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ABSTRACT

This report describes the as-constructed SM-1 penetrated gasket design
ed for SM-1 Core and Flow Instrumentation (Task XIV). This report supple
ments APAE No. 79, the Summary Hazards Report for Task XIV, and evaluates 
the effects of a postulated failure of this gasket. The effects of failure on the 
Maximum Credible Accident are  determined and conclusions and recommenda
tions for the use of th is gasket are made.
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1.0 INTRODUCTION

A research and development project to measure the SM-1 core temperatures 
and flows (Task XIV)” ) is planned. This project requires penetration of instru
ment leads into the reactor core. A special reactor vessel head closure gasket 
was designed, fabricated and tested to provide for these penetrations. (2)(3) 
Subsequent to the fabrication of this gasket, cracks were discovered in the fillet 
area of the braze material that seals the tube penetrations in the gasket. A 
hazards report has been written for the SM-1 plant'*' and for the complete 
task. (5)

This report will describe this particular braze cracking and relate it to 
the safe operation of the SM-1 with this special gasket.
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2.0 GASKET ASSEMBLY

2.1 PHYSICAL DESCRIPTION

The design of the special gasket as shown in Fig. 1 differs from a standard 
SM-1 gasket in that the height of the gasket has been increased by 3/8 in. and 
eighty . 070 in. dia holes equally spaced in groups of five have been drilled through 
the center of the gasket face. Each group of holes is located midway between 
successive studs extending from the vessel flange. A stainless steel block con
taining pressure tubes and thermocouple extension leads brazed into the block 
is located at each of these penetration groups and welded to the outer face of the 
gasket.

Increasing the gasket height provides clearance for the stainless steel 
blocks between opposing faces of the vessel flange and vessel cover. The holes 
drilled through the gasket permit penetration into the vessel without making a 
direct joint between gasket and instrument lead. The strength joint in this de
sign is between the gasket and block weldment and the braze joints in the block 
provide penetration seals resulting in extremely small gasket and internal pres
sure loads on the seals. The maximum instrument lead diameter is 0. 065 in in 
diameter,thus insuring a diametral clearance of approximately 0. 005 in. between 
the hole in the gasket and the instrument lead. More extensive coverage of this 
unit may be found in APAE Memo 254 '2) and APAE No. 79. (5)

2. 2 FABRICATION AND TESTING

The schedule of events leading to the present situation is as follows:

1. Preliminary research and development was conducted justifying the 
use of this method. (1* 2,3)

2. The penetration lugs were assembled,and immediately after brazing 
the tubes into the lugs,each braze joint was cleaned, inspected and 
examined with a lOx lens to insure good brazement before welding 
the lugs to the gasket ring. No defects were observed.

3. All penetrations were subjected to 1800 psi cold hydrostatic tests and 
helium leak tests. Results of the above tests indicated four leaks in 
welds. These leaks were repaired by gas welding and the assembly 
was retested. All joints were found to be leakproof when retested.

4. It has heretofore been established^) that Nicrobraz 50, the material 
used to braze the tubes into the penetration lugs, has low ductility in
the as-brazed condition. As a result of this information and a knowledge 
of this application,the Technical Evaluation Board communciated their 
concern regarding this gasket to Alco Products, Inc.
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5. A series of test specimens (5) duplicating the process used to fabricate 
the gasket were sectioned, and 250x photomicrographs were made up and 
examined. No defects were observed. Another series of specimens
(5) were examined following the same procedure and fbr the first time 
cracks were discovered in the fillets of the braze material.

6. The complete gasket assembly was closely re-sexamined under lQx 
magnification and hairline cracks were discovered in fourteen of the 
brazed fillets.

7. A section of a lug containing a representative cracked braze fillet was 
’•emoved from the gasket assembly, sectioned and photomicrographed 
under 250x magnification. This was made possible by the inclusion of 
the spare penetrations in the original design. Figs. 2, 3 and 4 are the 
photomicrographs. It will be noted from these figures that there are 
four cracks in the fillet, one of which barely extends into the joint 
annulus by about. 004 ' to . 005 in.

8. The gasket assembly was again helium leak tested and no leaks were 
discovered.

Because of the brittle nature of the Nicrobraz-10 brazing alloy, special p re
cautions are required to insure the maximum degree of support for the leads 
penetrating the gasket.

To prevent the establishment of stress and possible abuse of the leads 
penetrating the gasket during shipment, tabs extend radially outward from the 
gasket at each of the penetration group locations. A tube section is welded to 
the end of the tab. The leads penetrate the gasket, pass under the tab and 
through this t obe section. Thus,the leads are supported by these tube sections.

The instrumented table rests on four posts extending upward from the base 
of the shipping container. Two concentric rings are placed at an elevation above 
the table simulating the vessel flange and supported independently of the table by 
four posts. The inner ring supports the penetrated gasket, the outer ring sup
ports the outer edge of the spider formed by the tab and tube assembly.

The entire assembly is enclosed within a shipping container which further 
reduces the possibility of damage to the leads. The assembly,including the table 
and gasket .is designed to be installed with only one sling suspended from a hook, 
this sling being attached to the table. To further insure proper support, nylon 
lines are attached to gasket lifting tabs (located on the inner face of the penetrated 
gasket) and to the hook.

A cognizant Alco engineer will accompany this gasket in shipment and will 
supervise the installation of this assembly to ensure that proper techniques of 
handling are carried out.
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Figure 2 - Photomicrograph of Fillet Crack in the Task XIV Penetrated 
Gasket (250 X)



Figure 3 - Photomicrograph of Fillet Crack in the Task XIV Penetrated 
Gasket(250 X)
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Figure 4 - Photomicrograph of Fillet Crack in the Task XTV Penetrated 
Gasket (250 X)



2.3 OPERATIONAL ENVIRONMENT

The gasket will not be subjected to impact leading or severe thermal shock. 
Loading on the octagonal section gasket is primarily slowly applied compression 
with some bending and shear at operating conditions. The brazed joint .being in 
the lug attached to the outer face of the octagonal gasket section .receives a very 
small portion of the applied and subsequent load .since it is an appendage to the 
gasket. Results of compression testing of gasket specimens as reported in APAE 
Memo 254 Rev 1 '3) did not indicate any difficulty in joint integrity due to applied 
static or cycled leads. More recent cycling loads duplicated the initial testing 
and results again indicated structurally sound brazed joints.

Impact loads are not associated with the closure of this vessel. Thermal 
shock is also minimized, as the operating procedures for the SM-1 limit heat-up 
and cool-down rates of the primary system.

For a braze penetration of one tube diameter (c5.063) into the joint annulus 
and from loads caused by an internal primary system pressure of 1200 psi, cal
culations indicate a shear stress of only about 370 pal (neglecting strength con
tribution of the braze fillet). Sections of approximately fifteen brazed joints have 
been viewed under magnification and none of those indicated a penetration depth 
of less than one tube diameter.
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3.0 FAILURE ANALYSIS

3.1 POSSIBLE MALFUNCTIONS

3.1.1 Fractured Tube

In order for a tube to become completely severed at the braze fillet area, 
a bending load of approximately 5-10 cycles through an angle of 30-60°, or a 
sudden shear load must occur at this point. During reactor operation no 
mechanism can be postulated whereby either of these conditions can occur with 
rhe degree of tube support available.

If a tube fracture should occur during installation of the penetrated gasket, 
the fracture would be detected during purging and bleeding cf the lines. The 
l»068ibility of a fractured tube, moreover, is not peculiar to this gasket but will 
be applicable to any other penetrated gasket design.

3.1.2 Loss of Braze Alloy in Joint Annulus

In order for the braze alloy to become completely separated from and blown free 
of the annulus, the braze alloy must be sufficiently thin in the joint annulus, 
allowing the pressure load (which is only about 1 lb of force on the area of the 
braze annulus) to blow the alloy free; or a crack must form completely through 
the joint, allowing a stream of high velocity fluid to erode and corrode the alloy 
from the joint.

Considering the first condition, it is apparent that the original joints are 
not lacking in mechanical strength. It was necessary to maintain the tubing 
rigidly perpendicular to the gasket while the pad was being welded to the gasket.
The tubing was then formed circularly around the gasket During this procedure 
it is conceivable that bending stresses of high magnitude were inadvertently 
applied to the brazed fillet areas There was no reason to believe that the braze 
material in the fillet would crack, and reinsper tion was not carried out at this 
time. Subsequent to this procedure, the hydrostatic test was applied. Regard
less of the fillet cracks, if joint strengths were not adequate, the hydrostatic 
test would have resulted in leakage or joint failure, whereas no leakage at all 
was observed.

Erosion could not occur unless a crack had extended through the joint.
The helium leak tests as described above have conclusively proven that all of the 
joints are presently leak free.

As previously mentioned, static and cyclic loads applied to the gasket test 
specimens have not induced cracking in the braze joint fillets of test specimens.
It is improbable that the joints which presently are uncracked will develop cracks 
during the operating life of the penetrated gasket unless the gasket is severely 
abused prior to or at the time of installation.
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It is impossible to predict whether or not the joints which have cracked 
fillets will propagate complete leak paths through the joint. The design of the 
joint is such that very little load is transferred from the gasket to the lug. What 
little load is transferred will be compressive and the alloy has high strength in 
compression. The possibility of cracks which are already present in certain fillets 
propagating completely through the braze material in the annulus is extremely 
small since no mechanism can be postulated which could cause this propagation 
through a compressive stressed region.

'

3.1.3 Cor r os ion of Joints

In view of the low concentration of oxygen on the reactor side of the gasket, 
only a remote possibility of extreme corrosive action exists here. Therefore, 
for a relatively short exposure period, it may be concluded that no hazardous 
corrosion situation exists on the reactor side of the gasket.

Since the exact conditions at the shield tank side are not well defiend there 
appear to be three possible situations:

1. Temperature and cooling effects from thermal circulation of the shield 
tank water alternately wetting and drying the fissures and other exposed areas 
of the joint by ebullition.

There is a potentially hazardous corrosion condition in this situation because 
of the oxygen concentration in the shield tank water. Due to the pumping action, a 
concentration of such salts as are present in the water may be expected to occur 
in the fissures and crevices. The available literature on this type of corrosion 
indicated that the effect may be more severe with decreasing crevice clearance 
down to at least 0. 5 mils. When the impurities build up sufficiently, paseivity 
of the stainless steel tube may be destroyed. Once passivity is lost there will 
be galvanic attack from the oxygen concentration set up within the crevice.
Rapid penetration of the tube wall by pitting may be expected.

The rate at which the above phenomenon will proceed depends on the 
frequency of the pumping action and the sequence of events. Thus it is impossible 
to predict the time to an initial failure.

It should be pointed out that in any conceivable gasket design this condition 
will prevail to some extent.

2. The temperature is such that the braze joint is continuously wet by pure 
water. This situation is also potentially hazardous, but in view of an expected 
relatively short period of exposure a failure is unlikely.

3. The temperature is such that the joint is continuously blanketed by relatively 
dry steam. This situation could be the most desirable exposure from a corrosion 
standpoint, since failure is extremely improbable during the exposure period.
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To relieve the potential hazard inherent in the corrosion situations stated 
above, three courses of action are available.

1. Reduce the oxygen concentration of the shield tank water. Many 
procedures for accomplishing this will be examined.

2. Apply a protective coating to the shield tank side of the gasket. This 
action is presently planned.

3. An inhibitor may also be temporarily added to the water.

3.2 PROBABILITY OF MALFUNCTION

From the discussion presented in the previous section, probability of 
failure due to mechanical loads or stresses imposed on the joints is slight.
With respect to the potentially hazardous situation that may be expected under 
certain shield tank conditions , the failure probability due to corrosion is 
considerable. One or all of the measures mentioned previously (i. e. reduction 
in oxygen concentrations, addition of an inhibitor and/or protective coating) will 
be utilized to substantially reduce the failure probability.

The probability of the cracks propagating for any significant distance into 
the annulus braze is also considered to be slight. This is believed because of 
the difficulty of transmitting any stress other.than compression into this area 
and this is a stress that will not serve to implement the failure mechanism.

11
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4. 0 EFFECTS OF A FAILURE

4.1 MECHANICAL EFFECTS

4.1.1 Tube Fracture

Assuming a tube should break off at the fillet crack, a minimum of 60 in. 
of tube would remain within the reactor vessel. The overall pressure drop from 
the reactor vessel to the shield tank is essentially 1200 psi at an initial temperature 
of 440° F. A throttling process can be expected to occur as the fluid passes 
through the tube and the outlet opening can be expected to act as a nozzle. Although 
the pressure drop is substantial, the temperature of the fluid does not change 
radically,. and the jet of fluid emitting from the tube should flash to steam at the 
end of the tube. Without making detailed analyses for a two phase flow system, 
rough calculations based on discharge of a compressible fluid from a pipe 
indicates a leakage rate of about 1/2 gpm (3. 5#/min). Testing under simulated 
conditions indicates a leakage rate of daout 2 lb of liquid per minute per penetra
tion.

4 .1 .2  Braze Alloy Completely Blown or Eroded Free of the Annulus

In comparison with the leakage rate determined in the preceding section, 
the leakage in this instance would be substantially less due to a smaller flow 
area.

4.1.3 Crack in The Braze Joint Extending Through the Annulus

From the foregoing discussion it is evident that an extremely small 
leakage rate would result from a crack through the braze. A leak path of this 
nature would result in total pressure drop across a length of 5/16 in. (maximum), 
and a choked flow condition could occur, limiting the leakage to a small'amount.

4 .1 .4  Failure of a Tube Due to Corrosive Effects

The most conservative situation which could occur in this instance would 
be complete failure and fracture of the tube. The leakage rate would be ap
proximately 1/2 gpm as previously indicated for this condition.

4.2 METHODS OF FAILURE DETECTION

The normal shield tank water level is maintained at a point 12 in. below the 
shield tank top and an additional 48 gal added to the shield tank would be required 
to actuate the high level alarm which is set at a point 9 in. from the tank top. 
Assuming a thirty day test period any total leakage exceeding that of a 1. 6 gal per 
day rate over the total period will actuate the alarm.
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A second condition which would result in interruption of plant operation 
would be leakage in excess of primary make-up pump capacity which is 1. 5 gpm. 
This situation would result in a pressurizer level drop and pressure decay and 
subsequent pressurizer low level scram.

4.3 RELEASED ACTIVITY

In the event that the gasket leaks during reactor operation, primary water 
will be released to the shield tank water contaminating the shield tank water and 
producing airborne concentrations of fission product gases in the sealed vapor 
container. The former condition presents no unusual radiation hazard during 
operation or at shutdown since mixing of the primary water with the shield tank 
water occurr every time the reactor head is removed.

The airborne concentrations resulting from a leak require evaluation 
since concentrations could, possibly, exceed stack discharge levels for a con
siderable length of time.

4.3.1 Airborne Concentrations During Operation

Normal gaseous fission products levels ^  in the SM-1 primary coolant 
for Kr85m, Kr87, Kr88 and Xe 135 are in the range of lO^d/m/mi of primary 
water. Table 1 presents an estimate of the percentage of these various fission 
product gases produced at saturation in the core, and their respective half- 
lives and demonstrates that the potential total fission gas activity leaking to the 
SM-1 primary coolant is in the range of 1 //c/m l.

Since a leak of 48 gallons of primary water would produce an alarm and 
subsequent shutdown uf the .reactor, the maximum airborne level inside the vapor 
container (considering no decay) would be

48 gallons x 3795 ml/gal x 1 nc /ml .
•“ 1------------- --------------------- ------------ ------------------------  :  1 8  X 10”* P C /C C
37500 cu ft. x 2. 83 x 10J cc /cu . ft.

This level presents no hazard with the vapor container sealed.

4.3.2 Airborne Concentrations For Release

Upon reactor shutdown, the leak would continue until the pressure on the 
primary system was released. Thus dependent on the size of the leak the con
centration in the vapor container would increase. However, the release of 
fission gases from the fuel to the primary coolant would decrease, making it 
impossible to make a quantitative estimate of the concentration.

13
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Therefore, assuming that the maximum total concentration is in the range 
of 10~4 pc/cc, the decay of the short-lived fission gases results in an airborne 
concentration approximately 100 times MPC fo r release 8 hours after shutdown. 
(See Table .2).

However, exact evaluation of conditions at the time of shutdown can be 
performed by circulating and sampling,which is normal procedure prior to 
entry  into the vapor container and discharge of vapor container a i r  to the stack.

TABLE 1
ISOTOPIC PERCENTAGE OF FISSION GAS 

AVAILABLE IN A REACTOR CORE AT SATURATION

Df Total 1/2 Life

0. 65 Kr 83 m 114 min
0.34 Kr 85 10.27 years
2.0 Kr 85 m 4.4 hours
3.3 Kr 87 78 min.
4.7 Kr 88 2.77 hrs.
3.4 Kr 92 3 sec.
0. 02 Xe 131 m 12 day
8.5 Xe 133 5.27 day
3.3 Xe 135 m 15. 6 min.
2.3 Xe 135 9. 2 hr.
0 .0 / Xe 137 3.9  min.
5.5 XE 138 17 min.
61 Xe 139 41 sec.
4.8 Xe 140 16 sec.

Kr 85 m .020
Kr 87 .033
Kr 88 .047
Xe 135 .023 10^ d/m /m l = 3 x 10® dp m/ml

4 / . 1 2 3 \ .0 3 .03

3 x 10** d /m /m l 
2 x 10® d/m/*ic

= 1.5 pic/m l
(estimated fission gas 
in primary coolant)

14
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TABLE 2
AIRBORNE CONCENTRATION IN VAPOR CONTAINER

Concentration
Uic/cc______ Patio

At shutdown 8hrs. after MPC for Release MPC

Kr83 m 6. 5 x 1 0 '7 4 x 10“8 *2 x 1 0 ‘ 8 2

Kr85 3 .4  x 10"7 3.4 x lO " 7 3 x 1 0 '7 1.1

Kr85m 2 x 10~6 1 x 10”6 l x  10“7 10

Kr87 3, 3 x 10"6 5 x 10‘ 8 2 x 10’ 8 2.5

Kr88 4 .7  x lO"6 6 x IQ '7 ♦2 x 1 0 '8 30

Xel31m 2 x 10"8 2 x 10‘ 8 4 x 10-7 5

Xel33 8. 5 x 10"6 8.5 x 10"6 3 x 1 0 '7 28
j

Xel35m 3.3 x 1 0 "6 1 x 10’ 7 ♦2 x 1 0 ‘ 8 5

Xel35 2.3 x 1 0 "6
-6

1.4 x 10 1 x 10"7 10
1 . 2 x l0 ‘ 5 pcc/cc 93.6

* Most restric tive  MPC utilized.

4. 4 LOSS OF PLANT OPERATION /

The maximum permissable concentrations for re lease  as stated in 1QCFR20 
can be averaged over a one year period. In addition it s ta tes that notification of the 
AEC is required when a concentration released exceeds 500 times the M PPaveraged 
over a 24 hr period. Utilizing the minimum MPC for fission gas of 2 x 10~8M c/cc, 
at a t ta c k  discharge rate of 4000 CFM, 1. 6 x 10b^xc can he released prior to 
special notification of the AEC. Eight hours after shutdown, only 1.2 x 104 fXc 
are available for release.or a factor of 100 less. '  The only plant time lost, th e re 
fore, is 8 hours plus the time needed to replace the Task XIV' instrumentation and 
special gasket.

15
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5. 0 EFFECTS ON THE MAXIMUM CREDIBLE ACCIDENT

There is no effect on the Maximum Credible Accident as defined in the 
summary hazards report for the S M -l^ ) as a result of the gasket failure. No 
means of uncovering the core and promoting a core meltdown as a result of any 
accident discussed in this report can be postulated. The total energy of the 
system is not significantly changed.
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6. 0 CONCLUSIONS AND RECOMMENDATIONS

When this gasket was designed, it was realized that Nicrobraz 50 was a 
brittle b raze material. However, the best engineering judgment available in
dicated that it was superior to any other braze m aterial considered for this 
application. It is not suprising that cracks developed and will continue to develop 
in the fillet arr>a where a bending moment is available. This braze material, 
however, was not meant to produce any structural support but to perform  a 
sealing function inside the annulus area where only compressive s tre s se s  are 
available. It is highly unlikely that any crack will propagate significantly into 
this region. However, there can be no guarantee that the already existing 
cracks in the brazed fillets of the penetrated gasket will not propagate through 
the annulus region. This in turn  will create a leakage path for prim ary water 
to the shield tank water. The possibility of this occurring is still considered 
remote. However, in the event this gasket is used close attention will be paid 
to the water level both in the prim ary system and- in the shield tank. In the 
event of any indicated unexplained decrease in the prim ary water level or in
crease in the shield tank w ater the reactor will be shut down and the shield tank 
water monitored If this indicates a higher activity than that experienced before 
operation it will be determined whether or not the gasket is leaking. If it is 
leaking it will be replaced before further operation. This, of course, terminates 
the Task XIV test. However, due to the relatively short-tim e schedule for 
Task XIV this is not considered to be a probable circumstance.

No accident beyond the safe containment capacity of the SM-1 plant can be 
postulated as a result of b raze failure in the penetrated gasket and with close 
attention to the system it is not hazardous to operate with this gasket.
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