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ABSTRACT

The case of condensarion induced water hammer in nuclear
steam generators is summarized, including both feed ring-type
and economizer-type geometries. A slug impact model is
described and used to demonstrate the parametric dependence of
the impact pressures on heat transfer rates, initial pressursas,
and relative initial slug and veoid lengths. The results of the
parametric study are related also to the economizer geometry
and a suggasted alternative model is presented. The importance
of concerns regarding atcenuation of shocks in two-phase media
is delineated, and a simple experiment is described which was
used o determine negligible attenuation within the accuracy of
the experiment for void fractions up to over 30% in bubbly and
slug flows.
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NOMENCLATURE
Eaglish

 Cruss sectignal pipe area
Sonic velouetiry
Mass concantration

Fristian coeffisrant
Mass flux

Heat transfer coafficient
spacific enthalpy
prassure

Total heat input rate
heat flux

Temperatura

time

valoeity

axial locatian

NS T rAOT H T AT 0 R

Greek

{  Voluwmetric vapor genaration rate
S Fluid density

4§  Heatad perimetar

Subscripts

o Intarface "o"

1 Intarfaca "1"

2 Interface "2"

fz Liquid-to-vapor diffarence
fw4 Feed watar

1 Intarface or impace

in  Into the section considered
1 Liquid

@  mixture

out Qut of section considarad
5 Saturation

v Vapar

*

Modified as denotead



INTRODUCTION

In the eventuality of a loss of off-site power, (estimated to occur once
every 1 to | 1/2 plant years), the liquid level in the secondary side of a
feedring type steam generatar may drop below the feedwater inlet before
auxﬁ;lary power’ becomes available "and cold auxillary wa:er begins to he zed
into the system. 1f the’ feedhater llneﬂls ‘horizontal.and’ nas ‘drained
sufficiencly durlng the tize power was . unavaxlable,,e severe water hnammer event
may ocecur.. Indeed, such: even:s haveibeen recorded such as at tﬁe Tihange site.
In fact, szgniFlcan: damage To tne main feedwater plpe of Indian Point #2 plant
occurved Novemher 13, 1973{1] when cold auxiliary:water was introduced into
the steam generatar. It is believed that the damage was due to a severe impact
of water slug in the feedwater piping system. This and several other less

damaging incidents of water hammer in steam generators recently became of
concern ta the nuclear industry.

A fim understanding of the potential for condemsation-induced water hammer

in PWR stzam generators does not currently exist. For top-feed systems, a

" potential model has been proposed 2] gnere liquid slug formatiom occurs due
to condensatian-induced counterflow in horizontal lines followed by slug ac—
celaration and impact ia the-blind end of the horizoatal run. Visual ot~
servation lends support to tiis slug impact model. Quantitative confirmationm,
however, has not been established under any circumstances including protypical
conditions. Certain comblnarlons of "ad hoc” fixes (i.e., J-tubes and short
horizontal runs), seem %o work ar low prassure in small geomecries. These
fixes have heen reccmmended}and in some cases implemented in several operating

plants. An understandlﬂg asjto why thay work, if in fact they do, is currently
lacking.

// f;

At this ctime a pbtentiﬁl model for water hammer due to bottom (economizer)
amergency cold feedwater injection in either Westinghouse or Combustion En-
gineering steam gedezacars,does not exist. Westinghouse has conducted small
scala tasts, but these have net served to resolve this questicn.

Virtually uno knowledge, anglysis, or testing regarding the potential for
localized void collapse aud pressure pulse formation in interior regions of
stsam generators; etlsts. A significant part of the question of potantial tube
rupture in such fasas res;s on knowledge of shock attenuation in two-phase
mixtures or :hroégh tube jpundles which appears to be lacking.

! :

Scaling laUQ do not presently exist anabling small scale axperimental re-
sults on condensation-induced water hammer obtained either at off-olanc con-
ditions or at actual operating pressures to be extrapolatad to full scals
actual conditions. It i's unclear in view of the current lack of knowledge
whether a real safety problea may exisc.

1t is the purpose of chis paper to presenh the results of a parametric
aodel for slug impact-induced water hammer and to describe an experiment
designed ro provide direction rsgarding the potential for two-phase mixture to

mitigate the effects of:localized void collapse induced prassure pulses through
attznuation of the resultiag shock waves.

BACKGROUND

Current anuclear steam generators generally fall into three classas: upper
injection types utilizing a single f{eedwacter inlast and internal fesdring
distributor; lower iunjecrion or "economizer” types having a single fsedwater
inlet into either an annular downcomer or toward a vertical diffuser platas;



upper injection types hav1ng wultiple oressure vessel inlet ports with
upward-slanting inlet piping tied to an external header, (used in Babcock and
Wilcox steam generators). . Im the last’ :yne the faed lines can not drain due to
low level in the steam generator since the inlet pipes slope downwatd away fram
the pressure vessel. The first type comprisas: the ma;ority of :hose cu.ren:ly
in service while the economizer designs ara relatively new with'no plants yat
in service. (The first economizer type will be the McGuire ‘plant being
'constructed for Duke Pouer ) As mentioned in the lntrOdUCCIOU, it is the
~aedring de5131 whlcn has experienced difficulties.

Several ad hoc fixes were proposed to c1rcumven: the problem without
really understandlng the basic gachanism of the watear hammer. In fach, ,
modifications were. proposed by Westinghouse to utilities having this type of
steam geueracor. ‘These modifications, although quite costly, were to reduce
the chance that such an eveat might oceur.

In response to the increased awareness of the potential for severe water-
hammer, NRC sponsorad a sctudy by Creare, Inc. 2] o try to ratiocnalize the
sequance of avents that could lead to the sevare impact on the piping svstem.
It was determined experimentally in the Creare Study that, while the addition
of J-tubes, (top discharge), to the fesedring, or the decrease in feedwatar line
length had only small effacts by themselves, the combination of the two had a
aajor affect in reducing or eliminating condensa:zon—~1duwed watar nagmer. It
was postulsted that if the fzedring is allowed to drain prior to cold auxiliary
feedwater injection, water slugs might be formed which would trap steam voids,
and rapid condenmsacion of these trapped voids by lncomlna cold water would

causae the watar slugs tec accelerate and impact on the bllnd end of the
feedwatar piping system. /

y

'/

Based on small-scale tests, Creare, Inc. racommended a combination of
fixes, e.g., top discharge with Jj-tubes, short notlzoncal leugch of the
feedpipe, an upper limit of auxiliary feedwater flow/rate, etc., to avoid the
possibility of haviag severe water hammers. All neu/plants with faedring Cype
staam generators are now required co abide by NRC rtles in line with Creare
racoumendation, and undergo confirmatory testing. fowever, some older plants
do not have the combination recommended by Creare,,%nd thus may be mora
susceptible to damaging water hammer thanm ochers. /Erom the preaceeding remarks
it appears obvious that for the top feed ctype steaﬁ generators, there is no
clesar foundation of technical understanding upon wnlcn to make licensing
QeClSlonS regardlng vplant safery. This appears true in spite of the fact that
several "ad hoc” methods based on qualitative, low prassure, small scale tssts
have baen proposad, and in some cases ’mp-ementen, with the idea of decr=asing
the probability of water hamme' oceurring. |

In an apparent attempt to eliminate the possibility of top auxiliary
feedwater leading to a sevare water hammer event, as well as to solve some
other existing difficnlcties, both Westinghouse and Combustion Zngineering
introduced new, aconomizer, desigmns. In these new designs the feedwatar will
be introduced low in the secondary side being diracted either into a diffuser
plate or a vertical, annular downcomer.

NRC was concerned with introduction c¢f the new praheater-type stzam

generator design. Perhaps a damaging water hammer could oceur at or near the
praheater section. In an attempt ta angwer thesa concerns, Westinghouse
conducted a 1/8-th-scals test program £t study the possibilicy of
condensacion-induced water hzmmer in the preheater secrtioan. They zlso proposed
scaling criteria to extrapolate their 1/S-scale tesc rvesults to full-scale

steam generators. 3rookhaven Naticnal Laboratory (BNL) was raquested by NRC to
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ND has been formed at cast in a pipe of diameter D.

avaluate these test results and
scaling laws. Although some
questions regarding the adequacy of
the Westinghouse tests are yet to ba
tasolvad, it was, howaver, concludad
by BnLl (4] that a meaningful scaling
cricarion cannot be darived at this:
noint because of the uncartainties in
the condensation rate and the ratio .
between the initial water slug volume
and the vapor cavity volume.  Oun the
other hand, it appeared that for one
of tha-designs, an engineered -
approach reduced the probabili:y of
cold watar being injected’ Lnto the
aconomizer sec:xan.

In wha: follcws, attentxon will
ba drawn to the- :eeatxng~ Ype staam
genarator and an‘analysis will
indicate the parame:*xc affaects of
condansation rates, prassure, slug
lengths, and pipe stze

SLUG TMPACT MODEL ANALYSIS

The geometry of concarn is shown
in Figure 1l where it is assumed that
a cylinderical water slug of leagth
Initial water temperatura

»15 generally taken to ba at room temperatura and the instantansous staam

temparatura is
prassura,
located at z; and z; only.

Wwacar Slug

The zonservation aquations of mass

j0
mass: ~ L . ¢ _
ot x4
2 .
momantum: 3_ + g_ & - 22 _
ot az e, az
i, 3i,
2nargy: fzi + & .:_E I
E} a
Ql zZ 91

, momamtum,

taken as the equilibrium saturation value for the given
Condensation is assumed to o¢our at the steam~wacar intarfacas
Comprassibility of the liquid is iznorad.

and 2nergy ara

()
Icle (2)
2
& _ 3o
dz 3t (3)

It has been assumad that the wall is adiabatiz s0 vnly the axial heatr flux

tarm has beea ratained ia (3).

The coastant liquid denst;y assumption allows



Equation (1) to be integratad o give A

<c;>1 = G,, = G;- | Y]

whers the < > symbols raprasent volume averaged guantities.
Integration of the momentum 2quation spatially, includimg applicaticm of

Laibnitz rule rasults ia

d<G>, <py>=P, £]<6>, [<6>,
dc z

1 <P >y

Similarly, the energy equation is integrated with the assumption of uniform
temperatura in the liquid, (il_ = <i>l), so that

d<i> <G> -
1 L, e
= —= (i - <i>) - (5)
dt thl ot 1 ] zl‘
where the heat flux is given as
Q) = by (<> = Tg(<p>p) . (7)

Equations of state are used to denote the density and cemperature of the
liquid slug in terms of the liquid enthalpy and the avaerage slug pressura.

Vapor Caviry

Conservation a2quations for the vapor cavity include

=]°]
mass: EEE + %S = 0 (3)
momentm: <p>2 = £(t) (3)
3p i - p) 3a(i G ) o a" 3
anergy: ?tm 4 5? M 1 L ¥ (10)
r4 3z a

where Iriction and inertia are ignorad, and an quation of stacte (zaloriz) will
b2 used to determine £(t) for the instantanzous zavity srassura,



Lategration of (8) for the vapor =avity yialds

d<p >

. o 2 ' . . . . .

whila the 2nergy 2quation integratad ovar the staam cavity volum2 using
Leibnitz rtule rasults 1a

d .
2,- bryw i - + - - - i +
( 2 Zl) dt [;°m>2 “In72 <p>2] (Gmlm)‘z (Gmlm)[l ‘
. _ (12)
a a o a" + % (é - zl)qw
Now the assumption of uniform temparature and prassure in the vapor cavity
results in ipo= = ig)+ 2 <igPg. Alse, the nat hean f{lux out of the
vapor caviiy 1S expressed as
i " "
p = A - A = - - <n>
E Goue = %2~ 7 At (hVZ ' hvl) [<T>2 I‘s (<p 2) (13)

The 2quation of state for the mixture density in terms of enthalpy and pressure
wialds

d<pm>2 apm d<im>2 Eom d<p>2
it 2 —.al » ——_dt + -a—g— <i > E (14)
a <p>2 m 2

Linaar combination of Zquations (11), (12), and (l4) gives two =oupled ordinary
differancial equations in tarms of pressura and enthalpy given by

ai )
- 2 .o . .
d<p>, (GZ, - Gl‘.-)<cm>z<ap ) - §:qout + Qin’w/A
- = = m/ <p>=- 5
(5 -2) —x% 31 (3
o
<Q > ————
[ “(BP )“’m’z il ]
and
@ -y —we E2TB) Ew, g [ e L
., - ] -
2 1 de <%, t <°m>° Toue an,w'

(16)



lntarfaca Equations

For cumpatibility between ths watar slug and the vapor cavity, the
appropriata intarface jump balanca Equations are used including

mixture mass jump: (c‘; - D“z—)l‘ = (G - pmzl)l+ o an

vapor mass jump: [c(s - pmzl)] s+ [C(G - p"nzl)] .t Pii (18)
1 1 -

Wow ¢~ =2 0, and ¢)4 = <>y, whila z] = 2z}~ so that these two
ralazions yield

<Gi r
Zy o,- G +Py" (19)

and

" 1"t
o) e TG
fi17\a ai,

Equation (19) shows that the interfacial motior is due to the slug welocity
itself plus the addad a2ffects.of avaporation or condansation mass transfer

batwean the vapor cavity and the slug. Similar ralatioms for the faedwacar-
vapor interface include .

. G. T
W i".' (21)
2 pfw cz—pz-.-
and
"n
. L
o) Gt (22)
i2 \A Af L
2 fg

Note that zondensation acts to affaet the interface velocity ia vpposite
manners on the Iwo interfaces.

CALCULATED RESULTS

The parametriz slug impast model aow zoansists of =quations

_ for the slug
1zself, Equations (5)-(7), the vapor cavity, Zquativcas (13), (13},

and (13),



the four intaeriace Equations (19)-(22), and the necassary equa:xons of scaca.
Note chat the vapor cavxty‘Lq aot restrictad to sxngle phasa: saturated vaper
but ac:zomodates both two-phasa and superheatad steam possibilities. On the
athar hand, the two-phase mixtura in cha vapor cavity is assumed to be in the
homogeneous equilibrium,scacefwhen,i:,doés axist,

For the pa'ametrxﬂ evaluatxon, the fondl. ions - shuwn ia Table 1 wara
invescigatad. “:e"ts of’ heat transfar r-ueJ:J:LcLeru:, Lnxcxal pteSSure,,and
ralative slug langths wera *hus de'eruxned uvaz a ranga of condltxons.

£ffact of Haat Transfar. Coeffxcxent

; The heaL :-ansrer coefficiants were varled over a range of 20 wt:h a
maxizmum of 2 Mw/mé=C. Similar results to those of Florschuetz and Chao(5]
for collapsing spharical bubblas wara obtained as shown in Fxgures 2 -4, For.
a vary hxgh heat transfet cozfficiant slug motion is malnly inartia domxnated
and the staam volume collapse is monotonxc. As tha heat transfer coefficient
decra2asas, tharmal limitaticns coma into play as well dua to the dacreasing
coandansation driving potaential with de:reaSLng pressuta. A coupling between
ovar-accalaration and undarx *’OndensaCIOn rasults in oscillitory motion due to

cast INITIAL WATER mzim. VAPOR INITIAL PRESSURE h
NO. SLUG LENGTH CAVITY LENGTH (bar) Mw/ml- C
1 4D 2D 21.7 2.0
2 4D 2D 21.7 1.0
3 4D 2D 21.7 0.5
4 4D 2D 21.7 0.2
5 4D 2D 21.7 0.1
11 4D 2D 4.48 1.0
12 4D 2D 7.93 1.0
13 4D 2D 42.4 1.0
14 4D 2D 70.0 1.0
21 5.5D 0.5D 21.7 1.0
22 5D ' 1D 21.7 1.0
23 3D 3D 21.7 1.0
24 b 4D 21.7 1.0

TA3LE 1. Condictions chosen for parametric evaluation of the slug impaz:z model.
P1pe diamater, 4.3 =m; Feadwater valocity, 0.9125 =m/s; Water tamperatura, 27C.
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the zveliz nature of the heat transfer rates whizh are tiad to the saturatian
temperatura acgording to the cavity pressure, Curve 3 1a Figures 2 -4
indizates that initial depressurization aczelerates the slug but also raduces
the condensatiun rate to a value belcw thar required to remove the sCeam volume
displaced by the slug motion. The staam cavity pra2ssura thus rises, .
dacalerating the slug but turning on the zondensacion again. IE there 1is
sufficiant time before impac:z, the procass repeats with an evar decreasing
period dud to the incraasing stiffnas, associatad with decraasad steam volume.

Impact pressura 1s calculataed as

py = pav (23)

and may vary du2 to the time in the cycle that impact uccurs. While the
maximum impact prassure 1s shown in Figure 5 as the dashed line, (calculatead
from the slug velocity envalope), the actual value may be quita a bit lower due
to the instantan2ous velocity at impact. This 2xplains wny water hammar 1n
feedwatar piping can appear ta be a random variable since two sequential slugs
are not expested to farm in ideatical fashion.

m

ffact of Slug laitial Prassure

Thera arae expactad to ba two major e¢ffacts dues to changing the initial
orassure. The firsc effect is tha rapidly incraased driving potantial due to
increasad saturation tamperature in the steam cavity. The second major effact
is the increasing vapor demsity with increased pressurea. Thus, at a fixad
condensation rate, less percencage of vapor mass per unit time is remaved from
the cavity rasulting in a slower prassurz decay rat2 ia the staam cavity. A
third bur lass important effect is the decreasing lateant heat tending to
offser the saecond factor. At liwar pressuras, the affact of increased driving
poceatial dominates, (Figures 6 - 7), while at higher prassures thae increaase of
Tg with pressure is reduced and the increased vapor density 2f£fect dominates.

These 2£f2cts are saen in the impact pressura, (Figura 8), which first
lncreasas then decreasas. Again, the apparent randomness due to the
oscillacory nature of the collapse is noted.

Tffect of Relativa inicial Vapor Cavitv Length

The 2ffacts of relative cavity langth are simply ones of liquid slug
inertia balancing against the fraction of vapor mass condansad per unit time.
A small zavity and large slug has much liquid inertia and littla ralative vapor
mass. Thus, the pressure falls rapidly causing the slug to accelarate rapidly
and impact aftar a short time, (Figuras 9 - 10). As the cavicy length
incrzases the pressurs decreases mora sluwly and the acceleration decraases.
With sufficiently long cavity size ralative to the slug length, however, even
though the iaitzial acceleraticm is slower, over accelaration occurs causing an

lncraasa in prassur2 and decaleration. This is reflected in the decrease with
@zxilmum velocity, (Figure Ll).

m
0

flact of Gaogmetric Scala

Nondimansionalizacion of the pressure equation for the zaviiy, Equation
{15}, shows that tha time scale must change linearly in proporzion to the
lengch szale to maintain constanzy of performance batween one gevmetry and
znothar. Figure 12 shows the rasults of size on the cavity pressurs between a
1/8=scale zaomerry and a full scale fzetwater line. (Notre that all other
calculations reportea hareia are for 1/8-szale geometry.) The computed rasults
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confirm the expectation of linear
time scaling which, of course, would
nave to be verifiad exparimentally.

LNTERNAL VOID COLLAPSE CONSIDERATIONS

Relativaly little nas been under-
takan regarding a vapor zavity col-
lapse in the maian feedwater distri-
bucion box or inside tha tube
bundles in an economizer design. The
preavious analysis indicates that the
impact prassur2 ianside a pipe for
slug impact depends on the initial
relative sizes of the moving liquid
mass and vapor cavity involved.
Similar consideratioas may be 2m-
ployed for a model comprised of a
spharizal shell of liquid of finite
@mass surrounding a spherical void.
While this anmalvsis has not ver baen
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inzreasing ralative vapor cavity
size, 1lmpact pressure will rise up to
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random dua to the randomnass ax-
pecced in the formaticn of the initial
Zeometry. The potential for damage
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might then be expacted to depend en the ability of pressure pulses to propagate

through two phase mixtures. This is the subject wf the next
section.

PRESSURE PULSE ATTENUATION

In ordar to obtain an ordar-of-magnitude estimate regarding the potential
for significant attenuation of the strength of shock wavas in two~phase
mixtures, a two-phase shock tube experiment was devised and uadartaken for both
bubbly and slug flow conditions. It is the purpose of this sectlon to describe
the experimental apparatus and the results obtained.

Experimental Apsaratus

The apparatus consisted of two major parts: a shock generator; a test
section. As shown ia Figure 13, the shock generator coasisted of a length of
2.5-em stainless stecl pipe with a rupturable diaphram ac the bottom end, and
an ability to measure the intarnal prassure. The test saction consistad of a
langth of Lexan plastic pipe having a porous plate at the bottom through which
air could be injecred into the liquid column abuve. A funnel-shaped device was
mounted at the top of the test section to focus the shocks into the tast
saction. Fast rasponsa piezivelectric pressure transducers wera located at
3.81, 13.97, 26.67, and 39.37 cm frem the tup of the test seccion. Tha porous

plata was located in a uniun, approximately l4 cm below the lowest transducear,
53 cam from the top.
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Figura l3. Schematic Diagram of the Shock Tube Expe:imental Rig. (No BNL Neg.)
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The prassure transducers

thare for that purpase. The
Sy means of an ascilloscupe.

being used oaly at 1-3 barx.

Experimental Results

wara calibrated by pressurizing the test section
with alc and then breaking a diaphram at the top of the test sectivn placed
respanse af the pressur2 transducers was monltorad

The calibration was accurate within approximately
+10% singe thesa borrowaed transducers wera dasigned for 70-bar use, but were

Shock tube results for the case of all air are shown in Figure l4 and for

all water in Figure 5.

the

The sound spaed judged from Figure 14 is approximataly
340 m/s comparad with an expected value of 347 m/s.

Similarly, from Figure 35,

sound speed LEf approximately 450 m/s waich appears reasonably corxract for
the complliant system of warar and plastic pipe.

The amplitude of the three

arassure signals indicatas no visabla attenuation in single-phase air or water,

For the case of two-phase bubbly flow at an approximate void fraction of
16%, there appears to be negligible artznuativn within the accuraszy of ctha

axpariment, (Figure l4),

fraction of about 33%.

The sound speed obtained is about 38 =/s.
lictle attenuation is seen in the slug flow sase, (Figuyre 17), at a

Similarly,
void

In this latter zase the sound spead is seen to be

variabla due to tha stochascic natura of the flow structura. This

zharacteristic 1s shown by the differant slopes at similar ‘ralative

the shock passage.
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Fizure l4. Shock Tube Rasulrs
Transduca2rs [2, 13, and 14, for 100%
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Figure 15. Shozk Tube Results for
Transducars 12, 13, and 14, for 100%
Watar. (No 3NL Neg.)
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Figure 16. Shock Tube Results Typical Tigura l7. Shock Tuba Results .Typical

of Two-Phase Bubbly Flow, (No BNL Neg.) of Two-Phasa Slug Flow. (No BNL Neg.)

CONCLUSIONS AND RECCMMENDATIONS

l. A slug impact model has been develosed which has been usad for parametric
avaluation of water hammer in feedring-type steam generators.

2. The slug impact model shows that similar to bubble condensation analyses
and ubserved behavior, the slug motion may be momentum ar cthermal dominatad, or
may oscillate between the two limits due to the interaction betwean slug
motion, vapor cavity prassura, and resultant vapor cavity temparaturse.

3. Due to the facts summarized in the previous conclusion, there ara operating
sonditions which canm lead to oscillatory cavity pressures and slug velocities.
This is a possible explanation for the apparent random naturs of water hammer
ubserved in experiments. Maximum values may be ubtained from this analysis by
using the valocity envelope,

4. Interfacial heat transfer coefficient is a wajor parameter for vapor cavity
collapse. The higher the heat transfer, the higher is the expected impact
prassure due to cavity collapse.

5. A higher initial pressura causas higher collapse rate at the begianing.
duwavar, there seams to be an intarmediats prassure which may maximize the
impact prassura.

6. 1Imitial cavity sizs is alsoc important in determining the maximum impact
prassure.

7. Similar analysis should ba undertakan for localized internal zollapse.
simple but seemingly ralavant model is one of a spherical shell of liquid of



finita mass surrounding a spherical vapar cavity,

8. The kay missing items in the slug impact model are critaria Sur determining
the formativn of a slug, its locatiaom in the pipe, and its siza. Additioqal
criteria ndeded include the actual heat transfar rates, (probably comduction
zontrolled), effective transfar area, and a coherrancy factar which would
aczount for less than ideal shocks occurriag on lmpact.

9. Lacalized void collapsa in the inlet downcomer ragion or internals of an
2conomizar design may behava quire similarly co the slug impact model where
initial void size and surrounding liquid mass are =xpectad to be the guverniag
critaria. A kay questign then arises cegarding the degrae of attanuativa of

the rasultant shocks due to passag2 cthrough the two-phase mixture and
structura.

10. A simple experiment was parformed indicating negligible shock actenuation
in bubbly and slug flaws for void fractions up ta slightly over 30X, within the
axpected lQ% accuracy of the pressure transducars. Thus, the existance of a
two-phase mixture does not appear to be a mitigating factor in potantial
iatarnal watar hammer damags.

1. The affects of internal structure on shock dispersivn and attz=nuagion
should be detarmined to see :f a localized watar hammar-induced shock zovuld
lead to any damage and the expectad extent of such damaga,
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