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ABSTRACT 

The integrity of the HFIR pressure vessel is demonstrated by periodic hydrostatic proof testing. Other 
components and piping in the primary system are, of course, subjected to the same pressure during 
testing of the vessel. This introduced the possibility of substituting hydrostatic proof testing for the 
usual ASME-specified inservice inspection OSI) volumetric and penetrant testing of the piping and 
component welds. Because of constrained-thermal-expansion and seismic loads, however, not all piping 
welds are adequately tested by the vessel hydrostatic proof-test pressure, and higher pressures are not 
appropriate for the vessel. Using r d t s  of HFR detailed piping analyses, each weld in the system was 
analyzed to determine which welds would be adequately tested during the vessel hydrostatic proof test. 
The results mdicate that of the 3-In. and larger piping, 1 18 of the 167 c i r c d d a l  welds and all ofthe 
axial welds are adequately tested. Also, all welds in the components are adequately tested. All other 
welds will be appropi-iately examined in accordance with the HFIR IS1 program. 

. .  
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1. INTRODUCTION 

Periodic hydrostatic proof testing is used to demonstrate the integrity of the HFIR pressure vessel[ 1,2], 
and the primary-system piping and refated components (pumps, valves, heat exchangers, etc.) are 
exposed to the same hydro-test pressure. This introduces the possibility of substituting hydro testing for 
volumetric and surface inservice inspection (ISI) for demonstrating primary-system structural inkgrity. 
The ASME Code requires volumetric and d a c e  (V/S) IS1 for nuclear power plants[3], but for HFR a 
hydro test has the potential for being much more reliable. Because of this higher reliability and also 
because of lower costs associated with hydro testing, it was suggested that IS1 (V/S) of the pressure 
vessel and primary-system piping and components was not necessary[4,5]. For this to be acceptable, 
however, it is necessary that the potential for failure be greater during the hydro test than during worst- 
case operating conditions. The hydro-test conditions were selected accordingly, based on conditions 
associated with the highly irradiated portion (belthe region) of the vessel[ 1,2]. A later evaluation was 
performed for the piping[6]. At the time this latter evaluation was performed, the results of the HFR 
piping flexibility analysis were not available, and thus "typical" secondary stresses that do not exist 
during the hydro test were used in the evaluationj7]. More recently, the onginal[8,9] and 
updated[ 1 0, 1 1 ,121 flexibility-analysis reports were made wailable. The results of these studies indicated 
the need for another updated piping flexibility andysis, and this analysis was performed in November 
19971 131. Using this information, an updated evaluation of the applicability of hydro testing for the 
piping system, vessel, and components was per€ormed[ 141 and was used as a basis for the IS1 that was 
performed in conjunction with the March 12,1998, hydrostatic proof test. Shortly thereafter, it was 
discovered that the piping-flexibility-analysis model included some incorrect spring loads and excluded 
three existing supports, all in the north/south pipe tunnel. These errors were corrected, and an updated 
analysis was perfmed[ 151. Further examination of the model indcated that the snubber on the section 
of 20-in. pipe in the eastlwest tunnel was located incorrectly. This error was corrected, and a "final" 
updated piping analysis was performed[ 161 and used as input to another updated evaluation of the extent 
to which hydro testing could be substituted for IS1 (V /S ) [  171. The results indmted that hydro testing is 
adequate for the pressure vessel and components, most of the non-flux-type welds in the 4in. and larger 
piping and some of the welds in the smaller piping, which contains only non-flux-type welds, and some 
of the flux-type welds in the 4-in. and larger piping. The results also indicated that fewer welds than 
mentioned in Ref. 14 needed to be included for V/S in the IS1 plan, and thus the IS1 performed on 
March 12,1998, was adequate. 

In November 1998, an additional upgrade to the piping-flexibility-analysis model was made that 
consisted of (1) a small change in the normal operating temperature for some of the piping between the 
vessel outlet and the heat exchanger inlet and (2) an increase in the thermal coefficient of expansion for 
the circulating pumps. These changes affected only the constrained-thermalexpansion portion of the 
piping analysis, and the corresponding results were published in January 1999[ 181. 

In August 200 1, the portion of the 3-in. pressurizer line that runs from the 3-in.-line check valve to the 
primary-system 20-in. inlet line was added to the piping-flexibility-analysis model. It was expected tbat 
this relatively small line would have little effect on the rest of the system and, thus, was effectively 
calculated separately[ 191. 

The piping analyses performed in Refs. 13, 15, 16, 18, and 19 provided, among other things, piping 
forces and moments for gravity, constrained-thermal-expansion, and seismic loads. The most recent and 
up-to-date data sets at the time of this writing are dated as follows: April 5,1998 (gravity); April 20, 
1998 (seismic), November 19, 1998 (thermal); and August 10, 2001 (gravity, constrained thermal 
expansion, and seismic for the 3-in. line). 
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The April 20,1998, seismic data and the constrajned-thermal-expansion data from Ref. 16 were used in 
Ref. 17, which did not address the 3-in. pipe. The April 20,1998, seismic data, theNovember 19,1998, 
constrained-thermal-expansion data, and the 3-in-pipe data[ 191 were used in the present report, which 
constitutes an update of Ref. 17. The results indicate that the hydro test adequately challenges all ofthe 
3-in. welds and three more of the welds included in Ref. 17. With these exceptions, all of the welds 
adequatdy challenged by the hydro test are the same as those in Ref 17. 

Reference 17 includes an evaluation of primary-system piping with pipe sizes less than 3 in. (rabbit- 
facility, reactor-vent, vacuum-break, and gland-seal lines). Thls evaluation is not included in the present 
report but will be published in a separate document. Therefore, all of the smaller piping (< 3 in) remains 
a part of the ASME Code-type IS1 program. 
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2. CRITERIA 

The failure mechanism of concern is propagation of flaws (sharp, crack-like defects). For the carbon 
steel components, the potential for propagation can be expressed as[20] 

Kr 
KC 

Potential = - , 

where 

K ~ = c ( T &  
= stress intensity factor 

C = factor dependmg on type f law and structure 

(T = far-field stress 

a = $aw dimension 

K = Pacture toughness of material (critical value of K I )  

For the hydro test to be adequate, 

where w% indicates the appropriate worst-case loading condition, and HT indicates the hydro-test 
condition. 

The fracture toughness, K,, which tends to decrease with decreasing temperature, is not sensitive to the 
small difference in hydro-test and minimum operating temperatures (85 cornparedto SOOF). Thus, it can 
be assumed that 

Hydro tests are conducted periodically, and chuing the time between tests, flaw growth tends to take 
place due to fatigue and corrosion, increasing&. Taking this and Eq. (4) into account, Eq. (3) becomes 

where t = time of a hydro test 
At  = time between hydro tests 

Using Eq. (2), assuming the values of C for membrane and bending stresses to be nearlythe same, which 
is the case for the type flaws considered, and letting the flaw dimensions at time t+dt be &da, Eq. ( 5 )  
becomes 
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where 
Aa = flaw growth during the time between hydro tests. 

Flaw growth for the flaws described below was calculated in a separate study[21] and was found to be 
very small (- 3 x in.).* Thus, Eq. (6) can be reduced to 

Equation (7) cannot be applied to the belt-line region of the vessel because radiation reduces K, during 
the time between hydro tests. Because of this reduction in K,, the belt-line region of the vessel has the 
greatest potential for propagation of flaws. Thus, the hydro-test conditions (pressure, temperature, and 
frequency) were calculated on the basis of satisfymg EQ. (3) for the belt-line region of the vessel[ 1,2]. 
No furtha treatment of the beltline is required nor included in this report. Other portions of the vessel, 
however, are included. 

For the relatively ductile austenitic stainless steel piping and components and their associated non-flux- 
type welds, a more appropriate means of evaluating failure is the limit-load method. This method is 
included in Appendix C of Ref. 3 and is discussed in greater detail in Ref 23. It is also applied to a leak- 
before-break evaluation in Ref. 7. In this latter reference, the relationship between the membrane stress 
(a,.,.,), critical bending stress (at,’, bending stress at failure), and the flaw size (a) for the circumfmential 
flaw described in Fig. 1, is as follows: 

2 a</of = - (2 sin ,B - sin S) ,  
7c 

. where fl defines the shifi in the neutral axis due to the presence of the circumferential flaw, af is the flow 
stress, and 8 defines the arc length of the flaw at the average radlus (x) . 
Using Eqs. (8) and (9) to calculate (ob‘+ a,) /uf as a fimction of o,,,/qand 8, demonstrates that for 
reasonable values of the latter two parameters (a,Jof = 0.1 - 0.3 and O h  = 0.05 - OS), (q,’ + o;n)/q 
increases slightly (< 4%) with increasing odqfor  O h  < 0.2 and decreases with increasing o,,Jqfor Bllr 2 
0.2. An increasing value of (ob’ + o,,,)/o--with increasing oJcyindicates that the hydro test, which tends 
to have a high value of (T,,,/cQ,, is not as severe a challenge to piping integrity, for the same value of (ab‘ + 

*In recent studies pertaining to HFIR piping integrity, high-cycle fatigue, which could result in 
excessive flaw growth within days, was addressed, and was declared incredible[22]. 
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am)/afi as worst-case loading conditions, for which some sections of the pipe can have relatively low 
values of amlab. On the other hand, a decreasing value of (nb’ + c r m ) / q  indicates that the hydro test is a 
more severe challenge for the same value of (ob’ f a,J/q In view of the large uncertainty factor that is 
included in the calculation of the stresses (see Sect. 5.2), the above 4% can be ignored and the following 
criterion applied for establishing the adequacy of hydro testing: 

where (HT) refers to the hydro test, and ( WC) refers to worst-case operating conditions. 

It is of interest to note that Eq. (10) is the same as Eq. (7). However, as discussed in R.ef. 23 and implied 
in Ref. 3, it is not necessary to include displacement-limited loads, such as the constrained-thermal- 
expansion loads, in calculating a b  and a, in Eq. (15) because a fully plastic condition precedes failure, 
and this precludes a significant contribution from displacement-limited loads. 

The effect of flaw growth on (ob’ + om)/~fwas deduced from the parametric study m e n t i d  above. The 
result was 

. .  

The maximum value of d(B/x) found in Ref. 2 1 for the 3-y period between hydro tests was 2 x 1 O-4. 
Thus, the corresponding increase in (a’ + a,,)/a~-due to crack growth is negligible, in which case Eq. 
(IO) is adequate for evaluating the adequacy of hydro testing for the austenitic stainless steel piping and 
components and associated non-flux-type welds. 

For axially oriented flaws (Fig. 2), the only stress is the hoop stress (ab) ,  and thus the criterion is 

oh(HT’) zob(wc) (12) 
. The ductility of flux-type welds in austenitic stainless steel is sufficiently less than that of non-flux-type 

welds that failure can OCCUT by ductile tearing prior to fully-plastic (limit-load) behavior. Thus, elastic- 
plastic fracture mechanics is used to evaiuate the potential for failure of flux-type welds. Studies 
described in Ref. 23 indicate that the failure load for flux-type welds is less than that for non-flux-type 
welds and can be +atimat.ed by multiplying the limit-load critical value of (4 + am) by a factor. This 
implies that failure in the elastic-plastic regime is also controlled by (cb + am), and thus Eq. (10) applies 
for the flux-type welds in austenitic stainless steel as well as the non-flux type and also for carbon steel 
welds. 

Reference 23 also states that there is not sufficient plasticity prior to failure of flux-type welds to prevent 
displacement-limited loads from contributing to failure. Thus, the constrained-thermal-expansion 
stresses must be included in Eq. (10) for flux-type welds. . 
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3. TYPE, SIZE, AND LOCATION OF INITIAL FLAWS 

The greatest potential for flaw growth exists for flaws perpendicular to the maximum principal stresses. 
Thus, axial and circumferential flaws normal to the surface are the ones of interest. The entire primary- 
system pressure boundary is exposed to the hydro-test pressure, and the impact of €laws in all areas of 
the pressure boundary was considered. The specific areas that tend to have unique features are the piping 
base material and axial and circumferential welds; components (heat exchangers, pumps, and valves); the 
vessel, other than its belt-line region; and bimetallic welds in the piping, vessel and components. As will 
be explained later, a preliminary qualitative analysis indicated that only the piping and only 
circumferential flaws in the piping needed to be considered in detail in this study. 

For a flaw of reasonable length in the pipe to be critical, it must extend through the wall (Figs. 1 and 
2}[6]. The greater the initial length of these flaws, the greater the potential for propagation by static 
loading to failure and by fatigue. A length large compared to the calculated growth over the life of the 
system and also a flaw-length that would result in a reasonable chance of flaw detection by leak checking 
was considered reasonable. On the basis of previous related studies[6], a length of 3 in. was selected for 
the 3-in. and larger pipe. 

' 

Equations (7) and (10) indicate that the characterization of the assumed flaw is not important. This is 
not the case, however, because the calculated value of Aula is dependent on flaw characteristics, and, as 
will be demonstrated later, so is the far-field stress. In the course of this study, it was determined that the 
effect of flaw size on the far-field stress was small. 

6 



4. BASIC LOADING CONDITIONS 

Equation (3) indicates that there are two basic loading conditions that must be considerat (1) hydro test 
and (2) worst-case operation. Two worst-case operating conditions exist: (1) emergency/faulted (U@ 
and (2) seismic. The Eflcondition consists of (1) the primary-system pressure reachingthe nrpturedsc 
value and (2) a vessel temperature as low as 80°F. It is assumedthat the W a n d  seismic events do not 
occur simultaneously because the frequencies of occurrence of both are very small (4  x 1 U-’y-’ for the 
E/F event and 5 x IU-4y-’ for the design-basis seismic event)[24,25 J and their durations are short. 

Additional loads that must be considered are dead weight (gravity), constrained thermal expansion, and 
water hammer. Gravity loads are the same for the basic load cases and thus drop out of Eqs. (7) and 
(10). Constrained-thermal-expansion loads‘are essentially zero at room temperature and thus do not 
exist during the hydro test but do exist during worst-case operation, which is most likely to take place at 
elevated temperatures (normal operating temperatures). Water hammer is not likely to take place during 
either of the worst-case events because of their small fkequencies, and because there appears to be no 
credible way of producing a significant water-hammer event in the ‘1HFIR primary system[26]. Thus, 
water-hammer loads are not considered. 

As explained in Sect. 2, depending on the type material a flaw is assumed to reside in, it may or may not 
be necessary to include the constrained-thermal-expansion loads in the worst-case loading conditions. 

In summary, then, there are three basic loading conditions that must be considered: (1) hydro test, which 
does not include constrained-the--expansion loads; (2) WF, which may or may not include 
constrained-thermal-expansion loads and does not include seismic Ioads; and (3) seismic, which is 
assumed to occur during normal operation and may or may not include constrained-thermal-expansion 
loads. 
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5. STRESSES 

5.1 STRESSES CONSIDERED 

In addition to stresses resulting from the loads defined in Sect 4, there are residual stresses and stresses 
associated with bimetallic welds. Residual stresses are the same for the three basic loading conditions 
and thus drop out of Eqs. (7) and (1 0). 

Bimetallic welds, which exist at the heat exchanger head-to-tube-sheet juncture, the vessel lower- 
extension attachment to the vessel hemispherical head, and the vessel inlet-nozzle pipe attachment, 
introduce differential themal-expansion stresses that are system--- dependent. As discussed m 
Ref. 21, the axial differential-expansion stresses in the bimetallic welds are a maximum at room 
temperature and thus decrease as the system warms up to “operating” temperature. The minimum 
temperature associated with the WC conhtion is essentially the same as or higher than that for the hydro 
test. Thus, as a conservative measure, the axial differential expansion stress can also be left out of 
Eqs. (7) and (10). 

The circumferential stress induced by differential expansion in bimetallic welds is also a “maximum” at 
room temperature. The maximum occurs at the juncture of the two materials and is positive in the 
stainless steel portion and negative in the carbon steel portion. The stress approaches zero in a short 
distance from the juncture and thus has little effect on axial extension of an axially oriented through-the 
wall flaw. During warm-up, the positive hoop stress in the stainless steel decreases, and the negative 
.stress in the carbon steel becomes less negative but remains negative at the WC loading condition 
temperatures. Thus, it is conservative to ignore the warm-up stresses. Elirmnating these stresses in the 
bimetallic welds leaves only the pressure-induced stresses for the circumferential direction. Because the 
pressure stresses are higher for the hydro test than for the WC conditions, Eqs. 7 and 10 are satisfied fa 
hoop stresses, and thus only circumferential flaws and axial stresses need to be considered in detail. The 
stress at room temperature (cool-down stress) is the same for both the hydro test and WC conditions and 
thus cancels out of Eqs. (7) and (10). 

At the juncture of the heat-exchanger hemispherical head and tube sheet, there is a structural 
discontinuity that results in pressure-induced bending stresses [ob(d)]. The equation for ob(d) is derived 
in Ref. 2 1 and is included in this study. However, because the hydro-test pressure is pater than the WC 
pressures, values of a(d) are always higher for the hydro test. 

Constrained-thewl-expansion and seismic loads are applied to the vessel and components at the pipe 
attachments only. Because the section moduli of welds in the vessel, heat exchangers and pumps, with 
the exception of the pipe-attachment (pipe-to-component) welds, are very large compared to those for 
welds in the pipe, stresses in the vessel (including the vessel’s lower extension bimetallic weld), heat 
exchanger, and pump welds due to constrained-thermal-expansion and seismic loads are very small 
compared to the pressure stresses. Based on the above arguments, it is concluded that Eqs. (7) and (10) 
are satisfied for the E/Fand seismic conditions for the three “components” mentioned, with the possible 
exception of the pipe attachment welds, which are evaluated as piping, and for all axial flaws in the 
piping. Thus, only axial stresses in the piping must be considered in detail. 

For this latest revision of the report, the attachment welds for the vessel’s 16-in. inlet lines are taken as 
the bimetallic welds at the junctures of the main inlet nozzles and the transition sections between the 
nozzles and the 16-in. pipe (nodes 696 and 705; Table 1 and Fig. 3), and the transition sections 
(elements 242 and 249) were considered to be the same 16-in. pipe used elsewhere in the primary 
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system. This later consideration was also included in Ref. 17, and is conservative because the actual 
transition section has a larger section modulus. The specified location of the vesseVpiping attachment 
weld in Ref. 17 was the nozzle weld in the vessel. This was excessively conservative because of the 
relatively large size of that weld (32 in. diameter and extending through the 3-in. vessel wall) compared 
to the 16-in. pipe (16.-in. OD and 0.5-in. wall). As indicated above, moving the specified attachment 
location from the vessel wall to the nozzle/transition-sectionjuncture is still somewhat conservative. 

As mentioned in Sect. 3 and explained above, the flaw of primary concern is a circumferential through 
flaw (Fig. 1). The presence of a circumferential flaw shifts the neutral axis of the cross section and 
results in an axial bending moment if axial forces are present. The shift in the neutral axis was 
calculated in Ref. 2 1 for each pipe size. 

Constrained-thermal-expansion, seismic- and gravity-induced axial forces and bending moments for 
most of the HFIR primary-system piping and components were calculated in Re&. 8 and 9 at the time of 
the HFIR design effort and later ( 198 8) in Ref. 10 during a reevaluation of the structural integrity of the 
HFIR pressure vessel. At this latter t he ,  the calculations were performed using the GEMINI computer 
code[27], and the “same” code was initially used for the present study. Preliminary results indicated that 
the most recent version of the GEMINI code contained errors. Because of this and an apparent lack of 
documented quafity assurance for GEMINI, the final analysis for the Ref. 17 study was performed with 
ANSYS[28], which is a well-established structural code that has proper documentation of appropriate 
quality assurance. The results agreed well with the results obtained in 1988 with the GEMINI code[ IO], 
indicating that those earlier GEMINI results were reasonably accurate. 

The first set of ANSYS results were used as input to the Ref. 14 evaluation of the applicability of hydro 
testing for demonstrating the integrity of the piping and components. Soon thereafter, it was discovered 
that the ANSYS model for HFIR included some incorrect spring-hanger preloads and also excludedthree 
existing vertical supports, all in the north/south tunnel. These errors were corrected, and an updated 
analysis was performed[ 151. Further examination of the ANSYS HFIR model indicated that the snubber 
on the section of 20-in. pipe located in the eastlwest tunnel was 30 in. west of its actual location. This 
error was corrected, and another updated piping analysis was performed for seismic loading{16]. 
Seismic-induced axial loads and moments from this latter analysis (ANSYS output dated April 20,1998) 
and constrained-thennal-expansion-induced axial loads and moments from the Ref. 15 analysis 
(snubbers have no effect on static loads) (ANSYS output dated April 7,1998) were used for the hydro- 
test-applicability evaluation in Ref. 17. Since then, the normal operating tmpmtmefor piping b e e n  
the outlet of the vessel and inlet to the heat exchangers was increased slightly, and the coefficient of 
thermal expansion of the pump housing was increased. The changes affected the constrained-thermal- 
expansion analysis only. The conespnding constrained-thd-expansion forces and moments are 
included in Ref. 18 and w e  used in the present report, which constitutes a revision to Ref. 17. 

Also included in the present report is the 3411. pressurizer line. The forces and moments for this line are 
included in Ref. 19. 

5.2 Stress equations 

Equations for the stresses that must be considered are as follows: 
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Pressure-induced axial membrane stress [om(p)]: 

Pressure-induced axial bending stress [a, @)I: 

’ Pressure-induced hoop stress [a- (p)]: 

Obp=P[ ; ]  

Constrained-thermal-expansion and seismic-induced axial bending stresses: 

Contrained-thermal-expansion and seismic-induced axial membrane stresses 

where 
%(e) = axial bendrng stress due to constrained thermal expansion 
ob(s) = axial bending stress due to seismic loading 
ob@) = axial bending stress cfue to pressure 
om(e) = axial membrane stress due to constrained thermal expansion 
om(s) = axial membrane stress due to seismic loading 
om@) = axial membrane stress due to pressure 
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axial bending stress due to pressure-induced axial load 
axial bending stress due to pressure as a result of structural discontinuity 
“total” axial stress for hydro-static loading 
“total” axial stress for emergency/faulted condition 
“total” axial stress for normal operation and seismic loading 
axial force due to constrained thermal expansion 
axial force due to seismic loading 
axial moment, about y axis, due to constrained thermal expansion 
axial moment, about z axis, due to constrained thermal expansion 
axial moment, about y axis, due to seismic loading 
axial moment, about z axis, due to seismic loading 
shift in neutral axis due to presence of circumferential, through-wall flaw 
inside diameter of pipe 
outside diameter of pipe 
mean radius of pipe 
pipe wall thickness 
Poisson’s ratio 
modulus of elasticity 
section modulus 
pressure 
hydro-test pressure 
emergency/faulted-condition pressure 
normal operating pressure 

Combining the appropriate axial stresses, and ignoring the differential expansion term for the 
nonbimetallic welds, yields 

6 ( H T )  = am( P) + O b  ( P )  
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The uncertainty in stresses due to constrained-thermal-expansion- and seismic-induced bending and axial 
loads is large compared to that for pressure-induced stresses. The ratio of uncertainty fitctars is assumed 
to be 1.8 and is applied to the last three terms in Eqs. (21) and (22). 

Absolute values ofkc are used in Eq. (22) becauseM oscillates, resulting in positive values of bending 
stress on the same side of the pipe at the same time. By contrast, bending due to F, x h always produces 
a negative stress on the side of the pipe containing the flaw, when F, is negative, and thus the calculated 
sign of Fe is retained. 

The third term in Eqs. (20), (2 l), and (22) applies only to the weld joining the heat exchangmhead to the 
tube sheet. As indicated in Sect. 6, it is not necessary to evaluate this weld, and thus these tenns are not 
used in this evaluation. 
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6. WELDS REQUIRING DETAILED ANALYSIS 

All welds for which hydro testing is to be substituted for IS1 must satisfy either Eq. (3) (those in the 
vessel beltline region) and Eq. (7), or Eq. (10). Based on the idormation in Sects. 1, 3, and 5, it is 
apparent that only the piping and only postulated circderential flaws in circumferential welds of the 
piping need to be evaluated in detail in this study. 

The extent of the piping analysis is dependent on whether the weld is a flux type (submerged arc or 
coated rod) or non-flux type (tungston inert gas arc weld). As discussed in Sect. 2, non-flux-type welds 
in austenitic stainless steel pipe are sufficiently ductile that displacement-limited loads (i.e., constrained- 
thennal-expansion loads) do not contribute significantly to failure of the pipe (a flaw will not propagate 
before plastic collapse of the pipe). Thus; o m )  and o(s) need not include constrained-thermal- 
expansion stresses for non-flux-type welds. 

All ofthe HFIR primary-system 4-in. and smaller pipe circumferential welds and the attachment welds 
for all weldolets, sweepolets, and branch-connection weld-neck flanges are of the nm-flux type. Each of 
the welds in the 3-in. and larger pipe are identified accordingly in Sect. 7. Welds in the belttine region of 
the vessel were initially evaluated in Refs. 1 and 2 and most recently in Refs. 29 and 30. 

The specific piping and corresponding welds considered in this report are indicated in Figs. 3 and 4 and 
Table 1. As indicated, the pipe sizes range from 3-in. to 20-in. A preliminary version of this report[ 171 
also addressed pipe sizes less than 341, which occur in the rabbit-facility vacuum-break, gland-seal and 
reactor vent lines. An updated evaluation of these lines will be included in a separate report. 

13 



7. IDENTIFICATION OF WELDS 

All of the HFIR primary-system circumferential welds in the 3-in and larger piping are identified in 
Table 1 and Figs. 3 and 4. Table 1 also indicates whether a weld is a flux type or non-flux @e and 
includes the three-dimensional spatial coordinates of the pipe/weld centerline relative to an arbitrary 
oriw "his idormation was obtained from Refs. 10-13,19, and 31-33. In addition, weld-inspection 
records were examined to veri@ the type of weld (flux or non-flux). It was determined that welds made 
off-site by the pipe-subassembly fabricator are flux type (with few exceptions), and welds made at the 
site as e ~ e r  shop or field welds are non-flux type. 

14 



8. CALCULATIONS 

Calculations of (r(HT), a(WF) and nfs), and a comparison of the results with the criterion described by 
Eq. (10) are included in Appendix A for the 3-in. and larger pipe. A summary of results is included in 
the following section (Sect. 9). 

15 



9. SUMMARY OF RESULTS AND CONCLUSIONS 

The results of this study indicate that hydrostatic proof testing is a satisfactory method of demonstrating 
the structural integrity of 71 of the 85 non-flux circumferential welds, 47 of the 82 flux-type 
circumferential welds, and all of the axial welds in the HFIR primary-system 3-in and largxpiping. It is 
also satisfactory for all welds in the primary-system pressure vessel, heat exchangers, pumps, and valves. 
Specific welds in the 4-in. and larger pipe that must be subjected to IS1 (VIS) are identified in Table 2. 

In the above analyses, growth of hypothetical flaws during the time between hydro tests was considered 
and was found to be negligible. 
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Table 1. Identification of and spatial coordinates for HFIR primary-system large-pipe 
Wn.-diameter and larger) circumferential welds 

Node' 

7652 

7653 

Pipe I I/O" I DescriptoP Typed No. (in.> (in) (in.) 

NF 1054-W58 88 1 173 711 

NF 1054-W57 885 177 710 

3-in. I I I PL 

1018 

1020 

1021 

NF 1056-W15 774 179 80 1 

NF 1056-W13 774 183 793 

NF 1056-W14 774 183 805 

NF 

F 

F 

F 

NF 

1020-w1 88 1 16 1 754 

1020-w2 86 1 16 1 774 

1020-W3 857 16 1 784 

1020-W4 857 161 834 

1020-W5 842 16 1 849 

753 

10-in. 

I I  

I 110 652 

756 

(Pipe/GV) 

(GV/CV) 

757 

758 

761 

NF 

NF 

1020-W6 736 161 849 

1020-W7 720 16 1 849 
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Weld' X' 
Pipe YO" DescriptoP Node' Typed No. (in.) 

10-in. I (cvm 762 NF 1020-ws 696 

Yf Zf 
(in) (in.) 

161 849 

14-in. I 110, 844 F 1176-W5 678 
0 

828 NF 1176-W4 657 

827 NF 1176-W3 619 

Flangepair 826 NF 1176-W2 604 
826 F 1176-Wl 604 

I FW 825 NF 1176-WO 599 

655 1 NF I 1011-W1 I 881 I 161 I 946 

148 842 

127 842 

127 842 

127 836 
127 836 

127 83 1 

10-in. I 111 

764 

765 

766 

F 101 1-w2 86 1 161 966 

F 101 1-W3 857 161 976 

F 1011-W4 857 161 1033 

21 

767 

769 

772 

773 

NF 1011-W5 842 161 1048 

NF 101 1-W6 736 161 1048 

NF 101 1-W7 720 161 1048 

NF 101 1-W8 6% 161 1048 

14-in. I 111, 843 F 1006-W5 678 148 1034 
@IJR 

.832 NF 1006-W4 657 127 1034 

83 1 F 1006-W3 619 127 1034 

Flangepair 830 F 1006-W2 604 127 1028 
830 F 1006-W1 604 127 1028 

0 829 F 1006-WO 599 127 1023 

10-in. I 112 658 NF 1010-w1 88 1 

775 F 1010-w2 86 1 

776 F 1010-W3 857 

16 I 1138 

161 1158 

161 1168 



, 

Pipe 

10-in. 

(GVKV) 783 N F  1010-W7 720 161 1240 

(CVm 784 NF 1010-W8 696 161 1240 

IO-in. 

I 10-in. 

(RpdGV) 668 NF 1009-W10 736 161 1432 

(GV/CV) 671 NF 1009-Wll 720 161 1432 

( c v m  672 NF 1009-Wl2 696 161 1432 

I 840 

14-in. 1 I I &ll I 841 I F 1 1002-W5 I 678 I 148 I 1418 

- _ _ _ _ _  

N F  1002-W4 657 127 1418 

- 22 



Weld' 
Pipe YO" Descripto? Node' Typed No. 

14411. I 113, 839 F iao2-w3 
(ELPI 

Flangepair 838 F 1002-w2 
838 F 1002-w1 

P m  837 NF 1002-wo 

Xf Yf Z' 
(in.) (in) (in.) 

619 127 1418 

604 127 14 12 
604 127 1412 

599 127 1407 

I I  

70 1 

705 

I 706 I NF I 1007-W18 

F 1008-W2 391 108 66 1 

F cw-2/Exr. 402 108 543 

413 1 108 I 532 . 
I 

707 

708 

709 

710 

F 1007-W 17 425 108 527 

NF 1007-W16 441 10s 543 

NF 1007-W15 44 1 108 605 

F 1007-W14 436 108 616 

1007-W13 

1008-w1 

1007-Wl2. 

1007-W2 1 

1007-W20 

1007-W19 

1007-W11 

1007-W1 

411 I 122 

426 158 

44 1 

567 

621 

647 

636 

636 

636 

636 

636 

636 
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Table 1 (cont'd.) 

650 F 1007-W7 88 1 16 1 666 

653 F 1007-W8 881 16 1 842 

656 NF 1007-W9 88 1 16 1 1034 

659 F 1007-W10 88 1 16 1 1167 

14-in. 0 110 796 NF 1019-W9 

Flangepair 797 NF 1019-W10 
797 F 10 19-W 12 

798 NF 1019-W13 

Pipe 

20-in. 

619 127 76 1 

604 127 768 
604 127 768 

599 127 773 

I I/@ DescriptoP 

10-in. 

Venturi -I----- 

0 111 732 NF 1005-W1 88 1 127 848 

799 F 1005-W2 86 1 127 868 

800 F 1005-W3 857 127 878 

t 

I I 80 1 F 

10-in. 1 o I 110 695 

127 938 1005-W4 857 

- -1 I 789 

I ! 790 
I 

79 1 

1 1019-w1 1 :rl 1 ::: I 650 

10 19-W2 675 

NF- 1019-W3 857 127 686 

F I 1019-W4 I 857 I 127 I 746 

1019-W5 

1019-W6 758 76 1 

NF 1019-W7 727 127 76 1 

NF 10 19-W8 63 1 127 76 1 
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Table 1 (cont'd.) 

Weld' 
(in.) (in.) 

1005-W5 

804 1005-W6 758 127 953 

14-in. 0 111 809 

Flangepaif 810 
810 

81 1 

Pitx I I/W 1 Descriptof 

F ioos-wg 619 127 953 

F 1005-w10 604 127 960 
F 1005-W11 604 127 960 

F 100s-w12 599 127 965 

10-in. 0 111 

819 

82 1 

806 1 NF 1 1005-W7 I 727 I 127 I 953 

- 

NF 1003-W7 727 127 1146 

F 1003-W8 632 127 1146 

808 F 1005-WS 632 127 953 

14-in. 0 112 822 F 1003-W9 619 127 1146 

Flangepair 823 F 1003-W10 604 127 1152 
823 F 1003-Wll 604 127 1152 

824 F 1003-W12 599 127 1156 

I I I 1 

NF 

F 

1001-Wl 88 1 127 1086 ' 

1001-w2 88 1 127 1112 

F 100 1-W3 

~ 

10-in. 0 113 737 
I I 

88 1 127 1186 

F 1001-W4 

N F I  1001-ws 

~ 

88 1 127 1322 

866 127 1337 I I I 743 

25 



Weld“ X’ 
DescriptoP Node’ Typed No. (in.) 

113 745 NF 1001-W6 758 

747 NF 1001-W7 727 

I 749 F 1001-W8 632 

y/ zf 
(in) (in.) 

127 1337 

127 1337 

127 1337 

“Inlet (I) or outlet (0) piping as referred to in Refs. 8,9, 31,32, and 33. 
“Inlet” piping extends from the heat exchanger discharge to the vessel inlet, while “outlet” piping 
extends from the vessel discharge to the heat exchanger inlet. 

bNumbers 110, 11 1,112, and 113 refer to portions of systems identified in Figs. 3 and 4 and Refs. 8 and 9. 
Main: main or trunk line 
Pipe/GV:pipe to gate-valve juncture 
GVKV: gate-valve to check-valve juncture 
CVP: check-valve to pump juncture 
ELP: elbow to pump funGture 
F/HX: flange to heat-changer junctllre 
PR: pressure-relief system. 
PL: pressurizer line 

14411. 0 113 750 F 100 1-W9 619 127 

Mangepair 751 F 1001”W10 604 127 
75 1 F 1001-Wl1 604 127 

26 

1337 

1344 
1344 

752 NF 1001-W12 599 I27 1349 



Table 1 (cont'd.) 

'Node numbers used in Refs. 10, 13,18, and 19. 
Wux-type (F) or non-flux-type (NF) welds. 
Weld numbers referred to in Ref. 34. 
fX, Y, 2 spatial coordinates with reference to arbitrary origin.(Refs. 10, 13, and 21). 

gActual location. ANSYS assumes Z = 848 in (See weld no. 1005-Wl). 

27 



Table 2. Circumferential welds in the 4-in. and larger pipe for which hydrostatic proof 
testing is not a satisfactory means of demonstrating structural integrity 

1030 1056-W23 

14-in. 

14-in. 

I 110 844 1176-WS 

111 829 1006-WO 

843 1006-W5 

112 83 3 1004-WO 

I 112 842 1004-W5 

28 



Pipe I/O Descriptor 

16-in. I Main 

Node Weld no. 

696 cw-1EXT 

20-in. I Venturi 722 1007-W3 

29 

I Main 1007-W19 717 

10-in. 0 110 

111 

112 

113 

786 1019-W2 

732 1oos-w1 
799 1005-W2 

800 1005-W3 

804 1005-W6 

808 1005-W8 

735 1003-Wl 

812 1003-W2 

82 1 1003-W8 

749 100 1-W8 



I 

Fig, 1. Circumferential through-wall crack 
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I .  

Rig. 2. Axial through-wall crack. 
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Appendix A 

Calculation of a(HQ, a(E/F), and a(@ for Primary-System 
3411. and larger Pipe and Components 

A.1 Input 

Input for calculation of the stresses fix the welds in the HFIR primary-system 3-fn. and larger pipe is 
provided in Table AI (dimensional data), Table A2 (axial forces and b e n h g  moments due to 
constrained thermal expansion), and Table A3 (axial forces and bending moments for seismic events). 
Prirnary-system pressures included in the analysis are (1) hydro-test pressure of 900 psi; (2) 
emergency/faulted-condition (En;) main circulating-pump discharge pressure at the time of rupture- 
disc failure with full flow (690 psi); (3) L.;/F--condition vessel discharge pressure of 580 psi, which is 
the maximum “normal-operation” pressure that could be experienced at vessel discharge with pony- 
motor flow; (4) normal operating pressure of 520 psi at the pump discharge; and ( 5 )  normal operatmg 
pressure of 470 psi at the vessel discharge. IItems (2) and (4) are used for the E/F and seismic events, 
respe&vely, between pump discharge and vessel mlet, and items (3) and (5 )  are used for the m a n d  
seismic events between the vessel discharge and pump inlet 
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Pipe/ D o  D, 
component (in.) (in.) 

3-in. 3.5 3.068 

4-in. 4.50 4.03 

10-in. 10.75 10.02 

14-in. 14.00 11.70 

14411. 14.00 13.12 

16-in. 16.00 15.00 

18-in. 18.00 16 92 

35 

t R at Z h" 
(in.) (in.) (in.) (in.)' (in.) 

0.216 1.64 7.60 1.724 0.57 

0.237 2.13 9.00 3.21 0.566 

0.365 5.19 14.20 29.90 0.550 

1.150 6.43 5.59 138 0.50 

0.438 6.78 15.48 61.61 0.509 

0.500 7.75 15.50 91.49 0.506 

0.538 8.73 16.23 125.5 0.503 

WEe 

m 
36.00 33.00 1.500 17.25 11.5 1.35~10~ 0.491 

49.90 47.00 1.450 24.23 16.71 2.60~ 10' 0.448 



Table A2. Forces and moments for HFIR primary piping welds: 
constrained-thermal-expansion loads 

I 

Weld 
typeb 

"Brancht' Node" Elementa 

3-in., I 7652 702 NF 

7653 703 NF 

7654 703 NF 

7655 705 N F  

7657 706 IW 

7658 707 NF 

Constrained-thermal-expansion loads 

( W  (lb-in.) (lb-in.) 

1 . 3 6 d 2  - 1.56e+03 1.20e+O3 

-1.20e-t-02 1.53d-03 -2.71e+03 

-1.2Oe-l-02 1.30e4-03 - 3.85e4-03 

F(axia1) M O  M(z) 

- 1 . 3 W 2  4.39e-t-02 - 4 . 0 8 ~ ~ 3  

-1.36e+02 2.03m2 3.65d-03 

3.74ei.00 4.28e-l-02 6.33et-02 

10-in., I, 110 
- 

652 323 NF 6.80ecO2 7.12d-04 2.61et-03 

36 

753 

754 

755 

756 

757 

758 

76 1 

323 F 6. BOeW2 5.13d-04 1.45e-t-03 

325 F -2.59e+01 -4.07m4 - 1.93etO3 

325 F -2.59d-01 8.55e+03 1.61e+02 

3 27 NF 9.88e+02 -2.38d-04 - 1.13et-03 

3 28 NF 9.8&+02 - 2 . 5 2 d 4  - 3.40etO3 

328 NF 9.88eA-02 -2.61d-04 -4.95e+03 

107 NF 9.88eO2 2.29ef-03 - 2 . 6 M  



Table A2 (cont'd) 
~ ~~~ 

Constrained-thermal-expansion loads 

Weld F(axial) 
typeb ( W  

"Branch" Node" Elementa 

10-in., I, 110 762 106 NF 9.88e+O2 

MW M(z) 
(lb-in) (lb-in.) 

7.89e+03 -2.75d-04 

767 

769 

772 

773 

333 N F )  2.02e+02 2.42e4-03 - 1.15e-133 

334 NF 2.02f5-02 - 4.43e+04 -4.67d-03 

120 NF 2.02e+02 1 . 7 4 d 3  - 6.03d-04 

119 NF 2.02e-to2 6.71e+03 - 7.26ei-04 

829 

37 

3 77 F -5.77d-04 - 5.88ei-05 - 2.~7e-1-05 

10-in., I, 112 658 335 NF -7.60eto2 3 . w 4  2 .5om3 

775 335 F -7 .60M2 2.39e-l-04 1.44e+03 



Table A2 (cont'd) 

Weld 
typeb 

"Branch" Node* Element" 

10-in., I, 112 776 337 F 

Constrained-thermal-expansion loads 

(W (lb-in.) (lb-in.) 
F(-) MOI) M(z) 

-9.22e+02 - 2.15e+04 -2.05e+O3 

14-in., I, 112 842 3 87 F -1.42e+04 7.86e+05 

I 664 I 295 I F I -9.11M2 I 4.30ei-04 

lO-h.,  I, 113 660 287 F -1.00e+03 

1022 287 F -1.ooe-1.03 

1.76e+04 

9.5 let-03 

I 666 I 297 I NF I -2.84eM2 I 2.26M4 

665 295 F -9.11M2 3.20e+O4 

I 672 I 145 I NF I -2.84C9-02 I 6.77C9-03 

668 

671 

- 3.62do4 

4.99e4-05 

298 NF I -2.84d-02 -7.76d-04 

146 NF -2.84ei-02 2.00e+03 

- 4.29et04 

- 1.74d-05 

1.83e+05 

-2.81d-05 

1.19d-03 

- 1.58e+03 

-2.37d-03 

-2.OOe4-03 

- 2.12e-t.02 

-2.97d-02 

-9.53d-02 

- 1.10d-03 

-4.155-03 

- 1.09d-05 

- 1.33e+05 

38 



Table A2 (cont'd) 

_ _  

697 243 

"Branch" 

-~ 

NF 1.94etO3 5.34ei-04 -8.56MI3 

14-in., I, 113 

699 

698 

700 

70 1 

705 

Flange pair 

244 F -1.15e+02 2.05e4-04 1.77e+04 

246 NF -1.45M3 8.95e4-02 - 1.86ei-04 

246 NF -1.45e-cO3 8.07e+04 - 1.25el-04 

248 F -1.88d-03 8.85e+04 . -1.9ld-03 

249 F 1.79e+03 6.56ei-04 - 3.17e+03 

Node" 

706 

707 

708 

709 

84 1 

250 NF 1.79e+O3 5.32e+O4 7.85ei-03 

25 1 F 7.01d-02 3.57e+04 - 1.36e-eo4 

253 NF -1.84d-03 - 4.89e4-03 - 2.4&+04 

253 N F  -1.84etO3 -4.82er-04 1.93ei-04 

840 

. 20-in., I 

839 

712 256 F -1.79eM3 2.71d-04 - 3.62e+04 

703 257 F -1.94d-03 8.03e+O4 -2.61&3 

713 258 NF -8.1oe3-02 2.66e+04 - 4.26e-I-04 

838 

838 

714 

716 

837 

259 F -8.lOe+O2 1.41et-04 -5.99e4-04 

26 1 F -4.66e-10 1.16e- 09 1.5 le-09 

Weld Element" 

Constrained-thenmal-expansion loads 

- 7.61eM4 -5.88e+04 5.03eM5 

-7.61d-04 1.57e+05 -4.42H4 

- 5.78d-04 - 2.27ecO5 - 1.85d-05 

-5.78el-04 2.27ei-05 1.85e-I-05 

- 5.78d-04 - 5.82d-05 -2.88d-05 

16-in., 1 696 I 242 I F I 1.94etO3 I 5.52e4-04 I -7.04et-03 

710 255 4.76eiCJ4 - 2 . 0 2 d 4  
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Table A2 (cont'd) 

1028 

720 

Weld "Branch" 1 Node" I Element" 1 typeb 

263 NF 

266 F 

20-in..I I 717 I 262 I F 

-7.52eM2 

-7.52e-t.02 

4.61e+04 -4.60eto4 

-2.22e+o4 5.56e+04 
_ _ _  -~ 

72 1 

722 

649 274 

267 F 

269 F 

-7.52e+02 

-7.52eto2 

Constrained-thermal-expansion loads 

-2.98e+04 6.65eto4 

-4.94eto4 6.66e+04 

-7.52d-02 5.42- - 5.80e+04 

~~ - 

650 

653 

656 

659 

275 F 

279 F 

282 NF 

285 F 

-2.47e+03 

-2.44d-03 

- 7.52e-to2 5.49ec04 

2 .43~14 

-7.52d-02 - 8.08eto3 - 4.54etOO 

-5.97e+04 1.27e+03 

i .74m3 - 5.7 1 6 0 4  

- 1.93e-t.03 

- 1.00e+03 

3.7 le+04 -9.14601 

2.22ei04 1.69et-03 

787 343 

-5.77d-02 

-5.77e+O2 

-7.35e+o4 3.55ei-03 

- 5.29e+04 6.25d-03 

1.09e+O 1 -4.41m4 - 3.48e+03 
I 

14-in., 0, 110 796 349 NF 8.03ei-02 

Flange pair 797 3 50 NF 5.74~5-02 

797 351 F 5.69eCo2 

798 35 1 NF 5.69M2 

- i . 4 o m 4  1.73e+04 

- 1,88e+04 2.41~945 

- 1.88C9-04 2.40ek05 

- 2.27e4-04 3.47C9-05 
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Weld 
typeb 

10-in., 0, 111 732 352 NF 

“Branch” Node” Element” 

799 352 F 
I 

Constrained-thermal-expansion loads 

F(axia1) M W  M(z) 
(W (lb-in.) (lb-in. ) 

3.09er-02 4.23- 7.09ei-03 

3 . 0 9 d 2  3.70e+04 4.56ei-03 

14-h., 0, 111 809 360 

Flange pair 8 10 36 1 

8 10 362 

81 1 362 

F 3.54d-02 - 4.33e-r-04 1.77e+04 

F i .04m2 - 4.85e04 2.44er-05 

F 1.01e+02 -4.85eto4 2.43e+05 

F 1.01e+o2 -5.13- 3.52d-05 

82 1 370 - 7 . 0 1 d 4  - 1.92e+05 

815 

817 

367 NF -7.73eH)l 2.33ei-04 1.29e+03 

368 NF -7.73&1 - 1 . 4 W  -9.27t9-03 

I 

824 373 F -3.40&02 -8.39M4 3.6Oer-05 

819 369 1 NF 1 -7.73~9-01 1 - 2 . 7 W 4  

41 

6.78d-04 

14-in., 0, 112 822 371 F -7.73~9-01 

Flange pair 823 3 72 F -3,70e+02 

823 373 E: -3.40&02 

- 7.59et04 1.88ecO4 

- 8.2 1 er-04 2.49e+05 

-8.21e-l-04 2.6015-05 



Table A2 (cont'd) 

"Branch" 

10-in., 0, 113 

I 'Constrained-thermal-expansion loads 

Weld F(axia1) MOI) M(z) 
typeb t W  (bin.) (lb-in.) Nodea Element" 

737 309 NF -5.29m2 9.30e-CO3 1.10d-03 

1029 309 F -5.29eM2 3.68d-43 - 2.06e+03 

739 311 F -5.29et-02 - 1.20d-04 - 1.4&+02 

742 3 14 F -5.29M2 - 4.21e04 7.05~3-03 

743 3 16 NF -2.18eM2 3.75ei-04 5.58e4-02 

745 317 NF -2.18eM2 - I .97e-t04 -7.35e+o3 

747 3 18 NF -2.18et-02 -3.61d-04 6.72d-04 

749 3 19 F -2.18M2 - 8.65e+04 -1.91~945 

14-in,O, 113 750 320 F -2.18d-02 - 9 . 3 4 m  i .76m4 

75 1 321 F - 5.29~9-02 -9.99W04 2.46et-05 

75 1 322 F - 5 . 3 0 d 2  - 9.99d-04 2.45et-05 

752 322 NF -5.30d-02 - 1.01e+.05 3.54e4-05 

,682 230 

- 7.20e4-02 

- 7.2oecO2 

-7 
687 

- 2.34et.04 2.33e+04 

- 1.65er-O4 2.95d-04 

- 8.62d-02 

-8.62~9-02 

- l . O W O 1  

- 1.1855+03 

-9.73et.02 

- 5 . 2 9 d 2  

-7.01- -8.32d-03 

- 1.20&-04 I. 92e+03 

1.55e1-04 2.82d-04 

- 1.46eto4 - 1.49d-04 

3.88e+04 -4.6&+03 

1.28d-04 3.06et-03 736 307 F 

69 1 

728 

238 F 

299 NF 

-4.41d-02 1.15et.04 3.78et.04 

- 4.4 leM2 - 5.8&+04 

729 

732 

301 F 

304 F 

"Node and element numbers used in Refs. 10,13,18, and 19. 
bFlw and non-flux welds. 
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Table A3. Forces and moments for aFiR primary piping welds: seismic loads 
1 Seismic loads 

10-in., I, 110 652 323 

753 323 

754 325 

1021 456 NF 2.62e- 12 6.57e-11 1.30e-12 

NF 1.29e+O3 i . o g m 5  2 . n m 3  

F 1.29e-i.03 8.43e-f-04 1.37eM3 

F 3.24et-02 6.9 le+04 2.06ei-03 

_ _  r ~- ~~ 

755 

756 

325 F 3.24d-02 1. i 4 m 4  2.74e-to3 

327 NF 1.62e103 3.08e+04 1.38ei-03 

43 

_ _ ~  __ - ~ 

757 
~ 

328 NF 1.62e+03 1.40ei-04 1.57eiO3 

758 328 NF 1.62d-03 8.23ei-03 3.84e+03 

76 1 

762 

- 

107 NF 1.66e-tO3 6.18e+03 1.39e+O4 

106 WF .1.66&3 1.07~943 2.52e+04 



Flange pair 826 374 NF 1.88e+O3 1.65e+04 3.09~9-03 

826 375 F .1.88e+O3 1.65ei-04 3.09~9-03 

825 374 NF 1.88etO3 2.15d-04 4.07et03 

10-in , I, 11 1 655 329 NF 1 . ~ 3 ~ ~ 3  

764 329 F 1.83e+O3 

765 33 1 F 5.59e+O2 

766 33 1 F 5.59eI-02 

767 333 NF 2.33H3 

769 334 NF 2.33ei-03 

772 120 NF 2.39etO3 

773 119 NF 2.39e+03 

1.47ei-05 7.61d-03 

1.17e+05 2.98ei-03 

9.63m4 4.52erO3 

3.29ecO4 5.2W03 

6.OOei-04 3.45e4-03 

1.43e+O4 i.20e+O4 

8.82e+O3 2.02eC04 

1.51d-03 4.04e+04 

44 

IO-in., I, 112 658 335 NF 

775 I 335 F 

776 

777 

337 F 

337 F 



Table A3 (cont’d) 

1 Seismic loads 

“Branch” 

10-in., I, 112 

Node“ Element“ 

780 340 

783 133 

784 132 

F(axial) 
Ob-in.) Ob-in.) 

2.2oe-r-03 

14-in., I, 112 842 387 F 3.16ed-02 2.01e-tQ4 

836 382 NF 1.47e4-03 3.07ei-04 

83 5 382 F 1.47e-l-03 7.85e+03 

Flange pair 834 380 F 1 . 5 W 3  1.67d-04 

834 381 F 1.60e+03 1.67e-tO4 

833 380 F 1.56e+O3 1.86e+O4 

NF 2.25e-tO3 1.34e4-03 4.32e+04 

1 . 7 7 ~ 1 4  

1.02d-04 

3.13ei-03 

3.93e+03 

4.12e+03 

5.21ei-03 

14-in., I, 113 

IO-in., I, 113 

** 

. 

84 1 386 F 2.75&2 2.5 le+04 1.47e+04 

840 385 NF 1.69M3 2.57eco4 9.81t5-03 

1023 288 

1024 290 

1025 291 

663 293 

664 295 

665 295 

666 297 

672 145 

F 3.48e+O2 2.83e+04 1.74e+03 

3.48e4-02 

3.22er-04 3.95ei-03 

2.94d-02 4.70e-l-03 

F 4.94e+O2 2.43~9-04 4.12ei-03 

NF 5.04d-02 2.46e+04 1.03eto3 

NF 5.09M2 1.62e+04 1.00e+04 

NF 5.81e+02 6.03e+O3 1.51ei-04 

NF 5.81d-02 1.08t9-03 1 i.otieto4 
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Table A3 (cont’d) 

Seismic loads 

“Branch” 

14-in., I, 113 

Flange pair 

Node” 

83 9 

838 

838 

837 

1.58etO3 

3 84 1.57e4-03 

16411, I 696 242 F 

697 243 NF 

699 244 F 

383 NF 1.58et-03 

3.23e+03 1.20d-05 

3.23etO3 7.33eM4 

3.21e-r-03 3.09ei-04 

(lb-in.) (lb-in.) 

~ ~~ 

698 

700 

70 1 

705 

706 

6.88e4-03 3.53et-03 

246 NF 4.63e+03 5.1 le-eO4 1.01e+04 

246 NF 4.63ei-03 7.99eco4 8.46M4 

248 F 2.78ei-03 3.1Oe+O4 2.9 le+04 

249 I F 7.78d-02 1.19e+O4 1.86e+04 

250 NF 7.78e+O2 2.10ei-04 2. i 2 m 4  

1.87ei-04 4.63e+03 

~~ ~~ 

707 

708 

25 1 F 1.13e+03 2.63etO4 1.79e-r-04 

253 N F  4 . 1 7 ~ ~ 2  1.05d-04 1 . 2 6 d 4  
I 

1.56e+04 

709 

710 

6.07e+03 

253 NF 4.17e-r-02 

255 F 1.14e+O3 

1.79e+04 

20-in., I 712 256 F 

703 257 F 

713 258 NF 

714 259 F 

8.75et-02 1.21d-05 1.93~9-04 

3.57m3 7.13e+04 6.54d-04 

1.15e+03 2.34eto4 7.20et-04 

1.15ei-03 1.27d-04 1.29e+05 

717 262 F 6.55e+03 

7.84e+04 I 1.73et-04 

1.52ei-05 1.93e+05 
1 

1028 263 I N F I  6.553-03 1.3Sd-05 1.76d-05 

46 



Table A3 (cont’d) 

47 



Table A3 (cont’d) 

. .  

14-h, 0, 111 809 360 F 1.09M3 

Flange pair 810 361 F 1.06ecO3 

810 362 F l.Mei-03 

811 362 F 1 . 0 6 d 3  

3.86ec04 4.3 leN3 

5.15e+04 1.56d-04 

5.15d-04 1.57e4-04 

5.57e+04 1.98e+O4 

10-in., 0,112 73 5 

812 

363 NF 8.1oe+o2 7.75ei-04 6.3 le+O3 

363 F 8.1oeco2 5.76d-04 2.39e+03 

370 1 1.20d-03 1 2.71e+04 I 1.15e+04 

822 

823 

823 

824 

14-h., 0,112 37 1 F 1.20d-03 3.81e+04 3.92ei03 

372 F 1.22~3-03 4.78d-04 1.43e+O4 

373 F 1.25t9-03 4.78e+o4 1 . 4 1 W  

373 F 1.25e+O3 5.05e+O4 1.85~9-04 

Flange pair 
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Table A3 (cont'd) 

lS-in., 0 680 228 F 

68 1 230 NF 

682 230 NF 

683 232 F 

3.63d-02 2.02- 7.76&-04 

4.06e#2 2.1 le-t.04 7.17d-04 

4.06eI-02 2.4Oer-04 6.67eC04 

7.64m2 5.62eto4 6.08~944 

685 

687 

23 2 NF 7.64e+02 8.94e+03 2.93&04 

233 NF 8.60ei-02 4.48d-04 2.26d-04 

69 1 238 

728 299 

49 

F 1.OOe+03 7.69e+04 6.0%+04 

NF 1.19d-03 5.64e+O4 1.59d-04 

732 

736 

304 F 1 .35H3 3 .63M4 1.07e+O4 

307 F 6.24e+02 1.55e+O4 7.18e+03 



A.2 Calculations 

Values of, o(H/T), o(E/F), and o(S) were calculated for each of the welds identified in Table 1, and 
the results are presented m Table A4 for the non-flux welds and Table A5 for the flux-type welds. 
These tables also identify the welds for which a(HT) < a(E/F) and a(H0 < o(S). These are the welds 
for which hydro testing is not a satisfactory means of demonstrating structural integrity. 

A sample calculation is included below for Node 843, which is at the attachment of a 14-in., 90” 
elbow (Di = 1 1.70 in.) to the d e t  of the pump in Branch 111. 

The values of a(HT), o(E/F), and 4s) are calculated using Eqs. (20), (21), and (22), leavhg out the 
thirdtems. Thus, 

900 90OX(11.7)’ x 0.5 = - x 5.59 + 
2 4 x 138 

= 2.52 x IO3 + 0.35 x I d  = 2.87 x lo3 psi 

580~(11.7)’ x 0.5 
4 x 138 

- -  - x 5.59 + 
2 

7.97 x iosy + (-3.23 x 104)21” - 1.43 x io4 x 0.5 4 x 1.43 x 104 
138 138 ~(14’ - 11.72) 

+ 1.8 { 1 
= 1.62 x IO3 + 0.23 x lo3 + 9.76 x lo3 = 11.6 x lo3 psi 
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- -  47On(l1.7)2 x 0.50 
4 x 138 

- 470 x 5.59 + 
2 

7.97 x 105 + 2.34 x 104)2 + Q.23 x 104 + 2.06 x 104~p” 
138 

+ 1.8 { 1 
+ (-1.43 x lo4 + 3.47 x lo2) x 0.50 + 4(-1.43 x lo4 + 3.47 x 102) 

138 lc(14.Oo2 - 11.70“) 

= 1.32 x lo3 + 0.18 x IO3 + 10.08 x Id = 11.6 x lo3 psi 

For the hydro test to be an appropriate demonstration of structural integr;tv9 Eq. (10) must be satisfied. 
The required condition is 

(Ob + Om) (HI) (ub -b Om) IWc) (10) 

Fram the above calculations, 

It is apparent that Eq. (10) is not satisfied, and thus hydro testing is not an appropriate means of 
demonstrating the structural integrity of the particular weid (node 843). 
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7655 

7657 

7658 

4.4 

4.6 

4.5 

1020 

1021 

I I 111 1 655 I 7.7 I 13.6 1 Y 

4.2 

3.5 

52 

76 1 

762 

6.5 4.8 

5.9 4.8 



Table A4 (cont’d) 

6.5 -t- 5.3 I 772 I 

113 666 

668 

67 1 

672 

I 773 I 

7.7 6.0 

5.7 

6.5 4.7 

5.9 5 .O 

14-in. I 110 828 

827 

826 

825 

5.9 I 5.7 I 

520 8.0 5.7 

5.1 

5.3 

5.5 

I I I I I 784 I 5.9 5.7 I 

I I I 111 832 5.9 

I 1 I I 112 836 5.7 1 
113 840 

14.h .  837 

5.6 

5.3 
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Table A4 (cont.’d) 

706 

708 

709 

I 

5.2 

4.9 

6.2 

I I 656 6.4 1 

54 

79 1 

793 

795 

6.5 

6.5 

5.2 



Table A4 (cont.'d) 

14-in. 

I 813 I 

0 110 796 470 8.0 4.9 

797 5.3 

798 5.4 

I 7.0 

1 I I 113 752 

815 6.2 

817 7.6 

5.8 

I 819 I I I 7.3 

Y 

I I I 728 I I I 5.2 I 
"See footnote to Table 1. 

55 



Table A5. tr(MT), a(Ejl? and a(@ for flux-type welds in HFIR 
primary-system 3-in. and larger piping 

8.4 

I 1 I 

Y 11.2 

; 
13.0 

1 6.4 5.7 

111 764 

765 

766 

Y 

7.6 13.6 Y 

7.3 11.8 Y 

6.6 7.3 . 

112 775 

776 

777 

7.2 12.3 Y 

7.0 10.8 Y 

7.6 8.4 Y 

I I I I 7.7 I 7.8 Y 

14-111. I 110 844 580 470 2.9 11.6 Y 11.8 Y 

I I 1 I 7.3 1 826 I I 8.0 I 7.6 I I I 

Y 111 843 

83 1 

56 

2.9 11.7 Y 11.6 

8.0 1.4 0.9 



PiPe I/oa %*Ora 

14-in. I Flange 
pair 

V ( U f l ’  ’ 
Node“ P(E/F3 PO OW) OOZE) a(W? o Q  o(HT)? 

[psi] [psi] psi] [ksi] M Fsil M 
830 580 470 8.0 7.4 7.2 
830 7.4 7.2 

829 17.8 Y 17.8 Y 

112 

Flange 
pair 

842 2.9 11.5 Y 11.5 Y 

83 5 8.0 1.5 0.9 
7 

834 7.3 7.0 
834 7.3 7.0 

83 3 18.8 Y 18.6 Y 

57 

113 

Flange 
pair 

84 1 2.9 11.6 Y 11.6 Y 

839 8.0 1.5 0.9 

838 7.3 6.9 
838 7.3 6.9 

20-in. I Main, 
Tee 

703 690 520 8.1 7.0 6.5 

712 6.5 6.2 

714 6.8 6.7 



Table A5 (cont.'d) 

10-in. 0 110 786 

788 

- 
Node' 
- 

716 

717 
- 

580 470 7.7 8.1 Y 7.8 Y 

5.4 5.6 

720 

721 

722 

723 

650 

653 

659 

- 
- 
- 
- 
- 
- 

I 111 ,799 I I 7.3 

I ~ 

6.4 5.1 

10.0 Y I 7.3 I 111 I I 10.0 I Y 799 I 
800 

80 1 

808 

I I  
6.9 

5.8 6.4 

16.7 Y 17.1 Y 

112 812 

814 

82 1 

6.4 9.1 Y 

6.7 7.2 

17.3 Y 17.8 Y 

I I 9.0 1 .  Y 
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Table A5 (cont.'d) 

111 809 

. .  Flange 810 
pair 810 

811 - 

6.5 6.8 

12.4 Y 12.4 Y 
12.4 Y 12.4 Y 

15.5 Y 15.5 Y 
L ~ 

113 750 

Flange 751 
pair 751 

"See footnate to Table 1. 

7.9 8.0 

12.9 Y 12.8 Y 
12.9 Y 12.8 Y 
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