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Section 1

INTRODUC110N

| 1his report summarizes the results of a leak before break evaluation of the
isolation condenser system (105) steam supply and condensate return piping
outside of the drywell at Oyster Creek Nuclear Generating Station. The

purpose of the evaluation is to show that the likelihood of a double ended
guillotine type pipe break in this system is very small. Consequently, theI dynamic effects of such a break need not be considered in the licensing
basis for this system. Consideration of such effects would otherwise be
required by General Design Criterion 4 of Title 10. Code of federal
Regulations, Part 50.

The methodology used to evaluate the potential of the ICS piping to f ail
unstably in the presence of large through-wall flaws is outlined in the

draft version af Standard Review Plan (SRP) Section 3.6.3 (Reference 1).
The approach consists of determining postulated through wall flaw sizesI which result in leak rates substantially greater than the existing leak
detection capability and evaluating the capability of the piping to
accommodate these flaws without catastrophic rupture under severe losds

(pressure, deadweight, and operating thermal loads in combination with the
maximum calculated loads for the design safe shutdown earthquake). The

specific steps in the evaluation and the recommended acceptance criteria
given in SRP 3.6.3 (Draft) are as follows:

I Demonstrate that the piping system is not susceptible to failure.

mechanisms such as waterhammer, fatigue, intergranular stress
corrosion cracking (IGSCC), wall thinning, or creep.

.I

'~'I
I
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. Evaluate the plant leak detection capabilities to determine the
detectable leak rate.

t

,

Calculate tSe expected leakage from through-wall flaws under.

normal operating pressure and determine the crack size which is

| predicted to leak at a rate ten times the detectable rate. This

is the postulated flaw fo* fracture mechanics analyses.

l Calculate the appiied loads and resulting stresses in the piping.

system for normal operating conditions plus safe shutdown
I earthquake (SSE).

For the loading condition noted above, determine the highest.

stress locations in the piping. These are the locations for

| postulated through wall flaws.

for the calculated loading, show that the postulated flaws are.

- stable.

Demonstrate a factor vf safety of at least 2 times the postulated.

crack length. That is, show that the crack size which

| corresponds to unstable pipe failure for the applied loads is at
least twice as long as the postulated flaw.

I
Demonstrate a factor of safety which is at least 1,41 times the.

| applied load. That is, show that the load which corresponds to
unstable pipe failure for the postulated crack size is at least'

1.41 times the applied load.

I

I
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L 1he analyses described in this report are based upon the methods described

above for demonstrating margin against unstable pipe rupture. The
,

L remainder of this report contains the following main sections:

~

Sunnary & Conclusions a sunnary of the results and conclusions.

of the LBB evaluation.

Leak Detection Capability describes the leakage detection
I

.

capability at Oyster Creek.

Leak Rato Modeling describes the model used for predicting the.

leakage rate from through wall pipe cracks.

Applicability of Leak Before Break Methodology - addresses the.

limitations imposed on the applicability of tBB analyses by SRp

3.6.3 (Draft}.

l fracture Mechanics Analyses describes methodology and results.

of analyses performed as part of the evaluation.

References..

I
Appendices include detailed methods and calculations used as.

part of the evaluation.

I

I

I
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Section 2

$UMMARY AND CONCLUSIONS

Analyses have been performed to determine if large through-wall flaws which
would leak at a rate well beyond the limit of existing detection capability
can be accommodated in the Oyster Creek ICS piping without unstable tearing

or plastic section collapse. Specifically, evaluations have been performed
to determine the leak detection capsbility for this piping at Oyster Creek,

| to establish postulated circumferential through-wall flaw sizes which can
be readily detected by these systems, and to determine whether such
postulated flaws can result in an unstable double ended pipe rupture. The

analyses were performed for postulated cracks in each of the four piping
systems which make up the ICS piping: steam supply to condenser A, steamI supply to condenser B. condensate return from condenser A and condensate

return from condenser B.

The analyses of the ICS piping meet all of the SRP 3.6.3 (Draft) analysis

| criteria with one exception. SRP 3.6.3 (Draft) recommends a safety margin

of two in terms of critical crack size. This margin is intended to account
for uncertainties in the fracture mechanics analysis methodology and leak
detection capability (Reference 21). Although the margins on crack size

for the ICS piping are greater than two in most locations, in a few cases
the margin is as low as 1.75. As described in this report, a factor of 10
has already been applied on the calculated leak rate over the leak

I detection capability to account for the leak detection and leak calculation
uncertainty, furthe.*, in all cases examined, the critical crack size is
limited by plastic collapse rather than unstable tearing. Plastic collapse

can be predicted relatively precisely compared to unstable tearing fallt..e.

| Thus, the recommended margin of two is very conservative for the ICS

piping. Considering the basis for the recommended margin cf two, the
calculated margins are considered to provide adequate safety margin against

2-1
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I
failure. More detailed summaries of the evaluations performed for the ICS
piping are provided below.

2.1 Applicability of Analysis Method

The SRP 3.6.3 guidelines do not provide for a leak before-break evaluation
on a system where piping is subject to $ignificant environmental
degradation mechanisms such as intergranular stress corrosion cracking
(IGSCC), creep or erosion / corrosion wall thinning. The methodology is also

| considered to be inappropriate for piping subject to high fatigue usage or
waterhammer type loads. Each of these concerns was addressed in this
evaluhtion.

Ifd(1 The ICS piping outside the drywell has been recently replacedI with Type 316NG material which is more resistant to IGSCC in BWR
reactor conlant environments than traditional stainless steels,

further, the isolation valves (which lie outside the drywell) have
also been replaced with valves with bodies fabricated from low carbon

| cast stainless steel with controlled ferrite content. By the criteria

of NUREG 0313. Rev 2 (Reference 2), the ICS piping and valves are made
from IGSCC * resistant" materials,

pipe to-pipe welds have been made with controlled weld metal chemistry
and ferrite content, as well as controlled joint geometry and heat
input to reduce residual stress and heat affected zone sensitization
to IGSCC. Welds between the new pipe and the existing isolation
condenser nozzles (which are non resistant, high carbon stainless

| steel) have baen made with the nozzle side protected by specially
applied corrosion resistant cladding.

I It is planned to apply a stress improvement tretament (induction

g heating or mechanical stress improvement) to all appropriate ICS weld

.m joints outside the drywell during the next refueling outage in order
| to add a second IGSCC mitigator to those weld joints. All pipe-to-

pipe welds will have at least two corrosion mitigators: low carbon

2-2
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I
material or corrosion resistant clad plus a stress improvement
treatment within 24 months of operation of the new piping. Thus,

these joints can be considered ' Category A" resistant welds as defined

in NUREG 0313 Rev 2. possible exceptions are tne welds between pipe

and valves and the welds at the itolaMon candenser nozzles where hg
stress improvement treatment may be impossible to apply effectively.

I Because of the special care taken to fabricate and install the
replacement ICS pipe and fittings, it is considered toat the ICS
piping outside the drywell is highly resistant to 1GSCC.

| Lau gn As part of this fracture methanics based leak before-break
evaluation, a full ASME Code Section 111, Class 1 f atigue evaluation

g was performed on the 105 system outside the drywell. A conservative

nurber of system actuations was astumed (10 per year) during which the
condensate return piping was conserv41ively assumed to undergo a stepI change in temperature fro- 70*f to 575'f (the system design
temperature), in addition, conservative stress intensity factors were
assumed for weld joints and discontinuities between pipe and fittings
and within fittings. The calculated usage factors for 40 years of

| operation were all f ound to f all below 0.2, with a Code allowalle of

1.0. Therefore, fatigue f ailure of the piping is not considered to be
a centerr,.

Rd nhammer A review of waterhammer events in isolation condenserI systems nationwide shows that waterhammer has only been a serious
concern at one CWR, Millstone 1. Based on the information provided in

References 3 to 5, it appears that the frequent waterhammer events
reported early on at Millstone 1 were due to f aulty feedwater
regulator valve control after SCRAM combined with poor ICS steam
supply line routing. Modification of the valve control logic +

eliminated the waterhammer events. A single waterhammer event was

reported at Nine Mile poirt Unit I during plant startup testing. This

was due to poor steam supply line routing. After the addition of

23
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I
drains, ICS waterhammer has not been observed at Nine Mile point

Unit 1.

Oyster Creek has never reported an ICS waterhammer event. Post SCRAM

water level control in the vessel has been adequate and the steam
supply lines are well drained. The newly installed pipe maintains the
good steam supply drain features of the original piping. GpVN hasI also impicmented operating procedures which preclude operating the
isolation condenser system when the reactor vessel level is in a range
which could lead to a waterhammer event. Based on the good history at
Oyster Creek, ICS waterhammer is not expected to be of concern.

Cf.mLArtOtll_Jhicaing Neither of these degradation mechanisms are
considered to be possible in a relatively low temperature (550'f), low
flow velocity system f abricated from stainless steel.

Based on the above considerations, it is concluded that the leak-before-

break analysis rnethodology is applicable to the Oyster Creek 105 in
acc;rdance with the guidelines of SRP 3.6.3 (Draft).

2.2 Leak Detection Capability

The primary methods for detecting leakage from the ICS piping outside the
drywell are visual inspections of the piping conducial St least daily and
daily reactor building sump inleakage reports which, by administrative

| limits, require investigation of inleakage to the sump exceeding 260
gallons per day. Secondary methods for detecting leaks include area
temperature alarms in the vicinity of the steam supply and condensate
return isolation valves, and reactor building air particulate radiation
monitors.I
Based on an evaluation of these leak detection methods, it is concluded
that daily inspections of the system, all of which is accessible, combined
with daily sump inleakage reports, support a leak detection sensitivity for

| the isolation condenser piping of 0.2 gallons per minute (gpm),

g 2-4
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2.3 Determination of Detectable flaw Sizes
-

The leak rate of reactor coolant from postulated through-wall cracks in the
ICS piping was predicted using a specialized computer program developed for-

this purpose. The flow model uses an fL/D loss mechanism through the crack

to predict pressure drop, and a homogeneous choking model based on the
crack exit plane stagnation pressure is used to evaluate critical flow.

| Estimates of flow from the cracks were obtained from the model and were
confirmed to be conservative based on comparisons of model predictions to

reported measurements of leakage from through wall cracks in test
specimens.

The steam supply piping contains six sizes of pipe: 10" diameter schedules
80 and 100, 12" diameter schedules 80 and 100 and 1b" diameter schedules 80

and 100. The condensate return piping contains four sizes of piping: 8"

diameter schedules 80 and 100 and 10" diameter schedules 80 and 100. Thus,

there are a total of ten combinations of pipe size and fluid (steam in the
steam supply lines and subcooled liquid in the condensate return lines).
Calculated leakage rate as a funstion of through wull crack size is shown
in figures 2.1 and 2.2 for each pipe size / fluid combination.

SRP 3.6.3 (Draft) recommends that the leak rate for the postulated flaws
used in fracture mechanics ana'yses be ten times the detectable rate, for
the Oyster Creek ICS piping, this corresponds to a two gpm leak rate.
Based on the results of the crack size leakage analyses, the postulated
circumferential, through wall flaw sizes chosen for fracture mechanics
analyses are shown in Table 2.1. lhese crack lengths range from,about 64*
to 106' of pipe circumference.

2.4 fracture Mechanics Analyses

The portion of the isolation condenser piping considered for leak before
break analysis was that piping which lies outside containment between the
containment penetrations and the isolation condenser nozzles. Piping
inside the containment, while included in the stress analysis model, was
not considered in the leak before break analysis. This is acceptable and

2-5
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| in accordance with the intent of SRp 3.6.3 (Draft), since: (1) the
components which are critical to this evaluation are the steam line
isolation valves, all of which lie outside the drywell and would not be
subject to jet loads resulting from breaks inside the drywell; and (2) the
portion of piping outside the drywell is mechanically isolated from pipeI reaction loads resulting from a postulated break inside the drywell. The

isolation is due to the high stiffness of the drywell penetration which
acts like an anchor point.

| The applied loads on the ICS piping due to deadweight, thermal expansion
and SSE were obtained from the ANSI /ASME B31.1 design stress analyses for

g the ICS piping (References 6 to 9). The locations selected for fracture
mechanics analyses are the highest loaded points in each system for each
pipe size, or a total of 20 locations. In general, these locationsI correspono to terminal ends of the piping, such as a condenser nozzle or
drywell penetration, or change in pipe cross section, such as from schedult
100 to 80. These locations are identified in figures 6.1 to 6.4.

| The replacement ICS piping is Type 316NG stainless steel. The pertinent
tearing modulus selected for fracture mechanics analyses is based on
conservative data obtained for stainless steel t.asting material at
operating temperature (550'). This value is 181.

I The results of tearing stability analyses are shown in Table 2.2. This

table lists the calculated applied tearing modulus, T, for each fracture
mechanics analysis location. Unstable crack growth (tearing) is predicted
if the calculated value of the applied tearing modulus is greater than the
material tearing modulus, T As can be seen, the calculated appliedm.
tearing modulus for each location is less than T No unstable tearingm.
is predicted for the assumed through wall flaws under normal operating plus
earthquake loads.

I'

The calculateo safety factors on applied load are shown in Table 2 3. The

safety factors are all greater than 1.41 and therefore satisfy the criteria
I recommended in SRP 3.6.3 (Draft).

2-6I:
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I
I lable 2.3 also shows the safety factors in terms of crack size. In each

case the limiting f ailure mode is plastic collapse rather than tearing
instability, since tearing instability becomes unlikely for the very large
track sizes evaluated here. As shown in lable 2.3, some of the analysis

| locations do not quite meet the SRP 3.6.3 recommended criteria of a margin
of two on crack size (the worst case is 1,75). However, as described

above, considering the basis for the recommended margin of two, the
calculated margins (minimum of 1.75) are considered to provide adequate
safety margin against failure.

C.Oncl y11gr)

I It is concluded that sufficient mitigating actions have been taken at
Oyster Creek to eliminate concerns with 1GSCC in the ICS piping. Further,

I since no 4:aterhammer or f atigue concerns exist f or this system, use of SRP

3.6.3 (Draf t) trethods for leak-before-break analysis is appropriate and
valid.

fracture mechanics analyses were performed that included the following

conservatisms: (1) use of lower bound material tearing modulus (2) use of
lower bound leak rates, (3) use of pipe minimum wall geometry for fractureI mechanics analyses, and (4) use of conservative GE/EPRI estimates of J-

integral values. Results of the analyses show that, even with these

I conservatisms, there is considerable margin against double-ended ruptures

of the 105 piping.

I
I
I
I
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Table 2.1

2 GPH LEAKAGE CIRCUMfERENTIAL CRACK SIZES

Piping fluid Pipe Size 0,y, a;g,

Condensate 1035 psia, 549'r 8" Schedule 80 76' 5.72"
Return Saturated liquid

, , ,

10" Schedule 80 64* 6.00"

10" Schedule 100 73* 6.85"

I
team Supply 1035 psia, 549'F 10" Schedule 80 93' 8.72"

Saturated Steam
10" .. 'dule 100 106' 9.94"

| 12" Schedule 80 82' 9.12"

12" Schedule 100 94' 10.46"

16" Schedule 80 70' 9.77"

16" Schedule 100 80' 11.17"

|

I

I

l

l
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I
lable 2.2

CALCULAl[D APPLIED TEARING MODULUS RESUL15

.-
-

I Applied
Location learing

System (Node) Pipe Size Modulus *

I -

A - Condensate D04N 8" Schedule 80 1.8

003A 8" Schedule 100 2.3

808 10" Schedule 80 0.7

| B01 10" Schedule 100 0.7

A - Steam 809 10" Schedule 80 2.8

801 10" Schedule 100 3.5

012 12" Schedule 80 3.6I D10A 12* Schedule 100 4.4

g B19 16" Schedule 80 0.4

Bil 16" Schedule 100 0.5

B Condensate C28 8" Schedule 80 8.9

C26A 8" Schedule 100 11.9

C05 10" Schedule 80 0.8

B20 10" Schedule 100 1.4I B- uam 809 10" Schedule 80 5.9

B01 10" Schedule 100 4.6

D17 12" Schedule 80 4.7

004 12" Schedule 100 5.1

B15N 16" Schedule 80 0.9,

I B13 16" Sc,hedule_100 1.2

* To be compared with T 181.-xy

2-9
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I
lable 2.3

SAFE 1Y FAC10RS

I
Safety SrJety

location factor on factor onI System (Node) pipe Site Applied Crack
load Len9th

A - Condensate D04N 8" Schedule 80 3.83 2.56

003A 8" Schedule 100 3.54 2.26

B08 10" Schedule 80 5.05 3.20

| 801 10" Schedule 100 5.12 2.86

A - Steam B09 10" Schedule 80 3.23 2.07

B01 10" Schedule 100 2.90 1.82

012 12" Schedule 80 3.10 2.24

D10A 12" Schedule 100 3.11 2.02

B19 16" Schedule 80 6.53 3.16

B11 16" Schedule 100 5.95 2.75

B - Condensate C28 8" Schedule 80 2.32 2.10

C26A 8" Schedule 100 2.28 1.91

COS 10" Schedule 80 4.91 3.17

B20 10" Schedule 100 4.03 2.68

8 Steam B09 10" Schedule 80 2.47 1.87

B01 6 Schedule 100 2.57 1.75

D17 12" Schedule 80 2.92 2.19

| D04 12" Schedule 100 2.93 1.98

B15N 16" Schedule 80 4.69 2.91

_ B13 16" Schedule 100 4.30 2.54

I
2-10,
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Calculated Leakage Rates - 8" Piaing
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Ca cula:ec Leakage Rates - 1C" Piping
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Calculated Leakage Rates - 12" Piping
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Calculated Leakage Ra:es - 16" Piaing |
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Section 3
I~
' APPLICARillTY OF LEAK-BEFORE-BREAK HETH000 LOGY

.

SRP 3.6.3 (Draft) recommends that the app'ication of leak before-break
(LBB) analyses of high energy piping be subject to several limitations.
These limitations do not recommend the application of a LBB evaluation for

I piping systems which are susceptible to failure from the effects of
intergranular stress corrosion cracking (IGSCC), waterhammer or fatigue,
11 must also be shown that wall thinning and creep are not concerns. The

susceptibility of the Oyster Creek ICS piping outside containment to each

| of these pipe degradation mechanisms is discussed below.

3.1 Intergranular Stress Corrosion Cracking

The Oyster Creek ICS piping is Type 316NG stainless steel. This type of

| stainless steel in the as-welded condition in a typical BWR environment has
shown superior resistant. to IGSCC in comparison to other austenitic
stainless steels such as 304 or 316. Further, the isolation valves have

also been replaced with valves made from low carbon cast stainless steel
with controlled ferrite content. Both the piping and the val <'es are made

I from IGSCC resistant materials as described by NUREG-0313, Rev.2, in

addition, other steps have been taken or are planned by GPUN to further
reduce the possibility of IGSCC occurring in the ICS piping. These steps,

which include tight control of the welding process, stress improvement and
application of corrosion resistant cladding, are described below.

The pipe to pipe welds have been made with controlled weld metal chemistry
and ferrite content, as well as controlled weld joint geometry and heat
input. This weld process control reduces the welding residual stresses in
the weld and also reduces the potential for heat affected zone
sensitization and the potential for IGSCC.

3-1
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Welds between the new low carbon pipe and the existing isolation condenser

r nozzles (which are non-resistant, high carbon stainless steel) were made
with the nozzle side inside diameter protected by specially applied

- corresion resistant cladding. The cladding prevents the corrosive reactor
coolant from contacting the sensitized weld heat affected zone in the high
carbon material,

it is planned to apply a stress improvement treatment (induction heating
stress improvement or mechanical stress improvement) to all appropriate ICS
weld joints outside the drywell during the next refueling outage. This

procedure, which leaves the weld joint with favorable residual stresses to
resist !GSCC, will add a second mitigator to those welds.

I
As a result of the protective measures de*cribed above, crack development
and crack growth due to the effects of iGSCC are not expected in the ICS
piping. All of the welds outside containment, with the possible exception
of the welds to valves and the condensers, will have two IGSCC mitigators

(resistant material and stress improvement) and will meet the NUREG-0313,
Rev.2 requirements for Category A welds. The valve and condenser welds may

not have stress improvement due to the difficulty in applying stress
improvement to these joints. However, they will still be fabricated from

I resistant material.

3.2 Waterhammer

There is documented evidence of ICS piping waterhammer events at only two

i U.S. BWRs (References 3 to 5). These events occurred at Millstone and at
Nine Mile Point Unit 1. The waterhammer events at NMP-1 occurred during

start-up testing and were caused by condensate forming in the low points in
the steam supply piping when the system was not operational. This water
then became entrained in the steam on system actuation. System

modifications were made to install drains in the piping low points and no
waterhammer events have occurred since. Waterhammer events occurred at

Millstone when the reactor vessel water level increased abcVe the ICS steam
supply nozzle, allowing water to enter the steam supply piping. The
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Millstone operating procedures were revised to keep the water level lower
and no waterhammer events have been reported since.

After the waterhammer events at Millstone, procedure changes were
implemented at Oyster Creek to assure that waterhammer events would not

'

occur in the ICS piping. GPUN Safety Evaluation SE-315403-005 and Oyster
Creek Operating Procedure OP-307 (References 19 and 20) describe theI precautions taken at Oyster Creek to prevent waterhammer, in summary, th-

operators are precluded from using the ICS system when the reactor water
level is above 180" TAF (top of active fuel). When the water level is
above 180" TAF, the possibility exists for reactor coolant in the reactor
vessel to enter the ICS steam supply nozzles,

it should be noted that on more that, one occurrence, the Oyster Creek
reactor vessel level has risen above the ICS steam supply nozzle and there
have been no reported instances of waterhammer in the ICS piping. InI addition, the steam supply piping is sloped to allow gravity draining.
These design features combine to produce a system with essentially no dead
legs or locations where water can be trapped. Therefore, waterhammer is

not expected.

Since there have been no reported waterhammer events in the Oyster Creek
ICS piping and no events occurred at other plants after system
modifications were made, it is assumed that waterhammer is not a concern

for the Oyster Creek ICS piping.

'3.3 Fatigue

A detailed ASME Code, Section 111, Class 1 piping fatigue analysis was
performed to demonstrate that fatigue is not a concern for the ICS piping.I Details of this calculation are included in Appendix B.

The fatigue analysis considered the stresses in the piping resulting from
plant startup and shutdowns (pressure and thermal loads), earthquakes, and
also the s' resses due to the thermal transient associated with system
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I
activation. During normal plant operation, the ICS system is not in

,

operation and sections of the piping, in particular the condensate return
piping and the steam supply piping near the condensers, can cool and fillI with condensate. For the thermal transient evaluation, these sections of

piping were assumed to undergo a step change in temperature from 70' to
575'F (the system design temperature) on system initiation. The maximum

stresses in the pipe wall during this step change transient were used to
calculate fatigue usage, in addition, conservative stress intensification

factors were used at all locations.

I The ICS system is actuated each plant startup and shutdown, so the stress
range used to calculate fatigue usage was the maximum stress range from
cold shutdown to hot operation including the effects of system actuation.
A total of 400 cycles (10 cycles / year for 40 years) was assumed. The

stresses due to earthquake eventt were also included by assuming 5
occurrences of the Operating Basis Earthquake (OBE) with each occurrence
contributing 10 cycles of peak stress. The maximum fatigue usage factors
are listed in Table 3.1. As is shown, the usage factors are all very low;
the maximum usage fattor is less than 0.2. Thus, fatigue is not a concern
for the ICS piping.

I 3.4 Wall Thinning

There are two potential concerns with regard to wall thinning of piping and
_I fittings. These are fabrication wall thinning and service induced wall

thinning due to erosion. Fabrication wall thinning can occur during the
fabrication of elbows if straight pipe is bent to produce the curved elbow.
This is not a concern for the ICS piping because, to allow for this effect,
the elbow piping was ordered thicker than the remainder of the piping,
schedule 100 rather than schedule 80. Erosion can also occur in power
plant piping which contains liquids or wet steam moving at high velocity.
The ICS piping usually contains saturated steam, saturated liquid, or
slightly subcooled 1. quid traveling at relatively slow velocities.

associated with gravity feed. Further, the piping is high chromium

I
3-4

I
I

_



-. _ _ _ _ -_-____

-

-

stainless steel which is quit <' resistant to erosion or erotion/ corrosion^

m thinning. Therefore, wall thinning is not a concern.
L

3.5 Creep
.

|

The normal operating temperature of the ICS piping is about 550*f. As

J stated in SRP 3.6.3 (Draft), creep is not a concern for austenitic
stainless steel operating under 600*f.

I
I
I

I

I
I

I

I

|

|

5

3-5

I



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ - - _ _ _

,

-

b

Table 3.1
,
,

' MAXIMUM CALCULATED FAllGUE USAGE

r
_ _ .

Location
_

System (Node) Description Usage

A - Condensate C03 8" Pipe Connection to 0.095
Concentric Reducer

002N 8" by 10" 45' Lateral 0.103
Connection to 8" 45' Bend

809 Center of 8" by 10" Lateral 0.093

A - Steam None Calculated (Bounded by
B-Steam)

B - Condensate B20 Flued Collar Connection to 10" 0.134
Pipe (With Thermal Gradient)

C28 8" Pipe Connection to 0.174
Condenser Nozzles

C01 10" Pipe Connection to Valve 0.133 d
(With Thermal Gradient)

| 008 8" Butt Weld 0.125

Cll Center of 8" by 10" Tee 0.143

B - Steam All Flued Cellar Connection to 10" 0.001
Pipe (Without Thermal
Gradient)

B01 10" Pipe Connection to Valve 0.001
(Without Thermal Gradient)

B05 Valve Connection to Valve 0.128

B09 10" Valve Connection to 0.002
I Eccentric Reducer

017 12" Pipe Connection to 0.098

| Condenser Nozzle

|

|
3.s
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Section 4

LEAK DETECTION CAPABILITYI
Several methods are available for detecting leaks in the ICS piping outside
containment at Oyster Creek. These include (1) visual inspection during
system walkdowns, (2) reactor building sump monitoring, (3) area temperatureI monitors, (4) area radiation monitors, and (5) building ventilation radiation
monitoring. Taken together, these methods provide a high degree of assurance
that significant leaks (more than a tenth of a gallon per minute) would be
quickly detected, and action could be taken before potentially unstable flaws
could develop in the piping.

Since the ICS piping is generally accessible, it is possible to walk the
system down to observe possible leakage. According to studies performed by
Wyle Laboratories (Reference 10), visual observations are capable of detectingI small leaks. Leaks as small as 0.1 gpm wete seen in the Wyle tests, even with
insulated pipe. Currently, operators perform system walkdowns of the ICS
piping at least once each day.

Leakage from the ICS piping would condense and would eventually flow into the
floor drains. The reactor building floor drains disch?.rge into a single sump
(sump #1-7). A daily sump inleakage report is kept by.the operators. This is
a log of the volume of water (in gallons) pumped out of the reactor building
and other sumps each day. A review of this log for January through May 1990
indicates that the total flow each day is usually less than 250 gallons. A

.g plot of the sump inleakage data for January to May 1990 is shown in

.5 Figure 4-1. From this figure it can be seen that over a typical two day

.

period less than about five hundred gallons are pumped out of the reactor
building sump. The pump only actuates when a certain sump level is reached,

,

' so it does not necessarily actuate each day. When it does actuate, it

| typically pumps 400-450 gallons each time. Typically, the pump actuates every

"
1 I
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I
two or three days. The daily log alarm set point is 260 gallons per day,
which, if exceeded, requires the operators to identify and document the source

| of leakage. For example, a copy of the report for May 20, 1990 is shown in
Figure 4-2. This report shows that the hign inleakage for that day, 5,335
gallons, was due to the draining of a water filled line for maintenance,

Based on a review of the inleakage report data, it can be concluded that aI leak from the ICS piping exceeding 0.18 gallons per minute (260 gallons per
day) would require a daily special leakage evaluation based on the
reqctroments of the daily inleakage report. Such a leak (0.18 gpm) in the ICS
could not go undetected fo many days, since all of the isolation condenser

| piping is accessible for visual inspection.

In addition to the inleakeage report, the reactor building sump has a level
switch with a high level setpoint which alarms in the main control room. If a
reactor coolant leak were present in the reactor building which exceeded theI sump pump capacity, the sump level would increase and an alarm would occur,
indicating to the operators that a problem might exist and appropriate action
should be taken.

An area temperature monitor (ATM) is installed near the EC system isolation
valves outside containment. This monitor, which has a setpoint of 160*F is
capable of detecting leakage in the piping which lies immediately outside
containment. Procedure 2000-RAP-3024.01 requires the operators to investigate
an ATM alarm and take appropriate actions, including system isolation.

A radiation monitor is included on the reactor building ventilation exhaust,
with an alarm setpoint at 13 mR/hr. If a leak developed which contributed to
the airborne radiation level in the building atmosphere, this monitor would be
able to detect it and the appropriate operator actions could be taken in
accordance with procedure EMG-3200.ll.

I
In summary, several redundant methods are available for detecting leakage in
the reactor building from the ICS and thht operating procedures are in place
to address this leakage if it is discovered. Based on sump monitoring and4
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I
I system walkdowns, there are bases to support a detectable leak rate from the

ICS piping _of 0.2 gpm.

I
I
I
I
I
I
I
I

;

I.
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| DAILY INLEAKAGE REPORT 5/20/90

WCSUMPS PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIODS PERIOD 6 TOTAL
eeeeeeee e** e.e ....... e eeeen eeeeeee eesseen eeeeene esese
1-2 0 0 0 22 11 0 33
1-3 0 0 0 0 0 0 0
1-4 0 375 0 0 0 0 375
1-7 940 3270 0 1125 0 0 5335
1-8 423 300 429 412 364 433 2421
1-9 0 0 0 0 0 0 0
1-10 0 0 0 0 0 0 0
1-12 800 424 1154 000 447 593 4219
11RW 1 150 0 0 150 0 ISO 450
NRW 2 900 900 1200 900 1200 900 0000
ilRW 3 0 0 0 0 0 0 0
CHEM LAB 0 0 0 0 0 0 0
LAU11 DRY 0 0 0 0 0 0 0
III CollD 0 0 0 0 0 0 0

|
,

TOTAL 3213 5328 2783 3409 2023 2076 18833
TAllK INC 3500 3780 1120 700 -680 0 8420

I
llPSUMPS PTRIOD1 PER10D2 PERIOD 3 PERIOD 4 PERIODS PERIOD 6 TOTAL
........ . i. **e.... ....... ....... eee*ee. ....... .e***

1-11 0 0 0 0 0 0
RDEDT 22H 0 0 236 0 464
DWEDT 1132 923 921 1107 915 5901
LOW C0f1D 9 0 0 0 0 0 0
TOTAL 903 1360 923 921 1343 915 6365
TATIK IliC 2188 1360 4494 1194 3792 2236 15264

INVESTIGATE 1-7 SUMP HIGH RUN TIME. NOTE 1

IllVESTIGATE 1-12 SUMP HIG11 RUN TIME. NOTE ?

IliVESTIGATE flRW 1 SUMP llIGil RUN TIME. NOTE 3

IliVESTICATE NRW 2 SUMP llIGH RUN TIME. NOTE 4

NOTE 1 1-7 SUMP-- DRAlflING CONDENSATE LINE

NOTE 2: 1-12 SUMP-- CONDENSATE RdTURN TANK OVERTL?W

NOTE 3: NRW 1 OUMP-- CONTACTED GPSS. UNABLE TO IDENTIFY SCURCE

NOTE di llRW 2 SUMP-- EVAPORATOR AND SUSPECT FLOAT llANCING UP

<
.

figure 4-2

l
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Section 5

LEAK RATE MODEtlNGI
| The correlation between pipe through-wall crack size and leak rate was

calculated using CIRFLO, a specialized computer code developed by MPR
specifically for this purpose. The computer model assumes that the pressure |

loss through the crack can be described by a typical fL/D loss mechanism.
Choking (critical flow) is evaluated using a homogeneous choking model whichI depends on local stagnation pressure and stagnation enthalpy at the choke
point. Conservuive, i.e., lower bound, estimates of flow through tight
cracks were obtained by using a friction factor based on a relative roughness
of 0.1. The crack opening flow area as a function of internal pressure was
determined from formulae given in Reference 11. CIRFLO results compare

favorably to measured flows through small slits reported in Reference 12 and
the LEAKS 01 model developed for EPRI in Reference 13. A more detailed
description of CIRFLO, including its technical basis and results of
comparisons to test data, is provided in Appendix A.I
The ICS steam supply piping normally r.ontains saturated steam at essentially
reactor vessel conditions of 1035 psia, 549'F. The conditions of the fluid in
the ICS condensate return piping vary along the length of the pipe from
saturated Iiquid at reactor vessel conditions to subcooled liquid at reactor
vessel pressure. For the purpose of calculating leak rates from postulated
throug:.-wall cracks, the steam suoply and condensate return piping were
assumed to contain saturated steam and saturated liquid at normal reactor
vessel conditions. This approach, which could underpredict the leakage flowI if the steam supply piping contains water or the condensate return piping is
subcooled, is conservative for leak-before-break types of analyses.

The steam supply piping contains six different cross section geometries: 10"
diameter schedules 80 and 100,12" diameter schedules 80 and 100, and 16"

5-1>
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I
diameter schedules 80 and 100, lhe condensate return piping contains four
different cross section geometries: 8" diameter schedult; 80 and 100 and 10"
diameter schedules 80 and 100. Thus, there are a total of ten pipe size / fluid
combinations in the ICS piping. The relationship between through-wall crack
length and calculated leakage rate is shown in figures 4.1 and 4.2. These

data were used to interpolate the crack sizes required for a leak rate of 2
gpm. The 2 gpm crack sizes are shown in Table 5.1. They range from about 64*I to 106' of pipe circumference. The detailed calculation of the crack sizes is
provided in Appendix A.

I
I
I
I
I
I -

I
I
I
I
I
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Table 5,1-

2 GPM LEAKAGE CIRCUMfEREN11AL CRACK SIZES

I -

Piping Fluid Pipe Size 0,c, a 7cm

Condensate 1035 psia, 549'F 8" Schedule 80 76* 5.72"
Return Saturated Liquid

| 8" Schedule 100 86* 6.47"
|10" Schedule 80 64* 6.00"

10" Schedule 100 73* 6.85"

Steam Supply 1035 psia, 549'F 10" Schedule 80 93* 8.72"
Saturated Steam

10" Schedule 100 106* 9,94"

12" Schedule 80 82* 9.12"

12" Schedule 100 94* 10.46"

16" Schedule 80 70* 9.77"

| 16" Schedule 100 80* 11.17"

|
3
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I
Section 6

FRACTURE MECHANICS ANALYSES

Analyses were performed to evaluate the likelihood of unstable double-ended
pipe rupture in the Oyster Creek ICS piping. This section describes the

.g Leak-Before-Break (LBB) fracture mechanics analyses performed to show that
E the probability of postulated double-ended breaks in the piping is very

low. The guidelines used for this analysis are taken from SRP 3.6.3
(Draft), Reference 1.

The objectives of the fracture mechanics evaluations, using the guidelines
and recommended acceptance criteria presented iti SRP 3.6.3 (Draft) are:

I Identify the highest loaded locations in the piping system. These are.

the postulated crack locations. The loading combination considered isI normal operating conditions plus safe shutdown earthquake (SSE) loads.

For the postulated flaw size determined from leak detection.

capabilities, show that no unstable failure is predicted for the
issumed loading conditions.

Demonstrate a factor of safety in terms of crack length of at least 2..

That is, show that the critical crack length corresponding to unstable
crack growth or tearing of the cracked pipe cross section for theI applied load is at least 2 times the postulated crack length.

Demonstrate a factor of safety in terms of load of at least 1.41..

That is, show that the load corresponding to unstable crack growth or
tearing of the cracked pipe cross section for the postulated flaw is
at least 1.41 times the applied load.

6-1
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The ICS piping contains both schedule 80 and schedule 100 thickness for
each pipe diameter in the system. However, the installation procedures for
the piping allowed the installer to counterbore the schedule 100 piping to
schedule 80 diment. ions where necessary to meet fit-up requirements.
Consequently, all fracture mechanics calculations used the schedule 80 wall
thickness for the schedule 100 piping. The only exception to this approach
was the 10" piping in the steam supply lines. The installer was not
permitted tn machine the 10" schedule 100 steam supply piping below
schedule 100 limits. For this piping, the actual schedule 100 wall

| thickness was used.

6.1 Applied Loads

SRP 3.6.3 (Draft) recommends that the loading combination used in the
analyses include pipe deadweight, normal pipe internal pressure, normal
thermal expansion loads, and safe shutc;own earthquake (SSE). While the
ANSI /ASME B3.1 stress analysis models included all of the ICS piping inside

~ and outside containment, the fracture mechanics analyses considered only
the piping between the containment penetrations and condenser nozzles.I This is because the stiffness of the penetrations was found by analysis to
be very high; the penetrations are essentially fixed anchors. The portion ,

of the piping outside containment represents the analyzable portion of the
system and is evaluated in accordance with the guidance in SRP 3.6.3

IIDraft). -

The loads on the ICS piping due to the deadweight plus thermal plus SSE
i combination are documented in the design stress analysis reports for the

piping (References 6 to 9). These loads were calculated using the AUT0 PIPEI finite element program as part of the ANSI /ASME B31.1 evaluation of the
piping. The stresses due to internal pressure were determined by hand
calculation.

The fracture mechanics methodology described below requires the postulated
load on the cracked section to be expressed in terms of an equivalent
applied bending moment rather than individual stress components. Fracture

6-2I
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I
mechanics evaluations are required to be performed at the locations of
highest loading in the ICS piping. These locations were determined by
calculating the equivalent moment at each node point in the finite elementI models of the piping and selecting the highest loaded node for each pipe
size in each of the four piping runs (condenser A steam supply and
condensate return and condenser B steam supply and condensate return). The

method used to determine the equivalent moments is described in detail in
Appendix C and is summarized below.

The loads calculated by AUT0 PIPE at each node point are forces and.

moments about three axes. The forces and moments at each node point

for the deadweight plus thermal plus SSE load combination wereI combined using square-root-sum of-squares (SRSS) to determine the
maximum force and moment. The calculations in References 6 to 9
provide two sets of results for this load combination: deadweight plus
thermal plus SSE and deadweight plus thermal minus SSE. The

combination which yields the highest equivalent moment is used.

The SRSS force is divided by the cross sectional area to calculate an.

axial stress. The SRSS moment, pipe radius and area moment of inertia

are used to calculate a bending stress.

The axial stress and bending stress from the AUTOPipE results are.

summed along with the axial internal pressure stress to Jetermine a
total equivalent stress at each node point.

The equivalent moment used in fracture mechanics evaluations is.

g calculated as the bending moment which would result in the total
equivalent stress if only bending stresses were present.

I The location of highest equivalent moment for each pipe size for each.

piping system are selected as postclated crack locations.

The points of highest equivalent stress in each system along with the
equivalent stresses and moments are shown in Table 6.1. The locations of
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I
these points within the system are also listed in Table 6.1 and are shown
on system isometrics in Figures 6.1 to 6.4. As expected, most of the
highest stressed locations are either terminal ends of piping, reducers, or
drywell penetration attachments.

- 6.2 Fracture Mechanics Methodology

Elastic-plastic fracture mechanics analyses were performed for the normalI operating conditions plus SSE load combination described above to evaluate
the margins available for unstable crack growth or tearing at each
postulated crack location. The methodology used is discussed below and

described in detail in Reference 14.

I
An important criteria of the SRP 3.6.3 (Draft) guidelines is that the
postulated cracked section should not tear unstably under the applied load.
The cracked section resistance to unstable growth or tearing is determined
by examining the moment carried by the crack and mathematically perturbingI the assumed flaw size. Paris, in Reference 15, states that stability is

assured if the moment lost from the cracked section due to an increase in
crack length is less than the moment that is picked up by the piping system
via the increase in cracked section hinge angle. A stable condition is
represented by:

I
crack < system

The expression on the right is a function of the piping geometry and can be
evaluated directly from stiffness calculations of the piping system or a
finite element model of the piping system by inserting a ball and socket
joint at the crack location, applying a moment couple on the joint, and
determining the resulting rotations. In Paris' notation, this is the

piping system compliance. This system compliance is often equated to the
stiffness of a cantilever beam of length, L, with the same area moment of
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I
inertia, 1, and radius, R, of the pipe. The ratio, L/R, of the equivalent
cantilevered pipe is used to report system compliances (inverse of
stiffness) in this analysis.

For the widely applicable case where the crack growth and hinge angle are
controlled by the J-integral, the expression on the left of the stability
equation can be evaluated in terms of the partial derivatives of the J-
integral, J, and hinge angle, 4, with respect to crack size, a, and applied
moment, M, and a material property called the tearing modulus which is
defined as:

E dJ
T,y =,

%

T,u is determined directly from the slope of J vs Aa obtained from test
data for the material of interest. In terms of these parameters, the
stability criterion becomes (as shown in Reference 14).

I
E SJ BJ 2[ 04 -l

I T,n > 3 -t'

+7 ,

a H a a
Oo

where C, is the system compliance. The expression on the right side of the
inequality is commonly referred to as (he applied tearino modulus.

Since the expressions on the right side of the above inequality are all
functions of the ratio M/Mo, actual margins to tearing instability can be
directly calculated in terms of applied moment and assumed crack size. The

application of this stability criterion to cracked pipes is described inI Appendix D.

6.3 Material Properties

The ICS pipe material is Type 316NG stainless steel. For this analysis,I lower bound tensile properties for Type 304 stainless steel, which is
similar to 316HG, were used. Large strain stress-strain data for Type 304
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I
stainless steel at elevated temperatures are available in Reference 16.
The material strain hardening exponent and coefficient for a Ramberg-Osgood
power law strain hardening model, o and n, were determined from these data.

The data base used to define T,y was obtained from cast stainless steel
material test data at 550*f reported in Reference 17. Cast material, which

is similar to stainless steel weld metal, has lower crack initiation and

growth resistance than the pipe base material, thus providing aI conservative lower bound estimate for T,y. Appendix E describes in
greater detail the determination of material properties.

The material property values used in the fracture mechanics analyses are
presented in Table 6.2. The tensile properties are based upon ASME Code

minimum values except for yield strength, where the value taken is that of
the material in Reference 16 whose strain hardening behavior was
quantified. The flow stress used in limit load analyses was chosen as
three times the material design stress intensity value from the ASME Code
as recommended in Reference 18.

6.4 System Compliance

The methodology developed above to evaluate the stability of postulated
pipe cracks requires knowledge of the piping system compliance at each
postulated cracked section. The compliance is a measure of how much load

is picked up by the piping system as the cracked section sheds moment. In

a very compliant system, as the crack grows, the system picks up very

| little of the moment on the cracked section, so the load on the section

changes very little. In a very noncompliant system, the system can pick up
a large portion of tne moment, so as the crack grows, the load on theI cracked section reduces.

The compliance of the piping system at the postulated crack locations was
determined using the AUT0 PIPE finite element models of the piping
arrangement. For each postulated crack location, a node is added to the
system model coincident with the node at the postulated crack location.
The translational degrees of freedom of the two nodes were coupled but the

,.e,
'I



I
rotational degrees of freedom were uncoupled. Equal and opposite moments

were applied on each of the coincident nodes and the resulting rotations
- determined. This procedure represents the insertion of a ball and socket

joint into the model at the postulated crack location. A second analysis

was also performed, applying the moments about an axis perpendicular to the
first moment to obtain the compliance about two axes. The maximum

(conservative) compliance about any axis was obtained using these
compliances and a Mohr's Circle approach as recommended in Reference 15.

The calculated system compliances for each postulated crack location are
shown in Table 6.3 and ratige from L/R = 38 to 151. Typically, L/R values
less than 100 describe a piping system which is fairly rigid; L/R valves
over about 150-200 describe a f airly flexible system. Since localI counterboring of the pipe wall (for fit-up) would not significantly affect

the overall stiffness of the piping system, all compliance calculations
used the actual pipe minimum wall thicknesses (i.e., schedule 100
thicknesses were used for schedule 100 piping). Compliance calculations
for the ICS piping are described in more detail in Appendix f.

6.5 fracture Mechanics Results

Tearing stability calculations were performed to demonstrate sufficient
margin against unstable growth or tearing of the postulated cracks under
the applied loads. Calculations were carried out using the piping system

I compliance at the postulated crack locations. The results of these
analyses, shown in Table 6.4, show that all postulated crack.; are stable
under the applied load. All calculated values of the applied tearingI modulus are less than I The tearing modulus calculations are describedm.
in detail in Appendix G.

As recommended by SRP 3.6.3 (Draft), safety margins in terms of crack size
and applied load were determined for each postulated crack location. The

safety margin in terms of crack size is the ratio of the crack size
corresponding to failure for the applied load to the postulated crack size
and is recommended to be at least 2.0. The margin in terms of load is the
ratio of the load corresponding to failure for the postulated crack length

6-7
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I
to the applied load and is recommended to be at least 1.41. The failure
mode is limited by either unstable tearing or plastic collapse of the
remaining cross section. Which mode of failure is actually limiting isI dependent on crack size, applied loads, complaince and other factors. In

this analysis, margins are reported for each analysis location for
whichever failure mode is limiting, unstable tearing or plastic collapse.

As can be seen in Table 6.5, the safety margins in terms of load are all
greater than 1.41. It should be noted that in each case evaluated, as the

applied load is increased, plastic collapse of the cracked pipe section is
controlling rather than unstable growth or tearing. Thus, the safety
margin in terms of applied load is simply the ratio of the limit momentI corresponding to plastic collapse for the cracked section to the applied
moment.

Table 6.5 also shows safety margin in terms of crack size. In each case,

the limiting failure mode is also plastic collapse. As shown in Table 6.5,

some of the analysis locations do not quite meet the SRP 3.6.3 recomrnended
criteria of a margin of two on crack size (the worst case is 1.75). The

safety margin of two on crack size is recommended to account for
uncertaintie- in the fracture mechanics analyses methodology and leakI detection capability (Reference 21). ilowever, a factor of 10 has already
been applied on the leakage detection capability (when determining crack
size) to account for the leak detection and leak calculation uncertainty.
Further, in each case, critical crack size is limited by plastic collapse,

which can be calculated relatively precisely compared to a tearing
*

instability limit crack size. Thus, the recommended f actor of two is very
tonservative for the ICS piping. Considering the basis for the recommended

margin of two, the calculated margins (minimum of 1.75) are considered to
provide adequate safety margin again.. failure.

I

I
6-8 .
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I
lablo 6.1

HIGil[51 LOADED LOCATIONS

Equivalent Equiva
location Stress Moment

System (Node) Description _ Pipe Size (Ksi) (in Kip) _

A Condensate 004N Elbow 8" Scheduie 80 11.6 284

D03A 1 B" Schedule 100 11.6 284
,

C08 Pipe Weld 10" Schedule 80 9.E 437 i

B01 Pipe to Valve 10" Schedule 100_ 8.9 404
__,

A Steam B09 Valve to Eccentric 10" Schedule 80 12.0 546
Reducer

B01 Pipc to Valve 10" Schedule 100 12.0 640

012 C0ndenser Nozzle !?" Schedule 80 13.6 1017

D10A Elbow 12" Schedule 100 12.3 919

bl9 Pipe Weld 16" Schedule b; 7.1 1025

Bil Snubber Attachment 16" Schedule 100 7.2 1043

B Condensate CM Condenser Nozzle 8" Schedule 80 19.2 470

C26A Elbow 8" Schedule 100 18.0 441

C05 Valve to Pipe 10" Schedule 80 9.8 449

'E B20 'lued Co''.- 10" Schedule 1 0 11.3 513
5 Connectt

B-Steam B09 Valve to Eccentric 10" Schedule 80 15.7 715
Reducer

B01 Pipe to Valve 10" Schedule 100 13.6 724

D17 Condenser Nozzle 12" Schedule 80 14.4 1077

004 Pipe Weld 12" Scheoule 100 13.1 976

,15N Elbow 16* Schedule 80 9.9 1429

B13 Snubber Attachment 16" Schedule 100 10.0 1444

,

6-9
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Table 6.2 i

mal [ RIAL PROP [R1'.[S

Property Value @ 550'l

Clastic Modulus, [ 25600.0 ksi
,

Yield Stress, o, 23.0 ksi

flow Stress, o, 50.7 ksi

T, 182

a 2.13

n 3.79

I
I
I
I
I;

I
I
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E
Tat le 6.3

CALCULA1[D SYS1[M COMPLIANCE

n. . ..-_ ___ _-- _ - - - - ,

I location
System (Node) Pipe Size l/R

A - Condensate 004N 8" Schedule 80 127

D03A 8" Schedule 100 146

B08 10" Schedule 80 127

B01 10" Schedule 100 73I A Steam B09 10" Schedule 80 38

B01 10" Schedule 100 44

D12 12" Schedule 80 88

D10A 12" Schedule 100 .151

B19 16" Schedule 80 135

Bll 16" Schedule 100 133

B Condensate C28 8" Schedule 80 65

C26A 8" Schedule 100 150

C05 10" Schedule 80 66

B20 10" Schedule 100 65

B Steam 809 10" Schedule 80 39

B01 10" Schedule 100 41

017 12" Schedule 80 124

000 12" Schedule 100 104

315N 16" Schedule 80 104

813 16" Schedule 100 127
,

8

I
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I 1

Table 6.4

| CALCULATED APPLIED TEARING H0DULUS RISULTS

__

Applied
Location learing'I System (Node) Pipe Sire Modulus *

A Cordensate D04N 8" Schedule 80 1.8

D03A 8" Schedule 100 2.3

_

B08 10" Schedule 80 0.7

B01 10" Schedule 100 0.7

A - Steam B09 10" 5thedule 80 2.8

801 10" Schedule 100 3.5

D12 12" Schedule 80 3.6

| D10A 12" Schedule 100 4.4

B19 16" Schedule 80 0.4

Bil 16" Schedule 100 0.5
B - Condensate C28 8" Schedule 80 8.9

C26A 8" Schedule 100 11.9

C05 10" Schedule 80 0.8

820 10" Schedule 100 1.4

|
B - Steam B09 10" Schedule 80 5.9

B01 10" Schedule 100 4.6

017 12" Schedule 80 4.7

004 12" Schedule 100 5.1

B15N 16" Schedule 80 0.9

813 16" Schedule 100 1.2
. _ . _

* To be compared to the limiting tearing modulus.1, = 181.

I

I
'"'

.I



_ . . _ _ _ _ __ ___ . . _ _ _ _ _ _ .

lable 6.5

SAf[1Y FAC10R5
.-

-

I

-

Safety Safety
location factor on factor on

I System (Hode) Pipe Size Applied Crack
load length

| A - Condensate D04N 8" Schedule 80 3.83 2.56

003A 8" Schedule 100 3.54 2.26

B08 10" Schedule 80 5.05 3.20

001 10" Schedule 100 5.12 2.86

A - Steam B09 10" Schedule 80 3.23 2.07

B01 10" Schedule 100 2.90 1.82

D12 12" Schedule 80 3.10 2.24

| 010A 12" Schedule 100 3.11 2.02

B19 16" Schedule 80 6.53 3.16

011 16" Schedule 100 5.95 2.75

B Condensate C28 8" Schedule 80 2.32 2.10

C26A 8" Schedule 100 2.28 1.91

C05 10" Schedule 80 4.91 3.17

B20 10" Schedule 100 4.03 2.68

B Steam 809 10" Schedule 80 2.47 1.87

801 10'' Schedule 100 2.57 1.75

D17 12" Schedule 80 2.92 2.19

004 12" Schedule 100 2.93 1.98

Bl5N 16" Schedule 80 4.69 2.91

013 16" Schedule 100 4.30 2.54

I

I ' ~ "

I
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MPR ASSOCIATES, INC.5

1050 Connecticut Ave., NW-Washington, DC 20036

[ CALCULATION NO. PREPARED BY CHECKED BY
PAGE cj
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MPR ASSOCIATES, INC.
1050 Connecticut Ave., NW-Washington, DC 20036g

U CALCULAllON NO PillI% fled OY CHECKE,D OY/ e rgc[: ).
/ . /,, ,

[
s

I
(lDilbi ( At CUL 411(rh Of I t ow t ek(nJLH ( | p t.tmp i p t h t | At p | 3.t ( e gt : 1,

Vl R 5 | fled 2.0

i f(tiAY 't D Att ; 04/01/91

0' tite (efta its tilthy

WiMD(R Di (RACit, lACH ( Att /0
NUMBlN Of ||t Mlhit t h O A(t 1$

(RA(t Itw 40) (* LihLtw (1) 1

etiAffvi k(AIGH61tt ,10000

00 1 Hilt P0 10 votD Mik (kAt man (Rat t
(ththit) (thtHit) t t= t l a ) (Ist G f ) ( Ikt HI b n (lhtat t) (s51)

. ... .. . .

8,6250 .500000 1035,00 $48,77 .0000 1,0000 70.0000 yst,n000n,

litt ( R Al t, Ahtt i AttA ttw : 1,0 pty, ettu
( l kt Hi t ) (l't Lki t. ) (to lh) tit /ttt) (enla) (ac/g/m2) ((,A( f u t h )

I
1 1.00 13.?? .000 00 320.94 7271,2 .0/
? ?.00 26.$7 .001 .01 181,56 7800,7 .09
3 3.00 id,66 .003 04 472,43 97t0,3 ,79
4 4.00 $3,14 ,006 09 547,89 11479,1 , y,

I
5 S.00 66.4) .010 18 602,32 13023.7 1.29
6 6.00 79, 71 ,01% .31 647.56 1446$,0 ?.26
7 7.00 93.00 .023 .$1 f.M , 30 1$762.6 3,67
5 8,00 106.?9 .032 78 ??6.76 16h70,6 5.60
9 9.00 119,$7 .04% 1.13 761.95 17M6,4 8.14

1
10 10.00 132 h6 .060 1,38 Tv4,14 1n67,7 11,37
11 11.00 146.1% .078 2,1% B19,34 19404,7 1s,47
1? 17.00 159.43 .100 2. N. 640.10 ?00Y7.7 70,54
13 13.00 172.f* 176 3,71 MA,27 2070/,3 26,67
14 14.00 1% i .1S1 4.73 874.07 ytp33,1 34,01

1 15 15.00 1W.79 ,193 s.93 M 7, 70 71704,9 47,ca
16 16.00 212.38 .234 7.34 BW ,64 ??117.8 52,81
17 17.00 t/5, tm .281 e,97 910,19 ??471.7 64,50
l' 18.00 239,1$ .335 10.h4 919.33 ??796,1 77,98

1
19 19,00 ?t?.43 .396 12,98 527.?B 230?1.0 V3.39
20 20,00 f t.),72 .465 15,40 934,48 73574,9 ggo,74

|

!
I

_

. .
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MPR ASSOCIATES, INC.'

1050 Connecticut Ave., NW-Washington, DC 20036

l CALCULATION N' PREPARED BY CHECKED BY
/ PAGE {!e

/y.. . L.

00 1HICL P0 10 Voll h (Rat NA: (RAL i
(thCHil) (iktHil) (PSIA) (0!C f ) (thtHtt) (thCHli) (Pil)

..

8.6250 .594000 1035,00 548.77 .0000 1.0000 20.0000 25600000,

litt (tAtt AhCLt ARIA IL OW talt P fium flow
(thChll) (0! GRif ) ($Q lb) (L9/$(C) (l'51 A) (tG/5/M2) (LAt/Mik)

. .. . .. .. . . . ..

I 1.00 13.29 .000 .00 300.5% 6111.7 .01
2 2.00 2t. 5 7 .001 .01 14 6. t.4 7105.3 .07
3 3.00 39.66 .002 03 4D9.27 82te .4 .20
4 4,00 $3.14 .005 .06 673.58 91.8.2 46
5 5.00 f.6. 4 3 .005 .12 530.80 11187.9 .90
6 6.00 79.72 012 .22 581.59 1246).4 1.57
7 T.00 93.00 .018 .3' 022.74 13tJ A. 8 1.54
8 8,00 106.29 .026 .57.99 14804.2 3.90.

9 9.00 119.57 .035 . 79 691,59 15856.3 5.i .
10 10.00 132.86 .047 1.12 722.65 16771.7 8.b6
11 11.00 146.15 .061 1.53 752,35 17591.0 11.01
12 12.00 159.43 .078 2.03 779.28 18313.5 14.63
13 13.00 172.72 .098 2. 64 804.51 18918.1 19.00
14 14.00 186.00 .122 3.38 823.39 19552.1 24.32
15 15,00 199.29 149 4.26 660,57 20112.5 30.63
16 16.00 212.58 181 5.28 855.92 20613.8 38.00
17 17.00 225.06 .217 6.48 B69.12 21085.6 46.61
18 18.00 239.15 .257 '.85 B81.44 21483.8 56.46
19 19.00 252.43 .304 9.42 892,20 21852.4 67. 73
20 20.00 265.72 .356 11.19 901,96 22176.8 80.51

DO 1 HICK PO 10 V01D MIN CRAK MAX CRAL I
(INCHf$) (thCHil) (P%IA) (DtG f ) (ththtl) (thCHtt) (Pll)

.. . .. .. ... . .... .. . ... .. ... . . . .. ....

10.T500 .594000 1035.00 548,77 .0000 1.0000 20.0000 25600000.

11fp (RACP AkOL( ARIA FLOW faltaP ILUM FLOW
(ththil) (DtGRt() ($Q lb) (L8/ttC) (tll A) (LG/$/M2) (LAt/Mih)

.. ... .. .. ... ...... . .. . .. . . ..

1 1.00 10.66 .000 .00 438.94 6h62.0 .02
2 2.00 21.32 .001 .01 356.45 7297.0 .D9
3 3.00 31.98 .003 .04 442.06 9046.2 .27
4 4.00 4?.64 .006 .08 507.01 1D601.8 .60
5 5.00 53.30 .009 .16 563.53 12006.3 1.14
6 6.00 63.96 .015 .27 611.11 13292.8 1.97
7 7.00 74 .62 021 44 (48,63 14509,3 3.17
8 8.00 85.28 .030 .67 WB3.52 15615.2 6.80
9 9.00 95.94 .041 .96 716.38 16603.1 6.94
in 10.00 1D6.60 .054 1.34 747.02 17673.1 9.67
11 11.00 117.26 .070 1.82 776.02 18210.3 13.D6
12 12.00 127.92 .089 2.39 802.00 Ina44.4 17.17
13 13.00 138.58 112 3.09 821.69 19*93.2 22.22
14 14.00 149.24 .138 3.93 839.38 20068.2 28.23
15 15.00 159.90 168 4.91 855.04 20584,3 35.31
16 16.00 170.55 .203 6.06 B68.73 21056.2 41.57
17 17.00 181.21 .242 7.38 681.11 21469.0 53.09
18 18.00 191.87 .287 8.90 891. h8 ?1852.4 (4.03
19 19.00 202.53 .357 10.62 901.84 221/6.8 76.41
20 20.00 213.19 .3Y4 12.59 910.27 22501.2 90.56

' I
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MPR ASSOCIATES, INC.
- 1050 Connecticut Ave., NW-Washington, DC 20036

L CALCULATION NO. PREPARED BY
j Cj [ ,CHCCKED DY', 4' PAGE ,_

~

-

Do 1 HICK PO to votD Mik C#At MAm (tat i

I
(thCHil) (thCP15) (Illa) (b(G f ) (thCrit) (thtktl) (Pt])

10.7500 719000 1035.00 548.77 .0000 1.0000 20.0000 25600000.

11( R CRAtt AhGtt peta f LW Lull P flus FLW

I - . . .. . . . ..

(lkCHt$) (btGRil) ($Q lk) (LD/ttC) (P51 A) (LG/5/M2) (GAL /Mik)
. .

1 1.00 10.66 ,000 .00 212.?? $645.6 .01
2 2.00 21.32 001 .01 437.42 6703.5 .07

I
3 3.00 31.98 .002 .03 St,8.30 7545.9 18

4 4.00 42.64 004 .06 435.19 M65.6 40

5 5.00 53.30 .007 .11 486.45 10100.5 .77
6 6.00 63.96 012 18 533.31 11243.2 1.32
7 7.00 74.62 .017 .2V 575.41 12308.6 2.11
8 8.00 85.28 .024 44 611.40 '3318.6 3.20.

9 9.00 95.94 .032 . 6') 641.74 = 2 M .1 4.65
10 10.00 106.60 .042 91 670.15 15194.9 6.52
11 11.00 117.26 .W 1.23 697.54 16028.0 8.87
12 12.00 127.92 .069 1.64 723.16 16794.8 11.76

| 13 13.00 138.58 086 2.12 747.42 17487.8 15.27
14 14.00 149.24 .105 2.70 770.93 18092.4 19.42
15 15.00 159.90 128 3.38 792.78 18623.2 24.30
16 16.00 170.55 154 4.17 811.05 19139.3 30.03

1
17 17.00 181.21 183 5.10 826.56 19t40.6 36.71
18 18.00 191.87 .216 6.18 840.31 20112.5 44.43
19 19.00 202.53 .254 7.39 853.32 20525.3 53.17
20 20.00 213.19 .296 8.77 864.97 20908.7 63.10

DO IMICL PO 10 votD MIN CRat MAR CRAK i

(ththtt) (lhChill (Pila) (DtG f) (lkCHtt) (lhCHtl) (P51)
. .... ..... . . ..... .. ... .. . . .......... . ......... ..

10.7500 .594000 1035.00 548.77 1.0000 1.0000 20.0000 25600000,

if(R CRACK AhGLE AttA PLW tutt P flux FLN
(INChis) (Dt G&lt ) (50 th) (L8/5tC) (PSIA) (EG/1/M2) (GAL /Mik)

I
.. . ... .. ... . . .. . ... . .. .. . ... .... . . .

1 1.00 10.66 .000 .00 100.27 2412.8 .01
2 2.00 21.32 .001 .00 225.69 2238.4 .03
3 3.00 31.98 .003 .01 281.75 2794.7 08
4 4.00 42.64 .006 .03 332.71 3290.6 .19
5 5.00 $3.30 .009 .05 379.13 3747.9 .36
6 6.00 63.96 .015 .09 422.45 4170.3 .62
7 7.00 74.62 .021 .14 462.42 4562.8 1.00
8 8.00 85.28 .030 .21 499.81 4926.6 1.51
9 9.00 95.94 .041 .31 534.12 5?65.5 2.20

10 10.00 106.60 .054 .43 565.99 5579.5 3.09
11 11.00 117.26 .070 .59 595.28 5811.0 4.?1
12 12.00 127.92 .089 .78 622.85 6137.7 5.59
13 13.00 138.58 .112 1.01 648.05 6364.4 7.28

|
14 14.00 149.24 138 1.29 670.92 6613.6 9.30
11 15.00 159.90 168 1,63 692.16 6822.9 11.70
16 16.00 170.55 .203 2.0? 111.42 7017.3 14.52
17 17.00 181.21 .242 2.47 729.51 7191.8 17.74
18 18.00 191.87 .287 3.00 746.14 7356.2 21.55
19 19.00 202.M .337 3.60 760.97 7505.7 25.86
20 ?0.00 213.19 .394 4.27 775.17 7635.3 30.72

i
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MPR ASSOCIATES, INC.'

1050 Connecticut Ave., NW-Washington, DC 20036
,

L CALCULATION NO PREPARED DY CHECKED BY ,

/. w j e .ga/ r^ac \ .s
. . . - -

t

(iO IMitt P0 10 vol0 plh (RAL MAN (#At t
(!WChti) (INCH (l) (P$lA) (('l G f ) t l ht kt l) (lktkli) (Pol)

.. .. .. .... . . . .

10.7500 .719000 1035.00 548.77 1.0000 1.0000 20.0000 25600000,

lith CDAtt Ahk t A8t A ft0W tull P flus ft0W
(thCHil) (DELPit) ($Q 14) (l8/5tC) (PSIA) (EG/5/M?) (GAL /Mik)

... . .. . . . . . .. . ... .

1 1.00 10.66 .000 .00 188.87 18A?.0 .00
? 2.00 21.32 .001 .00 185.75 1847.? .02
3 3.00 31.98 .002 .01 233.39 2316.3 .06
4 4.00 47.64 .004 .07 276.?S 7737.4 .12
S 5.00 53.30 007 .03 316.00 3179.9 .?4
6 6.00 63.96 .01? .06 353.69 3498.7 .41
7 7.00 74.6? .017 <09 389.17 3847.6 .66
8 8.00 85.28 .024 .14 423.01 4177.7 1.00
9 9,00 V5.94 .032 .?D 455.16 4490.5 1.46

10 10.00 106.60 .042 .29 485.50 4787.0 ?.05
11 11.00 117.26 . 0% .39 513.90 5068.6 2.80
17 1?.00 127.97 .069 .57 541.?9 5332.8 3.74
13 13.00 138.58 .086 .68 567.03 5582.0 4.87
14 14.00 149.24 .105 .87 590 ?6 5821.7 6.?S
15 15.00 159.90 .128 1.10 613 ?B 6040.5 7. f>8
16 16.00 170.55 .154 1.36 634.20 6749.8 9.81
17 17.00 181.?1 .183 1.67 6% .1? 6444.7 I?.05
18 18.00 191.87 .?16 2.04 672.39 66?8.6 14.64
19 19.00 207.53 .254 7.45 689,24 6798.0 17.61
20 20.00 213.19 .??6 7.92 706.05 6957.5 21.00

00 IniCK PO 10 v')l0 Mik (Rat MAa CtAr I
(INCHts) (thCHil) (P51A) (OtG f ) (ikCHis) (thCHil) (P51)

.......... .. .... . .... .. ....... .... . ... . ..... . ... . .. .

12.7500 688000 1035.00 548.77 1.0000 1.0000 20.0000 25600000.

litt (WACK Ah0L t ARIA fLtM LAll P fLVM ILOW
(thCHil) (Ot LR[ t ) ($Q IW) (L8/$lt) (PSI A) (4G/$/M?) (CAL /Mik)

... ........... .. ..... ... . .. ... .... ... . . .. .

1 1.00 8.99 .000 .00 196. (A 23?4.4 .01
? 2.00 17.98 .001 .00 210.31 20V8.8 .03
3 3.00 ?6.96 .003 .01 263.39 ?607.8 .08
4 4.00 35.95 .005 .07 308.8? 1055.1 .17
5 5.00 44.94 .009 .04 350.77 3471.3 .32
6 6.00 53.93 .014 .08 390.67 3857.5 55
7 7.00 62.9) .020 .12 427.76 4218.9 .87
8 8.00 71.90 .028 .18 46?.32 4557.8 1.31
9 9.00 80.89 ,038 .?6 494.3? 4876.7 1.V0

10 10.00 89.88 .050 .37 525.10 5173.3 7.64
11 11.00 98.86 .064 .50 553.45 5452.4 3.58
12 12.00 107.85 .081 .66 579.83 5714.0 4.74
13 13.00 116.84 101 .85 605.02 5955.7 6.14
14 14.00 125.83 124 1.09 627.77 6185.0 7.83
15 15,00 134.81 .150 1.37 (48,90 6397.3 9.B?
I t, 16.00 143.80 180 1.69 669.35 6593.7 12.14
17 17.00 152.79 .215 2,06 tA 7. 00 6778,1 14.85
18 18.00 161.78 .753 ?.50 705.18 6947.5 17.95
19 19.00 170.76 .?96 2.99 ??1.tA 7107.0 ?1.49
20 20.00 179.75 .345 3.55 736.14 7256.5 ?$.52

Y - -
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MPR ASSOCIATES, INC.'

1050 Connec*lcut Ave., NW-Washington, DC 20036
-

i

L CALCULATION NO, PREPARED BY CHECKED BY ,

j. f/'- s , j. PAGE P1* *

s . r
<3

Do f ii t ti P0 10 volD Mik that NAK (8A t
(thCHil) (thtMil) (l'$l A ) (DtG f) (thtHtt) (ththf4) (Pil)

12.7500 .844000 1035.00 548,71 1.0000 1.0000 20.0000 25600000.

L lite Lt#Cr ANGtt AttA fl0W tall P flus i t 0W

(th(Hil) (Lt GH( ) (%Q lb) (ll/$tC) (Pila) (BL/5/M2) (OAL/Mik)
.. ... .. . .. . .. . . . . .. ... . .

f 1 1.00 8.90 .000 00 165.10 1650.3 .00

[ 2 2.00 17.98 .001 .00 169.80 1101.6 .02
3 3.00 26.96 .002 .01 215.03 1132.5 .05
4 4.00 35.95 .004 .02 252.03 2508.1 .11
5 5.00 44.44 .007 .03 288.47 28 % .8 .21

6 f 00 % 'il .011 .05 321 91 3186.0 .35
7 7.00 62.91 .016 .08 353.46 3499.9 .56
8 8.00 11 90 .0/2 12 3h4.53 3197.7 .85
9 9.00 80.89 .029 .11 413.53 4083.1 1.22

10 10.00 (19.88 .038 .24 441.15 4355.9 1.71

[ 11 11.00 98.86 .049 .32 468.14 4615.1 2.32
12 12.00 107,85 .D62 43 493.20 4864.3 3.01
13 13,00 116.84 071 .% $17.42 5101.0 3.99
14 14.00 125.83 .094 .71 540.14 5327.8 5.09

[
15 15.00 13'. 81 .113 .89 562.14 5562.1 6.40

~

16 16.00 143.80 .135 1.10 $82.87 5146.4 7.94
17 17.00 152.79 160 1.35 602.46 5960.8 9.73
18 18.00 161.78 189 1.64 621.01 6125.2 11,79
t9 19.00 170,76 .220 1,91 638.62 62V9.6 14.16
20 20.00 179.75 .255 2.34 6%.37 64 64.1 16.85

. D0 fHitt P0 10 votD MIN CRAt MAX LRAt t
'~

(lhtHil) (thCHill (s st A) (OtG !) (thuts) (thtMit) (P51)
.... ... . ..... . .......... ..... ... . .. . .. ... . .. . . . .

16.0000 .844000 1035.00 548.TT 1,0000 1.0000 20.0000 25600000,

lite CLAtt ANGil ARIA FLOW talf P ILUE ILOW

(thCHil) (DLGRit) (50 !W) (LB/ SIC) (Pll A) (EC/1/Ms) (CAL /Mih)
. . .. ......... ........... ..... .. ... . . . .

1 1.00 7.16 .000 .00 222,17 ??06.6 .01
2 2.00 14.32 .001 .00 191.81 1911.9 .02
3 3.00 21.49 .003 .01 238.40 2368.0 .07
4 4.00 28.65 .005 .02 278.59 2758.6 15

% 5.00 35.81 .009 .04 314.71 3118.7 .28
6 6.00 42.97 .013 .06 349.74 3457.6 46
7 T.00 50.13 .019 10 382.19 3777.8 . T3

8 8.00 57.30 .026 15 412.92 4080.6 1.08
9 9.00 64.46 .035 ,22 442.69 4365.9 1.55

| 10 10.00 71.62 .045 .30 470.37 4637.5 2.14

| 11 11.00 78.78 .058 40 496.50 4895.4 2.88
12 12.00 85.94 .072 .55 521.74 5138.4 3.79
13 13.00 93.11 .089 .68 545.17 5370.1 4.88
14 14 00 100.27 108 .86 567.40 5589.4 6.19
15 15.00 107.43 131 1.07 SM.56 5796.3 7, 73

16 16.00 114.59 .156 1.32 606.28 5993.1 9.52
17 17.00 121.75 .184 1.61 626.76 6180.0 11.60
18 18.00 128.92 .716 1.94 644.54 6354.5 13.99
19 19.00 136.08 .251 2.3? 661.31 6518.9 16.70
20 20.00 143<24 .290 2.75 677.16 6673.4 19.77

'

I
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CALCULATION NO PREPARED BY CHECKEL) BY

I / - ,

/. g . f. /" s yy PAGE ,o
-n c.

I
I.

I.

DO THICK PO 10 V01D MIN CRAK MAX CRAL f
(INCHES) (INCMES) (PSIA) (OfG F) (INCHis) (thCHil) (P *)

- I
................................ .. .. . ..... .. .... . ... ...... ....

16.0000 1.031000 1035.00 548.77 1.0000 1.0000 20.0000 25600000.

lifR CRACK ANGLE AREA F L OW Exif-P FLUX FLOW
Q- (INCHES) (DfGREE) (50 IN) (LB/SEC) (PSIA) (KG/5/M2) (GAL /dlk)
e ............... .. ....... . ... . ........... .... ......... ... ...

-

1 1.00 7.16 .000 .00 144.10 1434.7 .00
*

2.00 14.32 .001 .00 155.01 1560.6 .02
3 3.00 21.49 .002 .01 194.68 1943.1 .05
4 4.00 28.65 .004 .01 228.23 2273.3 .10

B
5 5.00 35.81 .007 .03 259.76 2572.9 .18
6 6.00 42.97 .010 .04 287.75 2859.5 .30
7 7.00 50.13 .015 .07 317.12 3131.1 48

- 8 8.00 57.30 .020 .10 343.63 3392.8 .71
9 9.00 64.46 .027 14 368.79 3644.5 1.01

to 10.00 71.62 .035 .'9 393.27 3386.2 1.40
11 11.00 'f.75 045 .26 417.30 4117.9 1.88
12 12.00 85 e4 .056 .34 439.87 4342.2 ?.47
13 13.00 9' .069 .44 461.79 4557.8 3.19I 14 14.00 100. . .~ .083 .56 483.10 4764.6 4 05
15 15.00 107.43- .100 .70 503.43 4964.0 5.06
to 16.00 114.59 .119 .87 522.88 5155.8 6.25
17 17.00 121,75 .140 1.06 51.1.55 5340.2 7.62
18 18.00 128.92 .163 1.28 559.48 r517.2 9.20 ,
19 19.00 136.08 190 1.53 576.72 * 86.6 11,01)o
20 20.00 143.24 .219 1.82 593.81 5t46.1 13.06

c

I
I -

I
|'

|'

|. -

9
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Td u f*mg Fiofe 2.
9efettM't 3+ 4

D m Jnm oh Ob Y* Lgy

| w,A Ta4 k b-

A 60'C Subcooled

'',i TEST
DATA ,o 30*C Subcooled

.

0 15'c Subcooled
> O'c Subcooled
a 30*C Subcooled

5* Subcooled
60000 60' Subcooled

/I.

e
50000

A>

- e 30' Subcooled,g
co'

g ( 40000

m :
15' Subcooled'* /

h 4 0' SubcooledI D #
<* C /D = .1

g 30000, A ,, #
**

, --- O' SubcooledC ,
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MPR ASSOCIATES, INC. '

| 1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATION NO. PREPARED BY C EC E Y

g, C. / Y PAGE Jo' /

CIRFLO CALCUL At t0N OF FLOW tua0UGN CIRCUHFERENil AL PIPE CRACK $
vtR510N 2.0

facAY's DATE: 10/05/90

CIRFLO TES1 ')ATA COMPARISON ROUGMNE55=0.1

WlMBER C' CRACKS EACH CM E - - 15

EMBER OF ELEMENTS IN CRACK - 15

CRACK FLOW (0) OR LENGTH (1) - 1,

i REi.At lVE ROUGHNESS -- -- -- - .10000

! 00 THICK PC 10 VO!D MIN CRAK NAR CRAK E

(INCHES) (INCHES) (PSIA) (DEG F) (!kCHES) (INCFES) (PSI)

28.0000 1.050000 1045.00 549.90 .0000 6.0000 20.0000 25500000.

ITER CRACK ANGLE AREA FLOW EXIT P FLUX tLOW,I (INCHES) (DEGREE) ($Q IN) (L8/SEC) (PSI A) (KG/5/MZ) (GAL /MlW)

I 1 6.00 24.56 .017 .27 $40.07 11368.5 1.77

|I
2 7.00 28.65 .024 .41 574.58 12251.8 2.98
3 8.00 32.74 .032 .60 605.78 13082.0 4.31

. - 4 9.00 36.83 .042 .a3 630.77 13889.4 6.00
i 5 10.00 40.93 .054 1.13 654.17 14647.5 8.11
| 6 11.00 45.02 .068 1.48 677.37 15345.0 10.67
'

7 12.00 49.11 .084 1.91 6Y9.01 15997.1 13.74
8 13.00 53.20 .102 2.41 719.35 16603.6 17.36

.

9 14.00 57.30 .123 3.00 7A8.5 7 17164.6 21.57'

10 15..JO 61.39 .146 3.67 757.58 17665.0 26.41
11 16.00 65.. B .173 4.44 75.49 181I9.9 31.93

5
12 '7.00 69.57 .202 5 30 793.02 18514.1 38.13
13 18.00 73.67 .234 6.28 607.79 18908.4 45.18
14 19.00 77.76 .270 7.39 819.88 19317.8 53,19
15 20.00 81.85 .309 8.63 831.72 19681.7 62.07

00 THICK PC TO VO!D MIN CRAK MAX CRAK E

i (IktHES) (INCHES) (PSIA) (DEG F) (INCHES) (INCHES) (PSI)
| .......................... .... ..............,.. . ...........................

28.0000 1.050000 1045.00 489.90 .0000 6.0000 20.0000 25500000.

I ITER CRACK ANGLE AREA FLCu EX17 P FLUX FLOW,

l (INCnts) (DEGREE) (SQ IN) (LB/SEC) (PSIA, (KG/5/M2) (GAL / MIN)
..... .............................. .................. ..... .......

I
1 6.00 24.56 .017 40 559.41 16428.2 2.84
2 7.00 28.65 .024 .59 588.11 17575,4 4.28

i 3 8.00 32.74 .032 .86 603.34 18772.7 6.18
I 4 9.00 36.83 .042 1.21 609.83 20079.0 8.68

5 10.ta 40.93 .054 1.64 616.12 21343.3 11.82I 6 11.00 45.02 .068 2.18 622.70 22557.4 15.69
7 12.00 49.11 .084 2.83 629.02 23738.0 20.38
8 13.00 53.20 .102 3.62 635.46 24876.8 26.00
9 14.00 57.30 123 4.54 641.80 25982.1 32.66

I 10 15.00 61.39 146 5.62 648.07 27053.8 40.45
11 16.00 65.48 .1 73 6.88 654.30 28092.1 49.50
12 17.00 69.57 .202 8.33 660.52 29096.9 59.93
13 18.00 73.t7 .234 9.99 666.93 30059.8 71.82

14 19.00 77.76 .270 11.87 673.12 30997.6 85.34
15 20.00 81.85 .309 13.99 679.31 31901.9 100.60

I
i

.g _
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MPR ASSOCIATES, INC.
I. 1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATION NO. PREPARED BY CHECKED BY

f, s'

I

I. SSTORAGEt2
PROGRAM CIRFLO

C***********************************************************************
C CALCULATES FLOW THROUGM CIRCUMFERENTIAL CRACKS IN PIPES
C VERSION 2.0 10/4/90I C*"*"***"*"******"""""""""****"****"*"""*"*"""""

CHARACTER *1 FF DASH
CHARACTER *10 TITLE,ADATE
COMMON / TITE / TITLE (8)

I' COPMON/FRILE/ ROUGH
DIMENSION PSC(20),TSC(20),V01DC(20)
DATA PI, FACT,GALPP/3.1415926,1A4.0,648.831/
DATA DASM/' */
DAT A PEX/14.7/
DATA RHOW/62.4/
FF= CHAR (12)
CALL DATE(ADATE) -

OPEN(5, FILE ='CIRFLO.INP', STATUS ='OLD')

I OP!N(6, FILE ='C RFLO.0UT',STATU$a' UNKNOWN') _

WRITE (*,3000)
WRITE (6,1500) FF,ADATE
READ (5,1000) TITLE
WRITE (o,2000) TITLE

I
READ (5,1010) N!TER NUMEL,NCRAK, ROUGH
WN= NITER

WR I T E ( 6,2010 ) N I T E R . NUME L , N CR AK , R OJGM

C

C READ INPUT DATA FOR NEXT PIPE CONFIGURATION )

40 RE AD(5,1020,END=260) 00, THICK,PO,TO,VOIDO,GALMIN,GALMAX,E
CRLMIN=GALMIN
CRLMAX=GALMAX

I
R*D0/2.0
ROT =R/ THICK

C

C DETERMINE INLET THERMC0YNAMIC PROPER!!ES

I C

X0=VotDo
NSSAT=HSV(PO TSAT,$$,VSSAT)
HLSAT=NSL(TSAT)
VLSAT*VSL(TSAT)

'B
IF(VotDO.LE.0.05 *n 10 80
IF(VOIDO.GE.1.f; 10 100
T0=TSAT
YO=1.0/(VotD0/VSSAT+(1.0 VotDO)/VLSAT)
X0=VO*VotD0/YSSAT

I N0=K0*HSSAT+(1.0 XC)*HLSAT
GO TO 120

80 CONT!NUE
IF(TO.GT.TSAT) T0=iSAT

I N0= HCL (PO,TO,$0)
'

VO=VCL(PO,TC)
~

,

C0 TO 120
100 CCWilWUE

IF(TO.LT.TSAT) T0=TSAT

.I H0=HS$(PC,T0,$0,VO)
120 CONTINUE

C0=CCTAB(PU,PO,PCRIT)
PO*=P0/145.0

, TSP *(TO-TSL(PO))/1.8

I !

_
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MPR ASSOCIATES, INC.

| 1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATON NO. PREPARED BY ECV BY

g /(, g /
f
/ PAGE 13

I

00G=Go*(39.37/12.0)"2/2.2
WRITE (6,2120)
IF(NCRAK.EO.C) WRITE (6,2030)

1 IF(NCRAK.EQ.0) WRITE (6,2040)
IF(NCRAK.EO.1) WRITE (6,2035)
IF(NCRA8(.EQ.1) WITE(6,2045)
WITE(6,2135) (DASN,Kel,79

I
WRITr(6,2050) 00, THICK,Po,.' e.ALMIN, GAL ux,E
WRITE (6,2120)

C

C DETERMINE APPR0xlMTE C. LACK LENG6 RANGE
C

1 $1GCsPO*R/(2.0*TNICK)
CARE A eCR ACKC(1.0,R THICK, s t GC,E )
IF(kCRAK.EQ.1) GOTO 154
GAL C= CAL PP' CARE A *G0/( R MU.l* F 4C T )

R
CCL1.SQRT(CALMIN/ CALC)
CCL2*SQRT(GALMAx/ CALC)
GOTO 158

154 CCL1=CRLMIN ,-
CCL2=CdLMAx

y
C DETERMINE Flow THROUGH CRACK
C

158 CONTINUt
WRITE (6,2060)
WRITE (6,2070)
WRITE (6,2130) (DASN,Kai,69)
WRITE (*,3030)
00 240 ful,NN
CCL*CCL1+(CCL2 CCL1)* FLOAT (1 1)/tLOAT(NN 1)
CANGLE =CCL/(Pl*DC)*360.0
CAREA*CRACKC(CCL,R,TNICE,5IGC,E)
WCaFLOW(Po,Ho,VO,CCL,CAREA.TNICK,PEx,NUMEL,PSC,TSC.VOIDC.WCC)
GC=0.0

IF(CAREA.NE.0.0) GC= FACT *WC/CAREA
C*******

NOTE GPM 15 BASED ON AikYaPMERIC WATER FOR A.KEVP OF SUMP FLOW
CALC =GALPP'WC/RMCV

GCG=GC*(39.37/12.0)"2/2.2
WRITE (*,3020) CCL,CANGLE.GALC

WRITE (6,2080) I,CCL,CANGLE.CAREA,WC PSC(NUMEL),Gtc,GALC
240 CONTINUE

WRITE (*,*)
WRITE (6,2120)
60 TO 40

260 CONTINUE
CLOSE(5)
CLOSE(6)
$f0P

C

C FORMAT:
C

1000 FORMAf g8A10)
1010 FORMAT (315,F10.2)
1020 FORMAT (8F10.2)

1500 FORMAT ( A1,51HCIRFLO CALCULAfl0N OF FLOW THRCUGM CIRCUMFERENTI AL,
i 12W PIPE CRACK 3,/1x,12M VER5]DN 2.0,/,1x,14NTODAY'S DATE: ,A10,/)

2000 FORMAT (BA10)

2010 FORMAT (/1x,30wNUMsER OF CRACKS EACH CASE -",15,/1x,
1 30MutteER OF ELEMENT 4 la CRACK -*,15 /1x,
2 30nCRACK FLOW (0) OR LENGIN (1) *,15,/1x,

. .
.

.

. .- - - - - -
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3 30HRELATIVE ROUGNutts -""""", F10.5,/)
2020 FORMAf( A1)
2030 FORMA 1 ( 8X ,2HDO,5 X ,5 N T H I CK ,8X ,2MPO,8X ,2M10,5 X 4 HV01 D ,2X ,

i
18MMIN LEAK,2X,$MMX LE AK,9X,1ME)

2035 F ORMAf ( 8X ,2NDO,5 X ,5 NI N I CK ,8X ,2HPC,8X ,2N10,5 X 4 HV01 D ,2X ,
18MMIN CRAK,2X,8MMAX CRAK,9X,1ME)

2040 FORMAT (2X,8M(INCHE$),2X ,8M(lNCME $),4X,6M(P$1 A),3X ,7M(DEG F ),10X,
'9H(GAL / MIN),1X,9N(GAL / MIN),5X,5H(P$l))

I 2045 FORMAT (2X,8h(I NCH5$),2X,8M(I NCHES),4X,6H(PS I A),3X,7H(DEG F ),11X,
18M ( I NCME s ),2X ,8M ( I ECWE S ),5X ,5 H ( PS I ) )

2050 FORMA 1(F10.6,710.6,2F10.2,F9.6,2F10.6,F10.0,10X,F10.6,710.2,F10.1)
2060 FORMAf(2X,4Mif ER,5 ,$MCRACK,5*,5 MANGLE,6X,4 MARE A,6X,4MF LW,4X,

1 6MEXIT P,6X.4MFLUX,6X.4hFLOW)

I 2070 FORMAT (6X,2X,8M(INCHES),2X,8M(DEGREE),3X,7H($Q IN),2X,8N(L5/$EC),
1 4X,6M(PSIA),1X,9H(KG/S/K2),1X,9H(GAL / MIN))

2080 F CRMA f ( 16,2 F 10.2, F 10. 3,2 F 10. 2, F 10.1 F 10. 2 )
2120 FORMAT (1X)

I 2130 FORMAf(6X,70A1)
2135 FORMAT (7941)
3000 FORMAT (52N CIRFlo CALCULATION of FLOW THROUGN CIRCUMPERENflAL,

1 12H PIPE CRACK $,/)
3020 FORMAT (F10.2,6X,F10.2,8X,710.2)I 3030 FORMAT (47H CRACK LENGIN CRACK ANGLE LEAKAGE (GPM)) -

END

FUNCil0N CRACKC(CL,R,T StG E)
C************************************************"********************

I C DETERMints CRACK AREA FROM GEOMETRY AND STRESS
C

c.....C.I RCLM P E.RE N T I AL.CR ACK. ..... ....... .................................................

CA1A Pl/3.1415926/
XLaCL/SQRT(R*T)/2.0I I F (XL .L 8. 1. 0) GP = XL **2+0.16*X L"4
I F ( X L . GT .1. 0 ) GP=0. 02+ 0. 81 * X L"2 *0.3* XL"3+0.03* XL"4
CRACKCa$1G'(2.0*Pl*R*T)*GP/E
RETURN

I
END

FUNCTION FLOW (PO,HO VO,CL CAREA, THICK,PEX,NUMEL.PS,15, VOIDS,WC),

C**********************************************************************
C JETERMINES THE FLOW 1,lROUGH CRACK INCLUDING FRICTION EFFECf3
C**********************************************************************

I Capetou/FRICR/ ROUGH

DIMENSION P$(1),TS(1),V010$(1)
DATA GRAV, FACT,Fil/32.2.144.0,12.0/
DATA CRIT /1.0E 3/

I IF(CAREA.EO.0.0) Co TO 180
DX. THICK /(ifl*F W f(MtmEL))
DN*2.0*CARnA/(CL* Fit's
A* CAR 1A/ FACT

FINa0.5/(2.0*CRAV' FACT *A**2)

I FOUT *1.0/(2.0* GRAV'F ACT*A"2)
F I N t =0 X/(2.0* GRAV* F ACT * A"2*D M )

C

C SET LIMITS AND $UPPLY FIRST FLOW GUEb5
CI WMINsO.0

bMAXs A*GCT A8(PC, HO,PCR I T )

W'(WMI N+6 MAX )/2. 0
C

I
C SEGIN ITERATIVE LOOP TO Cef AlW FLOW

) C
00 140 ITER *1,20

I
g .

-- - - - - -
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(

P PO-Fikavo+W"2

I
C

C Of fERMINE Fticil0N PRESSURE DROP ON UDE BY Na0E BA515
C

DO 80 let,NtmEL
N5 * HS V(P,15A T ,',, V5 )

I IF(HO.G1.Hl1 GD 10 40
ML*MSL( T S*,s )
I F ( HO . '. s , NL ) GO 10 20

f eTSI
ML*NSL(ISA1)

I Vt*VSL(15AT)
Ma(HO-ML)/(H5aHL)
vex *Vl*(1.0 X)*VL
VOID *X*VS/V

I ilSC+V01D*VisV(P,1)*(1.0 votD)*VI$L(P,T)
GO TO 60

20 beS55tCL(P,Ma,T)
VeVCL(P,1)
VOID =0.0I VISC=VISL(P,T)-
GO TO 60

40 $=st$lt$(P,No,1,V,M)
VolD=1.0

I VitCeVitV(P,T)
60 RE=0N*A85(W)/(A*Vl5C)

C"**" NOTE FOR SMALL CRAOK USE RELAllVE ROUGHNESS OF 0.1 **""*"""
F=FRICTF(RE,1.0,RouM )
P eP-F * F IN T *V'W"2I P$(1)*P
T5(1)=T
V010$(1)= VOID
IF(P.LT.PEX) GO TO 120

80 CONF |NUE

C CHECK FOR WCROW WIN 10 WAX
C

IF(Wik.EQ.0.0) Go TO 100

I IF(Ass ((WMAX Wik)/WHIN).LT. CRIT) GO to 160
C

C CHECK FGR CRITICAL FLOW OR CRITICAL FLOW CONVERGENCE
C

100 WCaA*GCTA8(P,HO,PCRlf)I IF(AS$((WC-W)falC).LT.CR11) GO TO 160
IF(WC.LT.W) GO 10 120

C

C CHFCK FOR NON CRITICAL OUTLET

I C

P=P 70UT*V*W"2
IF( ASS ((P PEX)/PEX).LT.CRif) GO TO 160
IF(P.LT.PEX) Go TO 1?0

CI C FLOW !$ 100 LOW * ADNST ACCORDINGLT
|

C

WHIN=W

W= W+ *AX)/2.0
Go 10 140

C FLOW 100 MIGH - ADJUST Af.CORDINGLY
C

120 WAX =WIt

i

I'
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W=(WWIN )/2.0
140 CONTINUE

C

C 700 NANY ITERATIONS WITHOUT *ANVIRGENCE PRINT ERROR AND STOPI C

WRITE (6,1000) W, WIN,WMAX,P
STOP

C

I
C CohVERGED SOLUTION
C

160 FLOWW
RETURW

180 FLOW =0.0
RETURN

C FORMATS

C
1000 FORMAT (//13,45HNO CONVERGEhCE IN FLOU EXECVilch TERMINAT;D,/1X,I 111 X ,1 HW,8X ,4 HW I N ,8X ,4 HWAX ,11 X ,1 HP, /1 X ,4 E 12. 5 ) -

Em

I
I
I

I,

I:

|I
5

|

LI .

I
|I
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MPR ASSOCIATES, INC.

| 1050 Connecticut Ave., NW-Washington, DC 20036
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I 1050 Connecticut Ave. NW-Washington, DC 20036
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MPFI ASSOCIATES, INC.
1050 Connecticut Ave., NW-Washington, DC 20036
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MPR ASSOCIATES, INC.
1050 Connecticut Ave, NW-Washington, DC 20036I

CALCULATION TITLE PAGE
CLIE NT
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MPR ASSOCIATES, INC,
1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATION NO. PREPARED BY CHECKED BY
k- OM [ .C,My PAGE 3

_

NtPBER AND
LEWGTH Of OUT AGES

(Beginning December 23, 1969)
(Pefueling/ Maintenance Cutajes hot included)t

(f e [ l b

X (Hours) Outam Time 21 (Hours
0.t. ?? 4WGE W K 1c2 0.T.giet
krber~

74c0.TT33~ ~TT-F 7 TFfer T X fi~Ember

1969 1 . . . .

| 1970 9 9 I 3.

1971 1 1 1 2 .

1972 4 1 3 1 -

1973 3 2 1 2.

1974 1 2 2 1-

1975 2 2 1 3 1

''

1976 - 1 1- .

1977 1 1 1

1
. .

- 1978 2 1 1- -

1979 1 1 2 2-

1960 1 1 3- .

1981 2 2 2 3-

1982 2 1 3. -

19G3 . . 1 . .

1984 3 - 1 1.

1965 3 2 1 2 2

(A)1986 - - 1 1 .

31 25 /B 2.1 /8 : //3
(A) INCLUDET DATA CNLY UP TO MARCH 31, 1986

| e.n.ww.r-, w.,, : n ara
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1050 Connecticut Ave, NW-Washington, DC 20036
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| 1050 Connecticut Ave., NW-Washington, DC 20036
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MPR ASSOCIATES, INC.( 1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATION NO. PREPARED BY CHECKED BY
~' ]/ C/ A . C '/ L f/

'

A CONDENSeit LINE
8" SCM 80

kode F1 M1 SP 1A 58 51 MEQ

'

C03A 1277 8455 4528 100 4139 8767 214915
C04 h 1276 8454 4528 100 4138 8766 214901
C04 F 1327 7646 4528 104 3743 8375 205303
C07A 1052 8153 4528 82 3991 8602 210859

i
C08 N 1049 8153 4528 82 3991 8601 210853
C08 F 1020 8154 4528 80 3992 8600 210809
C09a 945 10250 4528 74 5018 9620 235817
C10 h 954 10250 4528 75 5018 9620 235834
CIO F 961 10666 4528 73 5221 9825 240840

I C11A + 1238 12501 4528 97 6119 10745 263392
C12 N 1255 12502 4528 98 6120 10746 263436
C12 F 1305 11816 4528 102 5784 10415 255301
C17A 1766 10873 4528 138 %323 9989 244670
C18 N 1762 10875 4528 138 5324 9990 244886I C18 F 1714 11760 4528 134 5757 10419 255414
C20A 2303 11727 4528 180 5741 10449 256149
C21 N 2301 11729 4528 180 5742 10450 256170
C21 F 2225 11193 4528 174 5479 10182 249592

I C23A 1969 5222 4528 154 2556 7239 177448
C24 N 1971 5221 4528 154 2556 7238 177440 *

C24 F 1947 4934 4528 153 2415 7096 173950
C24A + 18?5 4259 4528 147 2085 6760 165711
C25 m 1878 4259 4528 147 2085 6760 165717
C25 F 1860 4299 4523 146 2104 (778 166163
C75A + 1150 6547 4528 91 3205 7824 191792,

C26 N 1163 6551 4528 91 3206 7826 191836
C26 F 1159 7847 4528 91 3841 8460 207392

5

C27 1158 7857 4!28 91 3846 8465 207510
001 + 2614 11225 4528 205 5495 10228 250723
002 N 2616 11229 4528 205 5497 10230 250775
002 F 2618 11957 4528 205 5853 10586 259514
003A 2607 14016 4528 204 6861 11593 284201

1
004 h 2610 14017 4528 205 6862 11594 284219 4--
004 F 2619 12735 4528 205 6234 10967 268852
006A 22 % 11018 4528 175 5394 10097 247509
007 h 2218 11023 4528 174 5396 10098 247538
007 F 2103 12501 4528 165 6119 10812 265053I 012A 2509 12795 4$28 197 6263 10988 269361
013 N 2486 12799 4528 195 6265 10988 269365
013 F 2412 12818 4528 1"o 6275 10992 269451
CISA 2291 8960 4528 180 4386 9094 222922

1
016 N 2298 8964 4528 180 4388 9096 222984
D16 F 2298 10440 4528 180 5111 9819 2406 %
917 2297 10449 4528 180 5115 9823 240802

,

A CONDENSATE Llut

I 10" SCM 80
kode FT MT SP SA (P ST MEQ

B05 + 3407 16410 4751 180 4317 9247 421826
3427 16420 4751 181 4320 9251 421994810 -

fI
810 + 3155 16420 4751 166 4320 9237 421339
806 - 3249 16621 4751 171 4372 9294 423978
806 + 3382 16621 4751 178 4372 9301 424298
807 3248 16556 4751 171 4355 9277 423195
808 - 3139 17732 4751 166 4665 9581 437045 ejI CO2 + 1204 12822 4751 64 3373 8187 373467
CO3 1196 11954 4751 63 3145 7959 363037

A COM0iW5 ATE LIkt
10" SCH 100I hode F7 MT SP SA $8 $T MEQ
A26 3999 14704 4751 211 3868 8830 402779
801 4000 14802 4751 211 3894 8856 403957 e --

I



'I
MPR ASSOCIATES, INC.:

|| 1050 Connecticut Ave., NW-Washington, DC 20036
'

CALCULATION NO. PREPARED BY CHECKED BY
/, C // f -fAff PAGE D

t A ConDfhSATE LihE,

0* SCM 100
bode FT NT $P $A $8 ST ME0

i C03 1198 11954 4528 94 5852 10474 256751
-

C03A 1277 8455 4528 100 4139 8767 214915
: C04 F 1327 7V.6 4528 104 3743 8375 205303

C05 - 1412 6977 4528 111 3415 8054 197438
. C05 + 1398 6977 4528 110 3415 8053 197411

1540 7407 4528 121 3626 8275 202844; C0u -

,
C06 + 1293 7407 4528 101 3626 8255 202369
C07 - 1398 8265 4528 110 4046 8684 212867'

C07 + 1068 8265 4528 84 4046 8658 212233
'

C07A 1052 8153 4528 82 3991 8602 2iO859
C08 F 1020 8154 4528 80 3992 8600 210809

947 8597 4528 74 4355 8958 219585C09 -

+ 984 8897 4528 77 4355 8960 219656C09
C09A 945 16250 4528 74 5018 9620 235817

I C10 F 961 10666 4528 75 5221 9825 240840
C11 - 939 10944 4528 74 5357 9959 244133
C11 + 1177 11262 4528 92 5513 10133 248407
C11A - 1200 12501 4528 94 6119 10742 263319

.
C12 F 1305 11816 4528 102 5784 10415 255301

1467 108 % 4528 115 5334 9977 244572C13 -

C13 + 2384 10896 4528 187 5334 10049 246333
C14 2154 5364 4528 169 2626 7323 1'9507
C15 - 1948 5713 4528 153 2797 74 77 it.3300

I C15 + 2369 5897 4528 186 2887 7600 186316
C16 2280 6690 4528 179 3275 7982 195661- .-

C16 + 2235 6805 4528 1 75 3331 8034 196955
C17 - 2105 9185 4528 165 4+96 9189 225265
C17 + 1829 9185 4528 143 4496 9168 224735

I
C17A 1766 10873 4528 138 5323 9989 244870
CIS F 1714 11760 4528 134 5757 10419 255414:

C19 - 1697 11703 4528 133 5729 10390 254697
C19 + 1712 11703 4528 134 5729 10391 254726

I C20 - 1557 11519 4528 122 5639 10289 252221
C20 + 2322 11519 4528 182 5630 10349 253690
C2CA 2303 11727 4528 180 5741 10449 256149
C21 F 2225 11193 4528 174 5479 10182 249592
C22 - 2198 10540 4528 1 72 5160 9860 241704

1 C22 + 2207 10540 4528 173 5160 9861 241721
C23 2077 7062 4528 163 3457 8148 199735
C23A 1969 5222 4528 154 2556 7239 177448
C24 F 1947 4934 4528 153 2415 7096 1hv20

I C24A - 1870 4259 4528 147 2085 6760 165702
C25 F 1860 4299 4528 146 2104 6 778 166163
C25A - 1149 6547 4528 90 3205 7823 191773
002 F 2618 11957 4528 205 5853 10586 259514
003 2605 12621 4528 204 6178 10910 267457-

I 003 + 2615 12621 4528 705 6178 10911 267477
003A 2607 '4016 4528 204 6861 11593 284201 {
D04 F 2619 12735 4528 205 6234 10967 268852
005 - 2626 6382 4528 206 3124 7858 192630
DOS + 3006 6382 4528 236 3124 7888 193360

l 2068 8978 4528 162 4395 9085 222710006 -

D06 + 2300 8932 4528 180 4372 9081 222604
006A 2234 11018 4528 175 5394 10097 247509
007 F 2103 12501 4528 165 6119 10812 265053

'1
2046 11653 4528 160 5704 10393 254768008 -

008 + 1786 11649 4528 140 5702 10370 2:4220
009 1632 % 71 4528 128 4734 9390 230189
D10 1492 8490 4528 117 4156 8801 215748
D10 + 1615 8490 4528 127 4156 8811 215984I 011 16 % 8336 4528 133 4081 8742 214292
012 1581 9276 4528 124 4541 9193 225351-

012 + 2658 9276 4528 208 4541 9277 227419
'

012A 2509 12795 4528 197 6263 10458 269361
- 013 F 2412 12818 4528 189 6275 10992 269451

D14 - 23 % 11B84 4528 188 5817 10533 258212
D14 2357 11884 4528 185 5817 10530 258137+

D15 2228 1844 4528 175 903 5605 137409
DISA 2291 8960 4528 180 4386 90 % 222922



I
MPR ASSOCIATES, INC.

| 1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATION NO, PREPARED BY CHECKED BY

g,( / . {. t

4 51EAM LINE
10" SCN 80

Node F1 M1 $P 5A 58 si Mt Q
809 + 6635 .'6146 4751 350 6878 11979 546427 4- -
810 6618 24668 4751 349 6469 11589 528650-

A*51 TAM Llhi
10a SCN 100

mm F1 M1 SP 5A $8 $I Mf0

A13 7020 34453 3925 310 7758 11 W2 639107
801 7021 34504 3925 310 7769 12004 639721 M

A STEAM LINE
12" SCn 80

Node F1 MY SP SA 58 St MEQ
C01A 4911 28482 4865 188 4581 9634 718824I C02 N 4887 28490 4865 187 4582 9614 718851
CO2 F 4770 31013 4865 183 4988 10035 748792
C094 6087 29764 4865 233 4787 9MS 737573<

C10 W 6096 29764 4865 234 4787 9885 737599

iR
C10 F 6139 24966 4865 235 4015 9115 680143
C11A 6176 23521 4865 237 3783 8884 662912 *

C12 N 6204 23524 4865 238 3783 SM6 663028
C12 F 6270 19Y59 4865 24n 3210 8315 620437
C13A 5336 24847 4865 205 3996 9065 676420ii C14 N 5305 24862 4865 203 3*M 9064 676355
C14 7- 5318 36820 4865 204 5921 10990 820044

~

C14 F+ 5290 36820 4865 203 5921 10989 819964
C15 N 5272 36850 4865 202 5926 10993 820273

. C15 F 6806 42504 4865 261 6836 11961 892511
C16 6806 42515 4865 261 6837 11963 892643
001A 5574 39484 4865 214 6350 11428 852745
D02 N 5580 39491 4865 214 6351 11430 852846
002 F 5598 41835 4865 215 6728 11807 851026'I 006A 7908 27487 4865 303 4421 9588 715461
007 N 7947 27487 4865 305 4421 9590 715573
007 F 5263 21274 4865 202 3421 8488 633335
008A 5458 25417 4865 209 4088 9162 683609

1
009 N 5432 25428 4865 208 4089 9162 683667
009 F 5339 30220 4865 205 4860 9929 740905
DICA 8393 44361 4865 322 7134 12321 919337
011 N 8403 44375 4865 322 7136 12323 919534
011 F 8364 52462 4665 321 8437 13622 1016466

1
012 8364- 52468 4865 321 8438 13623 1016538 t---

A 5f8AM LINT
16" SCN 80

Node FY MT SP SA 58 ST MF0
812A 8291 18379 4476 406 1524 6707 970373I 813 N 8326 18367 4976 207 1523 6707 970355
813 F 7922 12648 4976 197 1049 6222 900272
816 + 1086 17962 4976 27 1690 6493 939465

~

817 769 20587 4976 19 liO8 6703 969787

5
818 1178 22812 4976 29 1892 6898 997960
819 1751 24919 =976 44 2067 7087 1025307 (--

1

I
.
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-

MPR ASSOCI ATES, INC.
1050 Connecticut Ave., NW-Washington, DC 20036

| CALCULATION NO. PREPARED BY CHECKED BY
g, C_ 2 /6 M PAGE j o

I

|

A*STE AM LINE
12" scM 100

Wode F1 M1 SP 5A 58 51 MEQ
,

| C01 + 4923 27515 4865 189 4425 9478 707254
C01A 4911 28482 4865 188 4581 9634 718824

'I
CO2 F 4 770 31013 4865 183 4988 10035 748792

4732 33454 4865 182 5380 10426 777975CD' -

c03 + 5461 33454 4865 209 5380 10454 780062
C04 - 5342 32025 4865 205 5150 10220 762573
C04 + 5340 32031 4865 205 5151 10221 762639

5246 32235 4865 201 5184 10250 764818C05 -

C05 + 4907 34194 4865 188 5499 10552 787356
C06 4946 31614 4865 190 5084 10139 756508

4867 30247 4865 187 4864 9916 739878C07 -

i C07 + 5119 30247 4865 196 4864 9925 740599
C08 5388 30303 4865 207 4873 9945 742041
C09 $410 32a32 4865 208 5280 10352 772452
C09 + 5905 32832 4865 226 5280 10371 773869
C09A 6087 29764 4865 233 4787 9885 7375 73

I C10 F 6138 24966 4865 c35 40M 9115 680143
6147 23451 4865 236 37 '. 8872 661989C11 -

C11 + 6146 23334 4865 236 3753 8853 660582
C11A 6176 23521 4865 237 3783 ES84 662912
C12 F 6270 19959 4865 240 3210 8315 620437

6287 15531 4865 241 2498 7604 567350C13 -

*
+ 6413 15531 4865 246 2,n 7608 567710C13

C134 5336 24847 4865 205 1996 9065 676420
001 + 5570 38541 4865 214 6198 11277 841418

1
001A 5574 39484 4865 214 6350 11428 852745
D02 F 5593 41&35 4865 215 6728 1180? 881026

5606 41928 4865 215 6743 11823 882165D03 -

+ 5528 42004 4865 212 6755 11832 882854003
004 - 5588 43055 4865 214 6924 12003 895637
004 + 5910 430$$ 4865 227 6924 12016 896559
005 5807 37966 4865 223 6106 11193 835196
005 + $751 37966 4865 221 6106 11191 835036
006 54 % 30646 4865 211 4929 10004 746466

1
006A 7908 27487 4865 303 4421 9588 715461
007 F 5263 21274 4865 202 3421 8488 633335
008 - 5250 19853 4865 201 3193 8259 616246
008 + 5631 19u53 4865 216 3193 82 73 617336
DO8A 5458 25417 4865 209 4088 9162 683609
009 F $339 30220 4865 205 4860 9929 740905

$323 29668 4865 204 4 771 9840 734235010 -

010 + 52T3 29668 4865 202 4771 9818 734092
010A E393 44361 4865 322 7134 12321 919337 c-- -

A-$ TEAM List
16" SCM 100

tode FT MT SP 5A $8 $1 MCQ
810 + 6674 24668 4976 166 2046 7188 1040019
511 6612 22424 4976 165 1860 7001 1012868-

811 + 3697 25834 4976 92 2143 7211 1043293 t--
- B12 - 3488 21613 4976 87 1793 6856 991889
812 + 8367 21613 4976 208 1793 6977 1009454
512A 8291 18379 4976 206 1524 6707 970373
813 F 7922 12648 4976 197 1049 6222 900272
814 7856 12723 4976 195 1055 6227 900934
815 7792 12813 4976 194 1063 6233 901784-

815 + 5494 17403 4976 137 1443 6556 948591
816 11 % 17965 4976, 30 1490 64 % 939861-

_ - ~ . _

.
.

F g . { g . o, ,e . ,
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I
MPR ASSOCIATES, INC,

| 1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATION NO. PREPARED BY CHECKED BY
Y^O '= \\/t, l / / ( ~//c[

8 Co etm6 Alt (INE

8
9" SCH 80

Node FT K1 SP $A $5 $1 ME Q

C14 3920 9466 4528 307 4634 9469 232123
C15 3838 7299 4528 301 35 73 8402 2059 2
C16 - 1854 6827 4528 302 3342 8172 200328

I
C16 + 3772 6827 4528 26 3342 8166 200171
C17 3808 6840 4528 298 3348 8175 200396-

C17 + 3837 6840 4528 301 3348 8177 200452
C18 3717 6460 4528 291 3162 7982 195661
C19 - 3662 8762 4528 287 4289 9104 223180
C22A 3398 18648 4528 266 9129 13923 341305
C23 W 3378 18652 4518 265 9131 1.d23 141314
C23 F 3328 17548 4528 261 8590 13379 327970
C26A 3065 27013 4528 240 13223 17992 441045

,I C27 N 3063 27020 4528 240 13227 17995 441125
C27 F 3042 29459 4528 238 14421 19187 470353
C28 3042 29467 4528 238 14425 19191 470449 t--
0024 4765 17297 4528 3 73 8467 13369 327718
003 N 4736 17300 4528 371 8469 13368 327699I 003 F 3681 16720 4528 288 8185 13001 318712
006A 5159 20507 4528 404 10039 14971 366995
007 N 5162 20514 4528 404 100 2 14975 367085
007 F 5104 20542 4528 400 10056 14984 367309
D09A 4128 6915 4528 323 3385 8237 201911

'I D10 W 4116 6917 4528 323 3386 8237 201912 _,

010 F 4061 7817 4528 318 3827 8673 212606
011A 4960 9842 4528 389 4818 9735 238633
012 N 4973 9843 4528 390 4818 9736 238670j D12 7 4975 11326 4528 390 5544 10462 256470
"'5" '''2 17187 4528 387 8413 13329 326738W 014 N 4954 17193 4528 388 8416 13333 326&33
014 F 4938 196e4 4528 387 9627 145:2 356479
D15 4938 19675 4528 387 9631 14544 356587

8 COMD(MtAfE LINE
10* $cw B0 F

Node FT Mt 5P SA $5 si Mto
C05 + 4357 18482 4751 230 4562 %2 448976 e
C06 - 4267 14058 4751 225 3698 8674 395672
C06 + 3566 14058 4751 188 3698 8637 393985
C07 - 3639 15228 4751 192 4006 8949 408200
C07 + 3755 15228 4751 198 4006 8955 408479
Coo - 3457 15051 4751 193 3959 8903 406120
C08 + 2874 15051 4751 152 3959 8862 404235
C09 2718 11312 4751 143 3502 8396 382992-

C09 + 4685 13312 4751 ?47 3502 8500 387726
CIO 4281 13771 4751 226 3623 8599 392262-

C10 + 4208 13771 4751 222 3423 8595 392086
C11 - 4155 15246 4751 219 4011 5981 409658 fC11 + 4055 61 % 4751 714 1630 6595 300818 *

C12 N- 4049 8189 4751 214 2154 7119 324719
C12 No 4014 8189 4751 212 2154 7117 324635
C12 F 3984 9919 4751 210 2609 7570 345323

i
C13 3974 9917 4751 210 2609 7569 345275 I

C14 3920 9466 4751 207 2490 7448 339733 |

_ _ _ . -

_



I
MPR ASSOCIATES, INC.

.I. 1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATION NO. PREPARED BY CHECKED BY

4Ld ,,/[.( Wsf? PAGE 11

} .-

B CesN WSAft List
8* seu 100

Node FI Mt $P $A $8 $1 Mf0
C19 + 3574 8762 4528 280 4289 9097 223011
C20 3373 11786 4528 264 5769 10562 258913
C21 3344 13181 4528 262 6452 11242 275597-

C21 + 3244 13181 4528 254 64%2 11235 275405
I C22 - 3249 13206 4528 255 6465 11247 275714

C22 + 3520 13206 4528 276 6465 11269 276235
C22A 3398 18648 4528 266 9129 13923 341305
C23 7 3328 17548 45?8 261 8590 13379 327970

i
C24 3316 16049 4528 260 7856 12644 309959-

C24 + 3287 16049 4528 258 7856 12642 309903
C25 3379 4320 4528 265 2115 6908 169332
C26 3203 14288 4528 251 6W4 11773 288610
C26A 3065 27013 4528 240 13223 17V92 441045 4---I C11 5490 16048 4528 430 7856 12814 314123
DOI 5465 15962 4528 428 7814 12770 313043-

001 + 5474 15962 4528 429 7814 12771 313060
002 5443 16030 4528 426 7847 12802 313817-

I D02 + 4815 16258 4528 3 77 7959 12564 315346
002A 4765 17297 4528 3 73 8467 13369 32T718
D03 F 3651 16720 4528 288 8185 13001 318712
004 3526 8878 4528 276 4346 9150 224310-

D04 + 3610 8878 4528 283 4346 9157 224472I DOS 3553 ~7170 4528 2 78 35$0 8316 203866-

3005 + 4823 7170 4528 378 3510 8416 206306
006 5263 13099 4528 412 6412 11353 278299
006A 5159 20507 4528 404 10039 14971 366995

I D07 F $104 20542 4528 400 10056 14984 367309
008 5080 18325 4528 398 9215 14141 346659
D08 + $114 18825 4528 401 9215 14144 346725
D09 5048 9455 4528 396 4628 9552 234158'

009A 4128 6915 4528 323 3385 8237 201911
D10 F 4061 7817 4528 318 3827 8673 212606
011 4025 8682 4528 315 4250 9093 222917-

011 + 3993 8682 4528 313 4250 9091 222855'
011A 4960 9542 4528 389 4818 9735 238633

'

012 F 4975 11326 4528 390 5544 10462 256470
013 4930 14069 4528 386 6887 11801 289299-

013 + 4968 14069 4528 389 6887 11804 289372
013A 4942 17187 4528 557 8413 13329 326738

I
I 8 COND(h&AI( L!bl

10" SCM 100
hode FI MT $P $4 $8 $t MtQ

820 4021 23898 4751 212 6287 11250 513160 t--
C01 4020 23874 4751 212 6280 11243 512869-

I
I
I
I

|



I
MPR ASSOCIATES, INC.

j- 1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATION NO. PREPARED BY CHECKED BYgj g ( 7g/ PAGE {3

. B sitAM LIWE
; 10* $CN 80

hode F1 MT SP $4 53 si MtQ
3945 40758 4751 208 10722 15681 715297 ( ~309 +
4021 36680 4751 212 9649 14612 666544310 -

5 $1 TAM Likt
10" 1CH 100 i
hak FT Mi SP SA 55 51 MEQ i

i Att 3780 42016 3925 167 9661 13552 722242 1

3779 42155 3925 167 9492 13584 723908 <-801 -

5 $ftAM LINE
' 12" SCM 80

t

Wode F7 Mi SP $A $5 ST Mt Q
C01A 5895 30870 4865 226 4965 10055 75029e.

'I CO2 h 5914 30880 4865 227 4966 10058 7504 70
CO2 F 6019 34234 4865 231 5506 10601 791019
COSA 7102 41138 4865 2 72 6616 11753 876466
C09 W 7123 41140 4865 2 73 6616 11754 877051
C09 F 7151 33932 4865 2 74 5457 10596 790635I C11A 8437 21745 4865 324 3497 8655 648071
C12 N 8520 21751 4865 327 3498 8689 648381 '
C12 F 8553 24466 4865 328 3935 9127 681055
C13A 8701 46230 4865 334 7435 12633 962647
C14 W 8726 46244 4865 335 7437 12636 942886

. i C14 F 8717 55012 4865 334 8A47 14;,46 1048077
C15 8717 55020 4865 334 8848 14047 1048173
001A 6032 40650 4865 231 6537 11633 Bo8048
002 N 6011 40660 4865 231 6539 11634 868108
002 F 5938 44243 4865 228 7115 12208 910895
0094 7759 40285 4065 298 6479 11641 868611
010 N 7755 40288 4865 297 6479 11641 868435
010 F 7723 33452 4865' 296 5330 10541 786512
013A 8154 25828 4865 312 4154 9330 696200I 014 N 8121 25832 4865 311 4154 9330 696211
014 F 8036 22586 4865 308 3632 8805 657016
015A 8759 46538 4865 336 7484 12685 946509
016 m 8762 46554 4865 336 7487 12688 946709

I 016 F 8,61 57431 4865 336 9236 14437 1077231
017 8761 57441 4865 336 9238 14438 1077351 4--

8 sitAM LINI
16" SCH 100

Node FT NT $P SA $5 51 hEQ

l
510 + 4097 36680 4976 102 3042 8121 1174885
323 - 4247 35143 4976 106 2915 7997 1156481
523 + 3149 35540 4976 78 2948 8002 1157792

3402 34092 4976 85 2828 7889 1141327311 -

S11 + 4553 34092 4976 113 2828 7917 1145471

I 512 4244 48068 4976 106 394T 9069 (312070
4007 59047 4976 100 4897 9973 1442965813 -

513 + 4343 59047 4976 108 4897 9982 1444175 4----

314 4397 58345 4970 109 4839 9925 1435945
314A 4439 57706 4976 110 4786 9873 1428428

I- 515 F 4714 53976 4976 117 6477 9570 13846;8
516 - 4743 52673 4776 118 4369 9463 1369127
516 + 3404 52558 4976 85 4359 9420 1362926

.
817 3627 42510 4976 90 3526 8592 1243153

1
. _
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MPR ASSOCIATES, INC.
1050 Connecticut Ave., NW-WasMngton, DC 20036

I
CALCULATION NO. PREPARED BY CHECKED BY

e6 Y [. .y g PAGE h
I . _.

B SifR1 LINE
12* ftn 100

Wode FT MT SP 5A $8 $1 MEQ
C01 + 5884 29668 4865 226 4 771 9862 735840
C01A 5895 30870 4865 226 4965 10055 750296
CO2 7 6019 34234 4865 231 5506 10601 791019

I| C03 6103 37567 4865 234 6042 11140 831255-

C03 + 611b 37100 4865 235 5966 11066 825686
6177 39740 4865 237 6391 11493 857543 iC04 -

I '

C04 + 6483 39740 4865 249 6391 11504 858419
C05 6616 36789 4865 254 5916 11035 823387

IC06 6536 34479 4865 251 5545 10660 7Y5439
C06 + 6803 34479 4865 261 5545 10671 796203
C07 6761 36254 4865 259 5830 10954 817382-

| C07 + 6960 36402 4865 267 5854 10986 819728
< j C08 7066 38879 4865 271 6253 11388 849755

'I C08A 7102 41138 4865 2 72 6616 11753 876966
-

| C09 F 7151 33932 4865 274 5457 10596 790635
'

7825 31102 4865 300 5002 10167 758604C10 -

C10 + 7843 31102 4865 301 5002 10167 758655
7834 24550 4865 300 3948 V113 680005s C11 -

i C11 + 8437 24550 4865 324 3948 9136 681731
C11A 8437 21745 4865 324 3497 8685 648071
C12 F 8553 24466 4865 325 3935 9127 681055

: C13 - 8539 24243 4865 328 3899 9091 678339
' C13 + 8747 24243 4865 336 3899 9099 678935 ..

'
C13A 8701 46230 4865 334 7435 12633 942647
001 + 6045 39470 4865 232 6348 11444 853925
001A 6032 40650 4865 231 6537 11633 868048
002 F $938 44243 4865 228 7115 12208 910895
003 - 5908 46 97 4865 227 7462 12553 936657
003 + 5697 46256 4865 219 7439 12522 934361
004 5672 49715 4865 298 7995 13077 975798 t-- .--

004 + 6956 46753 4865 267 7519 12650 943929
'

005 - 6965 47940 4865 267 7710 12842 958198
005 + 7604 47940 4865 292 7710 12866 960027
006 7600 39697 .4865 ?92 6384 11540 861100
007 74 72 35161 4865 2M7 5655 10806 806301-

I
007 + 7715 35161 4865 296 5655 10815 806997
008 7805 33922 4865 299 5455 10619 792387;

| 009 7797 36421 4865 299 5857 11021 822352
[ 009A 7759 40285 4865 298 6479 11641 868611

010 F 7723 33452 4865 296 5380 1054i 786512,

7720 32112 4865 296 5164 10325 770423! 011 -

011 + 7726 31977 4865 296 5143 10304 768820
012 - 7709 26330 4865 296 4234 9395 701008
012 + 7699 26330 486'i 295 4234 9394 700979

I
013 - 7695 25703 4865 295 41 % 9293 693444
013 + 8199 25703 4865 314 4134 9313 694886

| 013A 8134 25828 4865 312 4154 9330 696200
|

014 F B036 22586 4865 3G8 3432 8805 657016
015 8697 22023 4865 334 3;42 8740 652151

5
-

815 + 8772 22023 495 336 3542 8743 652366
615A 8759 46538 4865 336 7484 12685 946509

?

8-STfAM LIht
5 16" SCW 80

Node FT MT SP SA 58 Si MEQ
814A 4439 5 7706 4976 110 4 786 9873 1428428

I
S15 W 4496 57704 4976 112 4786 9874 1428610 c---
$15 F 4714 53976 4976 117 4477 95 70 1384658
R17 + 3580 42510 4976 59 3526 8591 1242984
818 3825 29106 4976 95 2414 7486 1083018
B19 3916 14947 4976 97 1240 6313 913437

I
520 5589 16924 4975 139 1404 6519 943185
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Elt = $ F 1.046 1.143 1.423 2.5$$
V 1.0$2 1.194 1.732 4,93g'3

0.052 0.117 0.326 1.677,2

3
-0.065 0.003 0.389 3,923
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n=b o=2 a =, 3 -o = 5 xn = 7 |

I s/b = 1/16 k 4.987 6.018 6.743 7.620 1.969g
h 4.931 6.111 6.906 7.867 8.2602
h 0.244 3.077 0.388 0.511 0.5033
h -0.194 0.078 0.144 0.288 0.429I 4
h 0.139 0.133 0.265 0.897 1.8943
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ItAR: Calculation of foering Maistus - Version 2.0
foday's Date: 10/05/90I verification Problem #2

A106 Gr B Carbon Steel tese Metal

I track lengt'. (a/b): 125

Pipe Dieneter: 20,000 Irches
Pipe We|| Thickness: 1.000 trches

I Atolled Moment: 4278764.0 in Lb
Applied Load /Yleld Load: 1,00

l Plastic Collapse /fletd Load * 1,61
| System Corylierce (t/R): 500.

I Ninge Angles .1 degrees
J integret 1313.1 in Lb/in8
Toering Mockalue 23.2
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cat.CULATON NO. PREPARED BY CHECKE B
fg, (_ c... - PAGE 7_A

.-.
, _ _ _

Yu as <h * 3wg

' b as B"L, pl Yg,* 0.0

b '' '- -5 t 00

I w f. in- qXe4f(
'| 2' "

Q2toof (( w - u go.wwtEo uwf f
=

Y_ Mp ' ~ D.O

I
I

itAR: Calculatlan of toering hoistus version 2.0
foday's Date: 10/05/90

verification Problem r3I A106 cr 8 Certxm Steet lose metet
track Length (e/D): .125

i
Pipe Oleneter: 20.000 trxhes
Pipe Well Thickneses 1.000 inches

Amtled moment: 4278784.0 in lb
A mtled Loed/Vield Load: 1.00I Plastic Collapse /Yletd Loed: 1.61
System Complierre (L/t): D.

Ninge Angle: .1 degrees

I J.Integret 1313.1 in tb/in'
toering modatus 17.0

B
lI 1

.
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'MPR ASSOCIATES. INO,
1050 Constecikut Avs. NW-WesNnoton, DC 20036 .

CALCUtAMN NO. PREPARED OY CHE ,jED f3Y
f. :

A y J e= o - A s, uh2. _.- J /v
,

i

litCRAGi t ?
PtXR AM 11 At

g enese s s e ous a seeseene s e e e e ee e e eeee ee ene essee e e ee e e enes eeee e e eeeeee
,

C
,

geeeeaeoseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese

ChARAC3tt*10 AtAtt
ChAAntitt'50 titti
LMARACitt*35 MLAt[L
CtneeJu/DAftthf0/ADAft
DATA Pl/3.141$9/
CALL DAtt( Anatt)

20 00kiistit g
Witt(*,')
W I 1((',iD00)
W ilt(*,*)
W lit (*,2020)
ktAD(',1000) Il1Lt
W i t t (* ,')
CAL L Gt f MA1(ML A2t l.,t .11tL,t 0,Ilcit o, AL, te)
CALL GiOM(t,1)
201st/t
bel *t
Witt(*,*) .e

- W a t f (* ,2040)
et AD(*,1020) A00
W itt(*,*)
W i t t (* , t N,0)

- 1 81AD(*,1070) att
: W itf(*,2080)

ttAD(*,1020) KM
-

40 C0kilWA
lit =Ple(t*'4-(t 1'i**A)/4.0
tePI*t
Aet'A00

- Cet 4 }
GAmAeP l' A00 i

CALL GIPt0F(A00,14,801,N),H4,91,V3,N1P,71P,V3P)
DN1DAaN1P/t
DF10Aef1P/t
ov30AeV3P/8

- til GaC05(GAmA/2. 0 ) ilk ( GAmA)/2.0
k M0e ? .0* $ 1 GO* t ' A * t * t t l G

DMW A e 81 GO' t '1' ( 5 | a ( GAmA/ 2. 0 ) * C05( CAMMA ) )
If(KM.11.0.0) TNth

Xm0* EM
XMetMMO*KMO

EL$t
XMM0etM/KMO

-

INDif
C *** * c e t e J ""

E Jt *P l * A* 4 *4 * f 1 * f i' K'* KM/ (I t 'X ] 't )
. RJPeAL'stGO*t0*C*A*N1*nMM0**(xhet)/t

IJeRJE*XJP
C "" cet e FC ""

F Cl o4.0* a * xM* v3/( a l et )
F C P e AL * t 0* >4'XMM 0"x k
ICefCtelCP

C *"* dide et a * *"
DJIDAenJt*(2,0*091Dt/fle1.0/A)
D#'0 A e x JP'( * ( t h e t .0 )*tM00 A/vM0ef'N 10 A/N1 1.0/ A 1.0/L )

- . -

1
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I MPR ASSOCIATES, INC.
1050 Connecticut Ave., NW-WashingtCm. DC 20036

__
*

CALCULATON NO. PREPARED BY E(fK,D D
ti . (- p,i

. - _ _.

,
I,

D JDArC Jt D A +0JPC A

|
c ene djtse et a "''

DttDue2.0'sJt/EM
DJPl** * JP'( P h * 1.0 3 / Km
DJDN*VJEDN*DJCTM

C *"* ef to at o **"
bfCDAel

( C "" of ecs, 'DJteet e ""

i DfCEDM*fCt/KM
D F CPC*0 k'f CP/KN
O f CDMa0 f C(Dm+D FCPCd

C "" ce t t if 4R ""
Witt f at'itt

I Ctffetttif/(l'ul)
f( Akve(DJDA DJDM'Df CDA/(Cif f +0f CD#))'f /llG0"2
tottWeellCf LD/1100
F Co f C* 160.0/I'l

I CAtt DUTPUT(f lit (,Mutf 4, A(4,D, f, Cot 0AD, Km,x*0,*L t,1J, fi AtV, f C1
WRitt(*,2100)
#tah(*,1040) WCN
If(kCM.to.0) t?op
If(WCn.to.1) Ints

WRitt(',2060)
_eRfAD(*,1020) sta

0010 40,

101 F
If(WCN.te.2) f Wth

WPitt(*,2080)
"2Ab(*,1020) ru
GOTO 40

twolf
If tWCM.te.3) tutu

WW i t t t * ,2040)
RtAD(*,1020) Ce
Goto 40

. (Wolf
0010 20
STOP

10'i0 fDeuf( A)
1020 F0t M 1(F12.4)
1040 f0mmAY(12)
2000 704M1(* f tAa Program to Cattutete f earing metus'./.

1' version 2.0')
i 2020 fo#Mf(' inter Probles titlet ' \),

2040 70mAf(' toter Crack tenth to/b): ' ,0
2060 ffa u t(' Inter Erstem Cunctivte (t/#): 'U,
2080 FCRMA1(8 6. iter Applied A ment (in lb)r ',V
2100 fishA1(8 EnteN',/,

1 ' 0 to esit, 1 to therve t /a ',/,
2 ' 2 to cheN e M. 3 to chie,pe e/o ' \)r

,

(ND

Stan(aJtikt OUTPt>1(flitt ,mt Attt,06,b,1, ~o#,xM,MO,Ktt,KJ,
1 itARV,fC)

geeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessee.......ee.....ee. ..eeeeee
C

coseeeeeeeeeeeeeeeeeeeeeeeeeeeeneese neeseeeeeeeeeeeeeeeeeeeeseseeeeee
CHARAtt!*'10 ADatt
CMARACfft*~) fiftt
CM8 TAC 1(F'35 MLAB(t
COM*/DAltlkf0/AhAf t
00 40 l*1,24

_ _ _ _ . _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- --~
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/ MPR ASSOCIATES, INC.
1050 Conns >cticut Ave., NW-Washington, DC 20036

CALCULATON NO. PREPARED DY HEC E
,

1, (n .
. _ _ _ _

witI(*,*)
60 Ct*1Itot

Welit(',1500) AD Att
WRIII(*,?000) 11TLE
Waltf(*,*)
Welit(*,2020) MLAltl

i Welit(*,2040) Ace
Wallt(*,*)
Walit(*,7060) 0
Welft(*,2080) f
Wallt(*,')
attit(*,2'10) KW,

| Walit(*,7120) d'oto
L Wl1((*,2100) COLDAD

' Wkitt(',2140) *LA
VRift(',')
Wlit(*,2200) f C
iMI!t;",?)60) XJ
WitE(',2160) f f ARV
Walit(*,')
af-furt

1400 8t*Mf(' !! Att Calculation of icerleg mceAatue version 1,0*.
,i /,1R 1%M 10: ley's Dates , A10,/:

2NM Km9?(450)
7020 f CueAt(ell) .e

2040 00RM1(' Crack Lergth (a/b): 8,fl.3)
2%0 FCRMT(' Plce Of eneters ',f 6.3,' trwhes')73fd 80NMitt Pl;* Well thickrees ',f6.3,' irthen')
2100 f >M11' Plett'c Colletse/Y teld LeMr ',f 4.2)

7110 f C*Mf(' Amtied Nwt ',f12.1,' in tb')
2120 f0kMAI(e A m[ged (g dfygggd Lond e,p4,gg
2160 FCmuf(' tystem (capt hwice (L/t): 4 810.0)
2160 F0aM4f(' J* Integral 8,f10,1,' in tb/in'')

21hD fotMi(* Tearthe MmAstues ' F
2A f 0PMf(' Ninge Ans t e. ',f 6.k,10.1)' degrees')

(WD

tuet0VilWL CECM(t
ee e e e e e e e e e e e e e e e e e e e e e s,1,e)e eee e e e e e e e e e..e e e e e e e.e e e e e e e......e e e e e e...
C

go.eeeeeeeeeeeeeeeeeeeeeeeeeee...eeeee....ee......ee. eeeeeeeeeeeeeeee.
Wtift(*,')
Wti f t (*,20N))
tiAD(*,10001 0
We 1it (*,2020,i
#?%D(*,1000) I
ten /2 )
Of f tst

1000 fcaut(f12,4)
2000 FC* M ft' inter Pire Dieneters ',\)
7020 ICeM1(* t..tte Pipe Welt thicknesas ',\)

IN0
SWR 3Ji

geeeeeeeeeee..lht Ge fMf(ML AB,t.StGO,10,81 Git 0, AL,Xh)......eeeeeeeeeeeeeeeeeeeeeeeeeeeeee, eeeeeeeeeeeeeeeeees
C

geoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesseeeeeeeeeeeeeeeeeeeeeeeeeeeeee
CkAeAttte'35 MLAfttt(3),MLAs
DATA MLAh!L/* Aib Gr 0 Cartxoi steel Dese mets |',

1 * 304. statntess steel Weld metal '
,

? ' GE (Psi seport Pige Proterties */
DATA MA1/3/
W l f f ( *,2000)

I

1

_ . .. _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -_
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I
MPR ASSOCIATES, INC,

| 1050 Connecticut Ave., NW-Washington, DC 20036
n.

.

; CALCULATON NO. PREPARED DY Cfi(-QKED D
. p,( / PAGE M jpg

'

.g c .

,

I DO 40 lot,WMT
Waltt(6,2020) 1,MtA6tL(I)

40 CteiIIput
< WRI1i(',')
'

Wl!t(',2010)
; aiADf*,1001) M t

W91ft(*,*)
ML At eML Att L(MT )

'

CAL L MIPaur(M1, t ,ll GO, t o,5 | GF L O,8 L , s n t
etitars

9000 torMT(11);

2000 F(* M ite Allowable Meteriets:8)
-

2020 Fot M1(14,8 ' A35),

2030 h* Mf(' select Pire Material.. 8,\)
-

IND
$UBka1Tlut M1 PRO *(M1,1.l!G0C" * * * *"" * *" *"""*s """" * "",10,81 G F L O A L ,1W )* " * * " " " * * " " * " * " " " " * * * "

C

.I teeeeeeeeeeeeeeeeeeee-ee............ .eaeeeeeeeeeee....eeeeeeeeeeeeeee.
IF(Mt.t0.1) ININ

llG0=27100.0
$1GFLD41600.0

:
8 421.0f 6
ale 1,94

.2

th 4.42
0010 IN)

(WDif

.I IF(MT.lo.2) THit
SIG0e23000,0
slGP LOm42DD0.0
t e 25.616

.I
4to2.13

. the3.79
Goto *00

(NDlf
9(Mt.10.3) THIN

-

SIG0s %000.0.

SIGFL0a42000.0
t*30.0t6
AL=1.69

'

the5.42
: Goto 100

(WDif
100 Cani1Wut

10=51G0/t

,I ttfusu
tND
SUBR0lliik( GtPROP( A08,IW,R0f

ton eeee eeee eee eee e eee e eeeeeeeeeeeee, h". , N4, F 1, v3, N 1 P , F I P , V3P )eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese
-

C

C" " " ''''''''" "' " ****''*******************************************:

NisNIVAL(Aos,ru,Rof)
N4eh4 VAL (A00,XW,R01)

. Fief 1 VAL (A08,RQ1)
-

v3eV3 VAL (WJB,00f)
N1F aON1( A06, XN , ROT )
'1P=0F1(ADB, ROT),

'

;
-

V3P*CV3( A00, P01 ).

REilAtg
|j ( WD

FUNCil(Ri DN1(A00.Eu, ROT)

.

:I
.- .-
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MPR ASSOCIATES, INC,
1050 Connecticut Ave., NW-Washington, DC 20036

,
.

CALCULATON NO. PREPARED DY CH ; (

L ty e~ , / j / PAGE,g/,q.
+ j

T

J

go..eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

i C

C"'''"***""''''''"''***********'"****************'""''''''"'''

I DATA btL/0.05/
lF(A00.L1.0.125) iNtW

A1*0.0625
Ale 0.125

I twDif
I f ( ACS .Lt .0.125. AWD. At*B.ti .0.25) 1at u

Ale 0.125
A2 0.25

tuDit

I if( ACE.Lt.0.25) ikt k
A1 0.25
A2=0.5

tuDlf

I DN1*(#1 VAL (A2,AN,001) M1 VAL (Ai,AN,401))/(A2 A1)
tt tttu

(WD

geeeee.L.AC110N Cf1(MS,#01)
F

..eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee w

I C

C' " ' " "'**********'''''******************************************' "' '

DATA DEL /0.05/
if(Aus.tt.0.125) 1Mth

|
A1'0.0625
A2e0.125

IWolf
if( Ats.ht.0.125. AND. Ace tt.0.25) tut h

A1 0.125

| M en.25
tWDIF

1 f ( A00.ht .0.25) 1et e
A1 0.25
A2 0.5

twDif
Dilet f tvAL( A2, Pot).fiv&Lt A1, tot))/( A2. A1)
ettutt

two
FUNCil0W DV3(Ace, ton)

C'''********" "' "*************************************************'''

C

teeeeeeeeee........eeeeeeeeeeeee..............eeeeeeeeeeeeeeeeeeeeeeeee
DATA DEL /0.05/
if(Aus.tt.0.125) THth

A1 0.0625
A2 0.125

(NDif
If( A00.Ct.0.125. AND. Aos tt 0.25) 1>t u

A1 0.125
Af=0.25

tuolf
if(Ms.ht.0.25) THEW

A1 0.25
A2=0.5

ENLif
DV3*(V5 VAL ( A2.tof) V3 VAL ( A), A01))/( Al A1)
tituth
E do

g ........10N N1 VAL.(.AS.,tu.t01)PUNC1
........ . ..... ................................ ..... ..

J

_ . ---. ______ _ _ _ _ _ _ _ _ _ - - _ -_ . . _ . _ - . - - _ - _- -



i MPR ASSOCIATES, ING,
1050 Connecticut Ave., NW-Washington, DC 20036

CALCULATION NO. PREPARED BY 04E 3 /
f if. L c PAGEAb[Af

/ /

| .

I :......................................................................
Olmtklltes N1(5,4) AB,At(4) AWVAL($),9016 AL(3)
D A 1 A N 1/4,96 F,6. 018,6. 743, f.620, F.969,

I
1 S . 361, $ . V8 F. 6. 261,6. 311,6.906,
2 5.620,5.312,4,686,3.9$9,3.240,
3 3. 646,2. 682,2.10$ ,1.424.1. 035 /
DATA AlvAL/0.0625,0.125,0.2%,0.$/
Data swv&L/1.0,2.0,3.0,l.0,2.0/

I DAT A 40TWAL/%.0,10.0,20.0/
DAfA hAB,kAN,ht01/4,$,3/
ACg.Ag

if( A06.C1. ABVAL(kA8)) A08.ABV AL (h AD)
00 40 1 2, hat

1 if( A00.Lt. Alv&L(1)) TH(k
11 1 1
12 1
G0fD 60

| INDlf
40 CChiluut
60 comIluut

00 80 J.2,Wik
If(th.Lt.kuvAL(J)) TH(ui J1.J+1

**J2.J
G010 100

(kDit

i 60 ComilWut
100 Cout tkut

'tACA.( AUS ABYAL(11))/( AbvAL(12) AtVAL(11))
f 8 ACh.(EN thv&L(Jt))/(suvAL(.2).NuvAL(J1))
VAL 1.M1(J1,11)*fAACW.(MitJ2,11).W1(J1,II))i VAL 2.M1(J1,12).f R ACw.(NitJ2,12).M1(41,12))
M1VAlevAli.fRACA.(VAL 2 4AL1)
etfuth
(W0

i g . . . . .L.*. C. i .l 0.N M4 V A L .( AB ., t u ,0 01.) . . . . . . . . . . . . . . . . .. . . . . .. . . .. . . . . . . . . . . . .
F

. ....... .. ......

C......................................................................c
DIMikll0N h4(5,4). AuvAL(4),rWVAL($),00f val (3)

I CA1 A M4/ .194,0.078,0.144,0.268,0.429,
1 0.136,0.565,0.763,1.119,1.312,
2 1.459,2.076,2.334,2.3D8,2.049,
3 5.384,=.283,3.232,2.049,1.400/
CAf A ABVAL/0.0625,0.125,0.25,0.5/
CATA RWVAL/1.0,2.0,3.0,$.0,7.0/
DA1A eofyAL/5.0,10.0,20.0/
DATA NAB,uxW,ht01/4,5,3/
A06.A5
If(A06.Gl.AtvAL(kAB)) AOS.ABVAL(NAB)
00 40 1 2.has

if( Ace.Lt. A8 VAL (1)) TH(N
11 1 1
12 1
0010 M

INDlf
40 CCattwut
60 C% flWut

W 60 Jet,Wxu
if tXW.Lt.INVAL(J)) f ut u

i

_ . . . . . . .. . . - _ _ _ _ _ _ - - - - _ _ - - - - J
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( MPR ASSOCIATES, INC.

I
1050 Connecticut Ave., NW-Washin0 ton, DC 20036

CALCULA10N NO. PREPARED BY CHE V; . /
PAGE A74p

Y

f[,(_2 ys
d

I

J1eJ 1
42.J
GOTO 100

I
INDif

60 C0hilWUt
100 CoultuJE

ftACAe(408 AlvAL(11))/(Alv&L(ll) Alv&L(li))
ftACse(uw suvAL(J1))/(anVAL(42).atvAL(J1))

3
'At teh4(J1,11)ef t ACW'(>4(J2,11) M4(J1,li))

VAlleW4(J1,12) ftACW'(k4(Jt,12) h4(J1,82))
h4VAleVAliefRACA*(VAL 24AL1)
Rttute
IND

_I F0mC110N fiv&L(AB,tof)
gneeenesennneeeeeenneeeneen neeseeeesennnn e eeneneene

C.ees...e eeeeeeeeeeee....eeeeeeee. eeeeeeee...ee.....eeeee....e e...et

I DIMiktlow f1(4,3), ABvAL(4) P0iv4L(3)
DATA F1/1.046,1.141,1.423,2.555,

1 1.0 TO,i .219,1. 5 W,P. 896,
2 1.118,1.343,1.8%,3.33f/
DA1A AlvAL/0.0625,0.125,0.25,0.5/I

*

W A 60iv4 /5.0,10.0,20.0/
DATA hAB,ht01/4,3/ **

AcceAt
if( A00.G1. AlvAL(NAI)) AN.AgvAL(WAI)

I
tier 0f
Ale 10.0
DO 40 le2,Wt01

If(RT.L( .t0f VAL (1)) 1Ntt
11 1+1

B
llel
0010 60

(NDil
40 CoutlWVE
60 CONilNUt

DO 60 Jet,hAB
If( ACA.Lt. ABvAL(J)) THth

41es'1
J2e4
0010 100

(NDif
80 Cottluut

100 COWiluut
iiAtte( Al 801v&L(li))/(tofvAL(12) 80fvAL(li))
iRACAe(Aos A8vaitJ1))/iAsvAL(JP) AlvAL(J1))
VAliof1(J1,11).f8ACA*(f1(J2,11).f1(J1,11))
VAL 2.f 1(Ji,12).f t ACA*(f 1(J2,12)* f 1(J1,ll))
FivAleVAliettACh*(VAL 2 VAL 1)
titute

iN0
fuhC110N V3kAL(Al,kOT)

C""*"""""*"**"*"**"""*"""""*"""""""**"""***
C
geeeeenneeneeennneeneennneeenne eenne e enseenne nn

blMikil0W V3(4,3), ABy&L(4),koTVAL(3)
DA1 A V3/. 065,0.003.0.389,3.925,

1 .043,0,014,0.504,5.112,*

2 a.070,0.020,O.626,6.TVS/
DATA ABVAL/0.0625,0.125,0.25,0.5/
DATA ROTVL /5.0.10.0,20.0/

|

_,,____.m_ _ _ _ - _ . _ _ . - - - - - - - . -
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MPR ASSOCIATES, INC.

I 1050 Connecticut Ave., NW-War.hington, DC 20036

CALCULA1CN NO. PREPARED BY C 4E - Y

PAGEAiMr/--
j g-

3
' ...-

,

I
LA1A hAB,ht01/A,3/ *

I A00 sat
if( Abt.01.88 VAL (k AB)) A08'Alv&L(NAB)
AfetOf
Ale 10.0
00 A0 lot.ht01I IF(tt.tt.toival(l)) THit

,,

1111
12=1
0010 60

I iNDlf
60 CokiIwut
60 ConfIwat

DO 80 Je2, hat
IF(Aug.Lt.AlvAL(J)) fMENI J1eJ.1

J2*J
Golo 100

tWDIF

I 60 CONI!WJE
100 COMiIWUE

f tAtte(Rf at0fvAL(li))/(tofvAL(ll) tofvAL(11))
".

f tACA*( A00+ Alv&L(J1))/(AlvAL(J2) A8 VAL (J1))
W Ali s V)( J 1,11 )+ f t ACA'( V3 ( J 2, l i ) * V3 ( J f ,11 ) )

I VAL 2=V3( J1,ll)e f RACA*(V)(J2,ll).V3(J),12))
V3vAlevAL1*fRAtt*(VAL 2 VAL 1)
effute
iND

I

I

I
I
I
I
I

I

I
__ _ -
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MPR ASSOCIATES, INC,
L 10 $ 0 Connecticut Ave., itW-Washin0 ton, DC 20036

CALCULATION TITLE PAGE

CLIE NT

g pg PAGEiOF IB

PROJ ECT
i i TASK NO.

Toe e.g thb.|a (cdc-|N^ bl''U"' E' b'': y-

o.; 3_

CALCULAflON flTLE
#

j (OP TION Al.)
p/P r i t 'iv b No b' b> ' i 2 319

>

Clq'ht - h kuhc. h\okt/mi
-, 4 . 1 s

I ol
,

,:n c .0 - , t u

PREPARER (S)/DATE CHECKER (S)/DATE REVIEWER (S)/DATE REV.NO.

I va f;a (f) r'', n . 7| cia f't|'bE0f. (. . . t3 ' n * * b jt

l

.

--
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| MPR ASSOCIATES, INC,
' 1050 Connecticut Ave., NW-Washington, DC 20036

- ~ __

CALCULATON NO. PREPARED BY 4ECKED BYe
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