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1. INTRODUCTION

Each unit of a two unit plant contains a four loop reactor 
system. (Figure 1) Each loop contains a steam generator and 
a reactor coolant pump. The steam generators are supported 
by upper and lower supports. The lower support provides 
vertical restraint and horizontal restraint by means of 
structural ties and the hot leg of the reactor coolant 
system. The upper support at the operating deck provides 
horizontal support by means of four snubbers for each steam 
generator, (Figure 2).

In going from cold shutdown to operating conditions, the 
thermal expansion causes the steam generators to move 1 
3/4" radially outward from the reactor vessel. The steam 
generator slides on the lower support, such that at normal 
operating temperature the support legs of the steam 
generator are restrained from additional movement by 
bearing lugs. Radial movement is accommodated at the upper 
support by the snubbers. The snubbers are designed to 
permit, practically, free movement for thermal conditions. 
In the event of a suddenly applied load, such as severance 
of the steam line, the hydraulic pressure will increase, 
closing a spring loaded poppet valve. The snubber will 
then support a 500 kip load at a bleed rate of 0.05 
in/minute.

The results of the testing of snubbers from one unit 
indicated that the snubbers would not meet the specified 
requirements for the support of the steam generators during 
pipe rupture and seismic loading.

In order to ascertain the conditions the unit operated 
under, an analysis was performed considering the degraded 
characteristics of the snubbers. The response of the steam 
generator was expected to be substantially different from 
the design conditions, because the snubbers were originally 
assumed to be rigid under suddenly applied loads.

2. SNUBBER TESTING PROGRAM

The testing of snubbers for Unit No. 1 was performed in
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the "as-received” condition. All sixteen snubbers 
indicated that repair was necessary. Using the statically 
applied load of approximately 500 kips, all snubbers could 
take significant load except for one snubber in both 
compression and tension and another in tension. Each 
snubber operates in both tension and compression; 
therefore, 32 sets of seals were tested. Of these 32, 
three were found to be incapable of withstanding hydraulic 
pressure, although at 500 kips (one-half design load), the 
measured lock-up and bleed rate velocities were in excess 
of manufacturer’s recommendation.

In reviewing these results it was apparent that 
significant displacement took place during application of 
the test loads. The nature of the testing was such that 
the load was actually statically applied. A few of the 
snubbers were loaded at a high rate to loads from 500 kips 
to 1000 kips. The indications were that even these 
snubbers could carry the design load at low bleed rate 
velocities.

3. MATHEMATICAL MODEL

The mathematical model of the steam generator and its 
support system is depicted in Figure 3. Since the steam 
generator is a rigid shell structure it is not necessary to 
employ a large number of lumped masses in its description. 
Support at the base of the steam generator is provided by 
three structural elements. First, there is the steam 
generator support frame which provides vertical, 
horizontal, and rotational restraint to the steam 
generator. Vertical motion due to the pipe break is of no 
importance and is disregarded. Motion in the horizontal 
direction and rotation about the steam generator base are 
resisted by elastic restoring forces. These forces are 
described by the rotational spring, and in part, by the 
horizontal spring. The evaluation of these spring 
constants was carried out with the aid of the mathematical 
model of the base support frame.

The steam generator support base undergoes the same 
rotation as the steam generator base until the cap screws 
attaching the two structures yield. The base moment at 
which this yielding occurs can be considered as an 
equivalent fully plastic moment since the moment-rotation 
curve resembles that for a plastic hinge in a beam.

The hot leg pipe also provides rotational and horizonatal 
restraint against motion of the steam generator; its 
vertical restraint is negligible. Spring constants can be 
evaluated for this element by manual computations since the 
hot leg pipe is a fixed beam spanning between the steam 
generator and the reactor wall. Since the pipe is a 
flexural member it can resist rotation until the fully 
plastic moment is reached at which point further rotation 
can cause no further increase in moment. The cross-over 
leg is flexible and offers little restraint, but is 
included in the model.

Most restraint at the lower support is provided by the 

1008



steam generator support frame. As long as the base 
rotations do not cause the cap screws to yield; the system 
will show no real distress. It is true that the hot leg 
pipe will yield at lower rotations but if the yield 
capacity of the steam generator support base is not 
reached, the amount of plastic flow in the hot leg pipe is 
insignificant.

4. METHODOLOGY

The structural model depicted in Figure 3 was analyzed 
with the aid of the general-purpose program, ANSYS. The 
ANSYS program was used because it made possible a 
convenient description of bilinear behavior.

Two separate analyses have been performed. One analysis 
considers what occurs during the 4 inch travel of the 
snubber and the other is for impact after the snubber has 
’’bottomed out”.

For the analyses, the following were assumed:

a. The most critical loading results from a 
circumferential break in the horizontal portion of the 
steam line adjacent to the top of the steam generator.

b. The thrust is calculated as the pressure times the 
area of the steam line piping times a constant.

c. The pipe whip restraint does not mitigate the thrust 
load applied to the top of the steam generator.

d. A linear coefficient of viscocity is adopted to 
represent the snubbers in their degraded condition. The 
snubbers provide a horizontal restraining force 
proportional to the piston velocity of the snubber.

e. When the pipe rupture is initiated, the system is in 
the hot operating condition, such that the full snubber 
travel will be 4 inches. The lower support is 
horizontally restrained, radially away from the reactor 
vessel, by means of bearing lugs.

f. During the 4 inch travel of the snubber, the lower 
support provides rigid horizontal and vertical restraint. 
No rotational resistance is provided by the structural 
steel ties or the reactor coolant piping.

g. The steam generator is rigid.

h. The feedwater line provides no restraint to movement.

i. At the end of the 4 inch travel of the snubber, the 
snubber ’’bottoms out” and impact occurs. During this 
period of travel, rotational and linear horizontal 
kinetic energy is absorbed by the upper support and the 
rotational kinetic energy is absorbed by a couple 
developed by the upper and lower supports.

1009



j. The embedments into the concrete are of sufficient 
strength to carry reactions. This is reasonable because 
the lower support embedment was designed for a rupture of 
the hot leg of the reactor coolant system and the upper 
embedments were designed for 4000 kips which implies an 
ultimate capability of at least twice the design value.

k. No significant neutron embrittlement has occured in 
the hot leg in the vicinity of the steam generator.

During travel, both linear and rotational kinetic energy 
develop. The resultant kinetic energy is the difference in 
the effect of the pipe rupture load and snubber resistance.

At the end of the snubber travel, the kinetic energy is 
transferred to the upper and lower support.

Inasmuch as the snubbers became soft, the dynamic system 
was overdamped. For the case of the degraded snubbers, the 
seismic reactions would be practically insignificant.

5. RESULTS

The analysis indicates that the response can be very 
sensitive to the selection of the damping constant used to 
represent the snubbers. If the four snubbers can not 
provide a force above a threshold of about 1700 kips, the 
snubbers’ pistons will accelerate under pipe rupture thrust 
and the 4 inch travel will take place in a fraction of a 
second. On the other hand, if this threshold value can be 
maintained by the snubbers for a relatively low velocity, 
so that the 4 inch travel will take 20 to 30 seconds.

When the snubber force is below the threshold value 
impact will occur on both the upper and lower supports. 
Yielding is to be expected at both supports. When the 
snubber force is above the threshold value the snubbers are 
effective as energy absorbing dash pots.

As indicated before, no rotational resistance of the 
lower support was assumed; however, bending moments will be 
introduced to the structural steel ties through the 1 1/2” 
diameter cap screws. The cap screw furthest from the 
reactor vessel will elongate and will certainly yield with 
a possibility of failure. However, horizontal resistance 
will still be maintained by the steel bearing lugs.

After travel the steam generator will be tipped from the 
vertical. This rotation will not only elongate the cap 
screws, but will introduce bending into the hot leg of the 
reactor coolant pipe. The membrane strain in the hot leg 
will be less than 1.0% or about ten times the yield strain. 
This strain is well within the capapcity of the material 
which by ASTM Specification must meet 25% strain at 
ultimate load as measured by the prescribed mill test.

6. DISCUSSION OF RESULTS

Snubbers are often idealized as rigid support points 
under sudden and high loading and as free under slowly 
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applied movements such as thermal growth. On the basis of 
this investigation, this may be an oversimplification. The 
snubber has spring stiffness which is derived from the 
elasticity of the steel components and the compressibility 
of the silicone fluid. Under loading, there is a period of 
time during which the poppet valve closes and displacement 
takes place. This process apparently occurs as a 
transition from very low loads to high loads at which time 
the velocity of the snubber reduces to a low level; namely, 
the bleed rate velocity.

Therefore, both the ’’as-received” and rebuilt snubbers 
experience a relatively large initial displacement with a 
low snubber resistance force. The testing results of the 
rebuilt and as-received snubber indicated an initial 
displacement always less than 0.5 and 1.0 inches, 
respectively. These initial displacements under low 
resistance in the snubbers means that the rotation of the 
steam generator is only resisted by restraint at the base 
of the steam generator; namely, the hot leg and cross over 
leg of the reactor coolant piping as well as the lower 
support structure. The rotational stiffness of the cross 
over leg is relatively low, so that high stress would only 
occur under large rotations. The hot leg and the support 
structure are sufficiently stiff so that the rotations of 
the steam generator do result in high bending strains.

The yielding of the support structure is confined to the 
cap screws, which connect the steam generator support pad 
to the support structure framing. It was found that some 
local yielding of hot leg pipe will occur for the case 
including the rebuilt snubbers; however, there was no 
yielding of the cap screws. For the case including the 
’’as-received” snubbers, yielding does occur in both the cap 
screws and the hot leg. At the end of the pipe rupture 
loading the steam generator will return to its original 
upright position in the case of the rebuilt snubbers. On 
the other hand, a permanent displacement about one inch 
will remain for the ’’as-received” snubber.

In summary, the greatest determinant of the loading of 
the hot leg and the cap screws was in the initial 
displacement which occurred during and shortly after lock- 
up.

7. CONCLUSIONS

The rupture of a main steam line is considered to be a 
Service Level D Condition, so that Appendix F of ASME 
Section III applies. Under the rules of Appendix F, 
yielding is permissable provided structural capacity exists 
to resist applied loads. For both Units No. 1 & 2, the 
results of the analysis indicate that even with the 
snubbers in the degraded conditions Appendix F is 
satisfied. However, extensive yielding of the hot leg pipe 
and steam generator cap screws will result. For the 
rebuilt snubbers only some minor local yielding will occur 
in the hot leg while the cap screws remain elastic.
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As the snubbers are replaced the design should be changed 
with the following objectives:

* Lock-up occuring in the shortest time possible, in 
order to reduce the initial displacement.

* The valve block should be manufactured using stainless 
steel to avoid the possibility of corrosion.

* The valve block spooling should be designed so that 
applied force is proportional to velocity under all 
conditions of loading after lock-up. The current 
snubbers apparently result in a certain velocity under 
constant load regardless of the magnitude of the load.

* The snubber should provide for adjustments in lock-up 
and bleed rate velocities.

* Testing of the prototype should include loading 
characteristics which are similar to the postulated 
loading, i.e., the break of the main steam Jine. 
Displacement data should be obtained as well as 
velocity data.

CROSSOVER LEG

REACTOR 
PRESSURE 

VESSEL

CROSSOVER 
LEO

Four Loop NSSS
Figure 1

1012



STEAM LINE

FEEDWATER
LIE UPPER SUPPORT 

SNUBBERS

z
DETAIL OP- TIES 

COLP

HOT
‘dEh t :=

T
LOWER. । 

SUPPORT 
STRUCTURE T
FRAME

HOT LE

CP

Steam Generator
Figure 2

MATWCHATIAL Reracscotin 
' OF 4408666 I

VAsu Mt

BEAAA
ELmcuTS A

GAP
RWMeit

HogtserAt 
$r06$

u, Y. 4
E(AtwHAL 
4rt6f - Yo,

sureotT 
FCAN

Aot Le

FIGURE 3 - MATHEMATICAL MODEL

1013


