
Pennsylvania Power 8 Light Company
Two North Ninth Street ~ Allentown, PA 18101 ~ 215/770.5151

Harold W. Keiser
Vice President-Nuclear Operations
21 5/770-7502

NOV ~4 888

Director of Nuclear Reactor Regulation
Attention: Ms. E. Adensam, Project Director
BWR Project Directorate No. 3
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUSQUEHANNA STEAM ELECTRIC STATION
POSTULATED PIPE RUPTURE
PLA-2756 FILE R-26,R41-2

Dear Ms. Adensam:

Attached you wi11 find calculations M-MSS-010 and M-MSS-006 as requested by
Mr. M. Thadani during a telecom on November 12, 1986.

If you have any additional question, please contact us.

Very truly yours,

kd6unC (~
H. W. Keiser
Vice President-Nuclear Operations

Attachment

cc: L. R. Plisco — NRC
M. C. Thadani — NRC
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NThCHrtM7 Q ) $ 'HARKT 85 gF gg

AIVNODsMORPJLL CO.INC.
DIIIONINIAND MANUFACTURIIRS SINCE IOO4

285 CANAL STREET ~ SALEM, MASSACHUSETTS 01970 ~ 617 744-5690 ~ TELEX 944299Xgg~~g(~OIycX ..

April 3, 1985

Pennsylvania Power & Light Company
Two North Ninth Street
Allentown, PA 18101

Attention: Mr. G.0. Mille

Subject: Susquehanna MSIY's

Gentlemen:

The following is the information you requested on your letter dated
March 29, 1985 to Mr. Webber:

1 - See enclosed drawing detail for yoke rod threaded portion.
2 - The material of the yoke rod ls steel 1018. <o<o o~"" r ~ *

ignis, Vs1. <
3 - The inside diameter of the hole in the poppet for the pilot valve

is *3.50Q.

4 - The maximum diameter of the valve stem at the end which forms the
pilot poppet is *4.000.

~ 5 - The diameter of the valve stem at the point where it passes through
the bonnet is 2.000 +.000 -.002.

6 - The dimension of the opening formed between the pilot poppet and its
seat in the valve poppet whenever the valve is in the open position
is one inch.

7 - The outside diameter of the poppet at its upper end stellite facing
is *21.475 +.000 -.005.

8 - The inside diameter of the valve body against which the stelli te
facing of the poppet slides is *21.500 +.010 -.000.

NOTE: All dimensions marked * are to be concentric within .003 total
indicated reading (TIR).



1

Nf

)



%sees>70wcHV 3 SMUT tl Ol Lt

Pennsylvania Power & Light Company
Allentown, PA., 18101
April 3, 1985
Page Two

The dimensions given are proprietary information of Atwood & Horrfll Co,
and are to be kept confidential. Reproduction of any part thereof or use'or purposes other than those expressly designated by Atwood & Morrj 11 Co.
is not permitted.

Should you have any questions, please feel free to contact us.

Very truly yours,

ATMOOO & MORRILL CO., INC.

VLB/dab

Enclosure

Virgil L. Bright
Supervisor, Product Service
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Mechanical Protirties of Cold-Drawn. Carbon-Steel Bars

Strcagth

Cold Orsoo folbecd hy
Ion.Tsnpcrst¹ra Stress Rslicf

Cold Orsva FoUoeid hy
High1cmpecitwe Stress Isliaf

Strcagth

AISI No.

Sue, IL
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IW N
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1,000 Psi
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ia2la.,X iakca,'X

H»doc ss, Tcasiie,
Bhs IW Psi

rnhL
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Eioagitioa Redaction H»doers,
ia 2 la„l is kca, 5 eha

Tcasitc, TicM,
I,MO Psi I,ON Psi

Elon8stioa Rsd¹cboo
i¹2la,X is

The tonsil ~ and yi~ Id
strengths of carbon-steel bars
are Improved by cold draw-
big. Sy comparison, the ten-
site strength of hot-called
bars is about IOtc less, and
theic yield strength is some
'4'oss. For exampte, a low-
carboa steel with a yield-to.
tensile-strength ratio of about
0.55 in the form of hot.rooed
bars will have a ratio of
about 0.85 after cold draw.
lng. White there is some sacri-
fice in elongation, reduction
la area, and bapact strength,
these changes are relatively
IasigaiTicant bi most struc-
twal apphcatioas or angineer-
lag compoaeats.

Ttds baprovement is of in-
Meat to the design engineer
caching a better strength-to-
weight ratio or a reduction in
costs by the elimination of
alloy conteats and heat treat-
ment. The enhanced proper-
ties may also be useful in
applications involving threads.
notches, cutouts. and in other
designrequiiements that might
deflect strength adversely.

Turned and ponshed and
turaad, ground. and polished
bars have the mechanical
properties of hot-rolled barL
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'How Allied IMCcompares
' Strength Comparison

ORC lb!(C,

O.D. 1.050"

I.D. 0.824"

Wall 0.113"

O.D. 1.029"

I.D. 0.883"

Wall 0.083"

O.D. 0.922"

I.D. 0.824"

Wall 0.049"

Weight comparison of trade sizes
Approslmate lbs. per 100 St.

menslon comparison (nominal) of 3/4" trade sizes The results of the various beam strength and deflection
tests, which follow later in this brochure,, may create
questions as to how this relative strength of lMQ ls
achieved.

Allied's method of manufacture increases the average
tensile strength of IMC to such an extent that!ts grail
strength is over 50% greater per unit of thief«ness than
that of representative samples of GRC measured by
Allied.

The wall strength characteristics are functions of both
the yield strength of the material and the section mod-
uluLThe accompanying table givesacomparison of IMC
and GRC for various trade sizes.

Comparison of Maximum Moments IMC Va. GRC
Calculated from Section Modull at Yield Strengths

Trade
Size

1/2'/4'RC
W/Coupling

IMC
W/Coupling'.M.T.

1/2'/4
1424
2783

2"2-1/2'53

201
249

683
831

972

116
150
182

242
401

, 493
573
638

64
95

110

140
205

250
325
370

2'-1/2'

3-1/2'e

6130
10423
14574

~ 24660
47044

63085
83841

103000

4405
8915

12070

19622
37241

60343
83785

112507

'Weitthl specincations are tot comparative purposes only. They are not a
requitement ol U.L. 12i2.

Allied IMC
Dimensions

Average Yield Strengths

GRC 35,000 —40,000 psl: AN sizest

IMC 55,000- 60,000 psl: 3'nd under sizes
IMC 50,000 —52,000 psl: over 3'izes

Trade
Size
(In) (In) (mm)

'Nominal Outside Diameter
(ft an In (meters

8
Length of Finished Conduit
Without Coupling

(In) (mm)
Wall Thickness

1/2
3/4'

~

1-1/4'-1/2

2
2-1/2'0

3-1/2
4e

0.815
1.029

1290
1.638
1.883

2.360
2.857

3 476
3.971
4.466

20.7
26.1

32.8
41.6
47.8

59.9
72.6

88.3
100.9
113.4

9'1-1/4"

9'1-1/4''1''1

9'1

9'1''0-1/2''0.1/2

9'0-1/4''0-1/4'.03

3.03

3.02
3.02
3.02

3.02
3.01

3.01
3.00
3.00

~ 0.070
0.075

0.085
0.085
0.090

0885
0.130

0.130
0.130
0.130

1.8
1.9

2Z
22
2a

33
3.3

erances.
05 in (.13 mm) for trade sizes 1/2 and 3/4'.

.0075 in (.19 mm) for trade sizes 1-1/4 through 2 .

.010 in (.25 mm) for trade sizes 2-1/2 through 4 .

--Wall thickness tolerance Is +.015 in (.38 mm) and —.000for
IMC 1/2 through 2 and +.020 In (.51 mm) and -.000 for IMC
2-1/2 through 4 . There ls no specific wall thickness or tolerance
for rigid conduit.
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Sna j-Lock'LiiTiitSwitches

I

-Specifications

-1. Enclosure is water, oil and dust tight. Ibs. depending on switch size and cam selected.

2. Enclosure meets NEMA Type 1, 4 and 13 requirements. 8. Underwriters'aboratories, Inc. Listed. File No. E12967.
(Except neutral position module)

'ontacts made of silver alloy. Contact shifting mechanism
is locked In position by the latches until switch lever is actuated. 9 C««nt ratings:

Voltage for Neutral Position Only
4. Standard Temperature Range: -20'C TO +90'C 125V.A.C. 20.0 Amps'0.0

Amps'.

Operating lever is adiustabie to any required position. 250V A.C. 15.0 Amps', 7.5
Amps'80V.A.C.10.0 Amps'.0
Amps'.

Operating Lever Angles (travel either clockwise or counter- 600V-A.C.'.0 Amps'.5
Amps'lockwise)maxim'um degrees of trip travel, reset travel, as 125V.D.C. 5.0 Amps 2.5 Amps

well as total lever travel, are determined by the cam selected. '250V.O.C. 1.5 Amps .75 Amps
7. Operating Torques —Trip Torque varies from 15 to 33 in. '75.100%'ower Factar.

For Marine ar Off4hore Requirements, See EA780, EA790 Serfes.
For Hazardous Location Requirements, See EA800 Series.

Mounting Styles and Oimensions
~e EA700 Snap-Lock Limit Switches are

far flexibilityin mounting arrangements.
gn permits mounting for either side or

ba n here are the (1) STANDARDfor side
mou g; (2) W (wide for back mounting); (3) L
(long for back mounting). Style W or L mounting
plates for back mounting, are available at no extra
".ost.

CONTACT
SEQUENCE

STANDARD SWITCH

PIPE TAP
SIZE

3.00
4.94
7.50

1N0-1 NG 1/2-14NPT 4.94
2N0.2NC 'l.l1~$NPT 7.06

3NO 3NC 1.11ihNPT 9.62

.62

.81

.81

MOUNTINGSTYLE

2.44 3.00
4,38 4.94
6.94 7.50

422
6.41
8.97

4.84
7.06
9,62

Standank Mounting. " N Mounting. L Mounting

3.19

1.31

4$ SERRATI0NS
EOUALI.YSPACEO

.495/.490 O.D.

260/255 0IA.
4 HOLES

.66

I

41

.88
I/4-20 THO.
.38 OEEP
4H0LES 'E

0

L ' '.
PIPE

1.12 2.812
3250

1.812

225

28
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MPR ASSOCIATES. INC.

June 24, 1985

Mr. Prank Czysz
Pennsylvania Power and Light Company
Two North Ninth Street
Allentown,"PA 18101

'I

Subject: Susquehanna Nuclear Station —Recirculation
Piping Blowdown Thrust Loads

Dear Mr.. Czyszs

This letter forwards the results of our analyses of
thrust loads that would be expected for the Susquehanna BWR ..
recirculation piping in the unlikely event that a complete
pipe rupture occurred at the point where the recirculation
piping passes through the biological shield surrounding the
reactor vessel. Preliminary results of these analyses have
been discussed with you, Mr. Herb Clarke, Mr. Don Prevatte,
and Ms. Patty Mikus at our meeting at General Electric on
May 9, 1985, and were sent to Mr. Prevatte shortly after our
return from the meeting.

The purpose in establishing the thrust loads which
would act on the pump end of the recirculation piping as a
result of a postulated break within the biological shield
was to ensure that the pipe whip restraint designed by
General Electric was adequate to limit the final separation
between the two broken pipe ends at the break such that the
pump end of the broken pipe would remain in a position to
shield the MSIV's from direct jet impingement from the
reactor vessel side of the break. The original analysis for
the pipe restraints'one by General Electric was b'ased on a
generic approach covering several plants and pipe break
locations which did not include the special case of a break
within the biological shield.

The General Electric analysis modeled the thrust load
as a dynamic part associated with the break dynamics and
wave propagation effects followed by a steady state part
which would occur after full flow has been established at
the break. Pipe reaction to this loading sequence was
obtained by a time history stress analysis which included
the plastic deformation of the pipe and pipe restraint. Due
to the active participation of the shield to the flow field
around the break and the large resistance to flow in the

1050 CONNCCTICVT AVCNVC. N.W. WAIHINOTON. O.C. 20030 202 659.2320
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MPR AssoclATEs, INc.

Mr. Frank."Czysz June 24, 1985-

pump side of the recirculation piping, the steady state
thrust load on the pump end of the broken pipe would be
significantly larger in the presence of the shield than the
steady state load which was used in the General Electric
generic analysis and which assumed no shield. The'igher
thrust load occurs because the higher pressure which 'exists
at the break in the presence of the shield will reduce the
amount of flow which is expelled from the pump side of the
break. For lines. with a large amount of resistance (such as
the pump and other substantial resistances present in this
line) reduced flow at the break tends to increase thrust.
Consequently, the generic analysis done by General'lectric
was considered not to envelope the condition where the break
was postulated to occur within the biological shield. In
this regard, we understand that General Electric has revised
their analysis to include a conservative steady state thrust,
load and has determined that no significant increase in pipe
separation will result as a consequence of the higher steady
state load because almost all the pipe and restraint defor-
mation occurs during the period when the dynamic thrust load
is 'acting on the pipe and before the thrust load reaches a

steady state value.

Our analyses, which are documented in the enclosure to
this letter, include the determination of a realistic steady
state thrust load which would act on the pump end of the
recirculation line as a result of a break within the bio-
logical shield. Several cases were analyzed assuming
several different values for the final separation distance
between the broken ends of the pipe. These analyses include
revisions to remove simplifying assumptions regarding the
differences between static and stagnation pressure in deter-
mining critical flow rates as discussed with you at our May
9, 1985 meeting at General Electric. A review of the
results from these more refined analyses indicates that the
thrust loads are similar to those discussed in our meeting
of May 9, 1985 and- are still well within the values used in
the revised General Electric analysis.

Also included in the attachment is a short description
of a compressible flow field analysis of the blowdown of an
ideal gas from a vessel through an open ended pipe. Results
from this analysis are instructive in providing some insight
as to why the maximum thrust load that can be established
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Mr. Frank Czysz June 24, 1985

during a blowdown from a vessel will exceed the product of
the original stagnation pressure times the flow area of. the--
broken pipe.

If you should have any questions regarding our results,
please call.

Sincerely,

Hans D. Giesecke

Enclosure
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MPR A5SOCIATK5, INC Enclosure 1

THRUST LOADS FOR POSTULATED BREAK OP BWR
RECIRCULATION LINE WITHIN BIOIOGICAL SHIELD

Introduction
In the event of an unlikely pipe rupture inside
containment for a Nuclear Power Plant, adequate piperestraints must be designed to accept thrust loads
acting on the free ends of the broken pipe"and.'prevent
damage to other equipment in the containment. -As a
secondary consideration, the effects of 'jet impingement
loads on equipment must also be considered to ensure
that the plant can be reliably secured in the event
that any such postulated pipe break accident occurs.

In the design of the piping restraints for the boilerrecirculation piping for the Susquehanna Nuclear Power
Plant, General Electric used a generic analysis which
covered several plants and analyzed a series of worst
cases regarding the location of the postulated
breaks. An apparently conservative thrust load history
was applied by GE to the broken ends of the pipe at the
postulated break by using the maximum attainabletheoretical value for the, thrust load during that
period of time when dynamic pressure wave propagationaffects the pipe flow, and then reducing this value to
the steady state thrust load after a steady state
blowdown of the reactor vessel through the two broken
pipe ends has been established.
At Susquehanna the recirculation line passes through abiological shield which surrounds the reactor vessel
and the pipe to safe-end weld is located near the
center of the biological shield. If the'ostulated
break were to occur at this weld the effect of thebiological shield,, which was not considered in the
generic analysis done by General Electric, would tend
to increase the steady state value of the thrust load
applied to the pump end of the recirculation piping.
The thrust load, from the pump end of the break is
strongly affected by the considerable resistance to
flow generated by the recirculation pump and the jet
pump which exist in that line. Interference of the
shield with the break flow at the break would cause the
steady state thrust load on this pipe leg to be higher
than it would be if the shield were not there.
Consequently, the steady state thrust'oad used by
General Electric would not be conservative for the
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special case where the postulated break in the
recirculation line occurs within the biological shield.

The Main Steam Isolation Valves at Susquehanna, which
are necessary to isolate the containment in the
unlikely event of a pipe break accident, are located
close to the reactor recirculation lines and would be
susceptible to impingement loads from a jet originating
from the reactor end of the b'reak if a break were to
occur at the point where the piping passes through
biological shield. Shielding from the impingement jet
provided by the pump end of the broken line was
utilized in the analysis of jet impingement loads on
the isolation valves. This was considered acceptable
because the General Electric analysis of the pipe
r'estraint showed that the pipe separation between the
broken ends of the recirculation lines in the worst
case would be less than 11 inches.

The dynamic response of the pipe was determined by
General Electric using a detailed time history analysis
of the pipe motion with the aforementioned thrust load
as input. Plastic deformation of the pipe and pipe
restraint were included. Initial restraint to pipe
motion is very low because the pipe must be designed to
accommodate the effects of thermal expansion. As a
result the pipe deflects a considerable amount before
the pipe restraint becomes active and the built up
kinetic energy obtained ~ early in the transient must be
absorbed by plastic deformation of the restraint as the
restraint begins to react to the motion of the pipe.
Consequently, it is feasible that the steady state
thrust load used in the analysis has only a small
effect on the final separation that would occur between
the broken ends of the pipe in the event of a break.
Nevertheless, the actual steady state thrust load which
would occur if the postulated break is located within
the biological shield should be used to determine the
final separation between the pipe ends so that the
assumption of shielding for the MSIVs can be properly
justified.
Calculated results for the steady state thrust load on
the pump end of the recirculation line which were
obtained for various amounts of pipe separation at the
break when the postulated break is located within the
biological shield are discussed in the remainder of
this report. These values should be used for the
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steady state thrust load as applied to the pump end of
the broken recirculation pump in a revised analysis of
the pipe motion.

Results of Anal sis

A schematic of the model used to determine the flow
rates and pressures near the break for a postulated
break in the recirculation line where it passes through
the biological shield is shown in Figure 1. In this
figure the right side of the pipe is attached directly
to the reactor vessel with the postulated break
occurring at the weld between the pipe and the reactor
vessel nozzle safe-end. The left end of the pipe leads
to an elbow where the pipe turns down vertically and a
pi.pe restraint is located several feet from the
elbow. The pipe continues back to the reactor vessel
after passing through the recirculation pump and
several other points of high flow resistances. A
one-dimensional solution technique which solves the
mass, energy, and momentum conservation equations was
used to obtain the steady state thrust load for several
different values of pipe separation. The model divides
the region near the break into six control volumes and
six flow paths as shown in Figures 1 and 2. The
reactor vessel and the containment are modeled as
boundary control volumes at 1000 psi saturated water
and 15 psi ambient conditions respectively. Due to the
,one dimensional nature of the model the exit flow from
the annulus around the pipe, although it splits in two
different directions, is modeled as a single-flow path
of twice the area of each individual path. The
resistance in the pump end of the line (flow
coefficient 56} was obtained from the steady state flow
which exists in the loop at'ull power. This is
conservative since the resistance in reverse flow
through the pipe would be considerably larger than the
resistance for flop in the normal direction and the
resistance of the pump is neglected. The flow in each
path is determined from the integrated momentum
equation and is limited in magnitude by a homogeneous
equilibrium thermodynamic critical flow model. The
thrust is calculated, from the static pressure, static
density, and mass flow rate at the pipe exit plane as
discussed in Reference 1. Input data and computer
results for each case run are provided in Appendix A.

Calculated mass flow rates and static pressures for the
model as determined. for different values of pipe
separation at the break are tabulated in Table 1.
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These results are used to obtain the thrust factors,
defined as the thrust load divided by the product of
reactor vessel stagnation pressure times pipe flow
area, given in Table 2 for each pipe end. The results
indicate that the thrust force for the pump end of the
broken pipe is largest when the separation at the break
is smallest and diminishes as a function of the

, separation distance until choking occurs at the pipe
exit plane. In the presence of the biological shield,
choking at the exit plane of the pump end of the broken
pipe will not occur until the separation distance
between the broken ends is well in excess of the eleven
inches calculated by General Electric. Consequently, a
steady state value of about 0.7 to 0.8 times the
product of vessel stagnation pressure times pipe area
should be used for the steady state thrust load in the
General Electric time history analysis. Although this
considerably exceeds the factor of 0.33 that General
Electric used in their original generic analysis, the
higher steady state thrust load may have only a small
effect on the final pipe separation since it is
expected that most of that separation is caused„ by the.initial response of the pipe to the dynamic thrust load
which occurs before the restraint begins to act tolimit the pipe separation.

Plow Pield Anal sis for Blowdown of an Ideal Gas

An axisymmetric flow field analysis for a compressible
ideal gas flowing from a short pipe attached to a large
vessel was used to obtain some insight as to why the
thrust load from a vessel can be larger than the
product of the vessel stagnation pressure times the
pipe area. Thermodynamic models of the flow predict
that the thrust load for an ideal gas would be 1.26
times the product of vessel stagnation pressure and
pipe area, and for incompressible flow the factor can
become as high as 2.0. A contour plot of the stream
function for an axisymmetric model of the region 'near a
pipe attached to a large vessel is shown in Figure 3.
An iterative finite difference technique was used to
solve the two-dimensional partial differential equation
which describes the 'compressible flow of an ideal gas
in terms of a stream function. Boundary conditions
imposed on the model included defining the stream
function along the axis of the pipe and the wall of the
vessel for a particular mass flow rate and requiring
that the flow be normal to the spherical surface chosen
as a boundary far enough away from the pipe inlet so
that the flow field at the inlet was not significantly
affected.
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The difference in the stream function values as imposed
at the pipe axis and the vessel wall was used to adjust
the mass flow rate flowing through the pipe leaving the
vessel. The method of solution used to solve the flow
field equations is limited to calculating subsonic flow
fields so that the solution at which the exit, plane of
the pipe begins to choke could only be approached. The
thrust load for each case was determined by integrating
the pressure over the pro)ected surface normal to the
pipe axis along the..vessel and pipe boundary and
subtracting this value from the integration of the
stagnation pressure over the same area which is assumed
to be acting over the -back wall .of the vessel opposite
the pipe inlet. The results'or the thrust load
obtained in this manner 'for several different values of
mass flow are graphed in Figure 4. As can be seen from
the figure, as the mass flow is increased such that the
exit plane of the pipe approaches a choked value, the
thrust load approaches the theoretical value of 1.26
times the product of the vessel stagnation pressure
times the pipe flow area. Figure 5 shows the pressure
contours which exist at a mass flow near the choked
condition value. Thrust loads greater than the product .

of stagnation pressure times pipe area occur because
there is a substantial area in the region of the nozzle
at radii larger than the pipe inside radius where a
reduction in pressure takes place due to the velocity
of the flow as it enters the pipe. This lowered
pressure region is offset by 'an equivalent area on the
back side of the vessel which is essentially acted upon
by the vessel stagnation pressure. Consequently,
thrust loads greater than stagnation pressure times
pipe area require that the flow originate in a vessel
which has a cross-sectional area much larger than the
pipe and where the flow is forced to turn into the
pipe. Momentum and energy conservation requires that
the momentum imparted to the fluid by pressure
variations which accelerate the flow into the nozzle
and along the pipe is equivalent to that which crosses
the exit plane of .the pipe.

II

References

1. F. J. Moody, "prediction of Blowdown Thrust and
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TABLE OF VALUES FOR THRUST CALCULATION

inches
goaaas

GAP
ARQlSR>

2
4
6
8

10
12

(Definitions given in Figure

lb/sec lbs/sq in
aaaaaaaasoaa aaaaaaaaaaoaaaaaaaa

W1 W2 P1 P2 PX PA
QQQCSQ QRRRR QQQQ QRQR RRRQ QQQR

5980 804 990 993 993 102
11523 1606 957 972 973 178
16178 2426 890 937 938 235
18349 3590 759 861 863 274
18348 4733 760 755 760 279
18349 5481 759 666 676 282

lbs/cu ft
RRRRCSQQSWQQRRR

DEN1 DEN2 DENA
OOOXS

44 45 .9
38 41 1.7
30 35 2.5
19 26 3.0
19 18 3.1
18 14 3-2

TABLE 1

Mass Plow Rates, Pressures, and Densities
Obtained 'in Analysis
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TABLE OP VALUES FOR THRUST COEFFICIENTS

inches
RSSCRR

GAP
Q%RRRQ

2
4
6
8

10
12

vessel end
ORRCRRS%%%

K1
ORQSRSSWSS

0038 ~

1-0166
1.0417
1.0661
1-0661
1.0661

pump end
QQSSRRRSIRO

K2

0.9933
0. 9735.
0.9398
0.8692
0. 7758
0.7041

TABLE 2

Thrust Coefficients from Calculated Results
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CRl.C A.1%5- QQ4, FKV,
M%c8 plKhVT

sq~1 Z;7Q oF K)X

0
Fiou20 CONTOUR PL,OT 06-24-l98$
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FIGURE 5

Pressure Contours for Plow
Field Analysis of Pipe from Vessel
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Appendix A

qagPUTER QUTPUT OP RESULTS

va m-ms-Qog NV. >

7

KORC,5 pl~~ g
SHEET 2'7 < oF wl &



If
f

I

I



PLY, ~-ms-Qo y.6 l
Ballk@5% M lSClOR RKIRC PI% BEN IN BIRKiICN. SHlELO " 2 ICH SAP )

R7fAc.H PtEAJ T 5
XTPUT AT Tll% .00000 5H~ z1 5 oe Z7x

NR Y NNE

1 .597%IEM ill
2 .804327&Q Q2

.996639&03 P02

.993228EHQ PG2

5 .993256'N
6 . 139203'ni

GEOMETRY DATA

DPIPE

DIM

DOVT

SAP

APIPE

ABREN

NQL

. 212200E<1

o 240000E+Oi

.380000E+01

.16666i&00.~k)i

. 1KSQK<2

.681?26E<2

STRSATION PRESSURE

CRITICAL PRESSURE

STATIC PRESSURE

STATIC K%ITY
THE@8 DMITY
CRITICI. EelSITY

VESSH.

.10000&04
i@DE 1

.99664ER3

.78931&03

.98979'
44069.=Kg,44069'20965'ODE

2
,99322E<3
. 78472E<3
. 99309EHQ

. 44673ENe

. 44673EKR

.20638&08

mrE x

.99326ENQ

.783?OE<3

. 993}6EKQ

.44685EM

. 44685ENR

.20568'fQE

A

. 13920E%3

.8680K~
~ 10245FM
. 85949=HM

.85949EM

.71777EM

SAC<

. 15000E~

FLN DATA

CRITICAL NS3 FLN
K+ACTOR

MODIFIED K+ACTOR

THRUST FACTER

FLCQ V

.16908EK)4

,597%EM

. 19301&05

.50000'
93596E<7

FLUE L
,22743'
80432E%3

. 1930IEM
,56000'
10483'LSI

1

, 16908E<4
.597%EM

, 19199E<5
~ 50000'
97820E<7

. 10038')1

FLN 2
. 22743E+03

.80432'

19094EN5
..'OOOO EKO

. 9649?E<7

.99334'.N

4
.000006+00

.6783am
CRITICAL

.67839'
3000OEKM
.45845'LOM

B,
.497566+03

.67839'

70611E<4
. 10000E<t
.26996E<5





C~l C M-PS5- ggq RGV, )
SgiIRK}NMBN 89CTOR RECIRC PIPE BREW IN BINEICN. SHiELD - 4 ICH SAP )

NYACH>~~
OJTPUT AT Tl% .00000 SHMT ZTT OV Z.-IX

VAR Y tAK
1 . 115227EH5 QI

2 . 16059&00 N2

3 .987573EKQ POi

4 .972974&Q PO2."

5 .972702'OX-
6 .250694&03 POA

GEO)iETRV DATA

DPIPE,

Dl
DOJT

.212200EKi

.240000EHL

. 380000')L

.333333'353656EKI

.251327EHI
,681726EKL

%IK DATA

STAQITIQI PRESSLRE

CRITIC, PRESSURE

STATIC PlESSNE

STATIC DENSITY

ThERN DENSITY

CRITICN. DENSITY

VESSEL

.LOOOOEM

BOX I
.98757'
77833E<3

.95715EK8

.38488'38488E+02

.20192EM

MEE 2
. 97297&03
. 76350E+3

.97244'40874'40874'

19196&02

NODE X

. 97270&03

.76424'9727OEM

.40916'40916'
19242'ODE

A

.25069'
15914E%3

~ 17771&03

. 16963;"Ki

. L6963E<L

. 14885901

SACL

. L5000E~

FUN DATA

CRITICPL 583 FL%
K+AViOR

)mFIEO K+ACTOR

THRUST FACTEil

FLCQ V

. 11523'

1%01&05
.50000E~
.93596E<7

FLN L
.45402EKQ
.16057E~

. 19301&05

.56000&02

. L0483E~

FLOE 1

.32582'
LIRAS

.
18922'50000'

LLEOOEM

~ 10166&01

FLGl 2

.45402ER3

. 16057'

18482')5
.50000&%
. LO547E<6

.973532M

FLOH A

.0000OEM
~ 13128EK5

CRITICf4.

.
13128'.30000'12517'UN

B

.96288E+03

. L3128EtOS

. J3347EK5

. LOOOOE+I

. 13678E+5
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CaLC. m-mS(-OOV, W~ I

Rmul~w
5'USIEggQM ~iR RKIRC PIPS MAK IH Sl~l

QJ7PUT AT T1%" .00000

VAR ~ Y

1 . 161778&05 N
Z .24257&04- NR

'

.975504'Dl'
4 .938318EK3 POZ

5 .937600'OX, "

6 .3401 94E+03 P04

GEOMETRY DATA

DIN

00UT

.2122to=-WI

e ZANOERi
.380000E<1
. 500000&00
.353656E1
.376991&01
.681726E%1

CX NTA

STASNATIN PRESSURE

CRITICAL PIKSRlRE

STATIC PRESSURE

ST4TIC DENSITY

THE@0 KSITY
CRITICAL DENSITY

YESSEL

o 10000EtN
N09E 1

.97550EK3

.76739'
89008&03

.Z9765EM
,29765EHR

. 19450EtC?

i%DE 2
.9383ZEM
. 72601&03

. 93694&03

.ZBMM
,35334'

16914EtO?

NODE X

. 93760EKQ

.72545:I03

.93760EI03

.35421'3542

IEGER

.

16882'EE

A

.34019'~K3

. 23459E<3

. 24518EKI
,24518ERt
.22950EKI

BAC|C

.

15000'LN

DATA

ASS FLUX

)AS FLN

FLDQ Y FLN L FLN 1 .

. 45744')4 .68590E63 .45744'
16178' 24257' 16178'

1857&OS
.MOOOEK@

. 14483'
10417E&1

CRITICAL NSS FLSI . 19301Et05 19301&05
X+ACTCR .50000'5600OEM
EDIFIED K+ACTOR .93596E<7 . 10446M
THRUST FACTER

PJl'A 2

. 68590E+03

.24257&%

. 17472&05

.50000'
12200&)6

. 93981E+00

FLQ'A A

.eNNEM

. 18603 W
CRITICAL

. 16604')5

.30000&00

.64261 E<7

FLC'A 8

. 13644EKh

. 18603c.405

. 1867%<5

. 10000=<1

. 94636E+6
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CANC N-m5-y)t,, gZV I

A RA(.HAEC7
cg~ gg~ Sg REACT0R RKIRC PIPE SREAK IN SI~ 'HEET Z t V 'QV',7 A

MPUT AT T1% .00000

Y N%1, 183486&05 'RI

2 .35903~
3 .968489'DI-
4 .86487OE%3 PQZ

5 .662769E%3 POX

6 .392669&03 PON

SENTRY DATA

DPIPE

DIN

OV

APIPE

RBRM
NML

. 212200&01

, 2400OOERI

. 380000E401

. 666670&00

.353656&01

. 08i57&01

.681726&01

STAGNATION PRESSURE

CRITICAL mSSuRE

STATIC PRESSURE

STATIC DENSITY

THERMO DENSITY

CRITICAL DMITY

VESSEL

. 10000ENA

NODE 1

.96849E%3

.75928E3

.7592SER3

. 18921'
18921&02

. 1892IEM

NODE 2
. 86487&03
.65187&03
.86079EKQ

.26449'26449E~

.13198E402

NODE X

.86Z77&03

.64902'86277&03

.26626'26626'

13073E402

NODE 4

.39267ENQ

. 2700&03
,27439Et03
.3043OEKN

.30430EKI

.2979OEKI

SAN
'

l500OEKR

FLN NTA

NSS FLUX

ASS FUN

CRITIC. ASS FUR
K+ACTDR

EDIFIED K+ACTOR

THRUST FACTER

FLCQ V

,51882EKA
. 18349EK5

. 193OIEW

..'OOOOEKS

. 93596E<7

FLN L

. 10152&04

.Z904E404

, 19301&05
.56OOOEM

. 10483E~

FLN 1

.51883E~

.18349'RITICAL

.
18348'50OOOEM

.22783'
10661&01

FEZ"
. 10152EKA

.35904E~

,
15489'5OOOOENS

"1629K'8632OEM

FLfFl 4

.OOOOOEKN

,21939'RITICAL

. ZI939cp05

.30000&00

. 48087E<7

FLO'A 8

. 16091&04

.21939=+05

CRITICAL

.21983-"Kd

. IOOOOERI

. 76247E<6



CAU . Pl-@55-004, Re/ 1

hTTFL|'HN84T 5~~T Z7 W bF Z7X,

SN.ISCHS %CLC lIIPE SIN IN 9IQJSICN. SHIELD - 10 INCH SAP

CPUT AT TI% '
00000

VAR Y NC-
1 . 183484'IL
2 .473259&04 R2

3 .968490&03'" POL

4 . 765214E%3 PM
, 5 . 759916'OX
-6 ..408974&03 PN

KgrETRY DATA

Dl
KJT

.212200EKL

.240000EWL

.380000EKL

.833330EHN

.353656E<i
,628316E<L
. 681726&OL

C
~ ~

STASNATIN PRESSURE

NITICAL PRESSURE

CRITIC, SaSITY

VESSEL

.LOOOOEM

MSE L

.96849'75904'75997'18965EM

. 18965ENR

.

18906'ODE

2
.7652LE%3
. 55640&03

.75465E%3

.18224'
18224'
95546E+I

NODE X

.75992ER3

.55218'
75992&03

. L8525EW

.
18525'94157ER1

NODE A

.40897E+3

.27485EHQ

.279006@9

.31223EKL

.31223EWL

.30604E+I

NN
. L5000EKZ

S

FLN DATA

NSS FLLIX

NSS FLOL1

FLCÃ V FUN L

.51882EM . 13382EKA

.47326'RITICS.

ItASS FLN .19301 &05 . 1930LEK5
K-FACTOR

.50000'56000'DIFIED

K+ACTN .93596E<7 .
10483'H%ST

FACTER

FLSI 1

.51882EKA

. 18348EK4
CRITICN.

.
18349'50000'

22731 &06
. L066LERL

FLN 2

.

13382'47326'13LLOEM

~ 50000EM
.23655'77585'UN

A

.OOOOOEM

.23081&05
CRLTIGL

.23081& )5
,30000&00
. 44235M)7

FLOE 8

. 16928EKA

.23081'23092E+05

~ LOOOOEKL

.

74313'TERATIN

7 FRN: QQ%E .535047ERL AT POINT

YDOT 1 YDOT 2 Y00T 3 YDOT 4

.3408&4 -.5316E-N .1875EKO -.2350E<3
Yl '2 Y3 Y4

.1835'4733'9685'7652E&3
U

6

YOGT 5 YDOT 6
.6836E-Ol -.5350EKlr

Y5 Y6
.7599'4090EKQ
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~~

car.. A-w~-004,m 1

A~CAREg~ Q
QJMUEHMi) SQ ISBN RECIRC PIPE SHEN IN SHLCSIQL %IM - 12 IMM QR~ Z7+UV 7.'l 4

'

OUTPUT AT TI% o 00000

VAR ' hNi %:.

1 . 183487&CF lii
2 .548INEKA- QR

'

.968495&03 = POI

4 .685133'OR
.675546'OS

6 .420013'OA

EG%RIV NTA

OPIPE

0NT

NIPE
ASHEN

NML

, .212200EKI
o 240000E<i

000Et01

. 100000&01

,M6&01
o 753982E401

.681726EKI

STASHATIN PRES6URE

CHITIQL PRESSURE

STATIC PRESSURE

STATIC EBiSITY

THERMO OENSITY

CllITIGLBEISITY

PASSEL

o 10000Et04

MSE 1

.96849Ec03

,75857E%3

. 75857&03

. 18881&OR

. 18881&OR

,. 18877&02

NOSE 2
.6851%M
.47109&03
.66575E<3
. 13504EM
. 13504EHR

. 70733EKI

HOSE r
.67555'
48165E%3

.67555&03
o 139IKtOR
. 13912EtOR

.7332SEKI

NEE 4
.4200IEM
.8KSEM
e28226EM
.31815.'Kf
. 31815E401

.31784EKI

SACK

,

15000'LSi

SATA

NSS FLUX

558 FLOli

FLO'A V FLSi L

.51883&04, 15498EKH

.
18349'54810'RITICAL

ASS FLGQ . 19301EM . 19301&05
K+ACTOR

.50000'56000'cOOIFIED

K+ACTOR . 93596K7
.10483'HRUST

FACTEH

FLN 1

.5IS83EM
o 18349EK5

CRITICAL

. 18349EK5

.50000EHS

.22832'
10660ERN

FU7ii 2

. 1549SEM

.54810'11351'50000Ec00

s,31922'70411&00

FUN A

. 00000Et00

.23830'RITIUL

.2383)E<5

.30000EKS

. 40902E<7

FLSi 8

. 17477EKA

.23830E+5

. 23828&05

. 10000E+1

,72929 M



l

r

A



DOGUMENT REYIt=N

1 . RKVIEHERS (CATEGORY)

( )'

)

(

( )

( )

( )

)

)

)

)

2. DATE SWT: RETURN TO: BY:

3, OOCUMENT (TITLE/NUMBER/REy.); 4 ~ ' n+ ( Ai c.
Cele.. A/o. - 5 - 0 Rev'. 0

4. ORIGINATOR: C3PPa. OOTHER s. Qsmm m.. Elms Qo~m

B. STATUS: C3 PRELIM E3 FINAL CIR~. C3FI < NO.

7. Ra~&BPCcS ATTAM3

8. COMMENT;

p I - cq/cola&og i'g ~ + p~/<@

P5- As sho;old he A~."

pp54@ - ~+ ll~ ol et@ 0(cga
+<i+ w 4 ~u'~M Oat'e
anrtu IR~ area w</l be ce~~+Q

Clrwtar a~en, g <j(~~ „s~ of
Xc t~ce ~ Pr log. g[„
S46 +6 4 s ~~.-~W;.n ~
co~senrodivc because id wi/J/

4g/>er -Aa ac6qjie$
press ~res.

pc — 5%4g gag Ag 7 5<c4c;

(s 0 "@~,q"

5: p7-:— vv7, zs SD
ca Ic.q Ia&o ~S are: correct

~+4-~+ pge sA.,/g J,
.nu~h e(, n.d sA'~uk';,gg,
a/~/;

10
'KRJJTION'.HAKSEW.

Z, CHAHGKQ.

g. mi~ Vi~T ~~nmV eV- TAr PAS,A.
es4 PRO~ G ~gl&gS ~E &49STllg&OK
~r A CiLCAMa AREA (~NBEy R~
0$'~ E1ggKQ P'l~) ~ME ANHULAF. WEA
Ma LnsT ~ATEPKNT GW M~5 PaRR, AtfP
W%6EMzl47 ~ Alp FoRplQLQK F4,PER.

~W, 5 . YhiS AS&~PT)Std >4 goY
Ns-QS6HRit.g C,oHS'CAVAN)VK. HoEfaVh~,
)T >S The 6&V ~eThov or- @~

A ReRSoVA&l.E R j'VR%W >mpT>brt
MHR'r lS HAPPER)6 4 TMA+ 7.
pHg~ pp, (SEE Hcm bTVED IH QM16K
SRSIS Od PRO,E g.)
+. n~uED RcrrE

b. CoC~~D

SUBMIT i cv
'ORM

NOI-QA-B.1 e3A
RH'1 (1/83)

r.- (3-3 11.
RESOl.VED

PAGE 1 OF~



J I

I 4~

+'L ~ +

'4

4

'P

k

'4

xaC
I kf - I N



' PPCL DOCUMENT REV I EH

I. (CONTe) REV!EHER j

3 ~(CONT.) DOCUNENT:

„8-. (CONT.) COHHENT

7. p 8 -, 74 healthy'y 4 "In+e"nial
cafes~

i~pl e5 tioop s~ss~s e,H. ra Ca-

Ihe mien or
hedge

loq*

$0)i sure /Gate, pre5gure rc)4)~y
apPly '4 Ae jH i~iry~+
/Qad).PS ~

8. Ck+ ~h~e g,
IS i~ 'ttie unload+ ~PIee6on

Ol is %i" ca+ei «g orat) g„
joQQ, 7ljg ~orq/g'g~

pl;eS gad ge Cond„'4 5

~%re()lt nek.l loads ~e
)e4 'blad.

DIO - On "Ae /ogre 54ohiI A2e/e,
,J

Ae conti<'4 pene4rn4'on. /os„,.
Ae ) '""ek'~u'~ P i'S m)b.S~W-g.h

l~- p'I iou s<~ +o he ass~

Condu+ Pe e<m4g
4 hogan ~ Vso z /< J$ <o

540 Ee 4:s Qss ump{-;op

/I PIZ. ii.ge-
QNdgi 6 I Q@Cr
CohgfkJC,

~ITS; S.;.4 s4o.k'e
ZR95

10. (CONT.) RESOLUTION:

7, THE FLEX &)IGgn )5" ~LIy
Cow&)4A~D &T4)HLER ~)uC-. TH+
b4XMASaa I ALII)VAl Pgg55~ g, 786
~uLC AT +H)CH THE'o~gghT1o)I5,
g~)e TO M)cAI)o~ OL)q- Hoop S~
LIPS)~)TO& RRB )VENT IP))iLIgg.

~ I))IKH FLEX C,WDV)T iS lg~LLEy
+)T <P >Lfit.~ iS, 1-am ~KEN '~p
<Iron <WDun- og o)lz ~p ~q> Til~
~<~))I'<~T ~T'a 0~ EH> M RLI.DW

)VE I)10VHh~| '@HI~ )S ))I'D RE%OH
W<KGX <'bHDOfl W 5EIQH Ql~. THE
9 A%u~> Sgi'o iS. Tile ~p)~g RPlCOHT'
OP SLAB.V IH Mls c~ >H ~E IpSYI)~
UIILQRDEP COHD(TwH 'IT 14 ALSo TI)E
AHKQtiT -OV 5A& I)1 TllE Lsd%~ VwOOWH
MT)L )7 SERFS ~) 5T~ Qn1|.H )5 Vugg

FF)lLLJRR P0)WT'.

g,g)q. TH)5 CA)CtlLAl)0)V IS ltlTQifgEV ~
~ERIC. T%< AL) 1684AM VALV~ fÃHR)I)IA5
ii~FP,, IH AC|VRL)T)i'AM VRLVE IS Sv<~X
PIF~eRggi Ig c~))g)T Cograu~~H ~ lT
AKACde5 TO THG EÃgE% N >)FEST ~ii)
WP IS I),Onav'~ RaNDOZ DimCVmm. IT
i< T)1aaEreae ASSgnag Wqr mE raSVaaHr

CCrtDQiT I.phd 15 1)I THE P)RECT(V4 hP ~
aV ~r~)I)Chion-, ~OA~ ~ ~g
~)RE)'-71~ ol.= Ueu)We SaWC nmeyZm P~I~ ~W87 LORP IS REDO(ED 6V g vO~~<> Feii'- ~< ANTE',SHAN)S)WC i)F. ~E
OF 7Hle CottpO)g ETr

II~ HO. AfG A)IR.~l5, 15 QP ~E 1 pig)y qi)gag)y
)

IV~S WE')ICr)~~ eOX ~ mE,
I-IP))7 ~ITCH P) R, THE DEKNPTIQhl Qd

. INK i2.
i'Z, QonE'.

FORH NDI-QA-8mfo3B
REV.O (1/83)

PAGE +OF~



l

Cj

t+

>+ % 1.
t

tk



'PiL DOCUMENT REVIEN

(CONT ~ ) RKVINNER 5 Q S

3 ~ (CdNQ ~ i ddddiiBIT:

8. (CONT.) COHERENT

3- PQ S4~. Ke g.5 Q ~~so
0~ Ne s(eEcA o p/o.

10(Z - Put parm4<5es areii44e
rwmbers 4)r OQ ~ l5 7g

f/'ninin«m.ArEA ron/nation

i5'.
l

'3- 4+ <I~I rW~ee
7cge PV1I is 40~,

g, p]p- ~ ~re ~I;e,'4 ~~P'+<
looks." 5x.S 5;s re@ 6 ~/-
QdQiiot5 of Sly roe'll loho/g(tip& ~

.l7. p/3- 0'll y= >~ Apply Q g/~'bigj
cond„<?

is. prr ~ $/e ~.d|'6 batteryi'l'<5 / y 8 coney j$

10. (CONT ~ ) RFSOt UTION:

i+ No. THG QOHFiQ)~T~~ ~ ~g.
ILLQS~my SY REF,2 >SHc&7. 7, PHC

>iK ~Z.)P>)gd ~ Phi'Z )Z.
I+ D~HC .

», xmHE.

]4, rema ~M TM'icxuRk W~gg& s Q+p gF ~p ~/he~ ~Ft'Kv HAV NQ yloga ~h.lclr nslbf

<'.ir~ N%| . Hcdahsg.if@A)5,+g g~D Q&90ir Fs %$6 'bg. s~
Plcvlpz V4 aeFSPgZO ~ . 'NDmvo~9~ APP~y.

)55. TMV A~ Two yi~
>OP R>% o RE5~v lVa Ly,

)C. p/s - label l'-g~~ ~ vi.e A. A. sowp.

„<<,0..d,8- r~;...~ ~( ~ J~
bund.ion k4+ nlaw<+5 Og ~own/'
pa~. ~ A~ a vedooc/e

can be re/ecencec/> ~

2c, MB~ >S Ho VmppP. D~>>~M1 Pike ~ Fo~g.MK Pi~gp p+)~ Q)yp q F
CQ03> PEPRH~7R rmH-

pl p<4 l< is ~u< clea~ w~<m I4
p/oQ or Cg co e'o 4'om,

Zi, TH1< iS T)la V>VYH O'F >F TAE6OK
THE'~'THar Wgm ogE <l)'EOF
THz nevmin% MT SL~

paOMOE~
EORM NDI-QA-Baf a38
REY 0 (1/83)



I

(s

I

$ Y

c'f-*

E

C',

C



/ c

"~PSL DOCUMENT REVIEN

1 (CONT ) REVIEHER j
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