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THERMAL-HYDRAULIC ANALYSIS OF THE FIRST SEMISCALE
MOD-1 TEST SERIES

by D. C. Mecham and C. E. Cartmill

Goal

The thermal-hydraulic response of the semiscale Mod-1 1-1/2 loop system

during isothermal blowdown tests has been evaluated. The isothermal tests

were conducted as part of an overall research and development program to

investigate the behavior of a light-water nuclear reactor system during a

hypothesized loss-of-coolant accident (LOCA).

The primary objective of the semi scale project is to provide experi-

mental data for use in the development and evaluation of thermal-hydraulic

models which are used to calculate the response of a pressurized water reactor

(PWR) in the unlikely event of a loss-of-coolant accident (LOCA).

The test data from the Mod-1 program serves two purposes in the

assessment of the analytical models: (1) The data are used to evaluate the

adequacy of the analytical models that are used to predict the response of

a system to an LOCA. (2) The data are used to suggest changes that may improve

the analytical models if a weakness is found to exist.

The Mod-1 isothermal tests provided the most up-to-date transient

hydraulic data from a multiloop experimental system. The system had one

loop to simulate three operating loops in a PWR and one loop to simulate a

broken loop in a PWR. This configuration, being considerably more complex

than previous semiscale systems, provided results which represent signifi-

cant additions to the experimental data available for evaluation of current

LOCA analysis methods. Some of the component simulations, however, are
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sufficiently different from their PWR counterparts to preclude direct in-

ference as to the performance of the large systems.

The intent of this paper is to compare the predicted behavior of the

semiscale Mod-1 system obtained through use of the RELAP4 computer program

with the experimentally observed response. Isothermal Test S-01-4A, chosen

here as representative of the first test series^included a cold leg break

configuration. The first test series was conducted under isothermal condi-

tions. The electrically heated rods were replaced with a core

simulator.

Test Apparatus Description

The semiscale Mod-1 test apparatus (Slide 1) is a high pressure system

having a water volume of approximately 8.4 cubic feet. The exterior of

the system is thermally insulated to help achieve isothermal conditions

prior to initiation of rupture. The system consists of a pressure vessel

with simulated reactor internals (downcomer, lower plenum, core region, and

upper plenum); an intact loop with a steam generator, pump, and pressurizer;

a broken loop with rupture diaphragm assemblies, simulated steam generator

and simulated pump; a pressure suppression system with suppression tank and

header; and a simulated ECC injection system with accumulators and injection

pumps.

The pressure vessel is a 10 in. steel pipe with openings for

instruments and coolant inlets and outlets. The vessel internals include

a core barrel assembly with a core simulator and a downcomer filler piece

which provided a downcomer gap of 0.42 in. and filler insulators on either side

of the downcomer walls. The lower plenum has a depth of 28.66 in. and a

corresponding liquid volume of 0.584 ft .



The intact loop has primary coolant piping, a steam generator, a

pressurizer, and a circulating pump. The piping was primarily 3-in. pipe.

The steam generator is a tube-in-shell heat exchanger. The pressurizer

operates in a manner similar to that of its counterpart in a PWR system in

that it is partially filled with water maintained at the saturation tempera-

ture corresponding to the desired system pressure. The circulating pump is

a horizontal shaft centrifugal pump rated for a nominal flow of 180 gpm

at a total head of 192 ft of water at 3560 rpm.

The broken loop is a volume-scaled representation of one loop of a

four-loop PWR. It consists of pump simulator, steam generator simulator,

two discharge nozzles, and two rupture assemblies which provide a simulated

double-ended offset break. Broken loop piping is primarily 2-in. stainless

steel. The steam generator and pump are simulated by a series of orifices

to achieve the desired hydraulic resistances. The rupture assemblies con-

sist of a blowdown nozzle (to provide the desired break area), and two

diaphragm rupture discs.

A 12.3-ft pressure tank is used to simulate the containment building

in a PWR system. The tank is maintained partially full of subcooled water

and a downcomer pipe projects below the water surface to accommodate

the blowdown effluent.

The ECC injection system has four demineralized water injection

subsystems; two compressed nitrogen-water accumulator subsystems* and two

pump subsystems. The ECC injection system interfaces with the vessel

lower plenum, intact loop, and inlet distributor annulus.

The RELAP4 Code

The major analysis tool used in the thermal-hydraulic analysis of

Semiscale isothermal test results was the RELAP4 digital computer program.



This program was developed primarily to describe the transient behavior of

water-cooled nuclear reactors subjected to postulated accidents such as

those resulting from loss of coolant, pump failure, or nuclear power varia-

tions. Since features of the program that describe the nuclear reactor

are optional, the program can be applied to experimental water-reactor simu-

lators such as the Semiscale system.

RELAP4 models the Mod-1 system as a set of fluid control volumes

connected by flow junctions. Numerical methods calculate the fluid condi-

tions within the control volumes during an assumed depressurizstion, such

as would occur from a double-ended offset shear of a primary coolant pipe.

The geometric and thermodynamic features of the system to be analyzed

are input to the program (Slide 2). Geometric features necessary to de-

scribe the volumes are: fluid volume, elevation, flow areas hydraulic flow

resistance, and surface areas and volumes of hardware which exchange energy

with the fluid. Input thermodynamic features are the power generation in

the components, thermal properties of the components, and initial conditions

of the fluid. Other required input include junctions connecting the fluid

volumes, pump models, bubble rise models, and choices of heat transfer

correlations and flow choking models. Given the mechanical and thermo-

dynamic features and initial conditions of the system, RELAP4 then solves

an integral form of the one-dimensional momentum, energy, and mass conser-

vation equations for each control volume.



RELAP4 Model of Semi scale System

The model of the Mod-1 system includes 55 control volumes. (Slide 3).

Volumes were interconnected with 57 junctions including the junctions

for ECC injection. Junctions occur at the approximate location of the

experimental measurements to facilitate comparisons between data and calcu-

lations. Saturated break flow was calculated with the Moody choking model

and a break nozzle area multiplier of 0.6 was used.

RELAP4 calculations included wall heat transfer, a two-phase pump

model, and a bubble rise model for the lower and upper plenums. The bubble

rise model used a bubble rise velocity of 3 ft/sec and a slope parameter

of 0.8.

The pump head is calculated by reducing a single-phase pump curve

with a two-phase multiplier which depends on void fraction.

Comparison: Predictions with Data

The saturated blowdown pressure essentially controls the density

history at the breaks, thus influencing the break flows. Slide 4 repre-

sents a typical saturated blowdown pressure history for the 200% cold leg

break configuration used for isothermal Test S-01-4A. The initial sharp

drop in pressure corresponds to the subcooled portion of blowdown. The

RELAP4 calculations shown on the slide are well within the experimental

error of the data.

Response of Simulators

Accurate methods for calculating pressure losses are required for

proper modeling of LOCA accidents. The pump and steam generator simulators

cause the principal pressure losses in the broken loop. An accurate deter-

mination of the pressure loss across these components is necessary in order

for a correct blowdown prediction to be made by RELAP4. The differential



pressure from one point in the system to another is the sum of expansion,

contraction, and wall friction losses; elevation changes; and acceleration

changes. Differential pressure measurements obtained across the simulators

and values calculated by RELAP4 are compared on Slide 5, The pump simulator

response to blowdown was predicted fairly well by RELAP4.

Pump Response

A typical RELAP4 prediction of pump differential pressure along with

Test S-O1-4A data is shown in Slide 6. Both RELAP4 calculations and the

data show the initial decrease in differential pressure followed by a

recovery within the first seconds of blowdown. RELAP4 predicted the initial

decrease to be more severe than the data. Other than for these few seconds

the analysis very accurately predicted pump behavior.

Other RELAP4 results pertinent to the pump analysis are compared in

Slides 7 through 9 with the data. These figures include pump inlet flow,

pump speed, and fluid density, respectively.

Predictions of these pump variables are favorable. RELAP4 predicts

a gradual reduction in density whereas the data show a sharp reduction

in density at about 8 seconds. This difference is undoubtedly a result

of the assumption of homogeneous flow in the computer model. Similar

results are observed for densities of other regions such as the downcomer.

The final slide (Slide 10) is a graph of break flow rate, The pre-

diction agrees well with the data.

Conclusion

Overall agreement between predictions and data is very good.

Pressure, pressure drops, and flow rates are in excellent agreement.

Discrepancies between predictions and measurements of density result

from the homogeneous flow assumption of RELAP4. This points out the use-



fulness of schemes which account for separate phase velocities such as

the one presented earlier this morning by Dr. Fischer.

The generally good agreement between the analytical model and the

semi scale data adds to our confidence in the use of theoretical models of

LOCA phenomena.
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