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Abstract 

The prime objectives of a seal maintenance strategy for the main reactor coolant pumps 
of nuclear plants are to avoid spills and forced outages, while minimizing maintenance 
costs and radiation exposure. Reactor coolant pump seals in early nuclear plants were 
replaced every fuelling outage, if not sooner! With steadily improving reliability it has 
become more difficult to decide when to replace a seal. This paper describes tools to 
help these decisions. 

Seals can be defined as operating either normally, deteriorated, or failed. These 
"conditions" can be defined in terms of measured temperatures and leakages (and/or 
interseal pressures). Recent guidelines and charts based on these parameters, and the 
ways they are adapted for two- and three-stage cartridges, are described. 

A further consideration is the type of failure. The most common modes are presented, 
with their causes and their impact (sudden or gradual) on seal performance. Based on 
identification of these failure modes and an assessment of the percentage remaining life, 
a replacement strategy is described. 

A final issue is service life of the elastomers used in pump seals. These degrade with age 
and exposure to heat, radiation, stress, and other environmental factors or contaminants 
(in service, or simply sitting on the shelf). Recommendations are presented based on 
hardness and compression set aging data for elastomers used in CAN-seals for reactor 
coolant pumps in the US and in the Bruce and Darlington nuclear plants. 

INTRODUCTION 

The prime objectives of a seal maintenance 
strategy for the main reactor coolant pumps of 
nuclear plants are first, to avoid spills, and 
second, to avoid forced outages. Other 
significant objectives are to minimize 
maintenance costs and radiation exposure. 

In many early light-water cooled plants it was 
easy to decide when to replace their reactor 
coolant pump seals—every fuelling outage! 
Early CANDU® plants began with similarly 
frequent seal replacements [Ref. 1]. However, 
seals now need to be replaced less often 
because their reliability has been improved [2]. 
This makes choosing the best time for 
replacement much more difficult. 

Other than reacting to obvious seal failures with 
a mandatory "stop and replace," plant staff can 
choose to make more logical seal replacement 
decisions. There are two types of judgments 
called for. One concerns seals that continue to 
perform normally but are known to be aging and 
becoming more likely to fail; the other concerns 
seals that are showing symptoms of 
deterioration but have not (yet) failed and may 
therefore safely be kept running. 

The biggest unknown for "normal" seals is their 
lifetime probability distribution. Seals are not 
unlike people in this regard. The old and the 
young have a higher probability of dying than 
those in the middle. Up to a certain age, 
therefore, it is a better bet (for avoiding failures) 
not to replace a seal that is behaving normally. 
The question is, "Until what age?" 
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For a seal showing symptoms of "sickness" the 
questions become, "How quickly will it 
deteriorate?" and, "Will it fail gradually/safely or 
suddenly/catastrophically?" 

TYPICAL REACTOR COOLANT PUMP SEAL 

CANDU® plants, like other water-cooled 
reactors, have large pumps that circulate the 
primary heat transport system water (reactor 
coolant) [3]. These typically have multi-stage 
shaft seals (Figure 1) that are located in a 
"stuffing-box" cooled by various means: 
component cooling water (CCW) jacket; partial 
recirculation of system water through an external 
cooler; and usually a clean, cool injection (purge) 
flow from some independent high pressure 
source. 

The seals are typically arranged in a multi-stage 
cartridge for easy maintenance and to boost the 
reliability of a single stage. In Pickering and 
Bruce [4], the arrangement is two face seals 
backed up by a close clearance bushing, as is 
typical in Boiling Water Reactors (BWRs) 
(Figure 1). In the later CANDU® plants, three 
face seals are used, as is typical in Pressurized 
Water Reactors (PWRs) (Figure 2). The face 
seals normally share the pressure drop, but are 
designed for full pressure capability should the 
other stage(s) fail. The sharing is governed by a 
"staging flow" that is bled around each stage, 
typically 3 to 7 Umin passing through small bore 
tubing integral to the cartridge. 

Typical monitoring of a two-stage cartridge is 
depicted in Figure 1, showing pressure (P), 
temperature (T) and flow (FS), with high (HI) and 
low (LO) alarms as indicated. For a three-stage 
cartridge, one further item is monitored: the 
other interseal pressure. These monitored 
parameters are essentially the only means for 
plant staff to diagnose the health of a seal 
cartridge [5]. 

SYMPTOMS OF IMPENDING FAILURE 

Considering "sick" seals first, plant operators 
need to have as clear instructions as possible on 
how to proceed. This is because the "expert" 
(seal designer or system engineer) is at work 
only one hour in five, while plants run around the 
clock. Seals can be defined as operating either 
"normally," "deteriorated," or "failed." These can 

be defined in terms of measured temperatures 
and leakages (and/or interseal pressures). 

Temperature Symptoms 

Considering temperature, this is normally 
monitored where the water flows into or out of 
the seal cartridge. It may increase because of 
(i) some externally driven event such as loss of 
seal cooling, or (ii) through friction generated by 
the seals themselves [6]. 

Whatever the cause of high temperature, the 
elastomers are at risk of aging prematurely. 
However, the seal integrity is much less 
threatened when known external events are the 
cause and the seal faces are known to have 
been running normally at the start of the "event." 

Temperature guidelines, therefore, need to 
reflect this difference in scenarios. If a CAN-seal 
is generating the extra heat itself, typical 
guidelines provided by AECL are based on the 
power that goes into heating the water. For 
example, a CAN8C seal, 203 mm diameter, 
1800 rpm, sealing warm water at 7 MPa, broken 
down across two stages by a staging flow of 
3.8 Umin, is defined to have a "deteriorated" 
upper stage if the staging flow around this stage 
picks up more than 15.2°C. Similarly, this stage 
is defined as "failed" if the temperature increase 
is more than twice this. These increases 
correspond to 4 kW of frictional heating for 
"deteriorated" and 8 kW for "failed." The 
temperature guidelines for this seal are depicted 
in Figure 3 (at left), including "soft" guidelines for 
the lower stage based on heating above CCW 
temperature, Tc. For seals of other types, sizes 
or cooling circuitry, these guidelines must be 
adjusted. 

When it is known that a CAN-seal is not self-
heating in any abnormal way, the guidelines are 
typically more relaxed. For example, for CAN-
seals with nitrile U-cups it is recommend to shut 
off and not restart a pump if the seal region 
exceeds 95°C for more than 10 hours, or 120°C 
at any time. For all other CAN-seals (some of 
which have nitrile 0 -rings but not nitrile U-cups) 
the guidelines are further relaxed to 2 hours at 
120°C, or 140°C at any time, depicted for the 
CAN8C seal in Figure 3 (at top right). 

These criteria give a comfortable margin against 
elastomer damage, as can be seen from the 
data in Table 2, discussed later. However, they 
allow for the fact that the actual temperature of 
some of the elastomer parts, especially those 
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nearest the seal faces, will be more than the 
monitored temperatures, since bulk water in the 
seal cavities is what is measured. Also, they 
recognize that high temperature, even when 
known to be precipitated externally, will mask 
any subsequent increase in seal friction and is 
therefore risky to allow for very long. 

Leakage and Pressure Symptoms 

Since it is clear to everyone that a seal is failed 
when it is leaking excessively, leakage should be 
monitored frequently and trends watched 
carefully. This is easier said than done. Plants 
typically have sightglasses to "go see" what is 
issuing from the back end of a seal cartridge. 
There are also various excess flow alarms to 
sense when it is too much! Interseal pressures 
are much easier to measure with a resolution 
sufficient to detect the fractions of a L/min 
typically of interest with seals. Operators, 
therefore, need guidelines based on these 
pressures (and the "back-end" leakage) to tell 
them whether everything is "normal"—or whether 
one or more stages in the seal cartridge is 
leaking enough to be defined as "failed;" or an 
intermediate amount defined as "deteriorated." 

This is simpler for a two-stage cartridge than for 
three. One "Seal Condition Map" (Figure 4) allows 
its condition (based on leakage and pressure drop) 
to be monitored according to where it is and where 
it's going on the "map." The horizontal axis is the 
interseal pressure, P2, as a ratio of system pressure, 
P1. The vertical axis is upper stage seal leakage 
plus staging flow. Figure 4 assumes equal staging 
coils giving flow versus pressure that follows the 
curve shown in Umin at 7 MPa system pressure. 
This flow can therefore be read directly from 
Figure 4; a measured value is not needed. Upper 
(i.e., No. 2) stage leakage must be.measured and 
added to it to give the value of total outleakage. 

As indicated (Figure 4), "normal" condition is shown 
by the light grey area in the middle of the map. 
Based on experience, AECL chooses to define a 
seal stage as "deteriorated" when it leaks more than 
a certain amount. For the CAN2A seal depicted in 
Figure 4, with normal staging of 3.5 / 7 MPa, the map 
shows both stages leaking about 1 Umin when just 
"deteriorated." If only one stage leaks, the pressure 
staging is about 60%-40% when that stage is defined 
as just "deteriorated." A stage is similarly defined on 
the map (Figure 4) as "failed" when it de-stages to 
about 90%-10%, as shown by the vertical boundaries 
of the black areas, or the combined outleakage 
exceeds 5.6 Umin, the horizontal boundary. 

The x-axis is non-dimensionalized to enable it to be 
used for other pressures, but the y-axis is for the 
normal system pressure of 7 MPa. For very low 
system pressures the deterioration and failure 
criteria should be relaxed, as described later for a 
three-stage cartridge. 

In the event of failure of one stage of a two-stage 
cartridge, the remaining stage is designed to 
handle full system pressure differential without a 
serious loss of remaining lifetime. However, the 
margin of backup is reduced. With one "failed" 
stage, and all pressure across the one remaining 
stage, the close-clearance bushing above the 
seal cartridge provides the only backup. 

For the three-stage CANED seal cartridge 
supplied for Darlington main pumps [7], more 
complex seal condition maps were needed. 
These are shown in Figure 5 for three values of 
upper stage leakage, at 10 MPa system 
pressure. These "maps" show condition of the 
lower and middle seal stages (based on their 
leakage and the pressure drop across them) as 
calculated from the two (monitored) interseal 
pressures. All maps are for equal staging coils. 

As indicated on the maps, a "deteriorated" seal 
stage is defined in this case by AECL as having 
more than 0.3 Umin leakage per MPa of 
pressure drop across it (i.e., 1 Umin for normal 
staging of 3.33 MPa). A stage is 
correspondingly defined as 'failed" when it 
reaches 1.5 Umin/MPa (i.e., 5 Umin, or about 
1.2 gpm, for normal staging pressure). "Normal" 
condition, as shown by the cross-hatched area 
on the maps, refers to the lower and middle seal 
stages only, not the upper stage. The condition 
of the upper stage derives from upper interseal 
pressure and upper stage leakage ("back-end" 
of the cartridge), which must be measured, or 
reasonably estimated from a sightglass, or other 
reading. This is because not only does it identify 
whether the upper stage is "deteriorated" or 
"failed," but it also tells which map is the 
appropriate one to use to determine the 
condition of the lower and middle stages. If 
actual upper interseal pressure is lower than 
covered by one or another map, it is probably 
because upper stage leakage is more than that 
map is plotted for. For example, if upper 
interseal pressure is less than 2.6 MPa, upper 
stage leakage must be more than 1 Umin (see 
Figure 5b). 

The maps show that the wrong conclusion 
regarding condition of the lower and middle 
stages would come from using the wrong map. 
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Each map is conservative if used when actual 
leakage is less than the value it is drawn for, i.e., 
it may predict the lower and middle stages to be 
failed or deteriorated, when in fact they are not. 

For system pressures lower than 10 MPa, it is 
again recommended to relax the deterioration 
and failure criteria in proportion to the pressure, 
the rationale being that (i) at lower pressure the 
consequences of seal failure (potential for spill) 
are proportionately less, and (ii) the seal is 
naturally less stable because of the greater 
influence of forces other than pressure. 

In the event of failure of one or two stages of a 
three-stage cartridge, the remaining stage(s) will 
again handle full system pressure differential 
without serious loss of remaining lifetime. With 
one "failed" stage, the cartridge still has the 
backup inherent in a two-stage cartridge. With 
two stages "failed" and all pressure across the 
one remaining stage, the bushing above the 
cartridge again provides the only backup. 

TYPES OF FAILURE 

A further consideration is the type of failure [3] at 
risk with "sick" or "old" seals. If this can be 
diagnosed, it can be used in decision-making 
about when to schedule replacement. There are 
many modes of failures and causes for them. 
Many are design-related and can be ignored if 
the design in question is already proven to give 
acceptable lifetime for the expected operating 
conditions. Table 1 lists the remaining causes. 

The boxes show whether each cause is unlikely 
to lead to each mode of failure, or whether 
failures would be gradual or sudden. If the 
probability of sudden failure can•be ruled out by 
knowing what causes exist or have existed, and 
what symptoms have been observed, it becomes 
much less risky to continue running. This points 
to the benefits of collecting and using data on 
seal deterioration and failure modes / 
frequencies, as described in the next section. 

RELIABILITY-BASED SEAL REPLACEMENT 

Considering normally behaving seals next, there 
is often scant data from which to derive a seal 
lifetime probability distribution. The population of 
seals is small, there are many design 
differences, they are subjected to different 
conditions in different plants, and few are 
allowed to serve long enough to fail. For a new 

plant or application there may truly be no 
relevant data, in which case the first 
maintenance strategy is to generate some! 

The strategy for doing this without suffering 
undue failures is to identify significant failure 
modes and, where possible, to assess the 
percentage lifetime used up by non-failed seals. 
This requires inspecting them carefully when 
they are removed for preventative maintenance. 
Probabilities of failure in the next increment of 
time can then be calculated using this data, 
factoring-in the obvious information that currently 
operating seals have not failed up to their current 
"age." 

As the starting point for a design being newly 
introduced to a plant, at least one seal should be 
taken out early—not left beyond its target design 
lifetime. If in good condition, this allows the next 
preventative replacement to be deferred, and so 
on, with increasing confidence in the decisions. 
Eventually enough data exists to be very 
confident when to take a "good old-un" out of 
service. This is the situation that has been 
cultivated with the CAN2A seal. 

PREDICTIVE MAINTENANCE—CAN2A 

The CAN2A two-stage seal cartridge, a 
forerunner of the CAN8 design, is installed in 
twelve pumps in three BWRs [8]. A predictive 
maintenance strategy has been well developed 
in their fifteen years of use. 

Service Data 

All CAN2A seal service data is summarized in 
Figure 6, showing dates of installation and 
replacement, including reasons and, generally, 
the amounts of wear. Of the thirty installations to 
date, there have been eighteen replacements, 
classified as follows: 

No. of 
Seals 

8 
2 
3 
4 
1 

Seal-Related Reason for Replacement 

No seal-related reason—seal performing normally. 
Unknown. 
Sleeve and U-cup deterioration 
Unusual (out-of-specification) operating conditions. 
"Infant mortality (faulty maintenance). 

From detailed inspections, there is extensive, 
quantitative data on carbon seal face wear, with 
qualitative data also for deterioration of all other 
seal parts. No CAN2A seals have worn out, and 
at least half the eighteen seal cartridges 
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without serious loss .of remaining lifetime. With 
one "failed" stage, the cartridge still has the 
backup inherent in a two-stage cartridge. With 
two stages "failed" and all pressure across the 
one remaining stage, the bushing above the 
cartridge again provides the only backup. 

TYPES OF FAILURE 

A further consideration is the type of failure [3] at 
risk with "sick" or "old" seals. If this can be 
diagnosed, it can be used in decision-making 
about when to schedule replacement. There are 
many modes of failures and causes for them. 
Many are design-related and can be ignored if 
the design in question is already proven to give 
acceptable lifetime for the expected operating 
conditions. Table 1 lists the remaining causes. 

The boxes show whether each cause is unlikely 
to lead to each mode of failure, or whether 
failures would be gradual or sudden. If the 
probability of sudden failure cambe ruled out by 
knowing what causes exist or have existed, and 
what symptoms have been observed, it becomes 
much less risky to continue running. This points 
to the benefits of collecting and using data on 
seal deterioration and failure modes / 
frequencies, as described in the next section. 

RELIABILITY-BASED SEAL REPLACEMENT 

Considering normally behaving seals next, there 
is often scant data from which to derive a seal 
lifetime probability distribution. The population of 
seals is small, there are many design 
differences, they are subjected to different 
conditions in different plants, and few are 

maintenance strategy is to generate some! 

The strategy for doing this without suffering 
undue failures is to identify significant failure 
modes and, where possible, to assess the 
percentage lifetime used up by non-failed seals. 
This requires inspecting them carefully when 
they are removed for preventative maintenance. 
Probabilities of failure in the next increment of 
time can then be calculated using this data, 
factoring-in the obvious information that currently 
operating seals have not failed up to their current 
"age." 

As the starting point for a design being newly 
introduced to a plant, at least one seal should be 
taken out early-not left beyond its target design 
lifetime. If in good condition, this allows the next 
preventative replacement to be deferred, and so 
on, with increasing confidence in the decisions. 
Eventually enough data exists to be very 
confident when to take a "good old-un" out of 
service. This is the situation that has been 
cultivated with the CAN2A seal. 

PREDICTIVE MAINTENANCE-CAN2A 

The CAN2A two-stage seal cartridge, a 
forerunner of the CAN8 design, is installed in 
twelve pumps in three BWRs [8]. A predictive 
maintenance strategy has been well developed 
in their fifteen years of use. 

Service Data 

All CAN2A seal service data is summarized in 
Figure 6, showing dates of installation and 
replacement, including reasons and, generally, 
the amounts of wear. Of the thirty installations to 
date, there have been eighteen replacements, 
classified as follows: 

No. of Seal-Related Reason for Re~lacement 
Seals 

8 No seal-related reason--seal performing normally. 
2 Unknown. 
3 Sleeve and U-cup deterioration 
4 Unusual (out-of-specification) operating conditions 
1 "Infant mortalityn (faulty maintenance). 

From detailed inspections, there is extensive, 
quantitative data on carbon seal face wear, with 
qualitative data also for deterioration of all other 
seal parts. No CAN2A seals have worn out, and 
at least half the eighteen seal cartridges 

allowed to serve long enough to fail. For a new 
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replaced to date had no other significant 
damage. 

Data and probabilities for each of the actual and 
potential failure modes are now described. 

Failure Probability—Carbon Face Wearout 

Of the eighteen replacements (Figure 6), only 
thirteen were relevant for predicting carbon face 
lifetime. (Not used were those with less than six 
months running time, or uncertain wear.) From 
the data for these twenty-six stages, assuming 
constant rate of wear, the following probabilities 
of failure were calculated: 

Years 0-5 5-10 10-15 15-20 20+ 

No. with end of 
life during each 
5-year period. 

0 1 1 7 17 

P. per stage 

Pc, for either 
stage of two-
stage cartridge 

0% 

0% 

4% 

8% 

4% 

8% 

29% 

50% 

100% 

100% 

Conditional probability, Pc, is for a surviving seal 
to wear out in the next five-year period. The 
probability of failure for a two-stage cartridge is 
higher because wearout of either one, 
considered independently, would cause failure of 
the cartridge. From these probabilities it is seen 
that carbon face wearout is an unlikely failure 
mode until 15-20 years. 

Failure Probability—Sleeve & U-Cup 

There have been three occurrences of de-
staging because of deterioration of a sleeve or 
U-cup, causing seal replacements after 4, 8 and 
10 years. Failure probabilities derived from this, 
and similarly for other failure modes, are given 
later under "Combined Probabilities." Since 
there is no data beyond 10 years operating 
lifetime, any further extrapolation is speculative. 

Failure Probability—Unusual Operating 
Conditions 

Erosion of the rear of the carbon, apparently 
caused by the excessive dirt found in the seal 
(from the reactor coolant system), progressed 
far enough that two cartridges were replaced 
recently. This type of failure appears to correlate 
with particularly dirty water rather than operating 
time, hence the "unusual conditions" 
classification. 

Another unusual occurrence that caused failure 
of a seal in 1993 was an essentially 
instantaneous depressurization of the reactor 
coolant system during cold testing—a mistake by 
operations staff. This displaced a U-cup. 

In 1999, a cartridge ran overheated for at least 
four months through loss of external cooling—
something the seal was never designed to 
withstand. The nitrile upper stage U-cup 
hardened such that the cartridge de-staged. 

Based on the assumed random occurrence of 
these unusual operating conditions, which 
historically have required four CAN2A seal 
replacements in about 110 pump-years, the 
conclusion is a 3.6% annual probability of this 
type of failure in each pump. The conditional 
probability that a seal cartridge will fail by this 
mode during its next five years is 17%, 
independent of its age. For the first 10 years, 
this is the dominant failure mode. 

Failure Probability—Infant Mortality 

This type of failure occurs soon after re-start with 
a replacement seal that has been improperly 
assembled or installed, has faulty parts, or other 
problems associated with the change-out. This 
has happened once in thirty seal installations. 
Its probability is therefore 3% in the first year, 
and zero subsequently. 

Combined Probabilities 

Based on the preceding information, the 
conditional probabilities for a CAN2A seal to fail 
during its next five year operating period due to 
various causes are summarized as follows. 

Cause 1 Years 0-5 5-10 10-15 15-20 20+ 

Carbon Wear 0% 8% 8% 50% 100% 

Sleeve & U-Cup 8% 18% 25% 25% 100% 

Operating 17% 17% 17% 17% 100% 
Conditions 

Infant Mortality 3% 0% 0% 0% 0% 

Pc, Total 26% 37% 43% 69% 100% 

When to Replace? 

Between the fifth and tenth year the annual 
probability of failure increases from roughly 6% 
to 9%, then further to about 14% by the fifteenth 
year. Knowledge of the numbers provides the 
previously missing half of the information 
required for best preventative maintenance 
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replaced to date had no other significant 
damage. 

Data and probabilities for each of the actual and 
potential failure modes are now described. 

Failure Probability--Carbon Face Wearout 

Of the eighteen replacements (Figure 6), only 
thirteen were relevant for predicting carbon face 
lifetime. (Not used were those with less than six 
months running time, or uncertain wear.) From 
the data for these twenty-six stages, assuming 
constant rate of wear, the following probabilities 
of failure were calculated: 

Years - 0-5 5-10 10-15 15-20 20+ - 
No. with end of 0 1 1 7 17 
life during each 
5-year period. 

PC, per stage 0% 4% 4% 29% 100% 

PC, for either 
stage of two- 0% 8% 8% 50% 100% 
stage cartridge 

Conditional probability, PC, is for a surviving seal 
to wear out in the next five-year period. The 
probability of failure for a two-stage cartridge is 
higher because wearout of either one, 
considered independently, would cause failure of 
the cartridge. From these probabilities it is seen 
that carbon face wearout is an unlikely failure 
mode until 15-20 years. 

Another unusual occurrence that caused failure 
of a seal in 1993 was an essentially 
instantaneous depressurization of the reactor 
coolant system during cold testing--a mistake by 
operations staff. This displaced a U-cup. 

In 1 999, a cartridge ran overheated for at least 
four months through loss of external cooling- 
something the seal was never designed to 
withstand. The nitrile upper stage U-cup 
hardened such that the cartridge de-staged. 

Based on the assumed random occurrence of 
these unusual operating conditions, which 
historically have required four CAN2A seal 
replacements in about 1 10 pump-years, the 
conclusion is a 3.6% annual probability of this 
type of failure in each pump. The conditional 
probability that a seal cartridge will fail by this 
mode during its next five years is 17%, 
independent of its age. For the first 10 years, 
this is the dominant failure mode. 

Failure Probability-Infant Mortality 

This type of failure occurs soon after re-start with 
a replacement seal that has been improperly 
assembled or installed, has faulty parts, or other 
problems associated with the change-out. This 
has happened once in thirty seal installations. 
Its probability is therefore 3% in the first year, 
and zero subsequently. 

Combined Probabilities 
Failure Probability-Sleeve & U-Cup 

There have been three occurrences of de- 
staging because of deterioration of a sleeve or 
U-cup, causing seal replacements after 4, 8 and 
10 years. Failure probabilities derived from this, 
and similarly for other failure modes., are given 
later under "Combined Probabilities.'' Since 
there is no data beyond 10 years operating 
lifetime, any further extrapolation is speculative. 

Failure Probability-Unusual Operating 
Conditions 

Erosion of the rear of the carbon, apparently 
caused by the excessive dirt found in the seal 
(from the reactor coolant system), progressed 
far enough that two cartridges were replaced 
recently. This type of failure appears to correlate 
with particularly dirty water rather than operating 
time, hence the "unusual conditions" 
classification. 

Based on the preceding information, the 
conditional probabilities for a CAN2A seal to fail 
during its next five year operating period due to 
various causes are summarized as follows. 

Carbon Wear 0% 8% 8% 50% 100% 

Sleeve & U-Cup 8% 18% 25% 25% 100% 

Operating 17% 17% 17% 17% 100% 
Conditions 

Infant Mortality 3% 0% 0% 0% 0°/~ 

PC, Total 26% 37% 43% 69% 100% 

When to Replace? 

Between the fifth and tenth year the annual 
probability of failure increases from roughly 6% 
to gOh, then further to about 14% by the fifteenth 
year. Knowledge of the numbers provides the 
previously missing half of the information 
required for best preventative maintenance 



decisions. The other half involves the costs and 
dose for a "convenient" seal replacement (during 
an outage) versus one that is not (because it 
forces an outage). 

The probabilities derived from Plants A and B do 
not necessarily apply to Plant C (Figure 6). In 
this case, the CAN2A seal was modified slightly 
because the pumps in Plant C run at higher 
speed, among other operating differences. 
However, much remains the same as in Plants A 
and B. The most reasonable strategy is to 
weight the data according to the similarities and 
differences. For example, while no seal 
inspection or failure data yet exists from Plant C, 
Plant A and B data is being used uncorrected. 
As Plant C data grows, it will be factored in with 
several times the weighting. 

CAN8 seal introductions have similarly 
depended for their starting data on previous 
CAN-seal experience, with four different versions 
of similar heritage now having been installed: 
CAN8A & B in Bruce, CANBC for BWR, and 
CANED in Darlington. Data from Bruce is by far 
the most extensive. 

ELASTOMER AGING 

A final issue affecting pump seals is life of the 
elastomers [9]. These degrade with age and 
exposure to heat, radiation, stress, and other 
environmental factors or contaminants. They 
cannot be left in service indefinitely, or even on 
the shelf, without eventually failing. The age at 
which they fail, however, is usually beyond the 
normal replacement interval for reactor coolant 
pump seals unless temperature is unusually 
high. 

Elastomers are used for the 0 -rings, U-cup seals 
and drive belts in CAN-seals. They are individually 
packaged and provided with an Information Sheet 
(example in Figure 7) giving cure date and "install 
before" dates for normal or refrigerated storage. 
These "shelf lives" are based on several principles, 
(i) extrapolations from accelerated aging test data 
should be conservative and not be extrapolated 
beyond 10 years without back-up data from the field, 
(ii) shelf life should not "use up" more than 10% of 
the potential service life of a new part, (iii) shelf life 
beyond about ten years is of dubious value to the 
user, and (iv) new EPDM parts should not fail in 
10 years of normal service at up to 75°C (-160°F), 
including 20 Mrad radiation exposure (9 years after 
end of shelf life)—this time being generally sufficient 

to avoid replacing a seal cartridge simply through 
expiry of an elastomer part. 

The user is dependent on the seal supplier for 
this elastomer-specific information regarding 
aging. It then needs to be factored into the seal 
maintenance strategy, especially for excessive 
service temperatures or radiation exposures, 
and for any nitrile materials used. 

When a CAN-seal cartridge is replaced, the 
recommendation is to replace all the elastomer 
parts. This is not because they all wear or degrade 
at the same rate and none is ever re-usable. It is 
because they are relatively inexpensive, easily 
damaged, difficult to identify and trace, and all 
degrade somewhat in service compared with new. It 
is therefore fruitless to declare any elastomer part to 
have a longer service life than the "weakest link" in a 
cartridge, although longer shelf life is helpful. 

Failure Modes and Values for Elastomer Parts 

Only bore-type elastomer seals have significant 
potential for failing, thus cutting short the service life 
of the CAN-seal cartridge containing them. Face-
type 0 -rings leak very little when they fail, and drive 
belts in CAN-seals still function effectively even if 
broken or severely hardened. 

The most reasonable failure mode for non-spring-
loaded, bore-type seals is loss of sealing force 
through compression set. In static situations, 75% 
set is used as the most reasonable failure criterion. 
Extrusion is not an aging-type failure and is avoided 
in CAN-seals by appropriate design and material 
quality control. Chemical attack may occur, but only 
if the seal environment is contaminated. Similar 
comments rule out other conceivable failures such 
as explosive decompression or mechanical 
breakage. 

The axially sliding, bore-type 0 -rings and U-cups that 
accommodate shaft axial movement (axial seals) are 
most at risk. Wear may occur, but testing has 
shown it will not be life-limiting if misalignment, shaft 
vibration and contamination are normal and within 
specifications. These seals are live-loaded by 
springs in CAN seals, and are therefore not 
susceptible to failure by compression set. Their 
most likely failure mode is to become too hard to 
seal against scratches and undulations in the sleeve 
surface they must slide over, or too inflexible to keep 
contact with the sleeve during temperature 
variations. Shore A (Durometer) hardness greater 
than 90 is therefore used as the most reasonable 
failure criterion. 
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decisions. The other half involves the costs and 
dose for a "convenient" seal replacement (during 
an outage) versus one that is not (because it 
forces an outage). 

The probabilities derived from Plants A and B do 
not necessarily apply to Plant C (Figure 6). In 
this case, the CAN2A seal was modified slightly 
because the pumps in Plant C run at higher 
speed, among other operating differences. 
However, much remains the same as in Plants A 
and B. The most reasonable strategy is to 
weight the data according to the similarities and 
differences. For example, while no seal 
inspection or failure data yet exists from Plant C, 
Plant A and B data is being used uncorrected. 
As Plant C data grows, it will be factored in with 
several times the weighting. 

CAN8 seal introductions have similarly 
depended for their starting data on previous 
CAN-seal experience, with four different versions 
of similar heritage now having been installed: 
CAN8A & B in Bruce, CAN8C for BWR, and 
CAN8D in Darlington. Data from Bruce is by far 
the most extensive. 

ELASTOMER AGING 

A final issue affecting pump seals is life of the 
elastomers [9]. These degrade with age and 
exposure to heat, radiation, stress, and other 
environmental factors or contaminants. They 
cannot be left in service indefinitely, or even on 
the shelf, without eventually failing. The age at 
which they fail, however, is usually beyond the 
normal replacement interval for reactor coolant 
pump seals unless temperature is unusually 
high. 

Elastomers are used for the O-rings, U-cup seals 
and drive belts in CAN-seals. They are individually 
packaged and provided with an Information Sheet 
(example in Figure 7) giving cure date and "install 
before" dates for normal or refrigerated storage. 
These "shelf lives" are based on several principles, 
(i) extrapolations from accelerated aging test data 
should be conservative and not be extrapolated 
beyond 10 years without back-up data from the field, 
(ii) shelf life should not "use up" more than looh of 
the potential service life of a new part, (iii) shelf life 
beyond about ten years is of dubious value to the 
user, and (iv) new EPDM parts should not fail in 
10 years of normal service at up to 75°C (-160°F), 
including 20 Mrad radiation exposure (9 years after 
end of shelf life)-this time being generally sufficient 

to avoid replacing a seal cartridge simply through 
expiry of an elastomer part. 

The user is dependent on the seal supplier for 
this elastomer-specific information regarding 
aging. It then needs to be factored into the seal 
maintenance strategy, especially for excessive 
service temperatures or radiation exposures, 
and for any nitrile materials used. 

When a CAN-seal cartridge is replaced, the 
recommendation is to replace all the elastomer 
parts. This is not because they all wear or degrade 
at the same rate and none is ever re-usable. It is 
because they are relatively inexpensive, easily 
damaged, difficult to identify and trace, and all 
degrade somewhat in service compared with new. It 
is therefore fruitless to declare any elastomer part to 
have a longer service life than the "weakest link" in a 
cartridge, although longer shelf life is helpful. 

Failure Modes and Values for Elastomer Parts 

Only bore-type elastomer seals have significant 
potential for failing, thus cutting short the service life 
of the CAN-seal cartridge containing them. Face- 
type O-rings leak very little when they fail, and drive 
belts in CAN-seals still function effectively even if 
broken or severely hardened. 

The most reasonable failure mode for non-spring- 
loaded, bore-type seals is loss of sealing force 
through compression set. In static situations, 75% 
set is used as the most reasonable failure criterion. 
Extrusion is not an aging-type failure and is avoided 
in CAN-seals by appropriate design and material 
quality control. Chemical attack may occur, but only 
if the seal environment is contaminated. Similar 
comments rule out other conceivable failures such 
as explosive decompression or mechanical 
breakage. 

The axially sliding, bore-type O-rings and U-cups that 
accommodate shaft axial movement (axial seals) are 
most at risk. Wear may occur, but testing has 
shown it will not be life-limiting if misalignment, shaft 
vibration and contamination are normal and within 
specifications. These seals are live-loaded by 
springs in CAN seals, and are therefore not 
susceptible to failure by compression set. Their 
most likely failure mode is to become too hard to 
seal against scratches and undulations in the sleeve 
surface they must slide over, or too inflexible to keep 
contact with the sleeve during temperature 
variations. Shore A (Durometer) hardness greater 
than 90 is therefore used as the most reasonable 
failure criterion. 



Age-Related Data for Elastomers in CAN Seals REFERENCES 

The elastomers used in CAN seals are from a select 
group of compounds for which AECL has generated 
extensive aging data. This is summarized in 
Table 2. The EPDMs all have 10 years shelf life, (or 
20 years refrigerated), with subsequent service life of 
9 years at 85°C. For lower temperatures, and 
considering that air may be the environment rather 
than water, a conservative extrapolation of the data 
is that the rate of aging halves for every 20°C below 
85°C; hence 18 years service life at 65°C (150°F). 
For higher temperatures, it is conservative to 
extrapolate that the rate of aging doubles every 10°C 
above 85°C; hence 4-1/2 years at 95°C. 

Nitriles are only used where there is risk of 
contamination by oil. This is because the data 
shows them to be much more limited in their high 
temperature performance, as detailed in Table 2. 

These shelf and service lives assume there are no 
additional sources of deterioration. The stored parts 
must be kept in opaque plastic bags in an 
atmosphere free of contaminants such as ozone and 
oil vapours. The in-service water must meet the 
normal chemical and other requirements for nuclear 
plants, and the dimensional, runout and alignment 
specifications for the seal must be met. 

CONCLUSION 

The elements of a comprehensive preventative 
maintenance strategy for reactor coolant pump 
seals have been presented, along with the tools 
to implement it. Examples relate to AECL's 
CAN2A and CAN8 seals, to two-stage and three-
stage cartridges, and to seals showing 
symptoms of deterioration or not. The principles 
apply readily to other seals. They help users to 
make the best decisions about when to replace 
reactor coolant pump seals—those running 
normally and those showing signs of 
deterioration. If the best decisions are made, 
then the overall results will be for the best, even 
if the consequences in a few isolated cases are 
not. 
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Age-Related Data for Elastomers in CAN Seals 

The elastomers used in CAN seals are from a select 
group of compounds for which AECL has generated 
extensive aging data. This is summarized in 
Table 2. The EPDMs all have 10 years shelf life, (or 
20 years refrigerated), with subsequent service life of 
9 years at 85°C. For lower temperatures, and 
considering that air may be the environment rather 
than water, a conservative extrapolation of the data 
is that the rate of aging halves for every 20°C below 
85°C; hence 18 years service life at 65°C (1 50°F). 
For higher temperatures, it is conservative to 
extrapolate that the rate of aging doubles every 10°C 
above 85°C; hence 4-112 years at 95°C. 

Nitriles are only used where there is risk of 
contamination by oil. This is because the data 
shows them to be much more limited in their high 
temperature performance, as detailed in Table 2. 

These shelf and service lives assume there are no 
additional sources of deterioration. The stored parts 
must be kept in opaque plastic bags in an 
atmosphere free of contaminants such as ozone and 
oil vapours. The in-service water must meet the 
normal chemical and other requirements for nuclear 
plants, and the dimensional, runout and alignment 
specifications for the seal must be met. 
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then the overall results will be for the best, even 
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Table 1: Pump Seal Cartridge Failure Modes 
and Their Potential Causes 

MODE 

CAUSE 

Part 
Breakage 

Carbon 
Wear 

Erosion 
or 
Corrosion 

Sleeve 
Wear 

Axial 
Seal 
Extrusion 
or 
Binding 

Other 
Elastomer 
Degrad 
anion 

Old Age Unlikely Gradual Gradual Gradual Sudden Gradual 

Over- or 

Undet" 
Pressure 

Unlikely Gradual Unlikely Unlikely Sudden Sudden 

Over-

Temp. Sudden Sudden Gradual Unlikely Unlikely Gradual 

Thermal 
Shock Sudden Unlikely Unlikely Unlikely Unlikely Unlikely 

Shall 
Vibration. 
Misalign-
ment 

Unlikely Gradual Gradual Gradual Sudden Unlikely 

Dirt or 
other 
Contam-

motion 

Unlikely Gradual Gradual Gradual Sudden Unlikely 

Gas 
Entrain- 
ment 

Unlikely Sudden Gradual Unlikely Unlikely Unlikely 

Assembly 
Error Sudden Gradual Gradual Gradual Sudden Sudden 

Pan 
Detect Sudden Unlikely Unlikely Unlikely Sudden Sudden 

Excessive 
Transients Sudden Gradual Gradual Gradual Sudden Gradual 

LEAK COLLECTION 
(UPPER 

••••• 
FS1 

BUSHING SEAL 

••":, ‘I3 

Too 

STAGING 
FLOW SHUTOFF 

3 -TOW. VALVE 

NJECTiON 
SEAL 

C) INTERNAL 
1 STAGING 

COILS 

HEAT 
EXCH 

OCCORCI 
WATER 

it 

RECiRC 
WATER 

va 
P2 

SEAL 
CARTRIDGE 

UPPER STAGE SEAL 
RINGS 8 LEAKAGE 

JACKET COOLING 
By COMPONENT 
COOLING WATER 

IMPELLER 

IN

LOWER STAGE SEAL 
RINGS & LEAKAGE 

Table 2: Summary of Aging Data for 
Elastomers Used in CAN-Seals 

EPDM: E-96-9, 
E-86-4, E-84-9x, 
E-86-5-90 

10 years 
after cure 

date 

20 years 
after cure 

date 
Nitrile (NBR or 
Buna N): 
N-94-12, N-86-3 

6 years after 
cure date 

12 years 
after cure 

date 

Service 
Temp- 

erasure° 

Rated Service Life for 
N.86-3 Nitrite LI.Cups, 
Based on Hardening, 

& up to: 

Rated Service Life 
for N-94-12 Nitrile 
0 -Rings, Based on 
Compression Set, 

& up to 20 Aired 

Rated Service Life 
for MI EPDM 

Materials 
Used in CAN-

Seals, 

& up to 20 Mrad 1 Mrad I 20 Mrad 

45°C 9 years 6 years > 9 years >9 years 

55°C 41/2  years 3 years > 9 years > 9 years 

65°C 2% years 11/2  years > 9 years > 9 years 

75`C 400 days 270 days 9 years > 9 years 

85'C 200 days 135 days 41/2 years 9 years 

93T 100 days 67 days 2% years 41/2  years 

12.5"C 12 days 8 days 1CO days 200 days 

135°C' 6 days 4 days 50 days 100 days 

RECIRCULATK3N 
PUMP ROTOR 

 L .......\WATER•LuBRICATED 
 BEARING 

RESTRICTION 
BUSHING 

OUT 

Figure 1: Typical Reactor Coolant Pump, 
with Two-Stage Seal 

• Exposure to the listed temperature for the time quoted causes the matenal to degrade 
by aging such that it becomes no longer serviceable through hardening or compression 
set. All rated service times arc for constant scrvie at or below the listed temperature. 
However, limes ai difIcrcin temperatures can he prorated. For example. a a nitrite U• 
cup sees 2% years service in the 45.55°C range, then the temperature drops below 
45°C.IIS remaining service life (at < 45°C) is 4i years, giving 64: years total. 

Upper Staging 
Flow. S3 

Saf i+4 
Rya 

TamL T. 

UPNI 
Staging 

Ca il 

Mad& Staging 
How. S2 

Middle 
Staging 

Lower 
How. SI 

Upper Stage 
1,-+4v• L3 

UPPer 
Seal Stage 

Lower 
StaitInT 
Coil 

Pressure 
P3 

Mxklk Stage 
Ltmkap:.1.2 

System 
Pmcsure 

PI Lover 
Se 

cavity 

Low 
Saps 

rowp T1 

Slddk 
Sot Stage 

Sfiddh 
Mimed 
Press= 

P2 
Lover Stage 
Leakage. LI 

Lower 
Seal Stage 
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Table 1: Pump Seal Cartridge Failure Modes 
and Their Potential Causes 

Table 2: Summary of Aging Data for 
Elastomers Used in CAN-Seals 

BUSHING SEAL 

COOLING WATER 

WATER.LUBRICATED 

OUT 

after cure 

cure date after cure 

Exposure lo the listed tcnlperaturc iilr thc time quotcd causes thc matenid to degrade 
hy aping such that it becomes no longer .scrvicc;lblc through hardening or compression 
scL All rated service tames are ior constant servie at or hclow listed tempcnturc. 
Huwcvcr. times at diflcrcrlt tcnlpcraturcs urn be prorated. For examplc, if a nitrilc U- 
cup sees 2% years service in the 45-55°C mnpc. tticn the tcmpcraturc drops bclow 
J5'C, its rcnliuning service lifc (at c -15'C) is I'h ycars. giving 6%; years lolal. 

Figure 1 : Typical Reactor Coolant Pump, 
with Two-Stage Seal 
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Figure 3: Temperature Criteria for 
Deterioration and Failure of Two-Stage 

CAN8C Seal 

COMBINED OUTLEAKAGE (Staging Flow + Upper Seal Leakage) 

FOR UPPER STAGE LEAKAGE = 5 L./min 
(Do not use this map if actual leakage exceeds this) 
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Figure 5a: Upper stage is "Failed" for Any 
Upper Interseal Pressures Below 3.3 MPa 

Limin 

3 

FAILED: Too Much Leaka.e 

L.1) 

st. 

(Do not 

DE I laTIONS 

I. 

FOR UPPER STAGE LEAKAGE = 1 LJmin 
use this map if actual leakage exceeds this) 

and SI eq  

ei6J0 

-1 

' 

• tr) 

111 Deteriorated 
No. 2 Stage 

Upper Staging Coil 
Restricted 

Deteriorated 
No. 1 Stage 

Lower Staging Coil 
Restricted 

Both Seal Stages 
Deteriorated 

Normal 
Operation 

OF 

-; al me • 
6•4 Maw 

. f 212" 

o Lomoor, 
• Dol 

L •• DETERIOR 

h . 1_5 
or C111-oolumpo 

OTTO' 

Liro1oN1IPa of Promos 
6 • 0.1 LholoYMPrl 

Drop Soma& 

WON' 
, DeloiStrvoi: 
• 16446161:'.• 

:r • 

2 — 
No 2 Staging Flow No 1 Staging Flow 

*no 
crese4f r u 66161: • 

. WWI Douo.d 
. . 

son Few). a 

Both Staging Coils 
• - . ... . ...... . 

• 

... ... 

• 

1 — 
Restricted 

.. 
Dine tl W1.. 

".. 

- NOTE: 12••••1vo• <enrol IN °vial. pay...Owl...0 unl•••.
I. Lowee er N.1.241O4 apine ea.. r. dinclyd. 

0 
0 50 100 

2. Uwe, atop. lookage, I. roo6 116n twill. N11.. al MI, MilliV;• 

Interseal Pressure I System Pressure (%) 

Figure 4: Seal Condition Map Showing 
"Deterioration" and "Failure" Boundaries 

for Two-Stage CAN2A Seal Cartridge 
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Figure 5b: Upper Stage is Borderline 
Between "Normal" and "Deteriorated." 
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FRICTIONAL HEATING PLOT ELASTOMER TEMPERATURE 
Valid tor: LIMITS PLOT 

Upper Staging 8 Leakage Valld for All Condilions and Any 
3-10 Umin, Reasons 

Pressure 0.2-10 MPa. 
speed 450-1 800 rpm. 'out Qr 

UPPER ' V Y i  
STAGE 

Figure 3: Temperature Criteria for 
Deterioration and Failure of Two-Stage 

CAN8C Seal 

COMBINED OUTLEAKAGE (Staging Flow + Upper Seal Leakage) 

Upper Restricted Stag~ng Cod ARestricted Lower Staging Coll 1 
r Nn 7 SItnnino F I ~ W  NO. 1 s t a q i n ~  FIOW I 

Both Staging Coils , /I Fiesl;r 

0 50 IW 

lnterseal Pressure / System Pressure (%) 

Figure 4: Seal Condition Map Showing 
"Deterioration" and "Failure" Boundaries 

for Two-Stage CAN2A Seal Cartridge 

FOR UPPER STAGE LEAKAGE = 5 Umin 
(Do not use this map if actual leakage exceeds this) 

I , , . I . .  , , .  

0 1 3 4 5 6 7 8 9 1 0  

Secondary (Middle) lnlerseal Pressure (MPa) 

Figure 5a: Upper stage is "Failed" for Any 
Upper lnterseal Pressures Below 3.3 MPa 

FOR UPPER STAGE LEAKAGE = 1 Umin 
(Do not use this map if actual leakage exceeds this) 
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I Lowar or mkldlo .t.plng n a m  r e  blockd, or - 1  - 2 Uppr  .Iq. ln.LI.0. I s  mor. Ihn I h .  Illlo M t M s  m . p  I 

Secondary (Middle) lnterseal Pressure (MPa) 

Figure 5b: Upper Stage is Borderline 
Between "Normal" and "Deteriorated." 



PITT PUMP SEAL CONDITION MAP--
FOR UPPER STAGE LEAKAGE = 0 

(Use this map it actual leakage is drops 
and not as much as a steady trickle) 
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Figure 5c: Condition of Lower & Middle Stages 
Based on Interseal Pressures. Upper Stage 
Leakage "Normal" (not more than drops/min.) 

SITEii
GIEMIZSIE:M1== 
CEI=MII CETIMICES117121 

ism
=MEM 

11 Mil Mil" "° 
ES 0:01EMEZZEIZINSIZOCE1112 

EMI ZIPICMCCI WIEEZIEMCININ El onmtmEnnernira 
1:1=:=IMIN■ 

MEM.MIZZI 

fibliEMMI

ES 1:115. MEM =MEI liteMZIMECI 
ZI MS ES EMI NEMINtRIENEZ IENIEZZEMEMECI 

MIME EllEMIffil NZ= IEFEIZIIIIX 5

MIMICEIIMMEZEI 
CE=MENIIIIMMMMINIICIMEMIEZEI 

EMI IntiERCEIZIEWM 
III OMEN MIMES 

MIIMM=11111=CIENOCIMIIIIIIIMMEMIENIES 
I IIIIMMIMIIIINCENIMENI:1? NM= =MIZE 

12312MBINE MIMI.1111 11M i:ffilEINCEEliMIEN 
El=1:011. MIM =ME MINI=0:11EINEN ICILEMZE 

• Firm inscaliation in such p imp 
Seal champed fur pre% malle  or maim:mow,. Vicar: 171 II): S% dal in -13.1100 I. 

• Seat changed Imre use mridenial pleat deprossurlisthin caused U-cup or dgplaste. 
Vera.: 654 fell; 0% 021 ln -3-1i0O h. 

• ;Sea! changed irt trod plain pump. (Coolie repair./ Wein 181 i01 it 291 (Ill in -40.0011 h. 
• Seal changed /,+ mai main pump. (Cutler repair.) Wear: 7054 0: 05 (AI) In -27,(010 h. 
04 toll changed itr raid gain pump. iCuoier rcpalr.) Weer .265 10D: 215 (021 in -410.01.10 I. 
• STAllchanged co maintain pump- (CnvplIng l.nMc.i Weer! 141 it 211 412) 1st. -MAIO h. 
▪ Unknnwn reasim rhaage, unreel tr&cl seer. 
• Gnicto mut 'wagon fi r change: .101001 rrru weer reported In -111.000 h-
1. Seal changed A tr pump Malgtrnonce. Wren. 91 (Ill: 101 (12.1 in -20.000 h. 
▪ Neal changed fir pre wenistit. 211 III ): 145 ilfip in -45.000 h. 
a because iir slightly high inicrscal pre saris (.1rel e grouted). 

Wear: 265 ); /35 (021in -15.1100 h. 
F Seel changed lion... ,d slightly I..w hiller:seal peemn re (cletio gem,  edi. 

Tattier, 155 III it 215 (02) in -67L000 h. 
• Neal changed hesmom bb lard cooling, hardened upper -map gc reused de-staging. 

Weer; -3511011 h. 
Scot changed tor pre, enladlir main irmince. Wear said hp fee kin Shan 465, In 51.0411111. 
Nerd changed because Ii wax nil I ni In. in., high and Wrar: aerse-harrely run. 
Sent changed heves. or EA-moping—dirt clewed reasIt.n. 

Weer said co be 4.17 link In lh -21.1110 h r4.114. 
Seal changed hermum id ANN. de•sIggIng—diri roased crude.. 

Wear: -1111 in -SION1 h. 
▪ Seel ehanFrd bemuse sir dr-,LogIng In -3(41 (xlmir pgnored). 

175 3); 21.1 11121In -(IF0110 h. 

Figure 6: All CAN2A Seal Replacements, 
Reasons and Wear Data. 

AECL EACL 

CANS 

INFORMATION) INSPECTION SHEET NO.: 

PART NAME: 

PART No.: 

AECL DNAWING No.: 

mann IAL: fyi.• 

Serial No 

An,  No Detail No 

Compo.hd No.: 

Spar. No.: 

Balch No.! OA Cat . 

PO No.: IFIR Nu - 
MOULDING: 

Core Data: OA Cat.; 

SHELF LIFE N,grn„i sk,g e (gp4.cy flefe.:ggrated Slop age 1c4 C) 

Bolore. 

INLSERV ICE AGING Good go it ism s piers at nofmel Non.. .11•C ...MP, 20 Moe 
roam. scums. Fair Ere...assets-ores am rem at epol toyer 
ammo. a. on. immerse. :a reeoble ea,krx AEU 0, *00,

QUALIFICATION 
TESTING:  AECL Technical Procedure Pfl-FST1.1-2 

Stir,  in the apigi,al black pla age hap In ar atmosphere bee from :aim tenants (axone. rat 
aapo.ri. WC.). al le rrp.1311.1.” a1-3.r 21'0175.M. Fcr 4o6ble •he shot. dm use raroporeard 
swags order rirC Nora) 

Elastomers shat ,.Schad to 12E 't al the Irse elm moIoreoual length to VISUAL Ca/tern any surface blerriteMo aura m pas ef crick. and 1, 0111 any queasy 
INSPECTION Wont per AR-FSTO.10. 

BLANK SAMPLE SHEET 
FOR ELASTOMER PART 

EMT lord Data Atceplod DotEr 

Part Stales: Accept ❑ Helsel NCR No 

OA Rel.ase Signal rt. 

Figure 7: Typical Information Sheet for CAN-
Seal Elastomer Part 
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PHT PUMP SEAL CONDITION MAP-- 
FOR UPPER STAGE LEAKAGE = 0 

(Use this map if actual leakage is drops 
and not as much as a steady trickle) 

I '  " l " " l l l " l ' ~ - " ' ~ " l i ~ ~ ~ , l . ~ l , ~ .  
DEFINITIONS OF "FULED' L 'DETERIORATED' 

I 

NOTE P m w s 8  cmnd b8 ouhlds g~WIh.d.d rsaa un lsu  
1 ~ o w w  w rntdd~. staglnp now* m blocked, or 1 
2 uppar 1t.O. ~ w k a w ~ a  m a *  t h ,  th. tin* d ma map 8hMs 

Secondary (M~ddle) lnterseal P r e s s u r e  (MPa) 

Figure 5c: Condition of Lower & Middle Stages 
Based on lnterseal Pressures. Upper Stage 
Leakage "Normal" (not more than dropsimin.) 

Fimt inslallatic~n i n  cnch ptlmp 
Sral changed for prr\rntatlvc maintennncr. Wear: 17% 1#1h 5% 1X2) i n  -13.W h. 
Seal chnnprd because icc idenbl  plant d r p m u r l w t i o n  a u x d  Ucup III displace. 

Wrar: 8% (Y11: 8% (Y2) i n  -3.IJOo h. 
Scul changed to maintain pump. ( C d r r  repuir.1 Wear: 18% (XI); 29% 112) i n  JO.U(tI1 h. 
Scnl changrd 10 maintuin pump. ( C d r r  rrpuir.) Wear: 20% IY.1); 8% (Y2) i n  -27,IMMl h. 
Scvl chnngcd tu malntain pump. l C d e r  rrpuir.) Wear: 26% (XI); 21 Pn ( I t )  i n  4 , O U U  h 
Sral Aungrd  l o  muinhin pump. ( C ~ r o p l i n ~  11lusc.j Wear: 14% (#I); 21% (U2j i n  -U).UOO h. 
Unknown rrrsoln f15r chanp; unmcordrd wtur. 
Uokn~rwn reason for chnny; almtlu( zero wcur rvportcd in  -III,W h. 
Seal ~ h a n g r d  for pump malnlrnunre. Wcnr: 9 4  (111 t: 14% (Y2) i n  -2U,W h. 
Seul chan~ed for pruvel l la l i~e muintmunrr. Wear: 21% (#I): 14% (W2) i n  -65,MHJ h. 
Scul chanpd  hccmuse crf sliphtly high intr rwal  p n w u r r  (slrrbr gm~vrd ) .  

Wtnr:  26% 111); 1 5 1  (112) ill -35,IH)O h. 
Seal chunyed kcvuse o f  slightly lnw i n l r r s u l  p m u r r  (sleer r gnn~rcd).  

Wear: 15% (#It; 21% (YZ) icr - 6 7 , W  h. 
Seal changed k c n u w  MIWM c ~ d i n g  hardened upppr U-cup (Ir crustd deslnging. 

Weur: :' in  -S6.0()0 h. 
Seal changed for prrvcntvtibe mrinlrnunce. Wrv r  %id 111 be lcss than 46% i n  65,WHl h. 
Svul chunpd  brcnusr il was w I  - I t8 in. loo high and de-sta~cd. Wear: zero-h.re ly run. 
Sral chvnged hrcm~tw of de-stmgir~y--dlrt caused rrnsi~m. 

Wear said to be brry I i t l k  i n  the -2lllHJ h run. 
Seal changed Iwcuure 111 slight d r - s t u g I 1 1 ~ 4 r t  caused rrusion. 

Wear: -15% i n  -53,0011 h. 
Seal rhangrd bcrpure ~ ~ l d r r l u ~ i n g  111 -30% (sleeve gnu~vcd). 

H'rur: 17% (#I); 211 (XZt i n  -KS.U(W) h. 

Figure 6: All CANPA Seal Replacements, 
Reasons and Wear Data. 

I u 1 
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JUC2Ma 
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rad~atwn expowre Each 1c'C ~ncrsaro douMcr me mls at agng Longer 
IONIC0 al lower brnporsNm ts haahlo: consun AECL lor detsiin 

QUALIFICATION 
TESTING: AECL Technical Procedure PR-FSTU-2 

Store In :he original black plaslic bag. In an atmosphere hee from contarrunam (ozone, on1 
vapours, etc.), al tengeratures under 24°C (75'F). For double the sheH Ide use relngerated 
storam under 4'C (4O.F). 

aslomdfs s a I be stfelc e to 125% o t e ree circum erenlia sngl to 
zscern any ShUdaca blem,","s S U C ~  as ;*sho!cracks and note a?: q u k ~ y  

INSPECTION dslects pet PR-FSTU-18 

BLANK SAMPLE SHEET 
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P a r t  S t a t u s :  Accepl 

QA Release S~gnature 
NCR No. - 

FOR ELASTOMER PART 

Figure 7: Typical Information Sheet for CAN- 
Seal Elastomer Part 
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