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I'n response to your request for an August 1, draft and/or status of the
subject presentatien and supplemental to my letter to you of July 25. I
same subject, the attached tv.f narratives are presented, i.e. L

c

1. B&W |155 nESPC: SIVE::ESS'(Bucking Erenco syndec=e).
'

''' Dated July 31, 1979
,

2. B&W fiSS A:;D FEEDUATEF. SUPPLY. Dated July 30, 1979

The attachmes.ts represent my thoughts and observatiens cfter lengthy \

0~ discussions and analysis with nu arcus 25% persennel and others. While [.
there r.sy be so e differences of opinion on scme.sacifics, there is

" * c~ompiet'e agreement- r'clative. to. the czercll..cencer.n cf s/1:es. c-'""*% m =x={. _
*

and reliability and.~that we have only beg'ud to scratch the surface of the ' p-
. ~

'

problem. -
--

e_

' , -
:

'I draw your attention to fttach ent !2 and my discussiens of TVA's I?
'

Bollefonte Units 1 and 2, and the recc=endation presented. ; ;,
'
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At a congressienal hearing, following the IMI-2 incident, and as ,w~-

j
- a reaction to a particular presentation, Senator Moynihan of New York, .

t

referred to the BT,*4 Nuclear Steam System as a " Bucking Bronco". {
*

* I
The Bucking Bronco Syndrece refers to the frequency and magnitude .;

t
of the changes in five basic para eters in the B12 ::SS systc primarily g

.

during plant upsets. These para eters are:
1. R.C. pressure

r2. Pressuri:er level
r

3. Reactor coolant temperature

4. OTSG pressure

5. OTSG water level ;

The first three, R.C. prcssure, pressurizcr level and reactor coolant
temperature, are responding to the perturbations being passed thrcush by the
OTSG. The R.C. system responds rapidly to the OTSG because of the close

coupling of the tuo. This close coupling is a result of an inherent charac--
~

teristic unique to OTSGs., which is, the variation in boiling and solid viater

Q heat transfer surface area on the secondary side. This heat transfer surface
* -

p.

area variatien is directly proportional te the OTS3 water level, i.e., its [
-

..j --- -inventoryr -Th.is-inherent _chtracletistia * " Silers for close coupling _ha.s, _ ] ,

*
-

a- distinct advantage in controlling everail systta responses to major plaiit' ?
power changes. Such a characteristic dots not exist in recirculation boilers ]
and'as such, close couplirg for speed of response does not exist.

'

k o

,
, Relative to,the Buc{ing Bronco ,$yndrc:c, most of the fluctuation in , ,.

' the five parameters listed are more prcnounced than they should be. This *-

'

' is because the feediater systc=s response a're not appropriate for.the OTSG i
needs. Steam generators and feedwater systems are functionally close coupled g

but with'out benefit.of c. lose control coupling upstrecm of the main feed pumps. I

Further clarification of fccitater systems responsiveness and reif ability ,

L

5follows: g.<

Prior to 1970, a fcw fec6ater syste .s for cicetric steam generating ;

plants (nuclear or fossil) had outputs that excceded 2~.5 millien pounds per
;

hour in recirculation-boilers or 4.5 million pounds per hour in once through .

steam generators. The introduction of the nucicar stcam plant irr.ediately
-

b doubled the flow burden on the feci<ater system compared to fossil plants [
for the same powcr output. As the larger, nuclear and fossil stcan plants

-. .
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/ continue to como en line feedwater systems will be supplying feedsater at !NI
rates in excess of 17 million pounds per hour for nuclear and 10 million
pounds her hour for fossil fired plant---a tripling and quardrupling in

, jf_-,

,

less than a decade.
[l ,

These very large feed ater systems are an extrapolation of that which
came before and do not represent a technology development consistent with W, ,

j
the state of the art for boilers or turbine generators.

{Historically, the boiler designer /r:anufacturer d0cs not have responsi- '

_

bility or the prerogative to set functional response or reliability criteria
for the feed:ater system. t!e do expect feeduater systems to be responsive I

and reliable.
'

Upstream of the main fecd pu p (which is 90 percent of the feed system) -

the plant's control require ents and/cr functional inputs are non-existent:--- I
That pdrtion of the feed gystems not subject to direct power plant centrol .

-

j
consist of a number of heaters, tanks and pu-ps, cascaded in such a fashion,

[
that cach heatcr and tank has individual level centrols which throttle the [

3 outputs of the various pu'::;2s wh'ich help supply the main feed pumps. These i
L

series of individual self-contained centrols and valves in many instances' "*'

O. do not respond in a. timely manner to the needs of the plant and boiler-- iI *

. __ _ especi_ ally if the -scif-cont;jned t 4ndit c' thcie. m*d s;are- m'er.pos4TTyd- ^ W -~t -
.

]-~ ~

~ ~ ile plant's d'esir'es. The result, quite bften.'fo'r both nuclear and fossil - I
to t

boilers may be a series , t-of compounding perturbations which cause main feed 1:
. - y

pump fluctuations which reflect in plant performance. Scr.c such perturba- *

tions are severe enough to result in the main feed pumps tripping off the n'

*

line because they lack sufficient NPSH. .7

]_
,

In some feedwater systems, large dcarcating heater tanks (0/A) are
' {

used in:.cdiately. upstream of the main fecd pu=ps., In those plants having '

such D/A tanks the upstream perturbations are dampened and essentially. filtered 9
s

out by the D/A tanks. Therefore., the main feed pu ps which are responding to (-~

a plant's need are less susceptable to the upstream perturbations.
[L ,In many of the nuclear plants which have been brought on line in

t
! r

recent years, the plant operators have been plagued with centinual feedwater
.

system adjustments and in many cases redesigns with fiel(modifications. All
'

of this in order to stabilize their feedwater system and make it more respon-
.

c.sive to the plant needs. ;,
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f'd!
l in the case of the SW ::SS, these field ecdifications and feed eater ' tCC1-

fine tuning have improved tha system response but they still may lack the , d,
fundamental res;:ensiveness and reliability to fully utilize the plants *

s

capability. The plants which minimize the Bucking Bronco Syndr:re have
fine tuned systems and most of them contain D/A tanks.

" *4;gCA .-

S. H. Esleeck ,

July 31,19792

<
.

>-

*
-

..

l h- 1

< . ;

'

. -
I

.

i

0 -
-

? *
- . .

.--_-----------.:.._.._.. . .
- -- _ x =l_... _. .

-
.

i . . --

) . . o .

/ "
i .

i ir

1. L
*

,
b

i t

C'
.

*

.

;*

t

E

k
o

. %

.

I

b
. .

5

r
. *

i

_ _

I
-

, ..

U'

I f
I r
t *

.__

_ww..vem+We.me-.



. . _ . . . . _ . . . . . _ _ . _ . . _ . .. . . - _ . . - _ . . _ _ _ _ . . - . . - . _ . _ .
, . _ _ _ . _ . . . . . . . _ . . _ - . - _ _ . .- - - ~ - - - - .

--

-
. ..

-

* ..---
.

.

bW

._.1-
. '

s
i

trl NSS A*:3 FEE 0'JUER SU?_ PLY N| -

!
f-El

.

If.'TRCO'.'CTIO*:
5ICN;l

The designer /canufacturer of steam generating equipment has always been divorced
'

-

3--'
--

g from the responsibility of those supplying the feedwater for the steam generators. '

Those responsible for steam generation expect reliatility and responsiveness from
: the feedwater system. Unfortunately it appears that the technology of the latter -

(
.

has not kept pace with that of the former. k1J
,

fFEED'. ATEp. SupptY '

,

For speed of response and reliability evaluaticns, feedwater systems can be put in '

three basic categories as follows:
-

Systems in Nich t$e main feed pumps take full suction frc= deaerating !
1.

-

heater tanks.
| f.

,

2. Systems in which the main feed pumps take all er ::st of their suction * ficw |-

(70t cc more) frem the c ndensate becster purps discharge; i.e., a system with
j {
t, ,

little " feed forward" frem.the drain tank pumps. E
g3. Systems in which the main feed pu=ps take 50 to 60; of their suction frem the f

. discharges of the condensate b50 ster pu p with the remaincer fec= the various
drain tank pumps, i.e., a system with a large "f'eed fon.ard" frem the drain

,

tank ;u ps. * -
- *

'j. . . Eased._cn--vTric'Is'scurdeTof irl;rdti, tee FslaTii.c incidence of 1oss' of feedwater for
' . ..

~ -u
~

these thr.ce syst' ens appears as follows: i
.

. * , -- :
.

System 1 - minical '

h
*

o
Sistem 2 - some,

System 3 - maximu= and excessive
.

*

Frem this infomation, and substantiated by some discussions with steam. plant U
:

operators, it is rny conclusien that the " feed foniard" from drain tank pumps imposes -
a degree of instability with a lack of speed of response that may c = premise the I

.

relative responsiveness and reliability of the entire feedwatar system...
.

-

Further analysis indicates that this comprcmise from the " feed forward" ce= plex '
within the feedwater system is a result of the following:

,, ,

r.

This portion of* the feedwatcr system is not subject to direct power plant
{

a.
.

control inputs, be it a boiler following or integrated control system.
) b. The centrol of this portion of the feedwater system is a self-contained "

.

. *

__

- --

9

?

g. .

,

. . . . . . . .
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reaction type of control, i.c., numerous heaters are cascaccc in sucn a
' . . -

*
' 'NI

/ cannce that they discharge into a drain tank - each heater as well as the ,.

drain tank may have a level control feeding to a throttle valve which M
,.

dictates the output of the drain tank pu.:::. The inccpendent level centrol M'..
cc pounded by cascading can set up porturbations within and to themselves . b-

1,

that will directly i:;act on the downstream perfor ance of the main feed |
pumps. ,1,

1.
,

Feedwater systems c. ave had exceptionally large increases in their outputsc.
'

(tripling and quadrupling in less than 10 years) and this growth has not
{{

been adequately addressed relative to technology of design for the size
{:increases. _ ''

d. Feedwater systems, unlike boilers or turbine generators, are not nor ally the
primary design responsibility of a given industry but cure often than not. -

have a shared priority in an industrial organization which specializes in
-

procurement and assemoly.

%.

Feedwater System Reliability p.
L

No steam generating plant should be subjected to inadequate fec6:ater system
reliability. The lack of reliability usually canifests itself in an unreasonable

g
nu .ber of loss of feed.ater incidents, especially in those feed systems falling

Q in category !3. In ..any plants (fossil and nuclear, but more so for nuclear with
.

their much higher demand for feed) field design enanges, fine tunin; .nd even [
, _ modificaticas .to.recuce_or eltinate the " feed,fqmate" _qtl.cacteristh* Mvh n-4. .. -_ -
'

- requfred. These changes have occurred in all 'ty;cs of plants and are not dictated '

by the boiler or' reactor concept utilized.
i -

However, it appears that those plants m

utilizing OTSG with ICS control have had a much better record for being able to

acco::r.odate the loss of one main feed pump trip-ou.t. .In many pla.nts utilizing-
-

i .. . . .
. ..

reci'rculation boilers, the're is a high'er inc'ident of plant tripouts following the *

' ,

loss of one feedwater pump. All* plants,. nuclear or fossil, are tripped en the <

complete loss of feedwater, and usually within 10 to .15 seconds following the loss ;

of feed. '
-

y..

r

Resnonsiveness
,

As with reliability, no steam generating plant should be subjected to inadequate
feedwater system responsiveness. However, unlike reliability, the degree of

,

responsiveness that may be required from a feedwater system is a result of both 5 /d
, the type of steam scncrating plant and the operation and control philosophy

1 -.
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,,loyed at the plant. Relative to the latter, some plant cwners put more '0Il |
'

'ghasis on an operational / control philosophy to acco=ocate in-house upsets and f.dt
load rejections than others. Such a philosophy cay be dictated by the size of g
the overall electrical capability of a utility as well as the geographical inter- , . . ~ . -

/ p

ties available to him. 4
7 :
>1 i
dRelative to steam boiler designs, sc e steam boilers have inherent characteristics

.that encourage speed of response and offer a wider range of operational / control
capabilities to acco=cdate in-house upsets and/or load rejections. The OTSG E

with ICS control has such inherent characteristic:. However, this steam generating
systc does demand a greater degree of respon:iveness from its feedwater system r.
in order to fully utilize its potential. For BI'. f;SSs in operation. it has been

deconstrated that feed.-ater systems of category 41 can and do meet these re:ponsiveness -
'

criteria. It has also been de :nstrated that with a dedication to full utilization I.
of the steam plant capabilities the feecwater systems of category 32 and #3 can be i

se adjusted and fine-tuned, however with c:3re difficulty. ,

i .

|3"Feedwater Systems Sucolyinc 81N :SS's
\

B&W !;SS.
Feed S'ystem b

*

,

Catecory .

.
,

Q Oconee f3 |-

,

?TM1 - f2 *

4
'

.[. _j , ;-- - 3,s.3
,

,
_. _ 9 _ . _ . _.

. . _. . _- - :x =-
. .'.

* -Florida fl ;
'

TEco #1 J-
V.

2 . Ark. {?)- t+- - - -. ,

. . .
~

ht ;VEPCO #1 . .-

,

TVA #3
' '

f ,

WPSS #2 E

h.BBR fl t.
*

''

PGE f2 i

Chio f2 t.
r

b

7TVA Bellefonte 1 and 2
~

These tuo plants are scheduled for co=ercial operation in late 1931 and.mid 1982
Lrespectively. Their stcan output, and therefore feedwater requirements, are about
I37% more than other G5W |iSS's in operation. These units contain a = ore advanced

O stcam generator eesign, the itoTSc. Tne iEoTSc shouid ec=onstrate a cioser- .

-3- [-
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|\* ' . coupling with the react:r c:olant system and with a degree of resp:nsiveness
'

N\*

significantly greater than presently c; crating CISGs. The Bellefcnte units have A-
.

-

a feeduater system that falls in categ:ry 33 and they have the larges " feed NM forward" cer; nent (:5';) of any syste.m supplying feceviater to a S&W NSS. [I.
There is a streng potential fer reduced reliability / responsiveness characteristics |

.
m

h
in the Bellefcnte 1 and 2 feedwater systems. This potential may result in a plant
operating perfor .:nce that will exhibit a c:re pren gn:cd " Sucking Grence Syndrome",

gg {
than experienced to date. The consequences of this could be a severe compromise

{ {to plant availability and reliability.
'

~
>

Reco- endation

K
I rec:==end that NPGD (with supp rt fr:n FPGD) perform a more in-depth analysis

j
of the feedwater systems and their impact en plant perfor: ance of Eellefonte 1

[.and 2. If such an analysis supp:rts =y concerns as stated (and I believe it will)
,

then we must censider preposing an engineering plan to i'.'A to redesign with , |

c:dificatiens the 3ellef:nte 1 and 2 feeduater systems so they may provide the f
;

degree of reliability and responsiveness required by these two plants.
- .

3

k

.f'dbc w t

Q 5. H. Esleeck -

I
, 7/30/79 1
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