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'. SUPPLEMENTARY LOFTRAN HEAT INPUT RESULTS

A. SETPOINT OVERSHOOT VARIATION WITH

RELIEF VALVE OPENING TIME
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B. SETPOINT OVERSHOOT VARIATION WITH

RELIEF VALVE SETPOINT
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C. SETPOINT OVERSHOOT VARIATION WITH

NORMAL I ZED STEAM GENERATOR UA
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A.

M. INSTRUCTIONAL GUIDE FOR OVERSHOOT DETERMINATION

General

The bounding envelope of LOFTRAN RCS Heat input overpressurization
generic results presented in Section | are not generally applicable
to any specific plant of the W Owners Group on RCS Overpressuriza~
tion. To determine a specific relief valve setpoint, a means of
interpolating the setpoint overshoot from the generic envelope is
required. Depending on the parameters to be interpolated and the
correlation envelope available, separate procedures are required

to perform the interpolation.

These procedures, similar in format except for the interpolated
parameters and figure classification utilized, are developed for

six typical heat input examples, listed below.

Parameters to be Figure Classification
Interpolated Within Defining Generic
Examp] » Generic Data Envelope Envelope Correlations
1 Relief Valve Opening Time/ (P, vs. PSETP0|NT)* vs.

Relief Valve Setpoint Valve Opening Time

2 Relief Valve Opening Time/ (PHAX vs. PSETPOlNT) vs.

RCS Volume Valve Opening Time

*Setpoint overshoot

31
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Relief Valve Setpoint/
RCS Volume

UA(SG Heat Transfer Area)/
RCS Volume

UA(SG Heat Transfer Area)/
Re'ief Valve Opening Time

UA(SG Heat Transfer Area)/
Relief Valve Setpoint

32

(PHAX vs. P
Relief Valve Setpoint

(PHAX vs. P
Normalized UA

(Puax V- PserpoInT
Normalized UA

(Puax v+ PserpoInt

Normalized UA

serponnr) st

SETPO!NT) e

) vs.

) vs.
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B Procedures

The procedures developed for the determination of setpoint over-
shoot are described below for six examples in which specific,
typical operating plant parameters are used for interpolation
within the operating plant generic data envelope. The results
of the sequential application of each step in the procedure to

| these parameters is noted.

S—

33
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ok I1lustrative Examples

i. ILLUSTRATIVE EXAMPLE 1:  OETERMINATION OF SETPOINT
OVERSHCOT GIVEN RELIEF VALVE SETPOINT AND RELIEF VALVE

OPENING TIME WITHIN GENERIC ENVELCPE.

To determine setpoint overshoot for a specific relief valve
setpoint (S) and relief valve opei ng time {At) within the generic
envelope, the following interpolation procedure and Figures 1 and

. 3 of Section |A are used.

34



Step

PARAMETERS FOR HEAT INPUT EXAMPLE |

Initial RCS Pressure

SG Heat Transfer Area

RCS Volume, VRcs

Initial RCS Temperature, TRcs
RCS/SG AT

Relief Valve Opening Time, At

Relief Valve Setpoint, S

Procedure

Using Figures Cl and C2
(VRcs = 6000 ft3), determine

the setpoint overshoots AP35°
and AP#OO with valve

opening time (At) equal to
2 seconds and for the initial
RCS temperature (TRCS)'

For the desired relief valve
setpoint, linearly interpolate
the setpo.nt overshoot, AP375,

f
rom AP3SO and AP
the relationship:

400 using

95 * ¥sso

+ $-350 2
55-350 (“Puoo = 2P3s0)

35

58,000 ft

300 psig
2
6,000 cu.ft.
250°F
50°F
2 sec.

375 psig

Example Application

0
For TRcs = 250°F and At =

2 seconds, APSSO = 55.5 psi
(Figure C1) and P00 =

75.5 psi (Figure C2)

For S = 375 psig
(Voes = 6000 ft3)

o 0
TRCS 250°F and
At = 2 seconds,

4P = 55.5

+ B3N (755 - 55.5)

= 65.5 psi
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r ILLUSTRATIVE EXAMPLE 2: DETERMINATION OF SETPOINT
OVERSHOOT GIVEN RCS VOLUME AND RELIEF VALVE OPENING

TIME WITHIN GENERIC ENVELOPE

The following interpolation procedure is used to determine setpoint
overshoot for a specified RCS volume (VRCS) and relief valve

opening time (L t) within the generic envelope. By way of
illustration, the following example heat input parameters, utilizing

Figures 3 and 4 of Section |.A are used:

PARAMETERS FOR HEAT INPUT EXAMPLE 2

Initial RCS Pressure 300 psig

SG Heat Transfer Area 58,000 ftz
RCS Volume, VRCS 10,000 cu.ft.
Initial RCS Temperature, TRCS 250°F
RCS/SG AT 50°r
Relief Valve Setpoint, S LGO psig
Relief Valve Opening Time, /At 2 sec.

38



Step Procedure “xample Application
1 Using Figures C3 and C&4 For TRcs = 250°F and
(S = 420 psig), determine the
setpoint overshoots P,  and =t = 2 seconds,
- ~ 6K Yk = 15.5 psi
"PI3K with valve opening time (Figure C3) and_.P
(_t) equal to 2 seconds and 57.5 psi (Figure CL?K
for the initial RCS temperature 202 P2 1F19 :
(Taes)-
2 For the desired RCS volume, For VRcs = 10,000 cu.ft.

linearly interpolate the set-

point overshoot,;_PIOK, from (s = 400 psig),

TRcs = 2500F and 't = 2 seconds,
““PGK and“.P|3K using the

relationship:
=Prok =—=Psk P = 75.5
Voo = 6000 10,200 - 6000
s % - sl (75.5 - 57.5)
13,000 - 8,500 "6k "—F13¢) 7000

= 65.2 psi
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3. ILLUSTRATIVE EXAMPLE 3:

MC 1223-03-00

JETERMINATION

OF SETPOINT OVERSHOOT GIVEN RELIEF VALVE

SETPOINT AND RCS VOLUME WITHIN GENERIC ENVELOPE

The following interpolative procedure is used to determine

setpoint overshoot for a given relief valve setpoint (s)

and RCS volume (VRCS

) within the generic envelope. By

way of illustration, the following example heat input

parameters, utilizing Figure 9 of Section IA are specified:

PARAMETERS FOR HEAT INPUT EXAMPLE 3

Initial RCS Pressure
SG Heat Transfer Area
RCS Voiume, VRCS
Initial RCS Temperature, TRCS
RCS/SG AT

Relief Valve ¢ ocint, S

Relief Valve Opening Time, At

k2

300 psig

58,000 ft2

10,000 cu.ft.
250°F

50°F

375 psig

3 sec.



Step

Procedure

For relief valve setpoint(s)

equal to 375 psig ( t = 3
seconds), determine the setpoint
overshoots P6K and PI3K for

the initial RCS temperature
For the desired RCS volume,

lirearly interpolate the
setpoint overshoot, PIOK'

from PGK and Pl3K us ing
the relationship:

Prox = Pex

VRCS - 6000

" T33505 %000 ¢ Pex - Piak

W3

Example Application

o
For TRCS = 250°F,

P6K = 101.3 psi
and P

from Figure C5.

For VRCS

13k = 185 psi

= 10,000 cu.ft.

( t =3 seconds), and

Taes = 250°F,

P =101.3

_ 10,000 - 6,000
~ 7000

= 88.3 psi

(191.3 - 78.5)
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k. ILLUSTRAT IVE EXAMPLE &: DETERMINATION OF
SETPOINT OVERSHOOT GIVEN SG TUBE HEAT TRANSFER
AREA AND RCS VOLUME WITHIN GENERIC ENVELOPE
For SG tube heat transfer area different from 58,000 ftz,
the determination of setpoint overshoot is made using a
slightly modified version of the Heat Input Instructional
Guide for Setpoint/Overshoot Determination prescribed in
Chapter & of the July 1977 Report (Reference 1) and Figures 12
through 23 of Section IA (figures depicting setpoint overshoot
variation with normalized steam generator UA). Setpoint
overshoots may be obtained for 1.5 sec and 3 sec relief
valve opening ti«. (.t); for relief valve setpoints (5)
equal to 350 psig, 400 psig and 500 psig; and for RCS volumes
(VRCS) equal to 6000 cu.ft. and 13,000 cu.ft. Setpoint
overshoot may also be obtained for t, S and VRCS values
within these envelopes, depending on the combination of
Figures 12 through 23 of Section |A selected. Illustrative
Example & and subsequent examples will illustrate this

interpolative procedure for interpolating t, S and VRCS‘

IlTlustration of the use of the modified interpolative procedure
of Chapter 4 of Reference | is provided below for the determina-

tion of setpoint overshoot for a specified SG tube heat transfer

45



Step

area and RCS volume within the generic envelope (I1lustrative

Example 4). Figures 12 and 13 of Section IA are used in the

procedure for the following example heat input parameters:

PARAMETERS FOR HEAT INPUT EXAMPLE &

Initial RCS Pressure
SG Heat Transfer Area
RCS Volume, VRCS
Initial RCS Temperature, TRCS
RCS/SG T

Relief Valve Setpoint, S

Relief Valve Opening Time, t

300 psig
29,000 ft2
10,000 cu.ft.

250°F
50°F
350 psig

3 sec.

Applying the heat input procedure:

Procedure

For both the 6000 ft3 and
13,000 ft3 RCS volumes

(S = 350 psig), obtain the
reference normalized UA

(UA6K and UAlBK) at the

initial RCS temperature
(TRCS)'"d relief valve

setpoint (S), using Figures
€6 and C7.

Determine what fraction, f,
of 58,000 ft2 constitutes the
actual steam generator heat
transfer area.

Example Application

For Tpes ® 250°F and § = 350 psig,
Ay = 0.139 (Figure C6)

and UAIJK = 0.222 (Figure C7).

29,000 ft2/58,000 ft* = 0.5
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- Step Procedure Example Application
3 Multiply both UA6K and UAI3K UA'6K = 0,139 * 0.5 = 0,.0695 and
» (from Step 1) by f (from Step UA'l3K = 0.222 * 0.5 = 0.111,
2) to obtain new normalized
UA 6K and UA 13K values.
" For the same isotherm, TRCS’ From Figure €9, for TRCS = 250°F,
' = g ' & y
and for UA‘6K and UA 13K’ S = 350 psig and UA 6K 0.0695,
- obtain new setpoint overshoots .= 50 gsl. From Figure CS
P', and P' .. for the 6000 ok o
6K 13K for T = 250°F, S = 350 psig

RCS

3 3
ft” and 13,000 ft” volumes & £ ¢
and UA“JK 811 P'|3K 31 psi.

from Figures C8 and C9.

5 For the actual volume, VRCS' For VRCS = 10,000 cu.ft.,

linearly interpolate the set- P'BK = 50 psi and P'l3K = 3] psi,
point overshoot, P'VRCS' for

the new steam generator UA from
the relationship:

Plures = Plex Pliok = 50
Vees - 6000
- R (Pl P i3 y lo,o%%ca 6000 (50 - 31)
= 39.2 psi

k9
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, ILLUSTRATIVE EXAMPLE 5: OETERMINATION OF SETPOINT
CVERSHOOT GIVEN SG TUBE HEAT TRANSFER AREA AND PELIEF

VALVE OPENING TIME WITHIN GENERIC ENVELOPE.

The interpolative procedure of Example 5 (modified procedure

of Reference |, Chapter 4) is applied below for the determination
of setpoint overshoot for a specified SG tube heat transfer area
and relief valve opening time within the generic envelope.
Figures 12 and 18 of Section I|A are used in the procedure for

the following example heat input parameters:

PARAMETERS FOR HEAT INPUT EXAMPLE 5

initial RCS Pressure 300 psig
SG Heat Transfer Area 29,000 ft2
RCS Volume, VRCS 6,000 cu.ft.
Initial RCS Temperature, TRCS 250°F
RCS/SG T 50°F
Relief Valve Setpoint, S 350 psig
Relief Valve Opening Time, t 2 sec.

Applying the heat input procedure:

52
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Step

Prccedure Example Application

For both the 3 second and For Toes ™ 250°F and S = 350 psig,
1.5 second relief valve UA. = UA =0.139 f £i
opening times, obtain the 3 1.5 S 132 Trom Figures
reference normalized UA C10 and CI11., (VRCS = 6000 cu.ft.)

(NA3 and UAI-5) for the

i+ tial RCS temperature
(]RCS) and relief valve

setpoint (S), using
Figures C10 and C11,

Determine what fraction, f, 29,000 ft2/58,000 ft’ = 0.5
of 58,000 ft° constitutes the
actual steam generator heat

transfer area.

1
1 A | o f % 0,
Multiply both UA3 and U 1.5 UA3 Ul\‘.5 = 0.139 * 0.5

(from step 1) by f (from .
Step 2) to obtain new 9;2§2§
normalized UAl and UA!
3 1.5
valves,
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Step Procedure
4 For the saTe isothTrm, TRCS'
and for UA3 and UAI.S

obtain new setpoint overshoots
for the 3 second

]
[;Pi and P'.S

and 1.5 second relief valve
opening times, using Figures
C12 and CI3.

5 For th~ actual reliei valve
opening time, t, linearly
interpolate the setpoint
overshoot, P't, for the

new steam generator UA from
the relationship:

56
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Example Application

From Figure C12, for TRCS =
250°F, S = 350 psig and UA; -
0.0695, P; = 50 psi. From
Figure C13, for

(o] .
Tocs = 250%F, § = 350 psig

1
an? UAl.S = 0.0695,

P = 25 psi
1.5

For t = 2 seconds,
P‘ = 50 psi and

-

P = 25 psi,

.5

-zs

N

v

(50 - 25)

win
| e
S

= 33.4 psi
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6. ILLUSTRAT{VE EXAMPLE 6: DETERMINATION OF SETPOINT
OVERSHOOT GIVEN SG TUBE HEAT TRANSFER AREA AND

RELIEF VALVE SETPOINT WITHIN GENERIC ENVELOPE.

The interpolative procedure of Example 6 (modified procedure of
Reference |, Chapter &) is applied below for the determination
of setpoint overshoot for a specified SG tube heat transfer
area and relief valve setpoint within the generic envelope.
Figures 12 and 14 of Section IA are used in the procedure for

the following example heat input parameters:

PARAMETERS FOR HEAT INPUT EXAMPLE 6

Initial RCS Pressure 300 psig
SG Heat Transfer Area 29,000 ftz
RCS Volume, VRcs 6,000 cu.ft.
Initial RCS Temperature, To.o 250°F
RCS/SG/ T 50°F

; Relief Valve Setpoint, S 375 psig
Relief Valve Opening Time, t 3 sec.

i Applying the heat input procedure:




Step

Procedure

For both the 350 psig
and 400 psig relief valve

setpoints, obtain the reference
normalized UA (UA35° and UAhOO)

for the initial RCS temperature

(TRCS) and relief valve

opening time ( t), using
Figures C14 and CI5.

Petermine what fraction, f,
of 58,000 ft?
actual steam generator heat
transfer area.

constitutes the

Multiply both UA350 and UAHOO

(from Step 1) by f (from Step 2)

to obtain new normalized

] 1
UASSO and UA&OO values.

60

Example Application

(")

For TRCS = 260°F and t

3 seconds, UABSO = UAMOO =
0.139 from Figures Cl4 and
Cl1s.

(VRcs = 6000 cu.ft.)

29,000 £t2/58,000 ft’ = 0.5

1 |
UA350 - UA#OO = 0,139 *0.5

= 0.0695
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Step

P

Procedure

For the same isotherm

TRCS' and for UABSO and
UALOO obtain new setpoint
ov:rshoots_ P3SO and
~°° for the 350 psig and
LOO psig relief valve set-
points, using Figures Ci6
and C17.

For the actual relief valve
setpoint, S, linearly
interpola“: the setpoint
overshoot, P
steam generator UA from the
relationship:

1 1
s = 350
S"

- 5 350 (. P

, for the new

koo "'~ 350

MC 1223-03-00

Example Application

From Figure C16, for T, RCS ™ 250°F,
]
t = 3 seconds and UA350 0.06%5,

350 = 50 psi. From Figure C17,
for TRCS 250 F,. t = 3 seconds

| .
and UAhOO = 0. 0695. PhOO = 66 psi.

. -
For S ? 376 pslg.!‘Psso = 50 ps’
and‘.P,‘00 = 66 psi,

+-Pa95 = 50

75 - 350 "
+ %%Tgﬁ (66 - 50)

= 58 psi
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REFERENCE

1. ‘"Pressure Mitigating Systems fransient Analysis Results," July 1977.
(Westinghouse Report on RCS Solid Water Overpressurization prepared

| for the W Owners Group on RCS Overpressurization.)
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T0: Utility Group Participants Pess on Yo Re Dt‘*\( o

REFERENCE: "Pressure Mitigating Systems Transient AnaZ;sis Results "

July 1977. (Westinghouse Report on RCS Solid Water Over-
pressurization)

Q,/Wv\..w ‘_
\

Utility Group on Reactor Coolant System Overpressurization

Attached are three revised figures which should be substituted for the

»corresponding figures to be found in .Qgggmmmmu The
revisions accommodate modifications made to the letdown isolation

transients represented in these figures to upgrade the analytical basis
and account for an input data correction.

Setpoint pressure overshoot has not been altered in any of the transients
plotted in these figures; however, setpoint pressure undershoot has been
modified in several of the letdown isolation transients. In ever case,
the modification has resulted in an improvement in (i.e., smaller) set-
point pressure undershoot.

Ir both Figures M6 and M10, the common transient exhibiting RCS setpoint
pressure undershoot response for two relief valve operation at a setpoint
of 600 psig has been replotted to reflect valve closure at a reset pressure
20 psi below the setpoint. The original transient depicted in Figure Mg
and Figure MI0 of Reference 1 (Appendix B) represented valve closure at a
reset pressure 120 psi below the 600 psig setpoint. As would be expected,
the setpoint pressure under shoot has been significantly reduced to the

extent that eressure limit is no longer a
consideration for this transient.

In Figure M7, the setpoint pressure undershoots for both the 500 psig
and 600 psig relief valve setpoint transients have been adjusted to
reflect a correction to the LOFTRAN input data. A reduction in setpoint
pressure undershoot is evident in both transients.

Should you have any questions regarding the at.achments, piease contact
the undersigned. : ’

Very truly yours,
X H. W. Gutzman, Project Engineer
Projects & Regional Support




