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The attached report by S. Levy, is being used as a major
contribution to two Technical Assessment staff reports, as follows:

.i 1) Simulation Adequacy (Chapter 2,3,& 5 of Levy Report)t

2) Design Margins (Chapter 4 of Levy Report)

These reports, which will include additional material and
staff analysis, are still in preparation,
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NOTICE

-

This report was prepared as an account of work sponsored
by the United States Government. Neither. the United

"
States C-overnment nor any of their employees, nor
any of their contractors, subcontractors, or their
employees, makes any warranty, express or implied, -

or assumes any legal liability or responsibility
- for the accuracy, completeness or usefulness of

any informacion, apparatus, product or process dis-
'

closed, or represents that its use would not infringe
privately owned rights.

i

,

. '*

9

.

i .

| .

|
; .

l

|

.

.,,



. , -
- --

~

~

.

- ~ ._
~

CLI-7904
.

_

ABSTRACT
-

_
;-7 0.7 .T' . .b.iirENnAL

-

: s: .* Y .. . . ..... ..:. u O N
.

.

-.

'
,,

A study was performed at the request of the President's Commission
,

on the Accident at Three Mile Island to assess the potential for safety

enhancement through the expanded use of simulation and to assess the,

,

adequacy of margins in today's light water reactors. Many experts

were interviewed in both the nuclear and the aerospace disciplines in

the process of gathering information on improving nuclear safety. Some_

, recommendations are made for improving margins in nuclear safety by T.aking
-- equipment modifications, by application of improved simulation and by

.

'

application of some commonly used aerospace techniques.
,,,
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Summary

The result of this two month study of light wate'r reactor stfety margins.
,

and ways of improving them has been reassuring from the standpoint of the overall
- degree of safety which exists in current light water reactors. The concep_t

of defense in depth (which has been used to protect against both those events _
_

which have been defined, as well as th'ose undefined events, such as TMI-2

accidents) has worked well and should be preserved. The overall conclusions

of this study are that, although the present concepts of safety are sound,
'

the event at Three Mile Island has generated new insights for providing an

improved level of safety.
- --

The major conslusions of this study, which are discussed in m6re detail

in the main body of this report are summarized below:

e There are some sequences of events, similar to the event at

Three Mile Island, in which a small r. umber of equipeent failures :an

lead to very serious fuel damage. (See section 4.2). These cases

involve a slowly developing situation, in which the normal and auxiliary

feedwater are not available If no heat can be rejected through thec

steam generator, the only means of rejecting heat is through the relief

valves (plus a small amount through the makeup and letdown system). It

then becomes possible for the system to lose inventory through the

safety or relief valves, while remaining at a pressure too high for

automatic actuation or effectiveness of safety systems, and too high

fc,r even manual actuation in some designs.

I
.
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The discovery of these potentially unacceptable sequences

emphasizes the need for a thorough study of degraded normal and abnormal

transient events, based upon a probabilistic approach, such as the one

in section 4.2 of this report. The probabilistic approach chosen for "

,,

such a study could be somewhat quagtative, but it should be capable

of making the various accident and transient safety margins relatively

consistent. The study should not focus on just early loss of coolant
_.

events but also on long term cooling, increased reactor power to flow
,

ratios, reacti,vity changes, ... etc. Such evaluations should be made "

J
by following' the event in terms of3e and defining the possible

.

failures, the information available to operators, r j their alternate
|

-

' courses of action. At every step of the sequence, a probabilistic -

~

judgement coupled with an approlimate damage assessment should ce
.

developed to evaluate whether changes are needed in design, information

available to operator, or operating procedures. These evaluations should

be performed with the, involvement of op_er_agn personnel so that they_ can_.-

employ the studies to generate malfunction chants and logic diagrams tpi

replace /many of the written operating procedures (see section 6). <

;

'

Consideration should be~ given to having a computerized datae

interpretation system such as the one described in section 3.2, in
,

every control room to interpret the disparate signals coming to the

reactor operator. This computerized system would process the control

room information in such a way as to make it easier for the operator to
.

know what is happening in his power plant, and therefore be more likely

" to make the correct decisions in a crisis.
,

|

2
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e Communications should be improved (see section 3.2). N:

y
could be done by displaying the tifaty data :nterpretation system

information described above at a remote center in addition to the

control room of the nuclear power plant. A dedicated telephone line_ _ -

for voice communication from each site to a remote center should a so

be utilized. .

/e Consideration should be given to having a recording device such~

.

as the B&W Reactimeter at each site to automatically record data when
r- :.

,

an upset condition occurs. This could be used to reconstruct the chain

-. of events after serious accidents, as well as a means for collecting

valuable data from less serious events for calibration of computer

analytical results.
_

'
e While NRC action taken to date will reduce the probability and |

consequences of degraded events, consideration should be given to the |

following equipment modifications as a means of further increasing
'

safety margins: 1
.

- Increase the availability of the steam generator by making the

auxiliary feedwater system singie failure proof

- Incorporate a means for measuring level or water _ inventory in, , - g
,n~,. p

A, ,,j,1,b d the primary system of PWRs and employ this diversified

m- instrumentation for initiating emergency cooling systems'

,1a
- Incorporate a positive means of knowing when safety and relief,

val _v_es are open or shut

- Increase the redundancy of Power Operated Relir.f Valves-

->

3
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-C1kinate loop seals from pressurizer lines -

Q - Design the pressure relief system (safety plus relief valves y

to be less dependent upon steam generator heat removal -

- Raise the HPI shutoff head to the safety valve pressure range
.,

- Improve the control room design through increased information
.

processing by computers
~

Cetailed evaluations of the proposed equipmentmodifications should be made -

to determine which can and'should be considered.
-,

i

f, The nuclear industry current *y does not have a computer code
,

7

capable of simulating important control function, plant systems, operator-

| plant interactions, and loss of coolant. Such calculations are being
~

performed by synthesizing the results of several computer programs,
.

making it very di fficult to perform analysis for a variety of fault tree

! events. Such a code can and should be developed in the next two years.

e Continued development of available computer codes is recommended.i

Verification of such models with tests is essential, especially in the

area of plant transients.
..

e Consideration should be given to the development of a single high

fidelity engineering simulator which implements ail aspects .of the small

break and transient analyses (see paragraph 3.2). This advanced, high
| fidelity simulator could be used to perform the sequence of events|

! investigations recommended above. A possible drawback to the use of

'

4
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such a simulator is its very lons schedule for im.olementation (six or . f.44..
_

VV
seven years) and its high cost. f t ;< suggested that scoping of such a

-~ facility be undertaken to assess its software feasibility and schedule.

In the meantime, improved analytical models such as discussed in the

preceding paragraph or such as are being developed by the NRC, (improved,

TRAC transient version) should be acenlerated.
'

..

"'

e Consideration should be given to the use of improved training

simulators at .re&ctor sites to be used for ad hoc studies following
r- .

[ abnormal events, to verify the maintenance.'of adequate margins, and to

F

, . - train operators in coping with such new events,
i

e A mechanism should be developed to . improve the feedback from the
s

reactor operators (electric utility) to the reactor suppliers and

architect engineers who design the control rooms, plant and equipment.
,

This should result in improved operability and therefore improved

overall plaint safety.

i-
!
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1.0 INTRODUCTION _
-

,

'

This report is in response to a request from the Staff of ,the President's ,

,,

Commission on the Three Mile Island Accident. It provides an evaluation of _

simulation in the nuclear light water reactor industry and how it might be

improved. The term " simulation" is used herein to described tha analytical
--

'

models and computer programs to predict the detailed performance of light

water reactors for reactor design and licensing. It also includes the

hardware systems driven by computers which simulate events in the power

plant and which are used for operator training and other similar man- s

i machine applications.
_ _.

t

-

The study was performed over a period of two months and was carried out'

f
; ,

by holding meetings with various organizations in the nuclear and space industry.

A complete listing of the meetings and organizations contacted is given in .

.

Appendix I. Because of the limited time available and the small number of
.

persons involved, the study cannot be considered comprehensive or complete.
t

However, it is hoped that is is reponsive to the following objectives agreed ,

to with the Staff of the President's Commission:

1. Evaluate the analytical models and predictions available in the

nuclear light water' reactor industry. Assess thei.r capability and

|
accuracy and provide recommendations for improvement. ,

*
,

*

:

,
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2. Evaluate hardware type simulators employed in the r.uclear industry -
''

~

and compare their status to that of the space industry. Provide

recommendations for improvement and, in particular for application -

_ ,

to design, accident prevention, acciden. investigations, and

improved operator training of light water reactors..

t

.

.

3. Assess design margins and make recommendations for margin or
.

equipment changes and improvement.
I

It should be recognized that the above stateed objectives are rather
-. .

broad and that the assessment could focus only upon selected areas for which

_.
information was readily accessible. The results of this assessment are

'
presented in five major sections following this introduction..

1
.. ..

Section 2 contains a discussion of analytical simulation in the light.

water reactors-indu s try. It discussess tne various types of analyses per--

formed and provide findings and recommendations for each ' separate area of

5 analysis.

,

Section 3 deals with the hardware type simulator with man-machine |

i'teractions. It describes the simulators available in the nuclear and

space industry and describes four different types of simulators which could

be considered for improvement,

i
Section 4 is concerned with design margins and it contains an assess-

ment of the available margins'and how they might be improved by improved
.

'

communications, procedures, and equipment. -" ' '
.

4
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Section 5 discusses communic'atiori links between reactor.sf tes and
...

other locations, such as a central command center located in ifethesda.
.

.

'
'

Section 6 discusses the application of some aerospace tc.hnology and
,

techniques to enhance safety at nuclear power stations.

,

The results of the study are presented in terms of findings and ,

recomendations through each of the Sections of the report wkth principal --

h '

- results reiterated in the Sumrnary. -

| |
~

I ,.

I

: /
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. Y. =.Q.2.0 ANALYTICAL SIMULATION STATUS ' dy
-

2.1 General Comments
~

2.1.1 Type of Analyses
e

A light water nuclear power plant with its many components, subsystems and
.

systems requires the use of a very large number of analytical models, computer

programs, and analytical tools for design and licensing. It is not the purpose

of this section to cover all such analyses, but rather to focus upon the state
~

of the reactor and water in the primary system. The models available to de-

scribe conditions in the reactor can be broken down into several categories.

They are:

- 1. Steady state analyses. Such models deal with reactivity, fuel
,

enrichment, heat transfer, power, and flow distribution in the reactor
''

on a steady-state basis. They also provide many input parameters
'

.

to transient computations. Sometimes, they are employed to de-

scribe very slow transients which can be evaluated on a quasi-

steady state basis.
,

1

'

2. Transient analyses. These models deal with most normal and abnormal

plant disturbances. They employ a relatively simple representation
1

of the reacter primary system, but include accurate control and safety

| functions in their modeling. They tend to deal with small departures

from normal conditions and not accid'ents.

3. Accident analyses. These analyses deal with unexpected events such

| as a leak or break in the primary system, control blade drop or
-

!

ejection...etc. They are transient calculations but they analyze

9

_.
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c
conditions more degraded than those in the transient analyses , [,,, f.-}/q.q

V

- - y
described above. _.

.

4 Damage Analyses. Several of the accidents may lead to damage to the
,

.,

reactor core and the calculation of such damage often requires a

separate analysis. The accident may alter the reactor configuration "'

and conditions may be quite different than those under normal

transient, or the initial stages of the accident.
.

5. Training Simulator Models. Such simulators often amploy different ]
s

'

and simplified models than those in design or safety analyses, and
-

,

.

they are best dealt with as a separate group.
-

In this particular section, we shall put special emphasis on transient
2

nd accident analyses, and simulater models as they are of greates importance-

i in avoiding TMI type accidents.
[
,

2.1.2 Segmentation of Analyses . -

I The kind of information required and accuracy and details of the -

calculations can be expected to vary with each kind of analysis. For example, '

|

considerable accuracy and details in the reactor core are utilized in steady
.

state calculations while many accident analyses employ a much more lumped

representation of the core. This has led to the development of computerized
t

models (or codes) which are applicable only to certain types of events and

often to rather limited scenarios. This problem is illustrated in Table 1

which lists the codes available to the NRC for transient and loss of coolant
,

accident (LOCA) analyses, their applicability and non-applicability. Table 2

snows comaparable information for the B&W codes. As shown in Table 3, the

I

|
| 10
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T BLE 3 APPLICATION OF B&W CODES Td ANALYZED ACCIDENTS-

CLASSIFICATION ACCIDENT CDDE

1. Core Overcooling-Caused by Secondary -STEAM LINE BREAK TRAP
'

System Malfunction -INCREASED FEEDWATER FLOW POWER TRAIN
-

i -LOSS OF FEEDWATER HEATER POWER TRAIN

2. Core Overheating-Caused by Secondary -LOSS OF FEEDWATER POWER TRAIN /CADDS, . .

'

System Malfunction -FEEDWATER LINE BREAK TRAP /CADDS-

-TURBINE TRIP / LOSS OF LOAD POWER TRAIN
.

-LOSS OF 0FFSITE POWER POWER TRAIN
..

3. Change in Reactor Coolant Form -PUMP COASTDOWN CADDS
.

. -LOCKED ROTOR CADDS

4. Reactor Power Anemolies -ROD EJECTION ACCIDENT CADDS
.

-ROD GROUP WITHDRAWALS CADDS
,

-ROD DROP CADDS

~

-SINGLE R00 WITHDRAWAL CADDS,

-PUMP STARTUP CADDS

-MODERATOR DILUTION CADDS

5. Increase in Reactor Coolant Inventory -INADVERTENT ECCS OPERATION _

-MAKEUP SYSTEM MALFUNCTION
_

t

,

l

I
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ILE 3 - (continued) --

|, ., .
,. ,

..;s.yz. --

- .Y.
SSIFICATION ACCIDENT CODE

,

Decrease in Reactor C .:alant Inventory -LOSS OF COOLANT ACCIDENT
.

',,(LOCA) CRAFT .

,

-MALFUNCTION OF LETOOWN
'

..

-
.

SYSTEM CRAFT

-SAFETY VALVE (PSV) STUCX
*

.

OPEN CRAFT
. ..

Radioactive Release F. -om Subsystem -WASTE GAS TANK RUPTURE
_ ,

or Ccmponent -FUEL HANDLING ACCIDENT '
-

_

Anticipated Transient Without Scram -LOSS OF FEE 0 WATER CA005

(Ap;$) -LOSS OF 0FFSITE POWER CA005

-ROD WITHDRAWAL CAOCS

-TWO PUMP COASTDOWN CA305
"

-SAFETY VALVE STUCK OPEN (RAFT

,

*

,

$
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application of codes vary I.Naf accident analysed. In some cases

~

the results from one code are required as nput Y ? N e Lt...
POWER TRAIN /CADOS, TRAP /CACOS). Such segmentation is a serious drawback

to being able to calculate the entire course of TMI type accidents. No

; single code exists that combines a good control system and a good small.

break model. While such calculations can be performad by combining
4 -- o

,,

several available codes, the analyses are not flexible enough to readily

evaluate changes in the possible branches of the fault trees. This is, , ,

'

. . all the more true when operator actions are. included.
. -

!
' Superimposed upon this segmentation of analyses for different transient

f and accident types is the fact, that many calcualtions are performed for

licensing purposes rather than on a best estimate basis. In other words, as
i

i will be dist.ussed later, some of the answers generated by 1.0CA codes may .

not be indicative of what the operators will see.,

i .

r-

2.1.3 Cacability for Analyses

The capability for analysis varies from one organization to another.
i
' At present, the best capability resides with the reactor suppliers who can__.

,

_ perform the entire range of calculations. 'Next, in terms of capability,
_

comes the NRC. While the NRC could call upon national laboratories to attain
'

the same level of proficiency as the reactor suppliers, they have chosen often

to assess and audit the results from manufacturers analyses rather than

reproduce them. This is not a serious drawback except under those special

$ conditions where.the NRC might be thrust into a lead role. On,e exception in
t.

NRC capability is the area of analyzing the LOCA with a large line break.,,

15
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In this area, the NRC codes appear to be at the forefront of technology.
.,

However, in other areas such as plant transients or the analysis of the LOCA

with a small break, the NRC capability clearly lags that of the reactor> ,

manu facturers . The widest spread in range of analytical capability exists
~'

among the plant owners or operators. Some utilities such as TVA, Duke Power -

Company, and otners have developed good analytical capabiljty chile other

utilities have almost none. EpRI, through its RETRAN code and other similar f
programs, is trying to make it possible for all plant owners to have adequate .)

independent analytical tools. However, analytical independence by all -

utilities is ,not true today, and several plant operators have to rely very
'

'

heavily, if not exclusively, upon manufacturers for most of their analytical
_

evaluations. Under sucn circumstances, the plant operating engir.eering ..

support group cannot help but be less responsive and lacking in completa -

understanding, especially for unaxpected type events.
;

; -

[ 2.1.4 General Findinos and Recommendatiens
,

1. There is a strong need for analytical simulation of fault tree events
,

i

which involve control systems, operat~or actions, and equipment )
failure such as occured at TMI. Such calculations need to incorporate

i s. '

man-machine interactions and_need to be qerformed ,on at least a
. -

real time and on a best estimate basis.
-

|
;~_

2. The NRC needs to accelerate its efforts to develop independent"

'

| capability to analyze transients and accidents.
|
,

! .

*
!

!
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3. Utilities should develop the capability to perform transient and
-

accident analyses. This could be acc mplished through an acceleration.

of EPRI efforts to develop codes for utility use; or by giving
,,

utilities access through a remote terminal to some of the manufacturers

-- codes; or by giving the utilities the support required for them

to effectively use the computer pro 5 rams de*/ eloped by the NRC.
.

2.2 Steady State Analyses
, , ,

2.2.1 Backcroundi

The steady-state reactor analyses are concerned with calculating the-

'
t;ae= dimensional power distribution, reactivity, exposure, and thermal

hydraulic charactaristics in the core at start-up and as fuel burn-up progresses.

The reactivity computations involve several nuclear group cross sections and

| many parallel flow paths. They are multinode calculations and often take

' ' several hours on the fastest digital computers available. Simplified similar

analyses are performed on process ccmputers installed at most nuclear power plants.

1

The steady-state calculations are of utmost importance to the performance

and economics of power plants. They yield the fuel enrichment and operating

reactivity strategy, both of which control fuel cycle costs. They also

determine the allowable operating power level by computing two important

parameters: peak fuel duty (expressed in terms of kw/ft of fuel rod) and

the margins to Critical Heat Flux (CHF), also called Departure from Nucleate

Boiling (DNS). These two parameters, which will be discussed in more detail

F

| 17
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In Section 4, are specified in the plant Technical Specifications together
.

with maximum plant power. Very detailed and extensive steady-state analyses

are performed to assure that the Technical Specifications are satisfied.
,

.

The methods emp.loyed for steady-state calculations have been improved

considerably over the years. With increased computer capability, more details

have been incorporated in the analyses. Also, comparison with numerous
,

separate effect tests and in-reactor measurements have validated the codes y

and put them on a sound basis. -

-

2.2.2 Findines and Recommendations

1. Ccemercial incentives and plant performance warranty pressures are

enougn to as ure the continued development and verifica . ion of -

,

steady-state models by industry. For that reason, no recommendations
-

are necessary in this area.

2. The steady-state codes are somewhat inconsistent in their approach
~

and details. In 'me portions of the model, extreme details and

accuracy are provided while failing to recognize some of the

approximations employed in associated areas such as two-phase flow.
,

3. Continued evaluation of steady-state models against in-reactor

performance is essential to assuring accuracy and improvement in

such methods.

18
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4. Several of the outputs from steady stata codat e employed in other
~~

performance and sa' sty evaluations. Often, such parameters are
.

'

taken at their bounding values which make ensuing calculations not
..,

representative of what'the operators might see. It would be '

,

desirable to identify all such outputs, their best estimated _-

values and their range of uncertainty. Such a tabulations'could
''

be of great assistance in performing best estimate calculations

and formulating future model improvements and additional in-
.,

l. reactor tests.

..

;
2.3 Transient Analyses pgff f g fje /:| 33
2.3.1 Background

,

,

Most of these analyses are performed through such codes as IRT, RETRAN,
'

POWER TRAIN and CADDS listed in Tables 1 and 2. Many other similar tools

are available and they tend to serve two purposes:

1. Investigate total plant dynamics and, in particular, optimize
.

control systems for normal and off-normal operations.

.

2. Investigate anticipated plant transients and assure that appropriate
'' safety margins are satisfied.

While primary emphasis will be placed in the following discussion ;

upon POWER TRAIN and CADDS, it should be realized that the comments are.

generally applicable to other available models.
I

t.

*
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POWER TRAIN is a B&W computer program concerned with total plant simulation.
,

It includes a simplified reactor representation (point kinetics and single

control volume for heat transfer), and pressurizer model (three control . . ,

volumes, hesters, sprays and relief valves); and a transport delay represent-
~'ation of the primary flow recirculation loop. The secondary system is

.

well represented and a very detailed simulation of the once-through steam
.

generator is included. Setpoints and controller gains can be modified on-line j

and capability exists for automatic or manual change of any control element. q,
IPOWER TRAIN is used for control system optimization, verification of plant

maneuverability and some control and protection system failure and system )

ef fects analyses. It is utilized to investigate such anticipated transients.
.

[ as turbine trip with or without reactor scram; ioad rejection; loss of feec-

wa:e ; reactor coolant pump trips; and feedwater heater failures.
"

-

CA005 is a B5W c =puter program which performs many of the same analyses ,

as pCWER TRAIN except that it contains much less plant control details but
,

d

| an improved reactor core representation. It is employed for many transients
,

,

where peak fuel conditions become important such as the coastdown or a -

"locked rotor of reactor coolant pump, control rod withdrawal, control

red drop...etc. ,

2.3.2 Findinas .

1. There are many limitationr to the transient mo'dels. For example,
''

POWER TRAIN applies to power levels between 15 and 100 percent and
i
'

I
,

I
*

!
i
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is not suitable for 4:.y pcwer level or low power natural

circulaticr. studies. No two-phase condition is allowed in the--

,

primary stystem, i.e. It cannot simulate a system piping break
"

or two-phase natural circulation without a break. The pressurizer
,

cannot go solid .or entirely empty (i.e. relie f valves always
,_

[ discharge steam) and the modeling of the emergency core cool'f,ng ,

,

systems (ECCS) are not included. In other sords, POWER TRAIN--

' application is limited to those transients where the primary

system remains relatively close to normal and water solid. Many *

of the same limitations (no two-phase ficw; no system piping i,reak;
, , , ,

I. no ECCS actuations) are applicable to CA005. In addition, several

;- of the control functions incorporated in POWER TRAIN are not included.
' On the other hand, CADDS 'is capable of dealing with low power

,

1 levels down to decay heat and below.
,

.

I 2. Several comparisons of the models have been made to start-up tests

data and reactor transients. The trends in the reactor system;
t

behavior are reproduced by the models as shown in Figures 1, 2,

3, 4, and 5. Figures 1 and 2 deal with a turbine trip from g5;

percent power at TMI-1. Figures 3'and 4 are concerned with a loss

of feedwe ~ r at Oconee from 76 percent power. Figure 5 shows the..

same turbine trip at Oconee as compared to the CA005 prediction.
,

'

While the correspondence is acceptable, some discrepancies are still

f noted in Figure 1 and 5 in terms of the predicted power level for

both POWER TRAIN and CA005. These descrepancies deserve further invest-
.

gation. In the case of POWER TRAIN, the peak pressurc level also'
-

. 21
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a ::e: 's the measured value, probably due :o 0 ec. predicting the
-

cold leg temperature by almost 5 F.,

f

.

3. POWER TRAIN and CADOS can describe the early' stages of the TMI-2

. accident. Results are given in NUREG-0560 which show that CA005
' does a satisfactory job up to 360 seconds when the reactor coolant

~

reaches saturation temperature. Beyond this point, one must employ
.

LOCA models which, unfortunately, do not have adequate representation
~.

of the reactor control system, the steam generators, or the balance.

- of the reactor plant. As inferred from Table 1 and 2, no tool
___

exists in the industry _ to describe the_ entire TMI-2 sequence of____

events. This, in part, explains why several months after the accident*

a complete prediction of what happended at TMI-2 is not available.

Another reason is that all necessary information to perform the,

prediction was not measured or recorded..

4 Many of the transient studies are terminated early, and in so doing

do not examine other abnormal conditions that might develop in the
i

course of bringing the plant to cold shutdown, especially conditions )
<

brought about through the action of the operator.
i

i 1

5. The comparisons presented in Figures 1 to 5 show the importance of

recording information during plant operation. Such data logging,

;. gives special opportunities to check analytical models and correct
;

; possible discrepancies.'

|
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6. Many of the start-uo tests are not sesc. u enough to test the "

analytical models. The capability to perform more severe tests
'

is essential to verifying the models. For example, in-reactor_.

tests at higher pressure rates than during anticipated transients

were performed at peach Bottom in 1977, and they led to substantial~

improvements in transient modeling*. Figure 6 shows the results

predicted by the improved model. One of key changes introduced
,

in the model whose predictions are shown in Figure 6, was to..

l replace the simplified point kir.etics core model by a one-dimensional
.

reactor kinetics model.

7. Besides training simulators, POWER TRAIN and equivalent tools offer
,

the only other real time man-in-loop capability presently available
' in the nuclear industry. -

,

2.3.3 Recommendations

1. Expansion of transient models to include two-phase flow modeling and ,

|other such essentials in order to allow these models to simulate

small breaks, natural circulation and natural circulation' breakdown

is recommended to better understand system failures and effects

and to study man-in-loop intervention and inappropriate operator

actions. Also, all transient calculations should be carrried
i

out to ' cold plant shutdown. |
_

.

__

.

* General Electric Report, NEDO 24154, October 1978
,
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A systematic program of well instrumented severe operational2. .,

.eans must betransient tests at power plants is recommended. M

devised to perform such tests gradually at more severe e.onditions _

,

than anticipated during plant operation in order to give the
'~

available models a more stringent verification than acccmplished
--

e
to-date. NRC and the nuclear industry must find a way to encourage

. Continuous monitoring of key variables at all plantssuch tests.

(see Section 6.0) to simply record the actual plant transients
!

.,

which randomly occur may, be the most practical way of accomplishing ..

~.

'
this task.

..

Rapid modification of such tools as POWER TRAIN or CADDS, under
~

3.

recommendation (1) above may give the industry the earlies way c
-

simulate fault tree events and to develop operating guidelines and ..

malfunction procedures. This is a preferable course of action ',
J

to employing training simulators in those cases where the i

training simulator models are very inferior to those included
e

in PCWER TRAIN, CADDS, or equivalent codes.
,

--

2.4 Accident Analyses

2.4.1 Backcround

There are many accident analyses performed in the courst of safety ,

.

evaluations and preparations of safety analysis reports for submittal

' to the NRC. The number of models is also rather large. Some of these
-

accidents are listed in Table 3 and focus will be placed here on those events
4
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which lead to loss of water inventory from the primary system. Such accidents
_

are analyzed at B&W by employing the TRAP and CRAFT codes. Similar codes'

- exists in the BWR/PWR industry and their names are LAMB, CHASTE, SCAT,

CHASE, REFLOOD, RELAP 3B, RETRAN, MARVEL, TRANFLO, RELAP 4, RELAP 5, CEFLASH,
-

3ATAN, TRAC, . . . . . just to mention a few. While the discussion will center<

'

_
upon TRAP and CRAFT, the comments are applicable generally to other codes

and they tend to represent the status for other accident models besides. _ _

those utili:ed to deal with loss of primary water inventory.~~

i

s

The CRAFT-TRAP codes are integral system models which are capable of
~

,

simulating various steam-water systems andloops. They provide submodels to

simulate such specific system components as reactor core, coolant circulation'

F pumps, emergency coolant systems, steam generators. They are based upon _.
s

'. transient and simultaneous solutions of the mass, momentum, and energy

equations and provide for considerable flexibility in terms of' spatial
,

discreti:ation. The codes also provide for the simulation of assorted trips
,

or control action but these are generally limited in number to a selected set.*

.

-
.

The codes are applied to a wida spectrum of events and end results.

This is illustrated in Figure 7*. On the bottom axis, the break si:e~ through
.

which primary system water is being lost is varied from zero to several

square feet. On the axis into the paper, several malfunctions are postulated.

On the vertical axis, the end conditions of the reactor core are shown,,

\
ranging from intact, fuel, to a few fuel rod failures, to fuel burst, to

..

I

* Furnished by NRC Research

.
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a - RC Pumps inoperable.

b - FW Pumps inoperable
c - Steam dump valve

inoperable
d - Relief valve fails

to Close
'

e - C.R. fail to insert
f - Loss of onsite

7 /3 ac power

|PN 9 - Loss of on site'
.

i|
dc power

h - Loss of off-site
| I ac power

C| | .-

fI I 'Core meltdown -+

I I w
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|
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'

M l | . .

#'
1 /Core damage .+

severely I
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l
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features work,
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,

severely damaged core, to core meltdown. The surface A B C D E corresponds
'

_.

to the output from TRAP / CRAFT codes. for the specific malfunctions shown. It.

,,
is a.nparent that with different malfunctions or combinations thereof one

c9uld generate different surfaces A B C D E. It should be recognized from
'

those malfunctions listed in Figure 7, that Figure 7 does not include thew

operator-plant interactions or possiblecoperator errors. Such operator _

actions would generate several other sets of surfaces A B C D E. The
*

objectives o f the extensive safety studies performed in the licensing...
.

i process is to define the worst surface A B C D E and to show that is
_

_

,
_ satisfies the requirements of Title 10, Code of Federal Regulations, part _

50 (10 CFR 50), Appendix K.
. ~~

l

The Appendix K,10 CFR 50, specifies many of the details of the LOCA
.

analyses. It not only specifies initial conditions, rates of pcwer generation,i

,

r and certain model features, but it also identifies the peak fuel clad tem-
..

perature not to be exceeded and the malfunction characteristics to be
,

employed. Generally, the LOCA analyses are performed for a specific set of,
,

break sizes with the plant at 102 percentof power and with the assumptions
'

of reactor trip, no off-site power and one single failure such as one

complete train of the emergency water cooling system not being available.
.

Based upon a multitude of evaluations, it was judged that the prescribed

i. set of conditions would generate the worst surface A B C D E in Figure 7.

A typical set of such small break calculaticas performed by B&W is given in,

' Figures 8, 9, and 10 where the pressure, core mixture height, and peak fuel

temperatures are plotted versus time. As long as the active core is
.

e
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- u m _ a m--- :;,, tan t. ; .sk ruel temperatures will fall-- - - -

below the peak value of Appen[fix X and will tend to be not too much above
,

._ saturation coolant temperature. Similar calculations are performed for a

range of medium to large breaks up to and including a double ended break of
- the largest pipe connected to the reactor pressure vessel.

( Analyses of loss of inventory from the primary system can be subdivided

.. into three groups. For a PWR, the three. groups are (1) the pressure pre'/ ailing

I- in the reactor during the accident is above High Pressure I'njection (HPI)

actuation point and the steam generators-provide the primary means of decay

heat removal; (2) intermediate pressure after the early stages of the accident

and either the High Pressure Injection or steam generators can remove decay,

heat; (3) low pressure shortly after the accident and the low pressure

emergency and shutdown systems as well as HPI can remove decay heat. Thesei

' three possibilities are illustrated in Figures 11,12 and 13 for the original
.

TMI-2 design with a loss of feedwater being the initiating event. After the

small and medium break in Figures 11 and 12, other event paths could be;

developed to reach less severe end conditions than those illustrated and they
J

'

were left out of the Figures.

The calculation methods tend to ce more complex as one goes from Figure

11 to Figure 12 and 13 because the rate of change of such parameters as

pressure, local flow conditions accelerate from Figure 11 to 12 to 13. For
! very large breaks, events take place very rapidly and the opportunity for

'

operator actions decreases sharply so that the sequence of events is
,

'

,

-
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EVENT SLI-7904 DESCRIPTION

! i Event is initiated with loss of -

LOSS OF MAIN FEEL'wn7t9
I feedwater to steam generators.,

v _

a

VALVE e Loss of feedwater degrades heat sink
CCES capacity of steam generators and primary -

;- PORV OPEN Inventory >. system pressure rises. At 2255 psig the
N07 loss power operated relief valve (PORV) opens.
OPEN

-

(See Fig.13)

VALVE OPENy

.

e Primary system pressure continues to -

rise with PORV open until it reaches
REACTOR TRIP 2355 psig where the reactor is scrammed. ]

s.
,

TRIP9 _

e Once the reactor power is reduced te
decay heat level, the :0RV ce:ressuri:e:

V '' V E ,-
'

. the primary system down to its clost --

r C R,., ,., OS r_.:.

,.UCK
set-point at 2205 psig.w-'

a:
l OPEN

! (See Fig.12)
, ,

VALVE CLOSE -

v-
,

l

e After start-up delay,.the a0xiliary .

feedwater system comes on, but fails.
AUXILIARY

| FEED TO.
L STEAM GENERATO .

|
,

NO FEED.

vL
i

i e Without auxiliary feed, remaining heat
! capacity in steam generators is boiled

Inventory away and primary system repressurizes
f PORV OPENS i due to decay heat. At 2250 psig, PORY]9 reopens.

!

i

VALVE h OPEN
| /s e With no feed, PORV will cycle open and
|

' N closed as decay heat pressurizes primary, s
Inventory system between each valve actuation.| ,' REPEATED N

PORY OPEN-CLOSE ,, _y Inventory loss continues until steam| -
loss generator heat sink can be re-established| 's CYCLES / .

or primary system pressure can be reducedN /
,

,. / to allow HPI to deliver water.' -s
t

_ - 00 m n -- . _ _ _ . . _ _ _
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EVENT DESCRIPTTON

e Event is int iated with loss oftact os MA;n per~gpvep-
-- feca - er to steam generators.---

'

sr
_

' s Loss of feedwater degrades heat sink
VALVE capacity of steam generators and primary.

INVENTORY--
. < DOES PORV OPEN > system pressure rises. At 2255 psig'

NOT LOSS the power-operated relief valve (PORV)'

OPEN opens.
.. (See Fig. 13

.
.

VALVE OPENSsr
-

.

e Primary system pressure continues to*

rise with PORV open until it reaches
! _ REACTOR TRIP 2255 psig where the reactor is scrammed.
Y -

-

-
.

'
TRIP

se

e Once the reactor power is reduced to
decay heat level, the PORY depressurizes
the primary system down to its close set- e

VALVE
PORV CLOSE point at 2205 psig. Up to here-the-

'

CLOSE sequence is the same as the high pressure
3

loss of inventory. In this case the PORY(See Fig.1-

is stuck and cannot close..

'

VALVE STUCK,,

}

e After start-up delay, the

AUXILIARY NO FEED auxiliary feedwater system
FEED T0 comes on. It 'can come on or

TEAM GENERATOR not, either way there is a
stuck open valve which looks
like a "small" break.

"
FEED se GN

e Once the systen
pressure drops to

HPI HPI ON HPI HPI ON the HPI set-
PRESS > PRESS ? point, then

ACTUATION ACTUATION system is
activated. If it
operates, the

,

4 NO HPI NO HPI problem condition*

is relieved. If
,

not, the small|
break contiriues,

, t

l
,,

FIGURE 12 - INTERMEDIATE PRESSURE LOSS OF INVENTORY
l

|
-

.

|- 39
.-

- - - - - - - - - - - - - - - - - - - . _ _ . _ - _ . _ . . - - . - - -m - ,7.,,,y- m, , n-, , , ,-



.

''

E, VENT DESCRIPTION

LOSS OF MAIN FEEtw M EA fo Event is initiated with los's of feedwater
~

'

to steam generator
_

o Loss of feedwater degrades heat . sink capacity of -

VALVE
PORY steam-generator and primary system pressure rised.'

4
OPEN At 2255 psig, the power operated relief valve

r OPENS
| (PORV) should open as in high and intermbdiate --

| sea Fig.ll ,12) loss of inventory. In this case, the PORY sticks.
'

VALVE DOES NOT OPEN
,

:

o Primary system pressure continues to rise and
REACTOR 2355 psia, the reactor is scrammed

-TRIP

TRIP .)
v i

o Once the reactor power is reduce to decay heat level,
SAFETY the rapid pressurise rise rate is reduced, but ,

'
VALVE system pressure reaches 2500 psia where the safety
OPEN valve opens. -

_

SAFETY VALVE OPENS
__

5$5. e Tne sr.fety valve rapidly depressuri:e sytem to its.
, - ~ ' , SAFETY TNVENTORY close set-point of 2450 csia. If it fails teciese,

~

*

then inventory loss continues' ._
'

VALVE LOSS
CLOSE(System

could cycle) --

.

VALVE COES NOT CLOSE
'

.

o After start-up delay, _the auxiliary feedwater
AUX. system comes in. Whether it comes on or not

N0
FEED TO STEAM the system depressurization continues like *

-

| GEN. FEED and " intermediate" break ,

t

| FEED ON _,
.

' o When system pressure reaches the HPI
HPI set point, this system is actuated. If

NO ACTUATION it comes on it will provide some cooling,
'

but if the auxiliary feed system did
not operate or the HPI failed or was

! YES turned off system depressurization will
continue.

'

Once the system pressure reaches
No > o the LP system set-point, thisLp Lp-

SYSTEM SYSTEM ,

ak ACT. ACT. Possible system will be activated. It

inues problem can supply the break but it must .

Tem (sh! amok) YES (system OK) operate.

ftfon 5/ N'

I

FIGURE 13 - LOW PRESSURE LOSS OF INVENTORY ,
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entirely automatic. Because of the interest in the early phases of such
_-

. blowdowns, the analysis includes the effect of sonic waves. These calculations

are carried out over very small time steps and often take many hours to
,,

complete. Many o'f the important reactor parameters change rapidly in the.

-- rapid loss of inventory accident and the models have to be more precise in

their representation of the physical processes. During such large breaks,

non-equilibrium conditions play an important role. Non-equilibrium refers to

., both water and steam not being at the same temperature (for exarrple, subcooled
I

water coming in contact with steam) and such non-equilibrium conditions are'- .

much'more difficult to deal with. For very small breaks, such as shown in

Figures 11 or 12, the event takes place over a long period of time, giving the
.

operators a chance to react and intervene. The rate of change in variables

. with time is smaller and a less precise model can give acceptable answers.

Alyon-equilibrium conditions are usually not as important.

1

In his letter of January 1978, C. Michelson focused upon the small
4

4 break range of Figure 12 and~ raised several concerns in his memorandum
,

dealing with " Decay Heat Removal During a Very Small Break LOCA for a B&W

205 Fuel Assembly PWR". Michelson's interest was in the range of small
2breaks (probably 5 0.05 ft ) where he felt that the reactor pressure would

,

remain high enough so that primary water inventory loss through the break

might exceed the HPI water additions. Michelson used the Appendix K

. postulated conditions of loss of off-site power and unavailability of one

train of the HPI. Such a set of circumstances.is different from the TMI,

{' sequence of events; however, in retrospect, Michelson had the foresight to

.

b

s. .

41
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identify several problem areas which might have contributed to the severity
_

of the TMI-2 accident. They are:

1. For such a small break, pressurizer level could go up and pressurizer -

" level indication is not a correct indication of water level relative
'

__

to the reactor core". A full pressurizer may convince the operator

to trip the HpI pump and watch for a subsequent loss of level".
_

| 2. "The pressurizer surge line loop seal inhibits steam entry into ,

I

| the pressurizer".
-

3. " Steam generators must remove a significant portion of the decay

heat curing the initial phase of blowdown".
-

-

,

4 Due to loss of off-site power, the reactor coolant pumps are not

available and heat is transported to the~ steam generators by naturali

circulation. Natural circulation may be interrupted by the
_

.

formation of steam voids within the primary system and a transition
;

1
' takes place from natural circulation to pool boiling in the reactor *

'

core and condensing in the steam generator. "The adequacy of this

unstable. mode (intermittent natural circulation)* for decay heat

removal needs to be verified".

.

5. " Fuel peak clad temperature is the parameter of particular interest
i for comparison with ECCS acceptance criteria, but stability of the

fluid process and adequacy of instrumentation and components should

also be considered".

*Added for explanation in this report

42 _.
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Michelson's comments which deal with design and equipaant concerns will
__

. be discussed in Section 4. In this section, the emphasis will be put upon his

,_
ecdeling and behavior comments. . It is worth noting that calculations

generated by B&W and submitted to NRC on May 7,1979* support.two of,

- Michelson's points. As shown in Figure 14, pressurizer level would rise' with
2time for a 0.01 ft break at pump discharge. Figure 15 identifies that

natural circulation would be lost at about 650 seconds for this same size,

t

break. These B&W predictions were performed with their CRAFT code. It is most,

{ important to realize that for the ground rules of Appendix K and the assumptions

; postulated by Michelson, the CRAFT code predicts that the reactor core would
I

remain cool. This fact was presented already in Figure 10 which shows that,

; indeed, the peak temperature criterion of Appendix K would be satisfied for

the entire range of small breaks.**
.

.

i

.

:

2.4.2 Findinos

1. Calculations of loss of coolant inventory from the primary system

are being performed by a prescribed formula. It consists of
? selecting a spectrum of breaks in the primary system (generally

interpreted to be leaks due to material structural failure), loss
' ~

' Evaluation of Transient Behavior and'Small Reactor Coolant System
,

Breaks in.the 177 Fuel As'sembly Plant", B&W Report May 7,'1979.
: L

**The broader implications of Michelson's memorandum are covered in-

Section 4.
!
!
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of off-site power and a single failure. Under such circumstances,
_

which are judged to be infrequent, peak fuel clad temperature is to
0be kept below 2200 F, As mentioned in subsection 2.4.1, the basic -

,

premise in the selected approach %as that the prescribed formula
-

would generate the worst surface A B C D E in Figure 7 and that a

more frequent set of event combinations would lead to a less
_

degenerated surface A B C D E. This is not the case and this very ,

.- _m-

i im
\

portant finding is discussed at length in Section 4 together with --

./ t~

many important recomendations. Let us briefly note here that the '

d

'
sequence of events in the high pressure loss of inventory accident

shown in Figure 11 can lead to core unco'very and damage for the .
_

normal transient of loss of main feedwater coupled with a single

failure of the auxilary feedwater system and no subsecuent operator -

ac-icr.. Similarly Figure 12 filustrates that a break could be -

created (by the failing of a relief valve in the open position) as

a consequance of the loss of main feedwater. The occurrence of such
.,

a " break" could be much more frequent than a break from material . . ,

i

structural failure. Also, adverse operator intervention based upon -
,

information available to him must be considered and could adversely
~

. ,

impact the consequences of the events illustrated in Figure 11 to 13.
..

Finally, failure of off-site power at another time besides the start<

of the event might have a greater impact. (See section 4 for a e..

gross probability discussion and its implications).
.

--

.

e.
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2. The analytical models for ac%nt. ar.::ges have been checked in a"

--

multitude of separate effects tests and in-reactor tests, (for.

f#
.

'

_ example, the LOFT and BURST facilities). The models have

generally done an acceptable job and the experimental data have

been employed where necessary to adjust the models. Comparisons of

the models to the NRC standard problem six are given in Figures 16,
,.

17, and 18. Standard problem six was a small break transient perfomed

in the Semi-Scale Test Facility at INEL. Figure 16 shows pressure
;

' predictions versus time; Figure 17 plots the ss flow rate'

escaping from the break; and Figure 18 shews the peak surface
^

temperature. Even though all the calculations are carried out on a
' best estimate basis, it is observed in Figure 18 that the predictions

~

of peak clad temperature tend to exceed the measured values by

varying amounts. Also, it should be pointed out that the' differences'

between the various models may be indicative of the uncertainties

that exist in what are complex multi-phase transient calculations.

! A prediction by CRAFT 'of the TMI-2 accident up to the point of

reactor pump trip is also shown in Figures 19 and 20,'and 21.

System pressure, temperature and pressurizer level results for the

CRAFT simulation are seen to be in good agreement with TMI.

accident information.

3. The analytical models contain several simolifying assumptions. With

the exception of a very limited number of codes such as TRAC, few of

; the models consider thermal non-equilibrium conditions. In many

47
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computer codes, one dimensional homogeneous flow with thermal
__

equilibrium is used to represent the recirculation loop. At

present, no models deal with non-condensible gasts in the primary __

,

loop. Finally, many empirical correlations based upon out-of
~~

reactor tests are introduced in the models and for that reason it is

believed that accuracy and details may go well beyond those necessary'
.-

in other segments of the code.* Many elements of the models can

and are being improved through efforts sponsored by the NRC, EPRI,
.

j.

and the manufacturers. Table 4, prepared by NRC Research, shows ~

various areas for simulation of the small break LOCA which need to
_

j
.

be studied further and the priority assigned to the various areas and
,

_

'
corresponding experiments. Table 4 and the preceding comments

should not detract from the overall view that the present models -

_

are expected t: cvercredict the accident consecuences. In the LOCA
"*

. -

case, this results from many conservative aspects of the models

which Ar3 required by Appendix K.

.

4. The models do not incorporate detailed control functions and deal 7

a
with man-machine interactions only in a simplified way. This makes

1

it difficult to readily evaluate all the possible branches in an .j
accident sequence and to assess how operators might react or how .

their reaction might be improved. --

. . .

5. Just complying with the peak allowable fuel clad temperature as
.

determining success or failure for LOCA safety evaluations may .,;

oThis rhas been referred by some as "using a laser beam to kill a mouse" in

describing some portions of the model. --

-

H
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TABLE 4 'LISTIM"a Of POSSISLE SMALL BREAK EXPERIMENTS
i

Semiscale L rT TiiTT 'Flecht- TLTA PNL Lc32) CC r TP7T SCTT ACSA III g 633!. '
'

| ,, ,,,,q,
1 OtA uiA (3yy}}'Seagt ,, , 4 ,, ,,,, g g,

, . .

1) Integral Tests
*

t
, _ a) Tree convec- .

I
: tion 2-phase 2 1 2 1+ 1 5 S + 2 3integrai bena- 9 g 9

vier ggwg3 |
, ,

(steady state)' ,

.

b) Reactor
Transient 3 5

3
.

(Cnergy and +1 5
3 9

Mass Tra ster)j ,

-

.

2L Separate Iffect
Tests .-

I '

a) Reflux boiler S S +1*

p p
. .

1 1 1

b) Core uncovered + 1 S S S4

P P P
1 heat transfer

c) Mixture level * I
(Core. 0:r n- + 1 S

I
comer)

f
-

d) Heat Tra..sfer 3 +1 S
,3

in SG S
.

P g

.

I
e) co=tercurrent

+ 2flow in pri-
.-arf heri: ental
locp pipes ,

.

f) Influence of | 3

con-condensible +1 5
I

gas

g) flow blockage +1 +2
(cere)

.

b) nuclear feedback + 1
,

.

first priority (key tests)+ =

early available (before Sept. 1980)1 =
. .

late available, improved instrumentation2 =

scaling and supporting )S =

scaling with respect to geometry > f support3 e
9 tests

scaling with respect to pressure 3S =
P

5, supporting nucicara

.
.

.

.

.

** .* ... . .w ,
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cverlook other important processes. Michelson referred to the need
_

to consider stability of the fluid process over and above peak clad

temperature. This is a valid comr.ent inasmuch as it reflects the
;

.

'. ability to accurately calculate the peak temperature. One is
1

concerned with being able to describe all the correct trends in the ~

reactivity, fluid flow and thermal processes in an unstable
-

-

environment. In order to avoid surprises, correct trends in the
s - %

controlling processes may be much more important than over-sharpening _
,

- _ -

the value of a single parameter. For_ example, capability to predict
.

, - s- .

- -

whether natural circulation takes place, when it stops, how it restarts ~'' '

is mo s t important. It should be noted here that models have not
*

beer verified in this important area. fimilary, cne might have t:

:sa; witn intermittent ::ncensa icn or fisw instabilities in U- -

sube and once-through steam generator configurations. In that

sense, Michelsen',s views deserve further evaluation.
.

.
"

6. As noted already, the models are usually conservative even when

best estimate results are sought. In the first nuclear power test

at LOFT, all best estimate predictions exceeded the reactor

measurements. This was due primarily to the models being too

conservative in predicting the first fuel rod rewetting during

a large LOCA. Another example is that CRAFT still assumes only,

steam heat transfer during core uncovery while, in fact, the presence

of water droplets in the steam yield a higher heat transfer rate.

56
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7. The available models take several hours on the fastest computert*

~

to carry out the simulation of accidents. As mentioned already,

_
this comes about not only from excessive details in some reas but

also from the models trying to generate too many different types of
, information. For example, to calculate loads on reactor components,

very small time steps and very fine special segmentation are

needed for the large LOCA. This is not the case for small breaks.:

,

2.4.3 Recommendations

1. Event and malfunction charts such as Figures 11 to 13 need to be, , ,

developed for reactor transients and accidents. Such charts should

consider operator infonnation and operator actions. From such''

studies could emerge sequences of events which are more frequent or

more severe than those presently prescribed.in the licensing proce'ss
' '

(see Section 4).
-

|

/
' 2. There is a strong need for models capable of carrying out calculations

for such events and malfunctions sequences. Such models should

include control systems, man-machine interactions and the computations

should be performed rapidly and, if at all possible, in real time.

v The codes should strive for best estimates. The development of

such codes is not meant to replace other available codes and their

needs for licensing purposes.,

3. Development and experimental verification of accident codes must

be continued. Emphasis should be put on the capability to model

i
_
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the processes correctly rather than in oversharpening the accuracy

in predicting a single parameter such as peak clad temperature.
_

For example, tests for breakdown of natural circulation, flow ,

instabilities if they occur, condensation with non-condensable _

''

gases would fall in such a category.
'

i -
.

I

4. It is suggested that other parameters such as rate of loss of
_

coolant inventory, modes of coolant circulation, periods of core
.

uncoyery, and time of fuel rod rewetting also be used to . _.

v

complement peak clad temperature as a means of evaluating reactor
-

system safety.

..

5. I is recommenceo tnat licensing evaluations _ be made on a best
~

er:imate basis an: :nat a safety margin ce added to the_b_est
'

- ' ' '

estimate. This approach is superior to the present made of adding

conservatism in several platas of the. licensing models. The

recommended approach will not only lead to better understanding

of phenomena and make more information available to operators,

but it also would put the development and expe'rimental verification

of such models on a systematic basis.

..

2.5 Damace Analysis
r

2.5.1 Background

Following the accident at TMI-2, there was a need to estimate the

degree of core damage and, 'in particular, the reactor core configuration.
.

|
This knowledge was n.ecessary to evaluate alternate modes of transition to

r
_

-
- -

, _

! cold shutdown at TMI-2. Models have been developed to de'al with such
|

-'
_-

| sa
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post-accident damage. These macels vary with the type and degree of

. resultant damage. For example, during a LOCA, the fuel cladding will balloon
,

and fail and lead to flow blockage in the fuel assembly.f If the fuel clad_
,

temperature continues to rise, metal (zirconium)-water reaction takes place
-

and brittle clad failure occurs. In the case of a very strong reactivity

_

accident, the fuel clad will rupture and some fuel fragments might be

dispersed in the coolant. Many out-of-reactor and in-reactor experiments

have been performed to help predict the resulting damage and to verify the
i
'
. many available models.

_

In performing such predictions, one of the key results is to define

the prevailing gecmetry because it will determine the flow at each location,

_ and the fuel capability to transfer heat to the coolant. As expected,
.

uncertainty in geometry increases rapidly with degree of core damage.
.

.

2.5.2 Findines and Recommendations

1. Damage models have been developed and they are validated against
-

experimental data (see for example, General Electric NE00-20566,.

pages I-76 to I-105 for LOCA). .These models tend to deal with the

early stages of damage and to overestimate the consequences to,

satisfy licensing requirements.

2. There are uncertainties in the models and continued excerimentation,,
,

.
.

''" ;;,7 7' and modeling efforts need to be carried out. Several in-reactor.
.

c(. '" s,-

,*
]|-%f experiments have been performed to simulate LCCA accidents. These,

. x :'. e^

? me , experiments are being sponsored by NRC. In the past, overemphasisf
'..,

~ Q'~. ..,

%
T
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may have been placed upon modeling and testing the rapid damage
,

'
~

scenarios rather than slowly developing damage as occurred at TMI-2.

This is being corrected as shown by the damage experiments listed
,.

'' in Table 4.
.

.-

3. It is recommended that damage experiments for slow moving accidents

such as gradual core uncovery be performed and that models be
,

\f developed for medium and very long periods of uncovery time. Such

models would have helped greatly in assessing TMI-2 conditions after j

the accident. Another important source of information will be the. -

TMI-2 reactor core itself. It is hoped that serious efforts will
..

be made to collect important damage information from that core.
.

..
_

2.6. Training Simulator Models ,

2.6.1 Background - The use of nuclear reactor sim.ulators began in 1968 when

General Electric put into operation a simulator at Morris, Illinois. The '

Morris si...ulator modeled the Dresden-2 and -3 plants, which at that time

were not yet operating. The purpose of this simulator and all subsequent , '
,

simulators was to provide a realistic facility for training reactor operators. . .;

The major advantage of a simulator over a real control room is that it can i

provide the operator with exposure to unusual events which might otherwise
,

take an entire career to experience.e.

.,

I

The models which are used in these simulators to represent the water flow, J

steam flow, core power, valve position, control rod position, etc., are )

..)
much simplier than the models described earlier in this report. There are

'
|

'

|

'

60
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} te reasons -toe..Unin fir:t there h less need for detailed information in !

a training simulator, an'd s'econd, it must be simple in order to perform the.

calculations in real time., -_.

|

(
-

''

The simulator's computer perfoms relatively straightforward calculations, l

l

-

such as a heat balance around the flow 130p and in the reactor vessel. It
!

calculates pressure drops in the piping from simple pressure drop-flow

equations, and it calculates core power with a relatively simple point kinetics !.

|
'- model, similar to ones used in the transient analysis models described in
i- section 2.3.

..

1

_ Standard transients are run on the simulator model once it is assembled, |

|

and adjustments are made to make t;.e control room indications to be the,-

same as that expected on the real reactor, within the tolerance limits allowed.
. - - -

Thus, while the design codes which have been described in earlier sections

solve the basic differential equations for fluid mechanics, heat transfer,
- void fraction, nuetronics, the reactor simulators use simpler relationships,

suchasaP=KfoV2* The output from these calculations is much si.mplier

than those of the detailed design codes,.which must calculate peaking factors, {;

_,
pressure forces on internal components, margin to critical heat flux, fuel

cycle reactivity, and other parameters needed to properly design a plant,

but which are not necessary to operate one.

*aP corresponds to pressure drop, X is a loss coefficient, o is the fluid
s I

density and V its velocity.
|

, . . _

*

.

.

.

|
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In spite of these simplifications, some training simulators are
-

capable of analyzing relatively complex situations, with condition degraded

well beyond normal,1y expected conditions. The most recent simulato s have

greatly increased computing ca ability, compared to earlier simulabyrs, and~'

I
~'

generally do a better job of. imulation. This new Oneration of simulators
I.

can simulate a wide variety a malfunctions, either singly, or in multiple
; -.

combinations, including inst umentation mal nctions. There are limits,

however, to how far these sihulators can be! stretched, due to thej| simplicity
'

.,

I |
of the models. Additional phistication would have to be added ,to the >

;
current training simulators before they could be used as engineering simulators

for design or licensing app ications or for failure m6de and effect analysis.
. .

:

2.C.: rindir;r

1. The current genenation trai/6ng simulator models are very capable
h I

of modeling operational manuevers such as startup, shutdown,
,

turbine trip, an load demand changes. To varying degrees they

are also capabl !of simulating multiple component failures and
1

instrumentation and control malfunctions. ,1
.

i .'

]
2. The current capability of simulation of the TMI-2 event is not

I
very good. For example, the Lynchburg training simulator cannot

I

take 'into acco'unt tfhe location of steam void formation or simulate
the breakdown /of natural circulation when the plant is employing

that mode of cooling. Even the most recent generation of simulators,
:

which do a much better job of simulating the TNI accident have a

problem of coarse moding in the primary loop, which makes the
.

62
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natural ci'rculation calculations margi.ul.

. .

_
3. The comput.er/ simulator industry appears to have the c pability

f
,

I
of designing simulators which are much ore sophisticated through-

<

t- / ;

the use of faster / larger computers an improved p 'gramming-

p
| !

,

'-

- techniques. Going from " single instryction/ single data" programing
I .! l

*

to " multiple instruction / multiple data" programmipg has improved

)_
Boeing airplane fimulator's computidg speed by afout a factor of 100.

J j 1 --

| | |"

- 4. The introductic'n of the Applied (fynamics International " Black
| 1

Box" for t.ableiinterpolation ha5 permitted the/use of data tables
; i j

instead of pol' nomial to increase simulator cdmputing speed.
!y

/ !
1 i 1

5. In aerospace applications, models for afferaft. .. l'at1'oI are'
I

~
.

relatively simple, with the flight motion and visual simulator
>

7f *

requiring large comouting capacity. The nuclear simulation models
i i

1 are generally more complex than aerospace imulation models, but
6

have the advintage of not needing complex isual and cockpit
F'

motion simulation. Aerospace simulation appears to be more
! f-

advanced than nuclear simulation because of the need for speed and
i i

capacityforjcockpitsimulation. Howeve , the overall level of
-t

technology a pears to be equivalent between the aerospace and

nuclear industries.
i

6. Simulators are often calibrated against analytical results which are
.
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.-

f
presented in licensirg documents. These licensing calcula tions are

. -

usually very censerva'.!ve, rather than being "best estimade", and

therefore often introduce a bias into what is presented to the
' trainee as a normal event.

..

2.6.3 Recommendations
~

I j

1. Training simulation models should be - mproved to allow calculation
,

f,

of degraded conditions beyond what is now possible. For example, ,

the capability to calet late the gene ation and transporu of steam i

.I
in a pWR core and its :ransport through the recirculati n system

and natural circulatic should be eveloped. There is no need to
/ -

|
_ have simulators calculate conditions much bevond core bncover and'-

-

Simulators snould be cac|ab'
_

-l--
_

,j
_ ~W _....

of simulating s uck-open reliefreatu:. '

e point of core uncove|ry and hea up,i |
valves and small breaks up to

including faithful simulation of natural circulation.|| n -

|

2. Operator response degraded situations, (e.g. stu .k-open relief _.

! valve,.small break ) on improved simulators should slay a role in -

I ~~

the NRC's safety quirements. -

;

.

3. The latest high- eed ccmputing technology developed for the

aerospace simulators should be applied to the nex generation

of nuclear simulation models.

1
.

4. All training simulators should be calibrated to the best estimate
L

,
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of how a reactor will respan to various inputs. All eve ts in-

._

training simulators which a e calibrated to conservative calculations..

should be adjusted to refl et best estimafe conditions. All
-

_.

'

training simulators shoul be checked pe iodically ag 'nst sample
- problems or test cases w[ich are differAint from the ases which the{

simulator was calibrated to.
Institute and or the N C would conf 'r/Thesepeiodicchecks}ytheOperators|-

m that all sirr lators are,

simulating real situa ions rather han the less re listic licensing.

situations. They, a so, would ve a measure of he capability of

I suchsimulatorstopredictcc itions beyond those for which they
,

were designed. /.

. - *

5. Flow.of infonnation between designers, operat rs, and simulator

designers coul be increased to the benefit c,f all.

/ /
'

/
-

;

i

.

!

.

f

'

i
|

|
|

*
. |

|
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3.0 HARDWARE TYPE SIMULATORS
"

.,

3.1 Engineering Simulators.

3.I.1 Conceot -

This section is concerned with high fidelity simulators which could
-

be used for design, and failure modes, and effects evaluations. The performance

accuracy required here would be equivalent to that obtained from the models
_

discussed in sections 2.2 to 2.5, except that the computations need to be carried

out in real time. Agritical functions would be included, and man-machi.n.e-

interactions could be evaluated by incorporating not only the contr'ol room,

equipment, but all other components whic.h_are_cperated oy plant personnel.
_ _

_ __

* ccm: arable simulator in scale and detaile exists at NASA AMES where it is
.

empicyec to design and cneck out advance airplanes. This NASA flight propulsier

simulation center is abcut a 50 million dollar facility with annual operating

budget of 5 to 10 million dollars. P

fh ,

fo
From a concept vie., point, the reposed simulator would be similar to

the advanced training simulato- be ng built today. ;It will have a complete .

reproduction of the control room. IIn addtion, it will have another separate

room which will simulate all other components which can be operated by plant
'

,

personnel outside the control room. It will- employ a very fast and a large

digital computer to carry out the desired calculations.

.

em
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~ The models incorpar-ted in the engineerir.g ;imulator will include many.

~}, of the features provided in the codes discussed in section 2. Referring back

to Table 2, the model for a B&W plant would have the control systens and
-

balance of plant features of POWER TRAIN, ccmbined with the reactor descriptions

of CA005 and with the luss of coolant features of CRAFT and TRAP. With respect-

' to the loss of coolant modes, one will not try to simulate the sonic waves so
-

that large enough time intervals could be used to perform the calculations in

real time. This would be limiting only for the very early part of the largest i.-

t i
[, pipe breaks.

,
,

-
ir- -

|
1

The engineering simulator need to be designed so that component and

[' system modifications can be introduced. Also, flexibility needs to be provided
.

to allow software, and model improvements as such improvements surface.
"

.. .

I
,

,

,' *
3.1.2 Acolicability

'

The high fidelity engineering simulator would make it possible to do

j the following:

e

i 1. To systematically investigate the safety of nuclear plants. It can

.
be used to evaluate the entire spectrum of transients and accidents

1

under various conditions of equipment malfunctions, operator errors...

etc. It could be used to carry out failure modes and effects studies.,

.

!. 2. To evaluate the adequacy of human engineering in control room.

( This simulator should make it possible to judge the adequacy of
I

.
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information provided t'o operators and their capability to assimilate
. . .

it.
.

..

3. To try out "what if" situations and how to cope with them.
--

.

4. To develop advanced plant designs both in terms of control and ,'
safety systems.

i.

.

--
,

S. To evaluate alternate strategies of operation after an emergency -

"

condition develops in an operating plant.
i

-.

E. To provide advanced analytical.godels to be incorporated in future

raining :imulators.
*

.

-

.

This type of simulator will have to deal with each reactor type rather
..

than a specific plant design. In that sense, primary application would be by:
,

1. Operations Institute Center to provide support to operating plants.

.

2. NRC to evaluate safety of plants.
- -

3. Reactor suppliers to evaluate safety of designs and to improve them. _

f

Secause of high capital and operating costs, it does not make sense for
-

,

the above three groups to each have such high fidelity simulators. Even

.

*A..
r
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if an arrangement could be developed for all thre+ possible users.to use-

~

the same simulator, one is still faced with the need to build one' BWR and at.

least two PWR simulators.
'

,

3.1.3 Feasibility:-

'
'

The feasibility of high fidelity engineering simulators was discussed

with many organizations in this study and the Seneral conclusion was that

such a simulator was feasible but developmental. It was suggested that it

i. was most important to define an achievable goal and not to have such a

simulator try to do everything right away. Another key to the success ofr-

I

the simulator will be software development and enough judicious simplifications
.-

need to be made to achieve real time simulation. It_was_fel.t_byl.any that it_,
,

would be best to spend one or two years to define the scope of the simulator( _ ~_. _ _ _ _ . - -

} - and to establish software feasibility. Even after this initial phase, it~would
*

be wise to design and build the engineering simulator in phases, i.e. ift: proving
'

and adding to the simulation in a stepwise manner. -

3.1.4 Imolementation Schedule, ,

i .

It is estimated that a high fidelity engineering simulator would be

available 5 to 7 years after the start of the project. It will cost abcut
,
.

50 million dollars, and will require an annual operating budget of at least

5 million dollars. Initially, it would be wise to embark on a single simulator;

-

of this type 'rather than two or three.

I_

|
'

| l'
t>
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3.1.5 Merits . _ -
!

,

. ._

The technical merits of such a high firfelity simulator are apparent.

|Its greatest drawback is schedule and costs. Benefits will not be obtained _ I
.

fecm it' for at least 6' years, and one could argue that the other simulation

improvements recom : ended in this study could produce nearly equivalent results - |

and on a shorter schedule. Yet, if a mechanism could be found for all interested
\.-

parties (both in the USA and overseas) te support such a program and spread the

costs, it might be worthwhile to proceed with a prototype high fidelity simulator.
_

There could be enough early indirect benefits from such a prototype toi ..

~''justify such a develcpment.
.

9

. . .

O

.

Y

.

.
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~

3.2.1 Conceot- One of the early conclusions of nearly everyone who investigated,
.

the operator's actions in.the first few hours of the incident at Three Mile
_

Island was that, while he had enough data at his disposal to be able to do thei
.,

right thing, the information he needed was not presented to him in a form-

which was easily assimilated.
.

One of the lessons to be learned from the THI-2 incident is that

quclear plants should be designed to provide information to the operator in.

- an easily assimilated form in order for the operator to cope with accidents

which have not been previously analyzed or experienced. In their report

''

on incident at TMI*, the NRC stated:
.

"There will always be a residuum of possible but not postulated
,

'

) and analyzed situations. *To address this, and as an attempt to -

extend the defense-in-depth concept, we should_s.tudy_ ways _.to_
"

make the operator a more effective recovery acent or incident /
-

accident mitigator. Such a study should look for ways to
(a) prevent (inhibit) inappropriate actions and (b) promote -

,

productive intervention. An element of the study that could
serve both purposes would be an investigation of methods that j

-

would furnish the operator with correct, current, digestible-

information regarding principal planf. conditions (i.e., processes, j,

systems and equipment). The means by which the operator would I

best use this information should also be considered, hcwever,

| such means should not be so rigid as to preclude expedited and
improvised actions for the operators for unanticipated phencmena."

!

,
*NUREG-0560 " Staff Report on the Generic Assessment of Feedwater Transients,

i

) in PWRs Designed by B&W" May 1979

.

'
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..- The same computer technology advancements which make improved simulation

possible, also make it possible to process the existing information about the

safety status of a nuclear power station. The additi$n of such an advanced .

.

computerized monitoring system would greatly improve the effectiveness of the
~

operator. This computed 2nd_ monitoring system could, for exanple, calcu1 teA

and display the status of 'the reactor coolant inventory by keeping a continuous

tally of all outflow and inflow to the reactor pressure vessel, and converting ,
,

, -
-

these flows to water level relative to the top of the core. _It could also -,

(
tell the bperator whether the water level is rising or dropping, and how long' '

.) before the core will become uncovered if the water level continues to'

i Ng drop at its current rate.
,,

x .2
''

.-

.. acdttion :: pressure, Ocwer anc water levei, thir comouteri:ec -*

' monitoring system could tell the operator the status of crucial safety systems
.

(e.g. RHR, HPI, safety relief valves, emergency power) upon operator request.( ,

.,

The output information would be processed to summari:e the high priority
, ,

information to the operator, rather than telling him everything about the .;
j

!

I system.
.-

:
!

| The. mass flow rate of all the above sources of inflow and outflow could

i be continuously monitored and displayed on a standard cathode r:y tube (CRT)
;

i output screen in a form which is immediately useful to the operator, by

integrating the outflow and inflow of mass to,the reactor system. Then,I

.

..e
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,

] based upon temperature measurements and a simplified void distribution

correlation, it could convert. this into a volume and distribution of liquid.-

in the vessel or primary system. The final s tep would be to relate the''--

v- -

,
,

'

liquid volume to the distance from the top of the active fuel. This output
-.

could then be displayed on the CRT screen in the following manner:

Waterlevel is 5 feet above the top of the top of the active fuel )o
,

o Two-Phase water level is 10, feet above the top of the active fuel

o Water level is dropping at a rate of 2 feet per minute |
--

'
At the present rate, it will take 13 minutes before the top of I3o

-

core is uncovered. 5_. -

* kJ
o Neutron Power is zero d

5"

o Primary source of outflow is throuch the relief valves w

o Primary source of inflow is from the HPI system
..,

-' Core flow is in forced circulation at 10 million pounds per houro
'

90% of rated core flow. /
~-"

,

. .

In addition to the primary output, there is also some secondary output

which could be displayed upon the operator's request, such as:

. o Ran ked Sources of Outflow from Primary System
,

o Ranked Sources of Inflow to Primary System
.

o Status of Safety and Recirc Pump Systems

o Criticality and Power Scatus of Core
.

' o Status of Containment
' o Status of Isolation System
#

,

o Status of Instrumentation.

!,

e

.
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This improvement would be primarily for the benefit of the_r_eic< tor _. -
..

operator in the control. room of the power plant. However, there is also

the possibility that this same information could be telemetered to central -

'' sites, such as Bethesda and Lynchburg, as a means of continuously ccmmunicating
.-

a plant's status. This telecommunication could be used during an emergency,

such as the one at Three Mile Island, or as a means of continuously monitoring
,

all plants' safety status. (See discussion in section 5.) -
.,

..

3.2.2 Feasibility
..

This improvement could be designed and manufactured using existing state-
-_

of-the-art technology of instrumentation, computers and display systems.

: would n:t necessarily recuire any new instrumentatien. It shculd require

,niy one crecessing of existing signals, whien are al-eady transmitted te -

,

the control room. Tnus, it should be possible to backfit this design to

operating plants without requiring major construction, such as making new

contain=ent penetrations, or installing new instrumentation. For operating
,

plants, it may not be possible to design such a system to the latest industry _,

I safety standards, but for plants in the design or early construction stage,
'

[
this should be relatively simple. The cost of' installation labor and

t
'

materials should be in the range of $500,00 to $1,000,000 per plant,

excluding engineering costs.

!
'

! 3.2.3 Imolementation Schedule
~

Because this improvement involves instrumentation and computers which

! should require little or no modifications to the equipment or operating

74
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plants, the schedule for implementation woulo '. Jarendent on the time to.

.

~

, , engineer the system (singal processing and computer programming), time to

procure the components and the time to install and check out the finished

product. A reasonable schedule for implementation should, therefore, be

about 18 to 24 months for the time of the decision to install the device.'

4

' , ' ' For application as a telecommunication device, the time required to

implement should be about the same, except for the time to reach agreeme,nt
-

i, , among the utility owners and vendors and the NRC on the standard form of the

,-- telemetered signal which would require another 6 to 12 months. k''

(. .

1..

3.2.4 Merit
i .

This safety monitoring system has a great potential for improving
. - .

| reactor safety in two ways: providing information which improves operator I

' ' response in an emergency, and improving communications between the reactor.-

site and off-site locations such as the suppliers and NRC. Also, it could

be implemented in a reasonable period of time. Therefore, it should be

given a high priority for implementation at both operating plants and plants
1

under construction.-

,

P

i

s

-

.
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3. 3 IMPROVED REACTOR TRAIIUNG SIMULATOR
~

.

3.3.1'Conceot One of the tasks of this study was to determine whether it is

possible to build a simulator which goes a step beyond the current training
,

simulators, to be used as an engineering or advanced training simulator, much

as is done in the aerospace industry. This simulator could then be used in , '

the design process to improve control room design, to perform failure
. -

sensitivity analyses and to optimize control system design. In the licensing

area, the engineering ' simulator could be used to investigate operator ..

response to degraded conditions, to answer industry and NRC!! questions regarding

accident situations and to evaluate the adequacy of safety sytem design. In ''

the training area, the advanced simulator would be used to expose plant

operators to more complex and potentially confusing situations and to improve

tneir asility to respono properly to unusual situations on the real reactor.
.

1.3.2 Acolicability - An improved reactor simulator would have a role for the
|

utility owner, for the NRC, .and for the reactor vendor. The utility

owner could use the simulator to expand and improve the quality of
,

operator training. The NRC could use it for independent safety studies.
' The reactor vendor could use such a simulator to improve reactor design.

Potential iiRC Staff Applications:

o Perform independent safety studies, study implications of
abnormal eccurrences

o Assist reactors in jeopardy during emergency situations,

o Imprcve understanding of reactor safety margins, allow improved .

prioritization of safety issues

.

O

{
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Potential Utility Owner Appliest'ons:-

o Improve operator training.

o Check out procedures earlier in design stage
,

.

o Review reactor design in early design stages for operability
~

improvements |

|
o Support reactor operator during emergency situations )

.:
]
l

.

Potential Reactor Vendor Applications:

o Check out design improvement:

[' o Adjust control system characteristics
,

o Improve Man / Machine interface in Control Room
,

|
i

3.3.3 Feasibility |

|

' The state-of-the-art in simulation has reached a level in the aerospace
'

and nuclear industries such that it appears to be entirely feasible to
.

improve the models in nuclear reactor simulators sufficiently to allow a
, ,,

significant increase in the amount of degradation, or number of component

failures simulated. (See Section 2.6 for more detail.) For example,.

reproductions of events which resul-t in reachi.ng saturated conditions in a PWR

(such as small breaks or stuck open relief valves) are feasible using today's

simulation and computer technology. The three areas which need to be improved

in order to do a better job of simulation are: core thermal hydraulics, core

kinetics and piping dynamics.

3.3.4 Imolementation Schedule
,

Since the time required to design, build, shake-down and install an

: ordinary reactor simulator is two to two and a half years, it would take

at least that long to complete a more sophsiticated version. Since there

77-
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.. ..

is some extra front-end engineering and software development necessary for

an advanced version, it would probably take an additional twelve to eighteen

months. Thus, it should be possible to have an operating advanced reactor
..

simulator about threa and one-half years after the decision is made to
I

build one. It may even be possible to improve a simulator currently in -

operation and have an advanced simulator operating within two to three years.
# ..

3.3.5 Merit
_.

The merit of whether to build an improvad reactor simulator is slightly ;

different for the three applications (utility, NRC, vendors). For application -

at the utility, the safety significance of a more flexible and more sophisticated
I

computer is in its ability to provide a broader spectrum of problems with

wnien to enallenge the operator-trainee. An improved training simulator _

'

cf :nis sort is very im::crtant and sneuld be given a high priority. Next .

- .s
.

in rank, but still of high priority is the use of these improved simulators

by the vendors, utilities, and NRC staff to perform independent safety assess-,

! ,

ments. Of lower priority from a safety standpoint, is the use of such

| . simulators by reactor vendors to develop advanced future designs. The cost of
!

| a standard simulator today is about six er seven million dollars. It would

cost another two to three million hollars for an improved simulator.
j

Thus, the additional cost of an improved simulator is not exhorbitantly -
i

greater than the. standard design being purchased today.

-

.

*@
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* 3.4 Simulator for Each Site
,

3.4.1 Concept-
,

One of the iceas which seemed to be brought up by many of the people--

wno were interviewed was the concept of having a simulator located at
~# each site which would be an exact dur.*icate of the actual plant control

*

room, and would be available for nearly continuous training of the resctor
.

.,pera to rs .

.-

'

3.4.2 Aeolicability
*

I This concept clearly is tailored only to the utility owners of the

nuclear power stations, since to have cbplicates elsewhere for all plants would

result in an excessive. number of simulators. However, in addition to its use as

an on-site training facility for nuclear plant operators, the presence of a

nuclear simulator at each site could also have the following advantages:
. I

)
.

1. The site located simulator could be used to investigate the
,

implication: of unusual events which occur. at this plant or other

plants to verify tnat safety margins are still as great as was

considered before the particular new event. It also would be

a good way of educating the site personnel as to the events

which occur at other sites, and thelessons to be learned from

each experience.

!

2. When an unusual event occurs at a site, causing shutdown
i

of the plant for safety reasons, an on-site simulator could,

|
|
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very quickly reproduce the event, and check to see if any safety
.

limits 'were approached'and to train all site opentors how to properly

handle the incident. This ad hoc study could be used'to an wo .,

faster restart of the plant following such an incident.
.%

.

3. The site-located simulator could be used by supporting engineering
.,,

personnel to acquire an improved understanding "of plant performance. ,

*

.-

' Thera has been an increasing tendency for the utility to purchase a ,

^

simulator at the time of the purchase of a reactor. This trend, would probably
.

|i
eventually result in most future plants having simulators, especially at

-

,

'
multiple plant sites. -

.

.

3 is probably not necessary nor feasible, however, for the NRC to have '

the capability of simulating every nuclear plant exactly. If the NRC had a
.

simulator for each class of plant, that should be sufficient for them to ,

perform their independent safety margin studies. *
a

. .

3.4.3 Feasibility

The design and construction of such site simulators is biing done right
,

now, i.e. it is cleary feasible
*

,.

3.4.4 Implementation Scehdul:e

Such simulators would be operational about 3 years after the decision
'

is made to proceed.
, ,

*

l

!
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i 3.4.5 Merit.

i .-

Yhe concept of haivng a simulator at each site for improved reactor'

,

safety is one of moderately h.igh priority, andone consistent with the oft- -

_

'

stated goals of improved operator training. . Because of lack of standardization'

in control room and power plant designs, it may .be especially useful to have-

,

a plant simulator when its configuration is very different from that of the

f training simulator.
,

.

.I
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; 4.1 Acaroach -

The subject of safety margins is a very broad one and it is presumptuous

to assume that it can be dealt with in enough detail in this study. The -

..

approach that was taken was to look at the basic safety philosophy employed
~

in the United States in the designing of water cooled reactors and to

, determine whether the TMI-2 accident might suggest revisions to the basic ._,

Ii safety philosophy. In section 4.2 it is shown. that the basic philosophy is ,

t

a sound one and that the issue is one of complying with the philosophy -

rather than revising it. Recommended actions to satisfy the writers'
.

perception of that basic philosophy are given in section 4.2. In section 4.3,
;:

a few of the key principal design margins are discussed. Summary definitions

and the history,of such margins are given together with a judgement evaluation

of their adequacy. Finally, in se: tion 4.4 a brief comparison of the varicus

PWR reactor types is included and their relative margins discussed. Sections

4.2 to 4.4 were developed at the request of the Comission Staff and it is .

most'important to realize that within the time available the most striking

characteristic of these sections is that they can only be cursory.

|

4.2 Basic Nuclear Reactor Safety- Philosophy

4.2.1 Descriotion of Philoscohy i

|
'

,
The basic safety philosophy adopted in the United States is one of defense

| \

in depth. Three barridrs are provided to avoid or reduce the consequences

of fission product release. The first barrier is the fuel itself with UO2

| retaining most of the fission products in the fuel matrix and the cladding
L

providing a pressure boundary against any such release. The second barrier :
1

[ is the primary system. The primary system is built of the highest quality

|
'

- - -
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structural material and it is inspected repeatedly to avoid any leak or

break of this pressurized boundary. The third barrier is the containment,

which is provided to avoid fission product release to the environment. A
,

multitude of engineered safety systems are incorporated to enhance the integrity
__

of the three barriers and to assist in their resistance to fission product ',

escape. _Just to mention a few engineered safety systems, light we.ter reactors.-

control and reactor protaction systems, emergency cooling systems,

]ssionproductremovalandpressuresuppressionsystems...etc. Superimposed

upon this fundamental barrier philosophy is the safety requirement that

| limits the release of fission products from fuel rods as the probability of

r- events producing such an o:currence is increased. More specifically, it is

generally accepted that' light water reactors should be designed so that:
,

_.

1. There should be no fuel failures when the reactor is subjected to
.

normal or anticipated transients. Such transients are considered to
,_

I. be quite frequent. For example, according .to NUREG-0560, pWR feedwater

transients have occurred at the rate of 2 to 3 per year per plant.-

) 2. The number of fuel failures should be insignificant 1y srall when
_

.. the reactor is subjected to a normal or anticipated transient ?nd a

single equi'pment failure or a single operator errer.
.

3. For accidents of low frequency and clearly of lesser frequency than
.

under (2) above, failure of a limited number of fuel rods is allowed'

,

after one assumes another single failure. In this class of events are,.

I put such accidents as small bre'aks produced from structural failure of

[ the primary or secondary boundary systems together with a loss of off-
.
..

site power.
,

83
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:

4 For accidents of very low frequency, damage of a significant.

number of fuel rods is permitted after postulating another single

failure. The large rupture of a primary or secondary system pipe together

with loss 'of off-site power is put in such a category. For such a rare
.

.. event, the reactor core is st.ill kept in a coolable geometry so that fission
I products escaping through the break can be retained in the containment. -

.

"

In essence, the preceding four groundrules define a probability versus
.

reactor core damage curve which has not been quantified numerically. The
':

groundrules have not been translated into numbers to avoid being sidetracked )
into just a " numbers game". In this section, a very gross quantification of

the basic safety philosophy is proposed in order to assess whether designs

are meeting this perceived philosophy. For simplification purposes, we

snr.E assign a probacility of a:::roximateiy unity, tc a nemal transient .

.

i ano a probability P to an equipment failure or operator error. We shall also
,

2assume that the occurrence of a small break has a. probability P while large
3t LOCA breaks have a probability P . The basic philosophy can, therefore, be '

b uantified in a gross way as follows:

Q Probability Extent of Fuel damaae

f {
W l. . . . . . . . . . .None

I 2 \. e . . . . . . . . . . .None
-

a

2P . . . . . . . . . . . InsigniMcant -number of!

)s \ fuel rods3---- . .

'

3P,,,,,..... Limited number of fuel rods

i O \ 4P.......... Significant number of fuel
'

| rods but coolable geometry .'

!

| % 0
! v,

| .

'

84.
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This gross approach is similar % that employed in the Nuclear Reactor-

.

Safety Study ex:cp ihat in the Nuclear Reactor Safety Study each probability
._

was quantified as well as possible and the consequences of releasing fission,

.-

,_
products to the environment were calculated. It is felt that by looking at
consequences to the environment, one might put overemphasis on the events

which lead to core meltdown, i.e., much more degraded events and less,

frequent events than covered here. While it is wise in design to consider

such high consequence events, it might be advisable to define separate

probability-damage levels for events for which the fis.ston products are,,,

retained in the containm'nt. Such events are more frequent and of over-i. e

whelming importance to the continued plant power generation and the owner'sr

investment.
~

,

,.
_

With the very rough quantification proposed herein one can proceed to
1 evaluate thg loss of coolant events depicted in Figures 11 and 12 and this

". is done in sections 4.2.2 and 4.2.3.

t

1.2.2 Evaluation of loss of Ccolant at Very Hich Pressure

Figure 22 is a modification of. Figure 11 except that types of infonnation.

I that might be available to the operators are shown in boxes. Some of the
,' options for activity by the operators are also given along side the boxes.

Employing the same gross basis as in section 4.2.1, the occurrence of the loss
i

.

.' of main feedwater has a probability near one; the failure of delivery of |
|

auxiliary feedwater raises the overall probability to P as shown on the left I
-

side. Operator inaction adds ar.other P to give a total probability P . Yet,2

after many open-close cycles of the relief valves the coolant inventory is

decreasing, a steam water mixtdre is flowing through the reactor circulation

85 -
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POSS1BLE
: ABILITY TIME INFORMATION TO OPERATOR OPERATOR ACT10f. .

*

.

O LOSS OF MAIN FEEDWATEFL __
.

. .

. . . .

Loss of Feedvater
Increasing Pressure Reestablish'

2255 PSIG -

3 See Increasing Level Feed -

pogy op 3

~ -

OPENS.,

y .

Loss of Feedvater-

|Beestablish
-

8 See 2355 PSIG PORY open ",
,

REACTOR TRI" High Pressure Feed.

.
'

-.

TRIP
' *

b
- . . . . _

,
Loss of Feedvater --

Lov Reactor Flux12 Sec 2205 psIo ,__

PORY CLOSE 'N Pressure Decreasing,

N \ ecreasing LevelD's

CLOSES -

f

/
~'

/ Lest of Feedvater heestr.b'.,ish Peed

20-30 Se. ^3 5 LIAR /* Lov Reactor Flux Establish*
~

h{{#ERkTOR ecreasing Level MMan'
s Feedvater
\

NO AUXILIARY
...

'

y FEED

Loss of normal and
-

2255 PSIG auxiliary feed
20-60 Sec Lov Reactor Flux:. PORY OPEN -

j

High Pressurizer Level
sing CoolantTe=perature

2 _NO OPERATOR OPENS !
ACTIcN g |

,_ _____, . ._

! Reestablish Feed' N
' REPEATED 'j $stablish auxiliar,

20 ho Minutes s OPEN-CLOSE - feedvaterN
CYCLES , ' Depressurize and

_ y HPI ons) p

'

l

.

FIGURE 22 HIGH PRESSURE LOSS OF INVENTORY
.

e
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pumps and they will cavita'te or might be tripped by the operators' When this--

ocd6rs,'the m deme. u ;uid La conme. able to TMT-0, i.e. the number of fuel.

rods failed will be significant but the reactor core geometry will be coolable.
2

_ It is seen that for an approximate probability of P the core damage could
4reach the level which was assigned the P probability level in section 4.2.1.

Now, one of the problems with probabilities is that they are subject to debate,:,

'

which in many ways explains the reluctance of adopting them in the licensing
.

;

process. There are those who will argue that the operator had time to take

the same action several times or more than one action in the course of the, , ,

'

event, especially if he is able to restore feedwater to the steam generator. !

In other words, some would say, the probability of operator inaction shouldr

te lowered. Indeed, the available time to operators is estimated to be

between 40 and 60 minutes, and operator inaction could rate P2 by itself.

On the other hand, one could argue that the auxiliary feedwater system

is subject to a single failure which cannot be corrected by the operator.
"-

Also, the operator is still getting a full pressurizer level signal to

countermand the indication of high pressure and saturation temperature
i

in the coolant and a considerable number of other signals to be concerned

about. While debate about the exact probability value is expected, it is

suspected that most will agree that it is above P3 (i.e., closer to P )2

and the gross probability-damage level quantification of section 4.2.1 is

not met.

4.2.3 Evaluation of Loss of Coolant at Medium Pressure,

'

Figure 23 is a redo of Figure 12 with the same additions as provided

.

in Figure 22. Only the early stages of the accident are dealt with because
t.

.
the evaluation which follcws will. focus on that part of the event. Assigning

87
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BABftXTY TIME INFORMATION TO OPERATOR OPERATOP .: ION _ -

, _ ,

1 0 LOSS OF Mala rEE0 WATER

\p '- .

\s ''

\
L ss of Feedwater '

2255 PSIG
.

Increasing Pressure Reestablish *

3 Sec
PORV OPEN Increasing Level Feed*

|
'

n
!

.

'

g) OPENS _

-
;

.

I Lo/sofFeedwater ..

'

8 Sec 2355PSIGf
P0$V open Reestablish

REACTOR TRT HfghPressure Feed.

,

| t-

~

t TRIP i

\/ | ...

i i

l
: 12 Sec 2205 PSI @

_ _- LossofFeedwated
-

Low Reactor Flux
~

,

\ PORY C;0$E PressuryDecreas;ng -j
Decrea w w %' / -

s

| W J"
,

i DOES NOT ' Reestablist) '

W CLOSE (SMALL BREAK) Feed . . ,

Close PORY

!
'

AUXILIA(Y NO FEED HPI ON
20-30 FEED TQ HPIfPRESSURE x :s

' ' '

Sec GENERATOR ACTUATION!

-

,

f FEED N.0
ON HPI

,

:

! \/
~

HPI PRES 5 UREp
! '- ACTUAT: ON / -

NO HPI

N/
._

FIGURE 23-MEDIUM PRESSURE LOSS OF INVENTORY
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a probability acproximately unity to the loss of main feecwater and a

,..cbability P to the failure oE PORV to c1':~

a small " break" (i.e.,4,

,
stuck cpen PORV) is found t occur at the prebability level P rather-

2than the P level presumed n section 4.2.1. Figure 23 can also be w

employed to evaluate the abability for a TMI-2 type accid t. Assigning

a probability of approxirately unity to the loss of main f dwatar, the

failure of PORV to c?bs givesanovdrallprobabikityofP Loss .of

auxiliary feedwater rai es the probability factor to P2--

an f interruption

3of HPI by the operator gives an overall pro ability factor of P , go,

Iagain, one could argu that enough time was available to e operators

2that their incorrect actions should be assigned a probabi ity of P . On
I

the other hand, one eeds to give them credit for restor ng auxiliary
3feedwater and an overall value between P and P4 may be more. appropriate, which

'

4still falls belcw he value of P suggested in section 4.2.1.* ~

.

i
. %

..

4.2.4 Evaluatio of Means t Imorove Probability - O mace Estimates.

i IThere are matly ways to improve the probability numbers developed in

4.2.3andtheNRChasprooosedmany!actionsalongthat'

section 4.2.2 an
i iline. The new ffRC requirements are oriented to

{
l. Reduce the probability of loss of main feed vater, thus reducing

the proba ility of such events.
.

.

2. Incr ase the reliability of the auxiliary feedwater system, thus
I

1cwering its probability of failure to below P.

Another scenario can be postulated from Figure 13. Failure of PORV has a*
,

probability P. The safety valve is allowed to open agd close repeatedly withoutoperator intervention for an overall probability of P . With no auxiliary feed,

3one gets an overall probability of P . The primary system would be losing inventoryi

at a pressure between 2450 and 2500 psig where HPI is not effective and where
the operator may not have an easy way to deoressurize it...

89
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level but also watch pressure and coolant temperature before

deactivating HPI. Also, operators were to receive training about

the pcssibility of no natural circulation if the pumps are tripped
s

at the wrong time. Finally, operators are expected to more '

'' readily use the block valve to isolate PORV valves' which, fail to .

,

close.
-

t

4. Anticipatory trips have been added and the pressure setting of
'the PORY valve has been raised above that of the reactor tfip in the'

B&W units. This new system response is shown in Figure 24 and s'hould ,

i

| reduce the probability of PORV opening and i.e. of its failure to
'

reclose.*
!
t .

.

All of the above acticns are in the right direction and should help
i

|

attain the probability -- damage values proposed in section 4.2.1. The|

NRC has also requested substantial new information for small treaks to
' ascertain that the previously submitted analyses are correct.

.

As one might expect, there are many other methods to reduce the risks

and they are being considered for implementation over a longer pefied of
|

| time. Some suggestions have been developed based upon the methods of 4.2.1.

| It should be realized that the suggestions have not been looked at in detaif

or optimized in any sense.

I
J

^

.I
e' *A concern about the settings of Figure 24 deserve mention here. If the PORV

opens, its pressure setting is so close to the safety relief valve setting of
2500 psig that it might trigger both safety valves to open. If one of the safety
valves fail to reclose, a break ecuivalent to one open safety valve could be
generated at the probability level P versus the probability P2 sugoested in

i section 4.2.1. This deserves further checking to' ascertain : hat the probability -

I of ' PORV opening the two safety relief valves is remote.
'

s
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i

If one returns to Figure 22, the most apparent way to lower the
.,

probability of th'e eve'nt is to make the auxiliary feedwater single failure proof.
1 2
1 Tnis would reduce the probability of losing feedwater to P . Another way

,,

'to reduce risks is to lower the probability of operator inaction. First,

one could provide the operator with another signal to. improve the chances
'

:

of the opera' tor taking action. It has been suggested, for example, that j
'

-s ;
water level should be measured above the reactor core. Another alternative |

is to develop and provide a computerized primary coolant inventory system |
Ias discussed in Section 3.2. This system would give an integrated picture. 1

|

of water leaving and entering the primary system and it would also 9
i
'

track the opening and closing of the FORV. The level or the core inventory
.

syster. could also be connected to the emergency core cooling systems
"

:nus providing an alternate and diversified signal to such systems.
.

1

4
To truly lower the probability of the event to P , it is necessary

to use coolant' temperature and pressure, or reactor core water level, or core

1 inventory system to trigger the necessary action to terminate the transient.

One wculd call for depressurization and in turn HpI actuation if there f.s no

normal and auxiliary feedwater and if coolant temperature is close to ..)

saturation, or the core level, or the core inventory system reach a lcw
;

.-

i prescribed setting.

,

"

In the case of Figure 23, one can improve the probability of operator .

action after the 20RV does not close through additional instrumentation. !

!

|
*

. .

!
*

.

-/
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* Tha te-ac.ature sianals ;ce e .tij available do not make it easy to differ-

entiate between a PORV opening and closing repeatedly,, a leaky PORY and a '

s _-
,

~

PORV stayin,g ope,n.* Sensors that can detect flow combined with pressure-

^
_

-
i

measurements wo~uld discriminate between these two circumstances' and would
..
*

enhance the operator chances of using the block valve to close PORV. A.

similar sugge'stion was made in NUREG 0578. From the cursory study'' '

,,

. - = - - -

performed here, the preferred functional changes to be made in the future

are shown below together with tN?ir effectiveness rating.-

*- Highest: make auxiliary feedwater system not susceptible to single
failure,,

.

High: develop and install a water inventory system or provide
another means of detecting possibility of core recovery.

t

High: provide alternate and diversified signal besides pressure,

to initiate HPI and have it remain effective.
-

Medium: develop and install alternate means of detecting an open
relief valve and its failure to close. "

"' It is worthwhile to note that the highest rating is given to removal of '
v --

|
the reactor heat by the steam generator. The importance of such heat removal i

<

was stressed by Michelsen and it has an even greater role for inventory losses.

such as postulated in Figure 22 where the pressure remains high enough
'

to be above the shut off head of the HPI pump. A similary finding is noted

in a September 18, 1975 letter from Combustion Engineering to TVA*;

2which states that "for breaks equal to or smaller than 0.1 ft , Emergency

| Feed Water was found absolutely essential". Attached to the Lumpkin letter

(
* Letter from R. L . Lumpken of Combustien Engineering to D. R. Patterson

of TVA with the subject of SMALL BREAK LOCA.,- :

<
k.

.

w=

.

'
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is a graph which shows that sttstantial core uncoVery would result at about .

25 minutes after the' break.
.

'

s

There are many other possibilities to the functional changes suggested
,, ,

A here and they need to be evaluated systematically. Als'o, the ease with

which such improvements can be made at their. implementation time must be
_

taken into account because this determines the number of plants that can

j be affected. Finally, in the long term,. one might find it preferable _

s
.

to implement some of the design changes proposed here instead of the !'

,

! interim requirements imposed by the NRC. For example, while the anti- -s
,

;
'

cipatory trips might make sense in the interim period of time, they can

lead to spurious scrams. Also, they do not make it possible to

ecover from a turbine trip as was possible before, thus forcing additional
.

:lant shutdowns and restarts. *

f

4.2.5 Findines and Recommendations
.

[ '

1. There appear to be sequences of events of higher probability than'

those postulated in safety analyses which produce the same

damage. Such sequences of events have been identified in this

study for the case of loss of primary water inventory at high

and medium pressure. (See Figures 22 and 23 for examples.) Such

i accident scenarios tend to involve events which take place over
,

longer periods of time and which require operator actions. It

-

is recommended that all such sequence of events be reexamined

and compared in terms of probability /end result with the accidents

.

k
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analyzed for licensing purposes. The proposed reassessment

needs to be expanded to other areas besides loss of coolant.-

While the gradual loss of coolant may be the most important._

of such initiating events, one needs to search for other slow-

'

~ moving events with operator errors and equipment failures which

might produce significant fuel failures. For example, one

should look at power increase with flow reduction,.long term

cooling of the reactor, ...etc.
,._

..

2. Such evaluations can be done along the lines employed in Figure 22''

where the evarit is defined versus time along with its probability.
I'

Also, information available to operator and his possible actions

are considered with respect to available time. Such logicm

' . . _ .

charts would help reveal areas of improvements and suggest-

'

necessary functional changes. Out of such studies would emerge
G'

g [C malfunction charts to be employed by operators instead of the
t . N

i . hM very_ tedious written procedures now available. This techiffWie'
- has been well developed by NASA. It consists of'having operators

' generate functional control diagrams for all systems and sub-

systems. Such diagrams show the instrumentation and the information

available to the operator. The operators next employ their
.

functional control diagram to produce malfunction charts

which become the equivalent of operating procedures used in the
*' nuclear industry. It is recomended that the NASA techniques

i be adopted in the nuclear industry.
' . .

..
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3. A cursory examination of loss of inventory events (such as occurred
. . ,

at TMI-2) reveals that in the long term TMI-2 type accidents

could be avoided by making auxiliary feedwater not susceptible ,

i,

to single failure; providing an alternate means of determining

reactor core water inventory; utilizing the system to measure .

water inventory to initiate HPI and keep it effective; and,
m

'

detecting relief valves which fail to close. A systematic ,

study of such improvements should be carried out to confirm the -.
,

merits of their implementation in the long term. In the mean '

time, the NRC recently developed requirements should help reduce ],

the probability and consequences of TMI-2 type accidents..

_ . . _

4
'

4 It is recommended that the present licensing process, wnich defines

specific sets of accidents to be analyzed..to complemented with -

%

_guantitive Iafety gqalc *n ha satisfied 'and a rigorous safety ..
-

.

evaluat' method to show that t ey_have been met. As illustrated -
%_ N -

in this s'tuBF Tot oss of coolant accidents, a safety goal ..!;

|

could be defined for the degree of fuel failure to be allowed
,

1

versus probability. All initisting events, including mal functions '

and operator actions could then be evaluated against this safety-

goal. In implementing such a met $ hod and safety goal, it is

important that they not be defined so accuractely that the safety -

.

evaluations primarily become a " numbers game".
..

,

1. !
'

.,
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4.3.1 Backcround.

.-

, Because one effective way of achieving safety is to provide adequate

design margins, considerable emphasis has been put in this area in light
,

water reactors. One outstanding example is the development of ASME codes

for nuclear components and of stress calculation models to assure that-

sufficient structural margins have been p.rovided; not only for normal
-.

conditions, but for transients, and such emergency conditions as earth-
.

quakes and rare natural disasters. In this section, one cannot deal with
,

.

all design margins (stress, reactivity, ... etc.) thus the focus will be.

placed only upon those design margins which are relavant to the TMI-2-

accident. They are. essentially the margins provided in:
.. .

' - 1. peak fuel duty (kw/ft), or peak heat transfer rate from fuel to

coolant. This margin detenmines the degree to which fuel rods may -

fail during transients and accidents from excessive stresses upon.

the clad. ding.,

'
"

,

'
2. critical heat flux (CHF) or departure from nucleate boiling (DNS).

These margins determine to what degree the fuel rods can avoid a sudden !
!

decrease in heat removal capability on the water side. As the heat
|

transfer from fuel to water is increased, the fuel rod can reach the )
point where the fuel surface is completely blanketed with steam and

the heat transfer rate from cladding to water decreases significantly;

when this occurs, the cladding surface temperature rises well above

its normal val,ue.
4

s- -

%
,

. . , 97 -
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3. peak clad temperature during a loss of coolant. This margin -

determines to what degree fuel rods during a LOCA might be subjected
"'

to failure from overheating and metal-water chemical reaction with
*

the ensuing release of hydrogen.
,

e

The technical specifications for each nuclear plant provide maximum s

allowable values for peak fuel duty and peak clad temperature during a LOCA.

They also specify a power or heat flux ratio to be maintained to avoid CHF
-

,

or.ONB.
..

The peak fuel duty not only specifies the peak heat flux from the fuel

rod for a specified fuel geometry, but it also determines the maximum UO,

2

fuei tem erature, peak fuel duty -is-important because it establishes t.9E

heat s:cred within :ne fuel at the start cf an accident as well as the -

.

margin to CHF or CNB. peak fuel duty has been found to be important to

fuel life because it has an important role in determining the stress

interaction between fuel pellets and zircaloy cladding. Higher fuel * '

,

duty causes greater pellet clad interaction during transients and
.

manuevers; higher fuel duty also causes a greater number of fuel failures,

which is kept as small as possible before fue'l discharge. .

.The critical heat flux (CHF) or departure from nucleate boiling (DNB)

produce cladding surface temperatures which are high enough to lead to
.,

cladding failure if sustained for a sufficient time at high power levels.
,

Also, if the CHF/0NB condition can be delayed during the initial stages of

I an accident, the amount of heat which is stored in the fuel is reduced,
.

$
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._ thereby reducing the amoJnt of he-: which needs to be coped with in

subsequent stages of the accident. CHF and DNB conditions are determined.

-

in out-of-reactor heat transfer facilities where electrical heating is used,

to simulate nuclear power production. These tests are performed at proto-
.

typical conditions of water flow and pressure and with prototypical'

geometrical arrangements. "

.

The peak allowable clad fuel temperature during a LOCA has been
.

.-
established through in-reactor and out-of-reactor tests which determine the

start of cladding failure, geometry distortion and amount of zircaloy-water,

,

reaction. The peak allowable clad temperature is set with the objective-

of preserving a sufficient margin to a coolable geometry. In the Technical

Specifications for edch plant it is expressed in terms of a fuel' maximum
,

average power linear heat generation rate which would produce temperatures,

in excess of 2200 F if it were exceeded for the design basis accident.
.

0

4.3.2 Findings and Recommendations
)

! 1. Design margins have varied with time as knowledge about the

related phenomena increased. Design margin trends in three key

areas can be summarized as follows between the 1960s and 1970s:,

Paak Fuel Duty Margins . . . . . . . Up

CHF or DNS Margins . . . . . . . . . Down

: Peak Clad Temperature Margins . Up. .

2. In the case of peak fuel duty, the designs of the 1950s employed
:. .

a peak value of about 10 kw/ft. This value increased up to about
. . .

t, 18 kw/ft in the sixties as efforts were made to increase the power
,

'production per unit volume of reactor. In the seventies, the peak_.

1

1

.
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fuel duty was lowered back to about 14 kw/ft. This was brought about - -

by the new conservative Appendix K requirements for the LOCA. This
,

reduction in peak fuel duty was also beneficial in reducing the number
' '

of fue1 failures during normal operations.
.,

;
!

_

3. In the case of CHF or DNB, both the curves defining CHF or DNB - :
,-

. - - > ;

have been, raised and the margins to CHF or DNB lowered. These' changes

have resulted for many reasons. In the sixties, CHF or DNB were
s

defined from simplified, non-prototypical tests and additional margins
,

,

were provided to account for uncertainties in extrapolating such infor- !

mation. By the end of the sixties, complete prototypical tests with }!
'

'

non-uniform. power distributions were carried out and the number of
~ ~

j test points for such geometries became statistically significant,
, .

allowing tne introduction of imoroved correlations. Also, probabilistic -

.P

analysis was employed to take into account uncertainties in the test
~

data and reactor power distributions. Present designs provide 95%
, ,

probability with 95% confidence of not experiencing CHF or CNB.
s

'

Considerable operating experience has been acquired to-date and it
!

supports the latest bases.'

,

'

4 The peak clad temperature during a LOCA was originally set at

0about 3400 F. It was lowered first to 2300 F, then with the issuance

of Appendix K, this limi,t was reduced to 2200 F. In addition,
.

conservative assumptions were introduced in the analyses so that the

net impact of adding margin was, in fact, considerably improved.
L?u

Many reports have been published to quantify .to conservatism in the ,
,

.

: .

% "

:
I
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- analysis and to compare best estimate values of peak temperature versus
Uthe maximum allowable value of 2200 F. The best estimates fall between-

0
. . about 1200 and 1500 F.*

.

..

'

5. A systematic study of design margins of one reactor type versus

another has never been made. Safety margins are evaluated against.
--

requirements in the licensing process and all reactors satisfy the
...

O requirements relatively equally. The only comprehensive comparative.t.
)

study performed to date is the probabilistic Nuclear Reactor Safety._

. i Study and the different plant results fall well within the uncertainties
" - _of the methods. Most recently, the NRC has carried out comparative

studies for Anticipated Transients Without Scram (ATWS), and for Feed-

water Loss Accidents, in PWR reactors. Such studies are useful in,

defining weaknesses and potential improvements (see Section 4.~4) and_ !

'

it might be advantageous to extend such comparisons to other areas.
.

'

<

6. The course of events at TMI-2 would not have been changed considerably
i

or the consequences seriously reduced if the design margins at TMI-2)

had been greater.
.

7. While there are strong capital and fuel cycle cost pressures to
s

reduce margins, there are also strong pressures to provide sufficient
i

margins to achieve reliable plant operation and to satisfy the Technical

Specification safety ifmits.
,

..

8. No recommendations are made in this area.,,

.

" General Electric Report NECM 21761, October 1977.*
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.

4.4.1 Discussion .

One way of assessing safety margins is to compare the equipment of

different manufacturer's designs for safety systems parameters, such as'

flow rate, pump shutoff head, number of components, etc. Table 5 is a '

sQmmary of these key parameters which was presented in NUREG-0560 " Staff
.-

Report on the Generic Assessment of Feedwater Transients in B&W PWRs" (May 1979).

In this table, similar sized plants of the three PWR manufacturers are ,

i
compared by listing key components which affect safety. ;

''

i

One of the key uniquenesses of B&W reactors is that B&W uses a Once-

Tarcugn Steam Generator (OTSG) which 'is a factor of 2 to 4 smaller than ar.

equivalent U-tube steam generator. This is reflected in tne table under
-

the parameter identified with note i The B&W reactor has about 1/2 full.

| power minute to boil the steam generator, dry, while the other vendors have.

i
one to two full p'ower minutes. The smaller steam generator (OTSG) can be

,

a disadvantage for some transients because it has less ability to ride through
.

sudden drops in power demand without lifting safety or relief valves (see ,

Table 6, taken frem NUREG-0560). On the who-le, however, the smaller

steam generator volume of the B&W plant does not seem to be a significant
'

contributor to plant safety margins, s'ince many of the limiting transients

are longer in duration than one minute anyway (e.g. loss of feedwater
,

combined with loss of auxiliary feedwater). The biggest effect of a small
''

steam generator on safety margin is the greater propensity of the B&W

plant to lift relief valves, which may then fail in the stuck open position,i

'
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Table 5 . COMPARISON OF KEY CHARACTERISTICS OF OPERATING B&W PLANTS,.

WITH C-E and 'f PLANTS FOR THE LOSS OF FEE 0 WATER TRANSIENT
.

-

8&W W C-E-
-,

'

Characteristic THI-2 17-3 D.C. Cook Palisades Millstone 2
.

I. Thermal rating, NW+ 2772 3025 3250 2530 2560

'',_
Trip from secondary No Yes Yes Yes Yes.

Rx press trip, psig* 2355 2385 2385 2240 2385
"

RCS volume, ft x 10' 11.5 11.3 12.6 10,9 10.8
- Pressurizer vol./RCS vol. 0.1* 0.15 0.14 0.14 0.14
i 2 PORY capacity, 1b/hr NW 40.4 118. 194 121 119

~
Set point, psig" 2255 2335 2335 2385 2285'

'

Oper, margin, psi 70 100 100 150 150' '1 SV capacity, Ib/hr Nt 249 416 388 272 231
'

. Low set point, psig 2450 2485 2485 2485 2485 ~,

Steam gen., minutes to.

inventory, boil-off @ FP 0.45 1.22 1.17 1.55 1.94

1 '
Aux. FV cap motor 29 2.0ea 2.01.3ea 291.6ea 1@l.53 291.1
||| of design rating turbine 103.8 102.6- 103.2 101.53 1@2.2

" High press inject / dead head, psi 2820 1463 1560/2590 1214 1192'. .,
Charging cap gpm @ des press. 29300 ea 0 400/150 300

*

gpa 9 1600 psig 29450 ea 0 0/ 0
3 RCP vapor trap geom Yes No No No No

*

i Hot leg /S.G. vapor trap geca Yes No' No No

Pressurizer loop seal geom Yes No No No
, f5 Internals vent valves Yes No No No
I.

.

.

i
'
'- ,

.

..

.

.

.

>
"To oe reviseo per IE Bulletin 79-058 .
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TABLE 6 .

,

SUSCEPTIBILITY TO PORY VALVE LIFT FOR B&W, C-E, AND W PWRs

AS A RESULT OF A LOSS OF FEE 0 WATER EVENT ]
~

r
'

|
'

Susceptibility to PORV Valve lift *
.

+-e-- ,

. 551 Before Reactor Tri: After Rete o- T-i:"

Aux. Feed Aux. Feed
~

; '

Sucolier Aux. Feed No Aux. Feed Imediately after 10. mir..

B&W Very high Very high low Very high 'I
''

C-E Very low Very low Very low Low
'
.

W_ Very low Very low very low Low

|
!

-

,

|

I

.

'

!

| *These findings are subject to reconsideration following ifcensee actions in response
.

to IE Bulletin 70-05A and shutdown of the B&W plants.
.

.

.
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thereby generating an equivalent small pipe break and the potential for
,

a situotten >;milar to the one at Three Mile Island. Another impact of

,

the B&W design is to about cut in half the time available to operai. ors to

take action; this could beccme important if the reactor is tripped early.-
.

.

On the other hand, in many cases the issue will be whether the operator took~~

,

the right action rather thaa the amount of time he had to do i in. .

The safety valve and elief valve capacity of the B&W lant (id ntified-

\
by on Table 5) is factor of 2 to 4 lower than the ther two pWR'-

< - - - - ~

{- suppliers. This capac'ty difference can esult in inct sed pressures in

the primary system wh n the steam,gener ors are disabled, or in degraded
j..

.

*

i situations such as nticipated Transients Without Scrdm.
/

/r i

Table 7, fr ' NUREG-0460, Volume 1, " Anticipated Transients Without )
'

''

i Scram for Ligh ter Reac'to c. 197 emo strates this sensitivi
'

,

,

with the high, pressures associated with the ATW eve S both> .mustion
J|'

Engineering pnd Babcock & Wilcox des'iglis. The ccmbined relief and safety'

valve capacity of these plants is much less than the Westinghouse plant.. Ii
!
i

i The ombined safety and relief valve capacity of the TMI design is
/

(280,00 + 280,000 + 110,000) 670,000 lb/pr frem two safety valves and
,

If the decay heat is!all converted into steam (i.e.,one relhef valve.
#/no heat transfer in the steam generato , the steam generation rate at

;

vari us times is: 1,098,000 lb/hr a 10 seconds', 870,000 lb/hr at 40
.

seconds, and 726,000 lb/hr at 100 seconds. Since Table 5 shows that the
..

t- TMI-2 steam g erator has 0.45 full power minutes, or 27 f'ull power,
i.

|
seconds, it appears that the com ned safety and relief valve capacity'

! relies heavily on the steam gener tors to take up a good share of the,

_

105 N
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TABLE 7
*

,.
3

!Summary of PWR Analyses -

.., i
,

Vendor ATWS Event Peak Reactor Pressure, osia
.

'

Westinghouse Loss of load with one ' 3197(systempressure) _,

relief valve failed ;

Combustion Engr. Loss of feedwater with- 4508(pressurizerpressure)
2560 MWt one relief valve failed ")

380CMWt Loss of feedwater 4087 (pressurizer pressure)

Eabce:k & Wilcox Loss of feedwateh with 5004 (core outlet pressure)
lee FA one reitef valve failed .

177 FA 4978 ( )" " " " "

'

205 FA

360CMWt 4555 ( ) , '!
" " " " "

3800MWt 4372 ( )" " " " "

3200 '

Limit -

I ,

( .b
i

|
, ,

e

l
i

'
<

,

|
..

,

,

i
.*

- .,
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energy remoW1 during the eart. period shortly after scram. If a, safety.

,

ci relief valve were to fail shut, the steam generathn race would be

greatly in excess of the steam dischargs rate, which will cause rapid. .
,

system pressure increases. Assuming a constant latent heat of vaporization
.

for simplicity, and the failure of one safety valve, and making the very
__ severe assumption that the steam generators were not available to remove-

energy after 30 seconds, the react,or pressure at 40 seconds would be over
'

p 5000 psi, and at 100 seconds, over 4000 psi. These pressures are clearly
l ,

,

well in excess.cf the rating of the system. Thus it appears that the margins

associated with the system pressure and the number of relief valves may bei
,,

g. low, and merits some further study to assess whetner some action to add
I -

margin should be taken. Also, in a footnote at the end of section 4.2.3,
~

,' it was pointed out that failure of the PORY to open together with loss of
,

-

auxiliary feedwater could lead to loss of primary coolant inventory with
' .

HPI not being effective. This suggests the need at least of redundancy

. - in PORV valves.
.

Another design aspect where margins appear to be different among the;

i.

three suppliers is in the presence of vapor traps in the primary system,
, which can impede natural circulation. Table 5 shcws that B&W has vapor

traps in both the hot leg and the reactor coolant pumps (see note ),,

whereas the other two vendors do not. This certainly can make the once

3 through steam generator (OTSG) design somewhat less desirable frem a natural

circulation standpoint. However, it is not so much the presence of vapor

k. at the top of the hot leg (see. Figure 25 and 26) which is important, as the

presence of non-cendensibles and what they would do to impede natural- ~

'
circulation. Non-condensibles can collect at the top of the U-tubes in a !

|
5
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U-tube stal.t ger.arator and impede natural circulation the same way as they - .

would at the top of the hot leg in an OTSG. Furthemore, the OTSG actually

has the potential for having better natural circulation qualities of the
, ,

U-tube steam generator since the location of the " equivalent cold point"
,

can be raised by raising the water level ~en the secondary side, while'

,

,

this has no effect on the " equivalent cold point" of the U-tube steam -

generator. (The " effective cold point" is the place in the steam generator

where you would get the same natural circulation if you assumed all the heat

were transferred at that point, as you get by distributing the heat transfer
,

over the actual region where it occurs.) A U-tube steam generator layout

looks much like the advanced OTSG design shown in Figure 26. The effective ^

cold point is at about the same elevation as the control rod drive flanges
.

(5 feet acove the reactor vessei head parting line). Even in the early
'

ver: ion of OTSG, tne effective cold point can be raised to near tne top of
_

.

the OTSG (see Figure 25) which gives it better natural circulation properties

than the U-tube steam generator. Of' course, the advanced GTSG shown in

Figure 26 con also raise the effective cold point to the t:o of the OTSG,
,

and get even greater natural circulation driving head) than the earlier
,

version because of their elevated location. Both the U-tube steam generato"

and the elevated OTSG have the safety advantage of having more liquid above

the core to drain down in an emergency.
,

!

II Another important measure of equipment-related safety margins is in

the shutoff head and flow rate of ECCS pumps (see note ). Some desisns

have a pump shutoff head capable of pumping into the, system at high pressure

(TMI-2 and D. C. Cook), while others must rely on another system (Power

Operated Reltef Valve (PORV) or steam generator) to bring the pressure down
'

to have HPI function (Indian Point-3, Palisades, Millstone-2). Clearly , the
!

'

:
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plants having 9.he higher HPI shutoff head have the greatest design margin,.

since in the situation in which the steam generators are not functioning,-

it only takes the additional failure of the PORV to disable all means of
,

removing decay heat frcm the primary system. This situation should be
..

studied to assess its importance and the proper steps taken, should a.

remedy be required.-
.

|

The B&W plant has internal vent valves (see note on Table 5)

which provide an extra degree of safety margin for the loss of coolant
f

1, accident, or for other unanticipated accidents for which pressure differences

in the reactor vessel could cause a degradation of core heat transfer. Sucht-
'

\
vent valves would not permit gas to accumulate in top of reactor.v

i

4.4.2 Conclusions
i ,

As the preceding discussien illustrates, the amount of margin differs ~ in
'

I detail from one design to another, but overall, the margins appear to be

about equivalent. This is especially true when considering the'l'icensing,

basis, since the plants are all designed to meet the same safety criteria. The

Three Mile Island accident placed the focus on some Babcock & Wilcox design,

i

shortccmings (less steam generator thermal capacity, fewer relief valves,

! loop seal on pressuri:er surge line, control room information which is

potentially confusing, poor natural circulation with icw water level on the,
,

,
*

secondarysideofthesteamgenerator). On the other hand, the B&W plant'

has scme positive aspects (high shutoff head HPI, vent valves, good natural

circulation properties when water level is high, internal vent valves, less

steam release from a secondary steam break). On de whole, the safety margins,

of the PWR designs appear to be roughly equivalent, but also appear to have '

the capability for improvements with scme modest' changes.-

.

. 111

._. - . . . . . . . . . . - . - - . . . . . .

- - -- w -



-- -

. e. . . . ..
,

S'.I-7904
-

.

-. NOT FOR DISTRGUTION
4.4.3 Rec men At.fons --

With resgLc to equipment margins, if it is deemed necessary to improve {
them, the following should be considered:'

. .

1. Eliminate lopp seals on pressurizer surge lines. -

2. Double the PORV capacity, if possible, on those plants with small

capacity. (ed M ''#

# ^ '" ^3. Install a vent at the high point of the primary system. _,

4. Use only the raised steam generator. configuration in future designs.

5. Incorporate other means of improving natural circulation character- 9

istics, such as automatically raising OTSG secondary side steam
..

'generator water level during shutdowns.
.

6. Raise the HPI shutoff head to the level of the safety valve setting

for future designs.
-.

~

Spreve the c:ntr 7 rect fr.fe: natier. t: :im:Mfy the operator's
,

'
.

'decision making.
.

.

\
.
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5.0 COMMUNI TION NK TO REMOTE CENTERS.
,

-.

. 5.1 Conceot - Tnis concept is to establish a formal communciations link

between each reactor and a central location such as NRC headquarters ins
,

.

Bethesda. This communication link would be continuous and would, therefore,
..

be in place and operating in case of a crisis, such as the one at Three Mile

Island. The primary role of the communication link during a crisis would

I be to transmit technical data to the center from the striken nuclear power

.- station, and to communicate advice from the center.'

}/ -

', Since the type of data needed at a remote center is the same type of

data which would be processed and ready for display on the safety information

! interpretation system described in paragraph 3.2 of this report, it would be

', a logical extension of this system's role to also telemeter the same safety
i

diagnostic information to the remote center, where it could be displayed in
'

the same manner as at the reactor site. This information could easily be

transmitted over a nonnal telephone line, with a second dedicated line

I available for voice communication.
-

.

.

5.2 Acolicability - This concept is primarily directed at the interface

between the utility at the power station and the NRC. However, the same
,

teleces;:munication link, if it were standardized could be used to transmit

i

:
iI

f
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the data during a cris'is to the' ras we yendo 's heacquarters, national

laboratories and other participants in the recovery from an emergency. [
A

'4 .

5.3 Feasibility - The transmission of the previously prepared information ,

.

from the reactor site to a central location is no more' difficult than ,

-

transmitting to another location on the power plant site. All that is needed
-.

is a telephone line and compatible equipment at the receiving location.
.

This kind of information communication has been done routinely by the telephone ,,

t
'

" companies for many years. ,

. . .

\-

5.4 Imolementatien Schedule - The primary determinant of the schedule for
..

implementing this communication link is the engineering of the terminal at

the reactor site for processing the information prior to transmission. If
_

the data interpretation system which was desciibed in caragraph 3.2.were

used as the sending unit, it would require about 18 months to design and

,

manufacture the equipment, and no additional time for the telecommunication.
--

Obviously, a dedicated telephone line for voice communication with the site
.

from a central location would not affect schedule either, and csuld be ..,

implemented immediately. .

5.5 Merit - The difficulty of communicating with the reactor site at Three
,

Mile Island demonstrated the importance of having a good communication system.

If the information system described here were implemented, it would make it

possible for outside experts to assist reactor sites in the time of need, and .

.

t

.

m .
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**
shouio result in an improvement in safety. For this reason, this system and,

-

a dedicated telephone line for voice communicaticn should have a high priority.,

especially if the data interpretation system exists, since the cost of-

comunicating the information to the central location is very low.
'q l

*
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6.0 APPLICATION OF AEROSPACE TECHNIOUES TO NUCLEAR SAFETY,p w

6.1 Conceot - Part of the mission of this study was to review simulator y,

| technology to assess whether there are opportunities to mprove nuclear simu-'

_

lation through the use of aerospace techniques.. A by-prc duct of the review*

|
.

.
.

,

'

of aerospace technology was the discovery of techniques c ther than simulation ..

,

which should be consider 4d for application to nuclear power. There are
'

~ ^
i three aspects of aerospace technology which appear to have a potential

application to the nuclear power industry:,

-

1. The use of compoterization to simplify and enhance control room ,'
'

; ,

| design and even :entrol room procedures. ,,

2. The use of logic diagrams in pla ;e of written precedures fo i

i 1

| ( res'ocnse to equipment failure o malfunction. __

3. The use of flight! recorders to recorde ata and conversati: Ens

at the time of anI accident. 1 -

,

Control room computer' ::ation is a ene already begun by the nuclear

industrywiththeiradvancdcontrolrobmdesigns,suchas General Electric's

Howe {\
: er, the degree of computerizati on in these ..Nucienet, and others.

|
advanced control rooms is s'till well below the level possible with miniaturized -

.

cceputers, and visual techn' ques developed by the aerospace industry. For

example,iftheemergencyp0ccedureswerestoredinacomputerizedmemory,
~

*
l

with display on a CRT screer ir. stead of a long row of books, access to them

would be simplified during an emergency. In addition, keeping these procedures

up to date could be done electronically, so that the procedures are easier to

keep current. The technical specifications for a plant could be computeri: ed
-

so that when a tech spec lin it is being approached or violated, the information

would be flashed on a CRT shreen. ..

..
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* d=tr/ uses logic diagrams instead of written text for__
-

- - The aerosoct. n

emergency procedures related to equipment maMnctihn. Logic diagrams can..
'

condense the number of pages written such that six c\r seven pages of written,

\.

-
material can be replaced with one logic diagram. This approach also eliminates

\
the need for skipping back and for h in the text, depending on the nature of

.

\ .

the specific failure. The Houston pace Center uses this technique for their.

\t
,

Malfunction Procedure Occuments, anc has found that ope' ator acceptance ofr

\ s

this form of procedure documentation is very high. \
'

-
\

Flight recorders < airplane cock i rs as:

a tool for reconstruct 1g airplane ac\ p ts have been used for many y\.

cidents after the fact in er to

diagnose their cause. knanalogoussystem is u ' ,y ali ndclear reactor

torecorddata.\Thesesystem:suppliers during pre-op and s'tartup t esti

'sStarTrack) typically \ record( B&W's Reactimeter, Gen al Electric

continuously, and save t previous t' enty seconds or so, when triggered .

. by a " start" signal, and hen continubusly record pre-selected eariables,

once the device is trigger \ These systems are available for \ed. pernanent
1installation at the utilities' option, but are usually removed s(.ortly after

.;

,

t-

\
the plant goes into comercial operation. Fortunately, the Babco k and Wilcox

Reactimeter was still operating at the Three Mile Island-2 site, a d provideo
agreatdealofinformation\astothetruenatureoftheacNident.

l

6.2 Acolicability - The thrse concepts discussed above are all applicable
'

to the electric utility owner ~for use in the control room of a nuclear power

plant.
.
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6.3 Feasibility - The use of computers to simplify and enhance control --

recm information for batter operator understanding is a concept which can

be implemented with existing state-of-the-art hardware. It would require
-

only engineering to make it applicable to nuclear control room design,
__

with no significant cost increase over standard control. room designs.

.,

The use of logic diagrams for emergency procedures is feasible to

implement right away, once the decision is made to do it. Before it is done,
~'

.
.

a detailed study should be parformed to decide which procedures should use

logic diagrams and which ones should remain unchanged.
.

. _.

.

The ust of accident monitoring systems in a nuclear control room, to
.

automatically record plar.t data in the event of an acciden: is feasible.

:twould reqQire tne electric utility to pay t: keep tne recorder -

_

which is nonnally on site for pre-op and startup tests. The cost of these
' devices is in the range of $300,000 to $500,000.

_.

-

6.4 Imolementation Schedule .The schedule for implementation of computerized
.-

control rooms is very long. For practical reasons, it probably would not be

applied in greater degree than current advanced control rooms, to any plants -

already sold. It would thus be applied to plants as yet unsold, which means

it would be ten to fifteen years before these control rooms would be used at
'

an operating plant. However, it is possible for the concept to be applied
.

to small portions of the control room in two to three years, as discussed in

paragraph 3.2.

.
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' '

The schedule for implementation of logic diagrams for emergency procedures*

'

is only limited by manpower. It is feasible to apply these right away, and-

,

. develop the first procedures in a matter of a few months.

'

The schedule for implementation of accident monitoring (such as the B&W

Reactimeter) is also very short. It can.be immediate at those plants which
.

are in the startup phase and, therefore, already have them on site. For those

plants which are operating without them, a one year delivery schedule is

probably a reasonable schedule to expect.
.

6.5 Merit - All three of these concepts from aerospace application would |
'

probably have a beneficial effect on nuclear plant safety. With time,

computerized control rooms are probably going to become the standard of -

industry since the industry is already moving in that direction. This

[- tendency should be encouraged and accelerated by the industry and NRC.
t

Accident monitoring systems (such as the B&W Reactimeter) are a very desirable

| accident diagnostic tool, and could be used to gather other data which would

be gathered during normally expected upset conditions, as well as collecting,

'

data during a once-in-a-lifetime emergency. Therefore, this type of system
_

should be given high priority for implementation at all reactor sites:

planned, under construction, and operating.

.
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APPENDIX I

_

LIST OF MEETINGS BY S. LEVY INCORPORATED PERSONNEL

._

. 1. July 2, 1979 S. Levy, E. D. Fuller and J. Hench met with A. Cook,
NASA Ames to review the Ames fl-ight simulator,.

a

2. July 5, 1979 5. Levy, J. E. Hench and E. D. Fuller met with
I. Stuart, J. Cox, J. Miller, R. Davison, J. Duncan
'of General Electric at the GE office in San Jose to ~-

discuss General Electric nuclear simulation.
.

_

3. July 10, 1979 S. Levy, J. E. Hench and E. D. Fuller met with GE, '

engineers to discuss transient analysis and loss'of
_

coolant medels. GE attendees: G. Scatena, A. Rac,

G. Sozzi, J. Colence, A. Surgess, K. Holland,>

.

B. Shiralkar, E. Wood, R. Linford, J. Duncan,
_

G. Eckert, D. Wilkins.

. .

4. July 13, 1979 S. Levy and E. D. Fuller met with P. Oubre' and --

other's of Sacramento Municipal Utility District at

[ the, Rancho Seco reactor site to discuss the operator's -

view of nuclear simulators.
.

5. July 16, 1979 S. Levy and E. D. Fuller met with EAI in the S. Levy
offices to discuss current simulator capabilities.

'EAI attendees: R. M. Maslo and R. A. Meermous.

6. July 17, 1979 S. Levy, J. E. Hench, R. English and L. Jaffe met
thewithGusWannerandRonPoeofSinger-Linkaj:_

Singer-Link facility in Silver Springs, Md. to -

discuss current simulator capabilities.

| -
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