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V I 1 

ABSTRACT 

The accomplishments during September and October in the research and 
development program under way at ORNL as part of the U.S. Atomic Energy 
Commission's Nuclear Safety Program are summarized. Much of this work 
is in general support of water-cooled power reactor technologys including 
LOFT and industry programs, and reflects current safety problems, such 
as blowdown heat transfer studies. Other major projects include experi-
mental investigations of the attachment of nozzles to shells and the 
implementation of joint AEC-PVRC programs on heavy-section steel tech-
nology and nuclear piping, pumps, and valves. Several projects are also 
conducted in support of the high-temperature gas-cooled reactor (HTGR). 
Seismic considerations of particular significance in nuclear plant de-
sign are evaluated in the seismic program. Several of the above projects 
are also directly related to another major undertaking, the AEC's stan-
dards program, which entails development of engineering safeguards and 
the establishment of codes and standards for government-owaed or -sponsored 
reactor facilities. The recent activities of the Nuclear Safety Informa-
tion Center (NSIC) and the Nuclear Safety journal in behalf of the nuclear 
community are also discussed. Of particular interest in both of these 
activities is the emphasis on environmental effects. Starting with this 
issue our LMFBR safety studies are reported in a separate document. 



BLANK PAGE 



ix 

SUMMARY 

1. LWR SAFETY STUDIES 

1.1 PWR-BDHT Separate Effects Program Scope and Coordination 

Budgetary limitations will constrain design and construction efforts 
to less than optimum levels for the desired September 1973 startup of ex-
perimental operation; a delay of 9 to 12 months may now be anticipated. 
The Program Plan was reviewed by AEC-RDT, reactor vendors, and other in-
volved parties; the separate-effects approach proposed was sustained, al-
though the outlined mode of operation was questioned as insufficient to 
manage boundary conditions throughout the course of blowdown. A subse-
quent modification to obtain a 1 1/2-loop operation removed this objec-. 
tion. The first draft of the Systems Design Description for the Thermal 
Hydraulic Test Facility (THTF) was transmitted to AEC at che end of this 
period, and a Measurement Requirements Document is being developed. 

1.2 Fuel Rod Simulation (Task 1) 

Four additional blowdown tests were carried out with the 5 1/2-ft 
ANC indirect heater at a system pressure of 1500 psia and an inlet water 
temperature of 550°F. Heater S/N-25 performed satisfactorily at levels 
of 50 and 80% of full power (66 kW) but failed (cladding melt-through) at 
the central thermocouple location at 100% load. This failure appears to 
have been associated with a substantial power surge (to perhaps 130 kW) 
on repowering of the rod following an "excessive-pressure" shutdown just 
prior to blowdown initiation. External surface thermocouples were instal-
led on heater S/N—8 to provide for correlation with the integral (inter-
nally attached) surface couples, and the heater was operated without inci-
dent at 50% of full power. 

1.3 Experiment Plans and Evaluations (Task 2) 

The optimum spacing between the outer rods of the task 3 test bundle 
and the flow-channel wall was recalculated incorporating the PWR-FLECHT 
spacer design and Tong's estimates of PWR-bundle pressure losses; the 
recommended dimension (intermediate to values calculated at three flow 
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rates) from the center line of the outer row of rods to the wall was 
0.3125 in. The plotting routine for the RELAP 3 program was made oper-
ational, and computational models for both the FCTF and THTF are being 
developed. Some difficulty was experienced in incorporating other than 
helium thermal conductivity values for the cladding-fuel gas gap in the 
THETA 1-B model of a fuel rod. Modifications introduced into the iter-
ative approximation procedure now enable calculations with conductivities 
as low as 20% of that of helium. 

1.4 Multirod Transient and Blowdown Heat Transfer Experiment 
(Task 3) 

Progress continued in all aspects of design for both the flow facility 
and the heater rods. The heater cladding was fixed as Inconel-625; auto-
matic butt welding of this thin-walled (^0.013-in.) tubing with A1203 in-
ternal support is being investigated. A tentative design for the grid 
spacer was completed, based on the PWR FLECHT grid. Increasing the operat-
ing voltage to 225 V is being considered to ease the current demand on the 
generators at fixed total power. Beneficial occupance of the expanded labo-
ratory area was taken about mid-September; the primary circulating pump was 
mounted on the pad, but final grouting must await alignment of the pump and 
its drive motor. 

L5 Hybrid Computer Heat Transfer Program 

"Work during this period was largely directed to starting an expansion 
of the thermal model to handle separated coolant phases and multiple chan-
nels. The required concepts have been thought out, and formulation of the 
equations is nearly complete. The ultimate objective is to create a core 
thermal model on the hybrid computer. 

2. HTGR SAFETY STUDIES 

2.1 Reactions of Graphite with Steam 

Experimental studies which were designed to yield an indication of 
the relative rates of reaction of H-327 graphite and specimen fuel sticks 
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have been concluded. As anticipated, a qualitative dependence upon sur-
face area is noted, although a more striking feature concerns the observed 
retarding effect of one or both of the reaction products. 

Evaluation of the in-pile experiment has been concluded. In-pile 
carbon removal rates could be represented to within ±50% by a semiempiri-
cal mathematical model that made use of laboratory data to derive dispos-
able constants. More refined models can be expected as laboratory work 
proceeds. 

2.2 Fuel Integrity and Fission Product Falease 

Preparation of fuel specimens for studies of carbon transfer in 
coated particles is described. A literature search for stable cesium com-
pounds that might form the basis of a fission-product-release control sys-
tem has been started. Cesium release from a set of particles from experi-
ment Cl-28 is discussed. 

2.3 Fission Products in the Coolant Circuits 

Partial pressures of iodine-containing compounds in the Cr-I-CrliCs) 
system have been calculated for use in evaluating iodine behavior in sys-
tems containing chromium alloys. Similar calculations are being made for 
the Ni-I system. 

A new filter element for the Peach Bottom hot valve coolant sampler 
has been fabricated for installation in November. 

The primary circuit activity measurements reported previously have 
been revised. They are now internally more consistent. Preparations are 
being made for examination of a Peach Bottom fuel element. 

2.4 HTGR System Safety Analysis 

A draft program plan for a national HTGR safety program has been 
prepared with the assistance of Gulf General Atomic. It is being reviewed 
within the Laboratory. 
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3. HEAVY-SECTION STEEL TECHNOLOGY PROGRAM 

3.1 Program Administration and Procurement (Task A) 

Under the Heavy-Section Steel Technology Program, one technical report 
was published, five are in various stages of publication, and several are 
in preparation. Four small subcontracts are being negotiated for acoustic 
emission monitoring of the intermediate test vessels during pressurization 
to fracture. 

3.2 Material Inspection and Control (Task B) 

Monitoring of the intermediate test vessels in the fabrication shops 
continues. 

3.3 Variability in Plate, Heat-Affected Zones, Welds, 
and Forgings (Task D) 

Extensive toughness data continue to be determined from precracked 
Charpy specimens taken from the intermediate vessel steel and weldment. 
The toughness of a thin section of primary system pipe is being investi-
gated by means of subsize Charpy-type bend bars. 

3.4 Fracture Mechanics Investigations (Task E) 

The investigation of the significance of pop-in arrest continues. 
Preparation is under way to test a series of compact-tension specimens of 
submerged-arc weld in thicknesses up to 6 in. and to temperatures of 550°F. 

3.5 Fatigue and Crack Propagation (Task G) 

Investigations of the low-cycle crack propagation behavior of the 
A533, grade B, class 1 steel in a reactor environment continue. 

3.6 Irradiation Effects (Task H) 

The first of three 4-T irradiation capsules which contains two 4T 
compact-tension specimens as well as some 100 smaller specimens was placed 
in a reactor. Initial indications of temperatures are well within the 
expected range. 
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3.7 Simulated Service Test (Task K) 

The second intermediate test vessel was fractured at a temperature of 
32°F. The failure pressure was 27,900 psi, which corresponds to through-
the-thickness yielding in the unflawed section. The vessel fragmented as 
anticipated at the test temperature with one large fragment generated. It 
exhibited many additional cracks arrested prior to generating a fragment. 
The third vessel test is scheduled for early November. 

3.8 Specific Safety R-esearch (Task L) 

The study of extent of ductile pipe rupture continues. 

4. DESIGN AND ANALYSIS OF NOZZLES, PIPES, 
PUMPS, AND VALVES 

4.1 Design Criteria for Piping, Pumps, and Valves 

The ORNL Piping Program, Design Criteria for Piping, Pumps, and 
Valves, is supported by the U.S. Atomic Energy Commission as part of a 
cooperative effort with private industry to study the structural behavior 

i, ( 

of piping system components and to develop basic stress analysis informa-
tion for use in writing and improving design codes and standards. The 
ORNL program consists of a number of carefully coordinated analytical and 
experimental stress analysis studies on piping system components such as 
straight pipe and auxiliary attachments, elbows, tees, reducers, transi-
tion joints, and welds. Close cooperation with industry is maintained 
through the Pressure Vessel Research Committee (PVRC) of ttie Welding Re-
search Council and working task groups of the ASME Boiler and Pressure 
Vessel Code committee. 

During the present reporting period the elastic response tests for 
T-12, a 24 x 24 x 10 in. sched-40 ASA B16.9 tee, were completed at Com-
bustion Engineering, Inc., in Chattanooga, Tennessee. We plan to fatigue 
test this tee with a cyclic internal pressure loading rather than a bend-
ing moment load on the branch as originally planned. Cyclic pressure 
fatigue data on a thinner-walled tee is needed to confirm analysis methods 
based on thick-walled tee data. Strain-gage instrumentation was also 
started at C.E. on tee T-16, a 24 * 24 x 24 in. sched~10 stainless steel , 
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tee. Instrumentation should be completed by January 1973. The final test 
report for T-ll, a 24 x 24 * 24 in. sched-160 tee, was published. 

The finite-element computer codes for the elastic and thermal stress 
analyses of ASA B16.9 tees developed at the University of California are 
operational at 0R1JL. We are currently writing output plotting routines 
and comparing calculated stresses with experimental data from the tees 
tested at SwRI. 

Elastic response tests and flexibility deflection tests were com-
pleted on the ORNL thin-walled tee model 4. All the data have been ana-
lyzed and compared with finite-element analysis results. A number of 
strain-gage wiring errors were discovered and resolved., We plan to open 
the model and check the inside surface gages during the next period. Tests 
for model 2, the last in the series, are scheduled to begin in January 1973. 

Instrumentation of the machined-elbow model ME-4 was completed, and 
the final closure welds were made. The model has been mounted in the load-
ing frame, and testing is scheduled to begin in November. 

4.2 Experimental and Analytical Investigations of Nozzles 

Experimental and analytical studies of single nozzles and clusters of 
nozzles attached radially and nonradially to flat plates, spherical shells, 
and cylindrical shells are continuing. At the University of Tennessee a 
three-volume report of test results for the 22 1/2° nonradial nozzle model 
802-222 is being printed, and a report containing results of the plastic 
collapse test of a cylinder-to-cylinder model (D /T = 230, dQlt = 117.6, 
d^/D^ = 0.5, and s/S = 0.51) has been drafted. Also, at the University 
of Tennessee preparations are under way to remove the internal protrusion 
of the present 22 1/2° nonradial nozzle configuration to form model 802-
: 223;, and fabrication of the 7 7/8-in.-0D, 45° nonradial nozzle model 807-
451 is continuing. 

^Testing of the ORNL idealized cylinder-to-cylinder model 4 has been 
completed for the planned 13 loadings, and the data are being compared with 
analytical predictions. In addition, comparisons have been made at ORNL 
between Auburn University experimental results for a 1:1 biaxial loading 
of the flat-plate model having a single nozzle attachment and analytical 
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results obtained using the EMI computer program INTRTIE. Comparisons are 
also being made for the remaining loadings of this model. 

5. RDT STANDARDS PROGRAM 

5.1 Program Management Activities 

The recent RDT Standards Management Meeting in Oak Ridge was 
attended by representatives from RDT, HEDL, LMEC, and ORNL; and the 
Management Letter, Bimonthly Status Report, and Index of RDT Standards 
were issued. A proposal for the preparation of a new standard for 
shielding and radiation analysis for liquid-metal-cooled fast breeder 
reactors was submitted for RDT approval. Support to the American Na-
tional Standards Institute (ANSI) continued. During this period 10 ap-
proved standards and 7 amendments to approved standards were issued, 
and 2 draft standards and 12 proposed amendments were submitted to 
RDT for approval. 

5.2 Mechanical Equipment and Systems 

Work continued in preparation and review of drafts and amendments 
for code supplement, reactor vessel, reactor internals, control rod 
drive, and air handling standards. One amendment to a code supplement 
standard was approved and issued, and one proposed amendment is await-
ing RDT approval. 

5.3 Instrumentation, Controls, and Electrical Equipment 

Two standards are being rewritten to incorporate review comments, 
and one amendment to an approved standard was approved and issued. A 
study of users of one standard was made to provide feedback information, 
and a meeting was attended to discuss the requirements for a new standard 
to be prepared by Aerojet Nuclear Corporation. 

5.4 Quality Assurance and Procedures 

Participation in ANSI N45 committee and subcommittee activities 
and in the Nuclear Division Committee for Interface of the American 



Society for Quality Control (ASQC) continued. Work is in progress on a 
new standard being prepared by a task force consisting of representatives 
from eight organizations, and a proposal for the preparation of a new 
standard to cover the requirements for receiving and storage of special 
items was submitted to RDT. 

5.5 Materials and Fabrication 

Amendments to 7 materials standards were prepared to update the 
standards to the 1972 Summer Addenda to the ASME Code and are awaiting 
RDT approval, and a proposal to revise 7 additional materials standards 
was submitted to RDT for approval. Two draft standards and one proposed 
amendment are also awaiting RDT approval, one amendment and one revision 
were approved for issue, and one new standard was approved and published. 

6. GENERAL NUCLEAR SAFETY STUDIES 

6.1 Seismicity and Seismic Resistance of Nuclear Power Plants 

Work continued under the SW-AJA soils study subcontract on the in-
situ soil test device, the construction of the soil boxes and equipment 
for the shake-table tests of soils at Berkeley, and the preparation of 
the report of recommended procedures for the seismic evaluation of soil 
deposit response at engineering sites. Work continued at ORNL to develop 
specific descriptions of work required to improve the usefulness of the 
Standard Penetration Test for evaluation of subsurface soils and to eval-
uate, on a consistent and systematic basis, the presently used methods 
for dynamic modeling and analysis of structures for seismic response. 

6.2 Ignition of Charcoal Adsorbers by Fission Product Decay Heat 

Experiment 13, in which a calibrated electric heater was used to 
simulate 1.94 W of iodine decay heat in the test charcoal bed, was per-
formed as part of a series of experiments being conducted to check out 
the experimental procedure and apparatus. The 4-fpm air flow was stopped 
when the charcoal temperature reached 520°C near the exit of the bed; the 
amount of desorption was found to be only 0.002% of the 204 mg of loaded 

13 1 iodine traced with I. A search of recent literature indicates that 
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the correlations and parameters in use in the CHART computer program 
satisfactorily calculate temperature behavior in typical charcoal beds 
if the contribution of the heat of oxidation is included. The hot-cell 
filter supports and manifold were installed, and preparations are being 
made for an irradiation of Pd 1 2 9I 2 in the HFIR. 

7. NUCLEAR SAFETY INFORMATION 

7.1 Nuclear Safety Information Center 

The Nuclear Safety Information Center (NSIC) was established by 
the USAEC to collect, evaluate, and disseminate nuclear safety information 
to governmental agencies, research and educational institutions, and the 
nuclear industry. The Center's basic computer file now contains references 
on over 70,200 documents. Two new NSIC reports have been published and 
are available for purchase from NTIS, and another is at the printing plant 
and will be released in November. NSIC personnel participated in a Na-
tional Environmental Information Symposium sponsored by the U.S. Environ-
mental Protection Agency during September. During the reporting period, 
NSIC responded to 311 inquiries, 159 of which involved the technical staff. 

7.2 Technical Progress Review Nuotear Safety 

The September—October issue of Nuclear Safety, a bimonthly Technical 
Progress Review sponsored by AECTs Office of Information Services, was 
distributed in October. The issue carried articles that discussed the 
radiological implications of fusion power, instrumentation and automatic 
control systems, structural design criteria for PWR containment-interior 
structures, the radioecology of man and his environment, April-May safety-
related occurrences, and current activities in licensing, regulation, and 
other administrative areas. 



1. LWR SAFETY STUDIES 

1.1 PWR-BDHT SEPARATE EFFECTS PROGRAM 
SCOPE AND COORDINATION 

(AEC Activity 04 60 80 02 1) 

H. W. Hoffman C. G. Lawson 

Studies within the scope of the PWR Blowdown Heat Transfer Separate 
Effects Program emphasize programmed LOCA-type deprassurizations in large 
(7 x 7) arrays of 12-ft-heated-length electric rods simulating nuclear 
fuel pins; results will provide a measure of the behavior of rod assem-
blies experiencing blowdown transients as well as input for testing and 
upgrading existing analytical procedures for describing such transients. 
This work is supported by experiments evaluating the effectiveness of 
electric heaters of several types as simulators for nuclear fuel rods and 
by appropriate analyses. 

Program Status 

The tightening situation for FY 1973 has necessitated a reexamina-
tion of finances and schedules. It now appears that we will be constrained 
to operate at a budget level lower than that required by a schedule call-
ing for experimental operation in September 1973. While computer manipula-
tions to develop a new critical path schedule are not yet complete, a pre-
liminary reading — based on the need to reduce manpower now to get within 
the FY 1973 funding limitations — suggests a delay of 9 to 12 months. 



BLANK PAGE 



2 

Within this reduced effort, emphasis will be placed on furthering 
the design of the heater rods, the test bundle, the flow shroud, and the 
pressure housing; on developing instrument application drawings; and on 
completing the design for modifications to effect stable and safe opera-
tion of the paralleled dc power supply. Experiments with single heater 
rods will be continued and extended to include testing of instrumentation 
needed in the multirod blowdown tests. Efforts toward computer modeling 
of both the Forced-Convection (loop 1, single rod) and the Thermal-Hydrau-
lic (loop 2, multirod) Test Facilities will be accelerated. 

Substantial progress was made during this period in development of 
firm design criteria for the large-bundle test facility and experiments. 
This has included modification of the original loop-blowdown scheme to-
ward the "1 1/2-loop" concept in response to comments on our Program Plan 
(see below). Specifically, we now propose to blow down through a set of 
inlet and exit nozzles diametrically opposed to those connecting the test 
unit into the flow system. (These nozzles had already been included in 
the pressure housing to provide for later experimental versatility.) In 
this fashion, the primary flow system will continue circulation through 
the early stages of blowdown to drive the flow re-reversal, while the blow-
down system, through appropriate selection of inlet and exit orifices, can 
be made to approximate the hydraulic load corresponsing to pipeline breaks 
ranging from the close-coupled inlet line failure to the similar exit line 
break. The design at this time does not include capability for simulating 
the enthalpy distribution of the "broken loop" at the test bundle boundary; 
however, serious consideration is being given to this possibility. Over-
all, this altered blowdown arrangement enables management of the boundary 
conditions not only at the initiation of depressurization but also — at 
least hydraulically — throughout the blowdown sequence and thus satisfies 
the purposes of these separate-effects experiments. 

Program Plan 

The preliminary draft of the Program Plan was reviewed at a meeting 
in Washington on September 12, 1972, with AEC-RDT, Aerojet Nuclear Corpora-
tion, and representatives of General Electric, Westinghouse, Babcock and 
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Wilcox, and Combustion Engineering. Also participating in this meeting 
were AEC Regulatory, AEC Site Office (Idaho and Oak Ridge), ACRS, and the 
Electric Research Council. The assembled group confirmed the need for 
separate-effects experiments and affirmed, in general, the ORNL approach 
to such experiments. However, substantial discussion centered on the ex-
tent to which the proposed operating scheme provided the desired hydraulic 
and thermal boundary conditions, not only at the start of blowdown but also 
throughout the course of blowdown. 

The Program Plan, as formally issued, will incorporate our reactions 
and responses to the written critiques developed from this review meeting. 

System Design Description 

The first draft of a System Design Description (SDD) of the Thermal-
Hydraulic Test Facility (THTF) was transmitted to AEC for review. This 
document describes the status of the system as of the end of this report 
period. Since the system design is in various stages of completion, the 
descriptions span the spectrum from conceptual to final design. At this 
time, the SDD includes (in some 200 pages) Functions and Design Require-
ments (Chapter 1) and Detail Design Descriptions (Chapter; 2). Chapters 
on System Performance Characteristics, Operating Procedures, Casualty 
Events, and Maintenance Procedures have not been prepared, since informa-
tion of the type included in these chapters will not become generally 
available until late in the design and construction phases. 

General distribution of this document will be effects 1 after inclu-
sion of AEC Comments. 

Other Documentation 

In response to the need for amplification of certain portions of the 
Program Plan, Measurement Requirements (MRD), Experiment Requirements (ERD), 
and Program Requirements (PRD) documents on the THTF will be prepared. At-
tention is currently being directed to the first of these (the MRD), since 
this document has substantial impact in establishing the capability of the 
THTF for achieving the goals of this program. Included will be a discussion 
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of the measurements needed and accuracies acceptable for obtaining the 
desired data on multirod-bundle performance, a description of instrumenta-
tion currently available for transient two-phase flow and thermal measure-
ments, a consideration of the applicability of such instruments to the 
present purposes along with an evaluation of accuracy and precision limi-
tations, and a description of the proposed computer-based data acquisition 
system. Tables listing the class, location, and accuracy of all instru-
mentation will be appended. 

1.2 FUEL ROD SIMULATION (TASK 1) 
(AEC Activity 04 60 80 02 1) 

P. P. Holz C. G. Lawson 

This task considers the extent to which electrical heater rods ex-
periencing blowdown transients simulate nuclear fuel rods in a similar 
environment. Single heater rods of both direct (ohmic wall heating) and 
indirect (internal resistance element heating) types will be tested in 
the existing Forced-Convection Test Facility (FCTF) to determine such fac-
tors as time to critical heat flux (CHF), cladding-temperature response, 
heat-flux variation with surface-to-coolant AT, and post-CHF heat trans-
fer patterns. Results from the test sets (separate experiments utilizing 
a direct heater and an indirect heater designed for the same service) will 
be compared with the behavior predicted for a nuclear fuel pin. 

Loop Operation 

Four additional tests were carried out during this report period, and 
all phases of loop operation were satisfactory. Minor problems encountered 
in system pressure control at 1500 psia while raising the loop temperature 
to 550°F were eliminated by installing a solenoid-actuated letdown valve 
with panel-board control. The data acquisition system performance met re-
quirements and expectations. 
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Preliminary examination of computer plots of the test data revealed 
neither inconsistent nor unexpected "behavior; test conditions are indi-
cated in Table 1.1. Pressure and flow reversal during all blowdowns were 
indicated by the data. Operational behavior of the heater rods is dis-
cussed in the following section; detailed analysis of the data to extract 
heat transfer performance is proceeding. 

Heater Rod Tests 

As described previously,1*2 both ANC heaters (S/N-8 and S/N-25) con-
tained faults in the sheath Wc.ll at the thermocouple locations. These 
were "repaired" by covering the porous zones in the wall with 3-mil-thick 
stainless steel sleeves tack welded to the cladding. The prolonged oper-
ating experience implies that this method of repair was effective. 

Heater S/N-25 failed during run 10-72-1; this failure was manifested 
as a combination of burnout of the internal heater wire (AWG No. 12, 55% 
Cu/45% Ni) in the central high-flux region of the heater and burnthrough 
of the heater clad and the covering sleeve at the point of central thermo-
couple attachment. An external view of the failed region is shown in Fig. 
1.1, which also shows the corresponding zone on heater S/N-8 for compari-
son. The 3/32-in.-diam h^le corresponds approximately to the size of the 
thermocouple plug installed in the wall at that point. 

Just prior to blowdown in this test, the main-heater circuit breaker 
opened on signal from an excessive-pressure safety interlock. The breaker 
was reset, and power was restored by reenergizing the saturable reactor. 
During this operation, the dialed control setting had been left at the 
100% (66 kW) level. There were no indications from loop panel instrumen-
tation (according to operations personnel observing the meters and gages 
during this period) of surges in power (watts, amperes, or v Lts). Sub-
sequently, a spike was noted on the wattmeter record which was taken as 
an indication of the time of heater failure. 

The speculation that a power surge may have been the cause of burn-
out was tested by constructing a water-cooled (internally) resistor (a 
coil of stainless steel tubing) with resistance characteristics matched 
to those of the S/N-25 heater and subjecting it to the operational condi-
tions experienced by the heater just preceding failure. Accordingly, 



Table 1.1. Conditions for Blowdown Tests with ANC Indirect Heaters 

Identification Rod Power System 
Pressure 
(psia) 

Coolant 
Inlet 

Mass 
Flow at Blowdown 

Time 
(sec) 

Remarks 
Run Heater % kW 

System 
Pressure 
(psia) Temperature 

<°F) 
Blowdown 
(gpm) 

Blowdown 
Time 
(sec) 

Remarks 

09-72-1 S/N-25 50 33 1500 550 VL8.5 ^20 a 
09-72-2 S/N-25 80 53 1500 550 ^18.5 ^20 
10-72-1 S/N-25 100 66 1500 550 ^18.5 ^20 b 
10-72-2 S/N-8 50 33 1500 550 ^10.0 

^Center-sheath thermocouple shorted near end of run. 
Lowest-sheath thermocouple shorted midway through run; heater failed just prior 

to blowdown; blowdown carried out without rod heat. 



PHOTO 4542-72 

Fig. 1.1. Burnthrough Failure of ANC 5 1/2-ft-long Indirect Heater 
S/N-25 at Location of Central Sheath Thermocouple. Failure is in high 
heat flux zone; similar region of heater S/N-8 is shown for comparison. 



8 

with the Variac control to the saturable reactor set at full power, the 
system was turned on. We observed — using the intermediate-frequency 
ANSCAN data scanner to record the simulator electrical behavior — that a 
substantial power excursion resulted with peak power (which varied some-
what with Variac setting) lasting about 1 sec and power decay back to the 
preset level taking 8 to 12 sec. We now estimate that heater S/N-25 may 
have been operating at an instantaneous peak power of 130 kW (vs 66 kW 
desired) at the time of failure. We also established that similar power 
excursions were present on introduction of the "decay-heat" power, though 
the time scale and power overshoot were several orders of magnitude less 
than found at full power. Operating procedures have been modified to 
avoid these difficulties at the higher power levels. The thermal situa-
tion at the point of failure may also have been aggravated by the presence 
of air trapped Seneath the sleeve or by the intrusion of water and sub-
sequent vaporization in this region. 

Since the loss of the internally installed surface thermocouples had 
increased operating difficulties and clouded the decoding of the data with 
heater S/N-25, three 20-mil Chromel-Alumel thermocouples were added to the 
outside sheath of heater S/N-8. Two of these couples were located in the 
high heat flux zone, equidistantly above and below the central wall couple 
(see Fig. 1.2). The third was located high on the heater in the vicinity 
of the upper wall couple. Simultaneous recording of the internally and 
externally attached surface couples will provide correlation that will 
protect against subsequent loss of data should the internal couples on 
S/N-8 also fail. 

Instrument Tests 

The installation of drag-disk, densitometer, and turbine-meter in-
strumentation on the FCTF is being considered. The availability of such 
instruments during the blowdown tests with single heater rods would not 
only improve the quality of these experiments but would also permit nec-
essary instrument testing prior to operation of the larger THTF (task 3). 



PHOTO 4544-72 

LOW CENTER COUPLE 

INTERNAL SHEATH COUPLE IS CENTERED HIGH CENTER COUPLE 
BELOW PATCH AT 120° WITH BOTH 
EXTERNAL COUPLES 

Fig. 1.2. Location of Outside Surface Thermocouples in Central, High 
Heat Flux Zone, of ANC 5 1/2-ft-long Indirect Heater S/N-8. 
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1.3 EXPERIMENT PLANS AND EVALUATIONS (TASK 2) 
(AEC Activities 04 60 80 02 1 and 04 40 03 01 1) 

C. G. Lawson J. P. Sanders 
R. F. Bennett H. W. Hoffman 

This task provides design guidance and analytic support for the ex-
perimental tasks of the PWR-BDHT Separate Effects Program. Particular 
attention is to be given to the modeling of the ORNL blowdown facilities 
and to the interpretation of the data obtained therefrom. Areas currently 
defined are as follows. 

1. Modeling the Forced-Convection Test Facility (for single-rod blow-
down tests), extracting the test data from blowdown experiments in this 
facility, and interpreting the results. This will also serve to test the 
hybrid application to blowdown analysis (see Sect. 2.5) and indicate future 
directions for computer expansion and procedure extension. 

2. Modeling the Thermal-Hydraulic Test Facility (foi multirod blow-
down tests) so as to translate reactor LOCA boundary conditions to the 
experiment and to interpret the resulting data. This effort will depend 
heavily on existing digital computer programs. Interfaces with the au-
thors and users of the several available codes will assure not only the 
necessary rapid information exchange for experiment euidance and code de-
velopment but also will provide the necessary perspective on the role of 
these studies in the national effort. 
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Rod-Bundle Design 

With receipt of a detailed drawing of the Westinghouse PWR-FLECHT 
grid, computation of the optimum spacing between the outer row of rods 
and the channel wall for our task 3 test bundle was reevaluated.1 This 
recalculation utilized estimates of the pressure loss in PWR bundles as 
recommended by Tong,2 namely, the use of contraction and expansion coef-
ficients per Kays and London3 to represent the losses at the spacers plus 
an experimentally determined multiplier for the friction factor to account 
for increased turbulence in the flow due to the spacers. Other performance 
criteria remained as previously stated.1 

The principal design criterion was that during the steady-state heatup 
phase of the bundle operation, the coolant flow would be distributed among 
the subchannels between the internal rods and between the outer rods and 
the channel wall so that there would be uniform enthalpy development in each 
subchannel. The calculated dimension is dependent, to some degree, upon the 
design flow through the bundle; and calculations were mace for the maximum 
design flow, three-fifths of design flow, and one-fifth of design flow. The 
value recommended for the dimension from the center line of the outer row 
of rods to the channel wall of 0.3125 in. was intermediate to the three 
values calculated. 

Flow-Facility Computer Modeling 

Calculations with RELAP 3 

Through additional communications with Aerojet Nuclear Company (ANC) 
plus a revised deck for one FORTRAN subroutine originally supplied by ANC, 
the plotting program for use with the RELAP 3 computer program was ren-
dered fully operational. Previous differences in computer systems and 
operational procedures and differences in the system CALCOMP subroutines 
had made this plotting program incompatible with the ORNL computing fa-
cilities . 

A model for the small, single-rod blowdown loop (FCTF, task 1) has 
been prepared for input to the RELAP 3 program. Computed values for 
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comparison with recent experimental measurements are being determined in 
current calculations. 

A similar computational model for the large-loop design (THTF, task 
3) is being prepared based on the current design drawings. This model 
will be used to evaluate the projected performance of the loop. 

Calculations with THETA 1-B 

The digital version of the THETA 1-B program will be used in the 
second phase of the evaluation of the experimental data currently being 
obtained in task 1. The output from the RELAP 3 loop calculations will 
be used with the experimental measurements as input for these calcula-
tions . 

To obtain some facility in the use of the THETA 1-B program and to 
obtain calculated values of current interest, modifications have been made 
in the THETA 1-B program so that the gas filling the gap between the fuel 
and the cladding in the sample problem could be represented by a thermal 
conductivity less than that of helium. Thus it will be possible to simu-
late a later condition in the fuel lifetime when gaseous fission products 
would dilute the helium used to backfill the rods. Calculations were de-
sired for conditions representative of gaseous mixtures with conductivities 
50, 20, and 10% of that of helium. 

When the FORTRAN statement in the THETA 1-B subroutine that calculates 
the thermal conductivity of the gas filling the gap as a function of the 
temperature of the gap was modified to include the factors of 0.5, 0.2, or 
0.1, the program failed to complete the computation of the initial tempera-
ture distribution in the fuel. One of the authors of this program at ANC 
suggested modifications of the code that resulted in proper execution with 
factors in the range of 0.9 to 0.3; subsequent modifications at ORNL led 
to successful computation with the factor of 0.2. 

The modifications made involve the iterative procedure by which the 
initial temperature distribution in the rod is calculated. Since the con-
ductivity of the gas filling the gap is dependent upon the gap temperature 
and the gap temperature is in turn dependent upon the gap heat transfer co-
efficient, it is necessary to enter the loop at some point. This entry is 
made by an initial guess of the gap conductivity; this conductivity is then 
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used, together with the rod and cladding conductivity and the heat genera-
tion rate, in a CINDA-3G subroutine called CNDLSS which calculates a steady-
state temperature distribution. With the temperature at the gap determined, 
the conductivity and coefficient are evaluated and compared with the pre-
vious guess; if these do not agree within specified limits, the iteration 
is repeated. In the original THETA 1-B program, the calculated gap con-
ductivities were used as the next guess for iteration within the loop. Be-
cause of the nature of the CINDA subroutine, these guessed values tended to 
oscillate. The modifications have included techniques to dampen this os-
cillation and also to produce a better first guess. 
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1.4 MULTIROD TRANSIENT AND BLOWDOWN HEAT 
TRANSFER EXPERIMENTS (TASK 3) 
(AEC Activity 04 60 80 02 1) 

R. E. Helms R. H. Chapman 
C. 6. Lawson M. I. Lundin 
R. L. Moore H. W. Hoffman 

This task examines experimentally the thermal-hydraulic performance 
of large bundles of electrically heated rods during LOCA-type depressur-
ization transients. A separate-effects approach is followed in which 
bundle response to imposed boundary conditions, rather than to flow loop 
behavior, is observed. Initial emphasis is placed on the time to criti-
cal heat flux (CHF), on the CHF magnitude, and on the immediate post-CHF 
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heat transfer (period prior to ECC injection) associated with blowdown 
transients in 12-ft-heated-length, 49-rod bundles operating at typical FWR 
power and pressure level and coolant velocities and enthalpies. The test 
bundle resembles, but in its limited radial extent is not, a model of a 
reactor core; neither does the system, by virtue of the decoupling of 
test bundle and flow loop, model a reactor system. The Thermal-Hydraulic 
Test Facility (THTF) is being modified to create a large, versatile test 
bed satisfying the needs of this task. 

Test Facility Modifications 

The following sections report the effort to upgrade the capability 
of the existing THTF so as to accommodate blowdown tests with large multi-
rod arrays of electrical heaters. 

Process Flowsheets 

Process flowsheets for the high-pressure primary system and the de-
mineralized cooling-water system are being reviewed and updated. The 
flowsheet for the demineralized cooling-water system that supplies cool-
ant to the circulating pump and heat exchangers has been extensively re-
worked. 

Test Section 

The cooperative design effort with our Karl Roesch, Inc. (KR) con-
sultants continues to concentrate on the mechanical and electrical design 
of the heater rods, test bundle, flow shroud, and pressure housing and of 
the electrical power supply. An adequate design is evolving from neces-
sary compromises between electrical and mechanical requirements. Thus 
the characteristics of the existing power supply — connector sizes, gen-
erator current limitations, control systems, etc. — and proposed operat-
ing modes must be meshed with electrically important mechanical consider-
ation such as minimum and maximum heater wall thickness (critical to form-
ing central butt weld, providing sufficient internal instrumentation ac-
cess, and resisting magnetic pinch effects). 
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Current design parameters for the heater rod and test bundle are given 
in Table 1.2, and specific aspects of the resulting design in respect to the 
heater rod are summarized in Table 1.3. The axial wall-thickness variation 
as developed by KR is given in Fig. 1.3. Note specifically that this de-
sign is based on Inconel 625 tubing of 0.422 in. OD and 0.200 in. minimum 
ID (smallest allowable by tube drawing procedures) with a 200-V drop across 
the heated length. However, consideration is still being given to increas-
ing the ID to 0.220 in. at the flow inlet and (bottom) of the rod and to 
raising the available voltage drop to 225 V. 

Table 1.2. Design Parameters for 
THTF Test Bundle 

Peak power/average power 1.650 
Minimum power/average power 0.256 
Rod length, in. 1.44 
Rod OD, in. 0.422 
Number of rods 49 
Transverse flux profile Uniform 
Maximum power, MW 7.056 
Voltage at maximum power, V 200 
Minimum tube ID, in. 0.200 
Material resistivity (Inconel 53.5 
625 at 650°F), xlO""6 ft-in. 

Table 1.3. Summary of Wall Thickness and Electrical 
Resistance Characteristics (Specified and 

Actual) for THTF Heater Rods 

Rod resistance (specified), ft 0. 277 
Rod resistance (actual), ft 0. 2764 
Test section resistance (specified), xl0~3 ft 5. 6689 
Test section resistance (actual), *10~*3 ft 5. 6408 
Minimum wall, in. 0. 0131 
Maximum wall, in. 0. 1110 
Number of tapered sections 5 
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O R N L - D W G 72-13839 

AXIAL DISTANCE (dimensionless) 

Fig. 1.3. Axial Variation in Wall Thickness of Inconel-625 Heater 
Wall Calculated for Voltage Drop of 200 V and Minimum Wall ID of 0.2 in. 
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The feasibility (and problems) of automatic b-_ct welding of two pieces 
of thin-walled (0.0131-in.) Inconel 625 tubing with A1203 ceramic internal 
support is being evaluated by the welding group of the ORNL Metals and 
Ceramics Division (M&C). We are procuring about 50 ft of Inconel 625 tubing 
of appropriate wall thickness for these tests; M&C has already fashioned 
limited lengths of such tubing from available bar stock. Several AI2O3 
sections have also been obtained from KR that will be ground to conform to 
the tubing ID and utilized in the butt-welding tests. Initiation of this 
study awaits delivery of orbital welding head inserts of the proper size. 

Availability of a satisfactory electrical insulation material poses a 
serious problem. The phenolic asbestos material, which was found satis-
factory in the Columbia Laboratory experiments is no longer manufactured in 
the desired grade by the original supplier. This particular material is 
especially critical in areas where it serves as both electrical insulator 
and housing pressure gasket (operating at ^2200 psia and 650°F). 

Drawings of the Westinghouse FLECHT 7><7 grid spacer were received 
and are being used as a basis for the design of the test section spacer 
grids. A tentative design has been completed for a rod center line to 
ceramic shroud liner wall dimension of 0.3125 in. The flow area ratio 
(flow area at grid/flow area of shroud channel) for this design is 0.741. 
This spacer grid will use 16 half-slotted, 1.75-in.-wide by 0.015-in.-
thick plates which are assembled in a square egg-crate pattern and furnace 
brazed together. Four 0.062-in.-deep metal dimples in the plates function 
as spacers for each of the 49 rods. These dimples are arranged in two 
planes that straddle the horizontal center line of the grid at an overall 
separation of 0.281 in. with the planes alternating between adjacent rods; 
dimples for any one rod are all in the same horizontal plane. The heater-
rod-bundle assembly fits within a square-cross-section flow channel formed 
by the ceramic liner of the shroud tube, and provision must be made for 
maintaining the vertical spacing between grids (VL8 in.) during normal op-
eration and during blowdown conditions. We propose to accomplish this by 
installing four 3/16-in.-diam metal pins, two on each of two opposite sides 
of the grid, that are welded to the outside grid plates and fitted into re-
cessed holes in the ceramic liner. All four pins are in the same horizon-
tal plane, 1/4 in. from the bottom edge of the grid. The present design is 
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based on using Inconel 625, or equal, for the grid and AI2O3 for the ce-
ramic liner. 

General Electric Company (San Jose) was visited to discuss the possi-
bility of obtaining heater ro£s of the type they have developed for their 
BDHT experiments. A preliminary specification for such heater rods com-
patible with our power supply is being prepared as a basis for preliminary 
price and delivery schedule quotations. Since the GE fabrication tech-
nology is proprietary and would be made available to ORNL only, some legal 
control problems exist. 

Pressure-Suppression System 

Design of the pressure-suppression system concept previously described1 

is continuing; however, as shown in Fig. 1.4, blowdown locations in the 
primary system have been moved from the flow inlet and outlet nozzles in 
the test section housing to separate nozzles located at 180° from the in-
let and outlet lines. The purpose of this relocation is to assure control 
of the inlet and outlet test bundle conditions (flow* enthalpy, pressure, 
etc.) during the blowdown sequence. 

Drawings for the receiver/reservoir tank have been completed; the 
number of spray nozzles was increased from 36 to 75. 

A first draft of the specification for the 1500-gpm centrifugal con-
densate pump has been prepared. The operating conditions for this pump, 
as stated in the specification, are given in Table 1.4. 

Piping Design and Flexibility Analysis 

Detailed design is almost complete for that part of the primary sys-
tem which includes the circulating pupp, pressurizer, and bypass piping* 

Early construction of this part of the system would permit shakedown 
operation of the pump and pressuriaer to proceed prior to installation of 
the balance of the primary flow system. 

Layouts of the demineralised cooling-water system are now under way, 
based on the recently revised flowsheet. 

Flexibility analysis of the primary piping system has proceeded to 
the point of assuring that thermal stresses are within tolerable limits. 
Final analysis, including weight loadings for establishing pipe hanger 
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ORNL-DWG 72-13838 

INSTRUMENT 

Fig. 1.4. Schematic of Pressure-Suppression System. 
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Table 1.4. Operating Conditions for Pressure-
Suppression System Recirculating Pump 

Design capacity, gpm 1500 
Total head at design capacity, ft 100 
Pumped liquid Demineralized water 
Maximum system (tank) pressure, psia 70 
Minimum system (tank) pressure, psia 0.5 
Elevation of free surface above 
pump suction, ft 

^4.5 

Suction conditions Flooded 
Available NPSH at design capacity, ft 3.5 
Pump speed Mfr.: option 
Pump rotation when viewed from driven 
end 

Counterclockwise 

Maximum water temperature at inlet, °F 300 
Minimum water temperature at inlet, ®F 80 

locations, will not be made until the piping system design is relatively 
firm. 

Holdup Assembly 

A variable volume holdup assembly is to be located at the exit of the 
test section to permit some variation in the high-pressure primary system 
volume and to provide a source of coolant at exit temperature during the 
reverse-flow phase of blowdown. The conceptual design utilizes two mani-
folds with three flanged hairpin pipe sections connected in parallel be-
tween the two manifolds; each hairpin section has & volume of 1.6 ft3. 

P r e s s u r i 2 e r 

Detailed design of the pressurizar is complete except for resolution 
of the type of fast-response pressure- and temperature-measuring elements 
for monitoring blowdown transients. 



21 

Power Supply 

The preliminary dc power schematic has been reviewed for equipment 
startup and operation. The basic sequence presently used for nonparallel 
operation of the generators can be used for the parallel operation required 
by the THTF. Interlock requirements are being assembled for the preparation 
of the control schematic. 

Detailed design of the generator breaker bypass resistor switches has 
been started. Each switch will be a 3000-A, single-pole, manually operated, 
nonload, disconnect type and will be connected into the existing bus cir-
cuit above the resistor. 

Advantages and disadvantages of increasing the design voltage to 225 V 
are being weighed. Since operating time at full power (7.056 MW) is con-
trolled by heating the generator brushes, increasing the voltage drop across 
the heater permits lower current for the same total bundle pover and, hence, 
cooler brushes. Further, the availability of the higher voltage at the 
maximum current could enable compensation for variations in total bundle 
resistance from the design level (based on 200 V drop) of as much as ±25%. 

Instrumentation 

The main-loop instrument-application diagram is evolving as the de-
sign criteria for this primary flow system become solidified. Preliminary 
instrument-application diagrams for the demineralized cooling-water systems 
and the pressure-suppression system are also in process. 

Requirements for data sensors for measurements during blowdown are 
being developed. Valve-sizing calculations are continuing, and prelimi-
nary valve specifications have been submitted for review and comment. 
Specifications and a purchase requisition covering the FM tape recorder/ 
reproducer systems were completed and submitted for approval. Fund ap-
proval for the digital data acquisition system was received. 

Input for the Measurement Requirements Document is being prepared, 
which will consist of tables listing the class, location, and accuracy of 
all instrumentation as well as some discussion of measurement problems and 
of the proposed data acquisition system. 
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Building Alterations and Equipment Installation 

Beneficial occupancy of the expanded THTF laboratory area was taken 
about mid-September. This will permit usage of the space, although full 
acceptance must await installation of the heating-ventilating unit. 

The Bingham two-stage blowdown pump was installed on the pump pad. 
A support contract is being discussed with the Bingham Pump Company for 
assistance in the mechanical alignment of the pump and, later, in the pre-
startup and initial operational tests. A list of necessary spare parts, 
primarily seal assemblies, is being developed. 
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1.5 HYBRID COMPUTER HEAT TRANSFER PROGRAM 
(AEC Activity 04 40 03 01 1) 

R. S. Stone F. H. Clark 

The hybrid computer heat transfer program has two objectives: (1) to 
use the hybrid version of THETA and other hybrid programs as available in 
support of the BDHT program, particularly at ORNL; and (2) to create a core 
thermal model on the ORNL hybrid computer exploiting the capabilities of 
this machine for easy interaction with the analyst and benefiting from its 
rapid and stable running characteristics. 

During the report period, attention was largely directed toward task 
2. A model for core analysis during blowdown with explicit separation of 
the liquid and vapor phases of water was formulated and is being circulated 
for criticism. There are several features where the treatment departs from 
some methods in current use. For example, the various vapor-liquid non-
equilibrium combinations allowable lead to a separation of the problem into 
nine thermodynamic regions, three of which can be ignored (i.e., both phases 
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supersaturated). For each of the six remaining regions, the appropriate 
set of equations constituting the model is determined along with necessary 
inter-region boundary conditions. 

Three different treatments of the momentum equation were examined, 
and it was found that in information content these were equivalent. A 
possibly unique feature is the separation of interphase mass transport 
into a spontaneous part and a forced part, depending upon the thermodynamic 
region. (This separation greatly simplifies the problem of the effect of 
a cold water droplet spray on a hot steam medium.) 

The basic geometric unit is the single flow channel; multiple channel 
effects, including cross flow, are accommodated through channel coupling 
coefficients. Effects of heat sources, including multiple heat transfer 
surfaces for a single channel, are permitted through multiple external 
temperature terms in the channel. 

A report describing this theoretical development is in process which 
will include a discussion of what is best left to empirical determination 
at this stage of the art, as well as a partial assessment of the error made 
in models that do not make an explicit separation of the two phases; a 
further note on computation techniques and the avoidance of instabilities 
will also be issued shortly. 

This work largely completes the model development phase. The next 
part of this task will create a computational version of the equations 
derived. 
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2. HTGR SAFETY STUDIES 

2.1 REACTIONS OF GRAPHITE WITH STEAM 
(AEC Activity 04 60 10 01 1) 

C. M. Blood S. H. Freid* 
A. P. Malinauskas* 

The reactions of steam with various graphites are being studied to 
develop methods for calculating the effects of steam on the core of an 
HTGR nnd the rates of hydrogen and carbon monoxide production. Investiga-
tions are centered upon the determination of rate constants and the under-
standing of the reasons why the observed rate of reaction varies with the 
extent of reaction. 

Laboratory Experiments 

The experiments described previously1 involving steam exposure of 
specimen fuel sticks and H-327 graphite control samples have been con-
cluded. These experiments were performed to provide guidance for the in-
terpretation of the data obtained from the in-pile steam-graphite reaction 
investigations. 

Six solid cylindrical specimens were involved; four of these, desig-
nated as control samples 1, 2, 3, and 8, were machined from adjoining 
areas of an H-327 graphite bar stock; these may be regarded as identical. 
The remaining two specimens, FS-4 and FS-18, are fuel compacts containing 

*Part time. 
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Biso-coated uranium carbide and Biso-coated thorium oxide particles. Un-
like the control specimens, however, these two fuel compacts differ con-
siderably. 

1 9 

As noted earlier * FS-4, which is probably representative of the 
fuel sticks employed in pile, was fabricated in such a manner that graph-
itization of the carbon-black-pitch matrix could not have occurred. As 
a result, this specimen was observed to undergo large weight losses and 
major changes in surface area upon heat treating at 900°C. In contrast, 
fuel stick FS-18, although fabricated similarly to FS-4, had been addi-
tionally heat treated at 1800°C for 0.5 hr in an argon atmosphere. This 
sample experienced more moderate losses in weight and variation in sur-
face area during 900°C heat treatments. On the basis of surface area 
alone, we anticipated significantly greater reaction of FS-4 with steam 
than of FS-18. 

The results of exposing the six cylinders to steam at 900°C are sum-
marized in Table 2.1, which lists the observed surface areas S (as deter-
mined by the BET adsorption technique) of the specimens and the correspond-
ing apparent rates of reaction #app (averaged over the duration of steam 
exposure). In general, three samples were exposed simultaneously in an 
experiment. In series A, for example, the three cylinders were positioned 
with respect to the helium-steam flow stream in the manner indicated in 
the table, that is, control 1 (influent)-FS-lS-control 8 (effluent). 

The series A data are in qualitative agreement with the behavior 
anticipated; control specimens 1 and 8, which yield reasonably similar 
surface area values, indicate similar values of #app (about 0.10 mg/min). 
F'lel stick FS-18, on the other hand, is characterized by a larger surface 
area and similarly displays a somewhat higher apparent rate of reaction. 

The single series B experiment that was performed involved control 
samples 2 and 3 and specimen FS-4. As expected, FS-4 yielded a rate of 
reaction significantly greater than FS-18. Additionally, samples 2 and 3 
were identical to each other in terms of R , but the value (0.03 mg/min) app 
was somewhat lower than anticipated. Series C, involving cnly control 
samples 1 and 3, and series D, involving control samples 2 and 8, were 
therefore performed to ascertain whether or not the significantly greater 
production of H2 and CO from FS-4 could have influenced the results of 
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Table 2.1. Effects of Steam Exposure (about 0.08 atm 
Partial Pressure) on Fuel Compacts and H-327 

Graphite Controls at 900°C 

Specimen 
Position 

Influent 

S 

< m 2 ) 

R 
app 

(mg/min) 

Central 

( m 2 ) 

R 
app 

(mg/min) 

Effluent 

S R app 
(m2) (mg/min) 

Series A 

Series B 

Series C 

Series D 

Series E 

Control 1 
1.38 
1.33 0.10 
1.27 0.19 
1.52 0.09 
1.64 0.10 

Control 2 
0.74 
0.89 0.03 

Control 1 
1.85 0.15 

Control 2 
1.10 0.07 

Control 1 
1.79 0.04 

FS-18 
3.83 
2.99 
2.52 
2.48 
2.79 

112 
135 

0.39 
0.53 
0.26 
0.31 

FS-4 

3.31 

FS-4 
122 2.30 

Control 8 
1.14 
1.14 0.09 
1.20 0.11 
1.22 0.08 
1.52 0.10 

Control 3 
0.86 
1.02 0.03 

Control 3 
1.09 0.09 

Control 8 
1.54 0.11 

Control 8 
1.54 0.04 

Series £; the data support this suspicion. As an added check, controls 
1 and 8 were run with FS-4; the data of series E clearly indicate that 
the greater production of reaction products from FS-4 appreciably per-
turbs the reaction with the control specimens. 

A surprising aspect, however, is the lack of a difference between 
the rates of reaction of the control sample located upstream with respect 
to the fuel stick and that located downstream. Unlike the previous studies» 
in which care was taken to provide streamline flow conditions, the samples 
themselves, as well as an alumina boat which was employed to contain the 
influent sample and fuel stick, perturbed the flow pattern; it is some-
what surprising, but not too unlikely, that some of the reaction products 
from the fuel stick could have thus actually been swept in a direction 
opposite to that of the helium-steam flow. 
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In-Pile Experiment Evaluation 

The reduction and collation of data from the series of four in-pile 
experiments designated SG-1 through SG-4 have been completed, and a re-
port will be issued shortly. The results of measurements of fission 
product release and carbon removal are summarized below. 

Gaseous Fission Product Release Measurement 

During the first two experiments it was noted that admission of steam 
to the fuel specimen resulted in a rapid and significant increase in gas-
eous activity. This was followed by a smaller, but nevertheless pronounced, 
decrease in the rate of rare-gas emission when the steam supply was cut off. 
The effect was observed for all gaseous radionuclides measured. Since this 
observation could be important in assessing the consequences of certain ac-
cidents involving ingress of water, plans were made for more careful gas 
sampling in experiment SG-4. Figure 2.1 shows the result of analyses for 
88Kr (£1/2 = 2.8 hr) as a function of time, average fuel temperature, and i 
the presence or absence of steam. The rapid rise and fall of activity is 

Fig. 2.1. 8BKr Release to Birth Rate (R/B) During Experiment SG-4. 
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immediately obvious. Figures 2.2 to 2.4 show the release to birth rate 
(R/B) ratios for the krypton and xenon nuclides observed before, during, 
and after the first exposure to steam in experiment SG-4. In general, the 
spread in values for each nuclide during constant operating conditions is 
quite small, and the data for both krypton and xenon tend to cluster about 
a single line of slope (—1/2). This is the slope one would predict if a 
diffusional process were the rate-limiting step. However, the fact that 
both krypton and xenon follow the same line indicates that the rate-limit-
ing step is not due to diffusion of atoms through the fuel material since 
one would expect the larger xenon atom to move more slowly. It should 
also be noted that all nuclides were shifted to their new values simulta-
neously. We cannot account for the rapid rise in gas release rate solely 
on the basis of fuel particle breakage during exposure to steam since 
there was no trend, after the initial rapid rise, toward increasing gas 
release over a several hour period. 

10 

10" 

R/B 

1 0 " 

1 0 " 

X (sec-1) 

Experiment SG-4 . Initial Release to Birth Ratios. 

Fig. 2.2. Experiment SG-4 Initial Gas Release Rates (R/B). 
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i A 24.1 hr 

O 2 9 . 9 hr 

• 119.7 hr 

A 121 .8 hr 

AVERAGE FUEL TEMPERATURE: 1 0 5 4 ° C 

X (sec-1) 
Experiment SG-4 . Initial Release to Birth Ratios. 
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0«ML-0*0 72-IMO? 

x (sec - 1) 

Experiment SG-4 . Releose to Birth Ratios Curing First Steam Oxidation. 

Fig. 2.3. Experiment SG-4 Release to Birth Rate Ratios During the 
First Exposure to Steam. 

Experiment SG - 4. Release to Birth Ratios After First Steam Oxidotior. 

Fig. 2.4. Experiment SG-4 Release to Birth Rate Ratios after the 
First Exposure to Steam. 
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Solid Fission Product Distribution 

In view of the large increase in gas release during experiment SG-4, 
an evaluation of the extent to which other fission products were released 
was made. Postirradiation examination of the model fuel element showed 
that essentially all the binder had been removed and that there was severe 
particle breakage. The fuel residue was sieved, and the fractions were 
identified visually as (1) coarse material consisting of small chunks of 
che original fuel compact, (2) coated Th02 particles, (3) coated UC2 par-
ticles, and (4) a fine (<177-p) rubble. Table 2.2 shows the distribution 
of uranium and thorium in each of these fractions. The fine sieve mate-
rial, 70% by weight uranium, accounts for approximately 26% of the origi-
nal inventory. This rubble is probably the result of the disintegration 
of exposed UC2 cores during conversion to UO2 by steam. The 5% uranium 
contamination in the TI1O2 sieve fraction is due to UC2 particles that were 
incompletely sieved out plus those uranium cores which were observed to 
penetrate into the coatings of intact Th02 particles.1* The results of 
the analysis for the fine sieve fraction and the observation ot many broken 
particles in the UC2 sieve fraction indicate that under the severe condi-
tions of this experiment well in excess of 25% of the UC2 particles were 
broken. Table 2.3 shows the distribution of 131I, 137Cs, 89Sr, 1U0Ba, 
103Ru, 95Zr, and lulCe throughout the experimental facility. The high 

Table 2.2. Experiment SG-4 Uranium and Thorium 
Distributions (Percent of Original Loading) 

Fraction U/Th Uranium Thorium 

Chunks (coarse, >850 y) 
Th02 sieve fraction*2 
UC2 sieve fraction 
Rubble (fine, <177 y) 
Initial U/Th ratio 

0.5 
0.04 
9.3 
25.0 
0.43 

14.6 
5.1 
67.9 
25.2 

12.4 
51.6 
3.2 
0.4 

Total recovered 112.8 67.6 
aCould not get all into solution. 
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Table 2.3. Experiment SG-4 Fission Product Distribution 

Percent of Calculated Production 
Location 

l31I 13 7Cs 89Sr 1 *°Ba 103Ru 9 5Zr lhlCe 

UC2 sieve fraction 12.1 59.7 65.3 53.3 45.5 49.7 46.3 
Th02 sieve fraction 4.3 7.8 10.2 17.5 4.7 5.8 5.6 
Rubble sieve fraction 
(fine) 

15.0 48.5 19.1 17.8 2.1 17.7 22.3 

Graphite casing 0.3 1.9 • 0.4 0.3 0.3 
AI2O3 caps and reaction 
chamber 

0.5 0.2 

Stainless steel exit 
lines 

9.4 

H2S0i* dryers 0.4 
Total recovered 42.0 118.1 95.1 88.6 52.7 73.2 74.5 

value for the amount of cesium found is thought to be due to hot-cell con-
tamination. The low ruthenium recovery may be an artifact of the analyti-
cal procedures employed or may be possibly due to the formation of a vola-
tile compound. Iodine-131 was observed to move throughout the primary sys-
tem under the conditions of this experiment. 

There is no evidence that steam can accelerate the loss of the impor-
tant nuclides 137Cs, 8SSr, and 1,t0Ba from the fuel element. 

Carbon Removal 

The theoretical bases used in describing carbon removal from the model 
fuel element have been described previously. Considerations of carbon te-
moval from a porous slab due to steam oxidation, whether controlled by in 
pore diffusion or the rate of chemical reaction, ultimately involves the 
solution of a mass balance expression like the steady-state equatiuti 

, 3 2 « I 
nDl e he = 0 , (1) 
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wh-sre k is defined by 

T T = k x i • <2> 

and where n1 is the concentration of water (moles/cm3), n is the total 
molar density (moles/cm3), d[2 Is effective diffusion coefficient for 
the H20-He system in graphite, xx is the mole fraction of water, and e^ 
is the total porosity of the graphite.5 

In later work6 the rate constant k was redefined to permit differ-
ences in specific surface area to be considered and hence to reduce the 
dependence of k on graphite type. At the same time an idealized descrip-
tion of the development of new surface area with extent of reaction was 
formulated for a system in which reaction was not limited by diffusion, 
since changes in the product e ^ D h a d not been adequate to explain ob-
served changes in reaction rate with extent of reaction.5 

For a proper description of the behavior of a fuel element one must 
be able to describe the behavior of a body containing different graphites 
at the same or at different temperatures, for example, the fuel matrix 
and the fuel element sleeve. A simple two-zone model was developed for 
this by Watson.6 

In comparing the in-pile and laboratory experiments a combination of 
these three approaches, to be described in detail in a forthcoming re-
port, was used. 

The basic equation was still Eq. (1), now applied simultaneously to 
the fuel element sleeve and the fuel matrix, whose oxidation could be fol-
lowed independently as a result of doping it with lifC. 

However, the effective rate constant k was redefined again for con-
venience and given the dimensions of sec"1; that is, 

^ ^ = nkxl ; (3) 
dt 

k was further represented as a function of surface area and hence the ex-
|j?lll: of luaction and z.D 12 was also made a function of burnoff. (Both the 
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specific surface area and w e r e available as functions of burnoff in 
laboratory experiments.) The steady-state condition was now replaced by 
a quasi-steady-state situation in which k and a r e allowed to change 
after discrete time intervals, during which steady state was assumed. 

The proportionality constants required were determined by a fitting 
Q 

procedure, using the laboratory data of Halinauskas and Blood. Analytic 
functions were developed semiempirically to describe the laboratory data; 
as a result, it would be unwise to apply the equations beyond the parameter 
ranges covered by experiment or to ascribe too much physical significance 
to the individual constants. Further laboratory work may permit more fun-
damental descriptions to be formulated. Five empirical constants were 
needed to describe the variation of k with temperature and extent of re-
action. The maximum difference between observed and calculated carbon 
losses in the range 0 to 10% carbon loss was 30%. The temperature range 
covered by the data fitted was 800 to 1000°C, and water mole fractions were 
between 0.04 and 0.1. 

A laboratory experiment by Blood, Hebert, and Overholser,10 in which 
a model fuel element similar to that used in the in-pile program had been 
oxidized in steam at 1000, 1100, and 1200°C, provided an opportunity to 
test the mathematical model for a composite system. Tables 2.4 and 2.5 
give the results of this comparison. Considering the fact that the graph-
ite casing is not H-327, the agreement is quite good within the tempera-
ture range used in obtaining the empirical constants (i.e., at 1000°C) 
but poorer at higher (1100 and 1200°C) temperatures, where uncertainties 
in become more important. 

Tables 2.6 to 2.9 give the results for in-pile experiments SG-1 
through SG-4. The cumulative weight losses headed "IR" are based upon 
integrated areas from the continuous infrared analyzer trace and include 
all sources (fuel compact and graphite cladding) of CO. The values listed 
for "Ascarite Traps" are based upon analyses of traps for CO and CO2. The 
fraction of carbon from the fuel matrix was determined from the llfC/12C 
ratio in the CO and CO2 collected. The weight losses shown at the bottom 
of each table were obtained at the end of the experiments by weighing the 
remains after disassembly of the experiment in the hot cells. Figures 2.5 
and 2.6 show graphical comparisons between the experimentally observed 
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Table 2.4. Out-of-Pile Oxidation of Fuel Compact 
10 at 1000°C and 0.1 Mole Fraction Steama 

Time 
(min) 

gR(obs) a^(calc) Agreement^ Time 
(min) (mg) (mg) (mg) 

64.0 126.6 72.6 -54.0 0.57 
127.5 238.3 173.6 -64.7 0.73 
221.5 429.8 354.1 -75.7 0.82 
285.5 558.8 499.4 -59.4 0.89 
349.5 705.5 653.6 -51.9 0.93 
413.5 872.9 820.6 -52.3 0.94 
548.0 1206.2 1169.0 -37.2 0.97 
613.0 1382.8 1321.3 -61.5 0.96 
676.0 1559.9 1484.2 -75.7 0.95 
750.0 1712.9 1662.2 -50.7 0.97 
7405 1183.2 1120.9 -62.3 0.95 
7U0d 529.7 541.3 +11.6 1.02 

^Reference 10. 
Agreement = predicted/observed. 

Q 

Graphite container only. 
Fuel compact only. 

Table 2.5. Out-of-Pile Oxidation of Fuel Compact 
5 at 0.035 Mole Fraction Steama 

Temperature Time ^(obs) ^(calc) Agreement^ 
<°c) (min) (mg) (mg) (mg) 

1000 1 2 2 . 5 1 1 0 . 8 9 3 . 2 - 1 7 . 6 0 . 8 4 
1100 2 1 6 . 5 5 2 1 . 8 2 9 9 . 5 - 2 2 2 . 3 0 . 5 7 
1000 3 3 8 . 5 6 8 4 , 9 4 4 0 . 5 - 2 4 4 . 4 0 . 6 4 
1200 4 3 2 . 5 1 6 4 . 0 1 1 5 4 . 5 —485.5 0 . 7 0 

^Reference 10. 
Agreement = predicted/observed. 
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Table 2.6. Steam-Graphite Experiment SG-la 

Cumulative Weight Loss (mg) 

Time 
(hr) 

Mole 
Fraction 

Surface 
Temperature IR 

Total 

Ascarite Traps Time 
(hr) Water (°C) IR 

Total Total Fuel 
• 

Total Compact 

0.5 0.064 844 38 73 3 
1.6 0.048 776 78 209 34 
3.1 0.041 970 321 468 46 
4.0 0.041 933 473 689 57 
5.0 0.041 933 641 908 67 
6.0 0.041 900 696 1001 89 
8.0 0.036 845 754 1044 134 

12.5 0.030 930 936 1399 217 
14.5 0.044 906 1179 1558 219 
15.5 0.038 925 1565 1957 222 
16.5 0.038 872 1823 1981 227 
19.0 0.038 848 2167 2238 299 
20.0 0.040 912 2351 2396 316 

aPos t irradi ati on examination: weight loss , can = 2202 mg; 
fuel compact = 373 mg ; total = 2395 mg. 

Table 2.7. Steam-Graphite Experiment SG-2a 

Time 
(hr) 

Mole 
Fraction 
Water 

Surface 
Temperature 

(°C) 

Cumulative Weight Loss (mg) 

Ascarite Traps 
IR̂ 1 

T o t a l Total r
F u e l „ Compact 

3.43 0.04 700 56 17 
6.58 0.03 700 83 42 
8.81 0.03 763 165 83 
9.29 0.03 788 219 98 

10.21 0.03 800 237 108 
i 

fuel 
^ostirradiation examination: 
compact = 143 mg; total = 237. 
Instrument inoperable. 

weight loss , can - 94 mg; 
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Table 2.8. Steam-Graphite Experiment SG-3a 

Cumulative Weight Loss (mg) 

Time 
(hr) 

Mole 
Fraction 

Surface 
Temperature IR 

Total 

Ascarite Traps Time 
(hr) Water (°c) IR 

Total Total Fuel Total Compact 

1.1 0.04 1000 12 22 1 
2.5 0.06 1000 55 34 4 
4.0 0.10 1000 99 76 16 
8.0 0.10 1000 341 236 83 

12.0 0.10 1000 638 430 144 
12.2 0.10 800 663 459 150 
15.8 0.10 800 835 612 248 

^Postirradiation examina t ion: weight loss, , can = 630 mg; 
fuel compact = 206 

Evidence that 
mg; total =836 mg. compact = 206 

Evidence that : CC i trap leaked; value is low. 

Table 2. ,9. Steam-Graphite Experiment SG-4a 

Cumulative Weight Loss (mg) 

Time 
(hr) 

Mole 
Fraction 

Surface 
Temperature IR 

Total 

Ascarite Traps Time 
(hr) Water (°c) IR 

Total Total Fuel Total Compact 

2.0 0.11 830 91 131 48 
4.0 0.11 830 186 241 160 
6.1 0.10 830 251 307 211 
7.4 0.10 830 315 375 247 

10.3 0.10 730 443 492 275 
13.3 0.05 730 536 568 283 
17.2 0.10 630 668 663 292 

aPostirradiation examination: weight loss , can = 166 mg; 
fuel compact = 497 mg; ; total = 663 mg. 
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STEAM DURATION Chr) 
Corbon Removal from Total Fuel Element ano from Fuel Com-
pact only During Experiment S G - 3 . 

Fig. 2.5. Carbon Removal from Whole Model 
Element and Fuel Compact Only During Experiment 
SG-3. 

ORNL-DWG 72-12205 

STEAM DURATION Ihr) 
Carbon Removal from Total Fuel Element and from Fuel Compact 
only During Experiment SG-4 . 

Fig. 2.6. Carbon Removal from Whole Model 
Element and Fuel Compact Only During Experiment 
SG-4. 
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amounts of carbon removed at various times, based upon the two different 
sets of CO and CO2 analyses, and the predicted values obtained using labo-
ratory data in the model summarized above. Points represent the various 
experimental observations and the lines the model's prediction. 

The comparison between observed and calculated carbon removal rates 
is not shown for experiments SG-1 and SG-2 because the large amounts of 
iron present in the fuel element sleeve of SG-1 caused pitting corrosion 
which invalidated the model and because experiment SG-2 sprang a steam 
leak. 

The total carbon losses in experiments SG-3 and SG-4 determined at 
the end of the experiment are compared with predicted carbon losses in 
Table 2.10. 

The current mathematical representation of the carbon removal process 
describes carbon weight loss in laboratory and in-pile experiments gen-
erally within ±50%. This error, which was not always the same sign, in-
cludes the measurement errors of the in-pile experiment, uncertainties in 
certain input parameters, errors arising from imperfect labeling of the 
matrix carbon, and errors arising from estimated coating corrosion, which, 
since the coating contains only 12C, would show as sleeve corrosion. 

Table 2.10. Comparison of Predicted and Postirradiation 
Weight Losses for Experiments SG-3 and SG-4 

Note: All weight losses equated tc carbon oxidation losses 

Component 
Pos tirradiation 

Weight Loss 
(mg) 

Model Calculation 
Weight Loss 

(mg) 
Agreement*2 

SG-3 
Fuel 206 319 1.5 
Can 630 807 1.3 
Total 836 1125 1.3 

SG-4 
Fuel 497 383 0.77 
Can 166 115 0.69 
Total 663 498 0.75 

^Agreement = predicted/observed. 
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Radiolytic processes did not have to be invoked to explain carbon 
removal to this degree of precision. 
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2.2 FUEL INTEGRITY AND FISSION PRODUCT RELEASE* 
(AEC Activity 04 60 10 01 1) 

M. T. Morgan T. B. Lindemer 
R. L. Towns L. L. Fairchild 

One purpose of this program is to determine the cause and extent of 
fission product release from irradiated coated particle fuels, both at 
normal and abnormal reactor fuel temperatures. Knowledge of both the 
factors determining coated particle integrity and fission product trans-
port is necessary for the analysis of fission product release from fuel 
elements and ultimately from the reactor, since changes in the fraction 
of fuel with failed coatings may affect fission product transport sub-
stantially. Transport of fission products at normal operating tempera-
tures must be included in nuclear safety considerations since the fis-
sion product release from a reactor at the time of an abnormal temperature 
fluctuation would depend upon the initial fission product distribution. 

Coated particle integrity is determined by both mechanical and chemi-
cal factors. Current emphasis is upon the establishment of the mechanisms 
and rate-controlling factors that result in carbon transport within an 
oxide fuel particle held in a temperature gradient. This transport is 
observed to remove carbon from the hot side of the coating and transport 
it to the cold side and is a possible mechanism for coating failure. One 
goal of this work is to specify the kernel composition necessary to mini-
mize carbon transport so that the coatings will not fail in service by 
this mechanism. 

Mass Transport in HTGR Particles in a 
Temperature Gradient (Amoeba Effect) 

Several different kernel compositions have been prepared. These have 
been given Biso coatings and are being characterized for out-of-pile test-
ing in a temperature gradient. The nominal kernel properties and the rea-
sons for their preparation are given below. 

*Work partially supported by HTGR Base Program. 
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Oxide-Base Kernels 

PO2-UC1.B6 

These kernels are UO2 containing a few percent of dicarbide; at tem-
perature, coated particles containing these kernels will have a CO pres-
sure that should be sufficiently low to prevent gas-phase transport of 
carbon by the C-CO-CO2 mechanism. Two types of kernels have been prepared, 
one with the carbide formed on the surface via reaction of UO2 microspheres 
with spectrographically pure graphite powder (SPGP) in vacuum at 1500°C for 
2 hr. This reaction formed a discontinuous surface coating of UC1.86; ad-
ditional work is planned on other samples to attempt the formation of a 
continuous layer. The second type of kernel was made at 1700°C in vacuum 
from U02-C microspheres prepared by K. J. Notz of the Chemical Technology 
Division and should contain a uniform dispersion of a few percent of UC2 

throughout the kernel. These kernels will be tasted to see to what extent, 
if any, the presence and distribution of the dicarbide permit the solid-
state transport of carbon via the dicarbide phase. 

U 0 I . 6 s NQ . 2 5 

This kernel composition was prepared to evaluate the carbon-transport-
ing properties of such a composition; we are especially interested in the 
effects of the substantial substoichiometry produced [(0 + N)/U = 1.90]. 
These kernels were prepared from UO2 microspheres mixed with SPGP and 
treated at 1700°C for 3 hr at P.. = 380 torr and = 160 torr in a graph-.N 2 CO 

ite crucible. 

UO2.000 
A stoichiometric urania was prepared as a reference kernel for the 

testing program. 

Carbide-Base Kernels 

The primary interest here is the effect of solid-solution nitrogen 
on solid-state carbon transport in a temperature gradient. All these 
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kernels were prepared from bed-melted UCi.ee microspheres; this material 
was made several years ago and is known from earlier work to have "aged" 
as a result of exposure to air. The commonly reported effects of aging 
of UC2 are the possible inclusion of hydrogen and an increased reactivity 
with nitrogen, CO2, etc., at the temperatures of our experiments. The 
UC2 can be "de-aged" by a simple heat treatment in vacuum for 0.5 hr at 
T >_ 1500°C. All compositions will be used primarily to evaluate the 
rate of carbon transport for comparison with that obtained by GGA for UC2 
and (Th,U)C2. 

U C p . 2 8 N Q . 7 2 

These kernels were prepared by fluidizing UC2 in nitrogen at 1700°C 
for 48 hr at P^ = 380 torr in a graphite furnace. 

U C p . 8 ^ 0 . 2 - U C 1 . 6 3 N q . 0 3 

These two-phase kernels were made by partial conversion of UC2 
treated for 4 hr under the conditions given above; the U(C,N) is formed 
as a uniform surface layer, and the dicarbide contains some solid-solution 
nitrogen. 

Aged UC2 

This material was described above and will be coated in this condition 
to determine any effects that such a condition may have on the transport of 
carbon in a temperature gradient. 

De-Aged UC2 
This material was treated in vacuum (8 to 17 ym Hg) for 20 hr at 1560°C 

and will be used as a reference material. 
All the specimens prepared in this series were stored in a vacuum des-

iccator immediately after preparation to minimize further reaction with the 
atmosphere. 
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The seven different kernels reported above were coated with an acety-
lene-derived buffer layer at 1150 to 1250°C and with a high-density pyro-
carbon formed from propylene at 1290 to 1315°C; analytical data have been 
taken ro permit an accurate calculation of the densities of both the ker-
nels and the buffer layer. Chemical characterization will be accomplished 
primarily by Debye-Scherrer x-ray techniques. 

Fission Product Release 

Chemical information that may be pertinent to the release of fission 
products from irradiated coated particles is being reviewed. Constitution 
diagrams for the systems Cs-O-X and Sr-O-X, where X can be any other ele-
ment, are being searched for phases with low cesium and strontium activi-
ties. 

The ultimate objective of this amassing of data is to explain the re-
sults obtained by us and others in the field of fission product diffusion 
and release from particles and, eventually, to specify kernel additives 
that form stable compounds with troublesome fission products, thus pre-
venting their release from the fuel particles during service. 

An extensive study by Langlet1 of the Cs2O-Al2C>3-Si02 system indicates 
the formation of CSAIO2, Cs20*llAl203, and CsAlSi206, the latter a cubic 
compound having a melting temperature above 1750°C, These compounds are 
analogous to those formed by other group I oxides with the Al2C>3-Si02 sys-
tem. However, this work was done at P n =0.2 atm* and it needs to be de-
termined at the oxygen potentials existing in a coated fuel particle. 

Postirradiation Examination and Analysis 
of the Cl-28 Experiment 

The purpose of the Cl-28 irradiation experiment was: (1) to test two 
bonded beds of coated resin-base fuel particles and (2) to provide coated 
particles of conventional and advanced design for fission product release 
studies. The Cl-28 capsule contained 21 types of coated fuel particles 
(about 40 particles of each), each type in a separate graphite tube, and 
two bonded beds. 
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The experiment began to leak fission gas during the first insertion 
in the reactor, so that full insertion could not be accomplished. When 
the activity was first noticed, the bonded bed temperature was 690 to 
780°C; fuel tube temperatures were 650°C. Insertion was continued slowly 
during an 8-hr period until the bonded bed temperature reached 1000°C. 
The helium activity rose slightly during the first week of operation until 
it reached approximately three times the activity that was first recorded. 
This changed very little during the remainder of the irradiation, varying 
slightly as the temperature changed. 

The temperature data are listed in Table 2.11, which gives irradiation 
time at various temperatures recorded from seven thermocouples. Thermo-
couple and tube positions are shown in Fig. 2.7. 

The burnup was estimated to be about 10% FIMA. The graphite tubes 
were unloaded and analyzed, and coated particles from the tubes were in-
spected visually for failed coatings. Ten apparently intact coated par-
ticles from each tube were also analyzed with the exception of particles 
from tube N (all broken) and three other tubes not yet analyzed. Fission 
products in the coated particles in tube N were estimated using values for 
similar coated particles in another tube. The analyzed coated particles 
containing resin-base fuel were leached in 8 Af nitric acid for 30 min at 
98°C, washed, and reanalyzed. 

Many of these coated particles lost a large fraction of their fission 
products during leaching although they appeared intact under the optical 
microscope. Microradiographs and photomicrographs of a few of these coated 
particles revealed loss of fuel. Others were cracked in a gas collection 
device, and the gas collected was analyzed for radioactivity. No fission 
gas was found in those coated particles which lost other fission products 
during leaching. Scanning electron micrographs of two of these coated 
particles at 300x revealed microcracks in the coatings. 

Table 2.12 lists data from the examination and analyses of the tubes 
and the coated particles. In column 2 HTI and LTI ar» Biso coatings with 
high-temperature and low-temperature isotropic pyrocarbon coatings respec-
tively, and an added A indicates a high-temperature anneal after coating. 
In column 3, R indicates resin-base fuel, and Zr indicates a 10% addition 
of Zr. The Cs/Zr ratio in the coated particles would determine loss of 
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Table 2.11. Temperature Distribution in 
Cl-28 Capsule During Irradiation, °C 

m.. _ Thermocouples i l i u C 
(hr) TI T2 T3 T4 T5 T6 T7 

232 684 565 670 533 498 512 445 
647 714 591 700 559 524 538 466 
308 743 615 728 584 547 558 487 
243 775 648 761 613 578 591 510 
246 814 679 799 644 612 624 539 
41 832 695 812 662 625 640 546 
56 855 718 838 685 648 660 567 

^40 970 815 950 785 750 760 660 
^30 1000 845 980 820 782 800 709 

1008 855 990 825 790 805 713 
Max VL015 865 1000 835 800 815 725 

Fig. 2.7. Cross Section of Cl-28 Irradiation Capsule. 
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Table 2.12. Results of Examination and Analysis of Loose Coated 
Fuel Particles and Tubes Irradiated in Capsule Cl-28 

Failed Coatings Cs/Zr in Fraction Fraction 
Fuel Coating Fuel (% of total) Coated of Zr of Cs 
Tube Type Fuel Particles in Tubes in Tubes Tube Type Particles in Tubes in Tubes 

Visual Leach. x 10~2 (%) <%) 

A HTI UC2 0 1.3 0.004 9 
B LTI R-UOS 0 100 0.9 0.003 6 
C Triso U02 0 1.5 ND<2 13 
D LTI R-UCS 25 70 1.2 0.630 6 
E Triso UC2 0 
F LTI R-UC2 2 2 1.2 0.065 3 
G Prod. run 0 
H LTI R-UC2 0 0 1.3 0.005 4 
I Prod. run 0 1.2 m a 4 
J Triso R-UOS 5 14 1.2 0.25 9 
K LTI UC2 0 1.3 0.002 18 
L HTI R-UOS 8 35 1.2 0.20 8 
M LTI U02 0 1.3 0.01 25 
N LTI R-UOS-Zr 100 100 2.4 13 
0 LTIA UC2 0 1.3 0.017 12 
P HTI R-UCS 0 10 1.2 0.015 2 
Q LTIA U02 0 1.4 0.017 11 
R LTIA R-UOS 0 10 1.2 0.007 2 
S Triso R-UOS-Zr 8 3 2 1.2 0.23 8 
T HTI U02 0 
U HTIA R-UOS 0 1.5 0.045 4 

^None detected. 

cesium, assuming that Zr does not diffuse. That Zr does not diffuse is 
substantiated by the low fraction of Zr found in the empty tubes. The 
only coated particles with a low Cs/Zr ratio were in tube B. 

The coating failures as determined by visual examination and by leach-
ing are given in percent of total number of coated particles in each tube. 
The fraction determined by leaching has been corrected to include failures 
determined visually since only apparently intact particles were selected 
for leaching. Leaching uncovered coating failures not found by visual ex-
amination. The coatings which failed were all on resin-base fuel parti-
cles; however, it is believed that a higher buffer coating density was re-
sponsible for the failures, since other coated resin-base fuel particles 
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have survived previous irradiation tests. The two samples derived from 
weak acid resins (tubes F and H) survived well in spite of the abnormally 
dense buffer. 

The fraction of 95Zr in the tubes (activity in empty tube/activity 
of all coated particles from the tube) is low except for tubes containing 
visibly failed coated particles. The corresponding fraction for 137Cs 
is high and has no apparent relation to the number of coating failures. 

These relations are explored further in Fig. 2.8, where the quantities 

j o 

and F x 375 are plotted vs tube position, where n is the number of tubes, 
I,, is the isotope activity in empty tube (•£), J . is the isotope activity Tsl- pi, 

in all coated particles from tube (£), F is the number of visibly cracked 
coated particles, and the numerical constant 375 is an empirical scale 
factor. This plot shows excellent correlation between the number of visi-
bly cracked coated particles (F) and the 95Zr fraction. No such correlation 
is seen with the 137Cs fraction. The number of total coating failures as 
determined by leaching is also not proportional to the 95Zr fraction. There 
is no migration 

of 9 5Zr from tubes containing failed coated particles to 
adjacent tubes. The pattern for cesium is inconsistent. Tube M, with no 
apparent failures, has the highest cesium fraction and is adjacent to tube 
N, with the highest number of failures, but tube 0 on the other side of 
tube N is much lower. Other inconsistencies are apparent and, coupled 
with the high fraction of cesium found in all tubes, lead to the conclu-
sion that the cesium contamination was mostly from the bonded beds, since 
LTI pyrocarbon usually retains cesium at these low temperatures. 

The preliminary observations from this study are: 
1. The coated particles released fission gas at the beginning of 

irradiation at a lower temperature than that required for the coating pro-
cess. This might indicate that the apparently intact coated particles 
(inspected visually and by microradiograph before irradiation) had micro-
cracks before irradiation. Examination of preirradiation radiographs of 
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Fig. 2.8. Comparison of 95Zr and 137Cs Contamination in Graphite 
Tubes from Experiment Cl-28 with Number of Visible Coated Particle Failures 
as a Function of Particle Tube Position. 

the loaded fuel tubes showed that the spacing was such that adjacent coated 
particles might have locked together under the force of gravity with the 
tube in a vertical position. Differential thermal expansion between the 
coated particles and the fuel tube might then have produced the forces 
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necessary to expand the microcracks in some coated particles, producing 
the gross failures observed. 

2. Cesium diffused through the graphite sleeve at temperatures less 
than 800°C during most of the irradiation. The higher temperatures oc-
curred during the beginning of the irradiation, when little Cs was avail-
able. 

3. The 95Zr contamination in the empty fuel tubes was directly pro-
portional to the number of gross coating failures. The precise relation-
ship obtained is not expected since the Zr does not diffuse easily (none 
came from coated particles with microcracks); therefore the Zr contamina-
tion comes from fission recoils and should be proportional to the amount 
of fuel exposed to the tube TTall, which would vary with each cracked coated 
particle unless the coatings were separated completely from each particle. 

Release of Tritium from Core Materials 

Samples of irradiated coated particle fuels with oxide and carbide 
kernels coated with pyrocarbon and pyrocarbon plus silicon carbide coat-
ings have been selected for tritium analysis. Xt is intended that the 
distribution of tritium between kernel and coating will be measured as 
well as the total tritium inventory. 

Consideration is being given to the likely mobility of europium in 
a europium oxide particle coated with pyrocarbon under accident conditions, 
in the event that europium should have to be used in place of boron as a 
control material. Europium does not form tritium by reaction with neu-
trons . 

Reference 

1. G. Langlet, Synthesis and Crystallographic Study of Compounds of the 
System Cs20-Al203-Si02, Report CEA-R-3853, 1971. Tranlation BNWL-tr-
65. 
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2.3 FISSION PRODUCTS IN THE COOLANT CIRCUITS 
(AEC Activity 04 60 10 01 1) 

F. F. Dyer H. J. de Nordwall* 
J. 0. Kolb M. F. Osborne 

W. J. Martin 

This section is concerned with describing and explaining the distri-
bution and adhesion of fission products in the coolant circuits of HTGRs. 
It includes the activities associated with the HTGR fission product sur-
veillance program. 

Iodine Adsorption and Desorpt-'on 

The steady-state release of iodine from the HTGR fuel results in a 
small but consistent partial pressure of iodine (^10~? 0 atm) in the cir-
culating helium coolant. Reactions of this gaseous iodine with the metal 
piping may significantly affect the amount of radiologically hazardous 
1 q 1 

I available for release in the event of an accidental depressurization. 
Thus the possible reactions between the base metals (iron, chromium, and 
nickel) and gaseous iodine under HTGR temperature and pressure conditions 
need to be considered. The existing thermochemical data for Lhese reac-
tions were collected and elementary calculations performed. The primary 
reactions at 200 to 600°C are of the form 

M(s) + 21(g) + MI2(s) or MI2(g) . 

For iron, the reaction 

MI2(g) + K g ) "> MI3 (g) 

may be significant at the higher temperatures. Hoinkis1 has reported an 
investigation of these reactions in the Fe-I system. Behavior in the Cr-I 
and Ni-I systems is analogous, though less certain, because fewer thermo-
dynamic data are available for these systems. The calculated partial 
pressures of iodine and the chromium iodides in equilibrium with solid 
Crl2 and Cr are shown graphically in Fig. 2.9. In the temperature range 

*Part time. 
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Fig. 2.9. Partial Pressures of Iodine and Chromium Iodides in Equili-
brium with Solid Crl2 as a Function of Temperature. 

of interest, the vapor pressures of the chromium iodides over Crl2(s) are 
appreciably lower, by 3 to 8 orders of magnitude, than the vapor pressures 
of the iron iodides over Fel2(s). Further studies in this area are de-
sirable, however, because of the long extrapolation from experimental con-
ditions. Experimental determinations of the free energy of formation of 
the iodides at HTGR coolant temperature and an analysis of the competing 
reactions in the system {HTGR alloy—helium-coolant impurity—iodine) should 
greatly enhance an understanding of the coolant chemistry in an operating 
reactor. 
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Fission Product Surveillance at the Peach 
Bottom HTGR Fabrication of Replacement 

Active Particle Filter Units 

The active particle filter is located in the hot valve HV-201 sample 
line, downstream from the TW-205 diffusion tube sampler. Since the filter 
unit is connected with tube fittings and can be isolated with valves, it 
can be replaced during a reactor shutdown whenever the containment is "de-
inerted." Two ORNL-designed filter units have been fabricated for future 
Peach Bottom shutdowns, the first of which is planned for November 1972. 

The filter unit presently in service contains only a 0.2-y silver 
membrane particle filter- The filter design for the currently fabricated 
units has been modified to include a fiberglass absolute filter and a 2-
in.-diam, 1.5-in.-deep bed of iodized charcoal to trap organic iodides, 
but one will not be able to determine whether they were formed in the probe 
or in the reactor. One replacement filter unit has been completed and its 
ready for installation; the components of the second unit have been machined 
and are ready for assembly. 

Activities Deposited on the Walls of 
Peach Bottom Primary Coolant Loop 1 

Deposited gamma emitters were measured in May 1971 and May 1972 during 
fuel-changing shutdowns. The earlier measurements reported2 in December 
1971 have been found to contain computational errors. Table 2,13 contains 
the revised activities. The most important changes are a consistent 137Cs/' 
i O |i 

Cs ratio, a more gradual and consistent fission product gradient from 
the hot valve to the point where the coolant duct becomes concentric to 
enter the reactor, and confirmation that 1>t0Ba was present. The new disr- A 

tributions for cesium isotopes will be closer to those predicted by Haire 
of Gulf General Atomic using the code PAD. 

Preliminary estimates of the 1972 activities indicate slightly lower 
cesium activities and substantially lower surface concentrations of llfItCe 
and 11omAg, suggesting that the latter two nuclides are to be associated 
with core I. 



Table 2.13. Summary of Activities Found on Peach Bottom Primary Circuit Large Ducts — 1971 

Activity (uCi/cm2) 
Position — i37/^3?„ 

l3"Cs 13 7Cs 11M,Ce 1 ̂  °Ba 11 °wAg 95Zr 59Fe 60Co ^Mn 65Zn 103Ru 106Ru 12,*Sb 15*Eu C s 

Steam generator exit 0.71 2.1 0.39 6. 8N3 2.7N2 ND 1.6N2 1. 5N2 9.1N3 2.9N2 1.3N3 2.96 
Compressor entry 0.78 2.4 6. 1N3 2.6N2 ND 4.6N3 2.0N3 7.6N3 2.5N2 3.07 
Compressor exit 0.73 2.2 6. 3N3 2.2N2 ND 2.3N3 9.4N4 6.3N3 2.6N2 3.01 
Compressor exit line near 
steam generator 

0.18 0.54 2. 5N3 5.6N3 ND 1.1N2 7.3N3 3.6N3 5.7N3 6.5N4 3.00 

Compressor exit vertical 
duct 

0.16 0.45 7.0N2 3. 9N3 7.3N2 7.2N3 1.9N2 2.1N2 4.1N3 4.7N3 1.3N3 1.6N2 7.1N4 1.09N3 
liean = 

2.81 
2.97 

Note: ND = not detected: 2.5N3 = 2.5 * 10~3. 
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Postirradiation Examination of Peach Bottom Element E06 

Based upon experience gained from a cursory examination of an experi-
mental element RTE-7, a work plan for the examination of a "standard" ele-
ment is being proposed. Work is expected to start in November or December 
1972. 

References 

1. E. Hoinkis, A Review of the Adsorption of Iodine on Metal and Its 
Behavior in Loops, USAEC Report ORNL-TM-2916, Oak Ridge National Labo-
ratory, 1970. 

2. F. F. Dyer, ORNL Nuclear Safety Research and Development Program Bi-
monthly Report for November^cember 1971, USAEC Report ORNL-TM-3670, 
Oak Ridge National Laboratory, p. 85; J. Haire, Gulf General Atomic, 
unpublished work. 

2.4 HTGR SYSTEM SAFETY ANALYSIS 
(AEC Activity 04 60 10 01 1) 

P. Rubel 

The objectives of this task are to provide logical guidance in the 
planning of the HTGR safety program and to assess probable courses and 
hence end points for HTGR accidents. In combination with the descriptive 
material available from other tasks, one will then be able to formulate 
the risks associated with an HTGR. 

All effort during this reporting period has gone into production of 
a draft program plan for a national HTGR safety program. Considerable 
help was received from Gulf General Atomic. The first draft is currently 
undergoing internal review at ORNL. 
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3. HEAVY-SECTION STEEL TECHNOLOGY PROGRAM 

3.1 PROGRAM ADMINISTRATION AND PROCUREMENT (TASK A) 
(AEC Activity 04 60 80 03 1) 

F. J. Witt 

The Heavy-Section Steel Technology (HSST) Program is one of the major 
USAEC engineering safety research programs being pursued to develop quan-
titative means of assessing the margins of safety against fracture of the 
in-service core-containing primary pressure vessels of civilian water-
reactor power stations. The technology being developed emphasizes the 
testing of specimens (including vessels) in thicknesses approaching or 
equal to that of the actual pressure vessels (6 to 12 in.). In addition 
to the general problem of fracture, factors which affect the potential of 
fracture are being extensively studied, including cyclic crack progagation, 
variability of toughness in product forms, and influence of fast-neutron 
irradiation. Currently less emphasis is placed on the fracture character-
istics of the primary piping system. 

The activities of the HSST program are carried out under a series of 
12 tasks, 4 of which are completed. The activities under the remaining 
tasks are discussed below. 

One technical report was published,1 two are in publication, three 
are being revised, and several are in preparation. The technical scope 
of one subcontract is under discussion for revision, and four small sub-
contracts are being processed, all relating to the acoustic emission moni-
toring of the intermediate vessel tests. 
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Reference 

1. F. J. Witt and T. R. Mager, A Procedure for Determining Bounding Values 
on Fracture Toughness K I c at Any Temperature, USAEC Report ORNL-TM-
3894, Oak Ridge National Laboratory, October 1972. 

3.2 MATERIAL INSPECTION 
(AEC Activity 04 

The major activities of this task 
tance of the intermediate test vessels 
the prolongation of those vessels. 

AND CONTROL (TASK B) 
60 80 03 1) 

are currently inspection and accep-
and disposition of materials from 

3.3 VARIABILITY IN PLATE, HEAT-AFFECTED ZONES, 
WELDS, AND FORGINGS (TASK D) 
(AEC Activity 04 60 80 03 1) 

Series of precracked Charpy specimens were tested in the slow-bend 
machine as part of the materials investigations prior to the test of the 
second intermediate test vessel. Studies were made of through-thickness 
lower-bound toughness as a function of temperature. [Some of these data 
are summarized in Fig. 3.2.] Also, the standard Charpy impact data were 
obtained. 

The toughness of primary system piping is being investigated. In 
Fig. 3.1, specimens taken from a 0.33-in.-thick, 4-in.-0D pipe of A106, 
grade B steel are shown for both axial and circumferential orientations. 
Precracking of these specimens will be done by the electron-beam method. 

A final report was written on the effects of fast-neutron irradia-
tion on Charpy impact and tensile data and is currently being prepared 
for publication. A similar report on the extensive investigation carried 
out on plate is in preparation. 
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Fig. 3.1. Axially Oriented (Left) and Circumferentially Oriented 
(Right) Specimen Taken from a 0.33-in.-Thick 4-in.-OD Pipe of A106 Grade 
B Steel. 

3.4 FRACTURE MECHANICS INVESTIGATIONS (TASK E) 
(AEC Activity 04 60 80 03 1) 

The initial series of specimens being tested by Materials Research 
Laboratory to investigate the significance of pop-in arrest was completed, 
and the data are being analyzed. Two additional series of tests are sched-
uled to be initiated. 

The determination of lower-bound toughness on submerged-arc welds is 
being undertaken by Westinghouse Electric Corporation. Three 6T and six-
teen IT compact-tension specimens will be tested at temperatures from be-
low 0 to 550°F. 
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3.5 FATIGUE AND CRACK PROPAGATION (TASK G) 
(AEC Activity 04 60 80 03 1) 

Low-cycle fatigue crack propagation in A533, grade B, class 1 steel 
under the environmental conditions of PWR and BWR systems, excluding ir-
radiation, are being determined by Westinghouse Electric Corporation. 
Initial results are currently being evaluated. 

3.6 IRRADIATION EFFECTS (TASK H) 
(AEC Activity 04 60 80 03 1) 

The first of three 4T irradiation capsules (containing two 4T speci-
mens and over 100 smaller specimens) was placed in the Battelle Research 
Reactor in mid-October. The temperature through the crack line o£ the 
specimen is well within the variation expected. The second and third cap-
sules are scheduled to be loaded within the next two months. 

3.7 SIMULATED SERVICE TEST (TASK K) 
(AEC Activity 04 60 80 03 1) 

The second intermediate test vessel was tested September 28 at a 
temperature of 32°F. Prior to the test, extensive toughness properties 
were obtained from the prolongation of the test section. A summary of 
the lower-bound toughness properties obtained from three series of non-
surface specimen tests is given in Fig. 3.2. At the test temperature 
the fracture toughness was concluded to be between 160 and 210 ksi /in., 
which was significantly less than that at the first vessel test tempera-
ture of 130°F. In comparison, the toughness of the second vessel was a 
little superior to that of the first vessel in the transition region al-
though the shelf toughnesses were about the same. 
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Fig. 3.2. Lower-Bound Fracture Toughness Values Obtained from Pro-
longation of Intermediate Test Vessel V-2, Center Material, Circumferential 
Orientation, ASTM A508, Class 2 Forging Steel. 

The second vessel failed at a pressure of 27,900 psi. The vessel 
prior to testing is shown in Fig. 3.3, and an annotated picture of the 
fractured vessel is shown in Fig. 3.4. The support skirt upon which the 
vessel sits was also fractured, as seen in Fig. 3.5. The extent of the 
fracture in the hemispherical head region may also be seen. Cae large 
fragment (see Fig. 3.4) was generated; however, the vessel was extensively 
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Fig. 3.3. Intermediate Test Vessel V-2 in Test Pit Just Prior to 
Pressurization. 



Fig. 3.4. Intermediate Test Vessel V-2 Immediately after Fracture. 



Fig. 3.5. Intermediate Test Vessel V-2, Showing the Fracture in the 
Hemispherical Head Region and the Fractured Support Skirt. The large 
horizontal structure is the fragment shown in Fig. 3.4. 
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cracked elsewhere (see, for example, near "Closure End" or the vertical 
streak near "Backup Closure Seal"). The variation of outside-surface cir-
cumferential strain 180° from the flaw with nominal test pressure is given 
in Fig. 3.6. The maximum strain was slightly less than 0.2%. 

30 

25 

20 

w 

LU ce => 
CO 
CO 
LU QC 
Q_ 

15 

10 

0 

ORNL-DWG 72-13408 

FAILURE PRESSURE: 27.9 ksi 

CIRCUMFERENTIAL 
FAILURE STRAIN 
180° FROM FLAW: 0.194% 

0.1 0.2 0.3 0.4 0.5 0.6 

STRAIN (%) 

0.7 0.8 0.9 1.0 

Fig. 3.6. Pressure-Outside Surface Circumferential Strain Curve 180° 
from Flaw — Intermediate Test Vessel V-2. 
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The crack-propagation characteristic of the test was, as expected, 
catastrophic and complete with degrees of fragmentation. The initiation 
of fracture as indicated in Fig. 3.6 needs more specific explanation. The 
failure at about 0.2% strain is typical of structures which, because of 
their geometry, exhibit yield plateaus similar to those of the materials 
from which they are fabricated. The intermediate test vessels being tested 
are known to exhibit such a behavior. The almost linear behavior shown in 
Fig. 3.6 should probably not be described as near frangible but rather as 
failure at gross section (through-the-thickness) yielding with the impli-
cation that failure would continue to occur at about the same pressure and 
strain for test temperatures 50 or 75°F less than the test temperature of 
32°F and not as dictated by the fracture toughness. 

The test of a third vessel containing a longitudinal weld seam in the 
test section is scheduled for early November. 

3.8 SPECIFIC SAFETY RESEARCH (TASK L) 
(AEC Activity 04 60 80 03 1) 

The investigation of the extent of ductile pipe rupture continues at 
Battelle Columbus laboratories. 
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4. DESIGN AND ANALYSIS OF NOZZLES, PIPES, PUMPS, AND VALVES 

4.1 DESIGN CRITERIA FOR PIPING, PUMPS, AND VALVES 
(AEC Activity 04 60 80 03 1) 

W. L. Greenstreet S. E. Moore 

The ORNL Piping Program1 is a USAEC-supported program being carried 
out by the Oak Ridge National Laboratory to study the structural behavior 
of nuclear reactor piping system components. This Program is the Commis-
sion's portion of a cooperative effort with private industry to develop 
basic structural response information for critical system piping compo-
nents, pumps, and valves. The primary objective is to provide informa-
tion for use in writing and improving design and construction codes and 
standards for commercial power reactor systems. However, because of the 
fundamental nature of the investigations, a substantial portion of the 
information is directly applicable to other critical piping systems as 
well. 

The Program consists of about 30 carefully coordinated experimental 
and analytical studies, with many of the individual tasks being carried 
out at universities and industrial laboratories under subcontract to ORNL. 
At present the experimental work is confined to tees, branch connections, 
and elbows, while analytical studies are being carried out for most of 
the standard piping components, including straight pipe and auxiliary at-
tachments, socket-welding and threaded fittings, reducers, weld joints, 
transition joints, and flanged joints as well as elbows, tees, and branch 
connections. The results of these studies are used in evaluating various 
analytical stress analysis methods and in developing stress indices, 
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flexibility factors, and design rules to be used in the codes and stan-
dards . 

Close cooperation between the ORNL Piping Program and the industrial 
code-writing bodies is maintained through the Pressure Vessel Research 
Committee (PVRC), and an important aspect of our management responsibility 
to the AEC is active participation in the work of the PVRC and the ASME 
code committees. The work under the Program, as well as other related 
work, is discussed at regular meetings of these groups. Progress reports 
were presented at the PVRC Design Division meeting October 3, 1972, and 
at the regular meeting of Task Group 1, PVRC Subcommittee co Develop Stress 
Indices for Piping, Pumps, and Valves, October 31, 1972. 

Following is a brief summary of progress made under the ORNL Piping 
Program during the months of July and August 1972. 

Survey Reports 

We have nothing to report this period. 

Structural Analysis of Tees 

Studies under this task include experimental and analytical stress 
analyses of a series of 17 ANSI standard B16.9 tees, experimental and 
analytical stress analyses of a series of four very carefully made ideal-
ized thin-shell tee models, and analytical studies of small-branch con-
nections which meet the fabrication requirements of the ASHE Boiler and 
Pressure Vessel Code, Section III.2 

The work on B16.9 tees includes experimental elastic stress analysis 
and low-cycle fatigue-to-failure tests on the 17 tees listed in Table 4.1, 
photoelastic stress analysis on one-half-scale models of four of the tees 
(7th column), experimental thermal stress analysis on two of the tees (8th 
column), and the development of a finite-element computer code for the 
elastic stress analysis of B16.9 tees. The photoelastic studies3 have 
been completed under subcontract at Westinghouse Research Laboratories, 
and experimental stress analysis and low-cycle fatigue tests have been com-
pleted on five of the tees under subcontract at Southwest Research Institute 
(SwRI). Work is currently under way at C.E. on the 24~in. tees, at ORNL 



Table 4.1. Experimental and Analytical Studies for ASA B16.9 Tees 

Tee 
No. Manufacturer Nominal Size 

(in.) 

Nominal 
Wall 

Thickness 
(sched) 

Material 
Type of 

Strain Gage 
and Fatigue 

Test a 

Type of 
Photoelastic 

Test̂  
Thermal 
Stress 
Test0 

Detailed 
Finite-Element 

Analysis^ 

T-l I 6 > : i 6 X 6 40 
T-2 I 6 x i 6 X 6 160 
T-3 I 6 x i 6 X 6 40 
T-40 I 12 X 12 X 12 80 
T-5 11 12 X 12 X 12 80 
T-60 I'7. 12 X 12 X 12 80 
T-?0 11 12 X 12 X 12 160 
T-80 II 12 X 12 X 6 40 
T-9 II 12 X 12 X 6 160 
T-10? 
T-ll, 

III 24 X 24 X 24 40 T-10? 
T-ll, III 24 X 24 X 24 160 
T-12'* III 24 X 24 X 10 40 
T-l III 24 X 24 X 10 160 
T-14 III 12 X 12 X 6 40 
T-152 I 12 X 12 X 6 40 
T-l III 24 X 24 X 24 10 
T-17^ III 24 X 24 X 10 10 

SSe 1B-M 
Cf 1B-P 
SS 1B-M 
C 1A-M 
C 1B-P 
C 1A-M 8B-H 8A-T 4A-F 
SS 1B-M 8B-P 4A-F 
SS 1A-M 8B-M 8A-T 4A-F 
SS 1B-P 8B-P 
C 1B-M 
C 1B-P 
C 1B-M 
C 1B-P 
SS 1B-U 
SS 1A-M 
SS 1A-M 
SS 1A-M 

aTest 1A is a detailed elastic response test using approximately 225 three-
gage strain rosettes; test IB will use fewer gages to measure the maximum stress 
intensity; the loading for the fatigue test is designated as M for moment loading, 
P for internal pressure, and U as yet undecided. 

Photoelastic analysis with either internal pressure (P) or out-of-plane bending 
moment loading on the branch (M). 

Q 
Steady-state temperature distribution thermal stress tests. 

^Finite-element computer code development and comparison of analytical results 
with experimental data. 

p 

'Type 304L stainless steel. 
JA-106 grade B carbon steel. 
^Tested at SwRI (complete). h Being tested at C.E. 
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on the thermal stress tests, and at the University of California on the 
finite-element computer program. 

Experimental Studies of B16.9 Tees (Combustion Engineering) 

Experimental studies being carried out under subcontract at Combus-
tion Engineering include elastic response tests and low-cycle fatigue 
tests on the six 24-in. nominal diameter tees (T-10—T-13, T-16, and T-17) 
listed in Table 4.1. As reported previously,** the elastic response tests 
were completed for three of these (T-10, T-ll, and T-13), and low-cycle 
fatigue tests were completed for T-10 and T-ll. The final test report 
for T-ll was published5 this period, and strain-gage instrumentation for 
T-16 was started. Instrumentation of T-16 should be completed by January 
1973. 

Elastic response tests for T-12 (24 x 24 x 24 in., sched 40) were 
also completed this period. We are currently examining the strain-gage 
data for acceptability before proceeding with the fatigue test. The 
original plan (see Table 4.1) called for T-12 to be fatigue tested with 
an applied bending moment on the branch; however, we have decided to con-
duct a cyclic internal pressure test instead. To date, we have fatigue 
tested eight tees; six of these were bending moment tests and two inter-
nal pressure tests. A summary of the test conditions and results is given 
in Table 4.2. Based on these cl'ita we intend to propose changes in the 
code values of the stress indices, particularly for pressure loading. 
Since the pressure fatigue data were obtained for thick-walled tees (sched 
160), we feel that data for a thinner-walled tee are also needed before 
finalizing the new stress indices. 

Finite-Element Stress Analysis of B16.9 Tees (University 
of California) 

The finite-element computer codes being developed under subcontract 
at the University of California, Berkeley, for the elastic stress analy-
sis of ASA B16.9 tees were completed early in the summer and sent to ORNL. 
These programs, one for mechanical loads such as internal pressure and 
applied bending moments, one for steady-state and/or transient thermal 
analysis, and one for thermal stress analysis, are now operational on the 
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Table 4.2. Low-Cycle Fatigue Failure Results 
for 12- and 24-in. ASA B16.9 Tees 

Teea Loading Condition^ 
Internal 
Pressure 
(psi) 

Cycles to 
Failure 

T-4 Out-of-plane bending — branch 1925 (const) 2,062 
T-6 Out-of-plane bending — branch 1925 (const) 1,309 
T-7 In-plane bending — branch 3240 (const) 11,475 
T-8 Out-of-plane bending — branch 950 (const) 8,970 
T-15 Out-of-plane bending — branch 950 (const) 10,200 
T-10 In-plane bending — branch 1025 (const) 18,532 
T-ll Cyclic internal pressure 100-7000 2,875 
T-13 Cyclic internal pressure 100-7000 15,084 

"The first five tees are 12 in. and the other three are 24 
in. nominal diameter. See Table 4.1 for further identification. 

•jly 
The maximum equivalent elastic stress for the bending moment 

loadings on the branch was ±83,500 psi for all five tees. 

ORNL IBM 360/91 computer. Several sample problems have been analyzed, 
but a considerable amount of testing remains to be done before the pro-
grams can be released for general use. This work is currently under way 
at ORNL. We are also writing plotting package routines at ORNL for strip-
ping calculated stresses from storage devices and comparing these with 
experimental results obtained at SwRI and at C.E. 

Idealized Thin-Walled Tee Studies (ORNL) 

The four idealized thin-walled tees (cylinder-to-cylinder models) 
listed in Table 4.3 are being experimentally and analytically stress ana-
lyzed at ORNL as a means of obtaining high-quality data for use in de-
veloping better analytical design methods for nozzles in cylindrical pres-
sure vessels and for branch connections in piping systems. All the test 
work, including the elastic response strain-gage tests and the deflection 
measurement tests for model 4, was completed during this reporting period. 
The strain-gage data have also been examined and compared with finite-
element calculations. A number of strain-gage wiring errors were dis-
covered during examination of the data and were resolved for the outside 
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Table 4.3. Thin-Shell Cylinder-to-Cylinder Tee Models 

Model Major Dimensions01 (in.) Dimensionless Parameters^ 
No* D d T t d /D D IT d ft s/S 

o o o o o o 

1 10.0 5.0 0.1 0.05 0.5 100 100.0 1.00 
2 10.0 10.0 0.1 0.1 1.0 100 100.0 1.00 
3 10.0 1.29 0.2 0.168 0.129 50 7.7 0.154 
kG 10.0 1.29 0.2 0.064 0.129 50 20.2 0.40 

aD Q is the outside diameter of the larger cylindrical shell, 
dQ is the outside diameter of the nozzle (the smaller cylinder), 
T is the wall thickness of the cylindrical shell, and t is the 
wall thickness of the nozzle. 

The dimensionless parameter s/5 is the ratio of membrane 
stress in the nozzle to the membrane stress in the cylindrical 
shell due to internal pressure loading; in terms of other parame-
ters, s/S = d/D x Tit. 

Model 4 will be made by boring out the nozzle of model 3. 

surface gages. We plan to open the model and examine the inside surface 
gages during the next reporting period. 

Tests for model 2, the last model in this series, are scheduled to 
begin in January 1973. All the instrumentation for this model has been 
completed, and the model will be mounted in the test frame as soon as 
model 4 is removed. 

Elbows, Curved Pipe, and Miter Bends 

Elastic Response of Machined Elbows 

Experimental stress analyses are being conducted on the series of 
four 10-in. nominal diameter long-radius machined elbows listed in Table 
4.4. The ';rst three models were tested last fiscal year, and model ME-
4 is scheduled for testing this year (FY 1973). This model was machined 
with an eccentric bore and flattened by the manufacturer before shipment 
to ORNL; the pipe stub assemblies were made at ORNL. 
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Table 4.4. Machined-Elbow Test Models 

Model ^. Identification Model Parameters Designation 

ME-1 Ideal torus 

ME-2a Ovaled torus 

ME-3 Thinned elbow 

ME-4 Ovaled and thinned elbow 

90° bend, long radius, 10.750-in. 
nominal 0D, uniform wall 0.365 
in. thick 
90° bend, long radius, 10.750-in. 
nominal OD, uniform wall 0.365 
in. thick, flattened 5 to 8% of 
the diameter^ 

90° bend, long radius, 10.750-in. 
nominal OD, bore eccentric 0.093 
in.,*3 minimum wall thickness 
0.272 in., maximum wall thick-
ness 0.453 in. 
90° bend, long radius, 10,750-in. 
nominal OD, bore eccentric 0.093 
i n . m i n i m u m wall thickness 
0.272 in., maximum wall thick-
ness 0.458 in., flattened 5 to 
8% of the diameter^ 

aln addition to the elastic strain-gage tests, this model will be 
fatigue loaded to failure with a cyclic internal pressure loading. 

An attempt will be made to form an elliptical cross section with a 
major-to-minor diameter ratio between 1.05 and 1.08 and with the major 
axis lying in the plane of the bend. 

Q 
The eccentricity of the bore will be away from the center of the bend 

so that the minimum wall thickness is along the back of the elbow. 

Instrumentation of ME-4, started during the last reporting period, 
was completed, the final closure welds were made, and the model was mounted 
in the loading frame. Eighty-eight three-gage strain rosettes with 0.125-
in. gage length were attached, 72 on the outside surface and 16 on the in-
side surface. The strain-gage layout is essentially the same as that used 
for the other models. Testing is scheduled to begin in November. This is 
sooner than reported earlier due to a change in testing schedule for the 
thin-walled tee models. 
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4.2 EXPERIMENTAL AND ANALYTICAL INVESTIGATIONS OF NOZZLES 
(AEC Activity 04 60 70 01 1) 

W. L. Greenstreet J. P. Callahan 

The region of attachment of nozzles to pressure vessels experiences 
relatively high stresses in the course of normal pressure vessel opera-
tion. Consequentially, to provide a safe and reliable structure, the 
designer must be able to identify the critical stresses in this region. 
The nozzles program is assigned the tasks of developing and verifying 
analytical methods capable of determining these stresses. Included in 
the program are studies of single nozzles and clusters of nczzles attached 
radially and nonradially to flat plates, cylindrical shells, and spherical 
shells as well as studies of perforated flat plates and spherical shells. 
Each study consists of an analysis development phase and an experimental 
phase designed to supply reliable data for verifying the corresponding 
analysis. Other factors being investigated are superposition of nozzle 
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loadings, mutual interactions of adjacent openings and nozzles, and inter-
pretation of recently developed information in light of current design 
practice. 

The noszles program is conducted in cooperation with the Pressure 
Vessel Research Committee (PVRC) of the Welding Research Council, Active 
participation in the PVRC by program personnel provides a means for direct 
communication between the program and the pressure vessel industry. In-
formation produced by this program and obtained from other sources is 
evaluated and prepared in forms suitable for use in revising existing de-
sign rules or in developing new rules for both industrial and AEC-RDT 
codes and standards. This information is transmitted by means of the PVRC 
to appropriate code bodies for their consideration. The incorporation of 
this information into design practice provides added assurance that pres-
sure vessels will perform reliably and safely. 

Project Management 

As a participating member of the Pressure Vessel Research Committee, 
ORNL has been delegated the tasks of coordination, review, and evaluation 
of ongoing research programs for the PVRC Subcommittee on Reinforced Open-
ings and External Loadings. To fulfill this management function, ORNL 
(1) directs AEC-sponsored work, including work both at ORNL and under sub-
contract; (2) conducts parameter studies in support of code-oriented evalu-
ation and correlation work being performed under subcontract at Battelle 
Memorial Institute; (3) prepares progress summaries and recommendations to 
the PVRC on the PVRC—sponsored work; and (4) solicits comments and recom-
mendations from the PVRC Subcommittee concerning the AEC-sponsored studies. 
Personnel from ORNL recently participated in the October 1972 meetings of 
the Subcommittee on Reinforced Openings and External Loadings and the PVRC 
Design Division, where the status of the various studies was discussed. 

Single Nozzles in Spherical Shells 

At the University of Tennessee two reports are nearing completion. 
A three-volume report of test results for the second 2 5/8-in.-0D, 22 1/2° 
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nonradial nozzle configuration (model 802-222) is being printed, and a re-
port containing plastic collapse test results for a thin-walled nozzle-
to-cylindrical shell model is being reviewed at ORNL. This model has an 
outer diameter to thickness ratio of 230 for the vessel and 117.6 for the 
nozzle, a nozzle-to-vessel outer diameter ratio of 0.5, and a nozzle-to-
vessel hoop stress ratio ot" 0,51. The model was tested elastically at 
the Illinois Institute of Technology. 

Preparations are under way at the University of Tennessee for remov-
ing the internal protrusion of the 2 5/3-in.-OD, 22 1/2° nonradial nozzle 
model 802-222, thereby forming model 802-223. Fabrication of the 7 7/8-
in.-OD, 45° nonradial nozzle model 807-451 is also continuing. 

Single Nozzles in Cylindrical Shells 

The 13 loadings scheduled for the carefully machined ORNL cylinder-
to-cylinder model 4 having an outer diameter to thickness ratio of D /T = 
50 for the vessel and d /t - 20.6 for the nozzle and a nozzle-to-vessel o 
outer diameter ratio of d ID ̂  0.129 have been completed. The data are o o 
currently being compared with corresponding analytical results. Prelimi-
nary comparisons for internal pressure and in-plane moment loading of the 
nozzle were reported previously.1'2 On the basis of earlier comparisons, 
questionable data points were identified, and the two loadings were re-
peated together with the out-of-plane moment loading. 

The more recent experimental results for the internal pressure load-
ing have now been compared with analytical results obtained using a closed-
form solution for the governing differential equations. The computer pro-
gram form of the improved version of this analysis was developed by A. J. 
Edmondson, an ORNL consultant from the University of Tennessee. The no-
menclature used in the analysis it; shown in Fig. 4.1. In the figure, the 
cylinder whose axis is oriented in the Y direction is the nozzle (with 
radius Pq) and the cylinder whose axis is oriented in the x direction is 
the shell (with radius R). The analytical and experimental results are 
shown in Figs. 4.2 and 4.3 as plots of stress vs normalized distance. 
The results shown in Fig. 4.2 „re for the longitudinal plane of the model 
(<{> = 0 and 180°), and those shown in Fig. 4.3 are for the transverse plane 
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tion. 
Fig. 4.1. Nomenclature for the CyUnder-to-Cylinder Model Configura-

(<j> = 90 and 270°). Each figure contains plots of longitudinal stresses 
and transverse stresses. The results obtained using the improved closed-
form analysis compare favorably with the experimental results and with 
the previously published finite-element analysis results. The experi-
mental data are being checked further before the results can be published. 
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Clusters of Nozzles 

At ORNL, we have made comparisons between the Auburn University ex-
perimental results for the 1:1 biaxial loading of the 36 x 36 x 3/8 in. 
flat plate with one 2 5/8-in.-0D attached nozrle and analytical results 
obtained using the computer program INTRTIE,3 developed under subcontract 
at Battelle-Columbus. Examples of comparisons made for a 1:1 biaxial load-
ing of the plate are shown in Fig. 4.4 for a radial stringer line of gages 
oriented at 45c from the loading directions. In the figure, the stresses 
were normalized using the average uniaxial stresses for the unperforated 
plate. The analytical results are represented by lines, with the solid 
line representing meridional stresses (stresses in the direction of the 

ORNL-DWG 72-»2t50 
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Fig. 4.4. Comparisons of Analytical and Experimental Results for a 
1:1 Biaxial Loading of the Flat-Plate Model with One Nozzle Attached. 
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stringer) and the broken line representing tangential stresses. For this 
particular stringer, the experimental and analytical results are in good 
agreement; however, a few questionable data points will be checked at 
Auburn University. Comparisons are also being made for the remaining load-
ings, a 2:1 biaxial plate loading and axial thrust and bending moments on 
the nozzle. 

Reinforcement Study 

We have nothing to report. 
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5. RDT STANDARDS PROGRAM 

5.1 PROGRAM MANAGEMENT ACTIVITIES 
(AEC Activity 04 60 80 03 1) 

M. Bender P. C. Keeble 
W. F. Ferguson R. A. Schmidt 

The prime responsibility for managing the organization, preparation, 
and distribution of engineering standards was assigned to the Oak Ridge 
National Laboratory by the AEC Division of Reactor Development and Tech-
nology. ORNL is the responsible standards office for RDT standards appli-
cable to general nuclear technology, including water-cooled and liquid-
metal-cooled reactor systems. The standards for liquid-metal-cooled sys-
tems are prepared in cooperation with the Liquid Metal Engineering Center 
(LMEC), which is the responsible standards office for them. 

Representatives from RDT, HEDL, LMEC, and ORNL attended the September 
1972 RDT Standards Management Meeting held in Oak Ridge. Future manage-
ment meetings are to be held quarterly rather than bimonthly. 

The Bimonthly Program Management Letter No. 4 was prepared and sub-
mitted to RDT, and the Bimonthly Status Report and Index of RDT Standards 
were prepared and issued. 

A proposal for the preparation of an RDT standard for shielding and 
radiation analysis for liquid-metal-cooled fast breeder reactors was pre-
pared and submitted to RDT for approval. The proposal was based cn expe-
rience and information accrued by ORNL on programs relating to radiation 
analysis that is applicable to shielding designs, and it is felt that 
preparation of a standard for the application of available analytical 



BLANK PAGE 



84 

techniques can result in more effective and economical shielding designs 
by eliminating the unnecessary conservatism employed in the past. 

A study of the aspects of the standards program was made to determine 
whether more effective use of computerized systems is feasible. 

Support to American National Standards Institute (ANSI) 

The ORNL standards group continued to provide support to the ANSI 
Nuclear Technical Advisory Board (NTAB) by providing area managers with 
standards and technical information prepared under the RDT Standards Pro-
gram and other ORNL activities that pertain to their assignments. 

Additional support was provided by participating in an NTAB Priori-
ties Committee meeting with AEC Regulatory to establish additional re-
quirements for priority standards and by working with the comuittee on 
the preparation of a handbook that will include instructions needed by 
the area managers to effectively perform assignments. 

Status of Standards Being Processed 

During this period, 10 approved standards (3 of which superseded pre-
vious issues) and 7 amendments to approved standards were issued; 2 draft 
standards (1 of which will supersede a previous issue) and 12 proposed 
amendments to approved standards were submitted to RDT for approval. RDT 
numbers and titles were assigned for 16 new standards, the titles for 5 
standards were revised, and 3 proposed standards were withdrawn from the 
program. 

A total of 251 tentative standards are currently available for use, 
and 19 draft standards and amendments prepared by ORNL are awaiting ap-
proval by RDT. The mailing lists (which include AEC installations and 
contractors, codes and standards organizations, architect-engineers, con-
sultants, nuclear components manufacturers, and electric utilities) now 
contain 406 addressees who receive 782 copies of the standards and 579 
addressees who receive 1170 copies of the Index of RDT Standards. 

In response to telephone and memo requests, 3288 copies of RDT pub-
lications were mailed to 159 organizations, 28 of which were added to the 
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distribution list to receive future issues of the standards or the bi-
monthly index. 

The following approved RDT standards were issued. 

Standards 
Writer 

C 7-18T 

C 15-11T 

E 1-18T 

E 1-19T 

E 3-IT 

E 3-3T 

E 5-IT 

E 15-2T 

F 7-2T 

F 8-6T 

F 8-6T 

M 1-1T 

M2-5T 

Thermowell Systems for Liquid Metal Service HEDL* 
(August 1972) 

BF3 Gamma Tolerant Neutron Detector Tubes HEDL 
(August 1972) 

Class I Valves for Liquid Metal Service, HEDL 
Amendment 2 (June 1972) 
Small, Class 2, Liquid Metal Valves, Amend- LMEC 
ment 3 (September 1972) 

Vertical, Canned or Wet Motor Driven, Single ANC 
Stage Centrifugal Pump (June 1972) 

Vertical, Shaft-Sealed, Motor-Driven, Single- ANC 
Stage Centrifugal Pump (July 1972 Revision) 

Pressurizer for Pressurized Water Reactors ANC 
(June 1972 Revision) 

Requirements for Nuclear Components (Supple- ORNL 
ment to ASME Boiler and Pressure Vessel 
Code, Section III), Amendment 4 (August 1972) 

t 
Preparations for Sealing, Packaging, Packing, HEDL 
and Marking of Components for Shipment and 
Storage, Amendment 2 (September 1972) 

Hoisting and Rigging of Critical Components ORNL 
and Related Equipment (August 1972) 

Hoisting and Rigging of Critical Components ORNL 
and Related Equipment, Amendment 1 (October 
1972) 
Stainless Steel Covered Welding Electrodes HEDL 
(ASME SFA-5.4 with Additional Require-
ments), Amendment 1 (August 1972) 

Austenitic Stainless Steel Welding Fittings ORNL 
(ASME SA-403 with Additional Requirements), 
Amendment 1 (September 1972) 

tion. 
transferred to ARD by RDT; negotiations are under way for implementa-

^Transferred from ORNL; negotiations are under way for implementation. 
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Standards 
Writer 

M 2-17T Precipitation Hardening Alloy Bars, Forgings, ORNL 
and Forging Stock (ASTM A461 with Additional 
Requirements), September 1972 

M 7-14T Nickel-Molybdenum-Chromium Alloy Rod (ASME ORNL 
SB-336 with Additional Requirements), Sep-
tember 1972 

M 1-221 Tantalum-Tungsten Alloy Bars and Rods (AMS ORNL 
7848 with Additional Requirements), Septem-
ber 1972 

M 12-1T Test Requirements for Thermal Insulating Mate- ORNL 
rials for Use on Austenitic Stainless Steel 
(October 1972 Revision) 

The following documents prepared by ORNL were submitted to RDT for 
approval. 

*C 7-2T Thermocouple Material, Iron-Constantan, Magnesium-Oxide 
Insulated, Sheathed, Amendment (9/20/72 Draft) 

E 15-2T Requirements for Nuclear Components (Supplement to ASME 
Boiler and Pressure Vessel Code, Section III), Amend-
ment (10/10/72 Draft) 

F 3-37T Special Requirements for Metal Products, Amendment 
(10/10/72 Draft) 

F 6-5T Welding Qualifications (Supplement to ASME Boiler and 
Pressure Vessel Code Section IX), Amendment (10/3/72 
Draft) 

*M 3-2T Stainless and Alloy Steel Seamless Tubes (ASME SA-213 
with Additional Requirements), Amendment (August 1972 
Draft) 

M 3-2T Stainless and Alloy Steel Seamless Tubes (ASME SA-213 
with Additional Requirements), Amendment (10/12/72 
Draft) 

M 3-5T Austenitic Stainless Steel Welded Tubing (ASME SA-249 with 
Additional Requirements), Amendment (10/10/72 Draft) 

M 3-7T Austenitic Stainless Steel Welded Pipe, Large Diameter 
(ASME SA-358 with Additional Requirements) Amendment 
(10/10/72 Draft) 

M3-11T Carbon and Low Alloy Steel Welded Pipe (ASME SA-155 with 
Additional Requirements), Amendment (10/10/72 Draft) 

^Approved for publication. 
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M 3-16T Carbon and Alloy Steel Pipe (ASME SA-333 with Additional 
Requirements), Amendment (10/16/72 Draft) 

M 3-17T Nickel-Molybdenum-Chromium Alloy Welded Pipe (ASME SA-358 
with Additional Requirements) (October 1S72 Draft) 

M A-IT Carbon Steel Castings (ASME SA-216 with Additional Require-
ments) , Amendment (10/16/72 Draft) 

M 4-4T Alloy Steel Castings (ASME SA-217 with Additional Require-
ments), Amendment (10/16/72 Draft) 

*M 12-1T Test Requirements for Thermal Insulating Materials for Use 
on Austenitic Stainless Steels (September 1972 Draft Re-
vision) 

Numbers and titles for the following new standards were assigned. 

Standards 
Writer 

HEDL 

ANL 
LMEC 

ARD 

HEDL 
SRO 

SRO 

SRO 

SRO 

SRO 

HEDL 
Components and Test Assemblies 

^Approved for publication. 
^Title changed. 

C 14-4 Fission Product Detection Precipitator for 
Sodium Cooled Reactors 

C 15-12 Self-Powered Flux Detectors for Fast Reactors 
C 17-5 Metal Sheathed, Mineral-Insulated Cable Bulk 

Material 
E 2-1 Shield Plugs and Closure Caps for Vacant Pene-

trations — Sodium Cooled Reactor Vessel Head 
E 8-2 Sodium Removal Station for Core Components^ 
E 12-1 Containers for Transporting Unirradiated Fuel 

Pins and Assemblies 
E 12-5 Procedures for Use and Handling of Radioactive 

Materials Shipping Containers — With Equip-
ment Manual Supplements 

E 12-6 Design of Ancillary Features of Radioactive 
Materials Shipping Containers 

E 12-7 Procedures for Inspection and Preventive Main-
tenance of Radioactive Materials Ship-
ping Containers 

E 13-14 Procedure for Fragility Rating of Unirradiated 
Fuel Pins and Assemblies with Respect to 
Transport (Parts I and II) 

F 3-10 Nondestructive Examination of Reactor Core 
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Standards 
Writer 

F 8-9 Design Basis for Resistance to Shock and Vibra- SRO 
tion in Truck Transport 

F 8-10 Procedures for Transportation Management of SRO 
Radioactive Materials 

F 8-11 Tiedown for Transport of Containers Greater SRO 
than One Ton (Parts I and II) 

M 12-6 Mineral Fiber Thermal Insulation, Flexible or HEDL 
Molded, High Temperature (ASTM C612 with 
Additional Requirements) 

P 4-4 Electric Heaters — Simulated Pressurized Water ANC 
Reactor Fuel Pins 

The titles for the following standards were revised. 
C 14-3T Gamma-Ray Spectrometer-Computer System (July ANL 

1972) 
E 4-2 Heat Exchanger, Class 1, Water-to-Water„ ANC 

Straight or U-Tube (August 1972 Draft) 
E 6-26 Fabrication of Control Rod Disconnect Driveline HEDL 

for Sodium Cooled Reactors (September 1972 
Draft) 

E 8-16 Conditioning and Storage Stations for Reactor HEDL 
Refueling Systems (Fabrication Only) 

F 3-40 Methods for the Analysis of Sodium and Cover ANL 
Gas (May 1972 Draft) 

The following proposed standards were withdrawn. 
E 6-1 Reactivity Oscillator Mechanism for Sodium Service 
E 6-25 In-Vessel Handling Machine (Design Only) 
*E 8-1 Fabrication of Floor Valve Adapter for Sodium Cooled 

Reactors 

*Assigned and withdrawn during report period. 
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5.2 MECHANICAL EQUIPMENT AND SYSTEMS 
(AEC Activity 04 60 80 03 1) 

H. G. Arnold 
C. A. Burchsted 
W. A. Bush 

J. H. Evans 
W. R. Gall 
R. W. Dehoney 

Nuclear Code Supplements 

Amendment 4 to RDT E 15-2T, Requirements for Nuclear Components (Sup-
plement to ASME Boiler and Pressure Vessel Code, Section III), was approved 
and issued. An additional proposed amendment to E 15-2T was prepared to 
update the standard to the 1972 Summer Addenda to the ASME Code and was 
submitted to RDT for approval. Following approval of this amendment, a re-
vision incorporating all amendments to the standard will be processed for 
approval* 

RDT E 2-1, Shield Plugs and Closure Caps for Vacant Penetrations — So 
dium Cooled Reactor Vessel Head, was reviewed by ORNL, and comments were 
prepared and submitted to the requester. 

RDT E 6-26, Fabrication of Control Rod Disconnect Driveline for So-
dium Cooled Reactors, and RDT E 6-36, Low Level Flux Monitor Mechanical 
System for Liquid Metal Service (Fabrication Only), were reviewed by ORNL. 
Comments were prepared and submitted to the requester. 

RDT E 9-7, Fans, Blowers, and Compressors for Dry Gas Circulation, 
was received from Hanford Engineering Development Laboratory (HEDL) and 
has been distributed fox ORNL review. Comments will be prepared and sub-
mitted to the requester following completion of the review. 

Reactor Vessel 

Reactor Internal and Control Rod Drive 

Air Handling 
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5.3 INSTRUMENTATION, CONTROLS, AND ELECTRICAL EQUIPMENT 
(AEC Activity 04 60 80 03 1) 

J. L. Anderson 
K. R. Carr 
S. J. Ditto 

1. L. Hudson 
C. S. Lisser 
J. A. Russell 

The review comments received on C 7-5, Thermocouple Material, Chromel-
P and Alumel, Solid Conductor (Bare, Fiberglass Insulated, and Sheathed 
over Fiberglass Insulation), were evaluated and are being incorporated into 
the revised draft pricr to submitting the standard to RDT for approval. 

ANC and ORNL representatives met to discuss the requirements for the 
new standard P 4-4, Electric Heaters — Simulated Pressurized Water Reactor 
Fuel Pins, which is to be prepared by ANC. This standard will be based on 
RDT P 4-IT, Electric Heaters — Simulated LMFBR Fuel Pins, and ORNL specifi-
cation JS-174-246 used for procurement of FFM heaters. 

Amendment 1 to C 7-2T, Thermocouple Material, Iron-Constantan, Magie-
sium-Oxide-Insulated, Sheathed, was approved by RDT and is ready for pub-
lication. The title of the standard will be changed with publication of 
the amendment. 

A survey of the users of C 16-1T, Supplementary Criteria and Require-
ments for RDT Reactor Plant Protection Systems, was made to acquire infor-
mation which can be fed back into the RDT standards program. 

RDT C 7-17, Platinum Resistance Thermometer, is being rewritten to 
incorporate review comments and to incorporate requirements for dual-ele-
ment-type thermometers as requested by RDT. 
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5.4 QUALITY ASSURANCE AND PROCEDURES 
(AEC Activity 04 60 80 03 1) 

J. W. Anderson R. M. Fuller 
H. G. Arnold R. M. Holmes 
C. A. Burchsted T. W. Pickel 
G» L. Copeland W. C. T. Stoddart 

F. L. Hannon 

Quality Assurance 

The following activities were performed in support of the ANSI N45 
subcommittee and work groups. 

1. Information concerning Certified Quality Engineer, Certified 
Reliability Engineer, and Certified Quality Technician certifications pro-
grams was distributed to the N45-3 subcommittee; and standards and process-
ing procedures were sent to two new members of the subcommittee. 

2. RDT F 8-6T, Hoisting and Rigging of Critical Components and Re-
lated Equipment, and F 8-7, Transportation of Critical Components and 
Equipment, were sent to the N45-3.2 work group. 

3. The qualification of personnel standard was revised to resolve 
appropriate comments from the N45 committee and was returned to the com-
mittee with a request to proceed with the approval process. 

4. A draft of the N45.2.8 (mechanical equipment) standard was dis-
tributed to the N45-3 subcommittee for letter ballot. 

5. Comments on ANSI N45.2.9 (records) standard which was distributed 
to the N45-3 subcommittee for letter ballot were reviewed. 

A meeting of the American Society for Quality Control (ASQC) Subcom-
mittee on Interface was attended in Groton, Connecticut, and minutes of 
the meeting were prepared and distributed to the Subcommittee. Work sheets 
of a matrix comparison of quality assurance standards were redrafted to in-
corporate comments resulting from the meeting and were mailed to Westing-
house to be finalized and distributed. 

A meeting was attended at RDT to determine the advisability of pre-
paring a revision to F 2-2T, Quality Assurance Program Requirements. A 
report on the pros and cons of such a revision and on the recommendations 
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and conclusions that resulted from the meeting was prepared and submitted 
to RDT by ORNL. 

Design 

A new high-temperature structural design standard is being prepared 
at the request of RDT by a task force consisting of representatives from 
Atomics International—LMEC, Argonne National Laboratory (ANL), Foster-
Wheeler Corporation, General Electric Breeder Reactor Division, HEDL, ORNL, 
RDT, and Westinghouse Advanced Reactor Division. The first meeting of the 
task force was attended at ANL to adopt a tentative table of contents and 
assign responsibility for drafting various sections of the standard. A 
second meeting was attended in New York City to distribute preliminary 
drafts of those sections completed to date, revise the table of contents, 
and make assignments for preparation of additional contributions. All 
sections of the standard are planned to be completed and distributed to 
the task force prior to the November meeting, and the revised draft is 
scheduled to be completed and submitted to RDT for approval within six 
months. The number and title for the standard will be assigned follow-
ing completion of the preliminary drafts of all sections. 

Construction, Installation, and Transportation 

Preparation of RDT F 8-6T, Hoisting and Rigging of Critical Compo-
nents and Related Equipment, and F 8-7, Transportation of Critical Com-
ponents and Equipment, led to the conclusion that a standard is needed 
to cover requirements for receiving and storage of special items during 
the period between delivery and installation. An ORNL proposal for the 
preparation of the new standard was prepared and submitted to RDT for 
approval. 

Testing 

A proposed amendment to RDT F 3-37T, Special Requirements for Metal 
Products, was prepared to update the standard to the 1972 Summer Addenda 
to the ASME Code and was submitted to RDT for approval. 
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A proposal to revise RDT F 3-6T, Nondestructive Examination, to up-
date the standard to the 1972 Summer Addenda to the ASME Code was pre-
pared and submitted to RDT. 

5.5 MATERIALS AND FABRICATION 
(AEC Activity 04 60 80 03 1) 

R. M. Fuller F. L. Hannon 
0. A. Kelly 

A survey of manufacturers and suppliers of welding materials was 
performed by ORNL in response to the RDT request to delineate necessary 
additional requirements and recommend action to assure that only speci-
fied welding materials are used in fabrication. Visits were made to 
eight leading manufacturers of welding rods and electrodes and two steel 
mills that supply a very substantial part of the hot-rolled rod used in 
the manufacture of welding rods and electrodes by welding materials manu-
facturers. ORNL recommendations on the results of the survey were pre-
pared and submitted to RDT. 

A meeting was attended at LMEC to review and analyze problems being 
experienced in procurement of RDT materials. Conclusions reached from 
earlier communications with LMEC and from the meeting resulted in amend-
ments to some of the materials standards, a recommendation for closer at-
tention in specifying and accepting materials, and a proposal to investi-
gate and resolve similar problems being experienced by other RDT con-
tractors. A summary of the meeting with LMEC and a proposal for future 
meetings with several RDT contractors were prepared and submitted to RDT. 

RDT approval comments were incorporated into M 7-22T, Tantalum-
Tungsten Alloy Bars and Rods (AMS 7848 with Additional Requirements), and 
the standard was issued for trial use. 

Draft standard M 3-27, Seamless and Welded Small Diameter Austenitic 
Stainless Steel Tubing (ASTM A632 with Additional Requirements), was pre-
pared and distributed for review and comments prior to submittal to RDT 
for approval. 
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M 3-17, Nickel-Molybdenum-Chro.nlum Alloy Welded Pipe (ASME SA-358 with 
Additional Requirements), which was previously submitted and approved early 
in 1972 was redrafted for consistency with similar RDT materials standards 
and resubmitted to RDT for approval. At the time of approval in January 
1972, there was some question concerning the appropriateness of ASME SA-358 
as the base document; the consensus now is that SA-358 is the appropriate 
document. 

An amendment to F 6-5T, Welding Qualifications (Supplement to ASME 
Boiler and Pressure Vessel Code Section IX), was prepared to provide a 
sound economical engineering basis for minimizing the effort for qualify-
ing hard-surface welding. The proposed amendment is awaiting RDT approval. 

The proposed amendment prepared by ORNL to clarify marking require-
ments in M 3-2T, Stainless and Alloy Steel Seamless Tubes (ASME SA-213 with 
Additional Requirements), was approved by RDT. 

The revision of M 12-1T, Test Requirements for Thermal Insulating 
Materials for Use en Austenitic Stainless Steels, was redrafted, resub-
mitted to RDT for approval, approved, and published. 

Proposed amendments to the following materials standards were pre-
pared to update the standards to the 1972 Sutnmer Addenda to the ASME Code 
and were submitted to RDT for approval. 

M 3-2T Stainless and Alloy Steel Seamless Tubes (ASME SA-213 with 
Additional Requirements) 

M 3-5T Austenitic Stainless Steel Welded Tubing (ASME SA-249 with 
Additional Requirements) 

M 3-7T Austenitic Stainless Steel Welded Pipe, Large Diameter (ASME 
SA-358 with Additional Requirements) 

M 3-11T Carbon and Low Alloy Steel Welded Pipe (ASME SA-155 with 
Additional Requirements) 

M 3-16T Carbon and Alloy Steel Pipe (ASME SA-333 with Additional 
Requirements) 

M 4-1T Carbon Steel Castings (ASME SA-216 with Additional Require-
ments) 

M 4-4T Alloy Steel Castings (ASME SA-217 with Additional Require-
ments) 

A proposal to revise the following standards to update them to the 
1972 Summer Addenda to the ASME Code was prepared and submitted to RDT. 
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M 2-3T Carbon and Alloy Steel Welding Fittings (ASME SA-234 with 
Additional Requirements) 

M 3-9T Nickel-Iron-Chromium Alloy Seamless Pipe and Tubing (ASME 
SB-407 with Additional Requirements) 

M 3-10T Nickel-Molybdenum-Chromium Alloy Seamless Pipe and Tubes 
(ASME SB-167 with Additional Requirements) 

M 5-4T Nickel-Chromium-Iron Alloy Plate, Sheet, and Strip (ASME SB-
168 with Additional Requirements) 

M 6-3T Alloy Steel Bolting Material for High Temperature Service 
(ASME SA-193 with Additional Requirements) 

M 6-6T High-Strength, High-Temperature Bolting Materials (ASME SA-
453 with Additional Requirements) 

M 7-4T Nickel-Chromium-Iron Alloy Rod and Bar (ASME SB-166 with 
Additional Requirements) 
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6. GENERAL NUCLEAR SAFETY STUDIES 

6.1 SEISMICITY AND SEISMIC RESISTANCE OF 
NUCLEAR POWER PLANTS 

(AEC Activity 04 60 40 01 1) 

J. Foster G. C. Robinson 
G. D. Whitman 

The object of the work under this program is to develop the methods 
and information required for the seismic evaluation of nuclear power plant 
sites and structures. Present efforts are directed mainly toward improving 
soil property measurement and the analytical prediction of the seismic re-
sponse of soil columns that might underlie the structures of power plants. 

Work in three task areas continued under the Shannon and Wilson— 
Agbabian Jacobsen Associates (SW-AJA) soil study subcontract: (1) develop-
ment of an in-situ soil test probe for measuring the soil dynamic shear 
modulus, (2) shake-table testing of large specimens of sand soils to make 
quantitative studies of failure conditions, and (3) the preparation of a 
report on recommended procedures for evaluation of the seismic response of 
soil deposits at engineering sites. Modifications to the trailer-mounted 
in-situ soil test probe system were completed by mounting the system on a 
much larger trailer. This trailer will support 12 tons of steel ingots to 
afford a large reaction mass and increase the loading force delivered to 
the drive probe in the soil test hole. The rebuilt unit has been taken to 
the Fort Lawton test site in Seattle, and additional test borings have been 
made in the soil. The initial tests that were performed were successful in 
doubling the peak forces delivered to the probe drive rod, 3-in.-diam pipe. 
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With this improved system higher forces were delivered in tension than in 
compression, indicating that a stiffer drive rod to the anchored probe in 
the test hole will be required to avoid drive rod bowing in compression. 
Test work is continuing to develop the higher forces required in the anchor 
hole. 

Construction of the soil test boxes is proceeding well at the Richmond 
Field Station of the University of California at Berkeley, where this por-
tion of the subcontract work is being performed. These boxes will be used 
to study the failure of cohesionless soil masses as a result of shaking. 
Tests will commence in November 1972 and will make use of the shake table 
and other soil laboratory facilities at Richmond. Instrumentation for these 
tes;w.s is now assembled at the Richmond Field Station. 

Work also is continuing on the preparation of a report of recommended 
procedures for evaluation of the seismic response of soil deposits at engi-
neering sites. 

Information is being assembled and evaluated to define required studies 
in two additional areas: (1) evaluation of the standard penetration test as 
a means for evaluating the density and/or relative density of subsurface de-
posits of cohesionless soils and (2) evaluation and validation of the vari-
ous modeling and analytical methods in use for predicting the seismic re-
sponse of nuclear power plant systems and components. Two draft documents 
will be prepared outlining objectives and scope of required work. 

6.2 IGNITION OF CHARCOAL ADSORBERS BY 
FISSION PRODUCT DECAY HEAT 
(AEC Activity 02 40 02 90) 

R. A. Lorenz W. J. Martin 
H. Nagao* 

An experiment to demonstrate the consequences of iodine decay heating 
of a charcoal bed is being assembled and tested for safe operation. The 

*Visiting scientist from NAIG Nuclear Research Laboratory, Kawasaki, 
Japan. 
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objective of this work is to provide information to enable confident pre-
diction of the desorption of iodine, and possible ignition of the charcoal, 
at abnormally low air flow rates. Several thousand curies of 130l2 will be 
used to provide the radioactive iodine heat source for the hot-cell experi-
ments . 

Experiment 13, one of a series of experiments being conducted to check 
out the experimental procedure and apparatus, was performed with MSA 85851 
charcoal in the insulated test bed assembly. The first 5 cm3 of charcoal 
above a calibrated heater (top of Fig. 6.1) was loaded with 200 mg of 
traced with 131I. The experiment was performed in the same time—heat in-
put—air velocity sequence planned for the high-level-activity experiments. 
In the first stage of the experiment, the inlet air and bed were preheated 
to 100°C with air flow at 30 fpm (25°). The bed was scanned for radiation 
intensity at several locations along the length using a wide-slit collimator 
to accommodate the relatively low radioactivity level. The somewhat fuzzy 
image of the original activity distribution is shown by curve 1 in Fig. 6.1. 

The calibrated electric heater was turned on to 1.94 W, which is the 
amount of decay heat we expect to be absorbed in the charcoal bed from ap-
proximately 1000 Ci of 130I. This condition, which results in a tempera-
ture of approximately 120°C, was maintained for 2 hr while the effluent 
flow passed through iodine collection trap 1. At this time the distribution 
of radioactivity shown by curve 2 in Fig. 6.1 was obtained. 

The air flow was then decreased to 4 fpiu (25°C), in simulation of ab-
normal performance of the air circulator, and the effluent stream was 
switched to iodine collection trap 2. When the charcoal temperature reached 
250°C, radioactivity curve 3 was obtained, and the effluent flow was 
switched to iodine collection trap 3. 

When the maximum charcoal temperature reached 520°C the air flow was 
stopped, and activity distribution curve 4 was measured. The 1.94 W of 
electric heat input was continued for 15 min in simulation of continued 
radiation decay heat input. Since combustion ceased when the air flow was 
stopped, the bed temperature reached equilibrium, with the maximum tempera-
ture being 365°C near the heater. 

As seen in Fig. 6.1, there was a relatively small shift of radioac-
tivity from the inlet toward the center of the bed. Activity levels near 
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Fig. 6.1. Distribution of l30i During Experiment 13 in which an Im-
pregnated Coconut-Base Charcoal Was Electrically Heated beyond Ignition 
Temperature to 520sC Maximum in Simulation of a Decay-Heated Adsorber with 
Abnormally Low Air Flow. 
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the exit could not be distinguished from background. The three iodine 
collection traps were counted for activity, and we found that desorption 
was approximately 1.4 * 10"3Z during the 2 hr at 120°C, 0.7 x 10" 3% during 
the 43~min heatup to 250°Cf and 0.4 * 10~3% during the next 13 min to air 
shutoff. Total desorption of the radioactivity-traced 204 mg 12 was there-
fore only two parts in 105, or 5 ug. No activity was found in the heated 
lines between the charcoal bed and the collection traps. The collection 
traps ware made up of several combinations of particle filters, silver-
plated honeycomb, unimpregnated charcoal, and impregnated charcoal in an 
attempt to identify the form of the released iodine. Almost all the io-
dine was found on the honeycomb and unimpregnated charcoals, thus indicat-
ing that the released iodine was mostly I2. 

This remarkably low release can be explained by examining the tempera-
ture distribution data listed for experiment 13 in Table 6.1. When the bed 
reached 250°C, the heat from oxidation of the charcoal resulted in an ac-
celerating increase in the temperature of the outlet half of the bed. The 
cooling effect of the air flow was dissipated in the inlet region of the 
bed. Temperatures in the outlet half of the bed continued to accelerate 
because of increased oxidation rate until the air flow was stopped. The 
maximum temperature in the first 1/2 in., where the radioactivity-traced 
loaded iodine and the electrically simulated decay heat were located, 
reached a maximum temperature of 272°C. This was apparently insufficient 
for significant iodine mobility. We believe that the loss of impregnant 
iodine was greater than two parts in 105, but it was not determined in 
this experiment. Experiments 7 and 10 with the same type of charcoal1 in-
dicated less than 2% release of impregnant during similar experiments. 

Temperature profiles determined during experiment 12 are also shown 
in Table 6.1. The rate of heat release from oxidation of the sample of 
Witco-42 charcoal was very roughly one-fourth of that for the charcoal 
used in experiment 13. We used 2.31 W of electric heat since an earlier 
experiment with this type of charcoal indicated that the 1.94 W of elec-
tric heat, combine % with chemical heat from oxidation, might not be suf-
ficient to reach ignition in our apparatus. 



Table 6.1. Temperature Distribution in Charcoal Beds 

Temperature at Designated Location (°C) 
Condition TC-1 TC-2 TC-3 TC-5 

(0.18 in.) (0.51 in.) (0.92 in.) (1.38 in.) 

Experiment 13a 

100°C preheat, 30 fpm 100 
Heat on 1.94 W, 30 fpm 120 
200°C, 4 fpm 200 
250°C 248 
Ignition^ (310°C) 260 
Air flow shutoff 264 

Experiment 12° 

100°C preheat, 30 fpm 98 
Heat on 2.31 W, 30 fpm 128 
200°C, 4 fpm 200 
250°C 250 
310°C 296 
Ignition^ (365°C) 310 
Air flow shutoff 314 

100 
120 
188 
248 
266 
272 

98 
128 
180 
242 
303 
327 
341 

99 
118 
170 
249 
280 
400 

98 
126 
157 
227 
306 
345 
400 

TC-7 
(1.84 in.) 

99 
118 
153 
250 
310 
520 

98 
124 
140 
215 
310 
365 

^485 

99 
118 
140 
250 
310 
420 

98 
122 
131 
203 
305 
365 
476 

Time from 
Air Flow 
Reduction 

(min) 

-120 
-12(H) 
12.5 
43 
53.5 
56 

-15 
-15-0 
8 
27 
91 
101.5 
103 

a10.18 g (y25 cm3) MSA 85851, lot 51969 rescreened to 12-16 U.S. 
mesh loaded with 205 mg I2. 

At these low flow rates we define ignition as the rate of tempera-
ture rise first reaching 20°C/min. 

^8.70 g (^24 cm3) Witco-42 rescreened to 10-16 U.S. mesh loaded with 
304 mg I2• 



103 

The following observations apply only to the low-flow tests with these 
two charcoals (experiments 7, 10, 11, 12, 13)1 that we have performed in 
our insulated-bed apparatus. 

The charcoal with the lower rate of heat release from oxidation: 
1. required more electric heat (iodine decay heat simulant) to reach ig-

nition, 
2. required more time to reach ignition, 
3. had a higher ignition temperature (defined as the temperature at which 

the rate of temperature increase becomes equal to 20°C/min), 
4. reached higher temperatures in the inlet region where most of the radio-

active iodine should be located, 
5. lost much more of the iodine impregnant and the additional loaded iodine 

before the experiments were terminated (by stopping air flow when the 
maximum temperature reached approximately 500°C). 
We wish to emphasize that only a few experiments have been performed 

with single lots of charcoal, so that we cannot even speculate about the 
reproducibility from batch to batch of such charcoal characteristics as 
oxidation rate, ignition behavior at low velocity, and iodine retention at 
high temperature, nor do we wish to speculate on cause-effect relationships. 
Our main interest in performing these experiments is to provide a background 
of experience and information to guide us in performing and interpreting ex-
periments using highly radioactive iodine as the heat source. 

We have received several requests from architect-engineers for addi-
tional information concerning the calculation of charcoal bed temperatures. 
Prompted by this, we have looked for additional information in the litera-
ture for heat transfer in packed beds at very low flow velocity. The ther-
mal conductivity of packed beds is very important at low velocity, and we 
have observed this effect in various CHART calculations. This means that 
npi< of the heat produced in a grain of charcoal as a result of radiation 
• i-̂ -ay transferred by conduction through adjacent cooler grains before 
htijiiH transferred to the flowing air. The CHART heat transfer model and 
|:he heat transfer coefficients and charcoal parameters used in ORNL-4602 
(Ref. 2) IIPPUAI LU uutiaiactorily describe the temperature behavior of 
typical charcoals undergoing the described hypothetical accident condi-
tions, except for the heat of oxidation of charcoal. We did note that an 
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unstable computer calculation was inadvertently reproduced for curve 1 of 
Figs. 15 and D-l in ORNL-4602. The correctly calculated maximum tempera-
ture for 4 fpm (100°F) for the stated accident conditions is 205°F above 
ambient temperature at 40 min following the beginning of iodine adsorption. 
The 0RNL-4602 calculations do not include either the heat from oxidation of 
charcoal or movement or loss of radioactive iodine that might occur at high 
temperatures. 

As shown in a previous report,3 CHART calculations reproduce our ex-
perimentally observed temperatures using the calibrated electric heater to 
simulate the decay heat from radioactive iodine. In our small-diameter 
test bed the container wall and the axially oriented thermocouples cause 
uneven packing which results in channeling of the flowing air. Since there 
is no parameter in the slug-flow CHART heat transfer model to account di-
rectly for fluid dispersion, we have found that either reducing the air-to-
particle heat transfer coefficient or increasing the particle-to-particle 
thermal conductivity results in even better fits of CHART to the experi-
mentally observed temperatures. 

The supports and manifold for the backup charcoal filters required for 
the hot cell have now been installed. This will permit the permanent loca-
tion of the metal containment box above the filter manifold. 

We are also preparing for the first irradiation of Pd129l2 in the 
HFIR. Two control batches of Pd127l2 were made and were found to pack 
much more densely in the quartz ampuls. Decomposition tests showed that 
the tightly packed material decomposed as desired essentially completely 
to Pd and I2 after 1 hr at 680°C in air at atmospheric pressure. The first 
irradiation, which will be short, will be used to develop methods for es-
tablishing relative (and absolute) amounts of 1 3 0I in each hot-cell experi-

1 o A 
ment. Since the I must be allowed to decay before disassembling the 
experimental equipment, we will depend upon calibrated in-cell radiation 
detectors and especially upon longer-half-life isotopes such as 1 3 1I and 
103Pd. An aluminum irradiation capsule was made and inspected satisfacto-
rily according to the quality assurance procedure, and a small sample of 
the aluminum stock was irradiated and found to be free from troublesome 
impurities. 
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7. NUCLEAR SAFETY INFORMATION 

7.1 NUCLEAR SAFETY INFORMATION CENTER 
(AEC Activity 04 60 70 01 1) 

J. R. Buchanan Wm. B. Cpttrell 

The Nuclear Safety Information Center (NSIC) was established in 1963 
by the USAEC Division of Reactor Development and Technology to collect, 
evaluate, and disseminate nuclear safety information to governmental 
agencies, research and educational institutions, and the nuclear industry. 
The Center's basic computer file now contains references on over 70,200 
documents. 

Computer Programming and Processing 

The AUTHFIND program has been modified to optionally permit the user 
to search on an author whose initials are not known. Also, an author's 
last name may be truncated on the right when used as a search argument. 
The program compares the character string provided as the search argument 
with the same number of characters in the key of the author index file. 
If a match is found, the corresponding accession numbers which index en-
tries in the master file are used to obtain and print the citations of 
reports by the selected author. The program will continue in this manner, 
listing the citations of each author whose name satisfies the search 
argument. 

The paging of output by the NSICIRK program onto a remote CRT termi-
nal, discussed in the July^August report, has been checked out and is 



BLANK PAGE 



108 

operational. This facility permits the user to browse selected informa-
tion when hard copy is not desired. 

SDI Program 

During this period 61 new participants were added to the SDI program* 
and 21 were removed, for a total of 2085 participants. Sixteen existing 
profiles were revised. 

The cutoff date for abstracts appearing in the SDI will be advanced 
every month so that information distributed by the SDI program will have 
a publication date not more than six months old. In the past it was 
changed quarterly. 

PPIF Program 

During this period 11 new participants were added to the program, 
and one profile was revised. There are now 277 users of the program. 

Reports Status 

The following reports have been published and are new available for 
purchase from the National Technical Information Service, U.S. Department 
of Commerce, Springfield, Virginia 22151: 

Report No. Title and Author Price 

0RNL-NSIC-74 Calculation of Doses Due to Accidentally $35.00 
Released Plutonium from an LMFBR, B. R. 
Fish, G. W. Keilholtz, W. S. Snyder, and 
S. D. Swisher 

ORNL-NSIC-IO6 Safety-Related Occurrences in Nuclear $12.00 
Facilities in 1971, R. L. Scott and R. B. 
Gallaher 

Another report is at the printing plant and will be released in November. 
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Environmental Symposium 

Two NSIC staff members participated in a National Environmental In-
formation Symposium on September 24—27, 1972, at Cincinnati, Ohio, spon-
sored by the U.S. Environmental Protection Agency. Win. B. Cottrell, an 
invited speaker, spoke on "A Survey of the Biological-Science-Relatsd 
Centers Listed in the SEQUIP Report." J. R. Buchanan was discussion leader 
of a Forum Session on "Radiation Information Systems and Services." 

Summary of Information Activities 

During the report period, the following requests were received and 
answered by NSIC personnel: 

Accessions added to the computer file 1461 
Technical inquiries (letter or telephone) 159 
Specific NSIC reports and other nontechnical 152 
inquiries 

Additions to NSIC reports announcement list 6 
Visits for consultation or use of reference 14 
material 
Additions to SDI program 61 
Additions to PPIF program 11 

7.2 TECHNICAL PROCESS REVIEW NUCLEAR SAFETY 

(AEC Activity 04 60 70 01 1) 

J. P. Blakely Kji. B. Cottrell 

Nuclear Safety, a Technical Progress Review, is prepared and edited 
at ORNL on a bimonthly schedule under contract with the AEC Office of 
Information Services. The September-October 1972 issue (Vol. 13, No. 5, 
99 pages, distributed around October 10) contains articles by authors 
from Bechtel Corporation, the Commission of European Communities, the 
National Oceanic and Atmospheric Administration, ORNL, and the Nuclear 

Safety staff. 
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The lead article was one dealing vith preliminary observations on 
the radiological implications of fusion power, by D» Steiner and A. P. 
Fraas (ORNL Thermonuclear and Reactor Divisions respectively). The au-
thors considered the radiological implications of fusion power with ref-
erence to a conceptual fusion reactor based on the deuterium-tritium fuel 
cycle. This analysis leads to the following observations: (1) The en-
gineered features necessary to limit biological impact in the event of 
an accident may have to satisfy less-stringent requirements in fusion re-
actor design than in fission reactor design. (2) During normal operation, 
tritium will present the primary source of radioactivity in effluents as-
sociated with fusion power. The monitoring of tritium in effluents will 
be required only at the reactor site since the f\iel-reprocessing system 
of a fusion reactor is an integral part of the reactor. Economic contain-
ment of tritium must be a major objective of fusion reactor technology. 
(3) Long-lived radioisotopes will be produced in the structural components 
of fusion reactors. If niobium is employed as the structural material, 
disposal schemes similar to those currently proposed for fission reactor 
wastes may be required. If vanadium is employed, recycle of the struc-
tural material appears possible. (4) Although afterheat removal will be 
quantitatively less of a problem with fusion power than with fission power, 
it must be considered in the engineering design of fusion reactors. 

Other articles dealt with instrumentation and automatic control sys-
tems as discussed at the 26th ISA Conference and Exhibit (by C. S. Lisser, 
B. G. Eads, B. C. Duggins, and E. W, Hagen, all of the ORNL Instrumenta-
tion and Controls Division), general structural design criteria for PWR 
containment interior structures (by Isa S. Sihweil, Bechtel-Gaithersburg), 
the 1971 Rome Symposium on Radioacology as Applied to the Protection of 
Man and His Environment (by J. G. P. M. Smeets, A. Berlin, and R. J. 
Amavis, all of the Directorate of Health and Safety, Commission of the 
European Communities), atmospheric transport and dispersion of pollutants 
over cities (by F. A. Gifford, National Oceanic and Atmosphc ri c Adminis — 
tration), safety-related occurrences reported in April-May 1972 (by W. R. 
Casto, Nuclear Safety staff), summaries of RDT-sponsored research and de-
velopment projects (compiled and edited by Myrtleen Sheldon, Nuclear 

Safety staff), and the other regular current-events-type articles (compiled 
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by J. P. Blakely, Nuclear Safety staff). The issue also included book 
reviews of Selected Material on the Calvert Cliffs Decision, Its Origin 
and Aftermath (by D. N. Hess, NSIC Staff) and NCRP-40, Protection Against 
Radiation from Brachytherapy Sources (by John H. Tolan, Radiation Safety 
Officer, University of Missouri), and announcements of the IAEA Symposium 
on Principles and Standards of Reactor Safety to be held at Julich in 
February 1973, the special session on reactor safety to be held November 15 
during the 1972 ANS-Washington meeting, and the National Topical Meeting on 
Water-Reactor Safety to be held at Salt Lake City in March 1973. 

Photoready copy for Nuclear Safety, 13(6), November—December 1972, 
was sent to the printer in late October for distribution in November. 
Draft material for the January—February issue of Nuclear Safety 14(1), was 
distributed for external review in October. Subsequent issues of Nuclear 

Safety through September-October 1973 are in various stages of develop-
ment. 

W. G. Stockdale, Plant Safety Features Editor for Nuclear Safety 

since 1968, resigned from the staff because of added responsibilities in 
his regular assignments= The responsibility for editing this section of 
Nuclear Safety was accepted in October by Boyd Weaver, Chemical Technology 
Division, who joined the staff at the regular October meeting. 

i • 


