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ABSTRACT (Cont'd)

* 4, Initiate the DHR system at 300F under tule
rupture conditions.

* 5, Trip the reactor if pressurizer level cannot be
¢ maintained above 150 inches with two HPI pumps on.

* 6, Raise the unaffected OTSG level to 95% before
raising the affected 0TSG level to 95% unless
incore temperatures are not decreasing and there
is no OTSG heat transfer.

* 7, If RCPs are not tripped within two minutes of a
loss of SOM, maintain 1 RCP in each loop runring.

Revision 3 of this TDR provides guidelines for possible reduction

of offsite doses under specific plant conditions. These considerations
address deviations from OTSG steaming and isolation criteria which can
be evaluated as part of the long term response to a tube rupture. It
also includes some additional guidance on the use of shell thermo-
couples and address conflicts in requirements for RCP NPSH and DHR
maximum pressure.
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REV

SUMMARY OF CHANGE

APPROVAL

DATE

Figure 6, Table 1 and Section 2.1.6 and 2.1.9

were revised to address simultaneous DHR and RCP

operation, clarify #1 seal staging requirements
and specify that NPSH curves are dependent on
the number of operable pumps per loop.

Section 2.3.2 on issue resolution was updated.
Additional work items have been noted.

Section 3.2 was updated to agree with the
guidelines of Section 5.

Appendix E was amended to provide guidance in
calculating shell temperatures if the weighted
average is not available from the computer; or
if only thermocouple voltages are available in
the control room.

Appendix F was added to address long term dose
reduction considerations. Under certain plant
conditions variance from the 0TSG steaming
isolation criteria wiil allow a reduction in
dose. This TDR recommends that those guides
be appended to the tube rupture procedure.

£ €4
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TITLE SG Tube Rupture Procedure Guidelines, Rev. 2 PAGE 1|0 OF =]
REV SUMMARY OF CHANGE APPROVAL DATE

2 Section 2.2.3. Expanded discussions on /s/ 5/12/8]
feed and bleed cooling to include ADV and
TBV mass and energy relief capabilities
relative to decay heat and leak rate.

2 Section 2.3. [Discussed additional work /s/ 8/12/83]
which will be addressed in a future
revision to TOR 406.

2 Section 4.2.2. Added note regarding actions /s/ 8/12/83
to be taken if RCPs are not tripped within
2 minutes of a loss of SCM.

2 Section 4.2.3. Added note regarding loss of /s/ 8/12/8#
SCM after RCPs are restarted.

2 Section 4.2.6. Revised guidance on raising /s/ 8/12/8
OTSG levels to 95%.

2 Section 4,2.7., Added isolation criterion on /s/ 8/12/83
250 mRem/hr,

2 Section 4,2.11, Added criterion for Core /s8/ 8/12/83
Flood Tanks [solation,

2 Section 6.0. Added recommendations to isolate /s/ 8/12/83
CFTs using criterion provided and initiation
of DHR system at 300F.

2 Section 2.2.1. Clarified that emergency NPSH /s/ 5/12/83
curves should be followed for both RC pump
trip and restart.

2 Sections 3.2.4 and 4.2.3. Start one RCP per /s/ 5/12/83
loop or both RCP's in the same loop.

2 Section 3.2.2. Revised to be consistent with /s/ 8/12/83
the steaming criterion in Section 2.1.3.

AQ0Q 0017 9-80
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PAGE ||
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REV

SUMMARY OF CHANGE

APPROVAL

DATE

Added detail to Table of Contents and reversed
the order of Sections 4.0 and 5.0.

Added Tables 1 & 2 which provide tabular data on
RCP NPSH requirements and on spray flow for
various RCP pump combinations.

Section 2.1.3. Added recommendation for 0TSG
isolation if jodine release rate exceeds

250 mRem/hr or whole body dose rates 50 mRem/hr,
correcting error in previous revision.

Section 2.1.6 and Figure 6. Revised
emergency NPSH limits to account for cal-
culated instrument errors during LOCA
conditions.

Sections 2.1.8 and 4.2.2. Added dis-
cussion on the experience gained from the

June 1983 Lynchburg simulator sessiohs.

Section 2.1.9. Added recommendation to
allow DHR system initiation at 300F instead
of 275F.

Section 2.1.10. Recommendation to trip
reactor if 200 inch pressurizer level can-
not be maintained with two MPI pumps
running.

Section 2.2.2. Clarified guidance on
isolation criterion with leaks in both
0TSGs.

Section 2.2.2. Addressed raising 0TSG
level to 95% without causing an overcooling.

Section 2.2.2. Discussed why EFW should not
be used to control QTSG pressure in an
isolated OTSG (changing previous recom- »
mendation of Rev. 1).

/s/

/s/

I/ SI/

/s/

/s/

/s/

/s/

/s/

/s/

/s/

8/12/83

5/12/83

8/12/83

5/12/83

8/12/83

8/12/83

8/12/83

8/12/83

8/12/83

8/12/83
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REV

SUMMARY OF CHANGE

APPROVAL

DATE

1

Minor editorial changes and correction of
typographical errors on pages: 2,5,7,10,13,
19,20,22,A-1,A-3,A-4 B-1,A-2,B-2,6,18.

Revised cover page to show shell-to-tube
delta T can be controlled below 100F.

Added a List of Tables pp 1 & iii

Included use of MFW as means to cool QTSG
shell., p 5

Indicated that continuous steaming of OTSG is
simplest means of meeting OTSG level,

pressure and differential temp. considerations
pp. 5,6,10,18

Eliminated reference to RAC for determining
when to isolate OTSG based on radiological
conditions. p b

Added Section 2.1.3.1 to discuss control when
both OTSG's are isolated. (Also p 10).

Provided discussion and Figure ror RCP NPSH
limits. Section 2.1.6 and Figure 6. Ref 25,26.
& Sections 4.2.1 and 4.2.4,

Revised explanation of ADV & TBV flow capability
relative to OTSG flooding (incorrect in Rev 0)
pp 11,16

Added Reference to B&W guidance which allows
cooldown at 100F /hr during Tube Ruptures
without a soak time even if cooldown rate is
exceeded. p 11 & Ref 24

Section 4,2.3 revised to account for inability
to start either RCP in the A loop.

Added Section 4,.2.7.1 and revised 4.2.7 to
address Steaming [solation of 0TSG considering

the continuous steaming philosophy.
Simplified Section 4.2.8 on cooldown rate.

Added Section 4.2.9 on controlling OTSG shell-to
tube differential temperature.

/s/

/s/

/s/
/s/

/s/

/s/

/s/

/s/

/s/

/s/

/s/

/s/

/s/
/s/

5/8/83

§/8/83

5/8/83
5/8/83

5/8/83

5/8/83

5/8/83

5/8/83

5/8/83

5/8/83

5/8/83

5/8/83

5§/8/83
5/8/83
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TITLE G Tube Rupture Guidelines, Rev. | PAGE |, OF
REV SUMMARY OF CHANGE APPROVAL DATE
1 Added Section B.7,8.8, and B.9, which were left /s/ 5/8/83
out of Rev. O inadvertently.
] Deleted redundant Section of Part 4 (guidelines) /s/ 5/8/83
] Added Section C.2 through C.6 to discuss the /s/ 5/8/83
Guidelines Flow Diagram (Figure C-1) in words.
] Rewrote Appendix E on Process Computer Qutput /s/ 5/8/83
and Alarms.
] Revised Figure 4 to show decay neat levels /s/ 5/8/83

as a function of time.
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1.0 LIMODUCTION AND BAXXGROUMND

|
|
\
\
|
\
|
l
[n November 1981, primary to seconda:y side leaks were discovered in the tuoes

of both of the ™I-1 Once Through Steam Generators (0TSG). [here are 1>,3J1

tubes in each OTSG. The plant design basis for a steam generator tude cupture
(SGTR) accldent {s the double ended offsat severence of a single tubz. Since

axtensive clrcumfarential cracking was discovered in approximately 1200 of the
31,000 tubes, Lt became clear that a revised sat of procadures for dealing with
both single and multiple SGIRs should be developad.

This report describes a program whicn has been formulated to laprove existing
procadures and oparator training by providing improved oparator guidelines for
dealing wi th tube leakage and tube rupture events. [he guidelines development
program will be described in detail, and the ma jor revisions to the existing
procedures which have been ldentiflad as part of the program will b2
discussed. The proposed guidelines will then be presented (n tarms of their
overall scope, with a step by step discussion of required operator actions. fhe
analytical evaluatlons which are the basis for the recommsndations, zonsist of

a series of simulations which are ongoing and will be document2d in detail {a a
subseqjuent repoct. The guidelines in this TOR were ta2stad at the BaW simulator
training cycle beginning ‘n January, 198]. T[he results of this tralaing

exper lenc2 are dlscussed. Finally, the overall concluslons and ma jor
recommendations of the guldelines development program are documental.

* dev. 1
* Rev, 2
é Rev, 3
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TECH FUNCTIONS SCTR GQUIDELINES DEVELOPMENT MRIORA4

flgure 1 shows the exacutlon of the steam generator tube rupture
gu'deline development program. The plan has three main paths: Path
| is the development of design basis tube rupture guidelines. Path 2
{s the development of multiple tube rupture guldelines, and, 2ath 3,
{s a benchmark effort to compare the RETRAV and RELAP 5 computac
codes. This last effort also i{ncludes an evaluation of ths B&W ATOS
analysis of a single tube rupture using MLVI[RAP. The purpose of
this TDR {s to explain paths 1 & 2. The benchmarking and coaparison
efforts are discussed in a separate TOR describing all of the tube
rupture analysis work. Non2 of the computer analyslis of Path 3 has
been used to justlfy the recommendations of this report. The
analyses were an ald {n conceptuallzing the pnysical processes ducing
a tube rupture.

Development of Design Basis Suidelines (Path 1)

The ma jor activitles involved Ln developing this part of the
guldel ine were to:

Xs Search existing !ndustry events and procedures for lessons to be
learned about handling tube ruptures.

I~
-

Define allowable steam generator stresses during cooldown
(atther as cooldown rate or as tube/shell delta T).

. X Detarmine when OTSG's should be {solated and when they should bde
steamed .

4. Revise the minimum allowable subecool ing margin,
- Waive fuel (n compression limits.

6. Develop emergency RCP NPSH limlts.

7. Rede fine eatry point conditions.

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

Each of these items are discussed ln detall i{n the following sections.

Literature Search

Several tube rupture leaks have occurred at varlous operating
reactors within the last four years. The experience gained froa
these events has offered us an oppocrtunity to lmprove tube ruptuce
guidelines. The major lessons learned from these events have been
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summar {zed i{n various documents from the NMRC, LiPO, and plant
procadures and included ln the BSW ATOG tube rupture guidelines
(References 1-10). The lessors include the following:

t, Subcool ing margin should be minimized to ainimize primary to
secondary leakage. Subcooling is maintained by keeping the 1CS
temperature helow the saturation temperature with OTSC cooling.
Sinca the OTSCG {s {n a saturated conditlon, Lt (s alvays lLower
in pressure than the RS L(f subcooling ls maintained.
lherafore, kaeping subcooling margin at or near [ts minimum
acceptadle value reduc:s lealcag2.

In order to malintain the minimum subcooling margin, several
plant limits have to be violated: fuel pin=in=comprassion
limlts and RCP NPSH llmits. C[(he former (s accaptable to violate
dur ing emergancy conditions, while the lLatter has been
reevaluated to determine acceptable emergency operation of tne

pump .

RCP's should be maintained rmning for several ceasons. Pump
trlp on loss of subcooling margin allows the opecato’ to
maintain forced fluw for a leak size of up to several tubes
while 1600 psig ESAS is much more restrictive. Forced &C flow
provides several benefits during a tube rupture. Flrst, they
assure that steam volds 4o not form in the hot lLeg U bends or
upper vessel head. Steam volds in these locations can iatercupt
natural circulation or prevent RCS depressurization. Second,
RCP operation cesults {n a lower primary to secondary
differential pressur2 for a given subcooling margin (since core
delta T ls smaller with the RCP's ruaning). Finally, @ith RCP's
running, pressurizer spray is available and RCS pressure contcol
{s not dapendent on the PORV or pressurizer vent.

re

Main fesdwater can be used (f RCP's are running, with puaps oif,
emacgency feedwatsr must be used, which {s less effactive in
cool ing the OTSG shell, thereby increasing tude to shell delta
T. (L.e., tube tensile loads).

4 RCS pressure should be maintainad low enough to prevent
secondary s lde safaty valves from Lifting. HPL flow was not
throttled sufflciently in the Gilnna event of Januacy 1o, 198&
and the steam generator filled with watar. Since the RG
pressure was above ths 35 safety valve setpoint, the safeties
opened resulting (n an atmospheric release of radioactivity.
Moreover, the safeties were forced to pass liquid, which might
cause the open failure of the valves.

4 R Degassing

RCP NPSH limits at Glnna required shutting down of the ceactor
coolant puaps at low pressures. Shutting the pumps allowed
p wcondensible gases to collect (n the top of the steam

£33

]1
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generator tube U bends. [hese trapped gases preventad (3
depressurization for many hours. An analogous situatlion might
occur at the hot leg U bends. [ne ™I-1l design has always nad
capability of venting noncondensable gases from the U bends,
however, which can be used (f RCP's are not available.

BWST Irnventory

The Oconee tube lLeak of September 18, 1981 resuited (n a
sustalned (17 hour) leakage from the RCS to the OT3G's. [nis
leakage caused the generator to fill. In order to prevent sta2am
line filling, the operators at Ocones transferred wate: out of
the OTSG's., In effect there was a onc2 through cooling patn
from the B4ST through the core and out of the 2TSG's. [his
experience (llustrated the need to assure adequate BWST
[nventory for core cooling. Sscoad, (t highlighted the need to
store radloactive water in the plant during a prolongaed RS
cooldown.

6, Shell=to=Tube Delta T

A tube Leak at Rancho Seco (n May 1981 yielded avidence of :he
(mportance of controlling OT3G tube/shell delta T. [he axistiag
limlts and precautlons at TdI-1 (s 100f°, However, Lefore

tube/ shell delta T axceedad 100F°, the leaking tube was placed
under tensile stress and the tube was pulled Lato a
circumferentlal tear. Maintalining tube’shell delta T iimits are
lmportant during tube ruptu~e and are discussed (n moce detail
below.

Limiting OTSC Tube Stresses

Steam generator tube stresses are generatad as a result of caaslile
loads placed on ths tubes. [hess tensile loads come from two load
components. The first s the tempacrature diflerential between tne
tube and steam generator shell. As the RCS temperature decreases,
tube temperature decreases. A: some point the differenc2 in
temperature batween the colder tubes and warmer shell (s sufficient
to result ln tensile stresses that pull apart a leaking tube. This
toplc has Yeen the subject of extensive analyses within JPJN {a

con junctlon with BSW, ERT, and MPR and the subject of a separate
report (see Ref, 13), ‘

The second Load component (s from OTSG pressure loading on the
tubesheet which causes elongation of the shell. [solation of tue
OTSG causes the tube/shell difference to (ncrease while adding a
tensile load on the tubes by elongating the shell via pressure
loading. Structurally there are compensating effects {avolved in
mitigating these two load contributors. Rapid depressurization
eliminates the pressure {nduced stress but aggravates the delta [

+ Rev. |
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é Rev. 3
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induced stresses. [he optimum 275G cooldown/depressurization rate
has not been determined. However, it (s Xnown that isolating tne
OTSG at 1000 psig is not the best means of raducing stress.
Cooldown/ depressurization {s the preferred method.

There are three Lilmits for tube/shell delta T that presently apply to

 T™™I-1. Plant "Limits and Precautions” [Ref. 22) limit delta T o

60f° during heatup and to 100¢’ during cooldown with one 015G
isolatad. This value of 1007 ° assumed that tubes aad no moce than
40% through-wall cracks. [n raference 23, BSW estaolished 14277 for
a cooldown using both OTSG. The 707° value in this TOR (s proposed
as 3 guide in determining an acceptable cooldown rate. If deita T
can be maintained at or below 70¢°, the operator has sptimized the
plant cooldown rate. The 70¢° limit more conservatively assumes that
tubes in the OTSC are leaking below a detectable Limit. A 70¢° value
limits propagation of these cracks.

Control of shell to tube delta T (s accomplished in several ways.
First by cooling the OTSG Liquid (steaming) to allow the metal saell
to cool. Secoad, by providing cool, main faedwater into the
downcomer. If neither of these methods works, th2 RCS cooldown must
be decreased until the OT3G shell cools sufficiently. If ceduciang
the cooldown doesn't work, then the cooldown must be terminated.

teaming, Isolation and Filling of the Laaking QTS G

Isolat'sn of the leaking OTSG zan result (n the overfilling of that
generator. It {s praferable to prevent overfilling, however, to
allow plant coonldown in an exped'.tious manner. If the OTSG fills, it
becomes a largs pressurizer (as evidencad by the Ginna event). [h2
time (t took to cool down this mass of hot watar greatly 2xtandad the
cooldown of the plant. Steaming also maintains some natural
circulation flow in the hot leg. This flow cools the hot lLeg U bead
and decreases the chances of steam void formation.

As dlscussed (n Sectlon 2.1.2, st2aming and depressurization of the
OTSG also reduces OT3G tube stresses. However, depressurization of
the OTSG also increases leakage rata. As discussed (n Saction 2.2,2,
the OTSG pressure should be below RCS pressure to promote flow
through the hot leg. The optimum OTSC control cresults in

1) depressurization of the OTSG without causing large delta T's,

2) minimum RC3 leakage; J) promotion of natural circulation fiow in
the hot leg; and 4) positive leakage from the RCS [nto the JT3C to
assure hot leg cooling {n the absence of natural circulation. The
optimum pressurz control scheme to meat this criteria has not Dbeen
datermined analytically.
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Meeting all four of these criteria will proba*tly result in a nearly
continuous steaming of the affected 0TSG. Moreover, intermittent
steaming of the OTSG's will result in release of all the noole gases
transportad Into the OT3G from the RG. Therefore, the IR
recommends ccitinuous steaming of the 0TSG's. [he advantages of
continuously st2aming the affected OTSG's are:

+
+
+
+
+
+

+ | 8 All of the abuve OTSG control conditions :ira met.
% - 4 The operator follows his cormal coildown procaduces.
+ 3. Plant resgonse is symmetric.

+ 4. Cooldown at low pres:uce’/ e perature can be accoumplished morce
quickly, allowing DK systsm operation soonet.

Contlnuous sreiming chould result (n a more rap’d cooldiwn than
{ntermittent steaming because of tube/shel. delta T lim’tations.
Cooldown at 100 7 /hr using *he unaffected OT3CG will cesudt (n a 7J 7
delta I llmir in 1-2 hours. ~¢rom this time on, the OTSS would have
to be steamed, S’'amilarly, tbe OT3C would have to be stuamed to
maintain natwwral ciceviation.

Although it (s highly desirasle to prevent stz2am Line filling, there
are certain circumstances whic» dic:ats that the 3T3. should be
filled. The Eangineering Mechani.s Section of GPJUC has established

the capability of the steim lines to sustain the water hammer and
desd load effects of flooding the steam Lines (Ref L1). This

analysis shows that the loading is acceptable without pinning (except
for the dead load effects during a design basis earthquake). Slnce
this combiration of events i{s extremely ~emota, the procadures have
been modif'ed to allow filling »f the CTSG.

"te guldelines have the operazar fill the 0ISG's only under twd
s.rcumstanzes. The flrst coaditlion is that BJST level decreases
below 21 ft. At this level, there (s still sufficient Inventory to
flood both st2am lines and put about 30,000 gallons of watas into the
conta{ament building (Ref 12). [his amount of water is sufficient to
provida adequatz NP3H {n an LPI to HPL “plggyback” mode of zore
{njection from the reactor building sump (Ref. 13).

+ A second reascn to fill the OTSG (s for radlological considerations.

+ The OTS” shoula be lsolated (f offsite doses are approaching levels
which would require declaration of a Site emergency. II should be
noted that a Sitz Emergency may already have been declarea based on

+ OTSG leakage rats. Nevertaeles:, this level provides a rationale for
decicing that release rates are high enough to warrant OTSC isolation.
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Zonsideration was given to daflning isolation conditions dasad on RS
activity levels, meteorology and steam line radiation levels. RG
activity level cannot be correlated to offsite releases, sincs
offslte dose will be affected by the location of the tube leax in tae
0T3G, avallabtllty of the condenser and plateout and decontamination
factors. It s also undesirable to isolate the OTSG based on
assumed, meteorological conditlons. Thz most desicable approacu is
to isolate based on actual releases occurring during the eveat.

[he existing sit: emergency limits are 50 mRem/ hr whole vody and

250 mRem/hr thyroid dose measure or projectad at the sita boundacy
(Ref. 33). Section 2.1.9 discusses the length of time required to
cool the plant down to DHR system conditions. This length of time
defines the {ntegrated does allowed by tha guidelines (l.2. releas2
rate for the specilfled period of time).

Steaming, Isolation and Filling with Both 0T3G's Leakin
1ing 2 2

Isolation and stsaming of the OT3G's must be addressed for leaks In
both 2T5G's. Once RCS temperature is below 540 F, a choice has to De
made regarding OTSG (solation. Both OTSG's should be steamed unless
elther the BWST level or offsite release critecia is reached. if
both OTSG's are steamed, then all steam loads from both OTSG's saould
be {solated except for the TBV's/ADV's. ALl other steaming,
tsolation and fllling criteria should be followed.

1f the BWST level reaches 21 feet, then both 0TS3s must b2 isolaced.
1f the dose criterla is reached, one OTSG should be isoiat2d and tae
doses reevaluated. If the dose criteria still cannot b2 met, tnen
the second OTSG should be {solatad.

Min‘mum Allowable Subcooling Margin

A primacy goal during a tube rupture is to minimize offsita dose.
Minimizing leakage from the RCS i{s the first line of defensa.

leakage from the primary to secondary (s determined by the size of
the leak, and by the differential pressure between the RCS and JISC,
Primary to secondary diffarentlal pressure is controlled by fixing
the degree of RCS subcooling. Once sacondary pressure ls fixad, cold
leg temperature {s determined. For any time, d2cay heat (s fixed.
RCS flow (which {s determined by OT3G level or RC? operability) tnen
detarmines hot leg temperature. Reactor coolant pressure oc UPL flow
then flxes the degree of subcooling. Since the operator controls
OTSG and RC3 pressure and HPL flow, ne i{s in control of the
subcool {ing margin, hence primary to secondary delta P. Figure P
{llustrates the effect of subcooling macg'n on primary to secondary
leakage.

Figure 3 {llustrates the relative effects of a3 cooldown with RC?' s
off using 507> and 25¢° subcooling. EZven at the maximum cooldown of
1007 °/ he, the intagrated leakage differs by a2 factor of two.
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Waive Fuel in Compression Limits

Fuel pin-in-compression limits are specified to assure that fuel pins
are always in compression above 425F° in order to prevent detrimental
orientation (i.e., radial orientation of hydrides) (Ref. 14). These
limits require a high subcooling margin for RCS pressures ranging
from 1350 psi to 550 psi. In correspondence dated January 20, 1983,
(Ref. 14) B&W confirmed that violation of these limits during tube
rupture events is acceptable. When these limits are violated it is
important that the pressure and temperature versus time be recorded
so the effects on cladding can be evaluated. The evaluation must
determine whether clad ballooning or incipient cracking has been
induced.

Reactor Coolant Pump NPSH Limits

RCP NPSH requirements place limitations on the minimum subcooling
margin. At low RCS pressures RC pump NPSH limits approach 100F° of
subcooling. However, general centrifugal pump test data have shown
that NPSH requirements are substantially reduced at water tempera-
tures above 250F°, A review of T™I-1 test data on the subject
reactor coolant pumps indicates 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 required NPSH at various pump
suction temperatures (Reference 25) for the flow associated with two
pump operation, The NPSH available, as indicated by the saturation
margin monitor in the hot leg, is then calculated by considering the
total pressure drop from the hot leg to the pump's suction (Reference
26). The resulting NPSH requirements for 2 pump operation (actually,
either one pump or one per loop) are shown in Table 1 and Figure 6.
Note that the curves should be used as if the two loops of the R(S are
independent, i{.e. either one or two RCPs are operating. Also shown
is the 4 pump operation (actually two pumps in one loop or four pumps)
NPSH curve which has considered the changed flow distribution in the
coolant loops. In addition, the normal NPSH curve and the 25F° sub-
cooling curve are shown for comparison purposes. RCP operation below
300 psig is only allowed if pressure differential across the No. 1
pump seal i{s maintained as 275 psi or greater (Ref. 32).

The emergency NPSH limits are intended for operation of RCP's during
abnormal and emergency conditions such as small break LOCA, SG tube
rupture, station blackout and secondary side upset events. Pump
limits and precautions must be adhered to while following the
emergency NPSH limits (e.g., the pump should be tripped on high
vibration).

Procedure Entry Point Condition

The use of an emergency tube rupture procedure should be limited to
situations where normal limits {e.g. fuel pin-in-compression and RCP
NPSH) are being waived. The guidelines' entry point condition is
chosen as 50 gpm. A leak rate of this magnitude would be expected
from the complete separation of one tube (as opposed to 385 gpm for a
double-ended offset of one tube). Less likely, (but more serious)
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would be leakage of this extent from a number of tubes. Both
situations warrant entering the emergency procedure. Below this
limit, plant cooldown should be achievad within normal limits unless
additlonal equipment failures occur.

Simulator Experience

St2zam generator tube rupture procadures were exercised ducing the
January and June 1983 simulator sessions. [he experience gained from
these two sessions has been factored lnto this TOR. The principal
lessons learna2d were that:

Us Controlling plant cooldown rate with 2 or 3 APl pumps ~uaning
{s very dlfflcult at best. Raising OTSG level to 95% during
this plant condition may not be possible.

2. Prioritization of plant control parameters was not obvious
to the operator in certain situations. The two situations
which were encountered were:

a. Minimizing subcooling margin has priocity over mini-
mizing the cooldown time, and;
b. Steaming to control OT3G level is less impoctant

than RCS cooldown ratz.

8 Plant response aftar RCPs are restacted was unexpacted to the
ope-ation., Second pump restarts may be required before sub~
cooling margin stays above 25F°

&4, Critarla for tsolating core flood (s required. Core flood
tanks should be isolated in a subcooled system before they
initiate.

- 5 Additlonal guidance is required if the RCPs are not tripped
within two minutes of a loss of subcooling margin.

These items are discussed in more detail in Sectivon 4.0.

Emergency Limits for Decay deat Systaw [nitiation

Plant experiance indlcates that a 'arge portion of time ducing
cooldown occurs below the temperature of 3J50F. Simple analyses,
assuming only one AV for a loss of offsite power, using

the CSM? computer code (Ref 31) (ndlcate that the RCS can be cooied
down below 300Ff in less than % hours, and cooldown to 275¢ zan be
accompl ished in about ten hours. 275F is the normai JDHRS initiation
temperature. GPUNC has evaluated the capability of the DHR system to
operate at a tamperature of 3O0OF (Ref 32) and concluded that it is
within the design capabilities of the systam. Therefore we recommend
that the tube rupture procedure allow initiation of the OHR system

at 3007 tistead of 275¢.
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As shown on Figure 6, the DHR system cannot be operated simultaneously
with reactor coolant pumps above a certain temperature. Therefore, a
decision will be required to evaluate the desirability of either: (1)
steaming the 0OTSGs but maintaining forced RCS; or (2) stopping
steaming but tripping the RCPs with the resultant potential for

steam formation in the hot legs. This decision will be dependent

on the amount of radiocaactivity release at that. time. It is
technically acceptable to trip RCPs if the result is termination

of significant releases.

Reactor Trip on Low Pressurizer Level

Preventing a loss of subcooling margin has many advantages in
contolling the plant. Before the spring of 1983, EP 1202-5 required
the plant to be tripped if level could not be maintained above 100
inches with two HPI pumps running. This may not be a sufficient
level to prevent voiding of the pressurizer after a reactor trip.
Emptying of the pressurizer causes a loss of subcooling margin and
the subsequent tripping of the RC pumps. In order to prevent this
situation, the reactor should be tripped if level cannot be

maintained above 150 inches or higher. This is sufficient volume
(about 600 cubic feet) to prevent pressurizer voiding.

There is a disadvantage ro this recommendation since the safety

valves will 1ift after the reactor trips. However, this situation is
considered acceptable when weighed against the plant control

advantages of having RCP's running. Also, only a certain window
of break sizes will result in reaching 150 inches and not 100

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

Development of Multiple Tube Rupture Procedure

Guidelines (Path 2)

The treatment of multiple tube ruptures relied on several sources of
information. The Ginn. tube leak exceeded the single tube flow for a
B&W plant and also resuiied in a loss of subcooling. Therefore, that
event legitimately represented a multiple tube rupture. The Oconee
tube leak with a delay in getting onto decay heat removal, prompted
analysis of water inventories required to assure a source of water
for HPI cooling.

Besides plant operating experience, this TDR investigated the
following aspects of multiple tube ruptures:

T Revision o” the RCP trip and restart criteria.
2. OTSG steaming and level control.
% Establishment of criteria for going on feed and bleed cooling.
4, Cooldown/depressurization.
+ Rev, 1
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Revision of RCP [rip and Restar:t Criteria

Based on initlal small break LOCA analyses recaived from ?WR vendors
{n 1979, NRC concluded in NURES 0623 that delayed trip of reactor
coolant pumps during a small break LOCA zan lead to predicta2d fuel
cladding temperatures (n excess of current licensing limits. At tae
time of RC pump trlp the liquid that 4as previously dispersed a-ound
the primary system through pumping action now collapsad down to low
points of the primary system such as the bottom of the vesse. and
steam generators. [his separation results in significant uncovery of
the reactor core if systam volding (s high enough, due td an
{fnsufficient amount of liquid belng availabla to provide acceptabdbie
core cooling. Unacceptable consequences would cresult from delayad
reactor coolant pump trip only for a range of small breaks <A (.05
to 0.25 ft?) and a range of trip delay times af:2r accident
initiation. Based on thess findings, a meating of utility veadors
and owners was held with NXC in Sepcemder 1379. Ar this m2eting (¢t
was agreed that the 1600 psig ESAS signal provided timely Control
Room (ndication for manual action to prevent possible voilding
scenarios.

GPJ had BSW reevaluata these LOCA scenarios assuming RCP's were
tripped on loss of subcool {ng margin. Tha conclusion of that
reanalysis was that loss of subcooling was an acceptadle altacnative
to pump trip on 1600 psiz ESAS., In March 1983, the MRC Staff
required Utilitles to reevaluata their pump trip schemes (def. L7).

GPUNC provided an evaluation of the pump trip criterion and a
schedule for {aplementing this critarion by May L, 1383,

fhe advantag: of malntaining RCP's is that during Steam Generator
Tube Ruptures in which minimum subcooling margin is maintained,
continuous RC puap operation assures expeditious cooldown with a
minimum primary to secondary d.fferential pressucre. This change in
eriteria for RCP trip will allow RCP's to be operated for a greater
spectrum of tube ruptures (including ruptures beyosad the dasign
basis) and to reduce the offs.te doses for those events. Raducing
the allowable subccoling margin is not intended to reduce RCP
equipment protection. RCP's should be tripped (f emergency A PSd
requirements are not met, and should not be stacrted until NPSH
requirements are re-establ{shad. If applicable ¥PSH puap vibration
limits are exceedad, then the RCP's should be tripped. Pumps should
be restarted as indlcated in the T™I-1 Small Break LOCA

Procedure (EP 1202-63, Attachment (). As notad (n Section 2.3,
bumping criterion requires additional clarification,

Flgure 3 {llustrates the reduced leakags possible wita RCP's on.
Stmilarily, restart of RCP's has a great advantage. During tub2
fuptures, primavy to secondacy lifferential pressure decreases
rapidly siace OTSC pressure i{s high. Leakage flow {s exceedad by 4Pl
flow and subcooling macgin should normally be restored within 20-60
minutes after larger tube ruptures. Restarting RCP's provides
pressur {zer spray, and prevents vo'd formatlion in the hot legs J

bends and reactor vessel head.
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OTSC Steaming and Level Control

The guidelines for OTSC steaming are nearly the same when either one
or both OT5Gs are affected. [he NTSG pressure should be controllad
to prevent Lifting of safety valves (il.2, stay below 1000 psig).
Level should bz maintained below 95% on the operate range. [here ac2
several other issues tn» be considered for multiple tube ruptures,
however. First, large tube ruptures may result in 32 trip. [ha
OTSC's should be steamed to maintain natu-ai cicculation (n the
affected loop. Natural cicculatfon flow will minimize the

shances of drawing a bubble i{n the hot leg U bend. Continuous
steaming of tha OT3C allows all of these considerations to be
accommodatad.

It (s i{mportant to recognize that a large tube cuptuce with loss of
subcooling {s a LOCA condltion. [hecafore, it is required to raisa2
OTSG level to 95% to assure that Liquid level [n the tube reg.on is
high enough to allow water to flow into the core during boilec
sondenser cooling. If lLevel i{s not caised to 35X, thea Efd {low must
be at a high enough flow rate to penetrate the tube bundla
sufficiently to provide auequate heat transfec. A {low rat2

of 550 gpm total [225 gpm/OT3G) has been verified as acceptabla

by B&W (Ref 29). This flow is the minimum available after a seismic
event and worst case single failure, coincident with a small breax
WA (n which boller condenser cooling (s required. It (s {mpoctant
to recogr.ize that with two HPI's available, boiler condenser cooling
is not required. Procedures should therefore allow the oparator to
raise OT35 level to 95X tampered with the need to control the ACS
cooldown rata. During tube rupture events with both HPL pumps
availahle, , the unaffected OTSS level should be raised first while
the affacted OTSC level should be preventad from bolling dry
(matntain a minimum level of 30"). The operator can control

L OT3C instead of trying to raise Level in both 0T3G's
simultaneously. For the case with only one 4PI pump, (f {incore
temperatuces are not dacreasing and the 0TSCG (s not removing RC3
heaz, then there will not be a cooldown rate control considecation;
moreover, the plant may be (n a condition that cequices boiler
condenser cooling. [herafore, OT3G levels must be raised to the 95%
level simultaneously (n this situation (Ref. 30).

Sectfon 2.1.3.1 discusses steam generator isolation, steaming and
fllling criteria when both O0TSG's are lLeaking. This discussion also
applies when the RCS subcooling margin has been lost.

criteria for 7eed and Bleed Cooling

Analyses of multiple tube ruptures indicate that existing plant
procedures for establishing feed and bleed cooling are correct. Fzed
and bleed cooling should be {nitlated when the OTSC heat sink i3 not
available. If both steam generators are {solated during a tube
rupture, the PORV should be opaned with full APL turned on. An
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additional complication for tube ruptures, however, is the potential
to flood the 0TSG's and force open the safaty valves under this
condition. If RCS pressure is below 1000 psiz, the PORV is capadle
of removing decay heat, even with liquid relief within two hours of
reactor trip assuming that there {s no energy relief out of the
ruptured tube (see Figure 4). Therefore, tne oparator can control
RCS pressure by throttling HPI. Moreover, witn ACS pressucre delow
1000 psig the OTSC safety valves will not Llifc.

1f RCS pressure stays above 1000 psizg, however, the operator must
take actlon to prevent safaty valve Lifts. A situation with RS
pressure above 1000 ps.g and neither OTSS available requires tha
opening of the TBV or ADV's to control OT3G pressure below 1000 psig
and level below the upper tube sheet. Elther tha AV or T3V nava
sufficlent steam capacity at high OT5C sressure to remove decay
heat. The TBV's also have sufflcient capacity to preven: 0T3G
flooding. However, Lf the leak ratz (s large 2no0ugh, the st2aming
rate required to control level in the OT5C may result in an
unacceptable RC3 zc0oldown rata. In this case, zooldown rats must be
controlled and the J2T3C allowed to flood. As discussed in Sectlion
4,2,2.1, this situation does not seem likely (at lLeast at high

decay heat levels). As decay heat decreases, steaming can be
terminated when RCS pressure goes below 1000 psig and .s controlled
by the PORV and dPIL.

The steaming capacity of an ADV at 1000 psig exceads dacay heat

levels within several minutes after reactor trip. dPIl capacity
exceeds the capacity of one AOV. Therefore, the RCS pressuce can be

controlled at 1000 psig in this mode without Lifting safety valves.
Subcooling margin can be regained and the plant cooled down until an
OISG heat sink can be restorad or until the plant can be put on dacay
heat removal.

Until OTSC level {s above the uppac tube sheet, pressure ia the 0T3G
will remain below 1000 psig, since the RCS tampecrature is below
5407 °. With level less than 500 inches, however, tnhe operatoc still
must steam to keep pressure below 1000 psig; therefore he should noc
have *o steam to contrcl level on the affactad OTSG, When level jues
above 600 {nches, pressure in the O0TSC 's determined by the steaaw
pressure in the steam line. If the Linus are leak tight, then
compression of the steam bubble can cause a pressura increase above
1000 psig. In this case, the operator would steam the OTSG to reduce
pressure. However, (f there are steam leaks in the system (e.3.,
through steam traps.) then the lines could flll with water before
OTSG pressure increased. [hersfor2 to prevent this situation the
O0T3G's must be steamed to preclude this possibliity.

Cooldown/Depressurization

Analyses of multiple tube ruptures demonstrated that subcooling
margin should be regained in 20-60 minutes (see Flguce 3). ASP's can
be started and a forcad flow cooldown fastituted. Even {f RCP's ace
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not available, the cooldown during a multiple tube cupture can be
accompl ished within the single tube ruptuce guidelines. If equipmant
failures prevent a normal natural civculation cooldown, then thz
plant would be cooled down with faed and blsed cooling. This
maneuver would probably requice inltiatioa of feed and bleed cooling
{n the API/LPI "piggyback” mode. Existing plant procedures give
corract guldance about when to initiate this mode (B43T level beiow 3
f¢.).

Guidance from B&W on 2IS/3rittle Fracture limits requires a "soax
time" to allow the vessel wall to reach the RCS temperature.
However , BSW has also recommended that the “soak time” (3 not
crequired during tube rupture events in which a rapid cooldown is
necessary (Raference 24).

T T+ 4+ 4+

St2am releases during multiple tube rupture events can be minimized
by jud.clous use of the EFW, HPl and TBV's. Full dPI flow, in

+ conjunction with throttled EW flow allows a 1J0¢ °/hr cooldown
without having to steam 2(ther O0TSG,

2.3 Ad4itional Work Requirements

2.3.1 * Analyses

As noted (n Section 1.0, there is a program of ongoing computer
analysis work slmulating single and multiple steam generator tube
ruptures., The effort (ncludes the plant statas listad in Sectlons
3.1.1 and 3.1.2, This lList does not reflect two specflc detailed
analysis efforts which are beilng undecrtaken as parct of the tube
rupture quantitative development effort. [he first analysis is a
slmulation of the vessel head reglon ducing natural ciceculation
cooldown. T[his analysis affort will help {n evaluating the effect of
2 vessel head bubble on the RC pressure response., It will aiso aid
{n evaluating the benefit of the reactor vessel head vent.

* * F F B & B

The second analysis effort is being performed in conjunction with
Babcock and Wilcox Company. Detailed analyses are being pecrformed to
provide lmproved guidalines for OTSG filling after a loss of
subcooling margin, with one, two and three 4P1 pumps available. [n2
intent of the analyses is to assure that the 0T3C's are fliled
without violating cooldown or shell to tuba differential tamperatur2
limits, while still meeting core coolability requicements. This
effort was considered aftec the January 1983 simulator training
session and further defined after the June 1983 simulator session.

* % TR R E N

2.3,2 * Issue Resolution

. A number of (ssues were {dentified which require further effort
. to resolve. [hese are the following (tems:

» A, Operator guidance for {dentifying two phase natural circ~
¢ ulation cooling (boiler-condenser). BSW provided this

¢ guldanca to the B&W Owners Group (Reference 37) and the

é information (s presently being evaluated by GPUN,
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Acceptability of excessive cooldown rates for very short time
intervals. B&W has provided their response to this concern
(Reference 39). Deviations of no more than 15F are allowed at
any given time.

Importance and technical basis of fuel-in-compression limits.
This effort is still underway.

Viability of DHR system initiation at temperatures above
J00°F. This effort is still on-going.

ldentification of pump vibration limits for various pump
combinations, This effort still requires resolution.

Determine viability of ATOG RCP “"Pump Bump” cr’terion.

The bumping criterion would allow running pumps without
adequate subcooling or NPSH margin as long as a steam generator
heat sink is avallable. Determine whether the ATOGC criterion
anticipates that NPSH will be reestablished since the heat

sink is available. The existing bumping criterion in T™I-1
emergency does not require that a heat sink be established

and would allow continuous RCP operation in violation of NPSH
limits.

ATOG requires that RCP protective limits be observed for all
conditions except under certain inadequate core cooling
situations. Therefore, the operator would only operate the
RCPs {f normal limits allowed.

As noted in Section 2.1.9, simultaneous DHR and RCP operations
are not allowed above 275F. The basis for the DHR pressure

limit and for the RCP seal staging pressure must be re-
evaluated for emergency conditions.

Reactor coolant pump shaft vibration data were taken during
the plant cooldown of 10/6/83 (Reference 38). The RCS was
depressurized at a constant temperature of 400°F from a
subcooling margin of 180F° to 60F°. Shaft vibration increased
to 26 mils. A plant test will be developed and executed to
determine if the pump response at this temperature is typical
or anomalous. If typical, then shaft vibration will have to
be monitored by the operator when normal NPSH limits are
violated.
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DISCUSSION OF MAJOR REVISIDNS T EXISTLIG PROCEOURES

Che development of the design basis guidelines discussed (n Sec:tion
2.1 Ldentlfled a number of areas wnich were (nvestigated to determine
where speclfic changes should be incocrpocatad (nto the nes
guldelines. This section further explains what areas of the
guidalines snould be revised.

Bas(c Plant State

Assumed ?lant Conditions

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

P Subcool ing margin (SQM) (s maintained.

r 4 Only one OTSG (s affacted.

3. Condenser (s available.

4, Reactor <coolant Pumps (RCP's) remain on.

. Decay heat (s removed by the intact OTSG until the Dacay Heat
Ramoval [DH) system can take over.

6. The affected OT5G can be steamed to maintain less than 5% lLevel
(Operating Range) and less than 1000 ps.3.

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

i RCP's not available.
& Condenser not available.
3. High radlation releases offsite.

4, Tube leaks in both OT3G's (but one OT3C remains capable of
removing decay heat).

5. Steam lines assoclated with leaking 2T3G flood.

The consideration of (tems | and 2 are equivalent to an assumpcion of
loss of offsite power.

Tube Ruptuce Guidelines For uoss of Subcooling

Tube leaks {n this catagory generally go beysnd the licensing basis,
or are otherwise ramarkable du2 to plant conditions (aside from tha
tube leak) or equipment malfunction.

+ Rev. L
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The following conditions were assumed in develuping guldelines for
this category of tube rupture event,.

| P Mors than one tube leak.

&4 SM (s lost.

3. ACP's are unavailable.

4, Pilot-operated relief valve (PORV) and Reactor coolant Systaam
(RGS) high point vents are available.

3 Unaffected OT3C zan be steamad.

contingencles

The revised guideline will have provisions to da2al with the followiag
additional circumstances:

L. Both OT5CG's are affected.

2. Both NT3G's affected, but one 0T3S cemains capable of RCS heat
removal and elther a) the PORV {s unavailable or b) RG pressuce
stays above the main steam safety valve setpoint due to vold
formation {n the RCS,

3. Nelther OT3G (s capable of removing decay neat, and 2ither a)
the PORV {s available, or b) the PORV {s unavailable.

Ravised Equipment Limits & Operating Practicas

During the course of the analyses leading to the guidalines provided
{n Section 4.0, It bacame apparent that certain normal equlpment
limits and operating practices should be adjustad to effactively d2al
with a tube leak/rupture. [hese changes will help accomplish the
following:

1. Mitigate or prevent further OTSC damage.

2, Maximize tha cooldown ratz to cold shutdown.

3. Minimize SOM (thus minimizing primary to seconda:y lLeakage).
4, Maximize RCS pressure control options.

An Event Tree showing the various possible developments of an OT3GC
tube leak appears as Appendix D to thls report.

+ Rev. |
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3.2 Discussion of Guldelines

Appendix C providas a logic dlagram of the tube rupture guldalines
(with a written discussion of thos2: guideilnes). [his section of the

¢ report provides descriptive text of the guldelines shown in that
diagram and described (n Sectiun 5.0. Tlhe symptoms of the tube
cupture pcocedure define the entry po‘nt coanditlons wnen the
emergency procedure is used. Ihis procedure nead only be enterad for
situatlons where a rapid depressurization of the plant (s wacranted.
When such condltlons warrant, then th2 plant should be shut down and
sooled down as expeditlously as possible and certain nocmal plant
limits (RCP NPSH, normal tube/ shell delta T and fuel in compression
limits) are waived.

5 3.1 lamedlate Actions
The tube leak in question may not be large enough to cause 1 Jeactor
trlp. [n such a case, the operator begins a load reduction as
rapldly as possible without causing a reactor trip (LO%/min.).
Avolding a reactor tri.p prevents Lifting of the O0T35 safecy valves.

3h 4.3 7ollowup Actions = Subcooling Maintained and RCP's Available

dnce the Load reduction ls initiated, the oparator has several ma joc
goals to achieve while bringing the plant to a cold shutdown
condition, Flerst, he must prevent Lifting of the OTSC safety valves,

¢ second, reducing primary to secondary leakage by minimizing primacy

& to secondary d.fferentlal pressure, third, minimize stresses on

¢ ths OT3G tubes by llm.ting shell/tube delta [, and finally, minimizing

¢ releases by allowlng the leaking OT3G to flood (f offsite doses are
large enough (approaching levels at which a Site Emecgency would be

= declared).
¢ [he following sections discuss the most Lmportaant control
¢ conslderations recommendad by the guldelines.

3.2,2.1 Maintain a Minimum of 257 ° Subcooling

Minimlzing subcooling margin means that primary to secondacy
differentlal pressure {s also minimized, which reduces leakage and
offsits doses, making the event more manageable.

3.2.2.2 Steaming/Isolation Celterta foc the Affected OTSC

[he operator used to be allowed (before 1983, to let the OTSG €LLL
anytims that RCS pressure was below 1000 psig. [he guldeline has
the operator steam the OTSG: flrst, to prevent Lifting of the 0136
safety valves, second, to prevent the generator from filling; thicd,
to maintain OTS3G level on scale, fourth, to promote natural
elrculation; and flnally, to control shell/tubs differential
temperature. Since meeting these criteria will mean neacly constant
steaming, the guldelines require the operator to steam the IT36
unless spcclfic Lsolation criteria are met.

-t
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?lant lLimits and precautions requice maintainiag the OT5C tube
temperature within 100¢° of the shell temperature. Detailed analyses
‘Ref. 36) show that a shell to tube delta T of 70¢° acceptably iimits
stresses and minlmizes the chances of increasing the leak from a
pce=existing "hrough wall crack.

Followup Act'ons  Astomatlc Reactor [rip has Occurcad)

All of the followup actlons discussed above still apply when the tube
leak {s large enough to cause an automatic reactor trip. in
additlon, the following procadure changes would apply.

RCP Teip With 3 Loss of Subcooling Macgin

Rupture of one or a few OT3G tubes will Licely result in RC3
depressucization to the HPL setpoint, but may not result in a loss of
30M. Tripping of RCPs on loss of subcooling assures that the core
remains covered for all LOCA conditions. At the same tima, the
chance of pump trips during tube ruptures (s reducad.

Followup Actions for Loss of Subcooling

fhe second section of the tube ruptuce procedure (3 antacred Jnen RS
subcooling is lost., dera, the operator must treat LCA, as well as
tube rupture symptoms. He (s then able to pursue the followup cuoe
rupture actions. ALl of tha guldanca for followup actions without
loss of subcooling apply.

The objective in this portion of the procaduce is to malntiin natucal
circulation (Lf possibla), reestablisn subcooling macgin, restart one
reactor coolant pump per loop (if possible), and retucn td the
section of the procedure for forced flow cooldown. 1f one puamp can
not be startad per loop, then Loth RCP's 1n one Loop ase started.
fhis will max{mize the pressurizer spray flow for the given RCP
availabilicy.

Even 'f the OT3C must be (solatad, steaming (s still required t> keep
OTSG pressure below 1000 psig. Pressure control is required to
prevent the MS safety valves from Lifting.

If subcooling i{s regained tn tha RCS, then HPIL (s throttled, RIP's
ace started and the operatocr continues the cooldown, The desiced RCP
conflguration (s to start one pump {n each loop. If the operator (s
unable to stact an RCP {n each loop thien he should start both RCP's
in one loop.

[he reasons for restacrting RCP's are similar to the reasons for not
teipping them on low RCS pressure. (he AC pump flow may cause volds
{n the systam to collapse, dropping pressu. izer level. [he

guildel ines require the operator to walt 2 minutes foc 3CM to recover

to prevent incessant “pump bumping”.

+ Rev. |
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If subcoeling cannot be restoced, the operator cools tha plant down
on natural clrculation unless the OTSG heat sink is lost (2.3. due to
loss of natural circulation (n the unaffect2d loop). With no steam
ganerator heat sink, the operator must put the plant in a f22d and
bleed cooling mode. Feed and bHleed cooling is initiated by isolatiag
the OTSG's, assuring full HPL (s on and opening the PORV. Witn R
pressure helow 100U psig, water relief out of the

PORY is suffilclant to keep tne core cooled . 3ee Flguce %) after about
2 hours., If the JT5C heat sink is restored, the feed and bla2d mod2
ls term.nated and a natural circulation cooldown is celnitlatad.

If RCS pressure stays above 1000 psig during faed and bleed cooling
.2.3., the head bubble prevents depressurization or the PO’V fulls
closed) then the sacondary side safety valves hava to be protectad
from challenga. The operator controls OTSG pressure below 1000 psig
with wvhatever means are available (turbine bypass, or Atmospheri:
Dump Valves.). When the OTSG :tube region (s fllled with watar, tne
operator opens tha ADV and leaves Lt open. [his action minimizes the
chances that safety valves will be forced to relieve wate: and/or
steam and fall open.
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SIMJLATOR TRAINING ZXPER IENCE *

[ntroduction *

Most of the guidelines proposed in this TOR were incorporatad luto a
lesson plan for the annual requallfication training of the MI-1
Licensed operators at the BiW slmulator. A draft revision to T41-1's
22 1202-5, incorporating the gu'delines, was also preparzd.

These documents were then used to {nform the [iceansed oparators of the
changes contemplatad for E2 1202-5, and to demonstrate the comdinad
:ffects these changss would have. During the classcoom session, 2acn
guldeline was described and the reasoning behind (t was explained.
During the simulator session, their combined 2ff2ct was iliustrated oy
running a lacrge tube leak scenario twice.

for the flrst simulator run, the then-2xisting cevision of EP 1204-5
was used to deal with the lLeak. For the sacond run, thez draft vession
was employed. 1 became apparent that the new guldelines made plant
control easler.

As 'ndicatad in Sectlon 4.2.2, the Jaauvacy 1933 training cycle was not
effective in training cperators on the baslic concepts for treating
tube ruptuces. The June training cycle was succassful in
communicating concepts.

Results *

Januacy 1983 fraining *

9f all the guidelines proposed in this TOR at that time, the two
changes most useful (and obvious) to the operatocs were:

Reactor Coolant Pump (RCP) zrip as a followup to lLow subcooling
margin (3QM) rather than following automatic API from a low RCS
pressure ESAS signal,

r X HPL throttling when SOM requirements are met and pressucizer
level (s back on scala, rather than waiting for pressurizer level
to reach 100",

Another useful (but less obvious) thange (s the RCP resta -t critecion
based on regaining SCM rather than various combinations of primary and
secondary pressures, This and Item L above may be considered undec
the same general heading of {ncreasad RCP avallability.

The exarcise of the draft EP 1202-5 was useful In eritiquing the
contemplated changes. Simulator experience also showed that (t (s not
possible to raise OTSC level to 95% with full 4PL on, wnile st2aming
the 913G and maintaining a 100¢°/hr cooldown. (he difflculty was

+ Rev. L
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creatad by the steaming of the 0T3G's in this situation. dFL and
throttled EfW flow can provide a plant cooldowa at neac 1007 */hr (f
the OTS5CG's are not steamel.

During the simulatocr sesslon, B&W revised the simulatoc to allow
leakage of mora than 2 tubes and to allow leacage in both UI3G's,

[/

4. 2.1L.1 Comments .

This material was presentad to two of seven groups by Tech.
Functions personnel. [he remaining flve groups received (t from
BSW training personnel who taught the material using tne samz
lesson outline. BSW did not endorse the material. Jommeats from
trainees indicate that the training was of jubious value. i
will be necessary to repeat the training for all pecsonnel.

June 1983 [ralning *

A number of (tems were identifiad during the B&W oparator training
simulator sessions held from June 5 to June 29, 1983, [he experlence
gained from using a revised tube rupture proceduce EP 12045, These
Ltems will be discussed below.

4, 2,2.1 Control of RCS Cooldown Rata

Section 5.2.1 discussed the difflculties fa coatrolliag
cooldown rate while raising JTSS level to 954, At the tlumez,
Lt was the authoc's belief that st2aming of che 013C' s was
caus ing tne excessive cooldown rate. dowever, furthec
dlscuss lon with B&W (Ref 29) Indicatad a diffacent
explanation. The B&W dPI model calculates flow by
lterat.vely solving two equations of the form:

Py = 280 - K (L)

“ R

and
We (Pg-Ppg A V2 ‘2

where:

P4y * pump discharga pressure

Pacs * RC3 pressure

@ = flow, Lba/ sec

N = number of HPIL pumps running

A * coefflcient to account for numbec of HPL valves open.

fhe HPL flow s overpredicted for T™I-L with three HPI pumps
cunning and/or low RCS pressure. The difference cesults from the
physical arrangement at ™I-L, in which two pumps dischargs Into
a common header., The cavitating ventucrles at Unit | also ¢educe
the maximum flow of the HFI pumps compacrad to the valve
calculated by the simulator.

As a result of this understanding, suu-equent simulator deills
were run with only two APl pumps avallzole and control of

cooldown rate was lmproved. + Rev, |
* Rev. 2
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The HPI {aitiation rule has been reemphasized to the operator,
namely that "full” HPI means the full flos from two dPL pumps.
It is acceptable tc secure the third HPI pump when the RCLS s
saturated, and the OT3C heat sink (s avaliable oc if zoolduwn
rate is 1007 °/hr. or more.

A second consideration {n controlling zooldown rat2 was in

raising the 2733 level {ncreass to 9% after a loss of subcooling

margin, Opecations Yelieves that [t (s an uanecessa.’ bucd2a on

the operator to control cooldown rate while raising level on dota

OT3G's simultaneously. Therefore, the lLeaking generatd’ level
will not be ralsed until the unaffectad 0T35 nas been calsad to
95% unless incore thermocouple temperatucres are not dacreasing
and the 0TSCs are removing decay neat. [he 95% level is
lmportant (n establishing boiler-condensoc cooling duriag sma..
LOCA's in which only one HPl (s availabla. However, th2 (S
zooldown is only a concacn Lf both HPL pumps are cunuliag.
lherefor: th: two conceras are mutually exclusive.

Opacator tralning and EP 1202-5 have been revised to nave the
operator control one OT55 level at a time as long as (ncore
temparatures are decreasing. 1Y R(S tampacatuces ace not
affectad by the secondacy side cooldown (l.2., no secondary side
heat removal) then both OTSG's should be ralsed to the 75X level
slmultaneously.

During the simulatocr sesslon of June LL, 198) the operatocrs were

faced with a large (about 1400 gpm) tube cuptura. [hey attemptad

to control OTSG level below 95% sn the affacted generator.,
Hovever, the cocldown rate was too high even with the unaffectad

OT3G Lsolatad. The simulator response to the event was pactially

responsible, but the procedure also nzaded to ba more axplicit.
The simulator leac model cucrently uses the orifice 2quation to
predict leak flow (Ref. 28)., [his model would inltially
overpredict the break flow and would account for the very capld
flooding of the JI3G's cumpaced to results of the RETRAN and
RELAPS computer codes. RETAAV and RELAPS def. 35 analyses to
date do not predlct such a respons:. Nevertheless, tha operator
needs to recognize that cooldown cate control takes precedence

over 0135 lavel control and 22 1202-5 was subsequently revisad to

prevent this conflict (n plant control cequirements.

4,2,2.2 Plant Stabilization Bafore vooldown )

The procedure used ducing the training session nad tne
operator Initiate plant cooldown and then establish minlmum
subcooling macrgin, The simulator sessions showed that the
RCS could not be dapressurized fast enough to maintaln a
m.nimum subcool ing margin., Therefore, training mateclal was
revised to smphasize the need to stabilize the plant and
reach the m'nimum allowable subcooling margin, Plant
cooldown should then be initiated., [he procedure vas
modifled so that all four RCP's can be lLeft on until

SOOF (nstead of 540F, Based on tha Tdl-l ATDG

(Ref. 28), this change provides a diffecence of about +7%
{n the spray flow (see Table 2). [hus pressurizer spray
flow (s maximized for as long as possible. Finally, the
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operator (s given the option of using tha pressurizec vent L[
he is stlll unable to reduce pressure sulfilciently to
maintain a minlmum subcool ing margin.

RCP Restart Critecria .

Section 3.2.1 observed that the A2 restact criteria on J5F
subcooling margin (5M) was very useful to the oparatac.
Several areas required clariflecation or expansion, howeve .
First, RCP restart should not be attamptad unless pump
emergency ¥PSH limits are met. [he only axceptlion {s that
NPSH requirements are walved, with pump restast allowed
during cectain inadequata core cooling conditions as
specifled in plant procedures. Pump "bumps,” howeves, should
be attemptad even (f NPSd requiraments are not amet. Sacond,
Loss of subcool 'ng may occur aftec tae RCP's are

restarted. Jollapsa of steam voids in the RCS may cause
volding of the pressurizec, resulting 'a a Loss of

$5OM., RCS temperatures may be hotter i{n the tube raglon tnaa
in the enre {f natural cicculation has been lost. Mixing of
this hotter water with the cooler core water will cause a
jecrease in the SOM., Several pump starts may be crequired
before subcool{ng macrgin stabilizes above 25¢°, Allowing two
alnutas of RCS flow (s helpful (n eliminatiag voth steam
volds and temperature gradients so that successive restacts
#{L1 be successful.

Sora Flood Tank [solation

In several simulator runs, the operations were facad witn
tube rupture or small break LOCA conditions {n which the ACS
was subcooled, but core flood tanks initlated, providing
cooling water which was not required, sinca 3CM vas
mailntalned, Most signiflcant was that C7T (altiation
delayed RCS depressurization. Neither the LICA noc

tube rupture procedure provides any guidance aodout

{solation of tha cors flood tanks. [herefore, this TOR has
been revised to provide guidance about wshen t> [solate taie
core flood tanks (ses Sectlon 5.2.11),

RCP I'rip Critarion

Questlons arose regacrding the actions to be tacen Lf RCPs
were not tripped within I minutes of a loss subcooling
margin, Clarifleation was providad usiag the guidanca of the
™I=L ATOG (Tmf, 28) which requires the operator to eep tne
RCPs {n each loop ruaning Lf the two miuuts time limit (s
excesadad., If RC?s are subsequently tcipped, tha 4ACS may be
volded enough to uncover the core., RCPs shouid be cun

for at least 7000 seconds to assure that the core will not
uncover (based on Appendix K assumptlons). If pump Jamage
may occur, then one pump In each loop should be

teipped., If elther of the running pumps fails, che tripped
pump in that loop should be stacted. For simpliclicy, tne
,:u.mm {n this TOR zall for 1 RCP to be cun In eacn loop.

s provides sufflctent flow to cool the core (Ref. 48). + Rev, |
*
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5.0 TUBZ LEAK /RJUPTURZ QU IDELINES ¢

5.1 Scope *

The guidelines will deal with tube leaks (1 excess of 30 gpa.
?rimary~to-sscondary tube leak rates less than 30 gpm will be nandlad
ln accordance with "Guidelines for Zlant Oparations with Steam
Generator Tubs Leakage, TDR 400 (Ref. 16).

% Guidelines & Limits *

This sectlon provides plant speciflc tachnical guidalines for tuoe
rupture events which can be used to genecate plan: Emecgency
Procadures.

3.5t Subeooling Macgin Requiremants .

sontrol Reactor Coolant System (RC3) subcooling margin (3QM) b2tween

* 25¢° and 50¢°, Maintain SOM as close to 25" as possible consistent
+ with tha RCP NPSH curve of Flgure 5 and while walving fuel
* pin=in=compression limits.

This will mintmlze primiry to secondary diffe ential pressure, tous
minimizing the leak rate,

5.2.2 Reactor coolant Pump Trip Criterion *

felp Reactor Coolant Puamps (RCP's) when 3CM (s losc.

Nots: * 17 RCP's are not tripped within 2 minutes of Loss of 257" SOM, then
* run L RS2 In each loop.

5.2.3  Raactor Coolant Pump Rastact Critacia *

When the required subcooling macgin . 25") has been establishai,
* restact | RCP per loop. LI unable to stact an RCP (n one loop, stact
. both ASP's (n the opposite loop.

Note: [f subcool ing margin 18 lost (mmediately after pump cestact and does
not return within 4 minutes, tha RCP's must be tripped again and not

* restacted untll SO 's regained., Subcooling may be lost several tiuas
. befors the puaps can be laft running.

5.2.4 Reactor Coolant Pump NPSH foc Emergency Oparations *

* fhe attached curve . Flgure 6) deplcts the ACP NPSd Limit to be used

+ during a c¢ooldown with a tube leak.

5.2.5 High Pressure [njection fhrottiing Sciteria *

[hrottle UPL when SC{ requirements ace met and pressud (ze’ leve. comes
back on scale. 'Nots that the other API throttllag critecia remaln
unchangad.)

* dev. |
* Rev, !



IDR 40u
Rev. 3
Page 39 0of 8]
5.2.6 O0OTSG Level *

[£ SOM (s lost:

* a) Ralse lLevel on the unaffected OTSG to 35X waile leaviag lLevel

* control on the unaffected JT35 at 3J inches.

* b) Raise level on the affectad O0TSG =0 3)5%.

*NOTE: 1If {ncore thermocouple tamperatures are not decreasing and there (s
. no heat transfaec to the O0T3G'3, then both OT3C levels must be raised
. to 95% simmultaneously.

5.2.7 OTSG lsolation/Steaming Critacia *

When the leaking OT3C is Ldent(fled, close all steam valves except tn2
AV's and TBV' s,

Note: Jo not close MS-V1D untll an alternate source of gland staam (3
available.

When RS Ty,e 9 less than 540¢° the affacted OT3C must be lsolated
Lf:

(a) Borated Watar Stocage Tank level (s below 21 fz., or

(%) Offsite dose projections approach the level requicring a Site
v Emergency (50 mRem/hr whole body or 250 mRem’he thyrold).

Note: If both 2T3C's are leaking and {solation is requirad based on offsita
iose projections, flrst (solate the OT3C with the higher leacage. If
such a distinctlon cannot be made, isolate one 0T5C and reevaluate
offsl(te dose projections,

5.2.7.1 Pressure coutrol of an [solated OTSC *

Steam the affacted OT5G(s) only:

ks To keep OTSG pressure below 1000 psiz,

. 2. 1f the plant (s on feed and bleed cooling., OTSC level must de
. controllad below 600 inches on the wide range indlcatlon.

. 1f the OTSG must be steamed opan the Turbine Bypass Valves oc
. Atmospher(z Dump Valve on the affectad JT3G.

5.2.8 Cooldown Rate Ducing a Tube leak Event *

fhe cocldown rate shall be Limited to 3 maxioum of 1.677 %/ min
1007 */ he) whether on forced or natural cireculation,

Note: Steaming of the IT3G's may not be required (f JT3S 'evel is belng
Inereased using E7,
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OTSG Shell=to=Tube Differential Tamperaturz Limic +

Malntain OTSC differentlal tempe-atucre lLess thaan 707°, If cthis limit
{s approachei, then:

e Raduce the cooldown rate (n half.

2. Continue steaming on the affected JTSG.

3. Supply MPW thru the startup control valve at about
,05 x 10%1bm/hr (Lf MPW (s not being used).

If the differential temperature approaches 100¢°, stop tne cooldown
and maintain RC3 :temperature constant. Remove dacay neat by st2aming
the OTSG(s) with the high differential temperatuce. Resume tha
snoldown when the different.al tempacature drops below /077,

ool ing Moda When Both OTSG's ace Unavailable for &5 deac Removal *

Jse APl "faed and bleed” o cool the RG when both OT3G's ace
unavailable. Open the ?ilot Operated Relief Valve [PORV), ACV-2, to
provide a cooling watar flow path t> the Reactor Bullding Sump.

Sors Flood Tank [solation *

Isolate the Core Flood Tanks L(f:
ks Subcool ing margin can be maintained ahove %', and
2. RGS pressure is below 700 psig.

Gildelina Flow charz *

Appendlx C includes a flow chart and explaaatory text showing the
logls path of the tube rupture guldelines.

+ dav. 1
* Rev, 2
¢ Rev., 3
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6.0 CONCLUS IONS AND RECOMMENDAT IONS

The ability of the plant to handle beyond design basis events can be
substantially increased and the RCS leakage can be reduced for design
basis leaks with the adoption of the following changes/additions to
tube rupture procedures.

1. Reduce minimum subcooling margin to 25F°

- 8 Replace the existing RCP trip criteria with trip on loss o’
subcooling.

3. Adopt the steam generator isolation and pressure/level control
guidelines of this guideline.

4, Provide the RCP NPSH limits of Figure 6 for use during emergency
conditions.

5. Waive fuel pin-in-compression limits.
6. Control plant cooldown to limit the tube/shell delta T to 70F°.

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

8. Incorporate criteria for initiation of feed and bleed cooling
into the tube ruptuce procedure.

9. Adopt criteria for opening TBV's/ADV's {f RCS pressure stays
above 1000 psig during feed and bleed cooling.

, 10. HPI throttling should be allowed when subcooling is regained and
’ pressurizer level ir on scale.
. 11. Core flood isolation ‘riteria be incorporated into emergency
. procedures dealing wich LOCA, tube rupture and steam line breaks
. and in operating procedures duclln. with dorced and natural
" circulation cooldown,
" 12. Decay heat removal system initiation under emergency conditions
* be allowed at 300F,
¢ 13. The additional considerations for dose reduction provided in
¢ Appendix F during tube ruptures being appended to the tube
¢ rupture procedure.

It {s further recommended that these changes be implemented prior to
restart of ™I Unit 1.




TOR 406
Rev. 3
Page s20f g

TABLE |
. Tabular Values of RCP Emergency NPSH Requirements
FOR 2 RCP PER LOOP OPERATION *
¢ INDICATED TEMP,(2) ALLOWABLE INDICATED PRESS.(3)
. (F) (PS16)
4 94.4 203.5 (1)
4 194.4 207.2 (1)
¢ 294.4 251.0 (1)
. 3444 310.8
. 394.4 413.9
* 444.4 567.4
* 544.4 1187.1
FOR 1 RCP PER LOOP OPERATION *
. INDICATED TEMP, ALLOWABLE INDICATED PRESS.
* i SPSIG!
* 94,4 115.5 (1)
¢ 194.4 199.2 (1)
4 294.4 243.0 (1)
» 344.4 302.8
. 394.4 405.9
. 444 .4 559.4
* 544.4 1178.6
NOTE
¢ 1. RCP operation will not be limited by NPSH requirements. Rather the re-
¢ quirement to maintatna 275 psi differential on the #1 pump seal may be
(3 limiting. Instrument error is not included in the 275 psig value.
¢ 2. Instrument error of 5.6F° for a small break LOCA condition has been
{ subtracted from the actual reading on the temperature instruments
¢ (TI 959A and 961A).
£ 3. An instrument error of 94,9 psi has been added to the actual reading
¢ for the wide range pressure finstrument (949A, B) based on errors
4 generated from a small break LOCA environment,

+ Rev, |
* Bau 2
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Pressurizer Spray Flow for Various Pump combinatlions

SPRAY LOOP

-

(Spray line next

.-

(Spray line next

—

(Spray line next

—

(Spray lLline next

—

(Spray line next

—

(Spray line next

to

to

to

to

to

OPPOSITE LOOP

cunning pump) 2
running pump) 1
(dle pump) 2

runniog pump) 0

tdle pump) 1
ldle pump) 0
2
i

SPRAY 710W

<14

(X PULL ?LOW)

100
%
84
60
3]

4l
j8
16
20

As a rule of thumb tripping one pump lo each loop will provide a good balance

between the spray flow rate and the heater capacity.

forced clreulation for cooldown.

It will also provide good

MTE: [he following table will glve general guldance for the effects of

running varlous pumps.

conditions.

This table was calculated for normal operating

Q1
- .

1. Reproduced from ™MI-1 ATOG [Ref. 28), "Best Methods for Equipment Operatlion”,

Table 6.

Eatlre table was added with Rev, 2.

+ Rev.
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Break Flow for Single Ruptured Tube
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FIGURE 3

Effect of RC Pump Operation
on Integrated System Leakage
for Single Ruptured Tube
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FLOW RATE (gpm)

Res b)
Page 3
FIGURE &
Mass and Energy Capabiuities
of HPl and PORV
880 a0
4 55
|
800 — TWO HPI PUMPS
_ PORVENERGY
720~ REMOVAL =~
640 — e %
‘ =
! ™
=
| o«
| =
560 — 2
| =2
( =3
| =
480 — 3
' ONE HPI PUMP 5
| :
400 t»—
I /
! /
320 “— /
I
240 L | | | | 0
0 500 1000 1500 2000 2500
RC SYSTEM PRESSURE (psig)
**Energy relief is product liquid relief capacity and *1.0 ANS
enthalpy of 100F subcooled water 2535 Mw (t)



FIGURE 5

Time Behavior of
Subcooling Margin for a
Spectrum of Ruptured Tubes
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RCP NPSH Curves

S5 (R IR (R

Minimum NPSH for RCP Normal
Operations OP 1101 Figure 1.0-5.5

1500 ——— ——
o= w e = Emergency NPSH for 4 RCP operation

—

1800

or 2 RCP per loop.

=== Emergency NPSH for 2 RCP operation

(one per loop)
o sessscessse 25°F Subcooling Margin Curve. / 7

1300
Note:
~ 12°F and 51 psig instrument errors

have been incorporated in the normal /

1200
NPSH curves, while 5.6°F and 94.3 psig
errors were for the emergency NPSH curves

1100

Minimum pressure to maintain
compression forces on fuel clad
(natural circulation) OP1101-1

Figure 1.0-5.11

(Forced Flow, Figure 1.0-5.10) ~~

INDICATED RC PRESSURE (PSIG)

700

500 — Minimum NPSH for RCP Normal
Operations OP 1101 Figure

| 1.0-5.6 3

400

!
Maximum pressure for operation
~ of DH system (OP1101-1, ~

Figure 1.0-22.2, 22.3)

200

100
! _‘.Loo"... L l |
400 500 60U

Indicated RC Temperature (°F)
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COMPAR [SON 27 QUDZLINES AN 22 1202-5R3IV. 16 D
THE REQJIREMENTS OF VARIDUS 30URE JOCQUMENTS

S DPE

The purpose of this Appandix is to compare the guidalines of this o1
to the current revision (14) of EP 1202-3, OT3G Tubz Leak/Rupturs, and
guidelines, requirements, commitments oF recomme2ndations from various
sources. [he sources reviewed werz tha T4I-1 Anticipataed [ransient
Oparating Guidelines (draft of 15 May 1981, hereinafcar cefacred 3 as
ATOG), “Clarlftcation of ™I Actlon Plan Requiresments” (ra2fecced to as
SUREG 0737), and the Safety Evaluation Report relatad to restact of
Ginna (Rei. 2} (ra2ferred to as NURZG 0J16) ani thz LIiPO draf:
3.gnificant Oparating Event Report of J4 Jaauary 1383 concecnling st2am
generator tube leaks (raferrad to as 30ER).

With respect to NJREG 0737 and 0915, only those cequirem2ats o¢

comm’ tments directly relat2d to 1 tube leak emergency pcocadure were
considered. With crespect to ATOG, only the followup guidance foc tupe
leaks was cons.dered, and then only Lf (t differad from the guidance
ln the latast approved tube rupture procadure (EP 1202-5 Rev. (9).
With cespect to th2 SOCR, only the recommendations relatad to
proczdures were considared.

The results of this comparison work are summarized in Taole A-1l,

=1

+ Rev. L
* Rev. <
¢ Rev. 3
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TASLE A-1
Comparison cf TDR 406 Guidelines to Other Sources
Addressed By
Requ irement ATOs 0737 0316 30ER 406 comments
Run RCP's with L X X X
Low RC3 pressure
RCP restart X X X X Jdo spacific guid-
ancz providad for
Re? restacrt with
a "solld”
pressurizec.
Subcool ing margin X X X
HPI throttling X X X
Steam L ine X X X ATOG does not
flooding cecognize MI-1
capability to
flood steam lines
without damage.
cooldown of X X X Guideiines provide
damagad OI3C for coatinued
steaming of ai-
fected JISG for
cooling excapt
when 0T3G isola-
tion is required.
Spaclfy entry : X X Symptoms.
threshold
Mathod for plant X X X
cooldown following
SGTR
Plant cooldown b4 X  ATOG refecs to
following SGIR axcessive heat
with stuc't open tcansf2c sectiion
3G safety valve &2 1202-5 and
guidelines pro~
vide means for
minimizing prob-
ability of
lifting a 35
relief valve.
A-2
+ Rav. L
* Rev. <

¢ Rev.

3
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TASLE A-1
(continued)
Soucce Addressed By
Requirement AlDc 0737 0916 SOER 1202-5 406 Comments
Af facted SG X X X
pressure control
JTSG tube to X X
shell differem
tial temperature
+
Critecia for X Suidalines pce
using ADV's in sume that
prefacrenc2 to steaming to
ma in condenser condenser is
always prefaraole
to steaming to
atmosphera.
consider multiple X X Guidelines pra-
tube ruptures pared in con~
sideration of
Cons.der tube Leaxs X X  thes2 two cases.
{n hoth OTSG's
+
HPL an inadequate X £ dot speciflcaily
SCM statad in TOR
’ 406, but it (s an
é lmplicit re-
quirament of the
HPI throttling
criteria.
lonsider axcessive X X Overfa2ading con~
pcimary to secon~ sidaced by
dary heat transfer £2 1202-5.
consider loss of X X Guidelines make no
offsite power particular dis-
tinction between
of fsita power
available or
unavailable, but
they do provide
guidanca Lf ths
equipment dis-
abled by LIJ2 is
unavailable.
A-3
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TA3LE A-1
(continued)
Source Adiressed By
Requiremen: ATDs ¢ 16 32ER 1202-5 406 comments
ITSS level X X X
control
Primary pressuce X X
control with
out pressucizer
sp-ay
Isolation of X X X
affaceed JTSG
A-4
+ Rev. L
* Rev. 2
¢ Rev. 3
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APPENDIX 8

PROCEDURE CHANGE SAFElY SVALJATLONG
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B.0 PROCEDURZ CHANGE SAFETY ZVALJATIDNS

The purpose of this Appendix (s to address the safety lmplications of
the key changes required to lmpl2ment the tube ruptura guldel ines
described in this TOR.
l. RSP trip on loss of subcooling ma<gin (3C4)
2. Change (n SCM
* 3, Suell/tube delta T of 707° during 2margencles
4. Revis2i 3G NP3H curve
5. Relaxation of fuel pian in compression limits
9. JTSC isolation criteria
7. RCP restart critecia

8. HPI throttling at 0" instead of 100 inches.

9. Leaving ADV open when no OT3G heat sinks and RC3 (s above LoV
psig.

* 10. Isolation of zore flood tanks
Eich of these [tems (s addressad below:

8.1. RCP [rip on Loss of Subcooling Macgin

’ + In a lettar dated March 4, 1983 to 4. 0. Hukill (Rav 17), the NC
superceded the actions requirad in IE Bulletins 7305 and 79-06C.
The staff has inst2ad concluded that “the need foc RCP trip foilowing
a translent or acc.dent should be determinad by each application on a
case-by=cise basis considering the Ownec's Group laput.” For several
years, the BSW Owner's CSroup has supportad the concapt of &S2 trip on
loss of subcooling macgin. In Refarence 19, GPJNC informed the NRC of
the lr reasons for revising the trip criterion to loss of subcooling
margin. The safety evaluation for this change has been transmittad
separately to tha ™I plant staff foc review and appcoval.

B. 2. Chang> {n Subcooling Margin

. GPUNC has evaluated the {nstrument ecror assoc.ated with the
subcool lng margin mon!tor and alarm. Under normal contaiament
. conditions, the loop error {s + 10.1F° (Ref. 20a & b). Under the

temperature and radlation enviroament of a small break LOCA, this
error is no wors2 than = 21.77°. [he basis for the original 3CM was

B-1
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margins are no

A

A comple

5. Ce s

L“an&*

[he ex! ? ancy limit for

Talars
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jiraments have been
by the pump manufacturer Westl
gins have been mod' fl2d Dasad
pump manufacturer, therefore, che probabl
not been f‘ncre¢sed and plant safaty margins
The

on safety

are technica cifications af

S
L
'
4

coolant pumps low RCS pressures does not introduce
»r transient o than those already analyzed 1 the
operation {: ad at these Lower RCS pressures but \
subcool ing margin. Since real plant sudcooling margin is stilli oeln
maintained as discussed in 'tem 2, there is no raduction in planc
safety. Operation of the reactor coolant pumps increases plant saf
margins with respect ©o thermal shock, increased ONB ratios, ani
‘mproved capabllities for degassing the reactor coolant systam unda:
tube rupture conditions when minimum subcool {ng macgins are being
ma inta {ned.
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Fuel Pin and Compression Limits

As addressed in Reference 1% B&W has cecommandad that fuei piu in
compression, llmits be waivad during certain plant transient
condltions 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 reduc2 pin intagrity
although reanalysis by BSW may be requirad when fuel compressioa
limits have been waived. Since cladding latagrity wiil have to be
addressed each time these llmits are violatad, the damonstration of
accaptable clad integrity will be mada. No new accidenis os
transients will be introducad then have been previously analyzed in
the FSAR. Similarly, plant safsty margins will not be reducad,
namely, cladding intsgrity will not be challenged.

OT5G Isolation Criteria

The existing st2am generator tube rupture proceducre, EP-1202-5, allows
the operator to isolatz the affectad steam generator anytime RCS
pressure (s below 1000 psi. The revised criteria would ailow steamiag
of the JTSGC until BWST level {s 2L fr. or radiation Limits approacn
site emergency limits. Steaming of the OTSG Introduces the potantial
for i{ncreasing offsite radiation doses; however, these lLimits will be
maintained within the requirements of L0 @R Pact 20, It shouid ve
noted that the {solation of the steam generator on high radiation is
keyed towards maintaining Part 20 limits. St2aming of the genecator
when possible lncreases the chances of preventing ma jor offsite
releases since flooding of an OT3G :zan result la liquid selief out of
the steam safary valves with the possibility of safety valva failura.
The value of BAST level at 21 fr. ls sufficlent to assuce a sou-ce of
water for th: ZCCS pumps. [he value of 2l fr. allows sufficieat
{nventacy to flood both st2am Lines and allow the plant to Dde p.acad
on fsed and bleed cooling in the r2cicculation mods from the RB
building sump (Ref. L2, 13). It should be further notad that tae
doses associatad with a steam generator tube rupture wer2 increasad
when the requirement for maintaining subcooling marcgin was introduced
into the plant procedures following tha DMI-2 accldent. At that time
the issue was addressed in writing to tne NRC staff (Qef. 21)
justifleation for the change was that Part 20 limits were be ing
maintained. This criterion {s still belag maintained with the change
{n OT5G isolation criteria.

These changes can be made under 10C7330.59 because safaty macgins ace
not decreased. Techni.cal Specifications are not affected by tais
chang:. No new acclidents or translents are iatroduced wnich have not
been previously analyzad since this guidance is intended to deal with
events which are beyond the design bDasis of the plant (l.2., tube
rupture w'thout condensecr and RIP's).
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B.7 + RCP Restar: Criteria
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The RCP Restart Critarion assures that the pumps are not resta. tad
until the cora is adequately subcooleid.  Nota2 that there are other
ACP restart unrelated to this criterion). Refarence 19, and Seccioas
B.l ani B.2 demonstrate that the core is adequately subcooled 4 ta
RCP's running and a 257 ° subcooling margin. No Tachnical
Specifications are affected. No new accidents or transients ace
‘ntroducad into the plant; no safaty macgins are dacreased aand ao
acclden: consequences are increased. Allowing an earlier pump restarct
3lves the operator greatar control over the plant since forced flow is
preferable to natural circulation cooling. [h.s change can therz2fore
be made under the pcovisions of LOSAR50.39.

dPI lhrottling at O inches Indicated Level

lhe safaty aspects of throttling HPL on 25 ° subcooling macgin ace
addressad in section B.2. Core coolabillty is not d2peadent on tue
oressurizer level at which HP[ (s throttled [.2., zoce cooiing (s oaly
dependent on an indlcation that the cora coolant i{s subcoolad. [he
bas (s for requiring pressurizer level is so that the existing
pressurizer heaters ara coverad with water so that thay can pe
energized. Energizing the heaters before they ace covered causes them
to burn out. On the other hand, there is no nead to refill the
pressurizer to the 100 inch level at full dP{ flow. In fact, this
flow rate is undesireabls for two reasons. Rapid filling of the
pressurizer causes an RGS pressurization ducing cond.tions when
pressurizer sprays are unavailable. Insucges to the pressurizer
compress the st2am space. Pressurizer pressure must be creducad 2ither
by sprays (Lf available) or pressurizer venting (vent line or PORV).
Controlling the HPI flow minimizes the insurge cate, and nenca, che
pressur [zatfon. This reducad pressurization provides more ma: gin to
the 1007° subcooling curve thereby minimizing challenges to the
thermal shock/brittle fracture limlc.

[his change does not represent an unreviewed safa2ty question because:
l. No changs to the Technlcal Spaciflcations is required

2. No new accldents are introduced to the plant {(the oparato: is
still required to cover the pressurizer heaters before energizing
them), and

3. The consequences of previously analyzed accidents/transients is
not increasei. It is less likely that the operator will violate
the 1007 ° subcooliug margin. Coce cooiLabiiity is anot dependent oa
established pressurizer level, but only an adequate subcooling
margin.
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B.9 + ADV's Open when RCS is above 1000 psig with uo JT3G Heat Sincs

This TO2 provides guidance for certain situations well beyond the
design basis. One such situation s the case wher2 the plant [s one
feed and bleed cooling, but RI pressure is above L1000 psig. This
condition can result {n liquid relief out of the JT3G safaty valves.
Opaning the ADV's is the preferred course of action pecause it
minimizes the chance of an uncontrollad blowdown though thz JT3G
safaty valves. This conditlon is well beyoad the plant dasign pasis.
?lant Tech Specs are not affacted by this procedural stap. fherefor2
*he change can be made under the provisions of 10S7R50.59.

T4 LT+ LS

Beyond the consideratlon of whethec this chang2 can be made under th2
provisions, of LOC7R50.59, it is believed tnat opening cae MV 3/A0V's
is prudent and reduces the risk of an ancontrollad release to the

anv i ronment.
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Criteria for Core Flood Tank [solation

The purpose of the core flood tanks s to sssuce coce coollag for
LOCA's in which: 1) 2CS pressurz is below 600 psig, 2) API cannot
provids core cooling, and 3) R pressure ls too high fac the LPL
system to operate. [he only situations when these conditions occur
are: 1) design basis LICA's, which HPL does not (nitiat2 befoce the
coce begins to uncover and 2) core flood lire break accidents with an
HPl failure, and 3) small break LOCA's in waich the break is just
Large enough to ramove decay heat, but not to depressuriza thz &.S.

* * X * ¥ ¥ &N

*

For the large break LOCA situation, CT (solation {s not a principal
* concern. [he operator should i(solats t> preveat nitrogen {ntcoduction
into the RGS once the tank {s eapty.

»

For small break LOCA conditions, a subcoolad 2CS means that there 13

sufflc.ent heat removal. In the pressure ranges (n which core flLood

tank isolation ls of interest, one HPI pump supplies sufflcienc flow

to keep the core covered (500 gpm). 1f the RCS is 257 subcooied with
the RCS below 700 psig, then the &T can be isolated.

* ¥ ¥ &~

The core flood tanks also function i{n one non-uwJCA situation = st2am
Line breat accident. For large steam line break accidents, the &'T's
provide shutdown margin assuming the most reactive rod is stuck out.
Therefora, (ZT {solation cannot occur until 2lther HPI i{s operating
and providing a source of borated watar to the core or unt.. a.l rods
have (nsertad. If hoth these condltions ar2 met, then 3 plant
procedural change can be made without introducing an unreviewed safaty
question.

» % 3 X K *w
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+ PLANT Q0 LDOWN

w

during the cooldown, RGS zonditlons must be contlauously avaluated to
ensure that thz cocldown mode (s appropriate and to datermine whathers
conditions are suitable focr the Decay Heat Ramoval System.

Regardless of cooldown mode, th2 following ltams, may be encounter2d
while cooling down.

HPL Throttling

The existing HPL throttling critaria are unchanged wita the fo.lowiag
excaption: HPI may be throttlad when subcooling is regained and
pressurizer level comes on scale.

OTSG Steaminz

fhe affacted OT3G may be steamed for R(S neat removal puTposes, dut Lt
must be steamei to avold lifting the Main Steam safety valves, prevent
premature Steam line flooding, keep OT3G pressure less than RGS
pressure, ani control JTSG tubz to shell differential temperature.

dT3G Shell to Tube Diffarentlial Temperature

I» s necessary to miaimize shell to tupe diffarential tampasatu’e to
mintlmiz2 tensile stresses on the JT3C tubes. As notad above, steaming
ls one way to accomplish this, another (s to dsacrease the cooldown
rate, a third is to usz main Feedwater to cool the lower downcomer.

ITSG Pressure Control Waen RCS Pressure (s Greater [han 1000 psig

Juring a natural circulation cooldown o¢ an dP[ I2ed and b:.eed
cooldown, 3CS pressurz my stay high. Emesgency feedwatec can Le used
to quench the steam space, Lf the OTSG ls floodad, lnvento.y can de
rel tevad via th2 Turbine Bypass Valves or tha Atmospheri: Dump Jalves.

Cooldown Rata

The cooldown rate should be limited to iLess than 1.0 J/hr to avold
reactor vessel brittle fracture concerns. It may not always D2
possible to observe this limit due to the effa2cts d2L zooiiag and tne
occassional nacessity to steam the damagei JI3G.

EXIT POINT

The operators exlt the procedure when the RC3 heat sink becomes the
Decay deat Ramoval Systen.
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D.0 3 IMPLIPIED EVENT TREZ

The event tree oa the following page suows possibie combinations of
circumstances that wer2 considec2d that result2d in the guidelines
presentad (n this TOR,

The guidelines explicitly statad in section %, wnen incorporatad intd
a revised O0T3C Tubs Leak/Rupture Emergency 2rocsadure, will enhance tne
capability of ™I-1 to deal with an OTSG tude leak. The pucrpose of
this sectlon 's to describa tha features of the revised procedws=.

The discussion which follows assumes that the loglc preseatad oy the
flowchart deplctad in Appendix D s adoptad for the revis2i procadure.

D-1
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E.0 + PRICES3 COMPJTER JJTPUT AND ALARMS

E.1 + Scope

* Fhe process computer will have the following (nformation avaiilable
+ with alarms as notad:

+ Subcooling wargin

¥ OT5GC Tube to Shel.l Differential Temperature

E.l.L # Subcooliag Macgin Alarm

+ Subcooling margin will be computed for each not ieg and the average of
+ the five highest Incore thermocoupies. [h2 process coamputes should

+ triggar an alarm state (f:

k ;M 25%°

£€.1.2 # OT5G lube to Shell Diffacential Temperature

¢ [he process computar calculatas shell temparature as foliows for each
. OTSG L f all shell tiermocouples are operable:

L ® 0.262 [y + 0,176 ) + 0,201 Ty + 0.143 [y + 0.238 i5

Limiting the alarm stats to conditions whea Ty 4 Ls 335 lahioits
the alarm during normal cparations.

[f the process computer is not available, the arithmetic averagz of
the five thermocouples can be usei., Experienc2 from tha Fall 198)
cooldown t2sts demonstratad that an arithmetic averag2 approximatas
the welghtad averags of equations E~1 within several dagrees (see
Fable E~1 for a comparison of the arithmetic and weighted average).
If 2 thermocouple is unavailabla, then the arithmetic average should
be calculated using the substitutions of Table E~2 for snell
thermocouples. Table E-3 provides the substitution for cold leg
tempecatures (indlcating tube temp2ratuce).

DO 4 4

It is also possible that thermocouple tamperitures are not
available In any form except fcom via translation from voltag:
readings. [n this s’ tuatlon, on2 thermocouple from the uppec and
lower downcomers should be used and the shell temperatuce

calculatad as:
Tghetl ® :% fg *.4Ty

wnere Te = Ty, T} oc {3, and

o 0 D Do

Ty * T4 or Ty
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[ABLE -1

Comparison of Welghtad vs, Acithmeti: Average

of 075G 3neli Thermocouples

937 hr Zooldown with MW . %/ 19/83)

TLE [mln) WEIGHTZ) AVERAGE ARLLIMETIC AVERAGE

0 510.9 515.8

45 515.1 515.1

8 s81.7 482.5
125 438.3 439.3
165 391.3 393.5
193 382.0 383. 4
2352 376.2 378.8

90¢ /hr Looldown us.ng ESW (10/2/83)

|

|

[ME (min) WE IGHTED AVERAGE AR ITHMELLC AVERAGE
0 524,1 324.2
43 §24.9 3107
89 483.8 483. 4
127 452.3 454, 4
157 401.2 401.2
137 3856.1 380.1
2%} 397.4 400.0
+ Rev. 1
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Table E-3 Wide Rang2 T,y 4 Input Substitutioas

2C-P-1 Taold
AW L. A Lop 3 loop
0 0 0 0 Avg A Avg 3
0 0 0 X Avg A TZ 4 38
0 ¢ XK O Avg A T2 3B
0 0 X X Avg A Avg B
0O X 0 0 TE 4 A Avg B
0 X 0 X 2 4 5 IS 4 53
0 X X 0 4 A TEZ2 R
0 X X X [E 4 3A Avg B
X 0 0 O IZ 2 A Avz B
X 0 0 X g 2 A Te 4 33
X 0 X 0 2 A 22 3
X 0 X X (2 2 A Avg B
: X | X 0 0 Avg A Avz B
X X 0 X Avg A Te 4 38
X X X 0 Avg A 723
X X X X Avg A Avg B

0= Pump Running

X= Punp Off

Avg A= [TE 4 SA +IC 2 3A)/2
Avg 3 = 'TE 4 5A + TE 2 35A)/2

T 959 May be substituted for [2 2 3A

TE 961 May be substituted for TE 4 3
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ADD ITIONAL STEAMING AND
OF RADIOLOGICAL RELEASES

- -

The steaming and isolation guideli ovided in Section 5. are
intended for the control t or. Their development requir
the balancing of diverse ng ease of use and
equipment protection. he tion in !
safety implications, since otection of one pie”e of

namely the steam generators, offsite releases.

(L SN NN

Once the various emergency support groups assemble,
develop for minimizing releases for the specific
While this specific event treatment is not appropriat
operator to deal with in the short term, it

emergency support groups. This appendix provides gui
varying from the isolation and steaming criteria.
recommendations in the following sections spring
considerations:

B A AN

1. Isolation of one or both 's reduces the RCS
which increases :He time each cold shutdown
9

the prima secondary

Isolation of one OTSG when both are leaking may increase the
integrated dose since the release will continue from the
unisolated OTSG for a longer period.

Isolation ¢ requires feed and bleed cooling which
could result in of steam or steam and water directly
to the atmosphere.

An isolated OTSC may flood, after which it may not be possible
to unisolate and return the OTSG to service.

Isolation of direct steam releases to the atmosphere is expected
to reduce the offzite thyroid dose by a factor of at least

Isolation for dose reduction should be based on measured dose
rate to preclude premature i{solation.

Table F~1 summarizes the guidance provided in Section F=1 through
P=3.

OTSG ISOLATION SHOULC BE AVOIDED IF

1. RCP's are not available - natural circulation cooldown may not
de possible with one OTSGC since flow in one loop might stagnate
and a hubble could form in the hot leg as primary pressure is
teduced,

Both OTSGs leak but the difference in leak rate {s less than

a factor of el ht otherwise the delay in cooldown may negate
the dose reduction from isolating one O0TSG.

Kev.
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¢ F.2 OTSG ISOLATION MAY BE DESIRABLE IF

1. RCP's are operating, the condenser is unavailable - only one OTSG
leaking and lodine dose rates are high = in this situation,

high iodine release rates could be terminated by isolation of the
leaking OTSG.

Although cooldown time is increased, radioactivity releases will
be terminated. RCP operation enables control of the RCS, which
in turn allows cooldown of the leaking OTSG.

Ly N N " AN

F.3 OTSG ISOLATION CRITERIA SHOULD BE RE-EVALUATED IN THE FOLLOWING
S ITUATIONS

¢

¢

¢ 1. RCP's operating, condenser unavailable, both OTSGs leaking,

¢ lodine dose rates are high - isolation of one OTSG may be desirable
¢
¢
¢
¢

if the leak rate in one G is significantly (about 8) greater
than in the other. The reduced dose rate from isolation of one

OTSG must be weighed against the shorter cooldown time with
steaming of both OTSGs.

¢ 2. Condenser available - {solation of one or both OTSGs greatly

¢ increases cooldown times and increasec risk of an inadvertent or

¢ uncontrolled release. A decision to isolate earlier than required
¢
¢
:

by procedural guidelines should be based on measured dose rates
if possible. In the absence of fuel failures, actual releases
under such conditions are expected to be quite iow.

¢ 3. Only one OTSG is leaking and BWST level is 21 feet - if the good
¢ OTSG {s not expected to leak because shell/tube delta T is being
¢ controlled, then isolation is not required. Recall that the BWST
¢ level isolation criterion was based on both steam lines being
¢
¢

flooded. If only one OTSG may be flooded, then BWST depletion
could not occur until level reaches 15 ft.

¢ F.4 TEMPORARY SHORT TERM MEASURES TO REDUCE OR TERMINATE RELEASES

v Releases can be temporarily terminated without initiating feed and
bleed cooling by -

¢ a. Terminating steaming to the condenser and not steaming to

¢ atmosphere,

¢ b. Not more than 1 RCP should be run.

¢ ¢. 1f natural circulation is lost, steam again.

¢ If steam generator pressure reached 1000 psi, steam again.

¢ Heatup rate is 100-170F°/hr.

¢ These steps may provide enough time to return an RCP to operation,

¢ restore a condenser to service, or initiate protective actions, while

¢ delaying the initiation of feed and bleed cooling.

+ Rev. 1
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TABLE F-1

SUMMARY OF DOSE REDUCTION CONS IDERATIONS

RCP CONDENSER
On Avallable
On Not

Available
OFF Available
OFF Not

Available
NOTE:

ONE
0TSG
LEAKING

Avoid Isolation
(F.3.2)

Consider
Isolation

(F.1)

Avoid Isolation
0f One OTSGC

(F.1)

Avoid Isolation
Of One OTSG

BOTH OTSGs
LEAKING MORE
THAN 8:1 DIFFERENCE

Avoid Isolation
(F.3.2)

Consider Isolation
7.1, F.3.:1)

Avoid Isolation
Of One OTSG

(F.1)

Avoid Isclation
0Of One OTSG
(F.1)

TDR 406
Rev. 3
Page 21 of 8]

BOTH OTSGs
LEAKING

EQUALLY

Avoid Isolation
(F. 22, F:).2)

Avoid Isolation
Of One (F.1.2)

Avoid Isnlation
0f One

(r.1.2,°%.3.2)

Avoid Isolation
0f One
(E:2, X.2)

Condenser available means main condenser or steaming to auxiliary
condenser via MFP,

+ Rev. 1
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GPU Nuclear Corporation
"ucl‘ar Post Office Box 480

Route 441 South

Middlietown, Pennsylvania 17057-0191

717 944.-7621

TELEX 84-2386
Writer's Direct Dial Number:

May 17, 1984
5211-84~-2093

Office of Nuclear Reactor Regulations
Attn: John F. Stolz, Chief
Operating Reactors Branch No. 4

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Stolz:

Three Mile Island Nuclear Station Unit I, (TMI-1)
Operating License No. DPR-50
Docket No. 50-289
TMI-1 Steam Generator Tube Rupture Guidelines
TDR-406 Rev.3

Attached for your information is the most recent revision to the ™I-1
Steam Generator Tube Rupture Guidelines. This revision incorporates changes
indicated in previous correspondence. It should be understood that this
TDR is a living document and as such will be revised from time to time to
include more recent information. The NRC staff will be kept informed as
significant revisions occur.

Sincerely,
7.:&”
H.“®. Hukill,
Director, TMI-1
HDH/CWS /mle
Enclosures

CC: R. Conte
H. Silver

GPU Nuclear Corporation is a subsidiary of the General Public Utilities Corporation



