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L. Rop1.. D.lnc:tor 
Dlrectorate of ia.suimrrr Stmcla1'dl 

SRI· l OK Y- 7 IHn»IIDIATE VfSSB. 'mrl' RSSlLT 

nus h the third In a series of ... ta bmsadt safety 
1Weadl 1.nfomat.iclll (SRI) ta 1CN for mist.w:a it_., protide 
in rqulatc17 use. 

1be 1nfomat.im trmmltted in the enclosed letter frm OK 
titled ''Prel.1.miaaJy Test Results for He8Yy Sectlca Steel Tecll­
riDl.oir Interwdi•te Test Vessel V-7," is of hizh ftlm becaiM 
it c)i aoatrates additicml aperl:Mntal mdence tbst • "sa&" 
failure ma. for reactoT wssels _,exist, namly "1..t-before­
brmk." You w1ll. recall that ealler dds .,-r the JmT p1ogr• 
showed 1-1 behariar rather thm fl'acttre frca a 0- ID a noula 
COIMI' la mother ftJSHl.. 

'th• preMat test rault is of additianal DpoTtmca became ttae 
n.. va 11-1.nches lmg md fiw .inches &Np bl tbe six bd 
thick pressW'9 ftSHl. wall. Despite the enDmi~thh n-. 
the Y'llSHl. still w.s Ible to sustah twice the 1oed pr1ar 
to penetration of the n.. throuF tJw r 1nift1 lip at 
of noel •terl.al. It u not lilltly that such a n- eould be 
tndetec:ted in a ractar ftSsel, bat .... 1f it were, this test 
shows tmt tha reactor vould requln a awnpnssun of mn tJma 
lOOt of l ti desip operatiq pressmw befon leabge would uccar. 
Pretest predictians made of ti. failure pressure fDr this WSM1 
and test cr:mdi tiaas prOftld to be qui ta acoiram ..,_ though linen 
elutk fnctur9 wdwn1n wen DO J.anaer strlctly &Wlicable ta 
the •terial md tmtins amditims. n. resu1 ts of this test 
an mder c:mtimh'C malysil to further ~ the results 
for appllc.tim to opexatimel rncton. 

Distrlbutim: 
Siliject 
DlllD 
)g:f 
Serpan rf 

L. S. Tcq (1) 
Dir. rf 

smceni,, 

ed t\ J.C.~ j 
Sign • • 

Ilerbett J. C. routs, Dinctor 
Diris!a of -.:tor Sa£et.r Resw •a 
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OA.,r'\GE ,__,ATIONAL LABORA.RV 
( ~ OPERATED BY 

UNION CARBIDE CORPORATION 

NUCLEAR .DIVISION 

• POST OFFICE BOX X 

OAK RIDGE, TENNESSEE 37830 

July 24, 1974 

Dr. H. J. C. Kouts, Director 
Division of Reactor Safety Research 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Dr. Kouts: 

Subject: Preliminary Test Results for Heavy Section Steel 
Technology Intermediate Test Vessel V-7 

The seventh of the series of ten six-inch-thick pressure vessels was 
tested under pressure overload on June 19, 1974. The purpose of this 
test was to determine the performance of a thick-walled pressure ves­
sel containing a long surface crack that extended nearly through the 
wall. The vessel had a longitudinally oriented external flaw located 
in the cylindrical portion of the ve

1

ssel that was 18.6 inches long by 
5.3 inches deep which had been sharpened by an electron beam welding 
and hydrogen charging technique. A copy of ORNL Dwg. 74-7166 is at­
tached which shows a cross section of the defect in the vessel wall. 

The pressure overload test was conducted with water at 196°F. A maxi­
mum pressure of 21,360 psi was achieved at which level leakage occurred 
through stable crack extension of the flaw through the vessel wall. The 
pressure fell to 18,600 psi and held as the flaw resealed itself. It 
was then necessary to vent through a relief valve to reduce the system 
pressure to atmospheric. The maximum pressure obtained was a factor of 
2.2 over the design pressure of 9,700 psi for the cylindrical barrel of 
the vessel. The attached photograph which was taken a~er the vessel 
was removed from the test cell shows the flaw and the crack 1extension 
at the base of the machined notch which is visible as a contrasting 
line under the scale. 

The fracture analysis procedure used by ORNL to predict the performance 
of this vessel was very accurate since the pretest prediction of failure 
was 20;800 psi which is within three percent of the failure pressure. 
This prediction was developed with the aid of test data from three 1/7-
scale models of vessel V-7. It was found that linear elastic fracture 
mechanics calculations agreed with the model data when the fracture 
toughness of the steel was considered to be a function of the size of 
the unbroken ligament b~neath the flaw. 
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It is of interest to predict the behavior of a full thickness vessel 
using this method. Considering a vessel twice the thickness of inter­
mediate test vessel V-7 - i.e., with a wall thickness of 12 inches -
similar calculations indicate that a flaw of the same shape would have 
to exceed 10 inches in depth in order to result in crack extension at 
the maximum stress reached in vessel V-7. Therefore, comparable pres­
sure overloads could be achieved before failure or leakage occurred. 

This test demonstrates, as have the six previous ones on intermediate 
test vessels, the remarkable capability of these reactor pressure ves­
sel steels to tolerate large defects. In the case of the test just 
completed, it has been shown that very large flaws which extend nearly 
through the wall do not result in failure at design pressure level. 
Further, with over pressure, an innocuous leak-before-break condition 
has occurred when the materials are operated in the ductile regime . 

DBT:GDW:pl 

Sincerely yours, 

D. B. Trauger 
Associate Director for 
Reactor and Engineering Sciences 

cc: Asst Dir, Water Reactor Safety Research 
C. Z. Serpan, AEC-RSR 
Dir, R&TS, ORO 
F. L. Culler 
G. G. Fee 
H. Postma 
G. D. Whitman 

Attachments 
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' " NOTCH 

4 in. 4 in. 

" FLAW DESIGN FOR HSST PROGRAM INTERMEDIATE 
TEST VESSEL V-7 

ORNL-DWG 74-7166 
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