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In order to properly respond to RC Lessons Learned requirements for high

point vents and pricary system water level rmeasurements, ] believe that :
BI4 needs to take 2 strong position supporting those changes we fee) are :
advantageous and justified by cozd engineering practice and Just as strongly -
rejecting those sugeesidd chances which are not advantageous and justified

by good engiresring practice on the BSY plants. ..° e

The atﬁéhed positions \;ere Ceveleped from input and coments from the following
individuals: E. R. Kane, B. a. Farrasch, E. W. Swanson, J. A. Keimer, :
G. J. Brazill, H..A. Baker, D. J. Firth and D. B. Fairbrother.

Several of these pasitions are at variance with recent NRC positions and
specific custoaer, i.e., TVA resuests. However, we feel that the B&W plants
are unigue in both the hot leg “candy cane* design and in the on-going

Abnormal Transients Ooerazirg Guidelines (AT0G) program. For example, hot

leg "candy cane” dezign provides a means of venting the primery system and
Ponitoring prizery systen inventery not available on other PUR's. The Inadequate
Core Cooling and ATDG prosraes hive been on-going long erough now to provide

2 good handle on what should he the BAY requirements for primary system ventinrg
and RCS inventory nitering. Thus, sore recuirenents which are generally

applicable to other PuR plants t2y rot Se specifically nccessary or decirable
on BLU plants.

Your review and cocment would be most appreciated to assist in meeting a mid-
January cocmitsont to prepére Systca Design Criteria for additional instrizents.
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PPOPOSED BiW POSITIONS RECARDING HIGH POINT VENT: »*[ = } ‘
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Purpose of the Vents . - 2 .
The purpose of high point vents is to provide a #means for removing non- L
condensible gases which might otherwise impede natura) circulation flow . L_-

d or prevent regaining RCS pressure control in a4 post-accident condition.
According to the BRC the two irportant safety functions enhanced by this

venting capability are core cooling and containment integrity.

KRC Require~ents for Reactor Ceclant System Ventig'

Each PKR licensee should provide the capabﬂity to vent the reactor vessel head.

The reactor vessel head vent should be capablc of venling non-condensible

92s froo the reactor vessel hot Tegs (to the elevation of the top of the outlet
nozzle) and cold legs (through head jets and other leakage paths.) Additiona) |
mﬂng ca;ubﬂity 1: req.tind for those portion: cf each hot leg mm:a ca - - " e

- "b "..o

- ot b be vfnted through thc reactor vessel head vent. ‘Venting of the rusnriur
is required to assure its availebﬂity for systes pressure and volune coutrol.
Thuo an 1npo'unt. midcntions espocin‘ly duriug mtunl dmhtiou.
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Proposed BSW Yent Posmonm ok o TR S ;
Single safcty grade Mgh mint vents should be 1nm11¢d at the top of each _
'hothg éndycm‘ m\nntsiushwldbcs-llmughmtastukm S
ol mt V;l\::is covered by the instrument 1ine break 2 alysis, {.e. take-up flow A
can keep up with the stuck open vent valve. During an energency the gases
should be vented directly to the containzent through double valves as shown
schematically below. Separate vitil busses should power the valves on the two

hot Tegs but all valves on a single hot leg should be powered from tie same
vital buss, o
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- schematically below.

PPOPOSED BLW POSITIONS REGARDING HIGH POINT VE! JS@%

Purpose of the Vents- . ‘ﬁj}‘{?]”/

The purpose of high point vents is to providé 4 means for removing non-

condensible gases which might otherwise icpede natural circulation i"lon
or prevent regaining RCS pressure control in a post-accident condition.
According to the LRC the two important safety functions enhanced by this
v‘mting capability are core cooling and containment integrity.

KRC Pequirements for Reactor Coolant S tﬁ Venting
\u
Each PRR licensee should provide the capability to vent the reactor vessel head.

The reactor vessel head vent should be capzble of venting non-ccndensible

92s froa the reactor vessel hot legs (to the elevaticn of the top of the outlet
nozzle) and cold legs (through head jets and other leakage paths.) Additional
mting capabﬂity is required for those port!ons of ucb hot’ ‘leg tha an '

- e g L
. \f'-!““ r""- - -'—’- -

- not be venud thrcogh the reactor vcssél head mt. \'enting of thi pussuriur '.

is required to assun its availability for systea vressure and voluze coutnl

Thcsc an illpomnt msidtntious cs'accially during natura) drcyhtion. g
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Proposed BiW Vent Posiﬂouﬂ! B R e il O L E

Single safety grade Mgh poiut vents should be 1nsta1‘led at tho tnp of uch .
hot les 'undy anc"

-

nnt mn is mend by tho 1nstnmt Hm break amlys*ls. f.e. bal:e-up ﬂou

can keep up with the stuck Open vent valve. During an energency the gases

should be vented directly to the containzent through double valves as shown
Separate vital busses should oower the valves on the two _

hot legs but all valves on a single hot Teg should oe poy :red from the same
vital buss. .

-‘n:e mt siu should be mll enough tlnt a stuck opcn Q
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' with provi:z 1on. for venting directly to t.he containment under emergency conditious.
' The vent size should uu-iua by the fnstrument Tine break analysis. The 7
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Justification : ;:

Ron-concensible gases cah accumulate in the hot legs and block natural
circulation flow even when the system is sufficiently repressurized to collapse

steaz bubbles which oight have also formed in the top of the hot legs. Thus

a Deans should bc mﬂded to vent noa-cnndensib'le gaus which could accnnnlau

in the hot 'legs. m vents sbau z{e mme vﬂved and safm grade since = - ES R
thqfouapﬁnary systu bomdary. - -';'.- ' ) : , LS >
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Proposed 824 Yent Position (2) - - 7Tl ¥ -7~f"3' R e :

The . uistiuy pressuﬁzer vent nlve should be notorized and made ufety gndc

e g -

pnswrizer vent valve will prwldc nMnt vcnting upabﬂity in conjunction et

with the PORV on the pressurizer. The PORV and vent valves should be powered

from separate vital busses with all valves on the vent line powered from the -
same busses. : g

sustificssion

If the pressurizer were to empty and becoze refilled with non-condensible gases,
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: [ out of thc top of the reactor vesse'l wﬂ\ burp into the hot legs andlor vmsur'izer

or possibly superteated stcam, veniing the pressurizer night be necessary

in order to cbtain a water level above the pressurizer heaters - 2 m:ces-sary
step to re-establishing pressurizer contrel of the RCS. Use of the pressurizer
spray in conjunction with the pressurizer heaters is one way to degas the
reactor coolant; and venting of the pressurizer is necessary during this
process. A

. . CONFIDERTYY

Proposed BIY Vent Position (3)

At this time B3W does not recommend installation of high point vents on the

reactor vessel.
P (i ; 3 S
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oustification

We recognize that this position is at variance wi h the KRC requirement,
However, we also recognizc that the BEW NSS design wit'. its “candy cane® hot
'Iegs is dgf_em; frua t.hc ot.her m desigus k‘e can find no coupe‘l'ling reason
to qui.kly vent non—condensﬂﬂe gtses uhich could accum‘hte ia the mctor '
ves:e‘l had since there 1s no danger of achieving a potentia“y explosive.
dxture of gases in the RCS and gases tnpped in the reactor vessel head will

- "’n..r""

not kaede gither forced or naturzl circulation flow. Bubbles which expand

ﬁ.en tm can be vented and will not endanger the core \dtb potential

mnﬂng. ; af the RCS mld be npid‘ly dcpressurized. 1t night be desirable - .

to be alﬂe ﬂrst vent the RY hud but there premt‘ly e:ists no Deans for
rapidly depressuriz’ng the RCS.
their small size and the increased potential of an ejected rod accident which
make utilizing the existing CRI vent valves for cmergency venting at pressure
highly undesirable. In any case, the seal gaskets on the control rod drive

pechanisms, in all likelihood, will leak any trapped gases to the contairzent

eventually.

There are a nu=ber of technical reasons including

. Ba'akay
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read out is necessry to setisfy the purposes stated above. At tMs ti-e
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PROPOSED BIY PCSITICHS REGARDILG PRIFARY SYSTEM UATIR LEVEL FEASURENFZNTS
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Purpose of Prizary S:stem Fater Level Heasurements J e
-~ ,/ 5
The purpe:e of RCS water level measurements is to provide: ~."'1I/'

1. The reactor operater information to follow “he course of an accident,
so that he will know whether he is losing primary system inventory

2. An indication tu che operators on when to operate and secure the primary
systex vents, and

3. An indication to the reactor operators of RCS inventory during refueling
operations to pravent an undetected leak from draining the water level
below the suction of the decay heat purps. ' |

KRC Reouire~ents for Ca2tection of Inadeguate Core Cocling

The .PJ: reguires an ur.u;‘aiguoas jndication of inadequate core cooling which

-

) mst cnverxbe full rence _fm noml opention to cnnp‘lete core uncovering. oo -\. -

’-"ﬂ"_‘ %3 - —-

The t-RC does not spedfica‘l‘ly req-.xire F nter 'Ieve'l 1ndication. ﬂthough they
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Pmposed BSM Level Peasurecent Pcstion (1) P el g

e T~

Safety gnde water level indication on each of the hot Tegs with cortro‘l roco

the preferred net.hcd is a single eheme‘l per hot leg, safety grade, temperature
cozpensated water level ceasyresents utﬂizing ¢e or more differential pressure
sensors. The fo]'lmn‘ng coals 2ppear desirable: The 2ange should cover the

full range froa solid water cornditions with the hot leg full to the hot leg
compietely empty. The instruzentation should give an on-scale reading with
four reactor coolant pump forced single phase “low. The indication should be
accurate within + & inches during mormal fillirg and draining and accurate

to + 18 inches Curing accident conditions. The level ceasurements on cach hot




leg should be povered frca the scne vital buss as the vents-on that nhol
A separate manually isclatable, uncompensated dP measuremeni covering a
narrow range near the bottoca of one hot leg cay be desirable for use during

refueling operaticns to provide ccalrol room indication that the water level

in the vessel is remaining above the decay heat drop line suction.

-

Justification

Hot leg water level cezsurements in conjunction with proper operator fastructions

satisfy the purposes stated above. Differential pressure sensors appear to

be the only commercially available method of water level measuresent which can
satisfy the need for a reliable, proven, safety grade wethod with a Tong life

expectancy. Temperature compensation is necessary because of the very wide

aadh % skt o Al S 4
‘ \

terperature range over which these measurements need to be fairly accurate.

-
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B&M does not reconnznd installation of 2 water 1eve1 measurement between the

bottom of the hot leg and tcp of the reactor vessel head.

Pt ‘~4 e s, o Yoo - » y . = -
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Justification

Such a measurement would allow monitering gas or void accumulation in the top

of the reactor vessel head and provide an indication as to when to vent the

rtactor vessel head. However, since bubble formation in the top of the reactor

vessel head per se does not endanger adeguate core cooling or nmatural circulation,

high point vents on the reactor vessel head are not recommended and water level

peasurenent in the RV head is not necessary. Such instrumentation, if 1t were

nstalled, increascs the potential for small break LOCA's. The small break
LOCA potential is amplifizd by the fact that the AV hez ) is a highly congested

area and the pressure sensing line from the FY head would have to be disconnected

and later reconnccied and vented at cach refuel ing.
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Proposed BL¥ Level Measurement Position (2)

A vater level measurcment should not be installed across the core region of

the reactor between the bottom of the reactor vessel and either the bottom

00:;,/'/351‘; fl’,’ _' '

The hot leg leve! measurement provides the reactor operator the means to -

of the hot leg or the top of the RY head.

vJustification

follow loss of inventory down to approximately 18 inches above the core.

Once the water level drops to the core region, the incore thermocouples .
provide a core reliable and accurate measurecent o inadequate core cooiing
and core uncovery than a water level measurement can. . water level measurement
cannot be made 2n accurate and unambiguous indication of core cooling
because if the the water level were to fall to the core region, frothing
will provide heat transfer over a region not accurately defined by the
) co?lavsed water level neisured.v Also, since the core is 3 nonunifonl heat . L1
"ti}“_T“;éxburczfgi;éﬁe;nteiberaturc cuzp;nsation of the indicated unter 1¢vel 1: 7;_'__;;-_j_:
' impossible. This problam appears to negate 2ny value of this measurement - . -
as a trending unnitor for the reactor operator during an lccidcnt. The In-.
mquau Core Cooling Guidelines specify additional action Sased upon incore
'therlncnup1e readings and we ¢o not anticipate that these criterfa would . .. e s

change even if a2 water level measurement were available acrois the rlictor core. -

“wot be 1nstalled becausc fiot only udll it nnt provide 1ﬂt¢fvr!tleO
unambiguous information to the reactor operater curing the course of an
accident, but it may increase the potential for a small break LOCA, and a

small break at the bottom of the reactor vessel is very undesirable.

Sl o S T '
’ o — -~
vig > - =
Q" . S P ] 3

~

'
.
1h, .-

LTS

,‘:ﬁ

AR

CR
! Ol
 PIEER K |

.. l
b




i i e . '~-'—~.~e¢-.-‘é:'&".h" d._

LTI B e R e LY L s iSea = 3L ke .;..~- 3
. - s amintetinia MM_ Sy >
‘ ~
- i i g PROPNSED BAY POSITIOH RCGARDING VCID FRACTION KINITORING
: .
3
1 Purpose of Monitoring Yoid Fraction
i e

Vonitoring void fraction during forced fiow conditions would provide an
indication to the reactor operator or input to an automatic system of
changes in reactor coolant inventory in the loops and a basis for tripping
Feactor coolant pusps before voiding becomes so significant as to inhibit

establistoent of natural circulation flow.

NRC Peguirenent for Vo{d Fraction Monitoring
There is no explicit GRC requirement for monitoring void fraction except

as it impacts the indication of inadequate core cooling which rust be
unacbigusus for all conditions including high void fraction puzped flow.

* Ul - . T A
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Proposed B8 Posttion s " S o e s T
00; ormn -etbds f'or deunﬂ;sing 1f 3 hm void fnction ufsts during ‘3
.for:ed ﬂw mnditioas sh‘u’ld be devdcped and inp\u:ented. The methods under -
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& -“1. umthttou‘of mctor coohnt pump cnrmt to void fnction. and -

&t

2. corn‘latiou of hot leg ¢lffm1al pressm neasure:mt to void fra:t‘loa.

of woid fraction can help ‘the reactor operator distinguish between an overcooling
transient and a sgll break LOCA. Low RCS pressure concurrent with significant
voiding as def&aine.ﬂ by reactor coolant puzp current measuresent is the present
criteria for tripping the reactor coolant pumps in an accident situation. While
the best rothod of monitoring void fraction has not yet been determined, this
should not delay the plans for implementing a hot leg water level indication.

Yoiding fu the pricary coolant 10ops. is an St of & S AN SRAP -
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Cust File No. ... .
or Ref. “Wi-13017;
Subj.  New Idea - Subcooling Margin Indicator; R. M. Ball and Date
' €. A. Womack Octoder 11, 1979
i This lonar 10 qover sas costomer ol snn sebent sy <

Attached is a copy of the Invention Disclosure Record which was prepared

by the inventors for our Pafent Department. This informatiun is forwarced -
for your use in your R&D Programy/iiSS design activities.

This new idea is being processed for
pleese do not disclose this informati

possible U.S. _Latent filing. Therefore,
date on which we intend to file, 1

on to the public du. 2in orior to the
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R. M. Ball T _ : & ; 3 :
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: ] Deyle Reporting Inc.. C A
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INVENTION DISCLOSURE RECORD
O - oare 10/4/79 *
saw w1 =~ 13017 =
PiE no, 79-5-4 *

This recare o3 an sezertant lega! decusent. Prompiness and Cafe in ils complate Precaralion esy save you tise ang ingems
verience Jater. Instructions on Dack of IRis sheet should be read carelully Setore tilling in gats.

(A INVENTGR: FULL NAME (S) (2) YGUR TITLE OR ITIoN [13) AY DIvIiS) [
Edgar Allen Womack, Jr. ager, Plant Design | yyclear Power Generation
]
Pussell Martin Ball Manager, Product Develop-Babcock & Wilcox Company
—— I Lynchburg, Virginia

1B) DESCRIPTIVE TITLE OF INVENTION
Subcooling Margin Indicator - A device to detect the loss of subcooling in a hydraulic loop

() DESCRIPTION OF INVENTION - Nele carelully saterial suggesieg 16 snclusicn dn (Dis Cescriplion as sal lorth in 3ection

(€) i1tess (a) tnrougn (e) an bac. of (his sheel. gae atrtached sheets 2-5
(2) DATE AND PLACT OF INVEMNI 1ON: -

(1) CONCEPTION BY INVENTOR April 14 1979 ar Lynchburg, Virginia
12) FIRSY SKEYCH CA DRA®ING © April 14 19 79 ar Lynchburg, Virginia
FiRsT '-nn.m DCSCRIPTION ‘ May 1S 19 79 ar  Lynchburg, Virginia-
Qn DISCLCLED 70 (A) navg. Nelson S, Embrey . April 23 1979 ar Lynchburg, Virginia
__ el sav¢ Richard E. Braumiller May 31 g7 at* Lynchburg, Virginia
— ———————e— T — ——a b

147 MODEL OR FULL SIZE DLVICE. COMPLETED May 25 1979 AT I:nchburi, V—irgv inia

{S) FIRST TEST OR OPERATION OF INVENTION May 25 1979 At Lynchburg, Virginia
(E) MESULTS CF TESTS AND EATENT OF USE OF INVENTION "

Invention has been reduced to practice and performed indicated functiom demonstrated by
Babcock & Wilcox May 31, 1979.

(F) NAMCS OF THWE OTHER PLASONS HAVING XNOWLEDGE OF FACTS STATED UNDER SECTIONS (D) AN (E) . -

Paul E. Perrone, James P. Joncs, Nelson E. Embrey, Richard E. Braumiller -

“IG) PELRTINENT WEPORTS, PATENTS AND COMPANY PATENT APPLICATIONS
parallel Hybrid Safety System Patent Application by R. Ball and R. Roberts (Case 4281) *

PRQJECT CR PRCPOSAL DESIGNATION
(M THER CLOSELY RELATED PUBLICATIONS |

None

(*) Added by R. E. Braumiller, 10/10/79 .
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DATE _MAY 15, 1979
TO: NPSD NEW IDEA COORDINATOR, DEVELOPMENT ENGINEERING

THE FOLLOWING NEW IDEA OR SUGGESTION IS SUBMITTED FOR CONSTDERATION

DESCRIPTIVE TITLE OF NEw IDEA OR SUGGESTION:

Device to detect and measure the loss of subcooling in a
hydraulic loop.

BRIEF DESCRIPTION:

. A device, as described in the attached sketch to coumpare
l measured hydraulic loop temperature and pressure to stored
values for saturated conditions of steam and water, and to
provide the devige user with pressure margin to saturatioh,
tegperature margin to saturation, and with an alarm indicating
i that a preset 'margin to saturation has been exceeded.

ADVANTAGES OF NEW IDEA OR SUCGESTION:

The device, as sketched, utilizes the parallel hybrid concept
<:> of implementation and can,therefore, precisely contain the
steam saturation correlation betwecen pressure and temperature
] ) as well as any other corrections (xncluding nonlincar behavior) =
s .. .which may be needed for a'ccutacy in the particular system in _E .,
. ~ which it is used. “Tt “is Fapid~in FESFonsFane w1
the user with direct indication of margins to saturation on
continuous reading basis.

4 DETAILED INFORMATION AND/OR DRAWINGS ATTACHED L 7.44‘__

SUBMITTED BY

THIS IDEA WAS CONCEIVED AS PART OF:

[] 82w CONTRACT, R&D, OR DISCLOSED TQ AND UNDERSTOOD BY ME

PROPOSAL NO. THIS DATE, > . 1927 2
. _ el >
[T GOVERNMENT OR OTHER gnature J

CONTRACT NO.

DISCLOSED TO AND UNDERSTOOD BY ME
THIS DATE, , AR 22
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R. M. Ball, Manager, Product Development (2810) 800 S0
Cust, File Mo,

or Ref. A/ 7. 3077

Subj. Date

Patent Disclosure October 5, 1979

! This lovier 1o covar 2es tnstomer sad sme Sehpart aaly

1 am forwarding this through you to Braumiller. I have not sent anything
directly to the New Orleans Patent group.
Under C.a. The only prior art which would apply to this system that I koow
of would be the use of a book of tables (Keenan and Keyes) or the use of a

computer which has a look up table or computes the right answer with some
special algorithm.

Under C.c. The distinctive aspect of our invention .s the use of a REBWOTY
vith pre-determined or pre-calculated outputs for each st e of the input.

These inputs are determined and are directly addressed by the analogue=-to=
digital converter.
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THE BABCOCK & WILCOX COMPANY » e
POWER GENERATION GROUP
oF ACTICN
R.E. BRAUMILLER - R&D
From
E.A. WOMACK - MANAGER, PLANT DESIGN (&EXT. 2315) 5 we.8
CU“. Fi‘. “.
or lcf./.[[_ I)O/’
Subj. Date
PATENT DISCLOSURE OCTOBER 9, 1979

r'bn Tettar te tever sns cesiemer sod sae ssipert aaly.

In response to your note to Russ Ball and ayself, dated
October 4, 1979, I am responding herewith .nd returning the
package of material related to our invention disclosure

record. The material attached to this memorandum is the
original. 1 have not sent anything directly to the New Orleans
patent group,except to respond to a Specific list of questions
related to this item received about three weeks ago.

Under Item C.a., [.would agrec with Russ Ball's thoughts with
the addition of the possible alternate use of an analog device
which attempts to simulate the saturation curve in a piece rise

manner using one of the function generation formats which can be
o ! had 'with analog equipment.

_ Under Item C.c., 1 concur,with the-inforza ion provided in Russ's
= RN A UEEORET G T SR s Al e wne . _ ’-:'.“’-_4':5"'"“

Please let me know if you need additional information.

Thanks. "L - 2
‘ £ Q. Womack [dima-
EAN/dmb .

cc: R.M. Ball
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: However, the range of the hot leg level jndication should be chosen so that

forced flow both with and without voiding will give an on-scale indication.

This will allow the measurement to be fVailable should efforts to correlate

hot leg differential pressure with void fraction be successful.




