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ABSTRACT 0 Review of historical maintenance requests and design
changes that had had been made to improve system

The steam generator blowdown (SGBD) system is used to performance.
remove impurities from the steam generators in order to * Review of the SGBD performance and its design
maintain steam generator (SG) water chemistry within capability, including line velocities, to support
specifications. The oginal SGBD systems at Diablo Canyon recommended blowdown design flow rates.
power plant (DCPP) were designed in the early 1970's, and 0 Review of the Steam Generator Owner's Group (SGOG)
since that time the industry I has changed its practices regarding and Electric Power Research Institute (EPRI)
water chemistry. DCPP has operated its SGBD system above reconimendationS3 were made and compared with the
its design flow rate. This resulted in a history of high DCPP design.
maintenance and unreliable operation. Subsequently, DCPP
implemented extensive modifications in order to accommodate Based on the above and the historical trend of increasing
the higher industry standard2 flow rates. These modifications blowdown flow rates, it was recommended4 that the recycle
resulted in a more reliable and rugged system. Additionally, (flash tank) system, which was designed for 0.5% Main
significant savings were realized due to an increase in net plant Steaming Rate (MSR), be upgraded to 1.0% MSR. The
output and a reduction in the required plant makeup water by blowdown should be routed entirely through the recycle
recovering steam generator blowdown. portion of the blowdown system. This is equivalent to

approximately 400 gallons per minute (GPM) hot, or 300 GPM
INTRODUCTION cold.

The SGBD systems for both nits at DCPP required Implementation of the SGBD project recomniendations.
frequent maintenance. Components, such as the flash tank and resulted in replacement of the existing flash tank, controls, and
blowdown tank required extensive repairs during each outage. selected piping and valves. The components were sized for
Associated piping, blowdown flow control valves and high higher flow rates and made of materials that are better suited to
pressure drop valves required frequent repair and/or the harsh operating conditions.
replacement. These maintenance concerns were determined to
be the result of: SYSTEM DESCRIPTION

• Operating the blowdown system beyond component design The SGBD system (Figure 1.0) is used to remove
flow rates. impurities from the shell side of the steam generators, and

• Unavoidable, adverse fluid conditions in the blowdown provide smpling functions for the secondary system water

(two phase flow due to flashing of saturated liquid). chemistry. During plant operation, impurities introduced into
• Materials which were not compatible with operating the steam generator are concentrated in the shell-side water.

conditions. Corrosion and wear products, main condenser leakage,
• Severe pressure and level control problems due to an contaminated makeup water, and primary-to-secondary leakage

undersized flash tank. are all possible sources of impurities that may have undesirable
effects on the SG performance and durability. These

Engineering personnel performed an evaluation of the concentrated impurities must be removed to maintain the steam
SGBD system with a goal to improve the maintainability, generator water chemistry within specifications.

reliability and effectiveness. The evaluation included the While the plant is operating, a small amount of shell-side
following key activities: water is continuously bled from the bottom of each SG. This

water flows through containment isolation valves to the
blowdown flash tank (Refer to Figure 20) where part of the
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2. FOR CLARITY, BLOWDOWN SAMPLE SYSTEM NOT SHOWN.

3. FOR CLARITY, RESIN REGENERATION SYSTEM NOT SHOWN.

FIGURE 1.0
STEAM GENERATOR BLOWDOWN SYSTEM (ORIGINAL)
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FIGURE 20
STEAM GENERATOR BLOWDOWN SYSTEM (NEW)
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water flashes to steam and is vented to either the main Water Chemistry:
condenser or the number 3 feedwater heater. The water that
remains in the flash tank is cooled by maincondensate in the Frequent shutdown of the system for maintenance
blowdown heat exchangers, purified in the blowdown created unacceptable water chemistry conditions in the
dernineralizers, and finally returned to the system via the main steam generators which in turn contributed to steam
condenser hotwell. In addition, a small portion of the generator degradation.
blowdown water is directed to the Secondary Sampling System
where it is analyzed to determine steam generator pH,
conductivity, sodium, and chloride concentrations. The SGBD SYSTEM EVALUATION
blowdown water may be directed to the blowdown tank.

An evaluation of each of the above concerns is
Prior to modification, both the blowdown tank and the summarized below4:

flash tank were used continuously to blowdown 1% MSR.
Approximately 35 percent of the blowdown flow flashed to Erosion, Maintenance and Water Chemistry:
steam in the blowdown tank and was vented to the atmosphere.
The remaining liquid was normally discharged by gravity to Generally, the blowdown flows out of the steam
the ocean via the outfall structure. generators at saturated conditions 05 psia) and starts to

flash immediately. The flashing increases as the pressure
MAINTENANCE AND OPERAT10NAL CONCERNS drops in the piping and valves. Consequently, component

deterioration due to erosion was experienced. This
Continuous operation under adverse fluid conditions (i.e., phenomenon was particularly severe in the piping near the

saturated and flashing hot water at high flow rates) caused blowdown and flash tanks and in the tanks themselves.
maintenance and operational concerns with the SGBD system.
These are grouped into the following major areas: Furthermore, at the time DCPP was originally

designed, the industry was less sensitive to the problem of
Erosion: erosion. Tanks, piping and valves were made of carbon

steel. Carbon steel is not compatible with the adverse
Blowdown piping, wear plate, and other tank internals blowdown fluid conditions (i.e., hot, flashing fluid). The

have been prone to erosion due to flashing, vibration, and system modifications incorporate chrome-moly piping and
impingement. Similarly, there were erosion problems on a stainless steel flash tank, both of which are more eosion-
the throttle valves. The flash tank impingement screen corrosion resistant than carbon steel in this environment.
failed in the past due to erosion. In addition, piping near
the flash tank and the blowdown tank was severely eroding The blowdown system, as originally designed (0.5%
due to flashing. MSR or 150 GPM) did not meet the recommended

guidelines of EPRI and the SGOG. DCPP frequently
Control: operated the SGBD system at 300 GPM (cold) utilizing

both the blowdown tank and the flash tank, which was 150
As confirmed by a test conducted on August 10, 1989, GPM above its design flow rate. This resulted in higher

flow measurement was inaccurate due to flashing two- fluid velocities in some portions of piping and more
phase flow). The control system for the flash tank was not flashing of the blowdown fluid (Table 1). The increased
functioning properly due to inadequate control volume. flashing and higher than acceptable velocities caused
Specifically, the small volume caused rapid fluctuations of extensive erosion/corrosion damage to tank internals,
level and pressure in the flash tank which led to the cycling valves and piping.
of flow control valves PCV-14 and PCV-797.

:Me improved materials of construction and ehanced
Maintenance: SGBD system design 1% MSR) ensures more reliable

operation of the SGBD system and improved
Manual valves, air operated valves, and the maintainability.

containment isolation valves leaked frequently. Isolation
Valves which were not easily accessible required frequent Control:
maintenance.

Level and pressure control difficulties with the flash
Safety: tank were experienced due to high flow rates and

insufficient control volume for the flash tank. These
Erosion of piping and components could cause steam conditions also resulted in less than the intended use of the

and hot water leakage creating potential safety hazards. flash tank heat recovery feature, causing losses in plant
Water droplets falling from the SGBD tank vent exhaust efficiency. The flash tank and other blowdown control
during high blowdown rates were forming puddles and components (SGBD flow control valves, flash tank level
causing a personnel safety hazard. control system, flow orifices and pressure control valves)

are modified for the new higher blowdown recovery
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system flow rates. The new larger flash tank has sufficient system, various options to improve the performance of the
control volume to dampen pressure and level transients. system were considered. These options included:

Safety: 0 Providing a larger flash tank.
0 Replacing the existing blowdown system with high

The upgraded SGBD design minimizes the potential pressure heat exchanger trains.
for erosion and thus reduces the associated safety hazards a Augmenting the existing blowdown system with a similar
from leaking hot fluids. The system (Figure 20) is parallel blowdown system.
designed to use the Blowdown Tank as a back-up. 0 Cooling the blowdown by cold water injection.
Subsequently, the personnel hazard associated with
puddles forming near the blowdown tank would be Two of these alternatives emerged as the most viable. The
eliminated. first alternative involved the installation of a larger flash tank.

The second altemative involved replacement of the existing
DESIGN IMPROVEMENT GUIDELINES flash tank with a blowdown heat exchanger. Both alternatives

included extensive piping and valve replacements and provided
The SGOG and EPRI have developed a number of for recovery of blowdown liquid and cycle heat.

guidelines as a result of their studies on steam generator
blowdown system design and its impact on plant availability UPGRADED DESIGN
and steam generator life. The primary intent of these
guidelines is to ensure that the blowdown system will be The flash tank option was found to be the most economical
effective in controlling steam generator chemistry, and thus alternative, and the following upgrades were implemented
help inimize steam generator corrosion. In addition, the (Figure 20):
guidelines address the issues of beat recovery, water recovery,
and control of radioactivity. 0 Blowdown piping was changed from 2 to 3 and the

material was changed from carbon steel to chrome-moly.
Based on a review of the DCPP SGBD system along with 0 The existing flash link was replaced with a 400 GPM (hot)
EPRI and SGOG reports, the following basic guidelines for capacity stainless steel flash tank with an internal mist
improving SGBD system design were developed: separator and inconel erosion plate. For maintenance

purposes, internal personnel supports were installed inside
• The system design should accommodate a continuous the flash tank5.

blowdown rate of 1.0% MSR, and a high blowdown rate of Blowdown liquid may be recaptured and routed to the
3-7% MSR for short durations. condenser hotwell directly, or through the existing

• The system design should permit recycling the blowdown blowdown cleanup system.
fluid to the condensate system after processing through The atmospheric blowdown tank was not upgraded. It was
heat exchangers, filters and demineralizers. kept as a backup to be used for short duration high

• The system design should provide for grab sampling blowdown rates.
capability. The control system was upgraded to improve operability

• Each SGBD line penetrating containment should be and to ensure heat recovery by routing flash tank steam to
continuously monitored for radiation, with detection of the feedwater heaters. This was achieved by modifying or
radiation above a predetermined setpoint automatically replacing the following:
terminating or redirecting blowdown.

• The system should be sized for the maximum continuous I SGBD flow control valves FCV-20, 21, 46 and 47 and
blowdown rate, or be designed with a surge volume, flow orifices FE-48, 49, 50, 51, 55, 56, 57 and 58 were
generally an additional standby tank, to accommodate short redesigned and replaced.
duration, high blowdown rates. 2. A new level control valve LCV-91 and associated

• The energy contained in the system fluid should be controls were installed.
recovered by directing flashing steam to a feedwater heater 3. Flow indicators were added at the inlet and outlet
to improve the plant heat rate. connections to the flash tank to provide operators with

• The system design should incorporate flow control valves flow indications.
that are designed for their specific application. 4. Changed pressure control valve's (PCV-14) intemals

• Portions of the system subject to erosion, corrosion, or including the stem and plug.
cavitation should be constructed of chrome-moly or
stainless steel. BENEFITS OF UPGRADED SGBD DESIGN

ALTERNATIVES CONSIDERED The main objectives of the new blowdown system design
were to minimize maintenance and improve system reliability.

Based on an evaluation of the major problems at DCPP, Other significant benefits are summarized below (Table 1):
and input from personnel involved with the design,
maintenance and operation of the steam generator blowdown 0 Plant thermal efficiency is improved. A 8 megawatt

(MW) increase per unit is realized by this blowdown
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TA13LE I
SGBD System Parameters

Original System New System
Parameter
MSR Flowa - Pounds[Hour 14,499,860 518OF 14,499,860 518"F
SGBD Design Flow Rateb 0.5% MSR IMSR

Pressure Steam Generator 805 psia 805 psia

Flash Tank:

Pressure 150 psig I 0 psig
Size Yx 6 6'x II'
Capacity 350 gallons 2400 gallons
Material of Construction Carbon Steel Stainless Steel
Piping from Steam Generator 21r2 inches 3 inches
Piping Velocity Design Flow 7.6 feet per second 4.9 feet per second
Piping Material Carbon Steel Chrome - Moly

Flow Indication Not Provided Provided

Plant Output Increase due to Heat Recovery None 0.17% or 1.8 MW
Blowdown Water Recovery Savings 0 $ 385,000.00/year
Design can accommodate higher than I% No Yes, using standby
MSR blowdown blowdown tank

Notesi

a. Main Steaming Rate (MSR) is the total steam flow from the four steam generators (SIG)
b. 400GPMat5l8OF(IMSR)isequivalentto3OOGPM(approximately)ofblowdownflowat770F.

TABLE2
SGBD Project Implementation Summary (Both Units)

Project Statistics- New Piping Installed 3,000 feet
Direct Engineering Manhours 36,000
Construction Manhours 72,000
Design Change Packages Issued 1 8
Number of Craft Personnel 200
Engineering Personnel Involved 80

unit I Unit
• Started Evaluation May, 1989 N/A
• Issued Evaluation Report November, 1989 N/A
• Job Estimate Authorized October, 1990 October, 1990

• Issued Design Package December, 1991 April, 1992
• Construction Started September, 1992 February, 1993
• Construction Completed December, 1992 May, 1993
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system design improvement (equivalent to approximately The upgraded SGBD system has been operating safely and
$+3,600,000 net present value over the life of the plant). maintenance free. he erosion of piping and components has

• The new blowdown system is designed to recover and been virtually eliminated. The plant power increased because
recycle all blowdown water using the existing blowdown the energy contained in the flashed steam which was dumped
dernineralizers and a new blowdown bypass line to the into the atmosphere is being utilized to provide for feedwater
condenser. Te new blowdown system design results in a heating. 'Me improved control system allows operations to
substantial reduction in makeup water costs, resulting in a direct flashed steam to the heat cycle. Operations has
savings of 385,000 per year, per unit. experienced difficulty in keeping the Condensate Storage Tank

• Erosion/corrosion resistant chrome-moly and stainless steel (CST) oxygen level within the specifications because the
replaced carbon steel, making the system more suitable for enhanced SGBD system with its full blowdown water recovery
the high temperature, high pressure, flashing blowdown feature, eliminated the need for the make-up water to the CST.
fluid conditions. This should minimize erosion of piping This is being resolved by installing a piping interconnection
and components. from the flash tank discharge to the outside for emergency use

• The new blowdown system design resolves existing system only.
flash tank level/pressure control problems. Additionally,
increased flash tank size also provides for more stable In conclusion, the SGBD Upgrade modifications have been
operation by providing a greater control volume. successfully completed, resulting in significant improvements

• The new blowdown system still provides the option to in SGBD system reliability, maintainability, beat recovery, and
discharge clean blowdown to the environment. makeup water recovery.

• Potential for damage to the steam generators, and the
frequency of maintenance are both reduced due to material
upgrades. Additionally, the concentration of corrosive
solids in the steam generators is reduced by a more reliable
SGBD system. Both of the above changes will enhance
the life of the stearn generators.

• The likelihood of steam leaks caused by erosion/corrosion
is minimized, thus reducing the potential for personnel REFERENCES
safety hazards.
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The biggest challenge encountered during construction was
transporting the flash tank to its future location. In many
locations along its path of travel, the tank cleared existing
walls, piping or components by only a few inches. In addition,
limitations due to size often dictated that the tank be
transported through heavy load exclusion areas, which required
extensive rigging plans and equipment.

3-B-6


