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FOREWORD 

Examination, analysis, and interpretation of a bundle test take 

place over a long period of time, and it is our practice to report prog­

ress and results as they become available. Dissemination of the informa­

tion in this manner results in its being disjointed and scattered through­

out several publications. This presents some problems to the users in 

that one is never sure if the information at hand is the most recent. 

It is our intention to alleviate some of these problems by (1) publica­

tion (with limited distribution) of a data report on each bundle test and 

(2) publication of interpretative reports when sufficient information has 

been developed to warrant such action. 

Consistent with this intention, the objective of this report is to 

provide a reference source of information and results obtained during the 

B-2 test and from pretest and posttest examination of the test array. We 

believe the data presented herein, consisting of plots, tabulations, and 

photographs, are both necessary and sufficient for interpretation of the 

test. In deciding what (and how much) information should be included, we 

had to anticipate to a certain extent the potential uses of the data. As 

a result, certain data have been excluded, but these contain information 

that can be characterized as analysis and "second generation" data, such 

as comparative temperature vs time plots and computer-drawn cross 

sections. 

Also, it was decided that the data should be presented in this refer­

ence source with a minimum of interpretation. We will continue to publish 

interpretations in our progress reports, and, finally, we plan to publish 

an interpretative report on all the bundle tests. This final report will 

be based on data reported in the individual test data reports, such as 

this one, and information reported in the progress reports. 

This report is derived from research performed by the Multirod Burst 

Test (MRBT) Program at Oak Ridge National Laboratory (ORNL). This re­

search is sponsored by the Division of Reactor Safety Research of the 

Nuclear Regulatory Commission, and the results are published routinely 

in a series of progress reports, topical reports, quick-look reports, and 

data reports. This particular report is in the last category. 
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ABSTRACT 

A compilation of B-2 test data is presented. These data were ob­

tained during the test and from pretest and posttest examination of the 

test array. They are presented in considerable detail with minimum inter­

pretation, which will be the subject of a future report. 

The B-2 test is the second of a series of 4 x 4 bundle tests per­

formed by the Multirod Burst Test (MRBT) Program at Oak Ridge National 

Laboratory (ORNL). This research is sponsored by the Nuclear Regulatory 

Commission (NRC). 

A brief description of the experiment and a summary of bundle perform­

ance are also included with the results of the B-2 test. Both graphical 

and tabular formats are used to show temperature, pressure, and tube rup­

ture data as functions of test time; strain data for the cladding in each 

of the fuel rod simulators; and flow test results obtained after the bun­

dle test. Photographic documentation is provided for both the overall 

bundle, before and after testing, and the 53 cross sections cut from the 

tested bundle for strain measurements. 

The purpose of this report is to provide a background document for 

interpretative reports published previously and to be published in the 

future. 



1. INTRODUCTION 

This report presents, in detail, the experimental data for the sec­

ond 4 x 4 multirod burst test (B-2), conducted within the framework of 

the Multirod Burst Test (MRBT) Program at Oak Ridge National Laboratory 

(ORNL). This work is sponsored by the Division of Reactor Safety Research 

of the Nuclear Regulatory Commission (NRC). The report is intended pri­

marily as a source document for B-2 test results, with a minimum amount of 

interpretation of the data. Because of this, it should be read in con­

junction with the published1- 5 results and interpretations. 

No inferences should be drawn from the tabular data in this report 

concerning their precision. In most instances, the tabulations were gen­

erated by computer routines from data tapes, and the values are given to 

more significant figures than the data warrant. The appropriately refer­

enced reports should be consulted for insight into both the precision and 

the accuracy of the data contained herein. 

The primary objective of the B-2 test, which was performed success­

fully on October 3, 1977, was to determine if a relatively large tempera­

ture difference between the electrically heated bundle and its surrounding 

shroud would have a significant effect on bundle deformation. A secondary 

objective was to clarify some questions raised in the B-1 test relative to 

the performance of the shroud and its associated instrumentation. These 

objectives could be satisfied best by conducting the B-2 test under nomi­

nally the same conditions as the B-1 test except for omitting electrical 

heating of the B-2 shroud. This exception is, therefore, the major dif­

ference in the two tests. 

Following the format of the previous report 6 in this series, a brief 

description of the test design and procedure will be given, followed by 

the test results. 
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2. TEST DESCRIPTION 

Figure 1 is a simplified drawing of the test assembly as used for 

the first bundle (i.e., the B-1) test; internal modifications, consistent 

with test objectives, were made to the assembly for the B-2 test. These 

modifications (not shown in the figure) included (1) a means for bypass­

ing the electrical current around the shroud, (2) addition of 6 shroud 

thermocouples (12 total), and (3) replacement of the "Fiberfrax" insula­

tion board around the shroud with a static steam gap and reflective-type 

insulation to minimize shroud heat losses and possible heat sinks. The 

gap between the shroud and the reflective insulation was maintained by 

13-mm-OD by 7.6-mm-ID spacers of glass-bonded-mica material as shown in 

Fig. 2. 

Table 1 and Fig. 3 give pertinent details of the fuel pin simula­

tors. The fuel simulators (internal heaters) used in the test assem­

blies were the best available from the last lot supplied by SEMCO. In 

general, the fuel simulators were of equivalent quality (based on axial 

temperature distribution as determined from the pretest infrared char­

acterization scans) to those used in the first bundle test. 

The Zircaloy-4 tubes (10.92 mm OD x 0.635 mm wall thickness) used to 

fabricate the test assemblies came from the master lot of tubing pur­

chased7 for use in all the NRG-sponsored cladding research programs. 

Serial numbers of the tubes are given in Table 1. 

Each fuel pin simulator was instrumented with a fast response, 

strain-gage-type pressure transducer and four Inconel-sheathed (0.71 mm 

OD), type K thermocouples with ungrounded juctions. The thermocouples 

were spot-welded (using a device8 developed specifically for this pur­

pose) to the inside of the Zircaloy-4 tubes at axial and azimuthal posi­

tions (nominally the same as used in the B-1 test) selected to provide an 

overall indication of the temperature distribution within the test array. 

All the simulator thermocouples were operative during the test. Twelve 

thermocouples (0.71 mm OD, stainless steel sheathed, type K, with un­

grounded "duckbill" junctions) were spot-welded to the outside of the 

0.25-mm-thick shroud surrounding the rod array. One face of the shroud 

had six thermocouples to provide information on the axial temperature 
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distribution, while two thermocouples were located on each of the other 

three faces. Figures 4 and 5 give the thermocouple identifications (for 

use in subsequent tables and figures) and nominal as-built locations as 

used in the test. 

Millivolt signals from the pressure transducers, thermocouples, and 

electrical power measuring instruments were recorded on magnetic tape by 

a computer controlled data acquisition system (CCDAS) for subsequent 

analysis. 

Preparations for the test began early on October 3, 1977, with heatup 

of the test vessel and checkout of the instrumentation. Thermal equilib­

rium of the assembly was achieved in about 6 hr; leak rates of the fuel 

pin simulators were acceptably low ((35 kPa pressure loss per minute). A 

short powered run (4-sec transient) was then conducted to ascertain that 

the CCDAS and all the instrumentation were functioning properly and that 

the performance of the test assembly was as expected. Examination of the 

quick-look data from this short transient showed that the indicated per­

formance was as expected, except that one fuel pin simulator (No. 9) had 

developed a moderate leak (about 200 kPa pressure loss per minute). Al­

though this leak was not nearly as severe as that experienced by one of 

the simulators in the B-1 test, on-the-spot checks were insufficient to 

identify (and correct) the source. It was decided to proceed with the 

test as soon as thermal equilibrium was reestablished. 

Following stabilization of the bundle temperature at about 335°C 

after the short powered run, all the fuel pin simulators were pressurized 

simultaneously with helium to approximately 8800 kPa and isolated from the 

pressure supply system. Superheated steam (inlet conditions of 332°C and 

200 kPa) flowed downward through the bundle (flow rate, ~S kg/hr; Re= 290 

based on inlet conditions and undeformed bundle dimensions) during the 

transient. The steam flow was increased to ~30 kg/hr when power was 

terminated to facilitate cooldown; the test vessel was vented to atmo­

spheric pressure simultaneously with the increased steam flow. 

The test could be terminated by any of four actions: (1) CCDAS ac­

tion resulting from a signal that all 16 simulators had burst, (2) CCDAS 

action that 10 thermocouples had exceeded the upper temperature limit 

(100°C above the expected burst temperature) for 3 successive scans, (3) a 
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timer that limited the transient to a predetermined length of time, and 

(4) operator override. Even though the simulator 9 burst was delayed 

slightly (due to a small loss in pressure), the test was terminated by 

the first criterion - all 16 simulators burst before the high-temperature 

limit was reached. 

Following the burst test, the bundle was removed and examined visu­

ally; characteristic dimensions were made for comparison with pretest mea­

surements, and extensive photography was performed to document the phys­

ical appearance. The fuel simulators were then removed and the bundle was 

flow tested in a water test loop to characterize the flow resistance 

caused by the deformation. Similar flow tests were performed on an unde­

formed reference bundle for comparison. Both the B-2 and the reference 

bundle were flow tested in each of two flow shrouds identified in perti­

nent MR.BT reports as shrouds 1 and 2. 

After completion of the flow tests, the B-2 bundle was cast into an 

epoxy matrix and sectioned at approximately 53 axial positions, and the 

deformation was determined on each tube in each section by analyzing 

photographs (5x) of each section. 
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3. SUMMARY OF BUNDLE PERFORMANCE 

Table 2 summarizes pertinent data from the test; these data have been 

revised slightly from those included in the B-2 quick-look report. 1 Ini­

tial pressure conditions for the test were essentially the same as those 

used in the B-1 test; 6 however, the initial temperature in this test was 

about 20°C lower. As indicated in the table, the initial temperature dis­

tribution throughout the bundle was very uniform. All 12 thermocouples on 

the shroud indicated initial temperatures in the same range (333 to 335°C); 

the inlet steam conditions remained constant (5 kg/hr downflow at 332°C and 

200 kPa) throughout the transient. 

The table also lists the temperature indicated by each of the thermo­

couples at the time of burst for the respective simulators. The spread 

in temperatures in a given simulator is not unusual, considering the loca­

tion of the thermocouples (see Fig. 5) and the power distribution of the 

fuel simulators as determined from the pretest infrared characterization 

scans. The last column in the table gives the burst temperature predicted 

from the correlation9 derived from our single-rod tests, using the mea­

sured burst pressure as input. Comparison of the measured burst tempera­

tures (underlined values in the table) with the predicted values shows 

reasonable agreement. 

The performance of the simulators was about the same with the excep­

tion of No. 9, which reflected the loss in pressure discussed earlier. 

The first two bursts (simulators 8 and 11) occurred simultaneously (i.e., 

within the 0.05-sec resolution time of the CCDAS clock) 17.80 sec after 

start of the transient; the 12th through 15th bursts (simulators 1, 3, 4, 

and 14) occurred simultaneously after 18.30 sec of heating, and the last 

burst (No. 9) took place 1.75 sec later. Power to the bundle was termi­

nated 0.30 sec after the last burst by a signal generated by the CCDAS 

that all 16 simulators had burst. 

Table 3 lists some of the volume-related data for the B-2 tubes. 

It can be seen that the initial gas volumes were quite uniform among the 

tubes - ranging from 48.5 to 51.0 cm 3 - but bore little relation to 

either the fractional pressure decreases or the fractional volume in­

creases. Although the simulator gas volume is reasonably typical, the 
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distribution of the volume is not typical of a full-length fuel rod. Of 

the total initial volume (at room temperature), about 13% is in the heated 

portion of the annulus between the fuel simulator and the inside diameter 

of the Zircaloy tube, 10% is in the unheated portion of the annulus, 33% 

is in the pressure transducer and connecting tube, and 44% is distributed 

in the end regions (mostly at the upper end) of the fuel pin simulator. 

At any given time during the test all these volumes have different tempera­

tures (the major volumes remain at or near room temperature), ranging from 

room temperature to cladding temperature, and one cannot calculate the 

fractional volume increase from the pressure decrease in a straightforward 

manner. Instead, we calculated the volume increase from the tube deforma­

tion profiles (assuming circular cross sections). 

Table 4 is a computer printout of the conditions existing at the time 

of maximum pressure (corresponding approximately to the beginning of plas­

tic deformation) of each simulator. It should be noted in this and other 

computer printouts of data that simulator 9 developed a leak prior to the 

transient and its behavior was abnormal. Tables giving pressure and tem­

perature conditions throughout the bundle at the time of each burst are 

presented later in the report. 

Table 5 gives the time distribution of the bursts; a histogram is 

given in Fig. 6. As is evident, most of the bursts (15) occurred in a 

0.5-sec interval, the same as observed in the B-1 test. Also, the bursts 

in B-2 occurred about 0.8 sec later into the transient than was the case 

for the B-1 test. The delay is accounted for almost entirely by the ap­

proximately 20°C lower initial temperature condition for the B-2 test and 

slightly different heating rates. The average heating rate for the B-2 

test over the time interval 3 to 15 sec was 29.9°C/sec, and for the B-1 

test it was 30.1°C; this time interval represents the more or less linear 

portion of the average temperature versus time curve. 

The burst temperature-burst pressure data for the B-2 test (excluding 

the No. 9 simulator) are compared in Fig. 7 to the B-1 data, to our single­

rod correlation,9 and to the two single-rod tests (SR-28 and SR-29) that 

were conducted9 for comparison with the bundle simulators. We have assumed 

the burst temperature (underlined value in Table 2) for the individual 

simulators to be the highest measured at the time of failure; this is 
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consistent with the definition used for the B-1 test and for the single­

rod tests. At first glance it appears that the bundle data indicate 

higher burst temperatures than would be predicted from the single-rod 

correlation; however, it should be noted that the correlation is based 

on external bare-wire thermocouple measurements, whereas the bundle tem­

perature measurements were obtained from internal sheathed thermocouples, 

which indicate, in general, slightly higher temperatures. The range of 

burst pressures was about the same as observed in the B-1 test. In gen­

eral, the B-2 tubes burst at slightly higher pressures and lower tempera­

tures, as shown in Fig. 7. Also, the B-2 data are in slightly better 

agreement with the single-rod correlation. 
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4. BUNDLE TEST RESULTS 

This section presents, in a number of subsections, the detailed re­

sults of the B-2 test. The purpose of this presentation is to provide a 

fairly complete reference source of uninterpreted data. 

Part of the following presentation will be in the form of data plots 

to provide an overall picture of the progress of the test. Much of this 

graphical information is backed up by exhaustive computer-acquired data 

listings which are stored on magnetic data tapes. For example, the 

temperature-time and pressure-time curves are plotted from readings taken 

at 0.05-sec intervals during the temperature transient. Tabular data are 

presented where detail is deemed important, for example, the conditions of 

the bundle at the time of each tube rupture. 

4.1 Transient Results 

4.1.1 Bundle average behavior 

The information contained in this section was obtained during the 

course of the B-2 test transient. The data were recorded by the data ac­

quisition system in the continuous scan mode (i.e., 10,000 samples/sec; 

~100 sensors) over a period of about 10 min. Each rod was instrumented 

with four thermocouples .attached to the interior surface at various eleva­

tions (see Fig. 5) above the bottom of the heated zone. In addition, the 

heated shroud was monitored by 12 thermocouples attached to its outer sur­

face. These locations are shown in Fig. 4. Average bundle and shroud 

temperatures and heating rates were obtained by averaging the thermocouple 

measurements in various combinations. 

Figure 8 shows the average bundle and shroud temperatures and the 

bundle-shroud temperature difference as a function of heating time, until 

the first tube burst. Figure 9 shows the average bundle and shro~d heat­

ing rates as a function of heating time over the same period. The pres­

sure of rod 8 (the first to burst) is shown in the figure for reference. 

Figure 10 shows the average temperature of the bundle over a much longer 

portion of the test. 
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The radial distribution was obtained by averaging certain thermo­

couple measurements, as shown in Fig. 11. The axial distribution was 

obtained by averaging thermocouple measurements at various elevations in 

the bundle. The axial and radial distributions are shown in Figs. 12 and 

13, respectively, for times up until the first tube burst. The number of 

measurements averaged to obtain the plotted data points are indicated in 

each of the figures. 

The axial distribution of the tube bursts is noted on the right side 

of Fig. 12; however, burst times and temperatures are not depicted in this 

figure. Figure 14 shows (until the end of the continuous data scan) the 

axial temperature distribution during the posttest cooldown. The dashed 

lines indicate the distribution at the time of the first tube burst (17.80 

sec) and the time power was terminated (20.35 sec). 

4.1.2 Pressure and temperature plots as a function of time 

Individual pressure and temperature curves for the simulators are 

shown in Figs. 15 through 30. These curves were computer-plotted at 0.05-

sec intervals from the magnetic data storage tapes. Each of the figures 

is comprised of four temperature plots (corresponding to the four thermo­

couples attached to the individual simulator) and one pressure curve. 

Thermocouple identification in the figures follows the numbering scheme 

shown in Figs. 4 and 5. 

In general, the burst time for each simulator can be detected by the 

sudden drop in the pressure curve. This is also reflected in the te~per­

ature curves as sudden changes in their slopes. The time of maximum pres­

sure (see Table 4) is also the time at which the major expansion of the 

rod began. Subsequent plastic deformation caused a continuing decrease in 

pressure until rupture occurred. The behavior of simulator 9 was differ­

ent (e.g., compare Figs. 23 and 24) due to a leak that developed prior to 

the transient. 

4.1.3 Bundle conditions at the time of rupture 

The preceding section showed graphically the progress of the B-2 bun­

dle through the test transient. Qualitative information on burst-time, 

temperature, etc., can be obtained from the various figures, but more 
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quantitative information on the bundle conditions at the individual burst 

times is given in Tables 6 through 21. These tables (computer printouts 

from the data tape) list the times from power-on and power-off for which 

the tabulation was made, the simulator differential pressure, simulator 

temperatures (with minimum, maximum, and average values), and times from 

the other tube bursts (relative to that for which the table pertains). 

Pertinent miscellaneous data are also printed out. These include shroud 

temperatures (TE 17-1 through TE 19-4), steam inlet (TE-304) and exit 

(TE-305) temperatures, vessel pressure (PE-301), bundle current (EIE-10), 

and bundle voltage (EEE-10). The thermocouples for measuring steam tem­

perature (TE-304 and TE-305) were positioned (the same as in the B-1 test) 

such that they did not provide true values. In comparing the various sim­

ulators, it should be noted that the No. 9 simulator behaved abnormally 

due to partial depressurization. 

4.2 Pretest and Posttest Results 

The information contained in this section was obtained from the pre­

test and posttest examinations of the B-2 test array. Some information, 

such as the simulator infrared scans, 10 resulted from quality assurance 

efforts made to characterize the test components. Other information, such 

as bundle cross-section photographs, were obtained as a step in the post­

test examination of the bundle. The results are presented in considerable 

detail, since we believe these data are extremely important to the inter­

pretation of the test in terms of deformation behavior and distribution. 

4.2.l Pretest bundle photographs 

Although not directly applicable to the interpretation of the B-2 

test, selected photographs of the bundle assembly are included in this 

section for general interest. Various details of the grid spacers, pres­

sure lines, and monitoring instrumentation may be seen. 

The shroud assembly for B-1 was modified for the B-2 test. These mod­

ifications, which are consistent with test objectives, included (1) by­

passing the shroud with the current from the bundle and (2) replacing the 

laminated alumina-silica insulation board around the shroud with a com­

bination gas-gap and reflective-type insulation, as shown previously in 
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Fig. 2. The shroud thermocouples were also revised in type and number. 

Since the shroud was not electrically heated, it was unnecessary to pro­

vide isolation of the thermocouples attached to it. 'lwelve 0.71-nnn-OD, 

stainless-steel-sheathed, type K (with ungrounded duckbill junction) ther­

mocouples were spot-welded to the outside surface of the unheated shroud 

surrounding the rod array at the locations given in Fig. 4. 

Figure 31 shows the B-2 test array just prior to installation of the 

unheated shroud. One face of the shroud box with the gas-gap reflective 

insulation is shown beneath the array. Portions of the original laminated 

alumina-silica board remain at the upper and lower ends to prevent bypass­

ing of steam flow around the bundle. The spacers on the shroud box are 

standoffs (see Fig. 2) machined from glass-bonded mica. These provide for 

spacing of the shroud and shroud box while presenting a minimum of contact 

area to the shroud. The white areas on the grid spacers are also lami­

nated alumina-silica insulators. 

Figure 32 shows the B-2 array completely assembled and ready to in­

stall in the burst test facility. The bundle current return conductors 

(nickel rods) are shown exiting through the upper flange instead of re­

turning through the shroud as was done in the B-1 test. 

4.2.2 Posttest bundle photographs 

After the test was completed, B-2 was removed from the test vessel 

for examination. Figure 33 is an overall view of the bundle (above) and 

the shroud (below) after partial disassembly. The four grid spacers can 

be seen, as well as the heated length which appears as the shiny black 

region of the bundle. 

The following photographs show all four faces of B-2 immediately 

after removal from the test vessel. A meter scale is provided to indi­

cate distance along the bundle relative to the bottom of the original 

heated length. The faces are identified as N, E, S, and W, a nomencla­

ture that was retained throughout all subsequent analysis of the test. 

Figures 34-A, 34-B, and 34-C show the north (N) face of B-2 and of the 

shroud. Several test effects are noticeable: (1) bursts and relatively 

large expansions occurred in two localized regions of the bundle, (2) the 

shroud was not particularly deformed by the bursts, (3) the heated zone 
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produced a shiny black surface, and (4) the rods in the bundle changed 

lengths by different amounts. The latter effect can be seen both in the 

surface discoloration at the lower end and in the different positions of 

the lower end fittings. (These were aligned prior to the test.) Figures 

35, 36, and 37 show similar views of the east, south, and west faces, 

respectively, of the bundle and shroud. Comments about Fig. 34 apply 

equally to these photographs. 

Figure 38 is a close-up of the lower end of the bundle and illus­

trates the different length changes (see Table 22) among the rods. All 

rods were originally of equal length. This phenomenon is caused by the 

preferred orientation or texture of the Zircaloy combined with burst tem­

peratures in the a-phase, and it is discussed in Ref. 11. 

Following preliminary examination, photography, and flow testing (to 

be described later), the bundle was encapsulated in epoxy for sectioning. 

Figure 39 shows a marked bundle (test B-2) and a sectioned bundle (test 

B-1). The scribed lines across the face of the bundle indicate the posi­

tions at which the sections were subsequently cut. The longitudinal line 

and the angled longitudinal line aided in positioning the cut sections 

relative to the heated length. Four typical cut sections are shown at the 

bottom of the photograph. 

4.2.3 Bundle cross section photographs 

The encapsulated bundle was sectioned at 53 axial positions, and each 

of the sections was photographed for strain determinations. Figures 40 

through 92 present photographs (~lx) of all the cross sections. The 

series starts at a section 6.9 cm below the start of the heated length 

(i.e., in the undeformed region) and continues to a section 91.5 cm above 

the start of that length, or approximately at the top of the heated 

length. The photographs were made (looking down on the surface at the 

given elevation) with the sections in the same relative position, i.e., 

with the No. l simulator in the upper left corner. Thus the photographs 

are oriented the same as the layout given in Fig. 4, which can be used to 

identify the individual tubes. 

Starting with Fig. 42, all the figures have white arrow points in 

the upper left corner. The distance along the edge of the epoxy matrix 
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between the arrow points is proportional to the elevation of the section 

and can be used to calculate the height (above the bottom of the heated 

zone) at which the actual cut was made. 

Figure 40, taken 6.9 cm below the bottom of the heated zone, is rep­

resentative of the undeformed bundle. All the tubes had moderate strain 

peaks (a minimum of 8.3% on No. 16 and a maximum of 18.8% on No. 6) about 

halfway between the start of the heated zone and the lower grid (see Fig. 

44). A section through the lower grid (at elevation 11.5 cm) is shown in 

Fig. 47; the restraining influence of the grid (due to lateral grid forces 

and/or local cooling of the tubes by the grid) is clearly evident by the 

range of strains (2.9 to 5.6%) observed in this section. Figure 51 shows 

localized wall thinning and distortion just below the burst in the No. 14 

simulator, which is shown in Fig. 52. 

Figure 58 shows a section representative of those in a broad minimum 

in the coolant channel flow area restriction that will be discussed later. 

The maximum burst strain (57.8%) occurred in the No. 6 simulator and is 

shown in Fig. 62. Localized wall thinning toward the interior of the 

bundle is evident on several of the simulators, particularly the corner 

ones, in this and a number of other sections. There is little evidence 

on the four interior rods of wall thinning toward the center of the bun­

dle. Bursts in the outer ring of simulators tend to be directed toward 

adjacent rods or the bundle interior. These observations are consistent 

with the bundle radial temperature profile shown in Fig. 13. 

4.2.4 Strain data and tube strain profiles 

Strain measurements were obtained from enlarged (~5x) photographs of 

the sections, using the methodology reported for the B-1 test.6 Table 23 

tabulates the strains determined thusly for each tube in each section. 

The maximum observed strain was 57.8%; this occurred at the burst in the 

No. 6 simulator (Fig. 62). The minimum burst strain, 29.2%, was experi­

enced by the No. 9 simulator (Fig. 83), which underwent partial depressur­

ization (see Table 4) due to a leak during the test. The cross section 

with the maximum total deformation (sum of all tubes) is shown in Fig. 84. 

The strain data were used to plot axial profiles of the individual 

tubes; these are presented in Figs. 93 through 108. The pretest infrared 
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characterization scans of the fuel simulators (internal heaters) and 

the axial positions of the thermocouples are also shown for reference 

purposes. 

In general, the strain increases sharply at each end of the heated 

length, reflecting the strength associated with the sharp axial tempera­

ture gradients in these regions. The upper ends reflect the short thermal 

entrance region required to heat the incoming steam (~332°C) to near the 

tube surface temperature. The Reynolds number of the steam, based on in­

let conditions and original tube dimensions, was 290; this is compared to 

a range of 600 to 800 used in our single-rod tests. The higher steam flow 

in the single-rod tests produced a longer thermal entrance region and sup­

pressed deformation and bursts in the upper 20 cm of the heated zone of 

those tests. On the other hand, the short thermal entrance zone in the 

B-1 and B-2 tests caused higher temperatures in this region, resulting in 

deformation and bursts. This was demonstrated3 by single-rod tests per­

formed later with the fuel simulator (internal heater) from the No. 4 rod 

in the B-2 test. 

All the profiles show about 5% strain in the grid positions (i.e., 

centered at the 10- and 66-cm elevations), reflecting grid restraint on 

the tubes and/or higher cladding strength at the lower temperature (see 

Fig. 12) in these regions. It should be noted that these effects influ­

ence the strain significantly for about 5 cm on either side of the grid. 

The strain profiles show good correlation with the pretest characteriza­

tion scans. Considering the facts that (1) the grids had a strong re­

straining effect, (2) circumferential temperature gradients are known to 

exist in the fuel simulators, and (3) the characterization scans are for 

a single angular orientation, there is generally good agreement between 

the scans and the burst positions. Figure 95 for tube 3 would appear to 

be a notable exception; however, the scan for an adjacent quadrant (not 

included in this report) clearly shows a peak at the burst position. 

Excessive ballooning over an extended length is of concern in LOCA 

analyses. For the tubes and spacing (10.92 mm OD on a 14.43-mm-square 

pitch; 1.32 pitch-to-diameter ratio) used in our tests, adjacent tubes 

will touch with 32% uniform expansion. Figure 109 plots those portions 

of each tube over which the strain exceeds 32%; maximum deformation in 
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tube 9, which leaked prior to the transient, was less than this value, as 

indicated in Fig. 101. In tube 6, greater than 32% expansion occurred 

over a length equal to about 15 tube (original) diameters; all the rest 

were relatively short (i.e., less than 7 tube diameters in length). 

The volume increase over the heated length is perhaps a more meaning­

ful characterization of the deformation with respect to coolant flow re­

striction. This parameter is related to (about a factor of 2 greater 

than) the average deformation and was obtained by integrating the indi­

vidual deformation profiles, assuming circular cross sections. The data 

are summarized in Table 3. 

The locations of the individual tube bursts are tabulated in Table 

24; axial and angular distributions are depicted graphically in Figs. 110 

and 111, respectively. A composite layout of the bursts, in which th.e 

tube-to-tube pitch is greatly exaggerated for clarity, is shown in Fig. 

112. The angular orientations were difficult to determine from the burst 

cross sections; however, a study of the positions of maximum wall thinning 

in adjacent cross sections provided additional information to aid in de­

fining the orientations. Thus, the data given in Table 24 are our best 

estimates of the burst locations. 

Figures 111 and 112 show that the burst orientations of the inner 

ring of tubes were generally directed outward, while those in the outer 

ring of tubes were generally directed inward or toward adjacent tubes; 

none of the bursts were directed toward the shroud. This suggests that 

the relatively cold shroud had an effect on localizing wall thinning 

toward the interior of the bundle. No evidence was found to indicate 

the presence of burst propagation. 

4.2.5 Coolant channel flow area restriction 

As evident from the deformation profiles for the individual tubes, 

significant deformation was observed at a number of points. However, the 

total expansion for all the tubes at any cross section is much more impor­

tant, since it determines the coolant channel flow area restriction. 

One method for calculating the restriction is to consider unit cells 

centered about the open space between fuel rods; an alternative method 

considers unit cells centered about the fuel rods. Obviously, both 
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methods give the same results for infinite arrays, but, for small test 

arrays, different results will be obtained. The percentage of coolant 

channel flow area restriction was calculated with the rod-centered unit 

cell method, using the equation 

where 

n=l6 

B = 100 x 
L (Ad,n - Ao) 

B = 

¼,n = 

~ = 

16 (p 2 - A0 ) 

percentage of restriction in coolant channel flow area, 

outside area of deformed tube (mm2), 

outside area of original tube (mm2), 

p = tube-to-tube pitch in square array (mm). 

With this definition, Bis zero for no deformation and 100 if all the 

tubes deform into a square whose sides are of length p (completely filling 

the open area). For the case of uniform ballooning such that the tubes 

just come into contact (i.e., 32% strain for the dimensions appropriate to 

this test), Bis 61%. 

In summing the deformed tube areas in the above equation for those 

sections that contain bursts, one must decide how to treat the burst tube 

flare-out. We used two definitions that appear to be reasonable upper and 

lower limits of the coolant channel flow area restriction. The first def­

inition, which we believe is representative-of the upper limit, consists 

of drawing straight lines between the ends of the tube flare-outs to es­

tablish a burst tube area, as illustrated in Fig. 113. Special consider­

ation was given to those flare-outs that enclosed adjacent tubes to ex­

clude overlapping areas, as noted by tube 4 in the figure. The second 

definition, which we believe is representative of the lower limit, con­

sidered the burst tube cross section as a circle (see tube 7 in the fig­

ure) with a perimeter equal to that of the tube. The latter definition is 

considered a reasonable approximation of the tube just before burst. 

The deformed tube areas were obtained by the data analysis techniques 

reported6 for the B-1 test. Table 25 gives the deformed tube areas, 
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Ad n, for each tube at each section based on the first definition for , 
the burst tube area, and Table 26 gives similar information based on the 

second definition. The last column (on the right side) gives the stnn­

mation of the individual~ n• The summed areas were used in the above 
' 

equation to calculate the coolant channel flow area restriction at each 

section; the results are given in Table 27 and plotted in Fig. 114 as a 

function of heated length. The flow channel restriction differs only in 

the sections where tube bursts occurred. The cross-sectional area occu­

pied by the grids (---47 mm2) was not included in the calculation; includ­

ing this area would slightly increase the restriction at the grid loca­

tions (centered about elevations 10 and 66 cm). The maximum restriction 

(at elevation 76.2 cm) was 64 or 53%, depending on which method for han­

dling the tube flare-out was used. 

4.2.6 Flow test results 

Flow tests were conducted with the B-2 test array in each of two flow 

shrouds. The first shroud, designated as shroud 1, was used previously 

for the B-1 flow tests. Prior to its use in the B-1 flow tests, it was 

modified somewhat from its original design in order to accommodate the B-1 

tube burst flare-outs. One modification consisted of the substitution of 

a 0.80-cm-diam gasket for the original 0.32-cm-diam gasket used to seal 

the removable shroud coverplate to the shroud walls. While this modifi­

cation provided additional clearance in one direction, relief grooves had 

to be cut into the shroud walls at three loGations to obtain clearance for 

the B-1 tube bursts in the other direction. The effect of these modifi­

cations was not significant. 5 The tube 3 burst flare-out in the B-2 

bundle (see Figs. 33, 34-A, and 37-A) was such that the bundle would not 

fit within shroud 1. Rather than machining another groove in the shroud 

(which would have interfered with the gasket seating surface), the flare­

out was bent slightly, as shown in Fig. 115, to provide the necessary 

clearance. 

To avoid the need for such modifications in the future a second 

(larger) shroud (designated as shroud 2) was constructed. Based on 

previous experience, its larger flow channel should accommodate burst 

tube flare-outs and yet be sufficiently close fitting to ensure easily 
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recognizable (but less pronounced) pressure losses induced by bundle de­

formation. Provisions were made to recess the sealing gasket so that the 

flow channel would more closely approximate a square cross section rather 

than a rectangle. To ensure the accurate centering of bundles in shroud 

2, set screws were installed to position the lower bundle grid in place. 

The screws penetrate the shroud from the channel faces not housing the 

pressure taps to minimize adverse effects on the pressure loss measure­

ments. Figures 116 and 117 show the orientation of the B-2 bundle in flow 

shrouds 1 and 2, respectively. 

A reference (or dmnmy) bundle geometrically identical with respect. 

to spacer-grid placement (after the burst tests) and tube OD (before the 

burst tests) was constructed and flow tested to provide a reference base 

for all 4 x 4 pressure loss measurements. The reference bundle was 

constructed from centerless-ground stainless steel rods and flow tested 

in shroud 1, as modified to accommodate the tube flare-outs of B-1, and 

in shroud 2. 

The pressure taps for the flow tests were positioned as shown in 

Table 28 for shroud 1 and in Table 29 for shroud 2. The spacings are 

given relative to the average position of the lower end of the heated 

zone of B-2. 

Flow test data are presented in the form of graphs and tables. The 

interpretative report5 of the flow tests should be consulted for a de­

tailed description of the test procedures and, more importantly, a dis­

cussion of the accuracy and precision of the test data. It should be 

noted that these data are for particular flow configurations, and ex­

trapolation to other flow configurations should be made with care. 

A total of ten flow tests were performed with shroud 1 - six on 

the reference bundle and four on the B-2 bundle. Figures 118 through 121 

show comparisons of the average differential pressure loss profiles for 

the B-2 and reference bundles at four different nominal flow rates. Fig­

ures 122 and 123 show the results of two additional flow tests of the ref­

erence bundle. The pressure loss over the instrumented length of the bun­

dle is plotted as a function of Reynolds number in Fig. 124 for the B-2 

and the reference bundle in shroud 1. Least-squares fitted equations of 

the data are also given in the figure. 
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Tabulated data for the ten shroud 1 flow tests are given in Tables 30 

through 39 relative to the bottom taps on each side of the flow shroud. 

These data were averaged, for each flow test, to produce the graphs in 

Figs. 118 through 121 and were used directly in Figs. 122 and 123. 

Twelve flow tests were performed with shroud 2 - seven on the 

reference bundle and five on the B-2 bundle. Figures 125 through 129 show 

comparisons of the average differential pressure loss profiles for the B-2 

and reference bundles at five different nominal flow rates. Figures 130 

and 131 show the results of two additional flow tests of the reference 

bundle. The pressure loss over the instrumented length of the bundle is 

plotted as a function of Reynolds number in Fig. 132 for the B-2 and ref­

erence bundle in shroud 2. Least-squares fitted equations of the data are 

also given in the figure. 

Tabulated data for the·l2 shroud 2 flow tests are given in Tables 40 

through 51 relative to the bottom taps on each side of the flow shroud. 

These data were averaged, for each flow test, to produce the graphs in 

Figs. 125 through 129 and were used directly in Figs. 130 and 131. 

While the general shapes of the pressure loss profiles for B-2 in 

shroud 2 are very similar to those in shroud 1, the magnitudes of the 

pressure losses were much less in shroud 2 (compare Figs. 124 and 132). 

This resulted primarily from the larger (about 19%) water flow area in 

the nondeformed regions. 
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Table 1. As-built data for fuel pin simulators 
used in B-2 test 

Bundle 
position 

No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Zircaloy 
tube serial 

No. 

0688 
0003 
0689 
0004 
0047 
0690 
0049 
0695 
0700 
0002 
0697 
0048 
0045 
0698 
0046 
0699 

Internal heatera 

Serial 
No. 

2828072 
2828082 
2828067 
2828079 
2828080 
2828071 
2828081 
2828083 
2828068 
2828069 
2828078 
2828073 
2828084 
2828064A 
2828086 
2828085 

Element 
resistance 

(Q) 

4.08 
4.07 
4.10 
4.05 
4.04 
4.04 
4.09 
4.04 
4.07 
4.15 
4.15 
4.12 
4.04 
4.05 
4.18 
4.10 

Fuel pin 
simulator 

gas volumeb 
(cm3 ) 

48.5 
49.7 
48.8 
49.4 
49.5 
48.9 
51.0 
49.5 
48.9 
49.8 
48.8 
50.l 
48.6 
49.l 
49.6 
48.5 

aAll 16 internal heaters were fabricatd by SEMCO. 

bThe fuel pin simulator volume, measured at room tem­
perature before assembly of the bundle, includes a pres­
sure transducer and connecting tube identical to the test 
facility hookup for each simulator. 



Table 2. Summary of burst test results 

Initial conditions Approximate Approximate burst conditions Burst temperature 
maximum Rod Differential Temperature (°C) Differential Temperaturea (°C) predicted fromb 

No. pressure Time burst pressure pressure differential pressure (sec) (OC) 
(kPa) TE-1 TE-2 TE-3 TE-4 (kPa) (kPa) TE-1 TE-2 TE-3 TE-4 

1 8810 334 335 334 335 9240 7700 790 803 825 870 18.30 846 
--

2 8805 335 335 336 339 9220 7685 818 841 846 844 18.00 847 -
3 8795 333 334 332 336 9245 7560 852 853 845 826 18.30 849 -
4 8775 336 336 333 337 9205 7585 861 872 807 854 18.30 848 --
5 8775 333 334 336 336 9205 7770 854 866 835 852 17.85 845 -
6 8785 335 335 334 335 9220 6925 857 827 843 834 17.95 858 -
7 8740 334 333 333 333 9160 7360 824 861 838 850 17.85 852 -
8 8750 335 334 333 334 9200 7565 856 840 813 792 17.80 849 N 

w 
9c 7715c 335 334 332 335 7715c 6110c 928 846 864 871 20.05c 872 --

10 8730 334 334 332 334 9175 9345 827 862 827 856 18.10 852 -
11 8735 333 334 332 333 9165 7670 832 819 832 853 17.80 847 

--
12 8760 336 334 334 333 9200 7545 851 832 829 827 18.15 849 

13 8755 338 333 334 332 8175 7820 856 805 883 867 18.15 845 
--

14 8755 333 334 334 335 9140 7230 828 858 832 855 18.30 854 
--

15 8790 336 334 334 337 9205 7945 824 807 799 836 18.05 843 --
16 8790 333 334 333 334 9220 7700 848 839 795 814 18.15 846 -

aUnderlined value is burst temperature based on premise that maximum measured value is minimum possible burst 
temperature. 

bBased on burst temperature-burst pressure correlation from single-rod burst tests (external bare-wire thermo-
couples). 

C 
Rod 9 developed a moderate leak prior to the test and its behavior is abnormal. 



Rod 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9f 

10 

11 

12 

13 

14 

15 

16 

Initial gas 
volumea 

(cm 3 ) 

48.5 

49.7 

48.8 

49.4 

49.5 

43.9 

51.0 

49.5 

48.9 

49.8 

48.8 

50.1 

48.6 

49.1 

49.6 

48.5 

Table 3. Summary of B-2 test results related to volume changes 

Approximate burst condition 

Pressure 
(kPa) 

7700 

7685 

7560 

7585 

7770 

6925 

7360 

7565 

611of 

7345 

7670 

7545 

7820 

7230 

7945 

7700 

Temperature 
(OC) 

870 

846 

853 

872 

866 

857 

861 

856 
923f 

862 

853 

851 

867 

858 

836 

848 

Strain 
(%) 

35 

39 

40 

42 

35 

58 

56 

38 

29f 

43 

40 

40 

41 

42 

35 

42 

Fractionalb 
pressure 
decrease 

1.14 

1.15 

1.16 

1.16 

1.13 

1.27 

1.19 

1.16 

l.26f 

1.19 

1.14 

1.16 

1.12 

1.21 

1.11 

1.14 

Fractional0 

volume 
increase 

1.56 

1.57 

1.74 

1. 62 

l.5E 

1.91 

1.69 

1.62 

1.5of 

1.70 

1.59 

1. 63 

1.52 

1.71 

1.49 

1.56 

Volume increased 
of tube over 
heated length 

(%) 

31.8 

33.2 

42.0 

35.8 

32.6 

51.8 

41.2 

36.0 

28. 7f 

40.9 

33.4 

36.9 

29.4 

40.9 

28.5 

31.7 

aMeasured at room temperature; includes fuel pin simulator (FPS), pressure transducer, and connecting tube. 

bRatio of initial pressure to burst pressure. 
0
Ratio of final to initial gas volume; includes FPS, pressure transducer, and connecting tube. 

dObtained from deformation profiles assuming circular cross sections. 

eAssumes volume increase is uniformly distributed over heated length. 

!Tube developed moderate leak prior to transient; deformation behavior is abnormal. 

Average 
straine 

(%) 

15 

15 

19 

17 

15 

23 

19 

17 
13f 

19 

15 

17 

14 

19 

13 

15 

N 
~ 

.. ~ 



Table 4. Summary of maximum pressures 

----------INITIAL CONDITIONS-------------- --------CONnITIONS AT Tl~E OF ~AXIMUM PRESSURES--------
RfJO DIFFERFNTIAL TEMPERATURES (DEG C) DIFFERENTIAL TEMPERATURES (DEG Cl 
NO. P RE'iSURE ------------------------------- PRESSURE -------------------------------- TIME 

I KPA I TE-1 TE-2 TE-3 TE-4 I KPAI TE-1 TE-2 TE-3 TE-4 I SEC I 

l 8810.9 334.1 335. 0 334. 1 335.0 9238 .1 653. 3 665.3 668.l 670.9 11 . 15 

2 8807.5 335.0 335.0 336.0 338.8 9218.9 682. 1 691.4 686.7 670.9 11. 80 

3 8793.1 333. 2 334.l 332. 3 336.0 9244.0 682.l 676.5 675.5 674.6 11. 50 

4 8774. 1 336.0 336.0 333.2 336.9 9202.6 705.3 705.3 699.7 707.2 12.45 

5 8776. 3 333.2 334,l 336.0 336.0 9205. 2 682.1 682.l 679.3 673. 7 11.65 

6 8783.6 335. 0 335.0 334. l 335 .o 9218. 5 682,1 683.0 693.2 689. 5 11.10 
N 

7 8739. 3 334.l 333.2 333.2 33 3. 2 9160.3 
V, 

658,9 671. 8 662. 6 H8. l 11.35 

8 8 74 7. 8 335. 0 334. l 333. 2 334.l 9201. 8 686.7 679. 3 674.6 666.3 11. 20 

9 7744. 0 33 5. 0 334,l 332. 3 335.0 7716.6 367.5 353.6 352. 7 361.0 l. 20 

10 8728.,, 334,l 334.l 332. 3 334. l 9174.5 674.6 683. 9 674.6 680.2 11.00 

11 8735.7 333.2 334. l 332. 3 333. 2 9164.3 680.2 667.2 677.4 668.l l 1.60 

12 8759.5 336.0 334,l 334.l 333.2 9198.8 689.5 686.7 668.1 667.2 11. 75 

13 8754,4 33 7. 8 333,2 334.l 332.3 9176.6 702.5 689.5 707. 2 698.8 12.45 

14 8752.6 333.2 334,l 333.2 335.0 9139.0 649.6 674.6 6 72. 8 663,5 l 1. 15 

15 8790.8 336,0 334,1 334,l 336.9 9206.9 670.0 689. 5 671, 8 691.4 l l.95 

16 8791.6 33 3. 2 334,1 333.2 334. l 9220 .9 682.1 672. 8 673. 7 659.8 11. 55 
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Table 5. Distribution of 
bursts with time 

in B-2 testa 

Number 
Time of 
(sec) bursts 

17.80 2 
17.85 2 
17.90 0 
17.95 1 
18.00 1 
18.05 1 
18.10 1 
18.15 3 
18.20 0 
18.25 0 
18.30 4 
20.05 1 

Simulator 
No. 

8, 11 
5, 7 

6 
2 
15 
10 
12, 13, 16 

1, 3, 4, 14 
9 

aPower was terminated 
at 20.35 sec. 



Table 6. Test conditions summary at rod I burst time 

T IME FROM POWER-ON 18.30 SEC. TIME FROM POWER-OFF -2.05 SEC. 

ROD DIFFERENTIAL TEMPERATURES (DEG Ct TI "IE FRO"I 
NO. PRESSURE -------------------------------------------------------------------------------- P,URST 

(KPAI TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVER AGE (SEC l 

1 7698.9 790.2 802.6 824.6 8 70. l 790.2 870.1 821.9 o.oo 
2 704.0 813 .1 841.0 851.6 843.9 813.1 851.6 837. 4 0.30 
3 7259.6 851.6 852.6 844.9 825.6 825.6 852.6 843. 7 o.oo 
4 7587. 1 861.3 872.0 807.4 853.6 807.4 872.0 848.6 o.oo 

5 403.7 858.4 854.6 842 .o 827.5 827.5 858.4 845.6 o. 1.5 
6 459.5 864.3 832.3 842 .9 836.2 832. 3 864.3 843. 9 0.35 
7 333.0 829. 5 862.3 841 .o 841. 0 829. 5 862.3 84~.4 0.45 
8 144.7 850.7 841.0 820.8 805.5 805.5 850.7 829. 5 0.50 

9 6772.8 883. 7 819.8 839.l 842.9 819.8 883. 7 846. 4 -1.75 N 
10 2045.9 832.3 851.6 827.5 861.3 827. 5 861.3 843.2 0.20 -..J 

11 385.5 835.2 824.6 840.1 863.3 824.6 863.3 840. 8 0.50 
12 3254.9 839. 1 824.6 807.4 804.5 804.5 839.1 818.9 0.15 

13 2511.8 831.4 797.8 870.l 864.3 797.8 870.1 840.9 0.15 
14 7231.8 828.5 858.4 832.3 8 55. 5 828. 5 858.4 843. 7 o.oo 
15 1582.6 823.7 807.4 794.0 823.7 794.0 823.7 812. 2 0.25 
16 2262.l 844.9 813.1 798.8 818. 9 798.8 844.9 818.9 0.15 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 TE-305 323.8 DEG C 124 TE-17-1 506.l DEG C 125 TE-17-2 501.5 DEG C 
126 T E-17-3 516.l DEG C 127 TE-17-4 503.3 DEG C 136 TE-18-1 486.8 DEG C 
137 T E-18-2 464.8 DEG C 138 TE-18-3 506.1 DEG C 139 TE-18-4 499. 7 DEG C 
140 T E-19-1 488.7 DEG C 141 TE-19-2 486. 8 DEG C 142 TE-19-3 515.2 DEG C 

143 T E-19-4 454.7 DEG C 457 PE-301 255.2 KPA 4 72 EIE-10 737.5 AMPS 
473 EEE-10 199.0 VOLTS 4 78 TE-304 331.9 DEG C 
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Table 7. Test conditions summary at rod 2 burst time 

TIME FROM POWER-ON 18.00 SEC. TIME FROM POWER-OFF -2.35 SEC. 

RIJO 01 F·FER ENTIA L TEMPERATURES ( DEG CI TI~E FR0'-1 
NO. PRESSURE -------------------------------------------------------~----------------------- BURST 

(KPAI TE-1 TE-2 TE-3 TE-4 MINI MUM MAXIMUM AVERAGE ( SEf I 

1 8014.9 795.0 804. 5 82 L .8 865.2 795.0 865.2 821.6 -0.30 
2 7682.6 817.9 841.0 845.8 843.9 817.9 845.8 837.2 o.oo 
3 7703. 9 856. 5 848.7 844.9 839.1 839. l 856.5 847.3 -0.30 
4 7986.2 853.6 864.3 805.5 852.6 805.5 864.3 844. 0 -0.30 

5 3502 .6 853. 6 846.8 831.4 834.3 831.4 853.6 841. 5 o. l 5 
6 5527.2 854. 6 826.6 838.l 832.3 826. 6 854.6 837.9 0.05 
7 3162.9 818.9 853.6 833.3 840.l 818.9 853,6 836. 5 o. 15 
8 1694.4 849.7 833.3 813.l 801.7 801.7 849.7 824.5 0.20 

9 6886. l 874. 9 820.8 834.3 838.l 820.8 874.9 842. 0 -2.05 
10 7503. 7 822. 7 864,3 823.7 854.6 822.7 864.3 841. 3 -0.10 N 

ll 2715.6 823. 7 817.0 829.5 852.6 817.0 852.6 830.7 0.20 0) 

12 7756 .4 847, 8 83 l .4 83 l .4 842.9 831.4 847.8 838.4 -0.15 

l3 7986.7 852. 6 804.5 879.8 862.3 804. 5 879.8 849. 8 -o. 15 
14 7632.6 823.7 866.2 826.6 853.6 823. 7 866.2 842. 5 -0.30 
15 8006.3 822. 7 806.4 798.8 834.3 798.8 834.3 815.6 -0.05 
16 7907.6 849.7 850.7 794.0 822.7 794. 0 850. 7 829.3 -o. 15 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323.3 DEG C 124 TE-17-l 492.3 DEG C 125 TE-17-2 493.2 DEG C 
126 TE-17-3 507.0 DEG C 127 TE-17-4 494.2 DEG C 136 TE-18-l 418. 6 DEG C 
137 T E-18-2 459.3 DEG C 138 TE-18-3 496.9 DEG C 139 TE-18-4 490.5 DEG C 
140 T E-19-l 482 .2 DEG C 141 TE-19-2 479.5 DEG C 142 TE-19-3 500.6 DEG C 

143 T E-19-4 445.4 DEG C 457 PE-301 226.5 KPA 4 72 flE-10 736. 9 AMPS 
473 E EE-10 199.0 VOLTS 478 TE-304 331.6 DEG C 



Table 8. Test conditions summary at rod 3 burst time 

TIME FRQM POWER-ON 18.30 SEC, TI ME FR CM POW ER-OFF -2.05 SEC. 

ROO DIFFERENTIAL TEMPERI\TURES (OEG C) TT'1E FP0'4 
NG. PRESSURE ------------------------------------------------------------------------------- BUI> ST 

(KPAl TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGF ( SEC I 

l 7698.9 790.2 802,6 824.6 870.l 790.2 870,l 821.9 o.oo 
2 704.0 813.l 841.0 851.6 843.9 813. 1 851.6 837.4 0.30 
3 7259 .6 851.6 852.6 844,9 82 5.6 825.6 852.6 843. 7 o.oo 
4 7587.1 861.3 872.0 807 .4 853.6 807.4 872.0 848.6 o.oo 

5 403.7 858.4 854.6 842,0 827.5 827. 5 858.4 845.6 0.45 
6 459.5 864.3 832.3 842 .9 836.2 832.3 864.3 843. 9 o. 3 5 
1 333.0 829.5 862.3 841 .o 841.0 829.5 862.3 843. 4 0.45 
8 144.7 850.7 841.0 820.8 805.5 805.5 850.7 829. 5 0.50 

9 6772. 8 883.7 819.8 839,l 842.9 819.8 883.7 846. 4 -1.75 
N 

10 2045.9 832.3 851.6 827,5 861,3 827. 5 861.3 843.2 0.20 I.O 
ll 385.5 835,2 824.6 840,l 863.3 824.6 863.3 840. 8 0.50 
12 3254.9 839.1 824.6 807,4 804.5 804.5 839.1 818.9 o. 15 

13 2511.8 831.4 797.8 870,l 864.3 797.8 870,l 840.9 0.15 
14 7231.8 828.5 858.4 832.3 855.5 828. 5 858.4 843. 7 o.oo 
15 1582.6 823.7 807.4 794.0 823.7 794.0 823, 7 812.2 0.25 
16 2262.1 844.9 813.1 798.8 818.9 798.8 844.9 818.9 0.]5 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323.8 DEG C 124 TE-17-1 506.l OEG C 125 TE-17-2 501.5 f'\EG C 
126 TE-17-3 516. l DEG C 127 TE-11-4 503.3 OEG C 136 TE-18-1 486. 8 OEG C 
137 TE-18-2 464 ,8 DEG C 138 TE-18-3 506,l DEG C 139 TE-18-4 499. 7 DFG C 
140 TE-19-l 488,7 OEG C 141 TE-19-2 486.8 DEG C 142 TE-19-3 515.2 DEG C 

143 TE-19-4 454.7 DEG C 457 PE-30 l 255,2 KPA 4 72 EIE-10 737. 5 AMPS 
473 E EE-10 199.0 VOLTS 478 TE-304 331.9 OEG C 
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Table 9. Test conditions summary at rod 4 burst time 

Tl~E FROM POWER-ON 18.30 SEC. TIME FROM POWER-OFF -2.05 SEC. 

ROO Olff'ERENTIAL TEMPERATURES IOEG Ct TY14E FP0'4 
NO. PRESSURE ----------------------------------------------------------------------------- auq ST 

CKPAI TE-1 TE-2 TE-3 TE-4 MINIMU'-1 MAXIMUM AVER AGE ( SEC I 

1 7698.9 790.2 802.6 824.6 870.l 790.2 870. l 821. 9 o.oo 
2 704.0 813. l 841.0 851.6 843.9 813. l 851.6 837.4 0.30 
3 1259.6 851.6 852. 6 844.9 825.6 825.6 852.6 843.7 o.oo 
4 7587.l 861.3 872.0 807.4 853. 6 807.4 872.0 848.6 o.oo 

5 403,7 858,4 854.6 842.0 827.5 827. 5 858.4 845.6 0.45 
6 459.5 864.3 832,3 842 .9. 836.2 832. 3 864.3 843 .9 0.35 
1 333.0 829.5 862.3 841.0 841.0 829. 5 862.3 843,4 0.45 
8 144. 7 850.7 841,0 820.8 805.5 805~5 850.7 829. 5 0.50 

9 6172.8 883,7 819.8 839.l 842.9 819.8 883.7 846. 4 - 1. 75 
10 2045. 9 832,3 851.6 827.5 861.3 827,5 861.3 843. 2 0.20 w 
11 385.5 835.2 824.6 840. l 863.3 824. 6 863.3 840. 8 0,50 0 

12 3254.9 839. l 824.6 80 7 .4 804.5 804.5 839,l 818.9 0.15 

l3 2!:11,8 831.4 797,8 870.l 864.3 797.8 870.1 840.9 0.15 
14 1231. 8 828.5 858.4 832,3 855.5 828. 5 858.4 843.7 o.oo 
15 1582 .6 823.7 807.4 794.0 823. 7 794.0 823. 7 812.2 0,25 
16 2262.l 844.9 813.l 798.8 818.9 798.8 844.9 818.9 O. l 5 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 TE-305 323. 8 DEG C 124 TE-17-1 506,l DEG C 125 TE-l 7-2 501.5 DEG C 
126 T E-17-3 516,l DEG C 127 TE-17-4 503,3 DEG C 136 TE-18-1 486. 8 DEG r 
137 TE-18-2 464.8 OEG C 138 TE-18-3 506, l DEG C 139 TE-18-4 499. 7 DEG C 
140 T E-19-l 488,7 OEG C 141 TE-19-2 486.8 DEG C 142 TE-19-3 515.20fSC 

143 TE-19-4 454,7 DEG C 457 PE-301 255.2 KPA 472 E IE-10 737. 5 A"IPS 
473 E EE-10 199,0 VOLTS 4 78 TE-304 331.9 DEG C 



Table 10. Test conditions summary at rod 5 burst time 

TIME FROM POWER-ON 17.85 SEC. TtME FROM POWER-OFF -2.50 SEC. 

ROO DIFFERENTIAL TEMPERATURES (OEG Cl Tl '4E FPn'4 
NO. PRESSURE ------------------------------------------------------------------------------ BUR ST 

CKPAI TE-l TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE ( SEC I 

1 8159.6 795. 9 804. 5 819.8 861.3 795.9 861.3 820.4 -o. 45 
2 7906.9 817.0 838,l 842.0 841.0 817.0 842.0 834. 5 -0.15 
3 7898.6 855.5 844.9 841.0 834.3 834.3 855. 5 843. 9 -0.45 
4 8142.7 849.7 858.4 803.6 849.7 803.6 858.4 840.4 -0.45 

5 7771.0 853.6 866.2 835.2 851.6 835. 2 866.2 8 51. 7 o.oo 
6 71-43.6 856.5 825.6 842.9 835.2 825.6 856.5 840. 1 -0.10 
7 7360. 2 823.7 861.3 838.l 849.7 823. 7 861.3 843.2 o.oo 
8 6110.l 852. 6 832.3 806.4 787.4 787 .4 852.6 819.7 0.05 

9 6939.9 874.9 81 7. 9 831 .4 834.3 817. 9 874.9 839. 6 -2.20 
10 7727. 0 817.9 860.4 821.8 851.6 817.9 860.4 837.9 -o. 25 l.,..l 

ll 7443.l 828,5 817.9 832.3 850,7 817 .9 850. 7 832. 4 0.05 f-' 

12 7945.0 844,9 829.5 834,3 857.5 829. 5 857.5 841. 5 -0.30 

13 8143.5 848.7 802.6 874.9 857.5 802.6 874.9 845. 9 -0.30 
14 7808.5 817.9 868,l 820,8 851.6 817.9 868.1 839. 6 -O.t.5 
15 8185.4 820.8 805.5 797.8 836.2 797.8 836.2 815.l -o. 20 
16 8084,3 848,7 847.8 791.2 820.8 791.2 848.7 827.l -0.30 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323.3 OEG C 124 TE-17-1 485.9 DEG C 125 TE-17-2 490.5 OEG C 
126 T E-17-3 500.6 DEG C 127 TE-17-4 491. 4 DEG C 136 TE-l 8-1 4 75. 8 DEG C 
l37 TE-18-2 456 .5 DEG C 138 TE-18-3 495.1 OEG C 139 TE-18-4 487.8 DEG C 
140 TE-19-1 480.4 DEG C 141 TE-19-2 475,8 DEG C 142 TE-19-3 496.9 DEG C 

143 TF.-19-4 443.6 OEG C 457 PE-301 208.0 KPA 472 EIE-10 736.9 AMPS 
473 EEE-10 199.0 VOLTS 478 TE-304 331.6 DEG C 



., 

Table 11. Test conditions summary at rod 6 burst time 

TIME FROM POWER-ON 17.95 SEC. TIME FRCM POWER-OFF -2.40 SEC. 

ROD DIFFERENTIAL TEMPERATURES ( DEG CI TIME FRO"I 
NC. PRESSURE ------------------------------------------------------------------------------- BUP ST 

(KPAt TE-l TE-2 TE-3 TE-4 MINIMUM Mll.XIMUM AVERAGE I SEC I 

l 8070.7 795.0 804.5 820.8 864.3 795. 0 864.3 821.l -0.35 
2 1760. 3 817. 9 841.0 844.9 842.9 817.9 844 .9 836. 7 -o. 05 
3 176 7. 0 857.5 847.8 846.8 837.2 837.2 857.5 847.3 -o. 35 
4 8043,8 852.6 862.3 805.5 8 51. 6 805.5 862.3 843. 0 -0.35 

5 '51S8.5 851,6 842.9 830,4 837.2 830 • 4 8 51. 6 840. 5 0.10 
6 6925.0 857.5 826.6 842.9 834.3 826.6 857.5 840.3 o.oo 
7 4769.l 817.9 852.6 833.3 841.0 817.9 852.6 836. 2 0.10 
8 2537.4 849.7 831.4 811.2 798.8 798. 8 849.7 q22. 8 o. 15 

9 6907.0 874.0 819.8 833.3 837,2 819.8 874,0 841, l -2.10 
10 7583.6 820.8 864.3 822.7 853.6 820.8 864.3 840.3 -0.15 

L,..) 

N 
11 3794.3 821.8 815.0 82 7 .5 849.7 815. 0 849.7 828,5 o. 15 
l 2 7819.9 846.8 831.4 833.3 848.7 831.4 848.7 840. l -0.20 

13 8029.8 851.6 803.6 878.8 860.4 803.6 878.8 848. 6 -0.20 
14 7689.4 821.8 869,l 824.6 852.6 821. 8 869,l 842, 0 -0. 35 
l 5 8071.4 822.7 806.4 798.8 836.2 798. 8 836.2 816.0 -0.10 
16 7974.6 849.7 849.7 792.l 821.8 792,l 849.7 828. 3 -0.20 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323.8 DEG C 124 TE-17-1 489,6 DEG C 125 TE-17-2 492.3 OEG C 
126 TE-17-3 505,1 DEG C 12? TE-17-4 494.2 DEG C 136 TE-18-1 477. 7 DEG C 
137 TE-18-2 457 .4 DEG C 138 TE-18-3 496.0 DEG C 139 TE-18-4 489. 6 DEG C 
140 T E-19-1 482.2 DEG C 141 TE-19-2 418, 6 DEG C 142 TE-19-3 499. 7 DEG C 

143 T E-19-4 445.4 DEG C 457 PE-301 219.8 KPA 4 72 EI E-10 737. 5 AMPS 
4 73 EEE-10 199.0 VOLTS 478 TE-304 331.6 DEG C 



Table 12. Test conditions summary at rod 7 burst time 

T I ME FROM POWER-ON 17.85 SEC. TIME FROM POWER-OFF -2.50 SEC. 

II !JD DIFFERENTIAL TEMPERATURES (DEG Ct TI'4E FR0'4 
NO. PRESSURE ------------------------------------------------------------------------------- BURST 

(KPAI TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE ( SEC I 

1 8159.6 795.9 804.5 819.8 861. 3 795.9 861.3 820.4 -0.45 
2 7906. 9 817.0 838. l 842.0 841.0 811.0 e42.o 834.5 -0. l 5 
3 7898.6 855.5 844.9 841.0 834.3 834.3 855.5 843.9 -0.45 
4 8142.7 849. 7 858.4 803.6 849.7 803.6 858.4 840.4 -0.45 

5 7771.0 853.6 866.2 835.2 851.6 835.2 866.2 851.7 o.oo 
6 7143.6 856.5 825.6 842.9 835.2 825.6 856.5 840.1 -0.10 
7 7360.2 823. 7 861.3 838.l 849.7 823. 7 861.3 843.2 o.oo 
8 6110.l 852. 6 832.3 806.4 787.4 787.4 852 .6 819.7 0.05 

9 6',39.9 874.9 817.9 831.4 834.3 817.9 874.9 839. 6 -2.20 
10 7727.0 817.9 860.4 821. 8 851.6 817. 9 860.4 837. 9 -0.25 vJ 

vJ 
11 7443.l 828.5 817.9 832.3 850.7 817.9 850.7 832. 4 0.05 
12 7945.0 844.9 829.5 834.3 857.5 829. 5 857.5 841.5 -0.30 

13 8143.5 848.7 802.6 874.9 857.5 802.6 874.9 845. 9 -0.30 
14 7808.5 817.9 868.l 820. 8 851.6 817.9 868.l 839. 6 -0.45 
15 8185.4 820.8 805.5 797.8 836.2 797.8 836.2 815.1 -0.20 
16 8084.3 848.7 847.8 791.2 820.8 791.2 848. 7 827. l -o. 30 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323.3 DEG C 124 TE-17-l 485.9 DEG C 125 TE-17-2 490.5 DEG C 
126 TE-17-3 500.6 DEG C 127 TE-17-4 491.4 DEG C 136 TE-18-1 4 75. 8 DEG C 
137 T E-18-2 456.5 DEG C 138 TE-18-3 495.1 DEG C 139 TE-18-4 487.8 DEG C 
140 TE-19-l 480.4 DEG C 141 TE-19-2 475.8 DEG C 142 TE-19-3 496. 9 DEG C 

143 T E-19-4 443.6 DEG C 457 PE-301 208.0 KPA 472 EI E-10 736.9 AMPS 
473 E EE-I 0 199.0 VOLTS 478 TE-304 331.6 DEG C 



, 

Table 13. Test conditions summary at rod 8 burst time 

TIME FROM POWER-ON 17.80 SEC. TIME FROM POWER-OFF -2.55 SEC. 

ROD OI FFERENTIAL TEMPE RA TUR ES IOEG CI TI "IE FROM 
NO. PRESSURE -------------------------------------------------------------------------------- BURST 

(KPAt TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE ( SEr I 

l 8214.9 795.9 804.5 819.8 860.4 795.9 860.4 820. 2 -0.50 
2 7969. 9 816.0 837.2 840. 1 839.1 816. 0 840.l 833.1 -0.20 
3 7961.3 854. 6 843.9 836.2 833.3 833. 3 854.6 842. 0 -o. 50 
4 8207.l 84 7. 8 857.5 802.6 848.7 802.6 857.5 839. l -0.50 

5 7840.6 851.6 864.3 834.3 852,6 834.3 864.3 8 50. 7 -o. 05 
6 7228.4 855. 5 824.6 842 .9 835.2 824.6 855.5 839. 6 -o. 15 
7 7453. 7 822. 7 859.4 837.2 848.7 822. 7 859.4 842. 0 -0.05 
8 7565.2 856.5 840,1 813.l 792.l 792.l 856.5 825. 4 o.oo 

9 6%0.3 874.0 817.0 830.4 833.3 817.0 874.0 838.7 -2.25 
10 7799. 2 817. 0 859.4 819.8 851.6 817.0 859.4 837. 0 -0.30 w 

.i:--
11 7670.8 832. 3 818,9 832.3 852.6 818.9 852.6 834. 0 o.oo 
12 8008.0 843.9 828.5 835.2 857.5 828.5 857.5 841. 3 -o. 35 

13 8186.2 847,8 803,6 874.0 854.6 803. 6 874.0 845. 0 -o. 35 
14 7864.9 816.0 865,2 819.8 848.7 816.0 865.2 837. 5 -0.50 
15 8235.5 819.8 805.5 797.8 835.2 797.8 835.2 8 t4. 6 -o. 25 
16 8135.8 847. 8 846.8 791.2 820.8 791. 2 847. 8 826. 6 -o. ?5 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323.8 DEG C 124 lE-17-1 485.0 DEG C 125 TE-17-2 489.6 DEG C 
126 TE-17-3 499. 7 DEG C 127 TE-17-4 491.4 DEG C l36 TE-18-l 474,9 DEG C 
137 T E-18-2 455.6 DEG C 138 TE-18-3 495.1 DEG C 139 TE-18-4 487,8 DEG C 
140 T E-19-1 479,5 DEG C 141 TE-19-2 475.8 DEG C 142 TE-19-3 496.9 DEG C 

143 T E-19-4 442. 7 DEG C 457 PE-301 201.7 KPA 4 72 EIE-10 737.5 AMPS 
473 E EE-10 199.0 VOLTS 478 TE-304 331,9 DEG C 



Table 14, Test conditions summary at rod 9 burst time 

Tl~E FROM POWER-ON 20.05 SEC. TlME FROM POWER-OFF -0.30 SEC. 

ROD DlFFERENTlAL TEMPERATURES IOEG CI TI ~E FR0\4 
NO. PRESSURE -------------------------------------------------------------------------------- BURST 

(KPAI TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE ( SEC) 

l 24.2 831.4 832.3 865.2 850.7 831.4 865.2 844.9 l. 75 
2 15.9 844.9 879.8 887.6 851.6 844.9 887.6 866.0 2.05 
3 21.9 862.3 890.6 883.7 832.3 832. 3 890.6 867.2 1.75 
4 10. l 891. 5 885. 7 832.3 875.9 832.3 891.5 871.4 1.75 

5 24.3 884.7 884. 7 885. 7 851.6 851.6 885.7 876. 7 2.20 
6 24.8 903.3 866.2 877 .9 866.2 866 .2 903.3 878, 4 2.10 
7 28,0 869,1 898,4 874.9 872.0 869. l 898.4 878,6 2.20 
8 22.9 875.9 879.8 84 7.8 826.6 826.6 879.8 857. 5 2.25 

9 6110. 5 927.9 845.8 864 ,3 871.1 845. 8 927.9 877. 3 o.oo 
10 26.l 869.1 870.1 865.2 910.2 865.2 910.2 878.6 1.95 w 

I.Jl 
11 21.9 874.9 861.3 882.7 905.3 861.3 905.3 881. 1 2.25 
12 14.6 866.2 860.4 851.6 820.8 820.8 866.2 849.8 1. 90 

13 21.5 892.5 838. l 920.0 911. 2 838. l 920.0 890.4 1.90 
14 22 .6 839.1 862.3 859.4 856.5 839. l 862.3 854. 3 l. 75 
15 24.9 865.2 831.4 818.9 869.l 818.9 869.1 846.l 2.00 
16 21.1 874.9 862.3 849.7 854.6 849.7 874.9 860.4 1.90 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 TE-305 326.6 DEG C 124 TE-17-1 551.0 DEG C 125 TE-1 7-2 536.3 DEG C 
126 T E-17-3 560.2 DEG C 127 TE-17-4 544.6 DEG C 136 TE-18-1 530. 8 DEG C 
137 T E-18-2 493.2 DEG C 138 TE-18-3 561.l DEG C 139 TE-18-4 539. l DEG C 
140 TE-19-1 533 .5 DEG C 141 TE-19-2 530.8 DEG C 142 TF-19-3 574.9 DEG C 

143 Thl9-4 497.8 DEG C 457 PE-301 247.2 KPA 4 72 EIE-10 736.2 AMPS 
473 E EE-10 199.0 VOLTS 478 TE-304 331.6 DEG C 



, 

Table 15. Test conditions summary at rod 10 burst time 

TIME FROM POWER-ON 18.10 SE'C. TIME FROM POWER-OFF -2.25 SEC. 

ROD DIFFERENTIAL TEMPERATURES !DEG Ct Tl '1E Ff/0'1 
NO. PRESSURE -------------------------------------------------------------------------------- BURST 

(KPAI TE-1 TE-2 TE-3 TE-4 MINIMUM MA_XIMUM AVERAGE I SEC I 

l 7923.7 793.1 803.6 821.8 867.2 793.1 867.2 821.4 -0.20 
2 3530.6 808.3 835.2 842.0 840.l 808.3 842. 0 831. 4 0.10 
3 7577. 0 855.5 850.7 844.9 835.2 835. 2 855.5 846. 6 -0.20 
4 7870.l 856. 5 868.l 806.4 852.6 806.4 868.l 845. 9 -0.20 

5 1714.l 857.5 851.6 835.2 831.4 831.4 857. 5 843. 9 0.25 
6 2265.9 854.6 827.5 837.2 834.3 827. 5 854.6 838.4 0.15 
1 1504.4 822.7 858.4 836.2 841.0 822.7 858.4 839.6 o. 25 
8 793.4 849.7 835.2 816.0 802.6 802. 6 849.7 825.9 0.30 

9 6850.7 874. 0 819.8 836.2 838. l 819. 8 874.0 842.0 -1.95 
10 7343 .o 826.6 862.3 826.6 856.5 826.6 862. 3 843. 0 o.oo w 
ll 1436.3 828.5 819.8 833.3 857.5 819. 8 857.5 834. 8 0.30 °' 
12 7621.7 849.7 833,3 829,5 832.3 829, 5 849.7 836. 2 -o. 05 

13 7870.4 854.6 805.5 881.8 865.2 805.5 881.8 851. 8 -0.05 
14 7510.9 824.6 854.6 829.5 855.5 824.6 855.5 841.0 -0.20 
15 7261.5 821.8 801. 7 795.0 827.5 795.0 827.5 811.5 0.05 
U: 7779. 9 847.8 848.7 795 .o 822.7 795.0 848.7 828.6 -0.05 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323.8 DEG C 124 TE-17-1 497.8 DEG C 125 TE-17-2 496. 0 DEG (" 
126 TE-17-3 510.6 DEG C 127 TE-17-4 496.9 DEG C 136 TE-18-1 481.3 DEG C 
137 T E-18-2 461.t DEG C 138 TE-18-3 499.7 DEG C 139 TE-18-4 494.2 DEG C 
140 T E-19-l 483.2 DEG C 141 TE-19-2 482.2 DEG C 142 TE-19-3 502.4 DEG C 

143 T E-19-4 448.2 DEG C 457 PE-301 233.7 KPA 4 72 EIE-10 737. 5 AMPS 
4 73 E EE-10 199.0 VfJL TS 4 78 TE-304 331.9 DEG C 



Table 16. Test conditions summary at rod 11 burst time 

TtME FROM POWER-ON 17.80 SEC. TIME FROM POWER-OFF -2.55 SEC. 

ROD DIFFERENTIAL TEMPERATURES IOEG CI TIME FRn'-1 
NO. PR ES SURE ------------------------------------- ------------------------------------ BUR ST 

(KPAI TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE ( SEC I 

1 8214.9 795.9 804.5 819.8 860.4 795.9 860.4 820, 2 -0.50 
2 7969.9 816.0 837.2 840.l 839.1 816. 0 840 .1 833, l -o. 20 
3 7961.3 854.6 843.9 836,2 833.3 833.3 854.6 842.0 -o. ~o 
4 8207.1 847.8 857.5 802,6 848.7 802.6 857.5 839.1 -o. 50 

5 7840,6 851.6 864.3 834.3 852.6 834.3 864.3 850. 7 -o. 05 
6 7228.4 855.5 824.6 842.9 835,2 824,6 855.5 839. 6 -0.15 
1 7453. 7 822. 7 859,4 837.2 848.7 822, 7 859.4 842. 0 -0.05 
8 1565.2 856.5 840,l 813.l 792,l 792,l 856.5 825.4 o.oo 

q 6<;60. 3 874. 0 817,0 830.4 833.3 817.0 874.0 838. 7 -2.25 
10 7799. 2 817. 0 859.4 819,8 851.6 817.0 859.4 837 .o -0.30 VJ 
11 7670.8 832.3 818.9 832.3 852.6 818.9 852.6 834.0 o.oo ....... 
12 8008.0 843.9 828.5 835.2 857.5 828.5 857.5 841.3 -o. 35 

13 8186.2 847.8 803.6 874.0 854.6 803.6 874.0 845.0 -0.35 
14 7864.9 816.0 865.2 819.8 848.7 816,0 865.2 837. 5 -0. 50 
15 8235.5 819.8 805.5 797,8 835.2 797.8 835.2 814.6 -0.25 
16 8135,8 847.8 846.8 791.2 820,8 791.2 847.8 826. 6 -0.35 

*********************************************~*************************************************************************** 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323,8 DEG C 124 TE-17-1 485,0 DEG C 125 TE-17-2 489, 6 DEG C 
126 TE-17-3 499.7 DEG C 127 TE-17-4 491,4 DEG C 136 TE-18-1 474,9 DEG C 
137 TE-18-2 455,6 DEG C 138 TE-18-3 495, 1 DEG C 139 TE-18-4 487.8 DEG C 
140 TE-19-1 479,5 DEG C 141 TE-19-2 475,8 DEG C 142 TE-19-3 496, 9 DEG C 

143 T E-19-4 442. 7 DEG C 457 PE-301 201,7 KPA 472 EIE-10 737.5 AMPS 
413 E EE-10 199,0 VOLTS 4 78 TE-304 331.9 DEG C 



Table 17. Test conditions summary at rod 12 burst time 

TIME FROM POWER-OJII 18.15 <;EC. TIME FROM POWER-OFF -2.20 SEC. 

ROO 0 IF FER E JII T I A L TEMPERATURES !DEG CI TI "IE FR0'1 
J\10. PRESSURE ------------------------------------------------------------------------------- BUR ST 

(KPA) TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVE~AGE I SFC> 

1 7868.3 794.0 802.6 823.7 867.2 794.0 867.2 821.9 -0.15 
2 2317. 2 810,3 835.2 844.9 840.l 810.3 844.9 832. 6 0.15 
3 7493.2 853.6 850.7 843.9 832.3 832. 3 853.6 845. l -0.15 
4 7798.4 857. 5 870.l 806.4 8 53. 6 806.4 870. l 846. 9 -o. 15 

5 1214.8 857. 5 852. 6 837 .2 830.4 830.4 857.5 844.4 0.30 
6 1510,0 856.5 828.5 837.2 835.2 828.5 856.5 839.3 0.20 
7 1046.9 823.7 860.4 837.2 841,0 823. 7 860.4 840. 6 0.30 
8 527.5 849.7 837.2 817.0 804.5 804. 5 849.7 827. 1 o. 35 

9 6830.3 874.0 820.8 837.2 840.l 820. 8 874.0 843.0 -1.90 
lO 6012.6 825.6 857.5 824.6 852.6 824.6 857.5 840, l o. 05 w 
ll 1058,3 830.4 820. 8 835.2 859.4 820. 8 859,4 836.5 0.35 co 
12 7544,5 850.7 832.3 829.5 826.6 826.6 850.7 834.8 o.oo 

13 7820.4 856.5 805.5 882.7 867.2 B05,5 882,7 853. 0 o.oo 
14 144 7.3 826.6 855.5 829,5 856,5 826, 6 856.5 842.0 -o. 15 
15 4946.6 819.8 803.6 791.2 819.8 791.2 819.8 808. 6 0.10 
16 7698.2 847. 8 839.1 795.0 814.l 795. 0 847.8 824. 0 o.oo 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 TE-305 323.8 DEG C 124 TE-17-1 498.7 DEG C 125 TE-17-2 496. 9 DEG C 
126 TE-17-3 510,6 DEG C 127 TE-17-4 498.7 OEG C 136 TE-18-l 483,2 DEG C 
137 TE-18-2 461,l DEG C 138 TE-18-3 499.7 DEG C 139 TE-18-4 494,2 DEG C 
140 T E-19-1 484, l DEG C 141 TE-19-2 483,2 DEG C 142 TE-19-3 503.3 DEG C 

143 TE-19-4 450.0 DEG C 457 PE-30 l 240,0 KPA 412 EIE-10 737. 5 AMPS 
473 E EE-10 199,0 VOL TS 478 TE-304 332.2 DEG C 



Table 18. Test conditions summary at rod 13 burst time 

TIME FROM PnWER-ON 18.15 SEC. TIME FROM POWER-OFF -2.20 SEC. 

~00 DIFFERENTIAL TEMPERATURES ( DEG CI TIME FRn"4 
NO. ?RESS URE ---------------------------------------------------------------------------- BURST 

(KPAI TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVER.AGE C SHt 

l 7868.3 794.0 802.6 82 3. 7 867.2 794.0 867.2 821.9 -0.15 
2 2317.2 810.3 835.2 844.9 840.1 810.3 844.9 832.6 o. 15 
3 7493.2 853. 6 850.7 843.9 832.3 832.3 8 53. t, 845.1 -0.15 
4 7798.4 857.5 870. l 806.4 853. 6 806.4 870.l 846.9 -o. 15 

5 1214.8 857.5 852.6 837.2 830.4 830.4 857.5 844. 4 0.30 
6 1510.0 856.5 828.5 837.2 8 35. 2 828.5 856.5 839.3 0.20 
1 1046.9 823.7 860.4 837 .2 841.0 823. 7 860.4 840. 6 0.30 
8 527.5 849. 7 837.2 817.0 804.5 804.5 849.7 827.l 0.35 

9 6830.3 874.0 820.8 837.2 840.l 820.8 874.0 843. 0 -1.90 
10 6012.6 825.6 857.5 824.6 852.6 824. 6 857.5 840. 1 0.05 v) 

\0 
11 1058.3 830.4 820.8 835.2 859.4 820. 8 859.4 836.5 0.35 
12 7544. 5 850.7 832.3 829.5 826 .6 826. 6 850.7 834. 8 o.oo 

l3 7820.4 856.5 805.5 882.7 867.2 805.5 882.7 853. 0 o.oo 
14 7447.3 826. 6 855.5 829.5 856.5 826.6 856.5 842.0 -0.15 
15 4946.6 819.8 803.6 79 l. 2 819.8 791.2 819.8 808.6 0.10 
16 7698.2 847.8 839. l 795.0 814.l 795.0 847.8 824.0 o.oo 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323.8 DEG C 124 TE-17-1 498.7 DEG C 125 TE-17-2 496. 9 OEG C 
126 TE-17-3 510.6 DEG C 127 TE-17-4 498.7 OEG C 136 TE-18-1 483.2 DEG C 
137 T E-18-2 461.1 DEG C 138 TE-18-3 499.7 DEG C 139 TE-18-4 494.2 DEG C 
140 TE-19-l 484 .1 DEG C 141 TE-19-2 483.2 OEG C 142 TE-19-3 503.3 OEG C 

143 T E-19-4 450. 0 DEG C 457 PE-301 240.0 KPA 4 72 EIE-10 737. 5 AMPS 
473 EEE-10 199.0 VOLTS 4 78 TE-304 332.2 DEG C 
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Table 19. Test conditions summary at rod 14 burst time 

T Il'-IE FROM P~WER-ON 18.30 SEC. TIME FROM POWER-OFF -2.05 SEC. 

RnD DIFFERENTIAL TEMPERA TUR ES fOEG CI TI "IE F~O"I 
NO. PR ES SURE ------------------------------------------------------------------------------ AUR ST 

(KPAI TE-l TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVER AGE I SFC I 

l 7698.9 790,2 802.6 824.6 870.l 790.2 870,l 821.9 o.oo 
2 704.0 813.1 841,0 851.6 843.9 813. l 851.6 837.4 0.30 
3 7259 .6 851.6 852.6 844.9 825,6 825. 6 852,6 843. 7 o.oo 
4 7587.1 861.3 8 72.0 807.4 853.6 807.4 872.0 A48. 6 o.oo 

5 403.7 858.4 854.6 842.0 827.5 827.5 858.4 845. 6 0,45 
6 459.5 864,3 832.3 842 .9 836.2 832.3 864.3 843.9 o. 3 5 
1 333.0 829.5 862.3 841.0 841.0 829. 5 862.3 843,4 0.45 
8 144.7 850.7 841.0 820.8 805.5 805.5 850.7 829. 5 0.50 

9 6772.8 883. 7 819.8 839.l 842.9 819.8 883. 7 846.4 -1.75 
10 2045.9 832.3 851.6 82 7 .5 861.3 827. 5 861.3 843.2 0.20 .i::--

ll 385.5 835.2 824.6 840.l 863.3 824.6 863.3 840. 8 o. 50 0 

12 3254.9 839.l 824.6 807 .4 804.5 804. 5 839.1 818.9 0.15 

13 2511.8 831.4 797.8 870.l 864.3 797.8 8 70. l 840. 9 0.15 
14 7231.8 828.5 858.4 832.3 855.5 828.5 858.4 843.7 o.oo 
15 1582.6 823,7 807.4 794.0 823.7 794.0 823. 7 812,2 0.25 
16 2262.l 844,9 813. l 798.8 818.9 798.8 844.9 818.9 0.15 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-30 5 323,8 DEG C 124 TE-17-1 506,l DEG C 125 TE-17-2 50l.5DE$C 
126 TE-17-3 516.l DEG C 127 TE-17-4 503.3 DEG C 136 TE-18-1 486.8 DEG C 
137 T E-18-2 464,8 DEG C 138 TE-18-3 506,l DEG C 139 TE-18-4 499, 7 DEG C 
140 TE-19-l 488.7 DEG C 141 TE-19-2 486.8 DEG C 142 TE-19-3 515.2 DEG C 

143 TE-19-4 454, 7 DEG C 457 PE-301 255,2 KPA 472 EIE-10 737.5 AMP~ 
473 E EE-10 199,0 VOLTS 478 TE-304 331,9 DEG C 



Table 20. Test conditions summary at rod LS burst time 

TIME FROM POWER-ON 18.05 SEC. TIME FROM POWER-OFF -2.30 SEC. 

ROD DIFIFERENTIAL TEMPER HUR ES (DEG Cl TI'-IE FRO._, 
NO. PRESSURE ------------------------------------------------------------------------------ BUR ST 

(KPAI TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE I SEC I 

1 7976.5 795.0 803.6 821.8 866.2 795 •. 0 866.2 821.6 -0.25 
2 5507.8 810,3 835,2 842.0 841.0 810.3 842.0 832.1 0.05 
3 7637.2 856.5 849.7 844.9 837.2 837. 2 856.5 847.1 -0.25 
4 7924 .8 855.5 866,2 806,4 852.6 806,4 866. 2 845.2 -o. 25 

5 24 29. l 855.5 849.7 833.3 832. 3 832.3 855. 5 842. 7 0.20 
6 3490.2 853.6 825.6 836.2 83Z. 3 825.6 853.6 836.9 0.10 
7 2155.7 819.8 856.5 835.2 842.0 819.8 856.5 838.4 0.20 
8 1150 .4 849.7 835.2 815.0 803.6 803.6 849.7 825.9 0.25 

9 6868.7 874.0 820.8 835.2 838.1 820. 8 874.0 842. 0 -2. 00 
10 7427.2 824,6 864.3 824.6 856.5 824,6 864.3 842. 5 -0.05 ~ 

11 1961,8 825.6 817.9 83 l .4 854.6 817.9 854.6 832. 4 0.25 t--' 

12 7689.3 849.7 832.3 831.4 836.2 831.4 849.7 837.4 -0.10 

13 7925.l 853. 6 804.5 880.8 863.3 804.5 880.8 850. 5 -0.10 
14 7571.9 823.7 858.4 827.5 854.6 823. 7 858.4 841.0 -0.25 
15 7944,5 823.7 807.4 798.8 836.2 798.8 836.2 816.5 o.oo 
16 7851.5 848.7 850.7 794.0 822.7 794.0 850.7 829.0 -0.10 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 TE-~05 323.8 DEG C 124 TE-17-1 494,2 DEG C 125 TE-17-2 494,2 DEG C 
126 TE-17-3 508. 8 DEG C 127 TE-17-4 496. 9 DEG C 136 TE-18-1 480,4 DEG C 
137 TE-18-2 459,3 DEG C 138 TE-18-3 498.7 DEG C 139 TE-18-4 491.4 DEG C 
140 T E-19-1 483,2 DEG C 141 TE-19-2 480.4 DEG C 142 TE-19-3 501.5 DEG C 

143 TE-19-4 447.3 DEG C 457 PE-30 l 229,9 KPA 472 E IE-10 737. 5 AMPS 
473 EEE-10 199,0 VOLTS 478 TE-304 331.9 DEG C 
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Table 21. Test conditions summary at rod 16 burst time 

TIME FROM POWER-ON 18.15 SEC. TIME FRCM POWER-OFF -2,20 SEC. 

ROD DIFFERENTIAL TEMPERATURES ( DEG CI TI"IE FRnl1 
NO. PRESSURE ----------------------------------------------------------------------------- RUR ST 

( KPA I TE-1 TE-2 TE-3 TE-4 MINIMU'-1 MA Xt MUM AVERAGE (SFCI 

l 7868.3 794.0 802,6 823.7 867,2 794.0 867.2 821.9 -0.15 
2 2317.2 810,3 835,2 844,9 840,l 810. 3 844.9 832. 6 0,15 
3 7493.2 853.6 850.7 843.9 832.3 832. 3 853.6 845, 1 -o. 15 
4 7798. 4 857.5 870.l 806.4 853.6 806,4 870,l 846,9 -o. 15 

5 1214,8 857.5 852.6 837.2 830.4 830.4 857,5 844.4 o. 30 
6 1510.0 856.5 828.5 837.2 835.2 828.5 856,5 839. 3 0.20 
7 1046.9 823. 7 860.4 837.2 841. 0 823. 7 860.4 840.6 o.3o 
8 527.5 849.7 837.2 817.0 804.5 804.5 849.7 827. l 0.35 

9 6830.3 874. 0 820.8 837 .2 840.l 820. 8 874.0 843.0 -l. 90 
10 6012.6 825.6 857.5 824.6 852.6 824. 6 857.5 840, l o. 05 +' 

N 
11 1058.3 830.4 820,8 835.2 8 59. 4 820.8 859. 4 836.5 0.35 
12 7544.5 850.7 832.3 829.5 826.6 826,6 850.7 834.8 o.oo 

13 7820.4 856.5 805. 5 882.7 867.2 805.5 882. 7 853. 0 o.oo 
14 744 7.3 826.6 855.5 829.5 856.5 826.6 856.5 842.0 -o. 15 
15 4946.6 819.8 803.6 791.2 819.8 791.2 819.8 808,6 0,10 
16 7698,2 847. 8 839, l 795.0 814,l 795,0 847.8 824, 0 o.oo 

************************************************************************************************************************* 

MISCELLANEOUS INSTRUMENTS 

58 T E-305 323.8 DEG C 124 TE-17-1 498.7 DEG C 125 TE-l 7-2 496, 9 DEG C 
126 T E-17-3 510.6 DEG C 127 TE-17-4 498,7 DEG C 136 TE-18-1 483, 2 DEG C 
137 TE-18-2 461.1 DEG C 138 TE-18-3 499.7 DEG C 139 TE-18-4 494,2 DEG C 
140 T E-l 9-1 484.l DEG C 141 TE-19-2 483,2 DEG C 142 TE-19-3 503,3 DEG C 

143 TE-19-4 450.0 DEG C 457 PE-30 l 240.0 KPA 4 72 EIE-10 73 7, 5 AMPS 
473 E EE-10 199.0 VOLTS 418 TE-304 332.2 DEG C 
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Table 22. Axial shrinkage of tubes 
in B-2 test 

Simulator Burst Heated length 

No. 
temperature change 

( OC) (%) 

1 870 1. 4 
2 846 1. 3 
3 853 1. 4 
4 872 1.3 
5 866 1.2 
6 857 1.4 
7 861 1. 3 
8 856 1.2 
9a 928a 1.0 

10 862 1.2 
11 853 1.2 
12 851 1. 3 
13 867 1. 2 
14 858 1.4 
15 836 1.3 
16 848 1.3 

a Tube developed leak prior to test; 
deformation behavior was abnormal. 



Table 23. Percent circumferential strain in the tubes of the B-2 test 

Elevation Tube No. 

(cm) 
l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

o.o -c.2 -0.2 -0.3 0,3 o.o -0.4 -0. l 0.3 -0.8 -o. t -0.4 0.1 -0.9 -0.5 -0.4 o.o 
l,8 4.4 5.7 6.0 5.8 4.1 7.1 7.4 6.9 4.6 5.1 5.1 1.2 4.1 6.3 4.8 ... 8 
3.4 10.5 ll.3 12.3 10. 6 10.5 18.8 14.l 11.6 8.2 10.6 10,9 13.0 8.9 15.0 9.6 1.7 
5.0 l 0,4 11.5 11.0 ll.5 9.9 17. l 12.a 11. l e.5 10.7 11.0 11.2 9.3 13.2 10.4 8.3 
6 . ., e.5 9.7 8.0 1.8 7.6 13.5 10.4 7.5 7.0 9,0 9.0 8.5 7. 4 9.8 7. 5 6.6 
a.a 4.6 4.9 3.9 4,l 3.9 5.0 4.4 4.2 3,1 3,1 3.9 3.9 3.5 3.7 3.1 3.1 

11.5 3.7 3.9 3.9 4,4 3.7 5.6 4.3 4,5 3.4 3.7 4,8 4.6 3.5 4.2 2.9 4.3 
13.3 e.6 7.7 c;. 2 7. 9 6.7 14.7 12. l 9. 8 9.3 9.4 13. 2 10.5 8,2 10,3 5. l 6.5 
15.1 13,3 11.4 • 11.5 9.5 8.5 20.9 15, l 13. 2 10.7 12.4 16.8 15.6 11.f, 17, 3 6.8 7. l 
16.8 15.3 16.3 14.6 ll,6 11.7 22.9 15. 7 16. 2 10.9 16.2 18. 3 l 7. 5 14.4 28.4 11.2 10. 5 
18.1 15.e 18.2 1 7. 6 13.0 14,3 2 3. 2 15.6 18. 7 11.0 16.5 16.9 17.9 15.7 37.8 l 2, 3 11. 7 
19.5 l'l, 2 19.5 19. 7 13, 7 18.7 22.4 17.9 21. 1 14,7 21.5 16.6 20.7 20. 9 41.8 12.6 12.9 
21.4 l'l. 8 17.5 19,9 10. 8 18.0 21.6 17.9 22. 8 13.8 22.6 15.2 24.7 19.5 32.4 11.1 11.a 
23.2 lS,5 16,l 21.4 9.7 18.3 24,7 18.4 27.0 14.9 23. 3 15,l 21,8 18. 5 25.8 13. l 13.3 
25.0 16.2 13,8 24.4 11.0 17,4 23.4 21.0 27.4 15,4 21.0 13.5 l 8. 5 16.0 22.3 15. 5 14.7 
u,.c; 15,4 11,5 25.9 13, 5 14.6 19.8 23.4 20.7 14.5 21.1 13. 5 18. 7 14.9 15.7 17.3 11.8 
28.5 16.5 12.7 29.8 16.7 15. l 21.0 24. 5 17.4 14.8 23.e 14.3 19.5 14.8 15.5 l 8.4 10.7 
30.0 14.7 12.4 32.5 18. 6 14.9 21. 5 23.3 l 6. l 13.2 23.3 15,l 18.8 12.4 15.8 17.5 11.7 
32.0 12.6 15.3 28.0 19.8 14.7 2 o. 8 21.0 16.2 13.3 21. 0 14.4 20.2 12.8 17. 3 13. 7 13.5 
34.0 11.6 15.4 22.0 17.7 14.8 23.8 19.4 15. 1 13. 8 10.e 14.8 20.7 16. l n. 1 12.7 13. 2 
35.CJ 12.9 18.0 21.6 14.0 15.3 44.3 17.4 16.l 13.5 20. l 16.7 l 8. l 16. 5 22.7 13.9 H.7 
37.7 13.5 18.7 24.0 13. 5 17.9 5 7. 8 15.7 20.7 15.0 25.0 16. 2 15. 5 14.6 30.l 16.2 12. 7 

~ 39.5 12. 2 15.0 20. 1 13. 8 15.6 39,6 18,4 23.4 13.5 32. 6 14.4 14,2 12.3 28.9 16.0 13.3 ~ 
41.2 18.8 15.7 23.7 15.6 16.4 35,3 23.l 29.6 16.2 42.8 16.9 18.9 17.5 26.8 17,3 16.9 
43 .3 22.2 15.8 29.5 11.0 15.6 44.3 19. 7 3 7.6 14.2 33.0 16. 8 21.0 17. l 21.3 15.3 18.3 
44.7 23.4 15,0 37.7 18.3 H.9 40.7 17.3 33.0 14.4 27.3 16. 0 18.4 15.9 18.9 12.9 21 .6 
46.2 27,8 17.0 38.4 19.7 16.0 36.4 11.2 23.3 n.o 23.2 16.l 18. l 14. 7 17.9 11. 8 29.0 
47.7 34.5 18.9 30.8 19.8 19.0 3 7. 3 20.t 18.2 21. l 24.5 l 7. 7 18.8 16.0 18.3 13.5 30.8 
49.7 28.<; 19.6 21.5 1 e. 9 20.7 34.9 20.6 17.4 19.0 22.2 19.9 20.4 14.3 19. 2 16.5 22.2 
51.6 21.0 20.0 16.0 23.4 21-.1 28.9 17. 3 18.4 17.7 20.5 la. 5 22.1 14. 5 20.8 17.4 19.6 
53.5 le. 1 19.7 19.3 29.4 35.0 2 5.9 20.1 17.5 19,5 21.e l 8. 3 25.7 22.0 23.5 20.6 28.2 
54.9 lS. l 21.9 19.2 2 7. 2 29.0 26.0 22.6 17.6 18.l 22.c 1 7.6 27.1 29.9 24.2 20.5 37. 1 
56.2 2c.1 25.3 21,3 27.2 25. 2 25.6 23.6 22.2 1 7. 6 24.8 17. 7 28.l 41.4 27.7 23.2 41.7 
57.6 17. l 22.3 21.4 28. I 21 .5 21. 3 19.3 24. l 14.7 21.6 13.6 23.4 34.6 25.2 20.4 32.4 
59. e 13.4 14.7 18.7 23.7 15.0 17.7 16.9 16. 8 12.9 17.3 10. 9 17.4 16. l 18.2 14.l 17.0 
l:1.8 11.0 10.3 12.4 12.7 10. 5 13.6 14. 8 ll.8 11.2 13.6 10.5 14.0 13. 1 12. l 10.5 10.8 
63.8 5.1 5.3 4.9 6. 1 5. l 5.5 5.7 6.0 3.7 5.4 5.3 5.8 6.4 5.7 5.0 6.4 
t6.5 4.8 4.9 5.2 6. 5 4.7 5.8 6.3 5.9 4.1 5. l 5.5 5.2 5.5 5.0 4.0 5.1 
t:8 .4 10.2 10.8 13.6 lo. 8 11.0 I 7. 7 18,l l!.6 12.4 13.7 15.0 11.0 10.9 10. 8 8.2 9.3 
70.1 14.6 18.3 19.7 15. 9 16.0 27.0 23,1 16.7 17.0 17.8 20.7 16.8 9. 7 19. l 12.6 12.6 
71.6 15.0 22.2 21.3 21.5 20.6 27.0 21. 8 17.8 19.4 18,l 20.2 16.6 9.7 25.8 12. 7 14.3 
73.l 16. l 2~.l 24.8 30. 5 22.0 25.6 23.l 19.3 23.0 18.1 20.9 17.7 10.8 26.7 13.5 17.6 
74.6 21. 1 33.0 37.4 37.8 23.3 30.6 27.7 22.1 29.2 22.2 26.4 19.7 16.5 24. 8 17.0 20. 1 
76.2 23.2 38.5 40.3 42.0 22.0 3 5 .4 31.9 22.3 23.9 25.3 34.4 23.2 17.3 22.7 22.2 22.5 
78.0 24.3 29.0 33.6 33.2 23.6 28.8 34.2 21.9 20.2 27.6 39.8 26.3 17.3 23. l 31.4 23.t 
79.5 22.9 20.7 22.4 27,l 23.9 22.5 39.7 21.6 19.6 28.0 35.2 29.4 16.7 22.2 35. l 22.0 
81.6 17.3 17.9 16.8 26.5 19.0 23.8 55.6 16.3 19.l 28.3 25.9 39.7 14.3 18.7 25.2 16. 2 
83. 8 11.4 15.9 15.6 le. 9 14.l 24.0 32.7 12. 8 16. l 21. 1 20.1 21.8 10.6 16. 1 14.4 11.6 
86.0 e.o 13.8 12.7 l 2. 9 15.4 14.8 20.7 11. 5 13.9 23.0 14.6 11. 8 7.5 14.3 9.8 10.8 
ee.1 6.5 e.1 6. 3 7.5 1 c. 3 9.2 12.2 8.4 7.8 12.1 7. 8 7.1 5. 2 9.7 6. 8 8.4 
89. CJ 1.2 1,6 l.7 3.0 1.9 1.9 2,4 1.2 1.5 3.5 0.1 3.3 -o. l 2.4 0.3 l. l 
91.5 C.4 0.4 0.8 1. 2 1.1 0.1 1.0 -o. 1 0.5 1. 1 0.5 0.9 o. 1 1.5 0.4 0.5 
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Table 24. Summary of B-2 burst data 

Burst characteristics Approximate position 
Rod 

b No. 1 
. a Temperature Strain E evation Angle 

( OC) (%) (cm) (deg) 

1 870 35 4 7. 7 135 
2 846 39 76.2 115 
3 853 40 76.2 85 
4 872 42 76.2 180 
5 866 35 53.5 165 
6 857 58 37.7 220 
7 861 56 81.6 350 
8 856 38 43.3 280 
9C 928(? 29e 74.6 45 

10 862 43 41. 2 190 
11 853 40 78.0 20 
12 851 40 81.6 295 
13 867 41 56.2 100 
14 858 42 19.5 65 
15 836 35 79.5 15 
16 848 42 56.2 255 

aElevation above bottom of heated zone. 

bLooking down on bundle and measured clockwise 
from bundle north. 

eTube developed leak prior to transient; defor-
mation behavior is abnormal. 



Table 25. Upper limit of B-2 deformed tube areas (mm2 ) 

--~-------

Elevation 
Tube No. 

-----
(cm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 TOTAL 

o.o <;3 93 93 94 93 92 93 94 92 c;2 92 93 91 92 92 93 1490 
l.8 102 104 105 104 101 107 107 106 102 103 103. 107 101 105 102 102 16 70 
3.4 114 115 117 114 114 132 121 116 109 114 115 119 ll l 123 112 108 1862 
5.0 114 116 115 116 113 128 119 115 110 114 115 115 lll 119 114 109 1850 
6.9 110 112 109 108 108 120 114 108 107 111 111 110 107 112 108 106 1767 
a.a 102 103 101 10 l 100 103 10 l 101 99 9<; 101 100 100 100 99 99 1616 

11.5 100 101 10 l 102 100 104 10 l 102 100 100 102 102 100 101 99 101 1622 
13.3 110 108 111 108 106 123 117 112 111 112 119 ll4 109 113 103 106 1791 
15.l 12C 116 116 112 110 136 124 119 114 11€ 127 125 116 128 106 107 1902 
16. a 124 126 122 116 116 141 125 126 115 12(: 131 129 12 2 154 115 114 2009 
l 8. l 125 130 129 H9 122 142 125 131 115 127 12 8 130 12 5 177 118 116 2065 
19.5 133 133 134 12 l 131 140 130 137 123 138 127 136 136 233 118 119 2195 
21.4 134 129 134 114 130 138 130 141 121 140 124 145 133 164 115 117 2115 
23.2 133 126 138 112 131 145 131 151 123 142 123 139 131 14 8 119 120 2118 
25.0 126 121 144 115 129 142 137 152 124 137 120 131 126 140 124 123 2096 
26. <; 124 116 148 120 122 134 142 136 122 137 120 132 123 125 128 117 2054 
28.5 127 118 157 127 123 137 145 129 123 143 122 133 123 124 131 114 2083 
30.0 123 118 164 131 123 138 142 126 120 142 124 132 118 125 129 116 2076 
32.0 118 124 153 134 123 136 138 126 120 137 122 135 119 128 121 120 2060 
34.0 116 124 139 129 123 143 133 123 121 131 123 136 126 129 119 119 2042 
35.9 11':i 130 138 121 124 194 129 126 120 134 127 130 127 140 121 116 2105 
37.7 120 131 143 120 130 248 125 136 123 146 126 124 122 15 8 126 118 2205 

+' 39,5 117 123 135 121 125 182 131 142 120 164 122 122 118 155 125 120 2128 
"' 41. 2 132 125 143 125 126 171 141 157 126 2 56 127 132 129 150 128 127 2302 

43.3 139 125 156 128 125 194 133 259 122 165 127 137 12 8 137 124 131 2338 
44.7 142 123 177 131 123 185 128 165 122 151 126 131 12 5 132 119 138 22 25 
46.2 152 128 179 134 126 174 128 142 128 142 126 130 123 130 117 155 2218 
47.7 204 132 160 134 132 176 135 130 137 145 129 132 125 131 120 160 2288 
49.7 155 133 138 132 136 170 136 129 132 13<; 134 135 122 133 127 139 2196 
51.6 136 134 126 142 151 · 155 128 131 129 136 131 139 122 136 129 133 2166 
5;!.5 130 134 133 156 261 148 134 129 133 138 130 147 139 142 136 153 2352 
54.9 132 139 133 15 l 155 148 140 129 130 140 129 151 158 144 135 175 2296 
56.2 136 146 137 151 146 147 143 139 129 145 129 153 253 152 142 271 2527 
57.6 128 140 138 153 138 137 133 144 123 l3E 120 142 169 146 135 164 2254 
59.e 120 123 131 14 3 123 129 127 127 119 128 115 129 126 130 121 128 2027 
61,8 115 113 118 ll8 114 120 123 117 115 120 114 121 119 117 114 114 1881 
n.e 103 103 103 105 103 104 104 105 100 103 103 104 105 104 103 105 1665 
66.5 102 102 103 106 102 !04 105 !04 101 10? 104 103 104 103 101 103 1658 
68, 4 113 115 120 114 115 129 130 116 118 121 123 115 115 114 109 lll 1886 
70.l 123 130 134 12 5 126 151 141 127 128 12c; 136 127 112 132 118 118 2065 
71.6 123 139 137 13 8 l 36 151 138 129 133 130 135 127 112 148 119 122 2124 
73.1 126 146 145 159 139 14 7 141 133 141 131 136 129 114 150 120 129 2195 
74.6 138 165 174 177 142 159 152 139 l 84 139 149 134 127 145 128 135 2394 
76. 2 142 203 264 288 139 171 162 139 143 146 168 141 128 140 139 140 2663 
78.0 144 155 166 166 143 155 168 139 135 152 228 149 128 141 lb l 141 24 78 
79.5 141 136 140 151 143 140 182 138 134 153 170 156 127 139 189 139 2384 
81.6 128 130 127 149 132 14 3 295 126 132 154 148 228 122 131 146 126 2425 
83.e 116 125 125 132 121 143 164 119 126 137 135 138 114 126 122 116 2066 
S6,0 109 121 118 119 124 123 136 116 121 141 122 l 17 108 122 112 114 1930 
88.1 106 109 105 108 113 111 117 109 108 117 108 107. 103 112 106 109 1758 
€9.<J c;5 96 96 99 97 97 98 95 96 100 94 99 93 98 94 95 1550 
<; l. 5 94 94 95 95 95 93 95 93 94 96 94 95 93 96 94 94 1518 



Table 26. Lower limit of B-2 deformed tube areas (mm2 ) 

Elev at i.on 
Tube No. 

(cm) 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 TOTAL 

-----
o.o 93 93 93 94 93 92 93 94 92 92 92 93 91 92 92 93 1490 
l.8 102 104 105 104 101 107 107 106 102 103 103 107 101 105 102 102 16 70 
3.4 114 115 117 114 114 132 121 116 109 114 115 119 111 123 112 108 1862 
·5.0 114 116 115 116 113 128 119 115 llO 114 115 115 11 l 119 114 109 1850 
6.<; 110 112 10g 108 108 120 114 108 107 111 111 llO 107 112 108 106 1767 
e.e 102 103 101 101 100 103 101 101 99 99 101 100 100 100 99 99 1616 

11. 5 100 101 101 102 100 104 101 102 100 100 102 102 100 101 99 10 I 1622 
13. 3 110 108 111 108 106 123 11 7 112 111 112 119 114 109 113 103 106 1791 
15. l 120 116 116 112 110 136 124 119 114 118 127 125 116 128 106 107 1902 
16.e 124 126 122 ll6 116 141 125 126 115 126 131 129 122 154 115 114 2009 
18.1 125 130 129 119 122 142 125 131 115 127 128 130 12 5 177 118 116 2065 
19. 5 133 133 134 121 131 140 130 137 123 138 127 136 136 188 118 119 2150 
21. 4 134 129 134 114 130 138 130 141 121 140 124 145 133 164 115 117 2115 
23.2 133 126 138 ll 2 131 145 131 151 123 142 123 139 131 14 8 119 120 21 lll 
25.0 126 121 144 115 129 142 137 152 124 137 120 131 126 140 124 123 2096 
2e.c; 124 116 148 120 122 134 142 136 122 137 120 132 123 12 5 128 117 2054 
28.5 127 118 157 127 123 137 145 129 123 143 122 133 123 124 13 l 114 2083 
30.0 123 118 164 131 123 138 142 126 120 142 124 132 118 125 129 116 2076 
32.0 118 124 153 134 123 136 138 126 120 137 122 135 11 <J 128 121 120 2060 
34.0 116 124 139 129 123 143 133 123 121 131 123 136 126 129 119 119 2042 
35. <; 119 130 13 8 121 124 194 129 126 120 134 127 130 127 140 12 l 116 2105 
37.7 120 131 143 120 130 233 125 136 123 146 126 124 122 158 126 118 2190 

~ 39.5 117 123 135 121 125 182 131 142 120 164 122 122 118 155 125 120 2128 ...... 
41.2 132 125 143 12 5 126 171 141 157 126 191 127 132 129 150 128 127 2237 
43.3 13g 125 156 128 125 194 133 177 122 165 127 137 128 137 124 131 2256 
44.7 142 123 177 131 123 185 128 165 12~ 151 126 131 125 132 119 138 2225 
46.2 152 128 179 134 126 174 128 142 128 142 126 130 123 130 117 155 2218 
47.7 16CJ 132 160 134 132 176 135 130 137 145 129 132 125 131 120 160 2253 
49.7 155 133 138 132 136 170 136 129 132 13S 134 135 122 13 3 127 139 2196 
5 l .6 136 134 126 142 151 155 128 131 129 136 131 139 122 136 129 133 2166 
53.5 130 134 133 156 170 148 134 129 133 138 130 147 139 142 136 153 2261 
54.S 132 139 133 151 155 148 140 129 130 140 129 151 15 8 144 135 175 2296 
56.2 136 146 13 7 151 146 147 143 139 129 145 129 153 187 152 142 188 23 78 
57.6 128 140 138 153 138 137 133 144 123 138 120 l 42 169 146 135 164 2254 
59.e 120 123 131 143 123 129 127 127 119 128 115 129 126 130 121 128 2027 
6 l. 8 115 113 118 118 114 120 123 117 115 120 114 121 119 11 7 114 114 1881 
63.8 103 103 103 105 103 104 104 105 100 103 103 104 105 104 103 105 1665 
66.5 102 102 103 106 102 104 105 104 101 103 104 103 104 103 101 103 1658 
68.4 113 115 120 114 115 129 130 116 118 121 123 115 ll5 114 109 111 1886 
70. l 123 130 134 12 5 126 151 141 127 128 l 2CJ 136 127 112 132 ll8 118 2065 
71 .6 123 139 137 138 136 151 138 129 133 130 135 127 112 148 119 122 2124 
73. l 126 146 145 159 139 147 141 133 141 l 31 136 129 114 150 120 129 2195 
74.6 138 165 174 177 142 159 152 139 156 13<; 149 134 12 7 145 128 135 2366 
76.2 142 179 184 188 139 171 162 139 143 146 168 141 128 140 139 140 2459 
78.0 144 155 166 166 143 155 168 139 135 152 183 149 128 141 161 141 2432 
7CJ .5 141 136 140 151 143 140 182 138 134 153 170 156 127 13 9 170 139 2366 
et. 6 128 130 127 149 132 143 226 126 132 154 148 182 l?2 131 146 126 23 ll 
83.8 116 12 5 125 132 121 143 164 119 126 137 135 138 114 126 122 116 2066 
86.0 109 121 118 119 124 123 136 116 121 141 122 117 108 122 112 114 1930 
88. l 106 l 09 105 108 113 111 11 7 109 108 117 108 107 103 112 106 109 1758 
e9. c; <;5 96 96 99 97 97 98 95 CJ6 100 94 99 93 98 94 95 1550 
Sl.5 S4 94 95 95 95 93 95 93 94 96 94 95 93 96 94 94 1518 
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Table 27. B-2 coolant 
channel restriction 

Elevation Upper Lower 

(cm) 
limit limit 

(%) (%) 

o.o -0.5 -0.5 
1. 8 9.4 9.4 
3.4 19.9 19.9 
5.C lg. 2 19. 2 
6.9 14.7 14.7 
8. 8 6.4 6.4 

ll.5 t:.7 6.7 
13.3 16.0 16.0 
15.l 22.0 22.0 
16.8 27.9 27.9 
18.l 30 .. 9 30.9 
19.5 38.C 35.6 
21.4 33.6 33.6 
23.2 33. 8 33. 8 
25.0 32.7 32.7 
26.9 30.3 30.3 
28.5 31. g 31.9 
30.0 31.5 31.5 
32.0 30.7 30.7 
34.0 29. 7 29.7 
35.9 33.l 33. l 
37.7 38.6 37.7 
39.5 34.4 34.4 
41.2 43.9 40. 3 
43.3 45.8 41.3 
44.7 39.7 39.7 
46.2 39.3 39.3 
47.7 43.l 41.2 
49.7 38.l 38.l 
51.6 36.5 36.5 
53.5 46.6 41.7 
54.9 43.6 43.6 
56.2 56.2 48.0 
57.6 41. 2 41.2 
59.8 28.9 28.9 
61.8 20.9 20.9 
63. 8 9. l 9.1 
66.5 8.7 8.7 
68.4 21.2 21.2 
7C. l 31.0 31.0 
71.6 34.2 34.2 
73.l 38.0 38.0 
74.6 48.9 47.4 
76.2 63.6 52. 5 
78.0 53.5 51. 0 
79. 5 48.<t 47.4 
81.6 50.6 44.4 
83.8 31.0 31.0 
86.0 23.6 23.6 
88. l 14.2 14.2 
89.9 2.8 2. 8 
91.5 1.1 l. l 
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Table 28. Pressure tap positions of shroud 1 relative 
to the bottom of the heated zone of bundle B-2 

Distance above Distance above 
Tap bottom of Tap bottom of 
No. heated zone No. heated zone 

(cm) (cm) 

1-2 96.16 41-42 37.74 
3-4 91.08 43-44 35.20 
5-6 86.00 45-46 32.66 
7-8 83.46 47-48 30.12 
9-10 80.92 49-50 27.58 

11-12 78.38 51-52 25.04 
13-14 75.84 53-54 22.50 
15-16 73.30 55-56 19.96 
17-18 70.76 57-58 17.42 
19-20 68.22 59-60 14.88 
21-22 63.14 61-62 12.34 
23-24 60.60 63-64 7.26 
25-26 58.06 65-66 5.72 
27-28 55.52 67-68 2.18 
29-30 52.98 69-70 -2.90 
31-32 50.44 71-72 -7.98 
33-34 47.90 73-74 -13.06 
35-36 45.36 75-76 -18.14 
37-38 42.82 77-78 -37.35 
39-40 40.28 79-80 -47.51 

Table 29. Pressure tap positions of shroud 2 relative 
to the bottom of the heated zone of bundle B-2 

Distance above Distance above 
Tap bottom of Tap bottom of 
No. heated zone No. heated zone 

(cm) (cm) 

1-2 95.95 41-42 37.53 
3-4 90.24 43-44 34.99 
5-6 85.79 45-46 32.45 
7-8 83.25 47-48 29.91 
9-10 80.71 49-50 27.37 

11-12 78.17 51-52 24.83 
13-14 75.63 53-54 22.29 
15-16 23.09 55-56 19.75 
17-18 70.55 57-58 17.21 
19-20 68.01 59-60 14.67 
21-22 62.93 61-62 12.13 
23-24 60.39 63-64 7.05 
25-26 57.85 65-66 4.51 
27-28 55.31 67-68 1.97 
29-30 52.77 69-70 -1.20 
31-32 50.23 71-72 -8.82 
33-34 47.69 73-74 -15.81 
35-36 45.15 75-76 -20.89 
37-38 42.61 77-78 -37.55 
39-40 40.07 79-80 -47.71 
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Table 30. Differential pressure drops 
for bundle B-2 at a flow rate of 

0.0095 m3/sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 39. 78 2 38. 77 
3 39.60 4 39.50 
5 41.22 6 41.86 
7 43.02 8 42.18 
9 42.38 10 43.48 

11 41.51 12 44.48 
13 44.66 14 39.01 
15 34.62 16 36.09 
17 32.31 18 33.86 
19 30.93 20 31.56 
21 28.35 22 27.63 
23 28.07 24 27.73 
25 28.98 26 29.62 
27 28.97 28 30.12 
29 27.20 30 26.07 
31 26.57 32 25.58 
33 26.40 34 24.71 
35 25.71 36 24.69 
37 23.40 38 24.27 
39 22.10 40 23.36 
41 21. 92 42 21.93 
43 20.90 44 20.64 
45 20.01 46 19.79 
47 19.88 48 19.56 
49 19.12 50 19.11 
51 18.69 52 18.71 
53 17.98 54 18.49 
55 17.08 56 19.07 
57 16. 29 58 16.86 
59 14.98 60 14.72 
61 14.56 62 14.21 
63 10.04 64 9.55 
65 9.86 66 9.44 
67 8.86 68 9.06 
69 7.27 70 7.30 
71 6.80 72 6.81 
73 6.21 74 6.43 
75 6.72 76 6.07 
77 1.50 78 1.83 
79 o.o 80 o.o 
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Table 31. Differential pressure drops 
for bundle B-2 at a flow rate of 

0.0126 m3/sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 64.27 2 62.36 
3 63.65 4 63.82 
5 65.87 6 66.96 
7 68.22 8 66.75 
9 68.02 10 70.00 

11 66.68 12 70.57 
13 72.39 14 63.06 
15 55.41 16 57.22 
17 52.51 18 53.83 
19 50.59 20 50.36 
21 45.91 22 44.59 
23 45.54 24 44.30 
25 47.27 26 47.08 
27 46.44 28 47.96 
29 43.99 30 40.99 
31 42. 96 32 40.88 
33 41. 75 34 39.90 
35 41.66 36 39.23 
37 37.93 38 39.05 
39 35.88 40 37.72 
41 35.28 42 35.55 
43 33.81 44 32.80 
45 32.65 46 31.76 
47 32.05 48 30.96 
49 30.96 so 30.13 
51 30.16 52 29.94 
53 29.59 54 29.21 
55 28.07 56 30.35 
57 26.50 58 26.94 
59 24.23 60 23. 92 
61 23.84 62 22.75 
63 15.96 64 15.38 
65 15.72 66 15.47 
67 14.15 68 14.46 
69 11.68 70 11.42 
71 10.79 72 10.81 
73 9.98 74 10.21 
75 10.80 76 9.59 
77 2.56 78 3.04 
79 o.o 80 o.o 
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Table 32. Differential pressure drops 
for bundle B-2 at a flow rate of 

0.019 m3/sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 139.15 2 131.09 
3 137. 19 4 136.73 
5 143.11 6 146.34 
7 149.47 8 149.30 
9 148.30 10 148.88 

11 145.89 12 155.90 
13 164.04 14 137. 77 
15 119.89 16 125.74 
17 114. 22 18 117.89 
19 108.91 20 109.31 
21 97.38 22 98.00 
23 98.37 24 97.05 
25 102. 62 26 104.05 
27 99.94 28 106.41 
29 96.07 30 90.42 
31 92.50 32 89.71 
33 91.09 34 86.25 
35 89.60 36 85.49 
37 81.55 38 85.22 
39 76.41 40 82.74 
41 76.38 42 78.32 
43 71.11 44 72.18 
45 70.30 46 69.49 
47 68.82 48 67.60 
49 66.46 50 66.41 
51 64.94 52 64.76 
53 63.19 54 64.36 
55 60.49 56 66.50 
57 57.22 58 59.30 
59 51.98 60 52.13 
61 51.03 62 50.71 
63 34.37 64 33.63 
65 34.04 66 33.68 
67 30.56 68 32.13 
69 25.39 70 24.94 
71 22.96 72 24.17 
73 21.82 74 23.31 
75 24.49 76 21.78 
77 6.87 78 7.36 
79 o.o 80 o.o 
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Table 33. Differential pressure drops 
for bundle B-2 at a flow rate of 

0.022 m3/sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 180.42 2 170.69 
3 180.21 4 176.08 
5 187.09 6 189.44 
7 194.62 8 192.47 
9 191.74 10 200.59 

11 190.22 12 203.72 
13 214.55 14 179.18 
15 159.11 16 162.43 
17 149. 32 18 153.48 
19 142.83 20 142.39 
21 128. 21 22 126.95 
23 127.93 24 127.25 
25 134.84 26 135.21 
27 132. 70 28 137.84 
29 125.71 30 118.03 
31 121.59 32 117.54 
33 120.27 34 112.72 
35 119.97 36 112. 32 
37 107.61 38 110. 7 5 
39 100.61 40 107. 25 
41 99.40 42 101.84 
43 94.32 44 93.67 
45 90.98 46 90.58 
47 91.23 48 88.06 
49 87.18 50 86.24 
51 85.04 52 85.74 
53 83.14 54 82.44 
55 78.82 56 87.22 
57 74.47 58 77 .34 
59 68.35 60 67.86 
61 65.46 62 65.53 
63 43.86 64 43.44 
65 43.72 66 42.64 
67 39.13 68 41.08 
69 32.00 70 31. 7 5 
71 30.07 72 30.43 
73 27.79 74 29.40 
75 31.41 76 28.36 
77 8. 20 78 9.83 
79 o.o 80 o.o 
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Table 34. Differential pressure 
drops for the reference bundle 

at a flow rate of 0.0092 
m3 /sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 21.51 2 21.85 
3 20.67 4 20.60 
5 20.34 6 20. 35 
7 20.32 8 20.01 
9 19.65 10 19.84 

11 19.43 12 19. 70 
13 19. 23 14 19.32 
15 19.13 16 19.10 
17 18.85 18 18. 96 
19 18.92 20 18.87 
21 15.84 22 16.50 
23 15.48 24 15.32 
25 15.32 26 15.25 
27 15.00 28 14.83 
29 14.87 30 14. 77 
31 14.65 32 14.61 
33 14.24 34 14.20 
35 14.15 36 13. 98 
37 13.81 38 13.80 
39 13.45 40 13.59 
41 13.46 42 13.57 
43 13.40 44 13.24 
45 13.04 46 13.12 
47 12.79 48 12.84 
49 12.54 so 12.62 
51 12.51 52 12.47 
53 12.14 54 12.13 
55 11.81 56 11.89 
57 11.81 58 11.94 
59 11.46 60 11.56 
61 11. 78 62 11.62 
63 8.30 64 7.79 
65 7.79 66 7.67 
67 7.44 68 7.54 
69 7.00 70 7.20 
71 6.49 72 6.71 
73 6.10 74 6.36 
75 6.75 76 5.41 
77 1.63 78 2.27 
79 o.o 80 o.o 



55 

Table 35. Differential pressure 
drops for the reference bundle 

at a flow rate of 0.0125 
m3/sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 36.18 2 37.10 
3 35.13 4 36.40 
5 34.60 6 35.32 
7 34.51 8 34.75 
9 33.91 10 34.41 

11 32.98 12 34.06 
13 32.84 14 33.45 
15 32.66 16 33.23 
17 32.46 18 32.93 
19 32.48 20 32.33 
21 26.60 22 28.38 
23 26.24 24 26.38 
25 25.73 26 25.74 
27 25.49 28 25.41 
29 25.05 30 25. 51 
31 24.64 32 25.15 
33 24.35 34 24.50 
35 23.68 36 23.99 
37 23.36 38 23.65 
39 23.10 40 23.08 
41 22.82 42 23.13 
43 22.40 44 22.78 
45 22.01 46 22. 75 
47 21.87 48 22.43 
49 21.33 50 21.72 
51 21.08 52 21.51 
53 20. 77 54 21.11 
55 20.06 56 20.64 
57 19.89 58 20.48 
59 19.72 60 20.00 
61 19. 92 62 20.14 
63 13.80 64 13.35 
65 13.14 66 13.19 
67 12.58 68 13.26 
69 11.84 70 12.24 
71 11.04 72 11.56 
73 10.20 74 10.97 
75 11.53 76 9.67 
77 2.71 78 4.13 
79 o.o 80 o.o 
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Table 36. Differential pressure 
drops for the reference bundle 

at a flow rate of 0.019 
m3/sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 77.90 2 80.53 
3 76. 29 4 77.24 
5 75.09 6 75.84 
7 74.33 8 74.72 
9 72.47 10 73.63 

11 71.18 12 72.23 
13 70.47 14 71.45 
15 70.28 16 71.29 
17 69.00 18 70.55 
19 69.87 20 70.11 
21 56.79 22 62.21 
23 55.96 24 56.42 
25 55.06 26 55.79 
27 53.93 28 55.27 
29 53.84 30 54.30 
31 53.17 32 54.08 
33 51.90 34 52.66 
35 50.80 36 52.15 
37 50.57 38 51.37 
39 49. 70 40 50.66 
41 48.42 42 50.56 
43 48.46 44 49.17 
45 47.52 46 48.18 
47 47.09 48 48.11 
49 46.35 50 46.69 
51 44.84 52 45.92 
53 44.56 54 44.98 
55 43.74 56 43.85 
57 42. 72 58 43.86 
59 42.38 60 42. 94 
61 43.15 62 43.21 
63 29.34 64 28.91 
65 28.08 66 23. 26 
67 26.99 68 27.99 
69 25.34 70 25. 76 
71 23.63 72 24.52 
73 21.65 74 23.57 
75 25.56 76 21.71 
77 5.91 78 8. 77 
79 o.o 80 o.o 
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Table 37. Differential pressure 
drops for the reference bundle 

at a flow rate of 0.022 
m3/sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 103.19 2 104.22 
3 101. 97 4 101.05 
5 97.97 6 99.07 
7 96.95 8 97.45 
9 95.23 10 95.84 

11 93.83 12 94.04 
13 92.02 14 93.19 
15 92.31 16 90.68 
17 90.99 18 91.69 
19 91.17 20 91.05 
21 73.93 22 80.28 
23 72.48 24 73.26 
25 71.58 26 72.23 
27 70.45 28 71.18 
29 69.89 30 69.76 
31 68.89 32 69.09 
33 67.49 34 68.12 
35 66.75 36 67.48 
37 65.93 38 66.06 
39 64. 21 40 65.23 
41 63.22 42 65.22 
43 62.64 44 63. 77 
45 61.51 46 62.03 
47 61.04 48 61. 77 
49 59.74 50 60.09 
51 58.87 52 58.80 
53 58.11 54 57.65 
55 56.66 56 56.38 
57 55.43 58 56.67 
59 54.78 60 54.76 
61 55.75 62 55.92 
63 37.72 64 37.64 
65 35.98 66 35.82 
67 34.59 68 36.63 
69 32. 74 70 33.11 
71 30. 25 72 31.64 
73 27.90 74 30.73 
75 33.65 76 29.67 
77 7.71 78 10.45 
79 o.o 80 o.o 
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Table 38. Differential pressure 
drops for the reference bundle 

at a flow rate of 0.0068 
m3/sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 ll.92 2 11. 79 
3 ll. 78 4 ll.55 
5 10.94 6 11.34 
7 10.90 8 11.35 
9 10.58 10 10.97 

11 10.62 12 10.96 
13 10.27 14 11.01 
15 10.40 16 10.65 
17 10.25 18 10.69 
19 10. 23 20 10.57 
21 8.70 22 8.84 
23 8.32 24 8.45 
25 8.10 26 8.80 
27 8.21 28 8.41 
29 8.07 30 8.39 
31 7.80 32 8.25 
33 7.71 34 8.03 
35 7.67 36 7.98 
37 7.46 38 7.86 
39 7.49 40 8.01 
41 7.38 42 7.22 
43 7.25 44 7.26 
45 6.85 46 6.84 
47 7.02 48 7.46 
49 6.34 50 7.25 
51 6.71 52 7.24 
53 6.66 54 6.90 
55 6.29 56 6.88 
57 6.26 58 6.79 
59 6.30 60 6.70 
61 6.77 62 6.91 
63 4. 24 64 4.66 
65 4.22 66 5.05 
67 3.76 68 4.24 
69 3.69 70 4.28 
71 3.70 72 4.02 
73 3.18 74 3.88 
75 3.41 76 3.31 
77 0.64 78 1.26 
79 o.o 80 o.o 
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Table 39. Differential pressure 
drops for the reference bundle 

at a flow rate of 0.024 
m3/sec in shroud 1 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 116. 43 2 118. 57 
3 112. 33 4 114.43 
5 110. 37 6 112. 36 
7 109.86 8 110.08 
9 107.26 10 107.81 

11 105.06 12 106. 95 
13 104.77 14 106.17 
15 104.28 16 104.66 
17 102.63 18 104.01 
19 102.80 20 103.26 
21 83.82 22 90.79 
23 81.67 24 83.20 
25 80.82 26 81.61 
27 79.10 28 81.04 
29 78.71 30 78.50 
31 77. 71 32 79.25 
33 75.63 34 76.51 
35 74.22 36 76.09 
37 73.46 38 74.58 
39 72.29 40 72.91 
41 71.23 42 73.54 
43 70.73 44 71.59 
45 69.05 46 70.71 
47 67.96 48 70.12 
49 67.25 50 68.23 
51 65.94 52 66.98 
53 64.84 54 65. 52 
55 63.34 56 63.35 
57 62.21 58 63.40 
59 61.67 60 62.41 
61 62.81 62 63.91 
63 42.30 64 42.53 
65 40.46 66 40.55 
67 39.08 68 41.25 
69 36.86 70 37.45 
71 34.07 72 36.01 
73 31. 61 74 34.83 
75 38.12 76 33.57 
77 8.70 78 11. 77 
79 o.o 80 o.o 
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Table 40. Differential pressure drops 
for bundle B-2 at a flow rate of 

0.0095 m3/sec in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 20.43 2 19.82 
3 20.93 4 20.27 
5 21.59 6 21.08 
7 21.93 8 21.60 
9 22.05 10 21.98 

11 21.82 12 22.54 
13 23.43 14 20. 73 
15 18.51 16 18.96 
17 17.29 18 17.76 
19 16.36 20 16.90 
21 15. 20 22 15.05 
23 15.13 24 14.94 
25 15.69 26 15.78 
27 15.53 28 16.06 
29 14.95 30 14.08 
31 14.64 32 13.84 
33 14.48 34 13.61 
35 14.03 36 13.33 
37 13.18 38 13.27 
39 12.29 40 13.03 
41 12.38 42 12.09 
43 11. 76 44 11.54 
45 11.37 46 11.07 
47 11.17 48 10.84 
49 10. 77 50 10.54 
51 10.51 52 10.44 
53 10.32 54 10.32 
55 9.88 56 11.01 
57 9.44 58 9.26 
59 8.65 60 8.31 
61 8.45 62 7.98 
63 5.94 64 5.22 
65 5.74 66 5.42 
67 5.22 68 5.01 
69 4.46 70 4.24 
71 3.99 72 3.84 
73 3.90 74 3.43 
75 2.31 76 1.45 
77 0.61 78 0.39 
79 o.o 80 o.o 
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Table 41. Differential pressure drops 
for bundle B-2 at a flow rate of 

0.0125 m3/sec in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 32.83 2 32.65 
3 33.51 4 33.60 
5 35.16 6 34.98 
7 36.07 8 35.71 
9 36. 61 10 36.79 

11 37.55 12 36.86 
13 39. 23 14 33.92 
15 30.33 16 31.17 
17 28. 21 18 29.47 
19 26. 77 20 27.58 
21 24. 77 22 24.59 
23 24.19 24 24.26 
25 25.70 26 25.83 
27 25.13 28 26.02 
29 24.40 30 23.03 
31 23.69 32 22.87 
33 23.85 34 22.73 
35 22.84 36 22.05 
37 21.26 38 21.81 
39 20.35 40 21.43 
41 20.11 42 20.01 
43 19.30 44 18.92 
45 18.37 46 18.08 
47 18.17 48 17.80 
49 17.44 50 17.52 
51 17.10 52 17.38 
53 16.68 54 16.88 
55 16.04 56 18.36 
57 15.37 58 15.67 
59 14.03 60 13.89 
61 13.61 62 13.44 
63 9.41 64 8. 77 
65 9.09 66 8.96 
67 8.22 68 8.26 
69 6.99 70 7.08 
71 6.28 72 6.46 
73 6.31 74 5.89 
75 3.69 76 2.61 
77 0.96 78 0.97 
79 o.o 80 o.o 
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Table 42. Differential pressure drops 
for bundle B-2 at a flow rate of 

0.016 m3/sec in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 51.13 2 50.33 
3 51.99 4 51. 91 
5 53.50 6 53.48 
7 55.45 8 55.51 
9 55.70 10 56.75 

11 58.11 12 57.09 
13 57.99 14 53.23 
15 45.78 16 48.46 
17 42.13 18 45.45 
19 39.84 20 42.74 
21 37.26 22 39.13 
23 36.62 24 38.27 
25 38.39 26 40.55 
27 38.04 28 40.59 
29 36.91 30 36.30 
31 35.50 32 36.08 
33 35.72 34 34.59 
35 34.26 36 34.39 
37 32.13 38 34.29 
39 30.54 40 33. 21 
41 30.40 42 31.37 
43 28.60 44 29.74 
45 27.94 46 28.54 
47 27.39 48 28.10 
49 26.84 50 27.23 
51 25.82 52 27. 77 
53 25.56 54 27 .11 
55 24.29 56 28.94 
57 23.15 58 24.54 
59 21.26 60 21.80 
61 20.57 62 20.77 
63 14.37 64 13.82 
65 13.98 66 14.29 
67 12. 65 68 12.93 
69 10.61 70 10.93 
71 9.53 72 9.94 
73 9.55 74 9.05 
75 5.78 76 3.90 
77 1.44 78 1.35 
79 o.o 80 o.o 
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Table 43. Differential pressure drops 
for bundle B-2 at a flow rate of 

0.019 m3/sec in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

l 69.36 2 69.05 
3 70.11 4 69.98 
5 73.96 6 73.43 
7 76.32 8 74.57 
9 76.97 10 78.01 

11 78.53 12 78.64 
13 82.75 14 72.28 
15 64.98 16 66.87 
17 59.38 18 61.65 
19 56.52 20 58.60 
21 52.16 22 52.44 
23 50.97 24 51.26 
25 54.19 26 55.04 
27 53.83 28 55.11 
29 51. 77 30 49.14 
31 49.89 32 48.54 
33 50.37 34 47.69 
35 49.07 36 46.55 
37 45.61 38 46.64 
39 43.17 40 45.04 
41 42.99 42 42.54 
43 41.62 44 40.12 
45 38.99 46 38.58 
47 38.76 48 38.26 
49 37. 25 50 36.76 
51 36.54 52 37.04 
53 35.67 54 36.10 
55 34.02 56 39.29 
57 32. 77 58 32.87 
59 29.95 60 28.92 
61 29.20 62 27.86 
63 20.40 64 18.62 
65 19.87 66 19.13 
67 17.98 68 17.63 
69 15.18 70 14.89 
71 13.55 72 13.63 
73 13.35 74 12.30 
75 8.01 76 5.43 
77 2.06 78 1. 93 
79 o.o 80 o.o 
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Table 44. Differential pressure drops 
for bundle B-2 at a flow rate of 

0.022 m3/sec in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 93.43 2 92.23 
3 93.96 4 92.81 
5 99.15 6 97.66 
7 102.34 8 100.70 
9 103.81 10 103.94 

11 106.23 12 106. 41 
13 112.21 14 97.10 
15 86.73 16 89.21 
17 79.74 18 82.79 
19 75.14 20 78.15 
21 69.47 22 69.54 
23 67.62 24 67.78 
25 72.88 26 72. 21 
27 71.45 28 74.07 
29 68.99 30 64.74 
31 67.17 32 64.29 
33 66.87 34 63.51 
35 65.84 36 61.97 
37 60.35 38 62.38 
39 57.21 40 60.74 
41 56. 92 42 56.83 
43 53.61 44 53.28 
45 51.84 46 51.23 
47 50.84 48 49.90 
49 49. 61 50 49.01 
51 48.01 52 48.94 
53 47.27 54 47.64 
55 45.22 56 51.82 
57 43.16 58 43.67 
59 39.38 60 38.40 
61 38.39 62 36.89 
63 26. 96 64 24.78 
65 26.43 66 25.53 
67 23.73 68 23.78 
69 20.37 70 20.03 
71 18.32 72 18.25 
73 17.76 74 16.48 
75 11.13 76 7.48 
77 2.87 78 2.79 
79 o.o 80 o.o 
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Table 45. Differential pressure drops 
for the reference bundle at a 

flow rate of 0.0095 m3/sec 
in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 12. 96 2 13.05 
3 12. 66 4 12.79 
5 12. 54 6 12.52 
7 12. 33 8 12.39 
9 12.14 10 12.28 

11 12.10 12 12.14 
13 11. 91 14 12.04 
15 11.94 16 11.95 
17 11. 87 18 11.84 
19 11.93 20 11. 78 
21 10.58 22 9.89 
23 9.70 24 9.58 
25 9.57 26 9.44 
27 9.41 28 9.36 
29 9.29 30 9.22 
31 9.13 32 9.08 
33 8.99 34 8.97 
35 8.90 36 8.78 
37 8.71 38 8.68 
39 8.50 40 8.55 
41 8.42 42 8.44 
43 8.26 44 8.30 
45 8.13 46 8.11 
47 8.01 48 8.03 
49 7.87 50 7.83 
51 7.76 52 7.77 
53 7.57 54 7.56 
55 7.43 56 7.50 
57 7.41 58 7.29 
59 7.18 60 7.10 
61 7.33 62 7.06 
63 5.13 64 4.93 
65 4.80 66 4.72 
67 4.66 68 4.65 
69 4_i,7 70 4.47 
71 4.11 72 4.05 
73 4.12 74 3.70 
75 2.65 76 2.24 
77 0.59 78 0.58 
79 o.o 80 o.o 
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Table 46. Differential pressure drops 
for the reference bundle at a 

flow rate of 0.013 m3/sec 
in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 22.46 2 22.80 
3 21.92 4' 22.10 
5 21.83 6 21.43 
7 21.82 8 21.17 
9 21.19 10 21.02 

11 20.90 12 20.95 
13 20.94 14 20.59 
15 21.31 16 20.55 
17 20.53 18 20.14 
19 20.82 20 20.08 
21 18.56 22 17.01 
23 17.04 24 16.38 
25 16.82 26 16.10 
27 16.52 28 16.07 
29 16.51 30 15.78 
31 16.10 32 15.66 
33 15.83 34 15.32 
35 15.72 36 15.07 
37 15.51 38 14.84 
39 15.28 40 14.69 
41 15.15 42 14.50 
43 14.82 44 14.16 
45 14.60 46 13.94 
47 14.32 48 13.61 
49 14.11 50 13.35 
51 13. 76 52 13.13 
53 13.59 54 12.88 
55 13.29 56 12.54 
57 13.29 58 12.32 
59 12.85 60 11.97 
61 12.99 62 11.93 
63 9.11 64 8.28 
65 8.59 66 7.95 
67 8.28 68 7.73 
69 7.97 70 7.53 
71 7.16 72 6.76 
73 6.88 74 6.18 
75 4.64 76 3.70 
77 1.35 78 0.94 
79 o.o 80 o.o 
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Table 47. Differential pressure drops 
for the reference bundle at a 

flow rate of 0.016 m3/sec 
in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 32.20 2 32.90 
3 31.55 4 31.78 
5 31.19 6 31.12 
7 30.78 8 30.87 
9 30.52 10 30.64 

11 30.27 12 30.28 
13 30.14 14 30.48 
15 30.11 16 29. 71 
17 29.67 18 29.49 
19 29.67 20 29.01 
21 26.26 22 24.63 
23 24.02 24 23.62 
25 23.69 26 23.52 
27 23.16 28 23.26 
29 22.96 30 23.17 
31 22.63 32 22.85 
33 22.18 34 22.51 
35 21.93 36 22.09 
37 21.62 38 21. 78 
39 21.30 40 21.49 
41 21.02 42 21.30 
43 20.66 44 20.74 
45 20.26 46 20.46 
47 19.86 48 20.09 
49 19.64 50 19.67 
51 19.16 52 19.25 
53 18.87 54 19.03 
55 18.55 56 18.81 
57 18.21 58 18.30 
59 17.78 60 17.86 
61 18.08 62 17.81 
63 12.67 64 12.48 
65 11.87 66 11.90 
67 11.49 68 11. 73 
69 11.01 70 11.27 
71 10.08 72 10.26 
73 9.67 74 9.43 
75 6.40 76 5.76 
77 1.50 78 1. 78 
79 o.o 80 o.o 
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Table 48. Differential pressure drops 
for the reference bundle at a 

flow rate of 0.019 m3/sec 
in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

l 44.58 2 45.26 
3 43.61 4 44.08 
5 43.56 6 42.81 
7 42.37 8 42.65 
9 42.21 10 42.36 

11 42.02 12 41.77 
13 41.66 14 41.36 
15 42.05 16 40.89 
17 40.98 18 40.81 
19 41.25 20 40.19 
21 36.89 22 33.80 
23 33.29 24 32.52 
25 32.85 26 32.53 
27 32.35 28 31.91 
29 32.03 30 31.82 
31 31.55 32 31.31 
33 31.02 34 30.69 
35 30.67 36 30.18 
37 30.02 38 29.84 
39 29.87 40 29.46 
41 29.35 42 29.18 
43 29.17 44 28.56 
45 28.82 46 28.25 
47 27.95 48 27.59 
49 27.50 50 27.17 
51 26.81 52 26.55 
53 26.25 54 25.94 
55 25.80 56 25.56 
57 25.67 58 25.12 
59 25.09 60 24.35 
61 25.41 . 62 24.30 
63 17.59 64 16.85 
65 16.46 66 16.19 
67 15.92 68 15.82 
69 15.45 70 15.28 
71 13.93 72 14.02 
73 13.64 74 12.61 
75 8.94 76 7 .44 
77 2.11 78 2.00 
79 o.o 80 o.o 
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Table 49. Differential pressure drops 
for the reference bundle at a 

flow rate of 0.022 m3/sec 
in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 59.69 2 60.19 
3 58.86 4 58.66 
5 58.15 6 57.59 
7 57.29 8 56.88 
9 57.12 10 55.83 

11 56.40 12 55.52 
13 55.81 14 54.81 
15 56.39 16 54.45 
17 54.96 18 54.15 
19 55.46 20 53.84 
21 49.28 22 45.06 
23 44.93 24 43.36 
25 44.40 26 42.86 
27 43.51 28 42.63 
29 43.13 30 42.18 
31 42.26 32 41.84 
33 41.77 34 41.09 
35 41.16 36 40.21 
37 40.63 38 39.58 
39 39.97 40 39.21 
41 39.31 42 38.54 
43 38.64 44 38.12 
45 37.95 46 37.30 
47 37.31 48 36.81 
49 37.03 50 35.94 
51 36.37 52 35.49 
53 35.52 54 34.75 
55 34.61 56 33.85 
57 34.46 58 33.24 
59 33.52 60 32.46 
61 34.03 62 32.33 
63 23.46 64 22.18 
65 22.28 66 21.57 
67 21.52 68 20.90 
69 20.90 70 20.05 
71 18.84 72 18.38 
73 18.28 74 16.42 
75 12.18 76 9.55 
77 3.08 78 2.37 
79 o.o 80 o.o 
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Table 50. Differential pressure drops 
for the reference bundle at a 

flow rate of 0.0063 m3/sec 
in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 6.58 2 6.60 
3 6.40 4 6.45 
5 6.31 6 6.35 
7 6.21 8 6.28 
9 6.21 10 6.17 

11 6.09 12 6.15 
13 6.11 14 6.05 
15 6.06 16 6.03 
17 5.99 18 5.96 
19 6.01 20 5.91 
21 5.30 22 4.99 
23 4.89 24 4.81 
25 4.83 26 4.78 
27 4.75 28 4.73 
29 4. 70 30 4.66 
31 4.63 32 4.60 
33 4.53 34 4.52 
35 4.49 36 4.47 
37 4.39 38 4.42 
39 4.32 40 4.37 
41 4.29 42 4.28 
43 4. 24 44 4.22 
45 4.14 46 4.13 
47 4.08 48 4.01 
49 3.98 50 3.99 
51 3.93 52 3.91 
53 3.86 54 3.85 
55 3.81 56 3.74 
57 3. 79 58 3.69 
59 3.71 60 3.65 
61 3.78 62 3.64 
63 2.65 64 2.50 
65 2.49 66 2.44 
67 2.41 68 2.36 
69 2.33 70 2.29 
71 2.13 72 2.08 
73 2.03 74 1.86 
75 1.33 76 1.16 
77 0.36 78 0.30 
79 o.o 80 o.o 
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Table 51. Differential pressure drops 
for the reference bundle at a 

flow rate of 0.025 m3/sec 
in shroud 2 

Tap Pressure Tap Pressure 
No. (kPa) No. (kPa) 

1 74.84 2 75.84 
3 73.35 4 74.02 
5 72.31 6 71.92 
7 71.25 8 71.38 
9 70.37 10 70.97 

11 69.46 12 70.37 
13 69.23 14 69.63 
15 70.52 16 68.69 
17 68.92 18 68.15 
19 68.83 20 67.56 
21 61.26 22 56.23 
23 55.76 24 55.09 
25 55.22 26 54.30 
27 54.39 28 52.72 
29 53.76 30 52.12 
31 52.83 32 51.83 
33 52.21 34 51. 21 
35 51.15 36 50.78 
37 51.16 38 49.82 
39 49.90 40 49.43 
41 49.27 42 48.65 
43 48.35 44 48.15 
45 47.70 46 47.18 
47 46.82 48 46.64 
49 46.04 50 45.58 
51 45.44 52 44.68 
53 44.46 54 43.31 
55 43.37 56 42.24 
57 43.27 58 41.16 
59 41.95 60 41.02 
61 42.86 62 40.80 
63 29.11 64 27 .84 
65 27. 77 66 26.73 
67 26.83 68 26.32 
69 25.79 70 25.07 
71 23.47 72 22.98 
73 22.85 74 20.70 
75 15.13 76 11.84 
77 3.59 78 3.02 
79 o.o 80 o.o 
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Fig. 2. Revised shroud insulation concept used in the B-2 test. 
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Fig. 25. Temperature and pressure transients for rod No. 11. 
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Fig. 26. Temperature and pressure transients for rod No. 12. 
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Fig. 29. Temperature and pressure transients for rod No. 15. 
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SHROUD BOX 
WITH REFLECTIVE 
INSULATION 

Fig. 31. Bundle B-2 prior to installation of unheated shroud and 
shroud box. 
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SHROUD THERMOCOUPLES 

Fig. 32. Completely assembled B-2 test array. 
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Fig. 33. Overall view of the tested bundle. 
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Fig. 34-A. View of north side of tested bundle and shroud (upper 
end). 
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Fig. 34-B. View of north side of tested bundle and shroud (middle 
region). 
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Fig. 34-C. View of north side of tested bundle and shroud (bottom 
end). 
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Fig. 35-A. View of east side of tested bundle and shroud (upper 
end). 

ORNL PHOTO 7083-77 

-

,.o 
CX) 



1i l t 17 l!:;t 

Fig. 35-B. View of east side of tested bundle and shroud (middle 
region). 
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Fig. 35-C. View of east side of tested bundle and shroud (bottom 
end). 
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Fig. 36-A. View of south side of tested bundle and shroud (upper 
end). 

ORNL PHOTO 7085-77 

I 

1111 
II 
11111 

•• 

I-' 
0 
I-' 



11 

Fig. 36-B. View of south side of tested bundle and shroud (middle 
region). 
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Fig. 36-C. View of south side of tested bundle and shroud (bottom 
end). 
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Fig. 37-A. View of west side of tested bundle and shroud (upper 
end). 
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Fig. 37-B. View of west side of tested bundle and shroud (middle 
region). 
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Fig. 37-C. View of west side of tested bundle and shroud (bottom 
end). 
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ORNL PHOTO 7091-77 

Fig. 38. Close-up of lower end of bundle showing rod length 
changes. 
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........ 
M&C PHOTO 

Y152100 

Fig. 39. Two encapsulated test bundles (B-1 and B-2). Bundle B-2 
(on right) has been marked for sectioning. Bundle B-1 (on left) has been 
sectioned. Representative cross sections of B-1 are shown in the center. 
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Fig. 40. Section of undeformed 
region of B-2 at -6.9-cm elevation. 

Fig. 42. Section of B-2 at 
1.8-cm elevation. 

Fig. 41. Section of B-2 at 
0.0-cm elevation - the bottom 
of the heated length. 

Fig. 43. Section of B-2 at 
3.4-cm elevation. 



Fig. 44. Section of B-2 at 
5.0-cm elevation. 
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Fig. 46. Section through lower 
grid of B-2 at 8.8-cm elevation. 

Fig. 45. Section of B-2 at 
6.9-cm elevation. 

Fig. 47. Section through lower 
grid of B-2 at 11.5-cm elevation. 



Fig. 48. Section of B-2 at 
13.3-cm elevation. 

Fig. 50. Section of B-2 at 
16.8 cm elevation. 
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Fig. 49. Section of B-2 at 
15.1-cm elevation. 

Fig. 51. Section of B-2 at 
18.1-cm elevation. 



Fig. 52. Section of B-2 at 
19.5-cm elevation. 

Fig. 54. Section of B-2 at 
23.2-cm elevation. 
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Fig. 53. Section of B-2 at 
21.4-cm elevation. 

Fig. 55. Section of B-2 at 
25.0-cm elevation. 



Fig. 56. Section of B-2 at 
26.9-cm elevation. 

Fig. 58. Section of B-2 at 
30.0-cm elevation. 
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Fig. 57. Section of B-2 at 
28.5-cm elevation. 

Fig. 59. Section of B-2 at 
32.0-cm elevation. 



Fig. 60. Section of B-2 at 
34.0-cm elevation. 

Fig. 62. Section of B-2 at 
37.7-cm elevation. 
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Fig. 61. Section of B-2 at 
35.9-cm elevation. 

Fig. 63. Section of B-2 at 
39.5-cm elevation. 



Fig. 64. Section of B-2 at 
41.2-cm elevation. 

Fig. 66. Section of B-2 at 
44.7-cm elevation. 
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Fig. 65. Section of B-2 at 
43.3-cm elevation. 

Fig. 67. Section of B-2 at 
46.2-cm elevation. 



Fig. 68. Section of B-2 at 
47.7-cm elevation. 

Fig. 70. Section of B-2 at 
51.6-cm elevation. 
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Fig. 69. Section of B-2 at 
49.7-cm elevation. 

Fig. 71. Section of B-2 at 
53.5-cm elevation. 



Fig. 72. Section of B-2 at 
54.9-cm elevation. 

Fig. 74. Section of B-2 at 
57.6-cm elevation. 
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Fig. 73. Section of B-2 at 
56.2-cm elevation. 

Fig. 75. Section of B-2 at 
59.8-cm elevation. 



Fig. 76. Section of B-2 at 
61.8-cm elevation. 
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Fig. 78. Section through upper 
grid of B-2 at 66.5-cm elevation. 

Fig. 77. Section through upper 
grid of B-2 at 63.8-cm elevation. 

Fig. 79. Section of B-2 at 
68.4-cm elevation. 



Fig. 80. Section of B-2 at 
70.1-cm elevation. 

Fig. 82. Section of B-2 at 
73.1-cm elevation. 
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Fig. 81. Section of B-2 at 
71.6-cm elevation. 

Fig. 83. Section of B-2 at 
74.6-cm elevation. 



Fig. 84. Section of B-2 at 
76.2-cm elevation. 

Fig. 86. Section of B-2 at 
79.5-cm elevation. 
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Fig. 85. Section of B-2 at 
78.0-cm elevation. 

Fig. 87. Section of B-2 at 
81.6-cm elevation. 



Fig. 88. Section of B-2 at 
83.8-cm elevation. 

Fig. 90. Section of B-2 at 
88.1-cm elevation. 
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Fig. 89. Section of B-2 at 
86.0-cm elevation. 

Fig. 91. Section of B-2 at 
89.9-cm elevation. 
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Fig. 92. Section of B-2 at 
91.5-cm elevation. 
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Fig. 112. Composite layout of burst orientations in B-2 test. 
Tube-to-tube pitch greatly exaggerated for clarity; axial locations of 
burst are noted. 
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Fig. 120. B-2 and reference bundle axial pressure loss profiles at 
a nominal flow rate of 0.019 m3/sec in shroud 1. 
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Fig. 121. B-2 and reference bundle axial pressure loss profiles at 
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Fig. 127. B-2 and reference bundle axial pressure loss profiles at 
a nominal flow rate of 0.016 m3/sec in shroud 2 
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Fig. 129. B-2 and reference bundle axial pressure loss profiles at 
a nominal flow rate of 0.022 m3/sec in shroud 2. 
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Fig. 130. Reference bundle axial pressure loss profile for a flow 
rate of 0.0063 m3/sec in shroud 2. 
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Fig. 131. 3Reference bundle axial pressure loss profile for a flow 
rate of 0.025 m /sec in shroud 2. 
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