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RESPONSES TO NRC REQUEST FOR ADDITIONAL INFORMATION,

ON THE WESTINGHOUSE R.V.L.I.S.

SUMMARY REPORT,

(7300UHI)
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Item 1

Justify that the single upper head penetration meets the single failure
requirement of NUREG-0737 and show that it does not negate the redun-
dancy of the two instrument trains.

Response

1. Redundancy is not compromised by having a shared tap since it is not
conceivable that the tap will fail either from plugging or break-
ing. Freedom from plugging is enhanced by, 1) use of stainless
steel connections which preclude corrosion products and, 2) absence
of mechanisms, such as, flow for concentrating boric acid. It is

also inconceivable that the tap will break because it is in a pro-

tected area. It should also be pointed out that in other cases
where sharing of a tap occurs in the RCS, we know of no prior
experience reporting deleterious malfunctions of the shared tap.
Also, even if the shared tap does fail, it should be recognized that
RVLIS is not a Protection System initiating automatic action, but a
monitoring system with adequate backup monitoring such as by core
exit thermocouples for operator correlation.

.
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Item 2

Describe the location of the level systan displays in the control room with
respect to other plant instrument displays related to ICC monitoring, in
particular, the saturation meter display and the core exit thermocouple

: display.

Response

2. See Figure 2-1.

1
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Item 3
C

Describe the provisions and procedures for on-line verification, cali
.

bration and maintenance.

Response

3. In general, the system electronics are verified, maintained and
calibrated on-line by placing one of the redundant trains into a
test and calibrate mode while leaving the other train in operation
to monitor inadequate core cooling.

A general verification is performed before shipment, but plant
specific data is not used. The capability. exists for the operator
to verify the operation of the system. This would involve discor-
necting the sensors at the RVLIS electronics, providing an arti-
ficial input, and observing the response of the system on the front
panel and remote display.

Online calibration of the system is made possible by the " Card Edge"
adjustments. The P.C. Cards are calibrated at the factory; however,
if the function is changed or a component on the card is replaced,
the calibration procedure is given within the equipment reference -

manual.

The RVLIS system requires the normal maintenance given to other

contrnl and protection systems within the plant. On-line mainte-
nance is accomplished by placing only one of the two redundant
trains into maintenance at a time this will allow continued moni-
toring of inadequate core cooling.

In addition, software programs are provided so that the front panel
controls and display can be used to perform a functional test,
serial data link tests, calibration tests and deadman timer tests.

,

These testr are considered part of the operator maintenance proce-
dures and should be performed monthly. For additional details of
procedures see " Attachment A".

-
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ATTACHMENT A
'

SYSTEMS OPERATING PROCEDURES

.

2-1. PURPOSE

The objectives of these instructions are to establish the requirements
for the use of the Reactor Vessel Leve! Instrumentation System (RVLIS)
for various plant conditions and to specify the maintainability require-
ments of the system equipment.

2-2. PREREQUISITES

o The capillary lines have been vacuum filled, per the instruc-
tions of section 4.

o Ensure that the hydraulic isolators are zeroed (within plus or
minus 0.1 in.3),

o Calibrate the d/p cells per instructions of ITT Barton Manual
for Model 752, Level B, transmitters.

o The process equipment must be scaled using the appropriate
scaling docur.ent.

,

|

o Determine the height of the upper tap piping above the inside
top of the vessel.

| 2-3. INITIALIZATION -

|

|

With the plant less than 2000F and less than 430 psig, obtain the

! following data for trains A and B:
!

|

1
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(1) With an aut matic data logger, record the following:
e

T 'hat
o RCS pressure

o d/p tra,1smitter output
o Signal to the remote display

(2) Manually record:

o Level indication readings
o Hydraulic isolator dial readings
o Reference leg RTD output

(3) Record the above data for the following reactor coolant
pung op.;ations:

NOTE
-

..

The various configurati6ns should be
obtained through the normal startup if
possible.

NOTE

Upper plenum will read offscale if pump is
running in the instrumented loop; narrow
range will read approximately 64% when
level is at or above the hot leg tap with
all pumps off, and will read offscale with
one or more pumps running.

o No pumps running

NOTE

An indication of 100 percent on the upper
range reading represents a level to the
inside tap of the vessel. The height of
the upper top piping above the inside top
of the vessel will result in a reading
greater than 100 percent. This added
height is plant specific and must be
determinhd prior to adjusting the process
equipment for full scale indication.

.

0832Q:1
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o One noninstrumented loop pump running
1

o One instrumented loop pump running -

o One instrumented loop pump and one noninstrumented loop

pump running

o Two noninstrumented loop pumps running

o Two noninstrumented loop pumps and one instrumented loop

pump running

o All pumps running

(4) With all pumps running, increase RCS pressure - temperature
to Tayg no-load and record data refer to step (1) every

050 F increment. Data of step (2) should be recorded at.

3500F and at l ayg no-load. Review wide range RVLIS
data for the entire heatup, and adjust the compensation
function so that the wide range indication reads 100 per-
cent with all pumps running.

(5) Trip all pumps and record data per steps (1) and (2).
Verify that upper plenum and narrow range indication is in
agreement with the reading of step (3) "No pumps running".

(6) Restart pumps in sequence and record wide range readings
for both trains for each pump combination.

(7) Record for future reference in the emergency procedures the
wide range indications for the various pump conbinations.

2-4. NORMAL PLANT OPERATION

With the plant at power, the level readings should be as follows:

0832Q:1
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Wide range #110 percent (wide range reading will
increase from 100 percent to approximately
110 percent with all pumps running, as
reactorpowerisincreasedfromzaro-to10d
percent)

Narrow range Off Scale - High

~ Upper plenum Off Scale - Low (RCP status light on main

control board is off)

Any reduction in wide range expected readings (with all pumps running)
can only be caused by the presence of voids in the circulating water.
Voids will not exist without reduced pressure which could trip the
reactor, so all accident conditions will proceed from a condition of
zero power (100 percent reading on the wide range). Check that the

d *pressure has decrease or that subcooling meter confirms saturation
conditions exist; then readings below 100 percent are an indication of
voids in the coolant. -

If the actual readings 'iffer from t e'evpected readings by 3 percent
for a single train, refer to troubleshooting (paragraph 2-10).

If the indication for both trains differs from the expected readin s,
refer to the emergency operating instructions for immediate and subse-
quent action.

;

2-5. REFUELING

After depressurization and prior to lifting the reactor vessel head,
perform the following steps to prepare the RVLIS: '

(1) Close reactor vessel level head connection isolation valve.

(2) Disconnect piping between the isolation valve and the sensors.

0832Q:1
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NOTE
'

1
Contaminated water residue may be in the l

pipe. -

(3) Provide temporary plugs for the pipe ends of the removable l

section and stationary sections.
!

IRestore the RVLIS after reactor vessel head installation as follows:

(1) Remove pipe end plugs and reconnect piping section.

(2) With the isolation valve open, backfill the piping from sensors
by attaching a water source to the sensor vent

(3) Disconnect waterfill apparatus.

(4) At startup (450 psig, <2000F), visually inspect piping /
cou'pling of the reinstalled piping for leakage.

(5) At full system pressure, repeat inspection.

2-6. PERIODIC TESTING

2-7. Plant at Power

Perform monthly calibration checks of the process electronics in accor-
dance with the process equipment instruction manual.

2-8. Refueling Outages

(1) For the d/p transmitters, perform zero check of each d/p
transmitter by closing the respective isolation valves and
opening the bypass valve. If zero reading differs from the last
recorded reading by _ percent, then recalibrate d/p transmiter
using instructions of Barton Instruction Manual (Model 752) and
the instructions contained in RVLIS system manual and the

appropriate equipment instruction manuals.

0832Q:1
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(2) Record the appropriate hydraulic isolator dial readings and
' '

cogare results with previous cold shutdown readings. Readings <

should be within plus or minus 0.1 in.3,

(3) Perform the calibration check of the process electronics in
accordance with the equipment technical manual.

(4) Verify the operability of the RVLIS System during the
startup/heatup of plant following a refueling or major plant
outage by tracking the displays of the two trains. Readings
should be within _ percent of the previous recorded readings.

2-9. Every Other Refueling Outage

In addition to the steps of paragraph 2-8, perform the following every
other refueling outage:

(1) At the process equipment cabinets, read the igulse line RTD
resistances. . .

NOTE

Take the ambient teg erature reading near
the RTD and adjust the measured resistance ,

accordingly. Cog are the adjusted resis-
tance to the original results or the previ-
ous recorded data.

,

(2) Employing a pneumatics calibration, per instructions of .

section 4 at the sensor vent ports, check the calibration
of the transmitters and perform a time response check of
the system. The calibration results should be within plus
or minus _ percent of instrument span of the previous <

recorded data. The time response of the system should be
within 10 seconds. This is the time required for the dis-
play instrument to reach the midpoint of a 50 percent step
input variable change.

.

0832Q:1



' 2-10. TROUBLESHOOTING, PLANT AT POWER
~ ^

<

Single indication varies from the expected value, check the following:
,

(1) Conpare hydraulic isolator dial reading with reading taken

from diverse train and those taken at Tayg no-load condi-
tions. Dial readings deviating by more than plus or minus
0.1 in.3 may be indicative of potential capillary line
leakage; however, it may not be the reason for the devia-
tion in the display reading until the isolator reached the
valve-off point.

(2) Perform a calibration check of the process equipment, per
the appropriate instruction manual.

(3) Perform a zero check of the appropiate d/p transmitter.

If more than one indicator / display deviates from the diverse train or
from T no-load readings, check the following:ayg

o Comon isolator dial readings versus previous rea' ding
o d/p transmitter valve lineup

Process equipment power supplieso

If repairs are required to the capillary lines, the system must be
vacuum-filled and calibrated per the instructions contained in the RVLIS
System Manual and the appropriate equipment instruction manuals.

.
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Item 4
<

Describe the diagnostic techniques and criteria to be used to identify
malfunctioning components.

.

Response

The cabinet mounted equipment is designed to facilitate periodic tests
to identify malfunctioning components and ensure the equipment
functional operability is maintained comparable to the original design -

standards. Component power supply failure is annunciated in the main

control room. -

.

~

0832Q:1
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Item 5

4

Estimate the in-service life under conditions of normal plant operations
and describe the methods used to make the estimate, and the data and

! sources used.

Response
'

.

The in-service life of the RVLIS based electronics is dependent upon
proper maintenance, including the replacement of individual component
parts when necessary. The provisions for this maintenance are included
in the technical manual. Based on the assumption of normal conditions

and proper maintenance of the components, the only limitation to the
in-service life will be the availability of replacement parts. It is

'

estimated that in 20 years, some of the components will be technically
obsolete and no longer produced. Consequently, the cards may have to be
modified in the future to accommodate the current technology. Thus, any
individual cogonent failures are regarded as maintenance considerations
and their replacement is necessary to prolong in-service life.'

In-Service life which is different than Design Life and Qualified Life
is dependent upon implementing a scheduled preventative maintenance
program including periodic overhaul of the equipment. In this manner,

,

the equipment is restored to a level that continual operatibility is
ensured. In developing the maintenance program, repair costs may
necessitate replacement of the equipment.

| If the maintenance program is followed there is no apparent reason that
operation of the equipment cannot be extended.

|

| Some of the equipment is similar to equipment installed in present
Westinghouse plants that have been operating for 10-15 years.

|
|

|

-

0832Q:1
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The following valves have been supplied by Westingh:use for ths Reactor*

Vessel Level Instrumentation System for The McGuire Plant: ;

EDesign Code

W Valve ID _Qy Manufacturer Specification Applicability

3/4 T 78 4 Rockwell G-952855; Rev 0 ASME B&PV Class II

1/4 X 28I 10 Autoclave Engineers G-955230; Rev 2 N&S

1/4 N 28I* 6 Autoclave Engineers G-955230; Rev 2 N&S

Shut off valve which is part of the transmitter access assembly.*

The 3/4 T78 valve is a stainless steel, manually operated globe valve
whose basic function is to isolate the flow of fluid. The valve is
designed for a cycle life of 4000 cycles over the 40 year design life,
which satisfies the normal plant operating requirements established in
above referenced specification. The valve is a hermetically sealed
valve, designed to be maintenance free with no consumable materials
making a pressure boundary seal.

The instrumentation valves (E Valve ID's 1/4 x 28I and 1/4 N28I) stain-
less steel, manually operated valves, designed to meet the requirements
of the above referenced specification, which calls for zero leakage
(environmentally and across the seats), minimal fluid displacement
during stoke and a 1000 cycle life. For normal plant operating condi-
tions, the metallic parts are designed for a 40 year service life. The
consumable items, where applicable, are identified in the appropriate <

|

drawings and instruction manuals, with recommended maintenance schedules.

0832Q:1
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Item 6

d

Explain how the value of the system accuracy (given as +/- 6% was
derived. How were the uncertainties from the individual components of
the system coinbined? What were the random and systematic errors assumed |

for each component? What were the sources of these estimates?

Response

6. The system accuracy of 16% water level was a target value estab-
lished during the conceptual design and was related to the dimen-
sions of the reactor vessel (12% from nozzles to top of core) and
core (30%), and the usefulness of the measurement during an acci-
dent. Subsequent analyses have established a system accuracy based
on the uncertainties introduced by each component in the instrument
system. The individual uncertainties, resulting from random
effects, were combined statistically to obtain the overall instru-

ment system accuracy. Some of the individual uncertainties vary
with conditions such as system pressure. The following table iden-
tifies the individual uncertainties for the narrow range measurement
while at a system pressure of 1200 psia.

Uncertainty
Component and Uncertainty Definition % Leveli

a. Differential pressure transmitter i 2.08
calibration and drift allowance,

(i1.5% of span) multiplied by the
ratio of ambient to operating water
density.

I
! b. Differential pressure transmitter 1 0.70

allowance for change in calibration
due to ambient temperature change

(10.5% of span for i 500F) multiplied
by the density ratio.

0832Q:1
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* * - c. Diffsrential pressure transmitter 1 0.33
*

allowance for change in calibration c

due to change in system pressure

(10.2% of span per 1000 psi change)
'

multiplied by the density ratio.

d. Differential pressure transmitter 1 0.70
allowance for change in calibration
due to exposure to long-term overrange
(10.5% of span) multiplied by the
density ratio.

e. Reference leg teg erature instrument 1 0.75
(RTD) uncertainty of 1 50F and or

0allowance of 1 5 F for the difference
between the measurement and the true

average tenperature of the reference
leg, applied to each vertical section
of the reference leg where a measurement
is made. Stated uncertainty is bar.ed
or a maximum containment tegerature
of 4200F, and a typical reference leg
insts11ation.

f. Reactor coolant density based on auc- 1 1.06
j tioneering for highest water density

| obtained from hot leg tegerature
0(16 F) or system pressure (+ 60 psi).

Magnitude of uncertainty varies with
system pressure and water level, with
largest uncertainty occurring when the
reactor vessel is full.

|

|

|

|

|

0832Q:1
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g. S:nsor and hydraulic isolator bellows 1 2.20
displacements due to system pressure <

changes or reference leg temperature
changes will introduce minor errors

,

in the level measurement due to the
small volumes and small bellows spring
constants. The changes, such as pressure
or tem erature, tend to cancel, i.e., the

bellows associated with each measurement
move in the same direction. Maximum
expected error due to differences in
capillary line volume and local tegera-
tures is equivalent to a level change of
about 5 inches, multiplied by the density
ratio.

h. Density function generator output mis- 1 0.70
match with ASE Steam Tables limited
to a maximum of:

1. Electronics system calibration, overall i 1.5
uncertainty limited to less than:

j. Control board indicator unceretainty: 1 1.1

The statistical combination of (square root of the sum of the
squares) of the individual uncertainties described above results in
an overall system instrumentation uncertainty of 14% of the level

:

I span for the narrow range indication of approximately 26 feet, or'

| 11.04 feet, at a system pressure of 1200 psia. Examples of the
| uncertainty at other system pressures are:

Uncertainty = 13.7% at 400 psia
Uncertainty = 14.9% at 2200 psic

-

0832Q:1
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Item 7

C

Assume a range of sizes for "small break" LOCA's. What are the relative
times available for each size break for the operator to initiate action

to recover the plant from the accident and prevent damage to the core?
What is the dividing line between a "small break" and a "large break"?

Response

7. Inadequate core coolant (ICC) was defined in WCAP-9754, "Indequate

Core Cooling Studies of. Scenario With Feedwater Available Using the
NOTRUMP Conputer Code", as a high temperature condition in the core
such that the operator is required to take action to cool the core

~

before significant damage. occurs. During the design basis small
loss of coolant accident, th6 operator is not required to take any
action to recover the plant other than to verify the operable status
of the safeguards equipment,"t' rip the reactor coolant pump (RCPs)
when the primary side ~ pressure has decreased to a specific point,
and initiate cold and hot leg ' recirculation procedures as required.
In the design basis smal'1 LOCA, a period of cladding heatup may
occur prior to automatic core _ recovery by the safeguards equipment.
The heat up period is-dependent upon the break size and ECCS perfor-
mance.

An ICC condition may arise if there is a failure of the safeguards
equipment beyond the design basis. In that case, adequate instru- '

mentation exists in the McGuire Plant plant to diagnose the onset of
ICC and to determine the effectiveness of the mitigation actions
taken. The instrumentation which may be used to determine the ade-
quacy of core cooling consists of a subcooling meter, Core Exit
Thermocouples (T/Cs), and the Reactor Vessel Level Instrumentation
System (RVLIS).

For .1 LOCA of an equivalent siza equal to approximately six inches
or less, an ICC condition can only occur if two or more failures

~

occur in the ECCS. As indicated in WCAP-9754, an ICC condition can

be calculated by hypothesizing the failure of all high head safety

0832Q:1
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*** - injection (HPSI) for LOCAs of approximately one inch in size. For a
4 inch equivalent size LOCA one can hypothesize an ICC condition by ,

assuming the failure of all HPSI as well as the failure of the pas-
'

sive accumulator system (a truly incredible sequence of events).

For LOCAs of sizes of six inches or less, the approach to ICC is
unambiguous to the reactor operators. The first indication of a
possible ICC situation is the indication that some of the ECCS pumps
have failed to start or are not delivering flow. The second indica-
tion of a possible ICC situation is the occurrence of a saturatior
condition in the primary coolant system as indicated on the subcool-
ing monitor. Shortly after the second indication, the RVLIS would
start to indicate the presence of steam voids in the vessel. At
some point in time the RVLIS will indicate a collapsed liquid level
below the top of the core. The core exit thermocouples will begin
to indicate superheated steam conditions. If appropriate the RVLIS
and core exit T/C behavior wil.1 provide unambiguous indications to
operator to follow the ICC mitigation procedure.

WCAP-9754 indicates that the selected core exit T/Cs will read
01200 F at approximately 11000 seconds after the initiation of a

1-inch LOCA with the loss of all HPSI. The Generic Westinghouse E0P
Guideline instruct operator to pursue ICC mitigation procedures when
these conditions are reached. The 4-inch LOCA will indicate
12000F at about 1350 seconds. By following the Westinghouse

r,ecommended Emergency Operating Procedures (EOPs), the operators7

will have earlit.r indication of a possible ICC situation. Recovery

,

procedures to depressurize the primary system below the low pressure

f . safety injection shutoff head may be followed. These procedures
,' include correction of the HPSI failure, opening steam dump, or

[ opening pressurizer PORVs. The RCPs may be restarted to provide <
,

' ' additional steam cooling flow.
, ,

Large break LOCAs consist of LOCAs in which the fluid behavior is

,inertially dominated. Small break LOCAs, on the other hand, have
'

,

as

0832Q:1
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the fluid bihavior dominated by gravitational effects. For LOCAs
which are significantly larger than an equivalent 6-inch break, the -

ECCS has the maximum potential for flow delivery since the primary ,
coolant system is at low pressure. -

No early manual action is useful in recovering from ICC. Analyses
for LOCAs in this range indicate ambiguous behavior of the core exit
T/Cs and RVLIS early in the accident due to dynamic blowdown
effects. This behavior is tempcrary and the core exit T/Cs and the
RVLIS will indicate the progress being made by the ECCS in recover-
ing the core. When the core exit T/Cs and RVLIS may be temporarily

,

providing arbiguous indications, no manual action is needed or use-
ful. Later in the accident when manual action may be useful, the
core exit T/Cs and RVLIS will provide an unambiguous indication of

; ICC if it exists. This unambiguous indication may be present as
early as 30 seconds after the initiation of the LOCA for a double
ended guillotine rupture or a main coolant pipe.

'

It follows from the above discussion that, for ICC considerations, a
reasonable definition of large breaks are breaks that are signifi-

! cantly larger than an equivalent 6. inch break. All other breaks are
~

small breaks.

1

1

_

.

'

0832Q:1
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Ii:em 8'

Describe how the system response time was estimated. Explain how the
'

response times of the various components (differential pressure trans-
ducers, connecting lines and isolators) affect the response time.

Response

8. The total analog delay due to the sensor electronics, mechanics,
impulse lines and hydraulic isolators is less than 3 sec.

OC32Q:1
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' Item 9

There are indications that the TMI-2 core may be up to 95% blocked.
Estimate the effect of partial blockage in the core on the differential '
pressure measurements for a range of values from 0 to 95% blockage.

4

Response2

9. Blockage in the core will increase the frictional pressure drop and
increase the total differential pressure across the vessel. This
will be reflected as a higher RVLIS indication. The increase in
the RVLIS will be most significant under forced flow conditions when
the reactor coolant pumps are operating.

. In order for blockage to h present, the core would have to have
been uncovered for a prolonged period of time. A low RVLIS
indication along with a high core exit thermocouple indication would
have been indicated during this timo. If the RCP's had been
operating throughout the transient, there would have been sufficient
cooling to prevent significant core damage. Therefore, for<

significant blockage to exist during pug operation, the operator -

would have restarted the pumps aftar an ICC condition had existed
for a period of time. Based on the history of the transient, the
operator would know that the RVLIS would read higher than expected.,

Although the RVLIS would read high, it would still follow the trend
in vessel inventory. The operator would be able to monitor the
recovery with the RVLIS.

Under natural circulation conditions, the impact of core blockage is
not expected to be large. Although the RVLIS indication will read
slightly higher than normal, the RVLIS will still trend with the ,

vessel inventory and provide useful information for monitoring the
recovery from ICC. ICC will have been indicated at an earlier time;

' ' before a significant amount of core blockage has occarred. The
operator will know that the RVLIS could read slightly high, based on

'

the history of the transient.

i

,
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Item 10
_

Describe the effects of reverse flows within the reactor vessel on the
indicated level.

Response

10. Reverse flows in the vessel will tend to decrease the DP across the
vessel which would cause the RVLIS to indicate a lower collapsed
level than actually exists. The low indication would not cause the
operator to take unnecessary actions, since the RVLIS would be used
along with the core exit thermocouples to indicate the approach to
ICC. It is important to note that large reverse flows are not

expected to occur for breaks smaller than 6" in diameter during the
time that the core is uncovered. Large reverse flow rates may occur
early in the blowdown transient for large diameter breaks but, as is
discussed in the response to Item 7, it is not necessary to use the
RVLIS as a basis for operator action for breaks in this range.

.

:

.
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Item 11
<

What is the experience, if any, of maintaining D/p cells at 300% over
,

range for-long periods of time?

Response

11. Experience in overranging of D/p Instruments has been obtained in
previous applications of' D/p capsules similar to those used in
RVLIS. In Dual Range Flow (D/p) Applications the " Low Flow" trans-
mitter (and/or gages) are overranged to 300% or greater by normal
flow rates yet provide reliable metering when required for startup.

Also, test data exists on the basic transmitter design showing about
0.5% effect on calibration with 24 hours exposure to 3000 psig over-
range. All units are similarly exposed to this overrange for 5 min-

| utes in both directions as a part of factory testing.
,

: There have been instances involving accidental overrange of these
instruments (including RVLIS) as the result of leakage or operator
errors where full line pressure overranges have occurred for up to
several weeks with minimal effect on instrument accuracy.

_

Based upon this experience and test data we expect to prove statis-
tically that reliable measurements can be made by the selected over-
ranged instrument designs used for RVLIS. On line calibration
capability is provided if needed to support gathering of statistical
data.

.

.
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Item 12*

.

Five conditions were identified which could cause the DP level system to

give ambiguous indications. Discuss the nature of the ambiguities for ^
1. accumulator injection into a highly, voided downcomer, 2. when the
upper head behaves like a pressurizer, 3. upper plenum injection, and
4. periods of void redistribution.

Response

12. 1. When the downcomer is highly voided and the accumlators inject,

the cold accumulator water condenses some of the steam in the
downcomer which causes a local depressurization. The local
depressurization will lower the pressure at the bottom of the
vessel which will lower the DP across the vessel, causing an
apparent decrease in level indication. The lower pressure in
the downcomer also causes the mixture in the core to flow to the
lower plenum, causing an actual decrease in level. The period
of time when the RVLIS indication is lower than the actual
collapsed liquid level will be brief.

An example of when this phenomenon may occur is when the reactor

coolant pumps are running for a long period of time in a small
break transient. _ After the RCS loops have drained and the pumps

are circulating mostly steam, the level in the downcomer will be
depressed. A large volume of steam will be present in the
downcemer, above the low mixture level, which allows a large'

amount of condensation to occur. For most small break
,

transients, the reactor coolant pumps will be tripped early in'

the transient and the downcomer mixture level will remain high,
even in cases where ICC occurs. When the downcomer level is
high the effect of accumulator injection on the RVLIS indication

j
'

will be minor.

i
!

|
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* ~
- 2. Th3 pressurizer phenomenon in th2 upper head is discusstd in tha''

summary report on the RVLIS*. Subsequent to issuing that s

report, the upper head modeling has been investigated in more
detail, and it was found that the modelaing used at that time

~

assumed a flow resistance that was too high foy the guide
' tubes Subsequent analyses have shown that the pressurizer
effect has less igact on the vessel dp than was originally
shown. The effect will have even less effect on a UHI plant
which has more flow area for upper head drainage, through the
support coltsnns.

Since the narrow range and wide range RVLIS measurements on a

UHI plant are made from the hot leg pipe to the bottom of the
vessesi, the dp across the upper support plate is not included
in the measurement and the pressurizer phenomenon would have no
impact on these RVLIS measurements. There would be a small dp
effect on the upper range RVLIS measurement, which may also be

affected by the injection from the UHI System.

3. Upper plentsn injection (UPI) is applied only to two-loop plants;
therefore, the effects due to UPI are not applicable to the

| McGuire plant.

4. During the time when the distribution of voids in the vessel is
changing rapidly, there can be a large change in the two-phase
mixture level with very little change in collapsed mixture
level. The use of the RVLIS, in conjunction with the core exit
thermocouples, is still valid for this situation, howevar. The

only event that has been identified which could cause a large
void redistribuition is when the reactor coolant pumps are
tripped when the vessel mixture is highly voided. After the
pump performance has degraded enough that the flow pressure drop

Westinghouse Electric Corporation, " Westinghouse Reactor Vessel*

Level Instrumentation System for Monitoring Inadequate Core
Cooling," December 1980.

.
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- - .
contribution to tha vessel differ:ntial pressure is small, the

.

change in RVLIS indication will be very small when the pumps are -

tripped. As discus;ed in the summary report, the approach to
,

ICC would be indicated when the wide rar.ge indication read 33
percent. If the pumps were tripped at this time, the core would
still be covered. The operator would know that the core may
uncover if the pumps were tripped with a' wide range indication
lower than 33 percent. Prior to purop trip, the core will remain
adequately cooled due to forced circulation of the mixture.
When the pumps trip the two phase level may equillibrate at a
level below the top of the core. The narrow range indication
will provide an indication of core coolability at this time.

.

r

.
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Item 13 |

<

No recommendations are made as to the uncertainties of the pressure or -
temperature transducers to be used, but the choice appears to be left to
the owner or AE. What is the upper limit of uncertainties that should

be allowed? Describe the effect of these uncertai.nties on the measure-
ment of level. What would be the effect on the level measurement shoul'd
these uncertainties be exceeded?

Response

13. The reactor coolant pressure and temperature signals originate from

the existing wide range pressure and hot leg RTD's already installed
in the plant, and the uncertainties for these instruments are

understood. As indicated in the response to question 6, the pres-
sure uncertainty is + 60 psi and the temperature uncertainty is -

+ 60F. This uncertainty is smaller when the level is at the
_

elevation of the reactor core. This contribution to the total
uncertainty would increase roughly in proportion to an increase in
the pressure or temperature measurement uncertainty.

,

|

|

|

.
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Item 14
c

Only single RTD sensors on each vertical run are indicated to determine ,
the teg eratures of the impulse lines. Where are they to be located?
What are the expected tegerature gradients along each line under normal

operating conditions and under a design basis accident? What is the
worst case error that could result from only determining the temperature
at a single point on each line?

Response

14. RTD sensors are installed on every independently run vertical
section of igulse line, to provide a measurement for density com-
pensation of the reference leg. If the vertical section of iguise

line runs through two cogartments separated by a solid floor, an
RTD sensor is installed in each compartment.

The RTD is installed at the midpoint of each vertical section, based
on the assumption that the tegerature in the compartment is uniform
or that the tegerature distribution is linear in the vicinity of

the iguise line. As stated'in the response to question 6, an
allowance for the true average igulse line tegerature to differ

from the RTD measurement by 50F is included in the measurement

uncertainty analysis. This allowance permits a significant devia-
tion from a linear gradient, e.g., 20% of the igulse line could be

0up to 25 F different from a linear gradient without exceeding the
' allowance. During normal operation, forced circulation from cooling
fans is expected to maintain conpartment temperatures reasonably

uniform. During the LOCA, turbulence within a conpartment due to
release of steam would also produce a reasonably uniform tempera-
ture. Note that the impulse lines are protected from direct jet ,

impingement by metal instrument tubing channels.

0832Q:1
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Item 15
,

:<

)
What is the source of the tables or relationships used to calculate ;

density corrections for the level system?

Response

The relationships used in the analog based RVLIS system, to calculate
density corrections are from the ASME steam tables, dated 1967. These
relationships are implemented within the system by means of P.C. cards
that generate an output signal which is a predetermined function of the
input signal. The predetermined functions produce specific scopes which
are added together to obtain the required input-output relationships.

,

,

|
|

|

|

|
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Itea 16

.

The microprocessor system is stated to display the status of the sensor
input. Describe how is this indicated and what this actually means with
respect to the status of the sensor itself and the reliability of the
indication.

Response

The McGuire plant is provided with the 7300 electronics system;
therefore this question is not applicable.

.

.

f

,
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Item 17
C

Describe the provisions for preventing the draining of either the upper
head or hot leg iguise lines during an accident. What would be the
resultant errors in the level indications should such draining occur?

Response

'

17. The layout of the impulse lines from the upper head and hot leg are
arranged to prevent or minimize the igact of drainage during an
accident. In general, however, the water in the igulse lines will
be cooler than the water in the reactor or hot leg, and there will
be sufficient subcooling overpressure in the lines so that very
little, if any, of the water would flash to steam during a depres-
surization or containment heatup. Heat conduction along the small
diameter piping and tubing would be insufficient to result in, flash -
ing in a significant length of piping.

The connection to the upper head from a spare control rod drive
mechanism port or vessel vent line drops or slopes down from the
highest point of the vessel connection to the senser bellows mounted
on the refueling canal wall, so water would be retained in this
piping. Draining of the vertical section immediately above the
reactor vessel has no effect on the level measurement, since this

section is included in the operating range of the instrument.
Draining of the horizontal portion of vessel vent piping above the
vessel also has no effect on the measurement since no elevation head

i is involved.

The connection from the hot leg to the sensor bellows is a horizon-
tal run of tubing, so draining of this tubing has no effect on the '
measurement since no elevation head is involved.

The majority of the imulse line length is in capillary tubing

sealed at both ends with a bellows (sensor bellows at the reactor
end, hydraulic isolator at the containment penetration end), so

0832Q:1
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' ~ water would be retained ia this system at all times. The water will

l

be pressurized by reactor pressure, and since the reactor tempera-
,

ture will be higher than containment temperature during an accident, I
,

the water in the sealed capillary lines cannot flash.

.

.'
i

i
_

i

i

1
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Item 18
s

Discuss the effect on the level measurement of the release of dissolved,
noncondensible gases in the impulse lines in the event of a depressuri-
zation.

Response

18. The majority of the impulse lines are sealed capillary tubes vacuum
filled with demineralized, deaerated water. The lines contain no

noncondensible gases and are not in a radiation environment suffi-'

cient for the disassociation of water.

The short runs of impulse line connected directly to the primary
system will behave as described in the response to question 17.
There would be no error due to gases in the hot leg line since the
line is horizontal. Since there is no mechanism for concentration
of gases at the top of the reactor vessel during normal operation,
the connection to the top of-.the vessel would contain, at most, the
normal quantity of dissolved gases in the coolant, and the subcool-
ing pressure during an accident would maintain this quantity of gas
in solution.

_

f

i
.
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Item 19

In some tests at Semi-scale, voiding was observed in the core while the
upper head was still filled with water. Discuss the possibility of
cooling the core-exit thermocouples by water draining down out of the
upper head during or after core voiding with a solid upper head.

Response

19. One of the indicators of an approach to an Inadequate Core Cooling

(ICC) situatir is +.he response of the core exit thermocouples
(T/Cs) to the presence of super-heated steam. The core exit thermo-
couples will not provide an indication of the amount of core void-
ing. Response of the core exit T/Cs provides a direct indication of
the existence of ICC, the effectiveness of ICC recovery actions, and
restoration of adequate core cooling. The core is adequately cooled
whenever the vessel mixture level is above the top of the core and
the core may have a significant void fraction and still be ade-
quately cooled.

In the McGuire plant, the upper internals are designed to drain
water from the upper head, including UHI injection water, through
the support columns to the top of the core. The core exit T/Cs are
located within the lower end of the support column, but are not
directly exposed to the drainage flow path through the support
colunn (attached Figure). Westinghouse has performed analyses which
indicate that the drainage flow will not prevent the thermocouples
from indicating an ICC condition. In WCAP-9762, " Inadequate Core

Cooling Studies of Scenarios with Feedwater Available for UHI
Plants, Using the NOTRUMP Computer Code", it was concluded that the,
thermocouples located near the core center would be expected to be
in a flow field of superheated steam flowing out of the core during
an ICC condition, and therefore would indicate the ICC condition in
sufficient time to initiate the appropriate recovery actions.

08320:1
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Item 20
)

Describe the behavior of the level measurement system when the upper
head is full, but the lower vessel is not.

Response

20. During the course of a LOCA transient, the upper plenum will
experience voiding before the upper head. The voids in the upper
plenum below the hot leg elevation will be accurately detected by
the RVLIS narrow range indication, which covers the span from the
hot leg to the bottom of the vessel. The upper head will experience
many changes in mass due to drainage and UHI injection, and the
RVLIS upper range indication will be affected by these transients
until UHI injection is completed and the upper head has drained.
However, the upper head transients will have no effect on the RVLIS
narrow range indication, which is the indication used to detect an
ICC condition.

.
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Item 21
<

One discussion of the microprocesor system states that water in the
'

upper head is not reflected in the plot. Does this mean that there is
~

no water in the upper head or that the system is indifferent to water in
the upper head under these conditions?

Response

21. The discussion in the system description is contained in the section
describing the analysis of the system performance. The statement in
question is referring to the WFLASH code calculation of mixture

l level, rather than how the RVLIS will respond to water in the upper
head. The computer code includes calculation of water mass and
pressure .in the upper head, but this water mass is not included in
the calculation of mixture level; hence, the mixture level is indi-

cated only below the elevation of the upper support plate.

The RVLIS narrow range measurment on the McGuire plant from the hot

leg to the bottom of the vessel will be insensitive to water in the
upper head and therefore will not be affected by UHI injection (see
response to Item 20).

i

f
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Item 22
1

|
Describe the details of the punp flow /Dp calculation. Discuss the pos -

.

sible errors.

|

Response

22. Calculations are performed to obtain an estimate of the differential
pressure that the wide range instrument will measure with all pumps
operating, from ambient temperature to operating temperature. The
calculations employ the same methods used to estimate reactor cool-
ant flow for plant design and safety analysis. These calculations
are used primarily to define the instrument span and to provide an
estimate for the function that compensates the differential pressure
signal over the full temperature range, i.e., that results in the
wide range display indicating 100% over the full tenperature range
with all pumps operating, pumping subcooled coolant. During the

'

initial plant startup following installation of the instrumentation,
wide range differential pressure data would be obtained and used to
confirm or revise the compensation function so that a 100% output is

~

obtained at all temperatures. Since the calculated compensation
function is verified by plant operating data, any uncertainties in
the flow and differential pressure estimates are eliminated.

.

.

.

_
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Item 23

a

Have tests been run'with voids in the vessel? Describe the results of
these tests.

'

Response

23. At present a Westinghouse RVLIS is installed at the Semiscale Test
Facility in Idaho. Small break loss-of-coolant experiments are
being conducted at this facility by EG&G for the NRC. The results
of these tests are used to compare the RVLIS measurements with

Semiscale differential pressure measurements, gamma densitometer
data and core cladding surface thermocouple indications. To date,
after correcting for differences between PWR reactor vessel inter-
nals and Semiscale modeling, good correlation between Semiscale

level indications and RVLIS measurements has been observed. In
cooperation with the NRC, EG&G and ORNL, Westinghouse is preparing a

report smumarizing the RVLIS performance during selected Semiscale
tests.

'
.

k

.
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' Item 24'

<

Estimate the expected accuracy of the system after an ICC event.

'

Response

24. The accuracy of the system as described in the response to question
6 would be the same for any LOCA-type incident, including an ICC
event, causing a ternperature increase within the reactor contain-
ment. Uncertainties due to reference leg tegerature measurements
and sensor and hydraulic isolator displacements are included in the
accuracy analysis.

.

!
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Item 25

<

Describe how the conversion of RTD resistance to temperature made in the

analog level system.

Response

The "7300" RVLIS incorporates P.C. Cards that provide an output propor-
tional to the change in resistance of the RTD. The card contains a
resistance bridge driven by a power supply to produce a signal propor-,

tional to the changes in resistance of the RTD and a signal character-
izer which accomodates linear calibration of non-linear RTD's.

.,
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