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RSB OPEN ITEMS

MIDLAND CHAPTER 15

..

1) Since the Midland Units may be operated with less than four reactor coolant pumps

operational, justification must be provided that the analyses presented in

FSAR chapter 15 bound all conditions of partial coolant pump operation.

2) We require that the requested information from the topical report reviews

of the TRAP-2 and POWER TRAIN codes be submitted. These information requests

were transmitted to B&W dated January 26 and April 4,1979. We understand that

B&W is revising these codes and will submit new topical reports. We require

that the outstanding questions be answered relative to the code versions used

in the Midland FSAR, or that the Midland calculations be replaced or appro-

priately benchmarked with calculations from the new code versions.

3) Provide analyses of the loss of one of four primary coolant pumps from full

power and the loss of one of three reactor coolant pumps from 55% power.

Justify that the hot channel DNBR will remain above 1.3 and that the reactor

coolant system pressure will remain below 110% of design.

i

e

f

. _ _ _ _ _ . _ _ . _ _ _ _ _ - _ - _ _ _ _ - _ _ _ _ _ _ - _ _ . _ _ _ - - _ _ _ _ - _ __ _. _ -_ _ __ - - .
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MIDLAND

RSB SAFETY EVALUATION REPORT

15.0 TRANSIENT AND ACCIDENT ANALYSIS

15.0 General

The applicant has performed safety analyses to evaluate the capability of the

Midland units to withstand normal and abnormal operational transients and a

broad spectrum of postulated transients and accidents without undue risk to the

health and safety of the public. The events considered include all relevant

types discussed in the Regulatory Guide 1.70, " Standard Format and Content of

Safety Analysis Reports for Nuclear Power Plants," Revision 2. The postulated

events have been classified by the Standard Review Plan with respect to acceptance

criteria as follows:

Transients of Moderate Frequency

A number of plant transients can be expected to occur with moderate frequency

as a result of equipment malfunctions or operator error in the course of

refueling and power operation during the plant lifetime. Table 15.0.1 contair.r.

a listing of those events from the Standard Review Plan.

Our basic acceptance criteria for transients of moderate frequency in the

standard review plan are as follows:

1. Pressure in P reactor coolant and main steam systems should not exceed

110 percent of design pressure (Section III of the American Society of

Mechanical Engineers Boiler and Pressure Vessel Code).

2. Clad integrity shall be maintained by ensuring that the minimum departure
,

from nucleate boiling ratio of 1.30 throughout the transient will satisfy

the 95/95 criterion. (The 95/95 criterion provides a 95 percent probability,

at a 95 percent confidence level, that no fuel rod in the core experiences

a departure from nucleate boiling. See Crapter 4.2)

. . . -
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3. Transients will not lead to more serious plant conditions (assuming

other independent faults have not occurred).

Conformance with the above criteria constitutes compliance with General Design

Criteria 10 and 15 of Appendix "A" to 10 CFR 50.
1

All of the transients which are expected to occur with moderate frequency can

be grouped to cause the following plant process disturbances: increase in heat

removal by the secondary system; decrease in heat removal by the secondary system;

core flow decrease; core flow increases; core reactivity increase; reactor

coolant inventgfy increase; and reactor coolant inventory decrease. Design

basis accidents have been evaluated separately as indicated below.
t

Design Basis Accidents

We have reviewed the postulated events in regard to the facility decign basis.

These events have been classified by the Standard Review Plan as pos tulated

accidents and are itemized in Table 15.0-1. The specific criteria used in

evaluating the consequences of the postulated accidents are:

1. Pressure in the reactor coolant and main steam systems should be maintained

below 110 percent of the design pressures.

2. The potential for core damage should be evaluated on the basis that it is

j acceptable if the minimum departure from nucleate boiling ratio remains
,

above 1.30. If the departure from nucleate boiling ratio falls below

this value, fuel damage (rod perforation) should be assumed unless it

can be shown, based on an acceptable fuel damage model, that no fuel
*

failure results. If fuel damage is calculated to occur, it should be of

sufficiently limited extent so that the core will remain in place and

geometrically intact with no loss of core cooling capability.

- _ _ _ - _ _ _ _ _ -: . _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ - - _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ -
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3. Any activity release must be such that the calculated doses at the site;

boundary are within tne guidelines of 10 CFR Part 100 (see Section 15. * )
_

4. We have coordinated our review of Chapter 15 accidents with the review of

the Functional Design of Reactivity Control Systems described in section

4.6 of this SER. See this section for a fiscussion of compliance with

GDC's 20, 21, 23, 25, 26, 27, and 28.

Conformance witn items 1 & 2 above constitutes compliance with General Design

Criteria 10 and 15 of Appendix A to 10'CFR 50.

15.0.I Input Parameters for Transient and Accident Analyses

We have reviewed the assumptions and parameters employed in the transient and

accident analyses. The uncertainties resulting from allowable operating bands

and measurement uncertainties are reflected in the initial conditions or analyses

trip set points that are equal to the technical specification set points plus

maximum uncertainties in the direction resulting in the most limiting event.

Other conservatisms are provided in individual analyses through the use of

clean or fouled (whichever is more conservative) steam generator inventory,

and ninimum or maximum tank volumes. For departure from nuclear boiling cal-

culations, transient pressures and temperatures are based on design pressure and

temperature and are corrected by -65 pounds per square inch and +2 degrees

Fahrenheit, respectively, to account for control band and instrumentation errors.

Reactor protection system trip set points and the assumed trip delay times used

in the analyses are tabulated in Table 15.1-2. These values are suitable provided

that they remain conservative with respect to the set points finally implemented

in the unit technical specifications.

- _ .

* LPM.to, complete __ _., - -- - -

_ , .

_ _ _ - . _ _ - - . _ - _ - _ _ - _ _ _ _ _ - _ _ _ _ - - _-_ _ _-___ __- _ - . - .__ ._
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Babcock and Wilcox reported that the symmetric integral control rod

worth curves used in the safety analysis vary from the rod worth curves derived

from new three-dimensional calculational techniques and operating plant (similar

to Midland) test results'. The effects of this change in " tripped-rod-worth" on

the transient and accident analysis of Babcock and Wilcox 177 fuel assembly

plants is described in BAW-1461 which is currently under review by the staff.

The intent of the report is to show that the consequences of the transients and-

accidents are not significantly sensitive to the change in tripped-rod-worth.

We will address the results of our review of this report in a supplement to this

SER.*

The applicant's Final Safety Analysis Pecort provides a tabulation of those systems

which are assumed to operate for the analyzed transients and accidents. Our

review of these transients and accidents indicated that only safety grade

systems are relied on to protect the core and the reactor coolant boundary.

The design of these systems is discussed elsewhere in this SER as follows:
.

Reactor Protection (Chapter 7), Emergency Core Cooling (Section 6.3), Over
,

Pressure Protection (Section 5.2.2) and Auxiliary Feedwater (Section 10.4).

The Midland units are equipped with unique protective features which are

designed to mitigate the consequences of potential transients. These systems

are further described in Table 15.0.2.
. .

No operator action for at least 15 minutes is assumed in the analyses of Chapter

15 transients and accidents (LOCA is addressed in Section 6.3). Long term

operator action is required to bring the plant to cnid shutdown. Midland is

designed to reach cold shutdown using only safety grade equipment as discussed'

in SER Section 5.4.7. .

.

* LPM to note as CPB open item

--
. - - . .. - , :,- m - -

.- .
-
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The Midland units are unique with respect to the steam portion of the design

which provides process steam to the Dow Chemical Plant. For this reason the

applicant has evaluated the effect of the process steam system on each of the

Chapter 15 events. We concur with the applicants assessment that the process

steam will not adversely affect the reactor system.

The plants will not normally be operated with less than four reactor coolant

pumps operational. The applicant has requested, however, that such operation

be permitted and has provided analyses of transients from partial flow

conditions. The applicant has not proposed the specific conditions for wn:ca

less than four pump operation would be permitted and we therefore cannot

complete our evaluation of this matter at this time.

The applicant did not take credit for operation of the main feedwater overfill

protection or the auxiliary feedwater flow control system in Chapter 15 analyses.

The NRC evaluation of the role and performance of there systems is contained

in the TMI action plan II.E.5 evaluation in Appendix * to this SER.

* LPM to provide appendix number

.

O

Y __ __.___.___________I~__E____._.__i ___.i_'___.___~___.________.___________._____________._______._ _ _ _ _ _ . _ . _ _ _ ___ _ _ _ _ _ _ _ _
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15.0.2 Analytical Techniques

The Chapter 15 transients and accidents (except for LOCA - see Section

6.3) were analyzed utilizing the CADD, POWERTRAIN, TRAP-2, PLMP, RADAR

and CRAFT-2 Todes. The application of these codes is identified in

the subsequent SER sections. These codes have been reviewed and approved

by the NRC staff with the exception of the POWERTRAli! and TRAP-2 codes.

The staff has requested additional information from Babcock and Wilcox

relevant to the topical report reviews of POWERTRAIN and TRAP-2. We re-

quire that this information ae submitted consistert with the Midland

licensing schedule. We understand that Babcock and Wilcox will submit

new advanced versions of POWERTRAIN and TRAP-2. We require that the out-

standing questions be answered relative to the code versions used in the

Midland FSAR, or that the Midland calculations be replaced or appropriately

benchmarked with calculations from the new code versions.

1. CADD. The CADD code is utilized for events involving changes in the

core reactivity which do not result in two-phase conditions within

the primary coolant loops. Both coolant loops are lumped together

in CADD. The code is described in Topical Report BAW-10076 P-A,

dated December 1974 which also contains the topical report evalua-

tion and approval by the NRC staff.
_

2. POWERTRAIN. The POWERTRAIN code is utilized for evaluation of Pri-

mary System response to transients initiated in the secondary system.

Both coolant loops are lumped together in the Midlaad FSAR analyses.

The code is described in Topical Report BAW-10070, dated July 1973.

Questions were sent to B&W concerning the POWERTRAIN code dated
,

April e, 1979 (Ref. 1). We require the response to these questio a

to complete our review of POWERTRAIN.,

!
l

* ~ ^
._. _ , . _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.'
'

.

l

-7-

3. TRAP-2. The TRAP-2 code is utilized for events requiring multiloop

and two-phase capability. The code was derived from the CRAFT-2

code by the addition of increased capability to model the secondary

system. CRAFT-2 is part of the B&W ECCS evaluation model. The

NRC approval of the B&W evaluation model is described in Chapter 6.3

of this SER. TRAP-2 is described in Topical Report BAW-10128,

dated August 1978. Questions were sent to B&W concerning TRAP-2

dated January 26,1981 (Ref. 2). We require the response to these

questions to complete our review of TRAP-2.

4. PUMP. The PUMP code is utilized to calculate reactor coolant flow

transients using the dimensionless homologous relationships for

centrifugal pumps. The code provides input to CADD and POWERTRAIN

which do not include a detailed primary coolant pump model. PUMP

is described in Topical Report BAW-10073A, dated March 1976, which

also contains the Topical Report Evaluation and approval by the

NRC staff. '

5. RADAR. The RADAR code provides a detailed core thermal-hydraulic model

which is utilized to calculate core thermal margins (DNBR) during

transients and accidents. The code requires core fluid input condi-

tions f' rom a :cector system code such as t,.DD or POWERTRAIN.
~

RADAR

is described in Topical Report BAW-10069A, dated April 1973, which

also contains the Topical Report Evaluation and approval by the NRC

staff. *

- -

_ _ _ _ _ - _ _ _ _ _ - _ - _ _ .
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15.1 to Increase in Heat Removal

15.1.4 An unplanned increase in heat removal by the secondary system that might

be expected to occur with moderate frequency can be caused by (1) feed-

water system or (2) pressure regulator malfunctions, (3) excessive in-

crease in secondary steam flow or (4) the inadvertent opening of a steam

generator safety or relief valve. All of these postulated transients

have been reviewed. The core was assumed to be at the end of life since
'

the greatest power excursion from overcooling would occur for this condition.

The decrease in feedwater temperature and the increase in feedwater flow

events were evaluated by the POWERTRAIN computer code. The steam pressure

regulator malfunction, which bounds the amount cf excess steam flow from

inadvertent steam generator safety or relief valve opening, was evaluated

by the TRAP-2 computer code. Core thermal margins were calculated using

RADAR. Our review of analytical techniques is described in Section 15.0.2.

The parameters used as input to these models were reviewed and found to be

suitably conservative. The results of the analyses for these transients

showed that (1) cladding integrity was maintained since the minimum departure

from nucleate boiling ratio (DNBR) did not decrease below 1.30 and (2) the

maximum pressure within the reactor coolant and main steam system did not

exceed 110 percent of the design pressure.
_

The Midland Final Safety Analysis Report indicater that the most limiting

increase in heat removal event with regard to core thermal trargins and

reactor coolant system pressure is the feedwater temperature decrease at

, . . . . - . . - ..g.- . . - , . .- . .. . . . . - . . . . . - . - . . _ . . . . . .
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102 percent of rated power. Minimum departure from nucleate boiling

ratio for this event is 2.05. Peak pressure is 2450 pounds per square

inch absolute. All transients in this category meet the acceptance

criteria of the Standard Review Plan summarized in Section 15.0, General
1
'Design Criterion 10 and General Design Criterion 15 with regard to core

thermal and pressure limits and are, therefore, acceptable.

The NRC is evaluating the sensitivity of B&W designed reactors to over-

cooling events under TMI Action Plan Item II.E.5 of NUREG-0660. Our

evaluation for the Midland units is attached as Appendix * to this

SER.

* LPM to provide appendix number

-

O

- . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ . _ . _ _ _ . _ . _
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15.1.5 Spectrum of Steam Piping Failures

Analyses of postulated steam line breaks were performed to determine the

limiting conditions for (1) containment overpressure, (2) cladding damage

(DNBR) and (3) subcritical margin (overcooling). Sensitivity studies were

performed to evaluate the combinations of postulated conditions which result

in the most severe consequences for each of the above. The parameters in-

vestigated were (1) break size and location (2) power level (3) availability of

offsite power (4) single failures (5) time of plant life and (6) connection

of process steam. The B&W computer codes TRAP-2 and RADAR were used for these

evaluations. The NRC review of computer codes is discussed

in Section 15.0.2 of this SER. Evaluations of containment overpressure are

contained in Chapter 6.2 along with the status of the TRAP-2 code review for

that purpose.

The analyses of main steam line breaks utilized design peaking factors for a

chopped cosine axial flux shape that were held constant throughout the analyses.

This assumption was justified by the applicant by performing an evaluation using

a three dimensional core physics code BWKIN. This code is under review by the staff
-

and will be reported in a supplement to the SER.*

The limiting conditians for fuel cladding damage were determined to occur for

a postulated double ended rupture. The analysis was found to be insensitive to

break location on the availability of offsite power since minimum DNBR occurs

in the first few seconds after the break. Approximately 1.25% of the fuel pins

were found to experience transition from nucleate to film boiling (DNB) and were

assumed to fail by the applicant for the purpose of offsite dose calculation.**

2The minimum shutdown margin was determined to occur for a postulated 2.0 ft

break outside containment. Breaks inside containment resulted in earlier HPI
* LPM to note a CPB open item
**AEB to provide offsite dose evaluation

.- _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ )
~ ~ - - - --
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initiation. The reactor coolant pumps were assumed to be in operation

formaximumsteamgeneratorheatremovahanooneHPIpumpwasassumedtofail

for minimum boron addition. The reactor was found to remain subcritical by

.0382% delta K/K. The minimum reactor system temperature at the ottlet of the

ruptured Steam Generator was found to be 470 F which is well above the minimum

temperature limit curve for high pressure operation. (See section 5.3 for the NRC

evaluation of the 10 CFR 50 Appendix G limit curve).

The NRC considers a main steam line break to be a design basis accident

and finds that the conser, tences are less severe than the acceptance criteria

stated in Section 15.0. We conclude that the plant design is acceptable with

regard to steam line break accidents.

15.2.1 to Decrease in Heat Removal

15.2.7 A number of plant transients of moderate frequency can result in an unplanned

decrease in heat removal by the secondary system. Those that might be expected to
;

occur with moderate frequency are turbine trip, loss of external load, steam

pressure regulator malfunctions, loss of condenser vacuum, loss of nonemergency

A-C power to the station auxiliaries, and loss of normal feedwater flow. All

these postulated transients have been reviewed. The transients were analyzed

with the POWER TRAIN, CADD or TRAP-2 reactor system analyses codes and the RADAR

core thermal hydraulic analysis code.
-

See section 15.0.2 for a discussion of the NRC evaluation of computer codes.

The analyses were performed utilizing beginning of life (B0L) core reactivity
I

assumotions, since these result in the maximum oositive core reactivity feed-
,

back foi cverheatina events. The Midland plants are designed to sustain a

turbine trip event without reactor trip but only if the nonsafety grade inter-

grated control system functions properly to reduce the reactor power to 15%
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of rated load. The applicant calculates. that for a turbine trip event with proper

functioning of- the ICS that the pressurizer PORV would open to relieve primary

system pressure for approximately 15 seconds and that the steam generators

would vent steam to the atmosphere for approximately 3 minutes. The PORV is

equipped with redundant block values which automatically close in the

event that the PORV sticks open (see Chapters 5.2.2 and 7 of this SER).

The applicant also analyzed a turbine trip event assuming that only safety

grade systems were available to mitigate the event. For this event the primary

system safety valves would open and relieve steam for 30 seconds and steam release

throuc,5 the secondary system safety valves would occur for approximately 55 minutes.

The operator would continue cooldown utilizing the power operated atmospheric vent

valves. See Chapter 5.4.7 for a discussion of cooldown using only safety grade

equipment.

For transients of moderate frequency causing a decrease in heat removal, the minimum

conditions of core cooling were found to be produced for an inadvertant closure

of a main steam isolation valve (MSIV), this event was found to produce a

minimum DNBR of between 1.98 and 1.78, depending on whether core enthalpy utilized

in RADAR was from the unaffected or affected steam generator loop.

The maximum reactor coolant pressure for decrease in cooling events was calculated

! to occur for a loss of main feedwater for whic~n the applicant conservatively did

not take credit for the anticipatory reactor trip feature on loss of both main

feedwater pumps. The reactor was assumed to trip on high reactor coolant pres-

A peak reactor coolant pressure of 2600 psia was calculated utilizjngsure.

the TRAP-2 code.

.
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Since the minimum DNDR is greater than k.3 and the maximum primary system
~

pressure is less than 1.1 times the design, the staff concludes that the

plant design is acceptable with regard to transients resulting in an unplanned

decrease in heat removal by the secondary system that are expected to occur

with moderate frequency. See Section 15.0 for a summary of the acceptance

criteria for moderate frequency events.

The NRC is evaluating the sensitivity of B&W designed reactors to overcooling

events including excessive auxiliary feedwater flow following a loss of main

feedwater. Our evaluation for the Midland Units is attached as Appendix' * to

this SER.

15.2.8 Feedwater Systems Piping Breaks

The analyses and effects of a spectrum of feedwater line breaks inside and

outside containment, GJring various modes of operation, and with or without

offsite power, have been reviewed. TRAP-2 and RADAR computer codes were used

to analyze this event. See Section 15.0.2 for a description of the NRC staff

review of computer codes. Sensitivity studies were performed to detennine the
;
' worst-case assumption for significant parameters such as time in life, reactor

power level, and process steam system status.

For a postulated main feedwater line break, liquid loss from the affected steam

generator would produce an undercooling event so that the reactor would trip

on high reactor coolant pressure. The maximum primary coolant pressure was

calculated for a double ended break while the reactor was operating at 55% power.

At this condition the steam generator inventory / reactor power ratio is at a

minimum . The steam generator inventory was further assumed to be reduced by

10% and offsite power was assumed to be lost at the time of the break to further

* LPM to provide appendix number

. - _ ___
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reduce reactor system cooling. A peak reactor system pressure of 2700 psia

was calculated for this event. This value is within the acceptance criterion

of 1.1 times the design and is acceptable.'

The minimum DNBR for a main feedwater line break was calculated to occur for

a double ended break at full power. The calculated minimum DNBR of 2.07 is

well above the acceptance criteria value of 1.3.

Since a postulated main feedwater line break would not result in over-

cooling of the primary system, return to criticality would not be a

concern. This concern was evaluated for a spectrum of main steam line

breaks as discussed in Section 15.1.5 of this SER.

Based on the above, the staff concludes that the plant design is acceptable

with regard to feedwater line break accidents. See Section 15.0 for a

summary of the acceptance criteria utilized in this evaluation.

15.3.1 Decrease in Reactor Coolant Flow Rate

to Several types of plant occurrences can result in an unplannad decrease

15.3.2 in reactor coolant flow rate. The ones that might be expected to occur

with moderate frequency during the life of the plant are a partial loss

of coolant flow caused by reactor coolant pump trip (s) or a complete loss

of forced reactor coolant flow that may result from the simultaneous loss

of electrical power to all pumps. The loss of flow transients were eval-

uated by the PU!iP, CADD and RADAR computer codes. See Section 15.0.2 for

the staff review of computer codes. Loss of power to all reactor coolant
.

pumps was analyzed for initial conditions of four , three , and two-pump

operation. Reactor trip is provided by the pump monitors when power is

lost to all reactor coolant pumps. Of the three cases, the fourepump case

is worst (minimum departure from nucleate boiling ratio = 2.0). Reactor

coolant system pressure decreases throughout the event and is not limiting.
__

_,
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The loss of one pump from full power with four pumps running will not trip

on pump monitors. The loss of one pump from less than 55% power with three

pumps operating also will not provide a trip from the pump monitors. The

applicant has committed to provide analyses of loss of flow transients

resulting from the loss of power to one reactor coolant pump as part of

reactor protection system trip setpoint determinations. We will report on

this evaluation in a supplement to this SER.

At the staff's request, the applicant provided information regarding the

consequences a decrease in reactor coolant flow caused by an electric

power frequency decay to the reactor goolant pump motors. The applicant

calculated the equivalent frequency decay of 1.8 hertz per second to be

produced by the trip of one of four raactor coolant pumps and compared

the potential for frequency decay to this value. The staff's evaluation

of the applicant's frequency decay predictions is in Chapter 8 of this

SER.

With the exception of the evaluation of single-pump trip by the applicant,

the staff concludes that the plant design is acceptable with regiid to-

transients that are expected to occur during plant life and result in a

decrease in reactor coolant flow rate. See Section 15.0 for a discussion

of acceptance criteria for moderate frequency events.

.

3.3 to Reactor Coolant Pump Rotor Seizure ~

15.3.4 The analyses and effects of an instantaneous rotor seizure or instantaneous

shaft break oc a reactor coolant pump have been reviewed. The more limit-

ing of these design basis events is the rotor seizure since no coastdown

flow would be provided. The reactor would trip at the power / flow imLalance

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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setpoint. The PUMP, CADD, and RADAR codes were used for this analysis.

See Section 15.0.2 for a discussion of the staff review of computer codes.

The results showed 'that less than 1 percent of the fuel rods would experience

minimum departure from nucicate boiling ratio below 1.3 and the peak

cladding temperature reached would be approximately 1000 degrees Fahrenheit

for the four pump case (1100 degrees Fahrenheit for two pumps running

initially). Any radiation releases would be bounded by the releases from

a postulated double-ended steam line break discussed in Section 15.1.5

of this SER. The analysis showed that the maximum pressure within the

reactor coo hnt system would occur for four pumps running and would be

approximately 2250 pounds per square inch absolute. We conclude that the

plant design is acceptable with regard to a possible rotor seizure or

shaft break in a reactor coolant pump. These results meet the requirements

of design basis accidents described in Section 15.0 of this SER and are,

therefore, acceptable.

The appi : ant has not analyzed shaft seizure assuming coincident loss of

offsite povier and coastdown of undamaged pumps. These assumptions would

result in an earlier reactor trip than if offsite power were available

resulting in a less severe power to flow mismatch; the consequences would,

therefore, be bounded by the analysis with offsite power.

5.4.4- Startup of Inactive Reactor Coolant Pumps

5.4.5 Startup of an inactive reactor coolant pump would cause an increase in

core flow and steam generator heat transfer. The decrease in core water



. =. _ _

.

-
.

,

:.

-17-

..

temperature would cause an increase in core power if the moderate

reactivity coefficient w:-e negative. The Midland Plants contain no loop

isolation valves which might trap cold water c ' water dilute in boron

relative to the core so that the effect of inactive pump startup would

be minimal. The pump control circuitry also contains an interlock to

prevent the starting of an inactive pump at power levels above 22%

of rated power.

The applicant has, however, analyzed the effect of starting two inactive pumps
-

using the CADD computer code. See section 15.0.2 for a discussion of the staff

review of computer codes. The fuel damage ar.d reactor pressure criteria in

Section 15.0 vould not be exceeded for this event and the staff concludes that

the plant design is acceptable in regard to transients that result in an increase
.

in coolant flow through the reactor core.

15.4.6 Core Reactivity _ Insertion Events *

Various chemical and volume control system malfunctions which could lead to an

unplanned b9ron dilution incident through the makeup system have been reviewed.

The applicant has analyzed postulated boron dilution transients starting from plant

conditions of startup, power operation, hot standby, cold shutdown, and refueling.

These events were evaluated by the CADD computer dode. See Section 15.0.2 for

a discussion of the NRC staff review of computer codes.

.

Tr.e applicant has presented analyses that the reactor is adequately protected pt power

operation from boron dilution events without operator action. The maxicum reactor-

.

system pressure would remain below 110% of design (2468 psia) and tne nininum DNBR

would remain above 2.3.

* LPM insert rod withdrawal discussion from CPB.
- -. _ - . . - _ _ . _ _ . - -. -_.-
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For a boron dilution event at startup the applicant .%s stated that the event

would be bounded by a control rod withdrawal transient. The maximum reactivity

I insertion for a boron dilution event is 1.19 x 10-5 delta K/K sec, where as a

withdrawal of single control rod bank was analyzed for reactivity insertion for

reactivity insertion rate of 1.42 x 10 4 We concur with the applicant that the

rod withdrawal event would be bounding.'

From the time an alarm makes the operator aware of unplanned moderator dilution,

the following minimum time intervals must be available before a complete loss of

shutdown margin occurs:
;

1. During refueling: 30 minutes

2. During startup, cold shutdown, hot standby, and power operation: 15 minutes
<

At shutdowr. and assuming that the most active control rod is stuck out of the

core (1% deltc K/K shutdown margin) the applicant has calculated the ' a minimum

of 16.7 minutes would be available to tFe operator to terminate the event before

criticality would be achieved. The unplanned dilution event would be made known

to the operator by indication and alarms for incorrect valve position, make up

tank, pressurizer level and high makeup flow. An alarm is also provided forj

dilution flow durations of greater than 14 minutes. These indications and alarms
j

i are discussed in Sections 7 snd 10.4 of this SER.
1

i

|
t, minimum shutdown margin of 5% will be required by the Technical Specifications

,

during refueling. The applicant has determined that even complete emptying of
,

the makeup tank (4400 gals) would be insufficient to product: criticality from
.

this condition.;

'

.

, - . - - . , , .- - . - . . - - ,- - . . - . . . - . , - , _ - - , . - - - - - - - - , - - . . . - -, . , _ - . . , - - - - . ,
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We conclude.that the plant design is acceptable with regard to boron dilution

incidents. ,

;

15.5.1 Increase in Reactor Coolant Inventory'

Events that can result in an increase of reactor coolant inventory with

moderate frequency are inadvertent operation of the. emergency core cooling system,

and chemical and volume control svstem malfunctions. On the Midland units, the

! emergency core cooling system high pressure injection pumps also severe as the

| unit chemical and volume control system makeup pumps. The applicant has evaluated

the effects of the emergency core cooling system being inadvertently actuated at

full power for both end of life and beginning of life conditions. The reactor

will trip on either high or low system pressure, depending on the time of life.

Opcrator action is not required in either case. The relief capacity of the

pressurizer safety valves is greater than the injection capability of all HPI

pumps. We have determined that the plant design is acceptable with regard to'

the criteria stated in section 15.0 of this SER for this class of moderate frequency

events.

15.6.1 Decrease in Coolant Inventory Event

Events which can result in a decrease of reactor coolant inventory with an expected

moderate frequency are an inadvertent opening of a pressurizer safety or relief

valve or a break of the letdown line. The stuck oper. safety valve transient

was analyzed using the calculations of a 0.04 square foot split break (to bound

the 0.0176 square foot area of one safety valve) in the reactor coolant system. The

analysis used the CRAFT 2 and RADAR computer codes. The CRAFT 2 code is part of

the B&W ECCS Evaluation Model which was approved by the NRC as discussad in Chaptar

6.3 of this SER. See Section 15.0.2 for d a ussion of the staff review of 1..ie

RADAR code. The input parameters were reviewed and found to be suitably conservative.

The core would remain covered for this event. The results showed that cladding integrity
i

, .- . ,

~

. , ,- .$. 5 ' ~ .' ~ - . - . _ . _ . , . ,
- ., . . _ , . . , . . - . , '|' ., :T,?~ ~ ' ~ ~ ~ ~ A , -,-

~

- .
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'was maintained since minimum departure from nucleate boiling ratio did not-

decrease below 1.30 (minimum calculated was 1.78) and that the maximum pressure

within the reactor coolant and main steam systems did not exceed 110 percent

of the design pressures. A break in the nonsafety grade letdown piping would

not result in a significant coolant loss since the system would be automatically

isolated by redundant isolation valves activated by high make up flow or a low

reactor pressure (ESFAS) signal. This event would be bounded by the postulated

stuck open safety valve. The consequt.nces of these events meet the acceptance

criteria for moderate frequency events in section 15.0 of this SER and are

therefore acceptable. The NRC evaluation for a spectrum of postulated LOCA

events is discussed in Sa tion 6.3 of this SER.

15.8 Anticipated Transients Without Scram

A number of plant transients can be affected by a failure of the scram system

to function. For a pressurized water reactor, the most important transients

affected include loss of normal feedwater, loss of electrical load, inadvertent

control rod withdrawal, and loss of normal electrical power. In September

1973, we issued WASH-1270, " Technical Report on Anticipated Transients Without

Scram for Water-Cooled Power Reactors," establishing acceptance criteria for

anticipated transients without scram. In conformance with the requirements

of Appendix A to WASH-1270 B&W submitted an evaluation in TOPICAL Report3

'

BAW-10099 " Babcock & Wilco.x Anticipated Transients Without Scram analysis.

| '

A reevaluation of the potential risks from anticipated transients without
~

scram (ATWS) has been published in n' REG-0460, Volumes 1 through 4. The statusJ
, ,,;

of NUREG-0460 is described below: ...

(1) In March 1980 the 4th Volume of NUREG-0460 was issued by the NRC staff.

(2) The NRC staff presented its recomendations en ATWS to the Comission, ^*

including recomendations for rulemaking, in September,1980.

(3) After deliberation, the Comission will act on the matter. Whether it will

agree to rulemaking is speculative at this time. If rulemaking

is initiated by the Comission, we would expect Not any rule adopted would

include an irolcan2peian rdsLfazA1_timsch
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fiidland would be required to provide plant modifications in conformance with ATWS

criteria and schedular requirements provided din the rule or as adopted by the Commission.

The following discussion presents the bases for operation of fiidland prior to the adoption
of a rule.

In NUREG-0460. Y0lume 3, we state: "TM staff has maintained since 1973 (for example

see pages 69 and 70 of WASH-1270) and reaffims today that the present likelihood

of severe consequences arising from an ATWS event is acceptably small and presently,

there is no u1due risk to the public from ATWS. This conclusion is based on engineering

judgement in view of : (a) the estimated arrival rate of anticipated transients wi*h

potentially severe consequences in the event of scram failure; (b) the favorable

operating experience with current scram systems; and (c) the limited number of

operating reactors." In view of these considerations and our expectation that the

necessary plant modifications will be implemented in one to four years following
.

a Commission decision on anticipated transients without scram, we have generally

concluded that pressurized water plants can continue to operate because the risk
.

from anticipated transient without scram events in this time p efod is

acceptably small. As a prudent course, in order to further reduce the risk from

anticipated transient without scram events during the interim period before

completing the plant modification determined by the Commission to be necessary, we
,,

'

have required that the following steps be taken:

(1) Develop emergency procedures to train operators to recognize anticipated transient

without scram event, including consideration of scram indicators, rod position

indicators, flux monitors, pressurizer level and pressure indicators, pressurizer

relief valve and safety indicators, and any other alarms annunciated in the

control room with emphasis on alams not processed through the electrical

portion of the reac;or scram system.

(2) Train operators to take actions in the event of an anticipated transient without

scram, including consideration of manually scraming the reactor by using the

manual scram button, prompt actuation of the auxiliary feedwater system to

assure delivery to the full capacity of this system, and initiation of turbine

trip. The operator should also be trained to initiate teration by actuation

. . . -
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:.
of the High Pressure Injection and Emergency Boration systems to bring the

facility to a safe shutdown condition.

He consider these procedural requirements an acceptable basis for interim operation

of the facility based on our understanding of the plant response to postulated

anticioated transients without scram events.

,

e

0

1 _
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i TABLE 15.0-1
>

CATEGORIES OF TRANSIENTS AND ACCIDENTS

.

!

) TRANSIENTS OF MODERATE FREQUENCY
i

i

Decrease in Feedwater Temperature 1

1 I

Increase in Feedwater Flow4

1

Steam Pressure Regulator Malfunction Resulting in Increasing Steam Flow

Inadvertent Opening os Steam Generator Atmospheric Dump or Safety Valve'

;

{ Steam Pressure Regulator Malfunction Resulting in Decreasing Steam Flow
!

!
Turbine Trip

;
,

| Loss of Electrical Load
;

| Inadvertent Closure of Main Steam Line Isolation Vlave

Loss of Condenser Vacuum
I

Loss of Nonemergency Alternating Current Power (Offsite) to the Station Auxiliaries
,

Loss of Normal Feedwater Flow

Uncontrolled Control Rod Group Withdrawal From Subcritical Condition:

Uncontrolled Control Rod Group Withdrawal at Power

,

Control Rod Assembly Drop

Startup of Inactive Reactor Coolant Pumps

!Chemical Addition System Malfunction

I Inadvertent Operation of ECCS During Power Operation

Inadvertent Opening of a Pressurizer Safety,or Relief Valve

Fuel Misloading

| Single Control Rod Assembly Withdrawal

Loss of Reactor Coolant Flow
.

-

|

.

4

. - _ . _ - _ _ _ _ _ - - . _ , _ _ _ . , . . . . , _ . . - . _ - - . . , . _ . _ . . _ , . . _ , _ _ _ , . _ . , _ . . . - . . . _ _ _ . _ _ , , _ _ _ . _ _ _ . . _ . , . _ . . . _ _ _ - . . . _ . . _
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TABLE 15.0-1 continued

DESIGrl BASIS ACCIDENTS

Steam Line Break

Feedwater Piping Break

Reactor Coolant Pump Shaft Seizure

Reactor Coolant Pump Shaft Break

Rod Ejection

Break In Instrument Line or Reactor Coolant System Line Penetrating Containment

Steam Generator Tube Rupture

Loss of Coolant Accident

|
| ..

'

. .
. .
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TABLE 15.0.2

' '

PROTECTIVE SYSTEM ACTUATION SIGNAL

(1) Auxiliary Feedwater Actuation (1) Low pressure in either steam

generator

(2) Low water level in either steam

generator

(3) Loss of three rer.ctor coolant pumps

. (4) Loss of both main feedwater pumps
*

(5) ECCS Actuation

(6) Loss of offsite power
(2) Main Steam Line and (1) ECCS Actuation

Main Feedwater Line Isolation (2) Low steam generator pressure

(3) Feed-Only-Good Generator (F0GG) Steam Generator Pressure Difference

with Auxiliary Feedwater

(4) Main Feedwater Overfill Protection High Steam Generator Level

(5) Auxiliary Feedwater Flow Control Programmed rate of Steam Generator

fill to prevent overcooling

i

~

,

i
! .

'

:
4

|
:
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Tatie 15.0-3.-
. *

., s
....

"
Trio Points and Tir.e Delays to Trio Assu .ed

in Accident and Transient Analysis _
*

.

Trip functior. Trip Point Assumed Time Delay (seconds)

Power Range High
.

tieutron Flux
(percentof2452MWt) 112 0.4

High Pressure, psia 2,443 0.7

1.ow Pressure, psia 1,800 0.7

Pressure / Temperature,
'

psia 11.22 T -4,868 Note 1
out

Reactor Coolant Pump

Monitor (see Table 7.2-1 0.62
FSAR)

.

High Reactor Coolant
-

%

Temperature, UF 620 6
,

1.5
Flux / Imbalance / Flow 1.11 -

(Note 2)
.

.
.

Note 1: Variable pressure .7 see

E eiable temperature 6.0 sec
~

,-
.

Note 2: Flux / flow trip set point based on loss of one reactor coolant pump ,

transient and MONSR criteria >1.30.
.

e

.

G
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