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Response to NRR Review Questions

Tab1 Sargent & Lundy Report SL-5102, Rev.0, including : Sections 1-7,
Table 1, Figure 1, Appendix A (excluding computer input/output)

Tab2 FSAR Figure 6.2-7
Tab 3 Fauske and Associates inc. Report FAI/26-75

Tab 4 Isometric drawings of relevant RBCU piping
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Included in the enclosed documentation:
Response to NRR Review Questions

Tab 1 Sargent & Lundy Report SL-5102, Rev.0, including : Sections 1-7,
_ Table 1, Figure 1, Appendix A (excluding computer input/output)

Tab2 FSAR Figure 6.2-7
Tab 3 Fauske and Associates Inc. Report FAI/96-75

Tab 4 Isometric drawings of relevant RBCU piping



Question 1

The licensee indicated that the waterhammer analyses were performed with
FORTRAN coded algorithms which directly solve the governing heat transfer and
fluid motion equations for the affected piping network. However, the sufficient
information about the details of this evaluation were not provided in order for us
to determine whether the analyses are adequate and conservative in all
respects.

Response

The analysis approach and methodology are discussed in detail in Section 4 of
Sargent & Lundy (S&L) Report SL-5102, Rev.0 (see enclosed Tab 1). The
governing conservative assumptions used in the evaluation are documented in
Section 3, and calculational details are discussed in Section 5.

To assist in the review of the FORTRAN programs, a copy of the verification
calculations (Appendices A9 and B9 of SL-5102, Rev.0) for the programs is
enclosed. Included is a complete listing of the source code for each program
module.

Question 2

The licensee determined that the Froude number for fluid flow was near or above
unity and concluded that the potential for condensation-induced waterhammer
does not exist. Sufficient information about the details of this evaluation were not
provided in order for us to determine whether the analyses are adequate and
conservative in all respects. Additionally, the contractor noted that pressures that
result from condensation-induced waterhammer are independent of the draining
Froude number.

Response

The Froude number evaluations for the analysis cases having a potential for
condensation induced water hammer are discussed in Appendix A6 of the SL-
5102, Rev.0 report. The following is summarized from pages A17-A18 of the
report:

For analysis cases A1 and A3 the estimated range of Froude numbers is 1.23 to
1.97. For cases A2 and A4 (increased RBCU tube fouling) the range of Froude
numbers is 0.89 to 1.72. The test results presented in FAI/96-75" show that
condensation induced water hammer will not occur for this configuration at

' Fauske and Associates Inc. Report FAI/96-75, “Evaluation of Possible Water Hammer Loads in
the Service Water System for DBA Conditions”, R.E. Henry, Dated October 16, 1996. Presented
at the NEI GL 96-06 Industry Meeting on October 29, 1996. (See Tab 3)



Froude numbers above unity. In [the applicable] test reported in FAl/96-75,
condensation induced water hammer was detected only at values of Froude
number near 0.1, and characterized as multiple successive pressure peaks of
low magnitude that indicated rapid and successive collapse of small scale vapor
bubbles.

And from page A20:

These comparisons indicate that the RBCUs will produce sufficient steam to
accelerate the water in the return line and maintain the water velocities at a
value sufficient to produce Froude numbers near or above unity, thus precluding
the occurrence of condensation induced water hammer.

Question 3

With regard to the two-phase flow analysis that was completed, the licensee did
not address the reduction in containment cooling capacity that would result due
to reduced flow caused by the increased friction of two-phase flow.

Response

The hydraulic analysis of the RBCU steam voiding transient and refill
conservatively assumed single-phase friction loss coefficients because the
resulting higher fluid velocities increase the calculated water hammer pressures.
The decrease in RBCU heat removal capability during two phase flow conditions
is not considered significant with respect to the accident analyses and design
basis because:

e The estimated time to refill the steam-voided portion of the RBCU system is
approximately 33 seconds (SL-5102, Rev.0, Section 5.2.6).

e RBCU cooling flow is lost after 9 seconds and Service Water Booster pump
power is restored 42 seconds into the accident scenario, creating a 33
second absence of flow. Flow to the RBCUs will be re-established within 3 to
5 seconds of pump restart. (SL-5102, Rev.0, Section 5.2.4).

e Containment air temperatures peak within 18 seconds of design basis LOCA
initiation and remain above 250 F for over 1000 seconds. The approximate
33 second duration reduction in heat removal caused by two-phase flow
effects is considered insignificant with respect to the total integrated heat
removal from containment during the accident. (FSAR Figure 6.2-7, see
Tab 2)
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Executive Summary

A thermal-hydraulic evaluation is performed to assess the potential for condensation induced and column
separation water hammer in the V. C. Summer Nuclear Station reactor building cooling unit piping.
These analyses are performed in response to the NRC’s Generic Letter 96-06, “Assurance of Equipment
Operability and Containment Integrity During Design-Basis Accident Conditions.”

The analysis results indicate Froude numbers near or above unity, supporting the conclusion that
condensation induced water hammer will not occur.

Using simplified, conservative methodology, a column separation water hammer of 274 psig is predicted
to occur near Elevation 450°-0” in the 16-inch discharge lines. However, plant test data for the same
scenario do not exhibit water hammer loads in the piping system.
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PURPOSE/SCOPE

The purpose of this report is to determine the hydraulic transients which can occur in the
V. C. Summer Nuclear Station (VCSNS) Service Water (SW) system inside

containment during a coincidental Loss of Coolant Accident (LOCA) and Loss of Offsite
Power (LOOP) events. Also, for the events that can occur, to determine the peak
pressure in the piping.

The scenario being evaluated herein was originally described in Westinghouse Nuclear
Safety Advisory Letter NSAL-96-003. During a postulated LOOP coincident with a
design basis LOCA, power is lost to all three service water pumps, the two service water
booster pumps and the four reactor building cooling unit (RBCU) fans. The service
water pumps and service water booster pumps (if running) will coast down much more
quickly than the RBCU fans. Accounting for diescl start times, the service water pumps
will be re-energized approximately at 21.5 seconds and achieve full speed in 4.5 seconds,
the RBCU fans will have power restored at 36.5 seconds and will achieve full speed in 8
seconds and the service water booster pumps will start at 41.5 seconds and achieve full
speed within 5 seconds. This timing of events provides for hot, steam-laden air to be
drawn over the cooling coils for approximately 42 seconds before cooling liquid flow is
re-established to the coils.

During normal operation, the RBCUs are isolated from the service water system and
mppﬁedwi&mohngwaterbytheclosedlooph@suialwolhgsyswmwhichopcm
at a pressure of 56 psig. Subsequent to a LOOP, LOCA or LOCA/LOOP, the
industrial cooling water system is isolated from the RBCUs and the service water flow
path is restored. See Table 1 for the timing of the events.

‘When containment cooling is performed by the industrial cooling water system, the
RBCUs are the highest component in the system. Al inlet and discharge lines slope
away from the RBCUs. Following a LOCA or LOCA/LOOP, the power to the
industrial cooling system will be lost. The flow in the system will subside as the
circulating pump coasts down and the system will become stagnant. The pressure in the
system is determined by the amount of air in the expansion tank. The system pressure is
set at 20 to 30 psig at the circulating pump suction with the pump and system in
operation. The RBCUs are approximately 46.3 feet above the pump suction, therefore
the pressure at the RBCU is approximately 4 psig.

Upon flow stoppage, the upstream check valve (XVC-3136) will close and prevent back
flow to the industrial cooling system circulating pumps. Upon the generation of an
safety injection signal, the down stream industrial cooling water system isolation valve
(XVG-3111) will begin to close to isolate the cooling water system from the RBCUs.
As the steam in the containment condenses on the outside of the coils, the water in the
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RBCUswillheatupandexpand,incmsingthepmuminﬂxesystem. K there is
sufficient volume for expansion, some vapor may form in the coils. The expansion will
oonﬁnueandﬁ:esystcmtemperanneandcompondingsauuaﬁonpr&ssurewm
increase. Whenﬂ)epmsureintheooilhasincrmsedtoapproﬁmatelyﬂ psig
(saturation pressure for the accident temperature of 265°F), expansion or boiling will
smpbemuseﬂ:esammﬁmtempemmmmmemﬂwmmmesameasthetemperatumcf
thestmmcondensingmﬁxewnminmemandmﬁuﬂlerhmtuansfercmbeaﬂ'eaed. At
thispointﬂlcsystunwillranainstagnantandprwsmized A vapor bubble may be
trapped in the RBCU. The system will remain in this state until the containment
aﬁnospheﬁcheginsmdecmsemthesafaymjecﬁmlogicmiﬁmthe
transferofﬂneRBCUtotheservicewatereoolhxgalignmmt.

Under this scemrio,therewillbeminimal,ifany,vaporformedinﬂxe coils. Because the
coils are the high point in the system, any vapor formed will remain in the coil or if
sumciemlylarge,theadiacentdischargepiping. Since there is no flow, there is no
potentialforcondensaﬁonofthebubbleinthehotcoilandthereisnopotentialfor
condensation-induced water hammer. '

For VCSNS, the potential for condensaﬁon-inducedwaterhammerishighestduring
periodic surveillance testing. During quarterly pump test, for example, the industrial
cooling water supply to the RBCUs is valved shut (XVG-3110 and XVG-3111 are
closed)andﬂnsaﬁocwatzrsysmisdignedmtheRBCUswhmﬂleservioewater
booster pump is started (XVG-3106 and XVG-3107 are opened). Should a
LOCAILOOPmuduﬁngtheperfommceofﬂwmﬂwservieewmboosterpump
vﬁﬂwastdomandthepiphgwﬂdepmmﬁminmtheserviwwaterdischargehwda:
Awlumsepmaﬁmmayoccurinthedischargehaderasthepmsumequaﬁzesw&ﬂl
the discharge lake elevation. As the steam in the containment begins to condense on the
RBCUcoﬂs,thewaterwiHe:manditﬁotbesewioewaterdischargehmder. Expansion
wwardthesupplysideoftheRBCUispmvanedbyﬁncMckvalveatﬂlebwswrpunp
outlet (XVC-3135). Bmusethesystemisopentoaunosphereﬂlroughthedischarge
hmdcr,pr&ssurizaﬁonsuﬁciantoprcvanboiﬁngmmoocur. As the RBCUs
conﬁmxetoabsorbh&atﬁomﬂxeLOCAenvimnmminﬂleoominmmt,ﬂmvapor
formation and expansion into the discharge header is accelerated. It is during this
scmaﬁoﬂ:atthepdwﬁalforwndmsaﬁm-hduwdwaterhammerismostsigniﬁcam
and evaluated in this report.

This report addressed the potential for water hammer in the service water system RBCU
pipingduringbamdhgms&swhereaLOOPocwrswithoutaLOCAforﬂle column
sepataﬁonwamrhamnwrduringsystunmﬁnandﬂ:edwignbasisLOCAandLOOP
occur coincidentally for the evaluation of condensation induced water hammer. This
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case is considered bounding, since:

Containment temperatures peak within 18 seconds of the LOCA initiation. A LOOP
occurring any time after the LOCA initiation will not experience the ambient peak

Per FSAR Section 6.2, the design basis LOCA bounds the MSLB transient because the
critical parameter, steam saturation temperature, dominates during the period of interest,
1. e. until the service water flow is reestablished to the RBCUs.

This assessment consists of a thermal hydraulic analyses to investigate the conditions in
the service water system RBCU piping during the postulated transient.

The body of this report describes the overall inputs, assumptions, methodology and
results of the assessment. Detailed analyses supporting this report are provided in
Appendices A and B.

The typical arrangement of the VCSNS RBCUs is shown in Figure 1. All four RBCUs
are located at elevation 522 feet, approximately 110 feet above the level of the cooling
lake.

Service water to each train of the RBCU is supplied by a 16-inch diameter pipe. Each
of the two cooling units comprising a RBCU train is supplied by a 10-inch pipe that
reduces to an 8-inch line at the RBCU nozzle. Each cooling unit consist of 8 coils that
have 4 passes. Flow within the coil is through 5/8-inch diameter tubing. Similarly, the
coil unit return lines are 5/8-inch diameter and the RBCU retum line has diameters of 8,
10, and 16 inches.

A description of the RBCU units can be found in FSAR Section 6.2.2.2.2.

DESIGN INPUTS
Condensation heat transfer coefficients for metal surfaces subjected to post LOCA
conditions are defined in VCSNS FSAR Figure 6.2-11. These heat transfer coefficients
are based on time dependent coolant energy discharge rates for the design basis LOCA
as described in FSAR Figure 6.2-7.
Containment post-LOCA temperatures are defined in VCSNS FSAR Figure 6.2-7.

Data for the cooling coil tube size and thickness, fin spacing, and physical geometry is
defined in the RBCU bill of materials, specification and vendor documents (References
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7.8,7.16,7.17,7.18 and 7.19).

Pipingsystemgeomeuyisdeﬁnedintheisomeu'icdrawingslistedinSection1.4ofthis
report.

Post LOOP sequencing of electrical loads on the diesels are defined in Reference 7.7.

Steady state friction drops in the servieewatzrsystemarecalculatedforinservicepiping
by standard pipe design equations given in Reference 7.6, Minimum flow requirements
for the RBCUs are provided in FSAR Section 6.2.2.3.3.

Mreﬁdandexpeﬁmmtalevaluaﬁmofﬂ:epmanialwaterhmnmermthewﬁce
water system is provided in Reference 7.5.

ASSUMPTIONS

The following assumptions have been made in the thermal hydraulic evaluation of the
steam generation portion of the transient:

Itisas&medtbatthcmﬂsarewaterﬁﬂedatthebegimingofﬂ:chami&andwater
vaporimﬁonconm'bumtoﬂ:cevacuaﬁonofﬂxediscbargepipe.

mmammeﬁ‘ectsofmauandintetmediatebrkaOCAwndiﬁmsarem
sufficient to produce boiling in the RBCUs prior to service water pump restartat 21.5
seconds. Therefore,ﬂleconoernofeondensaﬁonindueedwaterhammcrdo&snapply
for these transients.

Thefonowhgassumpﬁmshavebemmadeinﬂnmlaﬂaﬁmofpotenﬁalwatahmmer
forces during the system refill portion of the transient:

AtVCSNS,therearetwosewicewaterboosterpumpsfeedingfowRBCUun’t. Each
booster pump directly supplies two RBCU units. However, only one RBCU pextrain is
required to respond to a LOCA. Should two units in the same train be in operation at
theﬁmeoftheLOCA!LOOP,oneunitvdﬂbevalvedmﬁduringtheﬁmtminutofﬁ:e
transient. However, because the service water booster pumps initiate at 41.5 seconds,
there is a potential for flow through one or two units. Therefore, water hammer loads
associatedwi&reﬁﬂwdﬂbewﬁmatedforﬂowﬂlmughoneortwoRBCUs,as'sﬂxc
more conservative configuration.

Waterhmnmcrocmningduﬂngthemﬁﬂn'ansiemisduetothemﬂapseofthcwhmm
separation that occurs in the discharge piping outside of containment. Steam gemerated



322

3.23.

324

3.25.

3.2.6.

Report SL-5102, Rev. 0
Project 10050-003

in the RBCUs has the effect of pressurizing the discharge line and cushioning the impact
when the column separation collapses. This water hammer load is a maximum when
there is no steam generation in the RBCU. Therefore, this water hammer load is
evaluated for the case of LOOP without LOCA. This case is called the cold refill case
because no heating is considered, thereby, maximizing the water density, water velocity
and column collapse water hammer pressure.

No credit is taken for flow through the RBCU industrial cooling system valves in
determining the relative refill velocities. Further, the service water booster pumps have a
6-inch bypass which serves as a minimum flow line when the pump is running and as a
keep-filled line when the pump is off. This line is assumed to be closed in order to
maximize the flow to the RBCUSs when the booster pumps are in operation. This
conservatively estimates the refill velocities and, therefore, the water hammer peak
pressures.

To simplify the refill calculations, it is conservatively assumed that the pressure at the
coil discharge remains at 0 psia during the entire refill transient.

No credit is taken for cushioning of the water slug due to the presence of air released
from the fluid during vaporization.

During a non-LOCA or a non-MSLB transient, the cooler remains water solid and no

water hammer is postulated. Subsequent to a LOCA and stoppage of the flow through
the coolers, boiling may occur in the coils. Steam will void the coils of water.

Upon restart of the service water pumps and the service water booster pump, the service
water inlet and outlet valves (XVG-3106 and XVG-3107) will open and the industrial
cooling water isolation valves (XVG-3110, XVG-3111 and XVG-3112) will close. The
booster pumps will provide flow to the coolers which is then directed to the service water
return header to the cooling pond.

A review of the VCSNS industrial cooling water and service water systems indicate the
design complies with single failure criteria. However, industry experience has revealed
two scenarios where single failures have the potential to impact the results of these
analyses. These are the failure of a fan motor breaker to open and failure of relief valves
to close once opened. These scenarios are discussed below.

The failure of the fan motor breaker to open results in a potential enhancement of the
heat transfer into the RBCU subsequent to the LOCA. For the evaluations performed
here, this has the effect of accelerating the time at which boiling is initiated and
accelerating the boiling rate once boiling is initiated. Both effects are non-conservative
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in terms of these evaluations, i. ¢. the conservative effect is to reduce the heat transfer
and curtail boiling. Since more boiling and heat transfer and thus more steam volume is
generated, these effects would tend to lessen the results of slug collision. Thus the
current evaluations bound these effects.

Another single failure potential is for the relief valves to open and then fail to close. A
single failure of this type could invalidate the assumptions about the CI system
pressurization. The CI system relief valves (4203A, 4203B, 4214, and 4232) are set at
12543 psig. The RBCU relief valves (3146A, 3146B, 3146C, 3146D) are set at 175+5
psig. The analysis indicates the pressure in the RBCUs will not exceed 30 psia.
Therefore, opening of the relief valves is not considered credible during the transient.

APPROACH/METHODOLOGY

The possible water hammer scenarios are identified. The analysis is performed such that
the bounding water hammer loads are determined for each particular scenario. The '
approach differs from the evaluation of one scenario to the other to ensure that bounding
evaluations are performed.

NUREG/CR-5220 provides reference material and diagnostic procedures concerning
condensation-induced water hammer in nuclear power plants. Five event-classes of
condensation-induced water hammer, which have similar phenomena and levels of
damage, are defined in NUREG/CR-5220. Additionally, NUREG/CR-5220 provides
case studies to illustrate the diagnostic methods and to document past experience. The
majority of the examples and case studies presented in NUREG/CR-5220 deal with high
temperature and high pressure systems. The fourth case study presented in
NUREG/CR-5220 has some similarities to the service water event considered herein,
except that the temperature considered in the scoping study in NUREG/CR-5220 is
approximately 25% higher and the refill flow rate is much higher than those in the
RBCU piping. It should be noted that no pressure boundary damage was reported for
this case study.

Reference 7.5 describes a series of scaled water hammer experiments performed over a
range of conditions typical of the VCSNS service water system during this transient.
The VCSNS geometry bears similarity to the test configuration because there is a
horizontal run at the outlet of the cooler followed by a vertical leg. The steam bubble
formed in the cooler can potentially collapse in the horizontal run and produce-
condensation-induced water hammer. Down stream of the RBCU there is also the
potential for column separation to occur in the service water return header. The
experiment apparatus was coastructed based on Froude Number considerations and
investigated the influence of void formation and steam condensation during the transient
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conditions. The results of these experiments demonstrate that no significant water
hammer transients were observed even with significant voiding, and that peak pressures
occurred during refilling of the system. Additionally, the peak pressures were
substantially less than those that would be calculated using standard water hammer
methodology.

Based on a review of the system configuration, potential water hammer is postulated for
the RBCU outlet piping only. The service water booster pump discharge check valve
and the penetration isolation check valve prevent the supply side of the cooler from

draining and, therefore, forming a gas bubble.

During the short duration of the transient, the heat transfer will not be sufficient to boil
the entire contents of the coils. As such, the only mechanisms for heat transfer to the
water on the inlet side is through conduction from the coils or condensation on the
outside surfaces of the pipe. This heat transfer will not be sufficient to cause voiding on
the inlet side.

Each service water booster pump has a 6-inch bypass line with a locked open valve
which allows flow into the down stream piping. The bypass line allows the service water
pump to maintain the water leg between the booster pump and the XVG-3106 valve
during normal operation. The booster pump outlet check valve, XVC-3135 is expected
mmamtamthlswaterlegfortheshmtdnmnonofﬂ:etanman,ﬂmspmvumngwater
hammer from occurring in the inlet piping.

Friction factors for inservice piping, Reference 7.6, were used in the analysis.

The industrial cooling water check valves will experience a seating force associated with
the flow reversal that occurs during the pump trip. The industrial cooling water supply
check valve (XVC 3136) will prevent reverse flow into the industrial cooling water
pump headers. The service water booster pump outlet check valve (XVC 3135) is
manually closed following quarterly surveillance tests. The valve may experience
additional seating force upon loss of pressure in the service water line at the beginning of
the accident.

As beat is added to the coils, the RBCUs will pressurize, providing additional force to
seat the check valves (XVC 3136 and XVC 3137).

The following water hammer scenarios could occur during the LOCA/LOOP transient:
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A water slug striking another water slug due to condensation in the horizontal section of
the 16-inch return lines prior to pump start.

A water slug striking another water slug in the vertical section of the 16~inch return lines
Thcmagnimdcofwaerhamnerloadsdepmdsupmﬂ:ewlocityofimpacgwhichisa
function of:

Inertia and friction in supply and return lines.

Boiling heat transfer coefficient in the coolers.

Condensation heat transfer coefficient and flow velocities at the fins.

Steam generation rate in the coolers.

Steam condensation rate in the return lines.
Volumeoftﬁevaporgeneraxedbyacombinaﬁonofﬂwcohxmnseparaﬁoneﬁ'ectandthe
steam generated in the coils during the transient.

Pressure differential across the water shug,

Time available to accelerate the slug.

Thecmdensaﬁminducedwaterhammer,wheremewataslugs&ikmano&erwater
slug, can occur due to condensation of steam that has been generated in the coolers. The
condensation can occur in the horizontal section of the 16-inch return lines located
outside the containment, prior to pump start. The following approach will be used in this
calculation:

AuansieMana]ysiswﬂlbeperfomwdmdeterminetheswmgeneraﬁonmeandthc
steam velocity in the return line. This is based upon the heat addition rate to the RBCUs,
and the steam condensation rate in the return lines, as well as the inertia and friction in
the return lines.

The Froude Number will be determined based upon the water velocity in the 16-inch
return line. If the Froude number is close to or higher than unity, horizontal legs of the
return line will be filled with water and condensation induced water hammer will not
occur based on the results of the testing and theoretical discussions provided in
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Reference 7.5.

If the criteria described above is not satisfied, condensation induced water hammer can
occur in the 16-inch return line. In such case, the impact velocity will be evaluated
based on the methodology provided in NUREG-5220, Sec. 5.1.3, where the slug length
and the vapor void length are scaled equally. The guidelines in NUREG-5220,
Appendix C will be applied to more accurately determine the water hammer forces.

Water hammer due to refilling the pipe, where one water slug strikes another water slug,
can occur in the vertical section of the 16-inch return lines during refilling of the system
after pump restart. The following approach is used for this calculation:

A transient analysis will be performed to determine the vapor volume. This is based
upon the heat addition rate to the RBCUs, and the steam condensation rate in the retum
lines, as well as the inertia and friction in the return lines.

The service water booster pumps start 41.5 seconds after the initiation of the accident.
The back pressure at the coil outlet is fixed at 0 psia to maximize the pump flow and
refill velocity and thus the water hammer pressure.

Inertia and friction in supply lines, as well as in RBCUs during refilling, are considered
in the analysis.
Flow through either one or two RBCUs supplied by a booster pump will be considered

to assure maximum water hammer pressures are identified.

Time-dependent velocities and flow rates will be determined. Based on the vapor volume
determined above, the velocity at which the two water slugs strike each other will be
determined.

For the calculation of steam velocities before pump start, a simplified algorithm is
developed for determining the steam generation rate and the steam velocities in the return
lines. This is based upon the following:

Containment time-dependent temperature and condensation heat transfer values are
obtained from the FSAR.

Nucleate boiling is considered at the inside surface of the RBCU tubes. The nucleate
boiling heat transfer coefficient (Reference 7.9) is:

h=exp(2*P/1260)*(Tw-Tsat)/5184*10°
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Where P is in psia, and temperatures are in °F.

Thermal resistance of copper tubing is ignored. However, the thermal capacitance of
both the tubing and the fins are considered.

The effect of fins on heat transfer is considered.

Inerﬁaandﬁieﬁoninreﬁxmlines,aswellascmdensationandforwdconvectionhw
transfer in the return lines are considered.

Forﬂlecalculaﬁonofreﬁﬂﬂowrateaﬁcrpumpstan,asimpliﬁedalgoﬁthmis
developed for determining the refill flow rate and water velocities after pump start. This
is based upon the following:

Theoolumnseparationcolla.psewaterhanmerisaﬁmctionofthedensityandvelocity
ofﬂxewatuﬁ]lingthediscbaxgepipingsubsequmttopumpstart The velocity is
ma:dmizedbyﬂxeassumpﬁonofalowbackprwsureonﬂneRBCUandignoﬁngthe
friction losses in the piping down stream of the RBCU. The density is a maximum for
the case where no heat addition occurs, i. e. LOOP without LOCA. Taken together,
these assumptions form the basis for the definition of the cold refill transient.

Inerﬁaandﬁicﬁminsupplylin&sstarﬁngatﬁmeo,asweﬂasineoolersduring
refilling, are considered in the analysis.
mmwwaabooswrpmpdischargeﬁneismaimmedﬁxﬂofwmupmﬂ:esht
oﬁ'valw(XVC3106)byﬂwservioewatersystunpmsmacﬁngmmghtheserviw
water booster pump bypass valve (XVG 3139). The booster pump discharge check

valve is manually closed after quarterly pump surveillance testing. Therefore, void
formaﬁoninﬂ:eboosterpumpdischargelineisnotexpeaed.

The service water booster pumps start 41.5 seconds after the initiation of the accident.
For conservatism, the back pressure is fixed at 0 psia.

For conservatism, no credit is taken for drainage through valves during refill or for
cushioning by non-condensable gas.

The input for the hydraulic transient evaluations is based on the following information:

Peak fluid flow rate based on the thermal/hydrantic analyses.

10
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Maximum shock overpressure, based on NUREG-5220, Section 5.1.5,:
P = (1/2)*p*c*V [c = sonic velocity].
CALCULATIONS

The event scenario as outlined in NSAL-96-003 may be summarized as follows for
VCSNS:

During normal operation, the RBCUs are cooled by an industrial cooling unit. Upon
receipt of an SIS signal, the industrial cooling unit is valved out and the RBCUs are
supplied with cooling water by the service water system. The flow originates at the
service water pumps which supply the booster pumps on the service water header. The
cooling water then retums to the lake via the service water return header.

As the industrial cooling system pumps lose power, flow in the RBCU circuits will begin
to slow based on the coast down characteristics for the industrial cooling water
circulation pumps. Pressure in the RBCU discharge piping will decrease.

During normal operation, the RBCU service water supply lines are pressurized by the
service water header and isolated from the RBCU by the closed booster pump isolation
valve (XVG-3106). A bypass of the service water booster pump is provided to assure
the water leg between the booster pump and the isolation valve (XVG-3106) is
maintained and no void is present. Following loss of offsite power, the service water
supply header will depressurize and there is a potential for column separation to occur in
these lines if the service water booster pump check vatve (XVC-3135) leaks. However,
the rate of leakage is expected to be small and the service water pump’s power is
restored in 21.5 seconds, at which time any void will slowly collapse as the piping is
refilled via the booster pump bypass line. These pressures are expected to be negligible
and therefore are not quantified in this evaluation.

A second scenario involves the performance of quarterly pump tests with the service
water booster pump bypass valve closed. Should a loss of offsite power occur during
this test, the potential for column separation is reduced from that discussed in the
scenario above since the only path for discharge line drainage is through the booster
pump, not the pump and bypass valve.

For the RBCU service water discharge lines, the pressure decreases to the point where a

water column can not be supported by the back pressure in the discharge piping plus
friction losses and column separation will occur and the pressure at the RBCU discharge

11
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willdmptothesamraﬁonpmsureassociatedwiththeﬂuidtemperamre.

Astheﬂowisdmmsmg,thewntaimmmperatumandmlaﬁvehmﬁdhyarcﬁsmg.
The containment reaches a peak temperature of 265°F within 18 seconds.

The steam in the containment atmosphere will condense on the coil outside surfaces

heating the fluid in the coils. Heat transfer to the fluid is based on forced convection
during pump coast down and on nucleate boiling once the inside surface of the tubes
rises above the saturation temperature of the fluid.

mdischargesidcwaterwlumvﬁnbemleratedbyﬂxepmsumofmemated
steam.

When the booster pump flow is re-initiated, at approximately 41.5 seconds, water will
flow through the RBCUs and fill the discharge piping and collapsing the steam bubble.

When the discharge lines have been filled, steady state flow will be re-established and the
transient will be over.

Toevaluatethehxpadofﬂaistamimtdehﬂedmlcﬂaﬁmshavebeenprepamdas
follows:

Ihhydrauﬁcanalys&sforthest&mgmmﬁmporﬁmofthemnsimmpmvidedm
Appendix A.

Tbﬂlemallhydmuﬁcmalyscsforﬂlereﬁnporﬁmofﬂmuansimmpmvidedin
Appendix B.

The time required to return the system to service is evaluated based on the results of the
analyses provided in Appendix A and Appendix B as follows:

FranmcanalysismAppmdb:Bitmbecmservaﬁvelywﬁmatedﬂ:atﬂlesystan
inertia will be overcome and flow to the RBCUs will be re-established within 3 to 5
seconds of pump restart. The pressure at the outlet of the RBCU will decrease as the
steam in the bubble condenses. This will cause the flow to increase due to the lower

backpressure.

FrunReference7.16,themmimumrequiredﬂowmensumadequateh®atremoval
capabilities with one operable RBCU is 2000 gpm per RBCU.

12
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The average water column flow rate during steam formation was conservatively
calculated in Appendix A to be approximately 11 ft/sec. This flow rate is larger than the
normal flow rate in the RBCU discharge piping of 4 ft/sec (based on a nominal flow rate
of 2000 gpm in a 16-inch pipe). Thus it is expected that the column would be refilled in
approximately the same time as required to generate the steam bubble. Based on the
results of the analyses in Appendix A the steam bubble generation time is 33 seconds
(generation starts at approximately 9 seconds and the pumps restart at approximately 42
seconds).

Once flow to the RBCUs is initiated, the service water system will begin to remove heat
from the containment. When the column is filled, the pressure at the RBCU will return
to the steady state value and the transient condition will be over.

As the system begins to refill following booster pump start, the steam in the cooling coil
return lines will be swept into the return header. The following water will be heated by

the piping and approach saturation temperature of the RBCU. The initial water reaching
the RBCU may flash to steam and assist in pressurizing the system. In time, water will

reduce the temperature of the RBCU and saturated water will begin to emerge from the

cooler and push the steam bubble into the discharge header. Therefore, the collapse of

the steam bubble is not expected in the RBCU and the adjacent headers.

RESULTS/CONCLUSIONS

The Froude Number for the flow occurring during the steam generation phase was
determined to be in the range 0.89 to 1.97. The onset of steam bubble condensation
occurs at or below a Froude number of 0.5 (Reference 7.5), therefore, this form of
condensation will not occur.

The thermal/hydraulic analyses demonstrate that the steam generation rates and hence
the water column velocities will be sufficiently high such that stratification and separated
flows in horizontal runs of piping will not occur. Thus, water hammer peak
overpressures for the steam generation portion of the transient will be bounded by those
for the non-LOCA refill transient.

The calculated maximum flow rate during the refill portion of the transient is 13.12 #/s.
This flow rate is considerably higher than the normal flow of 4.46 ft*/s and leads toa
conservative estimate of the water hammer pressure.

A detailed hydraulic transient model was developed which estimated the refill rate. The

estimated refill flow rate for one RBCU in service is 13.12 ft*/s. For two RBCUs in
service the refill rate is estimated as 6.64 ft'/s. A non-LOCA (cold column separation)

13
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mﬁﬂwatcrhamerpmsurewasoonservaﬁvelycalculatedmbe274psigforthc 16-
inch discharge lines (for 1 or 2 RBCUs). The expected location for the water hammer is
at the bottom of the column separation, near elevation 450 feet.

Theteisalsoapotenﬁalforawhmclosmwaterhammerinthepipingbetwemﬂle
RBCUs and the header. 'I'hepmsureforthiswaterhannneriswtimatedbyassuming
thatﬂlewaterhamerocmatthcﬂowvelwiﬁmesﬁmateformchpipmgsegmem
whhmnanydissipaﬁmasthewaterhammerwavenavehthroughmepipmgsystem..
Forthecondiﬁmofone'RBCUinserviceﬂlewn&spondingwaterhammerpr&esum
estimated for 8-inch, 10-inch and 12-inch piping are 265 psig, 666 psig and 456 psig,
respectively. For the condition of two RBCUs in service the corresponding water
hammer pressure estimates for 8-inch, 10-inch and 12-inch piping are 134 psig, 337
psig, and 456 psig, respectively.

The simplified method employed to estimate the water hammer pressure assumes that
two slugs collide. The relative speed calculated for the water slugs is maximized by
setting the backpmsureontheooiltozeroand&sﬁmaﬁngthevelocitybasedonpump
flow. Should this velocity be evaluated subsequent to a LOCA, steam bubble formation
wmﬂdraisethebackpmsureonthecoﬂandreduceﬁlecalaﬂatedvelocity, reducing the
estimate for the water hammer pressure. Therefore, these calculated values, bound both
the LOCA and the non-LOCA cases. These water hammer pressure values are
conservative because a number of factors which have the effect of reducing the
pressure (e. g. acceleration of the downstream leg after the discharge valve is
opened, elevated water temperatures and correspondingly lower fluid densities,
entrained non-condensables, fouling factors in the piping system flow
calculations and cooling coil heat transfer calculations) have been ignored in its
determination. Per Section 5.1.6 of Reference 7.3, “While an upper bound to the
resulting loads is easily estimated by the methods described above, actual loads
are usually lower by a factor from 2 to 10.” Also, the comparison with plant
data given in Appendix B indicate the water hammer loads do not propagate to
the RBCUs.
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Table 1

Sequence of Events

Event

LOCA/LOOP Occur

Safety Actuation Signal generated
Diesel generators signaled to start (spin up time is 10 seconds)

Diesel generators up to speed, load sequencing begins
XVG-3109 receives signal to close (stroke time is 50 seconds)

Service water pumps start (spin up time is 4.5 seconds)
XVG-3116 receive signal to open (stroke time is 60 seconds)

Service water pumps aifnllspwd

RBCU fans receive start signal (spin up time is 10 seconds)
Service water booster pumps receive start signal (spin up time is 5
seconds)

XVG-3106 receives signal to open (stroke time is 45 seconds)
XVG-3107 receives signal to open (stroke time is 32 seconds)
Service water booster pumps at full speed
XVG-3109 fully closed

XVG-3107 fully open

XVG-3116 fully open

XVG-3106 fully open
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Al  PURPOSE

The purpose of this calculation is to perform a thermal-hydraulic analysis of the pre-pump start-
up transient for the Virgil C. Summer Nuclear Station (VCSNS). The analysis is based upon a
model that includes one containment fan cooler (RBCU), as well as the corresponding return
piping downstream of that cooler. XAA-1A is selected as a representative cooler since its
corresponding 16-inch return line is relatively long. The pipe length results in a lower flow
velocity and accordingly a lower Froude numbér in the return line, which increases the potential

for initiating a condensation induced water hammer in the lower horizontal legs.

A2 DESIGN INPUT

A2.1 The system configuration, such as pipe diameters, wall thickness, lengths, and elevations,

are based upon VCSNS isometric drawings (Reference A7.1).

A22 Based on References A7.2, A7.12, A7.13, A7.14, and A7.1 S, there are 8 heat exchanger
(HX) sections in paraliel per RBCU unit, 8 tube rows crossed by air flow per coil, and 16
tubes per row. The length of the finned tube exposed to air flow is 132 inches, and the
number of fins per inch is 6. The outside diameter and wall thickness of RBCU copper
tubing are 0.625 and 0.049 inch, respectively. The fin size is 14 inches x 24 inches x
0.007 inch thick. ‘

A2.3 Asreported in Sections 6.2 of the VCSNS FSAR (Amendment 96-02, July 1996), the
containment post LOCA temperatures, ° F (Figure 6.2-7), and structural heat transfer

coefficients, Btwhr-f>-° F (Figure 6.2-11), are as follows (where time is in seconds):
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Table Al
: Containment Post LOCA Temperatures

Time Temperature

(Seconds) (°F)

_ 0.0 120

0.5 142
5 1.0 168
1 2.0 : 203
:' 3.0 218
| 40 227
| 5.0 - 233
6.0 237

7.0 243

!5 8.0 247
9.0 ° 250

10.0 253

18.0 265

20.0 264

: 30.0 262
— 40.0 _ 260

100.0 257
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Prior to the accident. the heat transfer coefficient is negligible. To provide the estimate required
for the range of the analysis, the heat transfer coefficient is linearly extrapolated based on the
values shown at 3.6 seconds and 10 seconds to obtain values at 0 and 1 seconds. This
extrapolation is conservative because the heat transfer coefficient is over estimated early in the

transient.

Table A2

Structural Heat Transfer Coefficients

Time Hear T € efficie
(Seconds) (Btwhr-ft*-°F)

0 ) 10
1 50
10 180
15 ' 220
20 100
100 90

A2.4 The 16-inch return lines downstream of the coolers have no fiberglass insulation.

A2.5 Water and steam properties used in the analysis are based upon the ASME Steam Tables
(Reference A7.4). The density, specific heat and thermal conductivity of copper are 556 Ib/ft’,
0.092 Btw/Ib-°F, and 227 Btu/hr-ft-°F respectively (Reference A7.5). The density, specific heat
and thermal conductivity of steel are 489 1b/ft°, 0.12 Btw/1b-°F, and 26.2 Btwhr-ft-°F respectively
(Reference A7.5). |
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A3 SUMPTIONS

A3.1 A pump coast-down of 10 seconds is assumed in the analysis. This value is
representative of coast down times for service water system pumps. The sensitivity of the
analysis results to this value is examined by the investigation of two identical cases with
different assumed coast down times. Case 1 assumes a 10-second coast down time. Case
5 is a repeat of the transient analysis for Case 1, with an assumed pump coast down time
of 5 seconds. The results of Case 1 are shown graphically in Figures A1-1 through A1-4.
The results of Case 5 are shown graphically in Figures A5-1 through A5-4.

Comparing Figures A1-1 and A5-1 » the effect of coast down time on the system pressure
and the time to boiling is seen. The time to initiation of boiling is shifted from 9.1
seconds for Case 1 to 4.8 seconds for Case 5. The resulting préssure peaks following the
initiation of boiling are 27.0 psia for Case 1 and 25.5 psia for Case 5. Also, observe

there is a slower pressure build up after the initiation of boiling for Case 5. This indicates
that the boiling is taking p!ace at lower pressures (and temperatures) in the early part of

the Case 5 transient.

Comparing Figures A1-2 and A5-2, the effect of coast down time on the fluid velocity is
scen. The peak velocity of 12.6 feet per second occurs approximately 3 seconds after the
mnitiation of boiling for Case 1. The peak velocity of 12.0 feet per second occurs

approximately 4 seconds after the initiation of boiling for Case 5.

Comparing Figures A1-3 and AS-3, the effect of coast down time on the system
temperatures is seen. Here the effect of the slower pressure buildup discussed above is
seen in the lower temperatures early in the transient, However, as the transient progresses

to steady state (i. e. at 20 seconds) the temperatures approach the same values. From
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Figures Al-3 and A5-3 the temperatures at 20 seconds are:

Location Case 1 Case 5
Temperature °F Temperature °F

Containment 264 ) 264

RBCU Tube 249 248

RBCU - 241 240

Pipe w/Steam 171 . 176

Pipe wiWater 128 128

Return Line 97 97

Comparing of Figures A1-4 and A5-4, the effects of coast down time on the steam
volume can been seen. For Case 1, the volume of steam generated, steam condensed and
net steam genefated at 20 seconds are 740, 576 and 164 cubic feet. These values occur at
10.9 seconds after the initiation of boiling. For Case 5, at 10.9 seconds after the initiation
of boiling (15.7 seconds into the transient), the respective values are 679, 527, and 152

cubic feet.

In summary, the effect of the pump coast down time is to shift the time at which boiling
in the RBCU is initiated. For comparison, a 5 second shift in coast down time resulted in
a 4.3 second shift in the time to boiling. The calculated steady state system pressures,
temperatures and flow velocities are not significantly different for the two cases. For

- Case 5. the net steam generation is slightly lower (~8%). This is attributed to the fact that
the initial steam production begins at lower temperatures and pressures which tend to
reduce the volume of the steam. éince the Froude number is directly dependent on the

fluid velocity and the fluid properties, which are in turn functions of the temperature and
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pressure, it is judged by this comparison that the differences in the results due to coast

down time are insignificant.

A3.2 The analysis (Case 1) is based upon the containment post LOCA temperatures and
structural heat transfer coefficients provided in VCSNS FSAR (Reference A7.3), and on
clean RBCU tubes. Also see Section A2.3. The effect of tube fouling is to reduce the
heat transfer, and accordingly the temperature and flow velocity of the vapor which
reduces the estimated water hammer pressure. Case 2 and Case 4 evaluated the effect of
the manufacturer’s recommended fouling factor of 0.001 in the RBCU tubing, coupled
with temperatures and heat transfer coefficients 15% lower than the post LOCA values
provided in the VCSNS FSAR.

A3.3 Normally, the heat transfer on the outside surface of the RBCU tubes is dominated by .
condensation. During the initial phases of the LOCA, the fans serve primarily to bring
additional moist air onto the coils. Therefore, only the condensation heat transfer is

considered.

A3.4 The back pressure considered in this analysis is the pressure at the 12-inch return line to

the industrial cooling system. This back pressure at the riser is 0.815 psia.

A4  APPROACH

As the LOCA/LOOP event is initiated, the service water pumps will start to coast-down,
resulting in a reduced RBCU heat removal capability. Meanwhile, the containment pressure,

temperature and humidity will start to rise, resulting in an increased heat flow rate to the RBCU.
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As a result, the RBCU water temperature will rise, and eventually the water will start to boil.

The generated steam will start to accelerate the water column in the return line. As the generated
steam 1s filling the return line, a fraction of that steam will condense at the pipe wall. This will
result in a reduced RBCU pressure, and a lower acceleration rate of the water column in the
return line. The heat transfer and fluid flow equations governing the above mechanisms are
solved simultaneously using a simplified algorithm that has been developed specifically for this
analysis. The algorithm is listed and validated as part of this analysis. The computational results
include time dependent values of the tubing, piping and water temperatures, the RBCU pressure,

the steam generation and condensation rates, and the velocity of water column in the return line.

The Froude numbser is determined based upon the water flow velocity in the 16-inch return line
outside containment. If the Froud; number approaches or exceeds unity, horizontal legs of the
return line will be filled with water and a condensation induced water hammer wouid not occur
(References A7.6 and A7.7). If the Froude number is low enough to allow stratification and
separated flows in horizontal legs of the return line, condensation-induced water hammer can

possibly occur in these horizontal legs (Reference A7.6).

The return lines to the header downstream of the RBCUs might experience column separation
upon pump stoppage. Water columns in these return lines will start to accelerate only upon
boiling and steam generation in these RBCUs. Therefore, water columns in the return lines
associated with the RBCU that has the longest piping is expected to accelerate at a lower rate,
which results in the lower velocities and Froude mimbers. Therefore, although condensation
induced water hammer can potentially occur in any.return line, the return line associated with

RBCU XAA-1A is more susceptible to this type of water hammer.

RBCU XAA-1A is selected as a representative cooler since its corresponding 16-inch return line

is relatively long. This would result in a lower flow velocity and accordingly a lower Froude
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number in the return line, which increases the potential for Initiating a condensation induced

water hammer in the lower horizontal legs.
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A5  COMPUTATIONS

A thermal/hydraulic analysis of the pre pump start-up LOCA/LOOP transient is performed in
this appendix. As explained above, RBCU XAA-1A is selected as a representative cooler, and is

considered in this analysis.

The RBCU parameters are given in References A7.2, A7.12, A7.13, A7.14, and A7.15. There
are 8 HX sections in parallel per RBCU unit, 8 tube rows crossed by air flow per coil, and 16
tubes per row. Each coil has 4 passes. The length of the finned tube exposed to air flow is 132
inches, and the number of fins per inch is 6. The outside diameter and wall thickness of RBCU
copper tubing are 0.625 and 0.049 inches, respectively. Fin size is, typically, 14 inches by 24
inches and 0.007 inches thick. Also, the flow rate of cooling water in the RBCU tubes during the
accident is at least 2000 gpm (References A7.12).

Total number of tubes per unit= 8 * (8 * 16 ) = 1024 tubes

Number of fins / tube = 132 * 6 =792 fins / tube

Total number of fins / unit = 8 * 792 = 6336 fins / unit

Total tube inside surface area= 7 * (0.527 /12 ) * 1024 * ( 132/ 12)=1554.07 ft*

Total tube outside surface area (assuming no fins ) = 1554.07 * ( 0.625 / 0.527 ) = 1843.07 it
Total tube outside unfinned surface area = 1843.07 * ( 1 - 6 * 0.007 ) = 1765.66 ft*

Total fin surface area=2 * (8/144)* 792 [14*24 - 128 * (= /4 ) * (0.625 )2] =26112.25 f
Total outside surface area = 1765.66 + 26112.25 = 2787791 ft*

Ratio of total outside surface area to tube outside surface area =27877.91 / 1843.07 = 15.126

Fin Efficiency:
The fin efficiency is calculated as follows (Reference A7.8):
 1=0.007/12=583E4 ft



Calculation MECH-0074, Rev. 0 Appendix A
Project 10050-003 Page A1l

ry = 0.625/24 = 0.026 ft
r; is equivalentto (0.5)* [((1.5% 1.5/ 144 )4/x ]0‘5 =0.0705 ft
r,=r,+t/2=0.07079 ft
I/, =272
L=ry-1 =0.0445 ft
L.=L+t2 =0.048 ft
A, =L, *t=336E-5 fi’
k for copper = 227 Btu/hr-ft-°F
h = 300 Btwhr-ft>-°F (an average value is considered)
(L)' *(h/(k*A,))% =0.010516 * 198.325 = 2.086
Based on the above, the fin efficiency is 33 % (Fig. 3.19, Reference A7.8)
Overall efficiency of total outside surface area (including fins)
= (162521 * 100 +24035.16 * 33 ) / 25660.34 = 37.24 %

Ratio of volumes:
Volume of RBCU tubihg =1024 * [ (n/4) * ((0.625/ 12 )2- (0.527/12 )2) * (132112)

= 6.9358 ft’/ft-pipe
Volume of RBCU fins = (26112.25/2 ) * ( 0.007/ 12 )=17.6161 ft’
Ratio of total copper volume to tubing volumne = (6.9358 +7.6161.) / 6.9358 = 2.1

Velocity of water in RBCU tubes:

An initial RBCU flow of at least 2000 gpm is considered (Reference A7.12).

Initial flow of water/Unit = 2000 GPM = (2000 / 60 ) * 0.1337 = 4.457 ft*/sec. = 278.12 Ib/sec
Each coil has 4 passes. The water passes through one fourth of the total tubes per coil.

Initial flow / tube = (4.457 /1024 ) * 4 =0.017409 ft*/sec

Velocity in the RBCU tube = 0.017409 / .[ (m/4)*(0.527/12)* 1= 11.493 ft/sec

Inlet cooling water temperature = 95° F during accident.
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Outlet cooling water temperature = 218.2° F during accident. (References A7.2, A7.12, A713,

A7.14, and A7.15.)

Heat Tran oefficients:
Heat transfer coefficients for forced convection in the RBCU tubes and the 16-inch return pipe,
and condensation in the 16-inch return line are computed below based on average temperatwes

and fluid velocities. These values will be verified using the results of the analysis.

nvecti at Tr i U tubes:
The forced convection heat transfer coefficient in RBCU tubes during pump coast-down is
calculated, based upon an average water temperature of (' 95+218.2)/2 =156.6 °F , as follews
(Reference A7.8):
Nu = 0.023 Re®® pr®*
For 156.2 °F water flowing at velocity ( v ) 11.49265 ft/sec in a 0.527-inch tube, Nu, Re and Pr
are calculated as follows:
At an average water temperature of 156.6 °F Pr=2.75, p = 89.9E-7 Ib.sec/ft*, p =61.061 &vft’
w/p=(899/1E-7)*(32.2/61.061 ) =0.4741E-5
Re= v*d*p/p=1149265*0.527/12*10°/0.4741 = 106459
Nu = 0.023 * ( 106459 )% * (275 )°% = 0.023 * 10513 * 1.499 = 362.47
Nu=h*d/k =h *(0.527/12)* (1/0.379 ) = 362.47 , therefore
h=Nu*k/d=3128.
This results in a forced convection heat transfer coefficient of 3128 Btwhr-ft%-°F. This value s

adjusted with respect to Re throughout the coast-down time.
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Convection Heat Transfer in the 16-inch return line:

The forced convection heat transfer coefficient in the 16-inch return line is calculated, based
upon an average water temperature of 156.6° F and an average water velocity of an initial value
of: .

(2000 GPM/60 ) * ( 0.1337 ft’/sec/ GPM ) (m/4* (15.25/12) ) =3.51 fi/sec.

The heat transfer coefficient can be calculated as follows (Reference A7.8):

Nu=0.023 Re®® pr**

For 156.6 °F water flowing at ( v )2.44 ft‘/sec in a 15.25-inches diameter pipe, Re and Pr are
calculated as follows: -

Re= v*d*p/p=3.51*%(1525/12)*(1E5/0.474] ) = 940862

Nu=0.023 * (940862 )°* * (2.75)** = 0.023 * 60093 * 1.499 = 2072
h=2072*0.379/(15.25/12 )= 618 Btwhr-fi>-°F

This results in a forced convection heat transfer coefficient of 618 Btu/hr-ft’-°F.

Condensation Heat Transfer in thé 16-inch return line:

The steam generation in the coil is initiated at approximately 9 seconds and continues until the
booster pump starts at approximately 42 seconds. During this time period a single containment
temperature of 260°F is estimated from Table Al. Heat transfer due to condensation of steam on
the inside surface of the 16-inch return line is calculated, based on an average saturation
temperature of 260° F and an average surface temperature of 156.6°F, as follows:

hp = 0.555 [ gre(rr-1,) ke W/ (me( Ty T,) D) ¥

where g is the acceleration of gravity, and where r, k, and m are the density, thermal
conductivity, and viscosity of saturated liquid (f) and saturated vapor(g).

The modified latent heat is defined as

b= by +(3/8) ¢, | (Tyy- T, )
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Based on an average saturation temperature of 260° F and an average surface temperature of

156.6°F, the above expressidn results in a condensation heat transfer coefficient of 731 Btwhr-

ft2-°F.

Nucleat ili at T in the 16-i et

Nucleate boiling heat transfer is calculated as follows (Reference A7.9):

Q=10°* hyy, * A* (T~ Tea) '

h,y = exp [(2p/ 1260 ) ( Ty - Tyy) /5184 ]

where Q is in Btw/hr, p is in psia, h,, is the nucleate boiling heat transfer coefficient in Btu/hr-

ft*-°F. A is in ft%, and T,, and T, are the wall and saturation temperatures respectively in °F.

The rate of heat addition to the RBCUs is determined based upon the RBCU outside surface area
and temperature, the fin efficiency, and the post LOCA temperature and condensation heat
transfer coefficient profiles provided in the VCSNS FSAR. The rate of heat addition to the
water/steam inside the RBCUs is determined based upon the RBCU inside surface area and
temperature, the water/steam temperature and pressure, and the forced convection/boiling heat
transfer coefficient at the inside surface of the RBCU tubes, depending upon the surface and
saturation temperatures. The difference between the above values is the rate of heat addition to

the copper tubes and fins throughout the transient.:

The rate of heat addition from the containment atmosphere to the 16-inch return line in contact
with water is determined based upon the pipe diameter, the insulation layer thickness and
material, and the post LOCA temperature and condensation heat transfer coefficient profiles
provided in the VCSNS FSAR. The rate of heat addition from the 16-inch return line to the
water inside that line is determined based upon the pipe inside surface area and temperature, the

water temperature, and the forced convection heat transfer coefficient calculated above. The
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difference between the above values is the rate of heat addition to the pipe throughout the
transient.

The rate of heat addition from the steam generated in the RBCUs to the 16-inch return line is
determined based upon the pipe inside surface area and temperature, the saturation temperature,
and the condensation heat transfer coefficient calculated above. The rate of heat addition from
the containment atmosphere to the 16-inch return line in contact with steam is determined based
upon the pipe diameter, the insulation layer thickness and material, and the post LOCA
temperature and condensation heat transfer coefficient profiles provided in the VCSNS FSAR.
The total of the above values is the rate of heat addition to the pipe throughout the transient.

The rate of steam generation in the RBCUs depends upon the RBCU pressure and the rate of heat
addition to the water inside the RBCU. The net steam generation rate is the difference between
the steam generation rate in the RBCU and the steam condensation rate in the 16-inch return line.

This net steam generation rate will exert a force on the water column in the 16-inch return line.

The force exerted by the generated steam on the water column in the 16-inch return line should
equal the total of the frictional force in the pipe, the rate of change in momentum of the water
column, and the force due to the difference in elevaﬁon, in addition to the force acting on that

column due to the back pressure.

The equations governing the above heat transfer and fluid flow mechanisms are solved
simultaneously throughout the transient using a simplified algorithm that has been developed
specifically for this analysis. The algorithm, including listing and validation, is provided in

Section A9.
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Cases 1 and 2 evaluate RBCU XAA-1A and differ only in the assumed LOCA temperatures, heat
transfer coefficients and fouling factors. Like wise, Cases 3 and 4 evaluate RBCU XAA-1B and
differ only in the assumed LOCA temperatures, heat transfer coefficients and fouling factors.

The specific LOCA temperatues, heat transfer coefficients, and fouling factors are:

Cases Al and A3: ‘
These cases are based upon the containment post LOCA temperatures and structural heat transfer

coefficients provided in the VCSNS FSAR (Reference A7.3), and on a fouling factor of 0.0 in
the tubes of RBCU’s XAA-1A and XAA-1B respectively. For these cases, a pump coast-down

of 10 seconds is assumed.

Cases A2 and A4:

These cases are based upon temperatures and heat transfer coefficients 15% lower than the post
LOCA values provided in the VCSNS FSAR, and upon a fouling factor of 0.001 in the tubing of
RBCU’s XAA-1A and XAA-1B respectively. This would result in a reduced heat flow to each
RBCU. and accordingly a lower RBCU preésure and a lower flow velocity in the 16-inch return

line.



Calculation MECH-0074, Rev. 0 Appendix A
Project 10050-003 Page A17

A6 RESULTS AND DISCUSSION

The result of the calculations are shown graphically in Figures Al-1 through A4-4. Each figare
shows the pertinent parameter during the pump coast down (0 to 9 seconds), onset of boiling in

the coil (9 to 12 seconds) and steady flow (12 seconds to end of transient).

Cases Al and A3:

For RBCU XAA-1A (éase Al): The maximum pressure is 26.97 psia at 16.3 seconds and
decreases to 25.31 psia at 20 seconds (Figure A1-1 )- At 9.0 seconds, boiling of the trapped fluid
begins. followed by a rapid pressurization of the system over the next 3 seconds. The maximam
flow velocity of water in the 16-inch return line is 1.2.6 ft/sec at 12.0 seconds. This decreases to
12.0 ft/sec at 20 seconds. The results are shown in F igure Al-2. These flow velocities

correspond to a Froude number within the range of 1.97 to 1.88.

Similarly, for RBCU XAA-1B ( Case A3 ): The maxnnum pressure is 28.43 psia at 17.7 seconds
and decreases to 27.56 psia at 20 seconds (Figure A3-1). At 8.9 seconds, boiling of the trapped
fluid begins, followed by a rapid pressurization of the system over the next 3 seconds. The
maximum flow velocity of water in the 16-inch return line is 9.96 ft/sec at 11.4 seconds. This
decreases to 7.88 ft/sec at 20 seconds. The results are shown in F igure A3-2. These flow

velocities correspond t6 a Froude number within the range of 1.55 to 1.23.

For cases Al and A3 the estimated range of Froude numbers is 1.23 to 1.97. The test resuits
presented in FAI/96-75 (Reference A7.6) show that condensation induced water hammer will not
occur for this configuration at Froude numbers, above unity. In test reported in Reference A7.6,

condensation induced water hammer was detected only at values of Froude number near 0.1 , and
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characterized as multiple successive pressure peaks of low magnitude that indicated rapid and

successive collapse of small scale vapor bubbles.

Cases A2 and A4:
For RBCU XAA-1A ( Case 2 ): The velocity of water in the 16-inch return line is shown in

Figure A2-2. At 9.6 seconds, boiling of the trapped fluid begins, followed by a rapid
pressurization of the s‘ystem over the next 3 seconds. The water in the return line is accelerated
to 10.99 ft/sec until the friction forces balance with the forces exerted by the steam bubble. At
this time, approximately 16 seconds of the initiation of the event, the flow decreases t0 9.72
ft/sec at 20 seconds. These flow velocities correspond to a Froude number within the range of

1.72 to 1.52.

Similarly, for RBCU XAA-1B ( Case 4 ): The velocity of water in the 16-inch return line is
shown in Figure A4-2,. At 9.6 seconds, boiling of the trapped fluid begins, followed by a rapid
pressurization of the system over the next 3 seconds. The water in the return line is accelerated
to 8.63 fi/sec until the friction forces balance with tixe forces exerted by the steam bubble. At this
time. approximately 20 seconds of the initiation of the event, the flow decreases to 5.72 ft/sec at
20 seconds. These flow velocities correspond to a Froude number within the range of 1.35 to

0.89.

For Cases A2 and A4 the estimated range of Froude numbers is 0.89 to 1.72. The test results
presented in FAI/96-75 (Reference A7.6)- show that condensation induced water hammer will not
occur for this configuration, at Froude numbers, near or above unity. In test reported in
Reference A7.6, condensation induced water hammer was detected only at values of Froude
number near 0.1, and characterized as multiple successive pressure peaks of low magnitude that

indicated rapid and successive collapse of small scale vapor bubbles.
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Figures Al-4, A2-4, A3-4 and A4-4 show that all the water in the RBCU’s will be evaporated
before the Booster Puxﬁp starts after 41.5 seconds following initiation of the accident. The
temperature of the tubes will not exceed the saturation temperature of the steam inside the

containment, which is about 270° F.

The effects of tube fouling and reduced heat transfer to the RBCUs can be seen by comparing

Cése Al with Case A2 and Case A3 with Case A4. These comparisons are similar, therefore the
following discussion provides a corhparison for Case Al with Case A2 and the observations and
conclusions apply to the other comparison. The pﬁmary effects of the reduced heat transfer and

increased fouling factor are seen by comparing the results in Figures A1-1 and A2-1.

Due to the reduction in thermal gradient and the increase in the thermal resistance the time to

boiling is expected to be delayed. The time to boiling is delayed approximately 0.5 seconds. -

Subsequent to the onset of boiling, the pressures developed in the RBCUs is reduced as expected
due to the reduction in the heat transfer. The peak pressures are reduced from approxamately 25
psia to approximately 12 psia. Accordingly, the velocity of fluid being transported indp the
return line is reduced from approximately 13 feet per second to approximately 11 feetper
second. ( See Figures A1-2 and A2-2.) Comparison of the system temperatures shows in
Figures A1-3 and A2-3 indicate that there is a reduction in the system temperatures of 20°F to
30°F due to the reduced heat transfer and fouling. - The lower temperatures result in redaced
steam production. Lower system pressure, however, tends to increase steam productiom, thus off
setting the effect of lower temperature. As seen in a comparison of Figures A1-4 and A2-4, the
net steam production is reduced from approximately 164 cubic feet to approximately 130 cubic

feet at 20 seconds into the transient.
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These comparisons indicate that the RBCUs will produce sufficient steam to accelerate the water
in the return line and maintain the water velocities at a value sufficient to produce Froude

" Numbers near or above unity, thus precluding the occurrence of condensation induced water
hammer. This conclusion is also valid under the degraded conditions for heat transfer expected

to exist in the plant, i. e. heat transfer coefficient reduced by 15% and a fouling factor of 0.001.

If an RBCU'’s outlet isolation valve, i. e. XVG-3109, is élosed, the RBCU will be open from the
booster pump side and closed from the return side. This will result in the evaporation of the
water in the affected RBCU and the steam will be forced to the supply side toward the RBCU
inlet isolation valve, i. e. XVG-3108. However, when the booster pump starts at 41.5 seconds
the steam in the pipe will be condensed up to the RBCU, where the tubes are still heated as a _
result of LOCA. The condensation of the water in the RBCU will take place gradually, without
water hammer effect. This boiling of RBCU water has the same effect when the system is
aligned to the industrial cooling system which assures the pressure will be relieved through the
16-inch service water return lines upon the start of the booster pump and opening the RBCU
outlet valves, i. e. XVG-3107.
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Figure Al-1 Casel ; Pre Pump Startup - Pressures for RBCU XAA-1A
H.T.=100% , Fouling Factor =0.0
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Figure A1-2 Case 1 ; Pre P/P Startup - Velocity of Water in The Return Line - RBCU XAA-1A
H.T. =100%, Fouling Factor =0.0
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i 2-1 Case2 ;: Pr mp St - Pressures for RBCU XAA-1A
H.T.=85% , Fouling Factor =0.001
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Figure A2-3 Case 2 ; Pre Pump Startup - Temperatures for RBCU XAA-1A

H.T. =85% , Fouling Factor =0.001
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Figure A3-1 Case 3 ; Pre Pum up - P ssures for RBCU XAA-1B
H.T.=100% , Fouling Factor =0.0
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H.T, = 100%, Fouling Factor =0.0
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igure A3- 3:Pr m - Vol f Steam - RB -1B
H.T. =100 %, Fouling Factor =0.0
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H.T, =85%, Fouling Factor =0.001
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Appendix A

Fi S- : Pre - Pressure for RBCU XAA-1A
H.T.=100%, Fouling Factor =0.0
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H.T.=100%, Fouling Factor =0.0
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Figure AS-3 Case 5 ; Pre Pump Startup - Temperatures For RBCU XAA-1A

H.T.=100%, Foouling Factor =0.0
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VALIDATION OF COMPUTER PROGRAM PREPUMP
This section of Appendix A includes the validation documentation for the computer program PREPUMP. This code

is used to predict flow conditions in the containment fan cooler piping prior to the restart of the Service Water
pumps. PREPUMP is a one-shot computer program that was developed specifically for the analysis performed in

this appendix.
The validation documentation includes the following items :
Listing of FORTRAN subroutines.
- prepump.for
- echo.for
- header.for
- blockio.for
- iocom.for INCLUDED COMMON Blocks)

Listings of the program input and output for the validation case run.

A detailed spreadsheet analysis that vali&ates the PREPUMP results.

Program Name : PREPUMP

Prepared by /’ 4/‘:'./ } W : Date sj}j// 77
Reviewed by —_:—’5—/::;'_%;;-'& Date S/ 23/ q"
Approved by W—— Date_$5-Z3 '{7
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C PREPUMP
Cc
C 100 DIMENSIONS
C
IMPLICIT REAL *8 (A-H,0-2)
REAL *8 MWCFC,MWCFCI,MWCFCP,MWPIP, MWPIPL, MWPIPP
C REAL *8 MSCFC,MSCFCI,MSCFCP,MSPIP,MSPIP], MSPIPP
REAL *8 LWPIP1 LWPIP2,LWPIP,LWPIPI,LWPIPP,LPIP
REAL *8 KPIP,KST,KINS
CHARACTER *60 TITLE
DIMENSION TPCFCT(30),PCFCT(30)
DIMENSION TPBT(30),PBT(30)
DIMENSION TTMPCT(30), TMPCT(30)
DIMENSION THTCCT(30),HTCCT(30)
DIMENSION PSATT(SO),TMPSATT(BO),SVWT(30),SVST(30),HWT(30),HST(30)

INCLUDE 'IOCOM.FOR'

C  Open input and output files
C
CALL ECHO
C
C 200 INPUT
C
PI=3.141592654
CALL HEADER
READ(LIN.910)TITLE
WRITE(LOUT,910)TITLE
READ(LIN,*)DT,TOMIN,TOMAX. TMAX
READ(LIN,*)VCFC,DOTUB,DITUB
READ(LIN,*)ARFIN,VRFIN,EFFFIN.FOUL
READ(LIN,*)RHOCU.CAPCU
READ(LIN,*)LPIP,DOPIP,DIPIP.KPIP
READ(LIN,*)HEADL,HEADD,HEADL
READ(LIN,*)RHOST,CAPST.KST
READ(LIN,*)DOINS,KINS
READ(LIN.*)TMPCFCI, TMPCUI, TMPWPIPI, TMPSTI
READ(LIN,*)DMDTCFCI .
READ(LIN*)HCONVIINP,HCONV2INP,HCONDINP
READ(LIN,*)ITPCFCTMAX (TPCFCT(1),PCFCT(I),}=1 JTPCFCTMAX)
READ(LIN,*}ITPBTMAX,(TPBT(1).PBT(I),I=1,ITPBTMAX)
READ(LIN,*)ITTMPCTMAX,RTMPC,(TTMPCT(I),TMPCT(!),I=l.lTTMPCTMAX)
READ(LIN,*)lTHTCCTMAX,RHTCC.(THTCCT(I),HTCCT(]),I= LITHTCCTMAX)
READ(LIN,*)IPSATTMAX,
&(PSATT(I), TMPSATT(I),SVWT(1),SVST(I), HWT(I), HST(I), I=1 JPSATTMAX)
C
C 300 COMPUTATIONS -
C
VTUB=(PI/4y*(DITUB/12)**2
AOTUB=PI*(DOTUB/12)
AITUB=PI*(DITUB/12)
AOCFC=AOTUB*VCFC*ARFIN/VTUB
AICFC=AITUB*VCFC/VTUB

Appendix A
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VCU=(PV4)*((DOTUB/12)**2-(DITUB/12)**2)* VCFC*VRFIN/VTUB
AOPIP=PI*(DOPIP/12)

AIPIP=PI*(DIPIP/12)

APIP=(P1/4y*(DIPIP/12)**2

VPIP=APIP*LPIP

T=0 .
KCOUNT=0
PCFCI=PCFCT(1)
PCFC=PCFCI
PBI=PBT(l)
PB=PBI
DMDTCFC=DMDTCFCI
C
310 IF((PCFC.LT.PSATT(1)).OR.(PCFC.GT.PSATT(IPSATTMAX))) THEN
WRITE(6,*)PCFC OUT OF RANGE'
STOP '
ELSE
DO 311 I=1,IPSATTMAX-1
IF((PCFC.GE.PSATT(I)). AND.(PCFC.LE.PSATT(I+1))) THEN
SVW=SVWT(I)+
&  (SVWT(I+1)-SVWT()*
& (PCFC-PSATT(1))/(PSATT(1+1)-PSATT(I))
SVS=SVST(l)+
&  (SVST(I+1)-SVST(I)*
&  (PCFC-PSATT(I))(PSATT(I+1)-PSATT(I))
RHOW=1/SVW
RHOS=1/SVS
ENDIF
311 CONTINUE
ENDIF
TMPCU=TMPCUI
TMPCUP=TMPCU
TMPCFC=TMPCFC]I
TMPCFCP=TMPCFC
TMPWPIP=TMPWPIPI
TMPWPIPP=TMPWPIP
TMPSTCONV=TMPSTI
TMPSTCONVP=TMPSTCONV
TMPSTCOND=TMPSTI
TMPSTCONDP=TMPSTCOND
c
VWCFCI=VCFC
VWCFC=VWCFCI
VWCFCP=VWCFC :
MWCFCI=VWCFCI*RHOW
MWCFC=MWCFCI
MWCFCP=MWCFC
VWPIPI=VPIP
VWPIP=VWPIPI
VWPIPP=VWPIP _
MWPIPI=V WPIPI*62.4 :
MWPIP=MWPIPI
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MWPIPP=MWPIP
LWPIPI=LPIP
LWPIP=LWPIP}
LWPIPP=LWPIP
HEAD=HEADI
C
HTCI=10**6
400 T=T+DT
KCOUNT=KCOUNT+!
C
KERR3=0
405 IF(LATCH1.EQ.0) THEN
DO 807 I=1,ITPCFCTMAX-1 .
IF((T.GE.TPCFCT(I)).AND.(T.LE.TPCFCT(i+1))) THEN
PCFC=PCFCT(I)+
& (T-TPCFCT(I))*
& (PCFCT(I+1)-PCFCT(I))(TPCFCT(I+1)-TPCFCT(l))
GOTO 406
ENDIF
807 CONTINUE
ENDIF
C
406 CONTINUE
DO 809 i=1,ITPCFCTMAX-1
IF((T.GE.TPBT(I)).AND/(T.LE. TPBT(l+l ))) THEN
PB=PBT(I)+
& (T-TPBT()*
&  (PBT(I+1)-PBT(I))/(TPBT(I+1)-TPBT(1))
GOTO 408
END IF
809 CONTINUE
C
408 CONTINUE
DO 811 I=1,ITTMPCTMAX-1
IF((T.GE.TTMPCT(I)).AND.(T.LE. TTMPCT(i+1))) THEN
TMPC=TMPCT(I)+
& (T-TTMPCT(I))*
& (TMPCT(I+1)-TMPCT())ATTMPCT(I+1)-TTMPCT(I))
TMPC=TMPC*RTMPC
GOTO 410
ENDIF
811 CONTINUE
C
410 CONTINUE
DO 821 I=1,ITHTCCTMAX-1
IF((T.GE.THTCCT(1)).AND.(T.LE. THTCCT(I+1))) THEN
HTCC=HTCCT(I)+
& (T-THTCCT(1))*
& (HTCCT(I+1)- HTCCT(I))/(THTCCT(HI) THTCCT(I))
HTCC=HTCC*RHTCC
GOTO 420
ENDIF
821 CONTINUE
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C
420 CONTINUE
IF((PCFC.LT.PSATT(1)).OR.(PCFC.GT.PSATT(IPSATTMAX))) THEN
WRITE(6,*PCFC OUT OF RANGE'
STOP
ELSE
DO 831 I=1,IPSATTMAX-1
IF((PCFC.GE PSATT(I)). AND.(PCFC.LE.PSATT(I+1))) THEN
TMPSAT=TMPSATT(I)+
(TMPSATT(I+1)-TMPSATT(I))*
(PCFC-PSATT())/(PSATT(I+1)-PSATT(I))
SVW=SVWT(I)+
(SVWT(I+1)-SVWT(I))* :
(PCFC-PSATT(N)/(PSATT(I+1)-PSATT(I))
SVS=SVST(I)+
(SVST(I1+1)-SVST(I))*
(PCFC-PSATT(I))/(PSATT(I+1)-PSATT(I))
HW=HWT(I)+
(HWT(I+1)-HWT(I))* v
(PCFC-PSATT())APSATT(I+1)-PSATT(I))
HS=HST(I)+
(HST(1+1)-HST(I))*
(PCFC-PSATT()Y/(PSATT(I+1)-PSATT(I))
GOTO 430
ENDIF
831 CONTINUE
ENDIF

PR PR PR PR PR

C
430 CONTINUE
C
KERRI=0
440 RHOW=1'SVW
RHOS=1/5VS
HFG=HS-HW
HTCO=HTCC*EFFFIN
RESO=1/(HTCO*AOCFC)
DQDTO=(TMPC-TMPCU)YRESO
DQDTCU=(TMPCU-TMPCUP)*RHOCU*CAPCU*VCU*3600/DT
IF(LATCHI1.EQ.1) TMPCFC=TMPSAT
HTCITRY=10**6*EXP(4*PCFC/1260)*(TMPC U-TMPSATY5184
IF(LATCH2.EQ.1) GOTO 475
I F((TMPCU,GT.(TMPSAT+9)).AND.(HTCITRY.GT.HTCI)) LATCH2=1
475 IF((TMPCU.GT.(TMPSAT)).AND.(LATCH2.EQ. 1)) THEN
B HTCI=10**6*EXP(4*PCFC/1 260)*(TMPCU-TMPSAT)/5184
HTCI=HTCI*VWCFC/VWCFCI
RESI=1/(HTCI*AICFC)+FOUL/AICFC
DQDTI=(TMPCU-TMPSAT)/RESI
ELSE
HTCI=HCONVIINP
HTCI=HTCI*(DMDTCFC/DMDTCFCI)**0.8 -
IF(HTCIL.GT.0) THEN
RESI=1/(HTCI*AICFC)+FOUL/AICFC
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IF(KERR2.GT.10000000) THEN
WRITE(6,*YKERR2 OUT OF RANGE'
STOP

ELSE
KERR2=KERR2+]

GOTO 600
ENDIF
ENDIF
C .
700 ERR3=2* 100*(LWPIP1-LWPIP2)/(ABS(LWPIP1+LWPIP2)+1)
IF(ABS(ERR3).GT.0.001) THEN
PCFC=PCFC*(1-0.001*ERR3)
IF(KERR3.GT.10000000) THEN
WRITE(6,*)KERR3 OUT OF RANGE’
STOP
ELSE
KERR3=KERR3+1
GOTO 405
ENDIF .
ENDIF
LWPIP=(LWPIPi+LWPIP2)/2

VWCFCP=VWCFC
MWCFCP=MWCFC
VWPIPP=VWPIP
MWPIPP=MWPIP
LWPIPP=LWPIP
UWPIPP=UWPIP
C
705 AICONV=AIPIP*L WPIP
AOCONV=AOPIP*L WPIP
AINS=AOCONV*((DOINS+DOPIP)/(2*DOPIP))
AACONV=(AOCONV+AICONV)/2
KERR4=0
710 RESOCONV=1/(HTCC*AOCONV)+(DOPIP-DIPIP)/(48* AACONV*KST)
&+(DOINS-DOPIP)/(24* AINS*KINS)
DQDTOCONV=(TMPC-TMPSTCONV)/RESOCONV
RESICONV=1/(HCONV2INP* AICONV)+(DOPIP-DIPIP)/(48* AACONV*KST)
DQDTICONV=(TMPSTCONV-TMPWPIP)/RESICONV
DQDTSTCONV=(TMPSTCONV-TMPSTCONVP)*RHOST*CAPST*
&(PU/4y*((DOPIP/12)**2-(DIPIP/12)**2)*L WPIP*3600/DT
ERR4=2*100*(DQDTOCONV-DQDTSTCONV-DQDTICONVY
&(ABS(DQDTOCONV+DQDTSTCONV-+DQDTICONV)+1)
IF(ABS(ERR4).GT.0.0001) THEN .
TMPSTCONV=TMPSTCONV*(1+0.00000001 *ERR4)
IF(KERR4.GT.10000000) THEN
WRITE(6,*)KERR4 OUT OF RANGE'
STOP
ELSE
KERR4=KERR4+]
C  WRITE(6,920)T.DQDTOCONV,DQDTIEONV,DQDTSTCONV,ERR4
GOTO 710
ENDIF
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ENDIF

TMPSTCONVP=TMPSTCONV
TMPWPIPP=TMPWPIP
TMPWPIP=TMPWPIP+DQDTICONV* DT/3600*MWPIP)

IF(LATCH1.EQ.0) THEN
TMPSTCOND=TMPSTCONV
TMPSTCONDP=TMPSTCOND
UWPIP=(DMDTCFC/RHOWYAPIP
UWPIPP=UWPIP
GOTO 750

ENDIF

AICOND=AIPIP*(LPIP-LWPIP)
AOCOND=AOPIP*(LPIP-LWPIP) .
AINS=AOCOND*((DOINS+DOPIP)/(2*DOPIP))
AACOND=(AOCOND+AICONDY2
KERR5=0
720 RESOCOND=l/(HTCC*AOCOND)+(DOPIP-DIPIP)/(48'AACOND*KST)
&+(DOINS-DOPIP)/(24* AINS*KINS)
DQDTOCOND=(TMPC-TMPSTCONDYRESOCOND
RESICOND=l/(HCONDINP‘AICOND)+(DOPIP-DIPIP)/(48‘AACOND*KST)
DQDTICOND=(TMPSAT-TMPSTCOND)/RESICOND
DQDTSTCOND=(TMPSTCOND—TMPSTCONDP)"‘(LP!P-LWPIP)‘
&RHOST*CAPST*(PI/4)*((DOPIP/12)**2-(DIPIP/] 2)**2y*3600/DT
DQDTSTST=(TMPSTCOND—TMPSTCONV)*(UWPIP_P*DT)*
&RHOST*CAPST*(PI/4)*((DOPIP/12)**2-(DIPIP/ 12)**2)*3600/DT
ERRS5=2*] 00*(DQDTOCOND+DQDTICOND-DQDTSTCOND-DQDTSTST)/
&(ABS(DQDTOCOND+DQDTICON D+DQDTSTCOND+DQDTSTST)+1)
IF(ABS(ERRS).GT.0.0001) THEN
TMPSTCOND=TMPSTCOND*(1+0.00000001 *ERRS)
IF(KERR5.GT.10000000) THEN
WRITE(6,*YKERRS OUT OF RANGE'
STOP
ELSE
KERRS5=KERRS5+1 .
GOTO 720
ENDIF
ENDIF
TMPSTCONDP=TMPSTCOND
QICOND=QICOND+DQDTICOND*DT/3600
C
750 TMPCUP=TMPCU
TMPCFCP=TMPCFC
TMPSATP=TMPSAT

WRITE(6.*)KCOUNT,LATCH|

WRITE(6.920)T, TMPSAT.TMPSTCOND, DQDTOCOND,DQDTSTCOND, DQDTICOND
WRITE(6.920)T,TMPWPIP.TMPSTCONV,DQDTOCONV.DQDTSTCONV,DQDTICONV
WRITE(6.920)T, TMPC,TMPCU, TMPCFC,PCFC,MWCFC -
WRITE(6.920)T,VSTEAM1,VSTEAM2,.VSTEAM,LWPIP,UWPIP
WRITE(LOUT,*)KCOUNT.LATCH!1
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WRITE(LOUT.920)T,TMPSAT,TMPSTCOND, DQDTOCOND,.DQDTSTCOND,DQDTICOND
WRITE(LOUT,920)T,TMPWPIP,TMPSTCONV,DQDTOCONYV, DQDTSTCONV,DQDTICONV
WRITE(LOUT,920)T, TMPC,TMPCU,TMPCFC ,PCFC,MWCFC .
WRITE(LOUT,920)T,VSTEAM] ,VSTEAM2,VSTEAM,LWPIP,UWPIP
WRITE(LPL1.920)T,PCFC,PB,VSTEAM,UWPIP,L WPIP
WRITE(LPL2,920)T, TMPC,TMPCU,TM PCFC,TMPSTCOND,TMPSTCONV, TMPWPIP
WRITE(LPL3.920)T DQDTI,DQDTICOND,VSTEAM!1,VSTEAMZ.VSTEAM
IF((T.GT.TOMIN).AND.(T.LT.TOMAX)) THEN
WRITE(LOUT.‘JZO)T,VTUB.AOTUB,AITUB,AOCFC,AICFC,VC 9]
WRITE(LOUT,920)T.AOPIP,AIPIP,APIP,VPIP,LPIP VCFC
WRITE(LOUT,920)T,RHOW.RHOS.HTCO,RESO,DQDTO,DQDTCU
WRITE(LOUT,920)T , HTCI,RESI,DQDTI, TMPCU,MWCFCLVWCEC
WRITE(LOUT,920)T,VSTEAMI,VSTEAM2,VSTEAM,LWPIP1 ,LWPIPZ MWPIP
WRITE(LOUT,920)T,FORPIP,F,FRICPIP, DMUDT,UWPIP,HEAD
WRlTE(LOUT,‘)ZO)T,AlCONV,AOCONV,AACONV,RES!CONV,RESOCON Vv,

X TMPSTCONV .
WRITE(LOUT,920)T,AICOND,AOCOND,AACON D,RESICOND,RESOCOND,
X TMPSTCOND

WRITE(LOUT,920)T.DQDTOCOND.DQDTICON D.DQDTSTCOND,DQDTSTST,
X QICOND.HFG
WRITE(LOUT.920)T.DQDTOCONV.DQDTICONV.DQDTSTCONV,HTCC
END IF

IF(T.GT.TMAX) THEN
STOP
ELSE
GOTO 400
ENDIF
C
C 900 FORMATS
C
910 FORMAT(A60)
920 FORMAT(F8.2,1P6E|2.4) .
C
END
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SUBROUTINE ECHO

oNeNoNoNoNoNoXe

oNeNe! oNoNe! O0OnNn ONe NP

OO0

C

CALLED BY THE 'MAIN' PROGRAM

Routine to read input data from file assigned to LIN,
print copies of the input lines to the standard output
file LOUT and to the alternate input file ALTIN, and
then redirect input reads to the alternate input file.

CHARACTER*4 IMAGE(20)
INTEGER IOCHEK.LCOUNT,LCSTRT,LCMAX

INCLUDE 'TOCOM.FOR’
DATA LCSTRT/S/,LCMAX/56/
Initialize the input unit number.
LIN=LOCIN
Open the input file - PREPUMP.DAT.

OPEN (UNIT.=LIN,ACCESS='SEQU ENTIAL'ERR=1900,
X  FILE='PREPUMP. DAT’,FORM='FORMATTED',STATUS=‘UNKNOWN')

Open the output file - PREPUMP.OUT.

LOUT=LOCOUT
OPEN (UNIT=LOUT,ACCESS='SEQUENT[AL',ERR=2000,
X  FILESPREPUMP. OUT‘,FORM=‘FORMA'ITED',STATUS='UNKNOWN')

Initialize the plot output unit numbers.

LPLI=LPLI1OT
LPL2=LPL20T
LPL3=LPL30OT

Open the plot output files PREPUMP.PLI, PREPUMP..PLZ, PREPUMP.PL3.

OPEN(UNIT=LPL1,FILE='PREPUMP.PLI’)
OPEN(UNIT=LPL2,FILE='PREPUMP.PL2')
OPEN(UNIT=LPL3.FILE='PREPUMP.PL3")

Open the alternate input file - ALTINPUT.TXT.

AOUT=ALTIN
OPEN (UNIT=AOUT,ACCESS="SEQUENTIAL',ERR=2100,
X  FORM=FORMATTED'STATUS='SC RATCH)

CALL HEADER
LCOUNT=LCSTRT :

I READ(LIN,3000,END=1000,ERR=1 000,I0STAT=IOCHEK) IMAGE
IF (LCOUNT.EQ.LCMAX) THEN
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CALL HEADER
LCOUNT=LCSTRT
ENDIF
WRITE(AOUT,3000) IMAGE
WRITE(LOUT,3010) IMAGE
LCOUNT=LCOUNT+1
GOTO |
C .
C  Endof file encountered on input
c :
1000 IF JQOCHEK.EQ.-1) THEN
LIN=ALTIN
REWIND LIN
RETURN
ELSE
WRITE(LOUT,3100) LIN
STOP
ENDIF -
C
C  Errorattempting to open file PREPUMP.DAT
C
1900 STOP ‘STOP - Error attempting to open file PREPUMP.DAT
C
C  Ermorattempting to open file PREPUMP.OUT
C
2000 STOP 'STOP - Error attempting to open file PREPUMP.OUT
C
C  Erroramempting to open file ALTINPUT.TXT
C
2100 STOP'STOP - Error attempting to open file ALTINPUT.TXT
C
C Formas
C
3000 FORMAT (20A4)
3010 FORMAT (20A4)
3100 FORMAT (/ ','l/O error encountered on input.”)
END
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O

SUBROUTINE HEADER

A subroutine to send a form feed character and
header line to the output file.

Declarations for local variables

oNeNoNoNoNe)

INTEGER  IHR. IMIN, ISEC, 1100TH, IYR, IMON, IDAY
INTEGER PAGE
CHARACTER® | FF

INCLUDE 'TOCOM.FOR'

DATA PAGE//
C DATAFF/Y
FF=CHAR(12)

PAGE=PAGE-+!

CALL GETTIM(IHR,IMIN,ISEC,] 100TH)

CALL GETDAT(IYR,IMON,IDAY)

IF (PAGE.EQ.1) THEN
WRITE(LOUT,3000) ' ',PAGE,

X IMON.IDAY.IYR,
X IHR,IMIN,ISEC,1100TH
ELSE
WRITE(LOUT.8000) FF,PAGE,
X IMON,IDAY.IYR,
X IHR.IMIN.ISEC,1100TH
ENDIF
RETURN
C
C Formats
C

8000 FORMAT (Al/
X 'Program : PREPUMP ' 44X 'Page : ' 110/
X "Number : 38X,
X ‘Date : ",12.2,7,12.2,7.14/
X 62X,
X ‘Time : ,12.2,":,12.2,.12.2,"",12.2/7)
END



Calculation MECH-0074, Rev. 0 Appendix A
Project 10050-003 Page A277

BLOCK DATA
C
INCLUDE 'I1OCOM.FOR’
C
DATA LOCIN/8/,LOCOUT/10/,
X ALTIN/YY, :
X LPLIOT/11/,LPL20T/12/.LPL3OT/13/
C
END
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INCLUDE 'IOCOM.FOR’

C
C
C  Declarations for variables in COMMON /IOCON/

C

INTEGER LIN,LOCIN,LOUT,LOCOUT,

X AOUT,ALTIN,

X LPLLLPL1OT,LPL2,LPL20T,LPL3,LPL30OT
COMMON/IOCON/LIN,LOCIN,LOUT,LOCOUT,

X AOUT,ALTIN,

X LPLI,LPLIOT,LPL2,LPL20OT,LPL3,LPL30OT
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PREPUMP VALIDATION CASE

0.1 22 225 30

8.53 0.625 0.527 .
17.8 249 0.289 0.0005

556  0.092
216 8.625 798 228
45 6.5 215

489 0.12 262
10.625 0.0229
80 80 80 80

70

1040 670 690

3 028 1012 10012
2 012 100 12

70950220 0.32506268 9269 13280 15280 40272
11095010 1115 2.51804225 7300 11385 15345
20280 25235 30195 40 150 '
18 025 59.323 0.01603 1235.5 27.382 1067.4
0.5 79.586 0.01607 641.5 47.623 1096.3
1 101.74 0.01614333.6 69.75 1105.8
3 141.47 0.01630 118.7 1094 11226
6 170.05 0.0164561.98 138.03 11342
10 193.21 0.0165938.42 161.26 1143.3
14.696 212.0 0.0167226.8 180.17 1150.5
15 213.03 0.0167326.29 181.2] 1150.5
20 227.96 0.0168320.09 19627 1156.3
25 240.07 0.01693 16.3 208.52 1160.6
30  250.34 0.01701.13.74 2189 1164.1
35 25929 0.01708 11.9 228.0 1167.1
40 267.25 0.0171510.5 236.1 1169.8
45 274.44 0.0172194 2435 11720
50 281.02 0.017278.51 2502 1174.1
55 287.08 0.017337.785 256.4 1175.9
60 29271 0.017397.174 2622 11776
70 302.93 0.01748 6.205 272.7 1180.6
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Validation of CFC Heat Transfer Block
A B [ D E
1
2 Quantity Value Units Source Comparison with
3 code o
4
§ |[time; 221 sec
6 |At 0.1 sec input
7 |Pcrc 31.888 psia output
8 | Tconainment 283.84 °F output
9
10
11 {d; 0.527 inches input
12 |d, 0.625 inches input
13 |Luve 66.0 inches input
14 [number tubes/unitl 1024 input
15 |Acec) 777.04 ft¢ calculated 776.93
16 |Awbeo 921.53 ftt calculated
17 |Amtio 17.8 input
18 |Acrco 168403.30 ft calculated 16401
19
20 |h, 71.685 Btwhr-ft*-°F |output
21 |h 1467.8 Btuhr-f°-°F joutput
22 }hyouing 0.0005 hr-f*-°F/Btu |input
23 | Tecoper 260.7 °F output
24 [ Teu 253.85 °F calculated 253.72
25 |Qdot, 3.682E+06 Btu/hr calculated 3.689E+06
26 |Qdot; 4 591E+06 Btw/hr calculated 4.594E+06
27 |Qdotcopper -8.990E+05 Btu/hr calculated -9.043E+05
28 | pecoper 556.0 Iby/ft® input
29 |Ceopper 0.092 Btuwlby,-°F  |input
30 [Voloopper 3.468 ft° calculated 3.467
31 | AT eopper -0.141 °F calculated -0.08
32 | Teopper previous 260.841 °F calculated 260.87
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Validation of CFC Heat Transfer Block
A B C D

1

2 |Quantity Value Units Source
3

4

8§ |time; 221 sec

6 At 0.1 sec input

7 |Pcrc 32,008 psia output

8 [Teomanment 1263.84 °F output

9

10

11 |d; 0.527 inches input
12]d, 0.625 inches input

13 |Liwve 66 inches input

14 Jnumber tubes/unit 1024 input

15 |Acrc =PI0*(B11/12)*B13/12*B14 ft calculated
16 |Awbeo =PI0*(B12/12)*B13/12°B14 2 calculated
17 |Anatio 17.8 input

18 |Acrc, =B17*B16 ft‘ calculated
19

20 |h, 71.685 Btwhr-ft>-°F  [output

21 |n 1447.4 Btwhr-f*-°F  [output
22 |riouing 0.0005 hr-f*-°F/Btu  [input

23 | Toopper 260.81 °F output
24 |Tem ='C:\STMFUNC XLA'ltpsat(B7) °F calculated
25 |Qdot, =B20*E18*(B8-B23) Btu/hr calculated
26 [Qdot; =E15/(1/821+B22)*(B23-E24) Btu/hr calculated
27 | Qdoteopper =B25-B26 Btwhr calculated
28 | poopper 556 b/t input

29 |ceopper 0.092 Btwiby-°F  [input
-30 |Volcopper =PI()/4*((B12/12)*2-(B11/12)*2)*B13/12*B14 f calculated
31 | AT copper =B27*B6/(3600*B28*B29*E30) °F caiculated
32 TW-_E'm =B23-B31 °F calculated
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Validation of Force Balance Block
A B C D E F
1 .
2 |Quantity Value Units  |Source Comparison with
[ 3 code 0
4
8 [time; 221 sec
6 |At 0.1 sec input
7 |Perc 31.88 psia output
8 |Poack 12 psia output
9
10 |d; sipe 7.98 inches |input
11 [Age 0.34732 ft calculated 0.34732
12 |Later 178.99 feet output
13 | pwster 62.4 Ib/f°  Jinput
14 {MasSwater 3879.24 [/ calculated 3879.3
15 {Uvaer 3.1517 fsec joutput
17 |Au -0.0044 ft/sec  |calculated -0.0044
18 jd(mu)/dt -5.301 Iby calculated -5.2506
19
20 |Foresaure 994.29 Iby calculated 994.67
21
22 | Kyiction 228.0 input
23 | Friction 762.17 1by calculated 762.18
24
25 [headater counn 10.870 feet output
26 |Freed 237.75 by calculated 237.75
27 v
28 |Balance of forces 0.334 {be calculated 0.009
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Validation of Force Balance Block

A B c D
1
2 |Quantity Value Units Source
3 i

%

4
§ ltime; 221 sec
6 At 0.1 sec input
7 |Pcre 32.008 psia output
8 |Puack 12 psia output
9
10 {di pipe 7.98 inches input
11 {Apige =PI()/4*(B10/12)*2 ft* calculated
12 [Lunter 180.76 feet output
13 | Pwater 62.4 Ib/f° input
14 |massSwater =B13*B12*'B11 " 1bm calculated
15 |Uwater 3.1668 fsec output
16 |Ueterprevious 3.1713 ft/sec output
17 |Au =B15-B16 ft/sec calculated
18 |d(mu)/dt =E14*B17/(32.2*B6) Iy calculated
19
20 |Foressure =144*(B7-B38)*E11 Iby calculated
21
22 {Ksiction 228 ° input
23 Fpiction =B22"B13/(2*32.2)"B15*2*E11 1by calculated
24 |headyater cotumn 10.918 feet output
25 |Fread =B24*B13*E11 Iby calculated
26
27 |Balance of forces =B18-(B20-B23-B25) Iby calculated
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Validation of Water Column Length Block
A B C D E
1
2 Quantity Value Units Source Comparison with
3 code
4
§ |time; 221 sec
6 jAt 0.1 sec input
7 |Perc 31.888 psia output
8 |po 0.07704 lom/ft” |calculated 0.076856
9 |hg 942.84 Btu/lb, |calculated 942.9
10
11 |Qdot,i 4.59E+08 Btu/hr output
12 |Amass 0.1353 Ibm calculated 0.13
13 {Mcre previous 493.06 |bm output
14 |Mcre curent 49292 ibm calculated 49293
15 Imcrc naiat 502.41 bn input
16 |VOlyseam procuced by boiing 123.74 ft° calculated 123.74
17 |Q condensation 8014.7 Btu output
18 | VOluteam condensed 110.89 f calculated 110.89
19 [VOlgseam net 12.85 ft* calculated 12.85
20
29 |Loeterinitin 216.0 feet input
22 |d; pie 7.98 inches input
23 |Apie 0.347 fté calculated 0.34732
24
25 |Lmter. boiing 178.99 feet calculated 178.99
26
27 |Lovmter, force baiance 178.99 feet output
28
29 {Difference in calculated 0.00 feet 0.00
30 jwater column lengths
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Validation of Water Column Length Block

A B [ | D
1
2 JQuantity Vaive Units :Source
3 — ;
4
5 {time; 221 Ssec :
6 jat ) 0.1 sec ‘input
7 |Perc :32.008 psia output
8 [p, :=1/C:\STMFUNC.XLA'lvgpsat(B7) Ibo/f® calculated
9 fhy ='C\STMFUNC XLA'Ihfgpsat(B7) Btuw/ib,, .calculated
10 :
11 [Qdot,i =[PREVAL XLS]CFC Heat transfer''E26 Btu/hr ;output
12 JAmass =B11°B6/(3600"B9) - b, icalculated
13 Mcrc previous 493.82 'bm ioutput
14 IMcee cprent =B13-B12 Ibyy, ;calculated
15 [Merc jntiar 502.41 b -input
16 [VOlsteam produced by bailing /=(B15-B14)/E8 ftt ‘calculated
17 1Q ongensation 73422 Btu ioutput
18 |VOlseam condensed =B17/E9"EB) ft° .calculated
19 JVOlyeam net i=B16-B18 _ ft ‘calculated
20 ;
21 |Luaeriniian 216 feet .input
22 |d e :7.98 R inches input
23 [Avoe =PI(V4*(B22/12)"2 ft’ ‘calculated
24 :
25 |Lter. iling : 1=B21-B19/B823 feet calculated
26 E ;
27 |Lovater. torce baiance '='{PREVAL XLS]Force Balance''B12 feet ‘output
28 : :
29-|Difference in calculated =827-825 feet )
30 |water column lengths j !
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A B ] c D E
1 .
2 |Quantity Value Units Source Comparison \‘Nith:
3 code output |
4 -
5 jat 0.1 sec input
6 |Pcec 31.888 psia output
7 T comsinment 263.84 | °F output
8 |time; 22.1 sec input
8 (U wpipe.previous 3.1561 ft'sec output
10 |d; ;ipe 7.98 inches input
11 |do pipe 8.625 inches input
1219t 1.0 inches input
13 K stees 26.2 input
14K, 0.0229- input
15 [LW e . 178.99 ft output
16 L pipe i 216 ft 'output ;
17 |Asipeicony .. 37394 . ft* calculated 373.94 |
18 [Agipe.0.conv .1 40416 ft* calculated 404.17
19 [ Ains ave.conv i 451.03 ft* calculated
20 JAsipe.ave,conv | 389.06 ft* calculated 389.06
21 [Ajipeicone 77.32 . fte calculated 77.315
22 |Ajpeocom 83.57 ft? calculated 83.564
23 | Ains ave.cond 93.25 ft* calculated
24 | A0 ave.cond 80.44 ftt calculated 80.439
25
26 |hy i 2611 | Btwhr-f=°F |calculated
27 |Reomvo ! 8:079E-03 | Btwhr-f'°F |calculated 8.080E-03
28 |Reonvi ; 5.3096E-06 ! Btu/hr-f*-°F |calculated 5.310E-06 |
29 |Reonso . 3.908E-02 | Btwhr-f“°F icalculated 0.039078
30 |Reong; : 2.5121E-05| Btwhr-f*-°F icalculated 2.52E-05 !
31 | Tstees conw 80.109 °F - |output
32 | Tsteercons 143.65 °F output
33 | Tupip ;| 80.018 °F output
34T, i 25385 | °F calculated 253.93
35 [Qdoty, cony i 2.274E+04 ; Btuhr . |calculated 2.274E+04 |
36 {Qdot; copy " 1.714E+04 | Bturhr calculated 1.721E+04 |
37 |Qdotuee conv . 5.602E+03 ! Btu/hr calculated 5.536E+03 |
38 |Qdot, cong : 3.076E+03 | Btuhr  Icalculated 3.076E+03 |
39 [Qdot, cone ¢ 4.385E+06 | Btwhr  {calculated 4.382E+06 |
40 |QdOt e cong 1.918E+06 | Btu/hr calculated 1.914E+06 |
41 |QdOtgeey stee 2.475E+06 | . Btushr calculated 2.471E+06 |
42 [pgeer 489.0 o /ft° input
43 |Cstens 0.12 Btu/lb,-°F  |input !
44 [%BAL op, 0.000E+00 !
45 [%BAL g - -5.788E-04 |
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Validation of Pipe Heat Transfer Block

.

A 1 B ] c ] D {  E ] F
465 : , . i
47 : ' I
48 ; L !
49 1Quantity i Value Units Source Comparison with: )
50 _ : _ code output !
51 e : - - 1
52 [VOlsioeconv ! 10456 ft’ calculated |
53 |AT gteet.conv . 0000 . °F calculated
54 |VOlyeet cong ©2.480 ft° calculated . _
55 |AT steel.cona . 0415 °F calculated ;
56 |Tsteerpreviouscov _ 80.109 °F lcalculated : 80.109
57 | Tteet,previous.cond 143235 °F " :calculated . 14323




Caculation MECH-0074, Rev. 0

Appendix A

Project 10050-003 Page A319
Validation of Pipe Heat Transfer Block
A | B c D. E
1 i 1
2 |Quantity Value Units _ |Source parison with:
3 _ *eade output
4 | i
5 I\ 10.1 sec finput
§ |Pere 131.888 . psia 'output £
7 T comamment 263.84 °F {output T
8 jtime, 22.1 sec :input H
8 |U pipeprevious  |3.1561 f/sec  ioutput H
10 [d. .. 7.98 inches  iinput
11 {de pipe 8.625 inches input
12 |tins 1 inches ;input
13 1K el 28.2 input
14 |K,.; 0.0229 input
15 LW, 178.99 ) ft output
16 L e 216 - f output I
17 JAopesconv =Pi()"(B10/12)"(B15) ft* jcalculated W3.94
18 1Ac0e.0.c0nv =Pl()*(B11/12)*(B15) ft* calculated g4 17
19 {Ains ave.conv =E18*(B12+B11)}/B11 f calculated 1
20 1Acpe ave conv =(E17+E18)2 L calculated (398 06
21 {Ajpe s.cond =P1()*(B10/12)*(B16-815) e calculated 7315
22 |Appe.0.cons =PI()*(B11/112)*(B16-B15) # calculated 3564
23 JAsns.ave.cond =E22*(B11+812)/811 e calcuiated E
24 JAce ave.cond =(E21+E22)12 e calculated [ SH439
25
26 fhy =(235-280)"(B8-20)/(25-20)+280 Btu/hr-£%-°F |calculated
27 [Reomso =1/(B26°E18)+(B11-B10)/(2"12°2°E20°B13)+B12/(12°B19°814) Btuhr-ft'-°F |calculated 88080795 |
28 [R s =1(670"E17+(B11-B10)(2"12°2°E20"B13) Btu/hr-ft'-°F |caicutated  [#8000053056
29 |Reona0 =1I(826‘E22)+(B11-810)/(2'12'2‘E24'B13)+B12/(12'B23‘814) Btu/hr-#°-°F [calculated llnso7a
30 |Roor, =1/(690°E21){B11-B10)/(2°12°2°E24"B13) Btuhr-A*-°F Icalculated /8880025151
31 [ Toreatcons 180.109 °F  Joutput
32 [T, nercoma 114365 °F routput
33 {Tupe 80.018 . °F loutput .
34T, ='CASTMFUNC. XLA'ftpsat(B6) °F (Calculated 25393
35Qdotycony 1 =(B7-B3TVE27 Btwhr  calculated 'ZBe0
36 [Qdot cony =(B31-B33)/E28 Bw/hr  icalculated 1225
37 |Qdotyeer cony =B35-B36 Btwhr calculated 5359
38 {Qdoty cone =(B7-B32)/829 Btwhr calculated '35
39 |Qdot, cpng =(E34-B32)/E30 Biuhr  |calculated (4388600
40 JQdotueeicona |=(B32-E57)*(B16-815)"B42°B43*PI(V4*((B11/12)2-(B1012)°2)3600/85 Btwhr  !calculated | 1983500
41 [Qdolgey stees =(B32-B31)’89’85’342'543'!’!()/4'((811/12)*‘2—(810/12)"2)’3600’85 Btumr calculated 2615200
42 |p e 489 b/t [input [
43 {Cypet 0.12 Btub,-°F linput
44 |%BAL ¢, =(B835-836-B37V(B35+B36+B37)
45 1%BAL (gng =(B38+839-B40-B41)I(838+839+B40+B41) :
46 L
47 i
48 ; !
49 |Quantity Value Units  :Source :Comparison with:
50 . ! code output
51 : . : !
-52 [Volyeercone  [=PI(/4*((B11112)°2-(B10M12)"2)"B15 7 calculated -
53 | AT gteet.conv 1=B38*B5/(3600"B52*B42"B43) °F calcufated |
54 |Volgien cons i=Pl()I4'((B11/12)“2-(810/12)"2)'((816-815)+89'|35) ft* calculated
55 | AT 1e00.c0na {=E40°B5/(3600*B42°B43°B54) °F calculated
56 Tsms.ptemous.nonv j=B31-853 °F icalculated '80.985
57 Tsleetpnwous.eond ;=B32-B55 °F icalculated 14323 ]




) Report SL-5102, Rev. 0
— Calculation MECH-0073, Rev. 0

Appendix B
Project 10050-003 Page Bl
ENDIX
LOCA/LOOP HYDRAULIC ANALYSIS, POST PUMP START-UP
for
- ILC. LEAR N

Prepared ﬁi %U v ___ Date 5-23- 7 1
Reviewed MM ;5’ Date $-Z 3’77
Approved /U/( /f, L/a;j/é Date & 9—3"?7




Calculation MECH-0073, Rev. 0 Appendix B
Project 10050-003 Page Bl

B1  PURPOSE

The purpose of this calculation is to perform a hydraulic analysis of the post pump start-up
transient for the Virgil C. Summer Nuclear Station (VCSNS). The analysis is based upon a
model that includes two containment fan cooler (RBCUs) XAA-1A and XAA-2A, as well as the
booster pump XPP-45A and the correspohding supply piping upstream of both coolers are
selected for this aﬁalys@s. The configuration and piping arrangements of RBCUs XAA-1B and
XAA-2B are similar to those of XAA-1A and XAA-2A respectively.

B2  DESIGN INPUT

B2.1 The system configuration, such as pump curves, pipe diameters, lengths, and elevations,
are based upon VCSNS isometric drawings ( Reference B7. 1). Booster pump curves are

given in Reference B7.2. Service water pump curves are given in Reference B7.8.

B2.2  The booster pump start time in this analysis is 0 second, which corresponds to
approximately 41.5 seconds after the LOOP ( Reference B7.3).

B2.3  Water and steam properties used in the analysis are based upon the ASME Steam Tables
(Reference B7.4).
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B3  ASSUMPTIONS

B3.1  For conservatism, it is assumed that all flow from the booster pump will be supplied to

one or two RBCUs.

B3.2  The piping downstream of the RBCU outlet valves XVG-3107 contains a separated
column at the beginning of this transient. When outlet valve XVG-3107 begin to open,
the discharge side of the RBCU will be exposed to this pressure until the return line fills

with water. For conservatism, a zero back pressure is assumed throughout the refil]

transient.

B4 APPROACH

The refilling process will start approximately 41.5 seconds after the LOOP. The analysis is

based upon a booster pump starting at 30 seconds after the diesel generator is ready for loading
which is 11.5 seconds after the LOOP.

One booster Pump (XPP-45A) and the two RBCUs (XAA-1A and XAA-2A) are considered in
the analysis. In train B, where booster pump (XPP-45B) supplies water to the RBCUs XAA-1B
and XAA-2B, the piping configurations are similar to those in loop A above. Due to this

similarity, the results of the analysis will be applicable to both loops.

In the analysis, the momentum equations governing the flow to the RBCUs are solved
simultaneously using a simplified algorithm that has been developed specifically for this
analysis. The algorithm is listed and validated in Section B9. The computational results include

time dependent values of flow rates and integrated flows.
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BS COMPUTATIONS

The force exerted by the pumps on the water column in the 16-inch return line should equal the
total of the frictional force in the pipe, the rate of change in momentum of the water column, and
the force due to difference in elevation, in addition to the force acting on that column due to the
back pressure. The back pressure in this analysis is that at the discharge of the downstream of

the RBCUs. For conservatism, a zero back pressure is assumed.

The momentum equations governing the flow in different pipe segments of the supply line
upstream of the RBCUs are solved simultaneously throughout the transient using a simplified
algorithm that has been developed specifically for this analysis

-

B6 RESULTS AND DISCUSSION
The results of the analysis are presented in Figures B1-1, B1-2 and B1-3.

The results show that the maximum flow rate through the RBCUs is less than 13.12 ft*/sec (5888
gpm) if it was assumed that the flow from the Booster Pump 45A would be directed to one
RBCU only (RBCU XAA-1A).

However, the results also shows that the maximurm flow rate through each RBCU is less than

6.64 ft’/sec (2980 gpm) if it is assumed that the flow from the booster pump would be directed to
two RBCU:s.

Because the flow is directed through the piping in a different manner for these two potential

alignments, the water velocities and water hammer pressure values are calculated for each line
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size for each flow condition. This will address the potential alignments that can occur during
normal, infrequent, accident and test conditions. The more limiting of the two conditions is the

system requirement.
Time-dependent values of flow rates and integrated flows are shown in F igures B1-1 and B1-2.

Sonic velocity (a) of shock wave in the 10-inch line (0.D. =10.75 inches , Thickness () =0.365
inches. I.D. = 10.02 inches, Flow Area = 0.548 ftz) is calculated as follows :
a=4660/((1+0.01*(1D))"" = 4127.7 f/sec

For the case where the flow from the booster pump is directed to one RBCU only :

The velocity of water in the 10-inch line at 31.12 ft*/sec will be 13.12/0.548 = 23.94 ft / sec.
Therefore, the maximum expected water hammer pressure wave (P) in the 10-inch line can be

calculated as follows:
P=05*a*v*(y/g)/144 = 0.5 * 4127.7 ¥ 23.94 *(624/322)/144 = 666 psig.

This is the expected méximum water hammer pressure in the return side, 10-inch line as a result
of LOOP or LOCA/LOOP.

Similarly, the maximum expected water hammer pressure in the return side, 8-inch lines and 16-

-inch lines is 265 psi and 274 psi, respectively (see F igure B1-3).

For an alternate case where the flow from the booster pump goes to two RBCUs:

The velocity of water in the 10-inch line at 6.64 ft/sec will be 6.64/0.548 = 12.12 ft / sec.
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Therefore, the maximux.n expected water hammer pressure wave (P) in the 10-inch line can be

calculated as follows:
P=05*a*v*(y/g)/144 = 0.5*4127.7* 12.12* (62.4/32.2)/ 144 =337 psig.

In this less conservative case, the expected maximum water hammer pressure in the return side,

10-inch line as a result of LOOP or LOCA/LOOP is 337 psig.

Similarly, the maximum expected water hammer pressure in the return side 8-inch lines and 16-

inch lines is 134 psi and 274 psi, respectively (see Figure B1-3).

The maximum water hammer pressure that would occur in the 16-inch return line is 274 psi after
the RBCU outlet valves, XVG-3107, begin to open followed by the flow from the booster pump.

The water hammer will strike the water column at or near Elevation 450.

The-simpliﬁed method employed to estimate the water hammer pressure assumes that two water
slugs collide. The relative speed calculated for the water slugs is maximized by setting the back
pressure on the coil to zero and estimating the velocity based on pump flow. Should this velocity
be evaluated subsequent to a LOCA, steam bubble formation would raise the back pressure on
the coil and reduce the calculated velocity, reducing the estimate for the water hammer pressure.
Therefore, the values calculated above bound both the LOCA and the non-LOCA cases. This
water hammer pressure values are conservative because a number of factors which have the
effect of reducing the pressure (e. g. acceleration of the downstream leg after the discharge valve
is opened, elevated water temperatures and correspondingly lower fluid densities, entrained non-
condensables, fouling factors in the piping system flow calculations and cooling coil heat transfer

calculations) have been ignored in its determination.
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At VCSNS, data are available from MOVATS tests (Reference B7.9) that allow examination of
the cold-restart transient and comparison with the analytical results. In these data, the RBCUs
are aligned to the service water system and placed in standby mode. The service water pmmps
are in operation and the header is pressurized. The service water booster pump is off and valves

XVG-3106 and XVG-3107 are closed. This allows the column separation to form downstream
of XVG-3107.

The test is initiated by starting the service water booster pump, which in tumn signals XVG-3106
and XVG-3107 to open. Figures B2-1 through B2-4 show the pressure measured upstream and
downstream of XVG-3106A, XVG-3107A, XVG-3106B and XVG-3107B for such tests. The

pressure traces are given in the lower two curves of these figures.

The analytical results for the flow during this scenario is given in Figure B1-1. The flow rises
from zero at pump start to full flow in approximately 2 seconds. The comparable traces are the
upstream pressure for XVG-3106 (Figures B2-1 and B2-3). In these figures the pressure rises
sharply at pump start, reaching a peak value at approximately 3 to 5 seconds. The pressure then
settles to a steady state value less than the peak value. For the downstréarn valves, Figures B2-2
and B2-4. the pressure signature is similar but the iaressure rise occurs over a longer period of
time, approximately 5 seconds for Figure B2-2 and approximately 12 seconds for Figure B2-4.
The important observation is that the fast rise predicted analytically leads to higher velocities and

water hammer pressures and is therefore conservative.

An important result is shown in the pressure traces downstream of the XVG-3107 valves. (See
the lower curve in Figures B2-2 and B2-4.) The pressure traces rise from the static pressureto a
peak value in 10 to 15 seconds. However, there is no evidence of a column separation watex

hammer event propagating from the return line into the piping during these tests. This is
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important as these tests are performed under the scenario expected to produce the maximum

water hammer pressure from closure of the column separation.



Calculation MECH-0073, Rev. 0 Appendix B

Project 10050-003 Page B8
B7 REFERENCES

B7.1 VCSNS Drawings:

E-302-221, Revision 19 System Flow Diagram - Service Water Cooling

E-302-222, Revision 33, System Flow Diagram - Service Water Cooling
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E-304-256 , Revision 12, Service Water Cooling Auxiliary Plans, Sections and
Details -
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Figure B1-1 ; Flow Rates from Pump 45A
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Figure B1-2 ; Integrated Flows Through The RBCU's
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Figure B1-3 : Maximum Expected Waterhammer Pressures in Service Water System Piping
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Figure B2-1 : Results of Post-Modification Tests for MRF 22362
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Figure B2-4 : Results of Post-Modification Tests for MRF 22362
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IT1 MOVATS
Series 3580
(o) 1998-1994

Tag!
XVUGa31078

File:
140 .L05

Date/Tine:
Oat 31 1994
84:13
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C-30-2>C

Test Tupe:
DP

Source:
B. PUMP

Tenp !
0.8 Deg F

Pressure!
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AF Torque SW:
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VALIDATION OF COMPUTER PROGRAM PQSTPUMP
This section of Appendix A includes the validation documentation for the computer program POSTPUMP. This
code is used to predict flow conditions in the containment fan cooler piping after the restart of the Service Water
pumps. POSTPUMP is a one-shot computer program that was developed specifically for the analysis performed in
this appendix.
The validation documentation includes the following items :

Listing of FORTRAN subroutines.

- postpump.for

- echo.for

- header.for .

- blockio.for

- iocom.for (INCLUDED COMMON Blocks)

Listings of the program input and output for the validation case run.

A detailed spreadsheet analysis that vaiidates the POSTPUMP results.

Program Name : POSTPUMP

Prepared by ﬁ ﬂ/‘/ JL W i Date 7 ZJ/ f7

Reviewed by — LYIRN Date S/ 23/ f7 -

Approved by 9‘ Date 5-Z. 5’7 7

>
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C  POSTPUMP - Post Pump Start-Up LOCA/LOOP Hydraulic Analysis
C .
C 100 DIMENSIONS
C
IMPLICIT REAL *8 (A-H,0-Z)
REAL *8 LAA,LAAT KAA KAAT
REAL *8 LAB,LABT,KAB,KABT
REAL *8 LA.LAT, KA KAT
CHARACTER *60 TITLE
DIMENSION PSTIME(10)
DIMENSION QAT(100),PPT(100) .
DIMENSION DAAT(1000),LAAT(1000),KAAT(1000),H1 AAT(1000),H2AAT(1000)
DIMENSION DABT(1000),LABT(1000),KABT(1000),HIABT(1000),H2ABT(1000)
DIMENSION DAT(10060), LAT(1000), KAT(1000), HIAT(1000), H2AT(1000)
DIMENSION UCAA(1000),UCAB(1000),UCA(1000),
X UPAA(1000),UPAB(1000),UPA(1000)

INCLUDE 'lOCOM.FOR'

C  Open input and output files
C
CALL ECHO
C
C 200 INPUT .
C
CALL HEADER
P1=3.141592654
GRAV=32.2
RHO=62.4/32.2

TITLE (A60)

sNoNe!

READ(LIN,910)TITLE
Time limit parameters

DT - Time step increment (seconds)

TOMIN - Time at which output to print file begins (seconds)
TOMAX - Time at which output to print file ends (seconds)
TMAX - Time at which the analysis ends (seconds)

ipEsNeNeNoNoNeNe)

READ(LIN.*)DT, TOMIN,TOMAX. TMAX
Initial conditions

QAl - Initial total flow rate (gpm)

RAI - Initial fraction of flow rate through line AA
PBAA - Backpressure in line AA (psi)

PBAB - Backpressure in line AB (psi)

O0O00O0O0O00n0n

READ(LIN,*)QALRAAI.PBAA,PBAB

Pump Phased Start Time Data

oNoNp!

Appendix B
Page B25
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C
C
C

OO0O00O0

o000 000000 O0OO0OO0OO00N

sNeNeoRoNoNoNoNoNeNo Xe)

IPUMPS - Number of Pumps >=1
PSTIME(I) - Pump start time (seconds)

READ(LIN,*)IPUMPS,(PSTIME(]).I=1,IPUMPS)
Pump Curve Data - Single Pump

QAT(I) - Pump discharge flow rate .(gpm)
PPT(1) - Pump head pressure (feet)

READ(LIN,*)!QATMAX,(QAT(l).PPT(I),I= I .IQATMAX)

SW Pump Discharge Line from Pumps to CFC Supply Headers Parameters
Line AA (IHX-15A)

IAAMAX - Number of segments in the line
DAAT(1) - Pipe internal diameter (inches) ~
LAAT(I) - Pipe length (feet)

KAAT(I) - Total line resistance

HITAAT(I) - Starting elevation (feet)
H2AAT(l) - Ending elevation (feet)

READ(LIN,*)IAAMAX,

&(DAAT(D),LAAT(1),KAAT(I).HIAAT(I),H2AAT(1),I=1 JAAMAX)

SW Pump Discharge Line from Pumps to CFC Supply Headers Parameters
Line AB (1HX-15B)

IABMAX - Number of segments in the line
DABT() - Pipe internal diameter (inches)
LABT(I) - Pipe length (feet)

KABT(I) - Total line resistance

" HIABT(I) - Starting elevation (feet)

H2ABT() - Ending elevation (feet)

READ(LIN,*)IABMAX,

&(DABT(D),LABT(1),KABT(I),HIABT(I), H2ABT(l),I=1,IABMAX)

SW Pump Discharge Line from Pumps to CFC Supply Headers Parameters
Line A

IAMAX - Number of segments in the line
DAT(I) - Pipe internal diameter (inches)
LAT(I) - Pipe length (feet)

KAT(l) - Total line resistance

HIAT(I} - Starting elevation (feet)
H2AT(I) - Ending elevation (feet)

READ(LIN,*)IAMAX,

&(DAT()LLAT(),KAT() HIAT(1).HZAT),I=1 IAMAX)

QAI=QAI/(60*7.48)
QA=QAI .

RAA=RAAI

PBAA=PBAA*144 .
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PBAB=PBAB*144
DO 10 1=1,1000
UPAA(D=0
UPAB(1)=0
UPA(1)=0
10 CONTINUE
C
T=-DT
C
C Time Loop Entry
c .
90 T=T+DT

Use Pump Curve to Determine Pressure (PP2)
for Single Pump Flowrate (QA 1PMP) -

NnOoonoO

QAIPMP=QA*60*7.48
IF (IPUMPS.GT.1) THEN
DO 20 1=2,IPUMPS
IF (T.GE.PSTIME(I-1).AND.T.LT.PSTIME(I)) THEN
QA IPMP=QA1PMP/(I-1)
GOTO 25 .
ENDIF
20 CONTINUE
QA1PMP=QA IPMP/IPUMPS
ENDIF
25 CONTINUE
C
"IF(QA1PMP.GT.QAT(IQATMAX)) THEN
WRITE(6,*)QA OUT OF RANGE'
STOP
ELSE
DO 30 I=1,IQATMAX-1
IF((QA1PMP.GE.QAT(I)).AND.(QAIPMP.LE.QAT(I+1))) THEN
PP2=PPT(I)+ .
X (QATPMP-QAT())*(PPT(I+1)-PPT(I))(QAT(I+1)-QAT(I))
PP2=PP2*RHO*GRAV .
GOTO 35
ENDIF
30 CONTINUE
ENDIF
35 CONTINUE
C
KERR2=0 .
_ 100 CONTINUE
C
KERRI1=0
110 CONTINUE
C
C AALOOP
C
QAA=QA*RAA
DO 120 IAA=IAAMAX.] -1
DAA=DAAT(IAAY12
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C
C
C
C
C
C

LAA=LAAT(IAA)
KAA=KAAT(IAA)
HIAA=HIAAT(IAA)
H2AA=H2AAT(IAA)
IF(IAA.EQ.JAAMAX) THEN
P2AA=PBAA
ELSE
UDAA=UAA .
AAA=(PI/4Y*DAA**2
UAA=QAA/AAA
P2AA=P1AA+RHO*(UDAA**2-UAA**2)/2
END IF
QAA=QA*RAA
AAA=(PI4)*DAA**2
UAA=QAA/AAA
DMUDT=RHO*LAA*(UAA-UPAA(IAA))/DT
FRIC=RHO*KAA*UAA*ABS(UAA)2
HEAD=RHO*GRAV*(H2AA-HIAA)
PIAA=P2AA+DMUDT+FRIC+HEAD
UCAA(IAA)=UAA

IF((T.GT.TOMIN).AND(T.LE.TOMAX)) THEN

WRITE(LOUT,*))AA LOOP'

WRITE(LOUT,920)T,UDAA,UAA,AAA,P2AA PIAA PBAA
WRITE(LOUT.920)T,DMUDT,UPAA FRIC,HEAD,UCAA H2AA

END IF

120 CONTINUE

OO000n

DA=DAT(AMAX)/12

UDA=UAA

AA=(PI/4)*DA**2

UA=QA/AA

P2A1=P1AA+RHO*(UDA**2-UA**2)/2
WRITE(LOUT,*)'AA LOOP'

WRITE(LOUT,920)T,P2A1,P1AA,RHO,UDA,UA

AB LOOP

RAB=1-RAA
QAB=QA*RAB
DO 130 IAB=IABMAX.1.-1
DAB=DABT(IAB)/12
LAB=LABT(IAB)
KAB=KABT(IAB)
H1AB=HIABT(IAB)
H2AB=H2ABT(IAB)
IF(JAB.EQ.JABMAX) THEN
P2AB=PBAB
ELSE
UDAB=UAB
AAB=(PI/4)*DAB**2 .
UAB=QAB/AAB
P2AB=PIAB+RHO*(UDAB**2-UAB**2)/2
END IF :
QAB=QA*RAB
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AAB=(PI/4)*DAB**2
UAB=QAB/AAB .
DMUDT=RHO*LAB*(UAB-UPAB(IAB)YDT
FRIC=RHO*KAB*UAB*ABS(UAB)/2
HEAD=RHO*GRAV*(HZAB-H1AB)
P1AB=P2AB+DMUDT+FRIC+HEAD

UCAB(IAB)=UAB

C  IF((T.GT.TOMIN).AND.(T.LE. TOMAX)) THEN

C  WRITE(LOUT,*)AB LOOP'

C  WRITE(LOUT,920)T,UDAB,UAB,AAB,P2AB,P1AB, PBAB
C  WRITE(LOUT,920)T,DMUDT,UPAB,FRIC.HEAD,UCAB,H2AB
C ENDIF

c

130 CONTINUE

DA=DAT(IAMAX)/12

UDA=UAB

AA=(PI/4)*DA**2

UA=QA/AA :

P2A2=P1AB+RHO*(UDA**2-UA**2)/2
WRITE(LOUT.*)'AB LOOP'
WRITE(LOUT,920)T,P2A2,P1AB.RHO,UDA.UA

aO0n0

PHEADMIN=RHO*GRAV*(H2AAT(IAAMAX)-HIAAT(1))
ERR1=2*100*(P2A2-P2A 1)/(ABS(E2A2+P2A1)+1)
WRITE(6,'(F8.2,112,1PSE12.5))
* T.KERRI.PHEADMIN,P2A1,P2A2 ERRI . RAA
WRITE(LOUT,(F8.2.112,1PSE12.5) :
. T,KERR1,PHEADMIN,P2A1,P2A2.ERR1 RAA
IF((P2A2.GT.PHEADMIN).AND.(ABS(ERR1).GT.0.1)) THEN
RAA=RAA+0.0001*ERR|
[F(KERR1.GT.100000) THEN
WRITE(6,*YKERR| OUT OF RANGE'
STOP
ENDIF
KERR1=KERR1+]
WRITE(6,'(F8.2.112,1PSE[2.5))
* T.KERR1,PHEADMIN,P2A1,P2A2,ERR1,RAA
WRITE(LOUT,(F8.2.112,1PSE12.5))
. T,KERR1.PHEADMIN,P2A1.P2A2 ERR1,RAA
IF (KERR1.EQ.2 ) STOP
GOTO 110
END IF
PBA=P2A2

o000

annonn

C

C ALOOP

C

DO 140 IA<IAMAX.1 -1
DA=DAT(IAY12
LA=LAT(IA)
KA=KAT(IA)
HIA=HIAT(IA)
H2A=H2AT(IA)
IF(IA.EQ.IAMAX) THEN
P2A=PBA

Appesdix B
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ELSE
UDA=UA
AA=(PI/4)*DA**2
UA=QA/AA
P2A=P1A+RHO*(UDA**2-UA**2)/2
ENDIF
AA=(Pl/4)*DA**2 .
UA=QA/AA
DMUDT=RHO*LA*(UA-UPA(IA))/DT
FRIC=RHO*KA*UA*ABS(UA)?2
HEAD=RHO*GRAV*(H2A-HIA)
P1A=P2A+DMUDT+FRIC+HEAD
UCA(IA)=UA
C IF((T.GT.TOMIN).AND (T.LE. TOMAX)) THEN
C WRITE(LOUT,*)A LOOP'
C WRITE(LOUT,920)T,UDA.UA,AA,P2A,P1A,PBA
C WRITE(LOUT,920)T,DMUDT,UPA, FRIC,HEAD,UCA H2A
C ENDIF :
C

140 CONTINUE
PP1=P1A

WRITE(6,'(F8.2,112,1PSE12.5))
*  T,KERR2,PP2,PP1,ERR2.QA
WRITE(LOUT,'(F8.2,112,1P5E12.5))
* T.KERR2,PP2,PP1.ERR2.QA
ERR2=2*100*(PP2-PP1)/(ABS(PP2+PPI1)+1)
IF(ABS(ERR2).GT.0.1) THEN
QA=0QA+0.0001*ERR2
IF(KERR2.GT.1000000) THEN ~
WRITE(6,*YKERR2 OUT OF RANGE'
STOP

ENDIF

KERR2=KERR2+1
WRITE(S6,'(F8.2,112,1P5SE12.5))

* T,KERR2,PP2,PP1.LERR2.QA
WRITE(LOUT,(F8.2,112,1P5E12.5))

* T,KERR2,PP2,PP1,ERR2.QA
IF ( KERR2.EQ.1000 ) STOP

GOTO 100
END IF
PP=(PPI+PP2)/2

[oNeNeNeKe!

anoonn

QTOTA=QTOTA+QA*DT
QTOTAA=QTOTAA+QAA*DT
QTOTAB=QTOTAB+QAB*DT
DO 150 I=1,1000
UPAA(I)=UCAA(I)
UPAB(I)=UCAB(l)
UPA(I)=UCA(I)
150 CONTINUE
C -
WRITE(6,920)T,PP,QA.QAA,QAB.QTOTAA.QTOTAB
WRITE(LOUT,920)T,PP,QA.QAA.QAB.QTOTAA,QTOTAB



aO0o0n
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WRITE(LPL1,920)T,QTOTA,QA,QAA,QAB, QTOTAA,QTOTAB
C

IF((T.GT.TOMIN).AND(T.LE.TOMAX)) THEN
WRITE(LOUT,920)T,QAA.AAA . UAA P1AA. P2AA P2A1
WRITE(LOUT,920)T,QAB,AAB.UAB,P1AB.P2AB P2A2
WRITE(LOUT,920)T,QA,AA,UA.P1A P2A
WRITE(LOUT,920)T,DMUDT,FRIC.HEAD,PP1,PP2

END IF

Check for Time Limit, Otherwise Continue Time Loop °

IF(T.GT.TMAX) THEN
STOP :
ELSE
GOTO 90
ENDIF
Cc
910 FORMAT(A60)
920 FORMAT(F8.2,1P6E12.4)
C
END
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SUBROUTINE ECHO
C
C CALLEDBY THE 'MAIN' PROGRAM
C
C  Routine to read input data from file assigned-to LIN,
C  print copies of the input lines to the standard output
C file LOUT and to the alternate input file ALTIN, and
C then redirect input reads to the alternate input file.
C
CHARACTER*4 IMAGE(20)
INTEGER OCHEK,LCOUNT,LCSTRT,LCMAX
C
INCLUDE 'lOCOM.FOR'
C
DATA LCSTRT/5/,LCMAX/56/
C
C Initialize the input unit number.
C
LIN=LOCIN
C
C  Open the input file - POSTPUMP.DAT.
C
OPEN (UNIT=LIN,ACCESS='SEQUENTIAL'ERR=1900.
X  FILEFPOSTPUMP.DAT . FORM=FORMATTED .STATUS=UNKNOWN")
c
C  Open the output file - POSTPUMP.OQUT.
C
LOUT=LOCOUT
OPEN (UNIT=LOUT,ACCESS='SEQUENTIAL',ERR=2000,
X  FILE='POSTPUMP.OUT ,FORM=FORMATTED',STATUS="UNKNOWN")
C
C Initialize the plot output unit numbers.
C
LPLI=LPL1OT
C
C  Open the plot output file POSTPUMP.PL1
C
OPEN(UNIT=LPLI,FILE='POSTPUMP.PL1"
C
C  Open the alternate input file - ALTINPUT.TXT.
C
AOUT=ALTIN
OPEN (UNIT=AOUT,ACCESS='SEQUENTIAL'.ERR=2100,
X FORM=FORMATTED' STATUS='SCRATCH"
C

CALL HEADER
LCOUNT=LCSTRT
I READ(LIN,3000,END=1000,ERR=1000,I0STAT=IOCHEK) IMAGE
IF (LCOUNT.EQ.LCMAX) THEN
CALL HEADER :
LCOUNT=LCSTRT
ENDIF .
WRITE(AOUT,3000) IMAGE
WRITE(LOUT,3010) IMAGE
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LCOUNT=LCOUNT+I
GOTO |
C .
C  End of file encountered on input
C
1000 IF (IOCHEK.EQ.-1) THEN
LIN=ALTIN
REWIND LIN
RETURN
ELSE .
WRITE(LOUT,3100) LIN
STOP
ENDIF
C
C  Error attempting to open file POSTPUMP.DAT
C
1900 STOP 'STOP - Error attempting to open file POSTPUMP.DAT
cC .
C  Error attempting to open file POSTPUMP.OUT
C .
2000 STOP 'STOP - Error attempting to open file POSTPUMP.OUT
C
C  Error attempting to open file ALTINPUT.TXT
c
2100 STOP 'STOP - Error attempting to open file ALTINPUT.TXT
C
C Formats
C
3000 FORMAT (20A4)
3010 FORMAT (20A4)
3100 FORMAT (/' ','I/O error encountered on input.")
END : .

Appendix B
Page B33



Calculation MECH-0073 Appendix B
Project 10050-003 Page B34

C
SUBROUTINE HEADER

A subroutine to send a form feed character and
header line to the output file.

Declarations for local variables

oNeNoNoNoNe]

INTEGER  IHR, IMIN, ISEC. 1100TH, IYR. IMON, IDAY
INTEGER PAGE
CHARACTER* | FF

INCLUDE '1OCOM.FOR'

DATA PAGE/0/
C DATAFFr1Y/
FF=CHAR(12)

PAGE=PAGE+1
CALL GETTIM(IHR.IMIN.ISEC.] 100TH)
CALL GETDAT(IYR,IMON,IDAY)
IF (PAGE.EQ.1) THEN
WRITE(LOUT,8000) ' ', PAGE.
- X IMON,IDAY.IYR.
X [HR,IMIN,ISEC.1100TH
ELSE
WRITE(LOUT,8000) FF.PAGE.
X IMON,IDAY.IYR,
X IHR,IMIN.ISEC.1100TH
ENDIF
RETURN
C
C Formats
C
8000 FORMAT (Al/
X ‘Program : PostPump',44X.'Page : '.110/
X 'Number : 38X,
X - '‘Date : ',12.2,'7,12.2'/" 14/
X 62X,
X Time : '.12.2,".12.2,",12.2, " 12.2//)
END )
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BLOCK DATA

C

INCLUDE '1OCOM.FOR'
C
DATA LOCIN/8/,LOCOUT/ 10/,
X ALTINyY,
X LPLIOTNIV/
C
END
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C  INCLUDE'IOCOM.FOR'

C

C  Declarations for variables in COMMON /IOCON/
C .

INTEGER LlN,LOCIN,LOUT,LOCOUT,-
X AOUT,ALTIN,

X LPL1,LPL1OT
COMMON/IOCON/LIN,LOCIN,LOUT,LOCOUT.
X AOUT,ALTIN,

X LPLI,LPLIOT
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POSTPUMP VALIDATION CASE
0.1 19.8 20.0 20.0

0 0 0O
3 0. 5 10
8

0.0 2879
2060.7 2379
30593 2148

4047.5 1962
4952.7 1771
5994.7 155.7
69150 1254
7668.3  72.0

10.02 3033 2.734 33.16 33.
798 745 2815 33.16 675
7.98 50. 38268 67.5 675
10.02  33. 3014 33.16 3325

7.58 173. 4327 3325 475

7.98 50. 36921 475 475

5 1525 105 3.094 825 11.04

2325 2358 1.899 11.04 -1.125 :
2925 94, 0877 -1.125 9.

2325 1755 1392 9. 36.

1325 112, 0734 36. 33.16

16

(73]

(V3]
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Validation of Pump Startup Analysis

A B C D E F G H i J K L M N 0

p= | 624 by’

{202 t=03 T (PO (R R A VN NSO N head icss:

Segment | Qpevious Q d L K - AA | friction | sub-total| head | sub-total Au inertia | sub-total {/ segment

(t3/sec) | (ft3/sec) | (in)” | Tfeet) |~ (fest) | (feet) | (feol) | (fest) | (fest) | (fi/sec) | (feel) (feet) | (feet)

A | 4168 | 5181271525 | 1675 13004 021 080 | [279 [T 080 | 261 T

olo|ej~vjo|rnlalw|n]a

4168 | 51812 {2325 | 2358 | 1898 [0.03| 009 | 12165 [ {7034 | 252 R

4168 | 51812 | 2925 | 94 | 0877 |0629| 002 | 10125 | 022 | 634
4.168 | 51812 | 2325 | 1755 | 1.392 | 0.407 | 0.07 ~ 27 | 034 | 1874

-
-

4168 | 51812 11325 | “{12 | 0.754 132

-

[ L]

1 a

i

]

—
w
%}
(4]

i g

i

I

l

(o]
w
-
U
N
[
N
¥y
B
jo!
| -
el
1O,
e
Wi
O)
!
I\)
[=)]
\‘
[
w

L9345

anh
()
]
1
1
)
i
|
|
i

i

2379 | 2907 | 10.02 | 30.33 | 2.734 065 | 120 | 0 1096 "'9’.’08""_'""""

-
2]

6
2379 | 297 | 798 | 745 | 285 |0 |7306 |"T | a4 | T iE 3845 | |
2319 | 2807 | 788 | 50 |38.268 4163 1. 4589 | 0 ] 3434 | 153 | 2350 | 6782 | 14870

-
(-]

-
~

18 AB | 1788 | 22742 | 16.02'| 33 | 3014 G40 | 081 7[" | oloe S A - X T AN N
19f | 1788 | 22742 | 768 | 173 | 4327 [0 __2.88 | 1425 | .. 140 | 7518 o
20| TI°9788 | 22743 | 7.8 | 50 |36.921 2458 | 2827 | 0771434 | 140 | 21.73 | 106.00 | 149.01
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Validation of Pump Startup Analysis

A B c D E F G
1 .
2 At 0.1 . i
3 e ' o p= 62.4 o/t
2 N 1 N N R
5 |Segment | Qurevous Q | d L K AA
6 | T " 1(iasmec) | (rasec)|” (in) " (feet) T (feet) T
7
8 A 41675 |51812" T[i525 TS T 3004 =1/(2'32.2)*(C8/(PI()/4*(D8/12)"2))"2*((D8/DY)"4-1)
9| T T late75 T (5dsia 2325 - 12358 |1.899 =1/(232.2)*(C/(PI()/4*(D9/12)"2))"2*((DO/D10)*4-1)
0] 41675 |5.1812  |29.25 ~ O lea T log7r T =1/(2°32.2)(C10/(PI()/4*(D10/12)*2))*2*((D10/D11)*4-1)
1] 141675 |5.1812 " |23.25 N “T.Séi"""“""=1/(2'32.2)*(c11/(Pl()/4'(D11/12)'~2))A2*((D11/D12)A4-1)
N L L B 7 S
13
4] AAT 123793 (2807 T T|0.02 - 3033|2734 |=UR*%22){C141pi(4* (D14/12)"2))22*((D14/D15)"4-1)
18] |23783 2807 |7e8 ) 1745 2.815 =1/(2*32. 5)‘(015/(P|()/4'(D1571'§5Ré))f\é'*(i61_57016)ﬂ4 -1)
18] 123793 |2.907 T |78 T TTIs0 T |382688 U
17
18 AB 1.7882 " [2.2742  |10.02 33 3014 =1/(2*32.2)(C18/(PI()/4*(D18/12)"2))*2*((D18/D19)*4-1)
19 1.7882  [22742 [7.98 173 4,327 =1/(2"32.2)(C19/(PI()/4*(D19/12)*2))2*((D19/D20)*4-1)
20 1.7882  [2.2742 [7.98 50 36.921
= .. flfe0c 122742 | 98 v 1. e
= i U R ; _
23] T T IDeveloped ) }
23 A - S
25, 15126 (Ibytt’) =C25/62.4 (feet)
7] ot
27 Qu= '88'60*7 48 gem B ) _
28| ' Qe pump = |=D2771 gpm
- e M perpume = | FHelit - - ___ —m
30 Interpolate.
31 head =  [=(237.9-287.9)/2060.7*D28+287.9 fest
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Validation of Pumﬁ Startup Analysis
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H i J K
1
] e
z
5 T friction ©Usubtotal head ' “sub-total
6| o '(fEé?)m T o (feet) T " (feet) R (feet)
7 )
8 |=F8/(2°33.2)(C8I(Pi()/4*(DBI12)"2))"2 T ) 379 ) T T
9 |=F9/(2'32.2)(CONPI(/4*(DSI2)ya)yA2 T T S I VX N
10 |=F10/(2"32.2)*(C10/(PI{)i4*(D10/12)"3)A3 N 10.125 o B
11 |=F11/2*32 20 CIPIA D12y 2R e A R
12|=F12/(2°32.3)"(C12U(PI(A*(B12/12) 22 | |SumiteHz) (284 [Sumggin
13
14 fF14/(2*'32.'2’)"(61'4/(Pi()/4*(b14/12)Aé)’)h2 T o T
15 =F15/(2'32.2)*(013/(31()/4*(0@/32)"\555@_'_'__: T 3434 o
16 |=F16/(2732.2)*(C16/(PI()/4*(D16/12)"2))A2 (|=SUM(H14H16) |0 . . TSUM(J14:018)
17 .
18 |=F18/(2+32.2)"(C18i(PI(/4*(D18/12)A2))na "~~~ 0.09° T
18 [=F19/(2*32.2)"(C19/(Pi()/4*(D19/12)"2))"3 " ~ B 14.25 T
20 |=F20/2:32.2)"(C20(PI(V4*(D20112)2)2 " |=SUMiHigH0) T fo© _|=8UM(J18:420)
21 ’
2 )
23 o 1T
2 i e _ _
2l e R e
6 e ] o
27 ) T L
28 T
29 T B -
0| __ ST - o T
31 T
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Validation of Pump Startup Analysis
L M N 8)

1 . PP — —_— —— — i ——— — - - - - pa—

2 . —— — - —— - — —— ——— e —— —

3 - _———— - a——

4] e R __ |nead ioss

5 . A . _lnertia . s“b‘m‘a'.....__”{_§?9_€?‘E"‘1....'. -

6 (ftlsec) (feet) (feet) (feet)

7

8 |=(C8-88)/(PI(}/4*(D8/12)*2) =1/32.2°E8*L8/SES2 o )

9 |=(Co-BO)(Fi(y4*(Dari2)R2) =1/32.2*E9*LOISES2 o o

10 |=(C10-B10)/(PI(}/4*(D10/12)"2) =1/32.2°E10*L10/$ES2 v

1 [=(C11-B11)(PI())4*(D11/12)"2) =132, 2°E11*L11/3ES2 e

12 |=(Ci2- -B12)(PI(y4*(D12112)/2) =1/32. 2°E12*112/8E52 =SUM(M8:M12) =SUM(G8:G12)+112+K12+N12

13

14 [=(C14-B14)/(PI()/4*(D14/12)"2) =1/32. ' E14'LI4/$ES2 o

-
<

=(C16-B16)/(Pi()/4*(D16/12)"2)

-k
(-]

-
-

=(C15- B15)/(Pl(il4‘(D15/12)"2)‘," o

|FUR22°ET5GigESE v
(|=1/32.2*E16"L16/3E52

sumanamio)

=SUM(G14:G16)+16+K16+N16

-l
(-~

=(C18-B18)/(PI()/4*(D18/12)*2)

=1/32.2*E18"L18/3E82

" =1/32, .2'E20“L20/$ES2

19 |=(C19-B19)/(PI()/4*(D19/12)"2)

20 |=(C20- Ezéii{ﬁi@m*(béon'zy\z) T
21 -
22

23 |Pressure drop in path A-AA
4

25 |Pressure drop in path A-AB

26 .- e . - JRSIOY DU
2 R T ——
28]

29] ) )

0] T

|=1/32. 2'E19"L19/$ES2

|=SUM(G18:G20)+120+K20+N20” ™

B DR = R—

w
-
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Validation of Refill Analysis at Near Steady-State Conditions

A B C D E F G H | J K L M N 8)

T I S I e . o N -

|t=200 ___ ~|head loss

ééf;'ment‘ Qprevious Q d g K AA friction | sub-totai | ~ head sub-total Au inertia sub-tdt“éi /segment

DI~ W N-

(ft3/sec) | (3/sec) [ "(in) | (feet) | (feet) | (feet)” | (feet) | (feet) (feet) | (f/sec) | (fesl) (feet) (feet)

0] A | 1169 |-1160 | 1525 | 105 | 3694 | -1.07 | 408 | - 279 /17000 |00

1 | 1169 | 1160 | 2325 2358 | 1899 | 0.5 | '0.46 12165 | | "0.00 | 000

12 | 1169 | 1169 | 2625 | "o4 0877 | 015 | 0.09 ' 10425 | T [70.00 ] 000

A3 ] 1169 | 1169 [ 2325 1755 17 1.3927| 207 | 034 27 0.0b | 000

oy | 1169 | 1189 1828 |12 10764 | T gs et | 24 | 3491|0007 060 000 | 3282

16] AA | 5702 | 5702 | 16,02 | §033 [ 2734 [ 280 | Ao T . 0 0.00 | 000

17 [.5.702 | 5702 |'7.98 | 745 | 2815 | 000 | 1178 ""3'473}4'_4_ 0.00 | 0.00

18] |70 |'8702 | 788 |"B0 38268 | 16015 | 17684 | 0 | 3434 | 000" 000 | 000 | 21338

20] AB | 5.9878 | 59878°| 10.02 | "33 |"3014 | 278 5560 0.09 0.00 | 0.00 o
21] — 1'59878 | 5.9878 | 7.08 | 173 | 4327 | 000 | qeer [T | 14.25 | 000 | 000 N
22| 159878 | 59878 | 7.88 | 50 |38.921 | [ 17036 | ieses | o 14347 0000|7000 | 6.00 | 21306
e R A R e e e B R

21 I S R s - S —

25| | |Developed head at pump taken from code output. o Pressure drop in path A-AA~ | 246.00

e i |

27 o |15310.0] (b | T ["2454 | e ST Pressure drop in path A-AB_ | 245.68

28 - ] T ] - ) _ —

29 o [Qu= (52465 gom | | 1 R .

30 “""Q,,.,,,,.,,’,; 17488 gom | i 1

0 Y Ay oy s Y A I
32 Interpolated from pump curve data;

33 head= | 245.47] feet |
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Validation of Refill Analysis at Near Steady-State Conditions

A B C D E F G
1
2 i —”_—_ - -
3 - _
4] T At= T T T S ST T
21 R Y R p= L TTe2a T . i
6f . =200 |7 f oo .
7 Segment Qprewous Q d L K . AA
R N R I i ool
9 — 1
L SO Y N £ 1T 12 M 13+ ¥ (3 [ 1 PR L e X I T
11 ) 1169 11.69 2325 23.58 1.899 =1/(2°32.2)"(C11(PI()/4*(D11/12)*2))"2~((D11/D12)*4-1)
12 1169 11e9 |29 T 94 0877  |=1/(232.2)*(C12/(PI()i4(D12/12)*2))"2*((D12/D13)"41)
13 169 11166 Ja325 " - T 1755° 11392 |=1/(2*32.2)CA3/(PI()/4*(D13/12)"2))*2~((D13/D14)"4-1)
(L £ 1 £ M -/ M A
15
16| AA T [5702 57027 1002 T T 13033 |2.734 =1/(2*32.2)*(C16/(PI()/4*(D16/12)*2))"2*((D16/D17)*4-1 -1)]
17 .. |BT02 " I5702” l7es T T as 2815 |=1/(2"32. 2.2)"(C17/(PI()/4*(D17/12)"2))*2*((D17/D18)"4-1)
18 5702|5702 |708 T TTTTTTTTIRGTTT |3g968
19
20 AB 50878 [59878  [10.02 33 3.014 =1/(2'32.2)*(C20/(P1()/4*(D20/12)*2))"2*((D20/D21)"4-1)
21| 59878 |5.9878 |7.98 173 4.327 =1/(2*32.2)*(C21/(PI()/4*(D21/12)"2))"2*((D21/D22)"4-1)
22 59878 [5.9878  [7.98 50 36921 | '
S e — B _
24| o
25 Developed o
X T | ——f—
27 15310 (Ib,lft") =C27/62.4 (feet)
R U A ) I —
29 ' Q= =B10*60"7.48 ' _gem | ) . o
0 ) Quorpump = [*D283° ~~ =~ 77 gpm
3
32 Interpolate
33 head =  [=(237.9-287.9)/2060.7"D30+287.9 feet
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J

O NN &l ]| D] -

(feet)”

friction

sub total
(feet)

head ~

R

_subrtotal
(feet)

©

-
o

-l
-

-
n

15

19

17 |=F 17/(2"32.2)4(C7/(Pi(//d*(D17/12)2))"2

=F10/(232:2)*(C10i(Pi(Ia D02 22 |

=F11/(2*32.2)*C1 1/(PI()/4*(D11/12)A2))42

=F12/(2*32 2/ Ci2IPi(ya“Di2nzpays |

13 |=F 13/(2°32. 2)(C3NPI(Y4*(D13112)2)y'2 T
=SUM(H10:H14)

14 —F14/(2‘32 2)* (C‘l4/(PI()/4‘(b14l12)"2))"2

18 |=F18/(2°32.2)°(C18I(PI(/4*(D18/12) )3~

20 [=F20/(2*32. 2)*(C20/(Pl()/4"(020/12)"2))"2'

21 |=F21/(2*32.2)(C21/(PI()/4*(D21/12)"2))2

16 |=F16/(2*32 21 CB/(PIar(DIBH2y )72 |

=SUM(H16:H18)

23
24
25
27

28

22 |=F22/(2°32. 2)(C22/(PK)/4*(D22/12)"2))"2 "

=SUM(H20H22) ~ T

127165 )

110.125°

N
|28

29
30
L
L -
33

~|=SUM{ioe)

 [FSUM{J16:)18)

=SUM(20.022) T
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L M N 0
1
- N B} ; - R
> e e e _— e e
= - e ) e N - —
6 T T T head oss .
7 AU Cineria o sub-total Isegment T
8| (ft/sec)” ~  (feel] (feet) (fee) T
9
10 [=(C10-B10)/(PI()/4*(D10/12)"2) =1/32:2*E10*L10/$E$4
11 ]=(C11-B11)/(PI(/4*(D11/12)°2) =1/32 2°E11*L11/3E$4 o
12 |=(C12-B12)/(PI()/i4*(D12/12)*2) |=1132, 2'E12'L125E54
13 |=(C13-B13)/(Pi()/4*(D13/12)2) =322 E13 1308684 - o '
14[=(C14-B14)(PI)/A*(D14712)2) "~ | =1/32 2*E14*LI4ISES4 e |FSUMMMIGMA4) T |=SUM(G0:GT4H 147 KTATNTA
15
16 |=(C16-B16)/(P1()i4*(D16/12)72) {=1/32 2*E16*L16/3E$4 I
17 |=(C17-B17)/(PI()/4*(D17/12)*2) |=1/32.2*°E17*L17/3E$4 1
18 |=(C18-B18)/(PI(y4*(D18/12)"2) ~ " [=1/32.2°E18*L18/5E$4 =SUMM16:M18) |=SUM(G16.G18)+118+K18+N18
19
20 |=(C20- B20)(PI(/4*(D202)y"2) ~ T |=1733 ESG205E84 CTTr
21 |=(C21-B21)/(PI()/4*(D21/12)A2) ~~ ~ " =1/32.2*E21"L21/3E34 T
22 |=(C22-B22)/(PI(/4(D22112)%2) [51132.2°E23" 22/5E84 =SUM(M20:M22) " "|=SUM(G20:G22)+122+K22+N22
23
24 B
25 |Pressue drop in pal AAA A = <17 < | S
26
27 |Pressure drop in path A-AB o - 7 |=014+022
28| T T D
20 7 ] _
30| o -
=~ _ —— o
= -

&
w
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CONDENSATION INDUCED
WATERHAMMER

This process is governed by the potential
for generating a large interfacial area
between highly subcooled water and steam.

For a large interfacial area to exist, the
conditions must be consistent with a
stratified flow pattern in the pipe.

In the Point Beach cooling circuits, the
piping is generally 8” diameter and the
nominal water velocity is S to 7 ft/sec.

LHVAI0I696.A
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DURING THE VOIDING TRANSIENT

Consider the heat transfer in a fan cooler to
be 10 MW (34 MBTU/hr).

The resulting steam velocity in the 8” pipe
is about 416 ft/sec (127 m/sec) which is an
order of magnitude greater than the
entrainment velocity (56.8 ft/sec / 17.3
m/sec)

4
U _ 3.7 Jga (pf = pg‘)
ent
VP

Thus, unless the energy transfer is very low
or condensation on the heat sinks is very
high, there will be no stratification during
the voiding transient.

LHVG\101696.A




VOIDING IN THE FAN COOLER

Sustained steam generation in the fan cooler
requires the presence of water.

If the voiding rate is too high, the steam
would "flood" the water in the cooling coils
and dynamically remove the water. This
would terminate the voiding leaving only
column separation and rejoining.

The maximum energy transfer that could
occur in the fan cooler coils with water
remaining to support continued steaming is
about 1 MW.

Thus, high voiding rates can not be
sustained.

L\HVG\101696.A




Water Initially
Discharged from the
Fan Cooler Coils

Water Drainage Down

the Discharge Piping:

Because the Refill Velocity
Exceeds the Bubble Rise
Velocity, the Vertical Segment
Essentially Runs Full of Water.

Water Drainage

Reaches the Horizontal
Piping: Horizontal Pipe
Does Run Full. Likely has a
Two-phase Mixture at the
Leading Edge.

Water Fills the
Horizontal Pipe and Begins
. .to Fill Vertical Piping. Likely has
a Two-phase Mixture at
the Leading Edge.

Figure 2-3  Two-phase flow pattems during refill of the discharge piping.
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TWO-PHASE FLOW
PATTERN CONSIDERATIONS

For a Horizontal Pipe to Run Full

Froude No. (Fr) > 0.5 = U/U"
U* - &b

IfD = 8 in. (0.2 m), U* = 4.6 ft/sec (1.4
m/sec).

For a Vertical Pipe to Run Full
U > Up
gD (p, - P
Up riee = 0.345 l ( "; L)r = 0.345 gD
f

Upe = 0345 U”

For D = 8 in., Up e = 1.6 ft/sec (0.5 m/sec).
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* Conclusion:

TWO-PHASE FLOW

PATTERN CONSIDERATIONS

(Continued)

For the conditions of interest,
the Froude Number greater
than unity a stratified flow
pattern will not exist in the
horizontal piping segments
during the refill transient.

TAHVA101696.A




CONCLUSIONS

High steaming rates could not be supported
for more than a few seconds. Without high
steaming rates, there is only a limited void
and the issue reduced to column rejoining,
i.e. determined by the refill rate.

Assuming high steaming rates gives
velocities much greater than the
entrainment velocity. Thus, a stratified
condition could only exist due to the pipe
wall heat sink.

Scaled experiments show only limited
waterhammer during the voiding period as
well as during the refill transient.

The pressurization when the refill water
reaches the throttle valve is very mild.

L\HVORI01696_A




Solenoid
Operated
Ball Valves

Evacuated
Receiver
‘Vessel

P - -28.6 "Hg

Steam
Generator]

Note: TC's 1.8, and 9 are surface mounted on the pipe
all others are sensing internal to the pipe.

Waterhammer experiment.
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Drawings included with submittal:
C-314-251, Sht. 11
C-314-251, Sht. 12
C-314-251, Sht. 13

C-314-251, Sht. 15
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