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- DISCLAIMER OF RESPONSIBILITY

-

This report was prepared as an sccount of research and development
work performed by General Electric Company. It is being made
available by General Electric Company without consideration in the
interest of promoting the spread of technical knowledge. Neither
Genersl Electric Company nor the individual author:

A. Mskes any warranty or representation, expressed or implied, with
respout to the occuracy, completeness, or usefulness of the
lnformation contained in this report, or that the use of any
information disclosed in this report may not infringe privately
owned rights; or .

8. Assumes any responsibility for liability or damage which may result

. from the use of any information disclosed in this report.
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. ABSTRACT

-

. "Bottled-up™ operation of a BWR refers to that condition where the main steam

Historically, there has been a reactor scram condition if vessel pressure nses apove

600 psig with the MSIVs closed and with the mode swach in “startup.” This document

. describes the results of a specral test conceived and performed on a typical BWR/4

design to determine the necessity of this plant scram funcuon. itis concluded that the

. pressure scram function can de raised, so that bottled-up hot standby operation is
pemmitted up to full pressure and temperature conaitioas.

hd .
-

« Hjl/vilie

...+ Isolation valves (MSIVs) are closed. thus preventing any sigmficant steam flow. =
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1. INTRODUCTION

Botted-up cperation became an identified topic at an early dual-cycle reactor startup. During heatup, with the main
steamisolation valves (MS1Vs) closed and prassure at about 600 psi, the operator experienced cifficultv in controlling power.
The phenomenon was observed as follows: After notching a control rod out, pressure would begin to increase, as woutd
power, Thare appeared to be no laveling-out tendency, so the rod (or rods) was parﬁa]ly inserted to stop the rise., Pressure
and power would then level off and start to fall, as if overcorrected. Rods were then partially withdrav/n to step the fail of
pressurg and power. Again, as if overcomectad, pressure and power would rise, showing no sign of feveling off. This
continued untl it was suggestea that bypassing staam to gan pressure contro! (and thus hold void reactivity constant) might
stabilize the plant. Thns method proved to pe effective, pressure control was supsequently recommended for use dunng
staftup In addition. scram logic was added to prohibit operation above 600 psi with the MSIVs closed

Experiance on laterplant startups indicates thatthe early experience may notbeinherentto the BWR design. Infact, it

* lsreported that heatup is commonty accompiisnea with the MSIVs open, but with no flow through the turbine bypass valves.

Inthiscase, the pressure regulatar pressure setpointis kept above the operating pressure. Thus, steam tlowis limited to seal
steam, steamtothe steam et asr ejectors pius losses. Thisis very close to the pottied-up condition (MSIVs closed), andleads
us to question the possibility of stable operauon with the MSIVs closed.

.
-

-

) : S ,
2, BOTTLED-UP OPERATION SPECIAL TEST
To demonstrate whatever cagability a contemparary 8WR might have to operate in the bottled-up condition. a special
testwas added to the Startup test program at Browns Ferry Unit 1, a plant judged to be a typical BWR/4 design. A copy of the

procedure used at 8F-1 may be found in Appendix A. Data from the test were taken in two basic blocks: reactivity

_perturbations and pressure perturbations. . .

Flgures 1 through 8 show data taken by the Startup Test Design and Analysis Unit during the reactivity perturbation
tosts. These traces show no signs of possible instability or generally unpredictable behavior. The maneuvers demonstrated
In the figures were performed with MSIVs closed, reactor power at about 0.3%, domo pressure at about 920 psig, and
recirculation pumps at minimum speed. . . ’

.
-

«
'

. Flgure 1 shows reactor wide range pressure asthe rods wereinserted to dmpthe pressure to approximately 650 psig,
thpn withdrawn to increase pressure again to approximately 920 psig in about 20 minutes. .

Figures2 and3 are IRM traces which show onlyrelative power changes. Suddenjumpsinthe traces on tho orderof an
Inch are due to changing the instrument range to keep them on scale.

Flguro 4 was taken during the heatup ramp, and Figures S through 8 were taken at 920 psig while Control Rod 34-27

was being inserted, wmthdrawn and scrammed. All traces are broad due to noise, which is common. The APRM and LPRM

traces show an amplitude modulated charactenstic which is also due to noise.

The pressure perturoation tests were run with the MSIVs open to allow the use of the bypass valves to disturb
pressure. The auxiliary borier was used to suocly seal steam and steam to the steam jet air ejectors plus any otherlosses, In
thismanner, vessel steam Hlow was kept at near zero (about 0.25°). Thus. the only ef{ective ditlerence between MSIV coen
and MSIV closed was the added steam line volume between the MSIVs and the bypass valves. The effect of this extra
volume on low power statinty is judged to be negligiole. Other reactor conditions were the same as lor the reactivity
perturbations. The pressure perturoation of pnmarv interest is the first one (Figure 9), where one bypass valve is opened
quickly (about 0.1 sec. held fora snonttime (about 15 sec) and closed ranialy {about 0.1 sec). Thetime of pnmaryimcortance
to the question addressed by the testis that following reclosure of the bypass valves (the bottled-uo conaition), The traces

>

show that, following the disturbance caused by opening the bypass valves, all parameters return to steady-slate values and

are wellobehaved

.
. %
Q'.
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Several events occur during the ime that the bvpass valvae is open in the fast open-fast close event. As soon as the
valve is opened, turbine inlet pressure gees threugh a small osarlasen of about S osi in macgnituce and 1.6 Hz ~— a hint of
possible steam lina resananca. After about 0.4 seconds delay (propagason tme forthe pressure wave inthe steamiine). the *
dome pressure begins to drop off, which causes a large inventory density change due to the near-saturated conaition of the
vessal water atthe operatng point; this results in the level sweil shown. Atout 3 seconds after come oressure begins to fall (it
has droppedabout 16 gsi), core How begins to fall oft, suggesting the start of boiling in the channets, This is followed by an

. osdiiation of about 0.36 Hz 1n pressure and core flow which suggests a “chugging* etfect, or thermal hydraulic ascillation,

The two cycles before the bypass valves close decay by a tactor of about 0.7, and are not consicered a getnment to stable
control of the plant at this power.

Figura 10is atrace showing the resuilts of slowly opening and closmg two bypass valves. Once again, pressure drops
and lovel swells as the valves .are opened, and retum to normal when the valves are closed.

~

- Fgure 11 Is an IRM trace showing response to the two bypass valve transients.

» - « )

Flgure 12 is a process chart showing narrow range water level response to the transients.

¢ s
'

. © 3. CONCLUSIONS,

.
.

The datataken atthe Browns Ferry 1 site indicate that BF-1 can bae controlled adequatelyin the bottled-uo condition at
pressures well in excess of 600 psig. Thus, there is no reason to assume an unacceotable operating region and scram the
reactor when vessel pressure exceeds 600 psig with the MSIVs closed. In fact. on the Browas Ferry 1 plant, the scram
set pointmay be setto coincide withthe Technical Specitication high vessel pressure scram set poirt with no apparent BWR
stability problem. . .

. Browns Fenyis a typical BWR/4 design; therefore, the result of the test at BF-1 may be éxténded to cover all BWR/4

. product line projects. ,

Atestprocedure similartothe one foundinthe Appendix will be performed at each future “first-of-a-product- llne“ plant
during startup testing to verify continued capability for bottled-up operaton. Because of its design-unique nature, each
pre-BWR/4 product must be considered on an individual basis to determine bottled-up operating capaoility by a similar test
procedure. Thus, no generic BWR/1, 2 or 3 bottled-up operation permussion is, or will be, available.

. 1
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PURPOSE

The purpose of this testis to damonstrate thatthe reactor can satoly withstand pressure and reactivity penturbations at
rated pressure while in a bottled-up condition without gressure regulation.

[

.
w

DESCRIPTION

Standard operéting procedure atthis plant permits operating up to rated pressure with the main steamisolation valves
{MSIVs) closed. Heatup in this concition and transier to and from this condition following turbine trips has been
satisfactorily accomplished on saverat occasions. No inaipient instabilities were quantativety observea at any time;

" . however,In an earier plant (KRB), there were somenaicanons of possidle instability wnen botdea-up acove 600 psig.

22

31

32

S.

5.1
52
53
54

55

Design Engineering at San Jose General Electric has therefore requestod tnat a formai test be performed to venly
bottled-up stability at rated pressure.

The tast will be in two parts. Tha first will invotve making a reactivity perturbation, and the second will be a pressure
perturbation. Both will be iniiatea irom oottied-up not stanaby conaitions, with tho MSIVs apen and the main turding
stop valves (MTSVs) closed. The feeowater turoines will be snut off. and the main turbine gland sea! and the steam jet:
alr ojoctor (SJAE) will be operating rom the auxhary botler. The pressure regulator will be set approximately 20 psi
above the actual reactor pressure. This will produce a bottled-up condition that closely simutates having the MSIVs
dosed. but will penmit lowenng of the pressure setpoint to open bypass valves if instability does occur.

Heatup data will be collected during normal operation with MSIVs closed at close to rated pressuro Nommal heatup
rates and rod insertions and withdrawals are sutficient for reactivity insertions.

« \
CRITERIA | _ ‘ , .

. Lavel 1

The tast will be terminated if vessel oressure is unstable or if the limit cycle exceeds = 20 psi. or if limit cycles with
periods less than 10 seconds exceed = 10 psi. The test will te terminated if the flux osallation is so large that a

+ flux-Initiated scram is ltkely. in this case, the Technical Specitication will be ¢changed to lorbid bomed -up operation

abave 600 psig.

¢

Lovel 2

-

Limit cycles greater than = 10 psi will require that the data be analyzed by Desxgn Engineering, and consent be
recelved pnor to further bottled-up operauon above 600 psig. .

INSTALLATION INSTRUCTIONS : S : .
| A i
INITIAL CONDITIONS  ° . .

The reactor pressure will be at 920 = 5 psig. All normal plant surveillance procedures shall be satistied.

4

The control rod drive and cleanup systems will be operating to the reactor vessaol.

[

The reactar faed pumps and theic turbines will be off and isolated from the reactor vessel.

The main‘turbina will be on tuming gear with the gland seal and the (SJAE) operating from a;n auxiliary boiler.
The MSIVs will be open, and the MTSVs will be closed.

A3
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5.6 The prassuretegulator setpoint will be set 20 = 5 psi above the actual reactor pressure. This will be set by reducing

- satpoint untl incipient bypass acion is observed and coming up 20 psi from this point.

8.7 The transient recorder will be ready for operation with the following sighals connested: narrow-range reactor
pressure, wide-range reactor pressure, narrow-range feactorwaterlevel bypassvalve No. 1 position, APRM, LPRM,

and core flow.
5.8 _ Redirculation M/G sets will be at minimum speed. s .
6.  PROCEDURE Coer . TR :

6.1  Reactivity Perturbation . “a

6.1.1 Withthe reactor operating stably atthe initial conditions setforthin Section 5.selecta {ully withdrawn control rodin the
contral region cf the reactor. Take aporopnate data. such as TiP trace, OD-7, and OD-8 computer printouts. to venfy
that rapid insertion of this rod will not result in ine compromise of any fue! warranty limits.

6.1.2 Take base steady-state data and start the transient recorder.

6.1.3 Continuouslyinsert the control rod {rom Position 48 to Position 00, Itis desirable to obtain data on any oscillations that
-might occur; therefore, if any occur and they are nottoo large. record them for several minutes. or until Level 1 criteria
are approached. To end any such osdillations. reduce the pressure regulator setcoint until me bypass vaive opens. If
critaria are reached, terminate testing and stop the transient recorder. .

61.4 lciteriaare not reachedin Step 6.1.3. keep the transient recorder running and continuously withdraw the contro! rod

to Position 48. When the reactor 1s again stable. and with tha transient recorder running, scram the control rod to
Position 00. Continue as in Step 6.1.3.

6.1.5 Withdraw the control rod to its full-out position and stop the transient recorder, This completes the reactivity

perturbation test. If either Level 1 or Level 2 criteria are reached, concurrence of Design Engmeenng istobe obtained

« before proceeding. i . .

6.2. Pressure Pearturbation :

-

8.2.1 Alter sausfactory completion of Step 6.1. and with the reactor operating stably at the initial conditions set forth in
Saction 5, take base data and start the transient recorder

6.2.2" Rapidly open {ully, and then close, one main steam bypass valve No. 1. Observe and accommaodate any oscillations
"asin Step 6.1.3.

6.2.3 If criteria are not reached in Step 6.2.2, repeat the test for simuitaneous full opening of two bypass valves.
8.2.4 The above completes the pressure perturbation test. ’
63 Reactivity Perturbation with MSIV Closed (Optional)

6.3.1 |t sutficient reactivity perturbation data have not been obtained during normal stanup, proceed to Step 6.3.2.

632 With the reactor at about 600 osig and closed MSIVs, increase power to heatup, maintaining a high, but reasonable,
tate of heatup (less than 100°F/hr),

..3.3 Record rod pattem and the following data at 30-minute intervals: vessal prassure, vassel leve! and recirculation loop

&

temperature.

A4
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‘ - 8.3.4 Continue the heatup untl rated pressure is reached.
6.3.5 Asbelore, if osdllations are observed, start the transient recorder. tis desirable to obtain data while the reactor state
Is unchanged; however, if osallations bacome large, rapicly insert control rods untl the reactor is subcentical, and

- terminate the test.

-

"

8.3.6 H no Instabilities are observed during this heatup, ropeat Steps 6.1.1 through 6.1.5.

7. ANALYSIS : . -
tfnoosallahons are observed, orif oscillations do not approach the criteria, lhe system willbe considered stable under .
botﬁod-up hot stancby conaitions. f measuraole osdiilations are oosetved which approacn the critena, DOesign
Englneoring is to evaluate them and recommend subsequent action. Design Engmeenng 1S to by supplied with all
data, lrrospective of resuils ootained.

v

8 , SUPPORTING INFORMATION

8.1 The steam volume of the reactor dome and steam linés out to the MSIVs is approximately 11,740 . The
cormresponding volume of the reactor domo and steam lines cut to tho MTSVs is approximately 14,540 ft*, This
difference should not make being bottled-up against the MTSVs signilicandy ditferent from being bottled-up against
the MSIVs, in terms of steam pressure transients, . .

1

82 - One bypass valve full open passes about 400,000 Ib/hr of steam. This compares with 800,000 Ib/hr for one retief
valve. Thus, opening two bypass valves will approximate the transient associated with opening one relief vaive,

. 83 In selecting the control rod to be inserted, the main concem would bo if an adjacent cod were at a high flux peak
‘ location. Such a position would be Position 08, which also corresponds to the end of a gadolinia zone.

a
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SU!MARY

“Bottled-up” operation of a BWR rofers to that condition whero the main
stoam isolation valves (MSIVs) are closed. thus preventing any significant
steam fiow. Histoncatly, there has been a reactor scram condition if vessel
prossure rises abova 600 051 with tha MSIVs closod and with the mode
switch in “startup.” This document cescnoes the results of a special test
conceived and pericemed on a typical BWR/4 design to determine the neces-
sity of this plant scram function. It 1s concluded that the pressure scram
function can bo raised, so that bodled-up hot stanaby operation is permited
up to full prassura and temparature conaitions.
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Analog Trip System Information

The instrumentation which will be installed as part of the analog trip
system at Browus Ferry is the same or better than the instrumentation which
is described in General Electric Company NEDO-21617. The following
information demonstrates applicability of this topical report to the system
proposed for Browns Ferry.

The analog trip system for unit 1 was approved by amendment No. 93 dated
December 16, 1983, and all information concerning the system for unit 1 is
applicable to unit 3.
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Equipment Being Installed

| ’ Vendor Model No. Transaitter . Trip Unit TVA Instrument Loop No. . C T e
“ Variable Name Being Deleted Systen Involved Model No. Model No. and Division L.
Reactor low Barton Rosemount Rosemount L-3-203A (IA) L-3-203C (IIA)
water level Model No. 278 Reactor Protection 1153 710 by L-3-203B (IB) L-3-203D (IIB)
Reactor high Barksdale Rosemount - Rosemount  P-3-22AA (IA) P-3-22C (IIA)
pressure Mcdel No. B2T-A12SS Reactor Protection 1153 710 DU P-3-22BB (IB) P-3-22D (1IB)
’ Primary Containment
Reactor low Yarway isolation and recirc Rosexzoun. Rosezount L-3-56A (XA) L-3-56C (II%)
low water level Model No. 4418C puzp trip 1153 - 710 DU L-3-56B (IA) L-3-56D (IIB)
1 g
- Maih steam line Barksdale Prizary Containzent Rosezount Rosezount P-1-72 (IA) P-1-82 (IIA) - -
low pressure Model No. B2T-A125S isolation 1153 710 DU P-1~76 (1B) P-1-86 (IIB) N
Main steaz line Barton Primary Containzent Rosezount Rosemount dP-1-13A, -254, -36A, ~508 (IA)

high flow Model No. 278 isolation 1153 710 DU dP-1-13B, -25B, -36B, -50B (IB)
' dP-1-13C, -25C, -36C, =50C (IIA) _ .
dP-1-13D, -25D, *~36D, ~50D (IIB) .

A

Primary Static-o-ring Reactor protection . .

Containuent Model No. 12N~ and primary contain- Rosezount Rosenount P-64-56A (IA) P-6U4-56C (IIA)

high pressure AAU-X2PP zent isolation 1153 710 DU p-64-56B° (IB) P-64-56D (IIB)

Turbine first Reactor protection

stage pres. Barksdale and recirc. puzp Rosemount Rosezount P-1-91B (IA) P-1-81B (IIA) .
perhissive Model No. B2T-A12SS trip 1153 710 DU P-1-91A (IB) P-1-81A (113) -
Reactor high Static-o-ring Model Recirc. pump Rosexount Rosenount P-3-204A (IA) P-3-204C (IIA)

pressure Ho. 9N-AAY4-X911 trip 1153 710 DU P-3-204B (IB) P-3-204D (IIB?







‘onunued)

Equipzment Being Installed

Vendor Model No. Transmitter Trip Unit TVA Instrument Loop No.
Yariable Hame Being Deleted System Involved Model No. Model No. and Division
Reactor low Yarway Core spray RHR Rosemount Rosé:ount L-3-58A(1) L-3-58C(II)
water level 4418 (LPCI) 1153 710 DU L-3-58B(I) L-3-58D(1II)
Reactor low Yarway ADS Rosemount Rosezount L-3-184(1) L-3-185(1X)
water level 4418 . - 1153 710 DU .
Reactor low Yarway Containaent Rosemount Rosemount L-3-52(1I) L-3-62(II)
water level 4518 spray (RHR) 1153 710 DU
Reactor Barton 288/ Recire, core spray, Rosemounts Rosexzount P=-3=THA(I) P-3-74B(II)
pressure Barksdale B2T-M12SS RHR (LPCI) 1153 710 DU P-68-95(1) P-68-96(II)
HPCI Stean- Barton 288 HPCI . Rosexount "Rosezount dP-73-1A(I)-  dP-73-IB(II)
line HI Flow 1153 710 DU . v .
RCIC Stean- Barton 288 RCIC Rosemount Rosemount dP-71-1A(1) 4dP-71-13(11)
line HI Flow 1153 710 DU L .
Primary Static-o-ring Containment Rosezount Rosenount P-64-S8E(X) ~ P-64-58F(II) -.
Containaent Model No. 12N-AAY  spray (RHR) 1153 710 bU P-64-58G(I) P-64-58H(II) .- ,
pressure o
Prinary Static-o-ring Core spray RHR Rosenount Rosexaount P-64-58B(I) P-64-58A(II)
Centajnzent Model No. 12M-AAY (LPCI) HPCX 1153 710 DU P-64-58D(X) P-64-58C(IY) .
Pressure
Primary Static-o-ring ADS Rosexount Rosexount P-64-57B(1) - P-6U-57A(XX)
Containment Model lo. 12H-AAN 1153 710 DU P-68-57D(I) P-64-57C(1II)
Pressure
TEB:VD * .
1/03/84
BH262D.VD )
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. ENVIRONMENTAL INTERFACE TEMPERATURE
AND HUMIDITY

Transmitter Normal Normal Accident Accident Qualified Qualified -
‘ No. Temp.(1) Humidity(i1) Temp.(1) Humidity(1) Temp.(1) Humidity(1)
3-LT-3-203 .
A, B, C, D 900F 98% 1800F 100% 303°F 100%
3-PT-3-22
A, B, C, D 90°F 98% 1800F 100% 303°F 100%
3-LT-3-56 ’
A, B, C, D . 9OOF 98% 1800F 100% 3500F 100%
3-PDT-1-13 .
A, B, C, D 95CF 98¢ 117°F 1009 3500F 100%
3-PDT-1-25
A, B, C, D 950F 98% 117°F 100% 3500F 100%
3-PDT-1-36
A, B, C, D 959F 98¢% 1179F 1004 350°F 100%
3-PDT-1-50

‘ A, B, C, D 950F 98% 179F . 100% 3500F 100%
3-PT-6U4-56
A, B, C, D 90°F 98% 1100F 100% 3039F 100%
3-PT=-3-204 .
A, B, C, D 90°F 98% 1000F 100% 303°F 100%
3-PT-1-72, A 1
76, 82, 86 90°F 98¢ N/A(2) N/7A(2) 303°F 100%
3-PT-1-81
A, B, 914, B 900F 98¢ N/A(2) N/A(2) 303°F 100%

(1) Maximum .
(2) Equipment located where it will not be subjected to environmental conditions
produced by LOCAs and HELBs.

”




‘ ‘ ‘ Continued

Transmitter Normal Normal Accident Accident Qualified Qualified

No. Temp.(1) Humidity(1) Temp.(1) Humidity(1) Temp.(1) Humidity(1)
3-LT-3-58
A, B, C, D 90OF 984 183F 100% 303°F 100%
3-LT-3-18Y :
-185 go?F 98¢ 1350F 100% 3030F 1004
3-LT-3-52 ]
-62 90°F 98% 117°F 100% 3500F 1009
3-PT=3-Th ’
A, B 90CF 984 1830F 1009 303°F 100%
3-PT-68-95
7 -96 900F 98% 163°F 100% 3030F 100%
3-PdT-73-1A
-1B 950F 98¢ 1239F 100% 3500F 100%
. '3-PdT-T1-1A
‘ -1B 950F 98% 1180F 1003 3500F 100%
3-?’1‘-614-58 ’
E, F, G, H 90OF 98% 1220F 100% 303°F 100%
3-PT-64-~58 .
A, B, C, D ,90°F 98% 1220F 100% 3030F 100%
3-PT-64-57 ) ‘ .
A, B, C, D 90C°F 98¢ 1100F 100% 3030F 100%
TEB:VD
1/03/84
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ENVIRONMENTAL INTERFACE
SEISMIC RESPONSE
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Environmental Interface

All equipment except the transmitters are located in the preferred location
in accordance with paragraph 5.1.U4.
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