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NRC-84-48

WISCONSIN PUBLIC SERVICE CORPORATION 

P.0. Box 1200, Green Bay, Wisconsin 54305 

March 23, 1984 

Director of Nuclear Reactor Regulation 
Attention: Mr. S. A. Varga, Chief 
Operating Reactors Branch No. 1 
Division of Licensing 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Varga: 

Docket 50-305 
Operating License DPR-43 
Kewaunee Nuclear Power Plant 
NUREG-0737, Item II.D.1 "Performance Testing of Relief 
and Safety Valves" Request for Additional Information

References: 1) Letter to C. W. Giesler of WPSC from S. A. Varga of the NRC 
dated December 5, 1983 

2) Letter to S. A. Varga of the NRC from C. W. Giesler of WPSC 
dated February 16, 1984

On December 5, 1983 (Reference 1), we received a questionnaire concerning our 
earlier responses to Item II.0.1 of NUREG-0737, "Performance Testing of Relief 
and Safety Valves," in which we were requested to respond within sixty (60) 
days. In Reference 2, we informed you that our response would take longer than 
originally anticipated due to the detailed nature of the questions, the number 
of submittals requested by the NRC recently, and the limited number of personnel 
available to respond within the time frame indicated. As such, we committed to 
a revised submittal schedule which had been discussed with and approved by our 
Project Manager.  

This submittal fulfills our commitment to provide the requested additional 
information. For your convenience, please find enclosed four (4) copies of the 
completed questionnaire. These copies include microfiche of the RELAP5/ADLPIPE 
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Mr. S. A. Varga S 9 
March 23, 1984 
Page 2 

computer analyses (Appendix A and B). To the best of my knowledge, the infor
mation in this submittal is true and accurate.  

Very truly yours, 

C. W. Giesler 
Vice President - Nuclear Power 

JGT/js 

Enc.

cc - Mr. Robert Nelson, US NRC - w/o attachment
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REQUEST FOR ADDITIONAL INFORMATION 
TMI ACTION NUREG-737 (II.D.1) 

RELIEF AND SAFETY VALVE TESTING 
FOR 

KEWAUNEE 

Docket No. 50-305 

The results of the analyses reported in the submittal indicate several 

points in the piping are overstressed. Correspondence to the NRC subsequent 

to the submittal identifies the intended solution is to install rupture discs 

in the discharge piping. The requirements of Item II.D.1 cannot be considered 

satisfied until an analysis of the system with the rupture discs installed 

demonstrates that the system will function properly and that the piping will 

not be overstressed. Nevertheless the submittal has been evaluated and ques

tions developed based on the information provided to date.  
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Q-1. The submittal treats steam flow type of valve actuation condition as 

a worst case transient for both safety and relief valves. It further 

states that water or steam-water transients are not possible in this 

plant. The submittal does not contain any discussion, though, on 

whether single failures after the initiating event were considered 

that could lead to water flow through the valve. Nor does the sub

mittal address the fact that the pressurizer spray will be on as a 

result of the original pressure increase, leading to a steam-water 

flow condition. A discussion should be presented showing how single 

failures and other mechanisms that could lead to water or steam-water 

flow conditions were considered in selecting potential transients.  

A-1. References: 

1. "Valve Inlet Fluid Conditions for Pressurizer Safety and Relief 

Valves in Westinghouse-Designed Plants," EPRI NP-2296-LD, March 

1982.  

In Reference 1, transients that would result in steam and/or water 

discharge flow through the pressurizer power operated relief valves 

(PORV's) and safety valves were evaluated. The objective of this 

report was to assist PWR utilities with Westinghouse plants in demon

strating that the fluid conditions under which their valve designs 

were tested enveloped those fluid conditions expected. The Kewaunee 

Nuclear Power Plant (KNPP) was considered in this report and is 

covered by it.  

This generic report indicated that FSAR events challenged both 

pressurizer relief and safety valves under steam conditions with the 

Loss of Load and Locked Rotor Accidents being the pressure enveloping 

Condition II and Condition IV events, respectively. Liquid discharge 

was predicted for only one FSAR event, the Feedline Break Accident.  

Extended high pressure liquid injection events were found to result 

in no relief or safety valve challenges for two loop plants, such as 

the KNPP. The shutoff head of the KNPP Safety Injection Pumps is 

approximately 2200 psia which is well below the opening setpoints for 

the pressurizer S/RV's.  

The Locked Rotor Accident was considred the worst case transient 

for determining the KNPP S/RV discharge piping loads. No credit was 
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taken in the accident analysis (KNPP UFSAR* Section 14.1.8) for the 

pressure-reducing effects of the pressurizer relief valves, pressurizer 

spray, steam dump, or controlled feedwater flow, although these opera

tions are expected to occur. The worst case analysis for the Loss of 

Load Accident (KNPP UFSAR* Section 14.1.9) took no credit for a direct 

or immediate reactor trip, RCCA insertion until reactor trip, pres

surizer relief valves, pressurizer spray, or steam dump. These 

multiple failure assumptions result in enveloping pressurization 

rates and peak pressures. Since pressurizer spray would condense 

steam in the pressurizer steam space and reduce system pressure, 

taking credit for their use during either of the above mentioned 

accidents would be nonconservative in determining peak pressurization 

rates and system pressures. If they were assumed functional and did 

produce a steam-water flow condition, the resultant loading on the 

discharge piping would be insignificant when compared to the thermal 

hydraulic forces caused by the solid slugs of loop seal water which 

move downstream subsequent to safety valve actuation. Both the KNPP 

pressurizer relief and safety valves were successfully tested for-two 

phase flow.  

Multiple failures were also assumed for the analysis of the loss 

of Normal Feedwater Accident (KNPP UFSAR* Section 14.1.10), which 

includes pipe breaks. Only one motor-driven Auxiliary Feedwater Pump 

was considered available assuming the active failure of one pump while 

the other pump was out-of-service for maintenance. In addition, no 

credit was taken for steam dump or the steam generator PORV's. Steam 

relief was assumed through the spring loaded steam generator safety 

valves only.  

This analysis concluded that the Loss of Normal Feedwater Accident 

does not result in water discharge through either the pressurizer 

relief or safety valves for the KNPP.  

*UFSAR implies Updated Final Safety Analysis Report.  
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The only other failures that could lead to water or steam-water 

flow through these valves would be if the valves themselves failed 

to close. The assumption of a pressurizer safety valve failing to 

close is outside the licensing basis of the KNPP. Only one active 

failure need be assumed and a safety valve is a passive device.  

Should a pressurizer relief valve fail to close it would be isolated 

by its respective block valve. The functional operability of the 

pressurizer block valves is discussed in response to question ten 

(10) of this submittal.  

In either case, these scenarios have already been analyzed.  

Studies were performed to analyze an open PORV on top of the pres

surizer (KNPP UFSAR*.Section 7.2.3, Page 7.2-54), the rupture of a 

pipe connected to the pressurizer steam space (KNPP Historical FSAR,** 

Questions and Answers 14.8), and Small Breal LOCA's (KNPP UFSAR,* 

Section 14.3.1).  

Cold overpressurization events will be discussed in response to 

question three (3) of this submittal.  

*UFSAR implies Updated Final Safety Analysis Report.  

**Historical FSAR is the original FSAR.  
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Q-2 . A locked rotor accident was evidently selected as 
the worst case 

transient for discharge piping analysis. The submittal states 

that the FSAR specifies the maximum pressure for this transient 

to be 2737 psia, while 2686 psia was used in the RELAP5 analysis.  

The pressure ramp rate used in the analysis 
was not identified 

in the submittal. A justification for use of 2686 psia should 

be provided. For the loop seal condition, the valve simmers while 

the loop seal liquid is passing through the valve. The simmering 

delays the opening after the set point is reached which was not 

expected prior to testing. Was the effect of the unexpected 

longer opening on the overpressure protection 
analysis and the 

FSAR events considered? 

Based on Kewaunee FSAR evaluations, the locked rotor accident with 

both power operated relief valves failed 
provides the worst case 

transient for safety valve actuation. 
The locked rotor accident is 

presented on page 14.1-35 in Section 
14.1.8 of the Kewaunee FSAR.  

The locked rotor primary pressure transient curve 
is presented on 

Figure 14.1-34.  

A maximum pressurization rate of approximately 280 psi/second 

is interpreted from Figure-14.1-34 of the Kewaunee FSAR,-and a 

peak pressure of 2737 psia is given on page 14.1-38 
of the FSAR.  

The value of 304 psia/second reported in the Kewaunee Piping Report 

(see Table 5-1, "Kewaunee Nuclear Power Plant Safety 
and Relief 

Valves Piping Qualification Report," issued June 28, 1982), was an 

overly conservative interpretation of the pressurization rate taken 

from FSAR Figure 14.1-34. The Kewaunee FSAR lock rotor pressuriza

tion rate of 280 psi/second and peak pressure of 2737 psia are 

larger than the maximum pressurization rate and peak pressure (i.e., 

240 psi/second and 2682 psia, respectively) given 
by Westinghouse 

for their worst case reference two-loop plant [see Table 4-1, "Valve 

Inlet Fluid Conditions for Pressurizer Safety and Relief Valves in 

Westinghouse-Designed Plants," EPRI NP-2296-LD (March 1982)]. There

fore, the Kewaunee locked rotor pressure transient is very conservative 

when compared against Westinghouse worst case locked rotor analyses.  

WPSC-021484 2-1



The pressure transient curve used for the Kewaunee Locked rotor 

accident, presented in Figure 14.1-34 of the FSAR, was modeled 
in 

the RELAP5 calculation as a time dependent volume with a linear 
var

iation of saturated steam at 2686.0 psia for time equal to 0.0 second 

and of saturated steam at 2737.0 psia for time equals 
to .5 seconds.  

By using this procedure the Kewaunee FSAR calculated 
lock rotor 

peak pressure of 2737.0 psia was simulated by the 
RELAP5 calculation.  

This is a conservative peak pressure because the Crosby valve flow 

rates measured in the CE test program were in excess of the rated 

flow for the safety valves. Since the calculations made for the 

FSAR transient analyses were based on the rated flow, a more than 

rated flow will decrease the transient pressure rise below that 

which was calculated for the FSAR transient.  

Due to the conservative simulation of the CE test 908 pressure 

transient (i.e., a constant ramp rate of 297 psi/second), the measured 

"pop" pressure for CE test 908 (2686 psi) was used to initiate the 

RELAP5 transient. Additional items relating to the conservatism 

included in the Kewaunee analysis are as follows.  

The loop seal used in the CE testing contained approximately 

1.0 ft3 of water whereas the loop seal piping at the Kewaunee plant 

only contains .7 ft
3 of water. This represents 43 percent more 

water in the CE test 908 loop seal than contained in the Kewaunee 

loop seal. With less water in the Kewaunee loop seal, it would 

follow that the water would clear the Kewaunee valve sooner than 

the water clearing the CE 908 test valve thereby producing a lower 

"pop" pressure for the Kewaunee safety valve.  

Westinghouse performed (see WCAP-10105) the original FSAR tran

sient analyses with the pressurizer safety valve modeled to open by 

assuming that the valve starts to open at the design set pressure 

(2500 psia) and achieves rated flow at the accumulation pressure 

(2575 psia). To assess the effect on reactor coolant system pres

sure due to valve opening delay, Westinghouse (see WCAP-10105, 

Section 4.0), ran a series of overpressure transients with various 

time delays inserted for the valve opening. These analyses utilized 
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the limiting overpressure FSAR transient condition. A worst case 

reference plant was selected for a two-loop plant which maximized 

the effect of the pressure rise due to an overpressure transient 

condition. These simulations revealed that even with the delays 

of up to 1.0 second, the pressure transient peaks 
and turns around 

in a very short-period of time. The Westinghouse calculations 

reveal that the CE testing apparatus simulated the effects of the 

loop seal delay in the pressure transient fairly well. Using the 

limiting transient reference plant, the calculations indicated that 

the .8 to .9 second opening delay produced a peak popping pressure 

which was typical of what was seen in the Crosby safety valve loop 

seal testing.  

Other calculations done by Westinghouse proved that the locked 

rotor pressure rise is only slightly dependent on safety valve actua

tion and that the reactor coolant system pressurization is dictated 

mainly by heat removal (steam generators) and core feedback models.  

As a result, the pressurization rate decreases with time until the 

transient pressure begins to subside even with no safety valve open-, 

ing.  

In summary, the following items were used in determining the 

Kewaunee popping pressure and peak pressure which were simulated 

using RELAP5.  

1. The Kewaunee locked rotor transient was simulated on RELAP5 

using the Kewaunee FSAR transient. The Kewaunee FSAR transient 

was shown to be very conservative when compared to the Westinghouse 

Two-loop worst case locked rotor transients.  

2. The Kewaunee loop seal has less water than the CE test 908 loop.  

Therefore, when using a similar valve and pressurization rates, 

the CE test results are conservative relative to what would be 

expected at Kewaunee.  

3. The CE test 908 popping pressure is typical of popping pres

sures calculated by Westinghouse when simulating a loop seal 

delay.  
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Based on this information, it was judged that the popping 

pressure of 2686 psia and the peak pressure of 2737 
psia which 

were used to simulate the Kewaunee safety valve acuations are 

representative and conservative pressures.  

Wc-021684 2-4



Q-3. The submittal states that the safety/relief valve system is not 

challenged by cold overpressurization events because of the 
exist

ence of an overpressurization mitigation system. This system is 

composed of a pressure relief valve aligned to the reactor coolant 

system from the RHR system. A failure of this one relief valve, 

however, would seemingly result in an overpressurization condition 

requiring relief from the safety/relief valve 
system. Has the 

potential for such a failure been considered in neglecting 
cold 

overpressurization events? 

A-1. Reference: 

1. Letter to S. R. Barge of the NRC from C. W. Giesler of Wiscon

sin Public Service Corporation, dated December 16, 1983.  

The assumption that the pressurizer safety and relief valves are not 

challenged by cold overpressurization events is correct. the KNPP 

has an Overpressurization Protection System which consists of two 

spring loaded relief valves (2-inch and 4-inch) that are aligned to 

the Reactor Coolant System via the Residual Heat Removal System.  

An assumed failure of these safety valves is outside the design 

basis of the KNPP. Only one active failure need be assumed, while 

the safety valves are passive devices. This system is currently 

under review by the NRC staff as part of the Low Temperature Over

pressurization Protection (LTOP) issue and is in the final stages 

of negotiation. (See Reference 1.) 
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Q. 4. In the RELAP5 analysis part of the water in the loop seal was appar

ently assumed to move downstream during valve 
simmering. The Tables 

7.1 through 7.4 of the submittal indicate which sections 
of the model 

contain water; however, no explanation is given 
as how the water dis

tribution was obtained. The submittal should provide justification 

for the water distribution and water temperatures used 
at the time 

of the valve popping open.  

A. 4. The water was located directly downstream of the valve as a solid 

slug of water (i.e., no voids). The energy profile,predicted by 

TAC2D (See Section 7.1.1 of the Kewaunee piping report),was 
con

served by moving the water into the downstream piping with the same 

energy distribution as was calculated for 
upstream loop seal water.  

To determine the downstream energy or temperature profile, the 

loop seal water was expanded through the valve while holding the 

enthalpy constant. The first two control volumes downstream of the 

valve contain the water above 212 F and below the saturated steam 

condition at 2250 psia (i.e., 653 F). These two volumes contain 

two-phase water, which represents the flashing of all water in 
the 

upstream loop seal between 212 F and 653 F into the downstream piping 

at a pressure of 14.7 psia. All other water below 212 F was.distributed 

in the remaining downstream volumes. The primary criteria for cal

culating accurate downstream loading is to keep the water slug solid 

(no voids) in the piping system at the time of safety valve "pop." 

This same technique of the downstream water distribution was 

used to determine the loads generated by the CE .908 safety valve 

test. These results were presented in Figure 6-16 of the "Kewaunee 

Nuclear Power Plant Safety and Relief Valves Piping Qualification 

Report" issued on June 28, 1982. Figure 6-16 presents the calculated 

versus measured load data of the piping leg which experiences the 

largest thermal/hydraulic load tested. As seen in the comparison,the 

RELAP5 calculated results are in good agreement with the measured 

results. Also, the studies done by ITT for EPRI (see "Application 

of RELAP5/MOD1 for Calculation of Safety and Relief Valve Discharge 

WPSC-013184 4-1



Piping Hydrodynamic Loads," Interim Report prepared by Intermountain 

Technologies, Inc., for participating PWR Utilities and Electric Power 

Research Institute, March 1982) apparently used a similar method for 

distributing the downstream water. They also had good calculated 

results when compared to the test data.  

Based on these comparisons, it was judged that the method for 

downstream water distribution used in the RELAP5 simulation was 

good in determining downstream loads on the Kewaunee S/RV piping 

system.  
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Q-5. An 8.3 percent blowdown occurred during EPRI test 908, which was the 

loop seal test evidently most representative of Kewaunee conditions.  

This exceeds the design value of 5 percent given in the valve speci

fications. Other EPRI loop seal-steam test blowdowns were as high 

as 9.4 percent. These increased blowdowns would cause a rise in 

pressurizer level such that the level may reach the discharge piping 

and result in a steam-water flow situation. Also, the pressure might 

be sufficiently decreased so that adequate cooling might not be 

achieved for decay heat removal. Since the specific combinations of 

ring settings and backpressures to be used at the Kewaunee plant were 

not tested, the maximum blowdown should be estimated by extrapolating 

the test data. A discussion should be provided demonstrating, that 

with the estimated blowdown, the water level will not reach the dis

charge piping and that adequate core cooling can be maintained.  

Also, the effect of the difference in orifice sizes between the tested 

valve and the Kewaunee valve should be included in the extrapolation 

or justification provided that the effect is not significant.  

A-5. References: 

1. EPRI/C-E PWR Safety Valve Test Report, Volumes 5 and 6, EPRI 

NP-2770-LD (March 1983).  

2. "Kewaunee Nuclear Power Plant Safety and Relief Valves Qualifi

cation Report," (June 25, 1983).  

3. "Safety Valve Contingency Analysis in Support of the EPRI S/RV 

Test Program--Volume3 : Westinghouse Systems," EPRI NP-2047-LD, 

(October 1981).  

Results from the loop seal tests for the Crosby 6M6_Safety Valve (see 

Reference-1) are given in Table A5-1.  

The ring settings for the three safety valves used at Kewaunee 

are as follows.  

Valve Ring Settings 

PR-3A Guide Ring - 250 notches 
Nozzle Ring - 18 notches 

PR-3B Guide Ring - 260 notches 
Nozzle Ring - 6 notches 

Spare Guide Ring - 250 notches 
Nozzle Ring - 18 notches 

As explained in Reference 2 (page 9-8), the guide ring reference 

point for the above settings refers to the measurements relative to 

the upper limit of ring travel. The guide ring settings referred to 

in the C-E testing program referenced the measurements relative to 

the bottom of the disc ring. Therefore, the ring settings for the 
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TABLE A5-1. CROSBY 6M6 TEST RESULTS 

Per Cent Rated 

Valve Flow Rate Peak Per Cent 

Ring Settings Pressure At 3 Per Cent Back of 

Test Guide Nozzle Rate Accumulation Pressure Blowdown 

psi/sec psia 

908 -136 -68 297 105 649 8.3 

910 -136 -68 375 107 227 7.8 

913 -44 -66 375 107 242 7.4 

917 -136 -68 291 (1) 245 9.0 

923 -186 -68 283 105 667 7.7 

929 -71 -18 319 112 710 5.1 

1406 -77 -18 325 109 250 9.4 

1415 -77 -18 360 111 255 6.2 

(1) The instrumentation malfunctioned; no reliable measurement 
was 

available.  
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Kewaunee safety valves relative to the bottom of the disc ring are 

as given below.  

Valve Ring Settings 

PR-3A Guide Ring -136 
Nozzle Ring -18 

PR-3B Guide Ring -146 
Nozzle Ring -6 

Spare Guide Ring -136 
Nozzle Ring -18 

The guide ring setting and the nozzle ring setting are 
not 

independent of each other, but to estimate the blowdown 
for the 

Kewaunee safety valves, only the guide ring setting will be con

sidered. This is a good approximation since the guide ring setting 

mainly influences the blowdown reset pressure and the nozzle ring 

setting influences the accumulation opening pressure. Raising the 

guide ring setting decreases the blowdown and conversely lowering 

the ring setting increases the blowdown. This is shown to be true 

by examining the datA presented in Table A5-1. The lower guide 

ring settings (.see Tests 908, 910, 917, and 923) produce increased 

blowdown and the higher guide ring settings (see Tests 913, 929, 

and 1415) produce decreased blowdown. An exception to this rule 

was Test 1406 which produced the largest per cent blowdown using a 

relatively high guide ring setting.  

Based on this test information it appears the the per cent 

blowdown for the Crosby 6M6 safety valve is between 5.1 and 9.4.  

Taking the average of the low ring setting test results, the average 

per cent blowdown is 8.2. Since the guide ring settings for the 

Kewaunee safety valves vary between -146 and -136 and the test guide 

ring settings for similar settings vary between -186 and -136, the 

average per cent blowdown of 8.2 is therefore a good estimate for 

the Kewaunee 6M 16 Crosby 6M6 safety valves.  

When considering the Crosby 3K6 safety valve testing, the aver

age blowdown for the loop seal tested Crosby safety valves was found 

to be 18.8 per cent blowdown. The orifice flow area for the Crosby 
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3K6, 6M1 6, and 6M6 safety valves are 1.85 in
2 , 3.00 in2 , and 3.64 in2 , 

respectively. Although the 6M1 6 orifice size is much closer to the 

6M6 orifice size then the 3K6 orifice size, there is some appreciable 

difference between 6M6 and 6M1 6 orifice sizes. To account for this 

difference the Crosby 6M6 and 3K6 test results given in Table A5-1 

and Table A5-2, respectively, were interpolated based on the average 

blowdown for the Crosby 6M6 and 3K6 safety valves and relative ori

fice areas with respect to the Crosby 6M 16 safety valve orifice area.  

Using the following interpolation, the average area weighted blowdown 

was found to be 12.1 per cent.  

Valve Orifice Area (in2) Average Blowdown 

3K6 1.85 18.8 

6M1 6 3.00 12.1 (interpolated) 

6M6 3.64 8.2 

A conservatively high 12.1 per cent blowdown was chosen to be 

evaluated for the Kewaunee locked rotor accident. From Figure 14.1-34 

of the Kewaunee FSAR a 12.1 per cent blowdown equates to a reset pres

sure of 2197 psia, which is approximately 8.2 seconds into the locked 

rotor transient. This is the time when the safety valves are closed 

assuming a 12.1 per cent blowdown. A 5 per cent blowdown (2375 psia) 

occurs approximately 6.2 seconds into the transient. This represents 

a difference of 2.0 seconds in the transient between a 5 per cent 

blowdown and a 12.1 per cent blowdown.  

If one assumes rated flow out of both safety valves (i.e., 

345,000 lb/h) for 2.0 seconds, the mass loss out the open safety 

valves for the extended blowdown period is 383 pounds. This is not 

a significant loss of liquid inventory when compared to total liquid 

in the nuclear steam supply system. This very limited amount of 

inventory loss due to the extended blowdown is not expected to raise 

the pressurizer water level enough so that subcooled water would 

flow through the valves.  

A worst case possibility of extended blowdown was analyzed by 

Westinghouse using WFLASH (.see Reference 3). In this evaluation 

both safety valves were assumed to stick open which can be evaluated 
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TABLE A5-2. CROSBY 3K6 TEST RESULTS 

Valve Ring Settings Per Cent of 

Test Guide Nozzle Pressure Rate Blowdown 

psia/sec 

525 -115 -14 3.4 18.8 

526 -115 -14 220.0 18.9 

529 -115 -14 13.0 17.7 

536 -115 -14 44.0 19.9 
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as a small break at the top of the pressurizer with an equivalent 

break area equal to the flow area of the two safety valves. The 

following is a description of the subsequent transient.  

Initially the primary system becomes saturated, as the pressure 

drops to a value slightly above the secondary side pressure. 
The 

system remains at this approximately constant pressure for several 

hundred seconds; during this time, steam formation in the upper 

head and upper plenum is retarded by the lack of a route for steam 

flow to be released from the reactor vessel. At this time, essen

tially any steam flowing out the stuck-open safety valves 
is from 

flashing in the pressurizer, rather than from the core. The fluid 

flow out the break is two phase, of low to moderate quality, during 

this plateau period.  

As more water is removed through the stuck-open safety valves, 

void fraction occurs in the upper head. This eventually leads to 

the upper plenum level dropping to the hot leg elevation. Steam 

can now flow from the reactor vessel. Pressure relief occurs through 

steam flowing out the break and through heat transfer to the 
steam 

generator tubes. The cold secondary water condenses the steam, 
which 

shrinks, and pulls more steam to the tubes, etc., leading to the 

rapid system despressurization. The RCS pressure is now following 

the secondary side transient behavior.  

The core remains covered through the entire transient and the 

peak core temperature is approximately 610 F, which is equal to the 

initial RCS fluid operating temperature.  

The methodology and assumptions used in the Westinghouse analyses 

are consistent with 10 CFR 50 Appendix K criteria and with those 

employed in Section 3.3 of WCAP-9600, entitled, "Report on Small 

Break Accidents for Westinghouse NSSS System," which considered the 

opening of pressurizer power-operated relief valves. As noted in 

Section 3.2 of WCAP-9600, pressurizer vapor space breaks behave 

similarly to small hot leg break LOCAs and, therefore, no core 

uncovery would be expected. This behavior is a general characteristic 
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of all Westinghouse plant designs. This conclusion has been pre

viously verified by numerous break spectra performed for Westinghouse 

two, three, and four loop plants to support the ECCS Evaluation Model, 

as well as in WCAP-9600.  

Based on the above discussion, only flashing two-phase water is 

predicted to pass through the safety valves during a long extended 

blowdown and no core uncovery is expected.  
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Q-6. The submittal indicates that there is some difference between ring 

settings used in the Electric Power Research Institute (EPRI) Crosby 

safety valve tests and those used at the plant and, for the same 

flow rate, the plant backpressure is greater than was tested. An 

evaluation should be presented that shows that the plant valves will 

pass rated flow capacity with the ring settings used at the plant 

together with expected backpressures.  

A-6. References: 

1. "Kewaunee Nuclear Power Plant Safety and Relief Valves 

Qualification Report," issued june 25, 1982.  

2. E. M. Burns, et al., "Review-of Pressurizer Safety Valve 

Performance as Observed in the EPRI Safety and Relief Valve 

Test Program," WCAP-10105, June 1982.  

The backpressures presented in:Reference 1 are the peak-back

pressures. The C-E tested flow rates for the Crosby safety valves 

were measured at steady state backpressures. The peak and steady 

state backpressures calculated for the Kewaunee S/RV discharge 

piping at the exits of safety valves, PR.-3A and PR-3B are shown in 

Figures A6-1 and A6-2, respectively. These are calculated for the 

double rupture disc configuration as shown on Figure A23-1. As 

seen in Figure A6-1 and A6-2, the peak backpressure was calculated 

for safety valve PR-3A at 716 psia and the steady state backpressure 

was calculated to be approximately 245 psia. This steady back

pressure is greater than the steady state backpressures measured 

for the C-E Crosby safety valve testing for high backpressure.  

In Reference 2 it was shown that measured flow rates for the 

Crosby valves exhibited a linear flow above 
the closing "knee" and 

all the measured steam flow rates for the Crosby loop 
seal valves 

tested were above 100 per cent. Also, the valve flow rate was not 

dependent on backpressure.  

Based on the measured flow rates for both Crosby 3K6 and the 

Crosby 6M6 safety valves with loop seals, it can be seen that the 

flow rates are insensitive to the ring settings for the Crosby valves.  
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This is shown in Table AS-1. Taking the average per cent rated 

flow rate at 3 per cent accumulation for the measured Crosby 6M6 

test results from Table A5-1, the average per cent of rated flow 

rate at 3 per cent accumulation was found to be 108 per cent which 

is 8 per cent in excess of rated flow. Based on this evaluation, 

the Kewaunee safety valves will pass rated flow or greater at 

3 per cent accumulation.  
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Q. 7. During loop-seal tests the Crosby safety valves flutterd and chat

tered while in a partial lift position and also chattered on closure.  

Does this behavior have an adverse effect on the operability or 

reliability of the values, so as to require an inspection after each 

such lift to assure the qualification of the valves has not been 

compromised? 

A. 7. The operating procedures at the Kewaunee Nuclear Power Plant will 

be changed to indicate that the plant will be shutdown subsequent 

to a safety valve actuation to inspect the safety valves and to 

replace the rupture discs which are part of the Kewaunee S/RV dis

charge piping modification.  

This would not include valve leakage during normal operation 

unless the leakage rate exceeds the KNPP technical specification 

limits.  
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Q-8.*- After the two tests on the Crosby valve, which were 
terminated by 

manually opening the valve to stop chattering, damaged 
internal 

parts were found which required refurbishment 
or replacement. After 

the loop seal tests the following parts were refurbished: 
bellows 

assembly landings, educator I.D., bonnet adapter I.D., upper and 

lower spring washer bearing surface, and adjusting bolt bearing 

surface. The following were replaced: spindle, nozzle, disc insert, 

piston, and piston slip ring. Should similar repairs or modifica

tions be required if the safety valves lift to insure 
reliable 

operation of the plant valves? 

A-8. As stated in A-7, the operating procedures at the Kewaunee Nuclear 

Power Plant will be changed to indicate that the plant will be shut 

down subsequent to a safety valve actuation to inspect the safety 

valves and to replace the rupture discs which are part of the Kewaunee 

S/RV discharge piping modification. (See Answer A-23 for a descrip

tion of rupture disc assembly.) 

This would not include valve leakage during normal operation 

unless the leakage rate exceeds the KNPP technical specification 

limits.  
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Q-9. Section 5.1.2 of the submittal identifies bending moment induced 
in 

the valve body as a parameter that could affect safety valve opera

ability. Thermal expansion of the pressurizer causing displacement 

of the piping nozzle and the thermal expansion of the piping from 

the nozzle to the load can contribute to this moment. Section 9.1 

of the submittal, however, does not discuss the moment applied to 

the plant safety valves. A discussion should be included comparing 

the measured moments on the tested valves with the calculated moments 

on the plant valves and verifying that the moments would not have 

an adverse effect on the operability of the plant valves.  

A-9. The loadings measured on the test facility valves and the loadings 

predicted by analysis on the Kewaunee S/RV's were 
compared. The 

Kewaunee safety valve, which is a Crosby 6M16 safety valve, is sim

ilar to the Crosby 6M6 safety valve used at the CE Test Facility.  

Minor differences between the 6M6 and 6M16 valves such as disc holder 

material and the orifice size have been documented in the Kewaunee 

Nuclear Power Plant Safety and Relief Valves Qualification report.  

The valve bodies and overall assembly are similar, thus, providing 

justification for comparing predicted loading on the Kewaunee safety 

valve to the measured loading on the CE Test Facility-valve. The 

Masoneilan relief valve tested at the Marshall Test Facility used 

for comparison to the Kewaunee relief valve is the same valve type 

as the Kewaunee Masoneilan valve. This provides justification for 

using loads from the test facility for an upper bound analysis to 

predict loads for the Kewaunee relief valves.  

The maximum bending moment induced on the safety valve by the 

test facility was 298,750-inch pounds. The largest ADLPIPE analysis 

predicted bending moment induced on either safety valve was less than 

298,750-inch pounds. The analysis predicted bending moment includes 

plant faulted condition loads due to dead weight, thermal expansion, 

design basis earthquake and a simultaneous two-safety valve actuation.  

The maximum bending moment induced on the power operated relief 

valve by the test facility was 35,600-inch pounds. The largest bend

ing moment predicted by analysis simulating the plant upset condition 

was less than 35,600-inch pounds. This bending moment included ana

lyzed loading due to dead weight, thermal expansion, operating basis 
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earthquake, and the simultaneous actuation of two power operated 

relief valves.  

Therefore, it was concluded, based on test information, that 

the Kewaunee safety and/or power operated relief valves operability 

would not be adversely affected by a worst case actuating transient.  
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Q-lU. The Kewaunee safety/relief valve piping system contains block valves 
in-line with the relief valves. NUREG 0737, paragraph II.D.1, re

quires qualification of the block valves to ensure that a stuck-open 

relief valve can be isolated. The submittal, however, makes no 

attempt to qualify the block valves.  

A-10. References: 

1. Letter from C. W. Giesler, Wisconsin Public Service Corporation 

to D. G. Eisenhut, Nuclear Regulatory Commission dated November 

23, 1982.  

2. Letter .from R. C. Youndahl, Chairman Electric Power Research 

Institute Research Advisory Committee (Consumers Power Company) 

to H. R. Denton, Nuclear Regulatory Commission, dated June 1, 

1982.  

3. "EPRI-Marshall Electric Motor-Operated Valve (Block Valve) 

Interim Test Data Report," EPRI NP-2514-LD, July 1982.  

Wisconsin Public Service Corporation's position on pressurizer block 

valve testing is stated in Reference 1. Reference 1 refers to 

Reference 2 in qualifying the KNPP block valves. Reference 2 trans

mitted to the NRC information which documented the utilization and 

performance of PORV block valves in PWR plant service. It was pro

vided to support utilities in their responses to NUREG 0737, Item 

II.D.1 "Block Valve Testing" and satisfied this requirement.  

Reference 3, which was part of this information package, docu

ments the results of block valve tests conducted at the Marshall 

Steam Station in Terrell, North Carolina. Section 3.1 of this report 

documents the successful testing of an identical valve and actuator 

to those installed at the KNPP. This valve was successfully tested 

over a range of torque switch settings (1.7-1.0) which envelope the 

settings used at KNPP (1.5).  
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Q-11. The backpressure measured during the tests should be representative 

of the plant backpressure since the valve performance is affected 

by the backpressure. The thermal hydraulic analysis on the loop 

seal-steam flow actuation condition yielded peak backpressure of 

792 psi while the backpressure of 649 psi was measured during the 

corresponding test 908. While the submittal states that the tested 

and plant specific backpressure are very close, some justification 

should be provided that these pressure values are indeed sufficiently 

close that actual conditions were truly represented in the tests.  

A-11. With the modification of the Kewaunee S/RV discharge piping, to 

include the rupture disc and baffle plate assemblies, the peak back

pressures were reduced significantly. As stated on A-6 of these 

responses and shown in Figures A6-1 and A6-2, the peak backpressures 

were calculated by RELAP5 to be 716 psia and 600 psia for Kewaunee 

safety valves, PR-3A and PR-3B, respectively. The peak backpressure 

measured for the Crosby 616 safety valve testing was 725 for CE 

Test 931 which exceeds the peak backpressure calculated for the 

Kewaunee valves. Therefore, the Kewaunee safety valves were bounded 

by the test program.  
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Q-12. Although Tables 7.1 through 7.4 of the submittal provide much of the 

RELAP5 input data they do not contain some basic information needed 

to evaluate the thermal hydraulic analysis. What time step was used 

in the RELAP5 calculations and how was this determined to be accept

able? How were the safety/relief valve flow areas sized for the 

hydraulic analysis and how were junction loss coefficients established? 

What value was used for valve popping time and how was this justified? 

A RELAP5 computer printout of input and output for the Locked Rotor 

accident case for the safety-valves lifting should be provided.  

A-12. The time step parameters used for the RELAP5 calculations were a 

maximum time step of .001 seconds and a minimum time of 1.0 E-07 

seconds. The RELAP5 computer code has an automatic time step con

trol scheme which sets the calculational time step being used between 

the maximum time step specified (.001 seconds) and the minimum time 

step specified (1.OE-07 seconds). Checks are made on the mass trun

cating error, the Courant limit, negative or zero densities, density 

differences and water properties in determining if the time advance

ment is successful. If unsuccessful, the time step is reduced and 

the advancement is repeated.until all acceptance criteria are met.  

The use of these maximum and minimum time steps were confirmed 

by comparing RELAP5 calculations using these time steps with measured 

data from the Edwards' and Hanson's experimental measurements. These 

experiments were done using subcooled water, so the applicability to 

the loop seal simulation is good. The RELAP5 calculated results were 

in good agreement with the measured data. Based on these comparisons 

it was judged that the time steps used for the Kewaunee analyses were 

sufficient to provide accurate results.  

The safety valve flow area was found by using the Kewaunee S/RV 

piping RELAP5 model and setting the upstream pressure at 2575 psia 

(safety valve set point plus 3 per cent accumulation) with the safety 

valve completely open. The valve area was adjusted leaving the up

stream pressure at 2575 psia, until the calculated flow through the 

valve was found to be 115 per cent (or 396,700 lb/h) of rated flow.  

Therefore, using an area of 0.017 ft
2 for the safety valve will 

produce 115 per cent of rated flow at 3 per cent accumulation. This 
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is a conservative assumption for calculating thermal/hydraulic piping 

loads since all of the tested Crosby 6M6 safety valves produced less 

than 115 per cent rated flow at 3 per cent accumulation.  

The loss coefficients were calculated for all geometry changes 

in the discharge piping (i.e., elbows, contraction-expansions, 

reducers). The loss coefficients were calculated using the handbook 

written by Idel'chik [I. E. Idel'chik, "Handbook of Hydraulic Resist

ance," AEC-tr-6630, (1966)].  

A .015 second popping time was extracted from test data and was 

used for the Kewaunee simulation. The popping times for the Crosby 

6M6 safety valve testing for loop seals ranged from .009 seconds to 

.019 seconds, therefore the popping time used for the Kewaunee safety 

valves is typical for that type of valve.  

A microfiche of the RELAP5 two-safety valve actuation run for 

the rupture disc analysis is presented in Appendix A of this submittal.  
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Q-1 3 . The submittal does not mention whether loading from 
a sequential 

opening of the safety and/or relief valve 
were considered for 

multiple actuation conditions. EG&G Idaho's experience indicates 

that maximum forces would be expected when a sequence of opening 

is such that the initial pressure waves from the safety 
valves 

opening reach the common header simultaneously. 
Was a sequential 

opening of the valves considered in establishing a maximum 
loading 

on the piping? 

A-13. A sequential opening of the safety valves were not considered for 

this evaluation. For the initial evaluation based on a worst case 

locked rotor accident occurring with the as-built Kewaunee S/RV 

piping system, the sequential actuation was not considered because 

of its very low probability of occurring. A sequential actuation 

with a perfect timing to allow the pressure waves to reach the com

mon header simultaneously along with both power operated relief 

valves failing, no spray actuation, and the locked rotor would be 

an incredibly low probability event. The assumptions associated 

with the locked rotor with simultaneous safety valve actuation are 

very unlikely to occur (i.e., faulted condition). Any other condi

tion such as valve sequencing would further reduce the probability 

of the event beyond that of a faulted condition.  

For the current evaluation, using the concept of the dual rup

ture discs at the valve discharges the possible larger forces caused 

by valve sequence are mitigated. Basically, if one valve opened 

before the other, that disc would rupture sooner, thus, relieveing 

the pressure caused by the open valve. Therefore, it was judged 

that the sequential opening of the safety valves should not be con

sidered in establishing design basis thermal/hydraulic loads.  
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Q-1 4 . The adequacy of using the RELAP5 and REPIPE in combination to calcu

late fluid forces was based on one steam discharge problem. The 

REPIPE momentum equations, however, contain an acceleration term 

which, when used with RELAP5 results, commonly introduces spurious 

spikes into the calculated fluid forces for water discharge problems.  

These spikes can be avoided by using a large time step in the REPIPE 

calculations, but this may result in losing the peak force values.  

Thus, for water transients or for loop seal-steam flow transients 

where some water does occur, a thorough assessment of the use of 

REPIPE in conjunction with RELAP5 should be provided.  

A-14. For the original analyses (i.e., the Kewaunee as-built S/RV piping 

configuration), the RELAP5/REPIPE was used to calculate two varia

tions of the loop seal discharge (see Section 6.0 of Kewaunee Piping 

Report, June 28, 1982). As presented in Subsection 6.3 a RELAP5/REPIPE 

model was developed to simulate CE Test 908 which was the test that 

closely approximated the Kewaunee plant specific faulted conditions 

Two situations were run using REPIPE as the RELAP5 post-processor.  

As identified in Subsection 6.4 of the Kewaunee piping report, 

comparisons were made between test data and RELAP5/REPIPE CALCULATIONS.  

The two cases run were assuming water upstream of the safety valve 

and assuming water downstream of the safety valve. The results, as 

presented in Subsection 6.4 of the Kewaunee report, produced good 

agreement with test information. The REPIPE time steps used for the 

Kewaunee plant specific evaluation were chosen based on experience 

in calculations of these two cases. Based on these calculations 

using REPIPE, the REPIPE time steps used were judged to be adequate 

for Kewaunee plant specific evaluations.  

In the subsequent analyses of the Kewaunee rupture disc config

uration (see A-23 for description), the FORCE post-processor was used 

in place of REPIPE to determine thermal/hydraulic loads based on the 

output from RELAP5. FORCE was developed by Dr. Joe Chang for Boeing 

Computer Services.  

Many benchmark comparisons were used to establish the accuracy 

of the RELAP5/FORCE calculations. The comparisons included running 

an analyses using RELAP5/REPIPE and running the same simulation 
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using RELAP5/FORCE. The forces generated by each method were almost 

identical.  

Other analyses were made using the RELAP5/FORCE combination 

which included simulating CE Test 908, CE Test 1411, Edwards' Pipe 

Problem, and Hanson's Problem. Each of the calculations were in 

good agreement with the test data. Therefore the time steps used 

for FORCE calculations were also found to be acceptable for use 

in determining Kewaunee plant specific thermal/hydraulic loads.  
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Q. 15. In performing a thermal hydraulic analysis the valve flow 
area is 

typically allowed to vary in some manner over the valve opening 

time. In the case of a loop seal transient, the valve simmers for 

a period of time after the set pressure is reached, and then pops 

open. Was the simmering time included in the valve opening time 

over which the flow area was assumed to vary, or was the transient 

assumed to begin after the simmering period? In what manner was 

the flow area assumed to vary during the opening time? 

A. 15. For all safety valve simulations, all subcooled water upstream was 

assumed to simmer through the valve prior to the safety valve 

popping. When the safety began to "pop," the RELAP5 transient 

started. Therefore the simmering time was not included in the 

RELAP5 calculation.  

The safety valve was simulated to ramp open from 0.0 seconds, 

with Asafety valve = 0.0 ft2 to .015 seconds, with Asafety valve 

.017 ft2 . After .015 seconds throughout the remainder of the 
RELAP5 

transient, the safety valve(s) remain fully open (Asafety valve 

.017 ft 2).  
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Q-l6. The submittal does not provide some of the details needed to make an 

assessment of the structural analysis. How were the pipe supports 

modeled and how did calculated loads in the supports compare with 

allowable values? What damping values were assumed in the piping 

analysis? What time steps were used in the time history integration 

model superposition analysis and in the fluid forcing functions 

applied to the model? A computer printout of input and output for 

the Locked Rotor accident problem for the safety valves lifting 

should be provided.  

A-16. The dynamic piping supports were modeled as springs to ground each 

having a calculated spring constant for the overall support assembly 

based on a series spring combination of all the components in the 

restraint assembly. The dynamic supports for the Kewaunee piping 

consist of three hanger types which are structural components such 

as I-beam frame assemblies, ITT Grinnell Figure 211 rigid sway struts, 

and ITT Grinnell Figure 201 hydraulic shock and sway suppressors.  

The spring constant for the structural items were calculated with 

a structural computer code by modeling each structural assembly 

with the applicable beam properties included. The sway strut 

spring constant was based on a series spring combination of 

the calculated stiffness of the restraint components which 

included the clevis, pins, and center components. The snubber 

spring constants reflect test data values published by ITT 

Grinnell. The ITT Grinnell values are the average snubber spring 

rates based on test data.  

The computer predicted loads on all supports have been compared 

to the allowable values. The largest value based on the normal, upset 

or faulted load combination has been used as a design basis to ensure 

that allowables have not been exceeded. The stresses in structural 

components such as beams and plates are within AISC allowable stress 

levels. The loads on ITT Grinnell hanger components have been com

pared to the published allowable loads in Catalog PH79 which corresponds 

to plant "normal" conditions.  

The restraint loads based on Kewaunee normal, upset, and faulted 

load combinations are below the rated loads in Catalog PH79 with the 
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exception of struts RC-H8, RC-H9, and snubber RC-H40. These loads, 

which exceed the ITT Grinnell "normal" allowables, were sent to 

ITT Grinnell for review. ITT Grinnell has qualified replacement 

restraints to the new loads.  

The damping value used for the ADLPIPE time history analysis 

was 2 per cent. This value is consistent with suggested values for 

SSE earthquake analysis found in U.S. Nuclear Regulatory Guide 1.61.  

The time steps used for the ADLPIPE modal superposition time 

history analysis was 0.001 seconds. This value is based on the 

following suggested formula from the Control Data Corporation REIPIE 

Application Manual.  

0.1 
At < fi IThere: At - suggested time step.  

fi = highest significant frequency.  

An additional computer analysis was run for the two safety valve 

actuation with a time step of 0.0004 seconds to confirm the accept

ability of the 0.001 time step value. The maximum predicted piping 

stress increased less than 1.0 per cent with the time step value of 

0.0004 seconds. The increase of less than 1 per cent is considered 

insignificant. The time step used in the forcing functions applied 

to the model was based on the RELAP5 calculation. The REPIPE post

processor was used in the original evaluation and the FORCE post

processor was used in-the final evaluations (see A-14.0). The time 

steps varied depending on the transient conditions. For the locked 

rotor, double safety valve, double rupture disc FORCE calculations, 

the FORCE time steps varied between 1.25 msec and .625 msec. The 

FORCE post-processor also checks for peak forces in the data from 

RELAP5. If a peak force is discovered, it also includes this force 

in the forcing function table to be used in ADLPIPE calculations.  

A packet which contains a microfiche copy of the two safety 

valve actuation time history analysis has-been attached-to this sub

mittal and is contained in Appendix B.  
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Q-17 . The submittal presents loading combinations for FSAR Class 1 and 

Class 2 piping and components. In this presentation the fluid 

transient load for the emergency condition for Class 1 items includes 

only a single safety valve actuation. Since the safety valves are 

set at the same pressure multiple actuation is probable. Multiple 

actuation should be included for the emergency load combination with 

appropriate consideration of sequential lift (see Question 13).  

The loading combination presented for Class II items does not include 

any fluid transient loads from safety or relief valve 
actuation.  

Loading from valve actuation should be included in an appropriate 

load combination for Class II items.  

A-17. The Kewaunee piping system has been analyzed for four separate valve 

actuation possibilities. These events are the double PORV actuation, 

the single actuation of safety valve PR-3A, the single actuation of 

safety valve PR-3B, and the simultaneous actuation of both safety 

valves. The Kewaunee Final Safety Analysis Report load combinations 

for components does not contain a loading combination for the plant 

emergency condition as indicated by Tables B.7-1 and B.7-5 
found 

within Appendix B of the FSAR. Therefore, since the emergency loading 

combination was not used in the original design basis for the plant, 

the emergency loading combination was not used for this evaluation.  

It should be noted that the load combinations presented in Tables 8-4 

and 8-5 of the original Kewaunee piping report (see "Kewaunee Nuclear 

Power Plant Safety and Relief Valves Piping Qualification Report," 

issued June 28, 1982) were based on EPRI recommendations. Subsequent 

to issuing this report, it was found that some of the information 

in the tables was not relevant to the Kewaunee design basis, there

fore, the tables will be changed for the final issue of the report.  

The FSAR considers the locked rotor accident as a plant faulted 

condition. This condition was considered the design basis for the 

Kewaunee evaluation. The sequence of safety valve actuation has been 

discussed under Question 13.  

The piping downstream of the power operated relief valves and 

the safety valves is Class II piping per the FSAR. All piping up

stream of the valves is Class I per the FSAR. The load combinations 

WPSC-013184 17-1



attached in Tables 1 and 2 are consistent with the Kewaunee FSAR load 

combinations in Table B.7-1 found in the FSAR. It is recognized that 

the downstream or Class II piping will affect the upstream or Class I 

piping during the plant normal, upset, and faulted condition loadings.  

To ensure the integrity of the upstream piping, all downstream or 

Class II piping has been subjected to Class I loading conditions for 

the plant normal, upset, and faulted condition. All piping, includ

ing upstream and downstream, has been evaluated to the load combinations 

for Class I piping and components. The resultant stresses are within 

the allowables for the FSAR Class I normal, upset, and faulted con

ditions.  

WPSC-013184 17-2



TABLE 1. LOAD COMBINATIONS FOR FSAR GLASS I PIPING AND COMPONENTS 

0 B31.1 Stress 

Condition Load Combination* Equation Allowable Remarks 

00 
Normal DL + PI 11 Sh Primary and normal loads 

Upset DL + PI + [S0 2 + SA2 + ST12]1/ 2  12 1.2Sh Primary and occasional loads 

TE + TA 13 Sa Secondary loads 

TE + TA + DL + PI 14 Sa + Sh Secondary and primary loads 

to be evaluated only if 

Equation 13 is exceeded 

Faulted DL + PI + [SS 2 + SA2 + STn 1/2 12 2.4Sh Primary loads 

*See Table 3 for definitions of symbols.



TABLE 2. LOAD COMBINATIONS FOR FSAR CLASS II PIPING AND COMPONENTS 

B31.1 Stress 

Condition Load Combinations* Equation Allowable Remarks 

Normal DL + PI 11 Sh Primary and normal loads 

Upset DL + PI + [So 2 + SA21l/2  12 1.2Sh Primary and occasional loads 

TE + TA 13 Sa Secondary loads 

DL + PI + TE + TA 14 Sa + Sh Secondary and primary loads 

to be evaluated only if 

Equation 13 is exceeded 

*See Table 3 for definition of symbols.



TABLE 3. DEFINITIONS AND LOAD ABBREVIATIONS 

DL Dead Load 

PI Pressure 

TE Thermal Expansion 

TA Thermal Anchor Motions 

SO Operating Basis Earthquake (OBE) 

SS Design Basis Earthquake (DBE) 

SA Seismic Anchor Motions (OBE or DBE) 

ST1 System Transient (.2 relief valves) 

ST2 System Transient (1 safety valve, PR-3B) 

ST3 System Transient (2 safety valves) 

ST4 System Transient (1 sfaety valve, PR-3A) 

S Hot allowable stress 

Sa Allowable stress range based on hot and coldstress 
allowables 

S n Largest Loading Due to ST 2 , ST3 , or ST 4 
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Q-18. The pressurizer and relief tank connections were modeled as 

anchors in the analysis. Was it verified that the tanks or 

connections possess no flexibility that could affect struc

tural response of the piping system? 

A-18. In order to verify the acceptability of modeling the pressurizer 

and the pressurizer relief tank as rigid anchors, a computer 

analysis for the two-safety valve actuation was run with the 

anchors modeled simulating the approximate stiffness of the 

pressurizer and pressurizer relief tank. The results of the 

analysis with approximate anchor stiffness was compared to the 

results of the analysis with anchors modeled rigid. The maxi

mum stresses in the piping system yield negligible differences 

in value (about 1 per cent) thus, justifying the use of rigid 

anchor modeling.  
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Q-19. The program ADLPIPE is limited to the use of the modal superposition 

technique to generate the time history dynamic response of the piping 

system. Since the modal superposition will limit the solution to the 

set natural frequencies included in the solution, further information 

is required to evaluate accuracy of results obtained in using this 

method.  

a. The hydrodynamic forces created by overpressure transients 

typically contain high frequencies. What was the cutoff 

frequency used in the analysis and how was it established? 

b. The natural modes of the structure having frequencies above 

a properly established .cutoff frequency will respond rigidly 

to the applied loading. This rigid response of the high 
frequency modes will not be included in a normal modal super

position solution, but is often a significant part of the 

total response in fluid transient time history problems.  

Was this high frequency rigid body response accounted for 
in the calculated total response of the system? 

A-19. The forcing functions being used in the ADLPIPE two-safety valve time 

history analysis were examined for frequency content by extracting 

the fourier series coefficients and plotting the sine and cosine 

coefficients vs. frequency. Examination of the cosine coefficients 

indicate the majority of frequencies with large coefficients at or 

below 100 to 120 hertz. One forcing function in the upper portion 

of the piping system had significant cosine coefficients near the.  

200 hertz range. The cutoff frequency used for the analysis was 

300 hertz. Review of the modal participation factors on pages 54 

and 55 of the two safety-valve time history ADLPIPE analysis micro

ficheacopy contained in Appendix BAndicates the majority of the 

significant modal participation factors occur below 100 hertz with 

some vertical participation factors of about 0.4 near 130 and 230 

hertz. The 300 hertz cutoff frequency and the relatively low modal 

participation factors of higher frequencies indicate that the major 

thermal/hydraulic loads due to the two-safety valve transient have 

been included in the ADLPIPE analysis.  
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Q-20. Some of the spacing between lumped masses (particularly in the lower 

region of the discharge piping) is too large to permit dynamic response 

to the high frequencies commonly contained in fluid forcing functions.  

What is the rationale for using the large spacing? 

A-20. The lumped mass spacing used in the analysis was established for each 

pipe diameter and the corresponding pipe cross section based on the 

first mode (fundamental) frequency of a simply supported beam. The 

spacing span is based on the following equation.  

1/2]11/4 L 987J12[ gEl 

Where L = Lumped mass spacing; in feet 

E = Modulus of Elasticity; in psi 

I = Moment of Inertia; in in 

W = Distributed weight of the pipe; in lbs/in 

f = Frequency, in hertz 

g = Acceleration of gravity (in/sec2) 

Table 4 attached, is a summary of the lumped mass spacing for 

the Kewaunee S/RV piping. As indicated under Question 19, one forcing 

function, which is applied in the upper portion of the piping system, 

had a significant fourier coefficient at about 200 hertz. In order 

to confirm the adequacy of lumped mass spacing based on 100 hertz, 

the 10-inch piping in the lower section was lumped at a 6-foot spac

ing and the two safety-valve analysis was rerun. The analysis showed 

no significant changes in the piping stresses or loads on restraints.  

It is also noted that the lump mass spacing in the upper portion of 

the piping system is adequate for 200 Hertz as mass points are used 

at elbows, tees, valves, etc., which resulted in a set of closely 

spaced lumped mass points because of piping geometry.  
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TABLE 4.  

Pipe Schedule E I W f L 
(psi x l-b) (lbs/in) (HZ) (ft 

3 160 28.3 5.0 1.2 100 5 

4 40 28.3 7.2 0.9 100 6 

6 160 28.3 59.0 3.8 100 7 

10 40 28.3 160.8 3.4 100 9 

10 40 28.3 160.8 3.4 200 6 
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Q-2 1. The program REPIPE calculates a wave force for each bounded segment 

of piping, which was evidently applied to the structural model.  

Application of only a wave force on a pipe segment, however, ignores 

the axial extension that is caused by opposing "blowdown" forces at 

the ends of the pipe segment. This axial extension induces bending 

moments on pipe segments adjacent to the bounded segment in question.  

How was this axial extension accounted for in the analysis? 

A-21. The ADLPIPE analysis for the two safety valve actuation event was 

performed by utilizing forcing functions generated by the computer 

code FORCE. A single (net) forcing function was applied at the down

stream end of each run of discharge piping. The two safety valve 

actuation analysis was also run with a set of forcing functions 

applied at both ends of each run to investigate the effect of axial 

pipe extensions on the bending stresses induced into the piping.  

The analysis with forces applied at both ends of each run includes 

bending stresses due to net forces and bending stresses induced on 

adjacent piping by the axial extension of pipe segments. The points 

of highest stress in the piping system had a negligible difference 

in stress values when comparing stresses produced by the analysis 

with net forces to the stresses produced by the analysis with forces 

applied at each end of pipe segments. These minor fluctuations in 

piping stress values were about 1 to 3 per cent.  
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Q-2 2 . The submittal does not discuss how the safety valve bonnet assemblies 

and the relief valve actuators were modeled. They should be modeled 

as masses displaced from the pipe centerline and if the natural fre

quency of the bonnets or actuators could potentially be excited by 

piping or support motion then elements connecting the masses to the 

pipe should represent the flexibility of these structures. A dis

cussion of the modeling of these items should be included.  

A-22. The safety valves and power operated relief valves were modeled to 

represent the approximate valve stiffness with the weight of the 

valve lumped at the modeled center of gravity. The valve body and 

upper housing for both valves have been modeled with pipe diameters 

equal to the adjacent piping. The wall of the valve has been modeled 

as two times that of the connecting piping for both the valve body 

and upper housing. The entire weight of the valve has been located 

as a lumped mass in the valve upper housing model at the location 

corresponding to the center of gravity of the actual valve assembly.  
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Q-23. The submittal states that several overstressed points in the upstream 

and downstream piping were identified in the analysis. The over

stresses were caused by the large thermal-hydraulic forces which are 

created when expanding steam forces the cold water slug through the 

downstream piping. A letter written subsequent to the submittal 

indicates that this problem will be resolved by installing rupture 

discs in the discharge piping. The rupture discs are intended to 

relieve the water slug from the loop seals into the pressurizer vault, 

thereby eliminating the hydrodynamic forces that result in the over

stressed condition. Further details of the rupture disc design should 

be presented showing the viability of this concept. Also, an analysis 

should be provided that shows that no overstresses in the piping 

system will occur under any transient condition with the revised 

piping configuration 

A-23. Two rupture disc/baffle plate assemblies will be used in the Kewaunee 

Nuclear Power Plant discharge piping to reduce the thermal/hydraulic 

loads caused by the actuation of one or both safety valves. A double 

or single safety valve actuation will create a pressure buildup in 

the discharge piping which will cause the rupture discs to burst, 

allowing the subcooled water from the safety valve loop seals to 

escape from the discharge piping. The loss of the fluid out the 

rupture disc openings will also reduce the pressure rise in the dis

charge piping, thereby reducing the downstream driving force which 

contributes to large thermal/hydraulic loads in the discharge piping.  

A plan view of the upper portion of the S/RV piping showing the 

added rupture disc assemblies has been included on Figure A23-1.  

Figures A23-2a and A23-2b present a plan view comparison between 

the as-built Kewaunee S/RV discharge piping and the planned Kewaunee 

modification using the rupture discs, respectively. 

Major features of the rupture disc design are given below.  

(1) An eccentric orifice plate with a maximum open area of 1.37 ft
2 

(approximately 25 per cent of full open area) will be located 

at the first 10-inch 90 degree elbow downstream of both safety 

valves. The orifice plate will be designed to allow drainage 

from leaking safety valves to pass into the downstream piping.  

This orifice plate serves two purposes. The first is to cause 

the upstream pressure to exceed the rated pressure set point 
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of the rupture disc during a single safety valve actuation.  

The disc was required to rupture during a single safety actua

tion to ensure discharge piping loads are minimized. The 

second is to minimize the downstream flow of subcooled water 

from the loop seals and to minimize the downstream pressure 

wave. This will minimize the downstream forces.  

(2) The rupture disc will have a set point of 270 psid. This set 

point will provide a sufficient margin to ensure that the disc 

does not rupture during a worst case power operated relief 

valve (PORV) actuation. The worst case PORV actuation pro

duced a pressure of 162 psig at the rupture disc/baffle plate 

assembly. The rupture disc will be constructed out of inconel 

material which is resistant to boric acid degradation.  

(3) A 10-inch piping segment is required to replace the 6-inch 

piping run between the first 90-degree elbow at the safety 

valve PR-3A discharge and the 10-inch by 6-inch reducer. This 

additional 10-inch piping was necessary to decrease the water 

hammer pressure spikes caused by the double safety valve 

actuation.  

(4) An additional snubber rated at 27 kips will be installed at 

elevation 626 feet on the 10-inch vertical discharge piping 

run.  

As previously indicated a microfilm copy, found on page 12-3, 

contains the two safety actuation RELAP5 analysis.  

The stresses due to the two-safety actuation is the major con

tributor to the overall piping stresses for the plant faulted loading 

conditions. Table A23-1, which indicates the largest stress values per 

the load combinations included in the answer to Question 17, has also 

been included. Specific analytical results will be presented in 

Revision 1 of the "Kewaunee Nuclear Power Plant Safety and Relief 

Valves Piping Qualification Report," to be issued at a later date.  
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With the rupture disc configuration and associated modification 

implemented, it was concluded that the piping stresses and 
restraint 

loading would be within acceptable values during worst case safety 

valve(s) or PORV(s) actuation.  
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FIGURE A23-1. PLAN VIEW OF KEWAUNEE RUPTURE DISC CONFIGURATION 
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FIGURE A23-2a. KEWAUNEE AS-BUILT--PLAN VIEW 

FIGURE A23-2b. KEWAUNEE RUPTURE DISC MODIFICATION--PLAN VIEW 
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TABLE A23-1. MAXIMUM STRESS IN THE S/RV PIPING 

ADLPIPE Allowable Plant B31.1 

Node Stress Stress Condition Equation Location in Piping System 

psi psi 

80 8,004 14,300 Normal 11 3" PORV Inlet Piping 

94 13,272 17,160 Upset 12 3" PORV Inlet Piping 

'17 15,734* 27,013 13 6" Safety Inlet Piping 

807 34,663** 43,440 Faulted 12 10" Discharge Piping 

I.) 

*Stress range of all thermal modes.  

**Includes loading due to two-safety actuation.
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* RELAP5 CEPTIFICATION STATUS* 

..... *.................*.................  

*F1/12/11* VrRSION 1.00 UPDATF SUMMARY 

1.WORD SIZE DIFFERENCE BETWEEN CDC AND CRAY CHANCES THE 
FORMAT FOR PYDRODYNAMIC COMPONENTS, THE COMPONENT NMEF 
SHOULD nE LIMITED TO 8 LETTERS.  

2.CRAY VERSION HAS UNIQUE WtY OF HANOLING ITS PLOTTING 
TO MINIMIZE THE 1/0 AND DISV STORAGr CHAPGFS.  

3.SOME SPECIAL MINOR ECIT SPECIFICATIONS APE NOT ALLCWED 
ON CRAY. CONSULT THE CONSULTANTc IF YOU PUN INTO ONE.  

*82/05/25. VERSION 2.00 UPDATE SUMMAPY 

1.PLOTTING AND FORCING-FUNCTION DATA FILE OUTPUT FREQUENCY IS 
CONTROLLED BY THE FIRST DATA ITEM IN A 199 CARD, WHICH Ic 
AN INTEGER REPPESENTING THE NUMBER OF ACTUAL TIMF STEPS PEP 
OUTPUTTING OF DATA. tDEFAULT IS 1) A "0" ENTRY DIRECT THE 
CODE TO SKIP GENERATION OF PLOTTING FILE.  

2.AIR MASS FRPOR TOLERANCE CONTROL PY A 199 INPUT CARD.  
THE SECOND DATA ITEM IN 199 CARD IS A REAL NUMPER REPPESENTTNG 
THE AIR MASS EPDOR TOLERANCE TO BE USED.tDEFAULT IS 0.01) 

*83/05/06* VERSION 3.00 UPDATE SUMMARY 

1.RELAP5-FORCE VOLUME/JUNCTION CORRrLATTONS ARf PROVIDED AFTER 
INPUT PREPARATION.  

2.DIMENSION OF PROBLEM SIZE JACKED UP TO 500. DUE TO THE 
DYNAMIC DIMENSIONING NATURE OF RELAP5, THE ACTUAL SIZE 
OF THE PROBLEM THAT CAN BE RUN CAN NOT RE DETERMINED.  
EXTENSIVE TESTING FOR PPOBLEFS LESS THAN 300 JUNCTION/ 
VOLUME HAVE BFE PERFORMED. ANY THING ABOUT 300 MCST 
LIKFLY WILL RUN PUT NOT QUAPANTrED. CONTACT THE NUCLIR 
CONSULTANT IF YOU BOMBED OUT ON *OPERAND RANGE ERPOP'.  

3.EUG IN SUBROUTINE PPMPOC WAS PEPOPTED BY INELIPJW AND 
CORRECTED IN CRAY VERSION.  

* 

* 

* CE4TIFICATION 'zTATLIS IroNTINIIE") 

0 a. a.. . a *.. .a*. a .*.......... .. a... ....  

*a3/09/13a VFRSION 4.00 UCr)ATE c UMMArY 

.3/08/07* bY J.T.CHING AND K.TtAAZAWvA 
PRFSSURF,FLCW AND FORCF OCILLA7ION5 APr SMorTHr; r(IT DY 

* (1)TWO UPDATI CARDS FRfn INrL TO SKIP CHOKI(, I" 

CERTAIN UINWAFPANTED SITUATIO'.  
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** 
* CE0TIFjCATION STATUS (CONTINUE-', 
** 

*E3/09/13* VrRSION 4.00 UPDATE SUMMAPY 

*P3/08/07* BY J.T.CIN;G AND g.TAKAZAWA 
PRESSURE,FLCW AND FORCE OSCILLATIONS ARE SMOOTHED OUT PY 
(1,TWO UPDATE CARDS FROP INEL TO SKIP CHOKING IN 

CERTAIN UNWAPPANTED SITUATION.  
(2)LINEAPIZATTOt. OF THE UNDER-RELAXATION OF THE PHASE 

TPANSITION REGION FOP VOID FRACTION ETWEEN 
0.0 AND 0.1 CENTERED AROUND 0.05.  

*83/08/10* BY J.T.CHING 
INCORPORATION OF A LIQUID-FLOW SEPARATOR JUNCTION IN SUBa.  
JPPOP FOR STEAM GENERATOR SECONDARY,DOWNCOMER vODFLLINO 
VIA INPUT BY THE 109 CAPDTHIRD INTEGER VARIABLr.  

*83/08/20* BY K.TAKAZAWA 
INCORPORATION OF CYCLE 15 TO CYCLE 18 FPOM INEL.  
AN OCCASIONAL HEAT STRUCTURE CALCULATION BUG CORRECTED.  

*83/09/04* PY J.T.CHING 
SEVERE TRANSIENT ENCOUNTERED IN MULTIPLE JUNCTION SURCOOL 
BLOWDOWN CAUSED *RAISING 40.8) TO A NEGATIVE POWER IN 
SUBROUTINE JCHOKE. CORRECTED eY SET NEGATIVE NUMBER TO 
ZERO IN THE ITERATION. RESULTS APPEAR SATISFACTORY.  

*83/09/13* EXECUTION PROCEDURE FILE CHANGE 
PROCEDURE MODIFIED TO ACCESS VERSION 4.00 

*83/09/13* VERSION 4.01 ERROR COPRECTION 
LIQUID-FLOW SEPARATOR JUNCTION MOVED FROM FIFTH 
VALUE TO THIRD VALUE ON 199 CAAC. VARIABLES TWOMUL 
AND THICKN DELETED FROM PROGRAM.  

*R3/09/16* PROCEDURE INSTALLATION 
PROCEDURE TO ACCESS EXPERIMENTAL VEPSION OF 
RELAP5 tR51EXX) INSTALLED ON SYSTEM.  

*83/09/16* PROCEDURE INSTALLATION 
PROCEDURE TO ACCESS BCS O.A. VERSION OF 
RELAP5 tR51rX0 INSTALLED CN SYSTEM.  

*83/09/16* VERSION 4.00 VEPSION RELEASE 
SOME MODIFICATIONS DID %OT GET TPANIFFPED IN'C 

THE VEPc.ION 4.C UFOATE. VEPSIOj 4.00 WAS PF-COMPTLEE 
WITP CORRECTIO14S IN PLACE. ALL rPrVIO(IS VERPION 

S4..0C RUNJS ArTEP SrFT. 13 ARE INVALTr.  

*03/09/1 8 * VERSION 4.00 V'FPION FELrAr 
CYCLE I C 0r S VULLEDL F P Vr S I 4. MOS W r 

* CAUFING FATLUr OF STAr APD PCS Tr!T (0zV 1.  

*P3/09/IP* LIGUIr-FORCE JUNCTIO% MPEL 
THIS 1'P'.'T TEST TH4 LI.I I r-OPCE D J1Nr TIN ' rEL FrI A Y rI CITr".  
I f Ir . , A P .r ' -L Jt ' P9. i Hr L.



* 3/09/16* PPOCEPUPr IkeTALLATION 
PPOCEDUVE Tr ACCESS rCs (.A. VFSIC' OF 
RELAP5 (RSPXQs INSTALLED C12 SYSTP".  

*83/09/16* VERSION 4.00 VEPMION RELFASE 
SOME MODIFICATIfNT DID %OT GET TPANFrFED I'NTOf 

THE VEPSION 4.0C UPDATE. VEPSIOP! 4.0O WAS FF-COPPTLEE 
WITH CORRECTIONS IN PLACE. ALL PREVIO0S VERION 
4.00 RUNS ArTEP SEPT. 13 ARE INVALIO.  

*83/09/18* VERSION 4.00 VERSION RELEASE 
CYCLE 1A MODS PULLED FROM VEPSION 4. MODS WFr 
CAUSING FAILURE OF STANDARD BCS TEST CASE 1.  

*P3/09/18* LIQUID-FORCE JUNCTION MODEL 
THIS INPUT TEST THE LIGUID-FORCED JUNCTION MODEL FOP ANY JUNCTION, 
PESIDES A SFPARATOP MODEL JUNCTION. THF FLOW FVENTUALI.v PECOMF 
ALL LIQUIDtVOIDGJ=0.0,AND VOIDFJ=1.0 IN *200000') 

*83/09/18* FLOATING-ERROR ELIMINATOR IN SURR. JCHOKE 
A CHECK IS MADE IN SUBROUTINF JCHOKF TO PR!VENT PAISINC tO.P) TO 
A NEGATIVE OWEP IN ITERATION.  

*83/09/18* LIQUID-FORCED JUNCTION MODEL 
THE THIRD ENTRY IN CARD 199 CAN BE ENTERED AS A JUNCTION THPU 
WHICH LIGUIO ARE FORCED TO FLOW UNTIL EITHER IT BECOME ALL LIQUID 
OR THERE IS NO LIQUID LEFT IN THE FROM VOLUME. THIS INPUT TEST 
SUCH A MODEL FOR A SEPARATOR COMPONENT.  

*83/09/18* OSCILLATION tMOOTHING MODEL 
A LINEAR MODEL IS USED TO REPLACE THE CONSTANT MODEL IN PHASE 
CROSSING UNDER-PELAXATION MODEL IN SUBR. JCHOKE 
A INEL UPDATE CARD IS INTPODUCED TO ELIMINATE CHOKING TREATMENT 
IN CERTAIN CRITICAL STATES.  

. *83/09/18. TEST CASE INSTALLATION 
R511014 RE-INSTALLED WTH UNIQUE RECORD NAME 

*83/09/18* TEST CASE INSTALLATION *R511013 RE-INSTALLED WITH UNIQUE RECORD NAME 

*83/09/18* TEST CASE INSTALLATION 
R511012 RE-INSTALLED WITH UNIQUE RECORD NAME 

*A3/09/18* TEST CASE INT'ALLATION 
TEST CASE PE-INSTALLED WITH UNIOUE PECOOD NAvr 

*"!/09/20* TEST CASE INSTALLATIO4N 
TEST CASE 1 SIMPLE VILVE TEST 

a83/09/20* TEST CASE INSTALLATION 
TEST CAZF a CE STEAM TrST NO. 1411 

*3/09/20. TEST CASE INSTALLATION 
TEST CASE 7 CE TEST 1411 tors wrOrL)
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* 3/09/18* TEST rASE INSTALLAT'O' 
P511012 RF-INSTALLfr WITH UNtICUtr qrropr, hAur 

0 . 3 /09/IP TEST rA-r INT'ALLtTICN 
TEST CASE PE-INSTALLrr rIT- V I4LF rrrrp .. Amr 

6P3/09/20* TEST CASE INSTALLATION 
TEST CArE 1i SIMPLE VALVE TEST 

683/09/201 TEST CASE INSTALLATION 
TEST CAF a CE STEAM TrST NO. 1411 

*R3/09/20* TEST CASE INSTALLATION 
TEST CASE 7 CE TEST 1411 IRCS MOVEL) 

*83/09/20* TEST CASE INSTALLATION 
TEST CASE 6 LOFT Lq-1 POSTTEST ANALYSIS INITIALIZATIOA PECK 

*83/09/20* TEST CASE INSTALLATION 
TEST CASE 5 LIQUID OVER VAPOR VERTICAL PIPE 

*83/09/20* TEST CASE INSTALLATION 
TEST CASE 4 SUPERHEATED VAPOR PIPE (HIGH PPESSURE) 

*83/09/20* TEST CASE INSTALLATION 
TEST CASE 3 EDWARDS PIPE 9 VOL, iVOL, 10 VOL CASE - CPAMPLEP 

*83/09/20* TEST CASE INSTALLATION 
TEST CASE 2 TWO PHASE PIPE FILLFO WITH SAME WATER 

*83/09/20* TEST CASE INSTALLATION 
TEST CASE 1 SUPERHEATED VAPOR PIPE (LOW PRESSURE) 

10/25/83. CONFIPIATORY TEST PERFORMED FOR LIQUID JUNCTION MODEL 
IAT REQUEST OF TWO CLINTSJ.CHING 

PROBLEM R51I014 IS RERUN WITH R51EXQ WITH AND WITHOUT 
THE SPECIFICATION OF FORCED-LIQUID JUNCTIONITHIRD ENTRY 

IN 19q CARO=1/0 RESPECTIVELY). THE MINOR EDIT 4T 1 SEC 
GIVES: 
CASE TIMF VOIDGJtVAPOR) VOIDFJtLIOUIDI 

LT1 JUN 10.OSEC 1.66E-5 0.agagg 

NO LIC J 10.0SEC 0.98923 1.07F-2 

0 *10/23/83* LIGUID-JUNCTION MODEL, RESTART AND REVERSE FLOW.  

* 

BY J.CHING 

IT WAS DEMONSTRATED THAT: 
(1) THE LIG-JUN MODFL CAN PE TURN C1 IN A PFeTIRT 
42) IT DOEF NOT,HOWEVEP*WOPK FCGP A PEVErSE FLC 

* tWHICh 1 rHYSICALLY PEASONAPLr).  

0 
*P3/11/07* VFPSTAN 4.01 EFP-P CPRECTIOP 

VERSION 4.01 PF-PUILT FRO" VFRSION 4.r, 
0 INCLUDES CYCLE 18 MODIFICA'ION! AFTrP A SMALL 

eUG FIX WAS INCCRPCPATFDj TO GET Q.A. rP(C ILEw I 
TO WORK, ALcO THF OSCILLATIOk SDoTn" T "Of r



*10/23/p?* CCNr I -'A TnY T i T rsry r 'CVr.' FO LI r I C In JUPC- IC TIC- n EL 

AT prfry or Twr CIrNTStd.CHI G 

PRO -LEM P511014 1 P000 WITH P'1lIX WITH Af" 1I.T 1 T 
THE SiFclrlrATIrN r(F rocCl -LIrGUI' JI'NC'IofT I " .'TCrv 

IN 190 " AP r'1/0 P PF CIIVL LY). TH! U Olr, E (I I tT I' SCl 
GIVrS: 
CAsE Tr vlIJVyUopi rso:rJ LrT'IC 

LIC JUN 1 .CSC 1.66r-5 n . nq 

NO LIrC J 10.OSEC 0.98923 1.07V-P 

*10/23/83* LIGUIO-JUNCTIO. MODEL, RESTART AND REVFPSE FLOW.  

BY J.CHING 

IT 6AS DEMONSTRATED THAT: 
(1) THE LIG-JUN MODEL CAN PE TURN ON IN A FESTART 
(2) IT DOES NOTHOWEVEPWORK FOR A REVERSE FLOW 

(WHICH IS PHYSICALLY REASONAPLF).  

*P3/11/07* VERSION 4.01 ERROR CORRECTION 
VERSION 4.01 RE-BUILT FROM VERSION 4.V0, 
INCLUDES CYCLE 18 MODIFICATIONS AFTFP A SMALL 
BUG FIX WAS INCORPORATED TO GET Q.A. PROBLEM 1 
TO WORK, ALSO THE OSCILLATION SMOOTHING MODEL 
WAS CORRECTED IN SUBROUTINE JCHOKE.  

*e3/11/07* INPUT PREPARATION PROGRAM CHANGE 
FXTEND CAPABILITY IN HEAT STRUCTURE INPUT.  

*83/11/07* TEST CASE INSTALLATION 
RS1Q15 MOTOR OPERATED VALVE TEST 

*83/11/18* PRE-CERTIFIED PROCEDURE 
PROCEDURE TO ACCESS BCS PRE-CERTIFIED VERSION 
AQDQED TO NUCLIB INTERACTIVE.  

11 

'* * BISCLAIMER * *.  

R51AB3 IS BEING ACCFSSEn FROM THE NUCLIE VrOP 
* ACCOUNT ON AN EXPERIMENTAL PASTP ONLY. 'CS ASSU-ES 

NO RESPONSIPILITY FCR TH7 VALIPITY OF PrStILTS 
OBTAINED BY THE USE OF T141F PROGRAM CR DATA SET.  

* THE VENDOR IS MAINTAINING CONFIr'URATION CONTRnL 
RECORDS FOR THIS FTLE. Q.A. RrSPONSIPILITY 
RESIDES SOLFLY 6 ITH YOUP OPGANI?ATTON FOP TPr 
CERTIFICATICN AND VALInATIOC OF THFFE RrSlLTS. 0 
PLEASE CONTACT JON JEPVEPT 4BCS Q.A. MAN:AGFa) 
AT (206) 763-5024 FOR FURTHER CFTATILS.



* * * D I CL A I F c .  
R51AB3 IS BEING ACCFSSPr FRO0 Tt-E NUCLIE VEND0R 
ACCOUNT ON AN ExPEP!IAENTAL PAST< ONJLY. GCS ASSUPES 
NO RESPONSIPILITY FOR THE VALInITY OF PEStILTS 
OBTAINED BY TH4E USE OF THIS PPOGRAM 0R DATA SET.  
THE VENDOR IS MAINTAINING CONFIlURATION CONTROL 
RECORDS FOR THIIS FILE. G.A. R!ESPONSIPILITY 
RESIDES SOLELY 6ITH YOUP ORGAN17ATION Fr)P THE 
CERTIFICATION AND VALIDATION OF TH~ESE PrSULTS.  
PLEASE CONTACT JON JERVERT IBCS G.A. MANAGED) 
AT (206) 763-5024 FOR FURTHER OETAILS.  

ST5DAT IS REING ACCESFEP FQOP THE NUCLIp VrEN000l 
ACCOUNT ON AN EXPERIMENyTAL BASI1 ONLY. ECS ASSUME'S 
NO RESPONSIFILITY FrGP TfE VALICITY OF PESULTS 
OBTAINED BY THE USE OF THIS PROGrRAv 0R CATA SrT.  
THE VENDOR IS MAINTAINING CONFIGURATIOP CONTROL 
RECORDS FOP THIIR FILE. Q.A. DESPONSTPTLITY 
PESIDEc SOLELY WITH YOUP ORGAI7ATION FORQ TiHE 
CERTIFICATION AND vILIDA4TION OF THFFE prcUL Te.  
PLFAFE CONTACT JON JEPVFPT (bCS G.A. '4AkAGrl) 
AT (206) 763-5024 FCR FURTHER r0 TAILS.



1 0 
S*DA IS0~- CF'l O - B*~=VrtB 
ACM* CA -0~~!""" A~ UT C SU( 

*0CS l~fIITFCT AI41f FP-SJT 

- 0 CEOT IIL&ITV VSLI I'Y CF QEERI W 

SLEASE CCvACr J.Q, geV- r$ CECS G.A. QVSt 
AT 12969 763-S924 F.*- FUT11F VITILS.  

00 0 00* 00 0 

v 0. v4 N 

N I 9: 1 i 

X Y ?I4 

*0 w 7 - o 

it 0yg



YXNYN xwxx xx XYXX 

X 0 X YX x x x y XXXXYXXXX 

x xx YX YX y x 
x xx xx xx XY x y 
x xx xx yy wx y x 
x xx xx YX XY x x 
I xx xx y x xx x x 
x xx xx xx wx x y 
x xx xx xx YX X y 
N xx xx xx xx v x 
x xx YX xx xx w y 
x xx xx xx wx x y 
v xx yx XY xx x v 

x xx xx xx x x y 
x xx xx xx MY x x 
x xx xx xx xx y v 
x xx xx xx xx y y 
x xx xx xx xx x y 
x xx xx x x xx x Yxxxxx 

xxxxxxi xx xx wx xx y x xxvwx 
xxxx I xx xx vy wy x x Xv xxx 

xx xxxxxxx xx xx xx xx x x x xx 
xx xxxxxxxxx xx xx xx y xx x 

xxxxxxxxxx xxxxx xx xx xx xxxxxxxxxxxxxxxxxxxxx 
x xxx xxv xxx xx XY YXXX x 
x xxxxxxx XXXXXXXXXXXXXXXYX xxxx w 
x x xxx xxxxy y YX xxx v 

x x xxxxx x x xxxxxx x 
x x xxxxx x YXX XXXXXXXXYXXXN 

x x u x XXXXXXXXXNXYXXXXXXXXX F x 
xxx x x x x v 

xxxx x C y I x x 
xxxx x x x y 

YXXX L x x XXXYX 
xxxxx w wxx 

XXXXXXXIXXXYYXXYXXXX 

NUCLEAP PPOGPAPP LIPPARY 
BOEINC COMPUTER SERVICES 

ENEPGY 97NGINEERING COMPUTER CODE LAPOPATORY 

ei 

RRPRRRRDPPRF CErFEEEEEEEFE LL !I IALAAA rprppppppppp 

RRRRRPPPPPRPR EEEFEEEFEFECE LL AAAAAAAAAAA rppppprpppppp 
RR Rp Er LL AA AA rp pp 55 
RR pp EE LL AA AA r, P F; P 

p p r r L L A a p F pp 

QRQRRPRPFPRPP E(EfrfFrF L L AAAAAAAIAAAAA rrpt rprrrprpr gztFcE5r,&rqr.c 

kRRRPRP'FPPP EC[CFEEP LL AAAAAAA4AA4AA i rrrpprr r)rrp g r, , g c 6; 1 r.. v 

AR F.R EE LL AA LA rp 

PR RP FF LL AA AA rp 
OR Rp EF LL IA A pp 
OR e p F[FrrtrfrFrFF LLLLLLLLLLLLL fA P A r r r . r c . c g- g; c: r, v, 5 

p p EFEFEFFFFEFFF LLLLLL-LLLLLLL A4 k A r 6. 9 " F S. 9'.



ENE GY N IF r IP COjrtTL a COr LAPORATOQy 

0 

0 

RRPRRRRPPRRP EEEEEEEZEEEE LL AAAAAAAAA oPPPPPPPPPPP 5555555 
RRRRRRRRPRRRR EEEEEEEFEEEEE LL AAAAAAAAAAA PPPPPPPPPPPPP 55955595 95 
RR RP EE LL AA AA vP Pp 55 
RR RR EE LL AA A PP PP 55 
RR PR EF LL AA AA PP pp 55 

RRRRRRRRRPRRRR EEEEEEFE LL AAAAAAAAAAAAA pppoppilPPPPPp 5955555555 
RRRRRRRRPRRP EEEFEEEEE LL AAAAAAAAAAAAA pppppprptcPP 5b5555555"-55 
RR RR EE LL AA AA Dp 55 
RR RR EE LL AA AA PP 55 
RR RP EE LL AA AA PF 55 55 
RR PP EEEFEEEEEEEEE LLLLLLLILLL AA &A PP c555555555555 
RR PR EEEEEEEEEEEEE LLLLLLLLLLLLL AA AA rP 55555555555 

MM MM 00000000000 DPDDDDDCDDDD 11 CCCCCCCCCCC 11 44 
MMM MMM 0000000000000 DDODDDDDDDDODD 111 CCCCCCCCCCCCC 111 444 
MMMM MMMM 00 00 DD DD 1111 CC CC 1111 4444 
MMMM MMVM 00 00 DD DD 11 CC 11 44 44 
MM MM MM MM 00 00 DO Dc 11 CC 11 44 44 
MM MMm MM 00 00 D0 D 11 CC 11 44 44 
MM M MM 00 00 DD o 11 CC 11 44 44 
MM MM 00 00 DD DD 11 CC 11 444444444444 
MM MM 00 00 DD DD 11 CC 11 4444444444444 
MM MM 00 00 DD CD 11 CC CC 11 44 
MM MM 0000000000000 DDDDDDDDDCD 11111111 CCCCCCCCCCCCC 11111111 44 
MM MM 00000000000 DDDDDDDDDD 11111111 CCCCCCCCCCC 11111111 44 

VV VV EEEEEEEETEEE RRRRRRPRRRRD 33333333333 0000000 9000000 
VV VV EEEEEEEEEEEEE RRRPRRRRRRRRR A333333333333 000000000 000000000 
VV VV EE PR PR 33 33 00 00 00 00 
VV VV EE RR pp 33 00 00 00 00 
VV VV EE PR PP 33 00 00 00 00 
VV VV EEEEEEEEE PRPPRRRQRPRPR 3T3 00 00 00 00 
VV VV EEFEEEEEE RRPRPRRRRRRR 3-3 00 00 00 00 
VV VV EE PR RR 53 00 00 00 00 

VV VV EE RpR R 33 00 00 00 00 

VV VV EE RR RP 33 33 .... 00 00 00 00 
VVV EEEEEEEEEEE Pp op 3333333333333 000000000 00000C000 
V EEEEEEEEEEEEE PR PR 33133333333 0000000 0000000 

®R-, 

AAAAAAAAA PPPPPPPPPPPP I55L555955 AAAAAAAA ssssssssss FFFFFFFFFFFF EFEEEEEFrEE" 
AAAAAAAAAAA PPPPPPPPPPPP 55955555F55r' AAAAAAAAAA SS SSSSSSS FFFFFFFFFFFF EEErEEErrrEE 

AA AA PP PP 95 AA AA SS lS FF Er 
AA AA PP PP V5 AA AA cS FF EE 
AA 44 PP PP 55 AA AA CS FF FE 
AAAAAAAAAAAAA PPPFPPPPFPPPPP 5555 AAAAAAAAAAAA rssSSssS FFFFFFFFF FEFEFFrF 
AAAAAAAAAAAAA PPPppPFpprr 5 5 5 55 LAAAALAAfAA cSaSSnSSS5,S FrrFFFFFFF FfFEF F 
AA AA PP '5 tA 4A RS FFF E 
A A AA PP AL AA -e r F E 
AA AL pP 55 A A c s , FF F E 
AA AA pp A AA CesssE-ES FF EFEFEEFFEFFE 

0 A A A P pp O- rrl r~~



Vv VV F. .c ( 0 

vv vv EE* r C )VV dVVE RP '3 .. 0 0 9 

AAAAAAAAA PPPPPPPPPPPP v555555555595 AAAAAAAA SSSSSSSSSSv FFFFFFFFFFFF EEEEEEEEEEFEE 
AAAAAAAAAAA PPPPPPPPPPPPP 555555555555 AAAAAAAAAAA SSSSSSSSSSSSS FFFFFFFFFFFFF EEEEEtEFFEEFEE 

AA AA PP PP 55 AA AA SS SS FF EE 
AA AA PP PP 55 AA AA ss FF EE 
AA AA PP PP 55 AA AA !sS FF EE 
AAAAAAAAAAAAA PPPPPPPFPPPPP 555555555i555 AAAAAAAAAAAAA s"SSSSSSSS FFFFFFFFF EEEEEEFFE 
AAAAAAAAAAAAA PPPPPPPPPPPD 5555555555555 AAAAAAAAAAAAA ssssssssssss FFFFFFFFF FEEEEEEFFE 
AA AA PP 5 AA AA SS FF EE 
AA AA PP C!5 AA AA SS FF EE 

AA AA PP 55 55 AA AA SIS SS FF EE 
AA AA PP 5555555555595 AA AA sssssssssssss FF EEEEEEEEFEEEEE 
AA AA PP 5555555555c AA AA sssssssssss FF EEEIEEEEEFEEEE 

111 / 22222222222 88e88888888/ 888888e88888 33333333333 

11111l/ 222222?2222222 8848888888848 / 8889988A888888 3333333333333 

11111 / 22 22 88 R// 88 88 33 33 

11 11 //22 98 88 //88 88 33 

111 1 /22 88 88 / 88 88 33 
111 1 / 2 B8888P8888/ 868888888888 333 

11 11 / 22 889898888e88 // e888888888 333 

11 11 //22 P8 88 //88 88 33 

11 11 //22 P8 88 //88 88 33 

11 11 //22 88 88 //88 88 33 33 

1111111111111 //222222??222222 P8988888888 / 8888888888888 3333333333333 

1111111111111 //2222222222222 6888888888 // 888888888 33333333333 

22222222222 22222222222 5555555555555 22222222222 22222222222 11 
2222222222222 2222222222222 55555559555555 2222222222222 2222222222222 111 
22 22 22 22 :::55 22 22 :: 22 22 1111 

22 22 :::55 22 :::22 11 
22 22 :::55 22 :::22 11 

22 22 555555555555 22 22 11 

22 22 555555555555 22 22 11 
22 22 :L::555 22 :AA :S22S11 

22 22 PP55 22 5522 11 
22 22 PP55 55 22 : 22 11 

2222222222222 2222222222222 555555P55P555 2222222?22222 2222222222222 11111111 
2222222222222 2222222222222 c=55555555 2222222222222 2222222222, 2 11111111 

RAEIN A COPPUTER SFP VICES NUCLIP PFLAP 5 0 r 1 C1 4 FL2.07 AP5ASFE 11/28/P3 22:5:21 PAGE1 
LISTING OF INPUT DATA FOS CSE I 

NUCLIP VEPSION 3.AO CRAY 09/06/P3 

=KEWAUNEE 2 PSV -- 2 RUPTURE DISc -- [Ff-4002P 
1 100 NEW TRAN",NT 
2 102 FRITISH PRITISH 

*TImr STEP CONTROL 
4 201 5.1000E-1 1.0000I-C7 1200002-2121 2 10 0 88 3 

*202 0.60r-01 1.00 -07 1.300E-0 1 1 50 101 
S5 302 P 58010000 

6 303 TFMP 97010000 
7 304 P q701r0000



22. 22 21 

t: r' r )2 2 2 :1 

22222P2122222 222227222222 2~ 'Th 2 22222 2p 

222222^222PP' 2P'2222222?2222r L c 2222,~?22'p 1111 

ROEING COPPUTER SEPVICES / NUCLIP E A P 5 0 c I C 1 4 FL2.C7 AP5ASFE 11/28/83 22:52:21 PAGE 
LISTING OF INPUT DATA FOP CASE 1 

NUCLIP VEPSION 3.10 CRAY 09/06/F3 

: KEWAUNEE 2 PSV -- 2 RUPTURE DISC -- 0IF--m002 

1 100 NEW TRANSNT 
2 102 PRITISH PRITISH 
3 199 5 

* TIME STEP CONTROL 
4 201 5.1000E-1 1.0000E-07 1.00O0E-03 1 1 50 100 

*202 0.60E-01 1.00E-07 1.OOE-03 1 1 50 10C 

5 302 P 38010000 
6 303 TEMP 97010000 
7 304 P 97010000 
8 305 TEMP 36010000 
9 306 P 36010000 

10 307 TEMP 96010000 
11 308 P 96010000 
12 309 TEMP 38010000 
13 310 P 38010000 
14 311 TEMP 42010000 
15 312 P 42010000 
16 313 TEMP 76010000 
17 314 P 76010000 
18 315 TEMP 44010000 
19 316 P 44010000 
20 317 TEMP 114030000 
21 318 P 114030000.  
22 319 P 48010000 
23 320 P 114020000 
24 321 RHO 114020000 
25 322 TEMP 48010000 
26 323 TEMP 48080000 o 
27 324 P 48080000 Soo 

28 325 TEMP 52010000 
29 326 P 52010000 
30 327 TEMP 52010000 
31 328 P 52010000 
32 329 TEMP 54500000 
33 330 P 5450000 
34 331 TEMP 60010000 
35 332 P 600100007 
36 333 P,97010000 r L P 

A00 

37 334 P 95010000 
38 335 RHO 97010000 
39 336 TEPP 95010000 
40 337 RHO 95010000 
41 338 MFLOUJ 114020000 
42 339 MFLOUJ 94000000 
43 340 TEMP 114030000 
44 341 P 114030000 
45 342 P 114020000 
46 343 P 48010000 
47 344 P 195020000 
48 345 TEMP 195020000 / 
49 346 MFLOWJ 194000000 

)1 * TRIP CONTROL 
j50 505 TIME 0 GT NULL 0 11.0000E-01 L 

* 51 506 P,95010000 GF NULL,0 2Pr. L 

POEING COMPUTER SFRVIrFS /NUCLIP F Lap A P t 1 C 1 4 FL2.07 APcASFE 11/2P/P3 22-:52:21 reor 

LIS;TING OF INPUT CATA FOP CtSF 1 

NUCLIB VEPSION 3.00 CQAY Drl/06/F 3 

52 507 r,95010000 LT NULL,: .^v, L 

)53 508 Pqle5020000 GE NULLeo 2P5.0 L 

r4 509 P9195020000 LT NULL,0 .05 L 
55 600 505 

* HY[,RODYNAMIC COMPONFNTe 

) *PRESSURIZEP 
96 0010000 r-o01 TMrlVOL 
57 0010101 3*P4Par.ns 2.aMonr0cl 0. 0. rfrf.ri



'0o- RHO q'. I)IL ,00 

41 338 PFLOWJ 114020000 
42 339 PFLOUJ 9400000 
41 340 TEMP 114130000 
44 341 P 114030000 
45 342 r 114020000 
46 343 P 4A010000 
47 344 P 1Q5020000 
48 345 TEMP 195020000/ 
49 346 MFLOWJ 1Q4000000 V 

* TRIP CONTPCL 
50 505 TIPE 0 GT NULL - 11.000O0-01 L 
51 506 P995010000 GF NULL,0 2Pd.O L 

BOEING COMPUTER sERvICES / NUCLIR o E L A P 5 m ml I C 1 4 EL2.07 AFASFE 11/28/83 22:52:21 FAGE 2 
LISTING OF INPUT VATA rOP CtSE 1 

NUCLIB VERSION 3.00 CrAY 05/06/A3 

52 507 Pq95010000 LT NULL,0 .05 L 
53 508 Pl95020000 GE NULL,0 285.0 L 
54 509 P,195020000 LT NULL,0 .05 L 
55 600 505 

* HYDRODYNAMIC COMPONENTS 

*PRESSURIZER 
56 0010000 C-O00 TMDPVOL 
57 0010101 !.8480E*01 2.5980E*01 0. 0. .00CE01 
58 0010102 2.5930E*01 1.5000E-04 0. 10 
59 0010i0u 2 

* TIME PRESSURE QUALITY KEWAUNEE LOCKED ROTOR 
60 0010201 0.0 2686.0 1.0 
61 0010202 .5 2737.0 1.0 
62 0010203 1.0 2712.0 1.0 

* HORIZONTAL PIPING SEGMENT DOWNSTREAM FROM PSV 
63 0360000 C-36 PIPE 
64 0360001 3 
65 0360101 2.O100F-O1 3 
66 0360301 7.OOOOE-01 3 
67 0360601 0. 3 
68 0360801 1.5000E-04 0. 3 
69 0361001 10 3 
70 0361101 1000 2 
71 0361201 2 14.7 .01 0. 0. 2 
72 0,61202 3 14.7 204.2 0.0 0. 3 
73 0361301 0. 0. 0. 2 

*SECOND 45 DEGREE ELBOW DOWNSTREAM FROM PSY PR-3A 
74 0370000 C-96-040 SNGLJIJN 
75 0370101 096010000 040000000 
76 0370102 .201 .15 .15 0000 
77 0370201 0 0. 0. 0.  

* HORIZONTAL PIPING 10 INCH FROM 45 ELBOW TO REPUCER 
78 0380000 C-38 PIPE 
79 0380001 7 
80 380101 .548 7 
81 380301 .64 7 
82 380601 0.0 7 
83 0380801 1.50000E-04 0.0 7 
84 0381001 00 7 
85 0381101 1000 6 
86 0381201 4 14.7 120. .948 0. 7 
87 0381301 0. C. 0. 6 

*JUNCTION AT 6 INCH END OF REDUCFR 
88 0390000 r-40-38 SNGLJUN 
89 0390101 040010000 038000000 
90 0390102 .375 .94 .348 1000 0. 0.  
91 0390201 0 0. 0. 0.  

*6 INCH RY 10 INCH REOUCER 
92 0400000 C-40 SNGLVOL 
93 0400101 3.7500E-01 5.8300E-01 0. 0. 0.  
94 0400102 0. 1.5000[-04 0. 00 
95 0400200 4 14.7 120. .948 0.  

*JUNCTION AT 10 INCH END CF REDUCER 

ROEING COMPUTER SERVICES / NUCLIP R E L A P 5 M 0 D I C 1 4 EL2.07 AP5ASFF 11/2b/?3 22:52:21 FAGE 
LISTING OF INPUT DATA FOP CASE 1 

NUCLTP VEPSTCN 3.00 CRAy 0/06/P3 

96 0410000 C-38-42 SNCLJUN 
97 0410101 038010000 042000000 
98 041010? .54F 0 0. 1r00 . 0.  
99 C410201 0 0. 0. 0.  

*HORIZONTAL eEGMFNT PCWNSTPAp Or OEDIUCEP 

*CONp!CTS DOWNSTPFAP PIPING Ar5jACENT TO rErCoA P~V PTSCHAR0J 
100 0420000 C-42 SNGLVOL 
101 0420101 .54b .60 0. 0. n. D. .00015 F . r00 
102 0420200 4 14.7 120. .94S 0.0 

I I. p



0 87 i381301 0. . 0.  
*JUNCTION AT 6 INCH N00 OF prDUCrp 

'4A t039o00 r40-!P ',N(;LJUN 
* P9 03Q0101 040010000 r7PC P0r0 

90 0390102 .375 .n4 .34t Io 0. 0.  
91 0390201 0 0. D. 0.  

0 *6 INCH 0Y 10 INCH pErUCrp 
92 f400000 C-40 SN(GLVOL 
93 0400101 3.7500r-01 5.300-01 0. 0. 0.  

0 94 0400102 0. 1.5000E-04 0. 00 
95 0400200 4 14.7 120. .94F 0.  

*JUNCTION AT 10 INCH END CF PEDUCER 

ROEING COMPUTER SERVICES / NUCLIB R E L A P 5 M 0 D 1 C 1 4 EL2.07 APSASFF 11/P8/P3 22:52:21 FAGE 3 
LISTING OF INPUT DATA FOP CASE 

NUCLIP VEPSICN 3.00 CPAY 06/06/pT 

96 0410000 C-38-42 SNGLJUN 
97 0410101 038010000 042000000 
18 041010? .548 0.0 0. 1000 0. 0.  
99 0410201 0 0. 0. 0.  

*HORIZONTAL SEGMENT DOWNSTREAM OF REDUCER 
*CONNECTS DOWNSTREAM PIPING ADJACENT TO SECOND PtV DTSCHARGF 

100 0420000 C-42 SNGLVOL 
101 0420101 .548 .60 0. 0. 0. 0. .00015 0. 00 
102 0420200 4 14.7 120. .948 0.0 

103 0430000 C-42-44 SNGLJUN 
104 0430101 042010000 044000000 
105 0430102 .201 0.0 0.0 0100 0. 0.  
106 0430201 0 0. 0. 0.  

*DISCHARGE FROM SECOND PSV INTO MAIN PIPING RUN 
107 0440000 C-44 BRANCH 
108 0440001 0 
109 0440101 2.0100E-01 8.3000E-01 0. 0. 0.  
110 0440102 0. 1.5000E-0 0. 00 
111 0440200 3 14.7 120. 0.0 0.0 

112 1140000 C-114 PIPE 
113 1J40001 3 
114 1140101 .548 3 
115 1140301 .574 3 
116 1140601 0. 3 
117 1140801- .00015 0. 3 
118 1141001 00 3 
119 1141101 1000 2 
120 1141201 4 14.7 120. .948 0. 3 
121 1141301 0. 0. 0. 2 

*CONNECTS DOWNSTREAM PIPIWG FROM TWO SAFETY VALVFS 
122 0450000 C-44-46 SNGLJUN 
123 0450101 044010000 046000000 
124 0450102 .201 0.0 0.0 0100 0. n.  
125 0450201 0 0. 0. 0.  

*HORIZONTAL SEGMENT UPSTREAM OF SECOND DISCHARGE ELBOW 
126 0460000 C-46 PIPE 
127 0460001 3 
128 0460101 5.4800E-01 3 
129 0460301 .38 1 
130 0460302 .65 3 
131 0460601 0. 3 
132 0460801 1.EOE-04 0. 3 
133 0461001 00 3 
134 0461101 1000 2 
135 0461201 3 14.7 120. 0.0 0.0 1 
136 0461202 4 14.7 120. .948 0. 3 
137 0461301 0. 0. 0. 2 

*SECOND ELBOW IN PSV DOWNSTREAM PIPING 
138 0470000 C-46-48 SNGLJUN 
139 0470101 046010000 114000000 
140 0470102 .548 .171 .171 10100 0. 0.  
141 0470201 0 0. 0. 0.  

POEING COMPUTER SERVICES / NUCLIP E L A r 5 M 0 0 1 C 1 4 FL2.07 APSAcFF 11/2P/h3 22:92:21 PAGE 4 

LISTING OF INPUT DATA FOR CtSF I 
U UCLTR VEPSTON 3.00 CFAY 05/0F/p3 

*HORIZONTAL PIPE BETWEFN SECOND AND THIRn PSV GISCHARGE ELEOWS 
142 0480000 0-48 PIPF 
143 0480001 9 
144 0480101 5.4800F-01 Q 
145 0480101 5.1000E-01 
146 0480601 0.  
147 0480801 1.5000O-04 0.  
148 0481001 00 q 
149 0481101 1000 8 
150 0481201 4 14.7 1P0. .948 0.  
151 0481301 0. 0. 0.



130 0460302 .6! 
131 0460601 0. 3 
132 0460b01 1.5000E-04 0. 3 
133 0461001 P0 3 
134 0461101 1000  
135 0461201 3 14.7 120. f.O 0.0 1 
136 0461202 4 14.7 120. .948 n.  
137 0461301 0. 0. 0.  

*SECOND ELBOW IN PSV DOWNSTPFAM PIPING 
138 0470000 C-46-4P rNrLJUt 

*4 139 0470101 046010000 114000000 
140 0470102 .548 .171 .171 l'000 0. 0.  
141 0470201 0 0. 0. 0.  

BOEING COMPUTFR SERVICES / NUCLIP P E L A P 5 M 0 0 1 C 1 4 FL2.07 AP5A5FE 11/2P/83 22:52:21 PAGE 4 
LISTING OF INPUT DATA FOR CASE I 

NUCLT8 VERSTON 3.00 CRAY 05/0(/P3 

*HORIZONTAL PIPE BETWEEN SECOND AND THIRn PSV DISCHARGE ELBOWS 
142 0480000 C-48 PIPE 
143 0480001 9 
144 0480101 5.4800E-01 9 
145 0480301 5.1000E-01 Q 
146 0480601 0. 9 
147 0480801 1.5000E-04 0.  
148 0481001 00 9 
149 0481101 1000 8 
150 0481201 4 14.7 120. .948 0. a 
151 0481301 0. 0. 0.  

*THIRD ELBOW IN PSV DOWNSTREAM PIPING 
152 0490000 C-48-50 SNGLJUN 
153 0490101 048010000 050000000 
154 0490102 5.4800E-01 1.7200E-01 1.7200E-01 1000 0. 0.  
155 0490201 0 0. 0. 0.  

*FIRST VERTICAL SEGMENT IN PSV DOWNSTREAM PIPING 
156 0500000 C-50 PIPE 
157 0500001 5 
158 0500101 5.4800E-01 5 
159 0500301 5.2600E-01 5 
160 0500601 -9.0000E*01 5 
161 0500801 1.5000E-04 0.  
162 0501001 00 5 
163 0501101 1000 4 
164 0501201 4 14.7 120. .948 0. 5 
165 0501301. 0. 0. 0. 4 

*CONNECTS VERTICAL SEGMENTS 
166 0510000 C-50-52 SNGLJUN 
67 0510101 050010000 052000000 

168 0510102 .548 0. 0. 1000 0. 0.  
169 0510201 0 0. 0. 0.  

*PIPING TEE WHERE PORV FLOW ENTERS PSV 10 INCH VERTICAL DISCHARGE PIPING PUN 
170 0520000 C-52 SNGLVOL 
171 0520101 .548 .5 0. -q0. 0.  
172 0520102 0. 1.5000E-04 0. 00 
173 0520200 4 14.7 120. .948 0.  

*CONNECTS PORV-PSV TEE TO VERTICAL DISCHARGE PIPING 
174 0530000 C-52-54 SNGLJUN 
175 0530101 052010000 054000000 
176 0530102 .548 .55 .55 1000 0. 0.  
177 0530201 0 0. 0. 0.  

*PSV 10 INCH VERTICAL DISCHARGE SEGMENT TO FOUPTH DISCHARGE ELBOW 
178 0540000 C-54 PIPE 
179 0540001 95 
180 0540101 5.4800F-01 95 
181 0540301 5.5800E-01 95 
182 0540601 -9.0000E*01 95 
183 0540801 1.5000E-04 0. 95 
184 0541001 00 Q5 
185 0541101 1000 94 
186 0541201 4 14.7 120. .94R 0. 95 
187 0541301 0. 0. 0. 94 

*FOUPTH ELBOW IN PSV DOWNSTREAM PIPING 
188 0550000 r-54-56 SNGLJUN 

BOEING COMPUTER SFRVICES / NUCLIT R E L A P 5 M 0 D 1 C 1 4 EL2.07 AP5ASFE 11/28/B3 22:52:21 PAGE 5 
LISTING OF INPUT DATA FOR CAS 1 

NUCLIP VERSION 3.00 CRAY 0'06/83 

189 0550101 054010000 056000000 
190 0550102 *544 1.7200E-01 1.7200F-01 10 0 0. 0.  
191 0550201 0 0. 0. n.  

*HOPIZONTAL SEGMENT 

192 0560000 r-56 rIPF 
193 0560001 35 
194 0560101 5.4800E-01 A5 
195 0560301 8.0 700E-01 35 
196 0560601 0. 35 
197 0560P01 1.5000E-04 0. 3!



* 7 PSV 10 INrI4 vF'i.1!tAL !i,)CHtv'rr [GmFNT TO FoUpTp r jIrfl'Avr rLl.r w 
u178 u50000 C-54 PIPf 

1 79 0540001 95 
180 0540101 5.4p00-01 ar 

* 181 0540301 5.5p000-01 C1 
182 0540601 -q.r0000+0 or 
183 0540801 1.5000E-C4 0.  
184 0541001 00 a 
185 0541101 100 914 
186 0541201 4 14.7 100. .948 0.  
187 nl541301 0. 0. 0.  

*FOUPTH ELHOw IN PSV DnWNSTREAM PII!G .  

188 0550000 r-54-56 SNGLJJN 

BOEING COMPUTER SFRVICES / NUCLIP R E L A P 5 * 0 0 1 C 1 4 EL2.07 AP5ASFE 11/28/83 22:52:21 rAGE b 

LISTING OF INPUT DATA FOo ChSr L 
NUCLIB VERSION 3.00 CRAY 0c/06/83 

189 0550101 054010000 056000000 
190 0550102 .548 1.720OF-01 1.7200E-01 1000 0. 0.  

191 0550201 0 0. o. 0.  
*HORIZONTAL SEGMENT 

192 0 60000 C-56 PIPF 

193 0560001 35 
194 0560101 5.4800E-01 35 
195 0560301 8.9700E-01 35 

. N 196 0560601 0. 35 
197 0560801 1.5000E-04 0. 35 

198 0561001 00 35 
199 0561101 1000 34 
200 0561201 4 14.7 120. .948 0. !5 
201 0561301 0. 0. 0. 34 

.*16.6 DEGREE BEND IN DoWNSTREAM PIPING 

202 0570000 C-56-58 SNGLJUN 
203 0570101 056010000 058000000 
204 0570102 .548 6.0000E-02 6.OOOOE-02 1000 0. 0.  

205 0570201 0 0. 0. 0.  
*HORIZONTAL SEGMENT 

206 0580000 C-58 PIPE 
207 0580001 7 
208 0580101 5.4800E-01 7 
209 0580301 9.9700E-01 7 
210 0580601 0. 7 

211 0580801 1.o50OE-04 0. 7 

212 0581001 00 7 
213 0581101 1000 6 
214 0581201 4 14.7 120. .948 0. 7 

215 0581301 0. 0. 0. 6 
*FIFTH ELBOW IN DOWNSTREAM PIPING 

216 0590000 C-58-60 SNGLJUN 
217 0590101 058010000 060000000 
218 0590102 .548 1.7200E-01 1.7200E-01 1000 0. 0.  

219 0590201 0 0. 0. 0.  
*VOLUME FROM RELIEF TANK ORIFICE TO AIR/JATER INTERFACE WITHIN TANK 

220 0600000 C-60 PIPE 
221 0600001 3 
222 0600101 5.4800E-01 3 
223 0600301 1.1100E*00 3 
224 0600601 -4.5000E*01 3 
225 0600801 1.5000E-04 0. 3 
226 0601001 00 3 
227 0601101 1000 2 
228 0601201 4 14.7 120. .948 0.  

229 0601301 0. 0. 0. 2 

*AIR/WATER INTERFACE WITHIN PRESSURE RELIFF TANK 

230 0610000 C-50-62 SNGLJUN 
231 0610101 060010000 062000000 
232 06101J2 .548 0. 0. 1000 0. 0.  

233 0610201 0 .0. 0. 0.  

*VOLUMF DIRECTLY PELOW WATER SURFACE IN RELIEF TANK 
234 0620000 C-62 PIPE 
235 0620001 2 
236 0620101 5.48000F01 2 

4.  

FOEING COMPUTER SERVICES / wirLIB P E LAP 5 M 0 V 1 C 1 4 EL2.07 AP5ASFE 11/2b/PA 22:52:21 rAGE 6 

LISTING OF INPUT DATA rop CASE 1 
NUCLIP VERSION 3,0 rAY 09/06/Pl 

237 0620301 1.0000E00 2 
238 0620601 -4.E000O01 2 
239 0620801 1.5000E-04 0. 2 
240 0621001 00 

* 241 0621101 1000 1 
242 0621201 4 14.7 120. .a4 0.  

243 0621301 0, 0. 0. 1 
*45 PEGREE BEND IN RELIEF TAN' 

244 0630000 C-62-64 SNGLJUN 
245 0631011 nAilioni 06A40fOf



* S iti 4C!I 1.& or,-4 

1(16 ?S4~t *drIA 14.? 11-. from 

V OfI % CC'PUT rR ! F V! T 11 4C I P! t L a a r I 4 't?.r7 &OILIF 1 F ,3 22:52:21 r~- t 
LTO'IG OF 1'E'L' r!T FCC !S 

lee assuici *s49njg D est-t~ee: 

-14OPIZONTAL sErrr: 
19 560166s r-54, 

193 it566V01 35 

196 9560fic61 ise. c.  

* 393 9562te 1 25 35 
1"9 3561211 loco 34 
206 056123 4 34.7 17C. iaf,' 

' 291 6"61361 1. itiG 
.If;.G DEGREE *E114 IN DOOWST-IrAP FIPII 

22 057016 (-E-*- SRSLJ~gt 

* 0570162 es"~ 6.200OF-C; .9S( ieee-V I. o.  

295 6511261 0 s. t.oU 
*HOPZIZONOL, St 6VW? 

266 658006 C56p PIP! 
267 255101 7 
233 95811 5.4POWfE-61 
F269 G56G301 1R.'k793F-51 7 
210 956961 0. 7 

211 655461 1.560IF-64 so 
212 6581881 g6 7 

'214 3512 4 14.7 126. IF4p 0. 7 
215 6581!01 as.0 . D. 16 

*FIFTH ELSOU Ilk DOUSIREr PIPINS 
216 6596966 C-50-60 Svi-jui 
217 $591101 Molests0 atoseeoe 
21P 5594192 .546 1.7200!-03 1.7250!r--01 100, 1. 0.  
219 95-90201 C 6. 0. C.  

*VOLIWr F0101 PFLIFF T*OM ORIFICE TC 1111,pu&TD PIT!fLC&E VITP4In TANK 
223 066669 C-as 'PIPE 

* 221 3(66601 3 
222 ~63191 s.4o661-s1 3 
223 @666301 1.llCof#66 3I 

* 224 0696661 -4.50VOr*01 3 
225 663ci 1.sceor-u. 0. .4 

* 227 C6601 13se 2 
2213 G&61201 4% 14.7 120. .94ft 0.  
229 DoS!C'1 6. . C.  
* .*jpfvA!'p 1IIVEFACE WITHINS, PRFSSIJRF RELI!FFA& 

231i 06 1 0q1  Z-60-67 Sft'LJU% 
231 961G1IC 0690100C 062COC00 

* 232 0619M0 .54P 0. l-". 0:: o.  
23 0610201 a 0. 0. 0.  

eVOLUPf "l~fCTLY FFL' w 6EIF' SUPrr! Ii. RELIELF TIN* 
* 234 0620100 '-6? ~p 

235 C62£0:01 2 
236 662L101 5.4eaor-01 2 

;-CE1'r Cr-w;bTrP SrfV3'U (MgrL1 L A r C I C 1 cL.C Ait f?~t:1; 

237 !A62e3GI 1t00iff 
* 23FA 067frfvi 4Ce!t 2 

2113 :62IcoI it 2 

* 4 ? I C211(1 1 ft 1 120a 

741# cLCCCO r-62-64 S1h&LJtl% P 
S &, z .1 , - I A E . ?I11 - I- . -



227 0601101 :000 2 
220 0601201 * 14.7 1j0. *9q..  
229 0601,61 0. o. C.  

*AIP/WATrP I1TERFACI UTT41N PPFSS1tPr QrLIrF TAO' 
2!0 0610C 0- -00-62 SN LJUN 
231 0610101 06001001C 062CI000 

* 232 06101C2 .54P 0. 9. 1c'0 0. 0.  
233 0610201 0 0. O. 0.  

*VOLUpr )DrCTLY F-Ei' 6ATFD SIJprAr! IN PFLIfF TrNP 
* 234 0620000 r-62 PIfr 

235 0620101 2 
236 06.0101 5.4800r-01 2 

POEING COPPUTFR SrRVICES / POCLIO P E L A P 5 v 0 0 1 C 1 4 EL2.07 AP5ASFE 11/28/AA 22:52:21 rAGE 6 
LISTING OF INPUT DATA F00P SE I 

NUCLIP VERSIO? 3.n0 CPAv 09/06/F! 

237 0620301 1.00004E00 2 
238 0620601 -4.9000E*01 2 
239 0620801 1.5000E-04 0. 2 
240 0621001 00 2 
241 0621101 1000 1 
242 0621201 4 14.7 120. .948 0. 2 
243 0621301 0. 0. 0. 1 

*45 DEGREE BEND IN RELIEF TANK 
244 0630000 C-62-64 SNGLJUN 
245 0630101 062010000 064000000 
246 0630102 .54P 1.0300E-01 1.0300E-01 1000 0. 0.  
247 0630201 G 0. 0. 0.  

*VOLUME OF DISCHARGE PIPING BELOW WATrR IN PPESSURr RELIEF TANK 
248 0640000 C-64 SNGLVOL 
249 0640101 .548 1.65 0. -90. 0.  
250 0640102 0. 1.500OE-04 0.  
251 0640200 3 14.7 1.2000E#02 0. 0.  

*CONNECTS C-64 TO C-66 
252 0650000 C-64-66 SNGLJUN 
253 0650101 064010000 066000000 
254 0650102 .548 0. 0. 1000 0. 0.  
255 0650201 0 0. 0. 0.  

*90 DEGREE BEND IN PELIEF TANK 
256 0660000 C-66 SNGLVOL 
257 0660101 .548 1.5 0. -90. 0.  
258 0660102 0. 1.5000E-04 0. 10 
259 0660200 3 14.7 1.2000E*07 0. 0.  

*90 DEGREE BEND IN RELIF TANK WATER 
260 0670000 C-66-68 SNGLJL' 
261 0670101 066010000 068000000 
262 0670102 .548 1.7200E-01 1.7200E-01 1000 0. 0.  
263 0670201 0 0. 0. 0.  

*BEND VOLUME 
264 0680000 C-68 SNCLVDL 
265 0680101 5.4800F-01 1.5000E*00 0. 0. 0.  
266 0680102 0. 1.5000F-04 0. 10 
267 0680200 3 14.7 1.2000E#02 0. 0.  

*HORIZONTAL DISCHAPGE SPARGER WITHIN RELIEF TANK 
268 0690000 C-69 BRANCH 
269 0690001 3 
270 0f690101 5.4800E-01 4.0P0JE*00 0. 0. 0.  
271 069C102 0. 1.5000E-04 0. 10 
272 0690200 1 14.7 1.2000F*02 0. 0.  
273 0691101 068010000 069000000 5.4800E-01 3. 0. 1000 
274 0692101 069010000 073000000 2.7300E-01 1.P 1.71 0000 
275 0693101 069010000 070000000 .548 0.v C.0 1000 
276 0692201 0. 0. 0.  
277 0693201 0. 0. 0.  
278 0691201 0.0 0.0 0.0 

*HORIZONTAL rISCHARCE SPARGER WITHIN RFLIEF TANK 
279 0700000 C-70 PRANC'CH 
280 0700001 2 
281 0700101 5.4800E-01 4.0800E*00 0. 0. .  
282 0700102 0. 1.5000E-04 0. 10 
283 0700200 3 14.7 1.2000F02 0. 0, 

ROEING COMFUTER SFRVICFS / NUCLIP P F L A P 5 M 0 v I C 1 4 EL2.07 AP5ASFE 11/26/3 22:52:21 PAGE 7 
LISTING OF INPUT DATA FOP CASE I 

NUCLIP VE3z1ON 3.00 CPAY 01/06/P3 

284 070,101 07001000C 073000000 ?.7300E-01 1 .Pq 1.71 000 
285 0701201 0. 0. 0.  
286 0702101 070010000 071000000 5 .4A 0 0r-n 1  0. o. 1000 
287 07G2201 0. f. .  

*HOPIZONTAL MISCHAPGF SPtFGFP WIHIN PELTEF TAN" 
288 0710000 r-71 SN^LVOL 
289 071010L 5.4800F-01 4.o0800F00 0. 0. 0.  

* 290 0710102 0. 1.500DE-04 0.  
291 0710200 ? 14.7 1.2000F*02 0. 0.  

*Corik CT" COMPAN F NT FAPCVP 71 T( WATrP lb r- LIrF_ 7:'



273 n691101 0680100V0 Pf 900000C 5.4ROOF-01 0. . 100l 
274 0692101 069010000 073000000 2.730pr-01 1 *p 1.71 0000 
275 0693101 060010000 07%00000 .54R 0.0 0.0 1c 0 
276 0692201 u. 0. t.  
277 0693201 0. 0. 0.  
278 0691201 0.0 0.0 0.0 

*HORIZONTAL PISCi'APCE 'PARGrR WITHIN RFLILF TANK 
279 0700000 C-70 EPA CH 
280 0700001 2 
281 0700101 5.48005-01 4.38 0 0 *00 0. 0. 0.  
282 0700102 0. 1.5000r-04 0. 10 
283 0700200 3 14.7 1.2000F*02 0. 0.  

0 

BOEING COMFUTER SERVICES / NUCLIB P E L A P 5 m 0 r I C 1 4 EL2.07 AP5ASFE 11/26/P3 22:52:21 PAGE 7 
LISTING OF INPUT DATA FOR CASE 1 

NUCLIP VERqTON 3.00 CRAY 0 r/06/P3 

284 0701101 070010000 073000000 2.7300E-01 1.89 1.71 0000 
285 0701201 0. 0. 0.  
286 0702101 070010000 071000000 5.4800E-01 0. 0. 1000 
287 0702201 0. 0. 0.  

*HORIZONTAL CTSCHARGE SPARGER WITHIN PELIEF TANK 
288 0710000 C-71 SNGLVOL 
289 0710101 5.4800E-01 4.0800E#00 0. 0. 0.  
290 0710102 0. 1.5000E-04 0. 10 
291 0710200 3 14.7 1.2000E*02 0. 0.  

*CONNECTS COMPONFNT SPARGLP 71 10 WATER IN RELIEF TANK 
292 0720000 C-71-73 SNGLJUN 
293 0720101 071010000 073000000 
294 0720102 2.8500E-01 1.89 1.71 0000 1.0000F.00 1.0000E*00 
295 072 201 0 0. 0. D.  

*WATER IN RELIEF TANK iREPRESENTS 75 % OF FREE VOLUME OF RELIEF TANK) 
296 0730000 C-73 BRANCH 
297 0730001 0 
298 0730101 1.0665E*02 5.6290E*00 0. 0. 9.0000E+01 
299 0730102 5.6290E+00 1.5000E-04 0. 00 
300 0730200 3 14.7 1.2000E*02 0. 0.  

*AIR/WATER INTERFACE WITHIN RELIEF TANK 
301 0740000 C-73-75 SNGLJUN 
302 0740101 073010000 075000000 
303 0740102 1.0660E*02 0. 0. 1000 1.0000E#00 1.OOOE*00 
304 0740201 0 0. 0. D.  

*VOLUME OF AIR IN RELIEF TANK 
305 0750000 C-75 SNGLVOL 
306 0750101 1.0660E*02 1.8760E*00 0. 0. 9.0000E*OL 
307 0750102 1.8760E#00 1.5000E-04 0. 00 
308 0750200 4 14.7 1.2000E*02 9.4800E-01 0.  

*HORIZONTAL SEGMENT DOWNSTREAM FROM SECOND PSV 
309 0760000 C-76 PIPE 
310 0760001 4 
311 0760101 2.01004-01 4 
312 0760301 5.0000E-01 4 
313 0760601 0. 4 
314 0760601 1.5000E-04 0. 4 
315 0761001 10 3 
316 0761002 00 4 
317 0761101 1000 3 
318 0761201 2 14.7 .01 0. 0. 2 
319 0761202 3 14.7 204.2 0. 0. 4 
320 0761301 0. 0. 0. 3 

*JUNCTION TO BRANCH COMPONENT 44 
321 0770000 C-76-044 SNGLJUN 
322 0770101 076010000 044000000 
323 0770102 .201 0.0 0.0 0100 1.0000F+0 1.0000E400 
324 0770201 0 0. 0. 0.  

* INLET TO VALVE NOZZLE PSV PR-3A 

325 1980000 V-CASE SNGLVOL 
0 326 1980101 .017 .P2 0. 0. . 0. .00005 0. 11 

327 1980200 2 2686. 1.0 

0 

* 
0 

POEING COMPUTFR SERVICES / NUCLIP E L A P 5 M 0 r 1 C 1 4 EL2.07 AP5ASFE 11/28/K' 22:52:21 'AC'r 
LISTING OF INPUT DATA FOP CPSF 1 

NUCLIb VERSION 3.PO CPAV 05/06/p 

328 2980000 V-INLET SNGLJUN 
0 329 2980101 99010000 198000000 .017 0. 0. r1o 

330 2980201 1 0. 0. 0.  

331 1780000 V-CASF SNGLVOL 
* 332 1780101 .017 . 2 0. 0. 0. (. .00005 0. 11 

333 1780200 2 2686. 1.0 

!34 2780000 V- ILFT -ir LJir



320 JC 0761301 0T 0. 0.  
) *JUNCTION TO BRANCH COMPONENT 44 

321 0770000 r-76-044 SNGLJUk 
322 0770101 07601000m 04400000f 
3P3 0770102 .201 0.0 0.0 -100 1.01peor*C" 1.000or0ol 
324 0770.01 0 0. 0. n.  

* 

* . INLET TO VALVr NOZLE PSV PR-3A 
* 

325 19800o0 V-rASE SNGLVOL 
3 26 1980101 .017 *0 2  0. 0. . . .oo0 0. 11 
327 1980200 2 2686. 1.0 

*0 

BOEING COMPUTER SERVICES / NUCLIP R E L A P 5 M 0 0 1 C 1 4 EL2.07 AP5ASFE 11/2P/P3 22:5P21 PAGE 
LISTING OF INPUT DATA FOP CPSF 1 

NUCLIE VERSION 3.00 CPAY 05/06/p3 

328 2980000 V-INLET SNGLJUN 
329 2980101 99010000 198000000 .017 b. D. 0100 
330 2980201 1 0. 0. 0.  

331 1780000 V-CASE SNGLVOL 
332 1780101 .017 .S2 0. 0. 0. 0. .00005 0. 1i 
333 1780200 2 2686. 1.0 

* 
334 2780000 V-INLET SNGLJUN 
335 2780101 79010000 178000000 .017 .0 0. 0100 
336 2780201 1 0. 0. 0.  

* VALVE TABLE 

337 20221000 REAC-T 0 
338 20221001 0. 0.  
339 20221002 .015 1.0000E#00 
340 20221003 9.0 1.0 

* CONTROL SYSTEM INPUT 
341 20500100 PSV FUNCTION 1.0 0.0 0 
342 20500101 TIME 0 210 

* 

*SAFETY VALVE 
343 0780000 C178-76 VALVE 
344 0780101 178010000 076000000 
345 0780102 1.7000E-02 0. 0. 0100 1.0000E+00 1.0000E*00 
346 0780201 0 0. 0. 0.  
347 0780300 SRVVLV 
348 0780301 1 

*VERTICAL LOOP SEAL SEGMENT UPSTREAM FROM PSV 
*CONNECTS LOWER PART OF LOOP SEAL 

349 0790000 C-79 SNGLVOL 
350 0790101 .147 .8 0. 0. 0.0 0. .00015 0. 00 
351 0790200 2 2686. 1.0 

352 0800000 C-81-79 SNGLJUN 
353 0800101 081010000 079000000 
354 0800102 1.4700E-01 0. 0. 1000 1.0000oFo0 1.00ooE*00 
355 0800201 0 0. 0. 0.  

*LOWER PART OF LCOP SEAL 
356 0810000 C-81 SNGLVOL 
357 0810101 1.4700E-01 5.8900E-01 0. 0. 0.  
358 0810102 0. 1.5000E-04 0. 00 
359 0610200 2 2686. 1.0 0. 0.  

0 *CONNECTS LOWER LOOP SEAL TO VERTICAL PART OF LOOP SEAL 
360 0820000 C-83-81 SNGLJUN 
361 n820101 083010000 061000000 
362 0820102 1.9700E-01 0. D. 1000 1.0000E.00 1.0000E.00 
363 0820201 0 0. 0. 0.  

*VERTICAL PART OF LOOP SEAL 
@ 364 0830000 C-83 PIPE 

365 0830001 2 
3L6 0830101 1.4700F-01 2 

POEING COMPUTER SERVICES / NLCLIH R F L A P 5 v 0 0 1 C 1 4 FL2.07 AP5ASFE 11/2P/F3 22:52:21 PAGE 9 
LISTING OF INPUT nATA FOP CASE I 

NUCLIP VERSION 3.00 CPAY 05/06/P3 

367 0830301 5.40OOE-01 I 
* 368 0830302 6.3800F-01 2 

369 0830603 9.00001*01 2 
370 0830P01 1.5000F-04 0. 2 

* 371 0A31001 00 2 
372 0831101 1000 1 
373 0831201 2 2686. 1.0 0. 0. 1 

0 374 MR31202 2 2.6 600 0r03 1.0 0. 0.  
375 0831301 0. 0. 0. 1 

*TOP qf rEGRFE PfNDl INTO PRFSSIJRIZrP



-357 0A10101 1.470 0-01 5.,@00r0-l 0. 0. .0 
358 0810102 0. 1.5000E-04 0. 00 
359 0610200 2 26P6. 1.0 0. 0.  

* *CONNECTS LOWrR Loor SFAL TO VrRTICAL PART 0 LOrr 1FAL 
360 0820000 C-83-81 SNGLJUN 
361 0820101 083010000 0100000 

* 362 0820102 1.4700F-01 0. 0. 100 1.0oonrem0 1.00n00r.o 
363 0820201 0 0. 0. 0.  

*VERTICAL PART OF 1OP SrAL 
364 0830000 C-83 PIP, 
365 0830001 2 
366 0830201 1.4700-01 2 

BOEING COMPUTER SFRVICES / NUCLIH R F L A P 0 0 1 C 1 4 FL2.07 AP5AFFE l1/?P/83 22:52:21 PAGr 9 
LISTING OF INPUT DATA FOP CASE 1 

NUCLIR VERSION 3.00 CRAY 05/06/P3 

367 0830301 5.4000E-01 1 
368 0830302 6.3800E-01 2 
369 0830601 9.0000#01 2 
370 0830801 1.5000E-04 0. 2 
371 0831001 00 2 
37Z 0831101 1000 1 
373 0831201 2 2686. 1.0 0. 0. 1 
374 0831202 2 2.686000E*03 1.0 0. 0. 2 
375 0d31301 0. 0. 0. 1 

*TOP 90 DEGREE SEND INTO PRESSURIZER 
376 0840000 C-85-83 SNGLJUN 
377 0840101 083010000 085000000 
378 0840102 1.4700E-01 1.6000E-01 1.6000E-01 1000 1.0000E+00 1.0000E*00 

WW 379 0840201 0 0. 0. 0.  
*VERTICAL PART OF PIPE FROM LOOP SEAL WATER 

380 0850000 C-85 PIPE 
381 0850001 2 
382 0850101 1.4700E-01 2 
383 0850201 1.4700E-O1 1 
384 0850301 7.0300E-01 2 
385 0850601 -9.000oE*01 2 
386 0850801 1.5000E-04 0. 2 
387 0851001 00 2 
388 0851101 1000 1 
389 0851201 2 2.686000E#03 1.000000E*00 0. 0. 2 
390 0851301 0. 0. 0. 1 

*SECOND ELBOW VOLUME 
391 0860000 C-87-85 SNGLJUN 
392 0860101 087010000 085000000 
393 0860102 1.4700E-01 0. 0. 1000 1.0000F#00 1.000E+00 
394 0860201 0 0. 0. 0.  

*HORIZONTAL SEGMENT 
395 0870000 C-87 PIPE 
396 0870001 1 
397 0870101 1.4700E-01 1 
398 0870301 5.8400F-01 1 
399 0870601 0. 1 
400 0870801 1.5000E-04 0. 1 
401 0871001 00 1 
402 0871201 2 2.686000F*03 1.000000E+00 0. 0. 1 

*CONNECTS HORIZONTAL SEGMENTS 
403 0880000 C-89-87 SNGLJUN 
404 0880101 089010000 087000000 
405 0880102 1.4700E-01 1.9500E-01 1.9500E-01 1000 1.0000E*00 1.0000E*00 
406 0880201 0 0. 0. 0.  

*HORIZONTAL SEGMENT 
407 0890000 C-89 SNGLVOL 
408 0890101 1.4700E-01 7.8500E-01 0. 0. 0.  
409 0890102 0. 1.50O0E-04 0. 00 
410 0890200 2 2.6860E#03 1.OOOOE*00 0. 0.  

*CONNECTS HORIZONTAL SEGMENT 
411 0900000 C-91-89 SNPLJUN 
412 0900101 191010000 089000000 
413 0900102 1.4700E-01 0. 0. 1000 1.0000r00 i.0000ro0 
414 05J0201 0 0. 0. 0.  

BOFING COMPUTrR SRVCES / NUCLI P E L A P 0 0 1 C 4 EL2.07 APSASFE 11/ 2 8 /Px 22:52:21 I'AG 10 
LISTING OF INPUT CATA FOR CASr I 

Nit'L1 VrDSION 3.00 CPAY nh/06/A3 

*VERTICAL PIPE FROM PRESSURIZER TO FIRST LOOP SEAL ELPOW VOLUME 
415 010o000 -91 PIPF 
416 0910001 3 
417 0910101 1.4700F-01 3 
418 0910201 1.4700E-O1 2 
419 0910301 1.C740r+.0 ? 
420 0910601 9.000o0*01 3 
421 0910801 1.5000E-04 0.  
422 0911001 00 3 
423 0911101 1000 ? 
424 0911201 2 2.6R6r00r.0 1.1fl000fe .o o.



404 8o8010i 0890100 o 0070000 
405 0880102 1.4700E-CI 1.95oor-0i 1.96l001-0 100 1*000n*onO I.Onrorlin 
406 0880201 0 0. 0. 0.  

*HOPI7ONTAL 'EGVFNT 
4 407 0890000 r-p- ENr.LVOL 
408 0890101 1.4700r-01 7.R5O0E-01 0. 0. 3.  
409 0890102 0. 1.5000!-14 0. 0o 

* 410 0890200 2 2.6860E*03 1.0000[#00 0.  
*rONNECTS HORIZONTAL SFGMENT 

411 0q00n00 C-91-89 SNr-LJUN 
* 412 0900101 i91910O O9000oo0 

413 090n102 1.47onr-l1 0. 0. 1000 1.0000r*'0 1.000v0.Vo 
414 0900201 0 0. 0. 0.  

BOEING COMPUTER SrRVICES / NUCLIA P E L A P 0 D I C 1 4 1L2.07 AP5ASFF 11/2eP3 22:52:21 vAGF 10 
LISTING OF INPUT CATA FOR CASE I 

NUCL1Q VFPSION 3.no CRAY 05/06/A3 

*VERTICAL PIPE FROM PRESSURIZER TO FIRST LOOP SEAL ELBOW VOLUME 
415 0910000 C-91 PIPE 
416 0910001 3 
417 0910101 1.4700E-01 3 
418 0910201 1.4700E-01 2 
419 0910301 1.0740F.00 3 
420 0910601 9.0000E+01 3 
421 0910801 1.5000E-04 0. 3 
422 0911001 00 3 
423 0911101 1000 2 
424 0911201 2 2.686000E*03 1.0000OE*00 0. 0. 3 
425 0911301 0. 0. 0. 2 

*CONNECTS LOOP SEAL PIPING TO PRESSURIZER 
426 0920000 C-01-91 SNGLJUN 
427 0920101 001000000 091000000 
428 0920102 1.4700E-01 5.9400E-01 9.9200E-P1 0000 1.0000E*00 1.0000E*00 
429 0920201 0 0. 0. 0.  

* PRESSURIZER VAULT 

430 0930000 C-93 SNGLVOL 
431 0930101 90. 100. 0. 0. 0.0 0. .00015 0. 00 
432 0930200 4 14.7 120. .948 

* 

* RUPTURE DISC 

43-3 0940000 RD VALVE 
434 0940101 095010000 093000000 .163 0. 0. 0100 
435 0940201 0 0. 0. 0.  
436 0940300 MTRVLV 

** CONTROL VARIABLE NUMBER 
437 0940301 506 507 100. 0.0 2 

* 

* RUPTURE DISC TABLE 
438 20200200 NORMAREA 
439 20200201 0. 0.  
440 20200202 1.0 1.0 

RUPTURE DISC BAFFLE CAVITY 

441 0950000 C-95 SNGLVOL 
442 0950101 .201 .51 0. 0. 0. 0. .00015 0. 00 
443 0Q50200 3 14.7 120. 0.0 0.0 

* PRESSURIZER VAULT 

444 1930000 C-193 SNGLVOL 
445 1930101 90. 100. 0. 0. 0. 0. .00015 0. 00 
446 1930200 4 14.7 120. .948 

RUPURE DISC AT PR-3B 

447 1940000 RD VALVE 
448 1940101 195010000 1930000C0 .163 0. D. 0100 
449 1940201 0 0. 0. 0.  

BOEING COMPUTER SERVICFS / NUCLIE P ELA P 5 0 D 1 C 1 4 EL2.07 AP5ASFE 11/2P/83 22:52:21 rAGE 11 
LISTING OF INPUT DATA FOV CASE I 

NUCLIP VERSION 3.n)0 CPAY 05/06/83 

450 1940300 MTPVLV 
** CONTROL VARIAFLE 

451 1940301 508 509 10. 0.0 2 

452 1950000 C-11 IPL 
453 1 50101 2 
454 1950101 .201 1 
455 1950102 .18P 2 
456 1950301 .62 1 
457 1Q503C2 .62 2



* PRESSURIZR VAULT 

444 1930000 C-193 SNrGLVOL 
445 1930101 90. 10 . 0. .Do I .n 1. .0 0015 no c0 
446 1930200 4 14.7 120. .948 

* RUPUPV DISC AT PR-3B 

447 1940000 RD VALVE 
448 1940101 195010000 1Q30000C0 .163 0. 0. 0100 
449 1940201 0 0. 0. 0.  

BOEING COMPUTER SERVICES / NUCLIB P E L A P 5 F 0 D 1 C 1 4 EL2.07 AP50SFr 11/2P/83 22:52:21 rAGE 11 
LISTING OF INPUT DATA FOv CASE 1 

NUCLIP VERSION 3.00 CPAY 05/06/83 

450 1940300 MTRVLV 
** CONTROL VARIABLE 

451 1940301 508 509 100. 0.0 2 
* 

452 1950000 C-195 PIPE 
453 1950001 2 
454 1950101 .201 1 
455 1950102 .188 2 
456 1950301 .62 1 
457 1950302 .62 2 
458 1950601 0. 2 
459 1950801 .00015 0. 2 
460 1950901 .15 .15 1 
461 1951001 00 2 
462 1951101 0000 1 
463 1951201 3 14.7 120. 0.0 0.0 1 
464 1951202 4 14.7 120. .948 0.0 2 
465 1951301 0. 0. 0. 1 

466 1960000 C-44-195 SNGLJUN 
467 1960101 044010000 195000000 
468 1960102 .201 0.0 0.0 0100 
469 1960201 0 0. 0. 0.  

* INLET TO DISCHARGE PIPING 

470 0960000 C-96 SNGLVOL 
471 0960101 .201 .843 0. 0. 0. 0. .00015 0. 00 
472 0960200 3 14.7 120. 0.0 0.0 

* OUTLET FROM INACTVE SAFETY VALVE 

473 0970000 C-97 BRANCH 
474 0970001 0 
475 0970101 .201 .604 0. 0. 0. 0. .00015 0. 00 
476 0970200 3 14.7 120. 0.0 0.0 

** 
*VALVE PR-2A 

477 0980000 PR-2A VALVE 
478 0980101 198010000 036000000 
479 0980102 1.7000E-02 0.0 0.0 0100 1.0000E#00 1.0('00E*00 
480 0980201 0 0. 0. 0.  
481 0980300 SRVVLV 
482 0980301 1 

*VERTICAL LOOP SEAL SEGMENT UPSTREAM FROM PSV 
483 0990000 C-9q SNGLVOL 
484 0990101 .147 .8 0. 0. 0.0 
485 0990102 0. .00015 0. 00 
486 0990200 2 2686. 1.0 0. n.  

*ELPOW JUNCTION TO POTTOM OF LOOP SEAL 
487 1000000 C-100 SNCLJUN 
488 1000101 101010000 09000000 
489 1000102 .147 0. 0. 1000 1.0000F000 1.0000OFC0 
490 1000201 0 0. 0. a.  

* 
ROFING COMPUTFR cFrVICES / NUCLIP R F L A P 5 0 n 1 C 1 4 EL2.07 APPAcFE 11/28/P3 22:52:21 PAGF 12 

LISTING OF INPUT DATA FOR CASE 1 
NLIrLIF VERSION ".C0 CRAY OF/06/P3 

*rLHOW JUNCTION TO POTTOM OF LOO SEAL 
4 *91 1010000 C-101 SNGLVOL 
492 1010101 1.4700F-01 5.8q00F-01 0. 0. D.  
493 1010102 0. 1.500OF-04 0. 00 
4 494 1010200 2 2686. 1.0 0. n, 

*JUN'TION TO CONNECT VOTTOO OF LnOP e FAL 
495 1020000 C1-103 SNGLJUN 

* 496 1020101 103010000 101000000 
497 1020102 .147 1.6000E-01 1.6000E-01 1000 1.0000F#00 1.0000o*0O 
498 1020201 C 0. 0. 0.  

-*HORTZONTAL LOOP SEAL PTl ..



480 0480201 0 0. 0. 1.  
481 0980300 SRVVLV 
48P 0980301 1 

*vEPTICAL LOOP SEAL SEGMFN: UPSTRFAM FPOP PRV 
4A3 090000 C-n- SNGLVOL 
484 0990101 .147 .P 0. o. P.0 
485 0990102 0. .00015 0. 00 
486 0990200 2 2686. 1.0 0. n.  

*ELPOW JUNCTION TO POTTOM OF LOOP SEAL 
487 1000000 C-10fl sNrL JUN 
488 1000101 101010000 09a90000 
489 1000102 .147 0. 0. Ino0 1.000r*o0 1.0000!o*r 
490 1000201 0 0. 0. 0.  

ROEING COMPUTER SERVICES / NUCLIB A E L A P 5 V 0 0 1 C i 4 EL2.07 AP5ASFL 11/28/P3 22:52:21 PAGE 12 
LISTING O INPUT DATA FOR CASE 1 

NUCLIP VERSION 3.o0 CPAY 09/06/F3 

*ELBOW JUNCTION TO POTTOM OF LOOP SEAL 
491 1010000 C-101 SNGLVOL 
492 1010101 1.4700E-01 5.8900F-01 0. 0. 0.  
493 1010102 0. 1.500OF-04 0. 00 
494 1010200 2 2686. 1.0 0. e.  

*JUNCTION TO CONNECT BOTTOM OF LOOP SEAL 
495 1020000 C1-103 SNGLJUN 
496 1020101 103010000 101000000 
497 1020102 .147 1.6000E-01 1.6000E-01 1000 1.0000E#00 1.0000E#00 
498 1020201 0 0. 0. 0.  

*HORIZONTAL LOOP SEAL PIPE 
499 1030000 C-103 PIPF 
500 1030001 2 
501 1030101 1,4700E-01 2 
502 1030.01 6.8400E-01 1 
503 1030302 6.3800E-01 2 
504 1030601 0. 2 
505 1030801 1.5000E-*04 0. 2 
506 1031001 00 2 
507 1031101 1000 1 
508 1031201 2 2686. 1.0 0. 0. 1 
509 1031202 2 2686. 1.0 0. 0. 2 
510 1031301 0. 0. 0. 1 

*ELBOW TO CONNECT BOTTOM OF LOOP TO VERTICAL SEGMENT 
511 1040000 C5-103 SNGLJUN 
512 1040101 105010000 103000000 
513 1040102 .147 1.6000E-01 1.6000E-01 1100 1.0000E*00 1.o00O0E00 
514 1040201 0 0. . 0.  

*SECOND LOOP SEAL ELBOW AND VERTICAL SEGMENT 
515 1050000 C-105 PIPE 
516 1050001 2 
517 1050101 1.4700E-01 2 
518 1050301 1.0310E#00 2 
519 1050601 0. 2 
520 1050801 1.5OOOE-04 0. 2 
521 1051001 00 2 
522 1051101 1000 1 
523 1051201 2 2.686000E*03 1.OOOOOOE+00 0. 0. 2 
524 1051301 0. 0. 0. 1 

*CONNECTS TOP OF LOOP SEAL PIPING 
525 1060000 07-105 SNGLJUN 
526 1060101 107010000 105000000 
527 1060102 .147 0. 0. 1000 1.0000E+00 1.0000O+00 
528 1060201 0 0. 0. 0.  

*HORIZONTAL SEGMENT AT TOP OF PIPING 
529 1070000 C-107 SNGLVOL 
530 1070101 1.4700E-01 5.8400E-01 0. 0. 0.  
531 1070102 0. 1.5000F-04 0. 00 
532 1070200 2 2.6860E*03 1.OOOOE*00 0. 0.  

*FINST ELBOW JUNCTION 
533 1080000 C9-107 SNGLJUN 
534 1080101 109010000 107000000 
535 1080102 .1*7 1 .9500E-0 1  1.9500E-01 1000 1.0000F*00 1.000O0000 
536 10b0201 0 0. 0. 0.  

*TOP OF LOOP SEAL 

BOEING COMPUTER SERVICES / NUCLIP R E LAP 5 v 0 0 1 C 1 4 EL2.07 AP5ASFF 11/2P/P3 22:52:21 PAGE 13 
LISTING CF INPUT DATA FOP CASE r 

NUCLIP VERSION 3.00 CRAY 05/06/83 

537 1090000 C-10 SNGLVOL 
538 1090101 1.*4700E-01 7.8500E-01 n, 0. 0.  
539 1090102 0. l.5000F-04 0. 00 
540 1OQ0?00 2 2.6I.00.03 1.00000o00 0. 0.  

*CONNECTS TOP OF LOOP TO PIPING rOWNWTRrhm OF PRP SSUPIZrR 
541 1100000 c11-1o SN6LJUN 
542 1100101 111-2000c 109000000 
543 1100102 .1*7 0. 0. lon I.o0000 1.0oo0o00 
544 1100201 0 0. 0. V.  

VEPTTrAL PIPE FPOM PprFcl77rq To rTyCT Lnor erBL riF Vritmr



527 1060107 .147 0. 0, nO 1. OoorC i.u0c000K* 
528 106001 0 0. 0. .  

*HORIZONTAL SEGMENI AT TOP OF PIPINCG 
529 1070000 C-107 SNGLVOL 
5 530 1070101 1.4700E-01 5.P400r-01 0. n. 0.  
531 1070102 0. 1.000-04 0.  
532 1070200 2 2.6P60E*03 1.0000E.00 0.  

* *FIRST ELROW JUNCTION 
533 1080000 C9-107 SNGLJUNI 
534 1080101 109010000 1070000C0 
535 1080102 .147 1.,l50E-01 1.5k-01 1ro 1.0on0or* 1 . 0 0 0 0r.0 
536 1080201 0 0. 0. 1.  

*TOP OF LOOP SEAL 

0A 

BOEING COPPUTER SERVICES /NUCLIP P ELA6P 5 0 0 1 C 1 A FL2.07 A05ASFF 11/2P/F3 22:932:21 9AGE 1A 

LISTING CF INPUJT PATA FOP CASE I 
NUCLIP VERSION !.00 CRAY 05/06/83 

537 1090000 C-109 SNGLVOL 
538 1090101 1.4700E-01 7.8500E-01 0. 0. 0.  
539 1090102 0. 1.5000E-04 0. 00 
r40 1090200 2 2.6860F03 1.0000F+00 0. 0.  

*CONNECTS TOP OF LOCP TO PIPING DOWNSTREAM OF PRVSSURIZrR 
541 1100000 C11-109 SNGLJUN 
542 1100101 111010000 109000000 
543 1100102 .147 0. 0. 1000 1.0000#00 1.0000E*00 
544 1100201 0 0. 0. D.  

*VERTTCAL PIPE FROM PRESSURIZER TO FIRST LOOP SFAL ELBOW VOLUME 
545 1110000 C-111 PIPE 
546 1110001 3 
547 1110101 1.4700E-01 3 

A96 548 1110301 1.0740F,+00 3 
549 1110601 9.0000E*01 3 
550 1110801 1.5000E-04 0. 3 
551 1111001 00 3 
552 1111101 1000 2 
553 1111201 2 2.686000E+03 1.0000001*00 0. 0. 3 
554 1111301 0. 0. 0. 2 

*CONNECTS TO PRESSURIZER 
555 1120000 C13-111 SNGLJUN 
556 1120101 113000000 111000000 
557 1120102 .147 5.9400E-01 5.9400E-01 0000 1.0000E+00 1.0000E*00 
558 1120201 0 0. 0. 0.  

*PRESSURIZER 
$59 1130000 C-113 TMDPVOL 
560 1130101 38.48 2.5980E#01 0. 0. 9.0000E01 
561 1130102 2.5980E*01 1.5000E-04 0. 00 
562 1130200 2 
563 1130201 0. 2.6860E*03 1.0000E#00 
564 1130202 .5 2737.0 1.0000E*00 
565 1130203 1.0 2712.0 1.0000E#00 

566 1190000 C-119 SNGLJUN 
567 1190101 36010000 136000000 
568 1190102 .201 .15 .15 1000 
569 1190201 0 0. 0. 0.  

570 1200000 C-120 SNGLJUN 
571 1200101 136010000 97000000 
572 1200102 .201 0.0 0.3 0100 
573 1200201 0 0. 0. 0.  

574 1210000 C-121 SNGLJUN 
575 1210101 97010000 96000000 
576 1210102 .201 0.0 0.0 0100 
577 1210201 0 D. D. 0.  

578 1220000 C-122 SNGLJUN 
579 1220101 97010000 Q9000000 
580 1220102 .18c 0.0 0.0 0100 
581 1220201 0 0. 0.  

582 1230000 C-123 SNGLJUN 
0 

BOEING COMPUTER SERVICES / NUCLIP R EL A r 0 P 1 c 4 L2.07 APsiASF 11/2P/83 22:52:21 f16~ 14 
LTSTING OF INPUT PATA F0m CASr I 

NUCLIP VERSION 3.00 CRAY 0'/06/P3 

583 1230101 114010000 48000000 
* 584 1230102 .137 0.0 0.f 0100 

585 1230201 0 0. 0. 0.  

* 586 1360000 C-136 SNCLVCL 
587 1360101 .201 .954 0. 0. 0.  
588 1360102 0. .00015 0. 00 

* 58q 1360?00 3 14.7 120. V. 0.  
.ENO OF CASE 

Ab 1 - e. - 1 -n A .t 1 .- *, n r.~f VLI pI.



975 1720,1 * * 

* 7 1210C0 C-1'2 e gypf 
571 121 11 *2117 .L I6 W-0 
5 576 12112;2 .7 1 C. 1. 01", 
577 12leC?CI C .c.Q 

579 12201CR 7:*10070 Z 0f0 
5 9 1720102 .Hk 0 .0 T.0 1: 

* 5 , .22?C2CI r . 1!. p 

* * SS37 1230000 C-123 sWqGL JU% 

4OE-IhG COPPUTEA TLPVICES / NUCLIP P ELAP 5 P C D I C * 4 FL2.07 APASv 22:52:21 U 14 
LIcTING OF INPUT rATA FOC CASE I 

hUCLIF VPSIO% 3.00 CRAY '"/06/v3 

583 1230101 114010000 48000000 
584 1230102 .137 0.0 0.0 01CO 
585 1230201 0 C. 0. C.  

566 1360000 C-126 SNGLVOL 
507 1360101 .201 .854 0. 0. 0.  
58 1360102 0. .00C15 0, 00 
589 1360200 3 14.7 121. 3. 0.  

.END OF CASE 

IFPSKP= 5 AJRERR= 9.10F-01 TWOPUL= 0.00-O*0 TmICKfI= 0.00E*00 

INP-CmK, RUN OPTION IS RUN.  

NO ACT1ON ON PESTAPT-PLOT FILE IS TO RF TAKFN AT END OF PPOPLE".  

INPUT UNITS ARE ASSUED BPITISH OUTPUT UNITS APE BRITISH 

REMAINING CPU TI! VALUES ARE 1.0 A*$D 2.0 SEC.  

TIF STEP CONTROL OATA 
END TPE PIN.TIME STEP MA.TIr STEP OPTICN PINOP EPIT MAJrR EDIT RESTAPT 
ISEC) (SECa (SEC) FOEqUENCY FPFOUENCY FPVQUENCY 
5.100000E-01 1.000000E-07 1.000000E-03 1 1 50 100 

MINOR EDIT PEQUESTS 
PEC.NUM. VARIABLE 000E PARA"ETER 

302 p 38010t,00 
303 TEMP 97010000 
304 P 97010000 
305 TEMP 36010000 
306 P 36010000 
307 TEMP 960a10 00 0 
398 P 96010000 
309 TEMP 38010000 
310 F 38010000 
311 TEMP 4201000' 
312 P 42010000 
313 TEMP 76010000 
314 P 76010000 
315 TEMP 44010000 
316 P 44010000 
317 TEMP 114030000 
318 P 114030000 

319 P 48010000 
320 114020000 
321 PH 114020000 
322 TEMP 4'010000 
323 TEMP 48080000 
324 P 4P080000 
325 TEMP 52010000 
326 p !2010000 
327 TEMP 112010000 
328 P 52010600 
329 TEMP 5450OCO 

330 P 54530000 

* 
331 TfMP 60010000 
332 P 60019CP 
333 P 970100 
334 p abil00 
335 RHC 97010000 
336 TEMP Q5010300 
337 POO o5010c00 
A3m P;LOWJ 1PI0 

0 39 f0 PFL C WJ '1 0 
140 Tfpr 11403n000 
341 p 1140 0, 0oo 
3.42 P 114020000 
343 P 4F1O000 
344 1



* 31P P 114000  
329 P "G01OD00 
320 ' 11402000C 

* 321 P14C 114020000 
322 TrFP 4 010000 
323 TEMP 4eA00G0 

* 324 P 4O0000 
325 TEMP 520100Co 
326 r '2010000 

* 327 TiMF s2010000 
328 P b2001o000 
329 TEMP 54610o00 

* 330 P 54500000 

331 TrOP 60010000 
332 P 60010000 
333 P 97010000 
334 P 95010000 
335 RHO 97010000 
336 atMP 95010000 
337 RHO 95010000 
338 PFLOWJ 114020000 
339 MFLOWJ Q400000C 
340 TEMP 114030000 
341 P 114030000 
342 P 114020000 
343 P 48010000 
344 P 195020000 
345 TEMP 195020000 
346 MFLOWJ 194000000 

EDIT OF COMPONENT INPUT DATA 
(QUANTITIES PRINTED ARE INPUT VALUES* SET PY DEFAULT, OR SET BY ERROR RECOVERY) 

INPUT DATA FOR COMPONENT ls C-001 TMrPVOL , HAVING I VOLUMES AND 0 JUNCTIONS 

VOL NO. FLOW AREA 7LOW LENCTH VOLUME HOPI7. ANGLE VERT. ANGLE ELEV. CHNG.  
(FT2) (FT) (FT') (PfFG) (DEG) cFT) 

1010000 3.848000E+01 2.598000E#01 9.997103F*02 0.000000E*00 9.00DOOOE+01 2.598000E*01 

VOL.NO. ROUGHNESS HYDRAULIC DIAM. EQUIL.  
(FT) tFT) FLAG 

1010000 1.5000O0E-04 6.999590E.00 0 

TABULAR DATA 
TIME PRESSURE QUALITY 
(SEC) (LPF/IN2) 

0.0OOOOOE*00 2.686000E+03 1.00000E*00 
5.00OOOOE-01 2.737000E+03 1.OOOOOOE00 
1.OOOOOOE*0O 2.712000E+03 1.OOOOO0E00 

INPUT DATA FOR COMPONENT 36, C-36 PIPE , HAVING 3 VOLUMES AND 2 JUNCTIONS 

VOL NO. FLOW AREA FLOW LENGTH VOLUME HOPIZ. ANGLF VERT. ANGLE ELEV. CHNG.  
tFT2) (FT) (FT3) (CEG) (DEG) (FT) 

36010000 2.010000E-O 7.OOOOOOE-01 1.407000E-01 0.O0000E*O00 0.OOOOOOE+00 0.00000OE+00 
36020000 2.010000E-01 7.000000E-01 1.40700Or-01 0.000000E+o0 0.000000E+00 0.000000E.00 
36030000 2.010000E-01 7.00000OE-01 1.407000F-01 0.OOoOOOE+Oo 0.000000E*00 0.00OO00E*00 

VOL NO. ROUGHNESS HYDRAULIC DIAM. VOLUME INIT. COND. I.C.VALUE 1 I.C.VALUF 2 I.C.VALUE 3 I.C.VALUE 4 
(rT) (FT) FLAGS FLAG 

36010000 1.5000O0E-04 5.o58865E-01 10 ? 1.470000F.01 1.000000E-02 0.000000F+00 0.000000o0 
36020000 1.500000E-04 5.058865E-C1 10 ? 1.47C0O00*01 1.900000E-02 0.00000 0 ,000 0.0000OE* 
36030000 1.500000F-04 5.058865F-01 10 3 1.470fC000Fl 2.042000C.02 n.000000E+00 C.000000F+0 

JUN.NO. JUNCTION AREA FOaWARD LOSS RrVERCE LOSS JUNCTION INIT. LIQ. VEL. INIT. VAP. VEL. INTERFACE VEL.  
(FT2) COEFFICIENT COEFFICIENT FLAGS (FT/SEC) (FT/SEC) (FT/SEC) 

36010000 2.010000E-01 0.000000OF+0 0.000O00+00 1 00 0.00000OF'oo 0.000000F000 0.0O0CCPL*00 
0 6020000 2.010CFE-01 0.000000E00 0.000000pr00 1300 0.000000rp0 0.oocor00 0.00000rF00 

INPUT DATA FOP COMPONEN' 37, Cah-04r SNGLJUN , HAVING 1 VOLUMES tND 1 JUNCTIONS 

* 
JUN.NO. FROM VOL. TO VOL. JIJ CTIONt API A FO WAPi Le<S Pf Vt E LO'S JuNCTION SI0-CCO Lrr T - Azr 

fFT) crrrrlirv' rEFFTCIr T rLGS E'SCHAPVF COD"F. ,Ice CAE C(F F.  
* 70000 9010000 4000000 2.01oor-cl 1.0pornor-ml 1.50roo0-GI i.0000000 1.no0r0 +O00 

JUN.NO. INIT. LIG. VrL. I IT. VAP. VEL. ItTEPFACF VEL.  
(FT/SEC) (FT/SEC) (FT/SFC) 

A7000000 0.vnO3c000 0 0 . 0 0Oc F0P r0 0.000000o no 

l*rtT PtTA FOR r ompr'NfNT 3f, .'; P. IF- , HAVIt ( 7 Vr)LUPE[S AD JtPCTIrN-F 

VOL NO. FLOW APFA rLi LENGcTH VOrLlv HCP'?. ANGLE VEFT. AN(,LF EL V. CHNG.  
0(9:7p) ( FT )(f 1 ) (PFT,)f ,Fr rT ) 
38010000 5.04OOO0-01 ,.40i000-01 3.'37200t-01 0.ro0oo0?*0 0.D000000r.Vn p,opc00 
3802000C 5.4H0Ocr r1 V.4D0P00 v-r1 3.LT7Ponrfl* nA.01,rVe.e C nn0 l*F fnC o.iUConr1 F.o(



VOL NO. ROUOHNESS HYnRAULIC DIAm. VOLUwl INIT. ropD. I.C.VALUr I I.C.VALUr 2 I.r.VAL0r 3 I.C.VALUr 4 
(tT) F I) FLArt: FLAG 

36010000 1.50000oE-64 5. P65E-01 1 ? 1.470000fo ol 1.Cu00r00-02 *.o C0o0 ' * or . 00ou * 

36020000 1.5000lPF-04 . lI 1.47CO0r r. 1."000C0-02 . r.0r* 0r 

36030000 1.00O0Cr- 04 5F56 5r1 10 1 .470'PCI C 'Co 

JUN.NO. JUNrTION APcA FOcWAID LOvc Rrv[pcr Lees JL',rTION INIT. LIQ. VfL* 1NIT. VAF. V'L. Trp'irT V L.  
(FT)) COrFFICI!NT COEFFICIF'.T FLAG (("/5) 0 SFCI 

36010000 2.010000E-01 0.000000F00 0.0r0or00 110c P.ooDooofono 0.00Oooo.ft 
* 6020000 2.010000or-o1 0.0000nor.o 0.0o00ooroa I0 o.opoor~ro P.0orrvCr.or 

INPUT CATA FOP COMP'NFN' 37, C-af,-C4r SNGLJUJ , PAVIG m VOLUMFFS tr 1 JUNrTIONS 

JUN.NO. FROM VOL. TO VOL. JUNCTION APRA FOPWA~r LOSS RFVEPSE LOSS JUPICTION SUPCOrLEr TWO-1BASF 
tFT2) roEFFIrTFNT COEFFICIENT FLAGS D!SCHAPGE COEF. DISCHARGE COFF.  

37000000 96CI0000 40000000 2.010000E-01 1.500(00r-p1 1.500000F-01 0 1.000000roeo 1.0cocor00 

JUN.NO. INIT. LI. VEL. INIT. VAP. VEL. INTEOFACE VEL.  
(FT/SEC) tFT/SEC) (FT/SEC) 

37000000 0.000000E*00 0.0000O0E*00 0.000000E*oo 

INPUT DATA FOR COMPONENT 38, C-3A PIPF , HAVING 7 VOLUMES AND 6 JUNCTICNS 

VOL NO FLOW AREA FLOW LENGTH VOLUME HORTZ. ANGLE VERT. ANGLE ELEV. CHNG.  
(FT29 (FT) (FT31 (DEG) (DEG) FT).  

38010000 5.480000F-01 6.400000E-01 3.507200E-01 0.000000E#00 0.000000E*00 0.00000E*00 
38020000 5.480000E-C1 6.400000E-01 3 .50720OF-01 0.000ooo0000 0.000000E400 0.000000FnO 
38030000 5.4POOOE-01 6.4000OOE-C1 3.507200F-01 0.00ooOE*00 0.000000E*o0 0.0000pnr3.D 
38040000 5.480000E-01 6.400000E-01 3.507200r-01 0.000000OE00 0.000000E*00 0.000000E*00 
38050000 5.480000E-01 6.400000E-01 3.507200E-01 0.000000E+00 0.000000E*00 0.000000E*00 
38060000 5.480000E-01 6.400000E-01 3.507200E-01 0.000000E*00 0.000000000 0.00000oo*00 
38070000 5.480000E-01 6.400000E-01 3.507200E-01 0.00000VE+00 0.000000E*00 0.0000OOE00 

VOL NO. ROUGHNESS HYDRAULIC DIAM. VOLUMV INIT. COND. I.C.VALUE I I.C.VALUE 2 T.C.VALUF 3 I.C.VALUE 4 
(FT) FT) FLAGS FLAG 

38010000 1.500000E-04 8.353055E-01 0 4 1.470000F*01 1.200000E*02 9.480000E-01 0.00000000 
38020000 1.500000E-04 8.353055E-01 0 4 1.470000E*01 1.200000F02 9.480000E-01 0.000000*O0 
38030000 1.500000E-04 8.353055E-01 0 4 1.470000E*01 1.200000E*02 9.480000E-01 0.000000E*0 
38040000 1.500000E-04 8.353055E-C1 0 4 1.470000E*01 1.200000E*02 9.48000Cf-01 0.000000E.0 
38050000 1.500000E-04 8.353055E-01 0 4 1.470000F*01 1.200000E*02 9.480000E-01 0.000000E*0 
38060000 1.500000E-04 8.353055E-01 0 4 1.470000E*01 1.200000E*02 9.480000E-01 0.000000E.0 
38070000 1.500000T-04 8.353055E-01 0 4 1.470000E+01 1.200000'02 9.480000E-01 0.000000E*0 

JUN.NO. JUNCTIO% AREA FORWARD LOSS REVERSE LOSS JUNCTION INIT. LIO. VEL. INIT. VAP. VEL. INTERFACE VEL.  
(FT2) COEFFICIENT COEFFICIENT FLAGS (FT/SEC) (FT/SEC) (FT/SEC) 

38010000 5.480000E-01 0.000000E+00 0.000000E*uo 1000 0.000000E*00 0.oooOE+o0 0.000000E*Cc 
78020000 5.480000E-01 0.000000E+00 0.000000E*00 1000 0.0000OE*00 0.0000OE.00 0.0000OE*00 
38030000 5.480000E-01 0.000000E*00 0.000000E+00 1000 0.000000F+00 0.000000E*00 0.Oooo E*00 
38040000 5.480000E-01 0.000000E*00 0.000000E*00 1000 0.000000E+00 0.000oooE*00 0.000000E*o0 
38050000 5.480000E-01 0.000000E*00 0.000000E*oC 1900 0.OOOOOOE*00 0.000000F*00 0.0000OOE*00 
38060000 5.480000E-01 0.000000E*00 0.000000Eoo 1000 0.000000ooEC 0.0000F000 0.000000E+0o 

INPUT DATA FOR COMPONENT 3 9, C-40-38 SNGLJUN , HAVING 0 VOLUMES AND 1 JUNCTIONS 

JUN.NO. FROM VOL. TO VOL. JUNCTION AREA FOPWARD LOSS PrVERSE LOSS JUNCTION SUPCOOLED TWO-PHASE 
(FT2) COEFFICIENT COEF'ICIENT FLAGS DISCHAPGE CO[F. DISCHAPGE COEF.  

39000000 40010000 38000000 3.750000E-01 9.400000-01 3.48000OF-01 1000 1.000000oE0o 1.0000000roo 

JUN . NO. IN IT . LTG. VEL. I NIT7 
(FT/SEC) tFT/SEC) (FT/SEC) 

39000000 0.000000E*00 0.000000E+00 0.000000F*00 

INPUT DATA FOP COMPONFNT 40, C-4C SNGLVOL , HAVINCG 1 VOLUMES AND 0 JUNCTIONS 

VOL NO. FLOW APFA FLOW LENGTH VOLUME HOPT?. ANGLF VERT. ANGLE ELEV. CHNG.  
(FT2) (FT) (FTI) (DEG) (DEG> (FT) 

40010000 3.750000E-01 5.830000E-01 2.186250O-01 0.00o00FE*0 0.000000E+o 0.000000o+00 

VOL NO. ROUGHNESS HYDRAULIC IAM. VOLUME IKIT. CO'r'. I.C.VALUF I I.C.VALUE 2 I.C.VALOF 3 I.C.VALUE 4 

(FT) (rT) FLAGS FLAG 
40010000 4.572000E-O 2.106132-O1 n 4 1.470000E+01 1.200000r+02 c.4800OOr-r1 r.oooo0r0 o 

INPUT DATA FOR COMPCNENT 41, C-3h-4P SNCLJUN , HAVING 0 VCLUMFS AND 1 JUNCTIONC 

JUN.NO. FROM VOL. TO vGL. JUNCTIDO. ARGA FOPWAwr LOSS RFVERSE LOSS JUNCTItN etlnCRrLEn TWO-FHASF 
(FT2) COrrFFIrIfNT CCEFFIrTrNT FLAGS rTSCHAPGE COrF. -ISC$AFGF COFF.  

41n0000 3sn0100 l0 42oo000 5.4C00F-01 o.rnonr.n f.000000f*00 100 1.000[0E1 OO*D( 

JUN.NO. INIT. L13. VEL. INIT. VAP. VEL. INTEkFACE VEL.  
(FT/SEC) (FT/SEc) (FT/crC) 

41000000 0.0o0ont*CC P0. 00 0 l00+0 !.00plc00#* 

INPUT PATL F C; rOmPl'lI NT 4 ', r- ; S C-LVOL , HPVTNC 1 vrLUPE F 0 0.CTIC 

VOL NO. FLOV AREA FLOw LrNGT ' VOLUME HCFIZ. ANCL VENT. ANGLr ' V. C0- .  
F T2 ) ( tT) ( T trEGI (PEGf) tf's 

42010000 5.a400F-01 6.o0o000E-m1 3.200ar-01 0.0 000Dn0Cr,0r 0.00io00frnr j.'000CCr#*r 

£ .t . , atrr,_ r T r* ah -



9000000 u.0noncor*nc r.ocrno'.n o .0r0prro r 

IJtLT rATA 'OP rOmi-fNr gy 4.P, (-,4 S:r-LVOL . 1'AVINrG 1 VrLUdMMr Afr X Jlf.TicI 

VOL NO. FlOw tPrA r r'w L! F T0 V-Lt P. tN t VfFT. A,. r rL V. iV I
tFTP) ( r T crk Fr., (FT) 

40010000 3.*7100OE-01 5.P30000r-01 2.1M62'Cr-01 0.erronr0 r n.c000000.'F0 0.Ou00fl0 r 

VCL NO. RcU'mNflS HYCPAULIC 1IA. VCLUmE IlI . CO'f. I.C.VLLUr I I.r.VAL 1 2 I.C.VALUI I T.C.YALL  
4FT) rT FLArS Ftfr 

40010000 4.57200F-0' 2.10 6 132r-o1 p 4 1.47nl000C0*01 1.20000r. 2 e.4prcenr-i #.C C 0.0 

INDUT DATA FOR COMPCNENT 41, C-3s-4 SNCLJUN q HAVINC 0 V0LUMFS AND I JuNCTIONI 

JUN.NO. FROM VOL. TO VCL. JUNCTION ARFA FORwANt. LOSS REVERSE LOSS JUNCTION e'gCnCLEn TWO-fHApr 
(FT2) CnrFFTrlENT CCEFFICIFNT FLAGS 01SCHAPGE COrF. tISCt4AFGF COEF.  

41000000 3801000 4200000n 5.4POOOF-01 .00p lOE90 0.v0000CDF+0c 1000 1.00000000 0 I.C000OfGL0 

JUN.NO. INIT. LIG. VEL. INIT. VAP. VEL. INTERFACE VEL.  
(FT/SEC) (FT/SFC) IFT/SEC) 

4100000C 0.00000Oi000 0.000000F+00 0.0000For00 

INPUT DATA FOR COMPONENT 42, C-42 SNGLVOL , HfVING 1 VOLUMES 9ND P JUNCTIOS 

VOL NO. FLOW AREA FLOW LENGTV VOLUME HORIZ. ANGLE VERT. ANGLE ELEV. CPNG.  
(FT2) (FT) FT3) (DEG) (DEG) (FT) 

42010000 5.480000E-01 6.0OOOOOE-01 3.288000r-01 0.00000OE*00 0.000000E*00 0.r00000F.00 

VOL NO. ROUGHNESS HYOPAULIC MlAm. VOLUME INIT. COND. I.C.VALUE 1 I.C.VALUr 2 I.C.VALUr 3 1.C.VALUF 4 
tFTs (FT) FLAGS FLAG 

42010000 4.572000F-05 2.546011E-01 0 4 1.470000E+01 1.200000E*02 9.48000F-01 0.000o00E*0 

INPUT DATA FOR COMPONENT 43, C-42-44 SNC-LJUN , HAVING 0 VOLUMES AND 1 JUNCTIONS 

JUN.NO. FROM VOL. TO VOL. JUNCTION AREA FOPWARD LOSS RvVERSE LOSS JUNCTION SuPCOOLED TWC-PHASF 
IFT2) COEFFICIENT COEFFICIENT FLAGS DIrCHAPGE COEF. DISCHARGE COEF.  

43000000 42010000 44000000 2.010000E-01 0.000000OOEO0 0.00000O 4000 100 1.000000E*qo 1.00000F00 

JUN.NO. INTT. LIQ. VEL. INIT. VAP. VEL. INTERFACE VEL.  
(FT/SEC) (F1/SFC) (FY/SEC) 

43000000 0.000000E+00 0.0000nOE+00 0.0000000co 

INPUT DATA FOR COMPONENT 44, C-44 BRANCH , HAVING I VOLUMES AND I JUNCTIONS 

VOL NO. FLOW AREA FLOW LENGTH VOLUME HORIZ. ANGLE VERT. ANGLE ELEV. CHNG.  
(FT2) (FT) (FT3) InEG) (DEC) FT) 

44010000 2.010000E-01 8.300000E-01 1.668300r-01 0.000000E*n 0.000000Eoo 0.0000OF+00 

VOL NO. ROUGHNESS HYDRAULIC DIAM. VOLUMF INIT. COND. I.C. VALUE I I.C. VALUE 2 I.C.VALUE 3 I.C. VALUE 
IFT) 4FT) FLAGS FLAG 

44010000 1.500000E-04 5.058865E-01 0 3 1.470000E*01 1.200000E+02 0.000000EO00 1.500000E

INPUT DATA FOP COMPONENT 45, C-44-46 SNGLJUN , HAVING 0 VOLUMES AND 1 JUNCTIONS 

JUN.NO. FROM VOL. TO VOL. JUN:TIOk AREA FORWARD LOSS PEVERSE LOSS JUNCTION SUFCOOLED TWC-PHASE 
0FT2) COEFFICIENT COFFFICIENT FLAGS DISCHARGE COFF. DISCHARGE COEF.  

45000000 44010000 46000000 2.o010000E-01 0.000000fE00 0.000000E*00 100 1.000000000 I.000000F*o 

JUN.NO. INIT. LTG. VEL. INIT. VAF. VEL. INTEPFACE VEL.  
(FT/SEC) (FT/SEC) IFT/SEC) 

45000000 0.000000E*00 0.00300OE*0O 0.0000007400 

INPUT DATA FOR COMPONENT 46, C-4f3 PIPE , HAVING 3 VOLUMES AND 2 JUNCTIONS 

VOL NO. FLOW AFA FLOW LENGTH VOLUME HOclZ. ANGLE VERT. ANGLE ELEV. CHNG.  
(FT?) (FT) (FT3) (PEG) (DEG) trI ) 

46010000 5.4r0000F-01 3.900000E-01 2.082400E-01 0.00000000 0.000000!.00 0.000OODF00 
46020000 5.490000'-01 6.500000E-C1 3.562000F-01 0.000000E#00 0.000000E400 0.000000 +00 

46030000 5.48000CL-01 6.50000"0I 3.562000E-01 0.000000E+00 0.000000E+OC 0.300000000 

VOL NO. ROUrHNFS HYPRAULIC rIAM. VOLIimr 1I1T. CONC. I.C.VALUF I T.C.VALUE 2 I.C.VALUE 3 I.C. ALUF 4 

(FT) (rT) FLAG FLAG 
46010000 1.50000CF-04 P.353055F-01 1 1.470000r*C1 I.20C000F+02 0.0009CP;*00 [.PL00000.  
46020000 1.500D0E-04 P.3155355F-01 0 4 1.470000r+01 1.200000F+02 9.4100009-01 C.000000*0 

46030n00 1. I rig E-04 F. h' -11 4 1.470000 *n1 1 . i C ,0CF00 0?0 0.0 00 -Cl .. 0000 #*L 

JUN.NO. JfnCIl 'N A rA FOrtPr LOIS PurccEr Lrec JUPCT I ON I'll. LIT. WL. IT1. VAF. V1L. 14TrPFArF vt..  
(IT'') (crrrICrNT CO-F FIrIKT FL:.(i (rT/.EC) (',/Str (FT/r rC) 

46010000 5.400000F0-01 0.ril0f0E*C0 0.0on0onr00 1000 r.000o000E*o 7.00c0000c* C n:i00000rn 
46020000 5.4HO00nnF-01 0.0o0000c+o 0.oo0I0'*00 1000 0.000l00t*pC n .0O C .C "0 *00 

I. PT T 4 0 COMr r.F T 4', (-4f-4 S '(LJU' p HAVIPbf , 10,UP .r 1 J'CTIO' 

JUN.NC. FPtO VOL. I VOL. JUNCTIOr AF. rCr.A, L ", VE[2E 10 1 JUNCTIC , cCrC r(LE k 'W 
(FT :)) C,( r l'TE % FFFICI. T FLtr )ISCHAP CF CC'9 . '] tchA GE C rF.  

470000n0 460100,0 114000nion .4&000[ -01 1.71C0 p rI-f 1.7100.Of-01 10 0 1.00 L1.'r0 0C0I 

JUN. NO . INIT. Lit. V'L. I1IT. VA1. VEL. !'TF AC'f v1tt 
0 T 1, c) I / C), I" II'.



4 5 0 01 0r C ^.nooour. co n . oo ' r0 or .e n.ovu)ccn, .r 

IP( I VA TA rOL C OMPONI NT 46, r-44. p I p' r m~t Vi ?r.. VCLUMF' t"'' "I JLOICT 101 

0 VOL NO. FL04 'lrA ri t)W L: NGT14 VOLO9PDr Hn 11. 4N(iL I VLDT. A'J(Lf rL V.(-.0 
(FT') (F T) (I T11 (-r ) ('rIr, 

46nO000C 51.090 F-02I 3.U'n3V0-^ 2.0 24)0 -Ci 0.0 orF.0# 0 op.?~0oCr.Ct - .r), C. v 
* '6020000 564k0oefi(-O1 6,50potICr-Cl 3,,2bCls-r1 o.C0o)0fCr*Cf G.CouooOF.C0 o.-0.tC'r( 

4601000C S .4.0 0 0CL - 01 560cl0~ !.1C 0! -21 0.roocrFtr~ 0 .0oO rrCcC 

0 VOL Nr. 4 0U '1HPiF% Hyr'QtuLIC rIAtA. VnLi~v 11 I.T. 1r I..LLI !C.%AL(Ir 2 !CVL t.' .. A~ 
(FT) (t3FLtK,c FVIM;..%L~ 

46010000 1 .SOOOOCF-0'S P.353055F-ul 1 I.4700C0r.VI 1.*20,0 0(l * 02 I 'oC;*o ~*ro~ 
* 46020000 1.5O0000DE-CA APxv f]! F-r!i 1.S760Cr.01 1.200000r. 0 2 Q.4pr-oou'-ci .6'oc' 

46030000 1.b00'PE-0A F. S5 10 1 11r- 1 1l A I.470000F~fll I .Zf00GCE.02 0.4FO00CF-01 n.ocooocf~v 

10 JUN.NO. JUNC71ION AvrA FC%6tr LOI'S PrVELF L'c JU P'C T 1N INIT. LTG. VEL. 11417. VAF. VrL. 114TrPFACE VEL.  
4 FT 2 COFFFIrIENT COEFFICIE'T FLAGe ( r 7/,1EC ) (F /SEr) (FT/ S FC ) 

46010000 5.4AOOOOE-01 00OOOOOOE*CO 0.OOODOar~v, 1000 V006OOOOE.000 0.000Lic00nC G.0o000Ecro 
0 460210000 5.480000t-O1 o.0ooooor~co o.oocrooF~oo 1000 0.00oooon~rc n.nc'cooor.00 o.Cooorr~op 

INPUT CATA FOP COMPrN~ENT 47, C-'.E--01 S'NGLJUN , HAVI Nr, 0 VOLUMFS A~f' 1 JUiscTiOIs 

JUN.NO. FROM' VOL. TO VOL. JUNCTION~ APFA FORhAP) L' S PEVEQSE LOSS JUNCTION SUJFCOCLEC TWC-fI~ tSF 
CFT2) COrFFIrPFNT COEFFICIFNT FLAGS DISCHARGE COFF. CISCHAPGE COEF.  

* 47000000 46010000 114000000 5.480000C-0l 1.710000[-Cl 1.7100coF-O1 l0co 1.OOOO0flt.00 l.CGGaoor.0o 

JUN .NO. INIT. LIQ. VFL. INIT. yAP. VEL. INTERFACE VEL.  
* cFT/SEC) (FT/SEC) iFT/SVC, 

47000000 0.300OODE0oc 0. 00000F00 0. OO0O00F.00 

0 INPUT DATA FOR COMPONENT 4S, C-4P PIPr q HAVING P VOLUMES AND F JUNCTIONS 

VOL NO. FLOW AREA FLOW LENJGTH VOLUMr HOP!?. ANGLE VEPT. ANGLF [EV. CWJ.' 
0 (FT2) (FT) FTxE (FIG) (OEG) tFT) 

48010000 5.4R0000F-01 5.100000F-01 2.794e00E7-01 0.010000E400 O.000000E*00 0.0000DOE40O 
48020000 5o4P0000E-O1 5.100000E-01 2 ,794F~O~-O 1  0.oonooor*oO 0.OOOOOOE0ov 0. 00000E.oc 

* 48030000 5o4~i0000E-01 5.10000OFr01 2.79480CF-01 0.00OOOOE400 0.OOOOOOF.00 0.00000E.400 
48040000 5.490CODE-01 5.eooooOE-nI 2.7Q440CF-O 0.00O0aOE*00 0.000000E~oo 0.0OOOOOE.00 
48050000 5.48000DE-01 5.1OOOOOE-01 2.q80r0 0.00'100C0E.00 C.00000OE*0O 0.CCO~tcE.00o 
4806'0000 5.480000E-01 5.100000E-Pl 2.QPOE0 0.000000E400) 0.0000oroE.D 0.000000F0oo 
48070000 5*4FIOOOE-O1 5.100000E-C1 2.794800V-Gl O.000000E*00 0.OOOOGE.00 O.voo0O0Eopo . 48080000 5.48000DE-01 5.100300E-01 2.7Q4P0..E-01 C.090000E~oo c.ooooocE.O0 0.600000E0oo 
48090000 594800OOE-01 5.100000[-01 2*7q4SOV0r-1 0.00P009U.00 O.000000E.00 O.t 0003PE.06 

VOL NO. ROUGHN~eS HYrRAULIC OTAm. VOLUMV PNIT. CONF. I.C.VALUE I I.C.VALUE 2 I.C.VALUF 3 I.C.VALU[ 4 
(FT) tFT 1  FLAGS FLAG 

48010000 1.500000E-04 8*353055F-01 e 4 1.470O00.O1 1.200000E#02 9 .4600DOE-01 r.0oCo00E*0 
48020000 1*500000E-04 8.353055E-01 1 4 l.470000c*01 l.200000r*02 194COE0 0.000000E.0 

* 48030000 1950000DE-04 8.353055E-CI 0 4 1.470000F*01 1.200000E*02 C-.4PO000E-01 0.0000OOF40 

48040000 1.50000DE-04 8.353055E-01 0 4 1.470000E#01 1.2000001#02 9,4 8 000 0 E-01  O.OOOOOOE.0 
48050000 1*5000C0ET-04 8-353055E-Cl 0 4 1.470000F#01 I.200000E#02 9.48O0DOnF-01 0.0000onFfl 

* 48060000 1.5OVC[E-04 9.505E0 k 4 l.47ft000r.Ol 1.20C000E.02 c.4P0000E-Cl 0.O0tlOOOE.C 
48070000 1.561^000E-04 6.353055E-El 0 4 1.470000E.O1 1 .200000E*02 Q.4P000flF-01 C.GooOCFE.0 
48080000 1.50OOOOE-04 A.353055E-01 0 4 1.470000F+01 1.20C000E*02 C.4P0O00F-01 00OOOOO00-* 

* 48090000 1.50000DE-04 8.353055E-01 0 4 1 .4 7 00 0 0 r*P1  1.200000E.02 9.480O00OF-1 C.o00000cf.  

JUN.NO* JUNCTION AREA FOFWAPD L10% REVERSE LnSS JUNCTION INIT. LIO. VE-L. INIT. VAr. VEL. INTFRFArE VEL.  
*(FT?) COEFFICIENT COEFFICIE'T FLAGr tFT/SEC) rTSEC, iFT/SEC) 

48010000 5.40099DE-01 0.000DOOEc0c 0.00000c*0 IrDO 0.0000DOL.00 0.00LUJOOF.OC 0.00OUDGE0ce 
48020000 5.4P0000E-01 0.0OOOOOE~flO o.0ooooor~ol 1000 0.000000F+00 0.00000OE~on 0.000ooonoo 

* 8030000 5.4P0000E-l1 0.90000CE+CD 0.0000OOE*0 00 vCO oc0qof90*n P.oacooor~co 0000rv 
48040000 5.43000OF-o1 0.900000F+90 0.000000!0 1000 C.oOC0or*Gc 0.00Oocor.0c 
48050000 5.4q0fl00E-01 0.00DOOOE~tc ;[0oFf1lo 0.600D000010 t.COOF.C.D 3.fVO%'0flF.Zi 0.C0cocF.O00 

* 48060000 5.49OOOOE-01 n.oonoDoE~r3 0.0o0oCovrov mnoo 0.000000F.00 fl.OflconfF400 n.rcoon~r~op 
48070000 594FP0000F-01 C.Uc0oDE.% 0.0D0G000V00 1300 C. -C0OPCF+00 3.'00f0VCr.C0 .oC'Er 
48080000 5*4FC0OOE-01 0.000000F#00 0.nooDF.Dfl 1000 0.00ioI~F 0 0 0.0000ooo.oD 0.00DO0ooE.O 

INPUT CATI F0O COMPONrT 49t C-48-rfl SNC-LJUN , HAVItIG 0 vOLUMrS f~Nr I JL'NCTIC.NS 

* JUN.NO. FROM VOL. TO VOL. JUN'cTIVO1 A Pr A Fm~w'P!' IOcF PFV~ikSE LOSS JU1'rTTON SILPCCflL!' TrPh 

F T?2 CO'TFFIr'I!NT "(OFFFICII'.T F L 4r.S 5rCHPC-E Ce~rF. FI CI-tptF rOTF.  
4900000C 48010010 loonroce 5,4PO00CF-01 1.72onrof-ol 1.72000OF-Cl 10Cc. 1.0000tor.00 1.oCCOtF.#oC 

JUP'*.o * U.IT. LICA. Vrt. * IT. VAr'. VrL. TNTrOFACE VIL.  

I FT /Fr C) ( FT ~C) (V S FC ) 

INpkT rAT!. FOP Cr)MF *'hT 5fl n - P T F , WIVNG 5 VOLPI-'ro tkY 4 J11 CTIt'P' 

VOL NO. FLOG AFA FLOW LFNGT"- VGLI'VE Hil; I NC dL ~ VEPT. A f-L FL'V. L W, 

pn!JO4Uq -'j '.('4~'- 1 0C o. r v u Cr. r 0 

* .CC4^3000 )*.AOOr-o I ~ 'r L F - f1 ?.2 f,,, 1~~ 0 .(I0~ j'.OOC' rr r~fC ~ 0 
Cv()nfCO g, r.)%~1 ?~?~-? Ir~rrC '~UUu~ ~ U '-



4 l *,4 f n ..U30C~ 1 P., cor n of r .ruP r r pf rrr'. 0 c' v .r *PC C 

* 14260ccr n 0 0 0 vr-o I il q 0 or r~ 0 vfo0r Cr C rl f r .O' 6(' 1r f 
4P07CC0c D.. O F-01 .C 0rC .0 0 C 0c rCVC 0 
4.8010000 5.'.c o rjr-o I r :1c~foF.G &.0~r C nc0r, r 0n f *0 C Do( 

0INr'Ill T10 F 00 C oppr.T 4.99 C_4 .,r r S4C LIUN , H AV I N6, (l vPLumrS r)0 1 JL 't r.St 

* JUN.NO. FF0"1 VrL. TO VOL . JUN CT 10,r APFA F A~ L tpIvr.sP r II,;Ss JL'rTTr% SLF CrrL r r 

49000000 4 6 P10 0O 0O0Pr0 5.4.poooCr-oI 1,720ArflF-1 1.7200OO-rl I c r C 1 ~0 0 C CC r np 1.t0Ot 0 C 

J UN . h O. INIT. LIQi. Vr'L. I I: IT V Ar' . V FL* T .TEF'FACE VEL.  
FT/SC) (FT / 5FC) (Ff/ S FC 

490000.0O000' E. 00 0 * 000.00 0. ooocorco 

INPUT TEATA FOR COMPONENT 50, C-F c PTFr ,HAVING 5 VOLL'MFS f%D 4 Jil NCT IONF 

VOL NO. FLOW APFA FLOW LENGTH VOLUME HOF17. ANGLE VEPT. ANGLF ELFV. CHPg(;* 

* 0100 5.4~00CE-01 !5.26003CE-01 2.8A24P0r-01 o.ooooccr~er, -4.poocU0r*O1 -5a260CO0F-CI 
' 002000C 5.'.8000CE-01 5.260000E-ll 2.F82R0'-01 0.OU90oCcr*c -c.CO0000F#0I -5.26UCOOF-01 
50030000 5.'.600OOE-01 5.260000F-P1 2.8ti?4801r-01 0.0orlnfE-01 -9.0OOOOOE.01 -5.2600r0F-01 

* s0040000 5,480OOCE-01 5.26D0Cr-Cl 2.FF24PE01 O.0C0OOE.Ofl -q.D0000Cu~oi C,60o-.  
50050000 5.'.FOOOCE-01 5.260000E-01 2.882'.P0r01 0.CCO'O0OE.O0 -9.0OO00E.OC -5.2600C0E-01 

* VOL NO. ROUGHNESS HYDRAULIC PIAM. VOLUMF' INTT, C0"'. I.C.VALUF 1 I.C.VtLUV 2 T.C.VALUF 3 I.C.VALIJr 4 
(FT) tFT) FLAGS FL A G 

50010000 Io500000E-04 8.353055E-01 r 4 1.'.7O0001O 1 .2000 OE Io02 Q.'.E0000E-O1 V.0OOOOOC.O 

* 50020000 1.50OOOOE-0. P.353055E-O1 0 4 1.'.70000fo01 1.200000E*02 q.4EF0O0OE-01 0.000000r~c 
50030000 i.5noooor-'. 8e 353055F7-0 1 0 4 1.470000F#01 1.200000E*02 q.4eC0OOU-O1 c.000000'.0 

50040000 l.S'OODOE-0'. 8.35355E-v1 c 4 1.'.7O0000rfl 1.2r0CC1*EC2 '.PDCOCr-01 .cCr* 
* 50050000 1,5000OOE-C4 P.353055EE-01 0l 4 1.'.70000F*Dl 1.200000E*02 c.4P00OCF-CI r.OOCOOOE.C 

JUN.NO. JUNCTION AREA FORWARC LOSS REVERSE LOSS it'MICTION INIT. 110. VEL. INIT. VAF. VFL. JNTERF9CE VEL.  
* FT2) COEFFICIENT COEFFICIF%'T FLAG cFT/SEC) (FT/sErC (F/SEC) 

50010000 5.'480000E-Cl 0.0OOOOOE0oo 0.000000F400 1000 C.c0C00E.0v C.flOOOOOF.00 0.OOOOOOE[tJO 
500200C0 5.'.800C0E-1)1 0.C00003OFEtJ0 0.00000OF 00 mnoO C.00C0C#0 0.06oofoGf.00.CrnEV 

* 50030000 5.'.POOODE-01 0.0OOOOOE.o0 0.0OOOCOE.0D 1 00 C,000 0000o C.000009i.00 n.000E0 

& 50040000 5.'.A000DE-91 0.1300co000 0.0000cor'0 1ll00 0.0000OOEII00 0.000000E.00 0.0co00O0C0 

INPUT DATA FOR COMPlNIENT 51, C-5U-52 SN'C0LJUN q HAVING n VOLUMES AND I JUNCTIONS 

JNN.FROP VOL. TO VOL. .JUNCTION, APFA FOFWA0fl L, S PEVERSE LOSS JUNCTION SUPCOOLEC TUO-FHASE 
JUAc FT2) COEFFICIEN~T COEFFICIENT FLAGS DISCHARGE COFF. rISCHARGE COFF.  

1000000 S0fl0C0 5200OCOC 5.460000r-Ol 0.0OOOCOF.00 fl.OOOOOOE.0O 1000 1.ocoCoE*00 1.c0G0ooEor-0 

0 ,JUN.NO. INIT. L10. VEL. INIT. yAP. VIEL. INTERFACE VEL.  
cFT/SEC) (FT/SEC) (FT /SEC) ' 

51000000 0.0000Ooor0C 0.0oucoor00 o.oooooorfoo 

INPUT DATA FOR COMp~nE7N 52, C-r"l SCLVOL , HAVING I VOLUMES AND V JuNCTI(ThS 

* VOL NO. FLOW ARFA FLOW LENGTH VOLU'YE HrPIZ. ANGLE VERT, ANGLE ELFV. CN0G.  
(FT?) . IT) tFT3) (rEG tEG) (FT) 

5201000C 5.4.800OD!F-01 5.C~oDDoE-rI 2.740J0DO-Cl -9.O.001Eo 0.00OOOOEII00 0.000000r.%c 

VOL NC. ROU(nHNESS HYDRAULIC !IAm. VOLUMF ltPIT. CC"!. I.C.VALUF I I.C.VALUE 2 J.C.VALUF 5 I.C.VALUE 4.  

(FT) t(F T) FLAGlz FLIG 
* 52010000 '.57200OF-05 2.546011 E-nI 4 1 .470O000E#01 1 .200000E*02 9.4PlOOCv-01 0.OOOOOOF.C 

INPUT CATA FOP CCmFONFrT 51 C--7-!7'4 S"CLJUN 9 HAVI C 0 VOLUMES P.%D I JilkCTlO .S 

JUN.NO. FROM VOL. TO VOL. JUNCTION ARFA Frc6!Ac' LOC% PFVERSF LOSS JUNCTIC'l Su)PCnf0LFE ~ -p 

(r~)COFFITNT ro~rrICIF~fT FLb-S DISCHAPGE COEF. rISCHAPGE CCEF.  

* 3CO0000 52U 10 fOD 54.00 CCC C S ApvoDClF-cl 5 .o0Dr rcF-n i s.50O eOF-Ol 1 Cc c c 0 .coor 00 1 .0pnoon; #or 

JUN . NO. * IjIT. LI~o. V97L. IIT. Vl P. VFL. UfiTEPFtCE VEL.  
(vT/,FC) (rT/Srr) (F TI, Sr C) 

rC000 .cflpov0 ') 0.f00VI,lDn 0.000000rcrcO 

* I.~U F~ CPrPN 4. C"iP.' HAVINn Ql VOLUMES, tNI 04. JvNCT1okc( 

VOL NO. rLArrA vL r, L rf'r T V ?L U r y7 .1 *N(L r V FPT . 4 PC-L r I L V. 0(itt.  

0 '.iCOOC C i-pr Ioor 3.fll7t,4r:' 0. n.Cjrlnr* -r . 1rC000." -b.1 FC 

74300 !'c.co.4,-nc~oFc 1 -, A.i7,n -0 C.rnooocrcO( -1 .O~C cCFl - . :p nc 0r~ I 
',4040003 5.'.-0flCr-oC I * p r F- n7 - -1 0. U 0 n0 0 r#.0 -r.rnCDrC,C.0t w5.crqtr-C I 

L 4 06 0 0 0C r 1 .4 nO C rf- r, I. F Lr 1 .31 1 4 r 1 C. cDr~ y ~ r . ~ c j r I - f-' , r r r I 

r4 7Ob .4 PornrJ- I 1 * l 1r-f~ I r7 4 -0 0.C .F0 4 -.I -t QC L I 

4ACOfD(Z 4)0C , r I I 'r7( 4n*.( 3~~rrr C~ron~. clCC4C 

L,4* ~'1cc 0 4 n rF,-f I I r 0r~~ I a r o r 0.~n r.* -'F 0 ro o P6 f C 

r, 00 *,4f00f' -r 1 6 l tr 7z '. ~ '-14 V -) I .C 0C 0rr 0C0F r5. (



t) L~ F) LC £ 
- 201000C 4 !72Dr 'A 6 1 It- "1 1 .47uC roI 1.2rc~c( ~~ t .*P1( -( r T 0 0 

0 NPLT rAT A r r ; cr vr oF. T , r 4  r- LJUNe itA, I CJ~ VCL'PF ~ PA2o (-I I r or 

JUNO,O FROll VO)L. TO VOL * JlJ0.CT 1r'. . £ c66 r ) V ~r P sr I c SJL,-CT1~ I SlCrL f ~ -ip 
(r7,)rorr Iyr v p'rF; IC IFt-T F L f r1sc~tpcrF Cyou. 'I V4 AP Fr C f .  

* r3C0PCO0 52U 100 50 .0nrrcc F).4 ' 0 V- C1 5*~ 1~ .~ olCO0i~ I~. 1.~0~O n ICrj,*I 

(VT/90,c-cl IrpO -( r0/r~,6r I lCC)*f 

VOLpu NO. FLW t FOP CLC v tj rr4 r g AOW VO? I h r V 0L T mF. 4N~ (1 to. C I 

* 54010000 5 94 P0 00 0r- 01 5.58t,0000-c1 3 .f ;7 F/r- n I o.clrcooor~cr ,:.Ooo0000r, 411 t.9PPC OrfI 
54020000 5.030000f-0 1 IFPGDO~ 3.L,.7,,Isr_01 ooocoonrocc -9.000000E*01 -s15eOCCOF-0i 
54030009) 5.40000F-0 1 5. 5p0GDO0O-~I 3.0Z7-o4or -01 0.OflOOO0.oo -9.0oooo00F0 -5.l.p0CvDFr-Z 

* 540400(lo 5.4P0a0OF-01 5*52000E-01 !.O=7P40 -C1 0.')00000E.O0 -0 .C3COOOE*CI 55HfrG 
54050000 5*4800OOE-01 5.58CO00OE-ul 3*057840r-0l 0.000000(.0O -9.O0000OF401 _50.AO00OF-Dl 
r-4060000 5.4FROOCCE-01 5. COOOO6E-rl 3.057e4.O7-01 0.o.00OCE*OO -9.0C000E*01 I'o~uo 

0 54070000 5.48000CE-01 5,sEOOOO!-0 1 3.;-r7P4.0r-0j U. 009000E.00 -'.000000E#01 -b1.5R00ODF-01 
54080000 5.o4b800OGE-01 5.sS00rCF-,^l 3.c 57P4-r-Cl O.00D0000E.0' -9.6OOOOOEc1c -5oo58COCOE-31 
54090000 5.48000CE-01 o5o58G000(-C1 3.057P40r-0l 000000ooon"' -9.0OOOOOE#Cl -b*580000E-01 

* 54100000 5o4PO00E-01 5.580000E-Cl 3.357P4DE-01 0.O0flOOE.O0 -9.00000D0Efl -5.'teooooc-C 
54110000 5*4800rE-01 5*560000E-01 3*057P40r-Ol 0.00r000F0!.0 -9.000000E.c1 -b.5AD000OF-O1 

* 54120000 5 ,4R4000E-0 I 5.58DO10E-El 1 " P0rC 0.VOOOOOE.OC -9.OOOOE~c .05~.1SBOO -rO 
54130000 5.4AOODGE-01 5.58000CE-t'1 3oC5784DE-01 0.Ccn0C00 C -7-.00000GE.01 -50'POOCCE-r1 
54140000 5*4P0000E-01 5.5eOGCOF7-Ci 3.057PACF-01 0.OODOO0E#t'O -9.00O00Cr#.01"SCCF'G 

S 54150006 5.4qoOOOE-01 5*5800D0E-01 3*0o!7QA0F-0I 0.OOOOOOE*00 -9.OD0000r.0l -5.5RD000-01 
* 54160000 5*4800COE-01 5.58DOOOE-01 3.057;)40E-01 0.U' G0'E+00 -9000000oror. -5.5eC00r-P1 

54170000 5*4AOOOOE-01 5.580000E-Cl 3*057F4OF-01 0.CD'000E.O0 -9o0000GCF#GI -5.5100000E-01 
54180000 5.4800OCE-01 5.580000E-01 3.057bokU-01 0.000000F0oc -9.c000*0 -5.bPOODOE-01 

* 54190000 5,4800C0E-01 5.58OOCOE-01 3.0"'78.40r-01 0.C00000E.0v -q.0CC000F.01 _511%0000r_31 

54200000 5.4PODOOE-01 5.SPG0OOO!-01 3.0917f4t"r-G1 0.C00000E4CO -9.000ccor*D1 -5.5POOCO!:-01 
54210000 5*480000E-01 5*580000E-c1 3,057840F-01 o.ooCOOOr4oc -9.oooo0or*o1 -5*5PoonODE-o 

* 54220000 5.ABOOOOE- a 5.56f03GE-c1 3.0578417-01 0.OflflOOE.00 -96000000F.01 -5.5800D0E-01 
54230000 5.483000F-01 5*580000E-01 3.097IF4V'-01 0.OOOOOOE.00 -9 .00OOcoL*G3 -5.58000CE-01 
54240000 5.4PODCCE-01 5.580000E-01 3.057E40:-Ol 5.000O00E*00 -9.00O0aGE4oi -5.158000CF-fll 

S 5425000C 5.Af'0000E-01 5.r,80000E-01 3.057640r-01 C0OOOOE.0p -q.oo00oooo l -505800cor-01 
54260000 5.4500OOE-01 5.5800D0E-01 Z.05764DE-01 O.CflOOOOF.00 -9.OOOOOOE.01l -505800D0E-c1 

~54270000 5.480000E-01 5*580000!-01 3.0'57P40r-o1 0.OOOOOOE.00 -9.00flO00E*0I -5.59000OE-01 
54280000 5.480000E-01 5.5S0!IOOE-01 3.057840E-01 0.00ooOCE.0 -9.0000C0E.01 -5,580000F-01 
54290000 5.4800D0E-01 5.5800D0E-01 3.057,440r.-01 0.000000E#00 -9.0OOOOOE*01 -5.580000E-01 
54300000 5.48000CE-Cl 5*980000E-01 3,057F4flr-.0l 0.000 000E*00 -9.000000F.01 -5.5R0000F-01 

* 54310000 5*48000DE-nl 5*58C000E-D1 3,05784OC-01 0.00000pr*00 -9.OOOOO0roE. -5.5800C0r-Ol 
54320000 5.4po000(-01 5.45FD000E-n1 3.0"i7840E-Col 0.Cn000E.00 -0.10CO00E.G1 -5.580000E-01 
54330000 5o4800D0E-01 5.580030E-o1 3.C5784Cr-01 0.00000O -9.00000CE.01 -5.5POCGOE-0l 

9 54340000 5.480000E-01 5.58000DE-01 3.057640F--0l 0.OOOOOCE.00 -00OOOOE*01 -5e5,q0Ca0E-01 
54350000 5.4POCOE-01 5.580000E-o1 3.057P40r-11 0.000000E.00 -9.000000E.01 -5.5PCOOF-01 
54360000 5.4 0000E-01 5.58000CE-P1 3.057R40r-Cl 0.0000(inF.00 -9.000000E+01 -5.58OOOOE-01 

* 54370000 5.4FD000E-01 5.560000E-C1 3.057R4.0r-01 0.000000E*00 -90 .OOOOE.1 -5,5AOocF-Ci 
54380000 5*4F0000F-01 5s560000E-Cl 3.057840fr-Ol 0.000090r.0 -9.000CD0E.01 -5.5S0nOFr01 

54390000 5.480006E-01 5.580aoor-01 3.0578A0V-01 0.OOOOOOE.00 -9.OOOOO0 -5.580600E-01 

* 54400000 5.48000OF-01 5.580CO0E-01 3.G57F4t'-0l 0.000OOOF*0O -9.0OOOOOE.01 -5.5A000Dr-C1 .7 
54410000 5*4ROG00E-01 5.580000E-01 3.057840F-01 0.00OOflOOE00 -9.D0000E*01 -5.580GOOE-01 
54420000 5,480000E-01 5*5600VOE-C1 3.05Th740F-01 0.C00000r.00 -9.f0o0oo0r.01 -5.580O0O l 

* 54430000 5.4P800OOF-Ol 5.5afl0cOF-01 3.097R40r-Ol 0. OOFOOE00 -9.000000r,0i -5. 80000r-0l 
544400DO 5.4POOOOE-01 5.5800000-01 3.r057F40;r-0 D.CofOO.JE.cc -". 0000F.C1 -5.Secocor-c1 
54450000 5,46000CE-01 5.5800000-01 3.057840r-01 o.00o0Oor0o -9.0ooooor~ci -s05PODOor-01 

* 54460000 5,4A0000E-01 5.5800000-C! 3,057P40r-01 0.000000E*00 -9.000000E*01 -5.5R80000-C1 
54470000 5,400000r-01 5.589000-el 3.057b4OF-01 0.0000000.00 -9.fl0000DE.01 -501E0000C-91 
54480000 5,44F0OGE-01 5.C-80flC0E-t, 3,057Ec.Or-01 0.C0f0000:C -9.00000CF401 -5.580GCGF-31 

* 54490000 5.A'i00oE-0 5.000CO-C1 3.C57F4[D--0j 0.00000oE*0c -9.00O00crool -5.rp00cOE-F01 
54500000 5.4P&00030-01 5.580000E-1 ' 3oCr7R40F-Cl 0.900000E.0G -0.000(CDCEC1 -5.' ACU0F-rl 
54519000 5.4Qog3o0 -01  5.158001 0-cl 3.05784OV-01 0.VCr00DF.00 -9.0000000.01 -5s.'o!PCOOF-0 

* 54520000 5.4PODU~CE-01 5.'.qOCOOE-01 3.n57F400-Cj 0.COCOOOF*Cc -9.VC0000F.Cl 51p1rc 
54530000 5. 4 0 0 0 10 E- 0 1  5.15C.OCE-21 3.3576'CF-01 0.0001E*00 _q.cCc~o0Efl -5o.'iQ000DE-0l 
54540000 5.4P&00000-01 t.5t 000DE-t1 3.C0 I 40V-01 0.G0000 C -C5.0C0o00oFC1 

* 545o50000 5.400 01E-01 5.80E0 .057PJ40r-01 0.Cn000.C 9.0000.0 
',456COU 15.4P^ C F-01 55%C-1 'b7"0 0.0C! )n9.0 -Q.0O0COOE.4! 
54571000 5.4C0000-01 5. 9A0C 00-01 3 *C57I4 okF-Ol 0. ((0C.C 0000CE+ C -. 00 -4.DD*-C*C 151locrc 
54580000 5.4800f0CE-01 5.rpflco0F-01 3. 64rC 0.00000l00.C0o -"o,11G0Co0E*D 

5459000 5.-0000 -01 1V57F4r-Cl c.C.0[0,jfrO.0 ) -,*o.0CL'000F.0I,,.J cfv r 
'46PC0DD !.4 'uLCo'E-G I !5.QPCC F-r I .5~4~0 C.r:OaCIr.Cc -'Q.Co030GF(1 

5 546 1 G000 5.4-00C-l !.Cb4,C G.G00Clr *C -n.^' 0rLr.-tntf~~c1, 
546VOl0r '.4;iD0rIF001 5.F3pFr1j 3.0,7"412r-01 0.COr00,,F.CC -n.L~cC&CF*Ll 
$14630000 9.4_oojflr-1I I.Cr~ .Cl,7t''-0j 0. ov0CflV.Dc -r.roocoroD0or.c 

* 5464C000 5.41100fjE-l1 ".."~7140,101 C.f[,3oCrcC ~ .c orl tICo 
946500Occ . o &, DnFr-0 1 o 0~ 3. C57e4r_-01 0.00V0CC -' .0 )0000 1~FC 

r 46 6 'f000 r ., "' ( , F - I ,. . .Cfli 13 ', 1 r 7F4 - .. 1 0 .C 0 0 r . .rcp r o I - ' ' r : - C 

'467(]PrrnrO~r 040
0  00 -. 0ull- g '4r-Ein 

* 547000r(0 '.4ACnC~j -01 5 Fr.1 0'. 7 F,4 C1 I .O0. .F.01cv i~r o; 
"471,"000 5,4)-o,rF-0 I !S.rI00eCrLj !.0'- FAr,:-01 o.rnroccoor --. O(Occcl *'~I -b. Cror .~-I 

* ,47PCCCC 4 1.--KC- 'C, 1*41 1rr--



c 1 7 C C r r I

r14 7r0o0 C~~- x~~'rt -4.t-o-.- - - -. c t 

9w 4 4g 7, f r, GO 0 b*~ t~ C 7r 1~ 7. ,1r 0l 

r450',OCO .4r r r P.* r~ i 00 

5451 1000 5. 4 11C 9 ~1 -.POE C F- I r r. Cr41 r 0. C -C00cr4 ,1 
* 5452poor 45 I r c -j r-c1 1 !~71 4 1 C c '-r r ~r r f .~ 

5450 C .4 G 0 0 f - I r * n1 t, r'r 

* 548O0O 5 0 OF ~- s 5r 0 ICE-,1 3.7 4 r i G.OCr C. C 

14 m rO 5. -r-n I .p~pCIE- I I.l74rC oc oo r -9rr ~i.I 

* 54610O30 5.4-000(C-0 I 5. p0 0L C r -t^1 3 .C97i 4CEj , 3 Ca CC F.1 5. D, 

54620000 9.4; 00DE-Oj 5 .D 0E-ni 3.D57R4CC'-Ol 0. cocOCEDcc -9.cc0G0CF. . ,P , 
54630000 '.4kOOOOr-Oj 5."Oocul-r.1 !.C57F40r--Oj 0.000000r.oc -9.rOOOOr.~fi -5.FOOt'0E- 1 

* 54640000 5.AP0000E-01 5.!b60Z-F~i !.Orc7E4OF-Dl O.coor*Oc -'l.oc00t0 *t1 _5.%FOC~r~i1 

94650000 !; 4 A0 OE- 01 5 1 L 0c 00 F- 0 3 . c5 7 L 40 7-01 o.o0coocroo -9.00000Cool -5 Oc L, 0- -0 
5466CC00 5.4eO00GU-' l 5. ", ftG 0 t 0E -I 3.C57F4orEj O.COOlC 00. 40 0 7#0 5,~rrp 

* 54670000 5.4RODOPF-o1 5.%FcOccr~pl i. P A7 .C r -1 c.~iC~C 0 c 0C00t-Cf' 1 
5468C000 5 .4 2 0 0 O- 01 511;860DOE- -1 3.057F,4CF-01 O.c0c0c.cc -9.D00C0Eto -5.bpC0cor-s1 
54690000 5.'.800POE-01 5.L)PcooGF-_1 3.057F407~-01 O.Oaf000~oo& -9.00OODOE*01 _5500oror~o 

* 54700000 5.4AC000E-01 5.=8CGCOr-CI Z.057640'-GI 0.000DOOE.0~ -ca.llnocc0tf. _5.% ootrrc1 

54710000 5 *4 F000 AF -01 515HOCE-01 !.0r_7F40r-O O.C0000DE#0C -9.000COOr.C1 -5.5POOOOF-01 
54720000 .4PO0OCE-Ol 5.9bCOCOE-Cl !. 57PAC"-01 O.OGCC E.t -~C~.C 1 -5.tP0aCIF-71 

* 54730000 5.4AD0 C E-O 1 5.954t0 OE--j 3.*057Q4Or-01 o *ooroocEr.c 0 F -. . p0 0E .0 5.0 F * 1) 1 
54740000 5.4A00OCE-01 5.! 80000E-:l !.057-40r'-O1 0.Oc~cOF.00 -9.C0',O0OF.c1 -5.rFcO~c__-o 
54750000 5 .4 Boo nOE 0 1 5 .56f,000E- 0 1 3.0578A0F-Ol O.0ocoorrE00 -S.OC000ccr0 _S .rP cc r, -0 1 
54760000 5.4POOODE-01 5.5WOE-C1 3.057&407-01 O.Co 00Dr.0D _qCOCO7C -5.,pocr&r-c1 
54770000 5.4S0000E-01 5.5FO000E-01 3.057&40r-Ol 0.o00flr.' z -9.000000E.C1 -5.r5P0000F-O1 
54780000 5,4POOCE-01 t5tloc0E-1 3.057F4Gr-Dl O.C0o00rPF.0 -QrlOcEc -5.5fOGOG&-0i 
5 47900CO 5.480000E-Ol 5.rbc0ccE-c1 3.C51oA0OF-01 0.00c00ce.ro -s.mroccOEri 5,prro 
5480GOOO 5.4 O000 E-Cl 5."M00CE-U !.05764,-01 0.Of003 F*00 -9.OC0c0VE*0l -5.580000--El 
54810000 5.4P0OOD-01 5.!i8001jo,_-&1 3.O!;7A*or_1 O.OOnOC~r+CO -c.COGOOOE*O1 _5.spoccor-c1 

* 54820000 5.48000CE-0 1 5.5eO'O-01~~ 3.057b4OF-Cl 0.0V00CF.O0 -c.DOOOOCE*O1 -5.!5Fp" ' ,--.1 

54830000 S .4P0 0 C E- 01 5.9 800Z0E-01 3. 57F40r*-0l O.n0o0lE4O0 -9.0O000DOE.01 -5 . r8000 F,-0 1 
54A40000 5.48o000F-Cl 5.5E00CGE-11 3.[57&4rr"D1 o.Eocoocrocc -9.ccOCOrE.c1 -5.580DC~r-O1 

* 54850000 5 s4 80 0 0OE- 01 5.58000OF-(1 3.057E-4Cr-Ol O.OOAOOWE.0f -9 . 0 0C0 0 E *01 -5.1580000r-C1 
54860000 5.4F0000E-01 5.5800COE-c1 .CE,7P4Cr-O1 0.00r'OOPF.00 -9.000000E,*O1 -5.5800tOF-01 
54870000 5,4800j0or-01 5.g58000E-01 3.O57F40r-Ol o.rOcOvOE.oc -cq.OOOOOO0f -5*5P0OCCr-Ol 

* 54880000 5.480O0C-01 5.58000CE-C1 3.057F14C'-01 0.CC0Ooo*0C -9.oo0000E.CI -5.!P00tCOF-t1 
54890000 5*46000CE-01 5.gi80000E-Cl 3.057e40--01 O.000000E.CC -19.000000E*01 -5.5e0000or-oi 
54900000 5.480OC3 -61 5.5e00LE-1 3.057P4CF-01 0.oOcOOcF*Oc -9.0000GOE401 -5.'cOoc0E-r 
54910000 5.4POOOCF-Ol 5.5peor0E-rl 3 o057F4Cr*-Oj O.oonocor~occ 0000000F(> -5l.'8oocor-oi 
5492000C 5.4eCAOCE-01 5.80C-1 3.057P43_---O O.torOOpF*Oc -. 0C0.1 -5.5aCClcC-c1 
54930000 5,4P0000E-O1 5.5860C0t-01 3.057F40r-Ol 0.COOO0flE*O -9.00000CEOC1 -5.5800COE-nl 

* 54940000 5,4800DOE-O1 5.c80t)C0E-01 3.057P4CE-O1 O.CO00E*OC -9.000o0o.1 5q0Cr1 

54950000 5*480000E-01 5.5800r'Or-C1 3.G57P4.tr-O 0.OcZoOoCE*O -q.0000Oor0o -5.980000F-Ol 

* VOL NO. FOUGHNUE S I-yrRAULIC [-JAM. V0UE IIT OO .C.VALUF I I.C.VALL'E 2 I.C.VALL'F 3 I.C.VALL'E 4 

F T (FT) FL4C-c. FLtG 
F,4 010 0 1.5r0000OF-C4 P.353055E-01 C 4 1.47000.01 I . 2000 0 0roV2 9.4F,9OOCE-Ol C.00000c;.*' 

* 54020000 1.5000CrE-04 R.353055[-rI 4 1 .47COCCE4CI I .200000E*02 9..4crioc-01 C.0000co.0 

54030000 1.5 l0000E-04 8. 353055E-Ll 4 1.47GGOCr*M I 1.?C3GGDE.02 .4 e C 0 0 OF01 c.0Cp0ccrE.c 
54040000 1*50000,IF*04 M.2753555E- 4 1.47CC0tE-01 I .2COOCCF02 c.4PCO000E01 (,OO&too.* 

0 54050000 1.50000OF-04 8.!53055r-Cl r 4 1.47^t0CrCl '.200C0 '*02 C-4P~lOELF-EJ '.[tctct .  
54060000 1.5^0000-04 A.353[c'5'r-fi C 4 1.47000U.D1 l.Nr0C3F*~r02 r.4%00Cr-Ol '.OotoC'i.  
54070000 1,52000CE-54 0. 353C55E-01 4 1 . 47 DCC C.0 1 1.2 c0ooF.2 0.49 00CF-Ol nCCOOOcF.c 

* 54080000 1.5A000PE-f4 8.353055E-c1i 4 1.700*l 1.20000C[*G2 c.4PVV0CF-O1 c00p0vGO7*v 

54090000 1.5flCOPOE-04 E.353055F-C1 fl 4 1.47VOOtr.C, 1.200006E*02 9.4ECOOOF-0I U.00000CE.VL 

54100000 1 r.OOGC-04 k . 353n5!E- l 4 1 .47 C1C FC 1 1 .2000COF*02 7-.4F CCVr-C1 .CC0.  

* 54110000 1 05 i 0 0 G(F-0 P.3530S5E- l 4 1 .47fln0Cv.Cl I.2PCCCrrC2 c .4 0C 0 6-F 01 C 0 , 0 0 F 

54120G00 1 . r 0 0C . F0 4 P.35305FE-^1 4 1 .47COC~r*Cl 1 .?2COE02 ';.4F3OGVF-C&10?PC* 
54 13 00 DO 1.90000 nE-14 f.. 353C55F- I 4 1 .47CCt.1 1 2COC. .4C0-0 .0C0

* 5414 000 1.5r'O0C0 -' P.153055r-Cl r 4 1.47CO00r~fll 1.20CC01r.02 0.4S 000r~l -01os* 

'i4 15 0 00C 1 .7000 CE-04 E .35~ 4 1.4CO:C 1.2Cr;Z ~.iC -C1 

5 421 0 CC 1 .! 0C0-Z4 P.50~-~4 1 . 47 CC.V 0 0* 1 . 2 C C L C ~. 4 C C , Ir 

4 17 C0 CC 1 . 0 0 UF- 04 ~ '53 1 -9tF- 1 4 1 .47COOZ. * 01 1 . 23 CC E'G r4F C Or, r 
54 1 PU 0CD l1 .J-C A.5 1 1 4 4.7.~ 1.~c~r 0 .4c, 0 C rI 

541900o)0 1 .510C 2F- .4 C. 5F 3C b;7 4 1. 4 7C 0C C .1 1 . 2 0 0,C2 4 c 0 

520COCC 1~ tOrjrG P. _3 : 4 1 47rCZ':; I'C.20l ^ 1.? JrCC.41C0 -Ol .CrcU 

r- C I. r 4 r.4 -I,~ 1  r ~ 4' t- L, ~ 

422'C,-V .20c 1 .47:272 r, r~ -~: 7 

r42 10 1 C~, C4 35 PFr-1 4 .7 r r r. L rv I*rzC4 t'o-c 0 C ro 
4 2 6?C 0 C 1.00 r -n 4 4 .4 7 22Vr".- 1 C. . .':o4z 

cs 1.7r r 1 r. C .C CI r Cr C Ct C 
4 ;CLr4 1.7~ 4. 7 Zr e 4~C *1 

r~ 40 l 4A I 4 

4 1 4 1 .47 * ' *~2~ 

4. C-" 7 . ! 47 -[ : r~' C ~.4- 20-C r70K 4 52,0 *31 1 .47 .4 1: : ̂:Z72C or 
4~~~~. C070-4 '14 1.47 LL4CL.nl 

4'14D0 r.'~.: I -rr -r. - ,;



- - . r .V I - A a * . . i . I-,eLi V *v,- a . 1,. 1 ,

G 04o 01o, 1.500 4 7 r C t.50"- 1.Z'lcc rof' *.05r-.1 c0 o 
914 00000 1 Snooo r-m4 1 41 7 0 C, C r C. I I * . C 0 DE C 7' P O I* ' 

S. 0 0 1 .~7Z' 0 r- 43 A" 1 .~~rF 2 f L 4 D-P ' ' *, 

1)411(0900 r V inC~0 r.!b5CbFr- 1 4 1 . C I I . 2 7CC ~ *- . 4 11-C, ( I .f 

15 41 0 G00 1 50 u C r L. ' b 30 " F1 4 1 .4?C0D .1 1 .C 2:rc 0*C r- I 
* 54200000 11)000~0 Ff4 P . 53f055F-I 1 1 1 . 47C1 r f I 1.72&r'z .c. ~.~C 3 1 S p 

)421500 ctOOGt~-C 1f500E0 .505-l1AC~C.1 120tV0 .0CD 
~416 0 00 0 1.t,,33CE-r4 P . 53v 5 F-r I 1. 471 0CrI0 I 1. 2 c.C 0CDC 4 C f C. I C 

S 54230000 1.5c'0000F-0A 8.50~~ 1 1 .47fCF..1 12000-2 .40l0 
I P G0 00 1 .5,00cf-04 ~ . 15! 1! 511-1 4 1 .47U'0CC.C 1. ctE. I. 0 VC ~.C 0CC 

54250000 4.000E0 ol505~1C1400F0 .0~t~*. ~ 400!0 .000.  
-* 42000 .50OO~0A ~ .5355-~1 .4 7DC rC 1 1.? FO0 .2 f-.4PCO0OF-0l .00Dj 

5420000O IOSOC000E-04 P.353055F-i1 "G.700rol 12cC0^ 0 .e00r0 ~ ooo.  

54210000 1 .9IDOOE-o4 P.35'305E-Z1 & j.47(fCp!*Cjt I.2000C.02 r.%APC000i-ej c.Uooocoric 
* 5422'000 l.1.b0oCE~-O &.353n55F-rl D 1.47000(.01O 1.20CC0U*^? L.APnOCtr-Cl C.000000E 

5423;0000 1,50000DE-04 B. 35305r-1, 4 I.4 7,,rccV.0l 1.200r.c2* '.40000r-C1 C.coflocO*.  
54310000 1.5000COE-04 A.3 53V5!E-0.1 P 4 j.47CfCCF*C 1.20C60CF*:2 C.4CO00F-CI 3.000000V.0 
54250000 1*500D0CE-04 B.3530 5F-1 c 4 1.47CC)OtF#0l 1.230COCF02 Q.4FP000G--0j 0.00000CL.0 
54330000 1.500000E-04 i.3530555E-r1 j .4700VCr#V 1.200000F*.02 0.4evo00E-oI (0.0(jooocor* 
540000 1*500005-OA P.35305SE-VI A * .470C000.01 1.?CCOOOE02 C.44C00D5-01 .0fcc0005.0 

* 4350000 I. 5 00 0 0E- 0 4 .3530 55-Cl 4 1 .4 7orcrrocl I1.200000r.*02 4 .AtO0 )C0 i-1 C.001000FE 
5436-000 le500000E-OA f8.353055E-lI 4 1.47rctC0ooC 1.23C00Zi0r*C2 c-.4bI70CF-D1 .OOG0 
54300000 1.500009E-04 8.353055E-Cl 4 l*.47000r.*C1 1.2000005.02 9.,PO00or-ol 0.CDCOODS.0 

* 54380000 1.5000005-04 Q.353n5F-ul c 1.47C000F.01 1.20C0005.02 0.40000F-l~r V.000000t.C# 
54320000 1.5000005-04 8.3530555-01 0 4 1.47C0CCC1C 1.?30C3E*502 c.FDOE0 f.00000E.0 
54400000 1,5r000E-04 8.353D55E-01 C 1.470000'.01 1.2GC&005.02 0.48000CE-C1 0.063oooE*0 

* 540000 1.5000CE-04 A.353055E-01 C.A 1.47000CF.01 1.20000"E*02 Co4Ar.000r01 0.0000005.0 
-54320000 1 .530 0 03E-0C4 8.353055E-C1 1 1 . 4 70 0 0 0r*fl 1.2000C0F*02 0.4F'0005-01 '!.Cc0000E.0 
5430000 1*5000D0E-04 8.35305b[-[l C 4 1.4700005.01 1.2100000!.02 9 * 4 P80 0 0 0 r- 0 1  C.CODa0r.  

* 54370000 1.5q00005-04 8.353055!5-Cl 0 4 1.4700005.01l 1.200000F*02 9.4P0000E-01 0.0cc0005.C 
54450000 1.5000005-04 8.35730515[-D1 e 4 1.470000F*01 1.200000E*D2 0.480000E-01 0.000000,E.0 
54360000 1.5000005-0' 8.353055E-01 0 4 1.47C0005.01l 1.2000005.02 Q.480C05-01 V.000000!.0 
54400000 1.5r00005-04 B.353055E-Cl A 1.470005.F01 1.2000005.02 c.46COOOE-C1 C.G00OOCL.0 
54410000 1.51 0000E05-D 8.353055F-01 C4 1.4700005.01 1.2000005.02 0.40f00C5-Cl o.000000E.D 
54420000 1.5000005-04 8.353055F-Cl 0c 1.47000C'*.01 1.2000005.0C2 Go4eCD0gE-0i 0.0000005.0 
54530000 1.5000005-04 8.3530555-01 0 4 1.4700005.01 1.200000E*02 9.48CODr-Ol0 V.00000E.c 
54510000 1.5000005-04 8.353055E-Cl1 4 1.4700005.01 1.200005.2 9.4seD00E-D1 0.0300005.0 
54450000 1.5000005-04 8.353055E-01 vi 4 1.4700W#101 1.2000005.02 0.48O00CE-01 V.'D'000E*0 9 4300 1.50000050 3305-01 1 4 1.470000'.01 1.200000E#02 c.4PO0005-01 C00LOooE.  
54460000 1.0005D .3530!555-01 V, .700.1 1200502 04C0~0 ~ oDO~ 

5447000 1.9000D-04 835305E-SlC. 4 .5790C 000 1 ,.50000-02 4so8.3530555-0 00C 
54580000 1*5000005-04 8.353055E-01 C 4 1.4700O00l 1.2000005.02 9.4830005-01 0.00C0000 
54570000 1.SOOOOOE-04 8.353055E-01 0 4 1.47000~r+01 1.2000005.02 9.480000E-01 0.COOOO0EoS 
54500000 1.sOOOO0:-OA P.353055E-01 0 4 1.4700005.01 1.200030502 9.48000CE-01 0.00OODOE*0 

* 54590000 1.500000E-CA 8.353055E-31 C 4 1 . 4 7 C00 0 r* 0 1  1.20000C5.02 A.AeC000DE-01 0.0000O00E.  
54620000 1.500000E-04 8.35355E-01 n A 1.47POS0r.01 1.20000CE.02 9c4PC0CFr01 0.0000005.0o 
54610000 1.500G005-04 8.35305!E-01 0 4 1.470000F*01 1.2000005.0? cl*480000E-01 C*.0000 

* 54620000 1.5000005-04 P.3530555-01 p 4 1.4 70000F*01 1.200000r.02 9.4Pc0005-o1 0.000000Eor~ 
5463000 1.50000-04 8.33055-01C A 1.40005.01rfi 1.20000.02F0 .8.705 E-0.0 0.  

54560000 1.bOOO0t'E-04 6.353055-E-01 c 4 1.47000CF-e01 1.200000E.02 pi.48C0005-01 O.000000E.G 
* 5450000 1.50000C5-04 8.353055E-Dl 4 1.4700005.01 1.2000001#02 L.'46C00002 o.GDoocOCS.  

54660000 1.50000DE-04 P.353055! -31 0 1.47C000G~oC1 1.20r0005.02 Q.4elCC05-01 l.VGOOCOE.0 

54590000 1.5300005-CA R.353055F-C1 C 4 1.4700005.01 1.2000005.02 S.4eC000C5-0j 0.0003005.0 
5 4680000 1 .5 0 00 00E-fl 0 8.353055E-01 0 4 1.47Cr005.01 1.2000005.02 r-.'80000-01 0.000000E.0 

- 54690000 1.5000005-04 8.353055E-Dl c 4 1.470u00r.l 1.2 0 00 0 0 E*02  c;.48000DE-01 1.000000E.0 
54700000 1.50000CE-04 8.353055E-01 rA 1.47000OFofl 1.20C000F.02 q.4POIDC01 C.CocOOCcGF.  

* 54710000 1.5900005-04 8.353055E-01 C 4 1.4700005.01 1.200005.*02 S.468D0005 .G(0G0E1 
54720000 1.5000005-04 P.353055E-t1 rC 4 1.4700C005.1 1.2COC005.02 Q.4 eC0 0 0 r- 0 1  5.rooC0000'.  
54730000 1.50oooos-o' R.353055E-01 A 1.470V0C.01D 1.200000V.02 C.46000O-PI 0.00occOO~t 

* 54740000 1.500000E-04 P .!5 3 055! - G1 04 1.47C000F.0 1.200000E.02 9,4FCC00I01 P.Gf0000E.0 
54670000 1.50000CE-C4 P.353055E-Ct c 4 1.470000F'C1 1.2 0 0 0 00 E#02 c'C00E-01 0.600)00EO 

5468GOOO 1,50000DE-P4 8.353055E-01 c 1.4700jtCCG1o 1.2n0CCIE02 q.6000-01 C.00000%C0 
54690000 1.50000DE-04 8*353055-1 C. 1.A400tC*1 1.20 0Z31t2 cM.4elUCoEC1 .000O 
54700000 1.50000CE-04 P.3530b55-G1 4 1.470000r.01 1.2GO:CCF.0? c.4PtCCC-CI ocC~C~ 

54720000 1,50000DE-04 8.353055E-01 C. a 1.47tCC0F#01 1.20C000:1.2 I64OCV0 r-0cC00C'oc 
* 54730000 1.50000CE-04 8.353055E-0,1 CA 1.4700005.01 1.20C0000.Z2 1.4D0zE-01 0.0ol* 

547410000 1050f000CE-04 8. ,53055E-Dl 0 4 1.470000#01 1.?CVOCC.4 2 e.4PCOOccrt1 icooE& 

94750000 1.5Y oooE-.r, 9.5!5 !'A-Gl 4 i.47orVr' 1.CVlr#i f-4Cr.FC flVICn* 

54760VC0 1.550CCC5-'4 E.!535E-Al 4 1.47CVt.14 1.2C:0.NC? :.5 3 .001COCE C 
547700CO 1.5'000E-04 e301E- 4 1.47u3rr*Cl' O..200ao .ccr.02# 

* 54760000 1.5COOOCE-nA 4 1.a700C.IEr 1.VccoDCr.02l ,APCVF0 r.VL.'CW'*r 

S4800000 1.5 0C00-04 4 . A5 3 0 b55 .1  c4 1.470CFCt.f l.2C500*% .'tL'2t 

14IOC I. r.P o0 F - 04 5 30 5 -L, 1 I. 470 C po 1 .2 zc~.cj 

'bb00 oIO.I-0 .r~rrrl 1.47C~rtl *C 1.?' Goorr.02 t.Ap(ocr-o1 'rln.  
t,4860~000 H.b3iFn 120Ctr02 n.pccE-l lcC4o 

94q87rCr. I*5Z0CMr-C1 A. 5 ct5 r-~ 1 4 1 .47 CrC *"1 1 .20 CC.C Q.4ELfC0-..  

c4Se 00,' 1 47 Cr r 4 P L _ 01 C L.  * 420C 1~0~~4 .'5T55 1.7C0 *l.CC.? .4CC
4r ODr 4 1 * 'p 4- f' ?1 1f ~ ' * 1 -



4 7^r L I .' I Y rj 4 1 .4 7 C 3 r *C p.4~ 16- 1-'~ * 

46 'bC0( o4 u..' I~ . r: 0 C 4 .4;~ 7' 4 

4 firf 0 C C I so c* c F *c 1.2r:r~ P 3~ 0c . c F: -* 4 

4 70000C 1.c ;r~ '6 ~ .7 fr' I.' 

r "71 0C 1. CI I f 1 1 4 7'' ~ ( t C.4C' .r 

4 477ZZ C.'GC~-' C.3l.~~ 6' 1 * 4 l r F I, 1. 9 9 .1 4* 7- C r IO I 

1 7 i0 0 1 5 0 rr.- 14 14 7'r~t c- c o ~.4 OC' 1 
4 4L'0000 1 . OC C-04 COY F - AL4 1 4 7 cCCr1 r i C' 0.  

r.4 7CA 1-c4 & r01- F 1 .4 7 C r.1 1.2ZXC CC f CC 1 01 CC 
54C.00 1.~D0E~ .4 5 C 1 4 C.70VD C.000r0 r. C C C CoE 

5'487 ,,000 1 .50 CDF-04 ~335r1 4 1 .4 7 C0 C C 1 1 .20t0Col 4 E.--''0E0C 

.48(0 .0C~-4 , '4 1 .4 70C r iI .0 h2 L D .2 C4fKC C C -1 0 ccCo.  
* c489?0000 1.5&C,00 C 0 5 ' tF-14 1 .47C 0 C , f1 1 .2 E :1 - .D2 .0C I ' -r,1 O. 0 CC I" C 

~4 -130 0 00 1 . 1 IC. F-o C 3. -a n rCr 1 f4 14700I0C .1 1 .2000 0 2 4 0 0DD L I 

5-41u0c 1.5 0 0 C E-U 4 8.355EC 1 4 1.4 7C('CFIC I .%C ~C 2 c .4 CO 0 1 rCl0 G.  

* 54870000 1,5I0C00!:-04 k.35355.r~0I 1.4700 O * I 1. 2 0 C0 G r0 2 cl .~ooo~ 4S 1 OO3 

5491:0,C~ 1.500000E-04 P.5ALEC D '4 1.47COC6C"*V1 1.2rCO0Cr*D C.4F.D00V-01 r.Ctfo000(EC, 
5492~00 1 .5Vfl'OE-04 A. 353055 -'1 4 1 .47CCOlC I0 1 .2 C C 0 CCE*02 Q.4CPCIOio q.Coor,,OrCr 

549000 1.5 0000T-04 A.353055E-LI1 4 1 .47CDCCr.1C 1.2vc,"OO002 c.FO.:cr-cil :roccV 

JUN.NC. JL!4rTICN ARF A FCPWAR0? LOSS PFVE9SE LOSS JU'T 0 r- Pj4. LIC. VFL. TNIT. V~r. VFL. INTrFA4N VrL.  
(FT2) rCC-FFICJP.' C^E;FI7CIr',T F L f GS (FT/SrC) ( T/SrC) F7SFC) 

54210000 E .4 00 0 2E - 1 :O0COO0E*. 0 O.Dc-roF.r o' 1 0 V, 0 .00 oc0 0 On .ooor*Cp 0 V 0 0 r E 0 
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