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SENSITIVITY STUDIES OF THE PREDICTED DYNAMIC BEHAVIOR OF A 
FULL-SIZE NUCLEAR DUAL-PURPOSE DESALINATION PLANT 

J. G. Delene 

ABSTRACT 

Time response calculations were made for a full-size 
nuclear dual-purpose desalination plant, consisting of a pres-
surised water reactor (RJR) heat source and a multistage flash 
(MSF) evaporator. The various system perturbations calculated 
included electrical load demand changes, MSF plant venting 
changes, and loss of one or more of the MSF trains. Alternate 
MSF plant brine flow equations and various plant control 
schemes were used. The results of this study demonstrate 
feasible solutions to the problem of maintaining independence 
between water and power production over a wide operating range. 
Several problems which may be encountered in the coupling and 
control of large dual-purpose plants are discussed. 

Keywords: plant dynamics, dynamic response, stability 
analysis, multistage flash, pressurized water reactor, steam 
generators, turbine generators, sensitivity analysis, AEC 
sponsored 

INTRODUCTION 

In order to help understand the dynamic behavior of full-size dual-
purpose desalting plants using a nuclear reactor as the heat source, a 
series of computer calculations were made using a digital simulator1 >s 
developed at ORJJL. The purpose of these calculations was to study the 
response of full-sized plants to normal operational changes and certain 
component failures and to evaluate from these responses the control sys-
tems and plant designs and determine what needs to be done to make such 
a plant operate smoothly. 

Three types of perturbations are considered: changes in electrical 
load demand, increases in condenser tube bundle fouling (i.e., decrease 
in heat transfer due to loss of venting) in the multistage flash (MSF) 
evaporator plant, and the loss of one or more of the four MSF trains. 
The effects on the predicted plant response are calculated using a scheme 
to control the turbine back pressure (brine heater vapor pressure), two 
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different MSF plant brine recirculation flow rate control schemes, and 
two different equations predicting tray brine flow in the MSF plant. 

PLANT DESCRIPTION 

The model used in this study was that of a full back-pressure tur-
bine plant. A block diagram of the simulated plant is shown in Fig. 1. 
A more detailed flow diagram of the turbine plant arrangement is shown 
in Fig. 2. The main features of the model are a pressurized water reac-
tor (PWR), a drum-type steam generator, a turbine plant utilizing a back-
pressure turbine, a brine heater, and an MSF evaporator. 

The major differences between the reactor-turbine plant shown in 
Figs. 1 and 2 and one that would be used in a power-only plant is the 
use of a back-pressure turbine in the position usually occupied by a low-
pressure turbine, a brine heater where the main condenser is usually 
placed, and various steam bypass lines. 

The back-pressure turbine exhausts at about 32 psia to a common ple-
num serving four brine heaters attached to four 85 million-gallon-per-day 
(MOD) MSF trains. The simulated PWR has a thermal power rating of 3^20 MW. 
The total turbine electrical rating is 718 MV/(e) with a normal 53-1*7$ dis-
tribution between the high-pressure and back-pressure turbines. 

The control system is discussed in detail in Refs. 1 and 2. Briefly, 
the electrical demand and generator output are matched by adjusting the 
high-pressure turbine steam valve. In commercial electrical-only plants, 
the pressure in the impulse stage of the high-pressure turbine has been 
found to be a good indication of power demand. This signal is used both 
to derive a primary coolant loop temperature set point and a reactor power 
set point. The primary coolant loop temperature set point mismatch and 
the derivative of the reactor power mismatch determine shim control move-
ment. On option, a signal based on the brine heater vapor pressure causes 
a turbine bypass valve to open or an auxiliary steam dump bypass valve to 
open, depending on whether the pressure in the brine heater is too low or 
too high. Several alternate means of controlling the MSF plant brine re-
circulation flow rate v/ere evaluated. 
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Fig. 1. Overall Plant Arrangement 
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Fig. 2. Turbine Plant Flow Diagram 
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SUMMARY AM) CONCLUSIONS 

The results of this study have demonstrated the feasibility of pro-
viding a certain degree of independence between water and power production 
in a full-size dual-purpose desalination plant. The use of a turbine by-
pass and an auxiliary condenser system gives flexibility of operation 
whereby the stability of electrical production or a stable steam supply 
to the evaporator can be separately guaranteed over a wide range of 
operating conditions. The results of the calculations, however, have 
brought to focus several problems which may be encountered in the coupling 
and control of large dual-purpose plants. These problems for the most 
part lend themselves to alternate engineering solutions. The calculations 
have also demonstrated ways in which the current simulator and model equa-
tions can be improved. 

If the turbine-electric and the desalination portion of the dual-
purpose plant are to be operated independently, changes in the reactor 
control system and in the plant layout need to be made. The reactor con-
trol system normally used for electrical output only plants was used 
exclusively in the calculations. The results indicate that this control 
system needs to be modified for dual-purpose plants. In the present sys-
tem, the power demand signal and the primary coolant loop temperature set 
point signal come from the high pressure turbine impulse stage pressure. 
This is appropriate if the thermal power demand is proportional to elec-
trical demand. If the water production is to be controlled independently 
of the electrical production, use of this pressure signal indicates an 
erroneous power demand, causing the reactor control system to overreact 
and making partial electrical load operating points deviate from the 
desired points. 

The possibility of full-load operation of the desalination plant 
when the turbine-generator portion is shut down or nearly shut down pre-
sents additional problems. The problem of getting steam to the "brine 
heater under such conditions is solved by using a turbine bypass line 
which shunts steam directly frcm the steam generator to the brine heater. 
The condensate from the brine heater must be returned to the steam genera-
tor. For this to happen, the feedwater pump (FWP) turbine must be 
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operating. In the typical turbine plant layout used in our calculations, 
steam for the FWP turbine is taken from the turbine plant crossover. If 
the turbine plant is shut down, this steam is no longer available. Other 
plant arrangements (perhaps taking FWP turbine steam directly from the 
steam generator or using an electrical drive for the feedwater pump) need 
to be considered. 

Even if the FWP turbine remains operational, another problem would 
occur. The feedwater flow, with the electric plant off and the water 
plant at full load, is about 75~60$> of the full operation rate. The water 
leaving the brine heater is relatively cool and needs to be heated in the 
feedwater heaters in order to avoid possible damage to the steam generator 
from too cool feedwater. The feedwater heaters get their steam from the 
turbine extraction points. This steam would no longer be available. 
Alternate methods of feedwater heating such as the use of steam directly 
from the steam generator or the use of a direct contact heat exchanger 
would have to be considered if independent water plant operation is 
desired. 

The turbine-electric plant may be operated when portions of the 
desalination plant are not on-line if an auxiliary condenser is provided 
in parallel with the brine heaters. If the desalination plant heat load 
is reduced too suddenly, the system controlling the back pressure may 
have scene difficulty in stabilizing the back pressure. Same improvement 
in this control system is probably needed. Desirable additions to the 
simulator in this area include the capability for calculating other than 
the instantaneous loss of an MSF train, and the ability to handle the 
loss of the entire MSF plant. 

Studies of control schemes for the brine heater-MSF plant other than 
back-pressure control were inconclusive. The use of brine recirculation 
flow rate control (either brine level or temperature) would allow the 
heat load free the MSF plant to follow the electric load, but could drive 
the back pressure or the MSF plant liquid levels to undesirable values. 
Large changes in the back pressure may cause operational difficulties or 
inefficiencies in the back-pressure turbine. Liquid levels in the MSF 
plant may drop into blovthrough or flood over. 



T 

If the tray brine- flow equation derived from experimental data for 
flow through unbaffled stages is used, the MSF plant conditions are uncon-
trollable regardless of the control scheme. Therefore, it appears that 
baffled stages must be used in large MSF plants, at least for the high-
temperature stages. 

In conclusion, the results of the calculations presented here have 
demonstrated the usefulness of the digital simulator for ferreting out 
and examining possible difficulties and flaws in coupling and control 
schemes for large dual-purpose desalination plants. The turbine bypass 
and auxiliary condenser systems have been shown to offer the flexibility 
of operation which will be needed to satisfy the independence of the water 
and electrical portions of the plant. There are some difficulties in the 
presently-conceived plant designs though. The results of these calcula-
tions will be used to redesign the dual-purpose plant layout and control 
system in order to obtain better coupling and control. These calculations 
have also demonstrated that there are still weak points in the simulator 
and in the modeling, especially the MSF plant brine flow rate equations. 
Modeling work of both experimental and theoretical nature is continuing. 

ASSUMPTIONS 

The simulations can be divided into three major subdivisions according 
to the type of perturbation introduced. The first involves changes in the 
electrical load demand. In all of these calculations, the demand is 
changed at a rate of 1$ per sec until the desired value of load is reached. 

The second category of system perturbations includes those in which 
the MSF plant condenser tube bundle fouling is changed suddenly. This 
sort of change would occur if the MSF plant steam ejection system became 
ineffective for some reason. Air inleakage into the MSF stages would 
cause gas binding, which would show up as an increase in the tube bundle 
fouling factor. In the simulation of this condition, only those stages 
in which the vapor pressure is below atmospheric are assumed to be 
affected, since air will not leak into stages where the pressure is 
greater than atmospheric. For subatmospheric stages, the fouling factor 
is assumed to increase with pressure difference, reaching a constant 
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maximum for stages whose vapor pressure is below 8 psia. At this pres-
sure it was assumed that any air inleakage would have reached critical 
velocity and therefore could not leak in any faster with further drop in 
pressure. The equation used to calculate the new fouling factor is 

F = f q (1+(v -1) * r r / v ) -

where 
F 0 = original fouling factor, 
Py = stage vapor pressure, 
V = maximum factor by which fouling is to be increased (input). 

The third category of system perturbations is the complete loss of 
one or more of the MSF trains. The simulated plant has four 85 Mgd 
trains. The loss of a train is assumed to occur instantaneously. 

The response of the dual purpose plant to the above perturbations 
was calculated as a function of time for different plant characteristic 
and control assumptions. The control assumptions include: 

1. Control of back pressure (brine heater vapor pressure) within 
a specified limit by regulating the flow through the turbine bypass or 
the flow to an auxiliary condenser (back pressure control). 

2. Control of the temperature of the brine leaving the brine heater 
within a specified limit by varying the brine recirculation flow rate in 
the MSF plant (brine temperature control). 

3. Control of the brine level in the MSF stage closest to the brine 
heater within a specified limit by varying the brine recirculation flow 
rate in the MSF plant (brine level control). 

ij-. Control scheme 1 and 3 used together (back pressure and brine 
level control). 

5. Use of none of the above control schemes (without control). 
In all of the calculations the electric output from the turbine plant 

was matched with the electrical demand by varying the flow through the 
high pressure turbine valve. Exceptions to this, however, are conditions 
where in order for electric output to equal demand, the steam flow would 
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have to exceed 105$ of design conditions. The mŝ inrum steam flow to the 
high-pressure turbine is limited to above full-power design flow. 

Two forms of the equation describing brine flow between MSF stages 
were considered. The first expression is the "standard" flow equation 
used in the simulator 

W = K A p e f f , 

where 

APeff = iV,I - pV,I + 1 + Ki MI - Ke ' MI + 1 • 

The equation used as a standard in the calculations implies a moderate 
size baffle, where the downstream level has half the effect on flow of 
the upstream level (i.e., K^/Kx ^ 0.5)• 

The second form of the flow equation is one derived frcm experimental 
data for flow through unbaffled orifices. These measurements were made 
on the OSW Wrightsville Beach three-stage flash evaporator in August 1970-s 
The flow equation here is 

/Li ~ + APve \ 
0.165 0H y gfa + 0.112 EDBL + 1.22J 

W = 2.6k + EDBL ' 
where 

W = brine specific flow rate, lb/hr per ft of width x 10~6 , 
0H = orifice height, in., 
LL = upstream (midstage) brine level, in., 
Lq = downstream (midstage) brine level, in., 

APve = effective vapor pressure drop, in. H20, 
APvE = [1 - 0.181 (DBL - 1.22) ] APy, 

APY = vapor pressure drop from stage 1 to 2, in. H20, 
DBL = dimensionless upstream, brine level equal to Lj_/0H, 
EDBL = (DBL - l) for DBL < 3A7 and 2.kj for DBL > 3.1*7. 
The range of conditions in the MSF plant used in the calculations 

exceeds those for which the experimental data was taken. However, this 
is probably the best available experimental expression for flow through 
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uribaffled orifices. We have taken as a reference the condition in which 
the back pressure is controlled and the first or standard brine flow 
equation is used. 

RESULTS 

The simulator calculations produce the time response of the reference 
coupled plant, predicting reactor and turbine behavior, MSF plant liquid 
levels, temperatures, pressures, etc., throughout the plant. Large quan-
tities of numbers are produced in each run, since the attempt is made to 
follow the response of every portion of the system. For the number of 
calculational runs needed in a parameter or sensitivity study, the bulk 
of numbers produced is so great that much editing is required. 

For this reason the results shown in this report are limited mainly 
to the responses of the reactor power level and the brine level in the 
first (hottest) stage of the MSF plant. The reactor power response should 
indicate whether changes or perturbations in the MSF plant produce unac-
ceptable conditions in the reactor-turbine plant. The first stage brine 
level has been shown in previous studies4 to be a good indicator of MSF 
plant stability. The response of other plant variables such as steam 
generator pressure and feedwater temperature are also plotted for seme 
cases. 

Routine Electrical Demand Changes 

The first results show the response of the plant to electrical demand 
changes which might occur during the course of ordinary plant operation. 
The response of the reactor power to a negative 10$ electric demand pulse 
with and without back-pressure control is shown in Fig. 3. The standard 
MSF brine flow equation was used here. 

The sequence of events in this perturbation are: first, the decrease 
in electrical demand causes the main turbine valve to close, causing the 
steam flow to the high-pressure turbine to decrease. This causes the 
pressure in the steam generator drum, to rise as shown in Fig. which 
eventually causes an increase in the primary coolant loop temperature. 
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Fig. 3. Effect of Back Pressure Control on the Beactcr Fewer 
Response to a 10$, IC-Minute Duration Electric Deroand Pulse. 
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The closing of the turbine valve also causes a decrease in the high-
pressure turbine Impulse stage pressure which is approximately propor-
tional to the dec ease in electrical output. The reactor primary coolant 
loop set point temperature is a function of this pressure. This pressure 
is also used to determine a reactor demand signal which is compared to 
the actual power (i.e., from neutron level detectors) to determine a 
power level error signal. The derivative of this power error signal is 
combined with the error signal generated from the difference between the 
primary coolant loop average temperature and its set point temperature 
to determine the rate of shim rod movement. Shim rates used in the calcu-
lations range from 0.07 to l£ per second, depending on the magnitude of 
the error signal• 

The net effect of this 10$ demand decrease is that the primary 
coolant loop temperature increases as the set point decreases. The dif-
ference between the power level and the power demand signal also increases. 
There is a command to insert shim rods (i.e., remove reactivity frcm the 
re actor cor*e), causing the reactor power to decrease. 

In the case where the back pressure is not controlled, the reactor 
power level decreases by about 10$ as it would in the case of an electric-
only plant. There is a small reactor power overshoot which may be attri-
butable to an imperfection in the control constants used in the simulator. 
The steam drum pressure increases frcm 780 psia to about 8Md psia before 
it starts to decrease. A steam dump control was not included in the simu-
lator, whereas some dumping of steam may occur in an actual system, 
thereby limiting the pressure overshoot. 

As the steam flow through the turbine plant decreases, the steam 
flow to the brine heater also decreases, causing a drop in brine heater 
pressure. As this pressure falls, the amount of heat input to the MSF 
plant decreases, so its temperature falls. This decrease in power to the 
MSF plant feeds back and causes a downward drift in the reactor power as 
shown in Fig. 3* 

In the case where the back pressure is controlled, the pressure 
decrease in the brine heater causes the turbine bypass valve to open, 
admitting steam directly from the steam generator to the brine heater 
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via a desuperheater. When this happens, the steam generator drum pres-
sure starts decreasing. The initial response of the reactor power was 
the same as if the total power demand was goiixg to decrease by about 10$, 
This was because the power demand signal comes from the turbine pressure. 
However, since the MSF heat sink will be held constant in this case, tne 
actual power decrease should be of the electrical load, not 10$ of 
the total power. One effect then of using the same reactor control sys-
tem for this dual purpose plant as is used in an all electric plant is 
for the power response to overshoot. The system is stable, however, and 
the power finds its new steady state value. 

When the electrical demand is returned to normal, the response in 
the case where the back pressure was controlled is almost a mirror image 
of the response when the demand was decreased. All parameters return to 
near their starting point, any deviations being caused by controller dead-
band limits. 

In the case where the back pressure was not controlled, the response 
on return to normal electric demand is also the mirror image of the re-
sponse caused by the demand decrease. The reactor power level, however, 
is lower. The heat load of the MSF plant goes through an oscillation, 
but remains below design as the back pressure continues to drift. After 
1U00 seconds the calculated MSF heat load is about 120 MW (about 4 1/2$) 
below design. 

Figure 5 shows the response of the MSF plant stage 1 brine level. 
In the case where the back pressure was controlled, the brine level re-
mains relatively steady. The small level changes when the electric 
demand is changed are due to the deadband limits on the back pressure. 
If the back pressure is not controlled, the brine level increases sharply 
when the electrical demand is decreased. The MSF plant temperature is 
decreasing here so that more interstage liquid level head is needed to 
make up for the reduced interstage vapor pressure head. When the electric 
demand is returned to normal, the steam flow into the brine heater is 
increased, therefore increasing the heat available for the MSF plant. 
This causes the MSF temperature to rise and the brine level to fall tem-
porarily. When the case was terminated, the MSF plant was in the middle 
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of a long-time constant transient. The lack of back-pressure control 
reduces the controllability of the MSF plant to a point where operating 
conditions are not readily predictable and are very sensitive to minor 
operating changes in the turbine-generator plant. 

Figures 6 to 9 demonstrate the effects of the use of different MSF 
brine flow equation assumptions on the calculated system response. The 
reactor power response to negative 10$ electrical demand pulses, assuming 
back-pressure control, is plotted in Fig. 6. The responses for the two 
equation assumptions are nearly the same. The final difference is due 
mostly to differences in the MSF plant heat load. The brine level re-
sponse for these cases is shown in Fig. J. Whereas the brine level 
assuming the standard flow equation is very stable, the predicted brine 
level when the experimental flow equation is used is increasing and even-
tually beccmes unstable. 

The reactor power responses for the 10$ negative electrical pulse, 
without back pressure or brine recirculation flow rate control are shown 
in Fig. 8. The responses for the two MSF flow equations are nearly the 
same. The MSF first stage brine level, however, is another matter. Its 
response is shown in Fig. 9- Tbe destabilizing tendency produced by the 
lack of back-pressure control along with the inherently unstable no-baffle 
experimental equation produces a runaway level in that case. 

The reactor power response to electrical demand pulses of various 
sizes is shown in Fig. 10. In the cases shown here, the standard MSF 
brine flow equation was used and the turbine back pressure was controlled. 
Figure 11 shows the MSF stage 1 brine level response for these same cases. 

The calculated responses are stable, after an initial oscillation, 
and new steady-state values are found for all size pulses. After the 
electrical demand is returned to its original value, the variables return 
to their original positions within the error-band limits of the con-
trollers . 

There was a difference in the reactor power response to the initial 
step change in electric demand depending on whether this change was nega-
tive or positive. As mentioned previously, the negative electric demand 
step changes causes a large overshoot in the reactor power with the 
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Fig. 6. Reactor Power Response to a Negative 10$ Electric Demand 
Pulse for Alternate Brine Flow Rate Equations, With Back-Pressure Control. 
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Fig. 10. Reactor Power Response to Various Size Electric 
Demand Pulses. 
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settled-out power level being lower than the original power level by an 
amount approximately equal to the electrical demand change. In the case 
of the 5$ power demand increase, there is less of a power overshoot and 
the new steady power represents approximately a increase in the thermal 
power instead of the electrical power. When the power level is increased, 
an additional system is added in the form of the auxiliary condenser, 
which is required because the steam flow from the back-pressure turbine 
to the brine heater is greater than that required for full MSF plant 
operation. The reason for the smaller initial power level overshoot in 
the case of the 5$ power demand increase is because the power demand sig-
nal from the high-pressure turbine is more indicative of the true power 
demand since all steam must pass through the turbine plant whether it is 
finally condensed in the brine heater or in the auxiliary condenser. 

The time response of the reactor power for different duration elec-
tric demand pulses is shown in Fig. 12. A negative 10$ pulse is used 
here with durations of 30 seconds, 5 minutes, and the standard 10-minute 
duration pulse. The 30-second pulse was f|hosen since the powe.? level 

t 

after 30 seconds was about at the low poi:at of its oscillation. The 5-
minute pulse represents an iimmediate duration. The magnitudes and 
shapes of all three responses were very similar and show no signs of in-
stability. 

Figures 13 to 16 demonstrate the effects of the use of the different 
control schemes on the system response to a negative 10$ step in electri-
cal demand. Figure 13 shows the time response of the reactor power when 
the standard MSF brine flow equation is used. As might be expected, the 
two cases in which the back pressure is controlled give similar responses. 
When the brine level is also controlled, there are some changes in the 
brine recirculation flow rate which produce minor heat load differences 
between the two cases and account for the differences in the reactor 
power response curves. 

In the other two cases, the back pressure is not controlled, but the 
brine recirculation flow rate is being varied in order to keep either the 
brine level or the brine heater brine outlet temperature within the con-
trol range. Here the MSF plant heat load is reduced approximately in 
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Fig. 12. Reactor Power Response to a Negative 10$ Electric Demand 
Pulse of Various Durations. 
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Fig. 13. Reactor Power Response to a 10$ Electrical Demand Decrease 
for Various Control Modes, Using Standard Brine Flow Rate Equation. 
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proportion to the electrical load. When the electrical load demand is 
decreased and if the "brine level is controlled, the rate of heat trans-
ferred to the MSF plant brine is scmewhat less than in the case where the 
brine temperature is controlled. In both of these cases the brine recir-
culation flow rate is reduced; however, the magnitude and timing of the 
reductions differ for the two control schemes. If the brine level is 
controlled, the brine heater brine outlet temperature will drop below 
normal. If the brine temperature is under control, the brine level will 
be reduced as is shown in Fig. ll*. The effect of the controller action 
on the brine level may also be seen in this figure for the brine level 
or the brine temperature control cases. 

In all of these control schemes, the only one in which the water 
production is being maintained separately from the electrical output is 
in the back-pressure-only control scheme. In all of the rest, the changes 
in the brine recirculation flow rate and the MSF plant temperature will 
cause an eventual net change in the water output. The water production 
will change nearly proportionally to MSF plant heat load. 

The use of the standard MSF brine flow rate equation produced stable 
results in both the reactor-turbine and in the MSF portions of the coupled 
plant for all of the control methods tried. The destabilizing effects of 
the experimental (no baffle) flow equation is demonstrated in the next 
two figures. Figure 15 shows the time response of the reactor power, and 
Fig. 16 shows the response of the first stage brine level for the various 
control assumptions. 

The reactor power response behaves stably for the back pressure only 
and for the brine temperature control schemes. As seen previously in 
Fig. Ik, the brine level drifts slowly upward for back-pressure-only con-
trol. The brine level quickly falls into blowthrough for the brine tem-
perature control. The system response in the two cases involving brine 
level control behaves in an unstable fashion. In the case of brine level 
only control, the stage 1 brine level goes through an oscillation and 
then falls to its blowthrough level. In the present code, once a stage 
gets into blowthrough it cannot get out. This is a code deficiency which 
will be remedied when a blowthrough flow equation becomes available. An 
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unreal condition is calculated here in which the recirculation flow rate 
is increased in an effort to raise the brine level. This causes a drop 
in MSF temperature as cooler brine is pulled through the plant at too 
fast a rate. This causes the reactor power to drop as the MSF plant heat 
load decreases. Eventually a negative inter-stage vapor pressure is calcu-
lated in the MSF plant which causes the calculation to stop. If the back 
pressure as well as the brine level is controlled, the brine level starts 
oscillating with increasing amplitude. This feeds back to the reactor 
causing reactor power oscillations. 

Large Electrical Demand Changes 

If the water plant is to operate independently of the electrical 
plant, the effect of large changes in either the electrical load or the 
MSF plant heat load on an otherwise unperturbed system needs to be con-
sidered, Figures IT to 19 show the system response to a 10$, 50$, and 
a 751° decrease in electrical load. Since water production was to be main-
tained here, the back-pressure control scheme was used in these cases. 
The reactor power response shown in Fig. 17 has its usual overshoot char-
acteristic, but the curves are smooth and quickly find new equilibrium 
in all cases. 

The steam generator pressure response is shown in Fig. 18. This 
figure demonstrates a major shortcoming of the standard electrical plant 
control system when it is used for the dual-purpose plant. There is an 
initial rise in pressure as the turbine steam valve begins to close down. 
The turbine bypass valve is also opening at the same time, but lags the 
turbine steam valve. The increase in pressure stops about when the final 
electrical load is reached and then decreases to a new equilibrium value. 

The equilibrium steam drum pressures calculated by the simulator for 
reduced electric demand loads are less than the full-power pressure. In 
an electrical power "only" plant, a decrease in load will produce slightly 
higher pressures in the steam drum than will full power operation. In 
that case, the tendency for higher pressures caused by the closing of the 
main turbine steam valve is compensated for by the decrease of the primary 
coolant loop temperature set point. This set point is a function of 
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electric demand as determined from the high-pressure turbine impulse stage 
pressure. In the dual-purpose plants this pressure gives a false indica-
tion of total demand, since the major load is from the water plant. The 
primary coolant loop temperature therefore decreases too much, causing 
the steam drum pressure to decrease below the desired value. Further work 
is needed to develop a control system which will indicate total demand 
instead of just electric demand. 

The response of the feedwater temperature for these same cases is 
shown in Fig. 19. The response is very smooth with no overshoot. How-
ever, this figure demonstrates another problem with operating the water 
plant load independently of the electrical load. The feedwater heaters 
get their steam from the turbine extraction points. It the electrical 
production is decreased without decreasing the water production, less 
steam is available to heat nearly the same amount of feedwater. The net 
effect is significantly lower feedwater temperatures. This may have a 
serious effect on the steam generator. A possible solution here may be 
to obtain supplemental steam for the feedwater heaters directly frcm the 
steam generator. The simulator is not programmed to calculate such a 
system yet. 

Further simulator development work is needed if it is to calculate 
conditions where the turbine plant is completely or nearly shut down and 
water is to be produced at rated conditions. The simulator experienced 
convergence and numerical instability troubles at electrical loads of less 
than about 20$ of full power. 

At these low electrical loads another problem would develop in the 
dual-purpose plant if full water plant output is maintained, since the 
feedwater rate remains high, as mentioned before. The feedwater pump 
and therefore the feedwater pump turbine must remain operating near de-
sign levels. In the standard turbine plant design used in the simulator, 
the feedwater pump turbine gets its steam from the turbine crossover. 
If the electrical portion of the plant is shut down, this steam is no 
longer available. Therefore a turbine plant design change is needed 
here, with the feedwater pump turbine possibly taking its steam directly 
from the steam generator. 
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Loss of MSF Trains 

The system response to the shutting down of one or more of the MSF 
trains while maintaining full electrical production was also studied. 
The effect on the reactor power response of the instantaneous loss of 
one, two, or three of the four MSF trains is shown in Fig. 20. The heat 
transfer capability of the MSF trains was assumed to be lost instanta-
neously. 

When the MSF trains are lost, the back pressure will rise. If the 
back pressure is controlled, the pressure rise will cause the bypass to 
the auxiliary condenser to open. The heat normally taken by the MSF 
trains which are not operating is therefore rejected in a nonuseful man-
ner. The net effect is that the reactor will produce the same power and 
the same amount of electricity but will produce less water. 

If the back pressure is not controlled, the reactor power rises in 
an unstable fashion. The calculation ended when calculated levels in the 
MSF plant became negative. The instantaneous loss of three trains was 
too much for the control system design. Initial wild oscillations were 
calculated. The control system overreacted as the auxiliary condenser 
valve alternately opened and closed. The oscillations were damped, how-
ever, and a new equilibrium was found. The brine level response for these 
losses of MSF trains is shown in Fig. 21. 

Since the heat transfer of an MSF train cannot be lost instantaneously, 
even if the pumps fail, the responses calculated here represent an overly 
pessimistic situation. The simulator code at present is only able to cal-
culate the instantaneous heat loss event. Further code development work 
will be needed to calculate the effect of a gradual MSF train failure or 
to calculate the shutting down of all of the MSF trains. 

Change in MSF Fouling Factor 

The next set of figures shows the plant response to a factor of 5 
increase (maximum) of fouling factor in the MSF plant tube bundles. When 
the fouling increases, the brine entering the tube bundles in the cooler 
end of the MSF plant is not heated as much as it is normally because of 
the greater heat transfer resistance. This cooler tube brine enters the 
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hot end of the plant, where the fouling remains normal, and causes a tem-
porary increase in the condensing rates there. A temporary larger-than-
normal tube brine temperature rise is set up in the hot end stages. This 
causes a greater-than-normal interstage vapor pressure differential, which 
in turn causes an initial decrease in the stage 1 brine level as shown in 
Figs. 22 and 23. 

As the cooler brine passes through the brine heater, an increase in 
shell-side condensing occurs. If there is no control, the overall system 
temperature begins to drop rapidly. The interstage vapor pressure dif-
ferential in the MSF plant drops and the brine levels begin to rise in 
order to compensate for the decrease in vapor pressure head. This is 
shown in Fig. 22. If the back pressure is controlled, the control system 
will open the turbine bypass valve, allowing steam to came directly from 
the steam generator. This steam flow will increase until it reaches some 
maxima permissible rate. In our calculations, a maximum steam flow rate 
frcm the steam generator of yjo over the full power rate was allowed. 

The back-pressure control scheme only gives temporary relief, since 
the steam flow soon exceeds the 51° overflow limit. The stage 1 brine 
level then starts to rise as if there were no back-pressure control, as 
is shown in Fig. 22. Also shown in this figure is the brine level re-
sponse if the upper limit on the steam flow rate is removed. Here the 
interstage pressure differential keeps rising until the computed mass of 
brine in a stage is zero (i.e., stage emptied), at whica point the calcu-
lation is terminated. If the brine heater brine outlet temperature is 
controlled, the control system tries to compensate for the lower tempera-
tures by reducing the brine recirculation flow rate. Such a reduction 
causes the brine level to decrease until an empty stage is calculated. 
This level response is shown in Fig. 23* The empty stages calculated in 
these last two cases would, of course, not occur in reality, since when 
the liquid level falls below the orifice, vapor blowthrough would occur, 
therefore limiting the minimum liquid level to approximately 5 inches. 

If the brine level is controlled, there is an initial small increase 
in the brine recirculation flow rate to compensate for the initial de-
crease in brine level which would occur if no control were used. As the 
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plant cools and the interstage vapor pressure differentials drop, the 
"brine recirculation flow rate must be cut back to keep the stage 1 level 
constant. This level response is also shown in Fig. 23- The constant 
value shown here is misleading since the brine levels in other stages do 
not behave this well. The overall brine level variation with brine level 
control, however, is better than with any other means of control consid-
ered here. 

The effect on the reactor-turbine plant of this fouling factor in-
crease is shown in Figs. 2k to 26. If there is no control, the MSF plant 
heat load will fall, causing a decrease in the required reactor power. 
This is shown in Fig. 2k. If the back pressure is controlled but the 
maximum steam flow has reached the 105$ limit, the reactor power rises 
smoothly by about 5$ and then remains nearly constant. If no limit is 
placed on the steam flow, more and more steam is required by the brine 
heater to keep its pressure up when faced with the increased condensing 
caused by the cooler brine. This pulls the steam pressure in the steam 
generator down considerably, as seen in Fig. 25• The reactor power rises 
without limit as seen in Fig. 2k, The calculated situation here is un-
stable but would not occur in reality since the maximum reactor power 
would be limited by the control system. This limit was not included in 
the current version of the simulator. 

Figure 26 shows the reactor power response when the alternate con-
trol systems are used. If the back pressure is controlled up to the steam 
flow limit, the power response has a similar trace whether or not the 
brine level is also controlled. If only the brine level is controlled, 
the MSF plant temperature will fall and so will its heat load. The reac-
tor power, therefore, decreases in this case. If the brine temperature 
is controlled, the MSF heat load remains constant for the short duration 
of this calculation. In this case the back pressure is slightly lower 
than normal since the brine entering the brine heater is cooler than 
normal, but the brine leaving the brine heater has a nearly constant tem-
perature. The net effect is that the reduced recirculation flow rate 
compensates for the increased brine temperature rise producing a constant 
heat load to the MSF plant. 
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It should be noted that the increased fouling reduces water produc-
tion in all cases. In cases such as where the back pressure is controlled 
and the MSF plant heat load increases, the excess heat is dumped in the 
form of a hotter-than-normal discharged brine or product. 

All of the results shown so far for the fouling increases assumed the 
so-called standard MSF flow equation. The stage 1 brine level and the 
reactor power responses assuming the experimental tray brine flow rate 
equation are shown in Figs. 27 and 28. 

If brine level or brine temperature is controlled, a blowthrough 
condition is eventually reached. Assuming a limited back pressure, the 
brine level increases to a maximum and then starts to decrease in an 
erratic fashion. The reactor power response behaves about the same as 
when the standard equations were used. The main differences are when 
the MSF plant starts blowing through. If the brine level is being con-
trolled, the unrestricted increase in recirculation flow rate causes a 
sharp drop in MSF temperatures and heat needs. If the brine temperature 
is controlled, an empty brine tray no longer stops the calculation as it 
did using the standard equations. Once the brine level falls below the 
orifice, it is not allowed to fall further in the experimental equation 
calculations. The reactor power remains essentially unperturbed through-
out this case. 
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