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ABSTRACT (Cont’'d)

Initiate the DHR system at 300F under tube
rupture conditions.

Trip the reactor if pressurlzer level cannot be
malntained above 200 inches with two HPI pumps om.

Raise the unaffected OTSC level to 95% before
raising the affected OISG level to 95 unless
incore temperatures are not decreasing and there
is no OISC heat transfer.

If RCPs are not tripped within two minutes of a
loss of S, malntaln 1 RCP in each loop rumning.
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Added detall to Table of woncenctcs reversead
the order of Sections 4.0 and 5.0.
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RCP NPSH requlrements and on spray flow for
various RCP pump combinations.

Section 2.1.3. Added recommandation for O0TSG
lsolatlon L{f lodine release rate exceeds

250 mRem/hr or whole body dose rates 50 mRem/hr,
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Section 2,1.6 and Figure 6. Revised
emergency NP3H limits to account for cal-
culated lnstrumen:c errors during LOCA
conditions.
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cussion on the experience zalned from the
June 1983 Lynchburz simulator sessiohs.

Section 2.1.9. Added recommendation to
allow DHR system inltiatlon at 300F laostead
of 275¢.

Section 2.1.10., Recommendaziou to trilp
reactor Lf 200 ifnch pressurizer level can=-
not be malantalned with two HPI pumps
running.

Section 2.2.2, Clarlfled guidaace on
isolation criterion with leaxs ln both
JISGs.

Sectlon 2.2,2. Addressed ralsing 0ISG
level to 95X without causing an overcoollnz.

Section 2.2.2. Dlscussed why EFV should not
be used to coatrol OTSG pressure in an
isolated OISC (changing previous recom=
mendation of Rev. 1l).
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feed and bleed cooling to include ADV and 1() - lz-} 3
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2 |3eztlonm 2.3. Discussed addltlonmal work KC'( g-12-82
which will be addressed ln a future
revislon to IDR 406.

2 Sectlom 4.2.2. Added note regarding actlons . F-12-y2
to be taken Lf RCPs are not tripped within ¢ <
2 mioutes of a loss of SOM.

2 Section 4.2.3. Added note regarding loss of ZCZ 8~12-¥3
SQM after RCPs are restarted.

2 Sectlon 4.2.6. Revised guldance on ralsing e
OISG levels to 95%, Zex P23

2 Section 4.2.7. Added lsolation criterion on Zti ¥-12-23
250 miem/hr,

2 Sectlon 4.2.11. Added criterloan for Core z_e_ i F=id =p3
Flood Tanks Isolactlon.

2 Sectlon 6.0. Added recommendatlons to Llsolate =
|CFTs uslng criterion provided and luitlation zcz e gl
of DHR system at 300F,

2 Section 2.2.1. Clarlfied that emerzency NPSH fc_'\} \T"L‘d'}
fcurves should be followed for both RC pump
trip and restarc.

2  [Sectioms 3.2.4 and 4.2.3., Start one RCP per 'ofCP {3
loop or both RCP's Lln the same loop.
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the steaming criterion Lln Sectlon 2.1.3. ZC i g1 270
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when to ilsolate OISG based on radlologlcal
conditions. p b
1 Adjed Sectlonm 2.1.3.1 to discuss control when /s/ 5/8/83
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1.0 INTRODUCTION AND BACKGROUND .

In November 1981, primary to secondary side leaks were discovered in the tubes
of both of the TMI~1 Once Through Steam Generators (OTSG). There are 15,531
tubes in each OTSG. The plant design basis for a steam generator tube Tupture
(SGTR) accident is the double ended offset severence of a single tube. Since
extensive circumferential cracking was discovered in approximately 1200 of the
31,000 tubes, it became clear that a revised set of procedures for dealing with
both single and multiple SGTRs should be developed.

This report describes a program which has been formulated to improve existing
procedures and operator training by providing improved operator guidelines for
dealing with tube leakage and tube rupture events. The guidelines development
program will be described in detail, and the major revisions to the existing
procedures which have been identified as part of the program will be

discussed. The proposed guidelines will then be presented in terms of their
overall scope, with a step by step discussion of required operator actions. The
analytical evaluations which are the basis for the recommendations, consist of
a series of simulations which are ongoing and will be documented in detail in &
subsequent report. The guidelines in this TDR were tested at the B&W simulator
training cycle beginning in January, 1983. The results of this training
experience are discussed. Finally, the overall conclusions and ma jor
recommendations of the guidelines development program are documented.

+ Rev. 1
* Rev., 2
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2.0

2.1

2.1.1

TDR 406
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TECE FUNCTIONS SGTR GUIDELINES DEVELOPMENT PROGRAM
S ————————————————————————————————

Figure 1 shows the execution of the steam generater " ' rupture
guideline development program. The plan has three main paths: Path
1 is the developuwent of design basis tube rupture guidelines. Path 2
ir the development of multiple tube rupture guidelines; and, Path 3,
is a benchmark effort to compare the RETRAN and RELAP § computer
codes. This last effort also includes an evaluation of the B&W ATOC
analysis of a single tube rupture using MINITRAP. The purpose of
this TDR is to explain paths 1 & 2. The benchmarking and comparison
efforts are discussed in a separate TDR describing all of the tube
rupture analysis work. Nonme of the computer analysis of Path 3 has
been used to justify the recommendations of this report. The
analyses were an aid in conceptualizing the physical processes during
a tube rupture.

Basis Guidelines (Path 1

The major activities involved in dovcfopin; this part of the
guideline were to:

1.  Search existing industry events and procedures for lessons to be
learned about handling tube ruptures.

2. _Define allowable steam generator stresses during cooldown
(either as cooldown rate or as tube/shell delta T).

3. Determine when OTSG's should be isolated and when they should be
steamed.

4. Revise the minimum allowable subcooling margin.
5. Waive fuel in compression limits.

6. Develop emergency RCP NPSH limits.

7. Redefine entry point conditioms.

8. Factor in experience from use of the guidelines on the B&W
simulator.

Each of these items are discussed in detail in the following sections.
ra Search

Several tube rupture leaks have occurred at various operating

reactors within the last four years. The experience gained from

these events has offered us an opportunity to improve tube rupture
guidelines. The major lessons learned from these events have been
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summarized in various documents from the NRC, INPO, and plant
procedures and included in the B&W ATOG tube rupture guidelines
(References 1-10). The lessons include the following:

1. Subcooling margin should be minimized to minimize primary to
secondary leakage. Subcooling is maintained by keeping the RCS
temperature below the saturation temperature with OTSG cooling.
Since the OTSC is in a saturated condition, it is always lower
in pressure than the RCS if subcooling is maintained.
Therefore, keeping subcooling margin at or near its minimum
acceptable value reduces leakage.

In order to maintain the minimum subcooling margin, several
plant limits have to be violated: fuel pin~in-compression
limits and RCP NPSH limits. The former is acceptable to violate
during emergency conditions, while the latter has been
reevaluated to determine acceptable emergency operation of the

pump.

2. RCP's should be maintained running for several reasoms. Pump )
trip on loss of subcooling margin allows the operator to '
maintain forced flow for a leak size of up to several tubes
vhile 1600 psig ESAS is much more restrictive. Forced RC flow
provides several benefits during a tube rupture. First, they
assure that steam voids do not form in the hot leg U bends or

" upper vessel head. Steam voids in these locations can interrupt
natural circulation or prevent RCS depressurization. Second,
RCP operation results in a lower primary to secondary
differential pressure for a given subcooling margin (since core
delta T is smaller with the RCP's running). Finally, with RCP's
running, pressurizer spray is available and RCS pressure control
is not dependent on the PORV or pressurizer vent.

Main feedwater can be used if RCP's are running; with pumps off,
emergency feedwater must be used, which is less effective in
cooling the OTSC shell, thereby increasing tube to shell delta
T. (i.e., tube tensile loads).

3.  RCS pressure should be maintained low enough to prevent
secondary side safety valves from lifting. HPI flow was not
throttled sufficiently in the Ginna event of January 25, 1982
and the steam generator filled with water. Since the RCS
pressure was above the SC safety valve setpoint, the safeties
opened resulting in an atmospheric release of radiocactivity.
Moreover, the safeties were forced to pass liquid, which might
cause the open failure of the valves.

4. RCS Degassing

RCP NPSH limits at Ginna required shutting down of the reactor
coolant pumps at low pressures. Shutting the pumps allowed
noncondensible gases to collect in the top of the steam

+ Rev. 1
* Rev. 2
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generator tube U bends. These trapped gases prevented RCS -
depressurization for many hours. An analogous situation might
eccur at the hot leg U bends. The TMI-1 design has always had
capability of venting noncondensable gases from the U bends,
however, which can be used if RCP's are not available.

5. BWST Inventory

The Oconee tube leak of September 18, 1981 resulted in a
sustained (17 hour) leakage from the RCS to the OTSG's. This

leakage caused the generator to fill. In order to prevent steam

line filling, the operators at Oconee transferred water out of
the OTSCG's. In effect there was a once through cooling path
from the BWST through the core and out of the OTSG's. This
experience illustrated the need to assure adequate BWST

Inventory for core cooling. Second, it highlighted the need to

store radioactive water in the plant during a prolonged RCS
cooldown.

6. Shell=to~Tube Delta T

A tube leak at Rancho Seco in May 1981 yielded evidence of the

importance of controlling OTSG tube/shell delta T. The existing

limits and precautions at TMI-1 is 100F°. However, before
tube/shell delta T exceeded 100F°*, the leaking tube was placed
under tensile stress and the tube was pulled into a

circumferential tear. Maintaining tube/shell delta T limits are

important during tube rupture and are discussed in more detail
below.

Limiting OTSG Tube Stresses

Steam generator tube stresses are generated as a result of tensile
loads placed on the tubes. These tensile loads come from twe load
components. The first is the temperature differential between the
tube and steam generator shell. As the RCS temperature decreases,
tube temperature decreases. At some point the difference in
temperature between the colder tubes and warmer shell is sufficient
to result in tensile stresses that pull apart a leaking tube. This
topic has been the subject of extensive analyses within GPUN in
conjunction with B&W, EPRI, and MPR and the subject of a separate
report (see Ref. 15).

The second load component is from OTSG pressure loading on the
tubesheet which causes elongation of the shell. Isolation of the
OTSC causes the tube/shell difference to increase while adding a
tensile load on the tubes by elongating the shell via pressure
loading. Structurally there are compensating effects involved in
mitigating these two load contributors. Rapid depressurization
eliminates the pressure induced stress but aggravates the delta T
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induced stresses. The optlmum OTSG cooldown/depressurization rate
bas not been determined. However, it is known that isolating the
OTSG at 1000 psig is mot the best means of Teducing stress. ‘
Cooliown/depressurization is the preferred method.

There are cthree limits for tube/shell delta T that presently apply to
DMI-l. Plant "Lialts and Precautions” [Ref. 22) limit delta T to
60F° during heatup and to 100F* during cooldown with onme JTSG
isolated. This value of 100F° assumed that tubes hai no more than
40% through-wall cracks. In reference 23, 34W established 1427° for
a8 cooldown using both OT3G. The 707° value in this TOR is proposed
a5 a gulde in determinling an acceptable cooldown rate. If delta T
can be maintalned at or below 70F°, the operator has optimized the
plant cooldown rate. The 70F°* limit more conservatively assumes that
tubes in the OISG are leaking below a detectable limit. A 707° value
limics propagation of these cracks.

Control of shell to tube delta T i{s accomplished In several ways.
First by cooling the OISG liquid {steaming) to allow the metal shell
to cool. Second, by providing cool, maln feedwater into the
downcomer. If nelther of these methods works, the RCS cooldown must
be decreased until the OTSG shell cools sufflciencly. If reducing
the cooldown doesn't work, then the cooldown mus: be termlnated.

$:.a.£g.. Isolation and ?11115‘ of the Leaking OT3G

Isolation of the leaking OISG can result Ln the overfilling of that
generator. It ls preferable to prevent overfilling, however, to
allow plant cooldown in an expeditious manner. If the OTSG £ills, it
becomes a large pressurizer (as evidenced by the Glnna even:). The
time it tcok to cool down this mass of hot water greatly extended che
cooldown of the plant. Steaming also malntains some natural
circulation flow in the hot .leg. Ihis flow cools the hot leg U pend
and decreases the chances of steam vold formatlon.

As discussed in Sectiom 2.1.2, steamlng and depressurization of the
OTSS also reduces OTSG tube stresses. However, depressurizatlon of
the OTSC also increases leakage rate. As discussed in Sectlion 2.2.2,
the OISG pressure should be below RC3 pressure to promote flow
through the hot lez. The optimum OT3G control results (o

1) depressurizatlion of the OISG without causing large delta T's;

2) mioimum RCS leakage; 3) promotion of natural circulation flow inm
the hot leg; and 4) positive leakage from the ARCS lnto the JOI36 to
assure hot leg cooling in the absence of natural circulation. The
optimum pressure coantrol scheme to meet this criteria has not been
datermined analytically.
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Meeting all four of these criteria will probdbly result in a nearly
continuous steaming of the affected OTSG. Moreover, intermittent
steaming of the OTSG's will result in release of all the noble gases
transported into the OTSG from the RCS. Therefore, the TDR
recommends continucus steaming of the OTSG's. The advantages of
continucusly steaming the affected OTSG's are:

1. All of the above OTSG control conditions are met.
2. The operator follows his normal cooldown procedures.
3. Plant response is symmetric.

4, Cooldown at low pressure/temperature can be accomplished more
quickly, allowing DH system operation soomer.

Continuous steaming should result in a more rapid cooldown than
intermittent steaming because of tube/shell delta T limitatioms.
Cooldown at 100 F/hr using the unaffected OTSGC will result in a 70 F
delta T limit in 1-2 hours. From this time on, the OTSG would have
to be steamed. Similarly, the OTSC would have to be steamed to
maintain natural circulation.

Although it is highly desirable to prevent steam line filling, there
are certain circumstances which dictate that the OTSG should be
filled. The Engineering Mechanics Section of GPUNC has established
the capability of the steam lines to sustain the water hammer and
dead load effects of flooding the steam lines (Ref 11). This
analysis shows that the loading is acceptable without pinning (except
for the dead load effects during a design basis earthquake). Since
this combination of events is extremely remote, the procedures have
been modified to allow filling of the OTSG.

The guidelines have the operator fill the OTSG's only under two
circumstances. The first condition is that BWST level decreases
below 21 ft. At this level, there is still sufficient inventory to
flood both steam lines and put about 30,000 gallons of water into the
containment building (Ref 12). This amount of water is sufficient to
provide adequate NPSH in an LPI to HPI “piggyback" mode of core
injection from the reactor building sump (Ref. 13).

A second reason to fill the OTSC is for radiological considerationms.
The OTSC should be isolated if offsite doses are approaching levels
vhich would require declaration of a Site emergency. It should be
noted that a Site Emergency may already have been declared based on
OTSG leakage rate. Nevertheless, this level provides a rationale for
deciding that release rates are high enough to warrant OTSG isolation.
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Consideration was givea to defining lsolation conditlons based on RIS
activity levels, meteorology and steam line radlation levels. RCS
activity leveli cannot be correlated to offsite releases, since
offsite dose will be affected by the location of the tube leak in the
OI3G, avallabillty of the condenser and plateout and dacontamination
factors. It is also undesirable to lsolate the JT35 basad on
assumed, meteorological conditions. The most desirable approaca is
to lsolate based on actual releases occurring during the event.

The existing site emergency limits are 50 mRem/hr whole body and

250 mRen/hr thyrold dose measure or projected at the slte boundary
(Ref. 33). Section 2.1.9 discusses the length of time required to
cool the plant down to DHR system conditlioas. This leagth of time
defines the integrated does allowed by the guldelines [i.e. release
rate for the specified period of time).

Sodedsd Steaming, Isolation and Fllling with Both OTSG's Leaking

* 4444+ 44
- »

2.1.4

Isclation and steaming of the OT3G's must be addressed for leaks in
both OISG's. Once RCS temparature is below 540 F, a zhoice has to be
made regarding OTSG isolation. Both 0T53's should be steamed unless
either the BWSI level or offsite release criterla is reaczhed, If
both OISG's are steamed, then all steam loads from both ITS5's should
be lsolated exczept for the TBV's/ADV's. All other steaming,
lsolation and filling criteria should be followed.

If the BWST level reaches 21 feet, then both O0I35s must be lsolated.
If the dose criteria is reached, ome JTSG should be lsolazed and the
doses reevaluated., If the dose criterla still cannot be met, thea
the second OISC should be isolated.

Minimum Allowable Subcoollnl Margin

A primary goal during a tube rupture ls to minimize offsite dose.
Minimlzlag lesakage from the RCS is the first line of defense.

Leakage from the primary to secoandary ls determlned by the size of
the leak, and by the differential pressure between the RCS and 0T3G.
Primary to secondary differential pressure is controlled by fixing
the degree of RCS subcooling. Once secondary pressure is fixed, cold
leg temperature is determined. For any time, decay heat ls fixed.
RCS flow /which is determined by OTSC level or RCP cperabllity) then
determines hot leg temperature. Reactor coolant pressure or HPI flow
then flxes the degree of subcooling. 3Since the operator controls
OT5S and RCS pressure and HPI flow, he is ino coantrol of the
subcooling margin, hence primary to secondary delta P, Fflgure 2,
illustrates the effect of subzooling marglin on primary to secondary
leaxkage.

Plgure 3 illustrates the relative effects of a zooldown with RCP's
of f using 507" and 257° subcooling. Even at the maximum cooldown of
100F*/nr, the intezrated leakage differs by a faztor of two.

+ Rev, 1
& Rev, 2




iva «uo
Rev. 2
Fage 20 of

2.3.3 walve Fuel (n Compression Liamits

Fuel plo-in-compresslon limits are ceccizlct to assure that fuel pins
are alwvays io compression above 4257° in order to prevent decrimental
orientation (l.e., radial orientation of hyirides) (Ref. 14). These
liaics require a high subcooling margin for RCS pressuces ranging
from 1350 psl to 550 psi. In correspondence dated January 20, 1983,
(Ref. 14) 344 confirmed that violation of these limits during tube
Fupture events is acceptable. When these limits are violated It s
important that the pressure and temperature versus time be rezorded
80 the effects on cladding can be evaluated. The evaluation must
determine whether clad balloonlng or imclpient cracking has been
induced.

2.1.6 Reactor Coolant Pump NPSH Limits

RSP NPSH requirements place limitations on the minimum subcooling
margin. At low RCS pressures RC pump NPSH limits approacn 1007° of
subcooling. However, general centrifugal pump test data have shown
that NPSE requirements are substantially reduced at water tempera-
tures above 250F°. A review of TMI-l test data om the subject
reactor coolant pumps Lndicates a single loop flow of 98,500 gpm with
two loops in operation with one pump per loop. The pumps’' manu-
facturer (Westinghouse) has provided requlred NP3H at various pump
suctlon temperatures [Reference 25) for the flow assoclated with two
pump operation. The NPSHE avallable, as indicated by the saturation
margin monltor in the hot leg, is then calculated by consldering the
total pressure drop from the hot leg to the pump's suctlon [Reference
26). The resulcting NP3E requiremeats for 2 pump operation /one per
loop) are shown in Table 1 and Plgure 6. Also shown is tha 4 pump
operation NPSH curve which has considered the changed flow
distribution in the coolant loops. In additlom, the normal NP3E
curve and the 25F° subcooling curve are shown for comparison purposes.
RCP operation below 300 psiz Lls no: permitted. Thls assures adequate
pressure differential across the No. 1 pump seal (Ref. 32).

L O S I R R R T S S S

The emergency NPSH llaits are intended for operation of RCP's durling
abnormal and emergency conditions such as small “reak LOCA, 55 tube
fupture, statlion blackout and secondary side upsat events. Pump
limics and precautlions must be adhered to while following the
emergency NPSH limits (e.3., the pump should be “ripped on high
vibracion).

=% »4 4

2.1.7 Procedure Entry Point Condition

The use of an emergency tube rupture prozedure should be limited co
situations vhere normal limits [e.g. fuel pin-ln-compresslion sad RSP
NPSH) are being waived. The guidelines' entry point conditlen ls
chosen as 50 gpm. A leak rate of this magnitude would be axpected
from the complete separation of one tube (as opposed to 335 gpm for a
double-ended offset of one tube). Less likely, [but more serious)

1&
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would be leakage of this exteat from a number of tubes. Bo:ch ‘
situations warrant entering the emerzency procedure. Below this
limit, plant cooldown should be achieved within normal lim{:s unless |
addiclonal equipment fallures occur. |
|

\

|

|

2.1.8 * Simulator Experience

& Stean generator tube rupture procedures were exer:zised durlng the

b Jaguary and June 1983 simulator sessions. The experience galned froa

* these two sesslions has been factored Into this TDR. The principal

* lessons learned were that:

b 1. Controlling plant cooldown rate with 2 or 3 HPI pumps ruaning

b ls very difflculit at best. Ralsing 0T3G level to 951 during

b this plant condicion may not be possible.

. 2. Prioritlzatlon of plant zonirol parameters was not obvious

L) to the operator In certaln situations. [he two situations

* which were encountered were:

. a. Minlalzlng subcooling margin has prlority over mini~-

. mlzing the cooldown time, and;

. b. Steaming to control OTSC level ls less important

* . than RCS cooldown rate.

" 3. Plant response after RCPs are restarted was unexpected to the

* operation. Second pump restarts may be required before sup~-
R . ~ cooling marzin scays above 25F°,

* 4, Criteria for isolating core flood Lls required. Core flood

* tanks should be isolated in a subcooled system before they

. initlate.

. 5. Addiclonal guidance ls required Lf the RCPs are not tripped

within two minutes of a loss of subcoollng margin.
* These ltems are discussed (o more detall in Sectlion 4.0.

2.1.9 * Emergen:zy Limits for Decay Heat System Inltiatlion

Plant experlence indicates that a large portion of time during
cooldown occurs below the temperature of 3507. Simple analyses,
assuming only ome ADV for a loss of offsite power, using

the CSMP computer code [Ref 31) Lndicate that the RC3 can be cooled
down below 300F in less than 4 hours, and cooldown to 2757 can be
accomplished In about tem hours. 275F ls the normal DHRS initlatlon
temperature. GPUNC has evaluated the capabllity of the DHR system to
operate at a temperature of 300F [Ref 3.) and concluded that it Ls
within che design capabllities of the systex., Therefore we recommend
that the tube rupture procedure allow initlation of the DHR s/scen
at 300F iostead of 2757,

2.1.10 * Reactor Irip on Low Pressurizer Level

LR R R B IR R

. Preventing a loss of subcooling margin has many advnntasal ia

. contolling the plant. Before the spring of 1983, E? 1202-5 required

. the plant to be cripped Lf level could not be maintalned above 100
+ dev, 1
* Rev, 2
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loches with two HPI pumps runalng. This may not be a sufficieat
level to prevent volding of the pressurizer after a reactor trip.
Emptying of the pressurlzer causes a loss of subcoollng margin and
the subsequent tripping of the RC pumps. In order to preveat this
situaclon, the reactor should be tripped Lf level cannot be
maintained above 150 lnches or higher. This is sufficient volume
(about 600 cublic feet) to prevent pressurizer volding.

LR R TR N

There is a disadvantage to this recommendatlon since the safety
valves will 1ift after the reactor trips. BHowever, thls situatior ls
considered acceptable when weighed against the plant control
advantages of having RCP's runaing. Also, oanly a certain wiadow

of break sizes will result In reaching 150 inches and mot 100

inches with full HPI flow. Outside of this window, boch levels would
be reached.

Development of Multiple Tube Rupture Procedure
!E!!‘!E“' :!a:h ZE

Toe treatment of multiple tube ruptures relied on several sourzes of
informacion. The Ginna tube leak exceeded the single tube flow for a
B&W plant and also resulted In a loss of subcooling. Therefore, thnat
event legltimately represented a multiple tube rupture. Ihe Jzonee
tube leak with a delay In getting onto decay heat removal, prompted
analysls of water laventories required to assure a source of water
for HPI cooling.

LR R BN 3N B 3 3
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Besides plant operating experieace, this TDR lnvestigacted the
following aspects of multiple tube ruptures:

l. Revislon of the RCP trip and restart criteria.

2, OTSG steaming and level coatrol.

3. Establishment of criteria for golng oo feed and bleed coolling.

4, Cooldown/depressurlzacion.

2.2.1 Revision of RCP Irip and Restart Criterla

Based on lnitial small break LOCA analyses received from PWR veandors
in 1979, NRC concluded in NURZG 0623 that delayed trip of reactor
coolant pumps during a small break LOCA can lead to predicted fuel
cladding temperatures in excess of current licensing limits. At che
time of RC pump trip the liquid that was previously dispersed arouad
the primary system through pumping actlioa now collapsed down to low
points of the primary system such as the bottoa of the vessel and
steam generacors. This separation results (n signlficant uncovery of
the reactor core Lf system volding Is hign enouzh, due to an
insufficient amount of liquid being avallable to provide accepcable
sore cooling. Unacceptable consequences would result from delayed
reactor coglan: puap trip only for a range of small breaks LOCA {,025
to 0,25 ft“) and a range of trip dela; times after accldent
iniciation. Based on these findings, a meeting of utillty vendors
and owners was held with NRC In September 1979, At this meeting it
vas agreed that the 1600 psig ESAS signal provided timely Control

Room indicatlon for manual action to preveat possible voldling
scenarios.
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GPU had B&W reevaluate these LOCA scenarios assuzing RACP's were
tripped on loss of subcooling margin. Tne conclusion of that L
reanalysis was that loss of subcooling was an acceptable alternative
to pump trip on 1600 psig ESAS. 1In March 1983, tha NRC 3taff
required JUtilicies to reevaluate their pump triy schemes (Ref, 17).
GPUNC provided an evaluation of the pump trip criterion and a
schedule for implementling thils criteriom by May 1, 1983.

* The advantage of maintainlng RCP's is that durling Steam Generator
Tube Ruptures in whizh minimun subcooling margin ls maintalned,
continuous RC pump operation assures expeditious cooldown with a
minimum primary to secondary differeantlal pressure. This change in
criteria for RCP trip wil) allow RCP's to be cparated for a grea:cer
spectrum of tube ruptures (inmcluding ruptures beyond the design
basls) and to reduce the offsite doses for those eveats. Reducing
the allowable subc:oling margino is not intended to reduce ACP
ejuipment protection. RCP's should be tripped if eamergency N?SE
requireaents are not met, and should not be started uatil NPSH
raquiremeuts are re-established. If applicable NPSE pump vibration
linlts are exceeded, then the RCP's should be tripped. Pumps should
be rescartad as indicated in the TMI~-l Small Break LOCA

Procedure (EP 1202-08, Attachment 1). As noted in Sectlon 2.3,
bumping criterion requires additiocnal clarificaclon.

LR A R O N

Figure 3 illustrates the reduced leakags possible with RCP's on.
Similarily, restart of RCP's has a great advantage. During tube
Fuptures, primary to secondary differeantial pressure decreases
Tapidly since OTSG pressure ls high. Leakaze flow is exceeded by H?I
flow and subcooling marzln should normally be restored within 2060
minutss after larger tube ruptures. Restarting RCP's provides
pressurizer spray, and preveats vold formation in the hot legs U
bends and reactor vessel head.

Se8sd OISC Stnlllgi and Level Control

* The guidelines for OISG steaming are nearly the same when either one
* or both OISGs are affected. Tne OT3G pressure should be controlled
to prevent lifting of safety valves (i.e. stay below 1000 psig).
Level should be malntained below 951 on the operate range. Thers are
saveral other lssues to be considered for multiple tube ruptures,
however., First, large tube ruptures may result in RCP trip. The
OISG's should be steamed to malntain natural cirsulatlon Lo the
affected loop. Natural circulation flow will minimize the

chances of drawing a bubble in the hot leg U bead. Continuous
steaming of the OTSG allows all of these considerations to be
accommodated.

++ 4

It is important to recogaize that a large tube rupture with loss of
subcooling is a LOCA condition. Therefore, It ls required to ralse
OTSG level to 952 to assure that liquid level in the tube reglon is

+ Rev, 1
* Rev., 2
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high enough to allow water to flow into the core during boller
condenser cooling. If level ls not raised to 954, then £7f4 flow must
be at a high enough flow rate to pemetrate the tube bundle .
sufflclently to provide adequate heat traansfer. A flow rate

of 450 gpm total (225 gpm/JT55) has been verifled as acceptable

by BaW (Ref 29). -This flow is the minlmus avallable after a selsmlc
event and worst case single fallure, colncldent with a small break
LOCA in which boller condenser cooling ls required. It is ilmportan:
to recognlze that with two #PI's available, boller condenser coollng
Ls not required. Procedures should therefore allow the operator to
ralse OTSC level to 351 tempered with the need to coatrol the RCS
cooldown rate. Ouring tube rupture eveats with both HPI pumps
available, , the unaffected OISG level should be ralsed first wnlle
the affected OISG level should be prevented from boiling dry
«salotaln a minimum level of 30"). The operator can zonmtrol

1l OTSG Lnstead of trying to ralse level Lln both OT3G's
slmultaneously. For the case with only one HPI pump, Lf Llocore
temperatures are not decreasing and the O0I3C ls not removing ACS
heat, then there will not be a coolldown rate zoantrol conslderation;
moreovar, the plant may be in a condition that requires boller
condenser coolling. Therefore, OTSC levels aust be raised to the 952
level slaultaneously in this sltuatlon [Ref. 30).

Section 2.1.3.1 discusses steanm 3.:5:&:0: isolation, steaming and
Eilling critarla wben both OT33's are leaking. This discussion also
applies when the RCS subcooling marglo has been lost.

Céik.:x. for Feed and Bleed Coollg‘

Analyses of multiple tube ruptures Indlcate that existing plant
procedures for establishing feed and bleed cooling are correct. ~Ffeed
and bleed cooling should oe Llnitlaced when the OTSG heat sink Ls not
available. 1If both steam generators are lsolated during a tube
rupture, the PORV should be opened with full HPL turned on. An
addicional compllication for tube ruptures, however, (s the poteatlal
to flood the OI3G's and force open the safety valves under this
condition. If RIS pressure Ls below 1000 psig, the PORV is capable
of removing decay heat, even with liquid relief within two hours of
reactor trlp assuming that there ls no energy relief out of the
ruptured tube (see Flgure 4). Therefore, the operator can control
RCS pressure by throttling HPL. Moreover, with ACS pressure below
1000 psig the OTSG safety valves will not 1lif:.

If RCS pressure stays above 1000 psiz, however, the operator must
take actlon to prevent safety valve 1ifts. A situation with ACS
pressure above 1000 psiz and nelther OIS5 avallable requlres the
opening of the TBV or ADV's to control OISG pressure below 1000 psiz
and level below the upper tube sheet. Zither the AV or 8V have
sufflcient steam capaclity at high OT3G pressure to remove decay
heat. The I3V's also have sufficleat capaciiy to prevent OI3G
flooding. Eowever, Lf the leak rate Ls large enough, the steaming
rate required to control level ln the O0TI56 may result in an
unacceptable RCS cooldown rate. In this case, cooldown rate must be
controlled and cthe OTS5C allowed to flood. As discussed In Section
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4.2.2.1, this sltuation does not seem likely ‘at laast at high
dacay heat levels). As decaj heat decreases, steaming can be
terminated when RCS pressure goes below 1000 psiz and Ls comtrolled
by the PORV and HPI.

The steaming capacity of an ADV at 1000 psiz exzeeds decay heat
levals within several minutes after reactor trip., HPI capacity
exceeds the capacity of one ADV. Therefore, the RCS pressure caa be
controlled at 1000 psiz in this mode without lifting safety valves.
Subcooling margin can be regained and the plant coolad down uatll an
OTSG beat sink cau be restored or until the plant can be put on dezay
heat removal.

Unctil OT3C level 1s above the upper tube sheet, pressure ln the JISG
will remaln below 1000 psig, since the RCS temperature is below
540F°. With lavel less than 600 inches, however, the operator stlll
WUSC steam to keep pressure below 1000 psiz; ctherefore he should not
have to steam to control level on the affested O3G. Whea level does
above 600 inches, pressure in the JTSG Lls determined by the steam
pressure in the steam line. If the lines are leak tizht, thea
compression of the steam bubble can cause a pressure increase above
1000 psig. 1In this case, the operator would steam the OTSC to reduce
pressure. However, LI there are steam leaks in the system [e.3.,
through steam traps.) then the lines could flll with vater before
OISG pressure increased. Therefore to prevent this situstlon the
OTSG's must be steamed to preclude this possibllity,

-
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Analyses of multiple tube ruptures demonstrated that subcooling
marglio should be regained Iln 20~60 mioutes [see 7igure 5). RCP's czan
be started and a forced flow cooldown instituted, Even Lf RCP's are
not avallable, the cooldowa during a multiple tube rupture can be
azccaplished withlo the single tube rupture guidalines. I1f equipmeat
fallures prevent a normal satural circulation cooldown, then the
plant would be cooled down with feed and bleed cooling. This
maneuver would probably require Initiaclon of feed and bleed coolling
in the HPI/LPI "piggyback” mode. Exlisting plant procedures give
correct guldance about when to lnltlate this mode (B43T level below 3
'to)o

Guidance from BiW on PTS/Bricttle Tracture limits "equires a "soak
time”™ to allow the vessel wall to reach the RCS temperature.
However, B&W has also recommended that the “"soak time” Ls not
required durlng tube rupture events im which a rapld cooldown is
necessary (Reference 24),

Steam releasres during multlple tube rupture events can be minimized
by judiclous use of the EFW, HPI and T8V's., Full HPI flow, in
conjuncrion with throctled EFV flow allows a 1007'/hr cocldown

without having to steam elther OISG.
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- & Additional Work Requirements

Analyses

As noted in Sectlon 1.0, there is a program of ongoing computer
analysis work simulating single and multiple steam zenerator tube
ruptures. The effort Llncludes the plant states listed in Sectlions
3.1.1 and 3.1.2. Tnis llst does not reflect two specfic detalled
analysls elforts which are being undertaken as part of the tube
rupture quantitative developament effort, The first asalysis Lls a
simulacion of the vessel head region durlug matural circulazlon
cooldown. This analysis effort will help In evaluaring the effect of
4 vessal head bubble on the RC pressure response. It will also aid
in evaluating the beneflt of the reactor vessel haad vent.

"~
w
-
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The second analysls effort is Leing perforred ln conjunction with
Babcock and Wilcox Company. Detailed analy.as are beiag performed to
provide improved guldellnes for OTSG filling after a loss of
subcooling margin, with one, two and chree HPI pumps available. The
intent of the analyses Ls to assure tha: the OTS5's are filled
without violating cooldown or tube to shell differentlal temperature
limits, while stlill meetlng core coolcbllits requirements, This
effort was considered after the January 13983 siaulator tralaning
session and further defined after the June 1983 siaulator sesslon.

LR B O O

2.3.2 * 1lssue Resolution

. A-;uli.t of Lessues were ldeutifled whizh require further effurt

* to resolve. These are che following ltems:

* A. Operator guldance for ldentifylng two phase natural cirs~

. ulation cooling [boller-condenser).

. B. Acceptability of excessive cooldown rates for ver,; short time
. lotervals.

. C. Importance and technical basis of Fuel-in-Compression lliamits.
A D. Viability of DHR system lnltlatlon at temperatures above

. 300°¢,

. E. Identificatlon of pump vibraction limits for varlous pump

* combinations.

. F. Determine viablillty of ATIG RCP "Pump Buap” criteclion.

. The bumping criterion would allow running puaps without

. adequate subcooling or NPSH margln as long as a steam generator
. hes: sink is avallable, Determine whether the AIOJ criterion
. anticipatas that NPSH will be reestablished since the heat

. siak L{s avallable. The exlsting bumping criterloe ln TMI~-l

L] emergency does not require that a heat sink be establisbed

. and would allow continuous RCP opecation ln violatlon of NPSH
. limics,

+ Rev,
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DISCUSSION OF MAJOR REVISIONS TO EXISTING PROCEDURES

The development of the design basis guidelines discussed in Section
2.1 identified ¢ number of areas which were investigated to determine
vhere specific changes should be incorporated into the new
guidelines. This section further explains what areas of the
guidelines should be revised. .

Basic Plant Srate

Assumed Plant Conditions

The following assumptions apply to the development of guidelines as
they apply single tube leak/ruptures.

1. Subcooling margin (SCM) is maintsined.
2. Only one OTSG is affected.

3. Condenser is available.

&, Reactor Coolant Pumps (RCP's) remair on.

5. Decay heat is removed by the intact OTSG until the Decay Heat i,
__ Removal (DH) system can take over. i

6. The affected OTSC can be steamed to maintain less than 952 level
(Operating Range) and less than 1000 psig.

In addition the revised guidelines will have provisions to deal with
the following circumstances: j

RCP's not available.
2. Condenser not available.
3. High radiation releases offsite.

4. Tube leaks in both OTSG's (but one OTSC remains capable of
removing decay heat).

5. Steam lines associated with leaking OTSC flood.

The consideration of items 1 and 2 are equivalent to an assumption of :
loss of offsite power. L §

Tube Rupture Guidelines For Loss of Subcooling

Tube leaks in this category generally go beyond the licensing basis,
or are othervise remerkeble due to plant conditions (aside from the
tube leak) or equipment malfunction.




3.1.3

( TDR 406
Rev. 2

Page g of 7;

The following conditions were assumed in developing guidelines for
this category of tube rupture event.

s More than one tube leak.
p SCM is lost.
3. RCP's are unavailable.

4. Pilot-operated relief valve (PORV) and Reactor Coolant System
(RCS) high point vents are available.

5. Unaffected OTSG can be steamed.

gggtin‘cncigo

The revised guideline will have provisions to deal with the following
additional circumstences:

; I8 Both OTSG's are affected.

2. Both OTSG's affected, but one OTSC remains capable of RCS heat
removal and either a) the PORV is unavailable or b) RCS pressure
stays above the main steam safety valve setpoint due to void
formation in the RCS.

3. Neither OTSC is capable of removing deczy heat, and either a)
the PORV is available, or b) the PORV is unavailable.

Revised Equipment Limits &

During the course of the analyses leading to the guidelines provided
in Section 4.0. It became apparent that certain mormal equipment
lizits and operating practices should be adjusted to effectively deal
with a tube leak/rupture. These changes will help accomplish the
following:

1. Mitigate or prevent further OTSC damage.

2. Maximize the cooldown rate to cold shutdown.

3. Minimize SCM (thus minimizing primary to secondary leakage).

4. Maximize RCS pressure control optionms.

An Event Tree showing the various possible developments of an OTSG
tube leak appears as Appendix D to this report.

+ Rev. 1
* Rev. 2




3.2

3.2.1

3.2.2

Olscussion of Guldellines

Appendlx C provides a loglc dlagram of the tube rupture zuldelines

«with a written discusslon of those guldelines). Ihls sectlom of the
report descrlbes tne guldelines shown lo that dlagraa. The syaptoms
of the tube rupture procedure deflne the entry point condltions when
the emergency procedure ls used. This procedure nzed only be entered

for sltuations where a rapld depressurlzation of the plant s
warranted. Wnen such conditlons warrant, then the plant should be
shut down and coolad down as expeditiously as possible and cerzaln
normal plant limits (RCP NPSH, normal tube/shell delta T and fuel in
compression limits) are walved.

Immedlate Actlons

The tube leak in question may not be large enough to cause a reactor
trip. In such a case, the operator begins a load reduztion as
rapldly as possible without causing a resstor trip {(104/aln.).
Avolding a reactor trip preveats llftlng of the JI3( safety valves.

followup Actlons - Subcoollinz Malntalned and ACP's Avallable

Once the load reductlon ls lanltlated, the operator has several aajor
goals to achleve while bringing the plant to a cold shutdown
condition. First, he must prevent lifting of the OT3G safety valves;
second, mir‘mize primary to secondary leacaze by minimizing primary
to-secondary differentlal pressure; and, third, ainlmize stresses on
the 0ISC cubes by limiting tube/shell delta T. Fflaally, the operator
will minimize offsite dose by allowing the leaking OTSG to flood Lf
offsite doses are large enough (approaching levels at which a Site
Emargency would be declared).

The major differences betwesen the exlsting plant prozedurz aad the
proposad new prozedure would be the followlng:

3.2.2.1 Malotaln a Minlmua of 257° Subzoolling

3.2.2.2

Minimlzing subccoling margin means that primary to seczondary
differential pressure 1s also minialzed, which reduses ieakage and

offsite doses making the event more manageable.

Steaming/lIsolation Criteria for the Affected OI3G

The present procedure allows the operator to let the O0I3G flll
anytlae that RCS pressure ls below 1000 psiz. The revised proszedure
has the opearator steaa the OI3C for these purposes: ~first, to
prevent lifcing of the OISC safety valves. Second, to prevent the
generator from fllling.
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Shell=to=Tube Delta [

Plaat liaits and precautions requlre maintalning the OTSG tube

temperature within 1007* of the shell temperature.

delta T of 707° limits stresses and minimizes the chances of
locreasing the leak slize.

lollouug Actions ;Anto-a:L: Reactor Irip has Oczurred)

All of the followup actlons discussed above still apply when tha tube

leak

Ls large enough to cause an automatlc rszactoer trip. In

addlicion, the following procedure changes would apply.

3.2.3.1 &Cp Trip #ith a Loss of Subcooling Marzin

!roo‘it plant procedures re

ESAS.
SO

!ollgggg Actlons for Loss of Subcoollgi

The third section of the tube rupture procedure ls enterel when RCS
Here, the operator must treat LOCA, as well as

tube rupture symptoms. He Ls then able to pursue the followup tube

subsooling ls lost.

Fupture actloms. All of the guldance for followup actions without

loss

The objective in this portlion of the procedure is to malntsln natural
circulation (Lf possible), reestablish subcooling marglin, restart one

of subcooling apply.

Teactor coolant pump per loop (if possible), and returs to the

section of the procedure for forced flow cooldown. If onme pumy can

oot be started per loop, then start both RCP': ir onme loop. This

will

maximize the pressurizer spray flow for the glven RC?

avallabllity. 1If che affected OTS3C zaanct e steamed for elther

radlological or equipment ressons, then EFW ls used to control OI33

pressure. fssentlally, EFV Ls used as a pressurizer spray to keep

the leaking generator slightly lower in pressure than the ACS.

benefits in controlling pressure are:

l.

safeties will not llfc.
the sream generator will not control RCS pressure.

there will not be backleakage into the &C3 of water or steanm
from che OISG.

leakage from the RCS to the OISG will be small since
dlfferentlal pressure will be small.

the small flow through the hot leg may prevent vold formatlionm
the hot leg.

+ Rev.
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A shell to tube

The

quire RCP? trip oo Initlation of 1600 psig
Rupture of one or a few JT36 tubes will llkely result ia 2C3

depressurization to the HPI setpolnt, but may oot result in a loss of

in
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1f subcooling is regained in the RCS, then HPI is throttled, RCP's
are started and the operator continues the cooldown. The desired RCP
configuration is to start one pump in each loop. 1f the operator is
unable to start an RCP in each loop then he should start both RCP's
in one loop.

The reasons for restarting RCP's are similar to the reasons for not
tripping them on low RCS pressure. If subcoolilng margin is lost
immediately after RCP restart, it implies that the increased RCS flow
has caused voids in the system to collapse, thus dropping RCS
pressure. Allowing 2 minutes for SCM recovery prevents incessant
"pump bumping," but keeps the RCS out of the fuel damage region.

If subcooling cannot be restored, the operator cools the plant down
on natural circulation unless the OTSC heat sink is lost (for
example, due to loss of natural circulation in the unaffected loop).
With no steam generator heat sink, the operator must put the plant in
a feed and bleed cooling mode. Feed and bleed cooling is initiated
by isolating the OTSG's, assuring full HPI is on and opening the
PORV. With RCS prescure below 1000 psig, water relief out of the
PORV is sufficient to keep the core cooled (See Figure 4) after about
2 hours. 1If the OTSC heat sink is restored, the feed and bleed mode
is terminated and a natural circulation cooldown is reinitiated.

If RCS pressure stays above 1000 psig during feed and bleed cooling
(e.g.. the head bubble prevents depressurization or the PORV fails
closed) then the secondary side safety valves have to be protected
from challenge. The operator controls OTSG pressure with wvhatever
means are available (turbine bypass, or Atmospheric Dump Valves.).
Wher. the OTSG tube region is filled with wvater, the operator opens
the ADV and lesves it open. This action minimizes the chances that
safety valves will be forced to relieve water and/or steam and fail

open.

* 4+

]

74




LR 2 2

4.2

4.2.1

( ' ) TDR 406
- Rev. 2
Page 32 of

SIMULATOR TRAINING EXPERIENCE ’
Introduction ¥

Most of the guidelines proposed in this TDR were incorporated into a
lesson plan for the annual requalification training of the TMI-]
licensed operators at the B&W simulator. A draft revision to TMI~l's
EP 1202-5, incorporating the guidelines, was also prepared.

These documents were then used to inform the licensed operators of the
changes contemplated for EP 1202-5, and to demonstrate the combined
erfects these changes would have. During the classroom session, each
guideline was described and the reasoning behind it was explained.
During the simulator session, their combined effect was illustrated by
running & large tube leak scenmario twice.

For the first simulator runm, the then-existing revision of EP 1202-5
was used to deal with the leak. For the second run, the draft version
wvas employed. It became apparent that the new guidelines made plant
control easier.

As indicated in Sectiom 4.2.2, the January 1983 training cycle was not
effective in training operators on the basic concepts for treating
tube ruptures. The June training cycle was successful in

commur ‘cating concepts.

Results

January 1983 Training *

0f all the guidelines proposed in this TDR at that time, the two
changes most useful (and obvious) to the operators were:

1. Reactor Coolant Pump (RCP) trip as a followup to low subcooling
margin (5CM) rather than following automstic HPI from a iow RCS
pressure ESAS signal;

2. HPI throttling when SCM reguirements are met and pressurizer
level is back on scale, rather thon waiting for pressurizer level
to reach 100".

Another useful (but less obvious) change is the RCP restart criteriom
based on regaining SCM rather than various combinations of primary and
secondary pressures. This and Item 1 above may be considered under
the same general heading of increased RCP gvailability.

The exercise of the draft EP 1202-5 was useful in critiquing the
contemplated changes. Simulator experience also showed that it is not
possible to raise OTSG level to 952 with full RPI on, while steaming
the OTSC and maintaining a 100F*/hr cooldown. The difficulty was

+ Rev. 1
* Rev. 2

74




‘.2.2

*
*
*
*

>Rk w *» L 2 LA B B I N O

> % % H »»

> »

ik &Vo
Rev, 2
Page 33 of 7.

created by the steaming of the 0TSG's ino thls situation. HPI and
throttled EFW flow can provide a plant cooldown at near 100F°/hr if
the OTSG's are not steamed. ' i :

Durlag the simulator sesslon, B&W revised the simulator to allow
leakage of more than 2 tudes and to allow leakage in both OT3G's.

4.2.1.1 Comments *

This material was presented to two of seven groups by Tech.
Functions personsel. The remaining flve groups received It from
BiW tralning personnel who taught the material using the same
lesson outline. B4&d dld not endorse the material., Comments Zrom
tralnees indicate that the tralnini was of dublous value. It
will be necessary to repeat the tralning for all personnel.

June 1983 Traloing *

A number of iteams were identifled during the B&W operator training
simulator sessions held from June 6 to Jume 29, 1933. The experience
galoed from using a revised tube rupture procedure EP 1202-5. These
items will be discussed below.

4.2.2.1 Coatrol of RCS Cooldown Rate

Sectlon 5.2.1 discussed the difflcultles In controlling
cooldown rate while raising OT5G level to 95, At the time,

o it was the author's belief that steaming of the 0TSG's was
causing the excessive cooldown rate. However, further
discussion with B&W (Ref 29) indicated a different
explanation. The B4W HPI model calculates flow by
iteratively solving two equations of the form:

2
By = 2840 - g K (1)

and
= {(Pq = Fgeg) A 1/2 <2)

where:

P4 = pump discharge pressure

Pacs = RCS pressure

d = flow, lbm/sec

N = number of HPI pumps runaning

A = coefflclent to account for number of HPI valves open.

The BPI flow is overpredicted for T™I~-l with three HPI puaps
ruaning and/or low RCS pressure. The difference results from the
pbysical arrangement at T™I-1, ln which two pumps discharze inzo
4 commor header. The cavitating venturies at Unit 1 also reduce
the maximum flow of the HPI pumps compared to the valve
calculated by the simulator.

As a result of tnis understanding, subsequent simulator drills
were run with only two BPI pumps avallable and control of

cooldown rate was improved.

+ Rev, 1
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The HPI initiation rule has been feemphasized to the operator,
damely that "full™ HPI means the full flow froa two HPI pumps.
It 1s acceptable to secure the third HPI puxp when the RCS 1s
saturated, and the OISC heat s.a3k is avallable or if cooldown
rate is 1007*/hr. or more.

2 * »y wn

A second consideration in controlling cooldown rate was in
ralsing the JTSC level increase to 95% after a loss of subcooling
margln. Operations belleves that it is an unnecessary burden on
the operator to control cooldown rate while rfalsing level on both
OISG's simultaneously. Therefore, the leaking zenerator level
will oot be raised until the unaffected OI3G has been raised to
352 ualess incore thermocouple temperatures are not decreasing
and the OISGs are removing decay heat. The 951 level is
important ln establishing boiler-condensor cooling during small
LOCA's in which only one B?I is avallable. However, the RCS
cooldown is oaly a concern Lif both HPI pumps are running.
Therefore the two concerns are mutually exclusive,

Operator training and EP 1202-5 have been revised to have the
operator control one 0T3S level at a tilme as long as lacore
texperatures are decreasing. If RCS temperatures are not
affected by the secondary side cooldown (l.e., no secondary side .
beat removal) then both OISG's should be ralsed to the 35% leval
simultaneously. >

LA R R R N NN EREE

During the simulator sesslon of June 11, 1983 cthe operators were
faced with a large [about 1400 gpm) tube Tupture. They attempted

~ to control OISG level below 95% oo the affected generator,
Eowever, the cooldown rate was too high even with the unaffected
OT5G isolated. TYThe simulator response to the event was partlally
fesponsible, but the prozedure also needed to be more explicic.
The slmulator leak model currearly uses the orifice eguatlon to
predict leak flow [Ref. 28). This wodel would initially
overpredict the break flow and would account for the very rapli
flooding of the OISG's compared to r( sults of the REIRAN and
RELAPD computer codes. RETRAN and RELAPS (Ref. 35) analyses to
date do not predlct such a response. Nevertheless, the operator
neads to recognize thst cooldowa rate control taces precsdence
over OTSG level control and EP 1202~5 was fubsequently revised to
prevent this conflict In plant control requirements.

LR O B R T T S

4.2.2.2 Plaat Stabilization Before Cooldown *

The procedure used during the training session had the
operator initiate plant cooldown and then establish minimus
subcooling margin. The simulator sessions showed that the
RCS could not be depressurized fast emough to malotaln a
minisum subcooling margin. Therefore, tralining material was
revised to emphasize the need to stabillze the plant and
Feach tne minimua allowable subcooling margin. Plant
cooldowa should then be initlated. The procedure was
modi‘iad so that all four RC?'s can be laft on until

500F lastead of 540F. Based on the TMI-L ATOG

(Ref. 28), this change provides a diffecence of about 472
in the spray flow [see Table 2). Thus pressurizer spray
flow 1s maximized for as long as possible. finally, the

LA A A R B BN EE
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operator is ziven the option of using the pressurizer vent if
be is still unable to reduce pressure sufilciently to
salatain a minlauz subcoolling margin. L

RCP Restart Criterla *

Secticn 5.2.1 observed that the RC? restar: criteria on 25°
subcoo.ing margin (SCM) was very vsaful to the operator.
Several areas required clarificatloa or expansion, aowever.
First, RCP restart should not be attempted unless pum)
emergency NPSE limits are met. The only exception is that

- NPSHE requiremeats are walved, with pump restart allowed

during certain lnadequate core zooling conditions as
specified in plant procedures. Pump "bumps,” however, should
be attempted even Lf NPSH requirements are not met. 3Second,
loss of subcooling may occur after the RCP's are

rescarted. Collapse of steam volds in the RCS may cause
volding of the pressurizer, resulting in a loss of

SQM. RCS temperatures may be hotter in the tube region than
in the core if natural circulation has been lost. Mixing of
this hotter water with the cooler core water will cause a
decreass in the SOM. Several pump starts may be requlred
before subcooling marzin stabilizes above 25F°, Allowlng two
miautes of RCS flow is helpful in eliminating both steaa
volds and temperature gradlents so that successive restar:cs

wlll be successful.

Core Flood Tank Isolation

in several simulator runs, the operatioos were faced with
tube rupture or small break LOCA conditions la walch the 223
was subcooled, but core flood tanks initiated, providing
cooling water which was not required, since 3CM was
maintained. Most siganiflcant was thar CFT ianitlation
delayed RC3 depressurization. Nalther the LOCA nor

tube rupture procedure provides any guidance adout
lsolarion of the core flood tanks. Therefore, this IDR has
pean revised to provide guldance about when to lsolate the
core flood tanks [see Sectionm 5.2.11).

RCP Trip Criterion

Durling the June 1983 simulator session, quastions aross re-
garding the actlons to be taken Lf RCPs were not tripped
within 2 mlnutes of a loss subcooling margin. Clariflcation
was provided using the zuldance of the INMI-l "Abnormal
Transient Operating Suidelines” [AIDG) [(Ref. 28). ATJS re-
Quires the operator to keep the RCPs in each loop ruaning Lf
the two minute time llmit is exceeded. If the RCPs are
tripped after this time, the RIS may be at a sufficlent high
vold fractios to uncover the core. The RCPs should be run
for at least 7000 seconds (o this situation to assure that the
core will not uncover (basad on Appendix X assumptloans). If
pump damage may occur, then one pump in each loop should be
tripped, 1f either of the runalng pulgl fails, the tripped
pusp lo that loop should be started. This strateg7 maximizes
the likelihood of maintaining adequate core cooling.

+ Rev. 1
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operator is given the option of using tne pressurlzer vent Lf
he is stlll unable to reduce pressuce sufficieatly to
malaotaln a minilmum subzoollaz marzin.

RC? Restart Criteria *

Section 5.2.1 observed that the RCP? rastart criteria onm 257
subcooling margin (SCM) was very useful to the operator.
Several areas required clarlfication or expansion, however.
First, RCP restart should aot be attempted unless pump
emergenc; NPSE limits are met. The only exczeptlion ls that
NPSH requiremants are waived, with pump restart allowed
during certaln inadequate core coolling coniltlons as
specified in plant procedures. Pump "bumps,” however, should
be attempted even if NPSE requirements are not met. 3ec . ad,
loss of subcooling may occur after the RCP's are

restarted. Collapse of steam volds in the RS may czause
voldlng of the pressurizer, resultlng in a loss of

S4. RIS temperatures may be hotter Lo the tube reglos than
in the core if natcral circulation has been lost. Mixing of
this hotter water with the cooler core water wil' cause a
decrease in the SCM. Several pump starts may be “equired
before subcooling margin stabilizes above 257°. Allowing :wo
aloutes of RCS flow is helpful in eliminating boch steam
voids and temperature gradieants so that successlve restarts
will be successful.

Core Flood Tank Isolation

In several sloulator runs, the operations were fased with
tube rupture or small break LOCA condltions in wialch the RCS
vas subcooled, but zore flood tanks Inltlated, providing
cooling water which was not requlred, slace 30M was
nalatainea. Most siguniffcant was that CFT loltlatlen
delaysd RCS depressurizacion. Nelther the LOCA vor

tube rupture procedurs provides any guldance abou:
isclatlon of the core flood tanks. Therefsre, thls TOA hae
been ravised to provide guldanze about whea to isclate the
core flood tanks [see 3ection 5.2.11).

RCP Trlp Criterion

Questions arose regarding tne actions to be zaken LIf RZPs
were oot tripped within 2 aminutes of a loss subcooling
margin, Clariflcation was provided using the guidance of the
TMI-1l ATOG (Ref. 28) which requires the operater to keep the
RCPs in each loop ruaning if the two minute time limit is
exceeded. If RCPs are subsequently tripped, the RCS may be
voided enough to uncover the core. RC2s should be run

for at least 7000 seconds to assure that the core will not
uncover (based on Appendix K assumptions). If pump damage
®A7 occur, them one pump lo 2ach loop should be

tripped. If either of the running pumps falls, the tripped
punp in that loop should be started. For simplicity, the

guldelines in this TDR call for 1 RC? to be run in each loop.
This provides sufficlent flow to cool the core (Ref. 28).
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TUBE LEAK/RUPTURE GUIDELINES * ’

Scope *

The guidelines will deal with tube leaks in excess of 50 gpm.
Primary-to-secondary tube leak rates less than 50 gpm will be handled
in accordance with "Guidelines for Plant Operations with Steam
Generator Tube Leakage," TDR 400 (Ref. 16).

Guidelines & Limits W

This section provides plant specific technical guidelines for tube
rupture events which can be used to generate plant Emergency
Procedures.

Subcooling Margin Requirements W

Control Reactor Coolant System (RCS) subcooling margin (SCM) between
25F* and 50F°, Maintain SCM as close to 25F° as possible comsistent

with the RCP NPSH curve of Figure 6 and while waiving fuel
pin~in-compression limits.

This will minimize primary to secondary differential pressure, thus
minimizing the leak rate.

Reactor Coclant Pump Trip Criterion *

Trip Reactor Coolant Pumps (RCP's) when SCM is lost.

If RCP's are not tripped within 2 minu‘es of loss of 23F° SCM, then
run 1 KC? in eech loop.

Reactor Coolant Pump Restar: Criteria

When the required subcooling margin (25F") has been established,
restart 1 RCP per loop. If unable to start an RCP in one loop, start
both RCP's in the opposite loop.

If subcooling margin is lost immedi.tely after pump restart and does
not return within 2 minutes, the RCP's must be tripped again and not
restarted until SCM is regained. Subcooling may be lost several times
before the pumps can be left running.

Reactor Coolant Pump NPSH for Emergency Operations *

The attached curve (Figure 6) depicts the RCP NPSH limit to be used
during a cooldown with a tube leak.

High Pressure Injection Throttling Criteria *

Throttle HPI when SCM requirements are met and pressurizer level comes
back on scale. (Note that the other HPI throttling criteria remain

unchanged.)

+ Rev. 1
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OTSC Level '
If SCM is lost:

a) Raise level on the unaffected OTSG to 952 while leaving level
control on the unaffected OTSG at 30 inches.

b) Raise level oun the affected OTSG to 95%.

If iacore thermocouple temperatures are not decreasing and there is
no heat transfer to the OTSG's, them both OTSG levels must be raised
to 952 simmultaneously.

OTSG Isolation/Steaming Criteria

When the leaking OTSG is idcn:ificd, close all steam valves except the
ADV's and TBV's, ;

Do not close MS=VID until an alternate source of gland steam is
available.

When RCS Thoe is less than 540F° the affected OTSG must be isolated
if:
(l)a_Potlt.d Water Stbragc Tank level is below 21 ft., or

(b) Offsite dose projections approach the level requiring a Site
Emergency (50 mRem/hr whole body or 250 wRem/hr thyroid).

If Leth CTSG's ave leaking and isolation is required based or cffsite
dose projections, first isolate the OTSG with the higher leakage. 1f
such 2 distirnction cannot be made, isclate one OTSS and reevaluate
offsits dose projections.

Pressure Coutrol of an Isolated OTSC w

fteam the affected OTSG(s) onmly:
1. To keep OTSG pressure below 1000 psig,

2. 1f the plant is on feed and bleed cooling. OTSC level must be
controlled below 600 inches on the wide range indicationm.

If the OTSG must be steamed open the Turbine Bypass Valves or
Atmospheric Dump Valve on the affected OTSG.

Cooldown Rate During & Tube Leak Event

The cooldown rate shall be limited to a maximum of 1.67F*/min
(100F*/hr) whether on forced or natural circulation.

Steaming of the OTSG's may not be required if OTSG level is being

increased using EFW,

+ Rev. 1
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5.2.9 OTSG Shell-to=Tube Differential Temperature Limit «+ »

+ Maintain OTSC differenmtial temperature less than 70F°. 1If this limit
+ is approached, then:

+ 1. Reduce the cooldown rate in half.

- 2. Continue steaming on the affe:ted OTSG.

+ 3. Supply MFW thru the startup control valve at about

- .05 x 1081bm/hr (if MFW is nct being used).

+ If the differential temperature a proaches 100F*, stop the cooldow

+ and maintain RCS temperature comstant. Remove decay heat by steaming
* the OTSG(s) with the high differential temperature. Resume the

+ cooldown when the differential temperature drops below 70F°,

5.2.10 Cooling Mode When Both OTSG's are Unavailable for RCS Heat Remova) *

Use HPI "feed and bleed" to cool the RCS when both OTSG's are
unavailable. Open the Pilot Operated Relief Valve (PORV), RC=RV~2, to
* provide a cooling water flow path to the Reactor Building Sump.

5.2.11 Core Flood Tank Isolation W

. Isolate the Core Flood Tanks if:
* 1. Subcooling margin can be maintained above 25F°, and
- 2. RCS pressure is below 700 psig.

5.2.12 Guideline Flow Chart =

+ Appendix C includes & flow char: and explanatory text showing the
. logic path of the tube rupture guideliues.
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6.0 CONCLUSIONS AND RECOMMZNDATIIONS

The ability of the plant to handle beyond design basls events cad be
substanctlally increased and the RC3 leakage can be reduced for desizn

basls leaks with the adoption of the following zhanges/adr.ltioms to

tube
b I

» % *»

120

rupture procedures.
Reduce minimum subcooling margin to 25¢7°

Replace the existing RCP trip criterla with trip on loss of
subcooling.

Adopt the steam generator lsolation and pressure/level conm:irol
guldelines of this guldeline.

Provide the RCP NPSHE limits of Figure 6 for use durling emergency
conditions.

Waive fuel plo-ia-compression limits.
Control plaat cooldown to limit the tube/shell delta T to 70F°.

Revise procedure entry point conditlons to be leakage greater
than 50 gpm.

lacorporate criteria for initiation of feed and bleed cooling
into the tube rupture procedure.

Adopt ericrrla for opening TBV's/ADV's Lf RCS pressure stays
above 1000 psiz during fead and bleed cooling.

HPI torottling should be allowed wheu subcooling is regained and
pressurizer level (s on scale.

Core f£iood isclatlon criteria be incorporated into emergsncy
procedures deallng with LOCA, tude rupture and steam line breaks
and lo operating procedures deallng with dorced and natural
circulation cooldown.

Decay heat removal system lnitiation under emergency conditionms
be allowed at 300F.

It is further recommended that these chanzes be izplemeated prior to
restart of IMI Unmit 1.

- —————
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Tabular Values of RCP Emergency NPSH Requirements

FOR 2 RCP PER LOOP OPERATION

INDICATED TEMP. ALLOWASLE INDICATED PRES3S.
_a (2316)

94.4 300.0 (1)
194.4 300.0 (1)
294.4 300.0 (1)
344.4 : 310.8
394.4 413.9
bbb 4 567.4
544.4 _1187.1

FOR 1 RCP PER LOOP OPERATION

INDICATED TEMP. ALLOWABLE INDICATED PRESS.
9.4 300.0 (1)
194, 4 " 300.0 (1)
2944 300.0 (1)
3444 302.8
394, 4 405.9
YV 559.4
544, 4 1178.6

NOTE:
1. Limitations based on the #1 seal differential pressure requirement.
2. Eatire table was added in Rev. 2.

+ Rev, |
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rasLz 2 (1)
Pressurizer Spray Flow for Various r;np Combinations

NUMBER OF RC PUMPS RUNNING

SPRAY PLOW
SPRAY LOOP OPPOSITE LOOP (X _POLL FLOW)
2 2 | 100
2 1 92
2 0 84
1 (Spray line next to running pump) 2 60
1l (Spray line next to running pump) '1 53
1l (Spray line next to idle pump) 2 50
1l (Spray line next to ruaning pump) 0 41
1l (Spray lioe next to idle pump) 1 38
1 (Spt:y line pext to idle pump) 0 26
0 2 20
0 1 0

As a rule of thumb tripping one pump in each loop will provide a good balance
batween the sprar flow rate and the heater capacity. It will alsoc provide good
forced circulation for cooldown.

NOTE: The following table will give general guidance for the effects of
running various pumps. This table was calculated for normal operating
conditions.

NOTES:

1. Reproduced from T™™I-1 ATOG (Ref. 28), “Best Methods for Equipment Operation”,
Table 6.

2. Entlire table was added with Rev. 2.
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Break Flow for Single Ruptured Tube
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Time Behavior of
Subcooling Margin for a
Spectrum of Ruptured Tubes
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RCP NPSH Curves
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COMPARISON OF GUIDELINES AND EP 1202~5:REV. 16 TO
THZ REQUIREMENTS OF VARIOUS SOURCE DOCUMENTS

A.0 SCOPX

The purpose of this Appendix is ro compare the guidelines of this TDR
to the current revision (16) of EP 1202-5, OTSG Tube Leak/Rupture, and
guidelines, requirements, commitments or recommendations from various
sources. The sources reviewed were the TMI-1 Anticipated Transient
Operating Guidelines (draft of 15 May 1981; hereinafter referred to as
ATOG), "Clarification of TMI Action Plan Requirements" (referred to as
NUREG 0737), and the Safety Evaluation Report related to restart of
Ginna (Ref. %) (referred to as NUREG 0916) and the INPO draft
Significant Operating Event Report of 04 January 1983 concerning steam
generator tube leaks (referred to as SOER).

With respect to NUREG 0737 and 0916, only those requirements or
commitnents directly related to a tube leak emergency procedure were
considered. With respect to ATOG, only the followup guidance for tube
leaks was considered, and then only if it differed from the guidance
in the latest approved tube rupture procedure (EP 1202-5 Rev. 16).
With respect to the SOER, only the recommendations related to
procedures were considered.

The results of this comparison work are summarized in Table A=1l.
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TABLE A-1

i TDK 406
; Rev., 2
Page 53 of

Comparison of TDR 406 Guidelines to Othgt'Sourcn

Source Addressed By
Reguirement ATOG_ 0737 0916 SOER __1202-5 406 Comments
Run RCP's with X X X X
low RCS pressure ¢
RCP restart X X X X X No spe:ific guid-
ance provided for
RCP restart wich
s "solid"
pressurizer.
Subcooling margiu X X X X
HP1 thn;;“g X X X X
Steam line b 4 X X X ATOG does not
flooding recognize TMI~]
capability to
flood steam lines
without damage.
Cooldown of — X X X  Guidelines provide
damaged OTSC for continued
steaming of af
fected OTSC for
cooling except
when OTSC isola~-
tion is required.
Specify entry X X X X Symptoms.
threshold
Method for plant X b 4 X X
cooldown following
SGTR
Plant cooldown X X X ATOC refers to
following SCTR excessive heat
with stuck open transfer section
SC safety valve EP 1202~5 and
guidelines pro~
vide means for
minimizing prob-
ability of
lifting a SC
re valve.
A-2
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+ TAERLE A-l ,
(continued)
2 Source Addressed Bv
Reguirement I0G 0737 0816 SOER 1202-5 406 Comments
Affected SG X X X
pressure control
o i OTSC tude to X X
. shell differen-
tisl temperature flel
+ Criteria for X CGuidelines bro
using ADV's in sume that i
preference to steaning to
main condenser condenser is
alwvays preferable
" to steaming to
; atmosphere.
Consider muitiple X X Guidelines pre-
tube ruptures pared in con~
sideration of
% - Consider tube leaks X X these two cases.
in both 0TSC's
+ BHYI on inadequate X X Not specifically
+ SOM stated in TDR

406, but it _is an
implicit re-
quirement of the
HPI throttling
criteria.

Consider excessive X
Primary to secon=
dary neat transfer

Overfeeding con=-
sidered by
EF 1202-5.

Consider loss of X
offsite power

Guidelines make no
particular dis-
tinction between
offsite power
available or
unavailable, but
they do provide
guidance if the
equipment dis=
abled by LOOP is
unavailable.

+ Rev.
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s TABLE A-1 :
(continued)
Source Addressed B
Requirement ATOG 0737 0916 SOER 1202-5 406 Comments
OTSG level X X X
~Sontrol
Primary pressure X X

control with-
out pressurizer

—spray

Isolation of X X X
Affected OTSG

Rev, 2
Page sz of 7,

A=
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A.l lnurgrcu:ion
Bided 'logui rement” Coluan

These are paraphrased descriptions of zuidelines, requirements,
commitments, or recommendations from source documents.

A.1.2 “Source” Columns

These columns deflne the origln of the requiremeat consldered la this
comparison,

A.1.3 “Addressed 37" Columas

These columns defins the document which answers the requireaments., If

4 mark appears ln the 1202-5 column without a corresponding mark in

the TOR 406 column, it means that the guidance in ZP 1202-5, Rev. 16
should be retained Io the revislon that Lacorporates tne guldelloes of -
Sectlion 4 of this TOR. 1If a mark appears io both columns, it

generally means that the guldelines in thls TOR supercede the guldance
in EP 1202-5, Rev. 16. 1If a mark appears in the ToR 406 column alone,

it denotes a nev guideline to be locorporated lato the revised
EP 1202-5.

A.l.4 Comments

* This column provides additlonal informatlion if necessary. The
e guldelines in this TDR supercede the guldance in EP 1202-5, Rev. 16.
If a mark appears in the TDR 406 column alone, it denotes a new
guldeline to be incorporated into the revised Ef 1202-5.
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PROCZDURE CHANGE SAFET? EVALJATIONS

The purpose of this Appendix is to adiress the safety lmplications of
the key changes required to implement the tube rupture guldelines
described Lln this TDR.

1. RCP trlp on loss of subcooling marzla (3M)
2. Change in SCM

3. Shell/ctube delta T of 70f° during emergencles
4. Revised ACS NP3H curve

5. Relaxation of fuel pin ln compression limits
6. OI3G Lsolatlon criterla

7. RC? restart criteria

8. HPI throttllng at 0" instead of 100 Lnches.

9. Leaving ADV open when no OISG heat sinks and RCS Ls above 1000
psiz.

10. Isolatlon of core flood canks

Each of these Ltems ls addressed below:

RCP trig on Loss of Subcocllgi Marzin

In a letter dated March 4, 1983 to H. D. Huklll (Rev 17), the NRS
superceded che actlions required In IE Bulletlas 79-05C and 73-06C.

The staff has lostead concluded that “the need for ACP trip following
a4 translent or accldent should be determined by each npglicnclon on a
case~by~case basis considering the Owner's Group loput.” For several
years, the B&W Owner's Group has supported the concept of RC? trip on
loss of subcooling margln. In Reference 19, GPUNC informed the NRC of
thelr reasons for revising the trlp criterion to loss of sudcooling
marglo. The safety evaluatlon for this chanze has been transamitted
separately co the IMI plant staff for reviev and approval.

Chagio in Subcoollgl Marzlian

GPUNC nas evaluated the Instrument error assoclated with the
subcooling margln monitor and alara. Under normal countalnment
condicions, the loop error Ls + 10.17° (Ref. 20a & b). Under the
temparature and radlatlon enviroament of a small break LOCA, this
error 1s no worse than = 21.77%, The baslis for the orizlnal 3CM was

B-1
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57" geometrj correstlon plus 457° sctrimg imaccurazy. Kecen:
calculacions (Ref. 27) have shown tha: only l.3°F zeomactry ,
sorrection to the top of the not leg is requirel. Therefore safacy
marglins are not decreased by this change.

A complete na!o:i evaluation has been prepare’ and transmitted to the
slte separately for review and approval.

Change in Shell to Tube Delta T

The exlsting emergency limlt for tube/shell delca T at TMI-1 is

1007°., The limlic is belng revised to reduce tensile stress on leaxing
OISG tubes. Previously the limit of 1007° was based on stresses to
iatact tubes. Indeed, the liml: has been locreased to L507° by
Babcock & Wilcox; and, it is valld Ln the absence of degraded 0T36
tubes. :

Tne more restrictive 70f° lizit increases plant safety lialts by
reduclog the likelihood of propogating a crack. [nls analytlical work
is documented In Reference 15. This change can be made uander the
provisions of 10 CFR 50.59 becaussz Lt does not affect technlical
speciflcations. Since tube stresses are reduced, plant safety limits
are iocreased and the two additlonal criteria of 10 C7R 50.33 are also
aet. Namely, there are no new accldents introduced lnto the plant
that have not been previously anmalyzed. Sloce shell to tube delta T
has not been explicltly addressed in the FSAR, existing plant safety
margins have not been decreased. In fact, plant safery margins have
been increased sloce the allowable delta T has been decreased.

ACP NP3H Limits

Reduced NPSH limits bring the pump closer to a polnt of cavitatiom. —— -~ - —
However, NPSE requirements have been reduced for lower temperatures as
determined by the pump manufacturer Westinghouse in Referenmce 25.

Margins have been modifled based on safety margins ldentlfled by “he

pump manufacturer, therefore, the probability of pump cavitation has

not been lncreased and plant safety margins are protected. Neither

are technlcal speciflcations affected. The operatlon of reactor

coolant puaps at low RCS pressures does not latroduce any new accldent

or translent other than those already analyzed in the FSAR. Puap

operation is allowed at these lower RCS pressures but at a nigner

subcooling margin. Since real plant subcooling margin ls still belng

maintained as discussed in ltem 2, there Ls no reduction iz plant

safety. Operation of the reactor coolant pumps lncreases plant safety

margins with respect to thermal shock, increased JdB ratios, and - oo
improved capabllicles for degassing the reaztor coolant systea under

tube rupture conditions when minilmum subcoolinz marzins are being

malntained.

+ Rev, 1
* Rev. 2
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Fuel Pin and Compression Limits

As addressed in Reference 14 B&W has recommended that fuel pin in
compression, limits be waived during certain plant transient
conditions including steam generator tube rupture events. Fuel pin in
compression limits have been established in order to maintain cladding
integrity. Waiver of these limits does not reduce pin integrity
although reanalysis by B&W may be required when fuel compression
limits have been waived. Since cladding integrity will have to be
addressed each time these limits are violated, the demonstration of
acceptable clad integrity will be made. No new accidents or
transients will be introduced thenm have been previously analyzed in
the FSAR. Similarly, plant safety margins will not be reduced,
namely, cladding integrity will not be challenged.

OTSC Isolation Criteria

The existing steam generator tube rupture procedur(, EP-1202-5, allows
the operator to isclate the affected steam generatcr anytime RCS
pressure is below 1000 psi. The revised criteria would allow steaming
of the OTSC until BWST level is 21 ft. or radiation limits approach
site emergency limits. Steaming of the OTSG introduces the potential
for increasing offsite radiation doses; however, these limits will be
maintained within the requirements of 10 CFR Part 20 It should be
noted that the isclation of the steam generator om h.gh radiarion is
keyed towards maintaining Part 20 limits. Steaming of the generator
when possible increases the chances of preventing major offsite
releases since flooding of an OTSG can result in liquid relief out of
the steam safety valves with the possibility of safety valve failure.
The value of BWST level at 21 ft. is sufficient to assure a source of
vater for the ECCS pumps. The value of 21 ft. allows sufficient
inventory to flood both steam lines and allow the plant to be placed
on feed and bleed cocling in the recirculation mode from the RB
building sump (Ref. 12, 13). It should be further noted that the
doses associated with a steam generator tube rupture were increased
vhen the requirement for maintaining subcooling margin was introduced
into the plant procedures following the TI-2 accident. At that time
the issue was addressed in writing to the NRC staff (Ref. 21)
justification for the change was that Part 20 limits were being
maintained. This criterion is still being maintained with the change
in OTSG isolation criteria.

These changes can be made under 10CFRS0.59 because safety margins are
not decreased. Technical Specifications are not affezted by this
change. No new accideuts cr transients are introduced which have not
been previously analyzed since this guidance is intended to deal with
events which are beyond the design basis of the plant (i.e., tube
rupture without condenser and RCP's).

B-3
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B.7 + RCP Restart Criterla

The RCP Restart Criterion assures that the pumps are not restarted
until the core is adequately subcooled. /Note that there are other
RCP restart unrelated to this criterion). Reference 19, and Sectlons
B.l and 8.2 demonstrate that the core ls adequately subcooled with
RCP's ruaning and a 257 subcoolling margin. No Tezhalcal
Speciflications are affected. No new accldents or translents are
introduced Lnto the plaat; no safety margins are decreased and no
accldent consequences are Increased. Allowing an earller pump rescart
$ives the operator greater control over the plant since forced flow is
preferable to natural circulation cooling. TIhls change can therefora {
be made under the provislons of 10CFRS0. 59.

B.8 + @°l rhrottllg‘ at O ioches Indlcated Level

The safety aspects of throttling HPI on 257° subcoolling marzln are
addressed in section B.2. Cors coolabllity ls not Jdependent oo the
pressurizer level at which HPI is throttled l.e., core cooling is oaly
dependeat on an ladlcation that the core coolant Ls subcooled. The
basls for requiring pressurizer level is so that the exlisting
pressurizer heaters are covered with water so that they can be
energlzed. Energlizing the heaters before they are covered causes thea
to burn out. On the other hand, there is no need to refill the
pressurizer to the 100 inch level at full HPI flow. In fact, this
flow rate ls undesireable for two reasons. Rapld fllling of the
pressurizer causes an RCS pressurizatlon during conditlons when
pressurlzer sprays are unavailable. Insurges to the pressurlzer
compress the stean space. Pressurizer pressure must be reduced either
by sprays (Lf avallable) or pressurizer veniing (veat line or PORV).
Controlling the HPI flow minimizes the losurge ra:e, and henze, the
pressurlzation. Thls reduced pressurizatlon provides more marglo to
the 1007° subcooling curve thereby miaimlzing challenges to the
thermsal shock/brittle fracture llmlt.

LA A B S I S S

SR I R O I 2R I T S R S N S S

+

This change does not represent an uareviewed safety questlon bezause:
s 2 1. No change to tbs Technlcal Speciflcatlons ls required

+ 2. No new accldents are introduced to the plant (the operator is
still required to cover the pressurizer heaters pefore eaergizing
thea), and

+ 3. The consequances of previously analyzed accidents/transients ls
oot increased. It Ls less llkely that the operator will violate
the 100Ff* subcooling margin. Core coolabllity Ls not dependen: on
established pressurizer level, but only an adequate subcooling
margln.

B~4
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B.9 + ADV's Open wher RCS is _above 1000 psig with no OTSG Heat Sinks

This TDR provides guidance for certain situations well beyond the
design basis. Ome such situation is the case where the plant is one
feed and bleed cooling, but RCS pressure is above 1000 psig. This
condition can result in liquid relief out of the OTSG safety valves.
Opening the ADV's is the preferred course of action because it
winimizes the chance of an uncontrolled blowdown though the 0TSG
safety valves. This condition is well beyond the plant design basis.
Plant Tech Specs are not affected by this procedural step. Therefore
the change can be made under the provisions of 10CFRS0.59.

LA R N N A

- Beyond the consideration of whether this change can be made under the
* provisions, of 10CFR50.59, it is believed that opening the TBV's/ADV's
+ is prudent and reduces the risk of an uncontrolled release to the

* environment. '

B.10 Criteria for Core Flood Tank Isolation

The purpose of the core flood tanks is to assure core cooling for
LOCA's in which: 1) RCS pressure is below 600 psig, 2) HPI cannot
provide core cooling, and 3) RCS pressure is too high for the LPI
system to operate. The only situations when these conditions occur
are: 1) design basis LOCA's, which HPI does not initiate before the
core begins to uncover and 2) core flood line break accidents with an
HPI failure, and 3) small break LOCA's in which the break is just
large enough to remove decay heat, but not to depressurize the RCS.

L 2R B O BN B AN

For the large break LOCA situation, CFT isolation is not & principal
concern. The operator should isolate to prevent nitrogen introduction
into the RCS once the tank is empty.

* % %

For small break LOCA conditions, a subcooled RCS means that there is

sufficient heat removal. In the pressure ranges in which core flood

tank isclation is of interest, one HPI pump supplies sufficient flow

to keep the core covered (500 gpm). 1If the RCS is 25F subcooled with
the RCS below 700 psig, then the CFT can be isolated.

* % % % %

The core flood tanks also function in one non~LOCA situation = steam
line break accident. For large steam line break accidents, the CFT's
provide shutdown margin assuming the most reactive rod is stuck out.
Therefore, CFT isolation cannot occur until either HPI is operating
and providing a source of borated water to the core or until all rods
have inserted. If both these conditions are met, then a plant
procedural change can be made without introducing an unreviewed safety
question.

LR R I R 3k B BN
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c.0 GUIDELINES FLOW CHART

The flow chart in this section shows the major milestones and decision
points on the path from operation at full power through the
development of an OTSC tube leak/rupture to inspection and repair of
the damage. The flowchart is not meant to be an exhaustive treatment
+ of all actions required to reach cold shutdown, rather it is the
* framevork upom which a procedure can be constructed.

c.1 INTERPRETATION

Diamond boxes are decision points. The path taken out of a diamond
depends on the answer to the question posed in the diamond. Boxes
enclosed by a single line represen: steps that take seconds or minutes
to execute. Boxes enclosed by double lines represent tasks that may
require minutes to hours to accomplish. For the sake of simplicity,
certain steps that will be required inm the procedure have been omitted
(e.g., confirming reactor trip, or making radiation surveys of the
secondary plant).

The decision points immediately following a double~line box are meant
to force the operator into a "thought-loop" so that if conditions
change, the operator may select an alternate, more appropriate
cooldown path. For instance, while cooling down on forced flow with a
tube leak in excess of 50 gpm, the operator should continually inquire
as to vhether the Reactor Coolant System pressure and temperature are
within the capability of the Decay Heat Removal System. If so, when
the operater should obviously change the RCS heat removal mode from
steaming the OTSG's to using the DHRS. If not, thenm the operator
should continue to ask whether the RCS conditions are suitable for
forced flow cooliug via OTSG's, i.e., is subcooling inadequate, are
the OTSG's available/OK for use, are the RC pumps available. If the
answers to these questions always no, yes, and ves, then continued
forced flow cooldown is acceptable. If any of the ansvers change,
then the thought flow breaks out of the loop and presents the operator
vith new criteria for selecting an alternate cooldown mode.

. This "thought loop" philosophy should be incorporated into the
procedure revision.

€.2 + PROCEDURAL OBJECTIVE

* The objective of the tube leak procedure is to expeditiously cool down
+ and depressurize the plant sc as to minimize primary to secondary

- leakge and thus, it is hoped, offsite doses. The process involves

* recognition of the event, shutting down the plant, and cooling down

+ the plant to the point where the Decay Heat Removal System can remove
* core heat.

“.'01
* Rev. 2
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ENTRY POINT

The procedure will be entered when a primary to secoadary leak is
enzountered that requires the plant to be shut down. The symptoms of
4 tube leak requiring shutdown are descrided im TOR 400 [Ref. 16).

PLANT SEUTDOWN

The rate of plant shutdown from 1002 power will be determined im part
by the magnitude of the RCS depressurlzation due to the leak. If the
leak is small (the Makeup System Ls able to kes2p up withit), then the
plant can be shutdown at a rate commensurate with egulpment
capabilicles and, to a certaln extent, the leak rate. When the
reactor and turbine are off line, the plant is ready to enter the
cooldown phase.

However, 1f the leak results in RCS depressurization to the trip
setpolnt, the reactor and turblne will be off line lmmedlately, The
ensulng translest will have to be dealt with and the plant status will
have to be evaluated prior to the cooldown.

Al o+ Preparaction for Cooldown

1f the shutdown transient results iln a loss of subcooling margin, HPI
sust be lmmedlately actuated and the Reactor Coolant Pumps (RCP's)
aust be immediately tripped. The OIS3's must then be evaluated for
suicabllicty as heat sinks for the RCS.

1f the shutdown transieat does not result lo a loss of subcooling
margin, the JISC's must stlll be evaluated for suitabllity as RCS heat

#loks.

If palther OTSS can be used because of high offsite doses or low BAS!
level, then the cooldown will proceead directly using the HPI "feed and
bleed” method. :

For the balance of tne discussicn in this ssctlon, assume that HPI
“feed and bleed” ls unnecessary.

If the RCP's are off, Emergency Feedwater flow to the OT33's must be
confirmed. The ICS will automatically coatrol JISG level at 502 on
the Operating Range Lf the RCP's are off. If subcooling margin is

25F, the operator must manually raise the level to 35% to promote
two-phase natural circulacion Iln the RCS.

Since a forced circulation cooldown is the most preferred mode, the
RCS condlictions should be evaluated for RCP restart., If subcooling
margin is regained and the RCP NPSH limits ace met, 2 RCP's should be
restarted. 1If the pumps cannot be restarted, the cooldown must
proceed by natural circulation.

c-2
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C.5.1 ¢+

PLANT COOLDO'N

During the cooldown, RCS conditions must be conilnuously evaluated to
eusure that the cooldown mode is appropriate and to determine whether
condiclons are suitable for the Decay Hea:t Removal System.

Regardless of cooliown mode, the following ltems, may be encountered
while coolling dowu.

HPL thxot:llgi

The existing HPI throttling criterla are uachanged with the follow. g
exception: HPI may be throttled whea subcoollng ls regalned aad

pressurizer level comes on scale.

C.5.2 + OISG Steaming

+
+
+
+

€C.5.3 +

The affected OTSC may be steamed for RCS hea: remsoval purposas, bu: it
must be steamed to avold llfting the Maln Steam safety valves, preveat
premature Steam line flooding, keep OISC pressure less than RCS
pressure, and coatrol OTSG tube to shell dlfferential temperature.

OISG Shell to Tube Differentlal Temperature

Ir is necessary to minimize shell to tube differencial temperature to
minimize tensile stresses on the OT35 tubes. As noted above, steaming
is one way to accomplish this; another is to decrease the cooldown
rate; a third ls to use main Feedwater to cool the lower downcomer.

OTSS Pressure Control When RCS Pressure is Sreater Than 1000 psi

during a natural circulation cooldown or an HPI feed and oleed
cooldown, RCS pressure may stay nigh. Emergeacy Feedwater zan be used
to quench the steam space; if cthe OTSS Is flooded, inventory can be
relieved via the Turblne Bypass Valves or the Atmospheriz Dump Valves.

Covldown Rate

The cooldown rate shoull be limited to less tnan 1.6 P/hr to aveld
reactor vessel brictle fracture coacerns. I may not always be
possible to observe this limit due to the effects HPI zooling and the
occassional necessity to steam the damaged 07136, »

EXIT POINT.

The operators exlt the procedure when the RCS hea: sink becomas the
Jecay Heat Removal System,
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SIMPLIFIED EVENT TREE

The event tree on the following page shows possible combinations of
circumstances that were considered that resulted in the guidelines
presented in this TDR.

The guidelines explicitly stated in section 4, when incorporated into
& revised OTSG Tube Leak/Rupture Emergency Procedure, will enhance the
capability of TMI~1 to deal with an OTSG tube leak. The purpose of
this section is to describe the features of the revised procedure.

The discussion which follows assumes that the logic presented by the
flowchart depicted in Appendix D is adopted for the revised procedure.

D-1
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* [IROCESS COMPUTER OUTPUT AND ALARMS
¢ Scepe

The process computer will have the following information available
with alarms as noted:

Subcooling margin
OTSC Tube to Shell Differential Temperature

+ Subcooling Margin Alarw

Subcooling margin will be computed for each hot leg and the average of
the five highest incore thermocouples. The process computer should
trigger an alarm state if:

sCM  25r°

}\ D T rat

Calculate shell temperature as follows for each OTSG if all shell
thermocouples are operable:

Tenell ® 0.262 Ty ¢ 0.176 Tz + 0.201 Ty + 0.143 T, + 0,238 Tg

Tables E.1.4,]1 and E.1.4,.2 define acceptable substitutes for various
failed thermocouples and combinations thereof.

Limiting the alarm state to conditions when Teold is €53. ‘nhibits
' the alarm during normal operations.

E-2
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; + fable E.1.4.1 Shell Thermocouple Sudbstitutloa
Failed | Substituce |
I/C L/¢ |
I's I T, |
T4 Ts
Ty I;
I 0.5 (T + Iyl
I I |
Iy & Ts |  No Cale |
361 } I :
3671 ' I =
I 67T ' I3
Ipéerem } No Cale }
> - Wide Range T.o14 should be used in determinlaz JI3G tube to shell
+ differential temperatures. Normally, use the wide range Lnput from
+ I&=1=5A4B and [£-3-5A4B, although [Z 959 and Ii 961 can be used Lo
+ certaln cases. lable E.L1.4.2 deflnes cthe Jacta sources.
+ For each Loop, Calculace Shell to Tube T as follows:
b4 Tr-s * Tonell = Teold
+ Tr.s should trigger an alarm stace if
* Teolda 5357° and  Tp.g T08°

i~}

+ Rev, 1
: * Rev. 2




Table E.1.4.2 Wide Range T .14 Inmput

RC=P=-1 Teold

- .. A Loop

0 0 00 Avg A

0 0 0 X Avg A

0 0 X O Avg A

0 0 X X Avg A

0 X 00 TE & 5A

0 X 0 X TE 4 5A

0 X x 0 TE 4 5A

0 X X X TE 4 5A

X 000 TE 2 5A
-~ X 0 0 X TE 2 5A

X 0 x 0 TE 2 SA'

X 0x X TE 2 5A

X X 0 0 Avg A

X X 0 X Avg A

X XX 0 Avg A

X X X X Avg A

0= Pump Running

X* Pump Off

Avg A= (TE 4 5A + TE 2 5A)/2

Avg B = (TE & 5A + TE 2 5A)/2

TE 959 May be substituted for TE 2 5A

TE 961 May be substituted for TE 4 5B
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