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PREFACE

The Heavy-Section Steel Technology (HSST) Program, which is spon-

sored by the Nuclear Regulatory Commission (NRC), is an engineering re-
search activity devoted to extend ing and developing the technology for

assessing the margin of safety against fracture of the thick-walled steel.

j pressure vessels used in light-water-cooled nuclear power reactors. The

program is being carried out in close cooperation with the nuclear power

industry, This report covers HSST work performed January through March

j 1978, except for subcontractor contributions which may cover the three-

| month period ending in February. The work performed by Oak Ridge National
|

| Laboratory (ORNL) and by subcontractors is managed by the Engineering
i

i Technology Division. Major tasks at ORNL are carried out by the Engineering

technology Division and the Metals and Ceramics Division. Prior progress

I reports on this program ar e ORNL-417 6, ORNL-4315, ORNL-4 377, ORNL-4463,

ORNL-4 512, ORNL-4590, ORNL-465 3, ORNL-4681, ORNL-4764, ORNL-4816, ORNL-

! 4855, ORNL-4938, ORNL-4971, ORNL/TM-4655 (Vol. [I), ORNL/TM-4729 (Vol. 11),
a

ORNL/TM-4805 (Vol . II) , ORNL/TM-4914 (Vol. II), ORNL/TM-5021 (Vol. II),

ORNL/TM-5170, ORNL/NUREG/TM-3, ORNL/NUREG/TM-28, ORNL/NUREG/TM-49,'

ORNL/NUREG/TM-64, ORNL/NUREG/TM-94, ORNL/NUREG/TM-120, ORNL/NUPJ:G/TM-147,
,

I

ORNL/NUREG/TM-166, and ORNL/NUREC/TM-194.'

l

l
:

i

I

i

i

|
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|
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SUMMARY'

1. PROGRAM ADMINISTRATION AND PROCUREMENT

.

The Heavy-Section Steel Technology (llSST) Program is an engineering
research activity conducted by the Oak Ridge National Laboratory (ORNL)

| for the Nuclear Regulatory Commission (NRC) in coordination with otheri

research sponsored by the federal government and private organizations.

The program comprises studies relating to all areas of the technology1

!

j of the materials f abricated into thick- :ec tion primary-coolant contain-
1

j ment systems of light-water-cooled nucienc power reactors. The principal

|
area of investigation is the behavior and structural integrity of steel

i pressure vessels containing cracklike flaws. Current work is organized
i

j into the following tasks: (1) program administration and procurement,
1
a (2) fracture mechanics analyses and investigations, (3) effect of high-
I

j remperature primary reactor water on the suberitical crack growth of

reactor vesse.1 steels, (5) inves tiga tions of irradiated materials, (5).

! pressure vessel investigations, (6) thermal shock investigations, and

I (7) foreign research.
i
: The work performed under the four existing research and development
1

j subcontracts is included in this report.

! Nine program briefings or presentations were made during the quarter,
1

; and one technical report was issued.
!,

i

1

) 2. FRACTURE MECHANICS ANALYSES AND INVESTICAT10N.3
i

i
j Stress-intensity factor distributions along the tip of nozzle corner

cracks in models of intermediate test sessels (ITVs) and boiling-water

; reactor (BWR) vessels have been measured by photoelastic techniques.

| Four nozzles with cracks in a plane perpendicular to the cracks pre-

viously studied have been tested, and results have been compared quanti-*

I
tatively with earlier results.-

,

,

I
|
!

!

|

!-
_ _ _ . _ _ _ - _ _ . _ _ _ _ _, _ . _ _ _ . - - . _ . - - . _ _ _ _ _ _ _ _ _ . _ _ - _ . . _ _ _ _ - _ _ . _ _ _ . _ . - -
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3. EFFECT OF HIGil-TEMPERATURE PRIMARY REACTOR WATER
ON THE SUBCRITICAL CRACK GROWTH,

f 0F REACTOR VESSEL STEEL

l

.

Testing of specimens in three environmental chambers is continuing
in this study of the effects of ramp and hold times and high AK. Rapid -

ramp tests have been completed. The high AK test has been run continuously
|

'

for nine months and is expected to be completed soon.

| Four fatigue specimens were tested in hydrogen sulfide in order to
i

! investigate the influence of the environment on the apparent starting
i
; AK ef f ect observed in specimens in a PWR environment. In hydrogen sulfide,
i

j varying the starting AK did not affect the crack growth rate. ;

|
|
i
!

4. INVESTIGATIONS OF IRRADIATED MATERIALS

| Slow-bend tests were performed on the fatigue precracked Charpy speci-

i mens from the second 4T-CTS irradiation experiment. Irradiation of the

three capsules of specimens in the third 4T-CTS 1rradiation experiment was |
'

j completed with an estimated average f ast-neutron fluence in the 4T speci-

| mens of 8 x 10 neutrons /cm (E > 1 MeV).18 2

; A hot-cell setup for testing weld tensile specimens of the second

! 4T-CTS Irradiation was completed; the test matrix for the irradiated weld
.

| tensile properties was established. Data acquisition system programming

for fracture testing is in progress.

The cooperative investigation of unloading compliance techniques for
J-integral testing is under way to evaluate the effects of various loading

and measurement arrangements and data processing on the sensitivity of the

determination of elastic compliance. Three different means of reducing

the effects of friction on the loading pins have been tried. Attachment

of clip gages for measuring load-line displacement has been made with both

a razor blade knife edge and a machined knife edge; the former gave less

hysteresis and better linearity in loading and unloading displacements.

- -- -. - - . . - - -
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ix

5. PRESSURE VESSEL INVESTIGATIONS,

The block cut from intermediate test vessel V-7B after the test was

returned to ORNL and sectioned for examination of the fracture surfaces.

It was determined that the initial sharpened flaw was located within the

repair weld heat-affected zone (HAZ) as intended. The crack extension'

generally was outside the HAZ but closely followei the weld interf ace.,

The machining of a notch in vessel V-8 in preparation of the flaw

in that vessel was completed. Cyclic pressurization of the notch to

sharpen it by fatigue was commenced with ultrasonic and acoustic emission

surveillance. Additional work was done to improve the toognness char-

acterization o f the subtrerged-arc fabrication weld in which the flaw will |

reside. It was determined that K m asurements were about the same
d

f rom b"r- and WL-oriented PCC specimens, jy

Flaw C in vessel V-6 was removed from the vessel and split apart to
1

reveal the extension of the crack. This crack had grown stably a small ;

amount prior to failure of the vessel at another flaw.

Two crack-arrest specimens of the HRL type were tested in the course

of preparations for participating in the NRC/EPRI cooperative crack-arrest

tests.,

6. THERMAL SHOCK INVESTICATIONS

Spray procedures for coating the inner surface of the flow test ves-

sel were developed, and the vessel was subjected to two thermal shocks with

liquid nitrogen to obtain thermal-hydraulic data. Modifications to the

test facility were completed. A parametric analysis of the PWR double-

ended-pipe-break LOCA-ECC was completed, and preliminary calculations

pertaining to a PWR steam-line break were made.

7. FOREIGN RESEARCH

Lists of foreign reports published in Nuclear Safety through Vol. 19
'

(No. 3) have been reviewed to identify topics of interest in the metallurgy

and materials areas. Translated copies of reports of interest have been

requested, and translations received are being reviewed. A summary of

,

. . . . --r_- .._ . , - . . _ , . - - , , , _. , w
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x

research programs in the Federal Republic of Germany, France, and Japan

was prepared,

i

I
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HEAVY-SECTION STEEL TECHNOLOGY PROGRAM QUARTERLY
PROGRESS REPORT .FOR JANUARY-MARCH 1978

G. D. Whitman R. H. P>ryan

ABSTRACT
.

The Heavy-Section Steel Technology (PSST) Program is an.

engineering research activity conducted by the Oak Ridge Na-
tional Laboratory for the Nuclear Regulatory Commission. It

comprises studies related to all areas of the technology of
the materials fabricated into thick-sec tion primary-coolant

containment systems of light-water-cooled nuclear power re-
actors. The principal area of investigation is the behavior
and structural integrity of steel pressure vessels containing
crack 11ke flaws. Current work is organized into seven tasks:

(1) program administration and procurement, (2) fracture me-
chanics analyses and investigations, (3) e f fec t of hip;h-
temperature primary reactor water on subcritical crack growth
of reactor vessel steels, (4) investigations of irradiated
materials, (5) pressure vessel investigations, (6) thermal
shock investigations, and (7) foreign research.

Stress-intensity factors are being measured photoelasti-
cally for nozzle corner cracks out of the plane of the inter-
secting cylinder axes. The study of ramp- and hold-time
effects in fatigue testing is continuing, and the influence
of the environment on the apparent starting taK effect was.

investigated. Precracked Charpy specimens of irradiated
weld metal with low ductile shelf toughness were tested in
slow bending, and preparations for J-integral testing of
larger specimens in this series are continuing. The machined
portion of the flaw of vessel V-8 was completed and fatiguing
of the notch was started. Further experimental studies of en-
hanced heat transfer for cryogenic thermal shock tests were
made.

1. PROGRAM ADMINISTRATION AND PROCUREMENT

G. D. Whitman

The Heavy-Section Steel Technology (HSST) Program, a major safety

program sponsored by the Nuclear Regulatory Commission (NRC), is con--

cerned with the structural integrity of the primary systems, particularly
.

the reactor pressure vessels of light-water-cooled nuclear power reactor
stations. The structural integrity of these vessels is ensured by de-

signing and fabricating them according to the standards set by the code

-
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!

!

| for nuclear pressure vessels, by detecting flaws of significant size that
!

occur during f abrication and in service, and by developing methods capable
t '

i of producing quantitative estimates of conditions under which fractures

could occur. The program is concerned mainly with developing pertinent

fracture technology. It deals with the development of knowledge of the
'

material used in these thick-walled vessels, the rate of growth of flaws,
i

and the combination of flaw size and Joad that would cause fracture and'

thus limit the life and/or operating conditions for this reactor plant.

The program is coordinated with other government agencies and the

manuf acturin>; and utility sectors of the nuclear power industry in the

United States and abroad. The overall objective is a quantification of

safety assessments for regulatory agencies, professional code-writing

bodies, and the nuclear power industry. Several of the activities are

conducted under subcontracts by research facilities.in the United States

and through informal cooperative efforts on an international basis. Four

| research and development subcontracts are currently in force.

i Administrative 1y, the program is organized into seven tasks, as re-

! flected in this report: (1) program administration and procurement,
a

I (2) fracture mechanics analyses and investigations, (3) effect of high-

temperature primary water on subcritical crack growth of reactor vessel '

j steels, (4) investigations of irradiated material, (5) pressure vessel

) investigations, (6) thermal shock investigations, and (7) foreign research.
I

j During this quarter, nine program briefings, reviews, or presenta-
i tions were made by the llSST staff at technical meetings and at programi

|

| reviews for the NRC staff or for visitors. One technical report was 1s-
I

! sued.1
i
;

| Reference
!

t

i 1. R. H. Bryan et al. , Tes t of G-in.-Thick Presourc Vessela. Scrice 3:
Intemcdiate Tcat Vecaei V-7A Under Suatained Loading, ORNL/NUREG-9,

,
(February 1978).

i

!

)
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2. FRACTURE MECHANICS ANALYSES AND INVESTIGATIONS j

!

2.1 Stress-Intensity Factors for Nozzle Cracks

i_n_ Reactor Vessels *
.

x

C. W. Smith'+ x +
W. H. Peters' T. S. Fleishman'

This chapter is intended to serve as an extension of the progress

lreport for the period October through December 1977. In order to be as

brief as passible, reference will be made to that document.

To date two models (four nozzles) with type C cracks (Fig. 2.1) in

the range a/T l' O.15 to 0.55 have been tested and are currently being
analyzed. Results indicate that the material in one of the models may

have been defective, and this test is being replicated in order to verify

this conjecture. Several observations can be made at this point.

1. Type C cracks require approximately twice the pressure of type A
'

cracks in order to cause flaw growth, indicating a strong influence of the
4

vessel wall nominal stress.
|

2. Type C cracks remain in their initial planes during growth.

3. Type C cracks do not show the flattening in the central region
,

1

observed in type A cracks. In fact, the moderately deep flaws bulge beyond I
1

the quarter-ellipse shape in the central region (Fig. 2.2).

4. Stress-intensity factor (SIF) distributions for cracks in the

range a/T % 0.25 to 0.55 are concave downward like those for type A cracks.
Quantitative SIF distributions are currently being obtained.

*
Research performed by the Photoelasticity and Fracture Laboratory

in the Engineering Science and Mechanics Department at the Virginia Poly-
technic Institute and State University under Subcontract 7015 between Union
Carbide Corporation and Virginia Polytechnic Institute and State University.

Department of Engineering Science and Mechanics, Virginia Polytechnic
Institute and State University.
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Fig. 2.1. Crack orientation relative to vessel axis (A, phases I
and II; B and C, phase III).
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Fig. 2.2. Flaw shapes for type C cracks in a nozzle corner.
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1- 3. EFFECT OF HIGil-TEMPERATURE PRIMARY REACTOR WATER 1

ON TIIE SUBCRITICAL CRACK GROWTH
! 0F REACTOR VESSEL STEELS *>i

a.4 4.+
L1 II. Bamford'' L. J. Ceschini''

i

|

| The objective of this continuing program is to characterize the
!

: fatigue-crack-growth rate properties o f ferritie vessel steels exposed
1

; to PWR primary-coolant environments. Three environmental chambers are
;

being used, and the following areas are being investigated:

,

i

Ramp- and hold-time effects 1 chamber (14 MPa, 288*C)
(2T WOL specimens) 1 chamber (0.14 MPa, 93 C)

{ Crack growth rate at high AK 1 chamber (14 MPa, 288*C)
! (4T CT specimene)
i

,

1

3.1 Ramp- and flold-Time Effects
,

'
The investigation of ramp- and hold-time effects continued during

the reporting period. Specimens of A508 class 2 forging material are

being tested at R (K /K ) = 0.2 in two PWR environments, one at 288*C
and another at 93 C. The specimens are 51.8-mm-thick WOL- and CT-type

specimens, and the loadings are being applied according to the matrix re-

quirements of Table 3.1. Testing is complete on test type "a" and nearly

complete on test type "b" in both environments. As the tests are completed,

results are compared with those of the Naval Research Laboratory, where
comparable tests are being conducted. As the rise and hold times increase,,

the tests require progressively more time to complete; therefore, no tests

have been completed during this reporting period.
,

*
Work sponsored by llSST program under UCCND Subcontract 3290 between

Union Carbide Corporation and Westinghouse Electric Corporation.
t
Conversions from SI to English units for all SI quantities are listed

on a foldout page at the end of this report.

Westinghouse Electric Corporation.;
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Table 3.1. Projected ramp- and held-time
tests of JT-WOL spec imen s in PWR

environment, A50X clas, 2
torging mater.fal2

_ _ _ . _ _ _ _ . _ . _ _ _ _ _ ._._. .

. Mamp time Hold time

(min) (min) i

1

al Rapid, 1 ecc 1 |.

al Rapid, I sec $ |

a '3 Rapid, I sec 12

a4 Rapid, I sec MJ

bl 1 1

b2 1 3

b3 1 12

b4 1 60
cl 5 1

c2 5 3

c3 'i 12

c4 5 60
dl In I

d2 30 3

d3 30 L2
d '. 30 60

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

fents ai, b4, .i, dZ, d 3, d4'
s ,

(wh ich are very long time tests) will be
done .if t er the others are complete

3.2 Crack Growth at Fligh AK

Testing continued on specimen F-24, a 101.6-mm-thick compact speci-
men of A508 class 2 forging material at 1 cpm and R = 0.2. The size of

this specimen allows testing to be conducted at higher values of applied
AK than have previously been possible, but the added ligament area of.

the specimen also means that the testing time is longer. This test has

continued for nine montns and is still not complete. The results thus

far indicate that the test will be completed early in the next reporting
period.

3.3 Starting Condition Effects

l

It was reported earlier that the initially applied loadings on a

specimen in a water environment can significantly affect the amount of
environmental enhancement produced. If the specimen is started at an

__ ___ - -- __ ____ - .- __ - ______ - __________
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! applied stress-intensity factor range AK that is too high, the crack |
|

growth rate results will show less enhancement than that of identical
;

specimens started at a lower AK value. This behavior is illustrated in

2Fig. 3.1, which shows results from several specimens of pressure vessel
,

|steel tested in a PWR environment at R = 0.2. These specimens were
1

started at values of aK ruusing from approximately 21 to 44 MN m-3 /2 and i

.

show markedly different crack growth behavior,

i

This phenomenon has been observed, but not identified as a separate
effect, for several other low-alloy steels exposed to a water environ-

ment.3-5 The effect is also strikingly similar to data obtained for |

water-induced cracking under static loads for higher strength steels.6'7
This phenomenon may be due to non-steady-state crack growth that is con-
trolled by the kinetics of the steel-water system. To investigate the

'

degree to which the kinetics control this protecc, a series of pressure

vessel steel specimens was tested in a hydrogen sulfide environment. i

Earlier tests had shown that this environment produced crack growth rates

for this steel very similar to those produced in a much slower test in a

water environment. An example is shown in Fig. 3.2. The test frequency

is not important for the hydrogen sulfide tests because the kinetics of

the env!ronmental interaction are so fast.

To study the effects of starting conditions, four specimens of HSST

plate 04 were tested in an environment of room-temperature hydrogen sul-
-3/2fide at 414 kPa. The initial applied AK was varied f rom 19 to 72 MN m

through different applied loads; and as a separate check, the initial AK

for one specimen was elevated by a longer starting crack length rather
than higher load. In all cases the R ratio was very lou, 0.01 to 0.07.

Results of this series of tests, summarized in Fig. 3.3, show that there

is no effect of starting conditions for this environment. This leads to

the conclusion that starting conditions can have an effect on the crack

growth rate data only for material-environment combinations where the
! kinetics of the system are relatively slow. Thus far, such effects have

only been observed in water environments, where slow loadings (around 1

cpm) have been applied. Studies of these effects are continuing and re-

sults will be reported as available.

. . -, . _ - . - --
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Fig. 3.1. Example of the effect of starting conditions on fatigue
crack growth in pressure vessel steel in PWR cnvironment (IT-CT data from
Ref. 2).
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4. IN'iESTIGATION OF IRRADIATED MATERIALS *
i

,

; 4.1 Toughness Investigations of Irradiated Materials

R. G. Berggren J. W. Woods
T. N. Jones D. A. Canonico

,

4.1.1 Second 4T-CTS irradiation study
,

i Slow-bend tests were conducted on the fatigue precracked Charpy speci-

mens from the second 4T-CTS 1rradiation experiment, and results are being |
4 analyzed. Final neutron dosimetry analyses will be completed in the next

quarter. |

|'

4.1.2 Third 4T-CTS irradiation study |

Irradiation of capsules A and B of the third 4T-CTS 1rradiation experi-

ment was completed February 17, 1978, after 1012 hr of irradiation. I r rad i-

ation of capsule C was completed March 28, 1978, after 1581 hr. These ir-

radiation times for the three capsules should provide average fast-neutron
' 18 2fluences in the 4T-CT specimens of about 8x 10 neutrons /cm (E > 1 MeV).

Disassembly of these capsules is planned for the next quarter.

4.2 Effects of Irradiation on Pressure Vessel Steels +
++

J. A. Williams''

i

J 4.2.1 Tensile testing of irradiated welds from second
4T irradiations,

i

The hot-cell test setup for conducting irradiated tensile tests was

completed. An extensometer system, which is active during the total

specimen elongation, was developed as part of the test setup; direct

*
Conversions from SI to English units for all SI quantities are listed

on a foldout page at the end of this report.
#

Research performed under Purchase Order 11Y-50917V for the Oak Ridge
National Laboratory, operated by Union Carbide Corporation under contract
to the U.S. Energy Research and Development Administration (now DOE).

A+
''Hanford Engineering Development Laboratory.
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computerization of test results is possible through the use of this type
d

extensometer. The in-cell test setup is shown in Fig. 4.1. The exten-

someter system measures deformation over a 1.27-cm-long gage length of the

miniature specimen. Dual LVDTs are algebraically summed to cancel anomalous
readings due to possible bending moments during the initial portion of the

test. Calibrated accuracy of the extensometer is better than 0.001%

linearity.-

A verification of the extensometer in actual test application was con-

ducted by high-resolution recording of the elastic load-deflection curve;

linearity of the recorded curve was better than 1% and no hysteresis was

observed on unloading. The elastic modulus of the load deflection was

5observed to be 2.04 x 10 MPa; the modulus determined is within the known

range for this class of material.

A tensile test matrix was developed to maximize the tensile informa-

tion obtained from the available specimens. Table 4.1 gives the distri-

bution of specimens by irradiation temperature and neutron fluence. The

specimens in parentheses have irradiation temperatures in more than one

range for a significant period of the irradiation time. The specimen test
< .

! temperatures are shown in brackets,for each specimen. The test tempera-
tures will yield a range of data which can be treated by a rate-temperature'

parameter to maximize property characterization; the tensile test strain

rate will be 0.01 sec~l. Tests will be conducted during the next quarter.

4.2.2 Frncture test system computerization

Test system computerization is being developed for fracture testing.

The fluid nature of ductile fracture testing and analysis demands that a

practical method of data storage, retrieval, and reprocessing be available

for future reanalysis; second, data of sufficiently high resolution and

quantity must be obtained for statistically accurate determinations of

ductile fracture toughness. The only reasonable way to obtain this in-

formation is by sophisticated data acquisition systems and programming.
An on-line acquisition system currently being interfaced and pro-

grammed at HEDL is shown in Fig. 4.2. Figure 4.3 gives a functional block

diagram of the acquisition system and its capabilities. Programming of

|
t

._.. - . _ - . _ . , . _ _ . - - - _ ._-
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fracture toughness calculations has been completed, debugged, and veri-
fled with actual experimental data. Real-time data acquisition and pro-

cessing programs are currently being developed.'

4.3 Evaluation of the Unloading Compliance Technique
for Single Specimen J-Integral Testin3*

+ tG. A. Clarke' J. D. Landes

4.3.1 I_ntroduction
'

The goal of the first test series of this program was to evaluate

the un. load.ng compliance test by computerized methods. Testing was con-

ducted on an A508 material using IT compact specimens to evaluate the

ef fects of various types of loading pin arrangements and knife edges on

i the load-displacement records used in the unloading compliance method.
In order to evaluate the sensitivity required for the unloading compliance

values necessary for an accurate determination of J , a simple analysis
7

of the data generated on the A508 material was completed. !
l |I While the applicability of the Merkle-Corten correction factors has

been experimentally verified,2 questions still remain as to the form of
the equations to use. The more general form of the equation used to cal- I,

culate the correction factors required the separation of the J integral

into its elastic and plastic parts, J and Jp, respectively A more ap-
e

proximate form of the equation utilizes the total J-integral value, that

is, J =J +J. The applicability of this simplified form of the Merkle-
T e p

Corten equation in the elastic region has been shown by an analysis com-
paring the alternative forms. It was concluded that, for a/w > 0.5, the

ap p roxir2a te form of the equation can be used without appreciable loss in

accuracy. The following sections describe the work completed in this

program to date.

*
Work sponsored by HSST Program under UCCND Subcontract 7394 between'

Union Carbide Corporation and Westinghouse Electric Corporation.
| Westinghouse Electric Corporation.

|
_ . _ . - . - . - _ - - -
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4.3.2 Computerization of J-integral technique _s,

The computerization of the testing techniques originally created a

number of previously unknown problems. The principal problem was the

noise from the hydraulic and the electrical systems. Considerable improve-

ment in the program output was made by using a combination of both active-

bandpass analog filters and a digital filtering system in the computer.

Further evaluation of the computer method is presently under way.

4.3.3 Sensitivity required for JTc testing

In order to determine the sensitivity required for an accurate Jyg

value, an acceptable scatter band on J was required. The authors assumed

that a scatter band of 110% on J would be considered adequate. It was

determined that if the crack extension were measured within 0.38 mm of

the actual value of stable crack growth for the A508 test material, the

value of J could be determined within 10%. While this value of crack

extension is well within the present sensitivity of the IT test procedure,

it is not known whether we have enough sensitivity to measure within the

required accuracy for a 4T specimen. Tests will be performed shortly to

determine this.

4.3.4 Effects of loading pins and knife edges on the load-displacement
record,

In the past, considerable attention has been given to the type of

loading pin arrangements necessary to eliminate the effects of friction,

on the loading pins. The methods used to eliminate friction include

roller bearings in the loading clevts or flat bottom holes in the clevis

with undersized round loading pins. These methods were evaluated by am-

pli fying t he load-displacement records for each test using the various

loading arrangements. There was no significant difference in the results

obtained from either the roller bearing method or the flat bottom hole

method. A wider hysteresis was found in the load-vs-displacement curve

on the test using the undersized pins. This may indicate a higher degree

of friction than found in the other two methods.
The normal compact specimen design for the unloading compliance test

employs a razor blade knife edge. The thin, sharp point of the razor

____ _ _ _._ _ _ _ ___ _ _ _ _.- _ _ _ _ _ _ _ _ _-_
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blade reduces friction between the knife edge and the clip gage. Pre-

viously, knife edges on the load line of the specimen were machined into

the specimen. In order to determine the difference betwec_n the razor

blade knife edge and the machined-in knife edge, tests were conducted on

both specimen types. The load vs load line displacement record for the

razor blade knife edge is shown in Fig. 4.4. The relatively small amount

of hysteresis and the parallel nature of both the loading and the aloading

slopes should be noted. The load vs load line displacement curve for the

specimen with a machined-in knife edge is shown in Fig. 4.5. The fact

that the unloading curve has a distinctly different slope than the loading

curve indicates a considerable amount of friction between the clip gage

and the machined-in knife edge.

ORNL-DWG 78-10612
a

SPEC. NO. 20780 - 80 200lb
PRECRACKED 1TCT
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Fig. 4. 4. Amplified load-displacement record for specimen with
I machirad-in knife edge,
i
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Fig. 4.5. Amplified load-displacement record for specimen with 1

razor blade knife edge.-
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: 5. PRESSURE VESSEL INVESTIGATIONS *

2

5.1 Posttest Examination of V-7B Flaw

P. P. Holz R. H. Bryan

The block of metal containing the flaw in intermediate test vessel

V-7B was cut from the vessel for ultrasonic and destructive examination.1,

The block was examined by the Southwest Research Institute and the Uni-

versity of Michigan and returned to ORNL during the reporting period.

The block was saw cut transversely in 16 places as shown in Fig. 5.1.

These cuts exposed cross-sectional views of the initial crack and the

crack extension at 14 planes (28 faces). The etched faces of these cross

sections show that the initial electron-beam weld crack lies entirely

within the heat-affected zone (HAZ) of the weld repair as had been desired

(see Fig. 5.2).

*
Conversions from SI to English units for all SI quantities are listed

on n foldout page at the end of this report,
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Fig. 5.1. Block cut from intermediate test vessel V-7B containing
entire repair weld and fracture zone. Slabs A through Q were cut after
all ultrasonic examinations were completed,

l
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Fig. 5.2. Face K (the face of slab K nearest the flange end of
g

the vessel) of cross section of V-7B fracture.

Segments J, K, and L (Fig. 5.1) fell in two pieces, since they were

completely fractured during the test. Segments C, M, and Q were chilled

in liquid nitrogen and broken open to expose the fracture surfaces. The

two segments including the crack tips at both ends of the flaw (C and Q)

are shown in Figs. 5. 3 and 5. 4, respectively. The visual examination of

these pieces confirms the location of the crack front determined ultra-

sonically by K. K. K11ndt.1 It also appears that the crack extension

3Les entirely in the base metal in some regions, in weld metal in others,

and in the llAZ only at crossover points. Figure 5.4 shows that the crack

front curvature conforms to the interface of the weld and base metal. The

location.cf the crack extension surfaces relative to the three types of

metal (base, IIAZ, and weld) will be determined by additional metallographic

examination.

I
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5.2 Preparations for Intermediate Test Vessel V-8 Test

P. P. Holz

A 6.35-mm-wide longitudinal slot was machined into the center cylinder

submerged-arc fabrication-seam weld of V-8, a dist.ince of 19 mm from the
,

approximately half-wall-tbickness weld-repair edge, as shown in lig. 5.5.

A slitting saw cutter ground to a 30* included angle with a 0.127- to

0.191-mm tip radius was used for the final cuts to provide the tip of

the notch with a sharp edge. A special stainless steel insert provided

GRNL DWG 78 - 1061b
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Fig. 5.5. Flaw details for intermediate test vessel V-8.
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a tight-fitting plug for the slot and channeled the hydraulic pressuriza- |

tion fluid to the notch tip perimeter. Details of the machining and flaw

pump setup duplicated the V-9 mockup previously used for prototype testing,2
except that a large 152-mm Giddings and Lewis vertical boring mill was

used for slotting the horizontally placed vessel as shown in Fig. 5.6.

Fifty strain gages were installed on the vessel in the region of

the flaw to monitor changes in strain that occur as a result of residual

stress relieved as the flaw is introduced. Tensile residual stresses were

observed on the strain gages along the cut plane as the slitting saw first

penetrated into the vessel wall. Later, during initial cyclic hydraulic i

pressurization of the notch to grow the flaw, strain readings taken in

similar places implied that the original residual stress noted during

slotting was considerable.
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Fig. 5.6. Vertical boring mill slot machining for intermediate test
vessel V-8.
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Cyclic notch pressurization is in progress with both ultrasonic (UT)

and acoustic-emission (AE) instrumentation being used to observe fatigue
crack growth. Information from the UT instruments will indicate crack
depth, while the AE instruments should indicate when crack extension oc-

I curs. The peak pressure used in the initial cyclic loading for fatiguing

is being held to less tnan 83 MPa so that the K of the machined notch is
7

-3/2not greater than 24 MNam in the absence of residual stress, thereby

minimizing overload on the fatigue crack because of superimposed residual
stress.

,

l

5.3 Characterization of the Repair Weld in Vessel V-8

5.3.1 Fracture toughness investigations of the fabrication weld

(W. J. Stelzman and D. A. Canonico)

We have continued to determine the static fracture toughness (KI d)
of the ITV-8 fabrication weld. Test results from WL-oriented (crack

'

propagating in the welding direction) precracked Charpy-V specimens
(PCC ) are shown in Fig. 5.7. Also shown are the results from WT-. y

oriented PCC specimens from the V-8 prolongation fabrication weld andy
WL-oriented IT and 2T compact specimens (CS) from the V-9 prolongation
fabrication weld. These data have been previously reported 3'"

A comparison of the PCC K results from WL-oriented specimens |V Icd I

with the results from WT-oriented specimens show that nearly all the re-
suits from the WL-oriented specimens fall within the scatter band of the

! WT-oriented results in'the -46 to 10*C test range. Only one specimen,

tested at -18*C, fell outside the WT-oriented scatter band. Therefore,

based on the limited number of PCC specimens tested, we conclude thaty

the effect of orientation (W or L) on K is minimal. This similarity
d

in toughness in important since the vessel flaw will advance in either
,

or both of these directions during testing.

Additional weld metal fracture toughness specimens, both PCC,and
CS, f rom the ITV-8 and ITV-9 prolongation f abrica tion welds are being

'

prepared.

:
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Fig. 5.7. Variation of static fracture toughness of the fabrication ]
weld metal in the ITV-8 and ITV-9 prolongations from precracked Charpy j

and 1T and 2T compact specimens.

5.3.2 Fractographic examination of ITV-8 fabrication weld
(D. A. Canonico and R. S. Crouse) l

Previously,5 we reported a relationship between fracture toughness
and the amount of dimple fracture at the fatigue crack tip in PCC speci-y

Subsequently," a relationship was established among the micro-mens.

structure at the PCC crack tip, the test temperature, and the fracturey
toughness. An example of this relationship is shown in Fig. 5.8. The

-3
narrow band of dimple fracture at the initiation site is 1 x 10 mm. -

The fracture toughness of this specimen (44 MPa [nI at --46 C) was among

the lowest obtained for the fabrication weld from tne ITV-9 prolongation.

Similar comparative studies are being conducted for PCC, specimens that
exhibited higher fracture toughness values at the -46 C test temperature.
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width of the dimple region at the initiation site is very narrow (1 x 10-3
mm) and fracture is by cleavage mode, (Original reduced 31.5%)

5.4 Investigation o f Frac ture Sur f aces o f ITV-6

Inside Surface Flaw

P. P. Hol

A block was removed from ITV-6 containing flaw C, an inside surface

flaw in the seam weld of the vessel cylinder.' The block was chilled in
liquid nitrogen and broken open along the plane of the crack to expose
the fracture surfaces. The crack was examined to determine the amount

of stable crack extension developed during the test of the vessel.

Figure 5.9 shows both crack faces; Fig. 5.10 shows one crack face
and the profile of the crack at its deepest point obtained by cutting
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Fig. 5.9. Fracture surfaces of flaw C from intermediate test vessel
V-6, ,

1

l
,

1

the other crack face piece in half. At the deepest point of the crack, ,

the stable crack growth of the crack beyond the fatigue crack tip measures

6.4 mm. There is about the same amount of stable crack growth at other

positions, but the plane of the stable crack growth changes from the fa-

tigue crack plane at the deepest point to perpendicular to the crack plane

at the surface. Vessel V-6 was the first intermediate test vessel to ex-

h ibi t crack arrest. At a test temperature of 88 C the vessel f ailed at

| about 220 MPa. Final fracture was a full shear extending approximately

| 0.5 m from each end of flaw A, a similar flaw on the outside surface of

the vessel.

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



. _

|

31 |
|

|

/6 ORNL PHOTO 6105-78 ,

d % y ,,
'

,ye- , %'> p; ;, s
' '-

,
i 1

p f ri
d tJ y - 'i,

,

j
' y,n

, s .

4 -
.Agmy n x, . .

'
,

, :w, ,j - WT ~'' '

%>f' 'w \> +
-

'g"x -

, . ' |TV 6 '*

|: gi' ' ~ ' '
t

,

't i

: b .. ,a , ; ,, ,~ .. .

| ~
y' 3 7" .' .. ,

L FL AW C INSIDE FLAW p c,4
' '' "

!,.,

;. ,p ' '9% u? .

},h. H c
% L q ;p 8

- %
'";['

/ .

@y, ..,e
~ ~

pfP y L y ;# . . ,[f[,,f4]g8: .,
'

~~4'

. 3 y
s ., g y .. . ,.. y ;
y p - p , t- ;; .

[.g
~

fj
#

Rf egg , r'gy'

" h)d([$
Ysk4

jk f f'%gh /
%"5 y .

QQ '
,

,

f.'EsdTIME f t'R5
~

l
o 5 io is

l l i l i i i l i I i l i 1,i l i l i l i l i 1.1 i i i l i l
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mediate test vessel V-6.

5.5 Crack-Arrest Tests

G. C. Smith

During the reporting period, preparations were made for the ORNL par-

ticipation in the NRC/EPRI crack-arrest cooperative test effort. Methods

of installing ladder-type gages on side grooved specimens were tried, and

a satisfactory technique was achieved. Two crack-arrest specimens of the

MRL type were machined from A533 material and tc;;tcd at ORNL At ioom.

temperature, K v lues f 93 and 90 MN*m-3/2 were determined. Theseh
values fell very near the center of the scatter band reported by Crosley

i
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j and Ripling.7 The crack velocities measured during those tests were 560 1

5 \
{ and 470 m/sec. One problem that was encountered during the tests had to ;

i 1

g do with the diameter of the split ring used to load the specimen. For

| the first test, a split ring with the recommended 25.4 mm diameter was |

used and the ring fractured during the test. While this did not ad-
.

versely aff ect the test result, it did require the machining of an addi-2

I
a tional split ring with an enlarged diameter of 38.1 mm. With the resulting
i
j larger net section coupled with an improved lubricant (i.e., molybdenum di-

| sulfide), the second ring did not fail during the test.
i
j During the reporting period, the draft report covering the three crack
4 1

j arrest model tests was completed and circulated for comment. j
e

!
i
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6. TilERMAL S110CK INVESTIGATIONS *

R. D. Cheverton S. E. Bolt
S. K. Iskander

1

6.1 Introduction |.

.

During this reporting period for the Thermal Shock Program, spray
procedures for coating the inner surface of TSV-F in the new vertical j

spray facility were developed; TSV-F was subjected to two liquid nitrogen
(LN ) thermal shocks in the LN2 test facility to obtain thermal-hydraulic2

data; the test facility was redesigned and construction of new components
completed; a fracture-mechanics parametric analysis of the PWR double-
ended-pipe-break LOCA-ECC was completed; a first draft of the LOCA-ECC
thermal shock " significance" report was completed; and preliminary fracture-
mechanics calculations pertaining to the PWR steam-like-break accident were

performed.

.

6.2 Cryogenic Quenching

ORNL is attempting to develop a capability for imposing thermal
shocks on steel cylinders using LN2 as the heat sink. The LN2 quench
has certain advantages over other thermal shock techniques considered,
not the least of which is lower cost, and is appropriate for proposed

future thermal shock experiments.1

A complication associated with cryogenic quenching is the formation
of a nitrogen vapor blanket (film-boiling regime) that drastically retards
heat transfer until the film superheat (surf ace temperature - LN2 tempera-

ture) drops to a few degrees. At this point the nucleate boiling regime
is established, and a rapid quench is achieved - but too late. This dif-

ficulty is circumvented by applying a thin layer of insulating material
to the metal surface. The insulating effect limits the heat flux ini-

.

tially, allowing the nucleate boiling regime to be established immediately.

*Conversions from SI to English units for all SI quantities are
listed on a foldout page at the end of this report.

I

!

l

|
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1
'

Under these circumstances a severe thermal shock can be achieved as dis-
cussed in Refs. 1 to 5.

'
The insulating material we are using is an adhesive (3M-brand NF-34)

I

similar to rubber cement. When properly applied, it not only provides

the necessary insulation but also provides a high density of nucleation
sites that further enhances heat transfer. An appropriate application
method is spraying, and several spray techniques have been investigated. *

A technique suitable for coating the inner surface of the 533-mm-0D

thermal-hydraulic test specimen (TSV-F) involves rotating the test
cylinder about its longitudinal axis while moving the spray gun in and
out of the test cylinder bore. The cylinder is mounted vertically on

a motor-driven rotary table, and the gun is attached to a guided mandrel
that is raised and lowered with a hoist. The facility is shown in Fig. 6.1.

An acceptable coating must have good adhesion, uniform thickness, the

desired thickness (there is an optimum), and a uniform and high density
of nucleation sites. Several spray tests were conducted in the vertical

spray facility using a 910-mm length of 250-mm pipe for a test specimen.
A combination of specimen rotational speed, gun-travel speed and distance,

,

adhesive viscosity, spray gun adjustments, and angle of spray was finally
arrived at that resulted in a satisfactory coating. With this done, TSV-F

was coated with 40.46 mm of adhesive in preparation for an LN 2 quench in

the LN -TSTF.2

Two thermal shock experiments were conducted in the LN -TSTF (see2

Ref. 1 and Fig. 6.2) with TSV-F to determine the degree of symmetry in
quenching and the heat transfer coefficients. Previous tests with smaller

specimens in a different test facility resulted in satisfactory perfor-
mance." However, the greater length of TSV-F and the different type of
test facility required for the larger specimen introduced some new problems.

The first of the two experiments [LN -TSE-F(2)] was conducted with an2

initial test specimen temperature of 21 C. Temperature-vs-time curves for

points in the wall about 0.8 mm from the inner surface, presented in Figs.
6.3 and 6.4, show substantial axial gradients. At least part of this
undesirable result is attributed to vapor binding in the circulating pump
(see the pump curve in Fig. 6.3) and to problems in transferring LN2 from
the 1500-t LN2 dewar to the test specimen. Aside from the asymmetry

- . _- _. _
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problem, the results looked good in chat the heat transfer coefficient
i

4 was acceptable. Figure 6.5 shows the coefficient as a function of metal

surface temperature and compares the data points with two curves that
were derived f rom numerous experiments conducted with the smaller speci-

mens and that have been found via fracture mechanics calculations to be
s

j satisfactory for the proposed future LN2-quench thermal shock experiments.

! As indicated, the data points are closer to the higher of the two curves.

! In preparation for the second test [LN2-TSE-F(3)], modifications were
)

made to the LN2 transfer system, and as a result there was some improve-

! ment in performance during the second test. For this test the specimen
1

| initial temperature was 93*C, the initial temperature corresponding to a
j proposed future experiment. The quench was more violent, as would be

| expected, and an excessive amount of LN2 was expelled from the LN2 reser-
.

! voir. Once again the result was a large axial gradient in quenching rate.

Even so, the heat transfer coef ficients during the times of LN2 sufficiency
1

| were sqtisfactory, as shown in Fig. 6.5. Quench curves for this case are
.

! shown in Figs. 6.6 and 6.7. As indicated in these figures, initially the
!

upper portion of the specimen " starves" but eventually quenchcs at a high
rate as the LN2 makeup catches up.

I These experiments indicated that the desired heat transfer coeffi-

cients can be achieved. However, a test facility design change would be
,

j required before the question of symmetry could be studied further. Since

the observed degree of asymmetry in quenching was unacceptable, a decisioni

j was made to modify the facility and conduct an additional test. The new

I design after modifications is shown in Fig. 6.8. In this modified fa-

cility, the initial LN2 injection rate will not be as rapid but the ex-

pulsion rate should be much less.

6.3 PWR Double-Ended-Pipe-Break LOCA-ECC
Parametric Analysis

As a finale to the first phase of the Thermal Shock Program, a "sig-
nificance" report was writte: covering the four thermal shock experiments
(TSE-1 to -4) and their relation to the analysis of reactor pressure ves-

sels. A section of this report constitutes a brief fracture mechanics

-- - . . .-. - -- .
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parametric analysis associated with the PWR double-ended pipe break
LOCA-ECC. The parametric nature of the analysis consisted of variations

in RT as -n u n uence, and temperatum of the emergency comNDT,
coolant; the case matrix is shown in Table 6.1. The analysia is based

on the PWR reference calculational model described in Ref. 6 except that ,

somewhat different curves for K and K vs T - RT #" #8
k Ia NDT NDT

fluence and copper concentrations were used. Reference 7 indicates that

the K and K curves given in Section XI of the ASME Code may includeg g
an unnecessary 40'F shift, at least f rom the standpoint of an accident

analysis. The 40"F shift was removed for the parametric analysis. The

new 6RT " "' "P ' I " "E" #' #7 "NDT '""" ' ' ' '

)
Sept. 16, 1966. The flaw geometry was limited to long axial and contin-

uous circumferential (two-dimensional models).
1

J

Table 6.1. Cases con-
sidered in parametric

analysis

19Fo (10RT 2NDT neutrons /cm ) ,

( F)
2 4 6

0 X
40 X X2 X
80 X

"T = 70, 90, 130*F.
g

The results of the parametric analysis are presented in the form of

K vs time curves with crack depth as a parameter and curves of frac-
7

tional critical crack depth (a /w) vs time for (K /Kk) = 1 and forc 7

(K /Kla) = 1. The first set of curves indicates the minimum crack depth
7

for which warm prestresstng is effective, and the second set provides an

estimation of the maximum depth of crack penetration with and without the

beneficial effects of warm prestressing. Selected data from these curves

are included in Table 6.2.

- - - - _ _ - - - . -- . . - - .
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i
i
! In order to establish the sensitivity of the results to variations
;

j in the several parameters considered, a base case was selected with the

) following parameter values: sink temperature = 70 F, surface fluence =
i

I 2 ^" * "" "4x 10 ' neutrons /cm and RT # "" "" *

j *

NDT

j Table 6.2, results for this case indicate that for low-copper vessels

: the maximum K ratios for the two crack geometries (long axial and con-

|
tinuous circumferential) are less than unity (no crack initiation). For

| the high-copper vessel the threshold fractional crack depth for warm pre-

stressing is 0.30, and the maximum depth of crack penetration, assuming |

i t

|
warm prestressing to be effective, is 0.40. If warm prestressing is not

't |effective, the deepest point of arrest would be 0.70 for the circumferen-
tial crack and >0.80 for the long axial crack. I

'
i

|
As shown in Table 6.2, considering a range of RT *

NDT
I

j does not change the results substantially. For the low-copper vessels

f m is a small range of crad &p6 W wMeh dewith RT =
|

,

NDT
K ratio is greater than unity. However, if warm prestressing is effec- |

| 1

I tive, its threshold is so low that flaws will not initiate. In the ab-

sence of warm prestressing, the maximum arrested crack depths for the two
:
: 1

i cracks are 0.47 and 0.36.

| Reducing RT mm uces de madmum armsted crad
NDT

| depth f rom 0.40 to 0.34 for the high-copper warm-prestress case, but
without warm prestressing the maximum arrested crack depth is still

|
greater than 0.8. .

,

The sensitivity of the calculated results to f ast-neut ron fluence
3 19 210 ' to 6 x 10 neutrons /cmwas investigated by considering a range of 2 x

for the case of a long axial flaw. As shown in Table 6.2, this range in

fluence had about the same offeet as the above range in RT *

NDT

The effect of variations in sink temperature over the range 70 to 130*F
was found to be quite small.

It is apparent from this sensitivity analysis that the ranges of
parameters considered do not substantially change the situation associ-

| ated with the base case. That is, if warm prest ressing is ef fective, ,

crack penetration is limited to %50%; if warm prestressing is not effec- |

tive, crack penetration for long axial flaws in high-copper vessels will
be in excess of 80%, while that of coetinuous circumferential cracks will

|

|

|

_ _ _ _ _ __
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be limited to 480%. Low-copper vessels may experience crack propagation

in the absence of warm prestressing, but the penetration is limited to

%50%.
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) 7. FOREIGN RESEARCH

W. L. Greenstreet

The objective of this task is to systematically collect, maintain,

and review products of foreign research that are applicable to safety ofj ,

i
j LWR primary systems. The areas covered are fracture mechanics, metallurgy,

; welding, and structures fabrication. The validity and usefulness of for-

| eign results for application to safety and licensing of LWRs are to be
3 l

{
identified to NRC, and recommendations are to be made concerning the

]
,

application of pertinent well-founded research results.i

!

; Lists of f oreign reports published in Nuclear Saf'ety through Vol. 19,
1 No. 3 (May-June 1978) have been reviewed to identify topics of interest in
.

| the metallurgy and materials areas. A total of 23 foreign language re-

! search reports have been identified, and requests for translated copies
t

have been submitted to NRC. Seven translated documents have been received,'

two of which were not on the request lists. These 7 plus 12 English lan-j
:

| guage documents have been reviewed to date. However, the reviews con-
'

ducted have not revealed new results to be brought to the attention of

f NRC.

| A combined summary of light-water reactor research programs in the
1

; Federal Republic of Germany, France, and Japan was prepared from published
.

f program descriptions.l '' The combination of abbreviated summaries is given
j in Table 7.1, which provides a basis for comparing the individual programs

I and indications of cooperative and/or complementary study areas. The

| table is structured to focus on study categories, components and systems

i involved, and the specific activities in each country .

j Several installations and facilities are used in each country to

f carry out the individual safety programs. However, in each case, a par-

| ticular project and associated facility are emphasized or given particular
attention. These special projects and facilities are briefly described in4

Table 7.2.
.

A

t

_ _ . _ . _ _ _ _ _ _ _ --a c g _ er - + < + 7' em ---



, Ii eh!6 ,jItj.!Ij!!|[j j||i>>i||fj; j j!tsijg |[tt , {i

_.
_

_ o"
_

_

_. _
. n

. 5 i

-
)n' i t

t -
c U s s

- e
_ - j e omn

o ,d t - e
._ __. r e t m

p mw y ni
-

. aS r a r
_ _.. g r( al e

n g t o p

- t ri e c e
i ok n ox

_ m. ._ a P v m-

_
.t s e rhp
r pd l e c .a
e i u p wt FJ

t rt moaE
_ d n t S opmP

n _ I S C

_ , _
a

.

_ sr
e of eoe

l - e . s t o vt
_

c

_.
.

d uf en eonat t t n n mn r f - e . i

.
. e s a - f g r o - oa e - - a tn

_ e mr waa

a r t on nm sd
- e a a o e o x sd r er r ao ne f osi b i s + e c m p ri c t e a e ef r .

a
_ F _ g c i i ns oa t ed t uh r o a g t t e ns h t pe e
-

, _ s oa s r on px nt a nd an J oc e d ot d p a xi grn
y er e s r os e eal e e e r n c e - r el n u

_ n r p r i e di e i r c msl sh e p u ,
b af

imt l

_ e ne n ob eit
_a u f t et R r s i ec ep h f e wiR rd c

.

m l pl e t i e nhf r ci d t )

aa ot e r al el rd a g oer t os 2 iD - u ut l f
r

.

i i a f d c t

. n ri p or c u r - r t a e r r ( te a r t o u n
C _ f t n g d o r u t h e s f a o eR s md . t o s nuns

_ S e nn n ( r r e p ri d Q aw er nd ef d i si
_ d m

o eni ioi o uo r u( d er nS o r ea e d n s , tf

e c r s s : e t nl t a uN el at h s ad e r
_ ci r t b esl dd ps a e u v ( rf ey s e e er s o

t s u e i gd ea e n u n up d u sd ci n ud np ep
._

l
_.

i l d ep s e innr r ur o , f me e rl t d nl i q ei r p
i nnx or upe e i) - oh t ei n l d eb eit meu u_

_
b a i oe pa e r d e i. t sdC t a ooia b n s a r t s

p e n A d t en
i r nir e c t a l

h r i s ec t e ue
u t - d e b sd a u m f c t h ex a c

s u ad os g d a o s
_

1 _
iogE i i r as mt nt r . n n el o el f e r e d r re d

k nC d u r u n p n oc esi oB e c r ef at , e et o
s t i nc at e o c uocap eb c u
d aee ar ri ri es ci hf .

h ue e dbi s c
t f b s g e d

. 2 _ u ubh i s u ut g t t ri nr e c y g

tarl s na
en p oul d

r t t t e c t r t a n ea n d e t b r nt df no i ot t an
e .s c e s s t a r r med us a oi noit
d ur r ay es rb ieo rd e oqe oe s a loe s v r e. e ,

r uee r
_

l a o lemm e r m eb e c ud nr eRid mc c a ged ne
er r ei bf oist ed t s nn sh _

f f a) epv ef cl s e oe s e or e a e ab t l

_

_.
_ e

r sd ri a c oed r d apnoo r t s n r m soir.

eee r r n c t e al a cf ay a r i e e s a
_ t' _ wh n g pg a , c e ,s n t me n ur e h ; g et r

nt na
oT n n o rd u eu e uierd s e r w al og t yi a oob

_
_ p a i nr o n wd nf g o r i e

i l nip d aen i ni eu e p ief oo hf c a sl 4 rsl se_
:

_ af p c n k il h
f .p r n l i vf ar nt h os oy es n esf - a oh aopt l

dS n eI y c d a s A er
u i g m c o t e y c o

m ae vt o t w

loor r e ne eig r d g om h sf .

l c vd u e t r n nl nnr r c.r

_ ier a
g uf ue al .

rd v s ani e . eb wea aswr ocf enl o ra o
r.

e d u g muf ng
e d d d s oo i et o

f i e ebl ad el a n u er w di wc t e
v wd e s c t a l n e o wr osnd r.

_
r unn wrS t l c oi e a onou p e e ubh i i ml

S L r T T F r ef loel i en op t ua a p( e e at t hh p ut f ub h N oc a a pf D mac
B

_ t _
y

e c
_f

._
i

_. a _ l

_. s
. b

ac
_.

n
r v ry
o r e n
t t a

n m
u l r

e o e ae
r c c n rG

n s

c. fr a p
._ e r h %ot F

a
w
- d

ns sh'_ ae l
. ig _

_ r a
_ t m s u s n

l ne tnc n e
t t r

et
i _.ns eu e t
c oy nr m n

_ _ ps et e i

e m
_ n _ or

j s l_

e
_ e m

_ _ C o e ei

l l r l t

_t eo e s
u uc u y

_ _O F F S
_

_
.

1 d e
_ e s s d
. 7 . l at e

v i ec - t

c'e r r l u as a
l e f ed r r i.

.
b g w r o b o t t
a e o f r ii i - n

_. T t p od p v v n t aa n n a i n l
. c oo nan dh

l o
a o

. ci o o ne y

_ y t i gi ab
l' mh c tt

d ea t ns n C - n
_ u s u ais el - e t i e

t nt ddi ua id - a nd
S oc adf g n t i r t; - i

pu r a io c c e s s c
. sl gl f t i a c

: m o a
vi s c

ef ec e at ea
R D F R 0 L

.

.

._.

.

-

_
=.

-

_
f |jf1jj3 j|' jji{ ; ' 1I;!|1. ff|a! ,



1)||||| 1 , | !, p i }f| )i I?B " i |

-

- -

-
-

-

$
-

_ - -_ s n - .
v n

S.
t -
c i e c
e r U

_ j

pb s h .
e ee

o
r x ot n
p eol i a

t cwp
g e a

_ n l en nJ
. i ari e
_ c c a id -_ a s d t n .

_ f - seaa
ar e t t r

_
e g n cec
t r e upR -

n a md oK
I L

_
_

_ o s e r -

r - e - t t - e e r e o r e .
_ e n y - nt e . n a d l t n ub nt e d s

e e - ea o- s i c d , l f d
_ d i a nio r t dl e m. n he c v ydd r d esl a nm aoaa. n widh u nn

l e as n t er a ao d el t e eU e n t o
..

uro r o

iag peea o mee
i

inrpw e a < c i > oaoret e eof m sil mal mn g ri nr r r. l

_ sd d t l o e
i ne naf f not v t meidbf e dd . >J t i aa

nl

g a i d n . ge l a n h r ot (s d t s e s r s nivud ug s i

b nnt g n ee ad a cet r oet pi o
u i en n o pt e rdh ein s m ot n od nb vs och ot t

ii s s ai e i e t t sl r r e me ii ach A er t
d g s l e t i l sd e e al d oot r et m esh e t e b ui
os nt av g ad oi h n. h m a e sps a r ri b s s s h . c c ct r
oRii nnnu o rt et ol mcl pe aa r imdl o ai u

f t.

!._ W e u eiiit c t e r rl S uaud s pe e
hf e d s t s mp r mal d nmrf! Pb c r l b s nd , eg w ee e nd ox ao oerneat o_ e r aol m e e n. d hs

_ rd t ue r r nt e oc ' cl c oamnsr nei t i og

l _i nr w nd rd i c c er r a ar s r imh s e i oy ss i r c s f c n oi ot os s e ai e
t d cd v s nd med a t ee t d H

a aes o e a nb f aal i t l l

a cs c r e n s i eal e ede c r nh e( u

f nl mmna o e e f i l !nen
emaW ea mt hl h g t u_

_ i o p t aa ea pn s tt
_

ns of i o e t s u s s r oal ! dC x s r m - g nl b w i yie
d wni r g nr

lul rf mmc t t c s . t y sf

t n mf s s f e ou eiee mn yu nnsn
oat f e ns oa a a a at y wot sf r eiD ml l oi g

_

d wt r x eit s s og o uins d . nl n
t d i aeimnay d r ao pi t i

_ s u sns t a om
u o a s eb u c n eoo nndl ea yl ed ea as . y l

eaies esd
. os a xi

t l t pe c e o r c r ne eoim c a ne mnr t n. s c

_ s b a ec rerji - pwt l pi i k e n aa inA t l c nr t vn s nt rb ns nt nt
er n eri nt ef ol ui ni una ere a

gh p e f aci c h ord oo s a a gel l a t s t
i ,to i r ed or

) n u s e t - e mmn: t ermpg t . eR c s s udi t o p n
aea c bh nf p s

d i ndl ns wgj s t g oonl ei t nle r wnf a noen s s u neeip o mr es oeh i s e r ev c eo o
u uoan r el l i aopihh s c meer e cd .f ei t n f r si
n dd t i f - l mt t t s e e p av or i rt si eoea - t,i_. wi

_ g one r af ,e waC ef f f t s oE t i r f ne pl t rt yt s r c
t t g n ol i h at f x n emosr pi mh h e a

t

_ . i Bt t ea - d g .d r s n eg
sl t i r - a merl oes

n nl eh ar oH l o mo o ) y n u e o v i.i ne t tnslu o
o s c et eif

_c

_ o . g n d r c s o
lt n .r rh xno o . pi ec eao ef ind ai me e

l t h ps d
i d eot naf gid

mn s a ut
_ o ae e e .l(

_ _ ewed i ai nt e o e r s n t f r b eir n_

1 _ _
c yi i o pn ec moiiv pd , ml es e

l

aopd s g t nd x ue m
si c sl b p p u u e a g yi r r pi

_ d t m o e s l d s a l s -
. _ e us a l cn ad el unh eis s ojeve l me s r ni uet p er

' ._ rt ex f n ih n r ot o eh uaionr er luo c u rl cb sf net t
n s os ea oet l a xh e_.

l _ _
_ c s ve eaf pa of s cb t b mncidd ae C R C F P

b
a
T

y _

_r
t

_n
u
o
C

t m
ne
et t
ns n
oy e

_ ps m
m n
or i

C o a
e t
r n
o o
C C

v- )
r .

o d .

g t t
e nn
t ao
a l c
c o(

o
y ct
d - n
u f e
t od
S - i

s c
sc
oa

- L

i ;| :! a , ' ' l



_
!l! i i ' ;! t ;i ,| I f

'

_

_
_

.

_
_

_

_
_
_
_NIe
.

_
_

_

_

e _

t t s.
hs s
t - n .

_

c s t ,e mweI _
e e s nF geol I _

t t t e iB rt di _

o nt ehP a s wpA _

r me b t l y n S _
_p amF if sl f O _

r eB o woe B oR _
g gl P t l T -

n op dkiF et d
i r pd e er pOh un
c P un r z o - L t oa
a s a ai wn
f s n eie ,a ,

r ul T s a m l t rt
e bl F t g aeasps

, t eiO sr rh c es e
n h wL e of t st 1 t
I P T

- d s. -
) s e e g d y - e
ms - r t t nn n l n d r se
a os ai ec a r oi a a o u a r mr
rl u n pur e d n n i l e aal

eg b ri ud rh sd eI a t - c e n d r e
r oaee S nwet t ae s c l enh e n gs u

ar hd g o of O cl ws t t e amit t u eoef _

g n( ui k, cl s. ect i nn n n t r r s _P grnn
f r f ep e ( n rn ,f c e apsd

nri w c g a .f nbE d e r e n
i ard r o i nl r yee ( i imo eoeo

} a s rcac t r
r g ueol Di at d n cr nd u g n t eo
edd nil ec uns oe ce n i nt n i s st rr
t E nv o ybi t t oci r api api n eupe
t ( s aaf b t asiit u x f ur y o t p f

a rl h oeie t l c t r ee onre c i md s
h s opet Mr rh r auax o n o m n t s oon

f l o si e m e i t c oae rari,acs t t b n
dd r r em ad rsna g d c l rsc e e

l leear t d . n) t onod t sb osih r n edf ts
r f ani oaaouf ynr moe i el e o f ee

.m c f t r t
i b ecn nc l ehi e al b v r e ,

e ea asa ieesmc o aedf ed o t rG appt .
g n ec nh o

h mie t id ert sl s eeai Cb eer md a g o .
b c c n e t oa ie sieil t ( e vr ag rnw o t eopje

kd ophd eec Rl nea - r . er eaer i d as s vm pt,od) ih , a nr o nd h o r i rs naap - t u r e s
vned ty f t l uj t

d d of S es n sT nal d ee d eaw o gt f u c aaw h
u n - o usi eFi b af r t nm wn d c p ol e

e rC ) ol ous ap) t eoif t a eddl bt at .f ry apnc t enn dl ro; k s nweS un
nootl pc wnnoe s pd sl oe as u a c r aowt

)
int eaf e l k mLG r c r a

l ei m m d ep o e d l co inl - n oee or et un
e vt p g c m h d nt b su

d

u a uie - r vnad f d r odl l nit o . n au adt iad r og f i o ae d ea o gns rI se u oe o
n mdl cvse d regnyf ne m l e i r cf t dd . ) hd r

r ea cos m i ah ead eat r av eue e l e s n A dT ep
i onva oe uM pm u a l et e bdf nj on r o S e n

f i e nl l O pt ,nw ad sd f o ci oi O i i nt

n em t o f f , e( os wo nnn es eid m i t R r .mo
o
c d aen d o k n o oin o uis r e t n f a va ( rd ai

xl a) e eci nLf l t o i i arl c a ox ag ae xs
(

gebl mt n si mw of ai t e sh uaa e hi l cpes

i gnorl i h xd esd r c t ab eci rs, s et a o in aoaao aD aoc mt ar ut st c e
t g b s r gl gf.

1
d necgut pyewsaioe u eh i un e cn e gnen

7 di - oma - b or euf j psh t d rag p ei pv eivid

e laeof rii oool E rl en) miPi ut h ni f e mn t eeen
b t oP st wM t B( af di2 os( w t s ci p f b ui nbdb a

C T C S E P I
l

b
a
T

y
r
t
n
u
o e nC c

n a
pa

r a
F J

s
m ll

a e e
t n t s
n t r ys s t

me n er y e n
n, e t as v e
o m nm m
p, e iig e e
m l rn r l

o e mpi u e
C e l s s

l e t d o s p l _

e r sno e m e .

u o yac r u u _

F C S P F F
_

y )
r .- o d .

_g t t
e nn _

_

t ao _
_a l c
_- c o(
_
_

o
y ct
d - n _

u f e
t od
S i

s c
sc
oa
L

! ,) 1 , l ,



- - -

.
.. Nw3-uiummi.e.a+me.r ,.mr.i.am,smi.eaemais ga*M6 d as.e+e.4.--. meMahm-+m-'I.e.6mem-a= A.su. 8 m M m.,h==hh-h-8-- d- ^'*W8'O'.

i

.

1

d
.

| 50
,

I

(d
.

'

sh
4

- t
I

'
e

|i
. -

--

i A

i ti
i C

Ii w

a t
I .e. ;

h

o

1 ,,C, I

|
'

.

| |
w I - s a s L '.

ed*%
3 ' a;'

'

I I C 'P9 C y C - @ $ |8 0i .";.
, , w*

sew , - - u .- < - e ., s o w
*p V%.- |

-
J.' * V 'J ~<6 "" T "J | m% y %

**''

L 4 L w
k ) b N **'* #

f g y CC, * *'.a ,a,.

N '#8

c't -|
!

- + *s t
w w N

. "."'U+
U ,. *** [J w

T -+ s U C t L > ft,
7 ) [

. CM C w ,. 3s,; 2 5 . - , - m, , , L + u ,2 . > u w
I .,,

- u s a vnw e ~ u a na C -s v n .. . s = w- > a - ~ ~ u s. x . ~ C
| xn

-* e-

$ C -w . C -4 p +
'*] ". h

s : u a u < 3. 1 u n C -,

w 3 s * 1 / - t s, ? A u C C% M ".C.'| ; ,
u- r ., *

C* C. w C - .- 3 C ww - Ls -k w 3 , w. O .** r 7 9 -

i , ,

w ?% # b
. :. r

' T -
x e x- s. C * L, 1. m <

.
j j 1 L w & M '' w 0 -*

'# C T # C C U # " E ' "' ~~' #
'

C ~J k C

, *
G'

e, 6 M ~. A a '"' ", , . -'' o m J u C
L' Cw w4T

-. 'L * c; -* C '~2
"4* 7 9 . .w as C ''d' "r. "s'*t

| .V y , > t q -t L w M * > C L
| C L f4 / w 1 L 2 C E 8; CV t' 6 L * k u 6 ;; a w .s -e M ' C P m -* "; ** ; i*. a 3 w.

'.', '4
L s A

" *s C L - t
+

.C S--. -n L C -<I
- '** J - w Ow

< ~ * u /. 7
* L L 3A ~ C C w C~ "s, -

'.1
[ w 1 D 5 :L

w L
L u"

w k,

C ~ U .3 O W L C C L w GM e w
( L : C .e n3 y C

C ~* L L k L

k *J u >

G+=*
C

a
.s.*% , n k C a C u 3 "* C e t % 6 ''; o T

f -< k ,1 C 'a
a .. V wP

w '. C v K v ; % ,a * y
Q a.% * .*4 ! 4 .s [ L L h { t'i ^.;m

e

4 '*" *M C 48 C >. 5) *I / / C%
-<.!'4.a=9

a4,
- aO 4 '- :) 7 C. t ., in LZ -e -; C% w *.4 w 6 w a w q u C,

% t.s. e* G e % J. / w sJ a t' 4 .o

3''
i. ,

A ** T o a w L k * * - e. --| C * Q af T %
*+-L C

Nn 4 ~.s
C.-

% ~
k 5''' C C s

"* , m 7 ; p. w % . L ; w C) Li & L >- 1 w .
L *j 7 9 . Z e= e *, 5,

- ! ,~ w c - c .c y , . >. m o

,

L Ctv. 97 L
.; - : 1 c ; x. S 1 L <t 2 2 s .<_

L' ** m L W - s 'n % -. C4 .C D
" , .

.C.~,
*

. i
s y r ty *3w u y j,

"' w 0 C .s E' / m* u u

Vw
Ti kT w 9 f* ~ k T C t L

e-. L t

t . u N C .f.

, L w '' t w w 0 '; f-
., 9 C 7 Lb * C c e r;

C c4 c: _ u L ; .c w
E L L Jw

s

i =' % f .e 6 s c p% q C w w
& C C *"

C e ;; v
"

/ G. v. C w M y * w f.,- O * tr C .< 7gt b.
1 E. 'D L bn b 1 3 ,, et m a V u 't JCa 'J * V. C L~*"r=*q g 6

** $=. hC
s * ~ . 4 w;. 9 0C . ,, - .g ;,, L 3- 6 ; f y g g

.C., - w r. e
y i g ;

0 k , w ',, ,e w L + b 7 k ,C .. ~ C,,,
w w

. 7 '8* C[ L b M s $ b .fl
-* .., -L C f h *w+ 'f -y w p, * .j 1 e4, C b

7 w

c w =
, C .e

es.

C u a - , c'*. w x ,,
y

C | Lw C v w b w L w.

.#*.,
L e 7 -: . : 2 ._: m w :< - .. .. . C T
t ;

a . C -, w. ***
s (,| ,: h Q {'

-

'

.c.eit > w w --;
w v., s. >

Z w 2 w 1 v- 1
*

C m zS.

- w ; " . - E C b :.a

w

V|
8 C L - I

u

'[h 3 ei h + C u 4 > "f *e
N 1 (; 'd 1 h *'d had [ h

b w b e# N h h b i *j Ya e9 C
** L C k w 1 w C w y w .a=

{f. Q

7 s e, gi. (.g. h "' e 7

L w C
m- w s i C L L E A L -'" & '' 'l u '.hi > & L E n + Q w

C
*

C

.. 7| 6 ~: w C N C .: w w * L .) L _ 7 w Z ec% . 4
g

. , ,

- " '"*9 h # f M '
'8-8 h ,. L % C M se

; *a. w w.

u ." ss u y - u 2 C
p j

^r "".A"'I
y e.J h h U h (,'

-h a.iG Q .- n 'n jet Q A f] {
-

] pas. [s , " , "
b - -* s

'h
''h

E d.4 '.'4 j w W **4>-;5**
[. h h va e

w . x : 1 *-e

{ jge j e ,,9

a , - , y

7 e

,

c' .0 - w
g

*J g q ;; t w
g

tr
, (

w
C.** C - , L

L 'i ~ * 6 w c ;'' a 9 - L w w > 79 C.

r w yC N

5 . ,-

y G. +- - T
, 3 C 7 .- p y 3 w r y p w ,.

~

.s k <L u w u m .a < ~,)
w w , ; ,, ,|

9 : " "
.- r.c

w 1 .c b '"
T

, =; u
g

J. w u c,

I. .t.-
g

sF w
me.E

', -
'

.c. j[ t
s t

'.* O *P

I h *w %
,

I p

C
$ - L,

w
T M

l { C# b Cy
C' ,Cs, ,

'',; % c 3
*

| b 0 L c
: w -,

|
t }
1 i

I

l
-

w
, , i

w b. { C
C 4, ,

% v ' w k
C f C

| : > -
*

, ,

:.
c< t

, ,

, ,

C hE
.

j,
*s u u

Ew
! ! c -

. i : w
j | U L
l i

i
e

|s -
6 e

O 7 #

CI | w w I

@ d C C |w - t O
)i1 e+ v

IO ".t v v
( V C

D
. V.s> u ew ;

| C TT C-=*,
: + 4 y w

|' w QN e 7 .as

J [ W I aae M<9
1 # V 6 J C
;

*.
T V L L <

j O N Q 9 L
; I J ',/

- - - - . - , . , - . . . . . - . . .. ......mm-m--.-.-m.- . _ . - _ - - , - ~ . - - - - ~ , . . - . - - - , . . . - , - , - - . - - . - - - . , --,.-. - --- ..__.- ._ -i.-.--- .--m..- . . ._ .._...... -



! ! l{;1;i!L itJ!!|{pE 6! ' ' |

_ -

. -.
.

.

_ w

~s

tc
- e

j

o
r

-
.

- p

- g
- e
- t

_
t

- a _- f

_
- r-

e
- t
. n

I

_.
- . -

_
a n e e

- u m t t h y r ) s
- a anr r t d - a n n s e e , o

w-

_. i .f o e s
! u s t a t tc. t d d s a net d

n - ie s a o e a d n s i e r t
- ~ gA a - t e e

n l n sb t -.
s s : s i si . s a r - o I d nth m

c

m (o i
~

- e! e sne y eg e s

nd t r( r s e p o di e ni i t ind
n e s pc ,R - r r nA ct o n t r.

. d
- _. e t or id r s

uea i e i n i nn r m l s s t i i u mE onn
r a r

t t a o i r s . ah ;ea a s al t l eif i- ot e -

a n i d ond c rh x ul e g c ci f
- r gt s we nt e t a e e eeT e qa ci yi a icid c

s t o in naiui t c p s ct t not cdf t ep
- f n d a a xs a n

s t d oif n g eE ef ni . ly l r s e t r t i
- ae ped rd s e e p
-

. o vd i et c t d uid t

.
n e o aoo i r r r o sl i t v npn uc g

r nd n a a o r ra._ r c gaone r n e.t s e . d s s nn i eini , o , an t t~

-
f

_
si p f un e r na s aet a

$ ot e
g

n vt o ri nt tad g gf ss m, e ,i a'c gl x
.

l eomnoi mn g n n d ( s r
e eh i int i bf eo p r aniisl d bi e

a f ine t imh c s i mc m ,i
nt

_ v n s gl o n n
. e. e id od . t e o rb i oh uene
.

r ! ee e t x m.

e ebd ma e n :i nt ei t t e r n u
, t e s ai
os o r o g.

i p
fol t r t (

il uee o s iot o
r ib o pt e b f

d e g ar s o st d c s n r a s m
a i i

r o a b t al ol h r] s a
d .

n r n
t

n nr e e 4

l i

y
- . _

t mr f. d od r t naf Ai a t t t i e

_.
.

S t t i mh n i nl ud ci r t r a . i t r [

r c : .

u e n et nc o
t s sb eoe ed r eAk t e iog u t c l n mt. en a t e u e es.

r. ..

a < ana a g mnd f u .
uigt

.

-
_

n ns nt et i
si t r s . r o

ivs -i i. r ai -e d ct nn
ris

t.
e ei e
J n g 4

e o ail d s_

- > _
!

pa n p
s h l . o r n 4 wn d .

yd , r a.i A f o ch )

oor

. on ea
e l d t si a s c ms

- e ar r na eo si e
-

_

c t a ei or yom ur ruhs , c mr o o c w r y miel h a t sf c r nt y
u _ i oy d r bd a tmuhre et f st r e 'i e if

p t n
.,p a ed t r un .

_. n.e r
a r a t. a u e g f r t t o .i m r md At cc

i -

m u l
p s r e i , m.

i i t m ny i mo a ol s t t I u e ne
t , r n s oy

~ 4 i ) id u r S s p u e s nw s n( . mda e eh
) A nif p at i v t c , en t mr n Ai t d i

sf t r r s nun ep e s v e eo g ; e
-

t r r r wt )me_< p ue
t s ,i ar .

t' a m t r e r o H
n l

a c el i ae l s up n

u r _ -
t

t x st i N
nns ri ne gi rl es e_. (

- _
ut t

a r
s a1 en e nt e ek el y t ur u

b'.r c u
i te? o x e l t : t r rd r e

e t a r
up u g t a i r o t e c u s

u ch r ut k t e a o oy
_

rt ot ur nri r al
t
sir t c i p i r ub

gf rid f1

- _.
er er d

u e n u < nnt h nnhwuib - ah n nr r r a n e mis
- i s c s t c aP mF uU a v e - ruis t

i

F S Q C )nI Fi t iaI_

- l
- _

t

-

.

'e ._ e.
.

_

) lT
i

_ _ . hid
_

y- t p y

_
r n

e h m.~ t . o t

mn
- u

o
( l r

-
t a e e

- C _ n e rG <
_ a n e n_

p a df a

_ la r e o r
F F F

_

_ t
_ i

t m_ u
n e c lyet r t

ns i n p
oy c) e p
ps . m u
m yd n s m

_.
or r t i e
C o a n a mtmo t a s_

i c n ey
r( o t s-

.
P C 9

_ )
d

_ n
._ . av . tnd
_r et ey

o d u c eg i s a
t

e c c r f-

t c( r a
. a a u s

c s s
d n s t

y no i. n
d ai e

_u t yn
l i t ot

S ad i p
__ en l m
_

s
o a. or

_ c * c.
N Q

i ' iai jt!))ji]j|jj||:1l ,f| ||| !l|Jtik



.I I I ,r' , i o .t | ; | j s e

.

.

.

m
. ua.

r

_.-

s
m

t

t
. e
. j

. o

_.
r
p

. g

-
n
i

c
. a
. f-

r
e
t

_
n
I

. _ .

s - o si ea na es t y or

.
. *. s d e s e -

_

s n e r agb - h - no

- _

d

_ nd t s
- ,b_ e f ai pona e e ei ad v y .il

_ s o e dl t
.

ahi nr t ui s b st s
t * pa h t t n t r a s a r n ae _,t- _
i c e g c s c e d s o g r nc d uae nh

_e
- t sl l eri u ei e ep n t o p - us ,h

ten _

ot _

i r ai r t s gpt t t pi ci s c os t _

r e t i rl s ( ns :s e ur et ei l ed
a er wh s a p c r m c r eddi _t b e
t

o ae
ier n ;c e s a s t l nn m r. p civ s -r

e u a r n nb g imueb rl i a eahd _

- _ d t ec nec y ei o ri sh - e ea e
s f t i eif t d s t r s f . os orn , a s i i. e s r e n en a n nu od mt B e _

o
c sbi r ns oah o b oeo oit a e n d

e s e e l t c rbl p c nt ga .iuf oanl s- s zd y vdh p) oFi s , r o i gi pd a- nt x sd g t r e es- i i nl
c t r et t i e eo_ s saa oa

.
l k n t f m. 2 e nn

_
_ s ai e . s e r s t i t b ri c
. i rf d a s o a ma d r s er f u n ns ed

_ t w ee n ns g r di l n c s m Ig eewue. a o ol e t r o gsl aed c ot ,e_

v r ot b
_ e s vr oet o f dl u si oo s un p naps

. _ l i o
-

. d d n u d mr r e eb t t t c nr ool a s ngt __ oont p ap s si i c - ot i
_ y hii c e op eaf s nedd i s t e t gnon _

- _
d t t a bl R ve u ujee . t av . nno i e_

u wa s r el D al eo op c s i f d e e eiis er
t r nwf ovaH we vi e r ord n ond c d es eb a
S i a t ei r a r t pl oa i u n ib ov

_

_. _ t ml h d t e e wa e ef o f s od a c l asn
_

s rf it e nh srf v r ev nl erf nr s c epwio

_ ee r et nu oe . c g ei d o aF n ar x i __')

_
et t r w ai s os r rd nrd e e i d o aee s t ._

_

d _
_

d
_

._
i

_
t

ed e s iEi s eo sf u cl e y s a as o s foss enue o sn i s nu o e oa r p s vn ,f i s gs ._

e
u n r
n a v sl n ori s e h hf t eh e o a ahib

o d l pt eao sdd o - r edk p l s p gt d m. ri enb
i r . e p ar rl aeeo k d b na a pe l out v of

_
t

s cii r t e sd xf npt a rt t t s d u u m x c e mf i c
s ut t a eat nu E oo c t C nn e ot ear oq E nl oo um

- s e gt ic eb r b wA r au p k guol t eea e esih k arhc _ l u af s o. t t b m aipi c s el p e mmit s a.
._ ysii o ut mt n lat db s c n uu i t en r n aq m t fl .

. (
_ ._.
_ t et r c q s oai c c i e ar rl c r qii na o c eas t os .

._ .

_ _l d nt h ect imf os a ps sd pd t un e c mnf vf t d a
_ emsdb l t t ea e hdl e et i sl e e m1 _

i

n a s e t v ne
a o uir r nf er ef r o oo r nn oan r t owoe eonaf un r_ 7
uN qd a aI osa hEf Pl t iI I mc u aS nt t t h Ci weoa g

.
, _

_
O E C A E ce

_ l _
b

_ l

c_ a
i

_
T

b
u
p y

. r) en
t R a

_. n m
u l r
o a e e.

C n rG c
_
_ a e n

_ . a eo r
_ p df a

_ J. F F

. _ _

_._.
_

)

._ .

m
.

_
d _

t t e n _

_

n yn t o
_e l u si _

_ ,
p(

s l
_

n p c yt _
_a

p u _

m s m rl
_o e oa _

C _ mt t t
. as c s_

_ ey a n
_ t s ei
_
_ S F

_ _
_

-
_

d
n
a

y
r ey
o ct s
g ne t
e af c
t r a a
a us p

. c s m

_

s t i

y an)
. d e . l

_ u y nd a
-

t t ot n
S ipn r

l mo e
aoc t

_ uc( x-

Q E

-

-

-

-

-

1ltltI | |I!||| j' ! i| I 4 I



. ' o ;r i [:

g 2,.t

_ _s
t

c
, e

j

o
r
p

g
n
i

- c
- a

f

- r
e

- I

t.

n

-
.

%,ir
- d s t n - n - - l

e e or o c . o r e - e - -
p r s n r n ai ai s ad or eo ud s

eo e r ee a s - d t
>

l N ar rl
t l d o eb d iik

g t

. s u nif ; v s or c
o'iase

_ -

r ns a e a r r e
e e niw n s t oinvt i e a oo

: ms ct .d or v uvt oat i wt oi nf c d l e . en nsir_ ,nc e a et d oit e s n s e l C
nd ehb e eit c mr g t a e v R t oe ot up

_ o r e es m o t s a anon t s e eN sid c c q e
c n ab s r en c ns g if i u t ad h yt u uf r

.g nar o aiid a n d nc t s al ddI
di s r e ur g nmt nt s e oa n

lo l' adi pn u
S.

r c n or e nard l- e s c 4 i s t i n ems a nni rl ne e
c e i et t c v i t oe oes p pi e

- rd t nc nun t n c v nc t s b r t i , af
o si ae r e ai eno si erd - t = t s s r n
f r il r mt r adI i d y m ven e nh annool d
n e r n eis r e m sns m i wa s ot e ooiion

s e t nned e od n . i a o t o a c r ci v s r ai f e ot r a p d s
t c c pnb y t aot

l. ) r s c i p nl

n anf i ed eis t oog er oo
t ne a o ob r nah r nr

i t n ae x a c l a o
a f no r rdE u a kif u m f h t l df iib oct
t a oi aan s n mnrt oc nf ot ae d e t t c c
e r t h a r ooa ri o rd es s

r t u es s ei nt i nia s ne o p onec sd t a.tn n oivz en eneyd c s a cd
oct t ri p m lopopv a v erd

d A a e id
t nn c rn i en

i ol a vpii ocf t s

i c q ri t o ois n iu ur

yrwn oo e r e it t n l er t nint l h t
u p e u eips e p a n u r s

_
g md h t n mu d s pib a , p nian e d s i af ot

nin t s e
t

o nn e mimno at mo d
_ S

i a pd c r uir ri ol r ar i lsnl h t oeb ra
) _ oat ai e

d e d g mn o rt ri e t

_
. r nnf isps v inot g e t u rd nde a 'n o n_ _. d nn ou1 f e eg o

nal i v nJ
_

_ lulisi e f t

r e st rd h p at n c b let n . nr lar u
n

e e ai c .
sd uii

r e e m
u c d e ed r s g u . n ad e f

_ ( nt
i s ar nl x r y ind a i c uC i y c r uait s .

n n sd sbd e e gf p e
i i u n nd i p ou u t nt isd i ni1 od d s o l r

_
i

._
t o

o o a nis o p od 7 o n or 4 st i ns t soat

_
_n s e

d
- aecl nr_

o s teg e oAl s c e t e sl s
, df v. i

st
< _. e ms s v ga a n t t a ,dd v s nt

( _ l

si
n k m egr e nn no s, i s uos . c dd oos o n

.
i _

_
t n oa. d . sif icd oil ad r t t ns o ivd ea r me c l

i a_
t t e i idl c e c nd p e c
c cb qnyy d me t u e g g uh us. s s r t lot aa g r oep_

t o n
. _ ee h ud sl esb al wniind pd t g.

_. _ nc
i od p r gnievd h al l n n rt

jf e t

. t f u . c o d ns i e r or e i eni c e a nein ea n _

u i ni i c os op n/

_. _
c

of r r r
e rE a aG s ob d st aiahb pmp c rl e t er mib s a r wi_

P E R B Tl

_
b
a

_T c
) i

_
.

. l
_

_. d b
_

_

y
_ t u
_ n ry

o t n -_
r
t

_.
(

R ac
n . n

_
l ru

o e a e e.C
a rC , nc

n
a p df ci

ae n
p

_ r a e( r a
F J F F J

_

_
m

t m en
n e

tsi
o

et
ns yt
oy s a)
ps l .

m rl d
or oat

_C o t t n
c s o
a nc

_
ei(
R

y
. r

o s
g t

e c
t a
a p l
c m a

i c
y ) i
d l . gs
u ad ot
t nt
S r n

l c
o e

eo i p
t c d s
x( aa
F R

1 J J .) i4



, , i '! pt' ' o ' ; n | I |t |< , 1-

-

u>

_

s
t

c
e

j

o
r
p

.-
g

- n
i

n-

- r-

r
e

-
. t

. n
-

I
-

.

-.

_. n e . * d s e

.

' - r s g r - nne r d es
n s d ea od - e b u

_ inat
i

p ;e. Rn p i aid r t e- t I
aa e - t t mnn e oira

n t l b pu o n . i u d t t a
._ i .ap a s l . e ns n a

-

_ msd e es mut ee usi edr s
-r n r r c t v npf nr r

e e y e aii eoi eaa e p o_
-

_ e sil o ss e
t q a el s a e t

t t t w t di us ml r r oh
-

i, gae c ae t l ed y p
lel e nl s of c snam

_
_ si

_ r b r sid i l nmr n d em
_o x a a sb e a o e pl e o c r t

f ei e ea e b t t ma u h on_ _
l l l vb r sd siiq t h ne

_ d pe c o a a n ey t e ecb m _..

s e mr u r. r sit sd ns mr as_

l p o n cps l c ne n a s_
.

_

_ ia locd t e ar ef at o t e ne
_ng cdi al o oc n s os

_
e vo i e a u i lel dP ee st e r an and s

mr aaas e t

_.et n s t
_ d ef sr r t c i a . e s yayd eo l s h m

_
y s t t r a c ngt l sd et d t

_ d g eai ocl a niud si i_

_ s
ini r n

f i a of il c o i sl t l -u c
_

t
)

o eil h c ai ci

hl r ei ek ; bb at a b ebd.t o t t rt

- i en s s n .
p s a c e yal a e ~_

ip
) _

i uy i t mr a e el md
t i lal o

-
t aio s r i g n el

d _

s hl b i t r w c laaA ens s o v
r . i y aanl a ec el

e _ ab ad l s e i vi a far R s
-. _ of e i pl t

ni s r t b g x a s nt b ot A t e

-epnc anE c i aa i n c. .d
. t _ d o e b i i l d . et e i .d e

n _ oe l

r u
er gi y sr a v tos .t_ e b t yt at e s t h un

u c r nl

rl ioo
p s r a eti n u i nsl i -u. ( _ c d e o hf e epg l eii e

i ml ab -eit e eh e e al n mmn e

t aae ri ch r sioioi, b pbf
1 _ _

uf mb ud at p b pt c t d a o a o .uo r am a u bl t d s. p r
tat rf e oiof n1 t oes nl7 mf oo

t C m T +r v ea a_o of t s p o hf l oit s
I _

,

b _

I

_ .a t

. l
.__

_
i

.

.

_ b .

_
u

_
y- p y

nr ha_ t

n m s

. u l r

.

_ o a e e
_. C r G c n
_ e n a
_

_
df a p

-t o r a
_. f F J

- .

_
r ._

_ e

-t m t n_ ne c o
et ai_ - y

r la .
ns et .

e.
s'p

rl

-
r aa

C o et
l s
c n

%i -
-

_
. _

y
t

y i

r l 4

o i
g b
e a

-t i

a l

c e -
r -

y
d d -

- u n
t a
S

k
s
i
R

-
_

_

_
.

1: j4 ,1' f l ! ,



. . ~ . .-~ - ~ . . .. -. - -- . . s -- -.-- +a -- '~ ~ - - ~ -
- - -

|

|

1

-.

D)

.

w
1'

> + '< ,
u. ,r y*

'. - y U'. C w' s
f, u nx o'

,C m y g,,. 7 6t

i

|
. .n - -s
"c5i r*.

.
w|

~

, % 's 4- *
J' ; .C'' - ,C.,,_

( &
s , 0L -- 94

6 g

0'
| T. C M % w

2,
( w /
, L w w - -

/ 3
U ' ' ' *

, - .vg E 7g
0 .f., L7

L,{
' L 3 tt, is

1: = ;; e:. -
wLbgL 5 L

I* '

'
-- CLC L;

, c;-

E
s .; m -

w
1 C'

r*

*

it s C & % e
, **, A s L / O b i
j

u i w '' 7
; e

7 a.:
- : 7 ' . ,

s

' - E L 7 ^
C y r

t '5 N E w
,

L 'f. * ,; ,,I
1

, ** 7, w L % 6 -7." s
1 ;4 ;, 7 -.4 w

t .c L A+r = * , " w 6w - - Cv . ;
f , -y

- n'".
",3 -') 6 w 0 - O 1 0- ".s w t

w L w w -+ ti 0 C f,,,.

|
j cp-

,,,c

w
'. t . Z - ' L w A 0 7 C C M w >

O O I
x &* /

|
l h,. L 3 3
, 5 ., 0 :, C a.a

L ' L L s 7 % C
'1 ** s M ** 6 L 0 "U 7 O

4 , L C
.'C

> x- C , C. - .~ : -+ L ~e k f .C > "Z. C b
| -, O t- w L C. "

L 's 's

. ' . - , q w 6 ~ 0 L 1 .C E *7 't

- *".4 L w. u u I 1 L w "
6. M ; 6;

3 d CC w L
C -* c' t L w ** d L +4 w

I 5 L L 0 't L L -
7 1. *' C * &3's.w - , -

.
L es % C C E C Lw v

..d 9

~ ~ u3

S 4 -
*g U 0 0 3 L L M 7. . O w w w cL 03: L w v. . u : . w S w % L - u

. k :
.. i

r C t- u
. w C w C

..s.
ne

}' -a w
w / k k Li w *

* C A - a; L - N'"'''' * -L. c C C
.:

-,.C L w -a
CC <-C .L, s

. ra
' .C. . 7 w w

L r L w . .L-

L L ^ L ** -/; I / 7 * C -
0 ->- 5 C .

.-*
L. . * -

O 3 -* * Es ~J,

m. OO % V C L w P.*< C Y ~ 0 17 04

w wC ~1 -C 'N* .;; a L % U w f u a **: -*CL
.,

-
' t w w 3 :.a
L

e. y ''
1'., ~| s L

s w s CO L Z , C,. - u. c v
; - 6. "

C1. w /..

- ! N - VI > %. F >
| ? C_ 't 3, n .,r. i.e. L C- a 'n, ra - .~ :- t w . = c . .w ux uo u

f f > -4 4 7 G-- L "r L 3 w L 6 f *'

'~

, c ^ A
- r- 6 ./ n-eC

u y L *'
- 2 7. ),

7, eE - C . -a *
Ge i,.i L

'w= += w as m.

j .;" w""** 6 C
w /

.r . (- w L 7 -< w L a =--C
- r 'A C ( f,'

w | 2 ',, - s,-' .'s
,, .=1' ; ; C

L
. } ^ L 4 :- n .; p wa C L - 1 ,,

/ /
, .- L - O L '*! G9 - C W 't. L

0,- *, Z ', *: 6T w .,0 7 .,
s

. O
. r " C:" C.. ';- w C 13 3

,

x
b
'

I O - 7w LI r . ,

.-L
E .g~, l ;

- , , - - -
C l " 3d C G V i

-
, - e C : ; .: w a

C w :t k f 4 9 L e , - , w C7,

6 .7 1 C 1 L E 7 .. ;
e " u 5 C *

L v. , w -*

3 f 3 k..

C .yb ,;p
., 4 .n 7 y

O

V.
,

f'
u a ? ** , C -.- , w f

w r- > L
7 ,

w b w- '., w '''-w ' 7 ,,
-C

L 0 C C a. < '",+ *y ~
. E - - E 7f. ;

t C w ,,,,
; ,

4
, *] ** C >. a > - w y n,

C ''. v s . .C C * w ep-
, .f C 6.. r" -LL g C L ";; *;

g g L

L L L . . --
.L<

1 0:
, A v t s rA -iG - Li , .

"r
-. O C w b * 7 e '', t- + - ./ *- " c :,, a .C a

'

, O W l - ',
L

f. ;,t'' s 7
& W w W

s. ps 5 C e r- w2 1. w ., 7 3 c. m w, .

f' 6 1 M 1 - Cd ; -] t 7 0 w k v. y L L 3 w w.
>

L -L -- ,>.1 - C 6 w a C - % G<
s -. '; ;e ,

f, '" ", C a
~: +. L - t..

-a +. w - ,,, 5 9 -* j
%

, w

t'* O > - ., w .C
*- wo & L ' . - a - ,< r 3 - r yy ,

.

s.'". .,

v
,

''O""
a"-

t
$ =-a $ e-4 1 u

- .""q- :1 L .#

w / .- h. % w7.. e .
C ; : V, G

I - w
.M k L C 1 w Y

w
.i. a

G + ue C 2 .. L 47 ,; ; - ,. b,

; q ~,
w ;^ .: , " , . C y ,~., 7 ,u ;, *; k 2"

)
. .L C Z w E

O ,C -* f C " % e

L - - + y -
+= G

-) 7 ';C -CC < y c +-
** v'. r % 9

g
.+l.~ .s. C,

'

3 % ". 4 .-
.<- - C. t et , r

, y ; t .

jM ] a + ~ 'O L b > "I 'l / C. . L ; a s +- C -+ 2w
C A M .;* 2 w X C L u .; w ,C -=1 - ; t > w

* g-.. 9 f. -j p; --s
. O O O w '*) - L - 6 a - L ..

<# s ~5 ,

,

7
w w 7 - -

Q ]E * C 5 - f .
"

L C
4 .c'':

_ ,- p "; , :c -
. C s 6.,

.,.; r - r e ;g w
,3 :

) .t,'",.- w
, O C w - t m -b s ty C c.
j u- f* 4 ; C a 4 > L + .c . L ..; . t- f r. .O-+

-L *,, ., O 7 ~;, .. w w 7

-- C -
, 3 .; w 6 -

v
t , p6 > 0 1 L 't. 7 - C'

-s
a

.s ?4 -: u *: w 1 - .: m; ". C 5
.t ; 6w t77 E

* " s a ; -3 3

| ~ w w *' D w - w'*: 9 w > . " v , u

. 3 ; -
. -

C . - t cy w }.
.

C C t C '' 1 T w. -* % > -- o f we xs

L 5 . , - 1, b d - 7 .1 w 7 ~. r/ t -i *, 4
.%

-e "7 w w OA . 't; w , 's.- -77 > . - ..2 > < ~ -* -e L y ; een 9,

b,
w 9 ,, Ew,

C e* a', w C ~
'

L7
| b o 4 1 C

e=
*

w f 3

x w .C 2,
-',~y-*

, L t 6 7 c L ,-. -3 "r' 7
.

'
a -w'" V s / L . :.r "., M O,

7.
.

u,: - : u $ : = 6 - ;,

'f
, ** es Z #W s 9 w 7w w L > --x: t : - w 2 o L , w :u

; L > 4, w C 'I s .C rf, w w c w ,- ., C - w .
% w C T

^ - /
-'

L
, 17 _C 6

, p^
-

- % u L 7 9 ^ ^ ^ ^ + i p L L ., /
,

a,L
,

t t bZ,

!
-s N

;a; v v v v t -
r4 - -f '. Tr ,,

.q
,,C

w -c>w c., - - 7
e 7 w g

;
w v w 5 ,

I

k t. w
! L

E- C' I s, ec
w L u

_ -
tr;i , i,,.a: -J.-** aI | 2

C "C
^

. -t*
r 3 L .

, U 6- aO
. s -I

| D w 1. % a. +\

i f -*
| G, w $ 0 ;.o

0 6 - %
, 1 .i p

6 C

7''
,

" ~4 L *-
w f

fe. J- A

v1 w $3 C |1. ' n

,! O L L 9 7 v .r C
9 o r -, .c

1

% C: -47 6 Z. *< C
1 & +

? C. v V. La., C) 4, e
.0'-;OI ": A x

- - - - . ,,-.-,y ,,.,,,.v.,, ,. ._,v ...., _ ,, . , - . . . . , , , . . _ - - , , . . . - . . . , m._,_.. . _ _ _ _ _ . - _ _ _ _ _ _ - - - - - - - -



- a u , , . - e a-a-m. - ..m_.w.-. = =u... .me. -_sa -- = ..-s,.- w s ,s- x -a w as a. w e sas-m ,

! 1
1 4

i

I

.

e
o

eb:)

|

j.

t -

I1

f.
'

, ,
1 F

J I i

|#

i. .,

i "m*
i ne I

Li I'
' L |1e ,

5 !

, i

k
.

j f

I
e' j k,
i

.

i r

I*

i ! e
* , e

e '<s. ,

'
. .,

.{ n4

".P
lams & y

es
# '*, w is L L C . Y. .4a;

e.d ,

6J .53 (, ".4 J '.
'

,

b ;f L U ', * L / a A v L
- 1 C

}
- > - n n-w w : u -a' : -a t w 5 .s 6 *** 2 d w w. w1

' 5
e 94 4 % , = = = , wL$ - . --+* c

* * * u

w -| D y ? 4
, y u

- 5 '.~' s- b ** . ?. , L
.c + +

s

r .-- : . w u~ u,
.C, w b+ he I C [ .

6 --* , "
j brN etg y

. R , ', , y- t,7- w
'

| .i , y a p w C L p i. O | 4+ 'd

t o
e > e */- w a.,

, a .w . i: : uC - v ~< r .:
1

. L E w 2,-. L S
w t~ C C % a, ~) 7+<-

[s
E

** $ f.C L d
C e y u . s* w 0 C -* -we w

a

(I , ' M e

E 'g4
,'| --7 * / - - .

. r', C.
, M w ' /J

e4 't. 0 y . , s -
,' -

q' fsN |

ra, x ;
| L. . -- C ra L 5 -:. m -. =

Dw M

e 'w
, .)

v'x x
O '. A - > I

, a-x~ . - > i - a-
. w% ~

# . .
m,e.n -_ - ,

.

|
I |a 7 L V . - 5 t- 7. ,

-C,, % % >
- L'

't C, :. J y % .L K |

L b , - - 5 w w L > "' O z C I

- " L - y . ~ 7 L L m '.i -
-

, ^,
.

-

, L - -a T- -- 5 - 6g
' - - v q-

'

C t
6.

3 w % '*
L 5 ; X r.

++
; ,

m *w -w
C.,

~~

l' -wC .;: a # L w*
M ** s.-* 7 'u

^

|

,
'

s

,,o * * =
C . C g,. ==. -2 .

m . , , ~ . ~ y e4 4 -
',

, - c 6 L ; <, e w w -
' % , ;.* % : .c 5 a - ya 1. t u-, C

w t* s v .- - n - --, .: - I
, . Lq

.s , '' ; ': T IV. ,,

^ '^. s.* * r- - ,'p C
,

(
[ .,

. ..
.

I

e
= = *

-l '
~

, i
i i

f 4

1

t

I
' I

i

I
.

f
i

i
i

%* t
J

, t
J l

.

#'
q

t
i

i

| I
'

,<

I

| t *

\ > 6

#
|

I

: I

. f
|

| |
I

; , i
t s

e I ,

.i p

,

I t
i

l !, w;'-
Ge I * j

|

fC
'

c3 5
u '

I ii y g
Iw '

',,

<

d
'u,.

$

b 4.
| I n

I2 Y *
4 j

'xJ 4f

4

f

i



, . _ . . - - . - . _ - - . - . . - - . . . - _ . - - - - . . . . . . . .. -..-.------- _--- --- . ..

I

l-
|

57

References

| 1. Ryoicho Ono, "Re :ctor Safety Research Program in Japan," Atom Energy
| Bureau - Scien and Technology Agency, paper presented at IAEA Spc-

cialist Mk * cn Themal Rcactor Reccarch and Development, Vienna,
Feb. 14-L , .s/7.

,

2. 11. G . Seipel, D. Lummerzheim, and D. Rittig, " German Light Water Re-
| actor Safety Research Program," lluclear Safety 18(6), 727-56 (November-
'

,

December 1977).

3. Claude Ringot, " French Safety Studies of Pressurized Water Reactors,"
i to appear in thelear Safety 19(4) .

4. Phchas , unnumbered document , French Atomic Energy Commission, Insti-
tute of Nuclear Protection and Safety, Nuclear Safety Department (1977).

|

E

j .

i
a

e

'l

j

i

i

i

|
:

,

s

J

| .

i

|

1

r

' _ _ _ , . . . , , . _ _ _ . _ . . . - _ . . _ . _ . . . . ______ __.___ .._..._ .._____ _ __._ _ __
_



, - . . . . --. .- . . - . . - . . .- - . - - _- - - ... . -

i

.

,

{

hI

(

*

.

Conversion factors #

SI unit English unit Factor

mm in. 0.0393701
cm in. 0.393701
m ft 3.28084
m/s ft/s 3.28084
kPa psi 0.145038
HPa ksi 0.145038
HN*m-3/2 ksi/in. 0.910048

(HPa * /m)
J ft-lb 0.737562
K *F or R 1.8
kJ/m in.-lb/in.2 5.710152

Wm-2 g-1 Btu /hr-ft -F 0.176110a *

T( F) = 1.8 T( C) + 32
.,

.

#
Multiply SI quantity by given fac-

tor to obtain English quantity.
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