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ENGINEERING ANALYSIS Rev 1

Title: Pressure Response Effects of VLTOP with Replacement PORVs

Methodol ogy:

The analysis is completed in four parts, described below. Ona part
determines pressure overshoot, another the PORV flows, another the
recommended LTOP set points, and the last, the Tech Specs limit.

Part I calculates the rate at which Pzr pressure would increase for
-permissable heating rates (PCS and Pzr), and mass addition rates. It
also calculates an equivalent gpm for all effects, for use in Part III
- Valve Opening Regquirements. Mass addition rates both with and without
HPSI are calculated over the 230 to 350 deqree PCS temperature range.

Part 1I calculates the water flow for a single PORV to open full
stroke, for use in Part III and Part 1IV.

Part III calculates the Appandix G pressure limits for PCS temperatures
with allowance for temperature and pressure errors of 5 degrees and 30
psi respectively, and an allowance for pressure overshoot. These are
the LTOP setpoints. The setpoints are plotted, and then a new plot of a
smoath curve is prepared which envelopes all of the set points. This
second curve is the recommended LTOP set point curve.

Part IV calculates the Appendix G pressure limits for PCS temperatures
without temperature and pressure error, but with allowance for pressure
overshoot. These values are plotted, and produce the LTOP Tech Specs
Limit curve (3—-4 in the T.S. change request). '

During'the preparation and review of this analysis, several questions
were raised, and answered. The more significant of these are included
below:

1) WHAT CONSERVATISMS ARE INCLUDED IN THE ANALYSIS?

a) The longest PORV full stroke time
was  utilized in calculating
time until required flow, for all cases,
even though Pzr liquid would have to be saturated to
produce such a stroke time. Times with subcooled liquid
are computed to be substantially shorter.

b) PORV flow figure used was that for only 310 psia in
the pressurizer, regardless of LTOP set point. Further,
PORV backpressure was assumed to be 115 psia conti-
nuously, even though it will likely be much lower ini-
tially, and cannot be sustained at that level due to the
quench tank rupture disc’s 90 psig set point.
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c) Pressurizer heating rate was assumed to be 200 deg/hr,
as permitted, but actual maximum heating rate when
pressurizer is water—-solid is substantially lower.

d) The Bulk Modulus of Elasticity, k, was not recalculated
for every temperature above 200 degrees, but rather was
‘stepped’daown, such that over much of the temperature
range it is higher than actual, resulting in calculation
of a higher than actual rate of pressure increasa.

e) No PORV flow is assumed to occur until the valve is full
open; ie, flow is stepped, not ramped.

f) PCS volume is assumed to be that resulting from 29.3%
average steam generator tube plugging, worsening the
pressure increase rate over that with the current level
of plugging (™~25.5%)

WHY ARE THE POTENTIAL MEASUREMENT ERRORS NOT INCLUDED IN
THE LTOP TECH SPECS LIMIT CURVE?

The T.S. curve represents the pressure at which the PORV
must be actuated in order to prevent exceeding the Appendix
G limit, considering the pressure overshoot during the time
it takes for the valve to ocpen. The amount by which the set
point must be reduced below this value to offset potential
error, drift, etc. may vary under the influence of cali-
bration temperature, and instrument sensitivity. The
requirement is that LTOP cicuitry set point be reached at
the same time or before the T.S. limiting pressure is
reached. With this approach, surveillance tests should
never find an LTOP set point in excess of the T.5. limit.

WHY IS PROTECTION OF THE SDC SYSTEM NO LONGER PROVIDED BY
THE PORVS?

The LTOP set point which would be necessary to protect the
SDC system would be too low.

. SDC ig designed for 500 psig

. The LPSI pumps can add as much as 197 psi to the
systam pressure

. The LPSI pump discharge is 3 “571.5 elev.

. Pzr pressure (LTOP pressure input) is measured J
“6350 elev.

. Elevation difference adds “34 psi to indicated
system pressure

. Potential pressure error of LTOP instrumentation
(narrow range) is “24 psi
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The set point of LTOP to protect SDC system would therefore
have to be (500 psig + 15) - 197 - 34 — 24 = 260 psia.
Actual operating pressure would have to be reduced below
this value to prevent inadvertent opening of PORVs, and to
keep alarm (LTOP) cleared.

SDC system RVs will provide adequate protection against
charging without letdown (133 gpm) in coincidence with PCS
heating @ 40 deg/hr (25 gpm) and Pzr heating 3 &0 deq/hr
(? gpm). RVs are 3164 (133 gpm), 3162 (5 gpm), 0402 (15
gpm), and 0403 (15 gpm). ER-PAL-89-040 will resolve their
set points to account for elevation head and ensure SDC
overpressure protection without reliance on the PORVs.

4) LTOP limit is shown a single curve for heating and cooling.
Which is limiting?

Based on revised Appendix G limits (through 1.8E19 nvt},
and on permissable rate of change, the LTOP limit is saet by
cooling constraints below V280 deg F, and by heating con-
straints above “290 deg F. The exact crossover point
depends upon wether or not instrument error allowances are
included, and is also affected by the assumed heating or
cooling rate. For the rates assumed (maximum permissable
rates for the PCS temperature), all pressure limits were
from the 1/4t Appendix 6 calculations. Future changes in
permissable rates, or in Appendix G limits could result in
the 374t values being more limiting. Thereforae, any change
in permissable heating/cooling rates, or in vessel fluence,
shauld prompt investigations into the posiblity of the 3/4t
values being more limiting, and into a shift in the cros-
sover point in which values are limiting (heating or cool-
ing). ’

Part I - Pressure Increase Rates for Various PCS Heating Rates
and Pump Start Combinations

Objective:

‘Determine the rate of Pressurizer pressure increase for inadvertent
pump starts when PCS is water—-solid as input to calculate Pzr presssure
overshoot during LTOP actuation time.

Analysis Input:

a) Pzr heating rate = 200 degrees/hour.

b) PCS heating rates = 20 deg/hr up to 170 deg F. (ref 4)
40 deg/hr from 170 to 250 deg F.

60 deq/hr from 250 to 350 deg F.
100 deg/hr from 350 to S32 deg F.
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c) Rate of Pzr presssure increase, psi/sec = K&(-dV/V), from ref 1,
where V = PCS volume = 10,311.7ft3, from ref 2 & 3, and

dV = Swell and mass additions, convertad to ft3/sec, and
K = Bulk modulus of elasticity for water (see attacment 1)

d) dV is calculated for Swell from the relationship

dV = (VF-V+’)/VfEVpcs/t or (V¥-V£’)/V¥XVpzr/t ,
where Vf = fluid specific volume @ temp of interest, and
Vf*’= fluid specific volume 3 temp of interest + 10 deg, and
Vpcs, or Vpzr = the affected volume, and
t = the elapsed time for the temperature change, in seconds

Vpcs PCS volume - Pzr volume = 8,808Ft3, from ref 2

Vpzr = Preaessurizer volume = 1{,503.7, from ref 3

e) dV is calculated for mass additions from the relationship
dVchg, or dVhpsi = gpm / qQal/ft3 / sec/min = ft3/sec,
where dVchg = charging flow = 133gpm, and
dVhpsi = High Pressure Safety Injection Flow from ref &6, and

gal/ft3 = 7.48, and
sec/min = &0

f) HPSI pumps delivery as a function of Pzr pressure is taken from
reference 6.

g) Constants used in the analyses are:

A = Vpcs/t = 8,808/71,800 = 4.8933...ft3/sec over the range of
SO to 170 deg F
= 8,808/900 = ?.7846...ft3/sec for 170 to 250 deg
= 8,808/600 = 14.68 ft3/sec for 250 to 350 dag
= 8,808/360 = 24.,466...Fft3/sec for 350 & up
B = Vpzr/t = 1,303.7/180 = 8.3339 for all temperatures
C = K/V = 3205,000/10,311.7 = 29.578052 psi/ft3 @ 50 deg F.

[C is recalculated each 10 deg F from 50 to 200 deg
F, then @ 50 deg C intervals; see attachment 1]

A
I

Bulk modulus of elasticity for water; see attachment 1
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a) All HPSI pumps are dizabled ® PCS temperatures <260 deg F (ref 4).

b) Steam Generator tube plugging will not reduce PCS volume below.
10,311.7 ft3, which corresponds to 29.3% average fraction of tubes
plugged (ref 2). [PCS volume with 23.68 & 24.49%Z S6 1 & 2 plugging
respectively = 10,403.95ft3]

c) Inadvertent start of charging is in coincidence with isolation of
letdown, maximum Pzr heating rate, and maximum PCS heating rates.

d) Inadvertent start of HPSI is in coincidence with inadvertent start
of charging, maximum Pzr heating, and maximum PCS heating.

&) PCS is water-solid at beginning of transient.
f) PCS heating rates are the maximums permitted (ref 4).

g) No reduction in mass addition rate is taken as Pzr pressure rises
above initial pressure.

h) Initial pressures are taken as equal to the shutdown cooling LTOP
set point from 50 to 350 degrees, then taken as over 80 psi less than
expected LTOP set points, to maximize HPSI delivery.

until both are heated to 200 deq F; then, Pzr fluid is taken as being

i) Pressurizer fluid is taken as being in equillibrium with the PCS
. near saturation, to maximize volume change from Pzr heating.

j) Delivery from two HPSI pumps to the PCS is twice that from one HPSI
pump. .
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Constants on thie page: A=_7.07 33p=F 3539 c=_27.8Y8¢ k=12, 188

3¢.6/35 278, 6 RS .
e SN /7% X , X SE . Y5, 4.4 SN

FPCS tempeature XY Vf @ 2/9psia = %y V$ @Gy ¥37Zpsia = .o/Go &

Fzr temp $2_ Vf @ Z,.cpsia = _o/e VF '@ .__ % _ _psia = _____

dVhp=1 M_/A_'gpm/7.48/6ﬂ

]
rt
e
~
0
[ ]
n

dvchg = 133gpm/7.48/68 = .2963ft3/sec

avpocs = .000¢//.0149/%A = _o¢3/ $t3/sec dVtot«C = _-JodgaC =
dvpzr = .0002//.0 fi7/*B = .995_%t3/sec 7.09/8 pe1/sec [
dvteot = 22096 $t3/sec

Equivalent gpm = (7.48%6@%__3¢Y¢¢t3). =’}§'.me

PCS tempeature &g V§ @J3/0psia = Z6s%Vé’'@ R/&J/Opsia = .24 3

Pzr temp 47 Vf @ Zyypsia = _____ Vf'@__ & __psia = _____

dVhpsi = Jﬂﬁégpm/7.48/b0 = ___TT¥t37/sec f
dvchg = 132gpm/7.48/6@ = .2963ft3/sec
’ RATE of Fzr Press r:se=
dVpcs = .0@00//.81 gwA = _gol/ ft3/sec dvtot#C = _.29Y(*C =
dVpzr = .0@0c(’/.@ f4olaB = _.g¢3 %t3/sec g.32¢5-psi/sec [
dvtor - = . _.30Y6 $t3/sec '
Equivalent gpm = (7.48%46@%_ - 3097 $¢t3) =136,F_gpm

PCS tampeature #0_ Vf @ Z/O psia = _9/4e3 Vf @Fg2%3/0psia =, 0606

Fzr temp 7o Vf @ ___psia = _____ Vf '@__ % _ __psia = _____
1Vhosi = AAgpm/7.48/68 = _~——+t3/sec
dvchg = 133gpm/7.48/6@ = .2943ft3/sec
RATE of Fzr Press rise=
dVpcs = .00@03/.0164) #A = .03l ft3/sec dvtot#C = - 31//%C =
dVpzr = .Q0002/.0/443%B = .o:/5( $t3/sec [0.0Y% psi/sec r
dVtot = 2L/ $t3/sec

(7.48%60%__- 2 L/[§¢3) =194, 54pm

Equivalent gpm
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Constants on this page: A-_‘_/_%i_g_z B-_&_}j’_g_z C= 21.9Y%39 K=_32Y, 756
2. FIFF 321#,063
______ R e e Yte. 223,332

-4
PCS tempeature ZQ_' Vf @ J/Vpsia = .9koe VF @ 5o%F/Opsia = .P/G 7

Fzr temp g0 -Vf @ ___psia = _____ Vf'@__ & __psia = _____

:}Z@gpm/7.48/60

dvhpsi = = T ft3/sec
dVchg = 133gpm/7.48/6@8 = .2963ft3/sec

RATE of Pzr Press rise=
dvpcs = .00Q0%Y .@1/0¢*A = .06/ $t3/sec dVtot*C = , 2/ L8 »*C =
dVpzr = .0009% .0 /6or#B = /oY Ft3/sec 98513 fe1/ser
dvtot = 2 27LB ¢t3/sec
Equivalent gpm = (7.48*664_;51£Q_ft3i =/Zg:i_ pm

PCS tempeature J¢°vf @ ?%Wpsia = 9o V§ @/ % Tropsia = .0/6 7/

Pzr temp _3C0°Vf @ __ psia = _____ Vf'@___&___psia = _____
dvhpsi = ﬂ/ﬁgpm/?.lteléﬂ = __—— ft3/sec
dvchg = 133gpm/7.48/6@ = . 2963F¥t3/sec
RATE of Pzr Press r:se=
dVpcs = .0@@03/.814B #A = _.00%/ ft3/sec dVtot#®C = .2)/0%C =
dvpzr = .00@03/.0fwk *B = . 0/56 ft3/sec (0-18(¥ bsi/sec
dveat = ' 22/0 $t3/sec

Equivalent gpm = (7.48%6@% 'BL'QH:-}) = /Y9 0sBpm

zbéégpm/7.48/60 = . fti/sec

avhpsi =
dvchg = ' 133gpm/7.48/6@ = .2963ft3I/sec

RATE of Fzr Press ricse=
dVpcs = .0@@0Y/.014// %A = O/L/ ft3/sec dVtot#C = - $217/#C =
dVpzr = .Q@8&4/.@8/5/)#B = .0LoF—ft3I/sec 0.5120 psi /sec
dvtot = 329/ $t3I/sec

Equivalent gpm = (7.48#40% 3L9/ 5¢3) = 147.%/%pm
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Constants on thts page:s A= 92933 p=3.2339 c= 32,455 k=_233/, 675

32.3e5/ 323,98%
L e 32./006 I o
PCS tempeature //Q° Vf @ Z/opsia = 045" VE @/20%3/0psia = 0/6rF
Fzr temp //¢°Vf @ __ psia. = _____ vVf‘'@__ _%___psia = _____
dVhpsi = Jyé&gpm/7.48/6a = _—__ __ ft3/gsec
dVchg = 133gpm/7.48/6@ = .29643ft3/sec
RATE of Pzr Press rise=
dVpcs = .0000Y/.014/5 #A =, Q(L/ $t3/sec dVtot#C = 3 L5/#C =
dvpzr = .20@0Y/.@/é/g%B = .0LOFFtI/sec /0.5856 ne1 /serx ‘ l
dvtot = ‘ 325/ $t3/sec

’?
Equivalent gpm = (7.48%6@%_. 317/ ¢t3) =/%2.65 Gpm

PCS tempeature /20°Vf @ Zropsia = 9%/ V- @/30%3/0psia = (0r623

Pzr temp /¢ Vf @ __ _psia = _____ Vf'@__ & __ _psia = _____
dVhpsi = jgéégpm/7;4a/ea = T _$t3/sec
dvchg = 137gpm/7.48/6@ = ..2963ft3/sec
RATE of Fzr Press r:se=
dVpcs = .00Q0%/.01L/7%A = . O/ 2/ $t3/sec dvtot#C = -32%0 #C =
QVpzr = .00@¢Y/.0/6/G%B = .©LoC ft3/sec (0.656 __psi’/sec [
dvtot = -3 Z204¢3/sec

Equivalent gpm = (7.48%60% ‘3140{-1:3) =/V7'5;§pm

Fzr temp /2¢° V¥ @ ___psia = _____ Vf‘@___ & __psia = _____
4Vhpsi = 1£éEme/7.4e/eo = __TTT ft3/sec
dvchg = 133gpm/7.48/6@ = .2943ft3/sec

RATE of Fzr Press rise=

dVpcs = .@00ps7.01{L)#A = _0/S/ ft3/sec . dVtot#C = .237F/ *C =
dvpzr = .0002S7/.0/ 20 #B = .glCFFtI/sec l0.811] psissec ]
dvtot = ~333/ $t3/sec
Equivalent gpm = (7.48#4@%_-232 ) ft3) = [5].29%pm
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Constants on titw page:s A= U4.8733 p=8.3539 c=3l.8/2/ K=_328,03%
27.5236 T2y,06
______ e 3).23%0 222,086
PCS tempeature /v vé @ J/0psia = 426 V§ ass9& 2ppsia = 0733
Pzr temp/Y%’ V§ @ __ _psia = _____ Vf'@__ %__ _psia = _____

dvhps1 = jég_gpm/7.48/bﬂ = __S—ft3I/sec
dvchg = 133gpm/7.48/68 = ,2963Ft3/sec

) RATE of P2zr Press rise=
dVpcs = .000¢57.0142%xa = _ O/ 50¢t3/sec dVtot#C = ,3320=C =
dVpzr = .000057.048 #8 = _-°1%H¢iz/cec /0. 7?03 Pei /se=
dvtot = 3370 ft3/sec

' ¢3
Equivalent gpm = (7.48#&8%_3370¢t3) =/5/._*Gpm

Pzr temp /S0°Vf @ __ psia = _____ Vé'@__ & __ _psia = _____
dVhpsi = 4/_/}_9pm/7.48/6¢ = ft3/sec
dvchg = 133gpm/7.48/6@8 = .2963ft3/sec
_ - RATE of Pz2r Press r:se=
dVpcs = .000057.01432#A = oS 2ft3/sec dvVtot#C = 3367 +C =
dVpzr = .0002%7.@8/¢32#B = _.OL36ft3I/sec /06203 psi/sec
dvtot = ' 23367 ¢t3/sec

Equivalent gpm = (7.48%6@8%_. 3269 #t3) =/5/19/gpm

PCS tempeature /Go°Vé @ 3/Opsia = .9438 v @/ %A Sopsia = 064

Fzr temp /(G¢°V$ @ ___psia = _____ Vf'@__ & _ _psia = _____
AVhpsi = Q%&;gpm/7.48/60 = _ - ——Ft3/sec
dvchg = " 133gpm/7.48/6@ = ,2963ft3/sec
RATE of Fzr Press rise=
. dVpcs = .000% /.01(3@*A = .0(29 ft3/sec dvtot*C = .39YR-*C =
dvpzr = Q000G /.Q/3% #B = _630C fti/sec /0. }6?8 psi /sec
dvtot = 3948 _$t3/sec

(7.48#6@%_- 3998 - t3) = Iﬂ-?‘l‘ngm

Equivalent gpm
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Constants on. tAle page: A=

page /O of 13
j;_?36& B:-S.ZA‘ZZ_ C=305¢vcs Kk=_3/%,11/(

30.6560 3¢, 136
——— ———— ——————e e 20268 203,06/ ___
PCS tempeature (70" V§ @ 2/2psia = .06 V§ @@ % /opsia = .c& %7

Pzr temp /7 °Vf @ __ _psia = _____ Vf'@___%___psia = _____

dvhpsi = zyéégpm/7.48/6ﬂ = T ft3/sec
dvchg = 133gpm/7.48/6@8 = .29&83ft7/sec

RATE of P2r Press rise=
dvpcs = .Q000S7.@1,¢YwA = _oti8 ft3/sec dVtot#C = 35" /S *C =
dvpzr = .Q0@CS7.049y*B = .oiSY ftI/sec /0.8 Fpe1 /sec
dvtot = 23858 /5Ft3/sec

Equivalent gpm = (7.48#60%

PCS tempeature /82°Vf @ X/ 2 psia =

Par temp (o° Vf @ __ p
dVhpsi = ;Qéégpm/7-48/b0 =
dvchg = 13%gpm/7.48/6Q =
dvpcs = .000¢F/.016%) #A =
avpzr = .00@cF7 .04 *B =
dvtat =
Eguivalent gpm = (7.48*60;

dVhpsi = 7/

dvVchg =  133qgpm/7.48/68 =
dvpcs = .Q0@0C/.01{CL#A =
dVpzr = .0@0@0C/.d/65C#B =
dVtot =

Equivalent gpm = (7.48#60%

NOTES: 1) Tucreased PCS

psia =

sia = _____ V'@ & _ _psia = _____

. 2963ft3/sec
RATE of Fzr Press r.se=
dvtot#C = -3#32 »C =

0Y9/5 $t3/sec

sia = _____ Vf'@__ & psia = _____
____ __ftZi/sec
2963+t 3/sec
RATE of Fzr Press rise=
035 ftI/sec dvtot#C. = -3¢/ #C =

.0303 fti/sec

‘cl"'ﬂj rate Lrem 20%,‘ to 706/‘,‘
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Constants on tiis pages A= 7750+ B=8.33"27 ca30.08/ k=_3/9,/86

25.4/37 203, 25%
PCS tempeature 209’ V¥ @ 2o psia = .0 V¥ 'e_lio_v&}glpsia = .0%87 ,
FPzr temp ¥ Vv @ v psia = .o/BFPVF @Y% 3gpsia = .o/8% 5 /)
thpsx==(ﬁé%_gpm/7.48/bG = ______ ft3/sec
dVchg = 133gpm/7.48/6@ = .2963ftI/sec
RATE of P2r Press rise=
dvpcs = .0@@077 .01 lwA = _o 9/ Lft3/sec dVtot#C = _¢YoY C =
dvpzr = .000/5/.0/8384B = _oécFFftI/sec 12./58Fpe1/sec
dvtot = _YofL+$t3/sec
Equivalent gpm = (7.48#6@8% Y4 L ¢t3) =/8/.9/,Rpm

) . , .
PCS tempeature %/0° Vf @ 3s0psia = 94T V' @2WyIropsia = .cEZC

Pzr temp 4/p° Vf @ 3/popsia = /3PP VF QY0% 3ropsia = .c/853

dVhpsi = A_/_/&_gpm/7.4e/6a = T ft3/sec
dvVchg = IZgpm/7.48/6@ = .2963ft3/sec

RATE of Pzr Press r:se=
dVpcs = .00@07%/.01449 #A = .c¥4/O $t3/sec dvtot*C = Y040 *C =
dVpzr . = .Q0Q/$7.08F8#B = 046 FFt3/sec /18843 psi/sec
dvrat = ' Y040 ft3/sec
Equivalent gpm = (7.48#6@8%, 9040 ¢t3) = /8.3%/gpm

avhpsi =l‘~lé;'_gpm/7.48/60 = _~——Ft3/sec

dVchg =  133gpm/7.48/6@ = .2963ft3I/sec

RATE of Fzr Press rise=
dvpcs = .00@eF/.081463¢#A = 0¥ A _$t3/sec dVtot#C = Y227 aC =
dVpzr = .000/S57.0/87EwB = _c6eFTt3/sec /- BF?lpsi/ssec
dVtot = 2Ye37 $t3/sec

. Equivalent gpm = (7.48#4@0+%_-Y037_+t3) =/9/.57/gpm
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Constants on tiw pages A= 7.386F B= 8.2 39 o= 25.9/3/ k= 303 255

- e ] e e e

G .

PCS tempeature ZZQqu @ 30 psia = G82 V§ @437 psia = . /65,

FPzr temp Y@°Vf @ 379psia = _oMB28VE @Y% 3/cpsia = ,or853

dvhpsi = A/Agpm/7.48/6@ = __—Ft3/sec
dVchg = 133gpm/7.48/768 = .2963ft3/sec

RATE of FP2zr Press rise=
dVpcs = .00@0B/.0145/#A = O3 +t3/sec dVtot#C = _ Yo53#C =
dvpzr = .BBGI_S__//,B_(Q;_‘G_iB = _.066FFtI/sec ll_"ii’:‘_'}:ps1/ser:
dvVtot = (YKF3 fE3/sec

- 8
Equivalent gpm = (7.48#6@%_-Y073 ¢¢3) =/83-" "gpm

PCS tempeature ¢° Vf @ 3% psia = ,0/6%/ V' @204 Jropsia = .c/&57

Pzr temp Y/ Vf @J/0 psia = ./ p %>VE @Y% 2ppsia = .0 853

”_égpm/?.lteléa = T _ft3/sec

dVhpsi = WV = T _
dvVchg = 132gpm/7.48/6@ = .2963ft3/sec
‘ _ RATE of Pzr Press r:se=
. dVpcs = .000uB/.0147, *A = _.oys3 ft3/sec dvtot#*#C = Y0533 #C =
dVpzr = .000/37.0/8F7#B = _ 06T Ft3/sec /2. 038@psi /sec
dVtot = 093 $t3/sec
4 _ .
Equivalent gpm = (7.48#6@%_- 9093 §¢3) =,23,65 Jpm

PCS tempeature 252° V§ @ 370 psia = 9477 V§ '@%Us %3 psia = o/ F0F

Pzr temp ¥%9¢7 Vf @ 3/opsia = /PZB VF @N2P%3%0 psia = /873
/
dVhpsi = _/M4gpm/7.48/68 = _____Ft3/sec
dVchg = ' 133gpm/7.48/6@ = .2963+t3/sec
- RATE of Fzr Press rise=
1) dvpes = .00@_/.014226 _ 069/ $t3/sec . dVtot#C = _:Y93L/#C =
dVpzr = .008/57.0/F3BeB = _ g ¢FFtI/sec 12 ?5Ypsi ssec
dVtot = _N3L/§t3/sec

.' 1) Beyin healing PCS@ 607/"-,.
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Constants on. ‘t page: A=/Y G2 _ p=8.35 37 c= 25.9/3/ K=_323 255

PCS tempeature 2_6_0_° Vf @ 379 psia = ,orFoF v+ ‘@220% Popsia = 0/ A~/C
p

Fzr temp 4%¢° Vf @ 32e0 psia =.'f59—25 Vf @YU & Jropsia = o853

‘avhpsi = /, 20gpm/7.48/6@ = 2. A/844t3/sec 1)
dvchg = 133gpm/7.48/6@ = .2963ft3/sec

RATE of P2r Press rise=
dvpcs = .00@07/.012¢kea = (c22Y ft3/sec . dvtot#C = 3./5BB xc =
dvpzr = .800127:8622558 = _.066F+Ft3I/sec 917/ pei/sec
dvtot = zﬁgﬁziftS/sec
Equivalent gpm = (7.48%6@8#_3./398 ¢t3) =/1/7.Uigpm

PCS tempeature 22°V§ @ 37Upsia = .0/H6 Vi @2 UP/opsia = .6/ 215

Pzr temp Y/p°® Vf @ Jyopsia = .o/9peNf A49%MN3/opsia = 22873

dVhpsi = /,20gpm/7.48/68 = 2+ 84 ft3/sec
dvchg = 133gpm/7.48/6@ = .2963ft3/sec
. RATE of Fzr Press r:se=
. dvpcs = .00007/.012/Lxa = .oPZo ft3/sec dvtot#C = 3./SBwC =
‘avpzr = .000/5/.0/8?fPwB = .OCG7¥t3/sec 7289®/ _psi/sec
dvtot = 3./3B¥t3I/sec
’ <S
Eguivalent gpm = (7.48#608+3./SD¢ ft3) =4fﬁﬂifgpm

PCS tempeature 282° Vf @ 2/ppsia =.0/2% vf @2 Jypsia =.u 22
Fzr temp %o’ V¥ @ 2/copsia = ,o/828 VFf @94 & Jipsia = .o/B89 3

dvhpsi =/,20ogpm/7.48/6@8 = 2.7/8¥% t3/sec

porpet | ol A A A e A -4

dvchg = ' 133gpm/7.48/6@ = .2963ft3/sec
‘_ . RATE of Fzr Prass rise=

dVpcs = .00002/.012 *A = ,626% ft3/sec dvtot#C =32./880C #C =
dvpzr = .000/57.0/83*B = .066Fft3/sec 72.28¢3 psissec
dVtot = 3. /15Post3I/sec

. - 65~
Equivalent gpm = (7.48%60% _3-/350 f£3) ={£bb}_gpm
NOTES: 1) R.-., Lpe- A e

. o increase w/o HPST Erom 260° o 350°
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Constants on tiw pagu:s A= /¥. 68 p=_£.25 25 C=29.9/3/ K=_3o3 255

23.5°198 Y 517

PCS tempeature 250° V§ @ 3/Opsia = .0/23Y V§ @3S%)/2opsia =.c/ 293
Fzr temp 4/0f Vf @ 3/opsia = .o/@73 Vf ‘@Y% _2«psia = ,c,993

dvVhpsi = /22 gpm/7.48/60

]
~
V]
2
|
-
fa d
A
~
n
n
n

dVchg = I3gpm/7.48/68 = .2963ft3/sac

RATE of Pzr Press rise=
dVpcs = .aaagf/.mzzym = _.02r+t3/sec dVtot#C = 3.4 *C =
dVpzr = .00@/57.0/2%%B = _ 904 F-ft3/sec 72.924¢ _pei/sec
dvVtat = 3./572C $t3/sec

] &/
Equivalent gpm = (7.48#6@% 3./SCFt3) =/47.' gpm

Pzr tempY4g® VF @3/0 psia = /B3P VF @Y2L% Jopsia = ,2-853

dVhpsi =/, gpm/7.48/40

]
N
Ay
©

N
(a4
W
N
1]
)
n

. dVchg = 1323gpm/7.48/68 = .2963ft3/sec
RATE of Pzr Press p:se=
dVpcs = .@@Q/0/.@1243#A = 0891 ft3/sec dvtotsC = _3;4@_'6_@ /)
aVpzr = .00@/57.8,2M*B = -9¢cF+t3/sec 73.//0 psi/sec
dvtot = gn/CQ‘QtS/SEC

ad
Equivalent gpm = (7.48%460% 3./8).4 $t3) -/,4/20.7%::0\

Fzr temp 44.° Vf @ /o psia = .0/92@ VF '@52/%3/ psia = ,0,P92

dVhpsi = £2l¢Qpm/7.48/6@ = 2.}/8¥Ft3/sec
dvchg = '133gpm/7.48/6@8 = .2963ft3/sec
RATE of Pzr Press rise=
dvpcs = .000///.0125WA = 092/ ft3/sec dvtot#C = 3-/F337%C =
-~ .
dvpzr = .000.5/.0/838#B = _ O46FFti/sec 79.637%si/sec
dVtot = 31235 §t3/sec
. - ‘L?
Equivalent gpm = (7.48#&0#% 2, /235 ft3) =/43. “gpm
NOTES: < Tt Tt Tt oot T
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Constants oAT%fibe- page: A=_/Y.(B B=E.3529 c=_23.5188 k=242, 5 /5

"
r
o
LY
'3
(a4
u
~
o
n
n

dvhpsi = /,*%%pm/7.48/608

dvchg = 133gpm/7.48/60 = .2963ftI/sec
RATE of Pzr Press rise=
dvpes = .00@///.0176Y*A = _ %S §t3/sec dVtot#C = 3. /22C =
dVpzr = .0208/57. 0/57D#B = _ OCCFFt3I/sec 796238 pe1/se
dvtot = ' 3./22)¢t3/sec
/63

PCS tempeature 330’ vf @ 2/opsia =_0/_E?Qf vi a3l lopsia = o 266

Pzr temp 402 Vf @ 370 psia = .0@2p Vf @9,k lropsia = _os 853
dVhpsi = /,2logpm/7.48/6@ = Z.HgYFt3/sec
dvchg = 133gpm/7.48/60 = .2963ft3/sec ]
: RATE of Fzr Press r:se=
dVpcs = .00@!//.@81275%A = ,09/0 t3/sec dVtot#C = 3./229#C =
-
dVpzr = .008/5/.0/82*B = . oéCF+Ft3/sec 79.6/05 pei /sec
dvtot = 3./ 22y $t3/sec :
4‘/?’

Equivalent gpm = (7.48%6@%_3./22/ $t3) =/,91% - gpm

PCS tempeature 3Y0° Vf @ 370 psia =.0/28C V¥ @3syM3/0psia = /257
Pzr tempy/e? Vf @ 3o psia = o230 Vf @YW N 2/opsia = -9/05 %

dUhpsi = O gpm/7.48/6@8 = 2, ZPYFt3/sec

dvchg =" 133gpm/7.48/6@ = .2963+t3/sec
RATE of Fzr Press rise=
dvpcs = .000///.01786#A = _cofcY ft3/sec dVtot#C = 3,/2/8_#C =
/ : B
‘dVpzr = .000/5/.0/338#*B = .0(CFFtI/sec #4.57 #*3 psi/sec
dVtot = 3./2/8_$t3/sec
5-,03

Equivalent gpm = '(7.48{60*_3_»_/2-_[3_;1;3) =I/42-3 ‘‘gpm
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Constants on tiis pages A=_29 767 B= _8.3539 C=23.5/9® Kk=_292, 5/5 )

- e e

dvhpsi = _7>Pgpm/7.48/6@ = 2.//68 §t3I/sec
dvchg = 133gpm/7.48/608 = ,2963ft3/sec

RATE of Pzr Press rise=
dvpcs = .20@!'%/.0133YsA = _ /62 F¥t3I/sec dVtot#C = 2.0%%mC =
dvpzr = .0@023/.8%o#B = _-55/ fti/sec 62.8%cY pe1 /sec
dvtot = 62/ ft3/sec

PCS tempeature 36c° Vf @ Foopsia = .g/80y V§ @3%% 5Wpsia = o/PsC

Pzr tempS2¢° Vf @ Zopsia = gio6? VF @5k Sapsia = 0L/ F

dVhosi = Z2Pogpm/7.48/6@ = (/. 328 ft3/sec
dvchg = 133gpm/7.48/6@ = .2963ft3/sec
RATE of Pzr Press r:se=

dvpcs = .@20@/L/.8180¢»A = _./627¥t3/sec dvtot»*C = 2.2090%C =
dVpzr = .0€Q1D/.02089#B = _//20 ft3/sec $9.3093 psi/sec
aVtat = 2.2050¢t3/sec

' 1666
Equivalent gpm = (7.48#6@8% L f0%0 $t3) = {036 : gpm

FPCS tempeature 3Z°VF @//0vpsia = .or& V§ @38/ xpsia = ,0,827

Fzr temp $Y0° Vf @ [ropsia =.oWY/ VF @8V wepsia = oo 22

AVhpsi = 5270 gpm/7.48/6@ = /.225SFt3/sec
dvchg = ' 133gpm/7.48/6@ = .2963ft3/sec

ty RATE of Fzr Press rise=
dVpcs = .a0013/.01£!5*9 = _ /P2 ft3/sec dVtot#C = /.22 »C =
dVpzr = .Q003%/.0%/Y/#B = __ /149 ft3/sec 4185 13 psi /sec
dVtot = /.81 $t3/sec

Z) ;A(DS:Z ﬁﬂv$4' é-g of)tﬁdb[(_ at {h S {.rnp. 4'96011Q

—————————r—y
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Constants on this pager A=2Y.Y¢c7 B=_B.253% C=23.5/98 k=_2v2 5/5

_____________________ A

FPzr temp S30°VF @ [ lpsia = 0030 Vf '@sw’%/ wwpsia = .p21205
dvhpsi = 332 qpm/7.48/6@ = . 2277 ft3/sec
dVchg = 133gpm/7.48/6@8 = .2963ft3/sec
RATE of Pz2r Press rise=
dvpcs = .000!3/.018%€ %A = - /2YLft3/sec dVtot#C = /. 388 /#C =
dvpzr = .00@3s7.0%70#8 = _/397¥t3I/sec 32 . SHPhei/ser
. dVtat = 1.38s/¢¢3/sec
‘ : cs 1o
Equivalent gpm = (7.48#6@%_/.385/ #t3) = £2/: gpm

PCS tempeature 32c° Vf @/Y0psia =.¢/B832 V§ @YWl /spsia = 0,550
Pzr tempSAn° Vf @/ 9Yopsia = giily Vf @5Bok/vYapsia = ,g1tF5

dVhpsi = _ (D gpm/7.48/760 = __ ft3/sec
dVchg = 133gpm/7.48/6@ = .[2943ft3/sec
RATE of Pzr Press r:se=

dVpcs = .0@@/3/.81837wA = _./?3/ ft3/sec dVtot#C = _.c2tF(C =
dvpzr = .@@@Y//.82W34#B = _./533ft3/sec /464956 psi/sec
dvtot = bt HFt3/sec

s
Equivalent gpm = (7.48#60%__.C217F+$t3) =2F.__gpm

Fzr temp 580 ° Vf @/seopsia = 1130 VF @%%%/Repsia = .c23/57
JVhpsi = __giqpm/7.48/60 = _:::::4t3/sec
divchg = ' 133gpm/7.48/76@ = _2963ft3I/sec
RATE of Fzr Press .za<se= 5
dvpcs = .00Q/Y/.018Y7#A = _. /P53ft3/sec dVtot=C = ng} )
dVpzr = .Q00%S/.02130#B = _ /.50 ft3/sec /.097< psi /sec
dvtot = 2GHYEL 3 /sec

Equivalent gpm = (7.48#&@%_.c9324t3) =290.9¢“gpm

NOTES: ') Pzr Press o HPsST S‘A'*]L"‘CF headd ... no '(\“’{.L"t’ C‘“*"‘. b P
frow MOST | |

2) C revited a5 K c,L\.w\fc-o( -(;‘ow\ 2, 59 be /76 ,oN3
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Constants on tRts page: A=_24.7¢F p=8.353% cm/F. 0722 K=/ 76,093

PCS tempeature ':“2: Vf @/ sxpsia = 863 w'ej/go_'s._/,_i_‘%%ia = o/BFR

Pzr temp S80° Vf @ L5Ppsia = .02230 Vf ' @S7oN%/sapsia = _o12/5
dvhps: = _ (O gpm/7.48/68 = ______ft3/sec
dvechg = 133gpm/7.48/76@ = .29&63ft3/sec
> _ RATE of P2r Press rise=
dvpcs = .00@/5/.018¢3#a = _, /720 ft3/sec dVtot#C = . 6587 »C =
dvpzr = .Q@@@ Yy7.0222#R = _./5C §t3/sec #.298F pe1 /sec
dVtat = ‘ 4589 ft3/sec

Equivalent gpm = (7.48#6@0%_.(> 27 ft3) =ﬁ$‘-7~"§pm

dvhpsi = _O__gpm/7.48/6@ = __""——ft3/sec
dvchg = 13Z2gpm/7.48/6@ = ,[2963ft3/sec )

_ RATE of Pzr Press r:se=
dVpcs = .@0@/y/.01837%A = _./93S¥t3/sec dVtot#C = (F2F=C =
dVpzr = .00050/.823c9%B = _ /807 ft3/sec /L-:/_g_‘/_‘ipsi/se:
dvtot = _fA2Fft3/sec

7

Equivalent gpm = (7.48%6@8%_.(227 #t3) = 32/.7/ Gpm

PCS tempeature Y39°V¢ @/goopsia = .0/850 Vf @Y% %/boopsia = .0/F03”

Fzr temp ¢/¢° Vf @ /eiopsia = ,gly22 Vf @W'k/Geopsia = .grvés™
dVhpsi = (O __gpm/7.48/68 = __ - _ft3/sec
dVchg = 133gpm/7.48/68 = .2963ft3/sec

dVpcs = .@0@/3/.01872»A = _-/74Lft3/sec dVtot#C = . A/68 *C =
- dvpzr = .BBBQZ,/.OZ.;(QQ!.B = _ M6 ftT/sec 12, 2370psi/sec
dvtot = = F/68 ft3I/sec

Equivalent gPm = (7.4B#4@%_. 2/GH $t3) ='§3fo§§;
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Constants orr tAE® pages Ae 29.Y((7F B=_8.35739 c= (20?2 ka_ /P, 093

Pzr temp (/0Y Vf @ /Boppsia = oiveo VF @G %/Bepsia = ,oLVY6s—
Avhps: = _©O gpm/7.48/6@8 = _T____ ft3/sec
dvchg = 133gpm/7.48/6@8 = .2963ftZ/sec

RATE of F2r Press rise=

dUpcs = .000/ 7/.017c5%A = L L/83 ft3/sec dVtot#C = _ ZYcr=C =
dvpzr = .00@457.02oowB = 23 ft3I/sec 1L.695%pei /sec
dvtot = +FYOP Ft3/sec

Equivalent gpm = (7.48%6@%_- 7405 #t3) = 3325 §3m

dVhpsi = _©__gpm/7.48/6Q = ——_—_Ft3/sec
dvchg = 133gpm/7.48/6@ = .2963ft3/sec

RATE of Pzr Press r:se=
dvpcs = .00@/7F/.0192%%Aa = _YC¢Y $t3/sec dvtot#C = 2350 *C =

-
dVpzr = .@@@¢S7.@2N00#B = 1263 f¢3/sec (665  pei/sec
dvtor = 2o ft3/sec
/ Lee> -
Equivalent gpm = (7.48#6@%_- 7350 _+t3) =33/-"" gpm
PCS tempeature ___ VF @ ___psia = ____ vf'@ _ % _psia = _____
Fzr temp ___ Vf @ ___psia = _____Vf'@_ _ & __psia= _____

dvhpsi = ____qgpm/7.48/68 = ___ ___ ft3/sec
dvchg = " 133gpm/7.48/6@ = .2963ft3/sec

RATE of Fzr Press rise=
dVpcs = .Q@0@__/.01__ A = ___ ___ ft3/sec dVtot«C = _______ *C =
dVpzr = .Q00@__/.@0____#B = ______ ftIi/sec 0 ______ psi/sec
dvtot = ______ ftI/sec
Equivalent gpm = (7.48#60%______ __ ft3) = _____ gpm
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Constants on thds pages A=_/"7.G6% b= 8.3537 c=17.4/3/ k=223 255

_____ Foccowrme APPLicaBed wiry wo HPST pumps Operaacd )
PCS tempeature 2¢9° V¢ @ 370 psia = @/29% V- @2% 'y 2opsia = .os /¢
Fzr temp Y/’ Vf @320 psia = /8RB VF @YV Jypsia = _o-853

dVhpsi = /A gpm/7.468/68 = __——— ft3/sec
dvchg = 133gpm/7.48/6@ = .2963ft3/sec

. RATE of Pzr Press rise=s
dVpcs = .000<%2/.01710twA = _0?72¢ft3/sec dVtot+C = _'Y9%Y xC =
dvpzr = .00@/(57.0/828%B = _.0¢c7ft3I/sec /2. 583 nei /ser
dVtot = Y99 %$t3/sec

S
Equivalent gpm = (7.48#6@8%_- 790Y¢¢3) =/5%:% gpm

PCS tempeature 2%” Vf @3/Opsia = .o/ 2/6 V'@ 28043/¢epsia = ,0/228

Pzr temp Y427 V¥ @ 2/ppsia = . 0/828 Vf QYW Iypsia = .o/25 3
dVhpsi = 5Qé;gpm/7.48/60 = TT—— ft3/sec
dvchg = 132Zgpm/7.48/6@ = .2963ft3/sec

' RATE of Fzr Press r:ise=

dVpcs = .B00cg7/.@17/6#A = 02720 ft3/sec dVtot#C = __YYoosC =
dVpzr = .0@Q@/5/.0/E #B = .04 F ft3/sec 12.94/8% psi /sec
dVtot = Y400 $t3/sec
Equivalent gpm = (7.48#6@%_- Y400 ft3) =/52.9 5pm

Fzr temp %2°_ Vf @ 370psia = .2/828 Vf @42F%3/opsia = _os853
dVhpsi = zyzigpm/7.48/60 = ~~—+t3/sec
dVchg = " 133gpm/7.48/68 = ,2963ft3/sec
’ _ RATE of F2r Press rise=

dVpcs = .0008¢09/.@17L#A = _oPCCFt3I/sec dvtot#C = 939, *C =
dVpzr = .GBGL&?lBJQ}Q*B = _0667FF¢3/sec 1293 psi/sec

dvVtot = _1939C$t3/sec

i g
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Constants on this page: A=_/7.¢8 B=B.2537 Cca29.9/3/ k= 303 199

- ol ———

U, oy {%2-3188 ) 2Y2, 319
PCS tempeature 2%0° Vv @272 psia =.2/}3Y Vf @34 % psia = .0/ 2%3
Pzr temp 7/4° Vf @3/ppsia = /BB Vf @YWN Jypsia = 9/853
dVhpsi = _/yﬁ.gpmn.‘te/ea = T ft3/sec
dvchg = 133gpm/7.48/6@ = .2963ft3/sec
RATE of Pzr Press rise=
dVpcs = .00@0f /.0123Y*A = _.076L$t3/sec dVtot#C = - <Y354&eC =
dVpzr = .00@/37.0/3X%8 = _ 0¢6F ft3/sec /11.9/%Lps1/sex
dvtat = _Y37%¥t3/sec
Equivalent gpm = (7.48%6@%_.Y39%st3) =17 /(3qpm
PCS tempeature 3277V @ 3/spsia = .o/293 V4 @33 kpsia = .0/253

Pzr temp 4/9° Vf @ 2/ypsia = .oB2p V§ @¥W’%2/ypsia = 0,853

j}éﬁgpm/7.48/60

dVhpsi = = __T—ft3/sec
dvehg = 133gpm/7.48/6@ = [2963ft3/sec
RATE of FPzr Press ri:se=

dVpcs = .0@Q/¢/.0134#A = _0FYL+t3/sec dVtot#C = . YYZ2LsC =
dVpzr = .000Q/57/.0/3372#B = _.0¢ 7 Ft3/sec /3.1535 psi/sec
dVtot = Y93I ft3/sec

. 7%
Equivalent gpm = (7.48%6@%__ Y972 §t3) =% qpm

Fzr temp %22 Vf Q@J/¢ psia = 0820 Vf @Y% Jpps:a = + 0,553

dVhpsi = éQéLgpm/7.48/6¢ = ft3/sec
N
dVchg =" 133gpm/7.48/6@ = .2963ft3/sec o
RATE of Fzr Press e=
dVpcs = .@00/[/.@1253#A = _,97%/ $t3/sec dvtot#*C = Y58 )
dVpzr = .00@/$57.8/828%B = .0 FftI/sec (0.703%si/sec
dVtot = YS5/ 3 /sec
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' Constants on this page: A=_/Y.68 p= F.25737 C=_22.5188 k= 292,519

PCS tempeature 320°vf @ Z/spsia = .0/ %< V¢ @3k opsia = .o Rps

Fzr temp Y/0° Vf @ 372 psia = .0/82Vf @YLY 2opsia = .o, 893

dVhpsi = 126égpm/7.48/66 = __ T Ft3/sec
dVchg = 133gpm/7.48/60 = .2963¢t3/sec

RATE of Pzr Press rise=
dvpcs = .00@_!//.01ZY#*a = _ C9/S ft3/sec dVtot#C = _- Y3 9Y(=C =
dVpzr = .Q20@/37.0/Z25#B = _QLCHHtI/sec [0:68%33pe1/se=
dvtot = HSHS Ft3/sec

- 9
Equivalent gpm = (7.48#6@% - Y5 YSGE3) =203 'c’;‘gpm

PCS tempeature 330°vf @ 3opsia = o725 V6 @3% % 2opsia = .o 26C

Pzr temp %" Vf @ 372 psia = .o828 Vf '@4U% 20 psia = .c, 853

122£gpm/7.48/62 = === _ft3/sec

dvhpsi = /A gpm/7.48/68 = —— _
dvchg = 132gpm/7.48/6@ = .29463ft3/sec
_ RATE of Fzr Press r:se=

dVpcs = .00@/(//.@17725 %A = _o%/0 $t3/sac dVtot#C = _.% YoxC =
‘ dVpzr = .008/S/ .0 /87848 = _0p Fft3/sec /9;67_7_5_7:351."5&:

dvtaot = ~YyYoft3/sec

N s
Equivalent gpm = (7.48#6@8%_ 9390 $¢3) =22§_‘i_gpm

FCS tempeature 390° V§ @ 3% psia =.9/28¢ Vf @3s0% 2 psia = Or AP~

Fzr temp 0" Vf @3/g psia =.5/878 V @Y¥2%3/cpsia = .o,5% 2 Q
dVhpsi = ﬁééiqpm/7.48/60 = — ft3/sec
dVchg = 133gpm/7.48/6@ = .2963ft3/sec

RATE of Fzr Press rise=

dvpcs = .000///.0179¢ *A = L,0Go¥%+$t3/sec dVtot#C = 69 354C =
dVpzr = .000/57.0/438%8 = .0éCF ft3/sec /9 .663% pei/sec
dVtot = 1953S¢t3/sec
. 3 JES?
Equivalent gpm = (7.48#6@0%_ 953 §¢3) = 205-7 " gpm
NOTES: « . T T T T T
’) Frem 35()0 e\uyq Aéc-/e/ /—/PSL f«mp; Are opcmé c.
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Conclusions:

Pressurizer pressure rate of change is defined for the assumptions
taken.

References:
1) FLUID MECHANICS, Daugherty and Franzini, 7th edition, c. 1977

2) ANF-BB-107, Palisades LOCA-ECCS Analysis for 2530 Mwt Operation with
Increased Radial Peaking and 29.3% Steam Generator Tube Plugqing

3) Palisades Plant Functional Description M10, Primary Coolant System,
rev 1

4) Palisades Plant Technical Specifications Change Request, 1989,
affecting HPSI Operability Requirements, and PCS Heating and Cooling
Rates

35) ASME Steam Tables, 4th edition, c. 1979
6) Letter to DJVandeWalle, CPCo, from WDMeinert, CE, 1 Jan 79,

P-CE-4338; Attachment 1, HPI SYSTEM DELIVERY - ONE HPI PUMP THROUGH
FOUR HPI VALVES
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ENGINEERING ANALYSIS

Title: Pressure Response Effects of VLTOP with Replacement PORVs
Part II — PORV FLOW versus TIME for NEW PORVs (Target Rock)

Objective:
Determine the water flow after reaching full stroke position

for the new PORVs, as input to calculate pressurizer pressure overshoot
during LTOP actuation.

Analysis Input:

a) PORV Cv = 219 at full stroke (ref 1)

b) PORV main disc slew (stroke) time = 0.20 seconds (ref 3J)

c) PORV solenoid and pilot chamber reaction time = i.68 seconds (ref %)
d) Instrument channel reaction time = .2 seconds (raf 3)

e) PORV full stroke effective area = 3.7732 square inches (ref 2)

f) PORV lift and effective area versus time from reference 3.

9) PORV flow = CviSqrt dP

Assumptions:

a) Available dP = Pressurizer pressure - Quan;h Tank pressure

b) Quench Tank pressure = 100 Psig (90 psig RuD setting +10 psi margin)

c) PORV stroke time will lessen with increasing subcooling; ie, longest
response time(1.48 seconds) with associated stroke time (0.20 sec-
onds) from the computer model will envelope times with lower pres-—
surizer temperatures. That is, time for full valve stroke will be

less with sufficient subcooling of the fluid in the PORV control
chamber. ‘

Calculations:

Begin of page following
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PORV FLOW versus TIME
(From Reference 35)

1) 2) 3 4) ) 6) 7) 8)
!Graphilift [Effect. Effect. Area: Cv {Sqrt dP iSqrt dP (Sqr{/dP
! Time! milsi Area |/F.S.Eft Ar.!(21924)) 123310 s.piad700 s. p 19900 s.p

) 10)

{Adjusted!Total! Flow = Cv¥Sqrt dP ———>
{ Time i Time! =3) £ 6)
! H H =3) % 7)
H : ! =_9)_%_8)

1) 2) 3) 4) &) 7) 8)
iGraphiLift 'Effect. Effect. Area’ iSqgrt dP iSqrt dP iSgrt dP
| Time! mils! Area |/F.S.Eft Ar.! (2193 19310 5.pid700 s.piad?00 s.p

?) 10) 11) 12) 13
{AdjustediTaotal! Flow = CviSqr —_——> Flow 2Flow 3iFlow 23
i Time i Time! = 9 &) 310 spi700 spi900 sp
' : H = 5) ) : H
H : ' = %_8) H :

1) 2) 3 4) ) &) 7) 8)
iGraphiLift (Effe iEffect. Area: Cv - iSqrt dP iSqrt dP (Sqrt dP
! Time! mils! Apda |/F.S.Eft Ar.!(21924))13310 s5.pid700 s.pidF00 s.p

?) 10) : 11) 12) 13)

' j iTotal! Flow = CvsSqrt dP ——-> Flow ?iFlow 3iFlow @
H i Time! = 5) % &) 310 spi700 spiP00 sp
: { H =93 5 7) : H
H [ t =5 _2_8) H H

1) 2) 3) 4) S} 6) 7) 8)
iGraphilift Effect.!Effect. Areal Cv 'Sqrt dpP 'Sqrt dP 'Sqrt dP
{ Time! mils! Area I/F.S.Eft Ar.!(219%4))! 0310 S. p {9700 s. p 19900 s.p
{ N/A 11,000 5.7732) 1.0 i 219 i 13.96 | !

) 10) 11) 12) 135
‘Adjusted iTotal! Flow = CviSqrt dP -—> Flow ?iFlow @iFlow 3
{ Time ! Time! =9) x &) 310 spi700 spiF00 sp
! 1,880 :22090: = 35) % 7) 3,057 | :

! : ! : =_3)_%_8) GPM_ ! H
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PORV FLOW versus TIME

RESULTS
TIME STROKE!EFFECTIVE AREA!Cv LVdP iflow VdP iflow !VdP iflow
mseci! mils ! (interp sq in)! (from!Pzr 2 i (gpm) iPzr @ ! (gpm) !Pzr 3 ‘gpm
: | iArea)! 3I10 ! i_700 ! {9200 :
2,080 1,000 S5.7732 219 13.96 3,057 <--—-not evaluated——-->

(ONLY FULL VALVE STROKE CONSIDERED IN THIS REVISION)
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Conclusions:

The expected PORV flow versus dP 1dent1f1ed above is conservatxvely
calculated due to the assumptions made.

References:
1) Target Rock Test Data, Fascimile Transmitted 11 July 1989, 1345
2) Target Rock Test Data, Fascimile Transamitted 26 July 1989, 1453

3) Combustion Engineering Proposal for Variable Set Point LTOP, Pro-
posal #88-240-AI1A, Section II1.4, page 6

4) Palisades Instrument Index, M-311, sheet 01-31

S) Letter, L. E. Demick, MPR Asc. Inc, to J. L. Topper, CPCo, 12 Sep-
tember 1989, #98-108-07, COMPUTED STROKE TIMES forPALISADES REPLACEMENT

&) Letter, L. E. Demick, MPR Asc. Inc, to J. L. Topper, CPCo, 18 Sep-
tember 1989, #98-108-09, VALIDATION of DYNAMIC MODELING APPROACH and
PROGRAM for the REPLACEMENT PORVs at PALISADES NUCLEAR POUWER PLANT.
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‘ MPR ASSOCIATES. INC.

September 12, 1989
98-108-07

Mr. James L. Topper
Consumers Power Campany
1945 West Parnall Road
Jackson, MI 49201

Subject: Computed Stroke TImes for Palisades Replacement Power Operated
Relief Valves

Reference: GWO 8304, File -011, -317.0
Dear Mr. Topper:

In accordance with our telephone conversation of September 12, 1989
and my subsequent discussion with Mr. Ashworth of CPCo, we have computed
the expected opening stroke timas for the Palisades replacement Target Rock
Power Operated Relief Valves (PORV) for several LTOP set points assuming
saturation conditions in the pressurizer. These computations included the
effects of the RCS pressure ramp rates that have been calculated by CPCo
personnel at these LTOP set points. The following summarizes the results
of the computations and identifies the conditions analyzed.

Cofl

. Pressure Pressurizer Energize Depressurize Slew  Total
Set Point Temp Ramp Rate Time Time Time Time
(psia) (°F) (psi/sec) (sec) (sec) (sec) (sec)
330.0 426.1 93.0 0.23 1.45 0.20 1.88
500.0 467.1 93.0 0.26 1.41 0.16 1.83
1000.0 544.6 63.0 0.32 0.97 0.10 1.39

These analysas assume no subcooling in the fluid at the LTOP set point
and, therefore, represent an upper limit on the temperature conditions of
the pressurizer when the setpoint pressure is reached. We consider this
assumption to be very conservative yet the analyses indicate that the valve
will open within 2 seconds. As indicated in prior analyses any subcooling
of the fluid will reduce the total valve response time.

This information will be included in the final report. If you have
any questions or require further information please give me a call.

Sincerely,

L. E. Demick

1050 CONNECTICUT AVENUE. N. W, WASHINGTON. D.C. 20036 202.6%9.2320
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MPR ASSOCIATES. INC.

September 18, 1989
98-108-09

Mr. James L. Topper
Consumers Power Company
1945 West Parnall Road
Jackson, MI 49201

Subject: Validation of Dynamic Modeling Approach and Program for the
gepllc;?nn: Power Operated Relief Valves at Palisades Nuclear
owar Plan

Reference: GW0 8304, File -011, -317.0

In accordance with our telephone conversation of September 18, 1989,
the purpose of this Tetter is to confirm our confidence in the accuracy and
validity of the computer program and the approach, which have baen used to
calculate the o?cning and closing times for the replacement PORV’'s to be

~ installed in Palisades this fall. This confidence is based in part on the
resylts of calculations of the stroke times of similar valves in tests
parformad by EPRI &t Wyle facilit{es in Norco, California. Thase
calculations, reported in & letter to CPCo dated September 15, 1989
(98-108-08), showed good correlation with the test data. Variations
between the calculated and test data were also generally in the
conservative direction, e.g., calculated opening times for the water tests
were ganerally slower than the test data.

We have also caleulated the response of the Palisades replacement
valves over a wide range of fluid conditions and consider the variations to
be consistent with expectations for this valve design, e.g., more rapid
response for stesm conditions than for sub-cooled water and more delayed

~ response for saturated water conditions. These data wers reported to CPCo
in latters dated September 7, 1989 (98-108-06) and September 12, 1989 '
(98-108-07). :

We intend to include complete documentation of the validation basis

for the computer program and the valve models in our final report on the

replacement valve stroke time analyses. I[n the meantime if you have any
questions concerning these matters or require further information, please

give me a call.
Sipgerely, r

. E. Demick

- . eama- mmw ama 2ar
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ENGINEERING ANALYSIS

Title: Pressure Response Effects of VLTOP with Replacement PORVs
Part III - Recommended LTOP Set Points for Variable LTOP Protection

Dbjecti&e:

Determine the LTOP set points to preclude exceeding Appx. B Limits,
considering :

« Permissable heating/cooling rates

. Signal processing time

. PORV response time

- Instrument inaccuracies, calibration errors, and drift
. Potential Quench Tank backpressure

Analysis Inputs:

a)

b)

c)

d)

e)

)

g)

Pressurizer temperature rate of change is 200 degrees F/hr

Primary Coolant System temperature rate of change is:
20 deg/hr when < 170 degrees F
40 deg/hr when 170 to 250 degrees F
60 deg/hr when 250 to 350 degre=es F
100 deg/hr when 350 degrees F and greater

Appendix G limits from EA-A-PAL-89-98

Instrument inaccuracies, calibration errors, and drift are leas than
S degrees and 30 psi (reference 35)

Volume change, equivalent gpm, Bulk Modulus of Elasticity, and
pressure increase rates from Part I of this analysis

Time for PORV flow to equal equivalent gpm from Part II of this
analysis

Appendix G Limit Equations from reference 4
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Assumptions:
a)
b)
c)
d)

e)

PORV response time is 1680 milliseconds

PORV full stroke opening time is 200 milliseconds

EA-FC-809-13
Part II1 Rev 1
page 2 of 4

Signal Processing Delay is 200 milliseconds (referencae 3)

(reference 6)

(raference 6)

PORV Cv at partial stroke is proportional to effective area

Quench Tank pressure will not exceed 100 psig

HPSI pumps are inaoperable when shutdown cooling is onstream

g) HPSI pumps are inoperable when PCS is < 260 deg F

Calculations:

Equation 1, Heating Limited

Plim

Equation 2, Cooling Limited

Plim

Where Plim

(17.206x (26.78+(1.233xExp (.0145x (T-86-dT1/4))))) -84

(17.206x% (26.78+ (1.233IxExp (. 0143x (T-B&6+dT1/4))) ) ) —(5.85xdTmax) -84

Recommended set point in PSIG before allowance for over—

shoot,
. T = PCS temperature, degrees F
dT1/4 for Heating Cooling 2 dTmax for Cooling
20deg/hr 6.3 4.4 10.1
40deg/hr 12.4 9.0 20.5
60deg/hr 18.2 13.9 31.8
100deg/hr 30.0 23.6 54.0
<-——from Part I > <Part 1I>(7xB) pSite PSIA .
1 2 3 4 S . 7 8 9 10 11
PCS iHtg/ClgiPumpsidV/sec!Equiv! K !Rate of!Time for ! Press!Appx G!Max
Temp | Rate {Oper-—iCu.ft igpm ! iPreses (PORV flo!i0’shtilLimit {(Perm
degF ideg/hr !able i H H ‘Increasi=Equival ! psi {-Temp%!Sat
i ! { : ! ipsi/seci! gpm : iPress iPnt
' i ' ' =@§-_=i ______ iin sec’s!_____ }Errnrs?__7i
56 20 Chg.l 3046 133 N8| 9.9/, N ! 33/ 32
6o 3 “3- . 3046 133 PIS.6 ‘7.323‘7 Z’O 333 3%
7o .32 194 3R M,0,0909 2/ 336 (327
80 L3128 | 140 PB243d 1.853 24 | 338 |33y
Yo 3240 | 14d [322%310.181¢ 21/ Iy |335
/oo .3291 | 148 329,314 10.5120 22 | 248 |33%7
o 03294 | 148 (351679 0.585¢ 22 350 |342
0] Vv |.3290 | 148 [33388R 40.c5¢ v 22 355 [3¢7
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<———from Part I > <Part II>(7x8)

1 -2 3 4 5 & 7 8 9 10 11
PCS iHtg/ClqiPumpsidV/saciEquiv! K Rate of!Time for !PressiAppx GiMax
Temp | Rate iOper—iCu.ft igpm ! iPress I(PORV floi0’shtiLimit !Perm
degF ideg/hr !able ! : : {Increasi=Equival! psi !|-Temp&iSet

. : H : H ipsi/seci gpm H iPress Pnt
' H H i i : iin sec’si___ __ {Errorsi____

130 1 20 | 3chy! 23R/ /ot 1330 o820y 2.0 1 23 4 36/ 35
/96 | ! .3230 ! /S| i32263R (2. 7207 ! 1 23 ! 3¢ 1358
(56} 1 [ 1.3369 ! 15| 133548 (0.6223 | 122 1 32 137
166} v _ L L 3Y4B L {55 13,080 /0. FCF8 | 1 23 1 389 V| 325
(0t HO P 03515t /58 13(9,111) &0 BIRF | 123 1 339 1 330
(80! : ! 323F! /48 Do,/ 1. 95CF 1 29 ¢ 35y 4 3H/
(90} ! D .36%) 1 /e (33,06 w. 7968 | 1 23 4+ 2¢6 ¢y 35 F
100 | ! | 4oMly /87 1310180 (2, I1SBT! 1 26 3 383 3 3F/
/0, ! ! L9040t /87 1303299 ¢«.8845) 1 25 3 o3 | 372
220 ¢ H ! 4039 /87 ¢ 1 1.8 IF U 125 424 V 4/5

230 ¢ ! ! . 4053 /89 | 12,0997 125 | ¢y5 T ¥4/
240y ¥ 1 {1 Y093 /89 ¢ 1(2.03891 25 Y ¢B2 Y YFR/

250} 60 | ¥ ! 932/ 19Y 172,300 1 2F 3 yFHT L 458

! . ! ! ! H H H ! ! H
60, 1 3Chg 1 .yyod) /98 | § 12,5818, 1 ¢F sy 5O/
! itaymsrt 3./588 /418 ¢ ! 72.%/7 1 1 195" 1+ s/« 333

270! 12Chg | .9400! 197 | 12,9478, i {F § Sé§5 | 55¢

270! 1+ 2HAT 1 3, 158YE /813 1 §2.898/ 1 /95 1+ sés 1 38Y

280! iTchg | .4356: /97 1. 1 /2,93 ! 2F 1 6283y /0O

230! 1+2HAT 1 2. /5B 141 F |- 1 92.886 3 1 /95~ 1 623 ¢+ ¥Y2

2901 13¢hqg | - ¥39LL /TP ! 12./82 it F 1 6%/} CFB

290! 224052 1 3, 152G LY/ 1 22.879¢5 ! 1 /%56 + 6%/ 1 5 /0

Joo ! 13Chyg | YNTFLU 20/ 1 13./52%7 1 28 | FYo ! 726

3001 2HpeT 1 3. 465600 4,92/ VY 1 93,110 1196 1 Zqyo )} 558

3o 13¢hg | Ly 204 1142,5/m /0. P03¥y 1 22 1 F+9C: £EB

3101 2P 31721 4, 92 1 29,6334 115F 1 2% 1 653

304 13Chg | .ysues 209} { 10,6893 1 22y g6y esY

710! I 24Ps2 1 3. 17298 Ly Y} 1 F4.62138! 1 /5L Be2 F17

3o! 13¢hg | 4540 209 ! V1067 RS ¢t 227 93%: 929

331 1+ 24Ps21 3 1RV LY2Y 1 34.6r067 1 I1SF 1 93F! Y

340t 13¢chg | .¢S34 203 ! /0.6439) P22 1 oW Tor P

390l ¥ e 24Ar 12,0248 L9LY) | 79,5972 1 45Z 1 1,015 ‘832

3ot 00  Bayfiume 2.63079% 1,199 ! 62 BYH 1 {32 17,0081 890

30! ! 1 2,309 1 1,036, 1 54,3093 1 14¥¢ 1,108 7, 00F

30! ! 1 1,822 818 1 41.85/3 ! 0 11,20 1,14¢%

340! ! 1 (.3851) ¢ 1 32.53¢ %1 1 ¢8 11,352 1,278

3901 : 1 L6ttty 279 1 Wi /9.6956! P31 11,509 {,4BF
_ Yoo} ! b -eH?U 2§0 R4y (/.049Ll i 23 14,6201, 67/

Y0 ! ! 6589 196 Va2 BF ! 24 11,889 ! 1,87Y

4201 : ! (éF2H 302 P . 91897 i 29 12,119 12,409
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450! ! r 1 13900 3320 W 1 /247680 v  2F 13,0681 3, 055
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‘Conclusions:

Attachment 1 graphs the results of these calculations, and illustrates
values (Actual Set Point) which will envelope these calculated values.
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ENGINEERING ANALYSIS
Title: Fressure Response Effects of VLTOP with Replacemenf FORVs

Fart IV - Limiting Fressures versus Temperatures for Tech Specs

Objective:

Calculate the pressure at which FORVs must be actuated as a function of
FCS temperature to prevent exceeding the applicable Appendix G limit.
Analysis Inputs:

1Y Pressure overshoot during LTOP actuation, from Part III of this ana-
lysis

Eon)

2) Appendix G limits from reference 1

Assumptions:
1) FCsS heating and cooling rates will be limited to -

20deg/hr at FCS temperatures « 170 deg F

40deg/hr at PCS temperatures from 170 to 250 deg F

6&0deg/hr at PCS temperatures from 250 to 350 deg F

100deg/hr at PCS temperatures of 350 F and greater
2) Pressurizer heating and cooling rates will be 200deg/hr for all FCS

temperatures
Calculatidns:

The following equations define the Abpx G limit, as corrected for
elevation difference between the limiting RFV weld and the pressurizer,
and for the dF created by operation of the Frimary Coolant Fumps.

a) Heating Limited -

Flim = (17.206N(26.78+(1.233HEXP(.0145H(T—Bi—dT1/4)))))—54
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b Cooling Limited -

Flim

(17.206% (26.78+ (1 . 2T2xExp (. 0145x (T-81+dT1/4)))) )= (5,85xdTmax) -S54

Where T = FCS temperature, and
dT1/4 for heating 220deg/hr 40deg/hr &0deg/hr 100deg/hr
= 6.3 12.4 18.2 T0.0
dT1/4 for cooling
= 4.4 2.0 13.9 2.6
dTmax for cooling
= 20.5 1.8 54

10.4

The above eguations indicate
for temperatures at or below
to 290 deg for 60deg/hr rate

that cooling is more limiting than heating
285 deg F; ie, calculated values fram 280
of change are as follows:

Heating Cooling
280 698.6 685.6
281 702.9 692.4
282 707.2 692.2
287 711.4 706.2
284 716.07 713.3
285 720.5932 720.5719
286 723.1 727.8
287 729.8 735.2
288 734.95S 742.7
289 7I9.3 750. 4
290 744.1 738.1

Therefore, limiting values will be calculated with the heating equation
from 290 degrees and greater, and with the cooling equation from 280
degrees and less.

equ. b equ. a from Part III
1 2 3 4 3 & 7
FCS 'Rate! Limit | Limit i(QOvershoot ILTOF T.S. Limit! Comments
Temp: of icoolingiheatingiw/o HFSI! w/HFSIiw/o0 HFSI w/HFSI!
degF iChng! psil i psiB | psi i psi i psiA \ psifd o
A R BEEEE ! Overshoot based
éo | ! 36y ! 42 ! 20 [ b 358 |t D eam inmitial
~ | N P2 B ' ) ! g 3eo0 |! H Par P £
go ! ' 3%0 | ' 21 ! ! 3¢3 |! ! szo":ko
g0 | 4 X 3 ! 24 ! ' ! ! r

3¢6
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/4 t values are not limiting for the rates of change of interest,
being higher in every instance, for the rates of temperature change
assumed, and for the RPV fluence through 1.8E19 nvt.

References:

1) PCS Pressure Temperature limits, August 89 revision, EA-A-FAL-89-98
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