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ABSTRACT

A mature design methodology, consisting of inelastic analysis methods,

provided in Department of Energy guidelines, and failure criteria, contained

in ASME Code Case N-47, exists in the United States for high-temperature reac-

tor components. The objective of this paper is to assess the adequacy of

this overall methodology by comparing predicted inelastic deformations and

lifetimes with observed results from structural failure tests and from an

actual service failure. Comparisons are presented for three types of struc-

tural situations: (1) nozzle-to-spherical shell specimens, where stresses

at structural discontinuities lead to cracking, (2) welded structures, where

metallurgical discontinuities play a key role in failures, and (3) thermal

shock loadings of cylinders and pipes, where thermal discontinuities car

lead to failure. The comparisons between predicted and measured inelastii

responses are generally reasonably good; quantities are sometimes overpredicted

somewhat, and, sometimes underpredicted. However, even seemingly small dis-

crepancies can have a significant effect on structural life, and lifetimes

are not always as closely predicted. For a few cases, the lifetimes are

substantially overpredicted, which raises questions regarding the adequacy

of existing design margins.
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INTRODUCTION

In the late 1960s, it was recognized in the United States that the low-

temperature structural design methodology developed and used for light-water

reactors would not be adequate for liquid-metal reactor systems. Conse-

quently, an effort was mounted to develop a high-temperature structural

design methodology that explicitly accounts for the effects of nonlinear

material deformation and time-dependent damage mechanisms and failure modes.

That methodology is now mature. Inelastic design analysis methods, as well

as some simplified methods based on elastic calculations, have been estab-

lished, and these are specified in U.S. Department of Energy design guide-

lines. Likewise, criteria for guarding against structural failures have been

developed and are given in ASME high-temperature Code Case N-47 (1). Although

known shortcomings and needs remain (2), the methodology has been success-

fully used in the United States in the design of the Fast Flux Test Facility

and the Clinch River Breeder Reactor Plant and in the development of high-

temperature components and facilities.

Concurrent with the methodology development effort, a series of more

than 50 tests of relatively simple structures has been conducted to provide

data for evaluating the adequacy of the evolving methodology. Initially this

test effort focused on deformation measurements for evaluating inelastic

analysis methods; more recently the focus has been on tests to failure as a

means of evaluating the total methodology consisting of analysis methods and

failure criteria. The purpose of this paper is to take a broad look at

what has been learned from the results of the failure tests, both in terms

of our ability to predict inelastic behavior and failure and the adequacy

of our design criteria and safety margins.

The following background will prove useful. Structural failures, if

they occur, will most likely be initiated in regions where one or more of

the following discontinuities exists:

• geometric — where structural discontinuities introduce so-called

deformation controlled stresses,

• metallurgical — such as weldments, where varying yield and creep

properties across the weldment introduce stress discontinuities,

and

• thermal — where thermal gradients introduce discontinuities.



Figure 1, which shows the effects that a repeated thermal transient loading

can have on a simple straight pipe, typifies both the difficulties of pre-

dicting discontinuity effects, particularly under cyclic loadings, and the

failure modes that they introduce. In this realistic example, it is assumed

that the sodium temperature drops 167 C in several seconds (a-£>), rises

slowly (b—o), and then is constant for several hundred hours of normal

operation (e—d), after which the cycle is repeated. The predicted response

of the pipe is shown in Fig. l(c). Starting with point a, the inner surface

of the pipe first yields in tension as it contracts, but as the outer surface

subsequently begins to cool, the inner surface stress reverses sign and goes

into compression. At b, the wall is uniformly at the lower temperature;

slow heating from b to a causes the residual stress to decrease because of

the decreasing yield condition with increasing temperature. At c, a compres-

sive residual stress remains, which relaxes during the subsequent hold period.

The response to subsequent cycles is depicted in the figure by dashed lines.
the necessity of accounting for inelasti

The behavior shown in Fig. 1 illustrates/response; it also illustrates

three key potential failure modes. First, creep-rupture damage is accumulated

during the hold periods; second, the plastic cycles introduce fatigue damage

which interacts with the creep to produce a creep-fatigue interaction damage

mode; and third, ratchetting occurs, introducing the potential for failure

due to excessive deformation.

The following section provides a brief overview of the inelastic analy-

sis methods and failure criteria currently used in the United States. These

are the methods and criteria used in making the predictions that are com-

pared with the test results in the third section of the paper. The struc-

tural test examples presented in that section include each of the three

types of discontinuities discussed above. In addition to laboratory test

results, a pertinent service failure — that of extensive cracking in the

main steam lines of the Eddystone fossil pov-r plant in the United States —

is also included in the comparison of the third section. The final section

summarizes the findings and presents conclusions.



CURRENT METHODOLOGY

Failure Criteria

Creep-rupture and creep-fatigue are the most prominent potential fail-

ure modes in the design of high-temperature reactor components. Consequently,

they are the focus of this paper. The ASME high-temperature Code Case (1)

uses the well-known linear summation of cycle and time fractions for assess-

ing cumulative creep and fatigue damage:

where:

N-, = number of cycles to fatigue failure for a given equivalent strain

range and maximum cycle temperature,

t = time,

T', = creep-rupture time for a given temperature and stress level,

D = maximum damage fraction allowed by the damage envelope.

For inelastic analysis, the Code Case uses the Mises effective stress to

determine creep-rupture times for multiaxial stress states. However, a modi

fied equivalent stress, based on the hydrostatic stress, the Mises effective

stress, and the maximum deviatoric stress, has been developed by Oak Ridge

National Laboratory (3) and shown to provide a substantially better fit to

experimental data than the Mises criterion (see Fig. 2). Both the Mises

criterion and the new criterion, which is currently being considered by the

Code groups, were used in the predictions reported in this paper.

The Code damage envelope for the austenitic stainless steels [straight

lines intersecting at (0.3, 0.3)} was generally used for D when both creep

and fatigue damage were involved.

Inelastic Analysis Methods

The inelastic analysis predictions used herein are based on guidelines

that have been developed and used for design analyses of high-temperature

reactor components. These guidelines are based on the representation of

mechanical strain as a sum of elastic, creep, and plastic strains.



Creep strains are obtained from an equation-of-state formulation with

primary and secondary creep. For monotonic loading, strain hardening is

used. For cyclic loading, auxiliary rules are provided that permit reverse

creep after a period of forward creep to reduce the hardening and to

rejuvenate primary creep when the forward creep is resumed. Reverse plas-

tic strain is considered to have the same rejuvenating effect on creep as

reverse creep strain.

Plastic strains are obtained from a modification of bilinear kinematic

hardening. The plastic loading surface is given by

where a"., is the deviatoric stress tensor, a., is the stress coordinate of

the center of the yield surface, and K determines the size of the yield

surface. The K quantity is allowed to change to account for isotropic

hardening and temperature effects. For a few of the early analyses reported

herein, an equation-of-state form for K was used:

K = K G? + ~sP, T) ,

where e and ~zF axe. the Mises equivalent creep and plastic strain path

lengths and T is temperature. For most of the analyses, however, a growth

law for K was adopted:

K = K + I d<
O J

d< = N (dz3 + dlP"j + MdT ,

where ic is derived from the virgin yield stress at some base temperature,

and N and M are coefficients that may depend on strain and temperature.

The isotropic hardening parameter K is not permitted to grow indefinitely

but only up to some limit, K ™ Usually K » = KX, which is determined from

the tenth cycle of a cyclic stress-strain curve. For loading involving short

hold periods and small strain ranges, a further enhanced hardening to a

value ic- > <x is possible. In analyses involving many cycles, it is often

appropriate to use the final value K - throughout an analysis and thus ignore

some of the detailed effects of the early loading.



The plastic strain increments are obtained from the normality (4)

hypotheses, and the growth law for a is obtained in the usual way for a

kinematic hardening (5,6) material with a yield surface that also grows

due to inelastic strains. Whenever elastic unloading occurs, however, a is

reset back toward the origin as far as permitted without causing the stress

point to fall outside of the yield surface.

The need for this a-reset procedure is based on studies of ratchetting

analyses and experiments. One such study for a two-bar ratchetting mechanism

is illustrated in Fig. 3. When analyses are performed without the a-reset

procedure, the predicted ratchetting strain tends to saturate much too

quickly and becomes nonconservative as the measured ratchetting strain

continues to grow. An analysis using the a-reset procedure captures the

persistence of ratchetting much better.

The a-reset procedure also has an important effect on the calculated

stress and damage under cyclic loading conditions. Figure 4 shows the mea-

sured load-deflection response of a simply-supported beam after being

repeatedly subjected to a cyclic center deflection with a hold period at

one end of the cycle. The measured response is compared to calculations

made with and without the a-reset procedure. The load throughout the cycle

is predicted much better with a-reset. The decay of the beam load during

the creep-hold period is shown in Fig. 5, which also shows a comparison

between the measured and calculated relative creep damage accumulated during

the hold period. (The experimental damage is noyneasured directly but is

inferred from the measured load.) The load and damage are significantly

underestimated without a-reset but are conservatively predicted with a-reset.

COMPARISON OF PREDICTIONS WITH FAILURE TESTS

Data from four different types of failure tests are presented in this

section: (1) creep-rupture tests of nozzle-to-spherical shell models,

(2) creep-rupture tests of welded plates, (3) cyclic thermal shock tests

of cylinders, and (4) thermal ratchetting tests to failure of pipes. For

each of these, except the cylinders, both deformation and failure predictions

are compared with experimental results. In addition, failure predictions

are compared with the previously mentioned Eddystone steam line service

failures.



The structures in all of the examples presented were either 304 or

316 stainless steel, and all of the inelastic analyses were based on the

U.S. design analysis guidelines previously outlined. In all of the analyses,

except those where ASME Code allowable lives were being calculated, stress-

strain, creep rate, fatigue, and creep-rupture properties used were those of

the actual heat of material from which the model was fabricated.

Before proceeding to the comparisons of predicted deformations and

failures with the observed behaviors, the question of "what is failure?"

must be briefly addressed. The diagram below helps to convey the issues.

BASIS FOR
FAILURE DEFINITION

DESIGN MARGINS *T* STRUCTURAL SPECIFIC

DESIGN POINT MATERIAL FAILURE STRUCTURAL LOSS
(ACCEPTABLE) (CRACKING OR OF FUNCTION

EXCESSIVE DEFORMATION)

The fatigue criteria in Code Case N-47 are, in the absence of design margins,

intended to define material failure — crack initiation in the case of the

failure modes to be considered here. With the margins they are intended

to preclude crack initiation. We thus want to compare predictions with

observed crack initiation; determining this point from experiment, however,

is difficult, because, as will be shown later, creep cracking begins as a

multitude of intergranular cracks which grow and eventually link up to form

visible cracks. One U.S. study (7) developed a somewhat arbitrary definition

of crack initiation — the presence of a crack 0.8 mm in length, which would

just be visible to the naked eye.

Nozzle-to-Spherical Sh-lls

Three 304 stainless steel nozzle-to-spherical shell models, as shown

in Fig. 6, have been tested at 593 C. All of the .nodels were from the same

heat of material. Although the shell thicknesses and junction reinforcing

details varied, the spherical shell in each model had an outside diameter

of approximately 630 mm, and the nozzle-to-sphere diameter ratio was approxi-

mately 0.16.



The first two models were subjected to time-varying histories of inter-

nal pressure and nozzle moment loading. The primary goal of these tests vas

the measurement of strains at realistic load levels, so the loading magni-

tudes were relatively small. One of these models was subsequently subjected

to a steady internal pressure of larger magnitude, which produced creep

cracking in the junction region. The third model, which is still under test,

is being subjected only to internal pressure loading, with the goal of testing

until failure in the junction region.

Together, the first two nozzle-to-sphere models provided more than

13,000 h of strain-gage data. Figure 7 is a typical comparison of predicted

and measured strains in the highly stressed junction region of one of the

models. In this case the creep strains were zeroed to the beginning of the

indicated nozzle moment loading sequence, which was applied twice. The mea-

sured and predicted strains are in reasonable agreement in this case. In

other cases the quantitative agreement was not as good, although the analyses

always predicted, qualitatively, the significant behavioral trends.

Figures 8 and 9 typify comparisons for the third model. In this case

the model was subjected to an internal pressure of 2.6 MPa for 500 h, 4.1 MPa

for 1600 h, and then 4.5 MPa for the duration of the test. Figure 8 shows

just the time-independent strains, and Fig. 9, the time-dependent creep

strains. The latter figure shows that the creep strains are underpredicted,

whereas they were overpredicted in the previous case (Fig. 7). A part of

such differences is probably due to the high sensitivity of specimen behavior

to initial material condition (heat treatment details, machining, etc.).

Creep-rupture failure (cracking)in the third model was predicted, using

the ORNL-recommended creep-rupture strength criterion, to occur at 2420 h

on the outer surface of the junction region; however, no indications of even

microstructural intergranular cracking were observed at test times twice that

long. On the other hand, cracking in the second model was also predicted to

occur in about 2400 h, this time on the basis of the Mises strength criterion,

but intergranular creep cracking was observed at 1000 h in the test. These

differences in results are probably due to at least two factors. First, since

the stress state at the point of maximum damage is roughly equibiaxial ten-

sion, it can be seen from Fig. 2 that the Mises criterion would be expected

to overpredict life. Secondly, surface cracking is strongly influenced by



things like surface cold work, which is produced by machining, reduced

ductility, and is highly variable.

Plate Weldments

In the case of the nozzle-to-sphere tests, geometric discontinuities

were the key source of stresses leading to cracking. In the case of weldments,

metallurgical discontinuities can be the source, as illustrated by results

from creep-rupture tests of plates containing weldments.

Figure 10 shows a typical plate specimen. Plates with axial or trans-

verse welds have been tested^ and both 316 stainless steel welded with 16-8-2

filler metal and 304 stainless steel welded with 308 filler metal have been

studied. As shown in Fig. 10, the specimen failures generally are initiated

by cracking in the heat-affected zone. That cracking can be predicted by

accounting for the variation of properties (yield strength, creep rate, and

creep rupture) across the various zones of the weldment.

Figure 11 shows one of the better comparisons between the results of -

so-called "multizone" finite element analysis and the measured behavior. In

this case four different property zones were used, based on properties mea-

sured using specimens cut from similar weldments. The Mises creep-rupture

strength criterion was used, although the new ORNL criterion would have given

similar results in this near-uniaxial case. Both the deformation response

and the location of, and time to, initial cracking were accurately predicted

in the case shown. In other cases the predicted deformations were sometimes

greater than and sometimes less than the measured quantities, but for reason-

able strain levels the differences were never greater than about 30%. Pre-

dicted times to failure varied from about a 50% underprediction to predictions

that were very accurate. The location of cracking was always correctly

predicted.

Thermally Shocked Cylinders

Predicting the effects of cyclic thermal transient loadings introduces

additional challenges, both for the constitutive equations and the failure

criteria. Tests of thick-walled cylinders, such as the one shown in Fig. 12,

are providing data for helping to evaluate the applicability of the methodology

to such situations. The specimens, which are 51-mm-diam, are repeatedly



subjected to thermal upshocks on the outer surface. Each upshock is followed

by a hold period at the high temperature, followed by a slow cool in prepara-

tion for the next upshock. The upshocks produce both a plastic strain and

an outer surface residual tensile stress state, which relaxes during the

subsequent hold time and produces creep damage.

Tests of 304 and 316 stainless steel cylinders subjected to a single

test histogram will be discussed here. The upshock was from 149 to 593 C

at a rate of 16.7 c/s. The hold time was 30 min. Calculations indicated

that with this hold time the damage would be predominantly creep, and sub-

sequent photomicrographs of cross sections of cracked cylinders showed this

to be the case. Failures were intergranular, whereas for specimens with no

hold time there was mixed mode cracking (branching into grains along twin

boundaries, etc.) typical of fatigue.

Attempts to compare predicted "failure" with observed results for these

tests raises the question of crack definition.that was discussed earlier.

Grain boundary cracking began very early in the tests along scattered individ-

ual grain facets; these then grew to several grain facets in length before

joining up to produce the kind of crack pattern visible in Fig. 12. Since

the grains were about three times larger in the 304 stainless steel (ASTM

grain size 3 vs 6 for 316), visible cracks occurred earlier in the crack

development process (see Fig. 13).

The predicted and observed crack behaviors for 304 and 316 specimens

are summarized below.

304

• grain boundary cracking first observed at about 150 cycles; crack

pattern shown in Fig. 12 (with crack depths as large as 8 mm)

developed by 600 cycles,

• cracking predicted at 242 cycles using the proposed ORNL creep-

rupture strength criterion; and at 787 cycles using the Mises

criterion.

316

• scattered grain boundary cracking observed at 300 cycles; cracks

had grown to six or seven grain boundary facets in length by 1500

cycles, as shown in Fig. 13(b), but were still not visible to the

naked eye,
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• cracking predicted at 2234 cycles using the OENL recommended

creep-rupture strength criterion.

It may be fortuitous, but the predictions in these cases, when based on the

ORNL creep-rupture strength criterion, seem to do a fairly reasonable job of

predicting crack initiation, assuming initiation to be defined by the

appearance of visible cracks.

Pipe Thermal Ratchetting

Early pipe thermal ratchetting tests focused on ratchetting strains

produced by repeated thermal transient loadings, with hold times, combined

with internal pressure (8,9). Tests were done on 304 and 316 stainless

steels and 2-1/4 Cr—1 Mo steel pipes. Results from these tests indicated

that ratchetting strains could usually be predicted fairly accurately. In

three of six smooth pipe sections tested, near perfect agreement between

measured and predicted strains was obtained. In two more the predictions

were within 27% of the measured strains. However, in one 304 e=t"'iless steel

specimen, which was initially subjected to mild cycles and then to more

severe ones, the strains were overpredicted by more than a factor of two.

More recently a series of pipe ratchetting tests to failure has been

undertaken at the Energy Technology Engineering Center. In these tests,

203-mm-diam pipes of 304 and 316 stainless steels and 2-1/4 Cr—1 Mo steel

are being subjected to repeated downshocks, with hold times, and axial

loads until failure.

Figures 14 through 16 represent the results of one 304 stainless steel

test. In this case the downshock was from 593 C to 260 C at 33 C/s, and

the hold time was 16 h at 593 C. Figure 14 shows the crack pattern that

had developed by the end of 12 cycles; complete rupture occurred during the

19th cycle. Figure 15 compares measured and predicted* ratchetting strains.

The expected best analysis, based on the actual heat properties, overestimated

the total axial ratchetting strain by about 60%. Interestingly, an analysis

based on average properties for all 304 stainless steel heats, such as

would be used for design, provided better agreement with experiment.

The failure prediction is summarized in Fig. 16. The cracking and rup-

ture observations from the test are noted on the figure together with infor-

mation from two analyses. The first is a so-called Code design analysis,
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which used average properties and Code Case N-47 creep-fatigue allowables

to determine an allowable number of cycles of eight. The second is a failure

prediction based on actual heat properties with none of the Code margins.

The predicted life is 59 cycles, which is considerably longer than observed.

However, even simple uniaxial creep-rupture tests show significant scatter,

so repeated tests would produce a distribution of lives. Assuming the uni-

axial creep-rupture scatter to be typical also of the more complicated pipe

ratchetting test, the distribution shown in Fig. 16 could be expected. If

the calculated life of 59 cycles exactly represents the mean life of a large

number of replicate tests, then the probability of an individual test having

a life jO.8 full cycles is about 6%. Statistically, it can be concluded that

the observed rupture life was not significantly premature relative to the

predicted life of 59 cycles. However, this is not too reassuring. Looked

at another way, if the measured life is the mean of a distribution of hypothetical

test replicates, the probability that a duplicate test would have a life less

than the design allowable life of eight cycles is about 20%. Thus this test

alone would lead to the unsatisfactory conclusion that a design evaluation is

conservative only 80% of the time.

Eddystone Pipe Cracking

Failures in the 316 stainless steel main steam piping of the Eddystone

coal-fired generating plant (10) offer the best available single source of

information for assessing the current high-temperature structural design

analysis methods and criteria. Several steam lines involving several heats

of material developed widespread cracking, as shown in Fig. 17, after about

130,500 h of high-temperature operation; thermal transient loadings have been

pinpointed as the cause of the creep-rupture type failures.

Subsequent tests and measurements at Eddystone have identified a probable

worst transient, and this was used by ORNL to perform both design analyses

to determine the life that would have been allowed by Code Case N-47 and

analyses to predict, as accurately as possible, the actual time to failure.

This worst transient involves a 394 C temperature drop from 621 C, and the

total cycle time was taken to be three weeks. Most of the damage in the

transient is due to a drop at one point of 147 C in just 120 s.
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The design type analysis, using average 316 stainless steel properties

and Code creep-fatigue allowables, resulted in an allowable life of 59,000 h,

compared to the observed time to cracking of 130,500 h. However, this was

based on the inner pipe surface where the Mises creep-rupture criterion used

by the Code unrealistically limited the time under the compressive stress

state. If the location of maximum tensile damage near the outer surface,

where cracking actually initiated, is considered, the allowable life is

121,000 h. The best effort failure analysis, whi'-'- only partially accounted

for the actual pipe properties, resulted in a predicted life of 1.2 million

hours, which is nearly an order of magnitude longer than observed.

Although there is a possibility that the actual plant transients that

led to the failures were worse than thought, the analysis of the Eddystone

pipe failures suggests that the design margins may be insufficient to

adequately allow for the various uncertainties in the analysis methods and

criteria and the wide variations in properties that can occur.

SUMMARY AND CONCLUSIONS

• The analytical results presented illustrate that inelastic analyses can be

relied on to predict key behavioral features and to thus guide the designer/

analyst toward an improved design. However, predicted magnitudes don't

always compare exactly with measured values, nor can such agreement be

expected. Discrepancies are erratic and don't seem to follow any consistent

pattern.

« Although deformations and stresses may be fairly well predicted, seemingly

small discrepancies can have a significant effect on life. For example,

an error in predicted stress of 15% would affect creep-rupture life by a

factor of threa or four.

• Predicted times to failure were sometimes greater, sometimes less than the

observed times to cracking. However, for the realistic pipe ratchetting

and Eddystone oipe cracking examples, the lives were substantially overpredicted.
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• The allowable lives determined by the rules of ASME Code Case N-47 were

in all cases conservative, although the adequacy of the creep-fatigue rules

is brought into question by the results for the pipe ratchetting and Eddy-

stone examples.

• When the significant effects of heat-to-heat variability on predictions,

which must be recognized in design-type calculations, are added to the

variability observed when actual heat properties are used, as they were

in the examples presented, the adequacy of the current Code safety margins

can be questioned.

• These margins need to be quantitatively established, and modified if necessary,

on the basis of a statistical sampling of structural test results. Such

a sampling can only be realized by pooling results from all available sources.
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Fig. 6. Instrumented nozzle-to-spherical shell specimen of
304 stainless steel tested at 593 C.
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Fig. 7. Measured and predicted circumferential creep strains
in junction of nozzle-to-spherical shell subjected to two repeated
moment loading sequences.
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Fig. 8. Measured and predicted circumferential loading and
unloading strains in junction of nozzle-to-spherical shell sub-
jected to internal pressure.
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Fig. 9. Measured and predicted circumferential creep strains in
junction of nozzle-to-spherical shell subjected to internal pressure.
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Fig. 10. Creep-rupture cracking in 316/16-8-2 plate weld-
ment subjected to long-term axial load.
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Fig. 11. Measured and predicted results for typical
304/308-CRE plate weldment creep-rupture test .



Fig. 12. Crack pattern in thick-walled cylinder subjected to
repeated thermal upshoc.ks, with hold periods, on outer surface.
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Fig. 13. Comparison of developing intergranular creep crack-
ing on surfaces of 304 and 316 stainless steel cylinders subjected
to identical thermal transient cycles.



Fig. 14. Outer surface cracking due to creep damage in 203-
mm-diam x 9.5-mm-wall 304 stainless steel pipe thermal ratchetting
specimen.
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Fig. 15. Measured and predicted axial ratchetting strains on
outer surface of pipe specimen. A — predicted based on actual
heat properties; B — predicted based on average properties for all
304 stainless steel; C — predicted creep response in absence of
thermal transients.



Fig. 16. Predicted distribution of cycles to failure relative
to observed cracking and rupture and Code allowable.



Fig. 17. Section of cracked 316 stainless steel main steam
piping from Eddystone coal-fired generating plant (photo courtesy
of Combustion Engineering, Inc.).
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This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
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