1 = Henry-Fauske

Letdown Line Break Input 

Letdown line flow area (ft2) 

Letdown line length/diameter for fric. loss 

Letdown line geom. K-factor w/o entry loss 

Letdown line entry loss K-factor 

1(L) Letdown line elevation rise (ft) 

Letdown Line Break Output 
* Letdown enthalpy for RHX (Btu/Ibm) 

Charging enthalpy for RHX (Btu/lbm) 

Total letdown mass flowrate including leak (lbm/sec) 

Charging mass flowrate (Ibm/sec) 

Regenerative heat exchanger heat load (Btu/sec) 

Input for SBLOCA in Tributary Line 

SBLOCA pipe flow area (ft2) 
(Set to zero for no line losses in SBLOCA) 

SBLOCA pipe length/diameter for fric.  

SB pipe geom. K-factor, w/o entrance loss 

SBLOCA pipe entrance loss K-factor 

SB break elev. above RCS connection (ft)

WCAP-15996-NP, Revision 0 7-89



Table 7.27 (Continued)

Steam Generator Tube Rupture 

RCSSGTRPNODEIN(JJ)* SGTR inlet node for fluid - 2 values/SG (Pointer) 

RCSSGTRPELEVIN(JJ) SGTR inlet elev. to tube - 2 values/SG (ft) 

SGTRTUBELENGTH(JJ) SGTR tube length (friction loss) - 2 values/SG (ft) 

SGTRTUBEENTRANCEK(JJ) SGTR entrance K factor (use 0.5) - 2 values/SG 

SGTRBREAKELEV(J)* SGTR elev. above top of tube sheet - 1 value/SG (ft) 

RCSSGTRFLOWMULT Flow mult. for rupture area. Set to 1.0 for DEG (frac) 

SGTR_SLOT_BREAK_OPT(J) SGTR Calculate slot break flow (True/False) 
False = Double-ended guillotine break 
True = Slot break 

SGTR_SLOT_BREAK_AREA(J) SGTR slot area per tube for slot break option (ft2) 

RCSSGTRFLOW(JJ) SGTR flowrate (lbm/sec) 

RCS_SGTR_ENTH(JJ) SGTR enthalpy (Btu/lbm) 

Steamline Break 

Inside Containment (Upstream of MSIV) 

MALMSLBIN(JJ) Location of steamline break (counts) 
= 0, No break 
= 1, Break before MSIV discharging to containment 
= 2, Break before MSIV discharging to atmosphere 
= 3, Break after MSIV discharging to atmosphere 
(between MSIV and MSLH flow restrictor) 

MSLB_AREA Break area for main steamline break (ft2) 

MSLHAFRSL(JJ) Minimum steamline flow area (flow restrictor) (ft2) 

MSLHFKBRK(JJ) Steamline K-factor from SG to break location 

MSLBINFLOW(JJ) Flow rate for MSLB inside containment (lbm/sec) 
See steamline for flow properties, Table 7.17
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Table 7.27 (Continued)

Outside Containment (Downstream of MSIV) 

MALMSLBOUT Flag for MSLB outside containment (counts) 

MSLBOUTFLOW Flowrate for MSLB outside containment (lbm/sec) 
For flow properties, see header properties, Table 7.17 

Main Feedwater Line Break

Downcomer Feedline 

MALFWLBOUT(J) 

MALFWLBIN(J) 

FWLBFLOW(J) 

FWLBENTH(J) "* 

FWSFLOW(J) 

FWSNOZFLOW(J) 

FWSNOZQUAL(J)

Economizer Feedline 

MALFWLBECONOUT(J) 

MALFWLBECONIN(J) 

FWLBECONFLOW(J) 

FWLBECONENTH(J) ** 

FWSECONFLOW(J) 

FWSECONNOZFLOW(J) 

FWSECONNOZQUAL(J)

Fractional break area, upstream 
of check valve 

Fractional break area, 
downstream of check valve 

Break flowrate 

Break flow enthalpy 

Flow delivered by pumps 

Flow at the feedwater nozzle 

Flow quality at the nozzle

I SBLOCA location. See subscripts for MALSBLOCA in Table 7.25 

J =1,...,NUM_SG 

JJ =,...,2 NUMSG 
(Order is SG1 hot side, SGI cold side, SG 2 hot side, etc.) 

L = 1, from RCS piping to RHX (before RHX) 
= 2, from RHX to downstream break location (used for downstream break) 

LL = 1, at entrance to letdown line from RCS piping 
= 2, at entrance to RHX from letdown line (only used for downstream break) 

LLL = 1, at RHX inlet 
= 2, at RHX outlet 

Replace ENTH by 10, PT, XE to obtain solute concentrations of iodine, particulates 
or xenon (giC/lbm).
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Table 7.28 

O-Ring Seal Leakage (ATWS) Variables*

Definition

P_AREAATWS_MIN 

P_AREAATWSMAX 

PRESATWSMIN 

PRESATWSMAX 

RCS_UHEADRINGSEAL_MULT

Ami, = minimum head seal 
leakage area 

A,, = maximum head seal 
leakage area 

Pmin = minimum head seal 
leakage pressure 

P,,X =- maximum head seal 
leakage pressure 

Multiplier on the 
head seal leakage area

*See Section 4.14.4

WCAP-15996-NP, Revision 0

Variable Unit

in2

in2

psia

psia
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Table 7.29 

Primary System Valve and Leak Variables

Cue 
Type Variable

SG Tube Rupture 

Small Break LOCA 

CEA Ejection 

O-Ring Seal (ATWS) 

Pzr PORV 
of 

Pzr Safety Valve 
it 

Pzr PORV isolation 
It 

Pzr Vent to Containment 

Pzr Vent to Q.T.  
it 

Upper Head Vent to Cont.  

Upper Head Vent to Q.T 
zr 

Pzr Spray Lines

MALSGTR 

MALSBLOCA 

MALRODEJECT 

VLVPRZRPORV 

VLVPRZRSAFETY 

VLVPRZRMOV 

VLVPRZRCONT 

VLVPRZRQT 

VLV_UHEADCONT 

VLVUHEADQT 

VLVPRZRMSPRAY

Area Variable (ft2)

P_AREALEAK(J), 
J = 1 ... 2* NUMSG 

P_AREALEAK(J) 
J= 9,..., 12 

P_AREALEAK(13) 

P_AREALEAK(14) 

AREAVALVEPRZR(J) 
J= 1 4* 

AREAVALVEPRZR(J) 
J=5,..., 8* 

REAVALVEPRZR(J) 
J= 9,..., 12* 

AREAVALVEPRZR(13) 

AREAVALVEPRZR(14) 

AREAVALVEPRZR(15) 

AREAVALVEUHEAD(I) 

AREAVALVEUHEAD(2) 

AREAVALVE_UHEAD(3) 

AREAVALVESPRAY(l) 

AREAVALVESPRAY(2)

*For as many such valves that exist, up to 4.

WCAP-15996-NP, Revision 0

Ref 
Section 

7.5.2 

7.5.1 

It 

4.14.4 

6.4.1 
it 

6.4.2 
It 

6.4.1 

6.4.3 
I, 

'I 

6.4.4 

to 

6.3.2 
it

it
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Table 7.30 

Wall Heat Variables

Read-Write Input* 

RCSPRZR_HLIQMULT 

RCSPRZRHWALLFMULT 

RCS_PRZRCONTHEATMULT 

RCS_UHEADCONTHEAT_MULT 

RCSCONT_HEATMULT 

TEMPCONT(N) 

CONT_SGTEMP(J) 

output 

BEATLIQ(N) 

HEATSTM(N) 

HEATWALL(N) 

HEATCONT(N) 

TEMPWALL(N) 

MSLIHQ 

MSLH2_Q 

MSLHlQATM 

MSLH2_QATM 

MSLH_TWALL 

MSLH2_TWALL

Multiplier on pressurizer wall-to-liquid heat 
transfer (frac) 

Multiplier on pressurizer wall condensation 

Multiplier on pressurizer wall heat loss to 
containment (frac) 

Multiplier on upper-head wall heat loss to 
containment (frac) 

Multiplier on wall heat loss to containment from 
all primary system nodes (frac) 

Cont.temperatures outside RCS nodes ('F) 

Containment temperature at steam generator (fF) 

RCS node wall-to-liquid heat rates (Btu/sec) 

RCS node wall-to-steam heat rates (Btu/sec) 

RCS node wall-to-coolant heat rates, Btu/sec) 

RCS node cont.-to-wall heat rates (Btu/sec) 

RCS node wall temperatures (fF) 

Main steamline header coolant-to-wall heat rate 
(Btu/sec) 

Main steamline header 2 (if used) coolant-to-wall 
heat rate (Btu/sec) 
Main steamline header wall-to-atmosphere heat 
rate (Btu/sec) 

Main steamline header 2 (if used) wall-to
atmosphere heat rate, (Btu/sec) 

Main steamline header wall temperature (fF) 

Main steamline header 2 (if used) wall 
temperature (fF)
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SGSQWALLI (J) 

SGSQWALL3(J) 

SGSQCONT(J) 

SGSTWALL(J)

J 

N

Table 7.30 (Continued) 

Steam generator steam dome coolant-to-wall 
heat rates (Btu/sec) 

Steam generator downcomer coolant-to-wall 
heat rates (Btu/sec) 

Steam generator wall heat loss to cont. (Btu/sec) 

Steam generator wall temperatures (fF)

=1.....NUM-SG ( (5 4) 
=I...NUMNODES (5 50)
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7.6 CENTS Output

There are several methods available to observe output from CENTS. These include: 

1. Standard CENTS Output - Section 7.6.1 

2. CENTS Variable Dictionary - Section 7.6.2 

3. Summary Output Variables - Section 7.6.3 

4. Customized Edits from Executive Software 

5. Graphical User Interface 

These approaches are discussed in more detail in the following sections.  

7.6.1 Standard CENTS Output 

CENTS provides a standard, one-line, transient output, in addition to the 

data-dictionary accessing capabilities of the executive program. The standard and 

executive program outputs may be used simultaneously, if so desired. However, for 

ease of readability of output in long transient calculations, the executive program 

output may be directed to a file for later use.  

User control of the standard output is achieved via the database variables described in 

Table 7.31. The choices of output information and formats are described in Table 7.32.  

Figure 7.11 shows examples of the two basic output choices. Note that the choices 

CTL_OUTPUT_OPTION = -1 and -2 are similar to choices 1 and 2, respectively, 

differing only in the definitions of the output for coolant levels in the pressurizer and 

steam generators, and the output for core power.
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7.6.2 Use of CENTS Variable Dictionary

In addition to the variables described in Chapters 6 and 7, most of the CENTS 

variables are available for output. These variables are stored in a database on a disk 

file. Procedures for accessing these variables are available in the executive program.  

With these procedures, the user may assign values to variables, display their values or 

save them for later use (printing, plotting, manipulation, or as a snapshot for code 

restart or as an alternate initial state). These operations may be performed at any time 

during the transient.  

The database variables are organized into the following model-specific COMMON 

blocks:

Name 

CHRCOMMON 

PLTDATA 

CHTCOMMON 

POWERCOMMON 

RCSCOMMON 

SGSCOMMON 

CONTROLCOMMON 

USERCOMMON 

FWSCOMMON 

NONCONDCOMMON

Description 

Database and controller names (character) 

Nodalization and plant physical data 

Core heat transfer 

Core power calculations 

Primary system models 

Secondary system models 

Control and balance-of-plant systems 

Miscellaneous models (used by modelers) 

Feedwater system models 

Noncondensible gas transport models

These segments are further subdivided into partitions representing various sub-models.  

Many of the variables are for specialized purposes and may not be useful for general 

PWR simulation.

WCAP-15996-NP, Revision 0

No.  

0 

1 

2 

3 

4 

5 

6 

7 

8 

9

7-97



The first block, CHR_COMMON, contains all character variables used for titles and 

labels of the controllers defined by the system modeler. The next block, PLTDATA, 

contains information about the plant's physical systems and the node-flowpath scheme 

of Figures 7.2, 7.3 and 7.5. This information is never changed by the code and is 

rarely modified by the user. Normally there is only one version of this block for a 

plant. While the user may change the value of any variable, this change would be 

effective for the current transient calculation only, and would not be reflected in 

subsequent Restart calculations. A special procedure is required in order to effect a 

permanent change to the values of any PLTDATA variables in the database.  

The remaining blocks of the database represent the current plant state. Different 

versions of each are used to save different plant states. Many of the variables within 

these blocks are subject to dynamic changes in Global Common during a transient 

calculation, while others (setpoints, controls, etc.) may be changed by the user. The 

resulting modified state of the system may be saved, as a Snapshot file, for a later 

continuation of the transient, or as an alternate initial state.  

The CENTS variable dictionary provides a list of the database variable names with 

dimensions (number of entries in a vector), definitions and units. An alphabetical list 

of the database variables appears with the variable dictionary. Appendix A lists the 

input variables needed for plant definition, state initialization, and control system 

definition (operator and controller actions).  

7.6.3 Summary Output Variables 

The organization of the variable dictionary in CENTS provides a convenient way to get 

a summary of the state of various systems, component models, etc. Examination of the 

CENTS variable dictionary shows that related variables (e.g., for a specific component 

model) are grouped sets in arrays called "Partition." Issuing a command to edit a 

partition produces an edit of the values for all variables that are part of that partition.
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All the values of each array within the partition, even those that are not used, are 

edited. Table 7.33 illustrates this editing approach for the CTLSUMMARYDATA 

partition, which contains a number of variables that summarize the maxima, minima, 

times of occurrence of these maxima and minima, integrals of selected parameters and 

other key parameters during a transient. An additional partition that summarizes 

integrated iodine flow is also included in Table 7.33, as well as an additional partition 

(RCSBALANCE) that facilitates performing a mass and energy balance for the RCS.  

Title information describing the database files is also available as described in Table 

7.33 to the user for the database file name, title, date and time stamp. The plant data 

and plant state (snapshot) portions of the database may be labeled separately.  

7.6.4 Customized Edits 

The customized edits are produced using the executive software, CEER, for CENTS.  

It has a command language that supports user interaction with the code at the 

beginning of and throughout the transient. The executive software allows the user to 

examine the values of a single scalar variable as well as one- and two-dimensional 

arrays at any time or when pre-selected states occur during the transient. It also 

supports design of a structured edit for a user selected set of output information 

essentially a formatted page of output. Finally, it can produce files of selected 

variables for subsequent editing or plotting.  

7.6.5 Graphical User Interface 

The graphical user interface provides three forms of output. First is a command screen 

that displays the value of selected parameters using a tree of menus. Second is a 

graphical mimic that shows a subset of the plant's state. Third is an option to produce 

graphs of selected parameters in real time as the transient progresses.
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Table 7.31

Standard Output Control Variables

Variable Description

Output frequency 
control 

Heading frequency 
control 

Choice of output 
information and 
formats 

Choice of coolant 
loops for output

CTLOUTPUTINTERVAL 

CTLOUTPUTNTITLE 

CTLOUTPUTOPTION 

CTLOUTPUTLOOP(2)

= N. Output is displayed 
every N time steps (I step = 
1 second for TIME_SCALE = .0) 
If = 0, no output.  

= M. Output heading is 
displayed at the start of 
output, and after every M 
output lines 

= 1, 2, -1, -2.  
Indicates user's choice of one 
of four output variable 
lists. For a description, 
see the text, Table 7.32 and 
Figure 7.11.  

= L4,L2. Data for output items 
that are displayed for two 
loops (e.g., steam generator 
pressure) is obtained from 
loops L1 and L2 .

WCAP-15996-NP, Revision 0
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Table 7.32

Description of Standard Output

CTL_ 
OUTPUT_ 

ID* OPTION**
Database 

Variable *** Description

All TIME

All PRESS(NODEPRZR) 

1,2 LEVLMIX(NODEPRZR) 

-1, -2 CTLPRZRILEVEL 

All LEVLMIX(NODECORE) 

All TEMPLIQ(N), 
N = NODECL(L) 

All TEMP_- LIQ(N), 
N = NODECL(L2) 

All TEMPLIQ(N), 
N = RCSNODEHL(LI) 

All TEMPSAT(N), 
N = RCSNODEHL(L1 ) 

1,2 SGS_HLEVEL(L) 

-1,-2 CTL_SGS_ILEVEL(Li,1)

Transient time (sec)

Pressurizer pressure (psia) 

Height of coolant (water or two-phase) 
in the pressurizer (ft) 

Instrumentation indicated coolant 
height in the pressurizer (frac span) 

Two-phase mixture height, inner 
vessel (ft) 

Liquid' temperature, loop Lj++ 
pump-discharge cold leg (fF) 

Liquid+ temperature, loop L2 "+ 

pump-discharge cold leg ('F) 

Liquid+ temperature, loop L1 ++ 
hot leg (fF) 

Saturation temperature, loop L1+ 
hot leg (fF) 

Liquid height, steam generator 
El( downcomer 
(ft, above tubesheet) 

Measured liquid height, steam generator 
El+ downcomer 
(frac span, narrow range)

WCAP-15996-NP, Revision 0
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F 
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H
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Table 7.32 (Continued)

CTL 
OUTPUT_ 

ID* OPTION**
Database 

Variable *** Description

J 1,2 SGSHLEVEL(L2) 

-1,-2 CTLSGSILEVEL(L2,1) 

All SGSP(L1 ) 

All SGSP(L2) 

All SGSWOUTSG(L1 ) 

All SGSWOUTSG(L 2) 

All {CTLCORETRIP} 

All {CTLTURB.TRIP} 

All {CTLRPCSTRIP} 

All {CTLMSISTRIP} 

All {CTLISIAS-TRIP} 

All {CTLFWSTRIP}

WCAP-15996-NP, Revision 0

Liquid height, steam generator 
L2' downcomer 
(ft, above tube sheet) 

Measured liquid height, steam generator 
L2' downcomer 
(frac span, narrow range) 

Pressure, steam generator L1÷÷ 
steam dome (ft) 

Pressure, steam generator L2"+ 
steam dome (ft) 

Steam flow, steam generator L1 H 
outlet nozzle (lbm/sec) 

Steam flow, steam generator L2+" 

outlet nozzle (lbm/sec) 

Core trip signal; 0 = no 
trip (F), 1 = trip (T) 

Turbine trip signal; 0 = no tnp 
(F), 1 = trip (T) 

Reactor Power Cutback Signal 
0 = no signal (F), 1 = signal (T) 
Main steam isolation signal; 0 = no 
signal (F), 1 = signal (T) 

Safety injection actuation signal; 
0 = no signal (F), I = signal (T) 

Main feedwater system trip signal; 
0 = no trip (F), 1 = trip (T)

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T
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Table 7.32 (Continued)

CTL_ 
OUTPUT_ 

ID* OPTION**
Database 

Variable *** Description

All {AFWSFLOW)

All {RCPIVOLTFRAC(I)} 

All {RCPIVOLTFRAC(2)} 

All {RCPIVOLTFRAC(3)} 

All {RCPILVOLTFRAC(4)} 

±1 {PFLOW(146), 
P_FLOW(147)}

+1 {MSLHVALVEPOS} 

+1 {MSLHVALVEPOS} 

+1 {MSLHVALVEPOS } 

+1 {VLVPRZRMSPRAY, 
CHGSASPRAYFLOW }

U

WCAP-15996-NP, Revision 0

Auxiliary feedwater: 0 = no feed, 
1 = feed to any steam generator 

Reactor coolant pump (RCP) 1; 
1 = pump running; 0 = pump tripped 

RCP 2, same as above 

RCP 3, same as above 

RCP 4, (if exists), same as above 

Primary system relief valves 
(pressurizer PORV, safety or vent, or 
upper head vent); 0 = valves closed, 
1 = one or more valves open 

Steam generator safety valves; 
0 = valves closed, 1 = open valve 

Turbine bypass; 0 = valves closed, 
1 = open valve 

Atmospheric dump valves; 
0 = valves closed, 1 = open valve 

Pressurizer spray (main and/or 
auxiliary); 0 = no spray beyond 
the continuous minimum, 1 = spray 
active

V

W 

X 

Y 

a

b 

C

d 

e
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Table 7.32 (Continued)

CTL_ 
OUTPUT_ 

ID* OPTION**
Database 

Variable *** Description

f 

g

+1 { SISRCS_FLOW 
SITANKFLOW} 

+1 {SITANKFLOW} 

+1 {CTLVOLTPROPI 

+1 {CTLVOLTBACK} 

+1 CTLCHFLOW 

+1 CTLLDNFLOW 

+1 FWSFLOW(L1) 
"+ AFWSFLOW(L1 ) 

+1 FWSFLOW(L2) 
"+ AFWSFLOW(L2) 

+1 PFLOW(N), 

N = PATHANNULCORE.

WCAP-15996-NP, Revision 0

High pressure safety injection 
(HPSI) or low pressure safety 
injection (LPSI); 0 = not injecting, 
1 = injecting 

Safety injection tanks; 0 = not 
injecting, 1 = injecting 

Pressurizer's proportional heaters; 
0 = off, 1 = on at any level 

Pressurizer's backup heaters; 
0= off, 1 = on 

Total charging flow delivery 
to RCS (lbm/sec) 

Letdown flow (lbm/sec) 

Feedwater flow (main and 
auxiliary) to steam generator L-++ 
(lbm/sec) 

Feedwater flow (main and auxiliary) 
to steam generator L2+ (lbm/sec) 

Reactor vessel inlet flow (lbm/sec)

h 

i

j

k

I

m 

n
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Table 7.32 (Continued)

CTL_ 
OUTPUT_ 

ID* OPTION**
Database 

Variable *** Description

+1 LEVLMIX(NODEUHEAD) 

+1 CTLCOREPOWERFRACTION 

-1 POWEXCOREPOWERAV

Two-phase mixture height, reactor 
vessel upper head (ft) 

Core power fraction, actual 

Core power fraction, ex-core 
detectors

* See Figure 7.11 for ID definition 

** "All" indicates that the item appears in all output formats (1, 2, -1, -2) 

*** Brackets indicate the output item is a function of the variable, as explained, rather than 

the variable itself.  
+ If node quality exceeds 80%, steam temperature is displayed.  

"++ See CTLOUTPUTLOOP, Table 7.31, for definition of L, and L2.  

Corresponding to Figure 7.2.
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Table 7.33

Summary Output Data 

Maxima, Minima, Integrals, etc.

Variable 

CTL_SUMMARY_DATA(150) 
CTL_MAXPOWERFRAC 
CTL_MAX_POWER_TIME 
CTLMAXHEATFLUXFRAC 
CTL_MAX_HEAT_FLUX_TIME 
CTm_MAX_PRZR_PRESS 
CTh_MAX_PRZR_PRESS_TIME 
CTL_MIN_PRZRPRESS 
CTL_MIN PRZRPRESS_TIME 
CTm_MAX_RCS_PRESS 
CTLMAXRCSPRESS_TIME 
CTL_MIN_RCS_PRESS 
CTh_MIN_RCS_PRESS_TIME 
CTL_MAX_SQPRESS(K) 
CTL_MAX_SQPRESS_TIME(K) 
CTh_MIN_SQGPRESS(K) 
CTL_MIN_SQPRESS_TIME(K) 
CTL_INTEG_PFLOW_NONMOM(J) 
CTL_INTEG_SGSVALVES(L) 
CTL_INTEG_MSLB_IN_FLOW(KK) 
CTL_INTEQMSLB_OUTFLOW 
CTL_INITIAL_CORE_FLOW 
CTLCORE_FLOWFRAC 
CTh_HEAT_FLUX_FRAC 
CTLCETOP_MINDNBR 
CTL_CETOP_MIN_DNBR_TIME 

MSLH_10_INTLOW(1O) 
MSLH_10_INT_ATM 
MSLH_I0_INT_COND 
MSLH_IOINTCONT 
MSLHIOINT_TURB 
MSLH_I_CONT_LEAK 

MSLH_10_CONTINTLEAK

Description 

Case summary data 
Maximum power fraction during run 
Time of maximum power during run 
Maximum heat flux during run 
Time of maximum heat flux during run 
Maximum Pressurizer Pressure during run 
Time of maximum Przr Press during run 
Minimum Pressurizer Pressure during run 
Time of minimum Przr Press during run 
Maximum RCS Pressure during run 
Time of maximum RCS Press during run 
Minimum RCS Pressure during run 
Time of Minimum RCS Press during run 
Maximum SG Pressure during run 
Time of maximum SG Press during run 
Minimum SG Pressure during run 
Time of minimum SG Press during run 
Integrated flow thru all non-momentum paths 
Integrated flow though secondary paths 
Integrated flow MSLB inside containment 
Integrated flow MSLB outside containment 
Initial core flow 
Normalized core flow - frac of initial 
Core average heat flux fraction 
CETOP Minimum DNBR during run.  
Time of CETOP Minimum DNBR.  

Dose Model Integrated iodine flow 
Integrated iodine flow to atmo 
Integrated iodine flow to cond 
Integrated iodine flow to cont 
Integrated iodine flow to turb 
Iodine leak rate from containment 

Integrated iodine leak from containment

WCAP-15996-NP, Revision 0

Units 

Partition 
frac 
sec 
frac 
sec 

psia 
sec 

psia 
sec 

psia 
sec 
psia 
sec 
psia 
sec 
psia 
sec 
Ibm 
Ibm 
Ibm 
Ibm 

Ibm/sec 
frac 
frac 

Fraction 
Seconds 

Partition 
Curie 
Curie 
Curie 
Curie 

gC/sec 
Curie
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Table 7.33 (Continued) 

RCS Mass and Energy Balance

Variable 

RCSBALANCE(54) 

RCSNODALEXTFLOWS(I) 

RCSNETEXTFLOW 

RCSNETHEATRATE 

RCSTOTAL_MASS 

RCSTOTALENERGY

Description

RCS mass and energy balance 

Sum of the external flows to each node 

Sum of all RCS flows - includes PRZR 

Sum of all heat flows to RCS 

Sum of all RCS nodal masses - inc PRZR 

Sum of all RCS node total energy

Titles

Title Variable 

PLANTDATAFILENAME 

PLANT_DATA_TITLE 

PLANTDATATIME 

PLANTDATADATE 

SNAPSHOT_FILE_NAME 

SNAPSHOTTITLE 

SNAPSHOT_TIME 

SNAPSHOTDATE 

CTLTITLE(M)

String Length 

70 

70 

10 

10 

70 

70 

10 

10 

60

Description 

Plant data file description 

Plant data file title 

Plant data file time stamp 

Plant data file date stamp 

Snapshot file description 

Snapshot file title 

Snapshot file time stamp 

Snapshot file date stamp 

Titles of controllers

I = 1.... NUMNODES (< 50) Number of nodes 

J - 1.... 50 Number of non-momentum flowpaths 

K = 1..., NUMSG (< 4) Number of steam generators 

KK = 1..., NUMSG- NUMSL (< 8) Number of steamlines 

L = 1....MSLHVALVENUM + NUMSG • NUMSL + NUMMSLH (• 50) 
Number of steamline external paths 

M = 1..., GROUPS (< 1000) Number of controllers

WCAP-15996-NP, Revision 0

Units

Partition 

lbm/sec 

Ibm/sec 

Btu/sec 

Ibm 

Btu
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FIGURE 7.1

FUEL ROD COOLANT CHANNEL VARIABLES 
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FIGURE 7.2A

TYPICAL PRIMARY SYSTEM NODE AND MOMENTUM FLOWPATH NUMBERS 
(CE PWR)
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FIGURE 7.2B1

TYPICAL PRIMARY SYSTEM NODE AND MOMENTUM FLOWPATH NUMBERS 
(CE PWR WITH EXPANDED NODALIZATION) 
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FIGURE 7.2B2

PRESSURE VESSEL ANNULUS, SECTION VIEW 
TYPICAL NODE AND MOMENTUM FLOWPATHS 

(CE PWR WITH EXPANDED NODALIZATION)
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FIGURE 7.2C

TYPICAL PRIMARY SYSTEM NODE AND MOMENTUM FLOWPATH NUMBERS 
(3-LOOP WESTINGHOUSE PWR)
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FIGURE 7.2D1

TYPICAL PRIMARY SYSTEM NODE AND MOMENTUM FLOWPATH NUMBERS 
(3-LOOP WESTINGHOUSE PWR WITH EXPANDED NODALIZATION)
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FIGURE 7.2D2

PRESSURE VESSEL ANNULUS, SECTION VIEW 
TYPICAL NODE AND MOMENTUM FLOWPATHS 

(3 LOOP WESTINGHOUSE PWR WITH EXPANDED NODALIZATION)
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FIGURE 7.2E

TYPICAL PRIMARY SYSTEM NODE AND MOMENTUM FLOWPATH NUMBERS 
(4-LOOP WESTINGHOUSE PWR)
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FIGURE 7.2F1

TYPICAL PRIMARY SYSTEM NODE AND MOMENTUM FLOWPATH NUMBERS 
(4-LOOP WESTINGHOUSE PWR WITH EXPANDED NODALIZATION) 
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FIGURE 7.2F2

PRESSURE VESSEL ANNULUS, SECTION VIEW 
TYPICAL NODE AND MOMENTUM FLOWPATHS 

(4 LOOP WESTINGHOUSE PWR WITH EXPANDED NODALIZATION)
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FIGURE 7.3A 
TYPICAL PRIMARY SYSTEM NON-MOMENTUM FLOWPATHS 

(CE PWR WITH EXPANDED NODALIZATION)
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FIGURE 7.3B 
TYPICAL PRIMARY SYSTEM NON-MOMENTUM FLOWPATHS 

(3-LOOP WESTINGHOUSE PWR WITH EXPANDED NODALIZATION)
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FIGURE 7.3C 
TYPICAL PRIMARY SYSTEM NON-MOMENTUM FLOWPATHS 

(4-LOOP WESTINGHOUSE PWR WITH EXPANDED NODALIZATION)
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FIGURE 7.4 
QUENCH TANK VARIABLES
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FIGURE 7.  

TYPICAL SECONDARY SYSTEM NODES 
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FIGURE 7.5C 

TYPICAL SECONDARY SYSTEM NODES AND EXTERNAL FLOWPATHS, 
(WESTINGHOUSE 4-LOOP PWR) 
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FIGURE 7.6 

SECONDARY SYSTEM NODE AND INTERNAL FLOWPATH VARIABLES 
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FIGURE 7.7

STEAM GENERATOR HEAT TRANSFER: TYPICAL NODALIZATION
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FIGURE 7.8' 

TYPICAL FEEDWATER SYSTEM
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FIGURE 7.9

TYPICAL EMERGENCY FEEDWATER SYSTEM 

25 2731 

Too• 

34•

WCAP-15996-NP, Revision 0 7-129



FIGURE 7.10 

STEAMLINE BREAK LOCATIONS
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FIGURE 7.11 
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