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l This 1eMar 's (8va’ 498 datiasar %8 0.0 sabee sy

In response to your request for an August 1 , draft and/or status of the
subject presentation and sudplemantal %o my letter to you of July 26,
same subject, the attached twg'narratives 2re presented, i.e.

1. BIW HSS NESPCNSIVENZSS (Bucking 2renco Syndroze).

‘Dated July 31, 1979

2. B3W NSS AND FIZDWATER SUPPLY. Cated July 30, 1579

probdlem,

Sa b
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ezrscandl and others,
there may be some differences of opinion on sc=2 sgzcifics, there is
cormolete agreoement- relatives to the-oser:ll.coaccen sl systess cparaltiSnS—= == g —x =
and reliability 2nd that we have only bezun to scraich the surface of the

The attachmoits represent my thoughts and giservatisas after lengthy
discussions and analysis with numarcus 23i3 ¢

thile

.I draw your attention to Attachment #2 and my discusgions of TVA's
Bellefonte Units 1 and 2, and the reccmmendation presented.
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B&W NSS RESPCHSIVENLSS ‘ ‘l
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At a congressicnal hearing, following the 1M1-2 incident, and as L N
/ I
a reacticn %o a particular presentaticn, Senator Maynihan of New York, T’

referrod to the 334 huclear Steam System as 2 "Suchking Sronco”
The Bucking 8ronco Syndreme refers to the fregquency and -'gn\.u‘e
. - of the changes in five basic parameters in the B3 HSS system primarily : w
during plant upsets. These parameters are:
1. R.C. pressure

2. Pressurizer level i
3. Reactor coolant temperature ’ ]
] 4. OTSG pressure b

§. OTSG water level

The first three, R.C. pressure, pressurizer level and reactor coolant i
temmerature, are responding to the perturbaticns teoing passed through by the
OTSG. The R.C. system responds rapidly to the OTSG bocause of the close
coupling of the two This close coupling is a result of an inherent charace o
‘ teristic unique to OTSGs.. which is, the variation in boiling and solid water
(:’ heat transfer surface area on the seconfary side. This heat transfer surface i 1

area variatica is directly proportionz]l tc the QTSS water level, {.e., its t
oo -invm!ory— |h\.-mhere'\t_:h"ac;_e':*._s“.: $ 2t alleus for close coupling_has —-zan.:;——‘t-——
a distinct ad\antafe in controlling cverall systes responses to major plant
power changes. Such a characteristic dzes not exist in recirculation boilers
and as such, close couplinrg for speed of respense does not exist.
. Relative to the Suck ng Srenco Syndrome, mast of the fiuctuation in
’ the five paraneters listed are ‘more preno ounced than they should be. This
{s because the feed.ater systoms response are not eppropriate for the 0TsG
needs. Steam generators and feecdwater systems are functionally close coupled
; but without benefit of close control coupling upstream of the main feed pumps.
Further clarification of feedwater systems responsiveness and reliability
follows:

Prior to 1970, a fow feedwater systems for clectric steam generating

‘ plants (nuclear or fossil) had outputs that exceeded 2.5 million pounds per
hour in recirculation boilers or 4.5 million pounds per hour in once through
steam gencrators. The introduction of the nuclear steam plant irmediately

O doubled the flow burden on the fecdwater systen cempared to fossil plants
for the same power output. As the larger nuclear and fossil steam plants
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continue to come on line feedwater systems will Se supplying fecdwater at Gt
- - .
rates in cxcess of 17 millien pounds per hour for nuclear 2nd 10 million Sl

pounds her hour for fossil fired nlant---a tripling and quard
less than a decade.

rupling in

These very large feeduater systems are an extrapolation of that which
came before and do not reprasent a technology development censistent with w
the state of the art for boilers or turbine generators,

Historically, the boiler cesigner/manufacturer ¢s2s not have responsi-

-
bility or the prarsgative %o set functicnal response or reljability criteria
for the feedi:ater system. ua do expect feeduater systems to be responsive
and reliable. E
Upstrean of the main feed pump (which is 90 percent of the feed systenm) .
the plant's contrsl requirements and/cr fuacticnal inpuls are non-existents - — }
That pértion of the feed gystems not subject ta direct power plant control -
consist of a number of heaters, tanks and pumps, zcascacded in such a fashion E
that each heater and tank has-individual level contrsls which throttle the 3
outputs of the various putps which heip supply the main fead pu=ps. These 1
series of individual self-contained controls and valves in many instances 5l
do not respond in a timely manner to the needs of the slent and 501leree- ' 3

"
especially-if the self-conszingd domands of thece coateals are 19-87p0sitisa————a —a—i =

to the plant's desires. The result, quite dften. for beth nuclear ind fossil
boilers may be a series of compounding perturbations which cause main feed
pump fluctuaticns which reflect in planrt performance. Sore such pertu}bao
tions are s;vere enaugh to retylt in the main feed pumps tripping off the
line because they lack sufficient NPSH. _ 3

In some feeduater systems, large dearcating heater tanks (D/A) are
used imnediately upstream of the main feed pumps., In those plants having
such D/A tanks the upstream perturbations are dampensd and essentially filtered
out by the D/A tanks. Thcrefore! the main feed pumps which are responding to
a plant's neced are less susceptable to the upstream perturbations.

In many of the nuclear plants which have Leen brought on line in
recent years, the plant cperators have been plagued with continual fecdwater
system adjustments and in many cases redesigns with field madifications. Al
of this in order to stabilize their feedwater system and make it more respon-
sive to the plant needs.
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In the case of the 535 1SS, these fi
fine tuning have improved tha system response but thay still may lack the
fundamental responsiveness and reliability to ¢
capability. The plants which minimize the Suckin3 Sronco Syndrome have
fine tuned systems and mast of them contain D/A tanks,
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S. H. Esleeck
July 31, 1973
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The designer/manufacturer of st2am generating ocuinmant h 3lway n divereed i
2 SV SN S0V TE! Scii generas g eQu i zoent has ﬂlhejs dcen ¢ iverged e

from the responsibility of those supplying the feecuater for the steam gena2rators.
Those respensidle for steam generation expect reliasility and responsiveness from
. : the feedwater system. Unfortunately it appears that the technology of the latter

has not kept pace with that of the forrmer.

ey i —————

FEEDWATLR SuppLY

—

For speed of response and reliability evaluaticns, feesdwatar systems can be put in
three basic categaories as follows:

, V. Systens in which the main feed purs take full suction from= deaerating
heater tanks.
2. Systerms in which the main feed pumps take all or =ost of their suction flow
(705 or mare) frcn.the condensate bocster pumps discharge; i.e., a systen with
Ii;tle ;feeﬁ forward" from.the drain tank pumps.
3. Systems in which the main feed pPutRs take 50 to €07 of their suction frem the

o discharges of the condensate baoster puT? with the remaincer from the various
drain tank pumps, i.e., 2 system with a large "feed forward” fro= the drain
tank purmzs. . :

. ' e W
- — g — - i) o SR A - o —— grerime R = N
i Eased~::-ver1;us scurces of iMputs, tRe Fela¥ive Sncicénce of loss of feedwater for

these three systems 2ppears as follows:

L System 1 - minima)
e System 2 - some
System 3 - maximum and excessive

From this information, and substantiated by some discussions with steam plant
operators, it is my conclusion that the "feed foruard" from drain tank pumps imposes
8 cegrae of instability with a lack of speed of response that may compromise th
relative responsiveness and reliability of the entire feedwatasr system._

Further analysis indicates that this compromise from the "feed forward” comblex

1 within the fecdwater system s a result of the following: 3

8. This portion of the feedwater system is not subject to direct power plant
control inputs, be it a boiler following or integrated contrsl system.
: b. The control of this portion of the fecdwater system is a self-contained E
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redcticn type of cuntrol, i.e., numerous heaters are rg

Fanncr that they discharge into a drain tank - each heater as well as the

drain tank may have a level control feedin; to a throttle valve which
dictates the cutput of the drain tank puss. The incapendent level centro

compounded Dy cascading can set up pertursas ions ~ithin and to themselves
that will directly impact on the dowunstream perfe

¢r=ance of the main feed
pumps. '
Fecdwater systess ~ave hag exceptionally large increases in their outputs
(tripling and quacrup! ing in less than 10 years) and this grewth has not

been adeguately 24dressed relative %o technology of design for the size
fncreases.

d. Feecwater systers, unlike boilers or turbine gererators, are not normally the
primary design responsibility of a given industry but more often than not,

have 2 shared priority in an industrial organization which specializes in
procuremant and assembly.

Feedwater Systen Reliability

Ko steam generating plant should be subiected %o inadequate feedi:ater system
reliability. The lack of reliabilit ty usually manifests itself in 2n unreassnable
numder of less of feedwater incidents, especially in those feed systems falling
in categery 3. In many plants (fossil and nuslear, but mare so for nuclear with

their much higher cemand for feed) field design changes, fine tunin; .nd even

Ty
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. modificaticns to_recuceor elizinate the “feed f -Shiracteristics have-boen ————p =
a1l types of plants and are not dictated

by the boiler or reactor concest utilized. Hpwever, it 2ppears that those plants

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

accommadate the loss of one main fced pump trip- out. In many plants utalizing

recircula:xon ac11ers' there is a hmgher incident o' plant sripsuts fo]]cuxng the "_ ;

loss of one feedwater pump. All'plants, nuclear or fossil, are tripped cn the

complete loss of feecwater, and usually within 10 %o 15 seconds following the loss
cf feed.

required. These changes have sccurred in

Responsiveness

As with reliability, no steam generating plant should be subjected to inadegquate
feedwater system responsiveness. However, unlike reliability, the degree of
responsiveness that may be required from a feodwater system is a result of both
the type of steam generating plant and the speriticn and control philosophy

.
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Jloyed at the plant. Relative to the latter, some plant gwnars put more

TVA Bellefonte Y and 2

These two plants are scheduled for commercial cperation in late 1221 and'mid 1982
respectively. Their stcam output, and therefore feeduater reguirements, are about
37% more than other G4W NSS's in cperation. These unils contain 2 more advanced
steam generator design, the [EQTSG. The IEQTSG should deronstrate a closer

-3.
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.phasis on an operationai/contirel philosophy to accemmacate in-house upsets and . fod
1023 rejections than others. Such a philosophy may be dictated by the size of ol
/ the overal) electrical capability of a utility as weil as the geojraphical inter- el
ties available to him,
Relative to steam boiler designs, scme steam boilers have inherent characteristics
that encourage speed of response and offer a widar range of operational/control
capabilities to acccmmadate in-house upsets and/or lc2d rejactions. The OTSG L
with ICS control has such inherent charactaristics. cheve:. this stezm generating
system does demand a greater degree of respensiveness from its feedwater system ——
{n order to fully utilize its potential. For 2L 1SSS in operaticn, it has deen |
demonstrated that feedwater systems of category =1 can and do meet these re-ponsiveness s ’
criteria. It has also been demonstrated that with a dadication to full utilization |
of the steam plant capabilities, the feecwater systems of catesory £2 and #3 can be 1
se aajusted and fine-tuned, however with mare difficulty. f
Feedwater Systems Suoolyins 834 NSS°'s 3 i i
! Feed System .
B&W NSS Category :
Oconee * 13
™1 o = 4
‘_S};‘ao— e e Vi —12 - = a— - — — - . "‘"‘ ——:..a;“_a—:i’
Florida RN et | .
TECo n ’
Ark. . ()Y . . . -
" VEPCO " | ; _
VA T
WPSS i2
BBR fl ¥
PGE 2
Ohio "’ .
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