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This paper presents an evaluation of the impact of typical variations in

configuration of the design of the High Pressure Injection (HPSI) System on

system unavailability. The work was done in support of USI Task A-45 (un-

resolved safety issue on decay heat removal).

The HPSI systems in seventeen nuclear power plants were reviewed for vari-

ations in design, systems operation, testing and maintenance policies, and pos-

sible sources for common cause failures. The power plants reviewed include

PWRs with two, three and four loop Reactor Coolant Systems and cover a l l three

PWR vendors. As a result of this ef for t , the following f ive representative

configurations (along with some variations) were identified and their unavail-

abi l i ty to in i t ia te injection was estimated.

Configuration 1: Two Safety Injection Pump (SIP) trains and two Safety

Charging Pump (SCP) trains.

Configuration 2: Three SCP trains.

Configuration 3: Two SIP trains with common suction and discharge piping.

Configuration 4: Two SIP trains with limited common piping.

Configuration 5: .Three SIP trains.

Configurations 1, 2, and 3 are with common suction and discharge pipings,

while for Configurations 3 and 4 common pipings are l imited. Sample configura-

tions are shown in Figure 1.

*This work was performed under the auspices of the U.S. Nuclear Regulatory
Commission.
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The success criteria (in terms of required trains) for each of the

configurations are given in Table 1.

Fault trees were developed and evaluated for each of the five configura-

tions and their variations. The trees include support systems (AC power

supply, DC control power supply, and component cooling water) and dependent

failures between similar components (pumps, motor operated valves, manual

isolation valves, check valves, strainers, emergency diesel generators, DC

batteries and battery chargers). The ss-factor method^-] was employed to

parametrically quantify the dependent failures. Human errors during repair,

test, and maintenance which resulted in. leaving manually or motor-operated

valves in faulted states are also included. The data base provided in

Reference 2 was used in the quantification of the fault trees in order to

emphasize the impact of configurational variation.

The results of the unavailability calculations are summarized in Table 1.

In general, Configurations 1, 2, and 3 are characterized by a higher unavail-

ability than Configurations 4 and 5. This difference is mainly due to the

larger number of automatic isolation valves (IV) that must open or close upon a

Safety Injection Actuation Signal (SIAS) in the former group of designs than in

the latter.

Although the calculated system unavailabilities of designs 4 and 5 are

lower, the injection of the emergency cooling water into the core usually

starts at lower reactor cooTant pressures than for designs 1, 2, and 3. This is

because of the lower shutoff heads of safety injection pumps in the Configura-

tions 4 and 5. This is an important difference affecting the feasibility of

feed and bleed. This difference has not been factored in this analysis and

could offset some of the apparent advantages of the designs 4 and 5.
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It is noteworthy that there is no significant improvement in the system

unavailability when the configuration changes from two trains to three trains

(e.g., Configurations 2 and 3, and 4 and 5). This is due to the large contri-

bution of the common cause failures. Strainer plugging and human errors

leaving valves at faulty positions are examples of the most significant con-

tributors. In addition, the mini-flow line in several instances is required to

protect the SI pumps from overheating during the time period when the RCS pres-

sure is higher than the shutoff pressure of the pump. Inadvertent blocking of

the mini-flow line could contribute as much as 30% of the system unavailabil-

ity.

In summary, the impact of design differences of the HPSI systems on the

system unavailability has been evaluated. A major conclusion is that

additional redundancy (3rd train) does not increase the availability of the

system significantly since dependent failures dominate.
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Table 1 Calculated System Unavailability (on demand)

CONFIGURATION

Configuration 1

Configuration 2

Configuration 3

Configuration 4

Case 1: 2 suction
lines from RUST
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1i ne from RWST

Configuration 5
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connection between
suction lines
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


