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Contzinment Systams Branch

(Division of Operating Reactors

0ffice of Nuclear—Reactor Regulation

u.S. ﬂuc1ear-Regu1atorg Commission

Washington, D.C. 2055

Subject: FIN A0241 Containment Analysis Support for the Systematic

Evaluation Program. Main Steam Line Sreak Analysis, MSL3,
for Blowdown of One Steam Generator

Refarences: 1. Palisades Plant--Automatic Initiation of Auxiiiary
Feedwater System at Palisades Plant, Docket 30-235
License DPR-20, January 21, 1230 letter from R. W.
" Auston of Consumers Power Co. to Dennis L. Zieman of
AR, NRC. -

2. Palisades Plant--Proposed Technical Specifications
Change Relatad to Containment Spray Initiat!

at

ian Time,
Docket 50-255 License DOPR-20, November 24, 1580 letter
from 0. P. Hoffman of Consumers Power C3. to D.
Crutchfield of NRC. .

Dear Mr. Li: -
Attached is the MSLS analysis for the blowdown of cne st2im genarator. -
This would be the wr st case analyzed provided a fix was impgsed to
prevent both steam generators from blowing down. In this case the single
failure would be less-of-offsite power with 2 diesel generator failure.
The avzilable containment neat ramoval system would then be rscuced to
two spray pumps and one air fan cosler. The mass and energy rzlezse data
used in this analysis were taken from ref. 1. The assumptions that went

. into arriving at these mass and energy relezse rztes were founc to Se
conszrvative and in agresment with the SRP provided a failure cf a KSIV
is not considered. The assumptiocns used in the containment response
calculation are basad on the proposed technical specificaticns discussed
in ref. 2

The results of our analysis show that the calculated psak pressure is
§8.5 psia reached at 67 seconds. This 1.2 psi below dasign. The
calculated peak temperature is 4139F reached at 37 seconds. Trarefore,
n2cad on this analysis, a fix which would prevent the blgudeuwn cf Botn
steam generators would 1imit the calculated peak pressure 0 1.2 psia
below design.
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1.0 Introducticn and .Background B:.ﬁ.‘:}g‘ :',i
-

On January 1, 1980 the Cffice of Nuclear Reactor Regulation (KRR)
initiated a two-year program with Lawrence Livermere National Laberatory
(LLNL) titled Containment Analysis Support for the Systematic Evaluatien
Program (SEP), 3Thi5'program is directed toward resolution of SEP Safety Topic
V1-2.0, Mass and Energy Release for Possible Pipe Break Inside Containment,
and Safety Topic VI-3, Containment Pressure and Heat Removal Capability. The
containment structufe encloses the reactor system and is the final barrier
against the release of radiocactive fission products in the event of an
accidant. The containment structure must, therefore, be capable of.
withstanding, without loss of fﬁnction. the pressure and temperature
conditions resu1ting from postulated LOCA and steam line Dreak accidents.
Furthermore, ejuipment having a post-accident safety function must be
envircnmantally qualified for the resulting adverse pressure 3“¢.§Eﬂi§"t“r°
conditions. To accomplish the cbjectives cf’? %53,}ogram, first, thé e;isting
docket informaticn was reviewed and evaluated and then :dditional analyses
vera perfcormad :}required. The purpose of this -2port is to docuzent original
analysaes performed by th2 LLMNL on the containment functicnal design capability

of the Palisades Nuclear Power Plant and evalyate exxs;ﬁng ara ys=s for

LA e s - WAk e

ccnforvance with currnnt VRC c'1teria..

- - - —— - e ew “y .

2.0 Containment Functvcna1 DESIGN

Palisades is a Combustion Engineering PWR licensed to operate at 2200
Mwt. The primary ccolant system is a two loop system censisting of two stean
generators with two cold Teg loops per steam generatcer. The contzinment
systems include the containment structgré and associated systsms. These
systems include containment heat removal systems, ccntainment isglatien

systems and a ccmbustible gas coentrol system.



The containment is a steel-lined, pre- st'ess»d'ﬂgg.‘-t;nsion cancrete
structure with a net free volume of 1,540,000 cubic feet. The containment
structure houses the nuclear steam supply system, including the reactor, steam
generators, reactor coolant pumps and pressurizer, as well as certain

components of'the engineered safety features systems. The containment is

designed for an internal pressure of 55 psig and a temperature of 283°F,

2.1 Review of Palisades' Containment Design Analysis

There ar2 two separate calculations which makeoup the containment design
analysis. First is the mass and energy release analysis for pestulated
LOCA's. This consists of a.b1owdown, reflcod and post-reflcod phases. The
résults ara mass and energy release rates into the containment. For PWR'S
there are two possible break types which must be analyzed, a primary system
pipe treak and a secondary system pipe break. A break on the prggzzstide
gener2lly results in the most severe pressure f’?bonse in the containment

while a brazk on-the's=c ndary sicde results in the ﬂost severe temperature
conditions in the CCﬂu&Tﬁmént The second 531cu1at10n which is performed in
the ccntainment design analysis is the containment response calculation. This
results in the containment temperature and pressure response to the mass and
energy release from the postulated breaks.

The acceptance criteria used to avaluate Palisaces' Containment Design
Analysis was based on the Sténdard Review Plan (SRP). In order for the
containment design analysis to be found acceptable both the mass and energy
_release and containment respcnse calculation must meet the acceptance criteria

specified in the SRP. .

2.2 Primary System Pipe Break

The SRP specifies several acceptancs criteria 2pclied to the mass 2n

energy release znalysis for primary system pipe bresks. /Aning these eare bresx



74E Palisades FSAR ey J
location. In thesasa—sf-Semsa the most severe mass 2nd.energy release rate

c2lculated for containment design was done assuming a double-ended cold leg
discharge break with no accounting.for the reflood phase cr energy in the
sec~rndary system. Since Lhis does not heet the acceptance criteria specified
ir. vhe SRP or pié?ious!y accepted methods by the HRC staff, this analysis is
unsuitable for containment design calculation. Since the mass and energy
release rate analysis is found unacceptable, so is the containment response

calculation based on the mass and enargy release rates.

2.3 Secondary System Pipe Break

The most recent secondary system pipe brezk analysis that was r=v1ewed was
submitted by Consumers Power Co. to the U.S. KRC on Jznuary 21, 1¢20.1 1n
this analysis a main steam line break (MSL3) analysis was performed. In this
analysis the blowdown of cne steam generator with feecwater 1sula»1cn and
loss-0f-2fsite power was considered. “caeveFfﬁﬁk analysis did not address

2 possibility of a single failure of cne of the main steam isclaticn valves
which could lead to the blowzswn ¢f both stzam generators. Therefore, the
analysis was considered inco;;Yete and unzcceptable. A more thorough
discussion of the MSL3 analysis is given in Section 4.0, Seconcary System Pipe

Breaks.

2.4 Reanalysis of Palisades' Containment Design

As mentioned earlier in Section 2.1, Review of Palisadss’ Containment
_Analysis, there are two separate calculations which mzke up the containment

design analysis, the mass and-energy release rate and the containment

1  palisades Plant - Autmoatic Initiaticn of Auxiliary Fe:dwaler Ssytem at
- - .. &b
Palisadas Plant, Docket 50-255 - L1C°'se CPR-ZO, January 21, 1580 Ie:.er
frcm Roger W. Huston of Consumers Pswer Co. to Denais L. Zieman of HRR,
NRC.
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The mass and energy release rate calcu1a;10n can be the result of
either a primary or secondary pipe break.

The primary'ﬁipe treak generally
results in the limiting cond1t1on for ca1cu1at1ﬂg the pezk pressure inside the

containment. The secondary pipe break enalysis generally is the most limiting
|

case for temperiture conditions inside the contaiment. Both of these
analyses were performed and are discussed below.

3.0 Primary System Pipe Break

For a primary system pipe break there are three phases in calculating mass
and energy release rates. These are the blowdown, “reflood,
phases.

and post-reflood
In each of these phases .he calculation was done in accordance with
Sadiem 6.2.1.3 of the Stardard Keview 7 ?.n
the—5SRR wheﬁa-pass4b~e under the cens

et
Taalat’ of the computer codes used., In

the analysis was done in a manner that conservatively establishes the
containment design pressure; i

general, ¢

2., maximizes the post-accident ccntainnent

cveY

<
‘w« )-
pressure. Tha wior™bresk I-«J‘m was dcfcn-«e:;t 4 be T cald - Zoa 2

The initial
wer was specified to be 102% of safeguards design rating or 2680.76 MWt.

p- %
d W,
1;..-? Luction AaJo Lw:l:c of f‘a. t.'ong;ngT'p o; M‘W ‘.,?,T’J..—,._. v .
oj/ul. plase acd Tha F1O rssifanae: , $
3. l In¥tia) 2and Bouncary Conditicns : s
v d
P . i ® . bl
The initial 2nd boundary conditions for this an2iysis were defined to -
¥
satisfy the requirements of the Standard Review Plan. The single failure =
assumptic. for these analyses was a loss of cne diesel generator. s
powe

steady-st

A
state mass and energy distribution was provided in tha primary and

lant systems consistent with the conservative core pcwer. The

hreak flows were calculated using a discha

Henry-Fauske correlation for subcooled and the
fluid.

rge coefficient of 1.0, with the

Mcody correlation for saturated
The safaty injection flows were minimum, correspending to the dies
r faiiure. The mass and energy release analysis was performec w
00§. Steam guenching by the

-, : .
safety inj2
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the homoganeous egquilibrium (HEM) assumptions of the R

m

LAP4 K006 code. A1l of
the safety injection water temperatures were defined to be 30°F.

Scram was assumed to occur with a low pressurizer pressure of 1750 psia.
54 1.0-second delay time was used in the model for conservatism; howesver, the
moderator react%iify}feedback caused core shutdown befere the control rods
were effective. The main coolant pump power was tripped cfi at the time of
the break. Steam generator isolation was initiated cne second after the break
and the valves were assumed to compl:tely close in five seccnds. A 15-psia
constant containment backpressure was assumed to maximize mass and energy
release throughout the alowdown. The end of blowdewn was defined as the time
the primary system pressure reached the containmant design pressure of 55 psig.

The RELAPS input deck was cbtained frem NRC, .Additional information
required for the analysis was obtained from the Palisaces FSAR, and telephone
conversations with C. Tinkler of NRC-and 0. Vandewa11e of ConSu:eis Power
Company. A thorcugh discussion of the model PSﬁ‘r ‘CJnd in the “-.;Sdolcgy

Report for the Palisades Nuclsar Power ?lant.

3.2 2lgwdown Phase

The blgowdown analysis results are summarized in Table 3.1 and Figures 3.1
through 3.4. Table 3.1 itemizes the energy sources for the duration of the
blowdown which ended at 20.4 seconds after the break. The total energy
released during blowdown was approximately 233.4 millien 2tu. Figures 3.1
through 3.4 provide break flow 2and enthalpy out the break.

The accumulator flows start after 16 seconds and do not reach maximum flow
rates by the end-¢f-blowdown.. The pumps ccast down at diffarent rates. The
sums nearest the break reaches zero ;;m befere two seconds Sscause oOf reverse
flow threugh the pump. The pumps were not gl

ccmsarvatively high resistance which allcis mere flow through the sieem

and wai (a'u(n(aowwlum( for codc
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Giiiedes u
" generator side of the break. The other pump in the brake;i1oap coasts down to
zero rpm at about 11 seconds. The pumqiin the unbroken loop continues to have
a positive rotation throughoyt the blowdown, although it decreases to 500 rpa
in sSout 10 seconds. Although the scram occurrad at about eight seconds,
moderator react%vity feedback had already reduced the power to less than
7-1/2% of the initial power.

The mass and energy release rate; and energy sources were qualitatively
comparad to the CESSAR results for 2 double-ended suction leg slot break with
the same area. The similarity of the results suggests the RELAP4 calculatad

Blowdown results are reascnable.

3.3 Reflood Phase

d
The reflood analysis for the double-ended pump-s}kticn break was assumed

to immediately fo11ow tha LOCA blowdewn analysis, The analysis gii.is'formed
using RELAPS MCD7 Within the limitations o. REEﬁPd M007, the ana1y51s was
performed in accordance with the requirements of Secticn 6.2. ca’ﬁf the
tandard Review Plan (SRP).
Initial conditions for .he start of the reflocd analysis were based on the
end-of-51cwdown (E08) results. E08 was defined to occur when the primary
system pressure fell belcw the Palisades containment deéign pressure of 55 psig
which cccurred at 20.4 seconds after the start‘of blowdown. At that time, the
core pcwer level had dropped to 159.41 MWt or approximately §% of the initial
power. The accumulator flows had been initiated on low cold leg pressure
trips of 262.5 psia which occurred at about 16 seconds into the Slowdswn and
had reached a total of 5900 1bm/sec at the start of reflcod. The reactor
coclant pumps had rcasted down and the rotors were locked.
For the rzflood analysis, the primary system was initialized at the

cantainment design pressure, 69.7 psia. The srimery system junction flows

N, =



were zero except for -the accumu1afor and lower pﬁinum inlet and outlet
junctions. Heat conductor temperature and primary system state conditions
were estzblished based on the E08 conditicns. Core power continued to
decrease according to the ANS decay heat curve.

A natural ciréuTation heat transfer mcdel was used in the steam ganerator
secondary to maximize the energy transfer rates to the break. The primary
coolant pump. rotors were assumed Tocked to conservatively provide resistance
to flow. A closed valve was modeled in the intact cold leg of the Lrcken loop
to conservatively increase the flow thrcugh the s?gam generator.

For numerical stability of the RELAP4 ccmputer code, the émergency fore
Cooling System (ECCS) flow was ﬁode1ed as being injected directly into the
downcomer at a temserature of 300°F,

Plant specifiz information was predominantly derived fraom a RELAPS Reflood
input 1isting for the Palisades power plant which was obtained from the

- T
Nuclear Regulator ‘ommission_(nRC), and froq*ﬁﬂ;»?a]isades Final Safety
analysis Report (FSAR).

Several sensitivity calculations were performed‘to eva1ua£e various input
medz] 2nd code options. The results of the sensitivity stucies azre decumented
in the methodolegy report. The Palisades reflood .rarsi=n; results are
_presented in Table 3.2 and F1gures 3.5 through 3. fv 1a57le 3.2 is a summary of
the enargy balance at the beginning and end of reflood. Figures 3.5 through
3.8 ﬁrovide break flow and enthalpy cut the break.

The accumula:or flow is initiated at 3900 lbam/sec and quickly ises to
{ 6400 1bm/sec. The ilow remains constant until 40 seconds, and then is ramped
down to 0 lbm/sec at 50 seconds when the accumulator is empty. The HPI flow
comes on at 0.6 seconds and remazins at about 850 ga./mxﬂ £or the duration of
the transient. The LPI flow comes on 2t 7.5 seconds and varies in megnitude
hetieen 400 and 600 15m/sec for the durzton cf the transient, ¢zpencing on

the oricery system pressure.

i



The primary system pressure starts at 59.7 psia, .increases to 180 psia at
20 secends, and then slowly decreases t6 100 psia. The pressure increase can
be attributed to steam binding in the primary system. As the ECCS water
gnters the core, it boils away faster than the generated steam can escape
through the'bfeék; After 20 seconds, the core is quenched and the steam
generation rate reaches a new pseudo-steady-state with the break flow.

Normally, the end of reflood is defined as the time whan the core recovers
to within two feet from the top of the core. ‘In the case of Palisades, the
maximum mixture level is less than seven feet at 50+ seconds into the
transient which is still four feet below the top of the 1l-foot core.
However, the core-stored énergy was essentially renoved at 30 seconds in@o the
transient.

The reflcod calculation was extended to 100 sesconds to determine when and
if the steam generator side break fiow would begin a rapid cecay expectad

o e

after tha accumulators emptied at 50 setcndé.f4§!§c; the rapid fTowféecay did
not occur, the reflood calculation was coitinued teyond the time when the
containment calculation predicts the pezk pressure and tem;er;ture at 84
seconds after break or 64 seconds after start of reflood. 3Secause the safety
injection water was assumed to be at 300%, the extencad duraticn of the
reflood analysis is considered to providg ¢ canservativé1y high energy

transfer rate to the secondary.

3.4 Post-Reflood and Concainment Response Calculation

The containment model used was based on a CONTEMPT deck received from the
NRC. The mass and energy flows to the containment wers replaced ard the
remaining data carefully checked agaénst the FSAR and other sources. The

analysis was performed using CONTEMPT-LT/023.
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The heat structures used are listed in Table 3.3. All the structures are

represented in rectangular geometry. The thermal conductivity and the
volumetric heat capacity were checked for the four materials used: steel,
conﬁrete, insulation, and air (gap). The heaat capacity was found to be about
two orders of m&gnitude low for insulation and was changed. Tagemi/Uch1da
boundary conditions were used for all heat structure surfaces except the base
s1ab, which was assumad to be covered with water. The Tagami peak time used
was 20 seconds, 0.5.secand before the end of blowdown.

The basic assumption was that off-site power was lost and that cne diese
generater fai'ad to start. The cooler and spray pump start %imes are based on
the generator  .ding sequehce.

It was assumed tﬁat ~ne fan ccoler was operating and that it started at 23
seconds after the brezk. The heat renoval rate was variable, ranging from
¢7.5 MBtu/hr at a containment temperature at 3‘0°F to 3.0 MBtu/hr at

~——
104°F. The cne operating dissel generator kas*ztso assumeu capabTe.of
powering two spray pumps. B8oth pumps together were capable cf 1.33 Mibm/hr
(2700 gpm) with spray efficiency of 20%. The containment spréy started at &4
ssconds and used water from the Refueling Water Storzge Tank until 30 minutes
whes the tank was empty, at which time the water source switched to ths
L:?‘f‘::n:n f“'TEe heat removal rate for the shell and tube heat exchanger in
the containment spray system is computed ih CONTEMPT. The sntered parameters
wereﬁ the product of the heat exchange surface area and the overall heat
transfer coefficient was 2.28 M3tu/hr/F; the coolant inlet temperature was
1149F;: and the coolant flow rate was 2.0 Mlbm/hr. ¥

General initial conditions are given n Table 3. g/ Initial ccnditions for

the primary system refer to the end of blowdown. NO water was introduced t

-au "'L"\

the dayue$l as a2n initial step input. The evapora»xow-fanCe:sattcn model in

(e--m.n'ﬂ"“"r s : 2
re Cowesrl was bypassed until the end of blowdown, The Tracticn 0O wall or
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the pool was set at 0.92. The heat and mass transfer multipliers were set at

}

cooling coil condensate transferred from the superheat
1.0, and the temperature flash option was used. °
; Two methods of treating the post-reflood period were used for this
analysis and thFes different assumptions made zbout the mass and enmergy
release during reflood, resulting in six cases. The blowdown mass and energy
release was the same fo ali cases. Peak flow was about 77,000 1bm/sec at
525 8tu/ltm, and thé blowdown ended at 20.4 seconds. The reflood data, esach
lasted 1C0 seconas,;;£a5§§S:ﬁ-1zo.4 seconds after the brezk. The cecre was not
covered, or even two-thirds covered at this time, but it was substaqtia]1y
coled. Therefore, the end af the RELAP4 reflood run was definad to be Fhe
end of refloo&fggnthe acﬁhmulator £low had been ramped down to zero between 60
and 70 saconds after the break.
During the post-roflced period; decay heat, heat from the secondary
;o —
system, 2nd heat from tre heat structures if th&primary system are released
to the containmeni. The decay heat is released over the Juraticn of the run
based upon the ANS standard decay heat curve plus 26% and an ;ltimate reactor
power of 2638 Mdt plus 2% for instrument error (excluding pump heat). The
heat from the secondary Sysﬁem (61 ¥3tu) and the primary heat structures
(53 MBtu) was all released by cne hour after the break. A linear ramp to z3ru
was used. |
fhe amount of heat released to the containment by the secondary was
datermined by obtaining the stored energy in the water in steam generators and
~in the SG tubes at the end of the RELAP4 reflood calculation. Assuming that
this was based on 32°F and that the e:cire steam generator would be at
2129 after one hour, the zmount of heat available io be released was

computed to be 61 M3tu. This is conservative because the containmant pressure

will not decrease to atmospheric pressure in one hour, and so the seconcgary

19
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system will be hotter than 212%F, For the primary hest structures, the
gnergy stored in all of the heat stru&tures used in'the ;ef1ood model, except
the core (fuel rods) and the steam generator tubes, was used in the mocel. It
ﬁas conservatively assumed that 2ll this metal would be at 2129F after cne
Hour, with thg d#ference (53 M3tu) being relezsed to the containment.

During the post-reflood period, two different methods were usad which
differ only in the manner in which the energy ffam the secondary system and

primary heat structures is released after reflo~- In Method A,"é.‘g&:_!..

- F e sdopazcad the energy 1S released diectly to
T omtunment Withedl Gmsicering primary  2es/anT sysTem

the d-;:all. The amount of mass accompanying this energy relzase is required,
and it .- obtained by assumiﬁg that the heat is used in converting water 2t

S

™

turation to steam. A typical value £or the heat of vaporization at the
pressures experienced in the containment for the first hour is @25 3tu/1bm,
and this has been used to calculate the mass relezse rate, * This method is

. ‘ ) "

=aare==ly conservative, since gfter scme time thewwater in the primary system
will cool to below the boiling point and most of the decay heat will go into
heat'.ng the water o sa*uration and leaving very Tittle to genérate.stean .

-e;¥s=s€===== The systems (HPIS and LPIS) that inject water into ti.o primary
are not modeled in Methe. A since the mass ind energy £1ow from the primary is

already calculated as described above.

In Method 8, the decay

hezt 2nd heat from the secondary system and from the primary heat structures
s omgdn Es rnesor toolanT Syslem

is passed to the peimasy compartment, . The modcel in CONTEMPT then determines

how much steam is produced, how much heat goes into increasing water

temperzture, and so on. This is much more realistic than Method A since it

allcws the steam production to decrease with time. It is still conservative

since the heat input has Deen calculated to be conservatively high., in

vathod 3, injection into the primary is explicitly moceled. The LPIS

<123
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(5000 gpm) and the HPIS (450 gpm) bo;h t3ke water from the refueling water

storage tank until it empties at 30 minutes. After that only the HPIS
'Tamw\ov\\ 9“"‘('

centinues, taking water from the =%} There is no heat exchenger on
) Cﬂdh"‘““""‘$u"|’
ithar of these systems. The drywesi—peed is gradually cooled, seng@™ since

!
the water that s recirculated through the containment spray system ¢oes pass

through a heat exchanger.

Three assumptions were considered for the mass and energy release to the
containment during ~eflood. In the first assumption, only the stz2am “low from
the SG side of the b-eak was used from the R:LAP4 r'su1~s. To be as§n¢+ekﬁr-
conservative, it was then assumed that all of ;h1s dry stean was superheated
o 1300 3tu/1bm (about 300%F), and the energy release rate was obtained by
multiplying the steam flow rate by 1300 3tu/lbm. The actual effluent enthalpy
is about 1200 gtu/1bm for the first 20 seconds of reflood and gradually
decreases to about 600 Btu/lbm after that. Thus, assuming that only dry

B

superheated steam is relgased.is-eué:éhaii céh%e;yative. - g
In the second assumption, the mass and en;rgy flow rétes'frcm ~ue SG side
of the break were used, but the energy flow was aug-eu.ed to account for
superhaating. At 70 psia, saturation is about 31097, and the specific
enthalpy of steam is 1185 8tu/1bm. At this pressure, the specific enthalpy at
500%F §s only 1282 3tu/1bm. While the SG tubes are a little below 500°F

at the start of reflood, their temperaturé is on the order of 350°F at the

or

end of reflocd. Therefore, adding 100 3tu/1bm for each pound of stean flow is

\
| P, |

'té?fzémgy concervative. The steam flow rate used %o calculate this added
energy was the same as that used in the first assumption. The additicnal
. energy was about 8% of that cgmputed by RELAPG at the beginning of reflood ard
about 5% at the end of reflood. ‘

In the third assumption, the mass and energy released from the SG sice of

tha break by RELAPG were uced directly. The licuid phase £a1ls 20 the poel 25
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released. MNaturally, this case results in TQwer'peau te.peratures and
pressures than the superh2ated-steam-cnly case, but it is mere realistic and
t is conservative.

For all three assumptions, the release of water from the pump side of the
broak is ignoréa. This release is all liquid phase and goes directly to the
C(N*l-\ﬂ“m % ﬁ J P
e ipes] . e amount of water in the has a negligibTe effect on the

LenCurmenT E
temperature and pressure history of the,vapor regicn. The RELAP4 model nad to
use =CCS water at 300°F in order to aveid instabilities, whereas the £CCS
wtovt?  (y

water A actualiey witT be about 100%F. Since the water coming sut the pump
side of the break will have had no contact with the core and little with any
of the metal enclesing the primary system, it should not de significantly
warmer than when it left the accumulators. In view of the large difference
batween :h?actual and the mode! ECCS water temperatures, neglecting the 1iquid
flow from the pump side of the break is pe%ﬁa*l? more realistic than including

T TN

it. . —— -

3.5 Containment Results

The results of the COATEMPT runs are shown in figure 3.9 through 3.14.
Figures 3.9 and 3. 10 show the results for the case wherz only cry, superheated
steam flow from the SG sice of the break was consicsred, and the energy
release rate during reflocd was obtained by multiplying the stezn flow rate Dy

1300 3tu/1bm (which is approximately the specific snthalpy 2t 500°%F and
70 psia). Figure 3.9 shows the rasults for Method A and Figure 3 .10 shows the
results for Method 8. The two cases are identical to 120.4 seconds since the
difference is in how the mass and energ} relezses are handled after reflocd.
The figures show that the contain-ant atmesphere reached almost 70 psia é&nd

32507 at 84 seconds just before the contawn.e"‘ spray Segan. Since enly cry

staan was released to the containment during reflcod, the cen.ainment spray

.
-l
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has an immediate and dramatic effect on the containment vapor region

temperature ana pressure. The peak pressure equals the contairment design
el . - s =

prassure of §9.7 psia, =

;35—26i59. In view of the wwememsiy conservative assumption of releasing
only cry, superheated steam during reflcod, this is not considered '
significant. It is inconceivable that the superheated steam could flow from
the steam generator to the break with the saturated water and not mix to form
a homogensous, two-bhase flow.

Since the Method A assumptions are not suitable for a long-term model, the
run shown in Figure 3.9 was terminated at two hou;;, while the Method 3 run in
Figure 3.10 was continue& to ten days. The results of the two methods are
quite close at twd hours. The dip in the atmosphere pressure and temperature
at 30 minutes (1800 sec) in Method 3 is due %o the shutdown of the LPIS at the
time when the RWST runs dry. This coes not show up in Method A since the

- ;
primary system is not modeled. The change 1n'31npe at 30 minutes in-the
Method A result is due to the fact lhat the source of water for the

» fg)'fl"-‘l‘ir s~ :/ c("r"“'<
containment spray changes from the RWST to the warmer Sewmaldpool T The vapor

- A
region temperature reacres 1359F at abou: 8.08 days (898,400 sec) in
Mathod B (see Figure 3.10).
Figures 3.11 and 3.12 show the resu1ts for the release of a two-phase

mixture with the energy Tlcw augmented to acccunt for superheating the steam

fraction. Peak pressure is about two ps1 below the des1gn pressure, and the
fontainment almes

peak , temperature is 3=st about eQ3!=’ie-‘he-decsgc=====a:::==a Sehavior

after a few hundred seconds is nearly identical feor all the A czses and all
the 8 ceses. This is to be expected since events are dominatad by the
absorptive capacity of the heat structures and the effect of the sprays. 1he

= l"\T&.,- - ...1-.
o atmospheric temperature reaches 135°F at about 8 days.



N

co durin tlc
release reéxood period. Peak pressure was overﬁ? psi below the dasign pressure, and
) =

44~A“;_alékatmospheric temperature dropped to 1359F after about 8 days. So many

resylts

shown in Figures 3.11 and 3.12 are sufficiently conservative and meet the
tandard Review Plan requirement for superheated'steam. Since the effluent to
the containment will certainly not be dry steam in view of the carryover rate
fraction in tHehEore. this assumption of wet steam with the steam fraction

arbitrarily superheated appears to be the maximum which can be justified as

realistic.

Figures 3.13 and 3.14 show the resulis when the RELAPE calculatad releases
N.'Hvur Q“"":r d'\d dncr’f t account Suf‘rf'pdfna elea

from the SG side of the brea;kgfga.enze:ed-unchenggd—in%o COn@ieS~Tor the

sontainmenl lmospheric) J, <3 27

the peak, temper was @era- than cza. The

conservatisms, including the use of 300°F ECCS watar, were made in arriving

c,u*(\.' rns, T o
at the relaasas to thedeyweil during reflood and pest-reflood that these
owevVer . o “3
results zra definitely ccnservative., They do not meet the SRP mandate for

superheatad steam, sexalad—

4.0 Sscondzry System Pipe Break

Analyses of the containment response to a secondary system pipe break were
also made. For PWR's the mest Timiting break locaticon is a main steam line
break with pure steam blowdown. In the case of Palisades the results show
thatAa single failure assumption which allows both steam generators to
blowdown will produce peak pressures and temperaturs which exceed design

values. The medel and assumptions that were used in analyzing the main steam

line break are given in the following discussiocn.



4.1 Assumptions
A main stean line sreak (MSL3) analysis was performed By Consumears Pcuer

Compzny.l Results given in this reference are used for compariscn
purposes. In-particu1ar. maﬁs an& energy rola:5e data for the full power MSLB
case discussed in the palisades FSAR is proviced in Table 1 of reference 1.

The Pa1is§des FSAR full power analysis assumed:

(1) A double-ended guillotine rupture of a main steam line ingide the
coniainment.

(2) A reduction in feedwaler flow from full flow to zero over the 50
seccnds immediately foliowing scram at leéss than 2 seconds on high
containmeﬁt pressure.

(3) Both main steam jsolation valves would close on lcw steam ;enerator'
pressure (500 psia) causing the unruptured steam senerator 10 isolate

in aight seconds.

-

(4) Off-site power was available. __:_;'E‘. "‘szj
(3) Only two containment spray pumps were availeble; no air coolers were
available. :
(§) Pure staam 5lgwdown (no meisture carryover).
(7) A highly conservative containment heat transfer model.
In addition to the results reported in reference 1, 2 numaer of analyses for
“palisades containment response +g the MSL3 were made. 1he analyses employed
RELAP4 to obtain mass and energy release rates and CONTEMAT-LT/028 to cbtain
containment response.

The RELAP4 mass and energy releasa rates were obtained using 3 simplified

" moce) based con one volune, one heat conductor, cne sreak junction, and one

\

1 »palisades Plant - Automatic Initiation of Auxiliary Fesdwaisl Systan at
alisades Plant, Docket £0-255-License DPR-20, Janury 21, 1880 letter frcm
Rogar W. Huston of Consumers Pcwer Co. o Dennis L. 7iemann of NRR,

wuelear Regulatory Commission.

217-




in i

' b

3

feedwater fill junction. Two break sizgs and three feedwater
were analyzed. The resulting break flow rates ire sumarized and compared o
refarence 1 results in Figures 4.1 and 4.2. For the RELA?4 analyses, the
stean generators were sssumed to be at 770 psiz, with an average water
enthalpy of SSZ{i 2tyu/15m and ccatain 128,456 1bm each. The primary system.
was assumed to be held constant.during the blowdown with §13.83% 1local
temperature and 3 952 Btu/hr/ftz/°F heat transfer coefficient in the stean
generator. Figures 4.1 and 4.2 show that the main effect of the feedwater is
to prolong the time of blowdown period and increase the total mass and energy
to the containment.

The containnent respenses for a number of MSL8 cases have bzsn comparad.

Tha results are given 1n the following discussien.

4.2 Containment Response Results L IS

Case 1 : . T v

’

PR

The first case selected for an2lysis was intenced to dastermine if the
CONTENPT-LT/028 model used would give results similar to thcs; in reference 1
if similar assumptions were gmployec. Consequently, two CONTENPT runs were
made, using the reference 1 mass and energy release rates. These CONTEMPT
runs assumed two spray sumps and ane fan cooler were av$i1able and a TPEAX of
eight seconds for the CONTEMPT Tagami/Uchida heat transfer correlation.

The one run assumed that off-site power was not available so tha two spray
pumps were ctarted at 84 secocnds. The other CONTEMPT ~un assuned of f-site

_ power was available so the spray pumps were started 2t 30 saconds.

The containment histories. for the two Case 1 runs are compared to the

(95 )

reference 1 pressure history in Figure 4.3p. The comparison =atween th2

resylts with spray after 30 seconds and the referenca 1 rasulss is close2,
Lewttainanl ,.‘\'

ingicating 2an acceotabla CONTENPT modeT. Thehta:;erature higsariss fcr the

eace | -l PRI &g
Amrrmedek 2r2 shown 17 Figures 4.37 ang G.3i=9.

-18-



The purpose of the Case 2 analysis was to determine if the one volume
AZLAP4 mode] was acequate for obtaining mass and ‘energy release rates to the
containment. The blowdewn mass and energy ~elease rates for various feedwater
and break ar®a tombinations have been noted in Figures 4.1 and 4.2 ?or Case 2.
the ruptured steam generator blowdown was simulated by the 36-inch break
(area = 6.1Z<ft2) with main feedwater only. This feedwater flow was
initia11} 1650 1b/séc and ramped down to zero flow at §0 seconds. The
unruptured steam generator was assumed to isolate (MSIV closure, not failure)
so the mass and energy release rates were obtained from refrence 1. The mass
and energy reIea;e rate§ for the two steam generators were added for input %o
the CONTEMPT model.

The CONTEMPT assumptions for Case 2 were similar to the assumpticas for
the Case 1 run with spray 2fter a 30 second dg1ay. The contain$§23~2:essure
and temperature response from . Case 2 is shoﬁdffﬁ‘F{gures 4.4P and 4;&T,
respectively. The pe2k pressure is about 65 psia, which is slightly less thar
for the comparable Case 1 run and the reference 1 v#lue. Tﬁe;efore, the cne
volume RELAP4 model was judged to be adequate for obtaining mass and enercy

release rates. It is noted that complete phase separaticn is modeled in the

‘RELAP4 analyses so that pure steam blowdown oc.urs.

Case 3

Cases 1 and 2 established that the CONTCMPT and RELAP4 models were
adequate for obtaining containment response to a MSLB. Cases 3 and 4 were
designed to determine the response of the Palisades containment to the MSL3
for blowdown of beth steam generators, with of f-site power available. Case :

assume” “hat each steam generator would blow down through a 24-inch break

(3.C6 ftz). Case 4 assumed that the rugtured steam generator would blow

-19-
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down through the 3§-inch (6.12 ftz) break and the unruptu

hied

s
i t...‘
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¢l
[ Wy
v,l’.
ID.

7 generator

would blow down through a Z4-inch break.

The assumptions used for Case 3 include:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

If off-site power is available, the spray pumps will be activated at
30 seeonds after high containment pressure (5 psig). High '
containment pressure occurs in about 1.7 seconds. A conservative.
value of 33 seconds was used in the analysis.

Single failure is the Main Steam Isolaticn Valve (MSIV) failure
causing both steam generators to blow down.

Quptured steam generator blows down throu;h one-half the maximum
areis, or 3.06 ftz, as areas larger than this would not gi;e'a pure
steam blowdown. .
Isolated steam generator blows down through one-half the stean-line
area becuase of MSIV flow area restrictions thus through 3.06 £12,
A1l three spray pumps and all four fan-c301ers will be ;:;?;:ble.
The single failure is assumed in the MSIV.

The CONTEMPT time TPEAX for the Tagami/Uchida heat transfer
correlation was changad to €9 sszconds to correspond with tne end of
blowdown.

Main feedwater is available to each steam generator at 1650 1b/sec

initially and ramps down to zero flow at 60 sec.

The resulting containment pressure and temperature history is shown in

Figures 4.5P and 4.5T, respectively. The peak pressure is about 107 psie,

which is substantially greater than the 53 psig cesign pressure.

=30
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The results show that the worst single failure assuhption is a MSIV
failure which would allow both steam generators to blowdown. This is
possible sinee the closure of Palisades MSIVs is only in the forward |
direction due to the nature of the MSIVs (check valves held open by air
against the normal flow of steam). This makes it possible for a steam
line break to give rise to the blowdown of its associated steam generator
plus the blowdown of the second steam generator through the failed MSIV,
connecting header, and reversed flow through the closed MSIV. This

produces the maximum pressure and temperatures which are higher than

design values.

Case 4
The assumptions used for Case 4 were identical to those used in Case 3

except that the ruptured steam generator was a110:2¢ t9 Slowdown through the
maxizum area of 6.12 ft2, The resulting contzinment pressure and

ot

smserature predictions are shown in Figures 4.56P and 4.6T, respectively. The
nezk pressure is about 106 psia.

]

Case §
Cases 3 and 4 assumed that off-site péwer was available. Case 3 was run
to invastigate the containment response for the leoss of off-site power
assumption. Case 5 is similar to Cases 3 and 4 except for two assumpticns.
First, because off-site power is lost, the spray pumps are not available until
84 seconds. In addition, the loss of off-site power results in 2 complef;'and

irmadiate loss of feedwater.

- ,’-'
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Case 5 was based on each steam generator blowing down through a 24-inch

diameter breazk. The pressure and temperature response js shown in

Figures 4.7P an6'3.7T. respectively. The peak pressure is about 98 psia ahd E
fewainment clmospheric . —
peak.temperature of 4659F at 70 seconds. T -

tLase &
Bl 5. N

Analyses have also been performed assuming a fix which would prevent

the blowdown of both steam generators. In this case the single failure

assumpti

on is loss-of -of fsite power with a failure of one diesel

senerator. The mass and energy release data used in the analysis is for

the full power MSLB with one steam generator blowdown. This iﬂ discussed
o,

by Consumer Power Company in ref. 1 and provided in Tabfe £ The

assumptions made in the m2ss and energy release analysis are the

following:

1.

A double-ended guillotine rupture of a main steam line insice

the containment.
A raduction in feedwater flow from full flow to zero over the 60

seconds immediately following scram at less than & seconds on

high containment pressure.

-2
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3. Soth zainstean {solation valves would close on--iow steam
gererator pressure (500 psia) causing the dnrupture steam
generator to isolate in eight seconds.

4. 0ff-site power was availadble 1o maximize the rate of energy
transfer from the primary to secondary.

5. Pure steam blowdown (no moisture carryover).

For the containment response calculation the following assumptions were
made:

1. Loss-of-cffsite power and failure of cné diesel generater.

2. 2 of 3 containment spray pumps available.

3. Containment. spray initiation at 35.7 seconds (200 gpm) and full
flow at §2.5 seconds (2680 gpm)y ( ReTert-« z) .

¢. 1 of & air coolers available at 23 seconds.

5. Tagami/Uchida heat transfer corre1a;isngi:h Tagami ﬁé??tﬁ?me.at
end of blowdown (88 secnnds).

The results of this 2n2lysis are the pressure and tamperature

v P .8 T
ragponses shown in Figures ¥ and 2~ The calculated psak pressure is 63.5
psia reached at §7 seconds. This is 1.2 psi below design. The
calculated peak temperature is 413%F reached at 37 seconds. Tnerefere,
based cn this analysis, 2 £ix which would prevent +he Slowdewn of both

steam generatars would limit the calculated peak pressure 0 1.2 psia

below design.

Y f"—J (ga.‘.las l’( ant - = .l’vopﬁsﬂl ‘Tl‘i‘m.u,( Srtttc\'u..ﬂln,s

C-Ldi"jt. RC'Q_"(@[ fg Co'\*&\.huc; ;P'gy ln-"f(o.f&n

Time, Dotker Sb-258 licensa PPR=-2z2O, November 24,

yage Letter Lrom 0. . Ho Hman °f Lormsurmers Pewzr

Co. 4o . Crutchficld of NRC,
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Conclusion

Based on the results of Case 1 and 2, the CONTEMPT and RELAPS mode1; are
adequate for-ogiaining containment response to a MSLB. The results of Cases
'3, 4, and 5 showed that the blowdown of both steam generator will result in
containment pressure and-:ampn:a:u:as—uhieh-exceed design values. This is
regafd%ess of whether off-site power is available. The resuwdts of lace &
Showes HeT & qu'r- clw-ag awdokh awvenld ?nvu‘r whe blowilown of

.‘uf‘c sTea m 3‘”'“{‘?5 wou.lA "“1’ tha ¢ owTeanmenT 4,¢._/. .r,‘“._,,‘_
w ithim tha o‘c&ij.. Limit.

T



Table 3.1 s ] 7

. R L is Y

Palisades Double-Ended Suction Leg Sreak <73 7L 4

Blowdown Energy Balanca
(Million Btu)
b i Q0 Seconds Decreass 20.4 Seconés

Primary System Coolant Inventory 253.7 246.6 7.3
Steam Generatcr Coolant Inventory 140.0 2.0 138.0

Secondary Flow to Turbinc(l) - -9.2 --
Accumylator System Inventory(z) 18.5 0.7 18.8
Core Stored Heat 18.9 - 4.5 14.3
Conductor Stored Heat(3) 111.0 3.7 . 107.3

Decay and Fission Heat ' -- 5.0 --
543.1 253.4 285.5

Note: TR . . :

(1) Flow continues until valuve is fully closed at six seconds after the
break. Energy value is net loss for stean and feedwater flows.

(2) Accumulators and lines at SQOOF,

(3) Conductors include all metal transferring heat to the primary cociant
system except for the fuel rods.




Table 3.2 1Y :'."‘
Palisades Double-Ended Suction Leg Sreak i}&:‘..’f'z'.a g
Reflood Energy Balance
(Million Btu)
e = 20 Seconds Decrease 120 Seconds
Reactor Coolant System Inventory 22.4 «3.1 5.5
Safety Injection Tank water(l) 77.6 -
Safety Injection Pump F1ow(1) -- 13.5 .-
Core Stored Heat(2) 16.2 11.0 5.2
Cecay and Fission Heat -- . 12.3 -
Primary Vessel Walls 59.3 3.3 6.0
Primary Vessel Internals ' 12.4 3.9 8.9
Primary Loop Metal 28.4 1.0 27.4
team Generator Inventory 137.9 33.7 104.2
(I.L. 69.8 - 56.1 = 10.7)(3) ‘
Stazm Generator Tube Metal . 14.3 3.§ -~ _ 10.7
(I.L. 7.6 - 6.3 = 1.1)(3) o S iy AW
: TOTALS , 2%0.9 156.4 - 237.9

Anproximate 3rea2k Flow Energy
S.G. Side 72 (106) 3ty
Pump Side 81 (108) Btu

Total 153 (106) B8ty
Reference Temperature is 32CF
Notes:

(1) The S.I. water temperature was 3000F to prevent numerical instabilties.
Actual value should be 1100F,

(2) Sased on ANS + 20% decay heat curve.

(3) Energy from intact loop steam generator.

L=
.



Table 3.3

s ?".3?
. Ry
Vol H‘ (‘.
;';~‘:.--:’,‘. i
(el -

Heat Structures in Palisades Containtent Model

W O NN O BN
o W Vg g . .

C.ructure Area £t2 Thickness ft
® ‘e
Tanks and piping (.453 inch) 19,332 .0378
Ducts (.10 inch) 20,072 .0083
Reactor crane (2.35 inch) 6,373 .1958
Internal concrete (33 inch) 9,401 2.75*
Gratings and trusses 20,996 .0144
Containment dome 7,270 3.0217
Containment dome base 11,000 . 7.75
Containment side wall 50,600 3.5217
torage pocl floor and shielded walls 4,436 4.35
Containment base slab 8,229 12.4
8iological shield «»11 2,340 7.8672.
tructural support steel . 26,320 j;~;~_..45
-~ -

Deck received had 2.25, which was in error.




Table 3.4

Palisades Containment - Initial Conditions

Outside air temperature

Gutsice air pressure

Relative humfdiéj'bf outside air
Volune of primary capable of holdin

g liquid

Tenperature of primary system vapor region

Temperature of primary system 1liqui
Volume of drywall ContaimmenT |

Volume of liquid pool

SanTainwme
Temperature of = fsl.lﬂgapor region

Lon
Temperature of 2:;4231 Tiquid regio
Pressure in Sawwed] tonTuinment

d region

oL—drvwéil_tlaar

n Conta)nwmant &uhr
- Rei,

n

Relative humidity in duwald camlainment

Horizontal cross-sectional area of

doywet

Lo AT mme nt

95%

14.7 psia
0.60
3050.3 3
250°F
250°F
1.685 £¢3
10 f13
120
120°F
14,7 psia
1.0

3,228 f2
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Main St@zm Line Break
Mass/Energy Release Data

Ruptured Stesem Generator

Lbm/hr
37Z56E07
3.266€E07
3.186E07
3.106E07
3.037E07
2.957£07
2.826E07
2.637E07
2.501E07
2.408¢E07
2.283E07
2.215€07
2.067€07
1.842¢£07
1.759¢€07
1.621E07
1.370E07
1.336E07
1.233E07
1.062£07
9.592£07
8.221E06
7.183E06
6.852E06
6.766E06
6.2E0EQS
5.938ECS
5.481¢E06
0.0

BtuéLUn

1200.8
1201.2
1201.5

- 1202.0

1202.3
1202.8
1203.5
1204.0
1204.3
1204 .5
1204.6
1204,
1204,
1204,
1204.
1203.
1202.
120¢2.
1200.
1199.

- -
NMWOWWWWOUNU;MW W

Isolated Stzzm Cznerator

Lbm/hr
1.336¢807
1.656€07
1.656¢E07
1.587€07
1.530€07
1.496€07
1.473E07
.416E07
.279E07
.233E07
.1S3E07
.930E06
.135806
.550EC
.622505
.709E06
.33SE05
LC82ECS

.0

e e N e N e Ve B e e

tu/Ltm

1200.4
1200.6
1201.3
1201.
1202.
1202.
1202.
1203.
1203.
1204,
1204.
1204,
1204.
1204.
1204,

1912
L= ..

1203.
1203.
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