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PALISADES PLANT - FINAL SAFETY ANALYSIS REPORT (FSAR) UPDATE, REV 0 

Russell B. DeWitt 
Vice President 
Nuclear Operations 

Your October 29, 1982 letter issuing the Final Integra,ted Plant Safety 
Assessment Report (IPSAR), NUREG-0820, for Palisades Plant provided 
notification und~r the provision of 10 CFR 50.7l(e)(3)(ii) that Consumers 
Power Company is required to file with the NRC, within twenty-four (24) 
months of our receipt of your letter, a complete Final Safety Analysis Report 
(FSAR) updated to within a maximum of six (6) months prior to the date of 
filing the revision. 

Enclosed are one (1) original and twelve (12) copies of the Palisades Plant 
Final Safety Analysis Report (FSAR) Update, Revision 0. This FSAR Update is a 
complete revision of the 1980 FSAR as amended and revised. To the best of my 
knowledge, it accurately incorporates all changes made to the Palisades Plant 
or to the Palisades Plant procedures as described in the FSAR and all the · 
other applicable information contained in licensing submittals made to the 
NRC through December 31, 1983. 

The Palisades Site E;mergency Plan, Security Plan, QA Program, Electrical 
Equipment Qualification Program and Fire Hazards Analysis are incorporated 
into the appropriate Chapters of .the FSAR Update through reference. Other 
infor~ation too bulky or complex for dii;ect incorporation is included as. 
Appendices to the appropriate FSAR Chapt~rs. 

Iri preparing the FSAR Update, Consumers Power Company directed its consultant, 
to main.tain in accordance with 10 CFR 50. 71 (e) the same level of detail as 
originally provided; to maintain essentially the same format as th~ original 
FSAR;. and, to include additional information in the Chapters where available 
to. conform as close as practicable to NRC Regulatory Guide 1. 70 · (Rev 3 11/78) 
- Standard Format and Content of Safety Analysis Reports for Nuclear Power 
Plants. 

Chapter 12 contains the information requested in NRC Generic Letter 84-14 
regarding Replacement and Requalf ication Training Program. 
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Chapter 13, Initial Tests and Operation, is included fn the FSAR,Update for· 
completeness only. It has not been updated but, rather, has been included in 
its entirety as originally submitted plus any amendments or revisions as 
clarified in the Questions and Responses (Item C, Question #2) referenced in 
the Statement of Considerations cont-ained in the Final Rule (45FR30614). _. 

Chapter 14 Update has not been included in this submittal as Consumers Power 
Company is still finalizing Chapter 14 and will submit it under separate cover 
at a later date but prior to the 24-month deadline established by 10 CFR 
50.71(e)(3)(ii). Space has been reserved, however, in Volume 10 of the Update 
for Chapter 14. 

We have revised the convention for designation of the FSAR "Sections" (1980 
FSAR) to "Chapters.". 

Furthermore, because the 'Palisades Plant is in an extended refueling outage, 
the Update reflects the status'of the Plant at its l~st day of normal 
operation with the inclusion of information on the following modif ica~ions 
scheduled to be completed by the.end of the current refueling outage: 

Auxiliary Building Addition 
Service Water Pump Spray Deflectors 
Electric System .Expansion 
Startup Power Load Shed 
Emergency Radiation Assessment System (ERAS) -
. - Containment Gamma and Hydrogen 
Critical Functions Monitoring System 
Auxiliary Feedwater System Upgrade 
Heating, Ventilating and Air Condition Modification 
Radwaste Solidif action System 

As a result of the extended refueling outage, several Facility Change Packages 
are still open and certain drawings are in various stages of revision. Update 
Figures 7-26, 7-62, 8-1 and 9-19 are currently in the revision process. The 
Update Figures represent the latest revision available from our Engineering 
Records Center. Revision of these figures will be submitted in Revision 1 of 
the Update which wi be submitted by July 1, 1985. 

Russell B DeWitt, Vice President 
Nuclear Operations 

-

CC Chief, Office of Nuclear Reactor Regulation 
Administrator, Region III, USNRC 
NRC Resident Inspector - Palisades 
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5.8-12 Sh 4 0 
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CHAPTER 1 

INTRODUCTION AND GENERAL DESCRIPTION OF PLANT 

1.1 INTRODUCTION 

1.1.1 GENERAL 

This update of the FSAR for the Palisades Plant is pursuant to the 
requirements of 10 CFR 50.71(e). It represents the current safety evaluation 
of the Palisades Plant by incorporating information relating to Plant 
modifications, revised analysis, additional studies and results of NRC special 
programs which became available subsequent to the release of the original FSAR 
on November 1, 1968. 

Inasmuch as possible, the original (existing as of 1980) FSAR chapter format 
has been retained except for the inclusion of new material or rearrangement of 
original material for editorial purposes. All appendices and amendments of 
the 1980 FSAR have been incorporated into the Update text. The Security Plan, 
Emergency Plan and the QA Program have been omitted from the Update and should 
be consulted independently. Per the instructions of 10 CFR 50.7l(e), the FSAR 
Update is self-standing, requiring that new information become part of the 
FSAR Update text rather than simply incorporating by reference only. New 
material not easily incorporable into the text may appear as new appendices . 
Most pages of the FSAR Update are new and cannot be directly compared to the 
1980 FSAR. 

1.1.2 LICENSING HISTORY 

Consumers Power filed, on Docket 50-255, a Construction Permit and Operating 
License (CPOL) Application (which included the PSAR) to the AEC on June 2, 
1966 for the Palisades Plant to be located near South Haven, Michigan. The 
application was for development of a 2,650 MWt (design core power) commercial 
nuclear-powered electrical generating facility to be operated at 2,200 MWt or 
an equivalent electrical output of 700 MWe. On March 14, 1967, the AEC issued 
Consumers Power a Class 104 Construction Permit CPPR-25, pursuant to 
Section 104(b) of the Atomic Energy Act, to construct a Combustion Engineering 
pressurized water reactor (PWR) with a full-power design rating of 2,650 MWt. 
Subsequent to the original CPOL/PSAR application, eight additional PSAR 
amendments were filed addressing NRC concerns and addition of the Technical 
Specifications. On November 1, 1968, Consumers Power filed with the AEC an 
Operating License (OL) Application (which included the FSAR) as Amendment 9 to 
the CPOL Docket 50-255, to operate the Palisades Plant at 2,200 MWt core 
power. Following submission of the initial FSAR as Amendment 9 to the CPOL, 
23 subsequent amendments to the FSAR were submitted to the NRC. They were 
identified as Amendments 10 through 32 to the CPOL Docket 50-255, the most 
extensive of which was the Full-Term Operating License (FTOL) Application, 
Amendment 28. In addition, nine minor revisions were subsequently submitted 
to the NRC . 
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On March 24, 1971, the NRC issued Interim Provisional Operating License 
IDPR-20 to be effective for 1-1/2 years to operate Palisades up to 1 MWt. 
Subsequent amendments to IDPR-20 were issued on November 20, 1971 to operate 
up to 440 MWt (20% power); March 10, 1972 to operate up to 1,320 MWt (60% 
power); September 1, 1972 continued operation at 1,320 MWt (60% power); 
October 16, 1972 authorized operations for 2,200 MWt (100% power - limited to 
60% power); and March 23, 1973 authorized operations for 2,200 MWt (100% power 
- limited to 85% power). That Operating License has since been amended 
numerous times to keep the Plant current with NRC standards and to reflect 
Plant modifications. 

On January 22, 1974, Consumers Power requested conversion of the Provisional 
Operating License DPR-20 to a Full-Term Operating License to operate at 2,638 
MWt (845 MWe gross) for a period of 40 years from the date of the issuance of 
the Construction Permit. As part of the FOL Application, which was submitted 
as Amendment 28 to Docket 50-255, a complete amendment to the FSAR was 
provided. This FSAR amendment included major revisions based upon: 

1. Incorporation of information related to the once-through circulating 
water conversion to a closed-cycle system with mechanical draft cooling 
towers and water treatment chemistry changes 

2. Increase in operating power to 2,638 MWt core power 

3. Incorporation of information related to Radwaste System modifications 
implemented to obtain conformance to Appendix I of 10 CFR 50 

NRC action on the request for an authorization to increase operating power and 
a Full-Term Operating License was delayed. The Provisional Operating License 
remained in effect indefinitely beyond its expiration date, however, under 
10CFR2.109. 

On August 12, 1977, Consumers Power requested that the Provisional Operating 
License limit of 2,200 MWt be increased to 2,530 MWt based upon reanalysis of 
safety evaluations and the improvements made with steam generator repairs. On 
November 1, 1977, the NRC granted Amendment 31 to DPR-20, authorizing 
operation of the facility at 2,530 MWt core power, which is the present Plant 
operating limit. 

On February 21, 1991 the NRC issued the Full Term Operating License. This 
license was based on an Environmental Assessment dated October 22, 1990 and an 
SER issued as NUREG 1424 on November 21, 1990. The license expiration date is 
specified as midnight on March 14, 2007. 

A chronological history of these license events is provided on Table 1-1 . 
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1.2 GENERAL Pl ANT DESCRIPTION 

1.2.1 PLANT SITE 

• The site for the Palisades Plant consists of approximately 432 acres on the eastern 
shore of Lake Michigan, in Covert Township, approximately four and one-half miles 
south of South Haven, Michigan. The area adjacent to the site is sparsely 
populated and is primarily farmland. The population along the lake increases 
during the summer months. See Subsection 2.1.2 for details on demography and 
Figure 2-2 for site layouts. 

• 

• 

The exclusion area for Palisades is defined as the property boundary shown on 
Figure 2-2. The minimum exclusion distance for the site is approximately 
2,300 feet (667 meters) and the nearest populati~n center area of more than 
24,000 residents is constituted by the cities of Benton Harbor and St Joseph 
which are approximately 16 miles south of the site. 

1.2.2 PLANT ARRANGEMENT 

Figure 1-1, Plant Site Plan and Plant Area Plan, displays the primary power block 
structures arrangement. The turbine building for the Palisades Plant is oriented 
parallel and adjacent to the shoreline of Lake Michigan, with the reactor 
containment building located on the east, or landward, side of the turbine building. 
The office and auxiliary facilities are situated east of the north end of the turbine 
building so that the entire complex is L-shaped. The reactor containment structure 
is located inside the corner of this "L." Equipment layouts are shown in Figures 
1-2 through 1-25. 

The containment building houses the NSSS, consisting of the reactor, steam 
generators, primary coolant pumps, pressurizer and some of the reactor auxiliaries 
which do not require access during power operation. The containment building is 
served by a circular bridge crane. 

The turbine building houses the turbine generator, condenser, feedwater heaters, 
condensate and feed pumps, turbine auxiliaries and certain of the switchgear 
assemblies. The north end of the turbine building provides shop and warehouse 
space. 

The auxiliary building and auxiliary building addition (radioactive waste building) 
houses the waste treatment facilities, engineered safeguards components, heating 
and ventilating system components, the emergency diesel generators, switchgear, 
laboratories, offices, laundry and the control room. The spent fuel pool and the 
new fuel storage facilities are located in a separate section of the auxiliary building 
(Chapter 9) which is under controlled ventilation whenever spent fuel is being 
moved or stored in that section. Fuel transfer to and from containment is through 
a fuel transfer tube . 
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The condensate and makeup demineralizer building (feedwater purity building) was 
constructed during the feedwater purity modification. It houses the raw water 
filtration system, the reverse osmosis pretreatment system, the makeup 
demineralizer system, various components of the condensate demineralizer 
system, regeneration chemicals handling system, feedwater purity service and 
instrument air, chemical storage and a boiler room. Because of continuing concern 
with resin leakage and sodium release, the condensate demineralizer system has 
been rendered inoperable and retired in place. 

The intake structure houses the service water pump and the fire protection pumps. 
Prior to converting the Plant from once-through cooling to closed-cycle cooling, 
this building contained the circulating water pumps. 

The cooling tower pump house contains two vertical pumps with sufficient head 
capacity to circulate the tube side condenser cooling water up to the cooling 
tower inlet near the tower top. The cooling tower basins are elevated some 
20 feet above the Plant. 

The circulating water cooling towers are cross-flow mechanical draft, located 
approximately 500 and 1,000 feet from the Plant. Each tower contains 18 cells 
and _is designed for a 30°F range. 

1.2.3 CONTAINMENT 

The containment building uses a prestressed concrete design. The building is a 
vertical right cylindrical structure with a dome and a flat base. the building 
interior is lined with carbon steel plate for leak tightness. Inside the structure, the 
reactor and other NSSS components are shielded with concrete. An unlined steel 
ventilation stack is attached to the outside of the containment building and 
extends to an elevation equal to the top of the containment dome. Access to 
portions of the containment building during power operation is permissible. 

The containment building, in conjunction with engineered safeguards, is designed 
to withstand the internal pressure and coincident temperature resulting from the 
energy released in the event of a DBA. The original structure design conditions 
are an internal pressure of 55 psig, a coincident temperature of 283°F and a leak 
rate of 0.1 % per day by weight at design temperature and pressure. Actual 
containment conditions calculated to occur foll.owing accidents are discussed in. 
Chapter 14 . 
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The containment is equipped with two independent, full-capacity systems for 
cooling by air recirculation or building sprays after the postulated DBA. The 
recirculation system is designed to provide maximum containment atmosphere 
mixing. The cooling coils and fans are sized to provide adequate containment 
cooling following a DBA with three of the four units in service on em.ergency 
power. The building sprays supply borated water to cool and simultaneously 
remove some, of the released fission products from the containment atmosphere. 
The spray system is sized to provide adequate cooling with two of the three 
containment spray pumps in service and the two shutdown heat exchangers in 
operation. Actual system_ capabilities and operating requirements for fans, coolers 
and sprays are discussed in Chapters 6 and 14. 

The pumps initially take suction' from the safety injection and refueling water 
storage tank. When this supply is depleted, the suction is transferred 
automatically to the containment sump. By the onset of this recirculation phase, 
trisodium phosphate is dissolved in the sump solution to neutralize the boric acid. 

1.2.4 NUCLEAR STEAM SUPPLY SYSTEM (NSSS) 

The NSSS consists of a pressurized water reactor with two closed loops. The 
principal components and supporting systems of the NSSS are the reactor vessel, 
internals, control rods, control rod drives, slightly enriched fuel, two "U" tube 
steam generators, four primary coolant pumps, primary system piping, pressurizer, 
quench tank, Chemical and Volume Control System, Safety Injection System, 
nuclear and process instrumentation, and the Reactor Protective System . 

The NSSS uses chemical shim and control rods for reactivity control and supplies 
steam to a four-flow, tandem-compound, hydrogen-cooled turbine generator. 

The NSSS is expected to have adequate margin to obtain an ultimate output of 
2,650 MWt. The steam and power conversion equipment is designed for a 
maximum expected gross capability of 845 MWe. See Table 1-2 for equipment 
design. The Primary Coolant System operates at a nominal pressure of 
2,060 psia. The primary coolant enters the upper section of the reactor vessel, 
flows downward between the reactor vessel shell and the core barrel, and passes 
through the flow skirt and into the lower plenum where the flow distribution is 
equalized. The coolant then flows upward through the core removing heat from 
the fuel rods, exits from the reactor vessel, and passes through the tube side of 
the two vertical "U" tube steam generators where heat is transferred to the 
secondary system. Two primary coolant pumps per steam generator return the 
primary coolant to the reactor vessel. 

1.2-3 Rev 20 



• 

• 

• 

1 . 

2. 

Reactor Vessel and Internals 

The reactor vessel and its removable hemispherical closure head are 
fabricated from carbon steel and are lined with 308/309 stainless steel. 
In the areas of internal attachments, the interior is clad with Ni-Cr-Fe 
alloy. A fixed hemispherical head is attached to the lower end of the 
shell. The reactor vessel is supported on three pads welded to the 
underside of the coolant nozzles. 

The reactor core is supported from the reactor vessel flange and is fueled 
with uranium in ·the form of slightly enriched U02 pellets. Zircaloy-4 
tubing with a minimum wall thickness of 27.5 mils is used for the fuel 
cladding. The core contains 204 fuel bundles and 45 control rods. 

A three-to-four batch, mixed central zone fuel management plan is 
employed and a further reduction in nuclear peaking is obtained by local 
enrichment zoning within the bundles. Boric acid dissolved in the 
coolant is used as the neutron absorber to provide long-term reactivity 
control. In order to reduce the boric acid concentration required at the 
beginning of the fuel cycle, and thus to make the moderator coefficient 
of reactivity more negative, mechanically fixed, burnable poison rods are 
utilized. 

Steam Generators 

The two steam generators are vertical shell and "U" tube units, each 
producing approximately 5.5 x 106 lb/h of steam at a normal operating 
pressure of 750 psia based on approximately 7910 active tubes in each 
steam generator. 

The steam generated in the shell side of the steam generator flows 
upward through moisture separators which reduce its moisture content 
to less than 0.2%. All surfaces in contact with the primary coolant are 
either stainless steel or lnconel in order to maintain primary coolant 
purity. 

3. Primary Coolant Pumps 

The coolant in the primary loop is circulated by four primary coolant 
pumps of the single suction centrifugal type. The pump shafts are 
sealed by mechanical seals. The seal performance is monitored by 
pressure and temperature sensing devices in the seal water circulation 
system . 
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Primary System Piping 

Each of the two loops which make up the Primary Coolant System 
consists of one 42-inch ID pipe and two 30-inch ID pipes. The larger 
pipe carries the water from the reactor to the steam generator. The flow 
from the steam generators is pumped to the reactor through the 30-inch 
ID pipes. 

Pressure Control System 

The pressure in the Primary Coolant System is controlled by regulating 
the temperature of the coolant in the pressurizer, where steam and water 
are held in thermal equilibrium. Steam is formed by the pressurizer 
heaters or condensed by the pressurizer spray to reduce pressure 
variations caused by expansion and contraction of the primary coolant 
due to primary system temperature changes. 

Overpressure protection is provided by spring-loaded safety valves 
connected to the pressurizer. The discharge from the pressurizer safety 
valves is released under water in the pressurizer quench tank, where it is 
condensed and cooled. In the event that the discharged volume of 
steam exceeds the capacity of the quench tank, the tank relieves via a 
rupture disc to containment. 

Reactor Control 

The reactor is controlled by a combination of 45 control rods and 
dissolved boric acid in the primary coolant. Forty-one of the control rods 
are full length, and four partial-length rods are also provided. The part
length rods are maintained in the fully withdrawn position during reactor 
operation and do not insert following a reactor trip. 

Boric acid addition or removal is used for reactivity changes associated 
with major changes in water temperature during start-up and shutdown, 
fuel burnup and xenon variations. Additions of boric acid also provide an 
increased shutdown margin during initial fuel loading, refuelings and 
approaches to cold shutdown condition. The boric acid solution is 
prepared and stored in two tanks and is maintained at a temperature 
sufficient to prevent precipitation. The tanks are connected to the 
charging pumps through automatic valving. 

Control rod movement provides changes in reactivity required for power 
changes or for shutdown to a hot condition. The control rods are made 
of a silver-indium-cadmium alloy clad with stainless steel welded into a 
cruciform configuration. They are actuated by control rod drive 
mechanisms mounted on the head of the reactor vessel. The control rod 
drive mechanisms, which are rack-and-pinion units, are designed to 
permit rapid insertion of the control rods into the reactor core by gravity. 
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Chemical and Volume Control System 

The purity of primary coolant is controlled by continuous purification of a 
portion, "letdown," of the total primary coolant volume. Coolant is 
removed from the primary system and is initially cooled in the 
regenerative heat exchanger. The coolant letdown is then reduced in 
pressure by orifices and letdown back pressure valves and again in 
temperature as it passes through the letdown heat exchanger. The 
letdown then flows through one of three demineralizers where corrosion 
and fission prod~cts are removed through a filter which traps particulate 
matter in the effluent from the demineralizer. It is then sprayed into the 
volume control tank. 

The volume control system automatically controls the rate and amount of 
coolant returned to the Primary Coolant System to maintain the 
pressurizer level within a control band and thereby compensates for 
changes in volume due to primary coolant temperature changes. The 
volume control tank is sized to accommodate primary coolant inventory 
changes resulting from load changes from hot standby to full power. This 
mode of operation, using the volume control tank as a surge tank, 
decreases the quantity of liquid and gaseous waste which otherwise 
would be generated. 

Chemical Treatment 

Primary system makeup water is taken from the demineralized water 
storage system and from the concentrated boric acid tanks. The makeup 
water is pumped through the regenerative heat exchanger into the 
primary loop by the charging pumps. 

Bleed from the primary system during a boron concentration reduction is 
routed to the radwaste liquid receiver tanks for processing through the 
Radwaste System before reuse in the Plant or disposal to the lake. 

Chemical injection equipment is provided for the addition of corrosion 
control chemicals to the primary loop water. Hydrogen is added to 
primary coolant for oxygen scavenging through the volume control tank . 
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9. Nuclear Control and Instrumentation 

a . 

b. 

c. 

Nuclear Plant Control 

The reactor control system provides for start-up and shutdown of 
the reactor and for adjustment of the reactor power in response to 
turbine load demand. The NSSS is capable of following a ramp 
change from 15% to 100% power at a rate of 5% per minute and 
at greater rates over smaller. load change increments up to a step 
change of 10%. This control is accomplished by manual rod 
motion. A temperature computing station calculates the reactor 
average temperature and a reference temperature value 
corresponding to turbine power. The reactor average coolant 
temperature and the reference temperature values are displayed to 
operators who manually adjust coolant temperature by moving 
control rods. Regulation of the primary temperature in accordance 
with this program maintains the secondary steam pressure and 
matches reactor power to load demand. 

Reactor Neutron Monitoring 

The nuclear instrumentation consists of out-of-core and incore flux 
monitoring chambers. Eight channels of out-of-core 
instrumentation monitor the neutron flux and six of the eight 
channels provide reactor protection signals during start-up and 
power operation. Two of the channels follow the neutron flux 
through the start-up range. 

The incore monitors consist of rhodium neutron detectors and a 
thermocouple. This system provides information on neutron flux 
and temperatures in the core. 

Reactor Protective System 

The reactor parameters are maintained within acceptable limits by 
the inherent characteristics of the reactor, by the control rod 
system, by boron control and by the operating procedures. 
Departures from these limits are indicated audibly and visually in 
the control room. A Reactor Protective System initiates reactor 
shutdown if selected values of parameters are exceeded and an 
unsafe condition for Plant equipment or personnel could arise. The 
protective system is divided into four channels. Each channel 
receives trip signals from sensors when the relevant parameter 
values are exceeded and a two-of-four coincident logic system 
sends a. "deenergize" signal to the control rod drive mechanism 
clutch power supplies. 
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The control rods are released and the reactor is shut down when 
the clutch power supplies are deenergized. Redundant sensors are 
provided for the reactor shutdown functions so that failure of any 
one sensor does not prevent a reactor trip. 

Other Safety-Related Protection and Control Systems 

While the Reactor Protective System protects the reactor core and 
the engineered safeguards controls protect against a Loss of 
Coolant Accident (LOCA), other safety-related Class 1 E control 
and instrumentation systems are provided to allow a safe 
shutdown of the Plant, assure decay heat removal and protection 
of fluid systems boundaries. Such systems are reactor shutdown 
controls, primary coolant and oth~r liquid boundaries overpressure 
protection, automatic auxiliary feedwater initiation and 
containment hydrogen control. 

Process Instruments 

Critical primary system parameters are monitored by redundant 
channels. Additional temperature, pressure, flow and liquid level 
monitoring is provided as required to keep the operating personnel 
informed of Plant conditions and to provide information from 
which Plant processes can be evaluated or regulated. The plant 
gaseous and liquid effluents are monitored for radioactivity. The 
levels are displayed and recorded and high values are annunciated. 

Area monitoring stations are provided to monitor radioactivity at 
selected locations around the Plant. High-pressure or high
radiation conditions within the containment building initiate control 
action to isolate the containment . 
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Safety Injection System 

Four safety injection tanks are provided, each connected to one of the 
four reactor inlet lines. Each tank has a volume of approximately 
2,000 cubic feet containing approximately 1,000 cubic feet of borated 
water at a concentration of 1, 720-2,500 ppm and pressurized by 
approximately 1,000 cubic feet of nitrogen at approximately 200 psia. In 
the event of a large Loss of Coolant Accident, the borated water is 
forced into the Primary Coolant System by the expansion of the nitrogen. 
The water in thr_ee tanks will adequately refill and reflood the entire core. 
In addition, borated water will be injected into the reactor vessel to cool 
the core via the same nozzles used by the SI tanks by two low-pressure 
and two high-pressure injection pumps taking suction from the 
285,000-gallon safety injection and refueling water storage tank (SIRW). 
For maximum reliability, the designed capacity from the combined 
operation of one high-pressure and one low-pressure pump provides 

. adequate injection flow for any Loss of Coolant Accident. Upon 
depletion of the storage tank supply, the high-pressure pump suction 
automatically transfers to the containment sump and the low-pressure 
pumps are shut down. One high-pressure pump has sufficient capacity 
to maintain the core water level at the start of recirculation. In the event 
of a OBA, at least one high-pressure and one low-pressure pump would 
receive power from the emergency power sources. Both high- and · 
low-pressure injection pumps are located outside the containment 
building to permit access for periodic testing during normal operation . 
The pumps discharge into separate headers which lead to the 
containment. Test lines are provided to permit running the pumps for 
test purposes during Plant operation. 

Shutdown Cooling System 

The Shutdown Cooling System consists of a forced circulation heat 
removal loop which includes the low-pressure safety injection pumps and 
the shutdown heat exchangers. The system is designed to transfer heat 
from the Primary Coolant System to a closed loop cooling system during 
normal shutdown, refueling and maintenance operations . 
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1.2.5 

Emergency shutdown cooling during a loss of normal and standby 
electrical power is accomplished by allowing natural circuJation of the 
primary coolant to transfer heat from the core to the steam generators. 
The steam that is generated is released to the atmosphere as required . 
One of two auxiliary electric-driven feedwater pumps operating from 
either emergency diesel generator, or an auxiliary turbine-driven 
feedwater pump, supplies feedwater to the steam generators during this 
period. A 100,000-gallon supply of demineralized water available to 
these pumps is sufficient for eight hours of cooling adequate to maintain 
the core in a sa~e condition and reduce the primary coolant temperature 
and pressure to permit initiation of the Shutdown Cooling Systems. In 
addition, the Plant has the capacity for long-term cooling incorporating 
the ability to flush the reactor core and prevent post-LOCA boric acid 
precipitation. 

Shielding 

Shielding is provided so that radiation exposure of personnel will not 
exceed the recommended limits of 10 CFR, Part 20. The design of 
radiation shielding is dependent both on the extent of access required to 
a particular location and on the sources of radiation adjacent to that 
location. 

The control room is shielded to permit continuous occupancy following 
any accidental release of radioactivity in the containment . 

TURBINE GENERATOR 

The turbine is an 1,800 r/min tandem-compound unit with external moisture 
separation and live steam reheating. The double-flow high-pressure 'element 
exhausts to two double-flow low-pressure elements through moisture separators 
and reheaters. The low-pressure elements discharge to the main condenser and 
the condensate is returned to the steam generators through six stages of 
feedwater heating. Steam is extracted for feedwater heating and for two auxiliary 
turbines which drive the two half-sized steam generator feed pumps. 

The feedwater cycle is of the closed type with deaeration effected in the 
condenser. Feedwater heaters are arranged in two parallel trains, each with one 
high-pressure and five low-pressure heaters. Separate feedwater regulating valves 
control the flow to each of the two steam generators. 

The 1,800 r/min, hydrogen inner-cooled generator is rated at 955,000 kVA at 
75 psig hydrogen pressure, 0.85 power factor and 0.58 short circuit ratio. Field 
excitation is provided by a brushless exciter directly coupled to the generator 
shaft . 
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The turbine generator has a guaranteed capability of 811, 776 kWe gross at 
1.8 inches Hg absolute back pressure and 0.25% makeup with inlet steam 
conditions of 735 psia and 509°F. The maximum calculated capacity of the 
turbine generator is 841,817 kWe gross at 1.8 inches Hg absolute back pressure . 
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1.3 IDENTIFICATION OF CONTRACTORS 

Consumers Power is the sole licensee for the continued operation of the Palisades 
Plant. As the owner and applicant, it bears the ultimate responsibility for the design, 
construction and safe operation of the Plant. 

Consumers Power engaged Combustion Engineering, Inc (Combustion Engineering) to 
design and supply the nuclear fuel and the NSSS. The NSSS includes the primary 
system (eg, reactor vessel, steam generators, pressurizer, pumps), reactor auxiliary 
system components, nuclear and certain process instrumentation and the Reactor 
Protective System. Bechtel Corporation and its affiliate, Bechtel Company, were 
engaged to design and supply the balance of the Plant equipment, systems and 
structures. Bechtel Corporation performed the onsite construction of the original Plant, 
with technical advice and consultation provided by Combustion Engineering for 
installation of the NSSS. Subsequent to the initial Plant start-up and turnover to 
Consumers Power, several major modifications involving other contractors have been 
undertaken. Those contractors are identified in Section 1.5. 

Under its contract with Consumers Power, Combustion Engineering furnished Bechtel 
with the design data for the NSS$. Bechtel and Consumers Power could request that 
Combustion Engineering make changes in the NSSS design, but Combustion 
Engineering did not need to accede to any such request if the proposed change, in 
Combustion Engineering's judgment, would be unsafe or technically unsound. 

Because of the interdependence of the NSSS and certain balance-of-Plant equipment, 
systems and structures, Combustion Engineering furnished Bechtel with certain 
functional requirements for such balance-of-Plant items that affect the operability and 
maintainability of the NSSS or the nuclear safety of the Palisades Plant. As Bechtel's 
engineering work progressed, Combustion Engineering reviewed Bechtel drawings, 
specifications and data and Combustion Engineering was satisfied that Bechtel has 
understood and applied the functional requirements specified by Combustion 
Engineering and was satisfied that the balance-of-Plant items are compatible with the 
NSSS and with nuclear safety. 

Palisades' original fuel vendor for cycle 1 was Combustion Engineering. Starting with 
cycle 2, Exxon Nuclear Corporation designed and manufactured all fuel for the reactor. 
Over the years, Exxon Nuclear has undergone the following company name changes: 
from Exxon Nuclear Corporation (ENC), to Advanced Nuclear Fuels (ANF) Corporation, 
to Siemens Nuclear Power (SNP), to the present name Siemens Power Corporation 
(SPC) . 
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1.4 PRINCIPAL DESIGN CRITERIA 

1.4.1 STATION DESIGN 

Principal structures and equipment which are necessary either to prevent accidents or . 
to mitigate their consequences were designed, fabricated and erected in accordance 
with applicable codes and to withstand the effects of the most severe earthquakes, 
flooding conditions, windstorms, ice conditions, temperature and other deleterious 
natural phenomena which could be expected at the site during the lifetime of this unit. 
Principal structures and equipment were sized for the maximum expected NSSS and 
turbine generator outputs. 

All core physics and thermal hydraulics information contained in this report are based 
upon the reference core design of 2,650 MWt unless otherwise noted. The structures, 
systems and all postulated accidents are evaluated at either the 2,650 MWt design 
NSSS output or the licensed 2,530 MWt core output. Consult the specific FSAR 
chapters on systems or transient analyses for more detailed discussions. Section 5.1 
details Palisades' conformance to all 64 General Design Criteria per 10 CFR 50, 
Appendix A. Section 5.2 specifies Design Codes, Structures/Systems/ Components 
Classification and establishes the basis for "CP Co Design Class" terminology . 

1.4.2 REACTOR 

1 . The reactor is of the pressurized water type, designed to produce steam to drive a 
turbine generator. The reactor was initially operated at 2,200 thermal megawatts 
to produce steam at 770 psia and presently operates at 2,530 thermal megawatts, 
core power, producing steam at a nominal pressure of 770 psia. 

2. The reactor is fueled with slightly enriched uranium dioxide contained in Zircaloy 
tubes. 

3. The minimum departure from nucleate boiling ratio and maximum fuel center line 
temperature evaluated at the design overpower condition must be below values 
which could lead to fuel rod failures. The melting point of the U02 will not be 
reached during normal operation including expected transients. 

4. Fuel rod clad thicknesses are designed to maintain cladding integrity throughout 
the anticipated fuel life. Fission gas release within the rods and other factors 
affecting design life must be considered for the maximum expected exposures. 

5. The reactor and control system must be designed so that any xenon transients 
will be adequately damped. · 
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6. The reactor must be designed to accommodate safely and without fuel damage 
tripping of the turbine generator, loss of power to the primary coolant pumps and 
station transients and maneuvers. 

7. Power excursions which could result from any credible reactivity addition accident 
must not cause damage, either by motion or rupture, to the pressure vessel or 
impair operation of required safeguards. 

8. Neutron absorption for reactivity control is provided by control rods and by 
dissolved boric acid in the coolant. The boron chemical shim system is 
completely independent of the control rod system. 

9. For all operating conditions, the control rods are capable of providing an 
adequate shutdown margin at hot, zero power conditions following a trip, even 
with the most reactive rod stuck in the fully withdrawn position. 

10. The boron chemical shim system is capable of adding boric acid to the primary 
coolant at a rate sufficient to maintain an adequate shutdown margin during 
primary system cooldown at the maximum design rate following a reactor trip. 

11. The combined response of the fuel temperature coefficient, the moderator 
temperature coefficient, the moderator void coefficient and the moderator 
pressure coefficient to an increase in reactor thermal power is a decrease in 
reactivity. In addition, the reactor power transient remains bounded and damped 
in response to any expected changes in ariy operating variable. 

12. The Primary Coolant Gas Vent System is designed to relieve steam or gas 
bubbles in the reactor vessel head and pressurizer areas of the Primary Coolant 
System. The system consists of a flow-limiting orifice on both the reactor vessel 
vent and pressurizer vent lines, solenoid valves, a pressure transmitter for 
pressure indication, and connecting piping. The primary vent path is directed into 
the open area of containment where adequate mixing with the containment 
atmosphere is assured. 

Automatic and redundant reactor trips are provided to prevent anticipated plant , 
transients from producing fuel or clad damage. 

1.4.3 PRIMARY COOLANT AND AUXILIARY SYSTEMS 

Heat removal systems are provided which can safely accommodate core heat output 
under all credible circumstances. Each of these heat removal systems has sufficient 
redundancy to provide reliable operation under all credible circumstances . 
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1.4.4 CONTAINMENT SYSTEM 

The containment structure, including the associated access openings and penetrations, 
was designed to contain the pressures and temperatures resulting from a design basis 
accident (OBA) in which (a) the total energy contained in the Primary Coolant System 
water was assumed to be released into the containment through a double-ended break 
of one of the primary coolant pipes immediately adjacent to the reactor vessel outlet 
nozzle, (b) there was a simultaneous loss of external electric power, (c) heat was 
transferred from the reactor to containment by water supplied from the Safety Injection 
System but no credit was taken for cooling the fuel by water injected by the Safety 
Injection System, (d) the containment air recirculation and cooling system and the 
Containment Spray System function, and (e) the containment engineered safeguards 
do not operate until 30 seconds following the accident. For a discussion of the 
maximum hypothetical accident (MHA) refer to Section 14.22. 

Means were provided for pressure and leak rate testing of the entire containment 
system including provisions for leak rate testing of individual piping and electrical 
penetrations that rely on gasketed seals, sealing compounds, or expansion bellows. 
Integrated leak rate testing is conducted according to Technical Specifications. 

1.4.5 ENGINEERED SAFEGUARDS 

Containment engineered safeguards systems with redundant features were 
incorporated in the Plant design which, in conjunction with the containment system and 
without relying upon the Emergency Core Cooling System, provide a high degree of 
assurance that the release of fission products to the environment following any credible 
Loss of Coolant Accident will not exceed the tolerances set forth in 10 CFR, Part 100. 

An Emergency Core Cooling System was provided to prevent fuel and cladding 
damage that could interfere with adequate emergency core cooling and to limit the 
cladding water reaction to less than approximately 1 % for all break sizes in the primary 
system piping up to the double-ended rupture of the largest primary coolant pipe, for 
any break location, and for the applicable break time. For discussion, refer to 
Chapter 6. 

1.4.6 INSTRUMENTATION AND CONTROL 

Interlocks and automatic protective systems were provided along with administrative 
controls to ensure safe operation of the Plant. A Reactor Protective System was 
provided which initiates reactor trip if the reactor approaches an unsafe condition . 
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Sufficient redundancy was installed to permit periodic testing of the Reactor Protective 
Systems and so that failure or removal from service of any one protective system 
component or portion of the system will not preclude reactor trip or other safety action 
when required. 

1.4. 7 ELECTRICAL SYSTEMS 

Offsite and emergency sources of auxiliary electrical power were provided to assure 
safe and orderly shutdown of the Plant and the ability to maintain a safe shutdown 
condition under all credible circumstances. "Redundancy and Separation" criteria were 
incorporated into the associated cabling from these sources for "Safety-Related" 
systems/components. 

1.4.8 RADIOACTIVE WASTES AND RADIATION PROTECTION 

The radioactive waste treatment system was designed so that discharge of radioactivity 
to the environment is in accordance with the requirements of 1 O CFR, Part 20, and 
Appendix I to 10 CFR 50. 

The Plant was provided with a centralized control room having adequate shielding to 
permit occupancy during all credible accident situations. The radiation shielding in the 
Plant, in combination with Plant radiation control procedures, ensures that operating 
personnel do not receive radiation exposures in excess of the applicable limits of 10 
CFR, Part 20, during normal operation and maintenance. 

1.4.9 FUEL HANDLING AND STORAGE 

Fuel handling and storage facilities were provided for the safe handling, storage and 
shipment of fuel and will preclude accidental criticality. 

1.4.10 FIRE PROTECTION 

A "Fire Protection Program" (FPP) consisting of Plant design considerations, fire 
dete~tion and suppression equipment, and Plant procedures assures that the Plant can 
safely shut down after a major fire. The FPP complies with 10 CFR 50, Appendix R . 
except where exemptions have been granted by the NRC. 

1.4.11 CIRCULATING WATER SYSTEM 

In order to minimize the environmental impact associated with "hot water" discharges; 
the circulating water provides condenser cooling water supplied from two mechanical 
draft evaporative cooling towers. Approximately 3% of the total flow is discharged as 
blowdown to be combined with a further temperature dilution flow before discharge to 
Lake Michigan. The discharges are within the Plant's NPDES Permit limitations. 
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1.4.12 SECURITY 

Access and egress to all "protected" areas of the Plant are monitored/controlled 
through the utilization of card readers. Access to the Plant is controlled at the security 
entrance via metal detectors, guards and card readers. A physical security force is 
always present. Details of conformance are identified in the commission-approved 
physical security, safeguards contingency, and guard training and qualification plans. 

1.4.13 EMERGENCY PLANNING 

In the unlikely event of a Plant accident resulting in, or potentially capable of allowing, 
offsite releases of radioactivity in excess of federal regulations, a system of emergency 
warning sirens is in place. Established "emergency implementing procedures" in 
conjunction with the Plant's "Emergency Plans" have been developed to assure 
minimum risk to the general public in compliance with 10 CFR 50.54(q) and 10 CFR 50, 
Appendix E. 

1.4.14 PLANT OPERATION 

The plant's Facility Operating License requires operation to be in accordance with the 
Technical Specifications, which are contained in Appendix A to that license. Technical 
Specifications contain Safety Limits, Limiting Safety System Settings, Limiting 
Conditions for Operation, Design Features, and Administrative Controls, in accordance 
with the Code of Federal Regulations, Title 10, Part 50.36 (1 OCFR50). Operation of 
the Plant within Safety Limits and in accordance with the Limiting Safety System 
Settings and Limiting Conditions for Operation assures that plant operation will remain 
within the assumptions and initial conditions of the safety analyses. The Administrative 
Controls provide NRC requirements for plant staff Responsibilites, Organization, 
Qualifications, Procedures, Programs and Manuals, Reporting Requirements to the 
NRC, High Radiation Area Control, and Review and Audit functions. 

1.4.15 STRUCTURES 

Plant structures were designed in accordance with the design criteria identified in 
Chapter 5. Structures were identified as CP Co Design Class 1, 2 or 3 according to 
Section 5.2. Specific design criteria for containment is discussed in Section 5.8, and 
other CP Co Design Class 1 structures are discussed in Section 5.9 . 
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1.5 MAJOR PLANT MODIFICATIONS (DESIGN/CONSTRUCTION) 

Following initial completion of the Palisades Plant in 1971, several major 
facility modifications have been made to improve the safety and operability pf 
the Plant. These modifications are briefly outlined below, with references to 
the appropriate FSAR Update section and identification of the 
designer/constructor. 

CONDENSER RETUBING - BECHTEL/J A JONES 

In 1974, due to condenser tube leakage problems, the Admirality tube section 
of the main condenser was replaced with 90-10 copper-nickel tubes. 

CONDENSER REPLACEMENT - YUBA/TOWNSEND & BOTTUM 

In 1990 the main condenser was replaced to eliminate copper-related corrosion 
concerns with the new steam generators. The replacement condenser is a Yuba 
design that contains Type 439 stainless stee.l tubing. See Subsection 
10.2.3.1. 

STEAM GENERATOR TUBE PLUGGING - CP CO/CP CO 

Since 1973 a total of 2,044 tubes in Steam Generator A and 2,442 tubes in 
Steam Generator B have been plugged due to tube wall degradation resulting 
from the following: (1) secondary side standard phosphate water treatment, 
(2) intergrannular corrosion and (3) tube denting. An all-volatile secondary 
system water chemistry with boric acid has been implemented to reduce further 
tube degradation. See Subsections 4.3.4.1 and 4.3.4.2. 

FEEDWATER PURITY BUILDING ADDITION - BECHTEL/J A JONES 

A completely new secondary side feedwater (condensate) purity system was 
installed to provide full flow condensate demineralization system utilizing 
powdered ion exchange resins and on-line resin body feed capability. This new 
system is housed in the feedwater purity building addition. See 
Subsection 10.2.3.2. This system has since been deactivated. 

COOLING TOWERS ADDITION - ECODYNE/ECODYNE 

Initially, the Plant was designed for a once-through Circulating Water System 
for providing cooling water to the condenser. For environmental reasons, the 
system was converted in 1974 to a closed-cycle system using two mechanical 
draft cooling towers and blowdown dilution. A cooling tower pump house was 
constructed to enclose the cooling tower pumps. See Subsection 10.2.4 . 
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• RADWASTE SYSTEM MODIFICATIONS/AUXILIARY BUILDING ADDITION - BECHTEL/BECHTEL 

During 1971-1973 the liquid waste management system was modified to reduce 
liquid discharges to "Near Zero" and meet the requirements of 10 CFR 50, 
Appendix I. The auxiliary building was expanded to enclose much of the new 
equipment required. The 1972-1973 service building addition, in conjunction 
with the aforementioned changes, was made to accommodate solid radwaste system 
changes designed by Protective Packaging Inc (PPI). This system was 
subsequently replaced by a new molten bitumen immobilizing system for waste 
concentrates. See Chapter 11 for details. 

• 

• 

SPENT FUEL POOL STORAGE MODIFICATIONS - NUS/J A JONES 1977 -
WESTINGHOUSE/WESTINGHOUSE 1987 

In 1977, the spent fuel pool storage capacity was increased from a capacity of 
272 assemblies to 798. In 1987, Amendment 105, dated July 24, 1987, 
authorized replacing existing racks with six high-density spent fuel racks 
that increased the storage capacity from 798 to 892 fuel assemblies. See 
Section 9.4 and Subsection 9.11.3. 

HIGH-PRESSURE AIR ADDITION - BECHTEL/J A JONES 

In 1977, the compressed air system was augmented by the addition of a high
pressure air system (325 psig) for supply to safety-related air-operated 
valves and components. See Section 9.5 . 

FIRE PROTECTION SYSTEM MODIFICATIONS - NUCLEAR SERVICES CORP/QUADREX/J A JONES 

Following the 1975 Browns Ferry fire and subsequent NRC revised guidelines 
between 1976 and the present, Consumers Power has undertaken a series of 
studies and resultant Plant fire protection features modifications. This has 
included the addition of fire-fighting equipment, separation of cables, 
addition of fire stops, preparation of procedures, etc. See Section 9.6 and 
Chapters 7 and 8. 

AUXILIARY FEEDWATER MODIFICATION - BECHTEL/BECHTEL 

As a result of lessons learned at TMI, the Auxiliary Feedwater System has been 
upgraded to a safety-related system. See Sections 9.7 and 7.4. 

METEOROLOGICAL PROGRAM IMPROVEMENTS - EG&G/CP CO 

Several modifications were made to the onsite meteorological towers including 
the addition and relocation of new towers. A final meteorological program was 
attained in 1977 following a 1975 study by EG&G Environmental Consultants. 
See Subsection 2.5.2.3 for a description of the new tower and meteorological 
program . 
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AUXILIARY BUILDING TSC/EER/HVAC ADDITION - BECHTEL/BECHTEL 

During 1983 an addition was added to the north side of the auxiliary building 
to house a technical support center {TSC), an electrical equipment room (EER) 
and a heating, ventilating and air conditioning (HVAC) area. The TSC was 
required to fulfill the guidelines of NUREG-0696, the HVAC area as a result of 
the control room habitability requirements of NUREG-0737, and the EER area as 
a result of loads placed on the electrical system by the addition of the TSC 
and HVAC areas. See Section 9.8 for discussion of the HVAC system, Chapter 8 
for discussion of the electrical equipment and the Site Emergency Plan for the 
functional discussion of the TSC. 

INTERIM OLD STEAM GENERATOR STORAGE FACILITY - BECHTEL/BECHTEL 

In 1990, a reinforced concrete building was constructed for interim storage of 
two old steam generators. This facility is located in the,controlled area of 
the site approximately 2,200 feet nrirtheast of the containment building. The 
storage facility design provides sufficient radiation shielding such that the 
onsite and offsite dose rate will not exceed the limits defined in 10 CFR 20 
and 40 CFR 190, respectively. The facility is designated as a secondary 
restricted area. The old steam generators will remain in this facility until 
an ultimate disposition method is selected. · 

INDEPENDENT SPENT FUEL STORAGE INSTALLATION (ISFSI) - PACIFIC SIERRA NUCLEAR 

In 1993 Palisades constructed a suitable facility and began dry storage of 
spent nuclear fuel in casks under the General License provisions of 10CFR72. 
This facility is located north of the support building and is enclosed within 
the plant security fence. The ISFSI was planned to hold 25 Ventilated Storage 
Casks (VSCs) designed by Pacific Sierra Nuclear (later Sierra Nuclear) 
Corporation although other NRC-certified cask designs could also be utilized 
if the associated fuel handling equipment were procured . 
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1.6 INSERVICE INSPECTION 

1.6.1 HISTORICAL BACKGROUND 

The Palisades Nuclear Pc:iwer Plant was built in the late 1960s and was placed in 
commercial service on December 31, 1971. During the first 40-month life of the Plant, 
in order to comply with Paragraphs 4.3 and 4.12 of the Technical Specifications (dated 
September 1, 1972) of the Provisional Operating License DPR-20 for the Palisades 
Nuclear Plant, which discusses ISi requirements of ASME Class 1 components and 
systems, the nondestructive examinations were performed to satisfy the requirements 
of the ASME Boiler and Pressure Vessel Code, Section XI, 1971 Edition, including the 
Winter 1972 Addenda (ASME B&PV Code, Section XI, 71 W72a). In February 1976, 
the NRC amended Paragraph 55a (g) of 1 O CFR 50 to require nuclear plants to 
upgrade their Technical Specifications in the areas of the ISi requirements and the 
functional testing of pumps and valves. By amending Paragraph 55a (g) and by 
invoking Regulatory Guide 1.26, the NRC required nuclear plants to upgrade their ISi 
program to include not only ASME Class 1 systems, but also ASME Class 2 and ASME 
Class 3 systems. 

1.6.2 GENERAL 

The lnservice Inspection Plan for the four 10-year inseryice intervals was developed by 
Southwest Research Institute and Consumers Power Company, and reviewed and 
approved by Consumers Power Company for use at Consumers Power Company's 
Palisades Nuclear Power Plant. Subsequent updating to remain responsive to industry 
. requirements is anticipated. 

The start of the first 10-year interval coincides with the date of first commercial 
operation, December 31, 1971. The length of the first 3-1/3-year period was extended 
to October 30, 1976 by adding 18 months cumulative shutdown time between August 
1973 and April 1975 in accordance with ASME B&PV Code, Section XI, IS-241, 
71 W72a. The second period ran to June 1, 1980 due to the 1979/1980 extended 
refueling outage. The third period extended to November 9, 1983 per ASME B&PV 
Code, Section XI, IWA-2400(c), 77S78a. 

The second 10-year interval began November 10, 1983, and lasted until May, 1995. 

The third 10-year interval began May 12, 1995, and is expected to end approximately 
May, 2005. 

See Section 6.9 for details of the lnservice Inspection Program . 
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1.7 RESEARCH AND DEVELOPMENT REQUIREMENTS 

The design of the Palisades Plant is based upon concepts which have been 
successfully incorporated in pressurized water reactor systems. However, certain 
Palisades specific Combustion Engineering development tests have been performed 
and are listed below~ These tests were completed prior to initial Plant start-up. 

1.7.1 FLOW MIXING AND FLOW DISTRIBUTION 

Tests have been run to measure the flow mixing factor. Dye dispersion rate was 
measured in a series of full-scale and larger than full-scale mock-ups of various fuel 
bundle flow channel configurations. These tests were run in a cold-water test loop. 

A larger than full-scale model of the Palisades bundle inlet region has been tested in a 
cold-water flow loop to determine the effect of minor flow maldistributions due to inlet 
structure nonuniformities, and to verify the effectiveness of certain steps taken to 
improve inlet flow. 

1.7.2 CONTROL ROD TESTS 

A series of tests were run to demonstrate the adequacy of the control rod and its 
guidance system. Cold-water flow testing of a slightly underscale model of four 
bundles and a cruciform control rod was performed. These tests were conducted with 
mechanical misalignments exceeding design values. 

In addition to the cold-water tests, a test program has been performed using a full-scale 
model, including a prototype mechanism under reactor conditions of flow, temperature 
and pressure in the CE Utility Reactor Components Test Facility at Windsor. The 
purpose of this program was to assess the effects of mechanical misalignments, of 
thermal distortions which have been measured on model fuel bundles and on a 
prototype control rod, of cross flow and of upper' limit conditions of axial flow and 
system pressure. 

A series of mechanical tests have been run on structural components of the Ag-In-Cd 
control rod blade. 

1.7.3 CONTROL ROD DRIVE MECHANISMS 

An extensive development program has been completed on the control rod drive 
mechanisms. This program has included up to 130,000 feet of travel on various 
components and 350 full-height drops. The production mechanism design incorporates 
improvements derived from experience gained on this program . 
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• 1.7.4 FUEL BUNDLE DESIGN 

Combustion Design 

Cold-water flow-induced vibration tests on fuel rods and subassemblies and 
mechanically induced vibration tests in air on model bundles have been completed. An 
extensive hot flow test program, including the· effects of forced cross flow, has been 
completed using essentially full-length, though not full cross-section, bundles. Total 
time at reactor conditions (or conditions believed to be more severe) exceeded 13,000 
hours. These tests have been supplemented by a basic program on the mechanism of 
grid to fuel rod wear conducted in a static autoclave with mechanically induced relative 
motion. 

These tests substantiate the adequacy of the fuel bundle design for its expected 
service. 

In addition to this program, four full""'scale model fuel bundles were tested by 
Combustion Engineering at reactor conditions (or more severe conditions) in the Utility 
Reactor Components Test Facility. Beginning with the second fuel cycle, Combustion 
Engineering fuel has not been used. 

• Current Fuel Design 

• 

Comparable developmental testings, as described previously, have also been 
performed by the current fuel vendor. Refer to Subsection 3.3.4.3 for details. 

1.7.5 REACTOR VESSEL FLOW TESTS 

A one-fifth scale model of the reactor vessel and its internals has been constructed and 
subjected to airflow testing at the Battelle Memorial Institute Laboratories at Columbus, 
Ohio. These tests have investigated flow distribution, pressure drop and the tracing of 
flow paths within the vessel for all four pumps running and various part-loop 
configurations . 
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1.8 SPECIAL MAJOR PROGRAMS 

As a result of continued NRC concern with the "health and safety of the 
public" and its relationship to the safe operation of all nuclear facilities, 
the Palisades Plant and operations have been subjected to considerable NRC 
review. 

The Inspection and Enforcement Branch of the NRC routinely provides IE 
Bulletins (for utilities to review and respond) regarding the identification 
of generic problems that could have a safety impact. In addition, the NRC on 
occasion establishes technical review programs as a result of legal mandates 
following court actions or NRC initiated programs resulting from unusual 
events in the industry. 

Programs of special interest to Palisades resulting from these circumstances 
are discussed in the remainder of this section. 

1.8.1 SYSTEMATIC EVALUATION PROGRAM 

The SEP was initiated by the US Nuclear Regulatory Commission (NRC) to review 
the designs of older operating nuclear reactor plants; to confirm and document 
their safety. The review compared the as-built plant design with current 
review criteria in 137 different areas defined as "topics." 

During the review, 47 of the topics were deleted from consideration by SEP, 
based on one of the three following reasons: (1) topic was part of the 
Unresolved Safety Issue Program (USI), (2) topic was part of Three Mile Island 
Action Plan Tasks, or (3) the topic was not applicable to the Plant. The 
remaining 90 topics were reviewed for Palisades and are listed in Table 1-3. 
Sixty-two of the 90 topics met current criteria or were acceptable on another 
defined basis. These topics are identified as Status Code S on Table 1-3. 

1.8.1.1 Integrated Assessment (NUREG-0820) 

Twenty-eight topics received further review and evaluation during the 
Integrated Assessment Program. A major part of the integrated assessment was 
the probabilistic risk assessment (PRA). PRA was used to determine which 
system failures would create an unacceptable risk because either a redundant 
system was not available or available systems were inadequate for the job 
required. / 

During the integrated assessment, several additional topics were found to be 
acceptable and required no further work. These items are identified as Status 
Code 4 in Table 1-3. 
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The rema1n1ng topics evaluated using PRA, were each found to require one or 
more of the following modifications: 

1. Pl ant changes 

2. Technical Specifications changes 

3. Refined engineering analysis required 

These items are identified as Status Code 1, 2 or 3 in Table 1-3. The 
disposition column of Table 1-3 shows where specific topics are addressed. 

1.8.2 TMI ACTION ITEMS (NUREG-0737) 

As a result of the incident at Three Mile Island Nuclear Power Plant, the NRC 
developed a list of requirements for other nuclear-powered generating 
stations. The list consists of 37 items, which are broken down into a total 
of 94 subitems as identified in NUREG-0737. 

The list of items, compliance status and general description of how the item 
was to be resolved, are shown in Table 1-4. All of the 94 subitems have been 
closed out and are identified in the table as Status Code 1. The NRC SER for 
issuance of the Full Term Operating License, NUREG 1424 dated November 1990, 
confirms that the NRC views all TMI Action Items as being resolved for 
Palisades. Some requested changes to Technical Specifications may still be 
outstanding, however, awaiting NRC action. 

1.8.3 PIPE SUPPORT BASEPLATE DESIGNS USING CONCRETE EXPANSION ANCHOR 
BOLTS (IE BULLETIN 79-02) 

Nuclear Regulatory Commission IE Bulletin .79-02, addressed Seismic Category I 
pipe supports using concrete expansion anchor bolts (CEBs) for loadings 
obtained from analysis of Seismic Category I piping systems. 

All baseplates or structural steel members using CEBs for large piping 
identified in the course of responding to IE 79-02 were evaluated. The 
evaluation was performed in accordance to the load combinations specified in 
Section 5.10. Acceptance criteria were as specified in the Bulletin for CEBs 
and Chapter 5 for baseplates or structural steel members. Those baseplates or 
structural steel members and CEBs which did not satisfy acceptance criteria 
were modified (or will be modified). 

Approximately 3,000 accessible CEBs for large bore piping were inspected and 
load tested. More than 96% of this population satisfied the load testing. 

Approximately 4% of the CEBs for large bore piping were inaccessible for full 
testing and inspection. These CEBs and their baseplates or structural steel 
members were evaluated. If these CEBs and baseplates or structural steel 
members did not satisfy acceptance criteria, they were either modified or the 
piping support system was revised to yield acceptable results . 
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Small bore p1p1ng supports were designed using a conservative chart method. A 
sample of CEBs used for support of small piping was inspected and tested. This 
sample consisted of more than 1,000 CEBs (more than 2/3 of the population). 
This testing and inspection program used in conjunction with the conservative 
chart method, yields an acceptable confidence level for small piping. 

Thus, the inspection, testing and evaluation performed for baseplates or 
structural steel members and CEBs for Seismic Category I piping, satisfy the 
requirements of IE 79-02, and the modifications have been completed. 

1.8.4 SEISMIC ANALYSIS FOR AS-BUILT SAFETY-RELATED PIPING SYSTEMS 
(IE BULLETIN 79-14) 

The bulletin required an inspection of approximately 18,100 feet of large 
diameter safety-related piping, 1,550 pipe supports and piping components at 
the Palisades Plant. Small piping systems (2 inches or less in diameter) were 
also inspected, noted items evaluated and a sample of the small piping systems 
was evaluated. 

The Palisades Plant systems were reviewed and it was determined that 23 
systems had safety-related piping. Data on and sketches of the safety-related 
systems were completed, potential nonconformance items were listed and the 
as-built data were evaluated. Approximately 320 piping support changes have 
been completed: (1) 45 new supports were added, (2) 23 supports were removed, 
and (3) 252 supports were modified. 

There were approximately 3,250 listed conditions that were either questionable 
or constituted a discrepaticy. These items were evaluated and resolved. About 
75% of the items related to lack of or nonconformance with existing drawings. 
The remaining 750 items related to hardware conditions, such as nuts/bolts 
loose or missing, spring cans bottomed out or without load and bent/broken or 
missing pipe support components. 

Two Licensee Event Reports (LERs) were issued as a result of the program 
(LER 79-033 and LER 80-001). Corrective action has been completed on both 
items. 

1.8.5 UNRESOLVED SAFETY ISSUES (NUREG-0410) 

Of the unresolved safety issues (also called generic safety issues) identified 
by the NRC and discussed in NUREG-0410, -0510, -0649, and -0705, 19 were 
considered by the NRC to require investigation for their potential impact on 
the Palisades Nuclear Plant. The 19 unresolved safety issues considered are 
listed in Table 1-5 with a cross-reference to the appropriate FSAR chapter 
wherein they are discussed. All 19 of the unresolved safety issues have been 
assessed by Consumers Power Company and are considered to have no undue risk 
to the health and safety of the public while longer term generic review of 
these issues is_being conducted. 

USI A-46, Seismic Qualification of Equipment in Operating Plants, is currently 
being resolved by the Seismic Qualification Utility Group (SQUG). Consumers 
Power Company is a member of SQUG. 
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1.8.6 ENVIRONMENTAL QUALIFICATION OF "SAFETY-RELATED" ELECTRICAL 
EQUIPMENT (EEQ) {NUREG-0588} (USI A-24) 

In order to· assure the reliable functions of certain electrical equipment 
subjected to harsh environments following accident conditions, each licensee 
was requested to reevaluate all previously installed equipment. Pursuant to 

. an NRC order issued August 29, 1980, Consumers Power Company engaged in the 
preparation of EEQ documentation. That information was submitted to the NRC 
on October 7, 1980 in a report entitled, "Environmental Qualification of 
Safety Related Electrical Equipment - Palisades Plant," September 1980. 
Revisions to the report were submitted to the NRC from October 29, 1980 to May 
20, 1983. Industry resolution of this issue was embodied in new rule · 
10CFR50.49. For Palisades the NRC issued an SER on January 31, 1985 which 
contained the finding that the plant's environmental qualification program was 
in compliance with 10CFR50.49. 

1.8.7 CONTROL ROOM HABITABILITY (NUREG-0696) 

In 1983 Consumers Power Company completed several modifications to the control 
room HVAC system to satisfy the control room habitability requirements of 
NUREG-0737. These included extending the control room air intake from the 
then existing configuration, increasing the intake air duct to allow 100% 
makeup air, installing redundant charcoal filters, extending the control room 
habitability zone and replacing air intake and discharge dampers. The safety 
evaluation concluded that the systems will provide safe, habitable conditions 
within the control room under both normal and accident radiation and toxic gas 
conditions, including Loss of Coolant Accidents. See discussion in Section 
6.10. 

1.8.8 EFFECTS OF PIPE RUPTURE (SEP TOPICS III.5.A AND 8) 

In December 1972, the NRC initially raised the concern for the dynamic effects 
of pipe ruptures. In response, Consumers Power Company had an analysis done 
for postulated high-energy line breaks outside of containment. This report is 
entitled "Special Report No 6 - Analysis of Postulated High-Energy Line Breaks 
Outside of Containment" (SR-6}, Revision 3. 

The concerns of high-energy line breaks and moderate-energy line breaks were 
further reviewed for both situations inside and outside containment in SEP 
Topics III.S~A and III.5.B, respectively. The conclusions were that the 
criteria used to assess pipe breaks at the Palisades Nuclear Plant was in 
accordance with present-day criteria. For discussion, see Section 5.6. 

1.8.9 STATION BLACKOUT (10 CFR 50.63) (USI A-44) 

In 1988 the NRC issued 10 CFR 50.63 to define a loss of all onsite AC power 
sources (Station Blackout} as an event with which all plants must be able to 
cope. By letters dated April 17, 1989, December 11, 1989, March 27, 1990, and 
July 3, 1990, Consumers Power Company certified that the Palisades evaluation 
of the issue was completed in accordance with the specified guidance, 
NUMARC 87-00, and that Palisades possessed the required coping ability. In a 
letter dated May 20, 1991, the NRC issued its SER, which stated " ... we find 
that the Palisades Plant conforms to the SBO rule, and the guidance of 
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Regulatory Guide {RG) 1.155, Nuclear Management and Resources Council {NUMARC) 
87-00, and NUMARC 87-00 Supplemental Questions/Answers and Major Assumptions." 
NRC acceptance was contingent upon satisfactory resolution of several included 
recommendations. CPCo letter dated August 1, 1991 provided 
responses/commitments to resolve those recommendations. Final NRC closure was 
provided in an SER dated June 25, 1992 . 
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Date 

June 2, 1966 

March 14, 1967 

November l, 1968 

October 9, 1970 

March 24, 1971 

August 18, 1971 

November 20, 1971 

March 10, 1972 

June 1972 

July 1972 

Docket 50-255 CPOL Application 

CP Co Files CPOL Application 

AEC Issues CPPR-25 

CP Co Files Amendment 9 to CPOL 
Application 

September l, 1972 NRC Issues OL DPR-20 

October 16, 1972 

March 23, 1973 

January 22, 1974 

December 12, 1974 

CP Co Files Amencknent 28 to 
CPOL 

• 
TABLE 1-1 

(Sheet 1 of 2) 

CHRONOLOGICAL LICENSING EVENTS 

FSAR 

PSAR Included With Application 

FSAR, Rev 0, Included 

Full Revision to FSAR 
(Denoted as Amendment 28) 

Operating License DPR-20 

Initial Operating License Applica
tion for Operation at 2,200 MWt 
Core 

NRC Issues IDPR-20 (1 MW)· 

Amendment 1 - Authorization for 
20% Power (440 MW) 

Amencknent 2 - Authorization for 
60% power (l,320 MW) 

Amendment 3 - Authorized 60% Power 

Amendment 4 - Authorized 100% Power 
(Limited to 60% Power) 

Authorization for 100% Power 
(Limited to 85% Power) 

CP Co Application for Full-Term 
Operating License at 2,638 MWt 
Core 

• 
Other 

CP Co File Construction Stage 
Environmental Report 

CP Co Files ER Supplement (Special 
Report 4) 

NRC Issues Final Environmental 
Statement 

CP Co Files Operating Stage ER 

NPDES Permit Granted by Michigan 
DNR 
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Date Docket 50-255 CPOL Application 

August 2, 1976 

August 12, 1977 

November l, 1977 

February 1978 

October 1978 

October 1982 

November, 1983 

June 28, 1984 

October 22, 1990 

November 21, 1991 

February 21, 1991 

• 
TABLE 1-1 

(Sheet 2 of 2) 

CHRONOLOGICAL LICENSING EVENTS 

FSAR 

Revision 0, Initial FSAR 
Update Pursuant to 10 CFR 
50.7l(e) 

Operating License DPR-20 

CP Co Requests the OL Limit Be 
Increased to 2,530 MWt Core Power 

NRC Issues Amendment 31 to DPR-20 
Granting Power Operation up to 
2,530 MWt 

FTOL issued by NRC 

• 
Other 

Modified NPDES Permit Granted 

NRC Initiated Systematic 
Evaluation Program (SEP) 

NRC Issues Final Addendum to the 
Final Environmental Statement 

SEP Integrated Plant Safety 
Assessment Final Report 
(NUREG 0820) issued 

Supplement 1 to SEP Integrated 
Plant Safety Assessment Report 
issued. 

NRC issues Environmental 
Assessment in support of POL to 
FTOL conversion 

NRC issues SER (NUREG 1424) in 
support of POL to FTOL conversion 
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TABLE 1-2 
(Sheet 1 of 12) 

PALISADES ORIGINAL DESIGN CHARACTERISTICS (NOMINAL VAi lJES) * 

Net Electrical Power Output @ 2,200 MWt 

Net Electrical Power Output@ 2,530 MWt 

Maximum Expected Gross Electrical Output 
@ 2,650 MWt 

Nuclear Steam Supply System 

Core Thermal Output 

Operating Pressure 

Design Pressure 

Primary Coolant Inlet Temperature 

Primary Coolant Outlet Temperature 

Pipe Size: Outlet (ID) 

(Wall Thickness) 

Inlet (ID) 

(Wall Thickness) 

700 MWe 

740 MWe 

845 MWe 

2,200 MWt Initial, 
2,638 MWt Ultimate, 
2, 530 MWt Presently 

2, 1 00 psia Initial 
Rating, 2,250 psia for 
Ultimate Rating, 2060 
present nominal rating 

2,500 psia 

545°F Initial Rating, 
537.3°F Presently 

591 °F Initial Rating, 
582. 7°F Presently 

42" 

4" 

30" 

3" 

·see detailed discussions in later chapters and Technical Specifications for 
actual required values for parameters and required design characteristics of Plant 
equipment. 
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Flow per Loop 

Number of Loops 

Number of Pumps 

Type 

Design Flow/Pump 

Design Head 

Total Heat Output 

Heat Generated in Fuel 

Design Thermal Overpower 

DNB Ratio at Nominal Conditions 

TABLE 1-2 
(Sheet 2 of 12) 

Minimum DNBR for Design Transients 
(XNB Correlation) 
(ANFP Correlation) 
(HTP Correlation) 

Core Power Density 

Number of Fuel Bundles 

Number of Fuel Rods/Bundle Initial Core 
Loading (A, B, C 1 + Typical Reload Fuel) 

Number of Fuel Rods/Bundle, Cycle 11 

Fuel Rod Pitch 

Fuel Clad Material 

Fuel Clad Thickness 

62. 5 x 106 lb/h original 
72.3 x 106 lb/h present 
nominal 

2 

4 

Vertical, Centrifugal, 
Mechanical Seals 

83,000 gpm 

260' 

2530 Mwt 

97.5% 

15% 

2.00 

1.17 
1.154 
1.141 

69.3 kW/Liter original 
79.8 kW/Liter presently 

204 

212 

216 typical 

0.550" 

Zircaloy-4 

0.0275" minimum 
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TABLE 1-2 
(Sheet 3 of 12) 

Number of Full-Length Control Rods 

Number of Part-Length Control Rods 

Control Rod Pitch 

Absorber Material 

Control Rod Drive Type 

Equivalent Core Diameter 136. 7" 

Total Uranium as U02 

Enrichment (Wt % U-235) 

Batch A 

Batch Q (Average) 

Reactor Vessel 

Inside Diameter 

Overall Length 

Wall Thickness Without Clad 

Wall Material 

Cladding Thickness 

Cladding Material 

Design Temperature 

Design Pressure 

NDT Temperature (Initial) 

Total Weight 

41 

4 

16.97" 

Silver-Indium-Cadmium 

Rack and Pinion 

80 metric tons 

1.65 

3.77 

172" 

40'-3/4" 

8-1 /2" 

SA-302 

3/16" 

SS-308/309 

650°F 

2,500 psia 

40°F 

426 Tons 
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Steam Generators 

Number of Units 

Type 

Outside Diameter 

Length 

Number of Tubes 

Tube OD 

Tube Material 

Shell Material 

Primary Side 

Tube Side Design Pressure 

Tube Side Design Temperature 

Tube Side Operating Pressure 

TABLE 1-2 
(Sheet 4 of 12) 

Coolant Inlet Temperature (nominal) 

Coolant Outlet Temperature (nominal) 

Bottom Head Clad Material 

Secondary Side 

Shell Side Design Pressure 

Shell Side Design Temperature 

Operating Pressure (Steam Generator Outlet 
at Plant Rating of 2,530 MWt Core) 

Operating Temperature 

Quality 

2 

Vertical "U" Tube 

20'-10" 

59'-2" 

8,219 Initial Design 

3/4" 

lnconel 

SA-3028 and 
SA-516, Gr 70 

2,500 psia 

650°F 

2,060 psia 

582.7°F 

537.3°F 

SS-304 

1,000 psia 

550°F 

760-770 psia presently 

512°F 

99.8% 
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TABLE 1-2 
(Sheet 5 of 12) 

• Feedwater Inlet Temperature 435°F 

Steam Flow/Steam Generator ( 106 lb/h) 5.485 

Turbine Cycle 

Turbine Design Tandem-Compound, 1 HP, 
2 LP Turbines 

Exhaust Pressure 1.8 inHg 

Makeup 0.25% 

Steam Atmospheric Dump (Rated Steam Flow) 35% 

Steam Bypass to Condenser (Rated Steam Flow) 5% 

Feedwater Heater Stages 6 

Condensate Pumps - Number 2 - Half Capacity 

• Design Flow 9,250 gpm 

Design Head 1,000' 

Feedwater Pumps - Number 2 - Half Capacity 

Design Flow 13,500 gpm 

Design Head 1,920' 

Condenser Circulating Pumps - Number 2 - Half Capacity 

Design Flow 205,000 gpm/Pump 

Design Head 90' 

Generator 

Design Rating 955 MVA 

Power Factor 0.85 

• Terminal Voltage 22,000 
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• 

• 

NSSS Auxiliary Systems 

TABLE 1-2 
(Sheet 6 of 12) 

1 . Chemical and Yalu.me Control System 

Normal Letdown Flow Rate 

Maximum Letdown Flow Rate 

Charging Pumps - Number 

Design Flow 

Design Head 

Metering Pumps - Number 

Design Flow Range 

Maximum Outlet Pressure 

Regenerative Heat Exchanger - Number 

Design Heat Transfer 

Letdown Heat Exchanger - Number 

Design Heat Transfer 

Demineralizers - Number 

Nominal Rating 

Maximum Flow 

Resin Type 

Resin Volume 

40 gpm 

133 gpm 

2 - Fixed Capacity 
1 - Variable Capacity 

40 gpm 

6,375' 

1 

0 to 35 gpm 

120 psig 

1 - Full Capacity 

6.6 x 106 Btu/h 

1 - Full Capacity 

1 9. 1 x 1 0 6 Btu/h 

2 - Purification 
1 - Deborating 

40 gpm 

160 gpm 

H-OH 

32 ft3 
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TABLE 1-2 
(Sheet 7 of 12) 

• Filter - Number 2 

Type Cartridge 

Design Rating 120 gpm 

Filter Size 2 Microns 

2. Safety Injection System 

Safety Injection Tanks - Number 4 

Volume - Total 2,000 ft3 

Borated Water 1,000 ft3 

Nitrogen @ 200 psia 1,000 ft3 

·Design Pressure 250 psia 

Design Temperature 200°F 

• High-Press·ure Pumps - Number 2 - Full Capacity 

Rating, Each 300 gpm 

Head 2,500' 

Low-Pressure Pumps - Number 2 - Full Capacity 

Rating, Each 3,000 gpm 

Head 350' 

3. Containment Air Cooling System 

Air Coolers - Number 4 (3-safety related) 

Rating, Each Safety Related Cooler 
(Btu/h)@ 283°F, 55 psig 87.2 x 106 (DBA) 

Cooling Water Flow, Each Set per FSAR Sect 9.1.2.3 
(DBA) 

• Airflow 30,000 ft3 /min (DBA) 
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• 
4. 

5. 

• 6. 

7. 

• 

TABLE 1-2 
(Sheet 8 of 12) 

Rating (Safety Related Cooler) 1.98 x 106 Btu/h (Normal)* 
(Non-safety Related Cooler) 1.38 x 106 Btu/h (Normal)** 

Cooling Water Flow, Each 500 gpm (Normal) 

Airflow 60,000 ft3 /min (Normal) 

Containment Spray System 

Spray Pumps - Number 3 - Half Capacity 

Rating, Each 1,340 gpm 

Head 450' 

Heat Exchangers (Shutdown Cooling 
Heat Exchangers) 2 

·Rating, Each (Btu/h) 83.5 x 106 @ 283°F 

Hydrogen Recombiners 

Number of Recombiners 2 - Full Capacity 

SIRW Tank 

Fluid Volume 285,000 Gallons 

Boron Concentration 1720-2500 ppm 

Shutdown Cooling System 

Auxiliary Feedwater Pumps - Number 3 - Full Capacity 

Turbine Driven - Number 1 

Rating 415 gpm 

Head 2,730' 

·safety related cooler performance based on 115°F EAT & 81.5°F EWT 

**Non-safety related cooler performance based on 104°F EAT & 75°F EWT 
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• 

• 

• 

Motor Driven - Number 

TABLE 1-2 
(Sheet 9 of 12) 

Approximate Rating (Pump P8A} 
(Pump P8C} 

at approximate Head (Pump P8A} 
(Pump P8C} 

Pumps - Use Low-Pressure Safety 
Injection Pumps 

Heat Exchangers - Number 

Rating, Each 

8. Component Cooling System 

Component Cooling Pumps - Number 

Rating, Each 

Head 

Heat Exchangers - Number 

Rating, Each 

Rating, Each 

9. ·Spent Fuel Cooling System 

Spent Fuel Pool Capacity 

Volume 

Fuel Assemblies 

Pumps - Number 

Rating, Each 

Head 

2 

415 gpm 
330 gpm 

2, 730' 
2,260' 

2 - Half Capacity 

80.0 x 106 Btu/h 

3 - Half Capacity 

6,000 gpm 

164' 

2 

50. 5 x 106 Btu/h (Normal} 

85.0 x 106 Btu/h (Post-DBA) 

4 Cores 

21,317 ft3 

892 

2 - Half Capacity 

1,700 gpm 

64' 

Rev 20 



• 

• 

• 

Heat Exchanger - Number 

Rating 

Filter - Number 

Type 

Rating 

Size 

Demineralizer - Number 

Resin Type 

Bed Size 

·Nominal Flow 

10. Shield Cooling System 

Pumps - Number 

Rating, Each 

Head 

Heat Exchanger - Number 

Rating 

TABLE 1-2 
(Sheet 1 O of 12) 

Sets of Cooling Coils - Number 

2 

23 x 1 06 Btu/h 

1 

Cartridge 

150 gpm 

25 Microns 

1 

H-OH 

68 ft3 

150 gpm 

2 - Full Capacity 

180 gpm 

79' 

1 - Full Capacity 

2 x 10 Btu/h 

2 - Full Capacity 
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• 

• 

TABLE 1-2 
(Sheet 11 of 12) 

Conventional Plant Auxiliary Systems 

1 . Service Water System 

Service Water Pumps - Number 

Rating 

Head 

2. Compressed Air System 

Compressors - Number 

Rating 

Discharge Pressure 

3. ·High-Pressure Air Systems 

Compressors - Number 

Rating, Each 

Discharge Pressure 

Containment 

Type 

Diameter 

Height 

Liner - Material 

Thickness 

Design Pressure 

Design Temperature 

3 - Half Capacity 

8,000 gpm 

140' 

3 

200 scfm 

100 psig 

3 

22.3 scfm 

325 psig 

Reinforced Concrete, 
Prestressed, Post-Tensioned 

116'-0" ID (Inside) 

190'-6" (Inside) 

A442 Plate 

1 /4" 

55 psig 

283°F 

Rev 20 



• Free Volume 

Leak Rate 

Electrical Equipment 

Main Transformer - Rating 

Voltage 

Diesel Generators - Number 

Rating 

Fuel Oil Capacity 

Station Battery - Number 

Type 

Number of Cells 

• Rating 

Chargers - Number 

Inverters - Number 

AC/DC Voltage 

Rating 

• 

TABLE 1-2 
(Sheet 12 of 12) 

1.64 x 10 ft3 

0.2%/Day 

875 MVA. 

345 kV 

2 - Full Capacity 

3,000 kVA 

1 Week Following a OBA 

2 

Lead Calcium 

59 

125 V, 1,800 Ah 

4 

4 

120/125 

6 kVA 
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• 
Topic 

II-1.A 

II-1.B 

Il-1.C 

I 1-2 .A 

II-2.C 

II-3.A 

II-3. B 

11-3.B.1 

Il-3.C 

II-4 

II-4.A 

II-4.B 

II-4.C 

II-4.D 

II-4.F 

III-I 

TABLE 1-3 
(Sheet 1 of 9) 

SYSTEMATIC EVALUATION PROGRAM (SEP) 
AND INTEGRATED ASSESSMENT PROGRAM !IAP) 

PALISADES PLANT - NUREG-0820 

• 

Title Status(a) IAP Disposition and Location Where Used in FSAR Update 

Exclusion Area Authority and Control 

Population Distribution 

Potential Hazards or Changes in Potential Hazards Due to 
Transportation, Institutional, Industrial and Military 
Facilities 

Severe Weather Phenomena 

Atmospheric Transport and Diffusion Characteristics for 
Accident Analysis 

Hydrologic Description 

4/N (Evaluation acceptable.) Section 2.1. 

s Sect ion 2 .1. 2. 

s Sections 2.1.3 and 5.5.4. 

s Sections 8.7.1, 8.7.2 and 8.7.3. 

s Section 2.5. 

s Section 2.2. 

Flooding Potential and Protection Requirements 3/C (CP Co seiche evaluation established maximum flood level of 
593.5 MSL accepted by staff October 7, 1982.) 

Capability of Operating Plant To Cope With Design-Basis 
Flooding Conditions 

Safety-Related Water Supply (Ultimate Heat Sink (UHS)) 

Geology and Seismology 

Tectonic Province 

Proximity of Capable Tectonic Structures in Plant Vicinity 

Historical Seismicity Within 200 Miles of Plant 

Stability of Slopes 

Settlement of Foundations and Buried Equipment 

Classification of Structures, Components and Systems (Seismic 
and Quality) 

3/C 

3/C 

s 

s 

s 

s 

s 

s 

3/C 

Sections 2.2.2 and 5.4.1. 

(Same as Il-3.B.) Section 5.4.1. 

(Same as II-3.B.) Sections 5.4.1 and 9.1. 

Sections 2.3 and 2.4. 

Section 2.3. 

Section 2.4. 

Section 2.4. 

Section 2.4. 

Section 2.3.5. 

(Additional information supplied on radiography fracture 
toughness, valves, pumps and storage tanks accepted by 
staff June 27, 1983.) Sections 5.1.5 and 11.2.1; and 
Tables 5.2-1, 5.2-2 and 5.2-3. 
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• 
Topic Title 

III-2 Wind and Tornado Loadings 

- SIRW and Condensate Storage Tank 

- Emergency Generators Supply.and Exhaust Piping 

- Spent Fuel Pool Enclosure 

III-3.A Effects of High Water Level on Structures 

IIl-3.C Inservice Inspection of Water Control Structures 

- Cooling Water System Structures Inspection 

- Flood Protection Structures 

III-4.A Tornado Missiles 

- SIRW and Condensate Storage Tanks 

- Emergency Diesel Supply and Exhaust Piping 

- Atmospheric Relief Stacks of Steam Relief Valves 

- Compressed Air System 

III-4.B Turbine Missiles 

III-4.C Internally Generated Missiles 

III-4.D Site-Proximity Missi Jes (Including Air,craft) 

• 
TABLE 1-3 

(Sheet 2 of 9) 

Status(a) 

2/C 

4/N 

4/N 

4/N 

2/C 

4/N 

2/C 

4/N 

4/N 

4/N 

s 

s 

s 

• 
IAP Disposition and Location Where Used in FSAR Update 

(New EOPs were issued in December 1986.) Sections 5.3.2 
and 5.3.3. 

(Loss of both diesel generators and offsite power could 
present safe shutdown problems, however, the probability 
of both generators being disabled, precludes any back
fitt ing requirements.) Sections 5.3.2 and 5.3.3. 

(The ability of the Plant to shut down is not affected by 
the inability of the steel enclosure to withstand tornado 
loadings, precluding any backfit requirements.) Sections 
5.3.2 and 5.3.3. 

(The NRC concluded that the design approach used for 
Palisades CP Co Design Class 1 structures was adequate for 
resisting a design basis flood.) Sections 5.4.1 and 5.9.1. 

(Inspection began in 1982.) 

(Inspection part of Preventative Maintenance Program.) 

(New EOPs were issued in December 1986.) Sections 5.3.3 
and 5.5.1. 

(Same as III-2.) Sections 5.3.3 and 5.5.1. 

(Same as III-2.) Sections 5.3.3 and 5.5.1. 

(Same as III-2.) Sections 5.3.3, 5.5.1 and 9.5.2.1. 

Section 5.5.2. 

Section 5.5.3. 

Section 5.5.4. 
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• 
Topic 

III-5.A 

III-5.B 

111-6 

III-7.A 

III-7.B 

III-7.C 

III-7.D 

III-8.A 

III-8.C 

111-10.A 

Title 

Effects of Pipe Break on Structures, Systems and Components 
Inside Containment 

- Operability of Leakage Detection System 

Pipe Break Outside Containment 

Seismic Design Considerations 

- Small Piping 

- Electrical Components 

Inservice Inspection, Including Prestressed Concrete 
Containments With Either Grouted or Ungrouted Tendons 

- Tendon Force Acceptance Criteria 

- Inspect Tendon-End Anchorages 

• 
TABLE 1-3 

(Sheet 3 of 9) 

Status(a) 

2/C 

2/C 

s 

3/C 

3/C 

3/C 

3/C 

Design Codes, Design Criteria, Load Combinations and Reactor 
Cavity Design Criteria 

3/C 

Delamination of Prestressed Concrete Containment Structures 

Containment Structural Integrity Tests 

Loose-Parts Monitoring and Core Barrel Vibration Monitoring 

Irradiation Damage, Use of Sensitized Stainless Steel and 
Fatigue Resistance 

Thermal-Overload Protection for Motors of Motor-Operated 
Valves 

3/C 

s 

3/C 

s 

s 

• 
IAP Disposition and Location Where Used in FSAR Update 

(No modifications necessary. Reference CP Co letter of 
5/31/85.) Section 5.6. 

(Technical Specifications change submitted by CP Co 
letter of 5/23/85.) 

Section 5.6.1. 

Supplemental SER issued July 12, 1991 

Supplemental SER issued July 12, 1991 

(Acceptance criteria developed for each tendon that 
varies with time. Reference CP Co 11/7/83 submittal.) 
Sections 5.8.4.2 and 5.8.2. 

(CP Co submitted Technical Specifications changes that 
specify when tendon-end anchorages will be inspected dur
ing ILRT. Reference 5/4/87 and 9/16/87 CP Co submittals.) 
Sections 5.8.4.2 and 5.8.2. 

(Issue resolved. Reference CP Co letters of 6/28/84 and 
5/3/85.) Sections 5.8.3, 5.9.1 and 5.10.2; and 
Table 5.2-2. 

(One-time delamination inspection of containment dome 
completed.) Section 5.8.8. 

Section 5.8.8.4. 

(Program of "Reactor Internals Vibration Monitoring" 
instituted.) Program was discontinued in 1985 with NRC issuance 
of Technical Specifications Amendment 91. 

Chapter 8. 
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• 
Topic 

III-10.B 

IV-1.A 

IV-2 

V-5 

V-6 

V-7 

V-10.A 

V-10.B 

V-11.A 

V-11. B 

VI-1 

VI-2.D 

VI-3 

Title 

Pump Flywheel Integ~tt~ 

Operation With Less Than All Loops in Service 

Reactivity Control Systems Including Functional Design and 
Protection Against Single Failures 

Reactor Coolant Pressure Boundary (RCPB) Leakage Detection 

Reactor Vessel Integrity 

Reactor Coolant Pump Overspeed 

Residual Heat Removal System Heat Exchanger Tube Failures 

Residual Heat Removal System Reliability 

- Overpressurization Protection (OPS) 

- Safety Grade Systems for Safe Shutdown 

• 
TABLE 1-3 

(Sheet 4 of 9) 

Status(a) 

s 

s 

s 

2/C 

s 

s 

s 

2/C 

Requirements for Isolation of High- and Low-Pressure Systems 

2/C 

2/C 

Residual Heat Removal System Interlock Requirements s 

Organic Materials and Post-Accident Chemistry s 

Mass and Energy Release for Postulated Pipe Break Inside l/C 

Containment Pressure and Heat Removal Capability l/C 

• 
IAP Disposition and Location Where Used in FSAB Update 

Section 4.3.5. 

Section 7.2.3.3. 

Section 7 .4.1.2. 

(Technical Specifications for operability of leakage 
detection systems completed December 15, 1983.) 
Section 4.7. 

Sections 4.3.3, 4.4.2 and 4.5.2. 

Section 4.3.5. 

Section 6. 1. 

(Technical Specifications Amenanent submitted on July 29, 
1982 which would place OPS in service before shutdown 
cooling.) Section 7.4.2. 

(New EOPs were issued in December 1986.) 

(Technical Specifications Amendment submitted on July 29, 
1982 which requires verification of LPSI check valve clo
sure before criticality after use of system.) 
Sections 6.1.3 and 7.4.2. 

Chapters 6 and 7. 

(See PRA study submitted by CP Co letter of 5/23/85; NRC 
review dated 2/28/86.) 

(Same as VI-2.D. NRC review dated 2/28/86.) 
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• 
Topic 

VI-4 

VI-6 

VI-7.A.3 

VI-7.B 

VI-7.C 

VI-7.C.l 

VI-7.C.2 

VI-7.D 

VI-7.F 

VI-10.A 

VII-1.A 

VII-1.B 

• 
TABLE 1-3 

(Sheet 5 of 9) 

Containment Isola~ion System 
·;·· 

- Manual Isolation Valve 

- Threaded Pipe Connection 

Title 

- Containment Isolation Systems 

Containment Leak Testing 

Emergency Core Cooling System Actuation System 

Engineered Safety Feature Switchover From Injection to 
Recirculation Mode (Automatic Emergency Core Cooling System 
Realignment) 

Emergency Core Cooling System (ECCS) Single-Failure Criterion 
and Requirements for Locking Out Power to Valves, Including 
Independence of Interlocks on ECCS Valves 

Appendix K - Electrical Instrumentation and Control 
Re-reviews 

Failure Mode Analysis (Emergency Core Cooling System) 

Lon~-Tenn Cooling Passive Failures (eg, Flooding of Redundant 
Components) 

Accumulator Isolation Valves Power and Control System Design 

Testing of Reactor Trip System and Engineered Safety 
Features, Including Response-Time Testing 

Isolation of Reactor Protection System From Nonsafety 
Systems, Including Qualification of Isolation Devices 

Trip Uncertainty and Setpoint Analysis Review of Operating 
Data Base 

Status(a) 

l/C 

l/C 

l/C 

3/C 

s 

s 

s 

s 

s 

s 

s 

3/C 

l/C 

s 

• 
IAP Disposition and Location Where Used in FSAR Update 

(Change isolation valve on Penetration 44 to power opera
tion scheduled for 1985 outage.) 

(Modification of Penetration 19 threaded connection 
completed during 1983/84 outage.) 

(Modifications of Penetrations 13, 17, 17a, 21, 21a, 28, 29, 
48 and 73 have been completed.) 

(Technical Specifications Amendment submitted March 3, 1982 
for verification of airlock door seal integrity following 
opening. Approved by Amencinent 126 dated June 1, 1989.) 

Sections 7.3.2, 7.3.5 and 8.1.1; and Appendix 7A. 

Section 6.1.2.2. 

Section 7.3. 

Chapter 7, Sections 8.1.1 and 8.3.5. 

Section 7.2.3.10. 

Sections 5.4 and 9.1.3. 

Chapters 7 and 8. 

(Requires response-time testing on a periodic basis.) 
Sections 7.3.2 and 7.3.5. 

Section 7.2.9. 
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• 
Topic 

VII-2 

VIl-3 

Vll-6 

VIIl-1.A 

VII 1-2 

VIIl-3.A 

VIII-3.B 

VII 1-4 

IX-1 

• 
Title 

Engineered Safet~ 1 :Features System Control Logic and Design 
-"' ' ·,, 

Systems .Required for Safe Shutdown 

- Removal of Nonessential Loads as an Alternative to 
10 CFR 50, Appendix A, GDC' 17 

- Component Cooling Water Surge Tank Level 

- Boric Acid Heat Tracing 

- Pressure Sensor on CCW Pumps 

- Adequate Seismic Category I Water Supply for AFW 

Frequency Decay 

Potential Equipment Failures Associated With Degraded Grid 
Voltage 

Onsite Emergency Power Systems (Diesel Generator) 

Station Battery Capacity Test Requirements 

DC Power System Bus Voltage Monitoring and Annunciation 

Electrical Penetrations of Reactor Containment 

Fuel Storage 

TABLE 1-3 
(Sheet 6 of 9) 

Status(a) 

s 

2/C 

l/C 

4/C 

4/C 

2/C 

s 

s 

l/C 

2/C 

l/C 

4/C 

s 

• 
IAP Disposition and Location Where Used in FSAR Update 

Chapte,r 6 and Section 7 . 3 . 1 . 

Sections 7.2.3, 7.2.7, 7.2.9, 7.3.1, 7.4.1, 7.4.2, 7.6.2, 
8.1.1, 8.1.2, 8.1.3, 8.4.1 and 8.4.2; and Table 7-3. 

(Procedure to remove nonessential loads from battery if 
the inmediate sources of offsite power are available. 
Completed, see CP Co letter of 9/26/84.) 

(Installation of another level sensor to the component 
cooling water surge tank and control room indication 
completed.) 

(The PRA study found that the boric acid system is a low 
contributor to risk and the impact of this issue on 
reactivity control is low, no backfit required.) 

(Because of redundancy in system failure indication, the 
PRA study concluded this issue has a small impact on 
availability, no backfit required.) 

(Same as I II -2.) 

Section 14.7 and Chapter 8. 

Sections 7.3.2.2 and 7.3.5. 

(Separate annunciator modification complete.) Section 8.4. 

(CP Co proposed an amendment to the Jechnical Specifica
tions to conduct battery test pursuant to NRC guidelines, 
see CP Co letter dated 5/13/85.) Section 8.4.2. 

(Installation of (1) 125 V de tie breaker open (both 
buses}, (2) public address system inverter loss of voltage 
and (3) battery undervoltage (both batteries) is complete.) 
Sections 8.3.5 and 8.4.2. 

(Evaluation acceptable based on similar SEP plants, 
modification unnecessary.) Section 8.5.1. 

Sections 9.4 and 9.11. 
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• 
Topic 

IX-3 

IX-4 

IX-5 

IX-6 

XII 1-2 

XV-1 

XV-2 

XV-3 

XV-4 

XV-5 

• 
TABLE 1-3 

(Sheet 7 of 9) 

Ti le 

Station Service,~~d CQ91ing Water Systems 

- 2.7.1 Cooling of CCW Heat Exchanger 

- 2.7.2 Flooding of Intake Safety Systems 

Boron Addition Systems (PWR) 

Ventilation Systems 

- AFW Pump Room' 

- Cable Spreading, Switchgear and Battery Rooms 

Fire Protection 

Safeguards/Industrial Security 

Decrease in Feedwater Temperature, Increase in Feedwater 
Flow, Increase in Steam Flow and Inadvertent Opening of a 
Steam Generator Relief or Safety Valve 

Spectrum of Steam System Piping Failures Inside and Outside 
Con~ainment (PWR) 

- Failure of Main Feedwater Isolation 

Loss of External Load, Turbine Trip, Loss of Condenser 
Vacuum, Closure of Main Steam Isolation ,Valve (BWR) and Steam 
Pressure Regulator Failure (Closed) 

Loss of Nonemergency AC Power to the Station Auxiliaries 

Loss of Normal Feedwater Flow 

Status la) 

2/C 

2/C 

s 

2/C 

2/C 

3/C 

s 

s 

3/C 

3/C 

s 

s 

s 

• 
IAP Disposition and Location Where Used in FSAR Update 

(Revision to EDP for FWS alignment acceptable and 
complete.) 

Section 5.4.2. 

Section 9.10. 

(AFW pumps qualified for 16D"F service.) Section 9.8. 

(Ventilation fans for additional cooling to inverter cabi
nets, charger cabinets and auxiliary feedwater junction 
boxes completed during 1983/84 outage.) Sections 8.7.2, 
8.7.3 and 9.8. 

(11/7/83 NRC letter. FP will be reviewed generically 
outside the context of SEP.) Sections 7.4.l, 7.4.2, 
7.6.2, 7.7.3, 7.7.4, 7.7.8, 8.3.5, 8.5.3, 8.7.2, 8.8; 
and Table 7-3; and Appendix 7B. 

Section 14.9. 

(See PRA study submitted by CP Co letter of 5/23/85, NRC 
review required. NRC review letter dated 2/28/86.) 
Sect ion 14.14. 

(No modifications necessary, pending NRC review. NRC 
review letter dated 2/28/86.) 

Section 14.12. 

Chapter 8. 

Section 14.13. 
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• 
Topic 

XV-6 

XV-7 

)(V-8 

XV-9 

XV-10 

XV-12 

XV-14 

XV-15 

XV-16 

XV-17 

XV-19 

XV-20 

• 
TABLE 1-3 

(Sheet 8 of 9) 

it le 

Feedwater System pj'ij~·Bf~~~~ Inside and Outside Containment 
(PWR) :::.~~ .. ·."'' . 

Reactor Coolant Pump Rotor Seizure and Reactor Coolant Pump 
Shaft Break 

Control Rod Misoperatlon (System Malfunction or Operator 
Error) 

Start-Up of an Inactive Loop or Recirculation Loop at an 
Incorrect Temperature, and Flow Controller Malfunction 
Causing an Increase in BWR Core Flow Rate 

Chemical and Volume Control System Malfunction That Results 
in a Decrease in Boron Concentration in the Reactor Coolant 
(PWR) 

Spectrum of Rod Ejection Accidents (PWR) 

Inadvertent Operation of Emergency Core Cooling System and 
Chemical and Volume Control System Malfunction That Increases 
Reactor Coolant Inventory 

Inadvertent Opening of a PWR Pressurizer Safety/Relief Valve 
or a BWR Safety/Relief Valve 

Radiological Consequences of Failure of Small Lines Carrying 
PrillJ<lrY Coolant Outside Containment 

Radiological Consequences of Steam Generator Tube Failure 
(PWR) 

Loss-of-Coolant Accidents Resulting From Spectrum of 
Postulated Piping Breaks Within the Reactor Coolant Pressure 
Boundary 

Radiological Consequences of Fuel-Damaging Accidents (Inside 
and Outside Containment) 

Status(a} 

s 

s 

s 

s 

s 

2/C 

s 

s 

s 

s 

s 

s 

• 
IAP Disposition and Location Where Used in FSAR Update 

Section 5.6. 
\ 

Section 14.17. 

Sections 14.2, 14.4, 14.6 and 14.16. 

Section 14.8. 

Section 14.3. 

(The staff found that radiological consequences of a rod 
ejection accident are acceptable and do not require any 
departure from existing analysis.) 

Sections 14.20 and 14.21. 

Section 14.15. 

Section 14.7. 

Sections 14.11 and 14.19. 
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• 
Topic Title 

XVI I Operat iona 1 Ql!~HJt1i:M~~r~nce Program 
· · · ":~;1.rw·:.~·:Ff!M:~:~ · 

(a)Staff Position Code ''i;iJ' · ""/.". · 

S - Reviewed and accepted during SEP 
1 - Evaluated during integrated assessment, modification required 
2 - Evaluated during integrated assessment,· procedure development or 

Technical Specifications Change required 
3 ~ Evaluated during integrated assessment, refined engineering 

analysis or continuatton of ongoing analysis required 
4 - Evaluated during integrated assessment; no further work required 

• 
TABLE 1-3 

(Sheet 9 of 9) 

Status(a) 

s 

• 
IAP Disposition and Location Where Used in FSAR Update 

Status Code 

(N) - No action required 
(C) - Action required complete and item resolved 
(b) - Action required in progress 

\ 
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Item 
Number 

I.A~ 1.1 

· I.A.1.2 

I.A.1.3 

I.A.2.1 

• 

Title 

I stlift'Technical Advisor 

Shift Supervisor 
Responsibilities 

Shift Manning 

Immediate Upgrading of RO 
and SRO Training and 
Qualifications 

• • 
TABLE 1-4 

(Sheet 1 of 8) 

POST-TMI REQUIREMENTS FOR CONSUMERS POWER COMPANY'S 
PALISADES PLANT - NUREG-0737 

Description 

1. On duty 
2. Technical 

Specifications 
3. Trained per LL Cat B 
4. Describe long-term 

program 

Delegate nonsafety duties 

1. Limit overtime 
2. Min shift crew 

1. SRO experience 

2. SROs be ROs in one year 

3. Three-month training 
on shift 

4. Modify training. 

5. Facility certification 

Status(a) 

1 
1 

1 
1 

1 

1 
1 

1 

1 

Disposition 

Additional training produced. 
Additional training produced. 

Add1tional training produced. 
Additional training produced. 

Defined Shift Supervisor's responsibilities. 

Reviewed and revised procedures for shift manning. 
To be addressed when final rule is issued. 

Training and qualification procedures at Palisades Plant have 
been modified to meet NRC criteria. 
Training and qualification procedures at Palisades Plant have 
been modified to meet NRC criteria. 

1 Training and qualification procedures at Palisades Plant have 
been modified to meet NRC criteria. 

1 Training and qualification procedures at Palisades Plant have 
been modified to meet NRC criteria. 

1 Training and qualification procedures· at Palisades Plant have 
been modified to meet NRC criteria. 

I.A.2.3 Administration of Training .. Instructqrs complete SRO exam 
Programs 

1 Assure trainers are qualified at SRO qualifications level~ 

(a)Status Codes: 

1 - Completed 
2 - In Proc.ess 

FS0686-0361E-TM13-TM43 Rev 3 



Item 
Number 

I.A.3.1 

I.C.1 

I.C.2 

I.C.3 

I.C.4 

I.C.5 

I.C.6 

• 
Title 

Revise Scope and Criteria 
for Licensing Exams 

Short-Term Accident and 
Procedures Review 

Shift and Relief Turnover 
Procedures 

Shift Supervisor 
Responsibility 

Control Room Access 

Feedback of Operating 
Experience 

Verify Correct Performance 
of Operating Activities 

(a)Status Codes: 

1 - Completed 
2 - In Process 

FS0686-0361E-TM13-TM43 

• 
TABLE 1-4 

(Sheet 2 of 8) 

• 
Description Status(a) Disposition 

1. Increase scope 
2. Increase passing grade 
3. Simulator exams 

1. SB LDCA 
2. Inadequate Core Cooling 

a. Reanalyze and pro-
pose guidelines 

b. Revise procedures 
3. Transients and accidents 

a. Reanalyze and pro-
pose guidelines 

b. Revise procedures 

Implement shift turnover 
checklist 

Clearly define supervisor 
and operator 
responsibilities 

Establish authority; limit 
access 

Licensee to implement 
procedures 

Revise performance 
procedures 

1 
1 
1 

1 
1 

Include simulator examinations with training. 
Include simulator examinations with training. 
Include simulator examinations with training. 

Complete per EDP upgrade. 
Complete per.EDP upgrade. 

1 Complete. 

1 

1 

1 

1 

1 

Revised procedure for shift turnover. 

Defined Shift Supervisor's responsibilities. 

Access controlled by Shift Supervisor or No 1 Control Operator. 

Assess operating experience and incorporate (if needed) into 
operating procedures, training and retraining programs. 

Evaluate procedures and revise when appropriate. 

Rev 3 



I 
I 

Item 
Number 

l.D. l 

I :D.2 

11.B.l 

11.B.2 

11.B.3 

• 

(a)Status Codes: 

Title 

Control Room Design 
Reviews 

Plant Safety Parameter 
Display Console 

Reactor Coolant System 
Vents 

Plant Shielding 

Post-Accident Sampling 

1 - Completed 
2 - In Process 

• 
TABLE 1-4 

(Sheet 3 of 8) 

Description Status(a) 

1. Assessment and schedule 
for correcting 
deficiencies 

2. Implementation of cor
rective actions 

1. ·Description 
2. Installed 

3. Fully implemented 

1. Design vents 

2. lnsta 11 vents 
(LL Cat B) 

3. Procedures 

1. Review designs 

2. Plant modifications 
(LL Cat B) 

3. Equipment qualification 

1. Interim system 
2. Plant modifications 

(LL Cat B) 

1 
1 

1 

1 

1 

1 

1 

1 
1 

Disposition 

Complete - SER issued 9/14/89. See Note 1. 

Continuing. 

Complete - SER issued 6/29/87. 
Complete - SER issued 6/29/87. 

- CPCo Certification letter 7/10/89 
- NRC Closure letter 4/19/90 

Complete - SER issued 6/29/87. 
- CPCo Certification letter 7/10/89 
- NRC Closure letter 4/19/90 

• 

Modification of gas venting system and revised procedures 
accordingly. 
Modification of gas venting system and revised procedures 
accordingly. 
Modification of gas venting system and revised procedures 
accordingly. 

Modification completed of facility to provide access to 
vital areas under accident conditions. 
Modification completed of facility to provide access to 
vital areas under accident conditions. 
Modification completed of facility to provide access to 
vital areas under accident conditions. 

Complete. 
Complete. 

Rev 14 



• 
Item 

Number 

11.B.4 

11.D.1 

11.D.3 

11.E.1.1 

11.E.1.2 

Title 

Training for Mitigating 
Core Damage 

Relief and Safety Valve 
Test Requirements 

Valve Position Indication 

Auxiliary Feedwater System 
Evaluation 

Auxiliary Feedwater System 
Initiation and Flow 

(a)Status Codes: 

1 - Completed 
2 - In Process 

FS0686-0361E-TM13 

• 
TABLE 1-4 

(Sheet 4 of 8) 

Description Status(a) 

1. Develop training program 
2. Implement program 

a. Initial 
b. Complete 

1. Submit program 
2. RV and SV testing 

(LL Cat B) 
a. Complete testing 
b. Plant specific report 

3. Block valve testing 

1. Install direct indica
tions of valve position 

2. Technical Specifications 

1. Short term 
2. Long term 

1. Initiation 
a. Control grade 
b. Safety grade 

2. Flow indication 
a. Control grade 
b. LL A Technical 

Specifications 
c. Safety grade 

1 
1 

1 
1 

1 

1 

1 

1 
1 

1 

1 

Disposition 

Complete training program. 
Complete training program. 

Complete. 
Complete. 

• 

Block valve requirement analysis complete, new block valves 
and PORVs installed during 1989 maintenance outage. 

Complete. 

Modification of valve indicators and Technical Specifica
tions changes as required (reference Amendment 67, 10/8/81). 

Auxiliary Feedwater Systems modified as required. 
Auxiliary Feedwater Systems modified as required. 

Modification of instrumentation to level of safety grade 
complete. 

Modification of instrumentation to level of safety grade 
complete. 

Rev 11 



Item 
Number 

I I.E.3.1 

II.E.4.1 

II.E.4.2 

II.F.1 

• 
Title 

Emergency Power for 
Pressurizer Heaters 

Dedicated Hydrogen 
Penetrations 

Containment Isolation 
Dependability 

Accident Monitoring 

(a)Status Codes: 

1 - Completed 
2 - In Process 

FS0686-0361E-TM13-TM37 

• 
TABLE 1-4 

(Sheet 5 of 8) 

• 
Description Status(a) Disposition 

1. Upgrade power supply 
2. Technical Specifications 

1. Design 
2. Install 

1-4. Imp diverse isolation 
5. Containment pressure 

set point 
a. Specify pressure 
b. Modifications 

6. Containment purge valves 

7. Radiation signal on 
purge valves 

8. Technical Specifications 

1. Noble gas monitor 

2. Iodine/particulate 
sampling 

3. Containment high-range 
monitor 

4. Containment pressure 

5. Containment water level 

6. Containment hydrogen 

1 
1 

1 
1 

1 
1 

Modified system to provide emergency power. 
Modified system to provide emergency power. 

Not required for Palisades Plant. 
Not required for Palisades Plant. 

Modified containment isolation circuitry. 
Lower containment pressure set point to level compatible 
with normal operation. 

1 Consumers Power Company has committed to use valves only 
during outages. 

1 Isolate purge and vent valves on radiation signal. 

1 Isolate purge and vent valves on radiation signal. 

1 Modifications made and Technical Specifications changes 
requested. 

1 Modifications made and Technical Specifications changes 
requested. 
Modifications made and Technical Specifications changes 
requested. 

1 Modifications made and Technical Specifications changes 
requested. 

1 Modifications made and Technical Specifications changes 
requested. 

1 Existing equipment meets the NRC's criteria. 

Rev 3 



• 
Item 

Number 

II.F .2 

II.G. l 

II.K.1 

II.K.2 

II .K.3 

. Title 

Instrumentation for Detec
tion of Inadequate Core 
Cooling 

Power Supplies for Pres
surizer Relief Valves, 
Block Valves and Level 
Indicators 

IE Bulletins 

Orders on B&W Plants 

Final Recommendations, B&O 
Task Force 

(a)Status Codes: 

1 - Completed 
2 - In Process 

FS0686-0361E-TM13 

• 
TABLE 1-4 

(Sheet 6 of 8) 

Description Status(a) 

1. Subcool meter 
2. Technical Specifications 

(LL Cat A) 
3. Install level instru

ments (LL Cat B) 

1. Upgrade to emergency 
sources 

2. Technical Specifications 

79-05 

79-06 

79-08 

13. Thermal mechanical 
report 

17. Voiding in RCS 
19. Bench mark analysis of 

seq AFW flow 

1. Auto PORV isolation 
a. Design 
b. Test/install 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

• 
Disposition 

Instrumentation modified during 1988 refueling outage. 
Issued as Amendment 129. 

Instrumentation modified during 1988 refueling outage. 

No action required. 

No action required. 

See Bulletin for specific disposition, no further action 
required. 
See Bulletin for specific disposition, no further action 
required. 
See Bulletin for specific disposition, no further action 
required. 

Analysis shows that vessel integrity will be maintained for 
such an event. 
Existing equipment meets NRC requirements. 
Not applicable to Palisades Plant. 

Not applicable to Palisades. Palisades operates with the 
PORVs isolated. 
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Item 
Number 

II.F.2 

II.G.1 

11.K.1 

II.K.2 

I I. K. 3 

• 
Title 

Instrumentation for Detec
tion of Inadequate Core 
Cooling 

Power Supplies for Pres
surizer Relief Valves, 
Block Valves and Level 
Indicators 

IE Bulletins 

Orders on B&W Plants 

Final Recu111111endat i ans, B&O 
Task Force 

(a)Status Codes: 

1 - Completed 
2 - In Process 

FS0686-0361E-TM13-TM11 

• 
TABLE 1-4 

(Sheet 6 of 8) 

Description Status(a) 

1. Subcool meter 
2. Technical Specifications 

(LL Cat A} 
3. Install level instru

ments (LL Cat B) 

1. Upgrade to emergency 
sources 

2. Technical Specifications 

79-05 

79-06 

79-08 

13. Thermal mechanical 
report 

17. Voiding in RCS 
19. Bench mark analysis of 

seq AFW flow 

1. Auto PORV isolation 
a. Design 
b. Test/install 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

• 
Disposition 

Instrumentation to be modified. 1988 refueling outage. 
Instrumentation to be modified. 1988 refueling outage. 

Instrumentation to be modified. 1988 refueling outage. 

No action required. 

No action required. 

See Bulletin for specific disposition, no further action 
required. 
See Bulletin for specific disposition, no further action 
required. 
See Bulletin for specific disposition, no further action 
required. 

Analysis shows that vessel integrity will be maintained for 
such an event. 
Existing equipment meets NRC requirements. 
Not applicable to Palisades Plant. 

Not applicable to Palisades. Palisades operates with the 
PORVs isolated. 

Rev 6 



Item 
Number 

• 
Title 

III.A.1.1 Emergency Preparedness, 
Short Term 

(a)Status Codes: 

1 - Completed 
2 - In Process 

FS0686-0361E-TM13-TM11 

• 
TABLE 1-4 

(Sheet 7 of 8) 

Description Status(a) 

2. Report on PORV failures 
3. Reporting SV and RV 

failures and challenges 
5. Auto trip of RCPs 

a. Propose modifications 
b. Modify 

17. Emergency Core Cooling 
System outages 

25. Power on pump seals 
a. Propose modifications 
b. Modifications 

30. SB LOCA methods 
a. Schedule outline 
b. Model 
c. New analyses 

31. Compliance with 
CFR 50.46 

44. Evaluate transient with 
single failure 

Short-term improvements 

1 
1 

1 

1 

1 

1 

1 

1 

1 

• 
Disposition 

Complete. 
RVs are isolated - are not challenged. SVs have never been 
challenged. Complete per CE Reports CEN-213 and -227. 
Complete Trip 2/leave 2 incorporated in EOPs. 

No action required. 

Item not applicable to Palisades Plant. 

CE-CEFLASH 4AS acceptable. 

Not required. 

Item not applicable to Palisades Plant. 

Emergency Plan will be changed on an as-needed basis. 

Rev 3 



Item 
Number 

III.A.1.2 

III.A.2 

III.D.1.1 

III.D.3.3 

III.D.3.4 

• 
Title 

Upgrade Emergency Support 
Facilities 

Emergency Preparedness 

Primary Coolant Outside 
Containment 

In-Plant Radiation 
Monitoring 

Control Room Habitability 

• 
TABLE 1-4 

(Sheet 8 of 8) 

• 
Description Status(a) Disposition 

1. Interim TSC, OCS and EOF 

2. Design 

3. Modifications 

1. Upgrade emergency plans 
to Appendix E, 10 CFR 50 

2. Meteorological data 

1. Leak reduction 
2. Technical Specifications 

1. Provide means to deter-
mine presence of 
radioiodine 

2. Modifications to 
accurately measure 

1. Review 
2. Modification 

1 

1 

1 

1 

Emergency support facilities have been constructed/modified 
to meet NRC criteria. 
Emergency support facilities have been constructed/modified 
to meet NRC criteria. 
Emergency support facilities have been constructed/modified 
to meet NRC criteria. 

Complete. Emergency Plan has been upgraded to meet 
Appendix E. 

1 Complete. Emergency Plan has been upgraded to meet 
Appendix E. 

1 
1 

1 

Leakage reduction program has been implemented. 
Leakage reduction program has been implemented. 

Existing Plant equipment meets NRC requirements. 

1 Existing Plant equipment meets NRC requirements. 

1 
Control room HVAC was modified to satisfy NRC criteria. 
Control room HVAC was modified to satisfy NRC criteria. 

NOTE 1: See Supplement 1 to NUREG-0737 for details. 

(a)Status Codes: 

- Completed 
2 - In Process 

FS0686-0361E-TM13-TM11 Rev 3 



• 

• 

• 

Task 

TABLE 1-5 

UNRESOLVED SAFETY ISSUES 

..1iQ_ Title 

A-1 Water Hammer 

A-2 Asymmetric Slowdown Loads on the Primary Coolant 
System 

A-4 Pressurized Water Reactor Steam Generator Tube 
Integrity 

A-9 Anticipated Transients Without Scram (ATWS) 

A-11 Reactor Vessel Materials Toughness 

A-12 Fracture Toughness of Steam Generators and Primary 
Coolant Pump Supports 

A-17 Systems Interactions in Nuclear Power Plants 

A-24 Environmental Qualification of Safety-Related Elec
trical Equipment (EEQ) 

A-26 Reactor Vessel Pressure Transient Protection 

A-31 Residual Heat Removal Requirements 

A-36 Control of Heavy Loads Near Spent Fuel 

A-40 Seismic Design Criteria Short-Term Program 

A-43 Containment Emergency Sump Reliability 

A-44 Station Blackout 

A-45 Shutdown Decay Heat Removal Requirements 

A-46 Seismic Qualification of Equipment in Operating 
Plants 

A-47 Safety Implications of Control System 

A-48 Hydrogen Control Measures and Effects of Hydrogen 
Burns on Safety Equipment 

A-49 Pressurized Thermal Shock 

(a)Not specifically addressed in FSAR. 

Reference 
FSAR Chapter{s) 

4 and 9 

6 

4 

7 

4 

- (a) 

- (a) 

8 

4 

7 and 9 

9 

5 

6 

8 

6 and 9 

5 

8 

6 

-(a) 

Rev 12 
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7.1 INTRODUCTION 

CHAPTER 7 

INSTRUMENTATION AND CONTROLS 

The Plant systems are instrumented to provide information on Plant conditions 
at selected locations, to protect equipment and personnel from undesirable 
conditions, and to control the Plant during start-up, operation, and shutdown. 
The principal control station for the Plant is in the control room. 

The Plant will be started up and shut down by manual control. In the power 
range, the operator will maintain manual control at all times. Annunciation, 
indication and recording will alert the operator and provide data on Plant 
conditions. 

Major portions of the instrumentation and controls essential to Plant safety 
(Class IE and safety related as discussed in Section 8.1) are located in the 
control room. The instrumentation is arranged in groups on the control boards 
so that when corrective action is required, all pertinent indicators, 
recorders and controllers are within easy reach of the operator. The control 
board consists of a control console and duplex vertical panels. Visible 
alarms with audible signals, located on the super-structure over the main 
control board, annunciate and identify abnormal operating conditions. A 
telephone system provides both intraplant and external communication. The 
control room is kept at a controlled temperature which is well within the 
design ambient temperature requirements of the instruments (Referente Section 
6.10, Control Room Habitability). 

All instrumentation and control equipment is made from highly reliable 
components. Environmental and seismic qualification of the instrumentation 
have been the subject of various reports (see Subsections 8.I.3, 8.I.4 and 
Class IE classification in Section 5.2). 

The protection instrumentation consists of independent multiple channels to 
ensure system flexibility while maintaining Plant safety at all times. A 
highly reliable source (Class IE as discussed in Section 8.I) of electrical 
power is provided to ensure safe and reliable Plant operation. 

The reactor operates within limits as a result of its inherent 
characteristics, the instrumentation and controls, the reactivity controls, 
and by operational procedures and administrative controls. Potential 
departures from these limits are audibly and visibly annunciated in the 
control room. A Reactor Protective System designed to protect the core 
initiates reactor trips. 

This chapter describes safety-related as well as major nonsafety-related 
instrumentation and controls for systems described in other chapters. Special 
nonsafety-related instrumentation systems such as radiation monitoring, leak 
detection, fire detection and meteorological instrumentation are outlined in 
other chapters. 

7.I-1 Rev 12 



• 
7.2 REACTOR PROTECTIVE SYSTEM 

7.2.1 GENERAL 

The Reactor Protective System (RPS) is a Class 1 E system comprised of the sensor 
instrumentation, amplifiers, trip units, logic circuits, actuation circuits and other 
equipment as required to monitor selected nuclear steam supply system conditions, 
and is designed to reliably effect a rapid reactor shutdown (scram) if any one or 
·combination of conditions deviates from a preselected operating range. The system 
functions to protect the reactor core. 

The RPS controls are housed in four cabinets in the control room. The cabinets consist 
of the following components: 

Four (4) Trip-Inhibit Switch Panel Assemblies 

Four (4) Trip-Unit Assemblies (One for each channel A,B,C,D) 

Twenty Eight (28) Bistable Trip Units (Seven in each channel) 

Sixteen (16) Auxiliary Trip Units (Four in each channel) 

Four (4) RPS Power Supply Assemblies 

• Four (4) Clutch Power Supply Assemblies 

Four (4) RPS Bin Assemblies 

• 

Four (4) Trip Unit Interconnection Modules 

One ( 1 ) Rod Drop Test Panel 

Four (4) Auxiliary Logic Module Assemblies 

Four (4) RPS Test Panel Modules 

The following components are also part of the RPS cabinets and are part of the nuclear 
instrumentation described in Section 7.6: 

Two (2) Nuclear Instrument Source/Wide Range Drawer Assemblies 

Four (4) Power Range Safety Drawer Assemblies 

One (1) Comparator Averager Assembly 
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Finally, a set of annunciators (non-class 1 E) are al~o located on the above cabinets for 
operator convenience. An extension of the RPS is housed in an additional panel, also 
in the control room. This panel contains: 

Four (4) Thermal Margin Monitors 

Four (4) Reactor Power Calibration and Indication Assemblies 
Another panel in the control room (C12) contains: 

Four (4) pressure switch alarms (dual output each, one for PORV logic, one for ATWS 
logic) 

7.2.2 DESIGN. BASES 

The RPS is designed under the following bases to assure adequate protection for the 
reactor core: 

1. Instrumentation and controls for this Plant conform to the provisions of the 
General Design Criteria as indicated in Section 5.1 and to IEEE 279-1971. 

2. No single component failure will prevent safety action. 

3. Four independent measurement channels complete with sensors, sensor power 
supply units, amplifiers and trip units are provided for each safety parameter with 
the exception of loss of load and rate trips. 

4. The channels are provided with a high degree of independence by separate 
connection of the sensors to the process systems and of the channels to 
preferred power supply buses. Separate raceways are used to ensure 
independence from cable faults. 

5. The four normal measurement channels provide trip signals to four independent 
trip paths. 

6. A trip signal from any two-out-of-four protective channels causes a reactor trip. 

7. When one of the four channels is taken out of service for maintenance, the 
protective system logic can be changed to a two-out-of-three coincidence for a 
reactor trip by bypassing the removed channel. If the bypass is not effected, the 
out-of-service channel assumes a tripped condition, which results in a 
one-out-of-three channel logic. 

8. The protective system ac power is supplied from four separate buses. 

9. Open circuit, or loss of power supply of the channel logic, initiates an alarm and a 
channel trip . 
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10. All measurement channels and trip logic matrices assume the nonconducting 
state to provide a tripping function . 

11. The RPS can be tested during reactor operation and when shut down. 

12. The manual trip is totally independent of the automatic trip system. 

13. Trip signals are preceded by alarms to alert the operator to undesirable operating 
conditions in cases where the operator could avert a reactor trip. 

14. The RPS components are independent from the control channels. 

15. Zero power mode bypass and low power nuclear channels bypass interlocks are 
provided with the same independence and single failures protection design as the 
trip circuits. 

16. A diverse reactor trip to satisfy the 10CFR50.62 ATWS (Anticipated Transient 
Without SCRAM) rule was installed in 1990 (Reference 18). This trip uses a 214 
pressurizer high pressure trip which is set higher than the normal pressurizer high 
trip. When one of the four signals of the ATWS trip is physically removed for 
maintenance, or any other reason, the protective system logic becomes 2/3. 

The new high pressurizer pressure trip modules are set up to trip at 2375+/-25 
psi. This makes it secondary to the RPS trips which actuate at 2255+/-22 psi. 
Pressurizer safety relief valves are set at 2500, 2540, and 2580. The set points 
for the new modules were specifically chosen to avoid overlap with either RPS 
trips or safety relief valves. 

This modification was approved by the NRC by SER on December 5, 1989. It 
also covers diverse circuitry for both turbine trip and initiation of an auxiliary 
feedwater pump. 

As shown in Figures 7-1 and 7-2, the RPS consists of four trip paths operating through 
coincidence logic to maintain power to, or remove it from, the control rod drive (CRD) 
clutches. Four independent measurement channels normally monitor each safety 
parameter. Individual channel trips occur when the measurement reaches a 
preselected value. -A typical measurement channel functional diagram is shown in 
Figure 7-3. The channel trips are combined in multiple two-out-of-four logic. Each 
two-out-of-four logic system provides trip signals to one-out-of-six logic units, each of 
which causes a direct trip of the contactors in the ac supply to the CRD clutch power 
supplies. The common sides of the clutch power supplies are ungrounded. 

Reactor trip is accomplished by de-energizing the magnetic clutch holding coils and 
releasing the full-length control rods to drop into the core. The four partial-length 
control rods are not equipped with magnetic clutches and are described in Chapter 3 . 
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7.2.3 REACTOR PROTECTIVE SYSTEM ACTIONS 

• Rapid reactor shutdown is effected on the following conditions: 

7.2.3.1 High Rate-of-Change of Power 

• 

• 

A reactor trip for high rate-of-change of reactor power (neutron flux) is provided to 
protect the reactor against an uncontrolled control rod withdrawal while the core is 
critical but at very low power levels. 

The rate-of-change of power is normally monitored at startup by two source range 
indications of the source/wide range nuclear instrumentation as discussed in Section 
7.6.2.2. 

A reactor trip is initiated if the rate-of-change of reactor power exceeds 2.6 decades per 
· minute (dpm), over a range of about 10-4% to 15% full power, by either of the two 
wide-range portions of the source/wide range nuclear instrumentation channels. The 
trip signal is automatically bypassed below 10-4% and above 15% full power. Alarms 
for high rate-of-change of power are initiated at 1.5 dpm over the operating range of 1 o-
4% to 15% full power. In addition, manual rod withdrawal prohibits (between 
approximately 10-4% and 15% full power from the two wide-range channels) prevent all 
regulating rods from being withdrawn, but do not prevent insertion. 

Above 15% power the high rate-of-change of power trip unit is switched by the 15% 
bistable in the power range safety channels to perform Axial Shape Index (ASI) alarm 
functions. This function is derived in the thermal margin monitor using maximum 
selected power (Q2) from eitherl\T power (B) or calorimetric nuclear power (cf>). As 
shown in Figure 7-7, the maximum power (Q2) is used to determine a set point which is 
then compared with axial offset (Y) (see Subsection 7.2.3.5) to generate an alarm. The 
ASI alarm is applicable for positive as well as negative values and indicates that an 
axial offset administrative limit has been breached. The ASI alarm is used to monitor 
and protect the reactor from axial power distributions outside analyzed limits. 

7.2.3.2 Variable High Power 

A reactor trip using a variable high power (VHP) trip of the thermal margin monitors is 
provided to shut down the reactor when the indicated neutron power or thermal power 
(maximum selected) exceeds a predetermined value. This trip is available at full or part 
loop operation and is independent of power level or pump configuration. The high 
power trip signals are initiated by two-out-of-four coincidence logic from the four 
thermal margin monitors. During normal full power Plant operation with all coolant 
pumps operating, reactor trips are initiated when the reactor core power level exceeds 
a nominal value of 106.5% of indicated full power; this trip level represents a reactor 
power of no greater than 115% of full power when instrument and calorimetric errors 
are taken into account. Provisions are made in the thermal margin monitor to select 
VHP set points for three primary coolant pump operation . 
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The variable high power function is enabled at approximately 30% power with variable 
trip and pretrip set points set at 15% and 13.5% (Reference 21 ), respectively. Each 
increase of power level requires reset action of all four thermal margin monitor VHPT 
functions prior to the trip set point for continued escalation up to a maximum of 106.5% 
power. Upon power descension, the VHP trips and pretrips automatically decrease 
maintaining the predetermined set point margins. The pretrip alarms provide 
annunciation in addition to rod withdrawal prohibit signals. A block diagram of VHP is 
illustrated in Figure 7-7. 

The neutron flux at the out-of-core detectors for a given reactor power level is affected 
by control rod position, radial core power distribution, and average coolant 
temperature. These effects are compensated for by performing periodic Plant heat 
balances and adjusting the calibration of the power range channels accordingly. 
Between secondary heat balances, an alarm has been added for operator convenience 
which indicates when power based on steam generator Li T measurement Is different 
than that based upon n~utron monitoring by greater than a predetermined amount. The 
difference between the PCS hot and cold leg temperatures is compared to a power 
range safety channel output. This difference is displayed on a meter relay for each 
channel, and the difference alarmed when it exceeds a preset adjustable value. The 
alarm incorporates a time delay of up to eight seconds to dampen the effect of PCS 
flow oscillation on PCS elements. The meter relays and the associated calibration 
controls are located on the front of the reactor power calibration cabinet panel in the 
control room. The thermal power (8) is calculated in each of the four thermal margin 
monitors . 

The thermal power signal (8) is then sent to the power comparator unit where it is 
subtracted from the nuclear power signal received from a power range safety channel. 
This difference may be either positive or negative and is sent to an indicating meter 
relay. The meter relay is equipped with adjustable high- and low-set points. When the 
absolute value of the deviation signal reaches the set point, an alarm is sounded on the 
Reactor Protective System alarm panel and a light is lit adjacent to the meter relay. 

Periodic calibration of the system can be performed using a second?lry Plant heat 
balance to determine actual reactor power. The nuclear power calibrate 
potentiometers and thermal margin monitor adjustable constants for Li T power will be 
used to adjust these outputs to agree with the secondary Plant heat balance. 

7.2.3.3 Low Primary Coolant Flow 

A reactor trip is provided to protect the core from a power to flow mismatch. There are 
four primary coolant pumps, with flow in each measured by sensing differential 
pressure between the coolant pump suction line and the primary coolant input line to 
the associated steam generator. The flow measurement signals are provided by 
summing the output of the differential pressure transmitters to provide an indication of 
total coolant flow through the reactor. A reactor trip is initiated by two-out-of-four 
coincidence logic from either of the four independent measuring channels when the 
flow function falls below a preselected value. 
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Provisions are made in the Reactor Protective System to permit operation at reduced 
power if one pump is taken out of service. For this mode of operation, the low flow trip 
points are changed manually at the RPS bistable trip units to the allowable values for 
the selected pump condition, thus providing a positive means of assuring that the more 
restrictive settings are used. 

Pretrip alarms provide indication of degrading coolant flow prior to the four pump trip 
set point, or three pump trip set point. 

A key-operated bypass switch ("Zero Power Mode Bypass" switch, see 
Subsection 7.2.5.2) allows this trip to be bypassed for subcritical testing of control rod 
drive mechanisms. The trip bypass is automatically reset above 10-4% full power. 

7.2.3.4 High Pressurizer Pressure 

A reactor trip for high pressurizer pressure is prov_ided to prevent excessive blowdown 
of the Primary Coolant System by relief action through the safety valves. 

The trip signals are provided by four narrow range independent pressure transducers 
measuring the pressurizer pressure. A typical channel diagram is shown on Figure 7-3. 

A reactor trip is initiated by two-out-of-four coincidence logic from the four independent 
measuring channels if the pressurizer pressure exceeds a preset pressure(~ 2,255 
psia). A diverse reactor trip was added in 1990 to provide a two out of four coincidence 
pressurizer high pressure trip from four independent measuring channels if the 
pressurizer pressure exceeds a·preset pressure (>2375 psia). See Figure 7-29A Sh. 1 
and 2. Since no credit is taken for the relief capacity of the primary coolant 
power-operated relief valves in Chapter 14, the Plant operates with these valves 
isolated due to leakage problems. 

Pretrip alarms are initiated if the pressurizer pressure exceeds a preset pressure 
(2,205 psia). 

The Palisades Plant does not have a high pressurizer level trip since the requirement 
for this trip is based upon an assumption that a malfunction in the pressurizer level 
control system would cause the charging pumps to continue running and the letdown 
orifices to remain closed, which would result in filling the pressurizer solid with water. 
Immediately thereafter, a turbine generator load rejection would occur resulting in high 
pressurization of the Primary Coolant System (refer to the detailed analysis in 
Subsection 7.5.3.4). 

The Plant design includes the use of two pressurizer level control channels. A 
separate level transducer is provided for each channel with a manual switching 
arrangement to select which channel supplies the control signals to the charging 
pumps and letdown orifices. The level alarm system is actuated from each level 

• channel with no manual switching selection required. 
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With the pressurizer level at its full Plant load value, the level alarm is actuated at 15 
inches above this point. Assuming that full charging system flow occurs and that there 
is no letdown flow, it would take approximately 35 minutes to completely fill the 
pressurizer. For the same conditions, except with the Plant at zero load, it would take 
75 minutes. 

The combination of redundant alarms, redundant controls and time required before 
operator action must be taken, is considered adequate protection for the primary 
system pressure boundary. 

7.2.3.5 Thermal Margin/Low Pressure 

A reactor trip is initiated by a continuously computed function of core power, reactor 
coolant maximum inlet temperature, core coolant system pressure and axial shape 
index to prevent reactor conditions from violating a minimum departure from nucleate 
boiling ratio (DNBR). 

Where: >.., f3 and y are constants, T1N is measured reactor inlet 
temperature, and 

Where: QA = F (Y) 
Y = Axial Offset 
QR1 = F (Q1) 
Q1 =Max (<I> or B) 
B = LiT Power 
<P = Adjusted Nuclear Power 

Figure 7-7 is a simplified functional diagram of this system. The signal representing 
core power ( Q1) is the au~ioneered highest of the neutron flux power ( <P) and the Li T 
power (B) signal. This signal is used to calculate QR1. The measured axial shape 
index signal (Y); which includes the adjustment for shape annealing and represents the 
peripheral axial shape index, is used to calculate QA The QA, QR1 and constant >.. are 
multiplied together to generate a signal representing the first term in the Pvar equation. 

The signal (T cai) representing reactor coolant inlet temperature (T1N) is the highest 
measured cold leg temperature (Tc). The second term in the Pvar equation is then the 
product of constant 13 and T cai· The third term is constant y. These three terms are 
summed to produce Pvar This limit is then compared to a fixed low pressure trip limit 
(PMin). The auctioneered highest of these signals (Pvar and PMin) becomes the trip limit 
(PTnp). PTrip is compared to the measured reactor coolant pressure and a trip signal is 
generated in the RPS trip unit when P is less than or equal to PTnp· A pretrip alarm is 

• also generated when Pis less than or equal to the pretrip setting PTrip + LiP. 
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For three pump operation, power is limited to 34% of rated power for a maximum of 
12 hours. During this mode of operation, the variable high power level trip in 
conjunction with the TM/LP PMin limit and the secondary system safety valves 
(1,000 psia) assure that adequate DNB margin is maintained. 

The logic shown in Figure 7-7 is for Channel A There are three other functionally 
identical channels; B, C and D. The output of the TM/LP trip unit bistable is connected 
to the Reactor Protective System as shown on Figure 7-2. 

A key-operated bypass switch ("Zero Power Mode Bypass" switch, see 
Subsection 7.2.5.2) allows this trip to be bypassed at low power level. The trip bypass 
is automatically reset above 10-4% full power. 

7.2.3.6 Loss of Load 

A reactor trip will automatically be initiated after a turbine trip occurs. A turbine low auto 
stop oil condition occurs with all types of turbine trips. The reactor trip will be initiated 
when the turbine auto stop oil pressure decreases, causing the auto stop oil pressure 
switch contacts to close and energize two turbine trip auxiliary relays (see Figure 7-14, 
Sheet 2). 

Each relay will provide a reactor tfip signal to two of four protective system channels. 

The loss of load reactor trip is an anticipatory trip which is not required to protect the 
reactor since the primary trip is high primary system pressure. As such, its measuring 
channels components are not required to be Class 1 E and its circuits need not meet 
IEEE 279-1971. This trip is automatically bypassed when three of four power range 
safety channels indicate< 15% full power (see Subsection 7.2.5.1 ). 

Isolation of Nonclass 1 E turbine trip circuits from the Class 1 E Reactor Protective 
System is provided by the turbine trip relays (see Subsection 7.2.9). 

7.2.3.7 Low Steam Generator Water Level 

Low steam generator downcomer water levels will cause a loss-of-heat-removal 
capability from the Primary Coolant System. 

A reactor trip signal is initiated by two-out-of-four logic from four independent 
downcomer level differential pressure transmitters on each steam generator. The 
steam generator low-water level trip set point is at 25.71 feet above the tube sheet and 
the normal water level is 31. 7 4 feet above the tube sheet (Reference 22). Thus, the 
reactor trip set point is 6 feet below the normal water level, which is at the center line of 
the feedwater ring. Pretrip alarms are actuated to provide for annunciation of approach 
to reactor trip conditions . 
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7.2.3.8 Low Steam Generator Pressure 

A reactor trip on low steam generator secondary pressure is provided to protect against 
excessively high steam flow caused by a steam line break. The trip set point is~ 
500 psia. 

An abnormally high main steam flow from either steam generator will cause the 
secondary pressure to drop rapidly. 

Four pressure transmitters on each steam generator actuate trip units which are 
connected in a two-out-of-four logic to initiate the reactor protective action if the steam 
generator pressure drops below a preselected value. Signals from two of the four 
indicating meter relays from either steam generator will close the main steam isolation 
valves on both steam generators. Pretrip alarms are also provided. 

A key-operated bypass switch ("Zero Power Mode Bypass" switch, see 
Subsection 7.2.5.2) allows the reactor trip to be bypassed. This trip bypass is 
automatically reset above 10-4% full power. 

7.2.3.9 Containment High Pressure 

A reactor trip is initiated on high containment pressure. 

Four independent pressure switches actuate trip units which are connected in a 
two-out-of-four coincidence logic to initiate the reactor protective action when the 
containment pressure reaches 4 psig. 

This reactor trip is in addition to the thermal margin/low-pressure trip to ensure that the 
reactor is tripped before the safety injection and containment spray are initiated (see 
Subsection 7.3.3.2). 

Containment high-pressure circuitry related to the RPS does not involve any pretrip 
actions. A pretrip of 0.9 psig is initiated through containment pressure indications in 
the control room. 

7.2.3.10 Manual Trip 

A manual reactor trip is provided to permit the operators to trip the reactor (see Figure 
7-1 ). Manual actuation of either of two independent reactor trip push-button switches in 
the main control room causes direct interruption of the ac power to the de power 
supplies feeding the CROM electromagnetic clutches. 

One manual. trip push button interrupts the control power to the holding coils of four 
contactors whose contacts break ac power to the clutch power supplies. The second 
push button interrupts power to the undervoltage coils of two circuit breakers which 
disconnect all ac power to the clutch power supplies. This system ensures diverse 
means of trip actuation. 
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7.2.4 SIGNAL GENERATION 

Four instrument channels are used to generate the signals necessary to initiate the 
automatic reactor trip action except for the loss of load and high neutron flux 
rate-of-change trips where one and two measuring channels, respectively, are used. 
The signal cable routing and readout drawer locations in the RPS cabinets are 
separated and isolated to provide channel independence. 

1. The high rate-of-change of neutron flux signals is generated by the two 
wide-range measuring channels (Figure 7-8) which monitor the flux from source 
level to 125% of full power. These channels receive signals from flux monitors in 
the biological shield around the reactor (refer to Section 7.6 for details). 

2. The high neutron flux signals are supplied by four linear flux measuring channels 
(Figure 7-9) covering the flux range from 0% to 125% full power. These channels 
receive signals from ion chambers which monitor the full length of the core and 
are located in the biological shield around the reactor (refer to Section 7.6 for 
details). · 

3. The primary coolant pressure, flow, thermal margin, steam generator pressure 
and water level, and containment pressure trips are each actuated from signals 
generated by separate sets of sensors. The primary coolant pressure is 
measured in the pressurizer, flow is measured by monitoring the pressure 
difference across the steam generators, thermal measurements are taken from 
the reactor inlet and outlet piping in each loop and combined with primary coolant 
pressure, axial shape and power to determine thermal margin, steam generator 
water level and pressure are monitored in each steam generator, and 
containment pressure is obtained via appropriate pressure sensors (refer to 
Section 7.6 for details). 

4. The electronic sensors (transmitters) are located in the air room inside 
containment with physical separation provided between each channel. The 
output of each transmitter is an ungrounded current loop (see typical loop, Figure 
7-3) supplying signal receivers and trip units. 

5. The trip units have three isolated outputs which feed the logic matrices. 
Additional outputs feed the pretrip alarm, the trip alarm, the plant data logger and 
the critical functions monitor (see Subsections 7.6.2.5 and 7.6.2.6). Provisions 
are also made for test inputs to the trip units for normal protective system testing 
and are described in Subsection 7.2.6. The protective system outputs referred to 
here are connected into logic matrices as shown in Figure 7-2 . 
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7.2.5 LOGIC OPERATION 

• 7.2.5.1 Trip Logic (See Figure 7-2) 

• 

• 

The instrument channels which supply protective action, operate channel trip units in 
the corresponding channel cabinet of the Reactor Protective System; each unit 
includes three sealed, electromagnetically actuated reed relays and associated 
contacts. Four units are actuated for each trip condition, eg, high primary coolant 
pressure. The relays in each unit are numbered one, two and three. Each relay has a 
single-pole, double-throw (SPOT) contact. The normally open contacts of the No I 
relays in the Channels A and B trip units are connected into a two-out-of-two logic 
ladder matrix. (The normally open contacts are used for the logic ladders so that the 
relays are energized and the contacts closed under operating conditions.) The 
respective No 2 and No 3 relay contacts are similarly connected into separate logic 
ladder matrices. With the Channels C and D trip units arranged in a similar manner, 

· there are a total of six independent matrices. These logic ladders are designated the 
AB, AC, AD, BC, BO and CD logic trips. 

The output of each logic ladder is a logic trip set of four-sealed, electromagnetically 
actuated power reed relays. Each relay in these sets has an SPOT contact. The 
contacts from one relay of the set from each logic ladder output are placed in series 
with corresponding contacts from the remaining sets in each of the four trip paths. 
Each of these paths is the power supply line to a power trip relay which interrupts the 
power to the CROM clutches. De-energizing of any one power trip relay interrupts 
(opens) one trip path and effects a one half trip. De-energizing any set of logic trip 
relays (which results from trip action of any two channels through a ladder matrix) 
causes an interruption of all trip paths and a full trip. 

The functions of Reactor Protective System Relays Kl, K2, K3 and K4 shown on Figure 
7-1 are listed in Table 7-1. 

7.2.5.2 Trip Bypass Logic 

Four different types of trip bypasses (or inhibits), as discussed below, are used in the 
Reactor Protective System. An annunciator indicates the presence of any trip bypass. 

Testing Bypass - The first of these bypasses ("Test Bypass") is used when it is desired 
to physically remove an individual trip unit from the system, or when calibration or 
servicing of a trip channel could cause an inadvertent trip. A key lock bypass switch is 
located above each trip unit. The key cannot be removed in the bypass position. Each 
trip bypass (high power, low pressure, etc) has a different lock cylinder combination; 
however, corresponding trips in each of the four protective channels have the same 
cylinder combination. Since only one key for each type trip is provided, an operator 
cannot' bypass more than one channel at a time. Duplication of keys is prevented by 
using "ACE" type round key locks. Turning the key lock switch closes three separate 
contacts in parallel with the three normally open trip contacts of the trip unit. A light 
above the bypass switch indicates that the trip channel has been bypassed. 
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During the bypass condition, the system logic reverts from 2/4 channels required for trip 
to 2/3 channels required for trip. The Reactor Protective System continues to provide 
protective function in the event of a single failure in one of the unbypassed channels. 

Nuclear Channel Bypass - The second type of trip bypass ("Nuclear Channel Bypass") 
is an automatic bypass. This is used in two cases where a bypass is required during 
start-up or shutdown. The high rate-of-change of power signal is bypassed when the 
reactor power is below 10-4% of full power or above 15% of full power. The loss-of-load 
trip is bypassed during reactor start-up when power is below 15% of full power. 
Bypassing is automatically accomplished by contacts operated from the wide range 
portion of a nuclear instrumentation channel for the high rate-of-change of power 
bypass at 10-4% full power and by contacts from the power range safety channel for the 
loss-of-load bypass at 15% full power. When power level is such that a bypass is 
required, contacts in parallel with the trip contact to the input of the high rate-of-change 
of power and the loss-of-load auxiliary trip units prevent reactor trip. The bypasses are 
arranged so that a given power range channel bypasses the corresponding 
rate-of-change power trip channel above 15% of full power, removes the bypass for 
loss of load above 15% of full power and enables the local power density alarm 
function of the rate-of-change auxiliary trip unit (K25 relays on Figure 7-10). A single 
wide range section of a nuclear instrumentation source/wide range channel feeds two 
rate-of-change of power level bypass circuits, each bypass circuit in turn bypasses a 
single rate-of-change of power trip channel (K26 relays on Figure 7-10). Removal of a 
power range safety channel or a wide range channel results in removal of the bypasses 
associated with that channel. 

Zero Power Mode Bypass - The third type of trip bypass ("Zero Power Mode Bypass") 
is required when the Plant is shut down to permit maintenance or shutdown operation. 
This bypass is manually initiated when it is desired to raise the control rods for control 
rod drop testing or to assure a reserve shutdown margin during low power testing. 

This bypass is effective for the following trips: low flow, low pressure SG No I and 2, 
and TM/low pressure. 

This bypass is automatically removed by contacts operated from the wide-range 
logarithmic nuclear instrumentation channel when reactor power increases above 10-4% 
full power; each wide-range logarithmic channel resets two RPS trip channels. 

Four key lock switches, one located in each cabinet, control the initiation of the bypass. 
Each switch controls the initiation of the bypass for that cabinet. All four switches must 
be turned to make the bypass fully effective. This method of initiating the bypass was 
selected because four bypass switches, one in each protective channel cabinet of the 
Reactor Protective System, allow for complete channel separation as required by 
IEEE 279-1971. 

Operation of a given bypass switch is shown in Figure 7-11. The bypass switch applies 
+15 V to the base of the transistor that drives the trip relays in the trip unit. The trip 
unit will remain in the untripped condition, regardless of the input signal level, as long 
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as the +15 V is applied to the transistor base. Normally open contacts in series with 
the bypass switch allow auto bypass removal. Operation of the pretrip alarms is 

• unaffected by the bypass switch. 

• 

• 

ATWS System Bypass - The fourth type of trip bypass (A TWS system high pressurizer 
pressure trip) is necessary to permit maintenance on the A TWS trip system. This 
bypass is manually initiated from the control room via key switch HS-01020 on panel 
C12. The alarm for this bypass annunciates on the C06 panel. 

7.2.5.3 CROM Clutch Power Circuitry (See Figure 7-1) 

The CROM clutches are separated into two groups. The clutches in each group are 
supplied in parallel with low-voltage de power by an ungrounded feed line. Two ac to 
de converters supply each feed line so that one converter being cut off does not cause 
release of the clutches. The converters on each side are each supplied by a line from 
a preferred ac bus to assure a continued source of power. Each line passes through 
two interrupters (each actuated by a separate trip-path) in series so that, although both 
ac lines must be de-energized to release the clutches, there are two separate means of 
interrupting each line. This arrangement provides means for the testing of the 
protective system including Relays Kl, K2, K3 and K4 

7.2.6 TESTING 

Provisions are made for monthly testing of the Reactor Protective System while the 
reactor is at operating power levels or when shut down. These tests cover the trip 
paths from sensor, to the output to the final CROM clutches. The testing system is 
completely isolated from the protective system circuitry itself. Failure of any part of the 
testing system does not prevent proper operation of the trip circuitry. The system test 
does not prevent the protection function. 

In response to Generic Letter 83-28 regarding the A TWS events at Salem Nuclear 
Power Plant, S'afety Evaluation Reports (SERs) were written in response to inputs 
regarding testing of the RPS. The SERs concluded that the testing intervals and 
on-line functional test capabilities met NRC requirements for reliable and independent 
testing of trip contactors, see Reference 12. The stated basis for this conclusion was 
that Palisades' design meets Item 4.5.2 of Generic Letter 83-28. 

Isolation of the testing circuitry is accomplished with an isolated test power supply and 
double coil relays. One coil is normally used in the protective system circuitry and the 
other coil is used in the testing system circuit. The double coil relays permit system 
testing without bypassing or inhibiting protective functions. Depending on the relay 
action required, the coil in the testing circuit, which is used to provide a magnetic flux in 
the relay core, aids or bucks the magnetic flux produced by the coil in the circuit of the 
protection system. This feature allows all trip test switches to be located in the circuitry 
of the test system, thus providing complete isolation of the two systems . 
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During reactor operation, the measuring channels are checked by comparing the 
outputs of similar channels and cross-checking with related measurements. The trip 
units are tested by inserting a voltmeter in the circuit, noting the signal level, and 
initiating a test input which is also indicated on the voltmeter. This provides the 
necessary overlap in the testing process and also enables the test to establish that the 
trip can be effected within the required tolerances. The test signal is provided to the 
trip unit signal input circuit by an internal test signal generator which is incorporated in 
the test features of the RPS power supply. With the test signal generator functioning, a 
trip unit is selected for test and the test signal is increased or decreased (depending 
upon the type of trip unit) by depressing the manual test switch. The test circuit permits 
various rates-of-change of the signal tested by the coarse and fine adjustments of the 
test signal generator. Trip action (opening) of each of the trip unit relays is indicated by 
individual lights on the front of the trip unit. The pretrip alarm action is indicated by a 
separate light. 

The sets of logic trip relays at the output of each coincidence logic matrix are tested 
one at a time. The test circuits in the logic permit only one pair of coincidence matrix 
logic relays to be tripped while one set of matrix output relays can be held at the same 
time; the application of hold power to one set of matrix output relays denies the power 
source to the other sets. In testing a logic trip set, eg, AB, a holding current is initiated 
in the test coils of the logic trip relays by turning the matrix relay trip test switch to "off' 
and depressing the matrix logic AB test push-button switch. Operation of the matrix trip 
test switch de-energizes a parallel pair of trip unit relays. With the ladder-logic relay 
contacts open, the logic trip relays may be de-energized one at a time (by rotating the 
matrix-relay-trip test switch) to initiate a half-trip. Indicator lights on the trip unit relay 
coils and on the de power supply ac feed lines provide verification that coil operation 
and half-trip conditions have occurred. 

The capability to test the RPS Relays Kl through K4 associated with the RPS 
"trip/reset" function has been provided as described in Subsection 7.2.5.3. The nuclear 
channel bypass relays (K25 and K26), and their contacts described in Subsections 
7.2.5.2, 7.6.2.2 and Figure 7-10, can be tested with the reactor at power. The K25 and 
K26 relay can be tested as part of the normal Reactor Protective System tests by 
varying the wide-range logarithmic channel output above and below 104 % full power 
and the power range safety channel output above and below 15% full power. In order 
to verify the loss-of-load trip function (see Subsection 7.2.3.6), a test switch is provided 
to energize the turbine trip relays while the unit is shut down. 

7.2.7 EFFECTS OF FAILURES 

The Reactor Protective System is designed and arranged to perform its function with 
single failures. Some of the faults and their effects are described below. 

Analog portion: 

1. A loss of signal in a channel initiates channel trip action for all trips except high 
rate-of-change of power, high-power level and high-pressurizer pressure. 
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Although high-pressurizer pressure will not trip, the loss of signal will cause a 
thermal margin/low-pressure trip . 

2. Shorting of the signal leads to each other, has the same eff~ct as a loss of signal. 
Shorting the leads to an ungrounded voltage source, has no. effect since the 
signal circuit is ungrounded. 

3. Single grounds on the signal circuit have no effect. Double grounds would tend 
to cause the channel to fail in the safe direction. 

4. Open circuit of the signal leads has the same effect as a loss of signal. 

Sa. TMM VHPT function will cause a VHPT trip when power removed from TMM. 

Logic portion: 

Sb. Inadvertent operation of the relay contacts in the matrices can be identified by the 
indicating lights. 

6. Shorting of the pairs of contacts in the matrices prevents the trip relay sets from 
being released. Such shorts are detectable in the testing process by observing 
that the trip relay sets cannot be dropped out. Testing is accomplished by 
successive opening of the matrix pairs. 

• 7. Shorting of the matrices to an external voltage has no effect since the matrix is 
ungrounded. The testing process will indicate accidental application of potential 
to the matrix. 

• 

8. The logic matrices will each be supplied by two power sources. Single loss of 
power source has no effect. Loss of power to a logic matrix initiates a trip 
condition. 

9. Failure of a trip relay set to actuate has no effect since there are six sets in series 
in the trip action and any one initiating trip action will cause the action to be 
completed. 

10. The failure of one power trip relay in the power supply circuit has no effect since 
either of the two relays in series will provide the necessary action. 

11. Single grounds in the power trip relay circuits have no effect since the circuit is 
ungrounded by a local isolating transformer. Local ground detectors also indicate 
should an accidental ground occur. Double grounds would cause the circuits to 
fail in the safe direction. 

12. The ac circuit supplying power to the clutch power supplies is fed from an 
isolation transformer with a center tap grounded through a resistance to assure 
that single grounds will not prevent system action. The circuit has a local ground 
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detection system. The supply transformer center tap ground is used in a ground 
detection system to identify local ground and shorts around the power trip relay 

• contacts when the relays are de-energized. 

• 

• 

13. The de clutch power supply circuits operate ungrounded so that single grounds 
have no effect. The clutches are supplied in two groups by separate pairs of 
power supplies to further reduce the possibility of clutches being improperly held. 
The clutch impedances and load requirements are such that the application of 
any other local available voltage will not prevent clutch release, eg, connection of 
the clutch supply circuit to the battery distribution circuit would cause the 
distribution circuit fuse to blow due to excessive current drain. Connection to a 
115 volt ac circuit would have similar effects. Connection to available low-voltage 
de, such as the nuclear instrumentation power supplies, would have no effect 
since these power supplies have insufficient capacity to supply the load. 

Diversity of Trip Functions 

Several Reactor Protective System functions back each other up for tripping the 
reactor. An example is high pressurizer pressure and thermal margin/ low-pressure 
trips. 

Because the Technical Specifications permit operation with only two operable channels 
(if one of the inoperable channels is tripped), there are several scenarios in which the 
high-pressure trip could fail. The most simple of these is to fail the 125v DC ,bus which 
is assumed to be common to the two preferred AC buses that feed the remaining 
channels. Alternatively, assuming one of the four Reactor Protective System channels 
is bypassed but not tripped (operating in a two-out-of-three logic arrangement for 
reactor trip) and assuming the single failure of one 125v DC bus causes failure of two 
preferred AC buses that are needed to generate two high-pressure trip signals, the 
high pressurizer pressure reactor trip would not occur if required. However, the failure 
of two pressurizer pressure channels would also cause a thermal margin/low-pressure 
trip and thus protection of the reactor would still be maintained. 

Other diversity features are described in Reference 1 and protect against common 
mode failures affecting similar components. In addition to the RPS diversities 
described in Reference 1 a diverse reactor trip based on pressurizer high pressure 2 
out of 4 logic was added during the 1990 refueling outage as part of the ATWS rule 
(1 OCFRS0.62). 

7.2.8 POWER SOURCES 

The power for the Reactor Protective System is supplied from four separate 
independent preferred ac buses. Each preferred bus is supplied from the battery 
system through an inverter to assure an uninterrupted, transient-free source of power 
(refer to Section 8.4) . 
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Each preferred bus also has provision for connection to an instrument ac bus to permit 
servicing of the inverters. · 

The distribution circuits to the preferred buses are provided with circuit protective 
devices to assure that individual circuit faults are isolated. 

For additional information on power sources for the Reactor Protective System, see 
Chapter 8. 

7.2.9 PHYSICAL SEPARATION AND ELECTRICAL ISOLATION 

7.2.9.1 Physical Separation 

The sensors for the Reactor Protective System are located in the air room inside the 
containment building and physically separated to assure channel separation. The air 
room permits access to the sensors while the Plant is at power. The process 
transmitters located inside the containment, which are required for short-term operation 
following a design basis accident (OBA), are rated and have been tested under 
simulated OBA conditions (see Subsection 6.1.3.2.3) and have been tested for the safe 
shutdown earthquake (see Section 5.7). On June 21, 1991 the NRC granted 
exemption from requirements of Appendix R Section 111.G.2.d which require 20 ft. 
separation for redundant instrumentation. This was in response to a CPCo analysis 
that the underlying purpose of Appendix R was met by considering the particular design 
and circumstances to the containment air room. The routing of cables from these 
transmitters is arranged so that the cables are separated from each other and from 
power cabling to reduce the danger of common event failures. This includes 
separation at the containment penetration areas. More detail on cable installation is 
discussed in Section 8.5. In the control room, the four nuclear instrumentation and 
protective system trip channels are located in individual compartments. Mechanical 
and thermal barriers between these compartments reduce the possibility of common 
event failure and meet the intent of IEEE 384-1977 for interfaces with nonsafety-related 
systems as detailed in· the following subsection. 

7.2.9.2 Electrical Isolation 

This subsection evaluates the adequacy of the Reactor Protective System electrical 
isolation from interfacing nonsafety-related systems. Such interfaces are intended to 
meet IEEE 384-1977 and 10 CFR 50 Appendix A, General Design Criterion 24, 
"Separation of Protection and Control Systems." 

RPS interfaces are outlined in Figure 7-12. The plant data logger inputs are located in 
the data logger field remote station (FRS) in the cable spreading room (see Subsection 
7.6.2.5). The critical functions monitor input cabinets and the Plant information 
processor (computer) are located in the main control room area (see Subsections 
7.6.2.6 and 7.6.2.3, respectively). Other RPS outputs to nonsafety-related circuits 
(meters, recorders) go to control boards in the main control room (see 
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Subsection 7.6.2). Four basic types of isolation devices are used for isolation: optical 
isolators, thermistors/Zener diodes, operational amplifiers and resistors . 

1. Analog RPS Outputs to Data Logger 

2. 

Isolation for the RPS analog signals in the data logger is achieved by I k ohm 
thermistors except ·tor neutron flux safety channels inputs wtiich utilize operational 
amplifiers as isolation buffers. See Figure 7-12 for analog signals involved. 

RPS analog signals connect to input conditioning cards in the FRS intracabinet 
assembly. The input conditioning cards include two 1 k ohm positive temperature 
coefficient thermistors and Zener diodes for isolation. The isolation method is 
considered adequate because: 

a. There are four channels for each of the analog signals. If an isolation device 
fails and takes out one channel, the RPS will still operate properly on 
two-out-of-three logic. 

b. All the analog signals interfacing with the data logger are on Channel A 
Therefore, it is highly unlikely that the data logger could cause interchannel 
failures by tying two different channels together to completely eliminate the 
voting logic and thus inhibit a signal from reaching the RPS. 

c. Each channel's power supply bus is alarmed to indicate if a problem exists on 
a particular channel so that it can be isolated and analyzed. 

Digital RPS Outputs to Data Logger 

Isolation for the RPS digital signals in the data logger is achieved by 36 k ohm 
input resistors and optical isolators. The RPS digital output signals to the data 
logger are by relay contact. 

3. Analog RPS Outputs to Plant Information Processor 

The neutron flux start-up rate of change of power is fed to the plant information 
processor (computer) via an operational amplifier as isolation buffer. The 
operational amplifier includes common mode rejection and fused output for 
protection against high voltage or excessive load. As such, it is considered 
adequate as an isolation device. 

Analog outputs to the Plant information processor use 100 k ohm resistors as an 
isolation device. Engineering analyses, conducted in accordance with IEEE 
384-1977, show that these resistors are adequate to protect the RPS from any 
short circuit, open circuit and application of the maximum voltage present on the 
nonsafety-related side of the resistors. As such, these resistors are qualified as 
isolation devices . 
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Analog RPS Outputs to Critical Function Monitor 

The upper and lower power range neutron flux signals are fed to the Critical 
Function Monitor (CFM) via an operational amplifier as an isolation buffer. The 
operational amplifier is the same device as described in the .above section. This 
signal is also isolated at the CFM input at the signal termination isolation cabinets 
which have qualified isolation devices per IEEE 384-1977. · 

Other RPS Outputs 

Circuits other than those identified on Figure 7-12 (and other than the CFM) go to 
remote meters and auxiliary circuits from the power range safety channels and 
are isolated by operational amplifiers with 10 k ohm resistors at the inverting and 
noninverting inputs. 

7.2.10 REACTOR TRIP AND PRETRIP SET POINTS 

The Reactor Protective System trip set points are provided in the Technical 
Specifications; pretrip set points are determined by operating experience and are 
controlled administratively . 
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7.3 ENGINEERED SAFEGUARDS CONTROLS 

7.3.1 INTRODUCTION 

The engineered safeguards controls consist of equipment to monitor and select the 
available power sources and to initiate operation of certain load groups, and will 
initiate containment isolation when required. The system is designed on a 
two-independent-channel basis with each channel capable of initiating the 
safeguards equipment load groups to meet the minimum requirements to safely 
shut down the reactor an9 provide all functions necessary to operate the system 
associated with the Plant's capability to cope with abnormal events. The system 
is provided with the necessary redundant circuitry and physical isolation so that a 
single failure within the system will not prevent the proper system action when 
required in accordance with IEEE 279-1971 and 10 CFR 50, Appendix A, General 
Design Criteria 22 and 24. The control equipment is designed to withstand 
seismic loads described in Section 5. 7 and is designed for Class 1 E service. The 
system is provided with test facilities and alarms to alert the operator when certain 
components trip or malfunction or are not available or operable. The controls are 
fnterlocked to automatically provide the sequence of operations required to initiate 
engineered safeguards system operation with or without offsite power. 

Certain critical parameters have four sensors utilizing a two-out-of-four logic to 
provide reliable operation with a minimum of spurious activations. Initiation level 
settings and their bases are provided in the Technical Specifications. The four 
sensors are physically isolated and operation of any two out of four will initiate the 
appropriate engineered safeguards action. This action is provided by combining 
the four sensors into relay matrices which provide dual-channel initiation signals. 
Actuation Channel A has all odd numbered relays. Channel B has all even 
numbered relays. Channel A receives its power from preferred ac Panel Y10; 

·Channel B frdm Panel Y20 (see Section 8.3). Instruments Channel C has odd 
numbered devices and Instruments Channel D has even numbered devices. 
Channel C receives its power from preferred ac power Panel Y30; Channel D from 
Panel Y 40. Physical separation between channels is maintained in the control 
panels to meet the intent of IEEE 384-1977 by locating devices in individual 
groups and providing barriers between groups. The cables for the two groups of 
channels (A/C and B/D) are run in separate raceways (see Section 8.5 for 
odd/even, left/right channels separation criteria). 

Testing of major portions of the engineered safeguards control circuits is 
accomplished while the Plant is at power. More extensive circuit sequence and 
load testing may be done with the reactor shut down. The test circuits are 
designed to test the redundant circuits separately so that the correct operation of 
each circuit may be verified by either equipment operation or by sequence lights. 
The test circuit design is such that, should an accident occur while testing is in 
progress, the test will not interfere with initiation of the safeguards equipment 
required . 
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7.3.2 SAFETY INJECTION SYSTEM CONTROL CIRCUITS AND .EQUIPMENT 
INITIATION 

• 7.3.2.1 Design Basis 

• 

The control system is designed to automatically initiate the necessary engineered 
safeguards equipment upon a safety injection signal (SIS) with or without offsite 
power available. To assure reliability, the control system is designed on a 
two-channel concept with each channel initiating the operation of separate and 
redundant engineered saf~guards load groups. The control system will function at 
all tim~s and will operate in any mode of reactor operation. 

7 .3.2.2 Description and Operation 

Description - The Safety Injection System logic is shown on Figures 7-13 and 8-17 
and control schematics are shown on Figures 7-15 through 7-23. 

Two independent and isolated circuits each initiate operation of redundant 
engineered safeguards equipment. These control circuits monitor whether offsite 
and/or emergency power is available and select load groups in accordance with 
the .available power supply. 

The safety injection signal is derived from pressurizer low-low pressure or 
containment high pressure. The pressurizer low-low pressure signal is derived 
from four pressure sensors installed on the pressurizer. Each sensor supplies a 
pressurizer pressure signal to a pressure indicator/alarm instrument {Figure 7-15). 
Each pressure instrument is connected to a latching-type auxiliary relay. The 
containment pressure signal is derived from four containment pressure sensors. 
Each containment pressure sensor is connected to a latching-type auxiliary relay. 
One pressure sensor and associated pressure instrument, as well as one 
containment pressure sensor, are supplied from each of the four preferred ac 
sources. 

Either two out of four pressurizer low-low pressure or two out of four containment 
high-pressure signals initiate the SIS signal which, in turn, actuates two safety 
injection control circuits, each of which is supplied by a separate preferred ac 
source. 

Within each control circuit, relays are provided to initiate redundant devices so 
that individual relay failure will not cause a complete circuit failure. Actuation of 
each safety injection control circuit can be performed manually via a safety 
injection initiate push button, one push button for each safety injection circuit. 
The SIS relay logic circuits control the loading sequence in duplicate control 
circuits. Failure of the control power on any one redundant circuit will be 
annunciated in the control room. 

• Containment spray activation requires the containment high-pressure signal to 
ensure the containment is sprayed only when needed (see Subsection 7.3.3). 
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If an SIS is accompanied by a loss of offsite power, the load sequencers will be 
initiated. There are two of these sequencers with each connected to a separate 
control circuit. The sequencers load the required equipment in sequence on the 
emergency generators so as to not exceed the emergency generators' capacity 
(see Section 8.4). 

Operation - These circuits are safeguards circuits and operate only during 
shutdown or accident conditions. They have no function while the Plant is under 
normal operation. The shutdown sequence will vary depending on the presence or 
absence of an SIS signal and offsite power availability. 

Shutdown Upon a Reactor Trip With Offsite Power Available - If no SIS condition 
exists at the time of the reactor trip, all auxiliary equipment will continue to 
operate from the offsite power source. Plant shutdown will be performed as 
necessary by the operator. 

Shutdown Upon a Reactor Trip Without Offsite Power - Upon loss of offsite power 
during normal operation, each emergency generator will be started through its own 
separate control circuit. The· emergency generator start is dependent upon 
undervoltage on the engineered safeguard buses (see Section 8.6). The bus loads 
will _be shed by the pre-diesel load shedding relays. When the pre-diesel load shed 
relays have operated and the emergency generator voltage reaches a preset value, 
the buses will then be energized from the emergency generators. The sequencers 
will be energized to automatically start required normal shutdown equipment . 

Safety Injection With Offsite Power Available - If offsite power is available at the 
time of .initiation of the SIS, the SIS relays will initiate the simultaneous start of the 
engineered safeguards equipment. 

Safety Injection Without Offsite Power - If offsite power fails, all loads will be shed 
at the time the diesel generators receive an automatic start signal. With load 
shedding completed, the diesel generator breakers will close automatically when. 
generator voltage approaches a normal operating value. Closing of the breakers 
will reset the load shedding signals and start the sequencers. The sequencers will 
initiate operation of the engineered safeguards equipment required for design basis 
accident response. 

Safety Injection System Block During Normal Shutdown - In order to avoid 
initiating operation of SIS equipment when the Primary Coolant System is 
depressurized, the SIS circuits must be blocked. Blocking is manual and is 
effective only when three of the four pressurizer pressure sensors are between the 
low-pressure and the low-low-pressure set points. 

After the Primary Coolant System is placed back in service and the pressurizer 
pressure is restored to normal, the safety injection circuit block will be 
automatically reset when two or more of the four pressurizer pressure sensors 
detect normal operating pressure. 
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Testing - The availability of the control circuits may be tested at any time. Testing of 
these circuits will initiate the safeguards equipment unless their operation would 
adversely affect the normal Plant operation. A test sequence light indicator is 
provided to show that the initiating signal has energized the control circuit of the 
specific engineered safeguards equipment where either operation is not desirable 
during the test or equipm.ent is already in operation. See Subsection 7 .3.5 for further 
details on testing of the SIS. 

7 .3.2.3 Design Analysis 

Reliability of the Safety Injection System control circuits is assured by redundant and 
diverse circuits, each initiating operation of redundant load groups. Diversity of 
initiation is provided by using two physically independent and diverse parameters 
(pressurizer and containment pressure) sensing an LOCA to activate SIS. Failure of 
control power to any one of the pressurizer low-pressure or containment high-pressure 
circuits will cause the circuit to fail in an SIS initiation signal mode. Failure of control 
power on any one redundant circuit will be annunciated. 

7.3.3 CONTAINMENT HIGH PRESSURE AND HIGH RADIATION 

7.3.3.1 Design Basis 

The containment isolation control system is designed to isolate the containment upon 
occurrence of either containment high pressure or containment high radiation. The 
Containment Spray System is initiated upon containment high-pressure signal. The 
system is also designed to prevent inadvertent opening of the containment isolation 
valves. 

The control system is designed on a two-channel concept with redundancy and 
physical separation. Each channel is capable of initiating containment isolation and 
operation of certain engineered safeguards. 

7.3.3.2 Description and Operation 

Description - The containment high-pressure and radiation control logic is shown on 
Figures 7-13, 7-24, 7-25 and the schematic on Figures 7-26 through 7-29. 

One containment radiation monitor is located adjacent to each containment air cooler 
where radioiodines would condense along with water vapor in the event of relatively 
minor breaches of primary system integrity. Radiation monitor locations in the lower 
level of containment also allow for response from abnormal sump or 590-foot level 
water accumulations of radioactive coolant. Such conditions could be hypothesized 
for rupture of a letdown line after cooling by the letdown heat exchanger, leakage or 
overflow of the primary system drain tank, etc. In order to ensure ability to isolate 
containment on the premise that significant core damage might occur without loss of 
coolant, the location of two of the radiation monitors is also in the direct path of 
radiation emanating from abnormal concentrations of fission products passing through 
the letdown heat exchanger. 
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The sensors for containment pressure are located in the al:lxiliary building next to 
the containment building and in separate rooms to ensure channel separation. 

Refer to Chapter 8, Subsection 8.1.3 for details of environment qualifications for 
the containment isolation instrumentation channels. 

The controls consist of two independent and isolated groups of circuits. The four 
radiation sensors and four pressure sensors are each connected to an auxiliary 
relay. Four separate control circuits each consisting of one pressure and one 
radiation level sensor and_ their two auxiliary relays are connected to separate 
preferred ac buses. There are two separate initiation circuits which consist of 
two-out-of-four logic matrices and necessary auxiliary relays. 

The containment isolation valves operate from the 1 25 volt de source and are 
normally energized. It requires two high-radiation or two high-pressure signals to 
close the isolation valves. This prevents spurious signals from causing 
containment isolation. 

Refueling accident high-radiation monitors are also provided in each of the two 
initiation circuits. These initiation circuits function on a one-out-of-two trip logic. 
Key_ switches are provided to lock in the monitors during refueling operations. 

Operation - Coincident two-out-of-four high-radiation or two-out-of-four 
high-containment pressure signals from the auxiliary relays will trigger an alarm in 
the main control room, close all containment isolation valves not required for 
engineered safeguards except the component cooling line valves which are closed 
only by containment high pressure, and will isolate the control room ventilation 
system (see Section 9.8). High radiation detected by the refueling accident 
high-radiation monitors will also close all containment isolation valves not required 
for engineered safeguards when locked in by the respective refueling monitor key 
switches. 

Coincident two-out-of-four high-radiation or two-out-of-four high-containment 
pressure signals from the auxiliary relays locks in the high-pressure and 
high-radiation circuits, respectively. 

In order to deisolate the containment, the high-pressure and high-radiation circuits 
must be manually reset. At least three out of four pressure sensors must sense 
normal pressure, three out of four radiation sensors must sense normal radiation 
level or the refueling accident high-radiation monitors (when locked in) must sense 
normal radiation level before the operator can reset the pressure isolation circuits 
or the radiation isolation circuits. In accordance with NUREG-0578/0737, 
resetting the isolation circuits will not result in automatically opening the 
containment isolation valves; the operator must manually reopen each valve by 
placing each valve's hand switch from the "Open" position to the "Close" position 
and back to the "Open" position again. Resetting containment high-pressure will 
result in the component cooling line valves to reopen. 
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Containment high-pressure signal will initiate SIS, and start containment spray. 

Containment high-pressure signal will also initiate a reactor trip with a 
two-out-of-four logic. This trip is in addition to the thermal margin/low-pressure 
trip (see Subsection 7 .2.3.5) to ensure that the reactor is tripped before SIS and 
containment spray is initiated. 

Containment high-pressure (CHP) signal will initiate closure of the main steam 
isolation valves to reduce the inventory blowdown from the intact steam generator 
in the case of a main steam line break, reducing the peak containment pressure 
and temperature as required in the accident analysis. CHP also closes the main 
and bypass feed water regulating valves (Modification FC-906-1990). See 
Subsection 7.5.1.3. 

Testing - The containment high-pressure detectors and auxiliary relays can be 
tested at power without actuating containment isolation by tripping one out of the 
four local pressure switches. Actuation of the auxiliary relay is annunciated in the 
control room. The detectors and auxiliary relays for containment high radiation are 
tested at power by using an internal test feature of the radiation monitor. 

Testing the containment isolation circuits is done only during shutdown. R0-12, 
"Containment High Pressure (CHP) and Spray System Tests," functionally tests the 
CHP circuitry. Pressure is applied to two of the CHP pressure switches to simulate 
containment high pressure. All twelve 2/4 combinations (six left channel and six 
right channel) are tested separately. For the first test on each channel, proper 
operation is verified by verifying the following: 

Containment Isolation Signal 
Containment Isolation 
SIS Signal 
Containment Spray System 

Control Room Ventilation 

Annunciator Lit 
Valves Close 
Voltage Signal 
Valves Open and Pumps 
Receive Start Signal 
CR Air Filter Fans Start . 

The remaining five tests on each channel are performed in the same manner. 
However, only one component from each CHP relay is verified to operate properly. 
Actuation of containment isolation from the high-radiation channels is done by 
actuating the monitor by a radiation source thereby causing an actuation of the 
system. SIS is not actuated during this test. One of two redundant switches 
located in the control room, turned to test position, may be operated at a time to 
de-energize two of the four containment high-pressure channels which will cause 
containment isolation, initiate SIS, close feedwater regulating valves and start the 
containment spray pumps. The spray valves will not open in test position; if spray 
valves are not both closed fully, the spray pumps cannot be started in test 
position. The containment spray valves can be manually opened by means of their 
individual hand switches located in the control room. This second necessary 
manual operation to initiate the spray system will prevent inadvertent spraying 
inside containment with borated water. 
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Further information on testing of the above circuits is provided in 
Subsection 7.3.5. 

• 7 .3.3.3 Design Analysis 

• 

• 

Reliability is assured by the redundancy and diversity in the initiating control 
circuits, in the design of. the individual isolation valve control circuits and in the 
Containment Spray System and air cooler system control circuits. 

The containment isolation. signal receives diverse inputs from containment 
high-pressure and containment high-radiation signals. Diversity is ensured by the 
amount and location of containment radiation monitors ensuring effectiveness 
toward containment isolation in all postulated accident modes. This effectiveness 
has been verified by actual testing for the case of core damage assuming 1 % 
failed fuel without LOCA (see Reference 2). 

The containment isolation valves are closed following an isolation signal such that 
deliberate operator action is required to reopen the penetration (NUREG-0578, 
Paragraph 2. 1 .4). 

The.containment isolation signal is not received by essential systems. Essential 
systems are those critical to the immediate mitigation of any event that results in 
automatic containment isolation. Essential systems provide Primary Coolant 
System inventory and pressure control, reactivity control, core cooling, secondary 
heat sink, containment cooling (depressurization) and safe shutdown. Essential 
systems must be available in response to accident parameters without operator 
action and, therefore, should not be automatically isolated as part of the 
Containment Isolation System. 

The essential systems are (Chapters 6, 9 and 10): 

High-Pressure Safety Injection 

Low-Pressure Safety Injection 

Containment Spray (including recirculation) 

Containment Critical Service Water 

Charging 

Auxiliary Feedwater 

Main Steam 

Note that main steam isolation will occur on containment high pressure or steam 
generator low pressure (see Subsection 7.2.3.8) based on containment 
pressurization considerations for a steam line break. 
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Nonessential systems receive the containment isolation signal, with two 
exceptions: instrument air and main feedwater. In both of these cases, isolation · 
is affected in a way which is functionally equivalent to automatic containment 
isolation. Instrument air is at a higher pressure than containment pressure under 
LOCA conditions. Both instrument air and main feedwater have check valves prior 
to entering containment. Note that component cooling water provides cooling for 
primary coolant pump seals and isolates on containment high pressure only. 
Although not part of the isolation system, the feedwater regulating valves will also 
close on CHP due to a 1990 modification. 

Failure_ in control source power to the pressure/radiation sensor relay circuit or to 
the redundant initiating circuit causes the circuit to fail in a mode to initiate 
isolation. Loss of control power will be annunciated in the control room, but 
isolation will not be effected unless a second failure occurs. Failure of source 
power to the control circuit of any isolation valve or failure of the pilot valve 
solenoid of an isolation valve will cause that isolation valve to close. 

7.3.4 SAFETY INJECTION AND REFUELING WATER TANK LOW LEVEL 

7.3.4.1 Design Basis 

The SIRW tank low-level control system (recirculation actuation system (RAS)) is 
designed to transfer the suction of the safety injection and containment spray 
pumps to the containment sump when the SIRW tank is essentially empty, and to 
perform the functions required to recirculate and cool the water which has 
accumulated in the containment building sump, for post-accident cooling of the 
core. In the recirculation mode, it automatically provides component cooling water 
to the shell side of the shutdown cooling heat exchangers. The circuit is designed 
on a two-channel concept in accordance with IEEE 279-1971 with each channel 
initiating the operation of separate and redundant hydraulic loops. 

7 .3.4.2 Description and Operation 

Description - The SIRW tank level control logic is shown on Figure 7-30 and the 
schematic is shown on Figures 7-26, 7-31 and 7-32. 

The SIRW tank is provided with four level switches to detect low level with each 
connected to an auxiliary relay from separate preferred ac supplies. 

A separate circuit is provided for control of the safety injection recirculation valves 
associated with one recirculation loop consistent with the two-channel concept. 
In addition, each circuit controls the operation of the component cooling water 
valves to each of the component cooling water heat exchangers and the service 
water valve for service water from each of the component cooling water heat 
exchangers . 
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Operation - The low-level control circuits have no normal or shutdown cooling 
operating function and will operate only after the SIRW tank has been essentially 
emptied. Coincident one-out-of-two (taken twice) low-level signals will 
automatically initiate the necessary valve operations to permit operation of the two 
recirculation loops and trip both low-pressure safety injection pumps to protect the 
pumps from low suction pressure. A manual bypass is provided so that the 
low-pressure safety injection pumps may be restarted if the operators deem this 
necessary for long-term core cooling. 

A key switch is provided tor each of the low-level control circuits. The switch 
contacts are in parallel with the SIRW tank low-level contacts, such that the 
minimum recirculation valves may be closed for chemical sampling without having 
low level in the SIRW tank. This operation is annunciated. The valves will not 
close if their control switch is in the "Open" position. 

Testing - The RAS control circuit may be tested while the Plant is shut down. This 
test will initiate the operation of the valves and the trip signal of both LP safety 
injection pumps. 

The test may be initiated by the test switches provided in the control room or can 
be initiated by actuating the level switches mounted at the SIRW tank. Operation 
of one of the two redundant three-position test switches on the control panel will 
de-energize two level switch auxiliary relay circuits and provide a one-out-of-two 
(taken twice) low-level signal which will initiate operation of the valves. This 
circuit will be maintained (sealed in) until the test switch is moved to the reset 
position. Releasing the test switch from reset will conclude the test and valve 
operators will return to the normal positions. 

'In addition, the valve operation may be manually tested individually with valve 
control switches. 

Further information on SIRW tank low-level control circuits testing can be found in 
Subsection 7.3.5. 

7.3.4.3 Design Analysis 

Reliability of the low-level control (recirculation actuation system (RAS)) is assured 
by redundant control circuits, each controlling a redundant recirculation loop and 
cooling system valves. Each of the redundant control circuits is supplied from a 
separate preferred ac source. Failure of the power source in any one of the level 
switch circuits will cause the circuit to fail in a mode to initiate recirculation. 
Manual activation is also available from the control room using pump and valve 
control switches. Override of the RAS is annunciated . 
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7.3.5 ENGINEERED SAFEGUARDS TESTING 

7.3.5.1 Design Bases 

The engineered safeguards testing features, method and program meet 10 CFR 50, 
Appendix A, General Design Criterion 37; NRC Branch Technical Position ICSB 25; 
Regulatory Guide 1.22; and Standard Review "Plan (NUREG-75/087). 

Response time testing of engineered safeguards is consistent with the 
requirements of 10 CFR ~O, Appendix A, General Design Criterion 21; Section 3.9 
of IEEE 279-1971; and IEEE 338-1977. 

The engineered safeguard functional testing program also demonstrates the 
full-functional operability and independence of the onsite power SOL!rces (see 
Section 8.4) and is performed during shutdown. This testing program simulates 
loss of offsite power in conjunction with a simulated safety injection actuation 
signal and simulates interruption and subsequent reconnection of onsite power 
sources. Steps are included to verify the proper operation of the load-shed 
system, load-shed bypass when the emergency diesel generators are supplying 
power to their respective buses and that there is no adverse interaction between 
the .onsite and offsite power sources.· 

7.3.5.~ Testing Description 

The details of the testing program, methods and acceptance criteria are provided 
in Appendix 7 A . 
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7.4 OTHER SAFETY 
RELATED PROTECTION. CONTROL AND DISPLAY SYSTEMS 

While the Reactor Protective System protects against reactor core damage and the 
engineered safeguards controls protect against a loss of coolant incident, other safety 
related (Class 1 E service) control and instrumentation systems ensure a safe shutdown 
of the Plant, protection of primary coolant fluid boundaries, mitigation of anticipated 
events such as loss of feedwater and uncontrolled release of radioactive effluents. In 
addition, Plant parameters critical to safety are monitored with Class 1 E instruments to 
ensure the operator can act in a timely fashion during abnormal conditions. 

7.4.1 REACTOR SHUTDOWN CONTROLS 

Refer to section 9.6.8.3 for information concerning reactor shutdown controls. 

7.4.2 PRIMARY COOLANT BOUNDARIES PROTECTION 

Leak detection from the Primary Coolant System is described in Chapter 4 and is 
considered as nonsafety related. The primary c.oolant safety valves are the protective 
devices with coolant at normal pressure. The following identifies and describes the 
safety related control and instrumentation provided to protect primary coolant fluid 
system boundaries during off-normal anticipated condition . 

7.4.2.1 Primary Coolant Overpressure Protection System 

1. Design Bases 

Without a low temperature overpressure protection system, pressure transients in 
the Primary Coolant System initiated while operating at low temperatures are not 
protected against and there are no pressure relief devices to prevent these 
transients from exceeding the Technical Specifications limits as required by 10 
CFR 50, Appendix G pressure-temperature limits. The reactor has a pressure 
limit in excess of 2,500 psia above 430DF, but has a much lower limit at 200DF 
(see Technical Specifications limit in Section 3.1.2). The code safety valves with 
settings in the 2,500 psia range would not be able to relieve a pressure transient 
at low Primary Coolant System temperature without the limits of the Technical 
Specifications being violated. 

The Technical Specifications pressure limit drops off rapidly at lower 
temperatures because the reactor vessel material and welds have significantly 
less toughness at lower temperatures and are therefore more susceptible to 
flaw-induced failure. In addition, factors such as copper content in welds and 
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neutron fluence levels affect the material toughness and contribute to the 
reduction in safety margin to vessel failure at low temperature conditions. 

The Primary Coolant System Low temperature overpressurization subsystem 
(L TOP) has been designed to provide automatic pressure relief of the Primary 
Coolant System at temperatures lower than 435"F. This is not a set point, set 
points are defined in Figure 4-17. 

In order to prevent overpressurization of the Shutdown Cooling System, the L TOP 
will be placed in service whenever this system is not isolated from the Primary 
Coolant System. This additional requirement precludes conditions that could lead 
to a loss of coolant incident outside containment ,as identified in Regulatory Guide, 
1.139. 

It is also noted that, following a loss of offsite power, which is an anticipated 
operational occurrence (AOO), "feed and bleed" mode of Primary Coolant System 
operation may be used to remove decay heat from the reactor. In order to satisfy 
the basic requirements for safety equipment used in mitigation of AOOs, the OPS -
mechanical components; valves, etc, are CP Co Design Class 1. 

Design Description 

Two redundant and separate overpressurization protection channels are 
provided. Each channel consists of a CP Co Design Class 1 power-operated 
relief valve (PORV), a CP Co Design Class I PORV isolation (block) valve, valve 
actuators, position indications, a Class 1 E primary coolant narrow range pressure 
sensor, and related instrumentation and controls. Pressure relief is accomplished 
by the automatic opening of the power-operated relief valves. Each PORV has 
sufficient capacity to protect the Primary Coolant System from overpressurization 
at lower temperatures. Limiting transients that each PORV is capable of handling 
are: ( 1 ) the start of an idle primary coolant pump when secondary water in the 
steam generator is up to 1 OO"F hotter than the Primary Coolant System cold leg 
temperatures (refer to Technical Specifications Section 3.1.1.h); and (2) the start 
of an HPSI pump when the system is in the water solid condition. 

Each pressure relief valve is blocked by an individual block valve. The PORVs 
are solenoid operated and designed to fail closed, while the block valves are 
motor operated (fail as is). Direct indication of PORV position is provided in the 
control room using acoustic sensors. The block valves, controlled by hand 
switches in the control room are also provided with a direct valve position 
indication. The PORVs block valves are closed in normal operation. The 
pressurizer safety valves are provided with similar acoustic sensors for direct 
valve position indication in the control room . 
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Power for the PORVs and their respective block valves is supplied by Class 1 E 
MCC-1 for one channel and Class 1 E MCC-2 for the other. All valves may be 
operated with either offsite or onsite power. The initiation channels are fed from 
redundant preferred ac power sources. 

Three annunciators are provided for interface of the system with the operator. 
The first annunciator advises the operator of five conditions: 

1. PCS temperature of 460°F with PORV block valves closed as a signal to arm 
the system 

2. Loss of control power 

3. Microprocessor failure 

4. Inputs out of range 

5. L TOP/SOC switch failure 

The second signals an approaching high-pressure condition. The third 
annunciator advises the operator that PCS pressure has exceeded the trip 
setpoint as shown on Figure 4-17 and the PORVs should have opened . 

A separate key-operated switch, concurrently with a switch opening the 
associated block valve, is provided for arming each channel. Indicator lights in 
each channel have been provided on the control room panel to inform· the 
operator that (1) the block valves are open (white light), (2) the system is in the 
SOC mode (amber light), and (3) the overpressurization system has been 
activated (red light). 

Testing - Refer to the Plant Technical Specifications. 

3. Design Evaluation 

The Primary Coolant System overpressure protection subsystem design meets 
the following requirements: 

a. Operator Action - No credit is taken for operator action until 10 minutes after 
the operator is aware, through an activation alarm, that a pressure transient is 
in progress. 

b. Single Failure Criterion - The primary coolant overpressure protection system 
is designed to protect the reactor vessel given a single failure in addition to 
the event that initiated the pressure transient. The power-operated relief 
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valves and their associated block valves are powered from Class 1 E 480 volt 
buses to allow emergency power for these valves. 

c. Testability - The system is tested on a periodic basis per Technical 
Specifications. 

d. Seismic and IEEE 279 Criteria - The electrical and instrumentation equipment 
meets IEEE 279-1971 criteria. The system is not vulnerable to a failure mode 
that would both initiate a pressure transient and disable the overpressure 
mitigating system. Such events as loss of instrument air and loss of offsite 
power have been considered. 

e. Environment Qualification - The narrow range primary coolant pressure. 
channels equipment is qualified to IEEE 323 including post-LOCA 
environment for equipment inside containment. 

f. Operator Interfaces - The electrical instrumentation and control system 
provides a variety of alarms to alert the operator to (1) properly enable the low -
temperature overpressure protection system at the proper temperature during 
cooldown, (2) indicate if a pressure transient is occurring, and (3) indicate 
system problems due to loss of control power, microprocessor failure, inputs 
out of range and L TOP/SOC switch failure .. 

g. Interlocks - Additionally, the electrical system provides positive assurance that 
the block valve upstream of each PORV is open when the system is enabled 
by wiring its position into the enable alarm. The enable alarm is not permitted 
to be activated until the temperature is less than 460°F. 

7.4.2.2 Other Primary Coolant Boundaries Protection 

1. Primary Coolant vs LPSI System 

A high-low pressure interface, in which the low-pressure system must be isolated 
from the high-pressure system when the high-pressure system is at rated 
pressure, exists in the shutdown cooling line connecting the Primary Coolant 
System to the suction of the low-pressure safety injection pumps. Isolation is 
provided by two valves in series. Except for the areas of penetration into 
containment, the power and control circuits of both valves are routed through the 
same fire areas. To preclude the possibility of fire damage to the control circuitry 
of the shutdown cooling valves resulting in opening operations of both valves, an 
operating procedure is provided requiring the valves to be checked closed and 
the operating power disconnected from both before pressurizing the primary 
system greater than 260 psig . 
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2. Primary Coolant vs Gas Vent System 

The primary coolant gas vent system allows the control room operator to remotely 
vent either the reactor vessel head space or the pressurizer vapor space (see 
supplemental details in Chapter 4). The vented vapor is released to the 
pressurizer quench tank for small quantities of vapor or to the containment 
atmosphere for large quantities. The vent isolation valves (remotely controlled) 
are series redundant with Class 1 E controls and power including a separate 
key-operated control switch for each valve to ensure the primary coolant 
boundaries are maintained. The vent isolation valves are also parallel redundant 
to reduce the probability of a vent path failing to open since the valves are 
fail-close type in the event of loss of power. The valves and their controls are 
qualified to IEEE 332-1972 for inside .containment devices, IEEE 344-1975 
(seismic event) and IEEE 323-1974 (environmental and qualified life 
considerations) for all components. The isolation/opening controls meet IEEE 
279-1971 including testability, using individual test and open/closed indication for 
each valve. 

7.4.3 AUXILIARY FEEDWATER CONTROLS 

The auxiliary feedwater (AFW) controls became Class 1 E and automatic in response to 
NUREG-0578/0737. Alternate locations for controls were the result of the Systematic 
Evaluation Program of the Palisades Plant and compliance with Appendix R of 10 CFR 
50. 

7.4.3.1 Auxiliary Feedwater Initiation 

1. Design Bases 

Without an automatic initiation of the Auxiliary Feedwater System, the operator 
would have 17 minutes to restore flow to the steam generators upon loss of main 
feedwater to avoid opening of the primary coolant power-operated relief valves 
resulting in a small loss of primary coolant incident. Since the loss of main 
feedwater is considered as an anticipated operational occurrence, NUREG-0578 
(Paragraph 2.1.7a) followed by NUREG-0737 (Section 11.E.1.2) have required the 
installation of a Class 1 E automatic initiation of the auxiliary feedwater pumps 
meeting IEEE 279-1971 criteria, assuring restoration of flow to the steam 
generators independent of operator action. Specific design criteria used in the 
design were to be as follows: 

a. Delivery of AFW minimum required flow to the steam generators must occur 
within 200 seconds of sensor activation for AFW Pumps P-BA, P-88 or P-BC . 

7.4-5 Rev 19 



• 

• 
2. 

• 

b. · The AFW pumps must be able to be started manually with or without the 
auto-start signal present. 

c. All circuits within the control system must meet IEEE 279-1971 including 
capability for on-line testing and a two-out-of-three (2/3) coincidence logic for 
low suction trip·of the pumps . 

. . d. The circuits and instruments utilized must be powered from Class 1 E power 
sources that meet the power redundancy requirements. 

e. 10 CFR 50, Appendix A, General Design Criteria '13 •. 20 and 34 are relevant to 
· this system. 

f. 10 CFR 50, Appendix R, and 1 O CFR 50.48 are to be met. 

Review of the above criteria centered on potential common mode failures 
associated with the location of the existing AFW pumps (as of 1981) in a single . 
room. Design modifications were performed in 1983 to incorporate a third AFW 
pump .from the original design of two (one electric and one turbine driven) in a 

. location physically separate from the other two pumps. · 

During the 1990 refueling outage, to meet the criteria defined in 1 OCFR50.62, the 
ATWS rule, an auto start of the turbine driven auxiliary feedwater pump on loss of 
de control power was added. 

Design Description 

The Auxiliary Feedwater System utilizes two motor-driven pumps and one 
turbine-driven pump to feed the steam.generators (Chapter 10). One or more of 

. these pumps are started manually when required. In addition, one of the · 
motor-driven pumps is automatically started upon low steam generator level. The 
second motor-driven pump is started in the case of failure of the first pump. If 
these pumps fail to establish flow or are tripped for any reason, the turbine-driven 
pump is then automatically started. Refer to the logic symbols of Figures 7 -33 
through 7-35 for reading the figures corresponding to this subsection . 
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Motor-Driven AFW Pumps Controls - Loss of main feedwater to the steam 
generators is indicated and annunciated in the control room by one of the 
following: 

a. Closing of_ both the high- and low-pressure trip valves on each of the main 
feedwater pump drive turbines 

b. Low main feedwater flow to the main feedwater pumps 

c. Low steam generator level (pretrip) 

If no action by the operator is performed, low-level signals from two-out-of-four 
(2/4) steam generator level sensors on an OR logic between the two steam 
generators energize a timer relay if the motor-driven AFW pumps mode selector 

·switches are in the "Auto" position (Figures 7-36 through 7-39). Upon completion 
of the timing cycle, the timer contacts actuate closing of the motor-driven AFW 
Pump A circuit breaker provided offsite or onsite standby (emergency generator) 
power is available. If offsite power is unavailable, the auto start is blocked until 
the normal shutdown or OBA sequencer allows loading the pump motor onto the 

. emergency generator. The motor-driven AFW Pump C is called to start if Pump A 
circuit breaker trips or AFW flow does not materialize. The AFW low flow 
initiation logic is one-out-of-two (1/2) derived from redundant Class 1 E 
voltage-type flow switches (Figures 7-43 and 7-44). 

The 2/4 initiation logic is derived from current-type level switches installed in the 
redundant Class 1 E Reactor Protective System steam generator level input 
channels (Section 7.2 and Figure 7-36). The mode selector switch position off 
the "Auto" position is indicated as an off-normal condition on the main control 
panel. The actuation timer is provided with a suitable time setting to block 
unwanted automatic starting due to normal transients in the steam generator 
level. 

Manual trip of the pump can bl? accomplished by the circuit breaker control switch 
regardless of the presence of the automatic start signal. Automatic tripping will 
occur on pump low suction pressure via a two-out-of-three (2/3) logic from 
redundant Class 1 E pressure sensors on the pump suction (Figures 7-41 and 
7 -42), or upon operation of the pump circuit breaker electrical protection 
(overcurrenUground fault), or upon a load shed signal (Section 8.6). These trip 
functions are in force regardless of the presence of the automatic start signal. 
The 2/3 logic output will be sealed in, and the seal-in will be removed by manual 
closing of the pump circuit breaker . 
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Turbine-Driven AFW Pump Controls - A similar automatic start system is provided 
for this pump except that the timer for this system has a longer time delay setting 
to ensure the motor-driven pumps have had a chance to start and establish the 
auxiliary feedwater flow (Figures 7-36, 7-37 and 7-40). 

An occurrence of low flow in either AFW line to the steam generators or 
motor-driven Pump C trip, together with a time delayed auto-start signal for the 
turbine-driven pump will open the turbine drive Steam Supply Valve Band start 
the pump. The steam supply valve control switch must be in the "Auto" position 
for the auto-start signal to be effective. 

The AFW low flow initiation logic is one-out-of-two (1/2) derived from redundant 
Class 1E voltage-type flow switches (Figures 7-43 and 7-44). The Steam Inlet 
Valve B control switch position off the "Auto" position is indicated as an off-normal 
condition on the main control panel. 

In the case of a successful start of one of the motor-driven pumps, the start of the 
turbine-driven pump is overridden by the reset of the AFW discharge line flow 
switches on a two-out-of-two (2/2) basis. 

Manual starting of the turbine-driven pump can be accomplished at any time by its 
steam inlet valve control switch "Open" position. Manual trip can also be 

, accomplished at any time by the same switch in the "Close" position. The control 
switch position in "Close" is indicated on the main control panel as an off-normal 
condition. 

Automatic tripping of the pump will occur on pump low suction pressure with the 
same circuit as the motor-driven pumps via a two-out-of-three logic. This trip 
function is in force regardless of the presence of the automatic start signal. The 
trip function is not in force for operation of the valve from the C150 panel or upon 
loss of DC control power to panel 011 (ATWS). The 2/3 logic output will be 
sealed in, and the seal-in will be removed by manual closing of the pump turbine 
Steam Supply Valve B. Steam ·supply valve A is also tripped on pump low suction 
pressure. This is a manually opened valve only. The 2/3 logic output will also be 
sealed in and the seal-in will be removed by manually closing the pump turbine 
steam inlet valve A. 

A diverse system has been added to automatically start the turbine driven 
pump on loss of de control power to panel D11 (ATWS system, 10CFR50.62). 
This automatic start is annunciated on the control room panel C06 (A TWS 
TROUBLE/TRIP) . 
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Operation - The AFW automatic initiation system is placed in operation when the 
Primary Coolant System is heated above 300°F. Operation of the system is 
normally from the control room; if the control room becomes unavailable, manual 
controls can be taken over from the Auxiliary Shutdown Control Panel C-150 (see 
Subsections 7.4.1 and 7.7.4). The AFW automatic initiation system status is 
annunciated on the main control board (Figures 7-52 and 7-53). 

Testing - Both the motor-driven and the turbine-driven AFW pumps' automatic 
initiation circuits are individually tested from the main control room according to 
Technical Specifications requirements. After a start test switch (one for each 
pump) has been turned to the "Test" position, a white light indicates the test 
status and the test signal passes through the automatic initiation circuit, including 
the timers, and starts the applicable pump. The test signal is sent into the circuit 
after the steam generator low-level signals logic, and in the case of the 
turbine-driven pump, after the AFW low-flow signals. 

The steam generator low-level signals logic (Figure 7-37) is provided with test 
push buttons for test of the coincidence logic and bistable trip modules. 

The entire automatic initiation circuit is tested on line and the pumps themselves 
are tested on line by the test switches. Water is delivered to the steam 
generators during the test, thus checking the suction pressure and discharge flow 
switches operation. The steam generator level signals are checked as a part of 
the Reactor Protective System input channels test. 

Design Evaluation 

The automatic AFW initiation system meets all the criteria of NUREG-0578/0737 
and IEEE 279-1971. 

The automatic start signal originates from independent steam generators 
low-level switches on a 2/4 logic from either steam generator. These two logic 
signals are independent and diverse. All components of the initiating logics are 
Class 1 E. Initiating signals and circuits are powered from Class 1 E preferred ac 
or 125 volt de sources. The motor-driven Pump A circuit and the turbine-driven 
pump are considered as a "left" channel while the motor-driven Pump C is 
considered a "right" channel. One low steam generator level logic circuit is 
powered from the "left" channel preferred ac power supplies while the other logic 
circuit is powered from the "right" channel. Loss of power to either logic circuit 
does not result in AFW pump start and leaves one circuit available for activation. 
Loss of one 125 volt de power to a pump control circuit channel leaves one pump 
start available. Electric power for motor-driven Pump A is supplied by 2,400 volt 
Bus 1 C while Pump C power is from 2,400 volt s·us 1 D, respectively, left and right 
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channels. The electrical equipment and instrument channels are then powered 
from emergency buses which meet the power redundancy requirements set forth 
in NRC BTP ASB 10-1. 

The two-out-of-three low-suction pressure pump trip eliminates the possibility of 
an incorrect trip of both pumps due to failure of a single pressure switch. These 
trip logic components are themselves Class 1 E and the three sensing channels 
meet IEEE 279-1971. · 

Automatic/manual initiation requirements of IEEE 279-1971 are met as described 
·earlier including ability to start the pumps regardless of auto-start system status 
and testability. 

The ATWS system for automatic start of the turbine driven pump is a non-1 E 
system as defined by 1 OCFR50.62. However the equipment in the area of CV-
05228 was purchased and installed as 1 E equipment and it was mounted 
seismically. 

The motor-driven AFW pumps are redundant to each other and to the 
turbine-driven pump to the extent that each pump is capable of supplying the 
auxiliary feedwater flow requirements to remove decay heat from the primary 
system and maintain the reactor in a safe condition . 

The reliability of the system has been verified by a failure mode and effects 
analysis (see Reference 4). In addition, manual controls located outside the 
control room, in accordance with 10 CFR 50, Appendix R, and 10 CFR 50.48, 
have been provided. 

In the case of offsite power loss as sensed by auxiliary contacts from the offsite 
power incoming circuit breakers (both open), the auto start of the motor-driven 
AFW pumps are included in the emergency generator's DBA and normal 
shutdown sequence. The turbine-driven pump will also be available in this case 
since all support equipment is powered directly or indirectly from the station 
batteries. 

Instrumentation and control devices are qualified to IEEE 344-1975 and 
Regulatory Guide 1.100 seismic design requirements (deviations from the seismic 
design class are presented in Reference 7) and to IEEE 323-1974 and 
Regulatory Guide 1. 89 environment and life qualifications requirements. 
Compliance with IEEE 279.;.1971 is summarized as follows: 

a. No single component failure will prevent the auto-start signal from being 
initiated for at least one AFW pump . 
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b. Four independent steam generator level measurement channels complete with 
sensors, sensor· power supply units, indicators and level switches are provided 
for each steam generator (diverse parameters). 

c. The channels are provided with a high degree of independence by separate 
connections of the sensors to the process system and of the channels to 
preferred power supply buses. Separate raceways, conduits and junction 
boxes are used to ensure independence from cable faults. 

d. The four normal (narrow-range) steam generator level measurement channels 
provide initiation signals to four independent initiation paths. 

e. Elimination of spurious activation is provided by the 2/4 logic and the built-in 
time delays for actuation. 

f. When one of the four channels is taken out of service for maintenance, the 
initiation logic reverts to either a 2/3 coincidence or a 1 /3 coincidence. 

g. The auto-start system instrument channels power is supplied from four 
separate buses. 

h. Open circuitry or loss of power supply of one of the instrument channels 
initiates an alarm and a channel activation. 

i. Loss of 125 volt de power from one de power source disables only one AFW 
pump auto start channel and this loss of power is alarmed. 

7.4.3.2 Auxiliary Feedwater Flow Controls and Isolation 

1. Design Bases 

· Reliable AFW flow and steam generator level instrumentation are necessary in 
order to adequately determine and control, from the control room or alternate 
shutdown stations, the performance of the Auxiliary Feedwater System since the 
operation of this system is considered as an anticipated operational occurrence 
by 10 CFR 50, Appendix A, GDC 13. NUREG-0578 and 0737 have identified the 
criteria to be met by this instrumentation and are outlined below. 

In the event of a main steam line break inside containment, the AFW flow toward 
the affected steam generator must be terminated. This function must be 
performed using isolation valves in each steam generator's AFW supply line. The 
valves are isolated manually based on a low water level in one steam generator 
and excessive pressure differential between steam generators. The operator is 
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instructed on manual steam generator isolation in the Emergency Operating 
Procedures. 

Redundant Class 1 E environmentally and seismically qualified, instrumentation 
channels' con:iponents have to be provided. The redundancy must meet IEEE 
279-1971 criteria. The component qualification must meet IEEE 323-1974 and 
IEEE 344-1975 criteria. Power supplies must come from emergency sources. 

2. Design Description 

Four Class 1 E AFW flow control channels are provided, fed from separate 
preferred ac sources, two for each steam generator (Figures 7-43 and 7-44). lwo· 
flow control channels relate to motor-driven AFW Pump A and turbine-driven 
Pump 8, while the other channels relate to motor-driven Pump C. In each flow 
control channel, a flow indicating controller maintains constant flow rates to the 
applicable steam generator and provides flow indication in the main control room. 
The four channels are physically and electrically isolated including fire barriers 
according to IEEE 384-1977. The channels' components are qualified to IEEE 
323-1974 and IEEE 344~1975. 

The AFW flow control valves activated by these channels are CP Co Design 
Class 1. The flow control valves corresponding to operation with .the 
turbine-driven AFW pump have a 8-hour motive nitrogen supply. 

For FIC-0727 and FIC-07 49, the flow controllers keep the control valves shut until 
one of the AFW pumps is started (Figures 7-46 and 7-47). This is accomplished 
using two flow set points on the controllers, one for shutdown (valve closed) and 
one for operation (valve opened for predetermined flow). Set point switching is 
provided by the motor-driven pumps' circuit breaker auxiliary contacts and the 
turbine-driven pump steam admission valve controls auxiliary contacts on an OR 
logic basis. This design allows timely and smooth opening of the AFW flow 
control valves without operator intervention. 

For FIC-0736A and FIC-0737 A, the flow controllers keep the control valves shut 
until an AFAS signal is received. This is accomplished by the program in the 
controller. The program looks for a pump start signal and an AFAS signal before 
automatically opening the valves. This design allows timely and smooth opening 
of the AFW flow control valves without operator intervention. 

A separate .Class 1 E AFW flow indication channel for each AFW flow path 
(Figure 7-45) and a wide-range steam generator level indication channel for each 

·steam generator are also provided allowing indication of flow independent from 
the control channel and monitoring of steam generator water level to cover all 
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anticipated transients. These indication channels are qualified in the same way 
as the control channels and are also fed from preferred ac sources. 

A "feed-only-good-generator" (FOGG) logic circuit (Figure 7-49) monitors the 
pressure differential between the steam generators using four independent and 
redundant Class 1 E pressure sensors on each steam generator. These pressure 
sensors are also used by the Reactor Protective System and main steam isolation 
circuits (refer to Subsection 7.2.3.8). Concurrent excessive differential pressure 
between steam generators and low level in the depressurized steam generator 
initiates isolation of the depressurized steam generator by closing corresponding 
motor-operated isolation valves in the AFW supply lines (Figures 7-50 and 7-51 ). 
Two-out-of-four (2/4) differential pressure logic is used in coincidence with the 
output of the steam generator low-level logic described in Subsection 7.4.3.1. 
The isolation signal is generated through electronic bistable modules. Due to 
nuclear safety considerations, the automatic isolation feature of the FOGG 
system has been disabled and the operator is instructed by Plant Emergency 
Operating Procedures to isolate the affected steam generator using the flow 
control valves (see Section 9.7.2). The FOGG MOVs are de-energized and 
locked open. 

The normally de-energized motor-operated automatic isolation valves are 
supplied from Class 1 E 480 volt motor control centers. One isolation valve from 
each of the four discharge headers to the steam generators is supplied from the 
left channel of power and the other from the right channel to meet the single 
failure criterion. 

Operation -Auxiliary feedwater flow indication, controls and isolation are normally 
from the main control room. In the event the control room must be evacuated, 
indication and controls can be taken over from either the Engineered Safeguards 
Auxiliary Panel C-33 or from the Auxiliary Hot Shutdown Control Panel C-150, 
depending on the nature of the emergency (see Subsections 7.4.1, 7.7.3 and 
7.7.4). The controls at the alternate locations are manual. The locked open, de
energized motor-operated isolation valves are controlled locally at the valve by 
the operator. 

If the pressure differential between the steam generators reaches the set point for 
actuation of FOGG circuit and the water level is low in one of the steam 
generators, the redundant FOGG signals close the motor-operated isolation 
valves to the depressurized steam generator. Due to nuclear safety 
considerations, the automatic isolation feature of the FOGG system has been 
disabled and the operator is instructed by Plant Emergency Operating 
Procedures to isolate the affected steam generator using the flow control valves 
(see Section 9.7.2). Isolation valve status is monitored in the control room. The 
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FOGG MOVs are de-energized and locked open, with control room position 
indication de-energized. The FOGG circuit status is annunciated on the main 
control board (Figures 7-52 and 7-53). 

Testing - Testing of the flow control instrumentation is provided by actual system 
functional testing since the Auxiliary Feedwater System is used during normal 
Plant evolutions. 

The FOGG logic circuit including bistable isolation modules is provided with test 
push buttons for test of the coincidence logic and isolation modules for on-line 
testing. 

3. Design Evaluation 

The performance of the AFW system can be assessed by the AFW flow 
indicators, two for.each steam generator located in the control room and alternate 
stations outside the control room and a wide-range water level indicator for each 
steam generator. All components of the indication system are Class 1 E, 
seismically and environmentally qualified, and as such exceed the requirements 
of NUREG-0578/0737. 

The AFW flow control and isolation systems meet IEEE 279-1971 in the same 
fashion as the AFW initiation circuitry. Their adequacy is demonstrated by their 
components qualification as well as their redundancy features both with a 
dedicated channel activating a given AFW control or isolation valve and ir:i 
location (control room versus alternate stations). ' 

The automatic AFW flow control system limits the AFW flow to a predetermined 
amount. Testing has demonstrated that with flow well above the set point of the 
instruments, no water hammer will occur. 

7.4.4 CONTAINMENT HYDROGEN CONTROLS 

7.4.4.1 Design Basis 

Hydrogen recombiners controls are Class 1E and meet IEEE 279-1971, 323-1974 and 
344.;.1975. Both recombiners are designed to be manually turned on following an 
accident. Each recombiner has five banks of heaters powered from Class 1 E Motor 
Control Center I or 2 and located inside the containment. Remote controls are located 
in the cable spreading room . 
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Hydrogen monitoring in containment is described in Section 9.9. This equipment has 
been qualified in accordance with Regulatory Guide 1.97, Category 1 requirements for 
post-accident monitoring service. 

7.4.4.2 Description and Operation 

Description - Containment hydrogen· recombiners are described in Section 6.6. 

Operation - The recombiners do not require any instrumentation inside the containment 
for proper operation after a Loss of Coolant Accident. This operation is assured by 
measuring the amount of electric power to the recombiner from the control panel. 
Calibration of the power consumption involves a correction factor for containment 
pressure and temperature to be used for operation after an accident. This correction 
factor is derived from manufacturer calibration curves. Presence of hydrogen above a 
given percentage as measured by the containment hydrogen monitor requires resetting 
the power output by a known value. 

Testing - Testing of the recombiners controls is included in the Technical· 
Specifications. 

7.4.5 · VENTILATION AND EFFLUENT RELEASES CONTROLS 

Safety related automatic isolation controls of ventilation and effluent releases are 
summarized in this subsection. Details of the applicable control systems are given in 
Section 9.8 and Chapter 11. 

7.4. 5.1 Control' Room 

Control room ventilation is provided with an automatic isolation upon containment 
high-pressure or high-radiation signal (see Subsection 7.3.3) to protect the operating . 
personnel from any radioactivity release during an accident. The control room 
ventilation controls are Class 1 E and are fed from the preferred ac power sources. In 
the event of isolation, all the makeup air for the control room is drawn through a 
charcoal filter to provide equal to or greater than 0.125 inch of water positive pressure 
design in the air recycle to ensure no in-leakage of radioactivity. 

7.4.5.2 Engineered Safeguards Pump Rooms 

One radiation monitor is installed for each engineered safeguards pump room to 
provide a room isolation signal upon high radioactivity levels in the applicable room. 
The automatic isolation allows maintenance of acceptable dose levels at the site 
boundaries (Chapter 11 ). This system contributes to the leak detection capability 
described in Chapter 6 . 
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One radiation monitor provides a ventilation shutdown signal for the area in the event 
of spillage. The area is maintained under negative pressure to prevent radioactive 
leakage out of the building with the supply fan and damper shut off while one of the 
exhaust fans is not shut off. Alarms in the control room warn the operator that one or 
more radwaste area ventilation fans have tripped off. 

7.4.5.4 Fuel Handling Areas 

The fuel handling areas are provided with radiation monitors to protect against 
radioactivity releases in the event of a fuel handling accident. Half of the ventilation is 
automaticaliy shut off. The fuel handling building is then maintained under negative 
pressure to prevent leakage out of the building with a fari which is not shut off. Upon 
receiving an alarm from this monitor, the operator can manually trip the ventilation of 
the area. 

7.4.5.5 Waste Gas Decay Tank 

A high-radiation monitoring signal is provided to automatically close the waste gas 
decay tank discharge valve when the release rate exceeds the limits in the Offsite Dose 
Calculation Manual. 

7.4.6 OTHER SAFETY RELATED DISPLAY SYSTEMS 

Systems covered by this subsection are required to monitor Plant transients as 
identified in NUREG-0578/0737 and Regulatory Guide 1.97 and not discussed 
elsewhere. Appendix 7C provides a listing and an evaluation of all instrumentation 
contributing toward meeting Regulatory Guide 1. 97. 

7.4.6.1 Subcooled Mamin Monitor 

1. Design Basis 

Instrumentation detecting, displaying and annunciating physical parameters 
indicative of inadequate reactor core cooling is provided in the main control room 
as required by Regulatory Guide 1.97~ Since this instrumentation involves the 
integrity of the core, it is classified as Class 1 E, Seismic Category I and 
environmentally qualified. Through this system the operator is relieved from the 
time-consuming task of using steam tables along with primary coolant pressure 
and temperature observations during a transient when these parameters may be 
varying rapidly, thus eliminating the potential for corresponding operator errors . 

7.4-16 Rev 19 



• 

• 

•• 

2. Design Description 

The subcooled margin monitor is made out of two redundant and separate 
channels designed in accordance with IEEE 279-1971. Each channel includes 
Class 1 E prin:iary coolant process signal inputs, an on-line microcomputer-based 
calculator, a display and an annunciator. Both display and annunciator are 
located on the main control board in the main control room. 

The system provides a continuous indication of the °F of primary coolant margin 
from saturation conditions. One channel monitors Coolant Loop 1 and the other 
Coolant Loop 2. The two channels are powered from separate preferred ac 
sources for assured continuity of monitoring. 

Each channel receives a pressure signal from.a Primary Coolant System 
wide-range pressure transmitter and four wide-range temperature signals from 
given primary coolant hot and cold legs. The temperature ranges of the 
instruments are 50°F to 700°F and the pressure input is 0-3,000 psia. 
Temperature and pressure analog signals are converted to digital signals and 
entered to the microcomputer containing steam tables from which a saturation 
temperature and pressure are calculated. By comparing these values with the 
actual primary coolant values, a margin for saturation. is calculated. Either the 
temperature or the pressure margin can be displayed . 

IEEE 279-1971 separation requirements are met by the inclusion of isolation 
devices in accordance with IEEE 384-1977 between the temperature inputs and 
the applicable margin monitor channel circuit as well as interfaces with the 
primary coolant wide-range pressure channels. 

Testing - The subcooled margin monitor has on-line testing features to allow 
periodic testing. Included are a number of tests which cover input, output and 
display functions. This testing is accomplished using only the display module on 
the control board and requires no external test equipment. One channel is tested 
at a time. Automatic return from test to normal status is provided if not returned 
by the operator. The system has also built-in self-diagnostic features which start 
flashing the display and sound an alarm to attract the operator's attention. The 
subcooled margin monitor testing requirements are included in the Technical 
Specifications. 

3. Design Evaluation 

The criteria of IEEE 279-1971 are met via separation, redundancy and testing 
features in the design. Interfaces, where inputs to the system mix more than one 
redundant channel, are provided with suitable isolators in accordance with IEEE 
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384-1977~ On-line testing features ensure continuous availability with automatic 
removal of the test bypass. Finally, the system and its inputs have been qualified 
per IEEE 323-1974 and IEEE 344-1975. 

7.4.6.2 Wide-Range Containment Pressure. Temperature and Water Level 

1. Design Basis 

2. 

Operator performance during transient and accident conditions must include 
recognition and response to containment atmosphere pressure conditions and 
potential inadequate core cooling. Highly reliable instruments covering 
wide-range pressure and water level are considered as essential aids to accident 
diagnosis and control by NUREG-0578/0737 and Regulatory Guide 1.97. 
Additional instrumentation for monitoring containment atmosphere temperature 
throughout the accident range is also required for proper diagnosis in conjunction 
with pressure and water level. 

Design Description 

Containment Pressure - Two redundant Class 1 E continuous wide-range pressure 
transmitters fed from separate preferred ac power sources are installed and 
transmit signals to two recorders located in the control room with state-of-the-art 
accuracy and response time characteristics. The monitors have a range of 10 psia 
to 200 psia enveloping the range of -5 psig to at least three times the design 
pressure of the containment building (Chapter 5). 

Containment Water Level - Two redundant Class 1 E instrument channels 
(magnetic float devices) provide containment floor water level indication up to the 
597-foot elevation. A diverse system provides two other redundant Class 1 E 
instrument channels for containment sump water level indication and recording via 
level transmitters in the containment sump drain line to the dirty waste drain 
header. The combined range of these overlapping channels covers the maximum 
level theoretically obtainable during a Loss of Coolant Accident. Each of the 
measurement channels is fed from a separate preferred ac power source. These 
instruments have also state-of-the-art accuracy. 

Containment Temperature - Four instruments are provided for monitoring the 
containment atmosphere temperature throughout the predicted accident range. 
Reactor cavity, steam generator space and containment dome temperature are 
indicated on the main control board up to 400°F. The system provides continuous 
display even though this is not a requirement. Sensors are resistance temperature 
detectors placed in appropriate locations in the containment. Indicators are 
mounted in a control panel containing Class 1 E instruments within the main control 
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3. 

room. Instrument power is provided by preferred ac Panel Y30 which receives i~s 
power from the Plant emergency power sources. 

Design Evaluation 

Both pressure and water level instrument channels meet IEEE 323-1974 and 
344-1975. The process connections and the sensors, as well as all components of 
these channels, are Seismic Category I per Regulatory Guide 1.29 and meet 
Regulatory Guide 1.97 as required by NUREG-0578/0737. 

7.4.6.3 Reactor Vessel Level Monitoring System 

1 . Design Basis 

In accordance with the requirements of Generic Letter 82-28; a reactor vessel level 
monitoring system (RVLMS) is installed to provide indication for detection of 
inadequate core cooling (ICC) conditions. The system provides indication of level 
in the Primary Coolant System covering a range from near the top of the reactor 
vessel head to just above the reactor core. The RVLMS instrumentation system 
assists the operator in avoidance of ICC when voids in the Primary Coolant· System 
and saturation conditions result from overcooling events, steam generator tube 
ruptures or small-break loss of coolant events . 

2. Design Description 

The RVLMS consists of two independent, physically separated, redundant and 
identical channels. Each channel includes one radcal level instrument (RLI) which 
extends from the incore instrument nozzle closure flange down through the guide· 
tube attached to the control rod shroud, ending just above the fuel assemblies. 

· The Rlls are inserted into existing incore instrument guide tubes. Each RLI 
terminates above the reactor vessel head in a multi-pin, 1 E qualified electrical 

. connector. Two 1 E qualified in-containment cable assemblies, connected in 
series, are provided for each channel from the RLI connector to the containment 
penetration. Outside of containment, 1 E qualified cable is provided for each 
channel to transmit signals and supply power between the containment penetration 
and the level and temperature recording indicator (L TRI) located in the main 
control room. 

Each RVLMS channel is composed of a manometer tube and an RLI containing 
eight sensors. The manometer is created by cutting ports in the existing incore 
instrument guide tube and is divided into regions with hydraulic isolators which are 
part of the RLI. Two separate regions, the head region and the upper guide 
structure (UGS) region, are monitored by four sensors each. The head region 
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extends from the reactor head instrument nozzle flange down approximately 
5.5 feet to the first hydraulic isolator. The UGS region extends from the first 
hydraulic isolator to the second hydraulic isolator located approximately at the top 
of the fuel alignment plate. The porting patterns cut in the incore instrument guide 
tube were determined by tests performed to establish proper manometer 
performance. 

The RLI is a stainless steel rod containing sensors which consist of differentially 
connected thermocouple pairs. One thermocouple junction is electrically heated 
and the other is not. In water the heat transfer from the junctions is high so that 
the differential temperature indication is low. In steam the heat transfer rate is 
reduced and the heated junction gets hotter, increasing the differential temperature 
indication. High differential temperature is the indication of water uncovery of the 
sensor. 

Indication for the RVLMS is provided by two identical units (LTRls), one for each 
channel, located in the control room. The level indication consists of two strings of 
vertical light-emitting diodes (LEDs). A green LED indicates covered and a red 
LED indicates uncovered for each sensor in the RU. The sensors are numbered 
and their distance above the fuel is indicated. Level information is also displayed 
on adjacent strip chart recorders, one for the head region and one for the UGS 
region. The recorders display differential temperature information from the RLI 
sensors which can be used to diagnose potential degradation or failure of the 
sensors and aid in interpretation of level information. Two additional recorders in 
the same panel display the outputs of eight CETs (16 total in the two channels) to 
provide the required CET backup displays. The GET and RLI signals are isolated 
and transmitted to the Critical Function Monitoring System (CFMS) for the primary 
displays. 

Design Evaluation 

The RVLMS conforms to the design and qualification criteria for Category 2 
instrumentation of Regulatory Guide 1.97. An evaluation of the RVLMS against 
Regulatory Guide 1.97 criteria is provided in Appendix 7C. RVLMS meets 
NUREG-0737 requirements for inadequate core cooling instrumentation as 
described in Reference 10. RVLMS instruments have had operability and testing 
requirements incorporated into Technical Specifications with Amendment 129 (see 
Reference 17). The NRC has accepted the RVLMS as Palisades' Inadequate 
Core Cooling Instrumentation (ICCI) in a letter dated January 12, 1987 (Reference 
11 ). The stated basis for approval was that the RVLMS meets the requirements of 
Item 11.F.2 of NUREG-0737 . 
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7.5 NONSAFETY-REI ATED REGUI ATING CONTROi S 

7.5.1 DESIGN BASES 

7 .5.1.1 Reactor Regulating 

Reactivity is controlled by a CC?mbination of chemical shim and CROM motion. 
Variation of the chemical shim (boric acid) concentration provides long-term 
regulation and control. The Chemical and Volume Control System is used to 
increase or decrease boro_n concentration ·with concentration being measured by 
chemical analysis. · 

Control rod motion is used for short-term regulation. Sequential insertion or 
withdrawal of the control rods in the regulating groups is used for normal power 
regulation. During Plant start-up and shutdown and all cases where power is 
below 15%, manual control of the control rods is used'. 

Either of two independent channels may be selected to provide reactor average 
coolant temperature and a reference temperature value corresponding to turbine 
power. The reactor average coolant temperature and reference temperature 
valu.es are displayed to operators who manually adjust primary coolant 
temperatures by moving the control rods. 

The primary coolant average temperature is adjusted according to a preselected 
program. This program provides an average temperature which is linearly 
increasing with power. 

Inputs to the temperature computing stations are primary coolant cold leg 
temperature, primary coolant hot leg temperature, and turbine first stage pressure. 
The temperature computing stations are two separate stations with each having 

·separate inputs as listed above. Rod position instrumentation is covered later in 
this section and details of the CROM are covered in Chapter 3. 

Control rods are grouped into shutdown, regulating and part-length groups. The 
shutdown groups are the first to be withdrawn on start-up and they remain 
withdrawn throughout power operation to provide a definite shutdown margin at 
all times. The regulating groups are manually positioned. The part-length control 
rods are manually positioned individually or by group and cannot be tripped. 
Alarms exist in the control rod position instrumentation to annunciate deviation of 
control rods within any group except the part-length group. Any individual control 
rod may be positioned manually if required. 

The part-length control rods are completely withdrawn from the core during power 
operation except for control rod exercises and physics tests. The insertion of 
part-length rods into the core, except for rod exercises or physics tests, is not 
permitted since it has been demonstrated on other CE plants that design power 
distribution envelopes can, under some circumstances, be violated by using 
part-length rods. 
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The regulating and shutdown control rods are inserted by gravity action (backed 
up by control rod rundown) on the receipt of a reactor trip signal. 

Control rod withdrawal is prohibited in certain situations where reactor limits are 
being approached. These prohibitions are detailed in Subsection 7.5.2.1. 

7.5.1.2 Primary Pressme Reg11lating 

The primary pressure controls maintain primary system pressure within preset 
limits by the use of presst,Jrizer heaters and spray valves. 

Pressurizer pressure and level sensors provide inputs to the controls. When 
system pressure is low, heaters are energized on a proportional or group basis to 
raise pressure. Before the level is low enough to uncover the heaters, level 
sensors cause the power to be interrupted to the heaters. When system pressure 
is high, pressurizer spray valves are opened on a proportional basis to reduce 
pressure. 

two channels of control are provided and the controlling channel is selected by a 
switch. Manual control of heaters and spray may be selected at any time. 

7 .5.1.3 Feed water Reg1dating· 

The feedwater controls maintain steam generator downcomer level within 
acceptable limits by positioning the feedwater regulating valves supplying each 
steam generator (s.ee Subsection 10.2.3.3). The speed of the turbine-driven main 
feedwater pumps will also be controlled by the feedwater controls. 

Automatic control of feedwater is provided when the plant is at power. Steam 
flow, feed water flow and downcomer level are used in a three-element controller 
on each steam generator to maintain preset level during steady-state and transient 
operation above 25%. At low power levels (5% to 25%), feedwater flow is 
regulated automatically by a single-element controller acting on the feedwater 
regulating bypass valves according to steam generator downcomer level 
requirements. 

Manual control of feedwater flow may be assumed by the operator at any time. In 
the event of a reactor or turbine trip and if the feedwater pump turbine drivers are 
in the automatic control mode, the speeds of the feed pumps are automatically 
ramped down to a lower value. Following or during the ramp-down, operators 
can manually control main feedwater flow or initiate auxiliary feedwater flow as 
necessary to restore and maintain desired steam generator levels . 
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In the event of low steam generator pressure < 500 psia or containment high 
pressure (CHP), the main feedwater regulating and regulating bypass valves are 
closed to prevent excessive flow into the steam generators. This ensures 
containment pressure is not exceeded during a main steam line break inside 
containment (refer to Subsections 7 .2.3.8 and 7 .3.3.3). The valve closing on CHP 
was added by FC-906 in 1990 when analysis disclosed that for a small steam line 
break, low steam generator pressure would not occur fast enough to prevent 
exceeding containment design pressure. Administrative control of the bypass of 
the steam generator pressure signal to close the main steam isolation valves, the 
main feedwater regulating and regulating bypass valves is facilitated by using push 
buttons on the panel to override the signal for manual take-over of the controls. In 
addition to the push buttons, manu~I take-over of the feedwater regulating bypass 
valves can be accomplished by using key-operated switches. 

7 .5. 1.4 Pressmizer I evel Regulating 

Pressurizer level is maintained within an operating band by means of the Chemical 
and Volume Control System. Water is continuously drained and charged 
automatically to and from the volume control tank with control inputs from 
pressurizer level sensors. The level set point is programmed as a function of Tavg 
(average of hot and cold leg temperatures). There are two completely independent 
automatic control channels with channel selection by means of a manual control 
switch. Automatic control is normally used during operation but manual control 
may be utilized at any time . 

This control system is one of the defenses against high pressurizer level or water 
solid conditions. The Reactor Protective System provides the other defenses 
through the high pressurizer pressure reactor trip protective function (refer to 
Subsection 7.2.3.4). 

7.5.1.5 Steam Dump and Bypass 

The steam dump system provides a means of dissipating excess NSSS stored 
energy and sensible heat following a turbine trip, without lifting the safety valves. 
See Subsection 10.2.1.3 for details. Steam is discharged from the main steam 
lines to the atmosphere via steam dump valves and to the condenser via a steam 
bypass valve. The steam dump and bypass valves are sized to prevent opening of 
the steam generator safety valves following a turbine trip at full load. The steam 
flow is regulated by the dump and bypass valves in response to Tavg and 
secondary pressure signals. 

Inputs to the controls are Tavg' turbine trip signal and steam header pressure . 
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The steam dump and turbine bypass controls need to be operable to control. steam 
generator pressure such that P-8C is able to provide sufficient flow to maintain 
heat removal capacity. Most of the documentation in the facility change package, 
FC-516, either showed P-8C had sufficient capacity at 1000 psia or showed 
reduced capacity and referred to a Combustion Engineering letter P-CE-5792 
which allows a lower flow. P-CE-5792 bases the new flow rates on 100 degree F 
feedwater and 900 psia steam generator pressure maintained by the turbine · 
bypass. Since the primary coolant system heat load in P-CE-5792 included decay 
heat and primary coolant pump heat, the analysis assumes offsite power is 
available. 

It is an assumption of P-CE-5792 that the turbine bypass valve will be available. 
More levels of redundancy are added to the assumption by including the four 
atmospheric dump valves as alternates to the turbine bypass. The wording implies 
a reliance on non-Q equipment. An acceptable alternative to relying on non-Q 
systems is taking credit for operator actions within thirty minutes after the reactor 
trips. When offsite power is available, the plant operator can manually start 
another auxiliary feedwater pump to provide additional auxiliary feedwater flow or 
trip all four primary coolant pumps. 

The. controls for the turbine bypass and atmospheric dump valve controls were 
designed and installed to provide reliable service in normal plant ambient 
conditions. Under accident conditions (with the exception of a main steam line 
break) the solenoid valves, switches, transducers, etc. will be in essentially a 
normal environment. If a main steam line break occurs that can't be isolated (to 
restore normal conditions), the steam generator will blow down (and the dumps or 
bypass won't be needed). 

7.5.1.6 Turbine R1mback 

The original design included a turbine runback upon detection of a dropped rod. 
Later analysis showed that at the beginning of reactor core cycle, turbine runback 
could have unacceptable effects on reactor performance. Thus, the turbine 
runback feature has been disabled. 

Turbine run back upon detection of a dropped rod doesn't exist in the Digital · 
Electrohydraulic (DEH) control system. However, there is an operator selectable 
runback for 5% or 50% which, when selected, will runback to 5% or 50% at the 
rate that the DEH system was originally running. 

7. 5. 1 . 7 Imbine Generator Controls 

The turbine generator controls are the means by which the turbine generator is 
made to meet the electrical load demand placed upon it. The turbine impulse 
chamber pressure, turbine speed, and electrical load are used as the control 
indices . 
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7.5.2 SYSTEM DESIGN 

7 .5.2.1 Primary 1 _oop Temperatme lnstrnmentation 

A block diagram of the primary loop temperature instrumentation is shown in 
Figure 7-55. The instrumentation consists of: 

1 . Four high level isolated transmitters. 

2. Two temperature computing stations. 

3. Two primary coolant loop hot leg temperature alarm/indicators. 

4. Two T AvE-T REF recorders. 

5. One dual input primary loop differential temperature recorder. 

6. One two position switch to select either of the two channels to provide 
the TAVE signal to the steam dump controller and pressurizer level 
controllers. 

7 . One digital indicator to display TAVE as selected by the switch. 

8. Two voltage to current converters. 

Inputs to the temperature computing stations are: 

1. Loop 
1. 
2. 
3. 
4. 

1 Temperature computing station. 
Primary coolant loop 1 cold leg temperature. 
Primary coolant loop 1 hot leg temperature. 
Turbine first stage pressure. 
Primary coolant loop 2 TAVE· 

2. Loop 2 Temperature computing station. 
1 . Primary coolant loop 2 cold leg temperature. 
2. Primary coolant loop 2 hot leg temperature. 
3. Turbine first stage pressure. 

All inputs are isolated from protective system instrumentation . 
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• Outputs of the temperature computing stations are: 

1. Loop 1 temperature computing station. 
1 . Primary coolant loop 1 TAVE" 
2. Primary coolant loop 1 differential temperature. 
3. T REF (for primary coolant loops TAVE). 
4. Deviation alarm; (T AVE-T REF1) (T AVE-T REF2) 

2. Loop 2 temperature computing station. 
1 . Primary coolant loop 2 TAVE· 
2. Primary coolant loop 2 differential temperature. 
3. T REF (for primary coolant loop TAVE). 
4. Deviation alarm; (TAVE± T REF2) 

Two separate TAVE channels are provided for pressurizer level control and steam 
dump control. Either channel may be selected. In each channel a temperature 
computing station establishes primary coolant temperature (T REF) based on a power 
reference signal from first stage turbine pressure. T REF varies linearly with power 
from a nominal temperature of 532°F at hot standby to an adjustable limit of 
550°F to 580°F at 100% power. TREF is compared with the actual loop TAvE, and 
provides a deviation alarm at a prescribed value. 

• Control rods are divided into the following groups: 

• 

1. Shutdown: Two groups 

2. Regulating: Four groups 

3. Part-Length: One group 

The circuitry utilized for sequential control rod group movement during manual 
operation is indicated on the Rod Drive Control System Schematic Diagram, 
Figure 7-56. 

Each control rod remains stationary except when a raise or lower signal is present. 
When such a signal is received, the control rod will move at a fixed speed of 
approximately 46 inches per minute . 
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The shutdown control rods may be moved in the manual control mode only with 
either individual control rod or individual group movement. A selector switch 
prevents withdrawal of more than one shutdown group at any time. The 
shutdown groups must be withdrawn above the lower limit of their exercise band 
before regulating group withdrawal is possible. The upper 10 inches of shutdown 
group control rod travel is designated as the exercise band and is provided so the 
shutdown control rods may be exercised while the reactor is at power. An 
interlock from the primary control rod position indication system synchro limit 
switches described in Subsection 7.6.2.3 prevents the shutdown groups from 
being driven .down more than 10 inches unless the regulating control rods are fully 
inserted. Refer to Figure 7-57. This interlock is bypassed for a control rod 
rundown following a reactor trip. The reactor trip initiates rundown of the 
shutdown and regulating control rods through relays connected in parallel with the 
CRDM clutches (see Subsection 7.2.5.1 ). 

Regulating control rods may be moved in manual control with sequential group 
movement. Automatic sequential control utilizes outputs from the primary control 
rod position indication system data processor described in Subsection 7.6.2.3. 
Individual and groups of control rods may be moved in manual control. Sequential 
group movement provides that when the moving group reaches a programmed low 
(high) position, the next group begins lowering (raising); the initial group stops 
upon reaching its lower (upper) limit. This procedure, applied successively to all 
regulating groups, allows a smooth and continuous rate-of-change of reactivity. 

When the regulating groups reach the "prepower dependent insertion limit" alarm 
point, this condition will be annunciated. If insertion is continued, a "power 
dependent insertion" alarm point is reached and a continuous alarm is initiated. 
This second, continuous alarm can only be silenced by removing the condition 
(withdrawing control rods or lowering power) or by the use of a key switch. 
These two programmed limits may be adjusted during the life of the Plant and a_re 
provided by the primary rod position and secondary rod position indication 

, systems data processors to assure adequate shutdown margin according to 
Technical Specifications requirements (see Subsection 7.6.2.3). 

All control rods will be prevented from being withdrawn if either a high power or 
high power rate-of-change pretrip condition exists. 

Interlocks to prohibit regulating group withdrawal are provided to prevent the 
reactor from reaching undesirable conditions. These interlocks are summarized in 
Table 7-3 . 
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The part-length control rods may be moved manually either individually or as a 
group. A selector switch prevents simultaneous manual movement of the 
part-length and any other control rods. The part-length control rods have upper 
and lower limits of travel. 

The part-length control rods are completely withdrawn from the core during power 
operation except for control rod exercises and physics tests. The insertion of 
part-length rods into the core, except for rod exercises or physics tests, is not 
permitted since it has been demonstrated on other CE plants that design power 
distribution envelopes can, under some circumstances, be violated by using 
part-length rods. 

7.5.2.2 Primary Pressme Reg1Jlating 

Two independent pressure channels provide suppressed range ( 1,500 to 
2,500 psia) signals for control of the pressurizer heaters and spray valves. The 
output of either controller may be manually selected to perform the control 
function. During normal operation the backup heaters are on. The spray valves 
are h'iodulated to maintain system pressure. A continuous flow is maintained 
through the spray lines at all times to keep the pipes warm and to assure that the 
pressurizer maintains the proper boron concentration . 

The two pressure control channels are recorded in the control room and provide 
independent high and low alarms. 

Two independent level channels provide pressurizer level signals for two specific 
functions: 

1 . A low-level signal from either channel will de-energize all heaters. 

2. A high-level signal from either channel will energize the backup heaters. 

Control and alarm pressure set points are shown on Figure 7-58 . 
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7.5.2.3 Feedwater Reg11lating 

The steam generators are operated in parallel on the feedwater and on the steam 
sides. Each generator has a three-element controller with inputs of feedwater 
flow, steam flow (corrected for pressure) and downcomer level (see Figure 7-58). 
Output of each controller when in automatic control is used to provide pneumatic 
signals to position the resp·ective feedwater regulating control valve. The higher of 
the two signals provides a speed control signal to the main feedwater, 
turbine-driven pumps. This signal controls pump speed if the turbine speed control 
is in automatic. When Plant power is between 5% and 25%, feedwater is 
automatically controlled by a single-element controller monitoring steam generator 
downcomer level and positioning the feedwater regulating bypass valves. Three 
overrides are provided: 

1. 

2. 

When contacts in the steam dump permissive switch are actuated on a 
main turbine trip, feedwater regulating control valves are maintained in 
the position which existed prior to the switch activation. The feedwater 
pumps, if in automatic speed control, ramp down to a fixed speed which 
corresponds to approximately 5% of full flow. Due to the slow 
rampdown, operators manually control main feedwater flow or initiate 
auxiliary feedwater flow as necessary to restore and maintain steam 
generator levels . 

When an abnormally high-steam generator level is sensed by an 
independent downcomer level sensor, a signal is sent to close the 
associated feedwater regulating control valve and a control room alarm is 
annunciated. 

3. During low-steam generator pressure < 500 psia, the main feedwater 
control valves and the bypass valves are closed automatically. The 
operator can manually take control of the bypass valves by isolating the 
low steam generator pressure signal using a key switch on the control 
panel. 

4. During high containment pressure, the main feedwater regulating valves 
and their bypass valves are closed automatically (FC-906, 1 990) . 
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Manual control of the feedwater flow may be assumed at any time to circumvent 
malfunction of components within the system except for control of the feedwater 
regulating valve when the steam generator high level override, steam generator 
low pressure override, or Containment High Pressure override is present. Each of 
these override signals blocks the valve control signal between the level controller 
and the feedwater regulating valve, causing the valve to be driven closed. 
Otherwise, when in manual control, the operator in the control room can: 

1 . . Position manually each feed water regulating control valve 

2. Control speed of the two main feedwater pumps 

3. Open or close each feedwater stop valve 

4. Position manually each feedwater bypass regulating valve 

Operation of the Auxiliary Feedwater System is always available to supplement the 
above options (refer to Subsection 7.4.3). 

7 .5.2.4 Pressurizer I evel Regulating 
/ 

The operating level of the pressurizer is a programmed function of the primary 
coolant loop TAVE· It is programmed to accommodate plant load changes and 
transients while keeping the primary coolant system volume changes to a 
minimum. 

Programmed level is established by the pressurizer level controllers, which receive 
a TAvE input from the primary loop temperature instrumentation. The pressurizer 
level controller establishes a set point directly proportional to TAVE" Refer to Figure 
4-10. The controllers also receive pressurizer level information from two level 
sensors. Controller output is sent to control charging pumps and letdown orifice 
valves. The outputs of either of two automatic control channels may be selected 
by the operator for level control in addition to manual control. 

Controller action and program level are described in Section 9.10, Chemical and 
Volume Control System . 

7.5-10 Rev 20 



• 

• 

7.5.2.5 Steam Dump and Bypass 

A block diagram of the steam dump and bypass controls is shown in Figure 7-60. 
The system consists of: 

1. One steam dump controller 

2. Two steam dump controllers (performs tracking in auto mode) at 
engineered safeguards panel. 

3. Four atmospheric steam dump valves 

4. One steam bypass pressure controller 

5. One signal auctioneering unit 

6. One turbine bypass valve 

Inputs to the controls are: 

2. Steam header pressure 

3. Turbine trip (contacts in steam dump permissive switch) 

4. Loss-of-condenser vacuum (contacts) 

Outputs of the controls are: 

1 . Atmospheric steam dump valve position signal 

2. Turbine bypass valve position signal 

The steam dump controller generates a suppressed range signal proportional to 
(Tavg - 532°F); see Figure 7-60 for signal characteristics. Upon receipt of a turbine 
trip, this signal is supplied to open the atmospheric steam dump valves, and is an 
input to the turbine bypass auctioneering unit to simultaneously open the bypass 
valve. The position of the atmospheric steam dump and bypass valves is 
proportional to the signals supplied to them, thus providing a controlled relieving of 
excess pressure. 

After a turbine trip, the steam dump controller's quick opening signal will cause 
• quick opening for the dump and bypass valves. 
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The atmospheric steam dump valves will close proportionately as Tavg reduces and 
will close completely at 535°F. They will remain closed unless Tavg increases again 
to more than 540°F. 

The turbine bypass valve receives the higher of the steam dump controller or 
steam bypass pressure controller signals through an auctioneering unit. This 
controller generates a suppressed range signal proportional to secondary pressure 
over the range 895 psia to 905 psia. Loss-of-condenser vacuum will prevent the 
opening of the bypass valve. 

By manually changing the set point on the steam bypass pressure controller, the 
operator may control primary coolant temperature during Plant cooldown by use of 
the bypass valve. Once the turbine trips, the operator may manually control the 
atmospheric dump valves and still control the turbine bypass valve. 

7.5.2.6 Imbine Generator Controls 

The turbine generator controls (or electrohydraulic control system) controls steam 
flow to the turbine. The controls consist of the following five parts: 

1 . Operators Interface Panel 

2. Digital Controller & Engineers Console 

3. Steam valve servo actuator assemblies 

4. High-pressure fluid supply 

5. Emergency trip 

The electronic controller performs basic digital computations on reference signals 
and turbine feed-back signals and generates an output to the actuators. 

The operator's panel contains push buttons and switches which are used to 
change the reference input to the controller to vary the speed or load. Indicators 
provide continuous monitoring of steam admission valve position, load limit setting 
and control signal. 

The servo valves position the governing valves by directing the flow of E-H oil to 
the actuators. 

The high-pressure fluid controls operate the stop, governor, reheat stop and 
interceptor valves. The fluid is stored in a stainless steel reservoir and is furnished 
with a duplicate system of oil pumps, filters and heat exchangers. The fluid 
pressure is controlled by constant pressure, variable displacement pumps. 
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The emergency trip uses bearing lubricating oil as its control medium. The trip 
device is a diaphragm valve which is sensitive to the dump valve servo actuator 
position and releases the emergency trip oil to drain. This action is caused by the 
operation of trips located in the hydraulic mechanical system protective device 
unit: low-vacuum, low bearing oil pressure, thrust bearing failure, overspeed trip 
and loss of generator load, or manually with the overspeed trip lever. This action 
is also caused by operation of the solenoid trip which is actuated by the manual 
trip switch in the control room and by electrical system protective relays. This 
emergency trip is also activated by the A TWS system which was installed in 
1990. When a pressurizer high pressure 2 of 4 logic condition is satisfied, the 
emergency trip solenoid valve 20/ET is activated. 

A reactor trip results from a turbine generator trip only_ when the reactor is above 
15% full power level. A turbine generator trip on closure of the main steam 
isolation valves (MSIVs) is provided to protect the MSIVs from experiencing the 
full differential pressure of a steam generator. 

The turbine generator unit is controlled from the operator's interface panel. The 
panel shows which devices are controlling the turbine generator. The controller 
computes signals to position the governor valves. As the speed reference is 
changed during start-up, the speed transducer signal is compared to the reference 
speed setting. During load control, the controller also computes signals to position 
the governor valves. As the load reference is changed by the control operator, the 
controller compares the load reference to the feed back from the megawatt 
transducer, the first stage steam pressure transducer, and from valve curves 
contained within the computers memory. The difference or load error then sets 
the position of the governor valves servo actuators. The governor valve servo 
actuators change the steam flow to the turbine. The result is a change in turbine 
load which is detected by the transducers and is compared to the reference load 
setting. 

The turbine generator controls are composed of the digital computer controller and 
the valve servo driver cards. The Valve Servo Driver accepts serial input from the 
local auto controller, plus LVDT inputs. It outputs to Moog Valve Coils and the 
Valve Position meter. Manual inputs and Manual functions, plus valve 
contingencies are also built-in capabilities. This system element was designed by 
hydraulic and electronic experts to yield maximum performance. It provides 
minimum tuning time to save valuable manpower time. 

The reheat stop and interceptor valves can be tested while the turbine is loaded. 
A signal can be introduced to the Valve Servo Driver cards to cause the servo 
valves to exercise the stop and governor valves . 
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7.5.3 SYSTEM EVALUATION 

7.5.3.1 Rod Drive Control System 

Control rods are segregated into three groups: shutdown, regulating and 
part-length. The shutdown and part-length control rods remain raised throughout 
power operation to provide a shutdown margin at all times. When the reactor is 
tripped, all control rods except the part-length are inserted by gravity and backed 
up by control rod rundown. 

Sequential insertion and withdrawal of regulating group control rods are employed 
for normal power regulation. The manual demand signal controls the application 
of power to the regulating group(s) selected for movement by the action of the 
group sequencing relays. The group sequencing relays are programmed by 
permissive actions initiated by the data processor, utilizing information from the 
primary rod position system. 

The circuitry used for sequential control rod group movement is shown on the Rod 
Drive· Control System Schematic Diagram, Figure 7-56. The insertion of the 
shutdown rods before the regulating rods is prevented by the contacts from the 
shutdown rod insertion permissive relays R/RS1 through R/RS4 or the exercise 
band limit switches and contacts from the shutdown group relay R/AD1. A single 
failure could cause the shutdown rods to be inserted beyond the exercise limit 
prior to the insertion of the regulating rods, only in conjunction with the operator 
selecting the shutdown group for insertion. Simultaneous insertion of the 
regulating and shutdown rods could occur only by energizing the rod run-down 
relay. Failure of a single CRDM clutch power supply "K" relay (Subsection 
7.2.5.3) will not cause rod rundown. De-energization of either the shutdown 
(scram) or rod control bus will run down all control rods. 

The simultaneous withdrawal of more than two groups of control rods could occur 
upon certain single failures in the control system. This could occur during the 
overlap period when two groups of rods are being withdrawn, so that the failure of 
the sequential permissive contact in the sequence relay circuit of a third group 
would permit three groups to be rnoving at once. Indication of the group(s) 
selected for rod motion and indication of the direction of rod motion for the 
group(s) selected is provided at the main control room console (refer to Figure 
7-56). An out-of-sequence alarm initiated from the rod position is provided to alert 
the operator of an out-of-sequence condition . 
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Should more than two banks be withdrawn simultaneously, there are two aspects 
to consider: ( 1) reactivity addition rate and (2) effect on power distribution and, 
therefore, the DNB ratio. The reactivity addition rate will be increased but not 
exceed the maximum values shown in Figures 14. 2-6 and 14. 2-1 7. As shown in 
these figures, as reactivity addition rate is increased, the minimum allowable DNB 
ratio increases. An adverse effect must then come from a change in power shape 
relative to the shape applicable to the planned sequential .withdrawal. Starting 
from full-power conditions, maximum bite, only two banks are inserted (Figure 
3-3); and thus the three-group withdrawal incident cannot occur. Starting from 
lower power conditions, for example at 50% of full power, there are three groups 
inserted under maximum bite conditions; and at hot standby there are four groups 
inserted. Withdrawing various combinations of three banks during the overlap 
period, starting from these initial conditions, results in minimum DNB ratios greater 
than 1.3. 

1-t is possible for a rod group to be withdrawn out of proper sequence if certain 
single failures occur in coincidence with specific operational situations. This could 
occur during the overlap period when two groups of rods are being withdrawn so 
that any failure, such as the de-energization of the group relay which stops the 
movement of the leading group, will interrupt the planned sequence. The 
out-of-sequence alarm will be actuated in such an event. Again, the nonsequential 
withdrawal is not a continuous withdrawal. 

The major difference between a sequential and a nonsequential withdrawal is their 
respective power distribution during the withdrawal. Therefore, in order to 
examine the potential consequences of a nonsequential withdrawal, cases were 
studied for initial conditions of maximum bite (Figure 3-3) for full power, 50% of 
full power and hot standby. For these initial conditions, the most unfavorable of 
nonsequential withdrawals were studied. The maximum total peaking factors are 
equal to or less than those assumed for the accident (sequential withdrawal) 
analysis of Chapter 14, except for the hot standby condition. For hot standby, the 
maximum total peaking factor may be several percent greater than for the 
nonsequential case. In all cases, the axial power peak is lower in the core (and 
therefore more favorable from a DNB ratio standpoint) for the nonsequential cases 
relative to the associated sequential power distributions. For all cases analyzed, 
the DNB ratio is greater than 1.3. 

7 .5.3.2 Primary Pressme Regulating 

Two independent channels are available for automatically regulating the pressurizer 
heaters and spray valves. Either channel may be used to control the pressure in 
the system, and the output from both channels is recorded in the control room. 
Independent high and low alarms are provided . 
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7.5.3.3 Feedwater Regulating 

For power above 25% full power, conventional three-element, feedwater control is 
used with fail-as-is, feedwater control valves. Manual override of the automatic 
control is always available. Manual bypass valves and feedwater stop valves 
provide backup for feedwater valve failure. For power below 25% full power, and 
to facilitate start-ups, a single-element feedwater bypass valve controller is used. 
Manual override of this automatic control is also available. 

Feedwater pump speed control is by automatic or manual means. 

Feedwater flow from the condensate pumps wil! be shut off via closure of the 
feedwater regulating and bypass valves on low steam generator pressure ( < 500 
psi a). 500 psi a is above the maximum condensate pump delivery head such that 
the maximum of feedwater delivered to the steam generator will be no greater 
than that assumed in the safety analysis. 

Accurate measurements of reactor power output use the feedwater flow 
instru.ments as a base for calorimetric calculations (see Subsection 7 .2.3.2 for 
reactor power level measurement versus reactor trip function). These flow 
instruments' calibration is thus regulated by the Technical Specifications . 

A long term operational affect on the feedwater flow instrumentation (by methods 
such as venturi fouling) causes them to indicate conservatively (_indicated 
feedwater flow is greater than actual feedwater flow). In order to determine the 
actual feed water flow, an ultrasonic flowmeter has been used. By comparing the 
feedwater flows from both the feedwater flow instrumentation and the ultrasonic 
flowmeter, a correction factor (the ratio of ultrasonic flowmeter flow to feedwater 
instrumentation flow) can be calculated. This correction factor can be multiplied 
by the feedwater flow instrumentation indicated flow and then inputted into the 
calorimetric calculation as the actual feed water flow. This will result in the most 
accurate available measurement of reactor power. 

7.5.3.4 Pressurizer Level Reg11lating 

Two separate level control channels are provided with redundant level transmitters 
and controllers. Only one channel is used during operation. The controllers are 
located in the control room. Control can be accomplished by either automatic or 
manual operation. Three charging pumps and three letdown orifice valves provide 
redundant means of increasing or decreasing primary coolant water inventory. 
The variable pressurizer level control program maintains primary coolant discharge 
and addition required during Plant load changes . 
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The pressurizer level control system is sufficient to protect the Primary Coolant 
System fluid boundaries without a reactor trip on high pressurizer level to protect 
against a water solid condition. If a malfunction is suspected in the operating 
channel, operation can be switched to the other channel. If a failure of the 
controller output is postulated, a large "program minus actual level" difference will 
result. This will cause two orifice stop valves to close and will start all three 
charging pumps. When the pressurizer level increases 4.6% above the 
programmed level, two charging pumps will be secured and the two orifices' stop 
valves-reopened. This failure will not result in a filled pressurizer. 

If a failure in the level transmitter is postulated, a low-low level signal is initiated 
causing all orifice stop valves to close and all three charging pumps to operate. In 
order to fill the pressurizer, this condition would have to exist unchecked by 
operation action for a period of about 30 minutes (time required to fill the 700-ft3 

steam space in the pressurizer). During this period, an alarm would sound alerting 
the operator to the mismatch between charging and letdown flow. Also, a 
low-level alarm from the volume control tank would sound. (There are about 
3,600 gallons stored in the volume control tank, and over 5,000 gallons are 
required to fill the 700-ft3 steam space.) Continuous operation of the charging 
pumps is indicated by lights in the control room. The operator can switch to 
pressurizer level control Channel B (assuming Channel A is in service at the time) 
to determine if the reason for the extended charging operation is caused by a 
malfunction of the level transmitter. The operator can manually secure the 
charging pumps when the problem has been diagnosed, or allow the backup 
channel to assume control. 

Assuming that no operator action was taken, and the pressurizer continued filling 
with water, and pressure continued to rise, the pressurizer pressure control system 
will maintain pressure at about 2, 180 psia. At 1, 700 seconds after the transient is 
initiated, the spray nozzle, which extends about 2 feet from the top of the 
pressurizer, becomes submerged by the rising water and is no longer effective (the 
effectiveness of the spray is reduced even before submergence of the spray 
nozzle, owing to the shape of the spray extending from the nozzle). At the level 
of nozzle submergence, a 40-ft3 steam space remains at the top of the pressurizer. 
A simplifying and conservative assumption invoked for this analysis is that 
pressurizer pressure is maintained at 2, 180 psia until it is completely filled, thereby 
neglecting the mitigating effect of the 40-ft3 steam space in minimizing pressure 
during the incident . 
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After the pressurizer fills, it is assumed that all three charging pumps continue to 
deliver water into the Primary Coolant System at the maximum rate of 1 20 gpm 
and that all letdown orifices remain closed .. The time required to increase system 
pressure from 2, 180 psia to reactor trip pressure of 2,255 psia is approximately 2 
minutes (owing to the compressibility of one-half million pounds of water at 
578°F, more than 1,000 pounds of additional water is required to raise system 
pressure 220 psi). 

Following the high pressurizer pressure reactor trip signal, the control rods are 
inserted 90% of travel within 2. 7 seconds. The turbine admission valves are 
closed at 0.3 second, and all ,rods are fully inserted. Although the steam dump 
and bypass valves will open following turbine trip (and thereby reduce the 
pressure increase in the steam generator and subsequently reduce the increase in 
primary system temperature), credit is not taken for such action in this analysis. 
The maximum increase in the average temperature of the primary system following 
trip of the reactor and turbine is less than 0.5°F. This energy increase in the 
Primary Coolant System results in a Primary Coolant System pressure transient as 
shown on Figure 7-61. The maximum pressure increase is 26 psi and occurs 
approximately 4 seconds following trip. Since reactor outlet temperature is 
decreasing during the entire transient following trip, the primary system 
temperature increase is due entirely to the increase in steam generator pressure, 
causing an increase in primary coolant temperature exiting from the steam 
generators. 

At four seconds following reactor trip, core heat flux is decreasing at a faster rate 
than primary coolant temperature exiting from the steam generators is increasing; 
and therefore, the Primary Coolant System pressure begins decreasing as shown in 
Figure 7-61. 

If it is postulated that the pressurizer fills solid with water, owing to a malfunction 
in the pressurizer level control system concurrent with the assumption of no 
operator response to the various alarms and indications available, the maximum 
Primary Coolant System pressure during the transient is well below the hydrostatic 
test pressure of 3, 125 psia. Because of the rapid response of the reactor 
protection system in causing a reactor trip at 2,255 psia, and because of the large 
heat sink supplied by the 241,000 pounds of liquid stored in the steam generators, 
the maximum pressure during the transient is 2,426 psia; and operation of the 
pressurizer safety valves is not required . 
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7.5.3.5 Steam Dump and Bypass 

The steam dump valves can be operated from either the control room or from the 
engineered safeguards local panel. Automatic or manual control is provided at the 
control room station. 

Inadvertent opening of the atmospheric dump valves is prevented by requiring that 
the turbine stop valves be closed before the dump valves can be opened. 
Excessive primary system cooldown by the dump valves when in automatic 
control is prevented by a narrow-range Tavg temperature signal which has a 
minimum output corresponding to 515°F. 

Turbine bypass is available whether the turbine valves are open or closed and will 
limit the maximum steam pressure to 900 psia during hot standby. 

7.5.3.6 Tmbine Generator Controls 

The electrohydraulic control used, is a conventional control system with many 
unit-years of operating experience. This type control has been refined and has 
proved to be very reliable and superior to earlier controls. 

With the redundancy and safety features designed into the turbine control and 
protection system as described below, the probability of turbine overspeed 
occurring is very remote. 

The steam required to produce turbine overspeed has to come from. either the 
main steam system or flashing from feedwater heaters and moisture separators 
after a turbine trip. All feedwater· heaters with sufficient energy to overspeed the 
turbine have extraction nonreturn valves and the moisture separator outlets have 
intercept valves to limit steam flow following a turbine trip. To have an 
uncontrolled source of steam from the main steam line, all of the following turbine 
control devices would have to fail: 

1 . Main governor and governing valves. 

2. Overspeed protection controller. This is an acceleration response device 
which closes the turbine main governing valves and moisture seperator 
intercept valves. 

3. Mechanical overspeed trip. This is a centrifugally actuated device which 
trips· the turbine main stop, control, reheat stop and intercept valves 
( 1 6 valves total) . 
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The main governor and overspeed protection controller both control high-pressure 
fluid system which provides the motive force to operate the turbine steam valves. 
The high-pressure fluid system consists of duplicate oil pumps, filters and heat 
exchangers. The fluid reservoir is stainless steel to minimize the possibility of 
contamination. 

The mechanical overspeed trip actuates the auto stop oil system which uses 
turbine oil as the control medium and is separate from the high-pressure fluid 
control system used for the main and auxiliary governing systems. 

The turbine main stop and governing valves, and moisture separator intercept and 
reheat stop valves are all spring-loaded to fail closed. 

The turbine overspeed event has been analyzed in Section 5.5 . 
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7 .6 NLJCI EAR STEAM SIJPPLY SYSTEM INSTRUMENTATION 

This section primarily describes nonsafety-related instrumentation relevant to the 
systems discussed in Sections 7.2, 7.3 and 7.5. Safety-related instrumentation 
for these sections and Section 7 .4 are mentioned only for clarity of text. 

7.6.1 DESIGN BASES 

7 .6.1.1 Process lnstwmentation 

The nuclear steam supply system (NSSS) nonnuclear process instrumentation 
measures temperatures, pressures, flows and levels in the Primary Coolant 
System, secondary system, NSSS auxiliary systems and measures containment 
parameters such as pressure, sump level, hydrogen content, gamma radiation. 
Process variables required on a continuous basis for start-up, operation and 
shutdown of the Plant are indicated, recorded and controlled from the control 
room. Other instrumentation which is used less frequently or which requires a 
minimum of operator action is located near the equipment with remote alarms 
annunciated in the control room. Alternate indicators and controls are located at 
other locations than the control room to allow reactor shutdown and cooldown 
should the control room have to be evacuated as described in Section 7.4. 

Four independent measurement channels are provided to monitor each process 
parameter required for the Reactor Protective System (refer to Section 7 .2). 
Redundant channels are provided for engineered safeguards action to meet the 
single failure criterion (refer to Section 7.3). The four independent channels 
provide sufficient redundancy to ensure system action and to allow each channel 
to be tested during Plant operation. Class 1 E instruments listed in Table 5. 7-8 are 
designed to withstand seismic loads described in Section 5. 7 and have been 
environmentally qualified as described in Chapter 8, Subsection 8.1.3. 

Two independent channels are provided to monitor parameters required for critical 
control functions (refer to Section 7. 5). 
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7.6.1.2 N11clear lnstrnmentation 

Eight channels of instrumentation are provided to monitor the ·neutron flux. The 
system consists of four power range safety channels, and two source range 
channels combined with two wide range channels. The source/wide range 
channels share high sensitivity fission chambers, enclosure, and power supply; 
while the power range channels are completely independent with each channel 
complete with separate detectors and power supplies. Each power range safety 
channel is also provided with a rod drop detection circuit and provides calibrated 
flux, upper and lower sigr:ials to its channelized thermal margin monitor and non
channelized critical function monitor. The operating range of the eight monitoring 
channels is greater than ten decades of neutron flux with channel overlap 
adequate to monitor the reactor power from shutdown through start-up to 200% 
of full power( 1 o-8 % to 200% of full power). See Figures 7-8 and 7-9 for channel 
range and overlap. 

The neutron flux detectors are located in instrument thimbles in the biological 
shield around the reactor vessel. Each start-up and wide-range detector is placed 
approximately 1 80° apart. The power range safety channel detectors are placed 
in thimbles approximately every 90° around the core. 

7.6.1.3 Control Rod Position Instrumentation 

The Palisades Plant Computer is a distributed computer system composed of a 
host computer and several nodes. Two of these nodes are the PIP node and the 
SPI node. The SPI system, composed of the SPI node plus the host computer, is 
redundant to the PIP node in the tasks of control rod measurement, control rod 
monitoring, and limits processing. 

The PIP Node ("PIP") uses the output of a synchro to provide the rod position. 
Each of the 45 control rods has a synchro. Control rod, position is visually 
displayed on a control room panel. This information is also passed to the host 
Computer and to the control room workstation. Position information is also used to 
initiate alarms under certain limiting conditions, to provide contact closures for 
control rod sequencing and control, and to monitor for excessive control rod 
position deviation between individual rods within a group. The PIP is capable of 
measuring and recording the time for a control rod to reach bottom after the 
control rod clutch is released during a control rod drop test . 
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The SPI system ("SPI") consists of the SPI node plus the host computer. The SPI 
node functions as an input module and all processing of information is done in the 
Host Computer. The SPI node gathers information on the control rod positions 
from the reed stack switches. Each of the 45 control rods has a reed switch stack . 
The host computer monitors the various limits associated with the control rods. 
These limits include the POils and rod sequencing. If a limit is exceeded, an alarm 
is annunciated on the control room workstation. It does this monitoring using the 
rod positions from the synchro transducers. If a synchro input card on the PIP 
were to fail, the host computer would use the rod position from the SPI input 
module in the monitoring _of rod limits. The host computer also compares the 
positio_n of the rod position from the synchro transducer and. the rod position from 
the reed stack switches. If there is deviation in the positions greater than a preset 
limit, an alarm is annunciated on the control room workstation. 

7.6.1.4 lncare Instrumentation 

The primary function of the incore instrumentation is to provide measured data 
which may be used in evaluating the neutron flux distribution in the reactor core. 
This data may be used to evaluate thermal margins and to estimate local fuel 
burnup. 

The bases for the design of the incore monitors are as follows: 

1 . 

2. 

3. 

4. 

5. 

Detector assemblies are installed in the reactor core at selected locations 
to obtain core neutron flux and coolant temperature information durin9 
reactor operation in the power range. 

Flux detectors of the self-powered type, with proven capabilities for 
incore service, are used. 

The information obtained from the detector assemblies may be used for 
fuel management purposes and to assess the core performance. It is not 
used directly for automatic protective or control functions, however it is 
used for ex-core instrument calibration. 

The output signal of the flux detectors will be calibrated or adjusted for 
changes in sensitivity due to emitter material burnup. 

The detector assemblies are comprised of local neutron flux detectors 
(stacked vertically for axial monitoring) and a thermocouple. 

Axial spacing of the detectors in each assembly and radial spacing of the 
assemblies permit representative neutron flux mapping of the core and monitoring 
of the fuel assembly coolant outlet temperatures . 
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The incore instrumentation is required to measure radial peaking factors for 
Technical Specifications limits monitoring. This assures that the assumptions used 
in the analysis for establishing DNB margin, linear heat rate arid t.he TM/LP and 
high-power Reactor Protective System trip set points remain valid during 
operation. 

The incore instrumentation must also provide a diverse monitoring of reactor core 
quadrant power tilt and linear heat rate, both parameters being monitored also by 
the excore nuclear instrumentation (Subsection 7.6.1.2). This diversity of 
monitoring assures that, i_n the event of an LOCA, the peak fuel cladding 
temperature will be acceptable and the minimum DNB will be maintained above 
acceptable levels (fuel damage will not exceed acceptable limits) during anticipated 
transients. Quadrant power tilt and linear heat rate are limited by Technical 
Specifications. Linear heat rate is monitored in the control room normally via the 
incore alarm system. When required, the quadrant power tilt is determined from 
calculations involving incore detector readings. 

Sixteen of the incore detectors are provided with electrical connectors and cabling 
fnside containment which has been environmentally qualified to the requirements 
of IEEE 323-1974. This provides assurance that the sixteen core exit 
thermocouples (4/core quadrant) will be available to provide indication of the 
approach to inadequate core cooling conditions following postulated accident 
conditions. Design of these core exit thermocouple instrument loops meets the 
intent of NUREG-0737 and Regulatory Guide 1.97 . 

7.6.1.5 Palisades Plant Comp11ter (PPC) 

This monitoring system is provided to display, print, and store plant process 
information. Functions provided include Sequence of Events (SOE) monitoring, 
Safety Parameter Display System (SPDS) and Emergency Response Data-link 
System (EROS). It is part of and provides services to the PIP/SPI control rod 
monitoring system described elsewhere. It provides a link between the lncore 
neutron inputs and lncore analysis software. 

Sequences of events for safety- and non-safety-related Plant parameters of the 
following systems are monitored, displayed, and recorded. 

1 . Reactor Protective System 
2. Engineered Safeguards Controls 
3. Reactor Shutdown Controls 
4. Fluid Systems Protection 
5. Regulating Controls 
6. Primary Plant Process Instruments 
7. Secondary Plant Process Instruments 
8. Electrical Power Distribution 

The PPC is a non-class 1 E monitoring system. 
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The PPC includes and conforms to Critical Functions Monitoring System (CFMS) 
design. This design provides concise display of important parameters to control 
room operators. The PPC is designed to provide the same information to the 
Technical Support Center (TSC) and Emergency Operations Facility (EOF) to aid in 
emergency response management. The CFMS is a Safety Parameter Display 
System as described in Supplement 1 to NUREG-0737. In a letter dated April 19, 
1990 the NRC found the Palisades' SPDS to be acceptable on the basis that it 
meets NUREG-0737 Supplement 1 requirements (References 15 and 16). 

The PPC typically interfac_es with Class 1 E systems through electronic isolation 
devices, 1 OOK ohm isolation resistors, relay contacts and the CFMS input 
termination/ multiplexer cabinets located in the control room. The CFMS control 
cabinets are designed to be seismically qualified to the criteria of IEEE 344-1975. 
The CFMS input cabinets also provide for separation and isolation of Class 1 E and 
Nonclass 1 E equipment in accordance with the requirements of IEEE 384-1977. 

The SOE node, Cooling Tower Control System (CTCS) node, PIP node, SPI node 
and the D204 Battery backed power system include components located in the CP 
Co Design Class I portion of the auxiliary building and, as such, are required to be 
housed in cabinets qualified as Seismic Category I per Regulatory Guide 1 . 29 to 
prevent damage to other equipment through structural failure. This system has 
been classified as functional Nonclass 1 E, as such interfaces of Class 1 E 
components with the system must meet IEEE 384-1977 and be in accordance with 
10 CFR 50, Appendix A, GDC24 . 

7.6.2 SYSTEM DESCRIPTION 

7 .6.2.1 Process lnstrnmentation 

The following process instruments are associated with the reactor protective, 
reactor control or primary Plant controls. They are safety related or nonsafety 
related as indicated. 

Temperatme - Temperature measurements are made with precision resistance 
temperature detectors (RTDs) which provide a signal to the remote temperature 
indicating control and safety devices. Class 1 E temperature channels in each 
primary reactor coolant leg are provided power from separate preferred ac buses . 
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-- ----- -----------------

The following is a brief description of each of the temperature measurement 
channels: 

1. 

2. 

Hot I eg Temperatures - Class 1 E 

Each of the two Primary Coolant System hot legs contains four safety 
grade temperature measurement channels. Each of these channels 
provides a narrow-range (515°F-615°F) temperature signal to the thermal 
margin monitors which input to the reactor protection system. Two of 
these channels ~>n each hot leg also provide wide-range ( 50 ° F-700 ° F) 
temperature signals to the subcooled margin monitors discussed in 
Subsection 7.4.6.1. 

One of these channels from each loop provides narrow range input 
through an isolation device to the temperature computing station and an 
indicator as discussed in section 7 .5.2.1. Both the narrow-range and 
wide-range signals are obtained from the same RTD through use of a 
dual-range RTD transmitter. 

Indications for each of the narrow-range temperature channels are 
provided in the control room. Indication of one of the wide-range 
temperature channels on each hot leg is provided in the control room and 
at the auxiliary hot shutdown control panel (C-150). Two of the 
wide-range hot leg temperature channels are also available in the Critical 
Function Monitoring System (CFMS) computer. 

Hot I eg Temperatme - Nonclass 

A hot leg control grade signal is obtained from a safety channel through 
an isolation device for each hot leg. These channels provide a narrow 
range signal (515°F - 615°F) to the temperature computing station. 
Indication of the control grade temperature measurements for each hot 
leg is provided in the control room. A high temperature alarm is provided 
by these channels to alert the operator to a high temperature condition . 
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3. 

4. 

Cold I eg Temperatme - Class 1 E 

Each of the four Primary Coolant System cold legs c·ontains two safety 
grade temperature measurement channels. Each of these channels 
provides a narrow range ( 51 5 ° F-61 5 ° F) temperature signal to the thermal 
margin monitors which input to the reactor protection system. A TC 
alarm is initiated by the thermal margin monitors if the maximum 
monitors TC (Class 1 E) exceeds a TC max or TC min operator adjustable 
set point. One of these channels on each cold leg provides wide-range 
(50°F-700°F) t~mperature signals to the subcooled margin monitors 
discussed in Subsection 7 .4.6.1. One of these channels from each loop 
provides narrow range input throu.gh an isolation device to the 
temperature computing station and an indicator as discussed in Section 
7.5.2.1. One of these channels from each loop provides wide range 
input through an isolation device to LTOP. Both the narrow-range and 
wide-range signals are obtained from the same RTD through use of a 
dual-range RTD transmitter. 

Indications for each of the narrow-range temperature channels are 
provided in the control room. Indication of one of the wide-range 
temperature channels from each Primary Coolant System loop is also 
provided in the control room and at the auxiliary hot shutdown control 
panel (C-150). One wide-range channel from each of the four cold legs 
is available in the CFMS computer . 

Cold I eg Temperatme - Nonclass 

A cold leg control grade signal is obtained from a safety channel through 
and isolation device for each cold leg. These channels provide a narrow 
range signal (515°F - 615°F) to the temperature computing station. 

5. I oop Average Temperature 

6. 

Loop average temperature is computed through the computing station in 
each loop. The computing station receives inputs from the control 
channel hot and cold leg temperatures. It outputs to a control room 
recorder. 

The temperature recorders are equipped with two pens. One pen 
records the average temperature and the other pen records the 
programmed reference temperature signal (T REF) corresponding to turbine 
load (first-stage pressure). 

Loop Differential Temperatme 

The loop differential temperature (Nonclass 1 E) is computed from the 
control channel hot leg and cold leg temperature detector signal. Each 
loop differential temperature is recorded in the control room. 
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Pressme - Pressure is measured by electronic pressure transmitters. The 
transmitter produces a de current output that is proportional to the pressure 
sensed by the instrument. The de current outputs are used to provide signals to 

• the remote pressure indicating control and safety devices. 

• 

• 

The following is a brief description of each of the pressure measurement channels: 

1 . Pressurizer Pressme (Protective Action) - Class 1 E 

2. 

Four pressurizer_ pressure transmitters provide independent suppressed 
range pressure signals for initiation of Reactor Protective System trips on 
high-pressure and low thermal margin. In addition to the above trips, 
signals are provided for initiation of safety injection. 

These four independent pressure channels provide the signals for the 
Reactor Protective System high-pressure trip and the variable thermal 
margin/low-pressure trip. These channels also provide the 
low-low-pressure signal to the safety injection units. All four pressure 
channels are indicated in the control room and high, low, and low-low 
alarms are annunciated. Each channel is provided power from a separate 
preferred ac bus. 

Pressurizer Pressure (Control and Indication) - Class 1 E 

Redundant narrow-range pressure channels are provided for overpressure 
interlocks on the suction line valves for shutdown cooling. These 
interlocks provide additional assurance that the high-low pressure 
interface between the Primary Coolant System and the Shutdown 
Cooling System is not breeched when the Primary Coolant System is 
pressurized above the design pressure of the Shutdown Cooling System. 
These narrow-range pressure channels also initiate opening of the PORVs 
(less than 600 psia) when required for overpressure protection of the 
Primary Coolant System at low temperatures (see Subsection 7.4.2.1). 
Indication and recording of these narrow-range pressure channels is 
provided in the control room. Power to the pressure channels is 
provided from separate preferred ac buses. 

Redundant wide-range pressure channels initiate opening of the PORVs 
(greater than or equal to 600 psia) when required for overpressure 
protection of PCS at low temperatures and provide for indication of 
Primary Coolant System pressures as recommended by Regulatory 
Guide 1.97. Components of these channels located in a harsh 
environment are qualified to the requirements of IEEE 323-1974 to 
provide assurance that the indicating loops will continue to function 
during post-accident conditions. These pressure channels also provide 
input to the subcooled margin monitors described.in Subsection 7.4.6.1 . 
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3. Pressurizer Press11re (Control and Indication) Nonclass 

Two independent pressure channels provide suppressed range signals for 
control of the pressurizer heaters and spray valves during normal 
operations. The output of either pressure control loop may be selected 
for primary pressure control by a selector switch located in the control 
room. These pressure channels are indicated and recorded in the control 
room and are powered from independent preferred ac buses . 

.LfilLel - Level is sensed by_ level transmitters which measure the pressure difference 
between a reference column of water and the pressurizer water level. This 
pressure difference is converted to a de current signal proportional to the level of 
water in the pressurizer. The de current outputs of the level transmitters provide 
signals to the remote level indicating, control and safety devices. 

The following is a brief description of each of the level measurement channels: 

1 . Press• 1rizer I evel 

Two Nonclass 1 E independent pressurizer level transmitters provide 
signals for use by the chemical and volume control charging and 
letdown system. In addition, signals are provided for pressurizer heater 
override control. These level transmitters are calibrated for steam and 
water densities existing at normal pressurizer operating conditions . 

The two pressurizer level control channels each provide a signal for level 
recorders in the control room. These recorders are two-pen recorders, 
with one pen 'recording actual level as sensed by the level control 
channel and the other pen recording the programmed level set point 
signal as calculated by the level controller. 

One Class 1 E pressurizer level transmitter provides a signal to a control 
room indicator. Indication is provided also on the Auxiliary Hot 
Shutdown Control Panel C-1 50. The level transmitter receives power 
from a preferred ac bus. The level transmitter is calibrated for cold 
conditions in the Primary Coolant System. 

Pressurizer level is also measured by a second Class 1 E level transmitter 
which indicates in the control room and on the Engineered Safeguards 
Auxiliary Panel C-33. This level transmitter is calibrated for cold 
conditions in the Primary Coolant System . 
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2. Steam Generator I evel 

Each steam generator has four Class 1 E narrow-range level transmitters 
for Reactor Protective System channels and two Nonclass 1 E 
transmitters for control function. Each protection channel is provided 
with physically separated sensing taps. Each channel has level indication 
in the control room. One of the four indications is also located on the 
Auxiliary Hot Shutdown Control Panel C-1 50. In addition, two Class 1 E 
wide-range level channels per steam generator are available to ensure 
proper monitorir:ig of steam generator level during operation with auxiliary 
feedwater (see Subsection 7.4.3.2). Indication from these last channels 
is located in the control room . 

.Elow - An indication of primary flow is obtained from measurements of pressure 
drops across each steam generator. These pressure drops are sensed by 
differential pressure transmitters which convert the pressure difference to de 
currents. The de currents provide a signal to the remote flow indicating and safety 
devices. 

The following is a brief description of the flow measurement channels: 

1 . Primary Coolant I oop Flow Rates 

Four independent Class 1 E differential pressure transmitters are provided 
in each loop branch to measure the pressure drop across the steam 
generators. The outputs of one of these from each loop branch are 
summed to provide a signal of flow rate through the reactor core, which 
is indicated and supplied to the Reactor Protective System for 
loss-of-flow determination. The differential pressure sensed by each 
transmitter is indicated in the control room. The arrangement of the flow 
transmitters is shown on Figure 7-6. 

7 .6.2.2 Nuclear lnstwmentation 

Introduction - The Nuclear Instrumentation System consists of eight channels. 

The combined source/wide range channels and power range safety channels are 
located in the Reactor Protective System cabinet in the control room. Four 
cabinets designated as A, B, C and D each house one channel of the protective 
system. Cabinets A and B each contain one power range channel. Cabinets C 
and D each contain one source/wide range channel and one power range safety 
channel. Mechanical and thermal barriers between the cabinets reduce the 
possibility of common event failure. The source and wide-range detector cables of 
a channel originate from the same preamp and are routed in the same cable tray. 
Each redundant source/wide range channel is separated and fed through different 
penetrations. The power range safety channel detector cables are routed . 
separately from each other including penetration areas. The nuclear detector 
locations are shown in Figure 7-62. 
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The source range indications are derived from dual independent high sensitivity 
fission counters. The detector output signals from this dual fission chamber 
arrangement are amplified, discriminated and summed at a remotely mounted 
preamplifier. This conditioned signal is input to the source level source rate 
circuitry located in the control room. Audible count rate signals are available in 
the control room and in the containment building. 

The wide range indications receive signals from one of the dual high sensitivity 
fission counters used also for source range detection. The detector signal is 
preamplified before input _to the count rate and Campbell circuits in the 
source/wide range drawer. 

Four channels are designated as power range safety channels and are connected 
to the Reactor Protective System. These channels operate from 0% through 
125% of full power. Instantaneous nuclear power signals are input to the Thermal 
Margin Monitor (TMM) for use in variable high-power trip, thermal margin/ 
low-pressure set point calculation and axial shape index alarm. Each of these four 
channels contains detectors consisting of dual-section ion chambers which monitor 
the axial length of the reactor core at four circumferential positions. They can 
detect axial flux imbalance conditions as calculated by the TMM axial shape index 
alarm. Comparison between the channels allows detection of radial flux 
imbalance. The gain of each power range channel is adjustable to provide a 
means for calibrating its output against a Plant heat balance. 

The system is generally designed in accordance with the following criteria: 

1 . The nuclear instrumentation sensors are located so as to detect 
representative core flux conditions. 

2. Multiple channels are used in all flux ranges. 

3. The channel ranges overlap sufficiently to assure that the flux is 
continually monitored from source range to 200% of full power. 

4. The power range safety channels are classified as 1 E and are an integral 
part of th~ Reactor Protective System input channels. 

5. Each of the power range safety channels is physically separated from the 
others. Left and right channels of each source/wide range channel are 
separated from each other. 

6. Uninterrupted power is supplied to the system from four separate ac 
buses. Loss of a channel bus will disable one power range, and in the 
case of channels C and D, one source/wide range channel. 

7 . All channel outputs are buffered so that accidental connection to 
1 20 volts ac, or to channel supply voltage, or shorting individual outputs 
does not have any effect on any of the other outputs. 
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Somce Range Indication - The source range nuclear instrumentation portion uses a 
pulse signal from a pair of high sensitivity fission chambers. The use of two 
detector elements within the detector assembly permits high neutron visibility 
while operating in gamma fluxes up to 200 rem/h. System reliability is improved 
through the use of integral coaxial detector cables housed in a high-pressure 
moisture barrier. The output of each detector is amplified and summed in a 
remotely mounted preamplifier. The pulse signals are also discriminated against 
gamma pulses and again amplified to drive 300 feet of cable between the amplifier 
and signal processing drawer in the control room. Here, the pulse input is 
converted to a signal proportional to the logarithm of count rate. This signal 
drives .a front panel meter, a remote recorder, and a remote meter (all 0.1 cps to 
1 05 cps). An audio signal proportional to the count rate is connected to control 
room and containment loudspeaker. The channel also provides a shaped pulse 
output for attachment of a scaler. 

The source range signal is differentiated to provide rate-of-change of power 
information (-1 to + 7 decades/minute). This rate signal feeds a front panel meter, 
and a remote meter. 

· Internally generated pulse signals are available for testing count rate circuitry at 
predetermined cardinal points. A fixed ramp test signal is available for testing: the 
rate-of-change circuitry. 

No automatic protective function is assigned to the source range instrumentation 
portion . 

Wide Range Indication - The wide range nuclear instrumentation portion uses 
Campbelling techniques and conventional pulse counting techniques to permit the 
single channel to monitor over 10 decades of flux from 1 o-8 % full power to 200% 
full power. A single high-sensitivity fission chamber is used as the detecting 
element. Pulses from the detector pass to a remotely mounted amplifier where 
they are amplified for transmission. to the signal processing drawers. 

The amplifier drives approximately 300 feet of cable between the detector and the 
signal processing drawer in the control room. At the signal processing drawer, the 
pulse signal is simultaneously applied to two separate detection and amplification 
circuits. One circuit consists of a pulse counting circuit. The other circuit uses 
the ac component of the chamber signal rather than the de component of the 
signal . 
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Using Campbell's Theorem, it can be shown that the output of square law 
detection of the ac portion of a random pulse signal is proportional to the pulse 
rate (see Reference 3). Because square law detection is used~ the smaller gamma 
pulses produce a very small contribution to the overall signal. Within the mean 
square portion of the channel, the pulse signal is fed to a band-pass amplifier, a 
rectifier and filter and a de log amplifier. The band-pass amplifier and rectifier 
provide effective square law detection. The output of the pulse counting type 
circuit is effective over the first five decades. The mean square circuit is effective 
over the remaining five decades. 

By using the two techniques in one channel, a de signal proportional to the 
logarithm of neutron flux over approximately ten decades is obtained. This signal 
drives a front panel meter (10-8 % full power to 200% full power), a remote meter, 
a remote recorder and trip units. 

The log level signal is differentiated to provide rate-of-change of power information 
from -1 to + 7 decades/minute. The rate signal feeds a front panel meter, a 
remote meter and trip units. 

Detector high voltage is also monitored by a trip unit which initiates an alarm on 
decrease of detector voltage or channel trouble. 

Channel test and calibration are accomplished by internally generated test signals. 
Pulse rates controlled by a crystal oscillator, check the count rate portion of the 
circuitry, and the mean square portion of the circuitry . 

A ramp signal is available for check of the rate-of-change circuitry. 

Each source/wide range channel contains eight trip units. Operation of the trip 
units is according to Table 7-4. 

The contact output of each trip unit is fed to a single channel of the Reactor 
Protective System. Thus, with two source/wide range channel portions, a 
separate rate trip signal is fed to Channels A, B, C and D of the Reactor Protective 
System. The < 1 o-4 % of full power rate-of-change bypass is initiated by the 
wide-range channel level signal. The level signal is fed to two trip units set to trip 
above 1 o-4 %. Contacts from each trip unit open above 1 o-4 % to remove the rate 
trip bypass and enable /j,_ T power block in TMM via Relay K26 and to remove the 
zero power manually actuated bypass associated with a single channel (see 
Subsection 7.2.5.2). 

The > 1 5 % full power rate-of-change trip bypass and LPD alarm enable for a 
particular channel are initiated by a trip unit in the power range safety channel via 
Relay K25. Above 15% full power, the trip unit resets closing a contact of Relay 
K25 in parallel with the rate trip contact associated with that channel (A, B, C or 
D). This method of rate trip bypass permits maximum independence of rate trip 
channels. 
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The rate-of-change of power pretrip alarm utilizes a single trip unit (containing two 
sets of relay contacts) in each wide-range logarithmic channel. Each set of 
contacts feeds an auxiliary trip unit in one of the channels of the Reactor 
Protective System. The auxiliary trip unit in turn initiates the control rod 
withdrawal prohibit signal and pretrip alarm. The signal to the auxiliary trip unit is 
bypassed below 1 o-4 % and above 1 5 % of full power to avoid spurious alarms and 
control rod withdrawal prohibits. 

Power Range Safety Channels - The four power range channels measure flux 
linearly over the range of _0% to 125% of full power. The detector assembly 
consists of two uncompensated ion chambers for each channel. One detector 
extends axially along the lower half of the core while the other, which is located 
directly above it, monitors flux from the upper half of the core. The upper and 
lower sections have a total active length of 12 feet. The de current signal from 
each of the ion chambers is fed directly to the control room drawer assembly 
without preamplification. Integral shielded cable is used within the region of high 
neutron and gamma flux. 

lhe signal from each chamber (lower and upper detectors, Subchannels L and U, 
respectively) is fed to independent linear amplifiers (Figure 7-9). The output of 
each amplifier is indicated, compared and summed. The outputs of the L and U 
subchannels are sent to the thermal margin monitor for calculation of the ASI 
function. Internal to the drawers, the subchannel signals are summed. Signals are 
sent to the comparator averager, rod drop detection circuit, remote power level 
recorder/indicators, critical function monitor, and thermal margin monitor for 
VHPT, TM/LP and LPD function calculations. 

The output from the comparator averager (grand average) is returned to each 
channel drawer and compared to each channel via two deviation comparators. 
Variable deviation set points are calculated from the grand average core power in 
the comparator averager using deviation set point potentiometers. The set point 
signals are entered in the deviation comparators for alarm setting at two levels. 
The two levels of deviation are alarmed at the channel drawer and also by remote 
alarms as percent average core power radial (quadrant) flux tilt, Level I, or Level 2, 
for operator action to ensure the Technical Specifications limits on radial peaking 
factors are observed. 

The 0%-125% full-scale output of the power range safety channels is fed to the 
comparator averager which computes the grand average power level of all four 
channels, and to the trip unit which disables the logarithmic channel rate trip 
above 16.5% full power which also enables the LlT power in the TMM. The 
summing circ.uit also has an X2 gain selector switch which disconnects the input 
of one ion chamber and doubles the gain for the other ion chamber to allow 
full-scale power indication should one ion chamber fail. 
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Channel calibration and test is accomplished by an internal current source which 
checks amplifier gain and linearity. A check of the level trip set point is provided 
by a current signal which is added to the normal detector output . 

Each power range channel contains a single bistable trip unit set at 1 5 % power. 
Operation of the trip units is according to Table 7-5. 

Power Monitoring - In addition to panel meters for decades per minute (DPM) and 
percent power (logarithmic scale) from, respectively, the start-up and wide-range 
channels, wide-range line!=lr perce·nt power meters are provided fed from the 
wide-r~nge channels. All the metering equipment is considered as nonsafety 
related because it is for operator control information only and is isolated from 
safety-related equipment in accordance with IEEE 384-1977. 

7.6.2.3 Control Rod Position Instrumentation 

PIP Node - The PIP node measures control rod positions by use of synchros. 
Outputs are provided for visual display on the main control board and for control 
rod control. 

The.major components are: 

1. Forty-five control rod position synchros (one per control rod) 

2 . One node (PIP) containing a VAX computer and an input multiplexer 

3. Seven visual displays with seven switches to select control rods within a 
group 

The synchro for each control rod is geared to the control rod drive shaft below the 
control rod clutch. Full control rod travel corresponds to 264° of synchro rotation. 
Synchro output is transmitted to the PIP node which scans and converts synchro 
outputs into inches of control rod withdrawal. The resolution of this system is 
approximately ± 0.5 inch. 

The PIP, located in the main control room area, performs the following functions: 

1 . Converts the signal from the synchros to control rod positions and 
checks these positions against limiting positions 

2. Initiates alarms and interlocks under certain limiting control rod positions 
as detailed in Subsection 7.5.2.1 (control rods at upper and lower 
control rod stops, regulating control rods at prepower and power 
dependent insertion limits, 4 inch and 8 inch deviations within a group, 
and control rod groups out-of-sequence.) 
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3. Provides contact outputs under other control rod positions as detailed in 
Subsection 7.5.2.1 (these outputs are used as permissive conditions in 
the regulating control rod sequencing controls) 

4. Provides visual displays of the control rod positions on the main control 
board 

5. Calculates the control rod drop times 

The operator normally ha~ two means of displaying control rod positions from the 
PIP node: 

1 . Seven visual displays are mounted above the control rod drive controls 
on the main control console. There is one display for each control rod 
group; a selector switch at each display will allow position of any control 
rod in that group_ to be indicated. 

2. The control room workstation. Selected screens on this workstation will 
display the synchro rod positions. 

SPI _System - The SPI system ("SPI") consists of the SPI node plus the Host 
Computer. The SPI node functions as an input multiplexer and all processing of 
information is done in the Host Computer. The SPI node measures control rod 
positions by use of control rod-actuated magnetic reed switches. The reed switch 
stack contains a number of series resistors to form a voltage divider network with 
reed switches connected at each junction. This stack is attached to the control 
rod extension housing. A magnet on top of the control rod extension will actuate 
the reed switches as the control rod moves. The output signal depends on the 
particular reed switch that is closed. The signal is directly proportional to control 
rod position. The resolution of the signal is ± 1.5 inches. 

The outputs from all reed stacks are sent to the host computer. The host computer 
performs the following functions related to the control rods: 

1. Initiates alarms under certain limiting control rod positions as detailed in 
Subsection 7 .5.2. 1 (control rods at upper and lower control rod stops, 
regulating control rods at prepower and power dependent insertion limits, 
4 inch and 8 inch deviations within a group, and control rod groups out
of-sequence.) 

The SPI system is completely independent of the PIP node as far as rod monitoring 
is concerned. If the PIP node were to fail, the SPI system would use the reed 
stacks in monitoring and processing of rod positions and limits . 
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Interlocks and I imit Signals - Limit switches independent of either the PIP node or 
SPI system are provided within the control rod drive mechanism. These switch.es, 
which are controlled by cams on the control rod synchro shaft, provide shutdown 
control rod insertion limit signals (interlock function discussed in Subsection 
7 .5.2.1) and control rod upper and lower electrical limit signals. 

Additional Control Rod Position Indication - Located on a vertical panel immediately 
behind the main control console, is a group of 45 light displays arranged in a 
shape corresponding to the control rod distribution. Each display, which represents 
one control rod, contains _four different colored lights. These lights give individual 
control rod information as indicated in 
Table 7-6. 

7 .6.2.4 lncore Instrumentation 

The incore instrumentation consists of a maximum of 43 fixed incore detector 
assemblies inserted into selected fuel assemblies. Only 43 incore locations out of 
45 are available; two locations are reserved for use by the reactor vessel level 
monitoring system. Each incore detector assembly runs the length of the active 
core and contains a thermocouple and neutron detectors. Outputs are fed to the 
SPI node (see Subsection 7.6.2.3) in the control room. 

The thermocouples are of lnconel sheathed, Chromel-Alumel construction and are 
located at the top end of each incore detector assembly so that the primary 
coolant outlet temperatures may be measured. The neutron detectors in the 
assemblies are short rhodium detectors equally spaced. These units with their 
cabling are contained inside a 0.311-inch nominal diameter stainless steel sheath. 
Sixteen of the detectors are provided with environmentally qualified electrical 
connectors and cabling inside containment to provide increased reliability of the 
thermocouple readout for monitoring the potential approach to inadequate core 
cooling conditions. The readout from these thermocouples goes through the 
Cutler-Hammer (CFMS) multiplexer and not the SPI node. Assemblies are inserted 
into the core through eight instrumentation ports in the reactor vessel head. Each 
assembly is guided into position in an empty fuel tube in the center of the fuel 
assembly via a fixed stainless steel guide tube. The seal plug forms a pressure 
boundary for each assembly at the reactor vessel head. The neutron detectors 
produce a current proportional to neutron flux by a neutron-beta reaction in the 
detector wire. The emitter, which is the central conductor in the coaxial detector, 
is made of rhodium and has a high thermal neutron capture cross section. The 
rhodium detectors are 40 cm long and are provided to measure flux at several 
axial locations in fuel assemblies. Useful life of the rhodium detectors is expected 
to be about three years at full power, after which the detector assemblies will be 
replaced by new units . 
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The information received by the SPI node is forwarded to the Host Computer. The 
host computer is where the processing of the incore information occurs. The 
host: 

1. Corrects the raw incore values for detector burnup. 
(A detect9r background correction is made in the SPI node.) 

2. Compares these corrected values to preset alarm limits. This comparison 
facilitates the monitoring of reactor core radial peaking factors, quadrant 
power tilt, and linear heat rate. 

3. Initiates an alarm if the limits are exceeded. 

Verification of incore channel readings and identification of inoperable detectors 
are done by correlation between readings and with computed power shapes using 
a computer program. The incore alarm system operability can be monitored 
thro~gh the SPI trouble alarm on the main control room panels and an alarm on the 
workstations. 

Quadrant power tilt and linear heat rate can be determined from the excore nuclear 
instrumentation (Subsection 7.6.2.2), provided they are calibrated against the 
incore readings as required by the Technical Specifications. Quadrant power tilt 
calibrations of the excore readings are performed based on measured quadrant 
power tilt calculated using a computer program which determines tilts based on 
symmetric incore detectors and/or the integral power in each quadrant of the core 
(Reference 20). Linear heat rate calibration of the excore readings involves two 
intermediary parameters, axial offset and allowable power level, which can be 
determined by the incore readings. The Technical Specifications give limits on 
these parameters above a certain reactor power level to ensure that the core linear 
heat rate limits are maintained while using the excore instruments. 

7 .6.2.5 Palisades Plant Comp11ter 

System Layout - The plant computer consists of four intelligent input nodes, one 
direct connected multiplexor, multiple display workstations, printers and 
interconnecting hardware. The plant computer is a distributed system which 
communicates via Ethernet. There are separate Ethernet cabling systems for the 
Input nodes and for the Man Machine Interfaces. 

The Man-Machine-Interfaces are Computer Workstations. At the very least, there 
·are workstations in the Control Room, TSC, and EOF. The host computer in the 
CFMS trailer distributes all database and display information to the workstations. 
These workstations maintain a local copy of the database and displays in order to 
off-load the host. Page printers are located in the Control Room (CR), TSC, and 
EOF for prints of the workstation screens and reports from the host computer . 
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Four input nodes, PIP, SPI, ~OE, and CTCS, are combinations of an input 
multiplexor and a computer. These nodes perform input processing including 
Analog to Digital Conversion, Sequence of Events time-stamping, and engineering 
units conversion. This processed data is assembled and passed to the Host 
computer. The host computer in turn performs alarm processing, event logging, 
historical recording and database distribution functions based on this data. Two 
nodes, the PIP and CTCS nodes, perform additional software tasks such that 
control rod monitoring and Cooling Tower Fans can be operated independent of 
host computer operability. The host computer runs several custom software 
modules such as CFMS processing, lncore monitoring, Rod monitoring, EROS, 
Meteorological computer interface, and calculated point processing. 

Identification of the PPC components and general location is shown in Figure 7-65. 
The host computer interfaces, for EROS, Meteorological, EOF, and the backup 
alarm printer, are located in the CFMS trailer on the turbine deck. The 
communications hubs and the SOE node are located in the Cable spreading room 
below the control room. The control room has at least one permanently located 
workstation and several receptacles where portable workstation(s) can be 
connected. A page printer is located here. The PIP, SPI, and CTCS nodes are 
located in the control room also. The Cutler-Hammer input multiplexor is also 
located in the control room and communicates back to the CFMS trailer directly. 

The power supply for the PPC host computer and SOE node includes a 125 volt de 
subsystem (one battery, two chargers and one distribution panel) and a dc-to-ac 
conversion subsystem (two inverters, two static switches) with bypass 
transformers. Power is taken from the 480-volt MCCs 3 and 4. Only those 
components required to maintain minimal PPC functionality to the Control room, 
TSC, and EOF are powered from this system. Extra workstations and non
essential devices are powered from lighting panel power. The CTCS node is 
powered from the Instrument AC panel Y-01, while the PIP and SPI nodes are 
powered from the Preferred AC panels Y-20 and Y-40, respectively. 

Interfaces - The Reactor Protective System is monitored by the SOE node. The 
interfaces are both analog and digital. Refer to Subsection 7.2'.9.2 for details. 
Interfaces with the engineered safeguards controls and the Class 1 E electrical 
distribution system are exclusively digital. They are provided via relay contact 
inputs from these controls, thus ensuring adequate electrical isolation as required 
by IEEE 384-1977 and 10 CFR 50, Appendix A, GDC24. Interfaces with the 
reactor shutdown control, and auxiliary fe~dwater controls are also exclusively 
digital via relay contacts. Interface with the fluid systems protection is via relay 
contact to the Data Logger for PRV-10438 and by direct connection from the 
valve indicating light to the Data Logger for PRV-10428. 

Interfaces with non-safety-related systems (regulating controls, primary and 
secondary plant process and Nonclass 1 E electrical distribution) are both digital 
and analog. They do not require any special isolation means . 
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The PPC is comprised of reliable electronic gear fed from an uninterruptible type of 
power supply. Being a Non class 1 E system, all safety systems interfaces have 
isolation means in accordance with IEEE 384-1977 and GDC24 either via relay 
coil-contact isolation or qualified electronic isolators. As described in Section 5.2, 
components located in the CP Co Design Class 1 portion of the auxiliary building 
(the PPC cabinets in the cable spreading room, and certain power supply 
subsystem components in switchgear room 1 D), have been qualified as Seismic 
Category I (Section 5.7). The system battery enclosure in switchgear room 1 Dis 
equipped with a hydrogen evacuation system designed to provide a scavenging 
rate which precludes the formation of an explosive concentration. 

The CFMS method or design was carried over from the stand alone CFMS replaced 
in 1 995 into the User interface of the new PPC. The principal software function of 
the CFMS is to provide concise displays of Plant data, provide for trending of input 
data and to provide for historical data storage and retrieval. This information is 
available to system users at each of the various workstations. Access to the 
information is provided through workstations using keyboard, pointing device, and 
CRT. The CFMS software design provides a hierarchy of displays showing the 
status of the Plant's critical safety functions. The hierarchy starts with a top-level 
display showing individual boxes that give an indication of the status of each 
critical safety function. Lower-level displays give system overviews with current 
values of important process variables and more detailed mimic diagrams showing 
system line-up and indicating variables that are in alarm state by use of color of 
component symbols or variable values. Displays such as the Critical Function 
Matrix, event and alarm log, trends and others can be accessed with dedicated 
function keys on the keyboard. A small representation of the Critical Functions 
Matrix is visible from every display and indicate the overall status of each critical 
function. 

The PPC provides historical storage and retrieval of Process data in order to assist 
plant personnel in process trending and post-trip or transient recreations. 
Historical data can viewed in the form of real-time trends, X-Y plots, and statistical 
reports. Historical data can be archived to disk or tape for later viewing. 
Sequence of events logs are also archived. 

In addition; the PPC is data linked to the NRC's Emergency Response Data-link 
System (EROS) via a NRC supplied modem and phone line. This data link is 
capable of sending a preselected group of PPC input variables to the NRC at a rate 
of once per 1 5 seconds. 

Additional information on the PPC/CFMS is provided in References 8 and 9: 
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7.7 OPERATING CONTROL STATIONS 

7.7.1 GENERAL LAYOUT 

The operating control stations consist of the control room for centralized control 
during start-up, normal, shutdown and emergency operations; and auxiliary 
stations for emergency operation of the engineered safeguards and shutdown 
systems, normal operation of the radwaste system and normal operation of 
miscellaneous noncritical systems. 

Radiation and shielding design of the spaces in which operating personnel 
occupancy is required, including adequate access to the vital areas for control of 
the Plant during and after an accident, has been provided. Refer to Chapter 11 for 
details of radiation zones. 

An onsite technical support center (TSC) is located just outside the control room in 
an extension to the auxiliary building, provided with dedicated communications 
with the control room and other centers identified in the Palisades Emergency 
Plan, including a dedicated display terminal from the critical functions monitor 
(Subsection 7.6.2.6). The intent of this TSC is to meet NUREG-0696. 

7.7.2 CONTROL ROOM 

The control room is accessible from the auxiliary and turbine buildings and houses 
the control console, vertical duplex boards, cooling tower boards, and switchyard 
supervisory boards for operation and monitoring of all critical systems. The 
control console consists of three sections arranged as follows: 

1. Center Section - Control devices, indicators and recorders, reactivity 
regulation, primary coolant components, shutdown cooling and Chemical 
and Volume Control System. 

2. Left Section - Control devices, indicators and controllers for the 
Engineered Safeguards Systems, Service Water System, Component 
Cooling System and Containment Air Cooling Systems. 

3. Right Section - Control devices, indicators, recorders and controllers for 
the main turbine and generator and feedwater control systems. 

The vertical board is a totally enclosed walk-in panel. One part of the vertical 
board is arranged in three connected sections with equipment layout and physical 
separation similar to the control console. The equipment on the front of the 
vertical panel is located directly behind the console section having devices for that 
same system. Other control and monitoring equipment for other systems is 
located o·n the back of this board and on separate vertical duplex boards. The 
annunciators for the entire Plant are located across the top of the vertical panels 
providing visual and audible indication of off-normal conditions requiring operator 
action. 
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A program to review the human factors of the control room was initiated in late 
1980 in response to NUREG-0660 and NUREG-0737, Supplement 1, and 
consistent with the guidance provided by NUREG-0700. The objective, as stated 
in NUREG-0660 was to improve the ability of control room operators to prevent 
accidents or to cope with them, should they occur, by improving the information 
provided to them. 

Short-term improvements were completed during the 1983 refueling outage while 
long-term improvements were scheduled for subsequent outages. On 
September 14, 1989 the _NRC issued a final SER on the program. Based on review 
of the _CP Co Summary Report submitted on August 29, 1986 and onsite 
inspections, the SER concluded that the Palisades Plant meets all the requirements 
of Supplement 1 to NUREG-0737 for the Detailed Control Room Design Review. 

Control console and panel sections listed in Table 5. 7-8 and containing Class 1 E 
devices are designed to withstand seismic loads described in Section 5. 7. All 
other panels and equipment in the control room have been anchored to stay in 
place during a seismic event (see Section 5.10). 

The control room is located in the CP Co Design Class 1 portion of the auxiliary 
builtjing. Sufficient concrete shielding is provided to ensure safe occupancy of the 
control room during all normal and abnormal Plant conditions. The control room 
atmosphere is air-conditioned for personnel comfort and equipment cooling using 
redundant HVAC with Class 1 E controls (see Section 9.8). The ventilation system 
is arranged for outside makeup air to be drawn through absolute and charcoal 
filters in the event of a DBA. The control room area is provided with an area 
radiation monitor. Temperature monitors are provided to warn high temperature 
condition in the vicinity of the Rea~tor Protective System and Engineered 
Safeguards System panels to alarm at 1_10°F since these systems are designed for 
120° F ambient. 

The present Thermal Margin Monitors (TMM) were originally qualified to 131°F. 
However, the location in the panel requires fan cooling. Analysis shows that (with 
forced-air cooling) 131°F is reached by the TMM when the control room ambient 
temperature is 106°F. Because the TMM portion of the RPS is no longer capable 
of operating at 120°F, an administrative limit of 90°F. was imposed (Reference 
13). 

The only time that control room temperature is postulated to exceed 90° F would 
be during a station blackout when temperatures may approach 120°F 
(Reference 14). Under these conditions, the RPS would not be required to be 
operable. See Chapter 1 for additional information on station blackout. 

All materials of construction used in the control room are noncombustible. 
Electrical wiring is flame-retardant as proven by applicable vertical flame tests . 
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Control Room Protection Against Fire 

Cables related to safety-related control cabinets and consoles including all the 
systems required for Plant shutdown penetrate the floor directly into control panels 
and consoles. 

The combustibles in the area consist mainly of electrical wiring insulation 
contained within the cabinets and a small amount of ordinary combustibles such 
as paper. An unmitigated fire in one of the control panels would probably be 
limited to one panel involying only one division of safe shutdown equipment due to 
the low combustible loading and the physical separation and barriers provided. In 
the event a larger fire should occur, capability to achieve a safe shutdown inc;:ludes 
required instrumentation and centralized controls (Panel C-1 50) independent of the 
control room and not affected by a fire in the control room. 

In addition, smoke detectors are installed in the walk-in cabinet enclosures and 
throughout the ceiling of the control room and adjacent offices. Smoke detectors 
are not installed in the main control consoles since they are designed with outlet 
ventilation openings at the top which will allow the control room operators to 
observe any smoke present from a fire. 

Other fire protection features are described in Section 9.6.9 for this area. 

The control room ventilation system can be controlled manually by the control 
room operator and will allow shutoff of the fans if smoke was observed entering 
the control room. Manual operation of the ventilation system for venting the 
control room is also available. 

All cable penetrations into the control room have been sealed with flame-retardant 
material. 

There are no concealed floor or ceiling spaces that contain cables in the control 
room (area over panels, only). 

The control room is not used as a cable right of way. 

In light of the above fire protection features, Consumers Power Company has 
received an exemption from the NRC for the requirement to have a fixed fire 
suppression system in the control room per 10 CFR 50, Appendix R, 
Section III G.3 . 
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7.7.3 ENGINEERED SAFEGUARDS AUXILIARY PANEL {C-33) 

The engineered safeguards auxiliary panel is located in the auxiliary building. This 
panel provides a second point of control, outside the control room, for reactor 
shutdown and contains devices to permit the following emergency operations in 
the event the control room must be evacuated: 

1 . Operation of auxiliary feedwater control valves. 

2. Monitoring steam generator level. 

3. Monitoring pressurizer pressure and level. 

4. Operation of boric acid tank. 

5. Operation of atmospheric steam dump valves. 

6. Initiation of shutdown cooling by control of corresponding valves. 

7. Control of component cooling water and service water. 

8. Control of the motor-operated valve in the line from the SIRW tank to the 
suction of the charging pumps. This provides a large backup supply of 
shutdown concentrated borated water to the Primary Coolant System· . 

Engineered Safeguards Auxiliary Panel Area Protection Against Eire 

The engineered safeguards auxiliary panel is not functional if all cable spreading 
room or control room equipment is inoperable due to fire. Panel C-1 50 is provided 
for such an emergency. The control function available from .Panel C-33 is limited 
to that of positioning of valves. Starting and stopping of motors could be 
accomplished at the switchgear for each motor. The panel control devices are 
wired in parallel with the control room devices and thus the effects of control 
circuit damage would be common to either location. However, a fire damaging the 
circuitry of one channel would not prevent the ability t0 control equipment from 
the other channel from either control location. 

Other fire protection features are described in Section 9.6.9 for this area . 

7.7-4 Rev 20 



• 

• 

• 

7.7.4 AUXILIARY HOT SHUTDOWN CONTROL PANELS (C-150/C-150A) 

In order to ensure use of sufficient components of the Auxiliary Feedwater System 
and sufficient process information to permit reactor hot shutdown control in the 
event a fire damages equipment and circuitry of the main feedwater system or the 
Auxiliary Feedwater System in the control room, cable spreading room, Engineered 
Safeguards Auxiliary Panel C-33 room, or the corridor between Switchgear Room 
1-C and the charging pump rooms, Auxiliary Hot Shutdown Control Panels 
(C-150/C-150A) have been provided and located in the southwest electrical 
penetration room. These_panels are comprised of two enclosures, the main 
enclosure C-1 50 and an auxiliary one called C-1 50A. The description below 
combines these two enclosures into one entity called "Panel C-1 50." 

From this panel, control of the auxiliary feedwater valves is enabled by transfer 
(see Figure 7-54 for this transfer system) and control of auxiliary feedwater turbine 
steam supply Valve B. Indication of auxiliary feedwater flow to both steam 
generators, water level of both steam generators and pressurizer level are enabled 
by transfer. In addition, primary coolant pressure (pressurizer pressure) is 
displayed by a primary sensor dedicated to this use. Transfer of the 
above-mentioned systems is annunciated in the control room. See Subsection 
7.4. l for operation via Panel C-1 50. 

Equipment controls that are required by the alternative dedicated method of 
achieving and maintaining hot shutdown (Subsection 7.4. 1) are as follows: 

1. Auxiliary feedwater valves 

2. Auxiliary feedwater pump turbine-driven steam Valve B 

Instrumentation systems displayed on the Auxiliary Hot Shutdown Control Panel 
are: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Source range flux monitor 

Auxiliary feedwater flow 

Pressurizer pressure 

Pressurizer level 

Steam generator level and pressure 

Primary coolant temperatures (hot and cold legs) 

Turbine-driven auxiliary feedwater pump low-suction pressure warning 
light 

SIRW tank level 
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Switches, which transfer control or instrument functions from the control room to 
the auxiliary shutdown control panel, alarm in the control room when the devices 
in the Auxiliary Hot Shutdown Control Panel are enabled. 

The transfer switches of ~he Auxiliary Hot Shutdown Control Panel provide access 
to the _Auxiliary Feed water System for flot shutdown only. No other means of 
achieving hot shutdown exists if a fire damages the control room or the cable 
spreading room. 

Wiring, including power sources for the control circuit and equipment operation for 
the alternate shutdown method, is independent of equipment wiring in the 
postulated fire areas. 

Alternate shutdown power sources, including all breakers, have isolation devices 
on control circuits that are routed through the postulated fire areas, even if the 
breqker is to be operated manually. 

Procedures are provided for taking the Plant to hot shutdown via the Auxiliary Hot 
Shutdown Control Panel in the event a fire prevents use of the control room . 

Spare fuses are available for control circuits. where fuses may be required in 
supplying power to control circuits used for the alternate shutdown method and 
may be blown by the effects of a cable spreading room fire. The spare fuses are 
located convenient to the existing fuses. The shutdown procedure informs the 
operator to check these fuses.· 

Testing - Periodic testing of the auxiliary shutdown system will be in accordance 
with Regulatory Guide 1.22 and IEEE 338. 

7.7.5 RADWASTE SYSTEM LOCAL CONTROL PANEL 

The Radwaste System control panels are located in the auxiliary building and are 
accessible through the Access Control. These panels contain all the control arid 
monitoring devices to initiate, control and monitor the Radwaste System 
components . 
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7.7.6 MISCELLANEOUS LOCAL CONTROL STATIONS 

Miscellaneous noncritical systems are controlled from local stations throughout the 
Plant. 

Off-normal conditions in all systems are alarmed on the respective local panel and 
on the main control panel annunciators. 

7.7.7 FEATURES WHICH ENHANCE SAFE OPERATION 

Steel fire barriers are incorporated in the main control console, main control panel, 
and engineered safeguards auxiliary panel. The barriers are arranged to separate 
control circuits similar to· the separatiori of equipment power supplies. 

All panels and consoles are totally enclosed and constructed from steel plate 
welded to steel frames. Fire retardance and rigidity for mounted equipment and 
cabling is provided 'by this construction. 

7.7.8 IN-PLANT COMMUNICATION SYSTEM 

The in-plant communication system is comprised of five subsystems: a telephone 
system, a public address system, an intercommunications system, a 
sound-powered phone system and an onsite/offsite radio system. 

Paging over a Plant-wide public address system is initiated by dialing a preselected 
number from any of the 400 telephone stations. Plant-wide paging can also be 
accomplished by a microphone in the control room. Paging from the control room 
station overrides paging from any other station. 

An intercommunications system permits common talking between the control 
room, the fuel pool area and inside containment as an aid in the fuel handling 
operation. A closed circuit television system with a screen in the control room 
aids in monitoring fuel handling. 

The sound-powered phone system is intended for equipment test and calibration 
which require vocal communication between the equipment and control room. It 
can be used also by personnel in the Technical Support Center during an 
emergency. 

The onsite/offsite radio system includes a base station in the turbine building, a 
remote base station in the control room for onsite communication with portable 
transceivers. A repeater unit is located onsite for use by security personnel. 

Communications between operators performing manual actions and those 
providing feedback are not a requirement but rather an enhancement to aid in 
bringing the plant to either hot or cold shutdown conditions . 
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7.7.9 OUT-OF-PLANT COMMUNICATION SYSTEM 

In addition to the telephone system which provides normal external 
communications for the Plant, there is a power controller radio system. 

Additional offsite communications are provided by the onsite/offsite radio system. 
This system has offsite communications with the Emergency Operations Center in 
South Haven and with a repeater in the site emergency vehicle. 

Direct communications wjth the Michigan State Police in South Haven are by 
means_ of a base station located in the secondary security alarm station. A second 
remote station is located in the central security alarm station. 

All emergency communications are addressed in the Emergency Plan . 
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7.8 QUALITY CONTROL 

For a discussion of the Quality Assurance Program, see Chapter 15. 

7.8.1 SPECIFICATIONS 

The following tests and inspections were performed as a minimum by the 
Reactor Protective System supplier: 

1. Surface examination 

2. Isolation requirements 

3. Point-to-point continuity test 

4. Insulation test 

Upon completion of the a~ove production tests, the following operation 
tests were performed: 

1. Bistable trip unit operating tests 

2 . Bistable trip unit environmental tests 

3. Auxiliary trip unit operating tests 

4. Auxiliary trip unit environmental tests 

5. Reactor protection system operating tests 

The following standards were incorporated in whole or in part in the 
specifications: 

National Bureau of Standards TID-20298 - Standard Nuclear Instrument 
Modules 

IPCEA S-61-402 (NEMA WC-5-1961) 

NEMA ICl-2.42 

EIA RS-310, Racks, Panels and Associated Equipment 

7.8.2 SUPPLIER'S QUALITY CONTROL 

The quality control procedures as required by the applicable engineering 
specification of all vendors to Combustion Engineering Nuclear Power De
partment (CENPD) were reviewed by the Combustion Engineering (CE) quality 
assurance organization. The functions and organization of CE quality 
assurance organization were as given in Chapter 15. 

All major components of the Reactor Protective System fabricated by outside 
vendors were treated in the manner described in the above reference. As 
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such, and as detailed in the above reference, the quality control proce
dures of the various RPS vendors mentioned above were the responsibility of 
the manager of quality control of the manufacturing services department. 

7.8.3 REACTOR PROTECTIVE SYSTEM SHOP TEST 

The complete RPS was tested at the vendor's plant prior to shipment to the 
jobsite. This test was witnessed and approved as satisfactory by members 
of the design group of the CENPD. The test was also witnessed by Consumers 
Power personnel. 

The purpose of the test was as follows: 

1. To assure that the RPS functions as designed throughout all modes of 
operation prior to shipment 

2. To assure that the nuclear instrumentation system operates properly and 
is properly interfaced with the RPS 

Summary of Tests: 

1. Trip Logic Test 

2 . Test Capability Check 

3. Trip Inhibit Test 

4. Nuclear Instrumentation Operability Test 

5. Nuclear Instrumentation Interface Test 

6. Zero Power Mode Test 

7. ,Low Flow Protection Test 

8. Miscellaneous Features Test 

9. Bus Failure Test 

10. Ground Fault Detection Test 

11. System Response Time Test 

12. Power Demand and Design Data Test 

13. Temperature Rise Test 

The above tests were performed in accordance with test procedures approved 
by CE . 
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7.8.4 SHIPPING AND STORAGE 

The cabinet assembly was skid mounted (suitable for sling hoisting) for 
shipping and was packaged such that it would withstand: 

1. Normal handling and weather during shipping without suffering damage 

2. Unforeseen prolonged storage conditions in nonair-conditioned warehouse 

7.8.5 RELIABILITY 

The CE reliability group performed an independent review and analysis of 
the Reactor Protective System (RPS) during the design phase of the program. 
A mathematical model of the system was generated and a reliability review 
followed using the model as a basis for numerical predictions. This con
sisted of identifying the major reliability components of the design, cal
culating the electrical operating stresses of each critical item at the 
environment specified, and calculating the reliability prediction of the 
bistable trip unit and RPS. 

Failure mode effects and sensitivity analysis were performed on each major 
item to assess the design approach used by the designer and to reveal all 
areas of potential reliability jeopardy and safety hazards. The results of 
this analysis highlighted those areas earmarked as critical and effected 
closer examination of the design by the responsible design engineer into 
those areas. 

Parts and stress application analysis was performed on the electronic com
pon~nts to ascertain proper selection of intended parts, to review their 
usage in the design, and to assure that each item is properly derated in 
its application for reliability purposes. A separate review of each appli
cable detailed drawing and specification for the trip unit BTU and RPS was 
conducted. Particular emphasis was placed on details for design interfaces 
and adequacy of controls to assure proper compliance to detail requi~ements. 

7.8.6 RECORDS AND CERTIFICATION 

The following records were kept: 

1. Trip unit operating and environmental test results 

2. Supplier's inspection and test reports 

3. Records of all operational tests performed on the system 

In addition, complete records were kept on the extensive testing performed 
on the prototype trip unit developed in the CE laboratories which is iden
tical to the trip units used in the Reactor Protective System. 

The following certifications of satisfactory fabrication and test perfor
mance were made: 
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1. Certification that the reactor protection system has been fabricated in 
accordance with the applicable engineering specifications and 
references 

2. Certification of satisfactory completion of all tests and inspections 

7.8.7 FIELD QUALITY CONTROL 

Upon receipt of equipment in the field, inspection was made for conformance 
to specifications, codes and drawings. Checks were made for completeness 
of shop inspection and material certification if required by specification 
and/or damage in transit. A record of this inspection was made on a spe
cial form. If deficiencies were present, they were noted on the forms and 
sent to the Job Engineer for correction. Copies of the forms were filed 
with the Quality Assurance Engineer and the Project Engineer. If the item 
was not immediately set in its final position, a notation was made on the 
form regarding the storage of the item and the protection provided. Field 
storage was determined by standard construction practices supplemented by 
any special requirements specified by the manufacturer. Periodic site 
inspections were made of equipment to ensure that proper storage procedures 
were·being maintained. 

The Consumers Power construction personnel made an independent check of 
equipment as it arrived onsite and observed proper handling and storage 
until it was placed. After installation, continual checks were made to 
ensure that it was properly protected until ready for initial operation. 

When the item was set or installed, inspection was employed to confirm that 
electrical and instrumentation items were properly set and connected. A 
record of this inspection was made on a special form. Any deficiencies 
were noted on the form for correction in a similar manner as when the 
equipment was received. A visual checkout of wiring was made by System 
Protection and Laboratory Services Department personnel to assure that it 
was wired in accordance with the connection diagrams. 

During the construction phase of installing cable and w1r1ng, routine 
checks were made by both Bechtel and Consumers Power to assure that proper 
cableway routing and s,eparations were being maintained as required for the 
protective and engineered safeguards systems. This included verification 
of separate penetration areas for these systems which enter the containment 
building. 

Prior to preoperational testing, function tests of all electrical controls 
and instrumentation were performed by System Protection and Laboratory 
Services Department personnel and the Plant Instrumentation Group. This 
functional testing verified that with the equipment energized, it func
tioned as it should with an overall checkout being made from sensor through 
control and output device. In addition, instruments were calibrated during 
the functional test including most sensors although in some cases, sensors 
were calibrated prior to installation and this was considered adequate. 
These calibrations and system tests were recorded on special forms . 
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During the preoperational testing program, the correct functioning and cal
ibration of all control systems was given a final verification by perfor
mance of a preoperational test on all Plant systems. The test procedures 
for each of these systems defined all instrumentation and control functions 
in the respective systems and the observed response was noted on the test 
forms. Any deviations from design specifications were noted on the forms 
and these were corrected prior to considering the test complete . 
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TABLE 7-1 

REACTOR PROTECTIVE SYSTEM RELAYS 

Con- Con-
tact Function tact Function 

K1-1 Data Logger K2-1 Data Logger 
K1-2 Rod Rundown(a) K2-2 Rod Rundown(a) 
K1-3 Trip Reset(b) K2-3 Trip Reset 
K1-4 Trip Reset K2-4 Trip Reset 
K1-5 Diesel Generator Preload K2-5 Diesel Generator Preload 

Shed (1-1) Shed (1-2) 
K1-6 Trips Turbine K2-6 Trips Turbine 
K1-7 Trip Reset Lockout(c) K2-7 Trip Annunciator 
K1-8 CFMS K2-8 CFMS 

K3-1 Data Logger K4-1 Data Logger 
K3-2 Rod Rundown K4-2 Rod Rundown 
K3-3 Trip Reset K4-3 Trip Reset 
K3-4 Trip Reset K4-4 Trip Reset 
K3-5 Diesel Generator Preload K4-5 Diesel Generator Preload 

Shed (1-1) Shed (1-2) 
K3-6 Trips Turbine K4-6 Trips Turbine 
K3-7 Trip Reset Lockout K4-7 (Spare) 
K3-8 CFMS K4-8 CFMS 

(a) Rod Rundown - The control rods receive a "rods in" signal following a reactor trip 
which causes any rod with a "stuck" clutch to be driven to the bottom of the core. 

(b) Trip Reset - The reactor trip reset push button must be depressed to permit reactor 
start-up following a trip. 

(c) Trip Reset Lockout - The reactor trip cannot be reset within 30 seconds following a 
reactor trip. This function prevents the reactor trip being reset while the control 
rods are still descending following a reactor trip. 
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TABLE 7-2 

SAFE SHUTDOWN INSTRUMENTS • 
Refer to Section 9.6.8 for information concerning post-fire safe shutdown ~nstruments . 
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Withdrawal 
Prohibit Conditions 

Pretrip Overpower 

High Start-uE Rate 
{Between 10- % and 
15% Full Power) 

TABLE 7-3 

REGULATING RODS WITHDRAWAL INTERLOCKS 

Manual 
Individual 
Control 

Mode 

x 

x 

Manual 
Sequential, or 
Group Control 

Mode 

x 

x 

Rev 12 



• TABLE 7-4 

SOURCE/WIDE RANGE NUCLEAR INSTRUMENT CHANNEL TRIP UNIT ACTIONS 

Trip Approximate 
Unit Input Signal Action Set Point 

1 Low High Voltage Audible and Visible 410 vdc Decreasing 
Alarm HV 

2 Log Power Level Bypass Rate-of-Change < 10·43 Full Power 
of Power Trip 

Disable Zero Power Mode > 10·43 Full Power 
Bypass (Effective for Enable AT Power 
One Protective Channel) Block in Thermal 

Margin Monitor 

3 Log Power Level Bypass Rate-of-Change 10·43 Full Power 
of Power Trip 

Disable Zero Power Mode > 10·43 Full Power 
Bypass (Effective for Enable AT Power 

• One Protective Channel) . Block in Thermal 
Margin Monitor 

4 Log Power Level Spare 

5 Rate-of-Change Pretrip Signal and Rod 1.5 Decades/Minute 
of Power Withdrawal Prohibit (Bypassed < 10·43 

(Effective for Two and > 153) 
Protective Channels) 

6 Rate-of-Change Trip Signal to Reactor 2.6 Decades/Minute 
of Power Protective System (Bypassed < 10·43 

(Effective for One and > 153) 
Protective Channel) 

7 Rate-of-Change Trip Signal to Reactor 2.6 Decades/Minute 
of Power Protective System (Bypassed < 10-43 

(Effective for One and > 153) 
Protective Channel) 

8 Rate-of-Change Spare 
of Power 

• 
Rev 12 



• TABLE 7-5 

POWER-RANGE SAFETY CHANNEL TRIP UNIT ACTIONS 

Trip Approximate 
Unit Input Signal Action Set Point 

1 ·Detector Voltage, Audible and Visible 3.5% Below Normal 
Module Interlock, Alarm Operating Voltage 
Operate Calibrate 
Switch 

2 Power Level Spare 

3 Power Level Spare 

4 Power Level Spare 

5 Power Level Spare 

6 Power Level Spare 

7 Power Level Spare • 8 Power Level Rate Trip Inhibit to >15% Full Power 
Logarithmic Channel 

Enable ASI Alarm >15% Full Power 

Bypass Loss-of-Load <15% Full Power 
Trip 

• 
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TABLE 7-6 

CONTROL ROD POSITION LIGHT MATRIX 

Control Rod Position 
Regul~ting 

Color Shutdown Control Rods Controi Rods 

Green Lower Electrical Limit Lower Electrical Limit 

White Between Shutdown Control 
Rod Insertion Limit and 
Lower Electrical Limit 

Amber NA 

Blue 

Red 

Between Upper and Shut
down Control Rod Inser
tion Limit 

At Upper Electrical 
Limit 

fs0683-2228d-09-72 

Between Upper Control 
Rod Stop and Lower 
Electrical Limit 

Between Upper Control 
Rod Stop and Upper 
Electrical Limit · 

NA 

At Upper Electrical 
Limit 

Part-Length 
Control Rods 

Lower Electrical Limit 

Moving 

Between Upper Control 
Rod Stop and Upper 
Electrical Limit 

At Upper Electrical 
Limit 

Rev 0 
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ENGINEERED SAFEGlJARDS TESTING 

TESTING DESCRIPTION 

TESTING PROGRAM 

Overall Testing 

Procedure Q0-1 , "Safety Injection" demonstrates the operability of the Safety 
Injection System (SIS) initiation circuitry by using the internal testing capability of 
the system. This procedure tests the performance of the SIS circuits during a 
simulated SI, both with and without offsite power available. This test is run 
quarterly with the Primary Coolant System pressure greater than 1,400 psia. 
Other monthly test procedures are also conducted at power: 

Ml-4,. "Pressurizer Low Pressure SIS Initiation Functional Check" 

Ml-5, "Containment High-Pressure Test" 

Specific procedures are provided for testing with the reactor shut down. These 
procedures are listed below: 

QO-SB, "ESS Check Valve Operability Test"(Cold shutdown) 

RT-SC+ D, "Engineered Safeguards System" 

R0-12, "CHP Spray System Tests" 

Rl-14, "SIRW Tank Level Switch Interlocks Tests" 

Procedures RT-SC+ Dare conducted at every refueling to determine the operability 
of the Emergency Power System, engineered safeguards system and the manual 
safety injection feature of the engineered safeguards controls. This is determined 
by verifying correct sequencing and loading of safeguards equipment (including all 
ECCS pumps) when an SIS actuation is simulated (by manually initiating a 
simulated SIS) coincident with a simulated loss of offsite power. The manual SIS 
feature is verified by alarm indication after the SIS push button is depressed. This 
test duplicates, as close as practical, the integrated performance required from the 
engineered safety features actuation system {ESFAS), the engineered safety 
features (ESF) and their auxiliary support systems as defined in the design criteria 
of Subsection 7.3.5.1. SIS circuit design is such that each redundant circuit (or 
channel) is tested separately, so that the correct operation of each circuit can be 
identified. 
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Left channel procedure RT-8C and right channel procedure RT-8D are performed 
during refueling outages to demonstrate the operability of the normal shutdown 
sequence through testing the equipment starting circuits and contact closure 
times. Resetting SIS while bus 1 C or 1 D is being fed exclusively by the diesel 
generator, initiates the NSD Sequencer. Sequencer timing is verified. Loads may 
or may not be started. NSD and DBA Sequencer testing provides an adequate 
overlap to ensure proper equipment operation and meet Technical Specification 
testing requirements. 

Procedure Rl-14 requires that the RAS be tested by lifting the safety-related SIRW 
tank level switch probes above the water level to effect an auto RAS actuation. 
Upon actuation, the control room recirculation initiation alarm is verified. This 
alarm is wired to a contact on one of the SIRW tank low-level relays. Upon RAS 
initiation, these relays energize, and among other things, cause the alarm. This 
procedure tests all possible one-out-of-two (taken twice) level switch 
combinations. 

Quarterly Procedure Q0-2, "Recirculation Actuation System" (which, like Rl-14, is 
conducted also during shutdown) also tests the RAS. In this test, however, a test 
switch is used to simulate the RAS initiation condition (low SIRW tank level). 
Upon placing this switch in the "test" position, the SIRW tank low-level relays are 
energized to effect RAS initiation. Actual component response verifications are 
made in this procedure. All required component response verifications are made 
except for the closure of the low-pressure safety-injection pump minimum 
recirculation valves, which is done at shutdown. The component response 
verifications include: 

1 . Low-pressure safety injection pumps trip 

2. SIRW tank isolation valves close 

3. Containment sump valves open 

4. Component cooling water heat exchanger main service water valves 
open while the heat exchanger bypass service water valves close 

5. Component cooling water heat exchanger cooling water valves open 

Quarterly Procedure Q0-38 provides verification for full stroke exercising of the 
containment sump check valves . 
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Pump head and flow, are tested for the ECCS pumps during the quarterly inservice 
inspection pump tests. During these tests, it is required that the pumps operate 
for at least 1 5 minutes. These tests are: 

00-16 for the containment spray pumps, 
00-19 for the high-pressure injection pumps, and 
00-20 for the low-pressure safety injection pumps. 

The high-pressure safety-injection pumps, low-pressure safety-injection pumps 
(shutdown cooling pumps) and the containment spray pumps are tested quarterly. 
According to Test Procedures 00-16, 00-19 and 00-20, the method of starting 
each pump is alternated between the control room and the local breaker every 
quarter. 

7 A.1.1.3 Instrumentation Testing 

In accordance with Procedures D/W0-1 "Operators Daily/Week/Biweekly Items" 
and SH0-1 "Operators' Shift Items," all of the safety-injection and containment 
spray initiation instrumentation that features control room indication (such as 
pressurizer-pressure channels and containment high-radiation channels), are 
checked either daily or each shift. The safety-related containment high-pressure 
circuits do not feature control room indication and are, therefore, tested monthly 
along with the other SIS and containment spray initiation circuitry. The 
procedures listed below are used to perform these tests. 

Ml-4, "Pressurizer Low Pressure SIS Initiation Functional Check" 

Ml-5, "Containment High-Pressure Initiation Test" 

Ml-6, "Area Monitors, Operational Check" 

As previously mentioned, Procedure 00-1 (which is performed quarterly) tests the 
operation of the starting circuits and verifies that the active components (ie, 
pumps and valves) operate satisfactorily upon receipt of the SIS signal. 
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7 A. 1 . 1 .4 Engineered Safeg11ards Passive Devices Testing 

Procedure SH0-1 requires that the safety injection tank level and pressure be 
checked each shift during. power operation. 

Procedure Q0-8B is used during cold shutdown to full flow test the LPSI check 
valves, to part stroke the HPSl/RHPSI check valves, and to stroke the hot leg 
injection check valve. The safety injection flow indication and safety injection tank 
leakoff control system are used to verify flow and monitor the test pressures 
between the valves. Primary system drain tank level instrumentation is used to 
verify flow through the hot leg injection valve. 

7A.1.2 TEST METHODS 

Since· the engineered safeguards equipment being initiated varies according to 
whether power is available from the offsite source or the diesel generator, mode 
selector switches are provided so that either the normal SIS or the design basis 
accident (OBA) portions of the circuit can be tested separately. Individual 
momentary-type push buttons are provided to simulate the SIS in each of the 
redundant control circuits. The test is in progress only as long as the push button 
is depressed. Releasing this push button during a test will automatically reset the 
SIS or OBA sequence relays. 

A momentary-type push button is provided to simulate the SIS in each of the 
redundant control channels. Procedure Q0-1 calls for the use of this SIS test push 
button as a means of system initiation. Q0-1 utilizes the left push button for left 
channel testing and the right push button for right channel testing. As described 
in 00-1, the test is terminated upon releasing the push button. The SIS relays or 
OBA sequencer will reset automatically. 

Testing in the "without offsite power" mode does not initiate load shedding, since 
load shedding is purely a function of actual voltage on the emergency buses. Each 
component that features load shed input circuitry, utilizes a load shed "a" contact 
in its trip circuits. This "a" contact closes to provide component trip whenever the 
emergency bus de-energizes . 
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Procedure Q0-1 simulates the SIS by requiring that the momentary test push 
buttons be depressed. Upon depressing the button, the test requires that the 
operation verifies proper load response. An alternate method of initiating the SIS 
is by tripping two-out-of-four pressurizer low-low pressure instruments in the SIS 
initiating circuit matrix. Procedures RT-SC+ D actually call for this method of SIS 
initiation. 

Procedure Q0-1 simulates the loss of offsite power and sequences the loads. 
Procedures RT-SC+ D verify bus shedding and actual sequence loading of 
components by causing an actual loss of power to each of the Class 1 E buses. 

7A.1.3 ACCEPTANCE CRITERIA 

As previously described, the procedures used to test the Safety Injection System 
are 00-1 and RT-SC+ D. The acceptance criteria for each of these are stated in 
the procedures. 

Acceptance criteria for pump shutoff head at minimum recirculation flow and 
pump operability is included in the quarterly inservice inspection pump tests as 
given earlier . 
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TESTING OVERI AP EVAI LJATION 

SAFETY INJECTION 

The SIS is initiated by either press,urizer low-pressure or containment high-pressure 
conditions. During refueling, Procedure Rl-3, "High Pressurizer Pressure Channels 
Calibration," requires that a test pressure be input to the safety-related pressurizer 
pressure sensors (transmitters). Upon reaching the proper set point by varying the 
pressure input, the appropriate pressurizer pressure indicator and alarm (PPIA) unit 
actuation is verified. Procedure Rl-7, "Low-Pressure SIS Initiation Logic," overlaps 
with Rl-3, in that Rl-7 requires that a signal generator, connected into the various 
pressurizer pressure current loops (upstream of the PPIAs) be used to activate 
various combinations of the four PPIA units (one per channel) to produce the 
two-out-of-four pressurizer low-pressure trip inputs to the SIS. The SIS initia~ion 
logic is verified by the safety injection test indicating lamps, which are energized 
by safety injection auxiliary relays, and by verifying voltage which would energize 
the SIS output relays. Actual actuation of the SIS output relays takes place during 
the performance of RT-SC, "Engineered Safeguards System - Left Channel," and 
RT-SD, "Engineered Safeguards System - Right Channel." During the performance 
of R0-12, "Containment High Pressure (CHP) and Spray System Tests," only the 
SIS signal is verified. SIS is not initiated. R0-12 in conjunction with RT-SC and 
RT-SD provides proper testing overlap to ensure CHP will initiate safety injection. 
Monthly Procedure Ml-4, "Pressurizer Low-Pressure SIS Initiation Functional 
Check," also tests these circuits in a method similar to Procedure Rl-7. In Ml-4, 
however, the 2/4 combinations are not verified. Ml-4 simply verifies one channel 
at a time. 

R0-12 requires that a test pressure be inserted into the safety-related CHP sensors 
(pressure switches). Upon reaching the proper set point, CHP is initiated. The 
CHP signal provides an initiation signal to the SIS circuitry. However, the 
containment high-pressure (CHP) input to the SIS is isolated during the 
performance of R0-1 2. Therefore, the initiation signal is verified by voltage 
readings. This minimizes the impact on plant equipment. 

The SIS is tested quarterly per Section Q0-1, "Safety Injection System," to 
demonstrate the operability of the SIS circuitry by using the internal testing 
capability of the system. This test overlaps Tests Rl-7 and R0-12 in that, during 
the 00-1 test, the internal test circuits are used to simulate a safety-injection 
condition with and without offsite power available which energizes the SIS output 
relays. Upon initiation, all of the engineered safeguards loads are verified to 
respond appropriately. 
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During refueling, Procedures RT-SC+ D, "Engineered Safeguards System," require 
that an actual loss of voltage occurs in the emergency buses concurrent with a 
trip of the PPIA units to effect a full design basis accident. Proper sequencing and 
timing of the sequenced loads are verified. Also verified, is the appropriate 
response of the other engineered safeguards loads. This test overlaps Tests RI-7, 
R0-12 and 00-1. 

7A.2.2 CONTAINMENT ISOLATION 

The containment isolation function is verified in one "system test." As previously 
mentioned, Procedure R0-12 requires that a test pressure be inserted into the CHP 
sensors (pressure switches). In addition to verifying SIS initiation, the procedure 
also requires that containment isolation (Cl) actuation be verified. The verification 
is to be made by logging the response of at least one containment isolation valve 

· for each of the CHP relays that energize upon receipt of the CHP condition as 
sensed by the pressure switches (sensors). The response is checked by valve 
position indication lights. Although overlap is not a problem with this test, the test 
does not verify the leak tightness of the containment isolation valves to the CHP 
condition. This is verified via the Containment Leak Rate testing program 
(Procedure R0-32). 

In addition, the containment high-radiation input to containment· isolation is 
verified. Procedures Rl-86F, R0-11 and MR-6 are used. Rl-86F, "Containment 
Isolation Monitor Calibration," utilizes a known. external radiation source to verify 
the proper safety-related area monitor output. A current source is also used to 
simulate detector signal input and is adjusted until the high (trip) is reached. 
Verification of trip is through a RIAX relay contact initiating a control room alarm. 
During the conduct of R0-11, "Containment High Radiation Test," the radiation 
monitors are de-energized in each possible 2-out-of-4 combination. This causes 
the high (trip) circuit to de-energize in the radiation monitors to complete the logic 
actuation. The response of all the containment isolation valves is verified. 

Valid verification of trip action with sufficient testing overlap is provided with the 
Rl-86F and R0-11 procedure combination. The trip circuitry in the radiation 
monitors is fully functionally checked by increasing a simulated input to above the 
trip setpoint. The bistable comparison between the input and trip setpoint causes 
the output relay to de-energize. This in turn causes the RIAX relay in containment 
isolation 2/4 scheme to de-energize thus alarm. Removing power to the radiation 
monitor will also de-energize the output relay and cause RIAX actuation . 
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Procedure Ml-6, "Area Monitor Functional Checks," requires verification of high 
alarm or trip setpoint on a monthly basis. Verification is by adjusting an internal 
current to the input of the meter amplifier to check the pre-trip and trip setpoints. 
An internal circuit prevents actual trip relay actuation in this mode. The setpoints 
are on~y adjusted if acceptance criteria is violated. 

7A.2.3 RECIRCULATION ACTUATION 

Proper overlap exists in the recirculation actuation testing program. Test Rl-14 
requires that the safety-related SIRW tank level switch probes be lifted which 
energize the SIRW tank low-level relay as procedurally verified by a control room 
alarm which is energized by these relays. Procedure Q0-2 utilizes a test switch to 
energize the SIRW tank low-level relays, to actuate the required loads. Load 
response is then procedurally verified. These two tests overlap sufficiently to 
enable them to be combined to provide a valid system verification. Although the 
tests are performed only during shutdown, they duplicate (as closely as practical) 
the integrated performance of the RAS which is required in the event of an 
accident. This is consistent with the intent of 10 CFR 50, Appendix A, General 
Design Criterion 37; Regulatory Guide 1.22 and Standard Review Plan, Section 
7. 3, Appendix A. 

The RAS is not designed to be tested while the reactor is at power. Shutting the 
SIRW tank outlet valves would result in a violation of the Technical Specifications, 
since shutting either of these valves would eliminate a source of water to more 
than one high-pressure or low-pressure safety-injection pump. It should be noted 
that upon RAS initiation, both of the SIRW tank outlet valves receive an auto 
closure signal and the containment sump isolation valves receive an auto open 
signal. Therefore, should an RAS initiation occur during normal conditions, the 
ECCS (or portions thereof) would be aligned to take suction from an empty sump 
for some period of time . 
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REGULATORY GUIDE 1.97 REV 3. CONSUMERS POWER COMPANY 

PALISADES PLANT PARAMETER SUMMARY TABLE Page 1 of 29 

The attached tables provide a comparison of the instrumentation provided at Palisades against the requirements of Regulatory Guide 1.97 Revision 3. These tables 
provide the following information for each parameter: Item, Tag Number, Variable Description, Type and Category, Existing and Required Instrument Ranges, QA 
Requirements, Environmental and Seismic Qualification, Redundance, Power Supply Display Location and a Comment section which provides a schedule for 
instrument loop upgrade or justification for acceptability of existing noncomplying instrumentation. The information provided in each column of the table is defined as 
follows: 

ITEM: Consists of the RG 1.97 category followed by a s.equential number. Item numbering is consistent with the RG 1.97 ordering of 
parameters. 

TAG NO: This column lists component ID's of the sensors, indicators, power supplies, displays and recorders in each instrument loop selected 
to compare against the RG 1.97 requirements. · 

VARIABLE DESCRIPTION: Provides a description of the variable as taken from RG 1.97 Revision 3 Table 3. 

VARIABLE TYPE: Lists the variable type as defined by RG 1.97. 

VARIABLE CATEGOf~Y: Lists the variabfe category as defined by RG 1.97 

QA REQUIREMENT: Describes compliance with the RG 1.97 QA requirement for the specific variable category. Descriptions provided in this in this column 
are defined as follows: 

ENVIRONMENTAL 
QUALIFICATION: 

PRE-QA: 

COMPLY: 

N/A: 

Equipment was procured and installed prior to the establishment of a formal QA program. Equipment 
considered acceptable based on successful operating experience. 

Equipment was procured and installed under auspices of Palisades QA program. 

QA requirement not applicable to this category. 

Describes compliance with the RG 1.97 EEQ requirements for the specific variable category. Descriptions provided 
in this column are defined as follows: 

COMPLY: Equipment located in a harsh environment are included in the Palisades Plant Equipment Qualification List 
and/or the equipment is located in a mild environment. 

SEISMIC 
QUALIFICATION: 

N/A: EEQ requirements not applicable to this category. 

Describes compliance with the RG 1.97 Seismic requirements for the specific variable category. Descriptions provided 
in this column are defined as follows: 

COMPLY: 

N/A: 

Equipment is seismically qualified to criteria described in FSAR. 

Seismic qualification not applicable to this category. 

Rev20 



• • • 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

REGULATORY GUIDE 1.97 REV 3· 
PARAMETER SUMMARY TABLE Page 2 of 29 

REDUNDANCE: 

POWER SUPPLY: 

DISPLAY LOCATION: 

COMMENT: 

Indicates the number of instrumentation loops meeting the RG 1.97 requirements provided for this variable. Indicates NIA if 
redundance not applicable for this category. 

Describes the type power provided to energize the instrument loop. Descriptions provided in this column are defined as follows: 

PREFERRED 1 E: 

1E BATTERY: 

Non-1E: 

Instrument loop powered by battery backed 1 E ac power. 

RELIABLE NON-1 E: Instrument loop powered by Non-1 E ac which is capable of being energized from the 
standby power sources and for which procedural guidance is provided for bus restoration. 

Instrument loop is 1 E de powered. 

Instrument loop ac power not backed up by standby power supply. 

Indicates control room (CR) panel where variable is indicated. For the Technical Support Center (TSC) and Emergency Offsite Facility 
(EOF) indicates if the parameter is available via the Critical Function Monitor System (CFMS) computer. 

Provides additional information where required. Also provides justification for acceptability of existing instrumentation not in 
compliance with RG 1.97 requirements. 

Rev20 



ITEM 

A01 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

Inputs Degrees of A 1 
Loop 1 Subcooling 
TE0112CC 
TT0112CC 
l/10112CC 

TE0112CD 
TT0112CD 
l/10112CD 

TE0112HC 
TT0112HC 
l/I0112HC 

TE0112HD 
TT0112HD 
l/10112HD 

PT0105A 
SMM0114 

Inputs 
Loop 2 
TE0122CC 
TT0122CC 
l/10122CC 

TE0122CD 
TT0122CD 
l/10122CD 

TE0122HC 
TT0122HC 
l/10122HC 

TE0122HD 
TT0122HD 
l/10122HD 

PT0105B 
SMM124 

INSTRUMENT RANGE 

EXISTING REQUIRED 

200°F Sub- 200°F sub-
cooling to cooling to 
35°F 35°F 
superheat superheat 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE A VARIABLES 

QA 

REQUIRE- ENVIRONMENTAL SEISMIC 
MENT QUALIFICATION QUALIFICATION 

Comply Comply Comply 

POWER 
REDUNDANCE SUPPLY 

2 Channels Preferred 
1E 

• 
Page 3 of29 

DISPLAY LOCATION 

CR TSC EOF COMMENTS 

C12 CFMS CFMS Indication used to initiate 
trip of primary coolant 
pumps. Also used to allow 
termination or throttling of 
SIS flows. 
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ITEM 

A02 

A03 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

PT0105A Pressurizer A 1 
P/S0751C Pressure 
PI0105C 
PTR0112 

PT0105B 
P/S0751D 
PI0105A 

Sim Gen A Steam Generator A 1 
Level 

LT0757A 
P/S0757A 
LI0757A 

LT0757B 
P/S0757B 
LI0757B 

STMGEN B 

LT0758A 
P/S0758A 
LI0758A 

LT0758B 
P/S0758B 
LI0758B 

INSTRUMENT RANGE 

EXISTING REQUIRED 

0-3000 PSIG 0-4000PSIG 

100% lo- Tube Sheet lo 
138% Steam 
(Equivalent lo Separators 
tube sheet lo 
steam 
separators) 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE A VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Comply Comply 

Comply Comply Comply 

POWER 
RE DUN DANCE SUPPLY 

2 Channels Preferred 
1E 

2 Channels Preferred 
/Steam 1E 
Generator 

• 
Page 4 of29 

DISPLAY LOCATION 

CR TSC EOF COMMENTS 

C12 CFMS CFMS Indication used lo initiate 
C02 trip of primary coolant 

pump following small break 
LOCA. See Nole 13. 

C12 CFMS CFMS Indication used lo 
determine steam generator 
with ruptured tube lo be 
isolated. Indication also 
used lo initiate once thru 
cooling on low/low level. 

Rev20 



ITEM 

A04 

A05 

A06 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

Sim Gen A Steam Generator A 1 
Pressure 

PT0751C 
P/S0751C 
PIC0751C 

PT0751D 
P/S0751D 
PIC0751D 

Sim Gen B 

PT0752C 
P/S0751C 
PIC0752C 

PT0752D 
P/S0751D 
PIC0752D 

LT0103 Pressurizer Level A 1 
P/S0103 
LI0103A 
LI0103B 

LT0102 
P/S0751A 
LIA0102A 
LI0102B 

AE2401L Containment A 1 
AIT2401L Hydrogen 
Al2401L Concentration 

AE2401R 
AIT2401R 
Al2401R 

INSTRUMENT RANGE 

EXISTING REQUIRED 

0-1200 PSIG From 
Atmospheric 
to20% above 
lowest safety 
valve setting 

0-100% Top to Bottom 
(Equivalent to of Vessel 
top to bottom 
of vessel) 

0-10Vol% or 0-10Vo1% 
0-20Vol% (capable of 
(switch operating rom 
selectable) -2 to 60 PSIG) 
from -2 lo 
60PSIG 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE A VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Comply Comply 

Comply Comply Comply 

Comply Comply Comply 

' "-' 

POWER 
REDUNDANCE SUPPLY 

2 Channels Preferred 
/Steam 1E 
Generator 

2 Channels Preferred 
1E 

2 Channels Preferred 
1E 

• 
Page 5 of29 

DISPLAY LOCATION 

CR TSC EOF COMMENTS 

C12 CFMS CFMS Indication used to 
determine ruptured steam 
generator to allow isolation 
following steam line break. 
Lowest relief valve setting 
985 psig. 

C12 CFMS CFMS Indication used to allow 
termination or throttling of 
SIS Hows. 

C02 

C11A CFMS CFMS Indication used lo 
determine when to initiate 
hydrogen recombiners. 

Rev 20 



ITEM 

B01 

802 

B03 

804 

BOS 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT . 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

NE-113 Neutron Flux B 1 
Nl-113B 
Nl-113D 
Nl-1/3A 
EC-175 

NE-214 
Nl-2/4B 
N-1214A 
EC-176 

CRD-1 Control Rod B 3 
Thru-45 Position 

-

AE0203 RCS Soluble B 3 
AR0203 Boron 

Concentration 

- PCS Cold Leg B 3 
Water 
Temperature 

Loop 1 

TE0112HC PCS Hot Leg B 1 
TT0112HC Waler 
PTR0112 Temperature 

Loop2 

TE0122HD 
TE0122HD 
PTR0122 

INSTRUMENT RANGE 

EXISTING REQUIRED 

10·•10 200% 1o·•To 100% 
of full power offull power 

Full in or not Full in or not 
full in, analog full in 
position for 
any of 45 
Control Rods 

0-2050 ppm 0-6000ppm 

S0°Fto400°F 

so·F to 700°F 50°F lo 700°F 

• 
REGULA TORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE B VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Con_iply Comply 

-

NIA NIA NIA 

NIA NIA NIA 

Comply Comply Comply 

REDUNDANCE 

2 Cannel 

NIA 

N/A 

2 Channels 

• 
Page 6 of29 

DISPLAY LOCATION 
POWER 
SUPPLY CR TSC EOF COMMENTS 

Preferred C06 CFMS CFMS 
1E 

Preferred C12 CFMS CFMS These indications are 
1E C02 shown on the core map 

display and rod position 
display. 

Reliable C02 CFMS CFMS Range is acceptable for 
Non-1E normal operation. For post 

accident analyzer is 
isolated and boron analysis 
performed by grab sample. 

Covered by Item 806. 

Preferred C12 CFMS CFMS 
1E 

Rev20 
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ITEM 

B06 

B07 

BOB 

B09 

B10 

B11 

B12 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

Loop 1 B 1 

TE0112CC PCS Cold Leg 
TT0122CC Water 
PTR0112 Temperature 

Loop2 

TE0122CD 
TT0122CD 
PTR0122 

PCS Pressure B 1 
(Pressurizer 
Pressure) 

Core Exit B 3 
Temperature 

LE0101A Coolant Inventory B 1 
LTRI0101A 

LE0101B 
LTRI0101B 

Degrees of B 2 
Subcooling 

PCS Pressure B 1 
(Pressurizer 
Pressure) 

LT0383 Containment B 2 
P/S1812A Sump Water Level 
LPIR0383 (Narrow Range) 

LT0382 
P/S1805A 
LPIR0382 

INSTRUMENT RANGE 

EXISTING REQUIRED 

50°F to 100°F so·F to 100°F 

0-400 PSIG 

0°F to 2300°F 

Top of Core to Bottom of Hot 
Top of Vessel Let to Top of 

Vessel 

200°F 
subcooling 
35°F 
superheat 

0-4000 psig 

0-100% Narrow Range 
(Bottom to (Sump) 
Top of Sump) 

• 
REGULA TORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE B VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Comply Comply 

Comply Comply Comply 

Comply Comply N/A 

• 
Page 7 of29 

DISPLAY LOCATION 
POWER 

REDUNDANCE SUPPLY CR TSC EOF COMMENTS 

2 Channels Preferred C12 CFMS CFMS 
1E 

Covered by A02. 

Covered by Item C01. 

2 Channels Preferred C11A CFMS CFMS 
1E 

Covered by A01. 

Covered by Item f>.;02. 

2 Channels Preferred C13 CFMS CFMS 
1E 

Rev20 



ITEM 

B13 

B14 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

LE0446A Containment B 1 
LIT0446A Waler Level (Wide 
LPIR0383 Range) 

LE0446B 
LIT0446B 
LPIR0382 

- Containment B 1 
Pressure 

INSTRUMENT RANGE 

EXISTING REQUIRED 

0-100% Wide Range 
(Exceeds (Plant 
Maximum Specific) 
Expected 
Waler Level 
by 1.5fl) 

0- Design 
Pressure 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE B VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Comply Comply 

REDUNDANCE 

2 Channels 

• 
Page 8 of29 

DISPLAY LOCATION 
POWER 
SUPPLY CR TSC EOF COMMENTS 

Preferred C13 CFMS CFMS 
1E 

Covered by C12. 

Rev 20 



ITEM 

B15 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

POS0155 Containment B 1 
POS073B lsolatlon Valve 
POS0739 Position 
POS0767 
POS076B 
POS0770 
POS0771 
POS0910 
POS0911 
POS0939 
POS0940 
POS1001 
POS1002 
POS1004 
POS1007 
POS1036 
POS1037 
POS103B 
POS1044 
POS1045 
POS1064 
POS1065 
POS1101 
POS1102 
POS1103 
POS1104 
POS1358 
POS1501 
POS1502 
POS1503 
POS1910 
POS1911 
POS2009 
POS2083 
POS2099 
POS3001 
POS3002 
POS3029A 
POS3029B 
POS3030A 
POS3030B 
POS1805 
POS1806 
POS1807 
POS1808 
POS1813 
POS1814 

INSTRUMENT RANGE 

EXISTING REQUIRED 

Closed-Nol Closed- Not 
Closed Closed 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE B VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Comply Comply 

REDUNDANCE 

Redundant 
Isolation 
Method for 
each flow path. 
Redundant 
Position 
Indication for 
each valve not 
provided. 

• 
Page 9 of29 

DISPLAY LOCATION 
POWER 
SUPPLY CR TSC EOF COMMENTS 

1E Vario CFMS CFMS See Note 14. 
Battery us 

Rev20 



ITEM 

B16 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

Containment B 1 
Pressure 

INSTRUMENT RANGE 

EXISTING REQUIRED 

-5 PSIGto 
Design 
Pressure 

• 
REGULA TORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE B VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION REDUNDANCE 

• 
Page 10 of29 

DISPLAY LOCATION 
POWER 
SUPPLY CR TSC EOF COMMENTS 

Covered by llem C12 

Rev20 



ITEM 

C01 

C02 

C03 

C04 

cos 

cos 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

INCE-14H02 Core Exit c 1 
INCE-16G07 Temperature 
INCE-21N11 
INCE-25R08 
INCE-32Q04 
INCE-42R17 
INCE-43X14 
INCE-52M13 
INCE-66J16 
INCE-71H13 
INCE-73813 
INCE-76G17 
INCE-86J10 
INCE-81J07 
INCE-36R07 
INCE-41Q16 
LTRI0101A 
LTRI0101B 

None Radioactivity c 1 
Concentration or 
Radiation Level in 
Circulating 
Primary Coolant 

None Analysis of c 3 
Primary Coolant 
(Gamma 
Spectrum) 

PCS Pressure c 1 
(Pressurizer 
Pressure) 

Containment c 1 
Pressure 

Containment c 2 
Sump Water Level 
(Narrow Range) 

INSTRUMENT RANGE 

EXISTING REQUIRED 

o· F to 2300° F 200°Flo 
2300°F 

- Y. Tech Spec 
Limit SO to 
1001imes 
Tech Spec 
Limit 

- 10µCi/mlto 
10Ci/ml or 
TIDl4844 
source term in 
coolant 
volume 

- 0-4000 

- -5 PSIGto 
design 
pressure 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE C VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Comply Comply 

- Narrow Range 
(Sump) 

• 
Page 11 of29 

DISPLAY LOCATION 
POWER 

REDUNDANCE SUPPLY CR TSC EOF COMMENTS 

2 Channels Preferred C11A CFMS CFMS See Note 15. 
(8 Thermo- 1E 
couples per 
Channel) 

Online Analysis capability 
isolated during accident. 
Grab sample to be used to 
evaluate variable. 

No online system for 
analysis available. Grab 
sample to be used to 
evaluate variable. 

Covered by Item A02. 

Covered by Item C12. 

Covered by Item 812. 
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ITEM 

C07 

COB 

C09 

C10 

C11 

C12 

C13 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

Containment . c 1 
Water Level (Wide 
Range) 

Containment Area c 3 
Radiation 

RE0631 Effluent c 3 
RIA0631 Radioactivity 

Noble Gas Effluent 
from Condenser 
air Removal 
System Exhaust 

PCS Pressure c 1 
(Pressurizer 
Pressure) 

Containment c 1 
Hydrogen 
Concentration 

PT1812A Containment c 1 
PIS1812A Pressure 
LPIR0383 

PT1805A 
PIS1805A 
LPIR0382 

Containment c 2 
Effluent 
Radioactivity 
Noble Gases from 
Identified Release 
Points 

INSTRUMENT RANGE 

EXISTING REQUIRED 

- Wide Range 
(Plant 
Specific) 

- 1 R/HRto 
10"' R/HR 

10° to 105 10·• µclcc to 
CPM 10-2 µclcc 
(Equivalent to 
1x10'5 to 
2x10·2 µcilcc 

- 0-4000 PSIG 

0-10 Vol-% 
(Capable of 
Operating rom 
-5 PSIG to 
maximum 
design 
pressure) 

-14.7 to -5 PSIGto3 
185.34PSIG times Design 

Pressure for 
Concrete 

- 10-•µCilcc 
to 
10" µCl/cc 

• 
REGULA TORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE C VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

NIA NIA NIA 

Comply Comply Comply 

POWER 
REDUNDANCE SUPPLY 

NIA Preferred 
1E 

2 Channels 1E Preferred 

• 
Page 12 of29 

DISPLAY LOCATION 

CR TSC EOF COMMENTS 

Covered by Item B13. 

Covered by Item E01. 

C13 CFMS CFMS 

Covered by Item A02. 

Covered by Item A06. 

C13 CFMS CFMS Design Pressure 55 PSIG 

--
, 

Covered by item E03 
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ITEM 

C14 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

Effluent c 2 
Radioactivity 
Noble Gases 
(From building or 
areas where 
penetrations and 
hatches are 
localed) 

INSTRUMENT RANGE 

EXISTING REQUIRED 

- 10·•µci/cc 
lo 
103 µCi/cc 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE C VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION REDUNDANCE 

• 
Page 13 of29 

DISPLAY LOCATION 
POWER 
SUPPLY CR TSC EOF COMMENTS 

Covered by Item E03 

Rev 20 



ITEM 

D01 

D02 

D03 

D04 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

FT0306 RHR System Flow D 2 
FIC0306 

TT0351B RHRHeat D 2 
TR0351 Exchanger outlet 
TE0351B Temperature 

LT0365 Accumulator Tank D 3 
P/S0365 Level 
LIA0365 
LM0365 

LT0368 
PIS0368 
LIA0368_ 
LM0368 

LT0372 
PIS0372 
LIA0372 
LM0372 

LT0374 
PIS0374 
LIA0374 
LM0374 

PT0363 Accumulator Tank D 3 
PIS0363 Pressure 
PIA0363 

PT0367 
PIS0367 
PIA0367 

PT0371 
Pl50371 
PIA0371 

PT0369 
Pl50369 
PIA0369 

INSTRUMENT RANGE 

EXISTING REQUIRED 

0-BOOOGPM 0-110% 
GPM (6000 Design Flow 
GPMdeslgn 
Flow) 

0°F to 400°F 40°Fto350"F 

0-100% 10% to 90% 
(Equivalent to Volume 
5%to95% 
Tank Volume) 

Oto300PSIG Oto 750 PSIG 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE D VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Pre-QA Comply NIA 

Pre-QA Comply NIA 

N/A NIA NIA 

NIA NIA NIA 

POWER 
REDUNDANCE SUPPLY 

NIA Reliable 
Non-1E 

NIA Reliable 
Non-1E 

NIA Preferred 
1E 

NIA Preferred 
1E 

• 
Page 14 of29 

DISPLAY LOCATION 

CR TSC EOF COMMENTS 

C02 CFMS CFMS All components located in 
mild environment 

C12 CFMS CFMS 

C13 CFMS CFMS Note 1 

C13 CFMS CFMS SI Tank Designed for 300 
PSIG. 

Note 1 

Rev20 
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ITEM 

DOS 

D06 

D07 

D07A 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

VOP3041 Accumulator D 2 
VOP3045 Isolation Valve 
VOP3049 Position 
VOP3052 

FT0212 Boric Acid D 2 
FY0212 Charging Flow 
FIA0212 
PIS0212 

FT030B Flow In HPI D 2 
PIS0751A System (Flow lo 
Fl-030BA Cold legs) 
Fl-03088 
FM030B 

FT0310 
PIS0751B 
FI0310A 
FI0310B 
FM0310 

FT0312 
PIS0751C 
FI0312A 
FI0312B 
FM0312 

FT0313 
PIS0751D 
FI0313A 
FI0313B 
FM0313 

FT0316 FlowinHPI D 2 
PIS0316 System (Flow to 
FI0316A Hot legs) 
FI0316B 

FT0317 
PIS0377 
F10317A 
FI0317B 

INSTRUMENT RANGE 

EXISTING REQUIRED 

Closed or Closed or 
Open Open 

0-140GPM 0-110% 
Design Flow 

0-250GPM 0-110% 
per injection Design Flow 
line 

0-350GPM 0-110% 
per injection Design Flow 
llne 

• 
REGULA TORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE D VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Pre-QA None NIA 

Pre-QA Comply NIA 

Comply Comply NIA 

Comply Comply NIA 

REDUNDANCE 

NIA 

NIA 

NIA 

1. 
NIA 

• 
Page 15 of 29 

DISPLAY LOCATION 
POWER 
SUPPLY CR TSC EOF COMMENTS 

1E C03 CFMS CFMS Nole2 
Battery 

Reliable C02 CFMS CFMS Design Flow is 132 GPM. 
Non-1E All components located in 

mild environment. 

Preferred C13 CFMS CFMS Design flow is 225 GPM 
1E C33 per injection line. 

, 

Preferred C13 Design flow is 300 GPM 
1E per Injection line. 

Rev20 
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ITEM 

DOB 

D09 

D10 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

FT0307 Flow in LPSI D. 2 
PIS0751A System 
FI0307A 
FI0307B 
FM0307 

FT0309 
PIS0751B 
FI0309A 
FI0309B 
FM0309 

FT0311 
P/S0751C 
FI0311A 
FI0311B 
FM0311 

FT0314 
P/S0751D 
FI0314A 
FI0314B 
FM0314 

LT0331 Refueling Water D 2 
PIS0331 Storage Tank 
LIA0331 Level 

LT0332A 
PIS0332A 
LIA0332A 

EAl2103 Reactor Coolant D 3 
EAl2104 Pump Status 
EAl2203 
EAl2204 

INSTRUMENT RANGE 

EXISTING REQUIRED 

0-2000GPM o-110% 
per injection Design Flow 
line 

0-100% Top to Bottom 
Equivalent to 
Top to Bottom 

0-BOOAmps Electric 
Current 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE D VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Comply NIA 

Pre-QA Comply NIA 

N/A NIA NIA 

REDUNDANCE 

NIA 

NIA 

NIA 

• 
Page 16 of29 

DISPLAY LOCATION 
POWER 
SUPPLY CR TSC EOF COMMENTS 

Preferred C13 CFMS CFMS Design flow is 1500 GPM 
1E per injection line. 

Preferred C13 CFMS CFMS All components located in 
1E mild environment 

Same C12 CFMS CFMS 
Bus as 
Powers 
Pump 

Rev20 



ITEM 

D11 

D12 

.D13 

.. 

DH 

D1S 

'D16 

D17. 

·D18 

•• 
CONSUMERS POWER COMPANY 
PALISADES PLANT . 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

FE1039 Primary System D 2 
FM1039 Safety Valve 
Fl1039 Positions 

(including PORV 
FE1040 and Code Valves) 
FM1040 
Fl1040 

FE1041 
FM1041 
Fl1041 

FE1042B 
FM1042B 
Fl1042B 

FE1043B 
FM1043B 
Fl1043B 

Pressurizer Level D 1 

EAl1211 Pressurizer Heater D 2 
EAl1305 Status 

LT0116 Quench Tank D 3 
LIA0116 Level 

TE0116 Quench Tank· D 3 
TIA0116 Temperature 

PT0116 Quench Tank D 3 
PIA0116 Pressure 

Steam Generator D 1 
Level 

Steam Generator D 2 
Pressure 

INSTRUMENT RANGE 

EXISTING REQUIRED 

Closed-Not Closed-Not 
Closed Closed. 

Top to Bottom 

0-200Amps Electric 
Current 

0-100% Top to Bottom 

0°F to 350°F 50°F to 750°F 

Oto 2511.00 o to Design 
PSIG Dual Pressure 

Range 

From tube 
sheet to 

separators 

From 
atmospheric 

to20% above 
lowest safety 
valve setting 

•• 
REGULA TORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE D VARIABLES . 

QA. 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Comply NIA 

Pre-QA Comply NIA 

NIA . NIA NIA 

NIA NIA NIA 

NIA NIA NIA 

POWER 
REDUNDANCE SUPPLY· 

NIA Preferred 
1E 

NIA Same bus 
as 

heaters 

NIA Reliable 
Non,1E 

NIA Reliable 
Non-1E 

NIA Reliable 
Non-1E 

•• 
Page 17 of29 

DISPLAY LOCATION 

CR TSC EOF COMMENTS 

C11A CFMS CFMS' 

Covered By Item A05 

C02 CFMS CFMS All components in mild 
environment · 

C02 CFMS CFMS 

C02 CFMS CFMS Note 3 .. 

C02 CFMS CFMS Rupture Disk at 100 PSIG. 

Covered by Item A03 

Covered by Item A04 
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ITEM 

D19 

D20 

D21 

• 
CONSUMERS POWER COMPANY. 
PALISADES PLANT 

VARIABLE . 

TAG NO CATA-
DESCRIPTION TYPE GORY 

StmGenA Safety/Relief Valve D 2 
.'.• 

FT0702 Positions or Mail) 
PT0702 Steam Flow 
LIC0701 
FR0702 

StmGen.B 
FT0704 
PT0704 
LIC0703 
FR0704 

StmGenA Main Feedwater D 3 
FT0701 Flow 
PT0701 
FR0701 
LIC0701 

Sim Gen B 
· FT0703 

PT0703 
FR0703 
LIC0703 

StmGenA Auxiliary D 2 
FT0737 Feedwater Flow 
FM0737 
FI0737 
P/S0737A 

FT0749A .. 
FM0749A 
FI0749A 
P/S0727 

Stm Gen B 
FT0727A 
FM0727A 
FI0727A 
P/50727 

FT0736 
FM0736 
FI0736 
P/S0737A 

INSTRUMENT RANGE 

EXISTl!'lG REQUIRED 

Main Steam Closed-Not 
Flow 0-6 x 1 o• Closed 
lbs/hr"per 
Steam 
Generator 

0-6 x 106 0-110% 
lbs/hr per Design Flow . 
Steam 
Generator 

0-650 GPM 0-110% 
Design Flow 

•• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE D VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 
MENT QUALIFICATION QUALIFICATION 

Pre-QA Comply Note 6 N/A 

NIA N/A N/A 

.. 

Comply Comply NIA 

REDUNDANCE 

NIA 

NIA 

2 Channels per 
Steam 
Generator 

• 
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DISPLAY LOCATION 
POWER 
SUPPLY CR TSC EOF COMMENTS . 

Reliable C11 CF.MS CFMS Design Flow 5.6 x 106 lbs/hr 
Non-1E per Steam Generator 

Reliable· C11 CFMS CFMS Design Flow 5.6 x 106 lbs/hr 
Non-1E per Steam Generator 

Preferred C11 CFMS CFMS Design Flow415 GPM 
1E C01 
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ITEM 

022 

D23 

D24 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

LT2021 Condensate D 1 
P/S2021 Storage Tank 
LIA2021 Level 

LT2022 
P/S2022 
LIA2022 

FT0301 Containment D 2 
FI0301A Spray Flow 
FI0301B 

FI0302 
FI0302A 
FI0302B 

Cooler Valve Heat removal by D 2 
Position Containment fan 
POS0824 heat removal 
POS0847 system 
POS0861 
POSOB62 
POS0864 
POS0865 
POSOB73 
POSli870 

Cooler Fan 
Status 
52-1208 
52-1209 
52-1210 

Service 
Water Pump 
Status 
152-103 
152-204 
152-205 

INSTRUMENT RANGE 

EXISTING REQUIRED 

0-100% Plant Specific 
(Essentially 
Top to Bottom 
of vessel) 

0-3000 GPM 0-110% 
Design Flow 

Indicating Plant Specific 
lights 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPED VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 
MENT QUALIFICATION QUALIFICATION 

Comply Comply Note 17 

Pre-QA Comply N/A 

Comply Comply NIA 

POWER 
REDUNDANCE SUPPLY 

2 Channels Preferred 
1E 

2 Channels Preferred 
1E 

NIA Reliable 
1E 

• 
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DISPLAY LOCATION 

CR TSC EOF COMMENTS 

C13 CFM CFMS All components located in 
s a mild environment 

C13 CFM CFMS Design Flow 2700 GPM 
C33 s 

Ail components located in 
a mild environment 

cos CFM CFMS Status determined by 
s confirming cooler valves 

aligned, fans running and 
service water available. 

Only cooler inlet and 
outlet valves located in a 
harsh environment. 
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ITEM 

D25 

D26 

D27 

D28 

D29 

D30 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

TE1812 Containment D 2 
Tl1812 Atmospheric 

Temperature 
TE1813 
Tl1813 

TE1814 
Tl1814 

TE1815 
Tl1815 
TT1815 

- Containment D 2 
Sump Water 
Temperature 

Makeup Flow-in D 2 

FT0202 Letdown Flow-out D 2 
FIC0202 

LT0205 Volume Control D 2 
LA0205 Tank Level 
LIC0205 

TE0914 Component D 2 
TIA0914 Cooling Water 

Temperature lo 
TE0916 ESFSyslem 
TIA0916 

INSTRUMENT RANGE 

EXISTING REQUIRED 

0°F lo 400°F 40°F to 400°F 

S0°F lo 250°F 

0-110% 
Design Flow 

Oto 160GPM Oto 100% 
Design Flow 

Oto 100% Top to Bottom 
(Equivalent lo 
top to bottom 
of tank) 

0°Fto 140°F 40°F to 200°F 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE D VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 
MENT QUALIFICATION QUALIFICATION 

Pre-QA Nole7 NIA 

Pre-QA Comply NIA 

Pre-QA Comply NIA 

Pre-QA Comply NIA 

POWER 
REDUNDANCE SUPPLY 

4 Channels Preferred 
1E 

NIA Reliable 
Non-1E 

NIA Reliable 
Non-1E 

NIA Preferred 
1E 

• 
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DISPLAY LOCATION 

CR TSC EOF COMMENTS 

C13 CFM CFMS Maximum Containment 
s Temperature 283°F. 

Not provided. Note 8 

Same as Charging Flow. 
See Item DOS. 

C02 CFM CFMS Design flow 132 GPM. All 
s components in mild 

environment. 

C02 CFM CFMS All components in mild 
s environment. 

cos - - Maxlemp 114°F. 
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ITEM 

D31 

032 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

CCWPum[! Component D 2 
Current Cooling Waler 
EAl-116 Flow to ESF 
EAl-1208 System 
EAl-1109 

CCWPum[! 
Pressure 
PT-0918 
PIA-0918 

CCWSurge 
Tk Level 
LT-0920 
LIA-0920 

SDCHxOut 
Tern[! 
TE-0912 
Tl-0912 
TE-0913 
Tl-0913 

LT1012 High Level D 3 
LIA1012 Radioactive Liquid 

Tank Level 
LT1014 
LIA1014 

LT1016 
LIA1016 

LT1018 
LIA1018 

INSTRUMENT RANGE 

EXISTING REQUIRED 

0-100 amp 0-110% 
Design Flow 

0-150 pslg 

0-100% 

o-1so·F 

0-100% Top to Bottom 
(Equivalent to 
Top lo 
Bottom) 

• 
REGULA TORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPED VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 
MENT QUALIFICATION QUALIFICATION 

Comply Comply NIA 

NIA NIA NIA 

POWER 
RE DUN DANCE SUPPLY 

NIA Reliable 
1E 

NIA Reliable 
Non-1E 

• 
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DISPLAY LOCATION 

CR TSC EOF COMMENTS 

cos - - Nole9 

CFMS CFM CFMS 
s 
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ITEM 

D33 

D34 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

PT1160 Radioactive Gas D 3 
PIA1160 Holdup Tank 

Pressure 
PT1161 
PIA1161 

PT1162 
PIA1162 

PT1119 
PIA1119 

PT1120 
PIA1120 

PT1121 
PIA1121 

POS1657 Emergency D 2 
POS1659 Ventilation 
POS1663 Damper Position 
POS1679 
POS1713 
POS1743 
P01745 
POS1711 

POS1658 
POS1660 
POS1664 
POS1680 
POS1714 
POS1744 
P01746 
POS1712 

POS1757 
POS1758 
POS1768 
POS1769 

INSTRUMENT RANGE 

EXISTING REQUIRED 

Oto 120 PSIG Oto 150% 
Design 
Pressure 

Open - Closed Open - Closed 
Status Status 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE D VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 
MENT QUALIFICATION QUALIFICATION 

NIA NIA NIA 

Comply Comply NIA 

POWER 
REDUNDANCE SUPPLY 

NIA Reliable 
Non-1E 

NIA 1E 
Battery 

• 
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DISPLAY LOCATION 

CR TSC EOF COMMENTS 

CFMS CFM CFMS Design Pressure 120 
s PSIG 

Note 10 

C11A - - Only Emergency dampers 
are in control room HVAC 
system 

All components in mild 
environment 

Nole 18 

Nole 18 

Rev20 
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ITEM 

D35A 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

Power supplies D 2 
status of standby 
power 

Safeguards Xfmr 
Status 

EVJ-0015 Volts 
EAl-0015 Amps 

Starlul! Xfmr 
Status 

EVl-0003 1-2 Volts 
EAl-0001X 1-2 Amps-X 
EAl-0001Y 1-2Amps-Y 
EAl-0001Z 1-2 Amps-Z 

Safeguards Bus 
Status 

EVl-0008 Volts 

2400 Voll 1 E Bus 
Status 

EVl-0001 1-CVolls 
EVl-0002 1-DVolls 
EAl-0003 1-CAmps 
EAl-0004 1-DAmps 
EWl-0007 1-C Power 
EWl-0009 1-D Power 

Diesel Gen Status 
EVl-1107 1-1 Voll 
EVl-1107L 1-1 Volt 
EVl-1213 1-2 Volt 
EVl-1213L 1-2 Volt 
EWl-1107 1-1 Power 
EWl-1107L 1-1 Power 
EWl-1213 1-2 Power 
EWl-1213L 1-2 Power 
SPl-1107 1-1 Frequency 
SPl-1107L 1-1 Frequency 
SPl-1213 1-2 Frequency 
SPl-1213L 1-2 Frequency 

INSTRUMENT RANGE 

EXISTING REQUIRED 

Plant Specific 

0-3KV 
0-3KAMP 

0-3KV 
0-3KAMP 
0-3KAMP 
0-3 KAMP 

0-3KV 

0-3KV 
0-3KV 
0-2 KAMP 
0-2 KAMP 
0-5MW 
0-5MW 

0-3 KV 
0-3KV 
0-3KV 
0-3KV 
0-3MW 
0-3MW 
0-3MW 
0-3MW 
55-65 Hz 
55-65 Hz 
55-65 Hz 
55-65 Hz 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPED VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 
MENT QUALIFICATION QUALIFICATION 

Pre-QA Comply NIA 

• 
Page 23 of29 

DISPLAY LOCATION 
POWER 

REDUNDANCE SUPPLY CR TSC EOF COMMENTS 

NIA From Bus Various - - All compo.nenls localed in 
being Location mild environment 
monitored 

Power to 
alarm 
from 1E 
Battery 
bus 
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ITEM 

D35A 
Cont 

D35B 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

480 Volt 1E Bus D 2 
Status 

27-11 Bus 11 
27-12 Bus 12 
27-19 Bus 19 
27-20 Bus20 

480 Volt 1E MCC D 2 
Status 

52-1906 MCC1 
52-2006 MCC2 
52-1112 MCC 21+23 
52-1214 MCC22+24 
52-1901 MCC25 
52-2001 MCC26 

Preferred 1 E 120 (-

Volt Status 
27-1 Y10 
27-2 Y20 
27-3 Y30 
27-4 Y40 

1E DC Bus Status 
74-D1 DC Bus 1 
74-D2 DC Bus2 

Power Supplies D 2 
other Sources 
Important to Safety 

High Pressure Air 
PS0441 
PS0439 

AFW Backup N2 

PS2273 
PS2274 

INSTRUMENT RANGE 

EXISTING REQUIRED 

Plant Specific 

Undervoltage 
Alarm/No 
alarm 

Supply Bkr. 
Alarm/No 
Alarm 

Undervoitage 
Alarm/No 
Alarm 

Undervoltage 
Alarm/No 
Alarm 

Plant Specific 

Low Pressure 
Alarm/No 
Alarm 

Low Pressure 
Alarm/No 
Alarm 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE D VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Pre-QA Comply NIA 

Pre-QA None NIA 

REDUNDANCE 

NIA 

NIA 

• 
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DISPLAY LOCATION 
POWER 
SUPPLY CR TSC EOF COMMENTS 

From Bus Various - - Ali components located in 
being Locations · mild environment 
monitored 

Power to 
alarm 
from 1E 
battery 
bus 

-

1E Various - - See Note 12 
Battery 
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ITEM 

E01 

E02 

E03A 

E03B 

E04 

EOS 

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

RE2321 Containment Area E 1 
RIA2321 Radiation High 

Range 
RE2322 
RIA2322 

RE2300 Radiation E 3 
thru Exposure rate 
RE2317 (inside buildings 

or area where 
RIA2300 access is required 
thru to service 
RIA2317 equipment 

important to 
safety). 

RE2326 Noble gases and. E 2 
RIA2326 vent now rate 

(common plant 
RE2327 vent) 
RIA2327 

FE1818 
FT1818 
FM1818 
FR2318 

RE2323 Noble gases and E 2 
RIA2323 vent now rate (vent 

from steam gen 
RE2324 relief valves or 
RIA2324 atmospheric dump 

valves) 

- Particulates and E 3 
Halogens 

- Airborne E 3 
Radiohalogens 
and Particulates 

INSTRUMENT RANGE 

EXISTING REQUIRED 

1 Rem/hrto 1 Rem/hr to 
10' Rem/hr 10' Rem/hr 

10"' Rem/hr to 10·• Rem/hr to 
10' Rem/hr 10' Rem/hr 

10·1µc/cc 1o·•µc/cc 
lo to 
105µc/cc 104µc/cc 

10·1µclcc 10·1µclcc 
to to 
103µclcc 103µclcc 

1o·'µCilcc 1o·'µclcc 
lo to 
102µCilcc 102µclcc 

1Q·9µCilcc 10"9µCilcc 
lo lo 
1o·'µCilcc 1o·'µCilcc 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE E VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

Comply Comply Comply 

NIA N/A N/A 

Comply Comply N/A 

Comply See Note 16 NIA 

NIA NIA NIA 

NIA NIA NIA 

POWER 
REDUNDANCE SUPPLY 

2 Channels Preferred 
1E 

N/A NIA 

N/A Non-1E 

NIA Preferred 

NIA NIA 

NIA NIA 

• 
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DISPLAY LOCATION 

CR TSC EOF COMMENTS 

C11A CFMS CFMS 

C11 - - Radiation Monitors 
inside Auxiliary/Turbine 
buildings. Portable 
instrumentation will be 
used to determine 
radiation levels a long 
access routes and in 
areas where emergency 
maintenance is 
required. 

C11A CFMS CFMS All releases except 
steam gen relief valves 
or atmospheric dump 
valves through common 
stack. 

C11A CFMS CFMS Flow rate not provided 
calculated in procedure 
based on primary 
temperatures , 

- - - Capability of sampling 
stack effluent provided. 
Onsite analysis 
capability provided. 

- - - Portable sampling and 
analysis equipment 
provided 
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ITEM 

E06 -

E07 -

EOB -

E09 -

E10 -

E11 -

• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

VARIABLE 

TAG NO CATA-
DESCRIPTION TYPE GORY 

Plant and Environs E 3 
Radiation 
(Portable 
Instrumentation) 

Plant and Environs E 3 
Radioactivity 
(Portable 
Instrumentation) 

Wind Direction E 3 

Wind Speed E 3 

Estimation of E 3 
Atmospheric 
Instability 

Accident Sampling E 3 
Capability 
(Analysis 
Capability on Sile) 
Primary Coolant 
and Sump 
Containment Air 

INSTRUMENT RANGE 

EXISTING REQUIRED 

10-3 Rem./hr 10"'Rem/hr 
lo to 
2x104 Rem/hr 10' Rem/hr 
Bela and Photons 
Gamma 10"' rad/hr 

lo 
10-4 rad/hr 
and low 
energy 
photons 

Isotopic Isotopic 
Analysis Analysis 

0-360° 0-360° 
±5" ±5" 

0-100MPH 0-22MPS 
±.5MPH (50MPH) 

±.2MPS 

-5°Cto Based on 
+10°C ± vertical 
o.15·c temperature 

difference 
from primary 
met system 
(-5°C to 1o·c 
± 0.15°C) 

Grab Sample Grab Sample 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

TYPE E VARIABLES 

QA 
REQUIRE- ENVIRONMENTAL SEISMIC 

MENT QUALIFICATION QUALIFICATION 

N/A NIA NIA 

NIA N/A NIA 

N/A N/A NIA 

N/A N/A NIA 

N/A N/A NIA 

N/A N/A N/A 

POWER 
RE DUN DANCE SUPPLY 

N/A N/A 

N/A NIA 

NIA NIA 

N/A N/A 

NIA N/A 

N/A N/A 

• 
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DISPLAY LOCATION 

CR TSC EOF COMMENTS 

- - - Portable radiation 
monitors are provided 

- - - Samples collected 
remotely transported lo 
multi channel analyzer 

CFMS CFMS CFMS Measured al 2 
elevations 10 Meters 
and 60 Meters. 

CFMS CFMS CFMS Measured al 2 
elevations 1 O Meters 

CFMS CFMS CFMS Based on temperatures 
at 2 elevations 10 
Meters and 60 Meters 

- - - Note 11 
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• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

NOTES 

• 
Page 27 of 29~ 

1. Safety Injection Tank (SIT) level and pressure monitoring instrumentation changed to Category 3. Reference NRG Safety Evaluation. "Safety Injection Tank Pressure and 
Volume Instrumentation." dated Nov. 29, 1993. 

2. Power to the SI tank isolation valves is locked out during normal operations to prevent inadvertent isolation of the SI tank from the primary coolant system (PCS). For 
postulated events, which result in rapid PCS depressurization to a point at which the SI tanks discharge their contents, there is no need to close the SI tanks' isolation valve. For 
events which result in a slowly decreasing primary system pressure, the containment environment would not be expected to be as severe as that resulting from a rapid PCS 
depressurization. For these less sever events, it is expected that both the SI tanks' isolation valves and vent valves' position indication would function properly to indicate 
isolation and/or venting of the tank. Therefore, based on the above, CPCo considers that qualification of the SI tank isolation valve position indication is not required. 

3. Events which heat the quench tank result from the release of steam to the tank through underwater spargers. As the volume of water to be. heated is large, the 
temperature of the tank will remain less than the saturation temperature corresponding to tank pressure. The maximum tank temperature is thus restricted to the saturation 
temperature corresponding to the tank rupture disk pressure setpoint of 100 psig which is 338°F. 

4. Deleted. 

5. Deleted. 

6. The purpose of this indication is to monitor for potentially stuck open steam generator relief valves. Palisades has main steam flow instrument loops with flow transmitters 
located inside containment which can be utilized to monitor for excessive steam flows which would result from stuck open steam generator relief valves. The steam generator 
relief valves are located outside containment, and a Main Steam Line Break (MSLB) resulting from a stuck open relief valve would not result in a harsh environment inside of 
containment. Based on the above, it is concluded that the main steam flow instrument loops are located in a mild environment for events (MSLB outside containment) during 
which it would be required to function and, thus, are not subject to the provisions of 1 OCFR50.49. 

7. Containment atmosphere temperature indicating loops are provided for routine surveillance of containment temperature during normal operations. The temperature elements 
associated with these loops are located in containment and have not been environmentally qualified. Qualified containment pressure indicating loop are, however, provided 
which can be utilized to assess containment temperature. During accident conditions, when energy is released to the containment the saturation temperature corresponding to 
the containment pressure provides a close approximation of the actual containment atmosphere temperature. As there are no post-accident operator actions required based on 
knowledge of containment temperature, CPCo considers that containment pressure is an acceptable alternative for monitoring post accident containment temperature . 

. 8. The Palisades design does not contain provisions for monitoring sump water temperature. Monitoring containment pressure, however, allows an. assessment of sump , 
temperature as the sump temperature will be equal to or less (ie, slightly subcooled) than the saturation temperature corresponding to the containment pressure. As there are 
no operator actions required, based on knowledge of containment sump water temperature, CPCo considers that containment pressure is an acceptable alternative for 
monitoring sump water temperature. 

9. CCW parameters monitored in the control room include: CCW pump current, CCW pump discharge pressure, CCW surge tank level and shutdown cooling heat exchanger 
inlet and outlet temperature (CCW side). These parameters are sufficient to allow determination of events such as flow blockage or pipe rupture. Flow blockage events, 
resulting in decreased system flow, would be indicated by increased CCW pump discharge pressure, decreased CCW pump current and increased differential temperatures 
across the shutdown cooling heat exchangers. Pipe rupture events would be·indicated by decreasing levels in the CCW surge tanks. Providing these parameters in the control 
room precludes the need for CCW flow instrumentation. 

Rev20 



• 
CONSUMERS POWER COMPANY 
PALISADES PLANT 

• 
REGULATORY GUIDE 1.97 REV 3 
PARAMETER SUMMARY TABLE 

NOTES 

• 
Page28 of29 

10. The radioactive waste gas system consists of a waste gas surge tank, three air compressors and six waste gas decay tanks. The design pressure of the waste gas decay tanks 
is 120 psig and pressure-monitoring instrumentation is provided to indicate from 0 psig to design pressure (120 psig). This range of the pressure instrumentation is considered 
acceptable based on the following operating and design features which prevent the design pressure of the tank from being exceeded: 

a. During normal operation the tanks are isolated when reaching 95 psig (80% of design pressure). 

b. An alarm is provided to indicate when tank pressure exceeds 100 psig (83% design pressure). 

c. Two relief valves set at tank design pressure are available to relieve pressure when the tank is being filled. One relief is located on the discharge of the air 
compressors and the other on the tank. The total relief valve capacity exceed the design capacity of the pumping system. The relief valves relieve back to the waste gas 
surge tank. 

d. The tanks are located in an area of the plant where the environment would be unaffected during any design basis event. Thus, isolated tanks could not be 
overpressured by extreme temperature changes. 

11. Consumers Power Company's submittal dated August 12, 1983 addresses the Palisades post-accident sampling system (PASS). A detailed comparison between Regulatory 
Guide 1.97, Revision 2 instrument range is provided on Pages 16-17. The accident sampling variables and ranges presented in Regulatory Guide 1.97, Revision 2 are identical 
with those presented in Revision 3 with the exception of the gross activity range. The Palisades post-accident sampling system gross activity range is identical to that required 
by Revision 2. 

12. Other standby energy sources include emergency high pressure air systems utilized to operate selected air operated valves in the event that the normal instrument air system is 
disabled. Status of the various standby pressure sources is provided by local pressure indications and control room alarms actuated on low pressure. The accumulator tanks in 
the standby high pressure air systems are passive devices which function automatically to provide air to required valves through appropriate check valves in the event normal 
instrument air is lost. The status indications provided are used for monitoring during normal operations to assure that sufficient air is available in the accumulators to perform 
their function if required. Some of the components of the status indication system are located in harsh environments, however, as these indications are only required to 
determine system availability prior to use, CPCo considers that upgrading these components is not required. 

13. The range of the installed PCS pressure instrument loops deviates from the 0-4000 psig range required by Regulatory Guide. The existing range of 0-3000 psig is considered 
to be adequate based on the improved readability of the smaller range and the modification installed to limit anticipated transient without scram (ATWS) events. (Reference: 
CPCo letter to NRC, "Response to NRC Interim Report, Conformance to Regulatory Guide 1.97," dated April 30, 1986). 
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PARAMETER SUMMARY TABLE 

NOTES 
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Page29 of29 

14. Cable separation for the containment penetration isolation valve position indication listed below deviates from the guidance on redundancy provided in Regulatory Guide 1.97 
and the Palisades design basis. A lack of position indication would not result in misleading the operator and by placing the valve handswitch in the closed position, the operator 
would assure that power is removed from the solenoid operator thus closing the valve. (Reference: supplemental Safety Evaluation, "Conformance to Regulatory Guide 1.97," 
dated January 11, 1994.) 

CONTROL VALVE PENETRATION NO 

CV1910, 1911 
CV1064, 1065 
CV1002, 1007 
CV1036, 1038 
CV1044, 1046 
CV1101, 1102 
CV1103, 1104 
CV1501, 1502 

PCS - Primary Coolant System 
CWRT - Clean Waste Receiver Tank 

40 
25 
47 
49 
69 
46 
52 
38 

FUNCTION 

PCS SAMPLE 
CWRT VENT TO STACK 
PCS DRAIN TANK 
CWRTOUTLET 
CWRT PUMP SUCTION 
CONTAINMENT VENT HEADER TO WASTE GAS 
SUMP DRAIN TO DIRTY WASTE TANKS 
STEAM HEATING RETURN 

15. Cable separation requirements for the core exit thermocouple cables between the reactor head and control room are not met. Justification for this deviation is provided in CPCo 
letter to the NRC, "Inadequate Core Cooling· Instrumentation System," dated May 31, 1984. 

16. The main steam line radiation monitors are located in an area defined as a harsh environment for a main steam line break outside of containment. The installed radiation 
monitors are not qualified to operate in this harsh environment. Justification for this deviation is based on the following: 

a. The main steam radiation monitors are used to quantify radiation releases for a steam generator tube rupture. The steam generator tube rupture does not result in a harsh 
environment in the area containing the radiation monitors. Thus the main steam radiation monitors do not need to be environmentally qualified. 

b. The function of the main steam line radiation monitors is to calculate the potential offsite dose which could occur following a release through the steam generator safety relief 
or atmospheric dump valves. An alternate method of performing this calculation is provided by the backup High Range Effluent Monitors located on the auxiliary building 
roof. Use of this backup method is included in Plant Emergency Implementation Procedure. 

(Reference: Supplemental Safety Evaluation, "Conformance to Regulatory Guide 1.97," dates January 11, 1994) 

17. Both channels of condensate storage level indication cabling are routed through the non-seismic turbine building. This condition has been reviewed and found acceptable as 
documented in Reference 24. 

18. P0-1745 and P0-1746 provide position indication via limit switches in the motor operator. Power supply is from the motor operator's breaker cubicle via a step-down 
transformer. 
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1 CHANNEL 1 CHANNEL 2 CHANNEL I CHANNEL 2 Cl-'ANNEL 1 CHANN~L 2 CHANNEL l CHANNEL 2 
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j I XPAI 
10 
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6 10 
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XP83 
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Also Avaiiabl&! On 
Aperture Card 

3 
SAFETY INJECTION TEST INOICATIN(i LAMPS 

SCHEME NO. 536 

0 12·6 FUSE EDB NO. ADDED PER ENG, REVIEW 
-, 'll lnrR ""~-QI·'"'"'' "4AI I PRC JGD iDs 

1% REV DATE 

PREVIOUS RECtllll I..., 

"IClllOM l'.E, 111. 

IF' Ill. 

DESCRIPTION FC• BY 
SC• 

CK APP 

CONSUMERS POWER COMPANY 
PALISADES NUCLEAR PLANT 

COVERT. MICHIGAN E21l6·2.110'1 

SCHEMATIC DIAGRAM 
SAFETY INJECTION SIGNAL 

AUXILIARY CIRCUITS 
DRAlllNu N R ,,,,,y ~ ""V 

E206 2 I q 
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DIG.NO. ----------

TEST SIS & 
, CONTROL SIS BLOCK SIS INITIATION • SIS SIS SEAL- IN START ENG SAFEGUARD 

EOPT, W/STANDBY POWER~ 
AVAIL ENERG. ON SIS 

f\ I CIRCUIT I AUTO RESET AUTOMATIC 1 MANUAL I SEAL I ·rEST TEST 

fe8\ U.V. 13/4 LOGIC ENERG. ON 2/4 LOGIC ENERG. ON SIS CHP I I IN 1 .1'1TH I WITHOUT I 

( 
- - -.18~ LP & INITIATES TO BLOCK ,._--------------------of+1 --.t1 S.TOBY STOBY 

~U~/1~2.!;!J _ \..-...- - PWR PWR 
17A~ 1' '" ---------,tlJl_XI~ 

X//~ ~ ~ ~ ~ u lSIS-7 : 
~ // - XI~ r r 12 I --~---~-,-------ClJL-; 

ru_Zi~~4F
1 

2
'1 :

7 
~-3411 XPC3 13-TV3-24• 

2
:
1 

SP-3 : ;~lef-tL 
6'' 8' 9• e• , NOTE6 

11 

~ 2 8 XPB4 XPD4 ·i" XPAI ·i" XPAl ·i" XPCI 'i" XP82 1'1 
~ '5' 7 7' I 7 I I l t TX-3 SIS-5 

2 I l 2 15 TDC 2 I 

~ 4 4 I u---------·-

:I ~ :1~ ', 5'' 5' 5 1 7 1 

\ XPCI \ XPB2 .\ XPD2 
1

" XPD2 
6. 6 6 I 8 • I 1 I • l I 

XPC3 'T XPA3 I t TVX-3 . TVX L • 2 4 I l TDC . -
1" 2 • 2 

.tl2L... XU 
t13l.... o----

1 L_f'B3-I l ! r SIS 
2
. T )18-L 

BLK. :• ----.J 

14 

!h 
SIS-81 ,) 

61 

.ClZL. ) 

t12L.. I X12 
.t13I.... I 

3 
i XB-L 

4 '\ 

J450 
T~l 

BK 

•123 ~ .,__.._~-2-1-----~ 
SCHEME ..__ ..}.. WH 

IG23 

~3-TY3-UI 

••3-TV3-26 

~ 
S.I. 

INITIATE 

I 
I 

~1

11 p~~5 1 
RESET 

I 
11 

: SIS-3 

I 
I 
I 
I 

I 

31151 
~ 
~ TX-L 

TX-L 4•1161 
114 

l"m 
'6 

.tl.Jl. ITOO 15 SEC.I 

--").'_·.,:·· r7- l-X2 
~62-1~3-Xt 

tlil...9-SISX 6 
Sl!;X JC!400 

tl1f - -
~ I ~)SI~~. < XB-L '131... ~ <s1s-1 SIS-3 ~)SIS-5 SIS-7 I 

I// - ~ . 131 I I 

SIS- ~> SIS- l SIS- /:> SIS-
Xl X3 ') )15 X7 L:,2 

• .~~s4i=i'} ________________ _:. _________________ ,~----------~ON SCHEME 541 

l'!A LJth" /'"I L 

;UZ/lG2:-1

2 

2"r SAFETY INJECTION & SEQUENCE LOADING CIRCUIT NO. I 
SCHEME NO. 541 

ONE OF TWO IDENTICAL CIRCUITS 

ADAPTER TABLE 

tillIESJ 
1. FOR SIS DETECTION AUX. RELAYS SEE DWG.E-206. 
2. FOR SIS TEST SIGNAL RELAY CIRCUlTS SEE DWG. E-210 SH. I. 
3. FOR WIRING BLOCK DIAGRAM SEE SH. 2 OF THIS DWG .. 
4. ALL WIRING •14 AllG .. 
5. FOR SIS BLOCK RELAYS REFER TO DWG. E-206. 
6. FOR CHP RELAYS !lP·3 & 5P·8 SEE DWG. E-208. 
7.FOR SCHEME S42 VARIATION SEE E-20'! SH.IA. 
e.c I DENOTES RIGHT CHANNEL CONTACT NUMBERS. 
q,sEOUENCER TEST CONNECTION VIRE IS •as AVG. 

r- SI 
~ APERTURE ' c.1..nn t ~" 

Also Available On 
Aperture Card 

28 1-21 ADDEO FUSE NiJ. S AND REV. ADAPTER TABLE 
qJ TO SHOW FUSE NO. S PER OCR qz- 1506 IJSl 

JFH JGO OHB 

1g ... / I/ ... REV DATE DESCRIPTION Ft• BY CK APP 
SC• 

PREYlllJS RECORD ISSIE 

CONSUMERS POWER COMPANY 
PALISADES NUCLEAR PLANT 

COVERT, MICHIGAN E2111q-l.DGN 

AUXILIARY RELAYS MAINTAINED 
SIS BLOCK LOCATION SI INITIATION RELAYS DESCRIPTION SCHEME PREF, AC. 

NO. BKR. BKR. L.P.S.I. 
MOMENTARY SIS T/O U.V. RELAY / FUSE NO SIS 8LK11--""""1CHJ""GAN<==.!P"".L~No.,,.,,__. 

SIS WITH STANDBY POWER RELAYS RELAY 74/ J ' '::iVITCH 

SCHEMATIC DIAGRAM 
SAFETY INJECTION & SEQUENCE 

LOADING CIRCUITS 

E209 L.::======================~=2====rn====3===·=·~~=c2=~~=::::::======::::::c=~=~=~=~::::===C=l~========S=IS=-~=4,s.a.i===·======S=IS=-·=2=l==s=1s=-·=4=1==s=1s=-·6::::1:='=1s-=xe==!::=mi===!===s1=s-z==::!!F~UZ~/~~2~:~1=FW:'~IGZ2=:--·=P83·2 

~ 
S.I. & SEO. LOADING CKT, NO. 2 

Y30 I.Fl No. l~H JJn.I wa.v 3 ~~:~~ ~~~~ c121. s•s-1.3.S.7 SIS-XI 1 SIS-•3 1 sis-•, 1 s1s-•1 m SIS-• ruu~1-•IFUZ/IG23·1 PB3- 1 S.I. & SEO. LOADING CKT, NO. 1 ~· 
1 I 20 

Figure No 7-17 FSAR Rev 1 5 
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r. 
U'I 

tT 
C5I 

"' I 
w 
d z 
ci 
;I: 
0 

:l: 
0 a: 
IL 

0 w 
::::l 

= ..... 
z 
0 
u 

. . START ENG SAFEGUAEDS EQUIP W/O STDBY PWR. 

START OBA SEQUENCE START NSD SEQUENCE SEO 

STA PWR LOAD SHED 
W/STARTUP 
PWR AVAIL - . . DIESEL GENER BKR CLOSE 

VOLT. & SEAL-IN I INPUT INPUT TEST - ' - PROC SIS !NIT ---
SIS NO SIS 

All 
XI ~--i----~-. 55 

52 ~ I52-107 ~ 152-107 

5I~ - 0
- ~I5-;o-

All. y All xr x 0 
C13L C}3Lb 

q l710filH_ 
10 8 --xc--

9 

5 SIS-3 

o----.TEST.,._ __ -o 10 

7 
TX-L 

8 

2 

I OUTPUT I LOAD SHED I 
LITES 

125V DC BKR 72-I36 P ,.. 
PNL DU-2 c CI3L ~~·~----. 

TS-L 

FUZ/S41-2 

C13L o-----· 

1l C221 

l
cs~u I I27D-13 

12 II270-12 

T1210-11 I• 

X16 C22 y 2, 

P\2 

.rni_3 
:X16 

C13L? 

.KSJil.. 
SEQUENCER 

CONTROL 
RESET 

CONN 

MC-34Ll02 

2 
2 

3 
13 

MC-34L102 194-4I 

Al~r •t-------. 
LOAD SHED 21 11 ' I06D-1 4 

CHECK l 1q4-I08 -F106D-I 22 12 10 

All 
13 p 3 
94-4I C13L 

14 --
7 > 14

106D-1 
1060-1 XL 

8 13 

4 14 CI3L ~ 
- 1--<;>--~ 

L2 L2 

SAFETY INJECTION &. SEQUENCE LOADING CIRCUIT NO. 1 ~~>---------' 

ONE OF Ti1iHia~N~?c1~ICIRCUITS 125V DC BKR 72-I36 
PNL Dll-2 c CI3L FUZ/S4I-2 

ADAPTER TABLE 

DIESEL BUS 

. . ALARMS IREF DWG E-2CJ3> 

SIS ALARMS SIS BLOCK SAFETY INJECTION SPARE _ I 
I I INITIATION Cl<TS. U.V. - I I 

~ 

21 21 
u! 
!XB-L 

I2f 

61 . -----. 5I XB-L 

31 5± 1f 
4 + XB-R 6 + XB-R a+ XB-L 

10 I 515-3 I SIS-< 11! 
I2l XB-R q T XB-R ·. __ ___. 

qi l i - iI -
I0l°xa-L 2l~t~ 

INTERLOCKS 
1~ 11 

i SIS-I i SIS-XI i 

T SIS-3 T SIS-X3 T 305L 
SIS-5 SIS-X5 

SEE OWG. SEE OWG. SEE DWG. 
NO. E-20"! NO. E-20"l NO. E-121 

SH. 4 SH. 4 

:Xl,P12,P13 
Xl9,X20 

------C13R !SCHEME S4?1 

NORM 
OFF SHUT ON 

is1s-xa 
3! I060-I 

ALARMS <E-2"l2 SH. 21 

"I 
CFF h 

f;JSEQ. TEST 

T 9f l'C-1I5 is~ 16 
SERV. WTR. DIESEL :34LIB7 MC- r-::iHC-

PP. P7C GEN. BKR. 34R1B7p34Ll07 
SEE OWG. SEE OWG. 

NO. E-154 SH.2 E-I39 1-C-
34RIB7 15 SEQUENCER 

LOW BATTERY 
SEQUENCER TROUBLE 

SEQUENCER 

3 3 
~ ~ l~ If001 

4 L-J" 4----xr:- 2 k_sJ 2~ 
Y NORM. SHUTON. SEO.TEST 

CONT~8eu~~~~IZED SW. TS-L & TS-R 
G.E. TYPE CR-294'11 SPRING RETURN 

TO OFF POSITION-LOC. Cl3 

SWITCH KS-34L &. KS-34R 

SEQUENCER CONTROL RESET 
OFF RESET 

DIESEL GEN.BKR. S.I. PB LOAD SEQUENCER NORM. SHUT- CHP RELAY SCHEME PREF. SEO. ENGINE UNOERVOLTAGE CONTROL DC DC 
DESCRIPTION LOCATION SHED CONTROL ON SEO TEST NO. A.C. 

S.I. & SEO.LOADING CKT.N0.1 S4l All I C_06L I C04L I Cl3L I C22 Y30 34-1,3.5 

S.I. & SEO. LOADING CKT. NO. 2 S42 A12 I C06R I C04R I CI3R I C26 Y20 34-2,4,6 

ADAPTER TABLE 

STATION POWER LOAD SHED O.G. LOADING SEQUENCER 
W/STARTUP POWER AVAILABLE DBA/NSD OBA INPUT NSO INPUT FUSE NO. AND SIS INTIATION PROCESSOR 

194-4I. 94-41, SISX-7 I J543 MC-34L101 MC-34Ll02/1 HC-34Ll02/2 FUZ/541-2 

194-42, 94-42, s1sx-a 1 J542 MC-34R10I MC-34R102/I HC-34Rl02/2 FUZ/S42-2 

--,----·----·- ··- ---· -·--··- -······· ··- ... -··· ... ·----

CLOSE u.v. RELAY HAN. INIT. RESET 

1270-1 1060-1 PBI-1 PB2-l 

1270-2 1060-2 PBI-2 PB2-2 

* 
NOTE:POWER PROVIDED.TO DRIVE OUTPUT 
CARD INDICATING LITES. OUTPUTS WITH 

BLOCK RELAY 

PB3-l 127-I-X2,162-153-Xl 

PB3-2 I27-2-X2,162-154-Xl 

NO LOAD CONNECTED WILL HAVE UTE ON. °" 

LOCATION RELAY 

J"l400 1"14-108 

J"l401 194-211 

RELAY 

1060-1/XL 

I06D-2/XL 

* 

RESET CONTACTS 
KEYSWITCH PUSHBUTTON 

KS34L 

KS34R 

TS-L 5P-3/2, 5P-0/1 

TS-R 5P-4/2, 5P-9/l 

*SEE E-20q,sH.2A FOR 
RELAY TABLES. 

PNL 

011-2 

D2I-2 

s<a•1><"""' out OR. J. L. STERRETT 
APP. C.J. MCDONALD 4122/B 

BKR 

72-IJE 
Jl.l.Q. 2 l 0 0 2 

72-23E -1-

MIRCO SW TYPE PTF 
SPRING RETURN TO OFF POSITION 

LOC. CI3 

CK. T.O. VOGT 4/22/83 

"'"""" "''° CONSUMERS POWER CO. 
OUTPUT WITH A LOAD CONNECTED WILL HAVE 

28
14-13 REMOVED WIRES X3 & Xl9 <C04-Cl3l JGO f1,4 

LITE ON Wl'IEN OUTPUT IS CLOSED ANO LITE 95 PER 'APP. R' & DCR-95-234 DEi'"""""....., 
OFF WHEN OUTPUT IS OPEN. l-R-E-V-:p--A-'T'-E+-------0-E-S-CR_I_P_TI_O_N ____ +-B-Y-+-C-K-+--t PP. O.C. TARSI 

PP. P. LOUCH 4122183 PALISADES PLANT 

E209-2.DGN 

SCHEMATIC DIAGRAM 
SAFETY INJECTION & SEOUENC 

LOADING CIRCUITS 

4/22/83 NO. E-209 SHEET 2 

Figure 7-18 

9707070091-0~ 
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• 
MM4U0Z 18817-1161 SEQUENCER FUNCTIONS-LEFT CHANNEL MC-34RJl!2 C88l7-JJ61 SEQUENCER FUNCTIONS-RIGHT CHANNEL 

TIME 
DBA NSD 

INPUT 
CONTACT INTER INPUT DESCRIPTION 
NUMBER CONT ND 

DRAWING 
INPUT · 

CONTACT INTER INPUT DESCRIPTION 
NUMBER CONT NO 

DRAWING TIME 
DBA NSD 

10001 INPUT Fiii llSA aeeeu E-ze<I SH.Z 1001!JI INPUT FDR llSA E·ze<I SH.Z BIREFI 

z 1001!2 INPUT FOR NSO aeeezi E-ze<I SH.Z 01REF'l 2 1001!2 INPUT FDR NSO E·ze<I SH.Z NA BCREFJ 
3 1Bell3 SPARE 3 11!01!3 SPARE 

SPARE 4 leee4 .SPARE 

5 10005 SPARE 5 10005 SPARE 

6 10006 SPARE 10006 SPARE 

7 10007 SPARE 7 10007 SPARE 

8 10008 SPARE 8 10008 SPARE 
q 1008'! SPARE 1008'! SPARE 

10 1e01e SPARE IB 10019 SPARE 

11 lel!JJ 11 10011 SPARE 

12 1ee12 SPARE 12 10012 SPARE 

13 111013 SPARE 13 10013 SPARE 

14 10014 SPARE 14 111014 SPARE 

15 10015 SPARE 15 1011115 SPARE 

16 19016 SPARE 16 10016 SPARE 

Mc-34U03 <BS111-<1ew SEQUENCER FUNCTIONS-LEFT CHANNEL MC·34RIS3 ma1e-eBS1 SEQUENCER FUNCTIONS-RIGHT CHANNEL 

• OUTPUT 
CONTACT INTER OUTPUT 
NUMBER CONT NO 

DESCRIPTION DRAWING TIME 
DBA NSD 

00001 OPEN HPSI YOP-300'1 

OUTPUT 
CONTACT INTER OUTPUT 
NUMBER CONT NO 

DRAWING TIME 
OBA NSD 
~ 

DESCRIPTlDN 

OPEN HPSI YOP-3064 E·Z44 SIU 0?0.3·B N41 

z OPEN HPS1 YDP-3911 E-244 SK.4 ( e+B.3-9 NA 2 0001!2 OPEN HPSI VDP-3066 E·Z44 SH.4 11:1!.3·9 NA 

3 Beee3 OPEN LPSI VOf'·3010 E-244 SIU ' e+B.3·9 j NA 3 11eee3 OPEN LPSI VOP·31ll2 E·244 SH.I I B?B.3·9 Nil° 
E-242 SH.I ll+B.3·9 NA E·241 "'' s 00005 5 ooees E-293 

Blll!B6 SPARE 6 BBBB6 SPARE 

7 eeee1 SPARE 251 
8 SPARE J 

MC·34Ll04 IB81e-ees1 SEQUENCER FUNCTIONS-LEFT CHANNEL MC-3<RJll4 <BBle-e0Bl SEQUENCER FUNCTIONS-RIGHT CHANNEL 

OUTPUT 
CONTACT INTER OUTPUT DESCRIPTION 
NUMBER CONT NO 

DRAWING TIME 
OBA NSD 

OUTPUT 
CONTACT INTER OUTPUT DESCRIPTION 
NUMBER CONT NO 

DRAWING TIME 
OBA NSIJ 

OPEN H!'SI VOP·3BB7 E-244 SH.I 0•0.3-1! I NA OPEN HPSI VOP·3B62 ... 
2 00910 OPEN tfSI VOP·3013 E·244 SH.4 ll•B.3·B I NA 2 1100111 OPEN HPSI VOP-3068 E·244 SK.< l 0tB.3·11} 

3 00011 OPEN LPSl VDP-3098 E-244 SH.l 0•11.3·0 3 11011111 OPEN LPSI VDP-3Bl4 E·244 SIU N• 
00012 E-241 I ll•B.3·0 NA 4 00012 SPARE 

5 00013 E·241 i..&.B.3·0 NA 5 00013 SPARE 125f 
6· 00014 SPARE 6 110014 SPARE 
7 110015 SPARE 251 7 00015 SPARE 

B 110016 SPARE J 8 00016 SPARE 

• 

'· 

MC-34L1es· <B83S·e161 SEQUENCER FUNCTIONS-LEFT CHANNEL IMc-3.4RJes <8836·0161 SEQUENCER FUNCTIONS-RIGHT CHANNEL 

TIME 
OBA NSD 

OUTPUT 
CONTACT INTER OUTPUT DESCRIPTION 
NUMBER CONT ND 

TIME 
DRAWING ~ NSD 

OUTPUT INTER OUTPUT 
CONT ACT CONT NO DESCRIPTION 
NUMBER 

DRAWING 

00017 SIMI !DM<I W.IIR PIH' P-7A E ·154 SK.I J&!e.3 1B:!'B~3""'1 , j1.__ 
2 0e01s START CIWGIG PIH' p.551"'" E-Z57 SIU lq!B.3 l~B.3 25 
3 SIART OWiOl>G l'llf' ~ E·257 SIU Z•B.3 Z•B..~ \(°"-

START lPSI PIH' P-678 E-248 I JJ!B.3 I NA 

I 

2 

3 

4 LPSI PUHP P-67A E·247 IJ~B.3 /NA 

s 00021 SPARE 5 ee021 SPARE 

6 SPARE 6 SPARE 

7 00023 SPARE I I 7 1!11!11!23 SPARE 

8 00024 SPARE a SPARE 

q 00ezs SPARE q 081!25 SPARE 

IS 901126 ..• SPARE 10 SPARE 

11 0eez1 SPARE II 001121 SPARE 

12 001128 SPARE IZ 001!28 SPARE 

13 SPARE 13 SPARE 

14 SPARE 14 SPARE 

15 01l1!31 SPARE 15 01l1!31 SPARE 

16 00032 SPARE 16 lll!03Z SPARE 

MC-34ue6 IBB3S·BJ61 SEQUENCER FUNCTIONS-LEFT CHANNEL MC-34Rl06 <8836-0161 SEQUENCER FUNCTIONS-RIGHT CHANNEL 

OUTPUT · 
CONTACT INTER OUTPUT 
NUMBER CONT NO 

DESCRIPTION" 

I BBB33 Sl<fiT 1>11< FOOR PIH' P-BA 

2 110034 STAAT CCV PIH' P·SZA 

3 00035 SIMT Cil'll SPRAT l'Uf' P-54C 

4 00036 START Cil'll 99'r PIH' P-5411 

5 00037 SPARE 

6 00038 SPARE 

SPARE 

B 110111411 SPARE 

~ 1101!41 SPARE 

10 00B<2 SPARE 

II 00043 SPARE 

12 SPARE 

13 000<5 SPARE 

14 1100<6 SPARE 

JS 00047 SPARE 

16 00048 SPARE 

~ 
L THE FOLLOWING CONVENTION VAS USED FDR 

EOUIPMENT N\R'IBERS. 
MC-34XXXX 

CHANNEL I I j 
~l~ • RIGHTJ-1 : I 

~~A~S 1) - - - -' ~ 
IBJ-B71- - - - - - -1 
2. SEOUENCERS ARE GOULO MOOEL qfl4•38B WITH 

BBB SEAlES INPUT /OUTPUT MOOU!.ES. 
3. FDR SEOUENCER INITIATION SCHEME SEE 

E·20~ SH.2. 

DRAWING 

E·l"6 SH.Z 

E·251 

E-251 

TIME 
OBA NSD 

23+0.3 23+e.3 

2•0.3/ NA 

h25r" 
I I 

OUTPUT 
CONTACT INTER OUTPUT 
NUMBER CONT NO 

I 

2 

3 

5 

·6 

7 

q 

10 

II 

12 

13 

15 

16 

lll!033 

00034 

eee35 

eoo37 

e0e38 

09941 

00042 

00043 

00044 

00045 

00946 

00047 

00048 

*IF PUHPS P-52A AND P-528 FAIL TD START. 

• • IF PUHPS P-SSA ANO P·55C FAIL TD START. 

DESCRIPTION 

SIART I<.!< fMll PIH' P-BC 

START CC P\J!1P P·528 

SIART SEJMtE "'11 PIH' P-7C 

SIAR! Cil'll SPRAT PIH' P-54• 

SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

SPARE 

DRAWING 

E-1qs SK.'11 

E·25'1 

E·IS4 SH.Zl 
E·251 

11-1 REV MC·34L&RIB3, 1114, 105 & 106 
"6 PER '1511-"6·8JB. 

REV DATE DESCRIPTION 

1\ .. 
JGC • )<. 

BY CK APP 

SECTION""" 4/18.,./,.83 OR. R.H. SATTERELLI CK. T .D. VOGT 4/IB/83 
C.J. MCDONALD "°"""~--:.=--"'-"-'-~.=..;.==---+----'-'=--------~""'-''-"--t1 

CONSUMERS POWER CO. SCHEMATIC DIAGRAM 
APP. P. LOLICH 4/18/83 SAFETY INJECTION & SEQUENCER 

PALISADES PLANT LOADING CIRCUITS 
CEPMltelT PEAD 

APP.o.c. TARSI 4/18/83 E20'!-3.DGN NO. E-20"! SHEET 3 REV. 25 

Figure 7-19 
Rev 19 
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SIS CSAFETY INJECTION SIGNAL> RELAY 
FUNCTIONS OF SIS RELAYS 

TABLE 

A~$O Av~H~b8® on 
AperttWr® Ccard .-

SIS RELAYS-LEFT !ODO NUMBERS> SIS RELAYS-RIGHT <EVEN NUMBERS> 
CONTACTS 

SIS-1 SIS-3 

1 ~i-. CLOSE COKT'HT SIM' DRAIN 

** 
E-235 SEAL ·IN CONTl>Cl ISOL. SYUB3 . Slf.I 

2 ~ CLOSE SER>'JCE WATER TO E-21'1 s.J. lNITIATION "'--NON-cRITICAL lTEHS SY-13'5'1 511.3 

3 ~ 
TRIP BLOCK E-257 CLOSE BORIC ACID RECDIC. 
CHARGING PlM' P55C SH.2 VAi.YE POC2138 

4 ~i-. 5.L INITIATION Al.ARH E·2'13 START OBA SEOlaCER SH.4 

5 ~ 
CLOSE BL()(;K E·257 NO. SIS TO START NORMAL 
CHARGING PUHP P55C SK.2 SlfJT DN. SE!llalCER 

6 ~ 
CLOSE 5.L TANC l'fUEF E·245 CLOSE 5.L TANC l'fUEF 
YALYE SYS342 SH.3 VAL YE SVS346 

.. .. . 4 ~: ·.· .. .. -
: 

' ... 

.. 
...... 

CONTACTS 
SIS-XI 

1 ~i-. START U'. INJ. ""'11' 
P67B 

2 ~i-. START U'. INJ. PIH' 
P668 

3 ~i-. CONT. SPRAY PUHP P54B 
ON STAND BT 

4 ~i-. OPEN K.P. IN.I. LINE 
HOV JllS7 

5 ~i-. OPEN H.P. IN.I. LllE 
HOY 300<J 

6 ~i-. OPEN H.P. INJ. LllE 
HOY 3013 

·.:· 

GWO 8428 
SUBMERGED ELECT. EOUIP. MOD. 

NOTES 
I. * N.O.CONTACT 
2. ** N.C. CONTACT-OPENS ON SIS 
3. F~~ RE~AY ~IR'f'ITS, S E- 0q, H. 
4. SIS-10 RELAY HAS 12 CONTACTS 

28 
12-17 REY'O. SIS-7 & 8 ! 96 

REV DATE 

SIS-5 SIS-2 B~'G: SIS-4 R~· SIS-6 . BWc;: SIS-10 !SEE NOTE 4) R~\::~ 
E-21!'1 SIS Willi STAIUIY PWR. E-20'1 CLOSE CONT'MT Slt1P ORAIH E-235 SEAL-IN CONTACT E·2B'I SIS WITH STANDBY PWR. E·2B'I OPEN SERY. llTR. DlSOI. 

** 
E-216 

SH.I AVAILABLE OCT. NO. I SH. I lSOL. SYUIM ** SH.I SH.I AVAILABLE CICT· NO. 2 SH. I SY1l861 

* 
E·zq] CLOSE BORIC ACID '-E-1.P E•234 SPARE 5.L INITIATION ALARM * 

t.-...... ., OPEN COMP. CLG. llTR. TO E-23'1 SPARE 

* SH.4 STOP YAl.YE SY2155 SH. I SK.4 SEAL CLG. Sl.CTION YA. SYll'll3 Sll.2 

E·'IB CUISE 5.L TANC RELIEF E-245 CLOSE SERVICE llTR. TO t:•Zl'I CLOSE BORIC ACID RECIRC. E-'IB CLOSE COHP. CLG. llTR. TD E•23'1 SPARE VAi.YE SV0347 511.3 NON<RITICAI. lTEHS SY13'5'1 ~ YALYE POC2136 SK.3 Fla. POCl. IEAT EXCH. SvecM.CA 511.2 * 
E·2B'J CLOSE 5.L TANC RELIEF E-245 CLOSE S.I. T /-1« L.EAl<AGE E-245 START OBA SEOlENCER 

E-21!'1 ENABLE OPENING COHP. CLG. E-23'1 CLOSE CIH'. CLG. llTR. TO E-23'1 
YAL YE SVB338 ** SK.3 VAi.YE SV386~ ** SK.3 511.2 I/TR. TO Fin POOL !£AT EXOI. SK.2 RAOllASTE EVAPS SVB'l44 ** 

E·ZB'I OPEN COtfOIENT CL"G. I/TR. E-23'1 OPEN CIH'!lt<ENT CLG. I/TR. E-23'1 NO. SIS TO START NORHAL E·ZB'I 5.L INITIATION Al.ARl1 * 
E·2'13 CLOSE COMP. CLG. llTR. TO E-23'1 

TO SHUT DN. HEAT EXCH. SY0'1311 SH. I DISCH. FROH SEAL CL&. SYB'l5B 511.2 SHUT ON.SEO SK.2 511.4 RAOllASTE EYAPS SYl!'l77B 

E·245 CLOSE IPSI HOT-1.EG PRES&ff: E•245 CLOSE S.L TU« l<EUEF E·245 CLOSE 5.L TAHt< RELIEF 1::-~·~ OPEN SERV. I/TR. DISCH. E·216 SPME LETDOWN VAi.YE CY:le85 SH.4 YALYE SVS347 SH.3 YAL YE SYll33S SH.3 SYl!873 SH.I * 
- ·:=:-_:;:::1 .: - .. ~ :.~·~:- ~ 7 ~ Cl'M IN'UT •124 E-21!'1 -·- CLOSE IPSl HOT-LEG PRESSl.llE 8 ~ LETDOWN VAi.YE CVJB84 E-245 

. .. 
<J~ -- - SPARE -- ·-

.. 10 ~ SPARE 

11 ~ 
CLOSE 5.L TANC RELIEF E·245 
YALYE SYll342 SH.3 

12 ~ 
CLOSE 5.L TANIC REl.IEF E·245 
YAL YE 5¥8346 SK.3 

SIS-X CSAFETY INJECTION SIGNAL AUXILIARY> RELAY TABLE 
FUNCTIONS WITH SIS & STANDBY POWER AVAILABLE ·-.. 

SIS-X RELAYS-LEFT !DOD NUMBERS> .. SIS-X RELAYS-RIGHT <EVEN NUMBERS> 

B~c: SIS-X3 

E·248 ~N:illfi.INJ.UNE 

E-24'1 OPEii U'. !NJ. LINE 
HOY :l8e8 

E-251 OPEN KP. IN.I. LINE 
HOY 3018 

E-244 TRIP CONT. CLG. LlilT 
SH.I V4B ...... 
E-244 

SPARE SH.I 
E-244 CCNT. SPRAT PIH' P54C 
SH.4 ON STAND B'I' 

CONTACTS SIS-X7 

1 ~i-. START SERY. llTR. 
PIH' P7B 

2 ~I-* START COMP. CLG. 
l'tRf P52A 

3 ~i-. START COHP. CLG. 
PIH' P52C 

4 ~I-* SPARE 

5 ~i-. SPARE 

6 ~i-. INITIATE STARTUP POWER 
LOAD 51£0 SYSTEM 

PER FC-96q & DCR-96-1004. JGD DI-\ :e. 
DESCRIPTION BY CK ENG 

Roh· SIS-XS R~· SIS-X2 Roh· SIS-X4 Roh· SIS-XS Roh· 
E·244 CLOSE VOl..Llo£ CONTROL E·242 START U'. IHJ.Pt.t!P e-241· OPEN H.P. !NJ. LINE '· E·244 O!'EN BORIC ACID E-241 SK.4 TANK WTl.ET HOY2887 SH.I P67A HOV 3062 SH. I P\H'ED FEED HOY214B 

E-244 START BORIC AC:JO E-2113 START H.P. IHJ. Pt.t!P OPEN H.P. INJ. LINE E·244 START BORIC ACID E·2113 SH.I PUMP P568 P66A E·24'1 HOY 3066 SH.I Pl.HP PS6A 

E·244 OPEN BORIC ACID E·241 SPARE 
OPEN H.P. !NJ. Llh"E ti.~·· START CHG. SH.2?7 

SH.I CRAYITY FEED HOV216'1 MOY 3068 Pl.HP P55A • 

E-218 OPEN BORIC ACID E·241 CONT. SPAAY Pt.t!P P54A E·251 OPEN L.P. INJ. LUE E-244 START CHG. E-257 
CRAYlTY FEED 1ClY217B ON STAND BY SH.I HOY 3812 Sit.I PUHPP55B SH.I 

SPARE TRIP CONT. CLG. I.NIT E·218 TRIP CONT. CLG. I.NIT E·ZlB START SERV. llTR E-154 
YlB ** Y2B ...... Pl.l4P P7A SH. I 

E-251 START CHG. Pl.H' E·257 OPEN IU'. INJ. UIE E-244 OPEN H.P. IHJ. LIN?: E·244 TRIP CONT. CLG. OOT E-218 
P55C Sll.2 HOY~ SH.I HOY 3014 Y3B ** 

~I:;~· CONTACTS SIS-8 R~h~ CONTACTS SIS-7 H~h· CONTACTS SIS-XS 8~(;: 
E·154 1 ~ DPEN SERY.WTR. DISCH. 1 ~ OPEN COMP. CLG. WTR. SEAL E-23'1 1 ~r... START SERY. llTR. PUMP P7C 

E-154 
SH. I VAL YE SY0867 E·217 CLG. SUCTION VALVES SY1!'113 Sll.2 SH.2 

E·25'1 2 ,,.~ CLOSE SERY. llTR. SU'PL Y E·21.!,.. 2 ~ OPEN COW. CLG. llTR. DISCH. E·23'1 2 ~r... START COHP. CLG. PUHP P528 E·25'1 
YALYE SVS8"" F""" ~.-., CLG. sv~n SH.2 SH.I 

"E-25'1 3 ~ TRIP Bi.OCK CHARGING /'-..... 
E·257 3 ~ OPEN SERY. llTR. DISCH. VAL~ ,IL E-217 3 ~r. SPARE PUMP PS:;B SH. I SYil867 

4 ~ OPEN COMP. CLG. llTR. YA. TO ]281 E·23'1 4 ~ ~~~~llGE ~2JL E-245 4 ~r. SPME SWTON. IEAT EXCH. SY1!'137 SH.I SH.3 

5 ~ OPEN SERY. llTR. DISCH. E-216 5 .... ~ ~~~~TR.~ " E•2l7 5 ~r. SPARE SYB864 . SH. I 

E·ZB'I 6 ~ CLOSE BLOCK DiARGING E-257 6 .,~ CFH IN'UT 0 123 E·ZB'I 6 ~r. INITIATE STARTLP POWER E-21lq 
PUMP PS:;B SH.I LOAD SHED SYSTEM 511.2 

11-21 UPDATED PER SECOND GENERATION DWG. ~lJDol IEAO DUE DR. J.L.STERRETT CK. T.D. VOGT 4/18/83 
26 90 PER 950 90 770 CKHAl RLS RIS JGD APP. C.J. MCDONALD 4/18/83 

mWJSJDN~ CONSUMERS POWER CO. SCHEMATIC DIAGRAM 
9-16 CHANGED E/P 2130 TO POC 2130 & E/P 2136 JSS RIS 

SAFETY INJECTION & SEQUENCE 
25 90 TO POC 2136 PER SC-87-001 & OCR 950-90-591 JGD ~PP. P. LOUCH 4/18/83 PALISADES PLANT LOADING CIRCUITS 

CEP'M'UElfT t£AD 

REV PATE DESCRIPTION BY CK APP ~PP. D.C. TARSI 4/]8/83 ~JIGN NO. E-209 SHEET 4 

91070700·91 -t\ 
REY. 28 

Figure 7-20 
Rev 19 
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I POT 1 TEST RELAYS & SELECTION I FUNCTION CHECK ON TEST I CONTAINMENT 1 

~NO. I SIS W/STDBY POWER I SIS W/0 STOBY PWR I W/STOBY PWR I W/O STDBY PWR I SPRAY VALVE I 
1~-1----:___;_;:_.:::...._ ______ +1 ._-~:____:__:;..;..::..::...._;_ __ --l~11+----';_;:_-------+1 ._----::.......--~;I INTERLOCK 

- 14 

ENERG.ON BOTH 
VALVES CLOSED 

FUZ/SBl-I 

~ ~ 
~ - Y/ l . CXll ----r-

IN TS/PB-L W 

1. H ~ 

ll
r~ ~~ 

I m 

.~~L ·.t ~ • TVX-3 • rx-3 c'l POS ~ 
SS-L : TOO 6 ' TOO I 30028 i5 

6 '..--·----. 0:~2 ~ . 
I 

13. 

4 > TVX-L 

14 

lLU 
L2• ~ Ll~ Tvx-313 

, > TD , > TD , > TX-L 
<ON DELAY! !OFF DELAY> 

LI 1L2l t L2 f 14 

l2l .2 TO 68 SEC. SEi"A¥il!l~C. 
I TVX-I SET AT !I SEC. l• TX-1 

! V16-3 , > 16·1 ! 16-3 , ISqL § 
u 

fLll 
L2 TX-1 LI •t !!:! 

, To ,> TO .~ > Vl6-l 
ION DELAY> IOFF DELAY! 

LI <L2l t L2
1 + ' 

.2 TD 68 SEC. SE""A¥il!l~C. 
SET AT !I SEC. 

A •J ~~ I~ TDC 

1(,uz,.111-~ •f V1s-1 {'6-3 • 

-~~)l-<.,_~_.,__ ___ ._ ___ +----~-.,_-SA-F-E-T-Y~l-N-JE-C-T-10-N-&•S-E-O-UE-N-C-E-L~OA>--0-IN_G_T_E_S_T•C-IR_C_U_IT_N0-.~1.,__ ____ ._ ___ ~ 

CIRCUIT 
NO, 

1 

2 

SCHEME NO S01 
ONE OF TWO IDENTICAL CIRCUITS 

ADAPTER TABLE 

SCHEME INST, A.C. LOC 
NO. PANEL BKR. ' 

SIS TEST RELAYS SIS TEST RELAYS TEST&BLOCK SPRAY' VALVE TEST HOOE /' FUSE 
W/STOBY POWER W/O STDBY PWR RELAYS INTLK RELAYS P.B. S.S NO. 

6-1 TS TS I< 
6-3 16'!-L PB-L SS-L FUZ/S01-1 I< 

Cl3 TVX-L TVX-1 ~ TX-L TX-1 TX-3 VIS-I 
TD TD TO TD VIS-3 S01 Y01 

S02 Y01 2 C13 TVX-R TVX-2 TVX-4 rx-R TX-2 TX-4 VIS-2 
TD TD TD TD Vl6-4 

6-2 TS TS 
6-4 lSq-R PB-R SS-R FUZ/S02-l 1• 

, 

ALARM I INTERLOCK I 
CREF, ClWG. E-2<)31 I 

FUNCTION BLOCK ON TEST 

TE!;T RUN SEE DWG. NO E-21111 SH. 3 W/STDBY OFF W/0 STOBY 

• ~----'·-----1----1 ... 6-3 ~I~ 11 ~ 11 ~I 
1l _t-y;X-L 1 TX-L 1 TVX-R l TX-R 1 Vlfl-1 1 VlS-3 116-1 

12f~--l--l--~T T T T T TEST HOOE SEL. sw. ~ 

CON fAINMENT 

SPRAY VALVE OPEN 

nt .. ____ :tu 
11s·~L 

1
1sqR 

1f----12 

E-zeq 
A 

lPOS3001Bl 

IP3001B I 

BLOCK SIS SEAL-IN 

E-20"1 
~ 

!Tvx-31~ l TDC l TDC 

CONTAINMENT SPRAY 

PUMPS E-251 

G.E. TYPE CR2q40-UB200B, 
3 POSlTlON W/MAINTAINED 
CONTACTS. 

~XI.XII 

1lTX-L I ~JX-L I! TX-L 

I 

Cl3 I zf ef 

14 

' 
~ll.X12 

IP3002BI 

lPOS3002B> PRC JCD I (Os 

% llEW bl>TE DESCRIPTllll ~=ITCK-
CONSUMERS POWER COMPANY 

PALISADES ~LEAR PLANT 
COVERT. Ml CHI GAN 

SCHEMA TIC DIAGRAM 
SAFETY INJECTION & SEQUENCE 

LOADING TEST CIRCUIT 
.~ ... 

E210 1 I t4 

Figure No 7-21 FSAR Rev 15 

93os1aoo68 ..... 3 / 

-



•..: .. 

• 
BLOCKED RELAY I ' INTERLOCKS I 

• 

CONTAINMENT HIGH PRESSURE TEST ACTUATED 

I'" ·1 l:IGHT CHANNEL K22 •1 
• 1 

I 
OFF TEST 

I 
CHP TEST CKT. CHP CKT.NO 1 & 3 CONT. SPRAY VALVE SV3001 

THIS DWG. DWG. E-20"l DWG. E-;~37 / 
~ 

2 1CHPL {] 
LF-420 ,---------A.-~ / " SEE DWG CHP·L 

,l I 1 .t E-208 RESET 

~~ 
1 2 3 4 

.~cs 
• f-:-f-7 ,n .. r; 

Vl6-~y ~6-2 Si~ CHPX-lL 
3 • CHPX-3L CHPX-3R 

CHPX-lL ' j l 

~ ! ~ CHPX-lL • 
·rHPX-IL r ~ r TOO ... 8 6 l X! 4 ~ 2 !OFF DELAY> 2 <OFF DELAY> '' 

:r CHPL/CS 
Ill 

:!: 13 ' Lt "I LF-20 GE. TYPE CR-2"140 

0 CHPX-3L a: > CHPX-2L 
SPRING RETURN TO OFF POSITION 

IL ~> CHPX-lL .~ TD 
UJ TD IOFF DELAY! ::> 

14 ' •• z 10 SI 
j:: L2 LEFT CHANNEL K21 
z 

2 ' APERTURE 0 CHPX-2L LR-420 
u 

=- TDC 

s' •ION DELAY> CHP TEST CKT. CHP.CKT.NO 21& 4 / CONT •. SPRAY VALVE SV3002 -~~ CARD 
THIS DWG. DWG. E-207 DWG. E-237 .. r-1-1, i 

V16-3 16-3 ,----J'-----._ -20yl< ~ 
, 

' Also AvaUable G 

,1 
a p 

~ 
p NOTES Aperture Card 

~ 
---

- - CHPX-2L - - ~ - - - - - -._- - ------ - ~ l. IS ON DELAY RELAY. 

(,"I• 5 3 ~ 5 • CHPX-3R 5 • CHPX-3L TD 
LR-20 

0l• ill: CHPX-lR ·i~ CHPX-1R 

·rHPx-!R ~ CHPX-lR I 
TOO . TOO 

6 4 ~ 6 • IOFF DELAY> _ 6 •!OFF DEl::AYl CHPX-3L - - - 2. IS OFF DELAY RELAY. - TD 

' 3. ALL TIME DELAY RELAYS SET AT 5 SEC. 

ADAPTER TABLE 10 12-20 ICHANucL• tNTER~~~~uTEVM· !'DINTS PER th.1> J)l\f> PRC q1 GWO 17q1 DCR qs0-q1-00q0 CCPtGMI 

CIRCUIT 
INST. A.C. 1% FC• 

SCHEME LDC CHP TEST SW CHP AUXILIARY TEST RELAYS REV DATE DESCRIPTION BY CK APP 
PANEL BKR 

sc• 

1 S01 Yrlll 1 C13 CHPLICS CHPX-1L,CHPX-2L,CHPX-3L @ CONSUMERS POWER COMPANY 
PALISADES NUCLEAR PLANT 

2 S02 Y01 2 C13 CHPR/CS CHPX-1R,CHPX-2R,CHPX-3R 
COVERT, MICHIGAN 

E2tB-2.00~ 

PREVIOUS RECORD ISSUE SCHEMATIC DIAGRAM 
MICHIGAN P.E. No. SAFETY INJECTION & SEQUENCE 

LOADING TEST CIRCUIT 
lFI No. DRAWING NU R °'HO ~n ... v 

E210 I 2 110 

Figure No 7-22 FSAR Rev 1 5 
.. ·--------------··----------------·----

• 
9305130068 - 31.., 

J' 
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TEST .AELAY·TABLES 
.. 

.· FUNCTION ON TEST WITH. STAND-BY.POWER .. 

CONlJACT CONTACT LEFT. !ODD NUMBERS> 
.. 

. N • 
RELAY V16-1 RE;~· RELAY · V16-3 RE;~· RELAY V16-2 

1 .-ii-. LUii "t.'»>URE SAtt.1Y 
. E-248 ~ BLKS 8KR 52-78111 I • E-135 LOW PRESSURE S_AFETY 

INJECTION PUMP P67B SH.I INJECTION PUMP P67A 

2 ~ ...... BLKS BKR 152-311!- • E-132 

" SH.I 

3 ~ 
BORIC ACID G"H TY Fv iA1 E-241 BLKS BKR 152-lllt • E7151 

BORIC ACID PUMPED FEED 
VALVE 6l \ MOV-216'1 - VALVE MDV 2141!1 • BORIC ACID ~RAVITY FEED ~ E-131 

4 ~ VALVE El MDV 2171!1 8 E-241 - BLKS BKR 152-3112 • SM.I BLOCKING RELAYS ACTUATED 

.5 ~ 
MAINIAIN OPt.N YULUMt. 

E-242 BLKS BKR 52~ 1711! E-135 
CONTROL TANK MDV 2087 • - 8 SH.I 

6 .-ii-. TEST START CIRCUIT ND I E-2111 BORIC ACID ~UMP. P568 E-2113 TEST START CIRCUIT NO 2 

7 .-ii-. SERVICE .WATER PUMP P7B 
E-154 HIGH PRESSURE INJECTION 

E-24'1 SERVICE WATER PUMP -P7A 
SH I PUMP P66B 

.-ii-. CHARGING PUMP P55C 
E-257 

MAINTAIN OPEN cv-135q E-21'1 a SH 2 SH.3 SERVICE WATER PUMP P7C 

q .-ii-. 
COMPONENT COOLINli PUMP 

E-25q BLOCK. 31M35q E-21q BORJc;: ACID PUMP P56A 
P52A SH.3 

10 .-ii-. wnrONt.NI CODLING PUMP 
E-25q BLOCKING RELAYS ACTUATE:! E-2111 COMPONENT COOLING PUMP . 

P52C SH. 2 P52B 

.-
FUNCTICN ON TEST WITHOUT STAND-BY POWER 

CONlJACT 
N • CONTACT LEFT CODD NUMBERS> 

RELAY 16-1 BG~: RELAY lEi-3 BQt' RELAY 16-2 

1 .-ii-. LOW PRESSURE SAFETY E-248 BORIC ACID PUMP P568 E-203 
LOW PRESSURE SAFELY 

INJECTION PUMP P67B INJECTION PUMP PS7A 

.-ii-. CONTAINMENT COOLER RECIRC. HIGH PRESSURE SAFETY HHiH PRESSURE SAFETY 
2 E-217 INJECTION PUMP P66B 

E-24'1 
INJECTION PUMP P66A FAN V4A 

3 .-ii-. 
.. E•l54 

SERVICE WATER PUMP P7A SERVICE WATER PUMP P7B SH I 

4 ~ BLOCK 311-135q E-21'1 
SH.3 

5 .-ii-. COMPONENT COOLING PUMP 
E-25'1 MAINTAIN OPEN CV-135'1 E-21q BLOCKING RELAYS ACTUATED 

P52A SH.3 .. 

6 .-ii-. COMPONENT COOLING PUMP E-25q CHARGING PUMP P55C 
t.·,~· CONTAINMENT COOLER RECIRC. 

P52C SH 2 FAN VIA 

7 .-ii-. BLOCKING RELAYS ACTUATE l E-21111 BORIC. ACID PUMP P56A SH.2 

8 ~ 
MAINTAIN OPEN VOLUME. E-242 

BORIC ACID GRAVITY FEED 
E-241 SPARE 

CONTROL TANK MOY 211187 411 VALVE MOY 216'1 • 
q ~ 

BORIC ACID GRAVITY FEED 
E-241 SPARE ' VALVE MDV 217111 a, 
E-210 COMPONENT COOLING PUMP 

10 .-ii-. TEST START CIRCUIT N0. I SH. I P52B 

':>· 

i 

RlfiHT !EVEN NUMBERS> 

I BQ'G: RELAY V16-4 
1· 

E-2H CHARGING PUMP. P55A 

r 
CHARGING PUMP P55B ·1 

r E-241 BLOCK 311-135q :1 
; 

E-2111 
SErf NOTEI SH. 2 MAINTAIN OPEN CV-135'1 8 SEE NOTE 2 

i - BLKS BKR 152-3112 • i 
E-21B ..,..,. BLKS BKR 152-303 • 

I E-154 HIGH PRESSURE INJECTION 
SH I PUMP P66A 

~ E-154 
SH 2 - BLKS BKR 52-77111 • 

I E-2113 - BLKS BKR 52-7804 • 
i E-z5q - BLKS BKR 152-102 • f 

(. 

i 

R:i,'.:iHT !EVEN NUMBERS> 
~' aQ'G: ;; RELAY 16-4 
t.[ 

E-247 CHARGING PUMP P55A 

r, 
" E-24'1 MAINTAIN OPEN CV-135'1 • ··. 
:1 E-154 SERVICE WATER PUMP P7C 

SH I 
!'· 
i 

r· E-210 CONTAINMENT COOLER RECIRC. 
SH.2 FAN V2A ., CONTAINMENT COOLER RECIRC. 

I E-216 
FAN V3A 

1 .. E-2113 CHARGING PUMP P55B 
I 

i' BORIC ACID PUMPED FEED 

• HOV 21411 ~ 
I 

I BLOCK 30-135'1 . 
E-25q TEST ST ART CIRCUIT NO 2 

., 

BQ'G: 
E-257 
SH I 

E-257 
SH I 
E-21'1 
SH 3 

E·21'1 
SH 3 
E-131 
SH.I 

E-132 
SH.I 

E-z4q 

E-135 
SH.I· 

E-135 
SH.I 

E-151 

~Qt~ 
E-257 
SH I 

E-21'1 
SH 3 

E-154 
SH 2 

E-216 

E-216 

E-257 

E-241 

E-21'1 
SH 3 

E-2111 

9 ELOCKS OPERATION ON TEST 

NOTES1 
.1. RELAY V-16-2 CONTACT GROUP •4 IS 
1 CHANGED TO NORMALLY OPEN. 
2.CONTACTS CHANGED· To NORMALLY 

OPEN. 

NO DATE·, REVISIONS 

- CHAVOUS 

PALISADES PLANT 
,:ONSUMERS POWER COMPANY 

StHE~ATIC WIRING DIAGRAM 
SAFETY INJECTION & SEOUENCE 

1LOADING TEST CIRCUIT . .. 
18 

--:-~ 

.. ~ 
A~so AwaUab~e ~n 
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8 7 6 

CHP LEFT CHANNEL 

NOTE1 

HIGH 
PRESSURE 

TEST 

c IJ 

SPRAY VAL VE CV300 I 
TEST UGHT CKT. 

I. THERE ARE 8 PRESSURE 
SENSING BELLOWS, EACH 
OPERATE TWO INOEPENOENTLY 
ADJUSTABLE MICRO SWITCHES, 
THESE MICAOSVITCHES 

ARE SET AS FOLLOWS1 ------

P S IB@IA !BB2A !B@3A !894A 

RX 
TRIP 

• 
121 

TH CONTACTS CLOSE ON CONTAINMENT HlCiH PRESSURE 

2. PSX RELAYS OE-ENERGIZE 
~ HIGH PRESSURE. 

3. AEF1 E-207, E-208, E-210, E-220 

5P- I 

CLOSE OEHIN VATER TO 
OUENCH TANK CV015~ 

CLdSE PR I COOLANT PUMP 
CONTROLLED BLEED OFF CV208J 

CLOSE PR I COOLANT LETDOWN 
ISOL VAL VE cv200q 

CLOSE STH GEN E-508 SURFACE 
BLOWON L HE CY0738 

CLOSE STH GEN E·50A BOT 
BLOWON LINE CV077 I 

CLOSE STH GEN E-!508 BOT 
BLOWON LI NE evens 
CLOSE SHIELD COO.. SOOGE 
TANI( FILL cveq3q 

CLOSE PR I SYS ORAlN 
TANK VALVE CVl001 

CLOSE PA I SYS DRAIN 
T ANIC VAL ve CV 1002 

CIRCU?T SEAL- IN CONTACT 

CLOSE AECE IVER TANK 
VENT VALVE CV 1064 

8 

5P-J 
CLOSE STH GEN E·!50A SURFACE 
BLOWON LINE cv073q 

SIS lNITIATION CKT I Ill 

CLOSE CLEAN WASTE REC 
TANK ISOL VALVE CV 1004 

CLOSE CLEAN WASTE REC 
TANI( !SOL VALVE CV 1036 

CLOSE CLEAN WASTE REC 
TANK ISOL VALVE CV 1037 

CLOSE HSIV CV-0!501 ANO 
CV-0510 120I 

CLOSE CLEAN WASTE REC 
TANI( PUMP suer ION CV 1044 

CLOSE CONTAINMENT VASTE 
°"S VALVE CVllBI 

CONTROL ROOM HVAC EMERGENCY 
SYS ACTIVATION ITAAIN Al 

7 

RX 
TRIP 

c 
121 

.. 

214 LOGIC PS- !BBi, IBB2A, 1803, 1804A 

Ill 

5P-5 5P-7 

CLOSE NITROGEN ISOLATION CLOSE PURGE £)1HAUST 
VALVE CV 13~8 FAN OUTLET CV 1806 

CLOSE CONTNHT BLOG HEAT CLOSE PURGE SUPPLY FAN 
STH DISCHARGE CVl'!HH VAL VE CV 1808 

CLOSE CONTNMT BLOG HEAT CLOSE A IA SPACE PURGE 
STM DISCHARGE CVl!J0J FAH VALVE CVl914 

CLOSE CONTNMT HYO MON ISL OPEN CONTAINMENT SPRAY 
VLV CV241JA & 8. CV2415A & 8 VAL VE CVJ0e I 

CLOSE PR I SYS SAMPLING CONTAIMENT ISOLATION 
ISOLATION VALVE CV J<W:! "'-""" 
TRIP AIR ROOH PURGE START CONTAINHENT SPRAY 
FAN V-46 Pl.ff' P-~48 

START CONTAINMENT SPRAY 
PUMP P-54C 

CLOSE FV REG 
VALVE CV·07B I 

EVENTS RECORDER 

CLOSE f'v AECi CLOSE COHPT CLG 'llATER 
BYPASS VAL YE CV- 0735 DISCH FROH CONTHT sveq1 I 

CLOSE COMPT cu; 'llATER 
IM.ET TO CONTMT S'10ql0 

'iSOL~ vrvs:· S~-;~~2·Adi~ 
ANn C:.v- ?4 4 A & ~ 

CONTROL AH HVAC 
EHERGENCY SYSTEM 
ACTIVATION CTRAIN 81 

6 

5 

5 

4 3 2 

CHP RIGHT CHANNEL 
HIGH 

PRESSURE 
TEST 

RX 
TRIP 

8 

121 

SPRAY VALVE CV3002 
TEST LIGHT CKT, 

SP-2 

CLOSE OEHIN WATER fQ 
QUENCH TANI( CV01!1!1 

CLOSE PR I COOLANT PUMP 
CONWOLLEO BLEED OFF cv2eqq 

CLOSE PR I COOLANT LETDOWN 
ISOL VALVE cv200q 

~-STH GEN E-508 SURFACE 
BlOWCfl LINE CVB7J8 

CONT"INHENT ISOLATION 
Al.ARl'l 

CLOSE SHIELD COOL SURGE 
TANK INLET C'l0qJq 

CLOSE PR I SYS ORA IN 
TANK VALVE cv1001 

CIRCLIT SEAL- IN CONTACT 

--CLOS( CONT. H2 
HONIJOAING ISOLATION 

VALVE°S SV-241J A&. 8 
ANO S"l-2415 A & 8 

4 

CONTAINMENT 
HI PRESSURE 

SP-4 5P·6 

CLOSE STH GEN E-5BA SURFACE CLOSE NITROGEN ISOLATION 
BLOWON LINE cv073q VAL VE CV 1358 

CLOSE HSIV CV-0501 1201 CLOSE CONTNHT HYO MON ISL 
ANO CY-0510 VL V CV24 12A I. 8. CV2414A & B 

CLOSE PAI SYS DRAIN CLOSE CONTNHT BLOG HEAT 
TANI( VALVE CVIBB7 STH DISCHARGE CV!502 

CLOSE CLEAN WASTE REC CLOSE CONTNHT BLDG HEAT 
T ANJC I SOL VAL VE CV I 004 STH DISCHARGE CVl~0J 

CLOSE CLEAN WASTE REC CLOSE WASTE GAS SURGE 
TANK ISOL VALVE CVl0J7 TANK INLET CVI 102 

CLOSE CLEAN WASTE REC TRIP AIR ROOM PuAGE 
T MOC I SOL VAL VE CV 1038 FAN V-4& 

CONTROL ROOM HVAC EMERGENCY 
SYS ACTIVATION CfAAIN Bl 

CLOSE CLEAN VASTE REC CLOSE FV REG 
TANK PUHP suer ION CV 1045 VAL VE CV· 070J 

CLOSE FW REG 
BTPASS VALVE CV-0734 

CLOSE RECE !VER TANK 
\..UN II-CUL 11H HVAL 
EMERGENCY SYSTEM 

VENT VAL VE CV 1065 Arr VAT lnN ITRA N Al 

3 

RX 
TRIP 

a 
121 

2/4 LOGIC PS- IBBIA, 180.Z, IB03A, 1804 

131 

SP-B 

CLOSE PURGE EXHAUST 
FAN OUTLET CV1805 

CLOSE PuRGE SUPPLY FAN 
VALYE CV18B7 

CLOSE AIR SPACE PURGE 
FAN VAL'IE CVIBIJ 

OPEN CONTAJNHENT SPRAY 
VALVE CV30B2 

START CONTAINHENT SPRAY 
PUHP P·!l4A 

SIS INITIATION CKT 2 131 

EVENTS RECORDER 

CLOSE PAI SYS SAMPLING 
ISOLATION VALVE cv1q11 

CLOSE STH GEN E·508 BOT 
BLWON LINE CV0768 

CLOSE STH GEN E-508 BOT 
BL WON LINE CV0767 

CLOSE COMP CLG WATER FROH 
CONTHT sv0q40 

CLOSE COMP CLG WATER INLET 
TO CONTHT sveq 10 

2 

98070900 
""' 0011 

CONSUMERS POWER COMPANY 
Po!ll.l.,.>()(,'<U(tl~l'\..V.I 

(•••'~I. "'IC.••11.<.. .. 

LOGIC DIAGRAM 
CONTAINMENT HIGH PRESSURE 

~E·~· 11'~ · ~-6;. .. I 70 

C· 

F 

E 

D ~~~4:» A~®~~~~fi® ©ITD 
tii\!Ul®il'1!Vlr~ e:t?.Jffi 

c 

8 

3 -l (o 
FIG 7-24 
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CHR LEFT CHANNEL 

REFUEL ING 

Cl tB 
FIF·I 

IN 

RIA)( RELAYS 
OE·E1<ERGIZE 
ON HI RAOIArlON 

(I"" 

h(c;H 
FIAOl~T ION 

INITIATE 

CIJ 
Cl--A·L 

cs 
PusH 

RIA 
1887 

LEFT Rl~I LEFT RIG1-H 
Ct-oNL "l.~"4 Cl-tNL C~ "l.~M CHNL 

LOGIC LOOIC LOGIC LOGIC LOGIC LOGIC 

CLOSE 0€MIN '11.aTER TO 
l).Jflo(H fAl<.o( CV0!55 

LEF I CHoi.kHEL 
-.cru.1.rtoN 

~JHl5 fH~ ~pa:;i:- p::,~8 
... ,,. ... "" ... "" ' 

,'R(All \ 1' RfAlC \ 1' RIAlC \ ,' R[4l( \ 
\ 180~ I \ 1806 I\ 1807 I \ 1808 I 

' ..... ' ' ..... ' ' ...... ' ' ..... ' 

... , .... 
CLOSE SIM G€N E·51i10 SUAFACE CLOSE. NCIR'OG£N ISOLATION 
8'...0"'0H LthE CV07J<t \1'"'4..VE CVLJ58 

CLOSE P\JAG( (XMA4.JST 
FAH OUTLEr CVl806 

CLOSE PRI COOLANT Pul-P CLOSE CLE.lloo'I 'tlASTE PEC CLOSE CONIAIN""fNT Bl.CG 1-ofd CLOSE PURGE SUPPLY F~ 
C°"'IRO....LEO BLEEO OF CVlli!Sl Toi.NI: ISOL V"l.VE CVL004 

CLOSE PAI COOLAJ.IT LETOO .. N CLOSE cu:""' ''llASTE REC 
[SOL VALVE CV20Vl<t J.,.,..I( ISOL \'Al.VE CVt0)6 

CLOSE SIM G€N E·50A SURFACE CLOSE CLEAN \IASTE REC 
BLO.,,ON LIM:: Cv07J8 TANI: !SOL \'Pot.VE CVl0J7 

SIM OISCHAAc.€ CVl5ill V"l.VE CVL808 

CLOSE CONT HYO HQN ISL CONTAIN~Nf ISOLMION 
VLV CV241JA l B. CV241:5A • 8 AL.ARM 

CLOSE STN 0£N E·51i1A BOT CLOSE CLE'~ WAiTE REC CLOSE PAI SYS ~!NO EVENTS RECOAOER 
8L0'110N UN€ CV0771 T~< Pl;/'CP Sl.CTION CVl0H ISOLATION Vl\l..vE CV l'U0 

CLOSE STM CEN E-~aA ear CLOSE CONTA(N .. ENT \IASTE TRIP AIR RQOM PUPGE CLOS£ CONT. HZ MONITORING 
8t..O"'ON LIM! CVliH70 GAS VALVE CVl\111 Fo\M V·46 ISOLATION VALVES 

t-C-LO-,-. -SH-,-,-,O-COOC--SlJ-.-G(----1rCC><_T?_<>.._R_OO>O_H_V_AC_E_-.-RG-,-NC-,-+-C-LO_S_E_C_ON_r_•_IN-H(-.-,-~-.----l sv- 24 12A • sv- 2• 119 

JANI( FILL cve•uct ST'S ACTIVATION ITAAIN Al QAA[N VALVE CVllBJ sv-Z•l•A. SV-24148 

CLOSE PR[ SYS QR.a[N ,.p:~~.l:fi'rT~, CONTROL ROOt1 HVAC El'IERGEHCY 
Tllriloll( VALVE cv1001 SlJlolP PUMP P·72B WHILE HS IN SYS ACTIVATION HR•IN 81 
t-C-L-OS-.-.-.-,-S-YS-OR-.-,N-----1t-----------+i~~:."1~·~~.:~cs,,,_.-,~~~~~ •• ~,~10N"""~"''~s'~"i-t-----------t 

TAAi( VLV CVlliHl2 ~~~~ ~~~A~~7:l8 WHILE HS IN 

CIRCUIT SE.a.c...· IN CONTlllCT 

CLOSE.: RECE l VER T j\11.jl( 
VENT VALVE CV!ltl64 

R'ff1 E-297, E·208 

7 6 5 

CQNT.:.l~NT 
NI RAQ(AT!ON 

I 

CHR RIGHT CHANNEL 

RI• 
18'.'!B 

RAOIAT ION SENSORS 

< \0R 

HIC>< 
RAQIMION 

INCltATE 

CIJ 

Cl-tA·A 
cs 

PUSH 

RI• 
1806 -

' 1 .. 

LEFr RIC.H LEFT RIGHT 
C>-iNL Al.ARN Cl-fNL CtiNL ALAFIN Cl*ll. 

LOGIC LOG[C LOGIC LOGIC LOOIC LOGIC 

RfAl( RELAYS 
DE·ENE:RCIZE 
ON HI AAQJATIQN 

REFUEL I~ 

c110 
RF-2 

IN 

Cl'lA·~-=J 
RESfD 

A~®@ Aw~ag~@~® @tfil 

ffei.[$?J®~ll!lrG C~ti'~ 

!IR-2 
CLOSE OEM IN \IATEA TO 
CAJENCH TANI( CV-0155 

CLOSE SfM CEN E·508 SUAF'ACE CLOSE NCIROGEN ISOLAT[ON 
BLOWQN LIN€ CV07J<t VALVE CVIJ!i8 

.... 
CLOSE ~ EllHAUST 
FAN OUTLEr CVl805 

CLOSE PR[ COOLANT fl'WOP CLOSE PAI SYS ORAIH CLOSE CONT HYO /'IOl"I ISL CLOSE PUPGE SUPP\..Y FAl'4 
CONTROLLED BLEED OFF CV20'¥t TANI( VALVE CV 1007 

CLOSE PRI COOLP-NT LETOOw"I CLOSE CLEAN .,ASTE REC 
ISOL VAL.VE CV200<t TANIC ?SOL V"l.VE CVll!'a4 

CLOSE Sf>t GEN E·5eA SUAF'ACE CLOSE CLEAN VASTE REC 
8LO'o10N LINE CV07JB TANI: [SOL VALVE CVJ0J7 

CONTAIN,..ENT ISOLATION 
Al..ARM 

CLOSE CLE~ \IASTE REC 
TANI( ISOL VALVE CV\038 

VL'I CV24\2A a. 8 CV2414A • B 'IALlf'E CVl807 

CLOSE CONT Bt..00 HEAT 
STl1 OISCHAAGE CVL:582 

CLOSE CONT BLOG 1-1€AT 
STEAM INLET CV 1503 

CLOSE WO.STE GAS SURGE 
fANI( INl...ET CVI 102 

CLOSE A lR SPACE ~GE 
FAl>t VALVE CVIBIJ 

CLO$E PR I SYS SAl'IP\.. I NO 
ISOLATION VALVE CVl°'l I 

CLOSE STM GEN E·508 BOT 
BLOWOH L !ht: C\1'8768 

CLOSE SHIELD COOL SUAGE 
TAfoil( FILL CV0"tl"t 

CONTRO... ROOM HVAC EMERGENCY TRIP AIR ROOf"I f"URGE CLOSE STH GEN E·59A BOT 
Bt..O'liON Lt~ CV'1767 

CLOSE PR I SYS ORA IH 
TANIC VAL VE CV 1001 

CIRCUIT SEAL• IN CQNT~T 

CLOSE CONT. H2 ...aNITORINO 
150.ATION sv· s 
SV•24 IJA l SV·24 IJ8 
SV·2415A l SV-24158 

SYS l'\CT!VATION llf!A(N 91 FAf\I V·46 

Cl.CSE CLEAN 'IASTE REC 
fANI( PIJJiolP SUCTION CVUi45 

CLOSE RECEIVER T.V<I( 
YENT VALVE CVl065 

CLOSE CQHTAIHl<ENT SUMP EVENTS Re:COROEA 
QAAIN VALVE CVI HH 

PREVENrs.O~E~ATIOM.ai: ESS 
SUl'llP Pu1o1P P• 72• 'alH lLE H5 IN ...,,rn n:- ... ~ ... 

CONTROL ROCH HVAC ElotERGENC'!' 
SYS ACJ[VMION !TRAIN Al 

9807090043 -\ 
PALISADES PLANT 

CONSUMERS POWER COMPANY..,.,.~ 
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LOGIC DIAGRAM 
CONTAINMENT HIGH RADIATION 
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IJllG.NO. -----------

ISi 
;;::: 
-I 
Ill z 

CONTROL 

CIRCUI 
u.v. 

CONTMT. 

HI. 
PRESS. 

!SEE 
NOTE 2> 

CONTMT. 

HI. RAO. 

SIRW 

TANK LEVEL 
!SEE 

NOTE 4) 

rc0M?a.."G-
CJRC LOW 

PRESS 
!SEE 

NOTE 6> 

INTERLOCKS 

TO CH?.& OiR. ISOL. CKTS. 
SCHEME NOS. S03 & S04 

SEE DWG. NO. E-208 

;~ ~ 
CONTACTS 1&5 

TO SIRW TANK LEVEL 

COMP.CLG 
PUMPS SEE 

DWG. NO. E-25"1 

. I!a 
13 R Q'Dl 

CONTROL VALVE · CONTMT. HIGH. 

12 

ALARMS 
OFF TEST 

OFF 
CONTAINMENT 

HIGH PRESSURE 
SEE DWG. E-2"13 

CONTAINMENT 
HIGH PRESSURE "' 

SEE DWG. E-53 Sli.15 \.Y 

PSX 1l 
1
J'JiiX

11 
PSX l1 PSJC 

31 PSX 
31 PSJC 

31 !'Sl< 
31 PSX 

_
1
"Sm" __ 12 __ ~ __ 12 __ 

1
§l __ 12 ...... '"°' t::1:1:_:rm 

CONT. HIGH RADIATION 
SEE DWG. E-2"13 

~0LD PSX1802_0 PSX1803_0 PSX1804_0 

.c.1.~:2 
3 0 0 4 

5 .Q.l.Q. 6 
0 0 

CHRL/CS 
SEE NOTE 5 

C13L. C06 A&C 

al ¢ 
a.. 
u I-
¢ <t 

c N 
Ill d a: z a: 
Ill ti IL ::>£ Ill CD a: 
a.. 

· ( SCHEME NO. S13 & s14 PRESSURE TEST 

! &E ~ ~:-24".f ~7 :f;: ·:~1·=-a 
I J.o1s0 f f 
I TBB-1 
I Cl RE01l EACH SCHEME> 

3 5 35 35 35 

rA2~ rAs~ rAs~ rda~ 
6 6 6 6 

, ... SPARES .... I 
! PSX l . NOTE!?:_ 

BARRIER WITHIN fficHEME 531 
·EACH RACEWAY..-=4- _ --· 

SEPARATE SCHEME S33 
RACE --..,.- --

. SYSTEM SCHEME S32 

BARRIER WITHIN 1 - - s~ME S34 
EACH RACEWAY__J 

Cl 3R. C06 B&D 

1. TEST ONLY WHEN PLANT IS SHUTDOWN. > 
151 

~ 

J-450 
TBB-1 =-_..j..----'~~ 

13 
RIAX 
'fS05" 

14 

13 

14 

13TV4-Ul 

•121 
SCHEME IG20 

CFH 

CONTAINMENT HIGH PRESSURE, HIGH RADIATION 
SIRW TANK LOW LEVEL DETECTION-CHANNEL NO. 1 CIRCUIT 

SCHEME NO. 531-(QNE OF FOUR IDENTICAL CIRCUITS> 

ADAPTER TABLE 

TO FUZ 32 

13TV-4-81 

SIRW L/CS 

FOR CONT. 
SEE DWG 
E-208 SHl.1 

CONTACT SW 
SIRW TNK LOW 

CNTHT SUMP RECIRC 
RESET NORMAL TEST 

CD 
1 ALC.. 2 NC 5 .tUC.. 6 
300-4N07oos 
q ALC.. 10 NC 13 .tUC.. J-4 
11 o o 12 NO 15 o o 16 . 

I 

NO. 
I 
2 
3 
4 
5 
6 
7 
8 

TERM. RESET 
l 2 x 
3 4 0 
5 6 0 
7 a x 
CJ 10 x 

11 12 0 
13 14 0 
15 16 x 

CHP~ CHR. SIRW TANK LEVEL 
DETECTION CIRCUITS U.V. 

SEE DWG. E-2"13 

74 74 
Qil5'IU CHl5R3 

POSITION 
NORMAL TEST 

x 0 
0 x 
x x 
0 0 en x 0 
o x 
x x 
0 0 

CIW<NEL. SO!EHE PREF. Al:. PNL. PS l RIA l CHP TEST CONTRtX. LS AUX. RELAY 
UV RELAY ~ 

CFM CPCO INPUT 'lELAY NO. NO. AND BKR. PSX RIAX LS LOCATIONS REl.AY SVITCHES l 
NO. LDC. NO. LOC. 74/ CONTACTS Ctl<TACTS 

I 531 ne-2 1801 1805 ICl 0327 ne Cl31. Clf'lc-JL/3 
CHRlJCS-1 ~ Cl3L I~ Cl:lR CH'RI I SIRWVCS-1 

TAG NO. 
NO. 
127 LSX-0327 

2 S32 Y2e-2 1802 1806 K2 8328 Y211 Cl3R Cli'X-IR/5 CHRR/CS·I ~ Cl3L ~ Cl:lR CHPR2 I SIRWLICS-5 128 LSY-0327 
3 533 Y31!·2 18113 1807 K3 932'1 Y31l Cl31. CHPX-IL/5 CHRL/CS-5 ~ Cl3R ~ Cl:li.. CHPR3 <> SIRWR/C:S-1 

4 534 Y40-2 1811-4 18118 K4 B331l Y40 Cl3R CH?lc-JR/3 CHRR/CS-3 .l.Sl... Cl:lR ~ Cl3L CHPR4 I SIRWR/CS-5 9330 SCHEME IG20 APPLIES TO CFM CIRCUIT ONLY . 

CONTACT 3.<I 
ALL RELAYS 

. \:.I~ 
CONTACT 4 
ALL RELAYS 

2. PS/1801 OPENS ON CONTMT.HIGH PRESSURE. 
3. RIA OPEN ON CONTMT.HI.RAO. COWG.E-2271. 
4. LS OPENS ON SIRW TANK LOW LEVEL. 
5. CHRL/CS-lS 2 POSITION SPRING RETURN 

TO OFF POSITION. GE TYPE CR2q40. 
6. PS/0q19 CLOSES ON COMP.CLG. LOW PRESS. 
7. SIRWL/CS IS 3 POSITION SPRING RETURN 

FROM LEFT &. RIGHT TO NORMAL POSITION. 
GE TYPE CR104P,WITH BAR OPERATOR. 

25 
7 31 REMOVED DATALOGGER. AOOEO PPC-SOE HOOE 
q5 PER FC-'133-06 ANO OCR qs-sz0 

DESCRIPTION BY 0: "1'P 

CONSUMERS POWER COMPANY 

!Fl .... 

PALISADES NUCLEAR PLANT 
COVERT, MICHJGAN E207-l.llGN 

SCHEMATIC DIAGRAM 
CONTAINMENT HIGH PRESSURE

HIGH RADIATION & SIRW TANK LOW LEVEL 

E207 . 

Figure 7-26 
Rev 19 
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REACTOR TRIP 
ON C.H.P. 

CCONTACT OPENS ON CHPI 

Clll6-IA 
ICABINEf'Wi 

l5V+ 

TRIP UNIT 
PA-1801 

ADAPTER 
TABLE 

REACTOR JUNCTION PROTECTIVE 
SYS, CABINET BOX NO. 

A n.1 J87q 

e 1111 J868 

c a..1 J88S 

D CRI J87B 

TRIP UNIT 
PA-

IBBI 

1802 

1803 

1804 

• 

11 1-z-qz 

SI 
APERTURE 
~CARD 
Also Available On 

Aperture Card 

ADDED FUSE EDB NO. PER qse-ql-883 !HALI 

ADDED NOTE I PER qse-q2-221 IAOSI 

IB 4-4-86 ADDED TRIP UNITS PER REVIEW 

JJB JGD OHB 

JLS JGD RSW 

PALISADES PLANT 
CONSUMERS POWER COMPANY 

SCHEMATIC DIAGRAM E207-2.DGN 
CONTAINMENT HIGH PRESSURE HIGH 
RADIATION & SIRW TANK LOW LEVEL .... 

11 @ 
....... _... .... 

E-207 SH. 2 

Figure No 7~27 FSAR Rev 15 
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A- ·- ~ I ..._ -

• 

• 

• 
--· 

.. - -

ING.1111. ----------- _. -. I 

CFM 

CIRCUIT· 
UNDERVDL TAGE .ENERGIZED ON 2/4 CONTAINMENT HIGH PRESSURE · 

ENERGIZED ON 2/4 CONTAINMENT HIGH RADIATION 
OR REFUELING ACCIDENT HIGH RADIATIO~ I• .. 1._ .. I. 

2qA~>--30_A_'\,~~:::..----------'---'--------------~-----. J:131._:-.--C~l3,_R ___ _.__--'--J:131._-o--·---'-.O--:-

J:131._ TEST I 
FUZ/S03-I LIGH 1 

X L IB~-
5 5 

r~a~ rAS! raa~· 

I 
..J 
M 

iJ 
,_ 
<!: 

N • 
ri 
:..: 
<D 

151 

>= 
..J 
UJ z 
<!: 
0... 

TEST u L 
I LIGHT 

<!: 

i.: 
UJ 
a: 
0... 

> 
151 
~ 

CPCO 

I
I~ 

ill] 

I 

~ 
1gm-

NOTE 7> . 

5 5 

I~ 1'ifi I~ 

l J877 

J877 
1

l~ 
2

f~ 
7 

14 

I~ 

J:13l._ 

SP-5 SP-7 

Cl3R Cl3L 
Cl3L Cl3R 

10 5 5 

rAs~ rAa~ . rAH 2 ~ 5P-I 

C1.3B.. 

I (}SEE . ow~ • E-2Ull ------------------0-- X11 
2 4 SH.2. 

~ 

I 
<1715 5P-3 

11816 <5P-61 
13-TVllll-88 
U3-TVl5-qu 5R-3 Sl17> 

13·~ TVl0-10111 
m1·TVl5-102 

ISR-61 6118> ,·/ 
04---1--, 

I 

SR-3 SR-5 

Q.3L-

TO 
LSX0327 

FOR CONT.SEE DWG. 
E-207 SH.I 
<SCHEME IG20 ONL YI 

SR-7 

I( 

l1LARM 
, ,_ CONTAIN\.IENT !SOL. 

· ~ 
4 

SIGNAL CKTS. UV 'i 
. . REF. DWl'.i. E-2q3 

WH 

f
. . f. 

1~· 74 
CIS·.I CIS-2 

SPARES 

f. .. 
COMTACTS 
2,:1 & 4 

~~ 
rx1,x11,u1 

INPUT • TAG • 
IG20 

llG2U 

J450 
TBB-1 

IJ4511 
<TB5-U 

21 
<31 

22 
141 

uq SP-3 

120 SP-6 

121 5R-3 

122 5R-6 
INFO. RELATED TO INPUTS •12111 & 0 121 IS IN PARENTHESISll, 

2 S04 Y40 

SCHEMES IG20 & IG21 APPLY TO CFM CIRCUIT ONLY 

ADAPfER TABLE 

I 

•121 SCHEME IG2111 
•IJ2211SCHEME IG211 C F M 

SEPARATE SCHEME S03 
RACEWAY-------
SYSTEM SCHEME S04 

950i 040188- :z;1 

AlS··~ :tHr~Jizb~e en 
Apert1.fre Card 

NOTES1 .. _ ... 

I. PS/1802A & PS/180~A ARE CONTAINMENT 
PRESSURE SWITCH CONTACTS ... 

· CONNECTED DIRECTLY IN CIRCUIT •1 
CONTACTS CLOSE ON HIGH PRESSURE. 

2. PS/1801A & PS/i803A ARE CONTAINMENT 
HIGH PRESSURE SWITCH CONTACTS 

. . CONNECTED DIRECTLY IN 
CIRCUIT •2.CONTACTS CLOSE 
ON HIGH PRESSURE, . 

3. PS/1801,1. PSi1Ei02 .. PS/1803 & PS/1894 
ARE UStO WITH AUX.RELAYS.THESE 
CONTACTS OPEN ON CONTAINMENT 
HIGH PRESSURE. ISEE OWG. E-207> 

4, CONTAjNMENT ISOLATION RELAYS 
ENERG ZED ON CONTAINMENT HIGH 
PRESSURE OR HIGH RADIATION. 

5. • OPEN CONTACT WHEN RELAY IS 
DEENERGIZED. <REF. THIS OWG. SH. 2> 

6. FOR SP & 5R RELAY TABLE, SEE SH. 2 
7. TEST LIGHT WILL BE ENERGIZED ON 

PRESSURE SWITCH TEST. 

REFUEL REFUEL 
RAD, MON, RAO. MON, 

OUT @· _IN 

. . I 1 ·I • 1 <KEY REMOVABLE IN 
& BE::Z. 'OUT' POSITION ONL YI 

SW 2 • • . 
ADMINISTRATIVE CONTROL REFUELING 

ACCIDENT HIGH RADIATION SWITCH 

G.E. TYPE CR2q4111 KEY OPERATED 
WITH MAINTAINED CONTACTS. 

8. 'R' LIGHT IS ON WHEN REFUELING HIGH 
RADIATION CIRCUIT IS IN SERVICE, 

q, *INDICATES JUMPERED BROKEN LINK 

ALARM CONTACTS.ARE FAIL-SAFE 
AND CHANGE STATE UPON RATEMETER 
POWER UP, · 

CONSUMERS POWER COMPANY 
PALISADES lfJCLEAR PLANT 

COYE RT, MICHIGAN 

SCHEMATIC DIAGRAM 
CONTAINMENT ISOLATION ON 

HIGH PRESSURE OR HIGH RADIATION 

E208 l 17 

Figure 7-28 FSAR Rev 17 
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CONTAINMENT ISOLATION BELAY TABLE 

CONTACTS 

2 

3 

4 

5 

6 

7 

8 

10 

11 

12 

• CONTACTS . RELAY 5P-6 CCON'T> 

2 

3 

4 

5 

6 

7 •CLOSE FW REG VLVE CV-070 

8 

q •SPARE 

10 •CIRCUIT SEAL-IN CONTACT 

11 •SPARE 

12 •SPARE •CLOSE FW REG BYPASS VALVE E-sq 
CV-0734 SH.I 

• 
·-

NOTES: 
1.RELAYS WITH 8 OR LESS NC CONTACTS SHALL 
. UTILIZE COIL TB113-3. RELAYS WITH 9 OR 

MORE NC CONTACTS SHALL UTILIZE COIL 
TB113-61. 

•-NORMALLY OPEN CONTACT 

REFERENCE DWGSi 

LOGIC DIAGRAM 
SCHEMATIC DIAGRAMS 

JLG-121<0l SH. 2 
E-271SH.8 
E-271 SH.1 
E-223 
E-224 
E-q16 
E-6q SH.1 

SPARE CONTACTS 
RELAY NORMALLY OPEN . NORMALLY CLOSED 
58-1 
5P-3 
5R-3 

5P-5 
58-5 
58-7 
5P-2 
58-2 
5P-4 

• 12 
• 'l,12 

• q.11.12 
• q, 11. 12 

BT CIMC APP 

CONSUMERS POWER COMPANY 
PALISADES NUCLEAR PLANT 

COVERT, MICHIGAN E208-2.0GN 

SCHEMATIC DIAGRAM 
CONTAINMENT ISOLATION ON 

HIGH PRESSURE OR 
HIGH RADIATION 

Figure 7-29 
Rev 19 
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• 

•• 

• 

J559 3 4 
-;-X~f{rn1) -

FUZ/IP33-2 
J559 

Xl 
C\I ) 

02:1 0 z 
er: ·esa 
y T 0102AHH m 10 
a- Cl2A . in 
.J Al 
.J J55~t w z 
<C 
a... _{XPA5 
u 
<C Nl 
> 
CSl . Ul 
N 

~~ -
-

J55~ 
---u -

~ 

FUZ/IP33-2 

SCHEME IP33 

1 

W LHT-XPA5 

2 

~IA! 

~x.u . 

NOTE 2-· ----------~f~~~~J~-~~ -
CSCHEME IP 35l 

NOTE 1 - • I - •• - •• - I. - • I - •• - • I - • ·-. -

NOTE 2-· ----------~f~~~~J~-~~ 
CSCHEME IP 36l 

CNOTE 3l 

TRIP RELAY 

LALARM ~~HIGH PZR PRESS .. , ... SPARE ~ 

fE-295 SH.5 E-212 SH.3 

-

REF DWGS 

E84 SH 2 & 28 
E121 SHlA 
E212 SH 3 
E615 SH 1 
E295 

ADAPTER TABLE 

AC POWER ATWS VOLTAGE AVAIL. 

I~ ,_-, 

1----~-------.---.--------..--.------.-'------1 \ l 
INDICATOR FUSES I PRESSURIZER PRESSURE SCHEME SUPPLY FUSE 

ATWS CIRCUITS PNL BKR 
CIRCUIT N~.1 IP 33 L59 2 FUA 
CIRCUIT No. 2 IP 34 L58 8 FUS 
CrRCUIT No.3 IP 35 L59 3 FUC 
CIRCUIT No. 4 IP 36 L58 9 FUD 

MATRIX RELAY LIGHT 
ID LDC ID 

XPA5 J559 LHT-XPA5 
XPB5 J558 LHT-XPB5 
XPC5 J559 LHT-XPC5 
XPD5 J558 LHT-XPD5 

LOC 
J559 
J558 
J559 
J558 

ALARM UNIT 

ID LDC ID 
PSA-0102AHH C12-A 
PSA-0102BHH C12-B 
PSA-0102CHH c12-c 
PSA-0102DHH C12-D 

f=-uz11P33-2 
FUZ/IP34-2 ) 
FUZ/IP35-2 
FUZ/IP36-2 ) 

---------------- ------ --

A~!S"ft'~r~ 
APE~tst~- - :···1 

::: 
. ;· ~l.1 

~ CAR't~ 
, Also AYail~bie @n 
~ \ Ap~nur@ Cs.ird 

NOTES 

1. SEPARATE RACEWAY SYSTEM. 
2. BARRIER BETWEEN CHANNELS WITHIN RACEWAY. 
3. LEFT AND RIGHT CHANNEL SEPARATION IS 

PROVIDED FROM C12 TO J558 & C12 TO J559. 

4. SEE SH.2B FOR CONT ACT DEVELOPMENT • 

1 11-4 
93 

REY DATE 

ADDED FUSE ID =·s ANO REVISED AOAPl ER 
TABLE PER OCR 93-1299 

DESCRIPTION 

CONSUMERS POWER COMPANY 
PALISADES PLANT 
COVERT. MICHIGAN 

PREV!Cl.JS REC ISSUE 
SCHEMATIC DIAGRAM 

HI CHI GAN P .E.. Nil.. 

UFI NO. 

SYSTEM. B2531 
EDUIPHENT1 -

PRESSURIZER PRESSURE ATWS 
DAAWING NO. 

E-84 

JFMJ~ 

BY APP 

E8"1-2A..DGN 

I SHEET I REY 

I 2A I 1 



__ 1 •• -;;...,. .. ' 

• 

;. 

in 
·c 

a: 
w 
::.: 

. <I 
w 

~ a: 
CD 0 

0 
<I a: 
ISi 
M a: 
N <I 
>- w 

(.!) 
_J ::r: 
w u 
z I-
<I ...... 
a_ 3: 

U) 

u 
<I 0 
> -
ISi LHT-ATWSI w 
N 

2 

·--_ 

. ·;.. 

21.4 · LoGic ENERG oN HiGH P~EssuRizE~· PRE.ssuRi: ~ 
TO . TRIP REACTOR & TURBINE 

J558 . 
J55qX~l----1~------

6 3 5 5 

5ATWS1 4T XPC5 6~XPA5 8 XPB5 
J55q ·J55q 

J5581X7 . X2. . 
- 3 5 J558 

XP05 T XPC5 
5 

XP05 
4 6 6 

~----<11 J55q X4 
J558 

I J55q · :1 XPA5 

.J55q X3 

J55:1 · . 

XPB5 
4 

.,~:ir~ PRESSURIZER PRESSUR~ ATWS 

SCHEME SI 37 . 

J558 XS 

A 
ATWSI XI,X2,X3 

X"·,X7 

1----'1.+--I J55q I 
L2 .... •-----~~ 

J558 

REF DWGS 

E84 SH 2 
E84 SH 2A 
El2I SH lA 
E615 SH I 
E618 SH 558 

ATWSl 
CONTACT 

I-2 
3-4 
5-6 
7-8 

SCHEME 

S-65 
T-28 
S-I37 
S-65 

REF OWG N.O. N.C. FUNCTION 

E-212 SH 1 x RX TRIP 
E-I2I SH lA x TURB TRIP 
E-2I2 SH 3 x· SEAL-IN 
E-212 SH 1 x RX TRIP 

l .. 

.... 
.. .··. . . : . ~ . 

I . 
\ . 

. . . ·~ . 

·1. 

I . 

• •• I 

. . ' . ~ 

I· TURBINE .TRIP 1· REACTOR TRIP · 1 
E-I21 SH IA E-2I2 SH.I 

31" 1 1 11 
4 TATWSl 2 TATWSl 8 T ATWSl 

I 

.------y--=SfllITCH DEVELOPMENT 
S/tlITCH POSITION 

t--C-rO-.NT_A_C;_T_s........._R_Ej5ET NORM SYPASS ~~CTr}~~ 
LT l........:..iL-1 l B ---u---... ( X 0 YPASS ALARM 
i--F-t-____;--1-_ 11_1---t----{-~E=2~q~5~s~H~.5~· _J 

RT lo--jJ--1 ' X ATWS I RESET BYPASS 
F · 11 O THIS DWG L---L---L-1·---'-_J_ _ ___L____:..:..::.:...::..::.:___J 

i HS0I02D 
I 

; . 

.. 
-. 

NORMAL 

RESET ·CD BYPASS 

LT RT 

FEf2l 0 1°I 
LT.· RT. 

Fl¥l¥1· 
LT RT 

Flo olo ol -r-r 
RESET NORMAL BYPASS 

KEY OPERATED SELECTOR SWITCH HS 0102D 
TYPE G.E. CR104PSK7SA11C 

. WITH MODIFIED CAM · • 
3 POSITION SPRING RETURN 

FROM,LEFT.KEY REMOVABLE FROM CENTER 
POSITION. VIEWED FROM FRONT OF PANEL 

... · ... 

1 12-6 ADDED FUSE m •'S PER OCR 
q3 

q3-1344 HMW JP'7 

REY !JATE DESCAIPTIDN 

CONSUMER~~ POWER COMPANY 

UFI NO. 

SYSTEH1 02531 
EOUIPHENT1 -

PALISADES PLANT 
COVERT, MICHIGAN 

SCHEMATIC DIAGRAM 
FRESSURIZER PRESSURE ATWS 

v 

E-212 

BT -
E212-3.DGN 

3 1 

9501040188~3} .. ' 

.• 
\-',,;;. ... '~ \ .. ! 

!· .I 

I" 

> 
Cl,) 

Q:;: 

Q:;: 

< 
tl'J 
c:.. 
C":J 

..c:: 
tl'J 

en 
C":J 

I 
t-

el,) 
...... 
~ 
bO 

Ci: 

' ... 
I. 
\: 



... 

• 

• 

H 

F 

E 

0 

c 

A 

REF• 
E·207 
E·246 
E·247 
E·248 
E·2'13 
E·21CI 
E·2Jct 

8 

WITH 
STANDBY 

POWER 

Cl3 

OPEN SUHP SUCTION CVJ0J0 
CLOSE SIR\tl SUCTION CYJ0JI 

:a:CLOSE SIAWT RECIRC CVJ027 
OPEN SWS FROH CCWHX CV0926 

OPEN CCW TO CCWHX CV0Cf46 

XREOUIRES HS·J027A IN CLOSE 

7 

Cl3L 

TRIP LPSI P678 
OPEN CCWHX·A SW OUT CV0823 

CLOSE CCV rev. 5 CVB82 I ' 22 

SIS LEFT CHANNEL TEST 

TEST START 
PUSHBUTTON 

~ 
AllQ!.! 

VCT OUTLET CLOSURE 

BLOCK SIS 
SEAL IN 

BLOCK SIS 
SEAL JN 

'" 

BLOCK RELAY 
ENERGIZED 

'" 

~ 
~ 

VCT CUTLET CLOSURE 

6 

WITHOUT 
STANDBY 

POWER 

8.A. GRAVITY FEED OPENING 
S.U. LOAD SHED I 151 
NON·CRITICAL SW ISO.... CV· 13!5~ 

8.A, GRAVITY FEED OPENING 
NON·CRITICAL SW ISO!., CV·l35<t 

• 
5.1. TEST 

RUN 

PICK UP 
SIS RELAYS 

"' 

7 

• 
S. I. TEST 

RUN 

1 .. 1 PICK UP SIS RELAYS 
C41 BLOCK SIS·X RELAYS 
I" I SECU:N:ER LOCilC 

6 

5 

LSX ANO LSY RELAYS 
OE-ENERGIZE ON 
LOW SIRWT LEvEL 

4L RELAYS 
ENERGIZE 
FOR AAS 

SIRWT 
112 TAKEN TWICE 

LO·LEVEL 

5 

WITH 
STANQBY 

POl1fR 

6 

4 

CIJR 

TRIP LPSI P67A 
OPEN CCWHX·B SW OUT CV0826 
CLOSE CC'il' rev· s CV082 I • 22 

3 

OPEN SUHP SUCTtON CVJ02<t 
CLOSE SIAIH SUCTION CVJ057 

X CLOSE S IRWT REC !RC CV3056 
OPEN SWS FROH CCWHX CV0B2J 

OPEN CCII TO CC'll'HX cv0q .. 5 

X REQUIRES HS·J056A IN CLOSE 

SIS RIGHT CHANNEL TEST 

BLOCK SIS 
SEAL IN 

'" 

TEST START 
PUSHBUTTON 

CIJ 

BLOCK SIS 
SEAL IN 

'" 

~ 
~ 

NON·CRIT S.W. ISOL CV•IJ5q 
DILUTION WTR PUMP P· .. 0A TRIP 

8.A. P\JMPEO FEED OPENING 
S.U. LOA(] SHED C 151 

BLOCK RELAY 
ENERGIZED 

~ 
liWM.!. 

NON·CRIT S.W. ISOL CV·IJ5q 
8.A. P\JHPED FEED OPENING 

WITHOUT 
STANDBY 

POWER 

Cl3 

• 
S. I. TEST 

RU~ 
S. I. TEST 

RUN 

PICK UP 
SIS RELAfS' 

'" 

4 3 

l"I PICI< uP SIS RELAYS 
1 .. 1 BLOCK SIS·X RELAYS 
I" I SEQUENCER LOGIC 

2 

2 

I 
I~~ 
i 

c 

F 

E 

D 

c 

8 

PALI SADES PLANT 
CONSUMERS POWER COMPANY,, •·>.or." 

LOGIC DIAGRAM 
SIS 1EST AND RAS 

0950 E · 1 7 SH.5 6 

-

FIG 7-30 
FSARREV20 



• 

• 
PPC-SOE NODE 
OWG. E53 SH.5 

PT. IO. 
ZHC3031LD 

ZHC302'1_D 

ZHC303LD 

ZHC3057_D 

p 

c>! 
u 
I-
<[ 

~ 
I 

N ,... 
d 
z 
a: 
~ 
m 

Ci 
..J 
UJ 
z 
<[ 
Q. 

u c 
> 
U'J 

~ 

CKT. NO. SCHEME 

I SlJ 

2 Sl4 

• 
~-- ~· ..... ,,,, 

SIRW ~·h I 

CPCO 
TAG NO. 

POS 3030A 

POS 302'lA 

POS 30318 

POS 30'l78 

... 

l 

3 .• 5 
l 
I\ 

• 6 

) 

• 
4 7 

4L3 
8 

_'(_-~ 

SIRW TANK LOW LEVEL ENERGIZE TO OPEN CONTAINMENT SUMP VALVE ENERGIZE TO CLOSE SIRW TANK OUTLET VALVE ... 
~ TWICE LOGIC SEE OWG. E-207 

IENERG. ON LOW LEVEL> 

~I... ~I ... ~1... ~1... ~1 

l ' ~ l 1 . • I 
~ ~~ l ~~ 
' ~2 • 2 

I3 13 

4Ll 4L3 

w ru 

r ~ 

·~Pl • 

w 

I ~ l 2 •• 2. 
... 

r: 
I W OJ rn f'>----'-_;_,"'----1 

.J......B!23. 

Nl 

w w 

WH 

118> 18 

BK 

<OPENS ON LOW LEVEL> 

' 

w ~ 
p 

2 ~3 l ' J 95q --~ 4Ll 

tR m tG m 2 m 
W IR W IG W Cl}J 

3TV16-21 z 

R 

StRW 

13TV7-321 

R 

NI 

w 

WH BK 

117> 

•1q7 
CFM (•2041 

TANK LEYEL CONTROLLED VALVES-CIRCUIT 
SCHEME NO...SU 

ONE OF TWO IDENTICAL CIRCUITS 

ADAPTER TABLE 

!CLOSES ON LOW LEVEL> 

I ·~ 

m 
2 

-

NO.\ 

C0J1 
Pl 

w. 
' 

cu. , 

.J......filiL 

FOR CONTINUATION 
SEE SH.2 OF 
THIS DWG. 

POS-3031A & 

POS-3030A & B POS3027B 

. Pl.2R,2G\ 

G G 

X!, 4~ XI, 
861 4~.s 

Pl,2R,2G 

-----

CFM C.P.C0. 
INPUT INPUT 

C03 

SCHEME NO. S13 ---------SCHEME NO. SI4 
NOTES1 

I. SV3030B/3031A-ENERGIZE TO OPEN A/S VAL VE 
SV3030A/3031B-ENERGIZE TO OPEN VENT VALVE. 

2.FOR LSX RELAYS.SEE OWG.NO.E-207 

3. INFO RELATED TO INPUT NO.'S 
•270 & •204 IS IN PARENTHESIS I > 

4. A = RAYCHEM SPLICE. 

5. SEAL-IN RESET CONTACT. SEE DWG E-207 SH .1 
FOR SWITCH DEVELOPMENT. 

6. RAYCHEM SPLICE FOR POS-3031A/B ONLY 
!SCHEME Sl31 

J450 TB 7-I 
IJ451 TB 6-31 

• • 
A 271 POS 30308 

P05 3031A 
REVISED SCHEME NO. 513 PER C-PAL-'17-0•17 
PER OCR '17-0'366 OMB 

A 270 
A 20• P05 3057A 

.a=J450 
•=J451 

,..~ J.L.STERR£TT 

Consumers Energy 
PALISADES PLANT E2•6-l.OGN 

CONTAINMENT SIRW TANK SIRW TANK MIN. 
SIRW TANK CONTROL RELAY CONTACTS SIRW TANK SIRWT LO- FUSE 

SCHEMATIC DIAGRAM 
SIRW TANK & 

CONTAINMENT SUMP VALVES 
SUMP VALVE OUTLET VALVE RECIRC. VAL VE LOC. NO.S L.LEVEL 

HS. SV. INTLK. HS. SV. INTLK. HS. SV. INTLK. SEAL-IN 
& POS & POS & POS 

C01. Cl1. C31. 303"A a B if1 3031A 0 6 B ~ 3027A a B ¥ S!R>I L •L3 
CS•3 • 

C03R Cl3R C33R 382'IA a B "fl 30'57A • B ¥ 39'56A 6 8 ilf SIR>I R •L• 
CS-3 • 

.-

O.C. PNL. o.c 
& LOCATION BREAKER POWER 

UNDERVOLT ~ ~ ~ ~ ~ ~ ~ Hi 
DU 72-118 7•-513 

021 72-218 7•·514 

L.LEVEL LEVEL BYPASS 
RELAYS H.S. 

•LI & HS-30278 
•Ll 

•L2 • HS·30'56B 
•L• 

NO. 

FUZ/513-1 
FUZ/513-2 
FUZ/51<-I 
FUZ/514·2 

5935 E-246 SH.1 

FIG 7-31 
FSARREV20 

9807090043 -l 9 

.... 
18 

" ..J 

- .... 

., x 

.... 

u 0 

C ID 



• 

• 

CONT 

SIRW TANK MIN. REC:lRC:. VALVE 
PWR INTERLOCKS 

CLOSE OPEN CLOSE OPEN 
1 ... ' ... 1 ...... 1 .... ..1 .. ALARM ...1 <CLOSES ON LOW LEVEL> 0 0 

G= 
NOTE 2 

UNDER 

ENERGIZE TO CLOSE I 
VOLT ~MP. CLG HEAT l 

SIRW TANK & CONTMT. 

22 SUMP VALVE CONT 

C03 ---- EXCH. VALVES. SEE OWG NO E-23q POWER UNOERVOLT 1 0 F 30 

F 1 0 

~ ,. COMP.CLG HEAT 

P-
J EXCH. BYPASS VAL YES. r--

+u 
C13 SEE DWG NO E-21'3 SH.l 

+L2 
0 0 ,. 

~ 

0 

! Cl3 

R4L4 
HANOSWlTCHES HS-3027A.3056A,30318, HANOSWlTCHES HS-3029A • 30278. 30568 

C03 3057B,3030B ANO 302q9 ARE G.E. & 3030A ARE G.E. TYPE CR2q40, TWO 
Pl Pl S14 TYPE CR2'340. nm POSITION POSITION MAINTAINED CONTACTS 

1~3 ~!POS 
MAINTAINED CONTACTS. KEY REMOVABLE IN THE 'CLOSE' POSITION. 

NOTE 5 

J HS 
ClPOS 

HANOSWITCHES 

T3027A 
HS-3031A ANO 3057A ARE G.E. TYPE 

~t3027A .La!1Z..f 027A CONTACT~~~0RJ~8v~~C~Til~N ~I~6~~~~~0SITION. 
I! H5 !co3 

.. SlRW TANK ·-
32 

.. 
SERVICE WATER VALVES SV0823 

1/2 TAKEN TWICE 

• 3027B 1C13 
3R 3G & Si/0826 SEE DWG. NO.E-21'3 

LOW LVL ALARM . C03 • 
3-TV16-8 

·C03• 
E-2'33 SH.5 

A 3T4Ll 
"'--TV7-15> 

BK ,-tlAt t' 6~11 zd • C13 ;! 5 5 23 
03: 

~331 
3-TV7-1'3 _c 

4L•I : 4Ll 4L2 :L3 
!:t ~ * WH ,. J450 

l~-r· :::> ::i:: 

1 
_J ,.<14l 12 ) )11 113>-' TB7-l 12 

:= .... G (J451J" .... J857 J _, 
<T86-3) z 11. -

co ~I •20q u- CFM c•z0 3> 
cc :i SV3027A SV3027B 

x .... 

0 Ul 
LL. LOil PRESS SAFETY INJ PPS CNO 

w 
w SEE OWG NO. C03 _ . "LT" 
Ul 

J857 ct~ ----u...lI X1 o 

ol E-248 E-247 FUZ/IF40-l POS 
~ ~ 

0 

C03 c 30279 
3: 

~* · 1 1 t 30278 t Cl 

( > 74-SI3 CNO . CNO w 
5 Q" 

w 
·/ 3l4L3 3l4L4 

'LT" "LT" Ul 

3-TV7-18 ' 
> • 'N 

... 

l HS . ..J cc 4G 

=t 
..... 
z::i: 

w~ W3f OUJ 
T3027A ~ ID u .... 

3-TV16-ll a.. CCQ" 

N1 <3-TV7-2ll A01:WTER TABLE 01 
22 j 1~:;i IREY1l. l()TE 1 PER DCR-q1-ese. jJro VAni I 

11.W 

C03 SCHEME POWER SOURCE POS ,... , .. ,.. I 
C03 

C03 ~ 
, ... , .. ,_ 

,. S13 BKR •q POS-30278 s<oU: I,.....,, I - ~TTERELLI 

.. :: 

u cl 
NOTE -

Cl3 S14 EIKR •10 POS-30568 -- PALISADES PLANT 
,. 1. csV-3027A- ENERGIZE TO OPEN A/S VALVE CONSUMERS POWER COMPANY 

SIRW TANK LEVEL CONTROLLED VALVES-CIRCUIT NO. 1 <CONT .l Cfl1 C.P.CO. SV-30279-ENERGIZE TO OPEN VENT_ VALVE 2~ 
SCHEME NO. 513 .. INPUT TAG 2. REQUIRES OPERATOR ACTION ON H.~ . .... SCHEMATIC DIAGRAM 

ADAPTER TABLE .o.=J450 
NO. NO. 3. INFO. RELATED TO INPUT SIRW TANK &. 

s CONTAINMENT SUMP VALVE SIRW. TANK OUTLET VALVE SIRW. TANK MINI RECIRC. VAL VE ... 20'1 POS-3027 A •203 ARE IN PARENTHESIS C> CONTAINMENT SUMP VALVES E2•6-2.0G>. 
c •=J451 A= RAYCHEM SPLICE. H sv. POS. sv POS SY. POS. 4. 

@ 
....... _ .... 

""· 
E ... 20:1 POS-3056 A 
M SY FIELD REF POS FIELD REF SY FIELD REF PDS FIELD REF FIELD REF PDS FIELD REF 5. HS-3027A ANO 3056A HAVE A DOUBLE 
E CONN DWG CONN DWG CONN DWG CONN OWG SV CONN OWG CONN OllG CONTACT BLOCK.. 0C35f2J E-246 SH.2 22 

E-618 E-618 ONOUIT E-635 ~~ E-635 E-618 
Sl3 3039 J 05q SH.85• 3930 Jes• iH.85q 3031 'LT' Sll.5 3931 J 861 3027 J857 Sll.6 3027. J 857 SH.857 6. * = INDICATES JUMPERED BROKEN LINK 

c m 

OIQJl E-635 E-618 E-618 E-618 E-618 E-618 : 
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• 
!=""UNCTION SYMBOL MEANING 

INPUT OUTPUT 

AND 11 OUTPU.T E'X.15TS WHEN ALL INPUTS 

LJ EXIST. 

OR 
(\ . OUTPUT EXISTS WHEN ANY JNPUT 

v EXISTS. 

• COINCIDENCE MATRIX x OUTPUT EXISTS WHEN AT LEAST 
f- A OUT OF E> INPUTS ARE PRE5E NT. 

OUTPUT EXISTS WHEN MEMORY INPUT 

I 
M I 15 APPLIED AND 15 RETAINED UNTIL 

MEMORY RESET INPUT IS APPLIED. M AND 
R R DENOTE MEMORY AND RESET 

RESPECTl\/ELY. 

NOT ~ 
OUTPUT EXISTS WHEN INPUT DOE5 
NOT EXIST. 

OUTPUT E')(.ISTS FOLLOWING A TIME 

ON Ti ME DELA'Y 8 DELAY AFTER. THE INPUT IS CON-
TINUOU5LY APPLIED. OUTPUT CEASES 
WHEN THE INPUT IS NOT PRESENT. 

OUTPUT EXISTS WHEN THE INPUT 

OFF TIME DELA'!' 8 IS PRESENT AND CONTINUE5 TO 
EXIST FOR A TIME AFTER THE 
INPUT CEASES. 

• 

FUNCTION 

CALIBRATION 

LOW BISTABLE 

HIGH BISTABLE 

TEST DE\J ICE 

ISOLATION 

STATUS ARRAY 
INDICATING LIGHT 

SYMBOL 

INPUT OUTPUT 

<?CAL 

YSP 
~SP 

----1CT§QJ1----

MEANING 

CALIBRATING SET POINT INPUT 
TO PROVIDE A CALIBRATED 
SIGNAL. 

DIGITAL OUTPUT EXISTS ONL '< 
WHEN ANALOG INPUT IS LOWER 
THAN SET POINT. 

DIGITAL OUTPUT EXISTS ONLY 
WHEN ANALOG INPUT 15 HIGHER. 
THAN SET POINT. 

TEST SIGNAL CAN BE INSERTED 
AUTOMATICALLY JN PLACE OF 
NORMAL SIGNAL. 

OUTPUT IS ELECTR ICALL 'Y ISO
LATED !='"ROM INPUT. 

INDICATES· EQUIPMENT STATUS 

TI 
APERTURE 

CARD 

,--·- -·---

·a 4 o 7 o 5 o 2 7 2 _: ~°t 
I 
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• 

• 

ruNCTION 

MANUAL INPUT 

MANUAL INPUT 

LOGIC 
CONTI NUAI ION 

ALARM 

DAIA LOGGER OR 
COMPUTER POINT 

INDICATING LAMP 

LOGIC OUTPUT 
ACTION 

SYMBOL 

INPUT OUIPUT 

0 ,..._) __ __,,) 
> >O 

-0 

MEANING 

MOMENTARY HAND SWITCH INPUT 
TO LOGIC. 

MAINTAINED HAND SWITCH INPUT 
TO LOGIC. 

DRAWING NUME:>ER CROSS REFERENCE 
INDICATES SOURCE OF LOGIC INPUT • 
OR DESTINATION OF LOGIC OUTPUT. 

ANNUNCIAIOR WINDOW-WITH PANEL 
SCHEME/WINDOW NUMBER~, i 

(PANEL) . 
(SCHEME/WINDOW) 

--@ 

-------<® 
/ ' 

__J DEVICE L 
'CONTROL LEDi 

INPUT TO DATA LOGGER OR COM -
PUTER WITl-J IDENTIFYING NUMBER. 

INDICATES EQUIPMENI OPERAllON 
STATUS. 

R- RED 

G- GREEN 

W- Wl-11TE 

A- AMBER 

B- BLUE 

OPERAllNG;..FLOWING OR 
INCREASING. 
NOT OPERATINGiNOT FLOW
ING OR DECREASING. 
CONDITION NORMAL, PER-
M 155 IVE,CONDITION REACHED OR 
CONTROL POWER AVAILABLE. 
BREAKER TRIPPED, REMOTE 
OVERLOAD1 ABNORMAL CONDITION 
OR STAND&Y STATUS. 
MOTOR THERMAL OVERLOAD 

INDICATES STATE OF CONTROLLED DE -
VICES GIVEN THE EXISTENCE OF THE 
LOGIC INPUT. 

r 

' 

POSITION SWITCH: DEVELOPMENT 

VALVE VALVE 
CLOSED OPEN 

ac. tc. I I I 
I I I I 

bo 1 to 

I I u ao 
I I I I 

be H 
o.10% * I I 

b 10%~ ~ 
- INDICATES CLOSED CONTACT. 

tc. A NORMALLY CLOSED CONTACT THAT 
OPENS ON HIGH TORQUE IN THE CLOS
ING DIRECTION OF A MOTOR OPERATED 
VALVE. l 

to A NORMALLY CLOSED CONTACT Tf-lAT 
OPENS ON HIGH TORQUE IN THE OPEN -
ING DIRECT I ON OF A MOTOR OPERATED 
VALVE. 

* % MAY BE ADJUSTED AS REQUIRED. 

TI 
APERTURE 

CARD 

.--------
8.4 0 7 0 5 0 2 7 2 - :'.30 

<REF JLG-102 SH.2 OF 3 REV .2l 

CONSUMERS POWER COMPANY 
PALISADES PLANT 

FSAR UPDATE 

LOGIC DIAGRAM 
LEGEND AND NOTES 

FIGURE NO 7~34 

REVISION NO 0 

~.· 

.. 



AEiBREVIATIONS: 

- CONTROL ROOM 
- LOCAL CONTROL PANEL 

- CONTROL SWlTCH 
- HAND SWITCH 
- PUSH BUTTON 

CONTAINMENT HlGH PRESSURE 

SR TO N - SPRING RETURN TO NORMAL 
CHR CONTAINMENT HIGH RADIATION 
AfAS - AUXILIARY i="EEDWATER ACTUATION SYSTEM 
!="OGG A - i="EED ONLY GOOD STEAM GENERATOR A 

ISOLATE STEAM GENERAIOR B 

• FOGG B - i="EED ONLY GOOD STEAM G£NERATOR B 
ISOLATE STEAM GENERATOR A 

SIS - SAFETY INJECTION SIGNAL 

HVAC -HEAllNG,VENTILATION ¢AIR CONDITIONING 
SS - SELECTOR SWITCH 
POS -POSITION SWITCH 
SV -SOLENOID VALVE 
CV - CONTROL VALVE 
MO - MOTOR OPERATED 
PO -PNEUMATICALLY OPERATED 
SP - SET POINT 

• 

NOTES: 

I. THESE LOGIC DIAGRAMS DESCRIBE EQUIPMENT/SYSTEM F""UNCTIONS AND DO NOT 
NECESSARILY REF"LECT THE ACTUAL HARDWARE IMPLEMENTATION. 

2. THE STATE OF EQUIPMENT WILL NOT EiE CHANGED BY A TRANSIENT OR LOSS 01=" 
POWt:R UNLESS OTHERWISE NOTED. 

3. INHERENT EQUIPMENT INTERLOCKS, SUCH AS CIRCUIT BREAKER TRIP FREE AND 
REVERSING STARTER CROSS INTERLOCKS ARE NOT SHOWN UNLESS THE INTER
LOCKS PERFORM A LOGICAL FUNCTION. 

4. ANY SET POINTS SHOWN ON CONTROL LOGK DIAGRAMS ARE APPROXIMATE. !="OR 
EXACT VALUE REFER TO INSTRUMENT INDEX:. ill . . ·~ ., 

5. VALVE AND DAMPER RED AND GREEN LIGHTS ARE BOTf-i'of;fwm:N'IN AN INTER
MEDIATE POSITION. 

b. REl="ER TO ELECTRICAL SCHEMATICS FOR DETAILS OF ELECTRICAL EQUIPMENT 
OVERCURRENT, SHORT CIRCUIT, AND DIFFERENTIAL PROTECTION. 

?. EQUIPMENT WILL CHANGE STATE WHEN A CHANGE IS INITIATED AND WILL REMAIN 
IN THAT STATE UNTIL A CHANGE TO ANOTHER STATE IS INITIATED. 

TI 
APERTURE 

CARD 

:AIIO Available On 
Aperture Card 
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• 
CONTAINMENT CONTAINMENT s.w. 

PENETRATIOtJ 
AIR ROOM PENETRATION ROOM 

TO C-150 
LT-0751A r: 143 n ,-, ,-, ,-, !-, 

E I I I I I I 

I I - I I I I I 

I± I I I I I I I I 
I I - I I 

I I I J I J I J 

FOl<.BORO ~ 
MODEL bl3DM JL-cbO • 

LT LI LA POWER 
SUPPLY 

LT-0751A LI-0751A LA-0751A L-O?SIA 
LT-0751B LI-0751B LA-0751B L-0751B 
LT-0751[ LI-0751( LA-0751[ L-0751[ 
LT-0751D Ll-0751D LA-07510 L-07510 
Ll-0752.A LI-0752.A LA-075ZA L-0752A 
L T-075C.B LI -07521':> LA-0752.Ei L-07525 
LT-0752.C LI-0752.C LA-0752.C L-0752C 
LT-075ZD LI-07520 LA-0752D L-0752D 

• 

CONTROL ROOM PANEL C-12. 

LI-0751A 
SIGMA 

MODEL 9223 

IZOVA( 
:!] 

Kll21 11 ri m ,---------, 
+ - TO CFM 

15 I ISOLATION 1 
d:£._ I I ,-, I ,-, IOOM . CABINET I 

I 

I' w-.J I -[}1001t' I NCl TE 2.1 
d:: I 

[- , : : ,;;,.. i(fiy ~I E I 
D J 1. I I ,_ - I 
in ...._ Li-'- - -- - - _1 _ _J ' D 

I I - I 

c ...._ I 
I 

t-- IJIDOIL: 

I t-- I 
I 
I - I 
I 

£.cy~ 
--

L:J L!:J - 7(,-84 
120 VAC Vllt -

I& 
P-0751A -
!='OX BORD -

UODEL lolOA 

ADAPTER TA5LE 

PREFERRED PENETRATION STEAM JUNCTION NOTES AC CANNISl'ER GENERATOR BOX 

YID l143 E-50A JL-260 ). 

YZO lZ.43 IX x Y30 l14r0 
'<40 lZ% 
YIO l143 E-50B JL-2.&JI z 
Y20 l243 IX x Y30 ll% 
Y40 U41o 

SWITCHGEAR CONTROL ROOM 
RM. 1D 

PANEL C-187 PANEL C-00 

LA-0751A 
RIS 

NOIE 1 MODEL ET-ZZl 
AUX. F'N. 

L -1 TO REACTOR ACTUATION IZOVAC~m 121~-- TRIP~ ALARM. SYSTEM IOOJL -15 ll 
lNEWl R--W + I 2 -= 

+ 

Tl"> "f1 I I I~ 

,-- - - ~~J 
10-50 mA 

1-s voe 

: 

THE INTENT OF THIS DRAWING IS TO 
DEPICT ONLY THE CHANGES REQUIRED 
FOR THIS MODIFICATION (5UBJOB osg), 
REFER 10 SCHEMATIC DIAGRAM E -g078tQJ. 
FOR COMPLEl'E SYSTEM CON!='IGURATION. 

NOTES~ 

I. THE FOLLOWING ARE THE MODIFICATIONS TO THE 
HISTING LOOPS: 
a.. DISCONNECT EXISTING LS-0751A-D 

AND L5-075ZA-D LOCAl'ED IN JUNCTION BOXES 
J-57BA-D. 

b. ADD 10-50rnA INPUT TO THE AFAS CABINET [-187. 
2.. OUTPUT PROVIDED FOR LOOP LT-0751 A AND 

LT-0752.A ONLY. 

REFERENCES: 
I. Pt ID: M- Z07 
c. ELECTRICAL SCHEMAl'IC: E- 78(QJ 
3. VP: 12447/05q-J447(Q)-31 THRU 34 

TI 
APERTURE 

CARD 
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!4---------------------AUXILlAR't' FEEDWATER AC.TUATION SYSTEM (AFASl ----------------------c.l 

14----------.iTEAM GENERATOR 'llA LEVEL LOW--------+1----------STEAM GENERATOR •B LE\IEL LOW ---------.i 

"' '3 
< z 
< 

i 
z 
D 

~ 
~ 
~ 

~ 
0 
Ci 

~~~~ ~3 Q_ LE\IE.L TRANSMITTER SPAN: 
-' ~ 0-180 INCHES 

U:\IEL TAAN5MITTER OuT1>uT: 
10-50 mA 

BISTA&.E SETP01NT' 
51.k> !N(HE.S 

LEVE.L TRANSMITTER SPAN: 
0·180 INCHES 

LEVEL TRANSMITTER OUTPIJT: 
10-50 mA 

Bl~TABl..E 5ETPOINT: 
St." INCHES 

EK-01:;7 
STM GEN B LEVEL 
LOW SENSOR 
CHANNEL TRIP 

8:::-0138 
STEAM GENE.RATOR B 
LEVEL LOW SE:N.:5.JR 
CHANNE.L B'i'PASS 

~T"'">,~r~s_o..,0 ;••I '~J 
T r----j---t-:----t-----------------------------+----1 TQ f"OCJG B, CH. A,SH.C CSG A LU 

::;,, 
Zw 
wu 
c -
~g 
D~ 

l 
u 
~ 
'3 

g 
" c z 
< 
~ 

~ 
3 
iS 

~ 
~ 
g 
~ 

~ 
< 

~ 

u 

~ 
c 

l 
7 

PB-AFA~-A-2. 

~LOCK 
EP 

RE5ET 
PB 
c.-11 

MA 
PB 
c-11 

PB·AFA5-A·l 

(i) 

6 

AFA5 PAS 
LOGIC MODULE 
CHANNEL A 

PB-AFAS-B-2 

t~~~,---fj~~f--,p---, 
PB 
[-JI 

PB 
(·II 

PB-AFAS·B-l 

EP 

5 

@ ® 

AFA5 
A[TUATlON 
CHANNEL 

TRIP 

4 

EK-0138 

JlG·l471QJSH.112 

TYPl(AL FOR All 
AIM OUTPUTS 

3 

fl"l"I 

2 

SIZll I! 
NOTES' 
I. LEGEND !SEE LOGIC OIAC:.R-'M JLCdOZ)mR COMPLETE LCGEND 

DI=' LCX,1( SYMBOLS. 

rnNCTION SYMBOL ~ 

Oli="FEP.ENTIAL -+ DIGITAL CUTPUT D;STS VNLY 
BISTABLE 'NHEN ANt>.LOI'.'. INPUTS DIFF[R-

(NllAL E.;(((OS S[lP'.llNT. 

CALIBRATION -<?: 
CALIBRI". ION 5e:T POIN-li<PUT 
TO PRQI iDE A CALlBRAT: S 
SIGNAL 

LOW BISTABLE t 
DIGITAL TRIP OUTPUI t:x.15r:, 
Or-..1... 'Y W 1(1~ ANALOG 1NPUT , ; 
!...OWE.R i HAN SEl POINT 

HIGH BISTA5LE 

<>l· 
DIGITAL TRIP OUTPUT EXIS'TS 
UNL Y W ~EN AN,<:11...0t:. INPl.:T 15 
H!r,HER THAN SET POINT , 

R TRIP ME wlQR'Y LIGHT 

' 
PROTECTION ~ 

ELECTf'l".:Al C>"AULTl 
PROTECT .ON DE.VICES 

ISOLATION l ~D DIGITAL 1SOLAT 10N OEVICC: 

I !50 I A ANALOt) ISOLATION OEV1CC: 

ABBREVIATIONS. 

A - G:ilVER AMPLll='l[R 
AIM - ALARM I lNOLCATl"JG MOOUL~ (QUTPU..,.S ARE 

NON CLAS'°: 1[ l 
AM - ACTUA-, ION MODULE 
B6 - BYSTABLE BYPAS::i 
l - LOCAL 
LT LEVEL TRANSMITTER • 
M - MEMORY . 

MA - MANUAL ACTUATtO!\o 
PAS - ORC.1 ECTl'v[ ACTWATION 5Ub5YSTEM 
PT - PRESSURE TRANSMITTER 
PI - PRESSUH[ LNDICATOH 
R - RESET 

RL v - OUTPu·r MELA" 
~ - JNDICI'.-:::; EQUIPMENT SUPl'.-1.IED BY OTHER 

\JENDORS. 
LI - 1..EVEL INDICATOR 

2. P.UTOMATIC TE':;<-:' C!RCUIT~Y 15 \IQT SHOWN ON Tl-US LCGIC 
DtA,;~AM REfER TO \/[NOOR nRAWING ll4'l7/0S~-J-447·43 FOR 
QfTAIL'- ... AUTOMATIC 'TEST i:-uNC.T1C.1N 

:i ALL 3Er.5C:1. CHANNEL~ ARf DE-ENt:.1.GlZE-TO-TRIP. 

4. 

::5 DIG1TAL ACTu.o.-:10N '..__,AhlNEL~ ALSO AR[ PRO\/IQE.D NITH 
AN ELECTRON!': BLC...'.:~. NG ~UNCTION TO AU.OW T[5TlNG 
or CDINCID£NCE l OGLC' .o..s SHOWN 014 VENDOH DRAw;NG 
1:447 /059 ·J- ~4"1- 43 

le. RE.LAY DRl\JER 0UiPUT5 !='ROM OIGITAl AClUAT!GN Ct-1ANNE:l.: 
\JAY DRIV£ MORF.: iHAt1 l OJTF\JT RELA'>, T[$T 51\JITCHES 
SH(WoJN ON AC1 'JATl':'N MODULES !SHEt ·1 C 1 MA'V TEST 
MORE ,,..,,_,.., C1\J[ Q:JTPl_T .:lELt\Y . 

7, fl.HS DRAWING DtS,:RIBi..5 THE ..-uNC.T C.NAL R':Q!...l~E.MENTS 
or THE r.::-AS ANO J~· NOT 1NTENDt.LI ro ~~CCESSAn.11.Y 
R.ErLf.:T TH[ A~TUAL rlARDWARE Df.';IGN. 

5 .:.;:A:- INITIATES AUX.IL1AR'I I='[[-.•• ,....f[F " .'/\II.-:; IN ;1"". •R 
RESPECTr'JE SEQUENC:::. 

ru(;G A-15(1U,T[S STEAM GE:NtRATOR ?I 1.11.r";"i.JJITED BY 
'.:lb A Pk(SS.,. SG E. PRE.~S .\.~ 1 r ..ii> B LOW L[V(L) 

!='OGG B- ISOLATES STEAM GENt::RATOR A (AC.TUAiED &Y 
SG B PRESS .,. '5G A PRESS. ANf1 5U A LC'N LE\IEL) 

H 

G 

F 

q, FINAL OUTPUT FROM PROTELTlllE SYST(/1,1 ACTUA110N MODULb E 
rs. NOP.MALL'I "DE-EN£RG1zrn~AND CHANG:'. TO "ENEPGIZW" 
!='OR ACTUATION 

10. TME CONTtNTS. or T~lS LCG.c DIAGRAM u-:[PT AS NOTED BY 
AN A5TER15K. {•)IS surPUED BY; 

AUTOMATION 1NOU5TRIE5, INC. 
VITRO LABOR.ATORllS :ll'llSICN 

~~ll~~i7(-01~j J-447CQl 

II. AfAS-FOGG ANNUN(L~TOR WINOON ENGRAVIJGS AR[ AS FOLLOWS: 

WINOOW J.j9.. 3q - Af'AS-rDGG SUBSYSTEM TRIP 
WINDOW /\Ji· 40- AFAS~ro&!':i SUBS'IST(IJ "~0CKED/8YPASSED 

rz REFfREN['.:. VENDOR tlRAWtNG~ 12447/05q-J-4411Q)-ll:o 
IZ447/05q-J.417",JJ-17 
'2447/059·J·<t"t1f~J- 31 
12447/059-J-441CQl-32. 
12441/0Sq-J.441191-33 
'l441/05q-J-'14 1c9i- 34 

roR tmRNAI. CONNEC'TlONS INlERf'AC[ WITM lll='A5 AND roeo& SY'.>T[MS. 
13 ~~=of~:.~~~'.~ c~~~~l:E l:p~~~~t~~y L~i1~~ ~~ rnTENDW D 

TO DEPICT DISCRETE lUST~UMENTAllON OR DEVICES. 

CARD 

JUso Available On 
Aperture Card 

E.<41 NT'5 -o D uGORCAK 

BECHTEL 
AH HIGI, MICIUIUI 

PALISADES PLANT 
CONSUMERS ,OWEI COM,ANY 

GW0-8343 

c 

LOGIC 01AGRAl"1 

1--~~-•Tux_"_'•-"-'-'-'-'o_wTA-1E_R_,_c_1_u•_T_,o_•_s_v_s1_<_~"T"~-1A 
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. STATION POWER TRANSFORMER. 
I_N[OMING ACB 152-105 · 'CLOS~D' · 
STARTUP TRANSFOl;\MtR 
INCOMING ACB IS2..-IOfo 'CLOSED' 

DG l-1-5KR 152.-IOf . 

. 'CLOSED'· , 
DG 1-1 NORM SHUTDOWN SEQUENCER 

!45SEU ; :· .· 
DG 1-1 DM 5EQUENCER. 

(45 SE[) 

•' 

. . -~. 

--

".!'.I. 

15Z-104/[5 '[LOSE I CR 

SSEC· 
; (1,5 - 15) 

fo2-2/P-8A P-8A 
FAILED TO (-II 

'AUTO. START 3_5 

C-OI 
152-104/(5 .. 

SR TO NEUTRAL · 

·®®® 
I Pl.JMP P-eoAJ . 

~ w 
All-!04CS 

. (-ii P-8A 
TRIPPE.D REVERENCES 

----'--' 3-4 

-, 

. . 
@.-· -_.· @-· 

(-OJ 
HS- P-BA 

MAINTAINED 
MODE SWITCH 
MDAf PP ·P-8A 
AUTO.START. 
· SEL~CTOR -

ORMAL TEST 

(-11 (REAR) 
5S-l/P-BA 

SR TO NORMAL 
TEST SELECTOR 

SWITCH 
KEY REQUIRED 

·rn Tl)RN TO TEST 

AUTO 
A START TEST 

PUMP P-BA 

(-11 <rRONTJ 
HST AUTO START· 

I. Pno: M- 207 SH.2 

· JLG-143(QJ 2. ELEClRICAL SCHEMATIC: E- 1%<Q>-
. SS.:.l/P-8A 'TEST~ t~11 

AUTO TRIP AFTER MANUA .• START ®. 3_. LOGIC DIAGRAMS:JLG-1501Q>SH.1,JLG-143CQ), 
JLG-145lQH JLG-144CQ> 

.. 

STOP. 

.-: '~:~fi~~R> 
. TEST,AUT9 START 

..--------..-------@ All-I04 

/ ' 

152.-104/CS SLIP CONTACT 
ACB ISZ-104 
'TRIPPED' 

LSPT CD JLG-1451Ql AU~ FW pp SUCTION PRESS 
· LOW 'NEUT~Li_ . 

THIS DWG. CD 
IS2-IO"\ cs 

LOAD SHED 1q4 -108 · 

. MOTOR ~ROTECTION. 

.TRIP 
AlB 

152-104 

JLG-143<Q> 

STOP I MDAVPP 
P-8A 

CD 

' / 

~ . . / , II 

~~ 

NOTES: tCONT INUED,-. 

Z. THIS DRAWING.SUPERCEDES JLG-qs. 

NOTES:"· 

I, MDAF pp =_MOTOR DRIVEN l~UXILIARY FEED,,; 
WAT~R PUMP. _ . 

3. rnR AUTO START SEQUENCE, SEE - JLG-144<QJ,~llCAU=-i:.;;;;..--i..;;.;;DD;;;;•""="';.:;:N~Bl.i.. ~u~No~"'.......J'.::-::.:•:.::." .=.t.A-~o~o~__. 

PALISADES PLANT . 
CONSUMERS POWEi COMPANY 

LOGIC DIAGR1\M . 
MOTOR DRIVEN AU).ILIARY 

VEEDWATER PUMP P-8A. 

!CAWING Ne. 

JLG-142 

UY, 

II 

AUXILIARY FEEDWATER MODIFl(ATION,PHA5E Il. 

9501040188 .... 3lf 
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S!AR!~--:~ .. .- .: _. "-· ~A~UAL:w:. 
. HS-P-8( ·'AUTO' 

STATION .POWER TRANSFORMER 
INCOMING ACB 152-202 'CLOSED'· 
STARTUP TRANSFORMER 
INCOMING ACB IS2-203 'CLOSED' 

. DG 1-2 BKR 152·-213 
'CLOSED' 
DG ·1-2 NORM SHUfDOWN SEQUENCER 

(45 SE() .. 

. DG 1-2 DBA 'SEQUENCER 
C-45 SEO 

·,. 

r • 

... 

CD JLG_ 142 (Q) >-PU_M_P_P_-B_A_TR_l_PP_E_D _____ -1 

. JLP- lo HQ> . ."'>-A...:.U.:.:..X _F.:.:..W...:.F...:.LO::.;;W.:.......:.LO::.;;W;__ _____ -1 

AFAS '5' @ JLG-ISO!QlSH.I >-------------•,; 

... ;. ___ . 

. ... ·· 

( 

.. ' 

,-0JL&·l+K~<Ri~@. 

I 152 '-20'VCS 'CLOSE I CR 

5 SEC.· . 
ll.5 -IS) 
bc-c/P-Bc. 

.-

THIS DWG ACB ISz-zoq 
'--.,---J' l RIP . ·:. .. 

- 5S-l/P-8t ~TEST' C-11 
AU"'O t-11 

1--1-~-11 A START TEST - AUTO TRIP AFTER MAN.START 
152-ZQq/CS SL!P CONTACT 

STOP 

[R 

LOAD SHED 194-211 

MOTOR PROTE(TION 

PUMP P-8( 1-1· 

...._ __ · -i' A /t-1-1 
/ ..._CREAR) 

TE5T AUTO START ' / _.· i------___. A . 

. · ... Arn 1s2 - 2oq 
'TRIPPED' 

JLC,-144(Q) SH.I CD. 
..__T_H_IS_D_W_G__, CD 

AIZ·209CS 

·~ [LOSE s_ TART I . . A[B .__.__MDAFPP 
152.-?0C! P~BC 

P-8C~ . 
FAILED JO [ -11 

' AUTO START 3-7 

" P-8( Cell 
' TRIPPED 3_" 

®2:;JLG-142CQ>· 

NOTES: lCONTINUEDl 

z.~ 

'. 

.• • -i· 

" ... 

.· ·. _ .. -· 
·.-···:.. 

© @· @ ... - ·_ @ i. " {~ _. 

·1 PUMP P~Bc ·I J PUMP P-ec 1-.jiEsT PUMP P:eq 

C·:OI 
1sz-20q;cs . 

SR TO NEUTRAL 

AFW PUMP 
TRIPPED 

C-11 . 
ANNUNCIATOR l<of 
WINDOW NO . .39 

. .- . . 

MANUA AUTO NORMAL TEST 

-0 · --_. CS)_.: 
c~o1 

HS-P-8( 
MAINTAINED 
MODE SWITCH 
MDAFPP P-8[ 

- AUTO. START -
SELECTOR -

[-II(~ 
·.· ss-1/i>-ec 

SR TO NORMAL 
TEST SELECTOR -
· SWITCH 

KEY RE(lUIRED · 
TO TURN TO TEST 

AUTO 
A 5TARJ TEST 

PUMP P-8( 

. c~11 crRO-NTl. .. 
.TEST AUTO START . 

REFERENCES·; . 

1. Pnn: M- 201sH:2 ___ _ 
2. E:LE(TRIC°AL SCHEMATtt ', E- I qb((~) :- ... · . --
3. LOGIC DIAGR~MS:JLG_-ISOtQiSH.1}LG-[421Ql;. · 

. - JLG-1451Q:~eJLG-144CQl -

NOTES: 

I. MDAFPP = MOTO'R DRIV°EN"WXILIARY i''EED
.. WATER PUMP • 

BECHTEL 
W0-834-3 

PALISADES PLA~T .. · _ 
. CONSUMERS POWEil 1:pMPANY 

3. FOR AUTO START SEQUENCE SEE JLG-144lQl. . LOGl[_:DIAG~AM-
4. INF'tJTS TO ANNUNCIATOR ARE SEPARATE · MOTOR DRIVEN AUXlllARY 

INPUTS IN TO A MULTIPLE INPUT ANNUN[IATOR FE[DWA~ER PUM~:f•8[ 
LOGIC [fl.RD HAVING A 'REFLASH' CAPABILl1'1: t-~-=-"T"""-J01-11o.'""''""" -r--___ .;;.D1.~1.w-111G_11o. ........ - .. -.. ....-.-rv.-1 

~ ~2447-osci :r,UJ--.14,3: ·· _." .12. 

95 0104018 8 -"5 5 

·.,. 
·" .. 

. · . -

-· ·'· 

-
.• 

-· 'i(.J. 
.. 

Also Available on 
- Aperture C~rd 

. •. 

> Cl) . 

r::C 
r::C 
< 
ti) 
i::.. 

en 
C"? 

I 
c--

CL) ..... 
:=I 
bO --i::.. 

... . i-. -
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• 

• 
1··"_·;•·, 
' ~ ' 

START 

HS-0522A "OPEN"CR 

(D ) .JLG· l 45 l Q.) ) 

1----4 ENERGIZE H OPEN ~---------------------! 
SV-0522A CV-0522A 

HS-051.Z.C 'OPEN I Cl5'0 
• 

HS-C52'2B'OPE"li' CR 

1-\S· 05"2'2 B \AUTO I CR 

CD JL(;- 143 tG.) 
PUMP P-SC 'TRIPPED I 

JLP-f,1 lQ) 
AUl FW FLOW LOW 

@ JLG 150(6.) SIU ~!.!.!.!~..!.------4__. 

® u;-144 (ru51l2 >------1 

NOTE"Z. 
l.1.-? /P-88 
1 IZ.5 ±ZS SEC. 
£20·'200) . 

Cl I CRE.1\R) 
TEST AUTO START 

AUTO C-11 
A STARTiEST 

PUN PP-BB F2. 

~ .ru:.-144LQ)SH:o---------------------------' 

LOSS OF DC DI I PANEL BKR 72 -1oa DE ENERGIZE. 
~------------------- ~--------1 
DHNERGIZE 

2.7-AFAS 
RELAY 

8 ATWS TROUBLE/TRIP" 

SV-052.'2.G 

DEENERGIZ 
I-------~ 

SV·052.2H 

I ENERGl'iE f 
SV-052.'2.C 

OPEN 
CV·05Z2B 

. -· 

ENERGIHI 
sv-osna 

m 

"' "' "' ~ 
"' Cl 
Q. 

START 
l.DA~PP 

P-8B 

(Q() 

(Q() 

AUTO 
~!>T"ARTTEST 

PUMP P-8B 

C-11 <FROMT) 
TEST AUTO ~A~ 

@ ®®® 
ITESTPUMP P-8BI I CY-05UB I 
NORl!Al TE5T ClOSE AUTO OPEN. 

C-11 C·OI 
l RE AR l HS·OS22B 

ss-"2 /P-88 MAINTAINED 
SR TO NORMAl 
TESTS ELE C.TOR 

SW\TC\.\ 
\:'E-Y REGUUi'ED 

TOTIJRN TOTEST 

-TP' 

______ I I c;v-osnA I 
LOSE: OPEN 

C-150 
HS-0522.C 

MAINTAINED 

LOS!: OPEN 

C-01 
HS-052.Z.A 

MAIMTA INE: t:l 

1'1 2q~4 f!EHOVED CV-0521 ANO HS·0521 PER FC-q66 & OCR q7-173 OHS 

REV DATE 

PREVIOOS RECORO JSSLE 

MICHIGAN P..E. No. 

I.Fl No.. 

DESCRIPTION BY CK APP 

ConsumBl'S Energy. 
PALISADES PLANT 

LOGIC DIAGRAM. 
TURBINE DRIVEN AUX. FEEOWATER 

PUMP P-88 
SHT. NO. REV 

JLG-144 1 14 

Figure 7-40 Sh 1 
Rev 19 --ri 
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• 

• 

STOP 

H5-0S2ZB 'CLOSE' CR 

JLG- !45" (Q} >-A_U_X_FW __ P,...U_M_P_S ___ -f 
.. 5UC.TION PRl:SS LOW · 

.-------------~JU:;-J'H(G)SI\ 0 

1--------------'l:fl.b- 144lGl) 51\I 

CEENERGICE 

sv-osn B 

® 

CLOSf L __ _ 
E.V-omsj 

___ H_S_· _o_s_2_z_C_'_C_LO_S'E_' __ G:_-1_s_o __________ ~1 DEENtRGIZI;; . 
sv-osu.c. 

DC POWER AVAIL. 
PANEL Dll BKR. 72-108 

HS-0522A 'CLOSE' CR 

JLG-145 CQ)>-----1 

4. AUTO 5rAlff SEGUENC E AS FOU.OW.S : 

PUMP P-SA 
JLE.- 14 "Z lG.) 

'PUNP P-8C. 
.Jlf. - \4 3 CG) 

PUHP P-86 
.!LG - H~ £.Q) 

51' ARTS !ftlTIALL'i 

STAIIT5 IF P·BA "TRIPPED 
OR" FtoW NOT FtO\IE:VED rN 
PREDITER M 1NED II HE 
UTE~VALe 

5Ti\RTS Tf P-ac WAS CDM -
MAKDED ON AND Fl.OW WltS 
NOT ACMIEVE:D OR P-eC. 
TRIPPED • 

STOP I 1--------..--1 TDAFPP 
P-BB 

co 
N 
N 
"1 .. 
'U · ·(be) 

l.n 
Cl 
CL 

G C·OI 

l<fFER ENC. ES~ 

I. PHO~ M- Z.01 s1rz. ' M ·'Z.OS' SIH. 
z_ ELECTR \(l\l SCHEMATIC; E- 'l38(0) S\.l."'4 
3. LOGIC. DIA(;.RAMS:.JLG-M3('-l)ULC.·•'4S£Ql 

~DTt'.S: 
I. THIS .DRAWING .. SUPERCEDES LOG.IC. 

D!A.t;RAH II4fl·03'l -JL6-'H• 

Z.. TOR DELAY TINE WILL BE GRE.a.TfR 
THAN 1"E DELAYTIME OF OUTPUT 
~ELAYS OF PUNP P.8 C. ClLG·l43l~H 

3 TDAFPP=TU£BINE DRIVEN AUl(ILIARY 
FEEDWATER PUMP 

5 Z~~4 REMOVED HS-0521 g. AOOEO CV-05ZZAPER FC-<!66 AND OCR q7-173 OHB c. 

REV DATE 

PREVIClJS RECOOO 1SSl£ 

MICHIGAN P.E. No. 

lfl No. 

DESCRIPTION 

t:onsumsrs Energy 
PALISADES PLANT 

BY CK APP 

JLG144-2.CIT 

LOGIC DIAGRAM 
TURBINE DRIVEN AUX FEEOWATER 

PUMP P-88 
DRAWING NUMBER SHT. ND. REV 

JLG-144 2 5 

Figure 7-40 Sh 2 
Rev 19 

9707070091 -t 1 
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• 

PROCESS AREA 

PT-0741A 

SWITCHGEAR ROOM ID 
CABINET .r-1os 1 

,---- BAILEY ~ABINET - ----- - , 

I - 24VDC (SEE REFERENCE 3) I 

I - 1-- - - - , Ps-o74IA RELAY CONTACTS (TYP,) I 

I 
TB I I 

_ ,.., 1150Jl I / I 

~ !lElf-u--C-[---C-[-+--~----,l.--'l\-.f--11~ ; .. ; / L - I 
---- .:...: 4-ZOmA """ rr.:i_ I BAILEY MODEL 1 

ROSEMOUNT II -=- ZSOJl I P/N 7452 IOAAA"-12 I 
TRANSMITTER 

I I I -!:-

I 
I I I 

IB I I 1 r ~ -~ - - TB PT-0741B PS-0741B I 
I I I H 

,-, I :;-; 1 I SDJl I . / H z. OUT OJ=" :i I '?"" ,-, (If: ;:l---'-:--c-:-+--n--.:_,:-.f--11~ H-'Vv- I / L H LOGIC I= 7'< 1 : : 

[..=_ '{__ 7-E 0' ~~ ' ' I ~ ~ _J 7-< I I 'r' 
..._____ ~ 14-ZOmA .'L.f-1 ~ ~ 1:;Z.SOJl I BAILEY MODEL -- -- I::...~ 
ROSEMOUNT I - I P/N 7452 IOAAANZ - II 

TRANSMITTER J 1 
I I I 

I 
I I PS-0741DD PT-0741DD 'IB TB I I I 

~ ,-, l?""'ll---7'-:-' -1----r'-;-'-t--il~ I I ~911 : / I------' I 
;: ~ : : n : : I ~ I vv I / L 
'L 7"' u' M~ ·,· i ~ I II I 

ROSEMOUNT 
TRANSMITTER 

"""" 4-20mA '-Ii::... r;-i i'.SOJl. : BAILEY MODEL I 

L
I ~~----_jP/N745ZIOAAANZ. 

1 

BAILEY MODEL _J 
!IN 7bblO~BAl\NZ _________ _ 

ADAPTER TABLE 

TRANSMITTER PRES'."JURE VENDOR TRANSMITTER PRE.SS URE VENDOR TRANSMITTER PRESSURE 
SWITCH PRINT NO. SWITCl-l PRINT NO. SWITCH 

PT-0741A PS-0741A J -441 ACQJ-lo PT-0741B PS-07415 J-441A(QJ-7 PT -0741DD PS-0741DD 
PT - 07!oZ.A PS-07bZA J-441AlQl-15 PT-07!o2B PS- 07IOZB J- 441 A(QH!o PT-071DZC P5-070ZC 

J TO PUMP TRIP LOGIC 
JLG-145lQJ 

VENDOR POWER 
PRINT NO. CHANNEL 

J-441A(Q)-8 LEFT 
J-441A(Ql-17 RIGHT 

ASSOCIATED CABINET PUMP 
P-8A OR P-8B J-1051 

P-BC J-1052 

r ii'. OUT OF 3 LOGIC ~--TD PUMP 
TRIP ,- -- -f--- -1 CIRCUIT 

I I I 

~* ~* ~* 
~~~ 

I I I 

RffERENCES: 

+ SUPPLIED BY ROSEMOUNT 
M/R- IZ.447/05'l-J-44B(Q) 

* SUPPLIED BY Bl\ILEY 
M/R-ll447 /05g-J-441A(QJ 

I. PHD; M- 207(Ql 5H. 2 
2. ELECTRICAL SCHEMATIC: E·81 , 
3. mR DETAILED CABINEI WIRING INFORMATION 

SEE VENDOR PRINT WHICH IS IDENTIFIED IN 
THE ADAPTER TABLE BELOW. 

TI 
APERTURE 

CARD 

8 4 0 7 0 5 0 2 7 2 -?"'t 

<REF JLP-63<0> REV .ll 

CONSUMERS POWER COMPANY 
PALISADES PLANT 

FSAR UPDATE 

INTRF ACE LOOP DIAGRAM 
PUMP LOW SUCTION PRESSURE TRIP 

FIGURE NO 7-41 

REVISION NO 0 
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,, 
" . f( .. 

I 

• 

• 

• 

LOW SUCTIOt-:J PRESSURE TRIP roR PUMP P-5A OR P-BB 

JLP-'13CQ) 

-J-L-6--1 ~-Z.-{Q-)"""' PS -0741 Z .3 LOW SU<>TION PRE.SSURE 

LOW SUCllON PRESSURE TRIP FOR PUMP P-BC. 

JLP-la3CQJ 
P5-01~2.A t ( 2/3 LOW PRESSURE 

~TE 2 
1.5-15 
'i.'l:-3/P-_& 

)_ .JLG-143 (Q) ) PSY-07'-Z. Z./3 LOW SUCTION Pl\ESSURE 

/ 

AUX. FW. 
PUMP 
P-8C 

SUCTION 
PRESS. 

L0\11 

:TLG-143 CD 
CR 

• a; C-11 t..lolit::. 1 

• , P-8C 
~ LD SUCTION [-I l 

TRIPPED 3_9 

9
. 9-12 

95 
REV. DATE 

,.., 
Ai~o Av®Jti~&i~aB® orm 
, ~p~~M!!'® ©~rd 

AUX FWP 
· LO SUCllON 

PRESSURE 

[ 11 WINDOW 40 
~tJ\..N::l ..\IDR..'ICO 1 

B(FERENCES: . 
I. P fID: M- 207CQ> 51-l 2 
C. ELECTRICAL SCH(MATIC:· E- 81CQlSH.3 · 

E-238CO>~H.4 
3. LOGIC DIAGRAMS: JLG-142<Q>JlG-143(Q), 

9 JL6-144CQHJLG-IOZ 

NOTES 
I. \NDuTS 10 Pf',J.Ji.JNCIA""i'.)RN?£~~ 
·~ 1i..rro Jo-. 1-\ucnri..e:. •NfUT .N-1~1~ 
La:lle CJ>RI::, IJJ.,)JiNc.; A,,·~· ~Lfl"Y. 

2. TIME DE.LA'( SHPOllH TO BE 'DE.TERMINED DURING 
START UP. 

JGD 

DESCRJPTION BY CK APP 

CONSUMERS POWER COMPANY 
PALISADES NUCLEAR PLANT 

COVERT, MICHIGAN 

LOGIC DIAGRAM 
AUXILIARY FEEDWATER PUMPS 

LOW SUCTION PRESS TRIP 

JLG-145 

JLG145.CIT 

Figure 7-42 
Rev 19 
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• 
~- .... ~ 

... . . 

r-r:::~~,~----------------...,-----------------------------------··-----------,----------r--------------r-·---------------------------------
%1 5 S _ PROCESS AREA SWITCHGEAR ROOM ID CONTROL ROOM (-33 PANEL PROCESS AREA 

~~~~-~-~!f---------------------t----=====---==-=======-:-=~C~A~B~IN~El~J~-~10~5~1======-=-=-··=====;;p~=;--:--t--P-A~N~EL~C~-~or __ -l----------------+------:~--------------------------------1 
------lr.W (: '\TO CFM FROM C-150 A/5 25PSI 

~ 
I 

Id. 1a~ 
I~ N£ 
1.:. 1.,f- ICS: 

5'" II ,_ l 5 
\Jj I I~ 
Ii ~ g 
'-- - ._ 

kJ~ le 

~~ I<.!: 
! -:J 

I-
<I I 
-:J 

~ ~ '-

i!i I~ ~ 
~ IQ I~ 

1:11 
I 

IP ~ 0 ... :s 
6' ~ I~ Qj \J r--

~ -..J ~ ..... 

~ " 
I() 

t\j IL ..... li.. 
rt! I 

1;,- N ~ 
r- °' II. 
.... 
~~ <C 

1;;? ..... ~9 
rt:' " ~ lt::i ~~ 2: 

~ 
' 0 

9~ I~ ~9 ·en 
,~ a

1

t I le ::s;·I( 

~ ~I~ 0 
er 

llC I~;]' 

12447-123 

I 
~ ' ' (ISOLATION PA~L ,r-4-20mA 

~24 VDC re:~ _j_i ,;CABINET TCb.J I/P-0727 

FT-On7 1 TB FM~-on? .r·. -=- ~ , , 4-20mA 4-20mAffi+ 

~ 4-20mA I - 1 ~Ji. - -i I ~· ~"---t---:,:-;:,-1------------1---------------_.,_--_:_!-I 
t-------+-_.,.'-_,.'-t--r,-~t-"'VV- I l ,,.. ' 'r' 

: : ;;.E I I v- i---- A-5 VDC . Ir-~ I ._ _ __, 

. -I ,-, 
' I I I 
I I I ' '{_ I I 

_J 

.J 
,, -

3-15 PSI 

1---------f-_:,......:1,--'-' -Ip,.; I I ((:> FMA-0727 ~ I ..- - ITT CONOFLOW ; 
R'-0-SE_M_OU----NT ~ '1- ~ ~.,,,.zson. BAILEY y ... ~ TB HIC-07Z7 ..--rl......---J ') MODEL GT25CAl82~ 

TRANSMITlER ~ • -:..:=.( P/N750010AAANl I~~ · ; 11
• I?"< ~~ A/5 60PSI ~ r 

SEE 
fl ~ 7 P/N7fb%L~lbOBAAN2 r m~~_= -.j;:~ 1 ; : ~ - rrB'<PASSAROUNDCV7.3'-AfCV137A ___ ---1 

JLG-l 41o(Qll~ :;;.i; 1 I l -[ S.: ; : _ . fl SCHEMES IM 1" tIMo.q ~'Jp60 Ps:r. ~ I 
~ i:.L.5 -o7L'.~'l FS-0·727 ] ' - I .. .• ~ ' .. 1·· ..... ~' ,;' ' -·_. -70- I 

TO PUMP r "1 ;:i... 1 1 • ; • - ~ · ' ' • ~ · • • 

START LOGIC [--i---i1i--lr~ H ~~; 1i r- / :. . ~ I I I ~ - I ' I REFERENCE57 - - - ---. I ·LJ .I 
JLG-l43<Ql. I ~HTWICEl-/L 11111. ~; 1! ~ I - 1 .1.PnD:M-207CQlSl-t2~~2 LcV07.3lOI 

I ~ I BAILEY 15'0k ) _[" I ' • 

L -T .J J l ;;.; I I ~ . 2. ELECTRICAL SCHE~E: [-79 - - ~ 

. '··: 

\ ,. 

•-\~ 

I 
~ P/N745210AAAN2 .n. ,_ _:- c ~ I I I ~ - I ~ I 3. FOR DETAIL CABINET WIRING INl="ORMATION SEE 

r:s--:o-rz
7
A/ · ._, _c- 10"' - ~ , , ~ 

1 
VENDOR PRINT WHICH IS IDENT1F1rn· 

~ r:s-o74qA § -=-- ..n.. l4 VDt[ 7 ~ IQ i 
1 1 

~ I IN THE ADAPTER TA5LE ON SHEET 2 • • 
I FR. JLP-hl(Q> ~ -~S: -•- _-=__l __ ll_fl 1I1u,~ , _ _J_J_ __ _ _ _ ~ I I 4. INTERFACE LOOP DIAGRAM FLOW/PRES5UREJLP-b2(QJ 

I I I I lr -R -1 1-1 ·=-1-tT~ r· r - ~ ... -AFA:l Slla~AL' ~ . . I ~ 
. ~ TS K ',( 1:' JI: JI: JI: )( )( JI JK JK ][ l k 1( ~ II I I:>! '" .'!.", FIC ffi3;:Jil I ,, I NOTE5' - - -

. ~N[E_2_ _ .---1= 1_1_1= 1_1 _lJ\-t=rt'f~ __ ~:- = ~r 1 _ ·~~~~·iP/N7l~t,'~~NJ , .. I • SE'/; 5H.Z ~ AIJAPT&R ntBLC. 

'l>"'t.• 

--, 

'--·- ------lr~ 5: i ~-::.:3~J'd•I, : I - J 
~-----~~ ,._ I .=g 3- is I - ~ - '-"-------.,,,.., ...._ __,,J_r 

I 
......________ ~ ~ j '' I ICM.I·""' I llDIGHlll A Wl"'""MIU I HAWN T.I. Wnnoc;. 

• ,_ .ITTCDNOfLOW I 
'-------------·--------+--1i:;.e ._. I MODE'L GT zs c:A 1e2ro r!IJcf!'tT

3
EL 

~ ._. I 4.:;in Mir ~<(I: [4.j 
'-----------------+-ll7"'l E.I 01.3£i 

~~ l~lfu r + +--- ~ ~I 

PALISADES PLANT 
CONSUMERS POWER COMPANY 

INTEl\FACE LOOP DIAGRAM 

'-------'---~~1i- I ~ ~ ~ r:.--i ~I 

'-------------------------------4-IH ~ 'j ~ iJ 1-.svlll - - -. ~I 
~ i[~ 1+1-1 I ' FLOW ~ONTROL ____ 

FOR FIC0727-c_I A·' BAILEY-J-•. :: ... ~, I I~ .. ,-:.· .... · .. , .. .:. ·.~ JOINL I -· - DIAWINGNe. llV. \ 

to129 oNLY 1 lf1N10113'2AAAN,, 2-i v oc. . .._..._ • · · -· · ~ 12441-·osq ,JLR-1o1 ·sH , ~ 
FOR i='IC 073GA-, I A>YEW SLPC-111-1 ·MOORE J ' 
t 073 7A ONLY Li.------1 E/NPR/ NPI=' .StT /' l-SU4 •20MAte•i'ID.:JSTD AUXILIARY FEEDWATER MODIFICATIONS, PHASE][ 

SI 
APERTURE 

CARD 
~ 
A1so Available On 

Aperture Card 

Figure No 7-43 FSAR Rev 16 

9312220 060 -10 
....... 
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• + 

+ 

• 

+ 

• 
-· ' , .. -" 

I~ 
I 

I~ ~ ~ l<i: 

I~ I~ <5 

15 
J 

-~ 
~' 5 

~~ ~B 
~µ ~ 

1~ 
u 
::2 I 
..., 

~ 
. ;:. I . '>t 

.- ~ 
~ !t 

I~~ 
I~:; 

I~~ 
~ ... 
~I~ 
~ Ii 

SQUARE !="LOW TO !="LOW 
TRANSMITTE~ ROOT 

SWITCH 
PUMP INDICATING 

EXT. LOblC CONTROLLER 

~I~ 
I~ a. 

!Ii. 

FT-O?Z7 FMY-07!7 FS-0727 P-8( nc-on.1 
H-014ct l='Mv-074q 1='5-014q P-8( nc-014q 

FS-073bA P-65 nc-o73bA 

ADAPTER TABLE 

PANEL HAND PANEL VENDOR POWER 
LOCATION 

INDICATING 
LOCATION PRINT CHANNEL COM TROLLER 

(-01 HIC-07C7 c~33 J-441AlQH8H:J LEFT 
c-01 1-11c-014q (-33 J-441ACQJ-20~GI LEFT 
(-01 HIC-073bA (·33 RIGHT 

' 

INSTR. 
PANEL HIC 

-
J-1051 t HIC·072.7C 

J-10511 #/C·0749C 

J-1052. -

FIRE- PROTECTION ' 'l/P' 

c~~~~~L uf~~~BN DR~~J~G CONVERTER VALVE 

CONlROL PUMP 
LOGIC 

HJTERFA[[ 

L£FT ) (-150 J 'l/P-0727 CV-0727 JLG-14-3(Q) 
t..t:."F"'T l C-150 ~ I/P-074'1 cv-074q 

NOTES 
.H IC MODE / 
NONITOK (,, 
.swrrc. H 

FMA-0727 
~A-071.19 :;;. 

r- .. -. 
( 

1~1il: 

~I 15 

FT-073bA f:MY-Q73(,AJ J-441AIQ>- 'H IO 

l="T-0737A t:"MY-0737M IJ:'"S-0737A P-85 FIC-0737A C-01 HIC-0737A C-33 J-q 41AIQ>- I I< I('. RIGHT J-IOSl -
- I\ - I - l./P-073bA CV-0731oA JLG-144{Q) 

i-:_--:.~~~~~-1-~'"="",..,..-1~~-J-~~=--+-~~~~~-+-~=-+-~--~-.+~~-+::~=--t--~~-t-~~-~---t~\~---1,<-t-~_~~!./=P~-O~l'.~~~A~(~V--O~l~37~A~ 0 !='MA-073bA 

FMA·0137A /' 

I,[ 
"'~ 
~!~ 
~ ::it.. 

1,:1 ..... 

~I~ :c: 
.::::> 

~I~ 
-L. 

I = li'.11.i. :!:: 

::.:1~ ~ 
~az ...... 

~ lfJ
1
o ~ 

12447-123 

.... . 

~ '? C~IJ~~th~ ~Y~lt~N 
t, Pt\NEL LOO\ Tl ON 

J45"0 
1 J-450 J. 

J451 
tl46'1 

.. . 

.. 

CONTROL 
VALVE 
tBYPA~S l 

CV07.3b 

C.V0737 

... . ' 

I /P 
CONVERTER 

I/P073f. 

I I P07.37 

•.· 

SIGNAL 
CONVERTER 
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OPEN CV-0727 & CV-0749 
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AfAS 'A' . @ Jl.£-150CQJSH.1 --------------

PUMP P-8A 'RUNNING' 
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CV-05225 HOT CLOSED 
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~ JLG-l">O{QJSH.I >------------1 
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CACB 152.- ID+ CLOSEDJ 

IN TE5T (-II 
1' CV-0727 * (y-074q 1-.3 

AUX i::w PUMP I START CONTACTS 
CLO'XS 

CV-0727 c CV-07-4q 
MODULATINL1 

AUX r;w PUMP I 
START CONTALlS 
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cv-orn ~ cv-014~ 
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A CV-07'.7 

• cv-014q 

CR C-11 lFRONTJ 
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I PHD: M- 207CQJ SH 2. 

0 
TEST 

-0121 t cv-014q 

CR C-1 l<REARl 
. SS-3/P-8A/B 

MAINTAINED 
TEST SELEOOR SW. 
KEY REQUIRED 10 
TUR~ TO TEST 

4 
REV. 

ICAUI .-:1:., ·- n ---.r""IDrAU l~U '-\JCVH 

-----

~,Ni~ 
PALISADES PLANT 

-
CONSUMHS POWll COMP.A.NY 

LOG IC 01 AGRAM 
AUXILIAR'V f"EEDWATER FLOW CONTROL AND 

?li,..~? TE'5T LUC.IC 

8 
... ,... llAWJMm ... ..... 

12447-osq JLG-14-~lQl SH Io~ 2 3 

AUXILIARY FU'.DWATER MODIF'ICATION, PHASE Il 

NOTES: 

I. THIS DRAWING 5UPERCEDE'1 ILG - IOICQ1 
2 "PUMP RUNtJING" CLOSES THE RELAV CONTACT 

SUPPLYING THE !="LOW (CJNTROLLER WITH MAN
UAL SElPOINT, ENABLING (QNTROL OJ:" VALVE 
POSITIONS; 

NOTE5 - CONTINUED 

2. ccm.H.J 
"PUMP STOPPED" OPfNS Tl-115 CONTACT, BLOCKlfJG 
TH( MANUAL 5ETPOINT TO THE CONTROLLER. 
CAUSING THE 'IALVE"> TO BE DRIVEN CLOSED THE 
TEST SWITCH BL.DC.K'S THE wpuup RUNNING" SIG>JAL 
TO KEEP THE VALVES CLOSED DURING PERIODIC 
PUMP TESTING · 

2-24 REVISED CV-0522A & B TO.NOT CLOSED.DELETE CV-
0,7 0521 PER FC -0,66 AND OCR 0,7-182 !REDRAWN ON CAD MOS 

DATE DESCRIPTION 

ConS111118TS Energy 
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LOGIC DIAGRAM 

BY CK APP 

JLGl~6-1.CIT 

2. EL£URl(AL SCHEMATJ(: E- 1%!QJ,.51.ni.s 
AUXILIARY FEEDWATER FLOW CONTROL 

AND PUMP TEST LOGIC 3. LOGIC DIAGRAM: JLG-150lQJ SH. I 
4 LOOP Ol.o.GtJO..M" .JLP. 61 {Q) JLG-146 

SHT. NO. REV. 

1 4 
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• OPEt\I 

HS-0743 'OPEN' 

~ 

~+--t' ha 
HS-0743 'AUTO' 

I~ CD JLG-150<Q)5H. 2. FOGG 'A' CH LEFT <NOTE SJ 

-"-....... ....... 
-:i 5 VALVE FULL CLOSED 

HIGH OPENING TORQUE 

VAL VE NOT FULL OPEN 

I 

CLOSE 

HS-074 3 'CLOSE I 

MS-0743 'AUTO I 

CD JLG-ISO(Q>SH.c !='OGG 'A' CH LEFT <NOTE 5> 

FOGG 'B' CH RIGHT <NOTE '1> 

FOGG 'B' CH LEFT CNOTE fa) 

VALVE FULL OPEN 

HIGH CLOSING TORQUE lNOTE 3) 

+ 

• 12447-123 

ISO VLV C-11 
-~'A H5 IN 

OPEN POS 3-IO 

Cbo) 

OPEN 
SOLATION 

--- VALVE 
M0-0743 

Ca.c.) 'R / C-11 
POS-0743 / , 

C~J!!::o143 ~ 

i 
I 
( 

©@® 
I M0-0143 I 

Aliso AvaBat;f 0 n 
Apertt;rc: C~1ni 

HS-0743 [-11 
MAINTAINED CONTACT 

RE.F"ERENCES: 
I. Ptro: M- 207CQ>SH.2 
2. ELECTRICAL SCHEMATIC: E-1174 CQ> 
.3. LOGIC DIAGRAM:JL6-150CQ>SH.l 

NOTES: 
I. THE VALVE HAS AN IMMEDIATE REVERSAL 

FEATURE. 
2. FOR ADAPTER TABLE SEE SH. 2 
3. HIGH CLOSING TORQUE STOPS VALVE WITH NO 

POSITION SWITCH BACKUP. 
4. INHERE~T INTERLOCK: REVERSING STARTER 

CROSS INTERLOCK IS NOT SHOWN. 
5. !='OGG. B = FEED SG B,ISOLATE SG A 

FOGG A = HED SG A,ISOLATE SG B 
b. ISOLATION OF SG 'B' ~T PERMITTED IF 

SG 'A' HAS BEEN ISOLATED. 

BECHTEL 

PALISADES PLANT 
CONSUMEIS POWEi COMPANY 

LOGIC DIAGRAM 
AUXILIARY FEEDWATER-STEAM GENERATOR 

ISOLATION VALVES 
~ .IOI .... llAWIM8..... .... 

~ 12447-osq JLG-14-HQ> SM.loi' 2 ~ 

AUXILIARY FEEDWATER PHASE ][ 
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NOTES~ 
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[~ 

I. Ii-JP1...rrs TO ANNUNCIATOR ARE SEPARAT~ 
INPUT'.:> INTO A MULTIPLE INPUT ANNUNCI A
TOR LOGIC CARD HAVING A 'REFLASH' 
CAPABILITY. 

~er~ 
,.... i>< ISOLATION HAND POSITION ISOLATES ISOLATION "'fi ilJ "VALVE SWITCH SWITCH STEAM 

POWER 
SUPPL'< 

CHANNEL 

MATCH NUMBER ISOLATION 
.JLG- ISO<Q, .JLG-14t<Q) P£RMl551VE 

AUX. FW. LOCATION CFM INTERFACE 
PUMP 1-----11-------------A-F_W_M_A~TR-l~Xi-----------t BECllTB. 

-c: 1.1. NUMBER NUMBER NUMBER GENERATOR COMMMJD 

~~I~ I M0-0754 HS-0754 POS-0754 E-50 A FOGG B 
a:: ~1~ M0-075q H5-075C! POS-075q E-50 A !="OGG B 

SH. 2 SH. I !="ROM NUMBER cs LIGH LIGHT ALARM DISPLAY IND CABINET r ... w-o-rf~.-4~ 
RIGHT P-8( ( 11 J-451 PALISADES PLANT 

P-8C C 11 J-450 CONSUMERS PoWEI COMPANY 

P-8A/5 C 11 C 33 J-451 LOGIC DIAGRAM 
P- 8A/5 C 11 c 11 C-11 J-450 AUXILIARY F"EEDWATER-STEAM GENERATOR 

P-8C [ 11 t---J---4-5-1 ----11 ISOLATION VALVES 

LEFT 
10 4 FOGG A 

11 " FOGG A 
le 7 FOGG A M0-07'=>0 H5-07b0 POS-07b0 E-50 A FOGG B RIGHT 

qolJ'l 1..9. M0-0753 HS-0753 POS-0753 E-50 A !='OGG B LEFT q 3 F'"OGG A 
M0-0748 HS-0748 P05-074B E-50 B FOGG A RIGHT c C: FOGG B 

P-8C t 11 t---J_-_4_50 __ -1 ~ •Na. llAWU. • m. 
P-8A/B [II (33 J-451 ~ 12447-osqJLG-141(QlSH.2oFe " 

M0-0755 HS-0755 POS-0755 E-50 B F"OGG A LEFT 3 5 !="OGG 5 
4 8 !="OGG B M0-07q8 HS-Q7q8 P05-Q7q8 E-50 B !="OGG A RIGHT 
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~~i ~ ~2. AFA'S - FO&G AFAS SGA CHN A SENSOR TRIPPED we-re: t 5U55YSTEU - - - AFAS SGA CHN B SENSOR TRIPPED 

~-
r-. ,, SG E-SOA (-II TRIP 

AFAS SGA CHN C SENSOR TRIPPED @ LVL SNSR 
1.:.1 C-11 v 'cmm TRIP 

'· SI ANNUNCIATOR K01 I 
A.FAS SGA CHN D SENSOR TRIPPED 

~I~ AF;-<lfYfUtRE WINDOW NO. 37 
A ~i!:~.J. 11.v... 

~ --,-.. AFAS SGB CHN A SENSOR TRIPPED CA'h.D 
~I! [-11 I -~' A.FAS SGB CHN B SENSOR TRIPPED 

0-, , SG E-SOB 
~ A.FAS SGB CHN C SENSOR TRIPPED @ LVL SSS:R 

A' fa· ~;to'"-~"' On .., 
"' CBRL TRIP 1-l iSO .:...~ll.~_..:.!i!.E.i:~ .. l.l 

~ ~I AFAS SGB CHN D SENSOR TRIPPED Anerture Card " ' 

t] II) FOGG A CHN A SENSOR TRIPPED - ! Ill 
(-11 FOGG A CRN B SENSOR TRIPPED °"T' / FOGG A 1~ I- !'OGG A CHN C SENSOR TRIPPED @swn. C1D1L 

REF"ERENCE5: ~ 
,. 

I v ' TRIP 1-3 t"l 
FOGG A CHN D SENSOR TRIPPED 

~~ I I. LOGIC DIAGRAMS: JLG-150CQ> SH. I e 2 

FOGG B CHN A SENSOR TRIPPED 
l. VENDOR PRINTS~ 12447-osq-J-447(Q)-llo,17,31, ...... FOGG B CHN B SENSOR TRIPPED °"T' / FOGG B 

C-11 32, 33 AND 34. ~ 
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cJ 

~-11,~ 
v 

A1PU: AC'l'UATYON CRN A '1'1ll'PP'lm C-11 h ~/ APAS ~ @ACTUATION ~ I 

~ NOTES: \I AFAS ACTUATION CHN B TRIPPED ~ °'CBNL TRIP 1-5 0 
I. INDICATOR WINDOWS ARE HOUSED IN A 3ic10 r. I 
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I~ °"T' / FOGG A 

I (-11 

' ~ FOGG A ACTUATION CHN B TRIPPED 
@.ACTUATION 2.. ALL STATUS OUTPUTS F"ROM THE AF"A5-FOGG 
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. .., 
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CHAPTER 8 

ELECTRICAL SYSTEMS 

8.1 INTRODUCTION 

8.1.1 DESIGN BASIS 

The Plant electrical system and the 345 kV switchyard are designed to reliably function 
and supply power during normal, abnormal and emergency conditions. This electrical 
power system is required to meet 10 CFR 50, Appendix A, General Design Criterion 17, 
for onsite and offsite power source requirements. The system will supply and distribute 
the electrical power necessary to operate the systems which preserve the Plant's three 
fission product barriers under all conditions of start-up, power generation and 
shutdown. The electrical system is divided into buses and subsystems to minimize the 
effects of any electrical fault and maximize the availability of onsite and offsite power 
sources. 

The portion of the Plant electrical system which supplies the Plant engineered 
safeguards will be referred to as the engineered safeguards electrical system. The 
engineered safeguards electrical system is housed in CP Co Design Class 1 structures 
in accordanc~ with Subsection 5.9.1.1 and provides a Class 1 E service as defined in 
IEEE 308-1978. 

The use of the term "Class 1 E" in the FSAR, and elsewhere, means that the system or 
component meets the definition of 1 E by providing a function listed in IEEE 308 as 
essential (under the "Class 1 E" definition). Because the plant was designed and · 
constructed prior to IEEE 308 requirements, some components/systems that are 
designated as Class 1 E will not have all the necessary attributes to be certified as 
meeting Class 1 E qualifications. Although original plant components/systems were 
designed and qualified (by analysis) to provide safety related functions, they may not 
meet all of the design criteria and testing requirements of IEEE 308 and other 
standards incorporated by reference therein. 

The designation of these components/systems as 1 E will assure that proper safety and 
quality reviews of function are performed prior to maintenance or replacement. When 
modifications are performed requiring equipment upgrades: change of function, etc, the 
n·ew design is evaluated to determine whether upgrading to later standards including 
IEEE 308 would be practical and warranted. Systems and components originally 
designed and installed in conformance with 1 E requirements will be maintained at least 
to those standards unless future changes in system/component function make 
classification as 1 E no longer necessary. 
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The definition for safety related electrical equipment is the definition of equipment 
"important to safety" given in 10 CFR 50, Appendix A, when applied to the Palisades 
Plant. Class 1 E equipment and systems are a subset of safety related equipment and 
systems. 

Evaluation of safety-related electrical equipment (whether or not part of the Plant 
electrical system) for environmental and seismic service qualifications is discussed in 
Subsections 8.1.3 and 8.1.4. 

Safety-related electrical equipment not part of the Plant electrical system is covered by 
Chapter 7. 

The engineered safeguards electrical system consists of the necessary power sources, 
power distribution equipment, electrical and control subsystems, including cabling and 
raceway, to furnish power and controls to the required load groups upon a safety 
injection signal or containment isolation signal, to reliably shut down the reactor, and to 
remove reactor decay heat for long periods of time. 

The system is designed to the two channel concept, defined as two independent 
electrical control and power systems supplying redundant engineered safeguards load 
groups. The engineered safeguards electrical system meets the single failure criteria, 
by which any single failure of a component within the system will not prevent the proper 
system action when required, and is intended to meet all other requirements identified 
in IEEE 279-1971 and IEEE 308-1978. Other standards such as IEEE 323-1974, 
IEEE 344-1975, IEEE 384-1977 and IEEE 383-1974 are intended to be met within the 
limits of practicability and consistent with original design features. 

During the Systematic Evaluation Program, NRC and CPCo staff reviewed as built 
electrical design against licensing criteria current at the time. , The purpose of the 
review was to determine if the designs in older plants provided a measure of safety 
comparable to that provided by design in newer plants; or as a minimum, were 
acceptable based on plant specific challenge and response capability. The adequacy 
of as built characteristics designed to promote safety related availability such as 
channel separation, isolation and independence was evaluated. In many cases, these 
reviews concluded that although the existing as built design did not feature the specific 
configuration required by current criteria, the design was considered acceptable. 
Summaries of these reviews are found in NU REG 0820, the NUREG 0820 Supplement, 
and individually docketed SEP submittals and related NRG Safety Evaluation Reports. 

Separation, isolation and independence are discussed in Sections 7.4, 8.5, and 8.7. 
Physical separation specifically related to fire protection is described in Section 9.6. 

Water spray fire protection is provided for raceways in areas described in Section 
9.6.9. 
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8.1.2 DESCRIPTION AND OPERATION 

The Plant electrical system is shown on Figure 8-1, Plant Single Line Diagrams. The 
345 kV switchyard is shown on Figures 8-2 and 8-3, Substation Single Line Diagrams. 

Six transmission circuits connect the site switchyard to the power system grid with two 
circuits on each of three sets of towers. The site switchyard is connected to the Plant 
electrical system using three circuits; one underground and two overhead. The Plant 
turbine generator is connected to the switchyard through Main Transformer 1 using one 
of the overhead circuits. The underground and other overhead circuits supply offsite 
power to the Plant electrical system. 

The normal power source for the Plant 4, 160-volt auxiliaries is the site turbine 
generator which supplies the reactor plant primary coolant pumps and condensate 
pumps via 21 - 4.16 kV Station Power Transformer 1-1. Also, the· cooling towers and 
associated equipment loads are supplied via the 345 - 4.16 kV Station Power 
Transformer 1-3. When the turbine generator is out of service, offsite power is 
supplied to the primary coolant pumps and condensate pumps via 345 - 4.16 kV Start
Up Transformers 1-1 and 1-3. If the turbine generator is out of service for an extended 
period, the generator isophase bus motor-operated disconnect switch may be opened 
and Main Transformer 1 can be placed in service to supply 4, 160-volt auxiliary power 
through the station power transformers. 

2,400-volt reactor and turbine plant loads, including the engineered safeguards electric 
system, are normally supplied from either the offsite power source 345 - 2.4 kV 
Safeguard Transformer 1-1 or the offsite power source 345 - 2.4 kV Start-Up 
Transformer 1-2. Capability is also provided to power the 2,400-volt electrical system 
from the main turbine generator via 21 - 2.4 kV Station Power Transformer 1-2. If the 
turbine generator is out of service for an extended time, the generator isophase bus 
motor operated disconnect switch may be opened and Main Transformer 1 can be 
placed in service to supply 2,400 volt auxiliary power through Station Power 
Transformer 1-2. 

The Plant auxiliary electrical system includes four 4, 160 volt buses, four 2,400 volt 
buses, and several 480 volt load centers and 480 volt motor control centers. Certain 
4.80 volt load center buses receive power from load center transformers energized from 
the 2,400 volt buses. Other 480 volt load center buses receive power from load center 
transformers energized from 4, 160 volt Buses 1A, 1Fand1 G. The 480 volt motor 
control centers are connected to the 480 volt load center buses. 

· Four preferred ac systems are energized from the station battery systems through 
inverters to power vital instrument and control loads. Two station batteries and four 
chargers supply the Plant 125 volt de systems . 
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• The nonvital instrumentation and controls are supplied from a 120 volt ac instrument 
bus. The instrument bus is normally supplied from one of two 480-120 volt 
transformers, each transformer being connected to a separate 480 volt motor control 
center. The transfer to the alternate source is automatic. 

The engineered safeguards system includes two 2,400 volt buses (1 C and 1 D), four 
480 volt load centers (11, 12, 19 and 20), eight motor control centers (1, 2, 21, 22, 23, 
24, 25 and 26), two de distribution centers, four battery chargers, two batteries, four 
preferred ac buses, four inverters and two diesel generators. The engineered 
safeguards electrical system is designed on a two-independent-channel basis. Each 
channel is capable of furnishing power to equipment load groups which meet the 
minimum requirements to safely shut down the reactor and is capable of providing 
sufficient electrical power for all functions necessary to operate the systems associated 
with the Plant's capability to cope with abnormal events. The system is provided with 
the necessary redundant circuitry and physical isolation so that a single failure within 
the system will not prevent the proper system action when required. The system is 
provided with test facilities and has alarms to alert the operator when certain 
components trip or malfunction or are not available or operable. Automatic controls 
and interlocks provide the proper sequence of operation of the engineered safeguards 
components with or without normal or offsite power. 

• Each channel of the engineered safeguards electrical system has access to the 
following power sources: 

• 

1. The offsite power source (Safeguard Transformer 1-1) 

2. The offsite power source (Start-Up Transformer 1-2) 

3. The onsite power source (Main Turbine Generator) 

4. The emergency power source (one of two onsite emergency generators) 

Each emergency generator may energize only its respective channel buses. 

8.1.3 ENVIRONMENTAL QUALIFICATION OF ELECTRICAL EQUIPMENT 

An order modifying the Palisades Plant Operating License, requiring submittal of 
environmental qualification information for safety-related electrical equipment, was 
issued by the NRC on August 29, 1980 (see Reference 1 ). The order was revised and 
reissued on September 19, 1980 (see Reference 2). In response to the Commission's 
orders, Consumers Power Company submitted a report entitled, "Environmental 
Qualification of Safety-Related Electrical Equipment - Palisades Plant, September 
1980" (see Reference 3) . 

8.1-4 Rev 19 



• 

• 

• 

The report described the Electrical Equipment Qualification (EEQ) program and 
identified electrical equipment needed to mitigate the effects of an LOCA or main steam 
line break (MSLB) inside of containment or an MSLB outside of containment, and which 
are in areas that will experience the direct effects (high humidity, high temperature, 
high radiation, etc) of these accidents. The report lists the equipment and describes 
the expected post-accident conditions, describes the expected duration of the hostile 
environment, describes the expected effects on the affected equipment, and describes 
the method of qualification for each piece of equipment. Subsequent to the initial 
report, revisions to the report and additional information on the EEQ program were 
submitted to the NRC (see References 4, 5 and 6). 

On April 25, 1983, the NRC issued its Safety Evaluation Report (SER) for the Palisades 
EEQ program (see Reference 7). The SER also contained a Technical Evaluation 
Report (TER) prepared by the Franklin Research Institute for the NRC. Consumers 
Power Company responded to the open items of the SER on May 20, 1983 (see 
Reference 8). 

On February 14, 1984 (see Reference 9), Consumers Power Company submitted 
additional information in response to the Safety Evaluation Report (SER). The 
additional information responded to environmental qualification documentation . 
deficiencies for safety-related equipment at Palisades noted in the TER and, in 
addition, the letter documented discussions held on January 10, 1984 with the NRC 
Staff regarding the methodology to be used by GP Co in complying with 1 O CFR 50.49 
which had become effective February 22, 1983. 

On February 28, 1986, the NRG issued its Safety Evaluation Report for the Single 
Failure issue for the main steam isolation valves and feedwater isolation valves. The 
SER covers the concern that a main steam line break (MSLB) along with the single 
failure of one main steam isolation valve would allow both steam generators to blow 
down. In this review the NRG concluded that the Plant emergency operating 
procedures and training on the issue provide sufficient protection. They also 
concluded that the qualification of components inside containment for the 
temperature/pressure conditions resulting from a postulated double steam generator 
blowdown is not required. See Chapter 5 for additional information. 

The present EEQ program involves the generation and maintenance of evidence that 
electrical equipment can perform its intended function throughout its installed life when 
exposed to harsh environmental conditions. 

An EEQ Engineer ensures that new equipment is properly qualified, existing equipment 
qualification is properly maintained, and qualification files are accurate and auditable. 

Vendor file E-48 contains a current list of EEQ equipment and environments. For each 
item a reference is provided to a vendor file containing the qualification report. EEQ 
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file reports are developed by an EEO Engineer using information provided by others. 
All changes to EEQ files are justified by engineering analyses and reviewed by an EEQ 
Engineer. 

8.1.4 SEISMIC QUALIFICATION OF ELECTRICAL EQUIPMENT 

The seismic design criteria for safety-related electrical equipment, instrumentation and 
raceways are provided in Section 5. 7. Seismic Category I (Regulatory Guide 1.29) and 
Class 1 E electrical equipment and raceways are listed in Table 5.2-4. Electrical 
equipment anchorage and raceway supports for the components listed in that table 
have been redesigned in the period 1979 to 1981 as Seismic Category I as defined in 
Regulatory Guide 1.29. Seismic adequacy of safety-related electrical components is 
determined by resolution of NRC Generic Letter 87-02 "Verification of Seismic 
Adequacy of Mechanical and Electrical Equipment in Operating Reactors, Unresolved 
Safety Issue A-46". 

8.1.5 STATION BLACKOUT 

In 1 O CFR 50.63 the NRC defined the loss of all onsite and offsite ac power sources 
(station blackout) as an event with which all plants are required to cope. Such factors 
as redundancy of offsite power sources, severe weather potential of the site and diesel 
generator reliability were evaluated in accordance with NUMARC 87-00 guidance to 
define minimum battery capacity and instrumentation requirements. On May 20, 1991 
the NRC found that the Palisades plant conformed with the SBO (Station Blackout) 
rule, Regulatory Guide 1.155, NUMARC 87-00, and NUMARC 87-00 Supplemental 
Questions/Answers and Major Assumptions. 

Per NRC recommendations, load stripping of the station batteries is not initiated until 
30 minutes after SBO. Actions necessary to isolate containment were identified, and 
an EDG reliability program (RG 1.155 Section 1.2) was developed. Evaluations and 
commitments to evaluate HVAC and heat tracing were approved by the NRC per the 
G.B.Slade, CPCo, letter of August 1, 1991. The addition of backup nitrogen to the 
atmospheric dump valves provides a minimum coping duration of four hours for SBO. 
These actions resolved recommendations made in the May 20, 1991 SER. This 
resolution was documented in a SER of June 25, 1992 . 
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8.2 NETWORK INTERCONNECTION 

8.2.1 DESIGN BASIS 

The 345 kV switchyard is designed to be the interconnection point between the 
power plant and the power grid system which, in turn, interconnects the Michigan 

. Power Pool with the American Electric Power Company's system grid. It is 
designed to function reliably under all conditions of power plant operation. It will 
furnish start-up ·power to the power plant, and reliably function and isolate trouble 
in the power system grid _under power system normal and abnormal conditions. 

High-speed clearing of faults and selective reclosing assure maximum availability of 
power and system grid stability. A joint Michigan Power Pool-American Electric 
Power transient stability study has been made on the Palisades Plant. The results 
of this study indicate that no system instability will resutt from the loss of the 
Palisades Plant. The sudden drop of a large Joad will not adversely affect the 
Palisades plant or the connected electrical system. Analyses demonstrate that the 
electric system can sustain contingencies equivalent to, or more severe than, an 
abrupt 1,000 MW loss of load without adverse effects to the system or connected 
units. 

8.2.2 DESCRIPTION AND OPERATION 

Description - Switchyard - The switchyard system is shown on Figures 8-2 
and 8-4 . 

The switchyard operates at 345 kV and is arranged to give maximum availability of 
the power system grid. The equipment is selected to have the capability of 
isolating system and substation faults with a minimum effect on stability of the 
power system grid. 

The switchyard is designed in a breaker-and-one-half arrangement with two main 
buses and connections for the generator main power transformer, the Plant 
safeguard transformer, the Plant start-up transformers, and six outgoing lines. 
Two of the outgoing lines are connected to the American Electric Power system 
and the remaining lines are connected to the Consumers Power Company system 
and the Michigan Power Pool. Each line has sufficient capacity to carry the entire 
output of the main turbine generator. 

The switchyard 345 kV power circuit breakers, the circuit from the switchyard to 
the generator main power transformer, the circuit for the safeguard transformer, 
and the circuit from the switchyard to the start-up transformers are provided with 
disconnect switches to permit isolating any power circuit breaker or any circuit 
from the switchyard buses. See Table 8-1 for ratings and construction of the 
switchyard components . 
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High-speed relaying is provided for the circuit from the switchyard to the generator 
main power transformer and for the two switchyard main buses ("F" bus and 
"R" bus). The "R" bus relaying includes the circuit from the switchyard to the 
start-up transformers. The "F" bus relaying includes the circuit to the safeguard 
transformer. The six outgoing lines are each provided with high-speed relays. In 
addition, all 345 kV power circuit breakers are provided with relays to trip all 
adjacent breakers for a failed breaker condition. 

Trip of both main 345 kV Plant output circuit breakers in the switchyard activates 
a main turbine generator trip which indirectly trips the reactor via the Reactor 
Protective System loss-of-load reactor trip channels when t~e Plant is above 15% 
power (Subsection 7 .2.3.6). The turbine trip output also feeds transfer schemes 
for fast transfer of Plant distribution busses to standby power sources. This 
output is blocked for each standby power source if it is unavailable as sensed by 
transformer undervoltage (see Section 8. 6). 

Description - Switchyard Control System - The 240 volt and 120 volt, 60 hertz 
and 125 volt de switchyard power supplies are shown on Substation Single Line 
Diagram, Figure 8-4. 2,400 volt Buses 1 C and 1 E supply the switchyard control 
power through two 2,400-240/120 volt, 60 heitz switchyard power transformers. 
Each .of the transformers supplies half the 240/120 volt, 60 hertz power 
requirements for the switchyard; however, either transformer can be connected to 
carry the total load via a bus tie breaker. The ac load is divided among four power 
panels; the loss of one power panel will not affect operation of the other three and 
hence will not jeopardize the total 240/120 volt, 60 hertz auxiliary power in the 
switchyard. The 345 kV power circuit breakers have enough air stored in their 
high-pressure receivers to permit five breaker operations. A high-pressure hose 
may be used to cross-connect receivers upon loss of an air compressor and a 
spare compressor has been permanently installed in the switchyard as a backup 
supply via the high-pressure hose. 

The 1 25 volt de auxiliary power is supplied from a 60-cell battery which is located 
in the switchyard and can supply the switchyard de power requirements for eight 
hours without recharging. 

Two battery chargers are supplied to keep the battery fully charged and, under 
normal conditions, to supply the 125 volt de power requirement. The battery 
circuit breaker can be used to isolate the battery from the de power panels in 
event of a battery fault. The power panels can then be energized by either or both 
battery chargers. Each battery charger is fed from a separate 240 volt, 60 hertz 
power panel. The de load is divided between two power panels; the loss of one 
power panel will not disrupt all the 125 volt de auxiliary power in the switchyard . 
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Normal Operation - The switchyard normally operates energized with all breakers 
closed. Opening and closing of the line breakers can be accomplished locally in 
the switchyard relay house or remotely from the Plant main control room. The 
main generator breakers are normally controlled remotely from th.e Plant main 
control room; in an emergency, they can be controlled from the switchyard relay 
house. A supervisory panel in the Plant main control room monitors circuit breaker 
statu's. 

Shutdown Operation - The switchyard furnishes power to the Plant whenever the 
turbine generator is not ayailable. 

Testing - The power circuit breakers may be removed from service and tested. 
Individual components and partial circuit tests may be carried out while the circuit 
breakers are carrying load. 

The relays are supplied with test switches that will permit the removal of one relay 
or one set of relays from service for maintenance at any time. Because of the 
redundancy in the relay circuits, the power circuit will still be relay protected. 

8.2.3 DESIGN ANALYSIS 

The ratings and components of the 345 kV switchyard have been selected to 
ensure that conservative margins have been allowed between the maximum 
expected fault duty and the rating of the equipment . 

Reliability is assured by the arrangement of the switchyard which utilizes the 
breaker-and-one-half scheme. With this scheme, any breaker may be removed 
from service without affecting the operation of the switchyard. 

The switchyard is arranged so that parallel outgoing overhead line circuits are 
connected to different bays and staggered with respect to buses. If a bay or bus 
has to be removed from service, only a partial loss of capacity occurs. 

The six transmission lines connecting the grid network to the switchyard are 
routed on three double-line tower poles. Each of the three double-line poles is 
routed on separate rights of way so that no single event such as pole falling or line 
breaking can simultaneously affect all lines in such a way that none of the lines 
can be returned to service in time to prevent fuel design limits or design conditions 
of the reactor coolant pressure boundary from being exceeded. See Figure 2-2 for 
layout of the transmission lines in the vicinity of the Plant. 

All circuits or portions of the buses and overhead lines have primary and backup 
relaying. The outgoing lines have three sets of high-speed relays. The circuit 
breakers have dual trip coils on separate de control circuits, and breaker failure 
relays to trip the adjacent breakers. The two redundant control circuits will 
operate even with one set of relays, out of service . 
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At power levels below 15%, a loss of load without generator trip, can be tolerated 
without subsequent reactor trip. Bypass of the turbine generator trip signal below 
15% power allows for initial synchronization to the transmission grid. Also, since 
station electrical loads are not being fed from the main generator, Plant auxiliaries 
are not affected if the generator is separated from the switchyard. 

Reliability of the control circuit supply is assured by two full-size transformers, 
each capable of carrying the total load, and one capable of being fed from a diesel 
generator. 

In the terminology of 10 CFR 50, Appendix A, GDC 17, the three circuits 
connecting the switchyard to the onsite Class 1 E power system consists of two 
immediate and one ·delayed access circuit. One immediate access circuit consists 
of a 345 kV to 2,400 volt safeguard transformer, 2,400 volt underground cable 
and 2,400 volt bus, and cable. The other immediate access circuit consists of an 
overhead 345 kV transmission line, 345 kV to 2,400 volt start-up transformer and 
2,400 volt bus and cable. The delayed access circuit consists of one overhead 
345 kV transmission line, 345 kV to 23 kV main transformer, 22 kV isophase bus 
auct, 24 kV to 2,400 volt station power transformer and 2,400 volt bus, bus duct 
and cable. Each of the immediate access ciicuits is connected directly to one of 
the main switchyard buses whereas the delayed access circuit is capable of being 
powered from either bus or directly by one of the six incoming lines from the grid. 

The 2,400 volt cables associated with each immediate access circuit are routed in 
physically separated locations to the Class 1 E onsite power system. The physical 
separation between these two routes is such that no single event can 
simultaneously affect both circuits in such a way that neither can be returned to 
service in time to prevent fuel design limits or design conditions of the reactor 
coolant pressure boundary from being exceeded. 

The delayed access circuit is established by opening the motor-operated 
disconnect switch in the isophase bus at the main generator (to establish the main 
transformer backfeed mode of operation). In accordance with 10 CFR 50, 
Appendix A, General Design Criterion 17, this delayed circuit must be designed to 
be available in sufficient time, following a loss of all onsite ac power supplies and 
the other offsite immediate access circuit, to assure that specified acceptable fuel 
design limits and design conditions of the primary coolant pressure boundary are 
not exceeded. Without onsite ac power to operate its motor, the time required to 
open the isophase bus disconnect switch with a hand crank is less than 
30 minutes. The de battery system is designed to supply the required shutdown 
loads, with total loss of ac power, for at least 4 hours (see Subsection 8.4.2.3) . 
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8.3 STATION DISTRIBLJTION 

8.3.1 4, 160 VOLT SYSTEM 

8.3.1.1 Design Basis 

The 4, 1 60 volt system is designed to reliably function and supply power during 
normal, abnormal and accident conditions to the 4, 160 volt station auxiliaries. 
The system will supply and distribute the 4, 160 volt power for the primary coolant 
and the condensate pumps from either the station power or start-up transformers. 
Coqlin!J tower 4, 160 volt. power is supplied normally from 1-3 station power 
transformer with backup power from the Start-Up Transformers 1-1 and 1-3. 

8.3. 1.2 Description and Operation 

Description - The Plant's 4, 160 volt system is shown on Figures 8-1 and 8-5. 

The 4, 160 volt system consists of Station Power Transformers 1-1 and 1-3, 
Start-Up (Standby) Transformers 1-1 and 1-3, four 4, 160 volt Buses 1 A, 1 B, 1 F, 
1 G and the incoming and motor feeder circuits. 

The 4, 1 60 volt system is divided into four sections. Buses 1 A and 1 B each supply 
two of the four primary coolant pumps and one of the two condensate pumps. 
Buses 1 F and 1 G each supply electrical load to one cooling tower. 

• The 4, 1 60 volt buses consist of metal-clad switchgear with drawout air circuit 
breakers. All wiring in the switchgear and all system interconnecting cables pass 
the vertical flame resistance test in accordance with ASTM D470-59T. New 
installations will meet an equivalent flame test (eg, IEEE 383-1974, Section Z.5, 
ICEA-S-1 9-81, Section 6. 19. 6, etc). See Table 8-2 for ratings and construction of 
the 4, 160 volt system components. 

• 

The 4, 160 volt switchgear is provided with relay protection, grounding and the 
mechanical safeguards necessary to assure adequate personnel protection and to 
prevent or limit equipment damage during system fault conditions. 

The 4, 160 volt system has sufficient capacity to start and accelerate the largest 
motor when all other required motors are energized and carrying load. 

Normal and Shutdown Operation - Power to Buses 1 A, 1 B, 1 F and 1 G during 
normal operation is furnished from the main generator via Station Power 
Transformers 1-1 and 1-3. During start-up or shutdown, power is furnished from 
the power system grid via the switchyard and Start-Up Transformers 1-1 and 1-3. 

If the standby power source is not available, power may be furnished by the main 
transformer backfeeding the Plant auxiliary buses. This mode of operation is 
allowed during Plant shutdown. 
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After the main turbine generator is started, and when reactor power is 
approximately 20%, Buses 1 A, 1 B, 1 F and 1 G are manually tran~ferred from the 
start-up transformers to the station power transformer. During normal operation, 
all 4, 160 volt buses are energized . 

Following a turbine trip, the 4, 160 volt Buses 1 A, 1 B, 1 F and 1 G will automatically 
transfer to the standby source and all auxiliaries will continue to run. If the trip is 
accompanied by a failure in the standby source, the turbine generator will supply 
power to the primary coolant pumps for 10 seconds which is controlled by a fixed 
timer (362/CD). Refer to Section 8.6 for 4, 160 volt bus automatic fast transfer 
features. 

When the main turbine generator is to be shut down, 4, 160 volt Buses 1 A, 1 B, 1 F 
and 1 G are manually transferred to the start-up source. When the buses are 
transferred, all loads continue to operate as required. 

Operation of all 4, 1 60 volt equipment is effected and monitored in the control 
room. Breaker status is indicated by red and green indicating lights. Electrical · 
parameters, such as bus voltage, supply voltage, incoming amperes and motor 
amperes, are displayed in the control room. Important functions, such as incoming 
bre~ker trip, motor breaker trip, bus undervoltage, and failure of bus transfer, are 
annunciated in the control room. 

Provisions are included for testing relays. A faulty relay may be bypassed to 
permit operation of equipment . 

Testing - Components may be tested when the system is de-energized. Testing of 
parts of the system can be performed when the system is in operation and 
carrying load. When individual equipment is shut down, breakers may be put into 
the test position and the control circuit may be functionally tested and the breaker 
exercised. Protective relays may be removed and tested. Standby equipment may 
be placed into service and running equipment shut down and, in this manner, all 
components of the system may be tested. 

8.3.1.3 Design Analysis 

The ratings of the 4, 1 60 volt system have been selected to ensure a conservative 
margin between the maximum expected fault duty and the rating of the 
switchgear. 

The four Buses 1 A, 1 B, 1 F, 1 G load split permits part load operation on loss of 
one bus and also prevents a single fault from causing a loss of more than two 
primary coolant pumps. The 4, 160 volt Buses 1 A, 1 B, 1 F and 1 G loads are 
normally supplied by the turbine generator but can be supplied by standby power. 
Additionally, Buses 1 A and 1 B can be supplied during initial turbine generator 
coastdown. During shutdown, after disconnecting the turbine generator, the 
Buses 1 A, 1 B, 1 F and 1 G loads can be supplied by the switchyard through the 
main transformer. The 4, 160 volt loads are not required after a OBA. 
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8.3.2 2,400 VOLT SYSTEM 

8.3.2. 1 Design Basis 

The 2,400 volt system is designed to reliably function and supply power during 
normal, abnormal and accident conditions. During start-up, normal operation and 
shutdown conditions, the system will supply power to the 2,400 volt auxiliary 
loads from either the offsite source through Safeguard Transformer 1-1 , from 
offsite source through Start-Up Transformer 1-2, from the main generator through 
Station Power Transform~r 1-2 or from the emergency diesel generators. Another 
source is available from the delayed access circuit through the main transformer 
and Station Power Transformer 1-2 when the unit is in a shutdown condition. 
Two of the four 2,400 volt buses are an integral part of the Plant engineered 
safeguards electrical system and are identified as Class 1 E components. The 
engineered safeguard electrical system is designed to the two-channel concept 
wherein independent electrical controls and power systems supply redundant 
2,400 volt engineered safeguard load groups. The 2,400 volt engineered 
safeguards electrical system meets the single failure criteria. 

8.3.2.2 Description and Operation 

Description - The Plant's 2,400 volt system is shown on Figures 8-1, 8-5 and 8-6. 

The 2,400 volt system consists of Safeguard Transformer 1-1 , Station Power 
Transformer 1-2, Start-Up Transformer 1-2, four ungrounded, delta connected 
2,400 volt buses ( 1 C, 1 D, 1 E and safeguard) and the feeder circuits to motors and 
480 volt load centers. 

2,400 volt Buses 1 C, 1 D and 1 E have access to the following power sources: 

1 . Two immediate access circuits connected to independent offsite power 
sources. 

2. One onsite power source (main generator). 

3. One delayed access circuit. 

The engineered safeguard electrical system also has access to the emergency 
diesel generator (see Section 8.4) . 
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The first immediate access circuit consists of a 345 kV to 2,400 volt transformer 
(Safeguards Transformer 1-1) located in the switchyard. The ·high side of this 
transformer is connected to the "F" switchyard bus through a'motor-operated 
disconnect switch. The low side of the transformer is connected to the Safeguard 
·Bus located within a Non-Class 1 E switchgear house located within the Plant 
protected area. Connections between the transformer and switchgear house are 
provided via direct buried cable along the route between the switchyard and 
protected area. This cable is buried beneath the towers carrying the other 
immediate and delayed access circuits to provide for physical separation. The 
Safeguard Bus is provideq to allow for selection of this immediate access circuit or 
Station Power Transformer 1-2 as the source of power to the 2,400 volt buses. 

The second immediate access circuit consists of a 345 kV transmission line 
between the switchyard and plant site and a 345 kV to 2,400 volt transformer 
(Start-Up Transformer 1-2) located within the Plant protected area. The high side 
of this transformer is connected to the "R" switchyard bus through a 
motor-operated disconnect switch. The low side of the transformer is connected 
directly to the 2,400 volt bus incoming breakers. 

The onsite power source consists of the main turbine generator, the 22 kV 
isop_hase bus and the 21 kV to 2,400 volt Station Power Transformer 1-2. The 
low side of the 2,400 volt transformer is connected to the Safeguard Bus via an 
enclosed bus duct. The Safeguard Bus also provides for connections to the first 
immediate access circuit and allows for selection of the first immediate access 
circuit or the onsite power source as the source of power to the 2,400 volt buses . 

The delayed access circuit consists of one 345 kV transmission line, the 345 kV to 
23 kV Main Transformer, the 22 kV isophase bus and the 21 kV to 2,400 volt 
Station Power Transformer 1-2. The low side of the 2,400 volt transformer is 
connected to the Safeguard Bus via an enclosed bus. 

The Safeguard Bus also provides for connection to the first immediate access 
cir_cuit and allows for selection of the first immediate access circuit or the delayed 
access circuit as the source of power to the 2,400 volt buses. Switchyard power 
via the delayed access circuit can be provided from either of the two switchyard 
buses. Power can also be provided directly from the grid via Consumers Power 
Company's interconnection with the Indiana and Michigan Power Co (Cook 
Line 1). The delayed access circuit is established by opening the motor-operated 
disconnect switch in the isophase bus. This switch can be opened within 
30 minutes. Opening the switch allows for backfeeding via the main and station 
power transformers following the operation of other switchyard and in-plant 
breakers. 

The capabilities of the 2,400 volt buses are sufficient to permit Plant operation 
under reduced load with any 2,400 volt bus out of service. See Table 8-3 for 
ratings and construction of the 2,400 volt system components . 
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The 2,400 volt buses ( 1 C, 1 D and 1 E) consist of metal-clad switchgear with 
drawout air circuit breakers. The 2,400 volt safeguard bus consists of metal-clad 
switchgear with drawout vacuum circuit breakers. All wiring in the switchgear 
and all system interconnecting cables pass the vertical flame resistance test in 
accordance with ASTM D470-59T. New installations will meet an equivalent 
flame test (eg, IEEE 383-1974, Section 2.5, ICEA S-19-81, Section 6.19.6, etc). 

The 2,400 volt switchgear is provided with relay protection, grounding alarm and 
the mechanical safeguards necessary to assure adequate personnel protection and 
to prevent or limit equip~ent failure during system fault conditions. Single 
groun~s will not impede operation of the system. 

The 2,400 volt system has sufficient capacity to start and accelerate the largest 
motor when all other required motors are energized and carrying load. 

Two of the 2,400 volt buses, 1 C and 1 D, supply power to engineered safeguards 
loads in addition to normal Plant loads and are part of the engineered safeguards 
electrical system. These engineered safeguards system 2,400 volt buses are 
designed to withstand Consumers Design Class 1 seismic acceleration forces per 
Section 5. 7 without malfunction. 

The engineered safeguards electrical system is divided into two channels so that 
multiple pieces of equipment with a common function are fed from opposite 
channels . 

A separate emergency diesel generator supplies each of the emergency 2,400 volt 
buses ( 1 C and 1 D) and each bus supplies redundant equipment or loads consistent 
with the two-channel power concept. 

The emergency buses are physically separated by being located in separate rooms 
within the Consumers Design Class 1 portions of the auxiliary building. Separation 
is maintained between the circuits of the two buses. 

Electrical feeder cables from the emergency generators to the emergency buses 
and safeguards equipment motors are installed within the Consumers Design 
Class 1 portion of the auxiliary building or in underground ducts. 

Normal and Shutdown Operation - Power to 2,400 volt Buses 1 C, 1 D and 1 E 
during start-up, normal and shutdown operation is normally provided via the first 
immediate access circuit (Safeguard Transformer 1-1) powered from the 
switchyard "F" bus. Upon loss of this circuit, a fast transfer is provided to the 
second immediate access circuit (Start-Up Transformer 1-2) powered by the 
switchyard "R" bus. Refer to Section 8.6 for 2,400 volt bus automatic fast 
transfer features. Upon loss of both immediate access offsite power sources, the 
2,400 volt Buses 1 C and 1 D are energized from the diesel generators. Bus load 
shedding, transfer to the diesel generator and energization of critical loads are 
performed automatically. Refer to Section 8.6 for 2,400 volt bus load shedding 
control. 
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With Safeguard Transformer 1-1 out of service, capability is provided to connect 
the 2,400 volt buses to the main generator via Station Power Transformer 1-2. 
When connected to Station Power Transformer 1-2, a reactor'and/or generator trip 
will result in a fast transfer to the second immediate access circuit (Start-Up 
Transformer 1-2). 

In the event that both immediate access circuits are out of service, power may be 
provided by the main transformer backfeeding the Plant 2,400 volt buses. This 
mode of operation is allowed during plant shutdown. 

Operation of 2,400 volt e·quipment is normally effected and monitored in the 
control room. Breaker status is indicated by red and green indicating lights. All 
2,400 volt breakers on Buses 1 C and 1 D are also capable of being controlledcfrom 
the switchgear. Breaker 1 52-311, feeder to the Service Building Expansion, is not 
controlled or monitored in the Control Room. 

Breakers 152-103, 107, 108 and 110 have special remote/local isolation switches 
to allow control in the event of fire in certain areas of the Plant. These switches 
are provided to ensure operability of safe shutdown equipment per 10 CFR 50.48 
and 10 CFR 50, Appendix R. Post-fire shutdown capability is further enhanced by 
a remote/local switch provided for Breaker 152-106 which facilitates control of 
startup power (where available) to Bus 1 C. Reference FSAR Section 9.6 for 
critical fire areas. 

Important control circuits, such as bus transfer and load shedding, have white 
indicating lights to show circuit availability. Undervoltage relays initiate an alarm 
upon loss of potential. Electrical parameters, such as bus voltage, supply voltage, 
bus amperes and motor amperes, are displayed in the control room. Important 
functions, such as incoming breaker trip, motor breaker trip, bus undervoltage, bus 
ground, loss of incoming breaker 125 volt de control voltage, and failure of bus 
transfer, are annunciated in the control room. 

Provisions are included for testing relays. A faulty relay may be bypassed to 
permit operation of equipment. 

Testing - Components may be tested when the system is de-energized. Testing of 
parts of the system can be performed when the system is in operation. When 
individual equipment is shut down, breakers may be put into the test position and 
the control circuit may be functionally tested and the breaker exercised. 
Protective relays may be removed and tested. Standby equipment may be placed 
in service after which the running equipment may be shut down and the breaker 
tested as above. In this manner, all components of the system may be tested . 
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8.3.2.3 Design Analysis 

The ratings of the 2,400 volt system have been selected to ensure a conservative 
margin between the maximum expected fault duty and the fault rating of the 
switchgear. 

Three buses ( 1 C, 1 0 and 1 E) permit part load operation on loss of one bus. The 
engineered safeguards loads can be supplied by either offsite power source, diesel 
power or from the switchyard through the main transformer after disconnecting 
the turbine generator. 

To assure reliability, vital 2,400 volt Buses 1 C and 10 obtain control power from 
separate de sources. Incoming and feeder breakers on the 1 C bus receive control 
power from Station Battery 001 via breakers in Panel 0-11 A. Station Battery 002 
via Panel 0-21 A supplies control power for incoming and feeder breakers on 
Bus 10. These de sources are physically isolated to preclude any event affecting 
the integrity of both sources. The breakers on the Safeguard Bus receive control 
power from de Panel 0-21 . 0-21 can be powered from Station Battery 002 and/or 
the associated battery chargers. 

8.3.3. 480 VOLT SYSTEM 

8.3.3.1 Design Basis 

The in-plant 480 volt system is designed to reliably function and supply power 
during normal, abnormal and accident conditions. Four load centers and eight 
motor control centers are an integral part of the Plant engineered safeguards 
electrical system and are identified as Class 1 E components. The system is 
designed to the two-channel concept wherein independent electrical controls and 
power systems supply redundant 480 volt engineered safeguards load groups. 
The 480 volt engineered safeguards auxiliary power system meets the single 
failure criterion. 

The cooling tower 480 volt system is designed such that all equipment for each 
tower is normally fed from separate 4, 1 60 volt sources. Partial or complete failure 
of 480 volt supply to either cooling tower will not affect the other. 

8.3.3.2 Description and Operation 

Description - The Plant 480 volt system is shown on Figures 8-7 through 8-11, 
Single Line Meter and Relay Diagrams, 480 Volt Load Centers. 

The in-plant 480 volt system is divided into load center buses and motor control 
centers. Power for each (except one) load center bus is supplied from a separate 
2,400-480 volt station service transformer. The transformers fed from the 
2,400 volt system are arranged so that each transformer of a double-ended load 
center unit is fed from a different 2,400 volt bus. One load center is fed from 
4, 1 60 volt Bus 1 A through a 4, 1 60-480 volt station service transformer. 
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The cooling tower 480 volt system shown on Figure 8-11 is divided into load 
center buses. Power for each load center bus is supplied from a separate 
4, 160-480 volt station service transformer fed from the 4, 160 volt supply to the 
tower that each transformer services . 

Power for the motor control centers is supplied from the load center buses. 

Station Power Transformers 11, 12, 19 and 20, corresponding Load Centers and 
Motor Control Centers 1, 2, 21, 22, 23, 24, 25 and 26 are an integral part of the 
engineered safeguards electrical system. This equipment is arranged into two 
channels so that multiple ·pieces of equipment with a common function are fed 
from opposite channels. The capacities of the station power transformers and the 
480 volt bus tie breakers for Load Centers 11 and 1 2 are sufficient to permit Plant 
operation with one transformer out of service for the length of time specified by 
Technical Specifications. During a bus tie between LC11 and LC12 the total 
combined load on LC11 and LC12 must be controlled such that it does not exceed 
the rating of the transformer remaining in service. 

The 480 volt buses consist of metal-enclosed drip proof switchgear with drawout 
air circuit breakers. The motor control centers are NEMA 1 enclosures with drip 
hoods installed on the majority of the equipment. Drip hoods/shields were not 
installed on Motor Control Centers 1 and 2 because of space limitation. As an 
alternative, the metal seams at the top of these motor control centers were sealed 
with RTV sealant to make them waterproof from the fire sprinklers. All wiring in 
the switchgear and motor control centers and all system interconnecting cables 
pass the vertical flame resistance test in accordance with ASTM D470-59T or 
IPCEA S-61-402, Section 6. 5. New installations will meet an equivalent flame test 
(eg, IEEE 383-1974, Section 2.5, ICEA S-19-81, Section 6.19.6, etc). See 
Table 8-4 for ratings and construction of the 480 volt system components. 

The 480 volt switchgear and the motor control centers supplying engineered 
safeguards loads are designed to withstand Consumers Design Class 1 seismic 
acceleration forces per Section 5. 7 without malfunction. 

The 480 volt load centers and motor control centers are solidly grounded 
Y connected and are provided with the mechanical safeguards necessary to assure 
personnel protection and to prevent or limit equipment damage during system fault 
or overload conditions. 

The 480 volt load center breakers are equipped with thermal magnetic or solid 
state trip devices. Motor control centers are equipped with thermal magnetic 
breakers for nonmotor loads, and magnetic breakers and starters with thermal 
protection for the motor circuits. 

The 480 volt system has sufficient capacity to start and accelerate the largest 
motor when all other required motors on the system are energized and carrying 
load. 
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Starters in the 480 volt motor control centers assigned to engineered safeguards 
loads may be controlled from the control room, from local panels, or both. Status 
of these starters may be indicated by lights in the control room, at th~ local 
panels, or both. Other starters may be controlled at the motor control centers or 
at local panels. Motor overload condition for selected critical loads is annunciated 
in the control room. 

The 480 volt engineered safeguards electrical system is installed in Consumers 
Design Class 1 portions of the auxiliary building. 

Norma! Operation - During normal operation, in-plant 480 volt power is supplied 
from the 2,400 and 4, 160 volt systems. Following a turbine trip, all 480 volt 
loads will continue to run from the 2,400 volt system, and from the 4, 160 volt 
system following transfer to t.he Start-Up Transformers. 

Operation of some of the 480 volt equipment is monitored in the control room. 
Status of some of the breakers is indicated by lights in the control room. 

During normal operation, all incoming bus breakers and motor control center 
feeder breakers are closed and all bus tie breakers are open. The status of these 
breakers will be changed only for emergency or maintenance. 

Loss of Offsite Power - If the offsite sources fail, all cooling tower and 
nonessential loads will be shed. Load Centers 11, 12, ·19 and 20 and Motor 
Control Centers 1, 2, 21, 22, 23, 24, 25 and 26, supplying engineered safeguards 
loads, are not shed and the essential loads will be supplied by the emergency 
generators through the 2,400 volt buses as described in Subsection 8.3.2. 

After load shedding, the remaining in-plant load centers and motor control centers, 
which are not included in the engineered safeguards system, may be energized 
manually to serve loads which are not critical. 

Shutdown Operation - No change in status of the incoming bus breakers and tie 
breakers is required during shutdown. Other breakers and the motor starters are 
operated manually or automatically as required by the shutdown sequence . 
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Operation After Loss of Coolant Accident - A Loss of Coolant Accident affects the 
480 volt in-plant system only if accompanied by loss of offsite power in which 
case all loads except the engineered safeguards load centers and motor control 
centers are shed automatically. Upon return of power to 2,400 volt Buses 1 C and 
1 D, additional 480 volt loads may be energized manually by the operator. Fuses 
are provided to ensure containment electrical penetrations overcurrent backup 
protection for circuit breakers in the MCC starters feeding submerged equipment 
not de-energized following a Loss of Coolant Accident (LOCA) and also to ensure 
that the operation of backup protection does not lead to interruption of the power 
supply to other safety-rel~ted equipment. Fuses are provided for electrical 
penetration backup protection in motor starters and 120 V ac control circuits to 
protect electrical penetrations against damage by overcurrent. Since MCC 9 is 
located within the containment, a backup circuit breaker has been provided in the 
feeder to this motor control center. 

Testing - The individual components of the 480 volt system may be functionally 
tested at any time. Idle loads may be energized, then de-energized, to exercise 
starters and breakers and to functionally test the control circuits. Those loads 
which may not be stopped momentarily must be replaced by standby equipment 
during testing. The 480 volt load centei ciicuit breakers may be placed in the test 
posi.tion if energization of equipment is not desired. 

8.3.3.3 Design Analysis 

The ratings of the 480 volt systems have been selected to ensure a conservative 
margin between the maximum expected fault duty and the fault rating of the 
equipment. 

The 480 volt buses which are part of the engineered safeguards system are 
installed in Consumers Design Class 1 portions of the auxiliary building. 

8.3.4 CONTROL ROD DRIVE POWER 

8.3.4.1 Design Basis 

The control rod drive power system is designed as a stable, reliable supply for the 
control rod drive motors. 

8.3.4.2 Description and Operation 

Two 480-208/120 volt, single phase, 60 hertz transformers furnish power for the 
Control Rod Drive System. Selection of the transformer is made through a transfer 
switch on the 120 volt side. The rod drive motors are supplied through individual 
contactors located in the contactor panel and are controlled from the control room . 
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Each transformer is supplied from a manually controlled circuit breaker in a 
different motor control center. The motor control centers are supplied with power 
from 480 volt load centers and arranged so that the power for each is fed from a 

• different 2,400 volt bus. 

• 

• 

Loss of control rod drive power does not affect the rod position. Loss of power is 
annunciated in the control room. 

8.3.4.3 Design Analysis 

Each transformer is conservatively rated. To assure reliability, the transformers 
are supplied from separate buses, each of which can be supplied by a separate 
emergency generator. Upon loss of one transformer, the other transformer may be· 
manually placed in service to supply power to the rod drives. A loss of both 
transformers will not prevent a safe shutdown since the rods may be inserted by 
de-energizing the clutches which release the rods. 

8.3.5 DC AND PREFERRED AC SYSTEMS 

8.3.5.1 Design Basis 

The de and preferred ac systems are designed to furnish continuous power to the 
Plant instrumentation and control systems. The power supply is continuous even 
during disturbances in the auxiliary electrical system. The reliability of the system 
is assured by duplication of vital equipment and circuits; ie, dual circuits for 
identical purposes are supplied from alternate buses and either circuit can initiate 
the safety function required. 

8.3.5.2 Description and Operation 

Description - General - The 1 25 volt de and 120 volt preferred ac systems are 
shown on Single Line Meter and Relay Diagram, Figure 8-12. Equipment is 
designed to withstand Consumers Design Class 1 seismic acceleration forces as 
described in Section 5. 7 without malfunction. Equipment is provided with circuit 
breaker protection, grounding and the mechanical safeguards necessary to assure 
adequate personnel protection and to prevent or limit equipment failure during 
system fault conditions. See Table 8-5 for ratings and construction of the de and 
preferred ac system components. 

125 volt de and 1 20 volt ac circuits going inside the containment to equipment 
susceptible to be submerged during a Loss of Coolant Accident have been 
provided with backup overcurrent protection, when required, to ensure the 
integrity of the containment electrical penetrations. 

The systems are located in Consumers Design Class 1 portions of the auxiliary 
building . 
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DC System - The 125 volt de system is divided into two independent and isolated 
systems . 

Each system consists of a battery, switchgear, distribution panel, two chargers 
and instrumentation as shown on Figure 8-1 2. The switchgear bus is split into 
two sections, each of which can be fed by its own battery charger. Power to 
switchgear and the distribution panels is supplied by the station batteries and/or 
the battery chargers. Protection of the de cabling in the case of a fire emergency 
is provided by separate de distribution panels located in areas allowing emergency 
shutdown. The following_ design features assure the availability of 125 volt de 
power_for the operation of Diesel Generators 1-1 and 1-2, 2,400 volt Buses 1 C 
and 1 D, nonsafeguards Buses 13 and 14 and the Auxiliary Shutdown Control 
Panel C 1 50 in the event a fire damages 125 volt de distribution equipment in the 
cable spreading room (see Figure 8-13). 

1 . , Fuses between each battery and its bus are located in their respective 
battery rooms. 

2. In each _battery room, a nonautomatic circuit breaker with a shunt trip is 
provided in the circuit between the batte~y fuse and its bus. The shunt 
trip device of these circuit breakers is a trip coil that is energized by 
battery voltage via the 125 volt de distribution panel. The nonautomatic 
circuit breakers were specified for use in 1 25 volt de systems and for a 
steady-state load of 400 amperes. They are qualified per IEEE 323-1974 
and IEEE 344-1975. They do not contain fault detectors and are not 
intended to interrupt fault currents although they have that capability·. 
They are manually operated open or close with the capability of being 
opened remotely via the shunt trip device. 

If the shunt trip push button is closed inadvertently, the battery will be 
separated from the principal 125 volt de bus. An undervoltage relay has 
been installed on the battery and will detect the separation of the battery 
from its charging source. Operation of the relay is annunciated in the 
control room (see later "System Monitoring" description}. 

3. Distribution panels are provided in Switchgear Room 1-C and Diesel 
Generator 1-2 room connected to their respective batteries with a fuse 
located in the applicable battery room. Each distribution panel contains a 
push button for energizing the shunt trip of the above-mentioned circuit 
breaker. 

4. From ·each of the distribution panels, circuits for operating and control 
power are provided for the corresponding diesel generator and 2,400 volt 
bus with routing avoiding the cable spreading room and the diesel 
generator and switchgear rooms of the other channel. In addition, the 
distribution panel serving 2,400 volt Switchgear Bus 1-C supplies the 
Auxiliary Hot Shutdown Control Panel C-1 50 and nonsafeguards 480 volt 
Buses 1 3 and 14. 
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The chargers are of the solid-state type. They have provision for two charge 
rates, one for floating and one for equalizing the battery. The chargers are 
provided with filters and surge protection to enable either charger to supply the de 
loads including the operation of 2,400 volt circuit breakers with the battery 
disconnected. The two chargers on each 125 volt de bus are fed from separate 
480 volt motor control centers. The motor control centers are supplied with 
power from 480 volt load centers and arranged so that the power for each is fed 
from a different 2,400 volt emergency bus. Administrative controls limit the 
operation such that only one charger per battery is in service. This removes the 
possibility of a common n:iode failure affecting both emergency buses. The battery 
charger cabinets were specified to operate at a design ambient temperature of 

· 104°F with only natural circulation cooling. However, to extend the life of 
temperature sensitive components, seismically mounted cooling fans powered 
from preferred AC power were installed. 

Both de systems are ungrounded and are equipped with ground detectors for 
continuous monitoring. Monitoring is also provided on other important system 
parameters, such as bus voltage and current. Abnormal conditions are 
annunciated in the control room. 

Preforred AC System - The 120 volt preferred ac system has four separate buses 
to provide power for the four separate Reactor Protective System channels. Each· 
bus is supplied by an inverter which is, in turn, supplied by a particular de bus 
section. Each de bus section ties together one battery charger and one inverter. 
Thus, each inverter with its associated charger can be separated, in emergency 
conditions, from the rest of the de system for maximum reliability. Each inverter, 
one at a time, can be manually bypassed and its preferred ac bus supplied from 
the instrument ac panel via a bypass regulator. The preferred ac buses operate 
ungrounded and are equipped with ground detectors. Specific safety systems, 
such as the RPS neutron flux monitoring and clutch power supplies (Chapter 7), 
have separate floating grounds. 

The preferred AC inverter cabinets were specified to operate at a design ambient 
temperature of 104°F with only natural circulation cooling. However, to extend 
the life of temperature sensitive components, seismically mounted cooling fans 
powered by the output of each preferred AC bus were installed. 

In order to comply with the electrical isolation requirements of IEEE 384, 
Regulatory Guide 1. 75 and Regulatory Guide 1.6, the bypass regulator output 
breakers are interlocked to preclude supplying more than one preferred ac bus at a 
time. The interlock scheme has a key lock on each output breaker. The four 
breaker locks utilize a single key which is maintained by the shift supervisor. The 
key must be inserted in the desired breaker locking device before that breaker can 
be closed, and with a breaker closed the key cannot be removed. Therefore, only 
one breaker can .be closed at a time . 
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The bypass regulator is not fed from an uninterruptible supply. On a loss of offsite 
power, it will not power the connected AC bus. The AC bus will be dead for the 
ten seconds required for diesel generator starting (when the power is restored to 
the bypass regulator). This delay has been analyzed in the appropriate Chapter 14 
events. What hasn't been analyzed is the additional delay that the sequencers 
take through_ an initialization routine. Because of this and other functions that are 
lost with preferred AC, any preferred AC bus that is on the bypass regulator is 
considered to be inoperable. A Technical Specification LCO applies when the 
Preferred AC bus is so powered. 

Norma_! Operation - During normal operation, both sections of each de bus are 
interconnected by a nonautomatic breaker. This ties together two inverters, one 
charger and one ,battery to the same bus, the second battery charger being left in 
standby. The battery on each bus is kept fully charged, floating at approximately 
131 volts .. The connected battery charger supplies the de loads including the two 
inverters which, in turn, feed one preferred ac bus each. 

Periodically, the charger voltage is raised to approximately 138 volts for battery 
equalizing. 

Ope_ration of circuit breakers in the de and the preferred ac systems is manual with 
automatic trip for fault isolation. Tie breakers between the left and right sections 
of each de switchgear bus and the battery isolation shunt trip breakers do not 
have an automatic trip for fault isolation. 

• Emergency Operation - On loss of normal and standby ac power, all de loads will 
be supplied from the station battery. The normal de loads will increase since there 
will be additional annunciators and additional loads, such as emergency lighting 
and oil lift pumps, required for primary coolant pump coastdown added to the 
battery load as a result of ac power failure. Aside from these steady loads, some 
intermittent de power for breaker operation will be required. As soon as one of 
the diesel generators has started and is ready for loading, a battery charger will 
automatically resume operation and support the battery. 

• 

Testing - A test push button is provided at the de control center to check the 
operation of the de emergency lights. Testing of the batteries is described in 
Subsection 8.4.2.2. 

System Monitoring - The de and preferred ac power systems (ie, chargers, 
inverters, batteries and breakers) are controlled locally. In accordance with 
IEEE 308-1978, Paragraph 7 .1.2, the operational status information is displayed 
locally (see Figure 8-1 2). The de bus monitoring devices consist of: 

1. Battery current (ammeter - charge/discharge); one per battery, 

2. Battery charger output current (ammeter); one per charger, . 

3. Battery charger output voltage (voltmeter); one per charger, 
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4. DC bus voltage (voltmeter); one per bus, 

5. DC bus ground current detector (milliammeter); one per bus, and 

6. DC bus average ground current (recorder); one per bus. 

All of the above indications are centrally located. Items 2 and 3 are located on the 
charger's front cabinet door. The remaining items are located on metering panels 
which are installed within approximately ten feet of the charger. 

In acc'?rdance with IEEE 308-1978, Paragraph7.1.3, IEEE 279-1971, 
Paragraph 4.13 and Part C of Regulatory Guide 1.47, administrative procedures 
and automatic control room display are also available. These procedures and 
displays provide the operator a complete and timely indication of system protective 
actions and system unavailability (such as deliberate actions to render inoperable a 
component of the de power system). 

Three control room annunciations are provided to alert the operator of de power 
system unavailability. The first annunciation is for de bus undervoltage or trouble. 
"125 Volt DC Bus Undervoltage/Trouble" alarm annunciates upon the following 
inputs: 

1 . 125 volt de bus tie breaker open (either bus), 

2 . PA system inverter undervoltage (Bus D10 only), 

3. Battery undervoltage (either battery), and 

4. 125 volt de bus undervoltage (either bus). 

Alarm Input 1 results from a tie breaker position switch installed on both Bus D 10 
and D20 tie breakers. Should either (or both) tie breakers be opened, the position 
switch "a" contqcts will energize an auxiliary relay to effect both a control room 
and a local annunciation. 

Alarm Input 2 results from an undervoltage relay installed to monitor the input of 
the public address system inverter. Should this relay sense an undervoltage 
condition, both a control room and a local alarm will occur. 

Alarm Input 3 results from an undervoltage relay installed between the battery and 
the battery's downstream fused disconnect. Two relays are installed, one for each 
battery (see Figure 8-12). The undervoltage relays inform the control room 
operator whenever the batteries are disconnected from the chargers (eg, the 
charger feeder breakers or the battery disconnects are open). The undervoltage 
alarm set point was chosen below the battery's normal "float" voltage on the 
charger and above the battery's voltage when disconnected from its charger. By 
providing a control room and local alarm at this set point, the operator is alerted to 
a system unavailability condition in a timely manner. 
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Alarm Input 4 is the bus undervoltage function indicating low voltage with regard 
to the de loads. 

The second annunciation is for battery chargers trouble. This control room alarm 
will occur whenever ac input or de output power is lost on any one of the four 
chargers. Upon receiving the alarm, an operator can be dispatched to the battery 
chargers to determine which charger is affected utilizing the charger's voltmeter 
and ammeter indications, should it not already be apparent in the control room. 

The third control room an_nunciation i_s for de bus ground. Should the 
bus-to-ground current (milliamperes) on either bus exceed a predetermined set 
point, a control room alarm will be energized. At this point, an operator can be 
dispatched to the local metering panels to determine which bus is grounded by 
utilizing the local milliammeters. As previously mentioned, inputs to the control 
room alarms also provide a local alarm. Upon control room annunciation, an 
operator can be dispatched locally to determine which of the four inputs for de bus 
trouble provided the alarm and on which de system the problem has occurred; ie, 
Bus System D 1 0 or Bus System 020. A local annunciation relay is provided for 
each system. Each relay indicates locally which alarm input caused the control 
room annunciation. 

In addition to the above de bus monitoring devices, there are alarms and indicators 
associated with the 120 volt ac preferred power panels. Since the preferred 
power panels take their normal power supply from the de buses, the following 
alarms could be a further indication of de bus trouble: 

1. Preferred bus undervoltage - control room alarm (one per bus) 

2. Ammeter (current input to inverter) - local indicator 

3. Ammeter (current out of inverter) - local indicator 

4. Frequency meter - local indicator 

5. Ground detector - control room alarm (one per bus) 

6. Voltage meter - local indicator 

For Items 1 and 5 a common alarm (one per bus) indicating "preferred ac bus 
trouble" is utilized . 
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8.3.5.3 Design Analysis 

Normal Operation - During normal operating conditions, the loading of both the de 
and the preferred ac systems is much lower than the capacity of the system . 
Each of the two battery chargers provided on the de bus is capable of supplying 
the normal de loads on the bus and simultaneously recharging the battery in a 
reasonable time. A fully discharged battery can be recharged in less than nine 
hours by using two chargers. 

Emergency Operation - Cc:>mplete loss of all ac power analysis is given in 
Subsection 8.4.2.3. 

In order to meet IEEE 308-1978, Paragraph 7.1.3 requirements, the control room 
features an assortment of de power system alarms (ie, "Battery Chargers Trouble," 
"125 Volt DC Bus Ground," "125 Volt DC Bus Undervoltage/ Trouble" and 
"Preferred AC Bus Trouble"). The proper combination of these alarms will alert the 
operator of most conceivable malfunctions, misalignments or maladjustments 
which might occur to render any part of the system inoperable. Upon being 
alerted, the control room can dispatch an operator locally to specifically determine 
what the problem is and what system components may be affected. 

8.3.6 INSTRUMENT AC SYSTEM 

8.3.6.1 Design Basis 

The 120 volt instrument ac system is designed to furnish reliable power to the 
Plant instruments other than those supplied from the de and the preferred ac 
systems. 

8.3.6.2 Description and Operation 

Description - The instrument ac system is supplied by two three-phase 
transformers from Motor Control Centers 1 and 2 as shown on Figure 8-1 2. Both 
Motor Control Centers are automatically supplied by emergency generators upon 
loss of offsite power. An automatic transfer switch is provided to transfer supply 
to the instrument ac panel between the two power sources. 

All panel breakers are equipped with thermal magnetic trip elements. The neutral 
of the instrument ac system is grounded. This system can only furnish power to 
one of the preferred ac buses at a time through a bypass regulator. 

Operation - During normal operation, power is supplied to the instrument ac bus 
from Motor Control Center 1. Should the power fail from that source, the panel 
supply will automatically be transferred to Motor Control Center 2. When power 
to Motor Control Center 1 is restored, the panel supply will automatically transfer 
back. Transfer in either direction may be made manually . 
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8.3.6.3 Design Analysis 

Each of the two instrument ac transformers is sized to supply 'the panel load and 
one preferred ac panel bus via the bypass regulator . 

Testing - The operation of the transfer switch may be checked at any time without 
affecting Plant operation . 
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• 8.4 EMERGENCY POWER SOURCES 

The emergency power sources are designed to furnish onsite power to reliably shut 
down the Plant and maintain it in a safe shutdown condition under all conditions, 
including OBA, upon loss of normal and standby power. The emergency power 
sources are part of the engineered safeguards electrical system and are identified as 
Class 1 E systems. Reliability is assured by the two-channel concept wherein 
independent electrical controls and sources supply redundant ac and de engineered 
safeguards loads. 

8.4.1 EMERGENCY GENERATORS 

8.4.1.1 Design Basis 

The emergency generators are designed to provide a dependable onsite power source 
capable of starting and supplying the essential loads to safely shut down the Piant and · 
maintain it in a safe shutdown condition under all conditions. The reliability of this 
onsite power is provided by its duplication wherein each emergency generator supplies 
redundant loads and each is capable of providing power to the minimum necessary 
safeguards. 

• 8.4.1.2 Description and Operation 

• 

Description - There are two emergency diesel engine-driven generators of equal size. 
The generators have static-type excitation and are provided with field flashing for quick 

. voltage buildup. Each generator is connected via a generator breaker to a separate 
2,400 volt bus. The generator breaker control is shown on Schematic Diagram 
Figures 8-14 and 8-15. Synchronizing equipment is provided to permit connecting the 
generator to the 2,400 volt bus for parallel operation with the onsite or offsite power 
sources during testing of the emergency generators. The synchronizing equipment is 
automatically bypassed by breaker position interlocks to permit manual and automatic 
closing of the emergency generator breaker on a dead bus. The four 2,400 volt bus 
safeguard/station power and start-up transformer incoming breakers are interlocked to 
prevent automatic closing when the associated emergency generator breaker is closed. 
The incoming breakers can be closed manually only by using synchronizing equipment 
when the associated emergency generator breaker is closed. 

Support systems associated with each diesel generator include a fuel oil system, air 
starting system, lube oil system, jacket water system, crankcase blower, two 
independent starting circuits and a load sequencer (see Figure 8-29). Supply of 
electric power for these systems is obtained from the generator they are supporting. 
Each system is located in a separate room from its redundant counterpart, except for 
the load sequencers which are located separate from one another in the main control 
room. 
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The diesel engines are designed for air start and a separate compressor and receiver 
are provided foreach engine. There are two receivers and two air-start motors per 
engine. A separate fuel oil day tank is also provided for each engine. The diesel 
engines, fuel oil systems and air start systems are equipped with instrumentation to 
monitor all important parameters and annunciate abnormal conditions. Water and oil 
heaters are provided to maintain the engines in "start" readiness. 

The emergency generators are equipped with the mechanical and electrical safeguards 
necessary to assure personnel protection and to prevent or limit equipment damage 
during operation or fault and overload conditions. The generators and their 2,400 volt 
breakers have overcurrent and differential protection. All wiring passes the vertical 
flame resistance test in _accordance with IPCEA S-28-357, Paragraph 3.4. New 
installations will meet an equivalent flame test (e.g., IEEE 383-1974, Section 2.5, ICEA 
S-19-81, Section 6. f9.6, etc). · 

The emergency diesel generators and their auxiliaries are designed to withstand CP Co 
Design Class 1 seismic acceleration forces per Section 5.7 without malfunction. The 
emergency diesel generators and their auxiliaries, except for the fuel oil transfer 
system, are installed in a CP Co Design Class 1 portion of the auxiliary building and the 
units are separated by a wall . 

Each emergency generator supplies a separate 2,400 volt bus and a redundant group 
of engineered safeguards consistent with the two-channel power concept. 

Diesel generator reliability is targeted at 0.95. This level is to be maintained by a Diesel 
Generator Reliability Program in response to commitments made by CP Co March 27, 
1990 in regard to_Station Blackout Rule 10 CFR 50.63 (Reference 10). 

Diesel Generator Control Circuits - Physical separation and electrical isolation are 
maintained between the control circuits for the two diesel generators. The automatic 
start circuits are initiated by bus undervoltage. The control circuits, in addition to the 
"automatic" functions, are arranged for manual start-stop at the diesel and in the control 
room. The controls for the governor, voltage regulator, synchronizing and for the 
generator breaker are located in the control room. · 

Normal Operation -As shown on Figures 8-17, 8-19, 8-20 and 8-21, Diesel Generator 
1-1 will start when an undervoltage is sensed on 2400 Volt Bus 1 C and Diesel 
Generator 1-2·will start when an undervoltage is sensed on 2400 Volt Bus 1 D. 
Section 8.6 provides additional details on undervoltage starting. 

When the Plant is operating normally, -the diesels may be started, synchronized with the 
2,400 volt buses and loaded. · 

8.4-2 Rev 19 



• 

• 

• 

The status of the emergency generators is monitored in the control room. Important 
functions are annunciated in the control room. 

The diesel generators may be started and shut down locally or from the control room. 

Shutdown Operation - During shutdown operation, the emergency diesel generators 
will supply power only if the offsite power source fails. At this time, the automatic 
features will govern and normal shutdown sequencers will sequentially load the 
generators. 

If the emergency generators fail to start, the Plant auxiliaries can be fed via the main 
transformer in a _backfeed mode. Refer to Subsection 8.2.3 for discussion of backfeed. 

Operation After Loss of Coolant Accident - The emergency generators are required to . . 

supply power only if the offsite power source fails. At this time, the automatic features 
will govern and DBA sequencers will sequentially load the diesels. 

Operations During or After Fire - The 1-1 emergency diesel generator has three 
remote/local isolation switches (one for the output breaker and two for the diesel 
generator) to allow control in the event of fire in some plant fire areas . These switches 
are intended to ensure operability of safe shutdown equipment per 10 CFR 50.48 and 
10 CFR 50, Appendix R. ·Operability of 1-2 emergency diesel generator after a fire 
could be restored by operation of slide links in control circuitry. Operation of these 
slide links is not required, however, by the Appendix R, Safe Shutdown Analysis. 
Operation of the switches or slide links is governed by Off Normal Procedures. 

Testing -Automatic start and load sequencing of the emergency generators are tested 
as part of the safety injection testing. For details see Subsection 7.3.5. The 
emergency generators' start-up may be manually tested at any time to verify· required 
voltage and frequency are obtained within acceptable limits and time. To verify load 
acceptance by the generator, the emergency generator breaker is closed manually and 
the engine loaded onto the 2,400 volt bus for parallel operation with the onsite or offsite 
power source. Refer to Technical Specifications for further details. 

8.4.1.3 Design Analysis 

The emergency generators have been selected to have sufficient capacity to supply the 
minimum necessary engineered safeguards loads with only one generator operating. 
In addition, each generator has enough reserve capacity to start and carry the largest 
single load that may be loaded on the bus by a control circuit malfunction. 

The emergency generators are designed to reach required speed and voltage within 
1 O seconds after the receipt of a start signal. 
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·To assure reliability, each emergency generator has two starting/control circuits, one for 
each of the two separate air starting motors. Although each starting circuit will initiate 
generator field flashing, the power for field flashing is provided from only the "B" circuit. 
Each engine's two starting/control circuits are powered from that engine's respective 
125 voe battery-backed channel, and are independent from the opposite diesel 
engine's two starting/control circuits. Each diesel engine's two starting/control circuits 
are actuated by redundant automatic start command signals. Physical separation is J . 

maintained between the two emergency generator units and their associated controls. 

Each emergency generator and diesel engine is provided with several alarms, 
interlocks and trips. Each engine may be started and placed in service locally or from 
the control room. The generators may be synchronized from the control room so that 
they can be paralleled with the system for loading tests. Each diesel is located in a 
separate room as is shown on Figure 1-3. Each room has separate access doors. 

Local alarms at each diesel are: 

Prelube Oil Pump Failure 
Low Lube Oil Pressure 
High Lube Oil Temperature 
Low Lube Oil Temperature 
High Lube Oil Filter Differential Pressure 
High Jacket Water Temperature 
Low Jacket Water Level 
Low Raw Water Pressure 
Overs peed 
Low Air Pressure · 
Overcrank 
Low Lube Oil Level 
Engine Trouble 
High/Low Fuel Level 
Low Jacket Water Pressure 
Bus 1 C (1 D) Overcurrent Lockout 

Any local alarm also results in annunciation of a Diesel Generator Trouble alarm in the 
control room. 

Other diesel generator control room alarms include: 

Diesel Generator Fail to Start 
Diesel Generator Start Signal Blocked 
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The Diesel Generator Start Signal Blocked alarm is actuated by the following inputs: 

Loss of DC control power 
Overspeed trip 
Low lube oil pressure trip 
Low jacket water pressure 
Overcurrent or differential current 

In addition, a trip of the diesel generator breakers by anything other than a manual trip 
is annunciated separately in the control room as is low level in the main fuel oil storage 
tank, day tank hi-lo level, generator overload, and Bus 1 C or 1 D overcurrent lockout. 
The diesel generator breakers will be opened should there be an overload, or 
generator differential relay operation, or should the diesel shut down. Additionally, a 
short duration trip signal is provided to the diesel generator breakers whenever a signal 
is initiated to automatically fast transfer the normal source of power to the start-up 
transformer. This trip signal ensures that the diesel generator will not be placed in 
parallel with the offsite source while not in phase. 

The diesel will be automatically tripped on generator differential or overcurrent relay 
action, engine overspeed, low lube oil pressure, or low jacket water pressure, and can 
be manually tripped at any time from the local station or from the control room . 

There are no trips on either the generator or the engine which are bypassed while 
engineered safeguards systems are functioning. Since there are two emergency 
diesels provided, each with full capacity rating, the single failure criterion is met 
regardless of which diesel auxiliary component is assumed to fail. Even more pertinent 
is the fact that the trips are minimum in number but important in function for equipment 
protection. Emergency power availability is thereby enhanced by tripping the unit off 
for these faults which enables repair and return to service rather than burning out the 
generator or engine. 

The diesel generator is designed to start and be ready for loading in ten seconds, and 
be capable of loading and carrying required safety-related loads within the times 
established for sequential loading. The worst case automatic loading sequence (with 
their associated nameplate HP) for each diesel is shown in Tables 8-6 and 8-7, with 
zero second being diesel start time. 

The engines are rated at 3,500 brake horsepower (bhp), with a predicted overload 
capacity of 3,840 bhp for two hours. 

The generator is rated at'2,500 kW at 0.8 power factor with a two-hour overload rating 
of 2,750 kW, a one-half hour overload rating of 3, 125 kW and a one-minute overload 
rating of 3,750 kW. The recovery time for voltage to return to 90% of rated voltage 
after application of each load step is less than three seconds. 
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When any plant modification affects the diesel generator loading, the revised loading 
will be verified to not exceed either the engine or generator ratings. 

Each diesel generator's fuel oil system is supplied fuel oil by a common transfer· 
system. The transfer system consists of an underground fuel oil storage tank, a single 
supply line and two transfer pumps. The transfer system mechanical design is safety 
related; there is a single fuel oil supply line for both diesels, and the two transfer pumps 
are not physically separated. However, each diesel has a minimum day tank/belly tank 
capacity of 20 hours (at rated output power) and the day tanks can be refilled by tank 
truck. 

IEEE 308-1978 requires sufficient fuel be onsite for the operation of one diesel for 
seven days assuming accident loads. Fuel oil storage tank T-10A has sufficient 
capacity to contain the required seven day supply of fuel oil for emergency diesel 
generator use. Additionally, plant operating procedures alert operations personnel to 
evaluate the fuel on hand, the probability of restoring offsite power, and the probability 
of getting additional fuel. Fuel conservation practices will be implemented if it is likely 
that seven days will elapse befo're offsite power is restored and additional fuel is 
received. The capability also exists to transfer fuel oil from another onsite storage tank, 
T-926, to storage tank T-1 OA. 

When any plant modification affects the diesel generator loading, the fuel oil storage 
capacities will be verified to be adequate for the revised loading. 

Either of two fuel oil transfer pumps are used for transferring fuel oil from the storage 
tank to the day tanks should additional fuel oil be required. In addition, a connection is 
available outside the diesel rooms to pump oil directly into the day tanks from an oil 
tanker truck. 

Each emergency generator's fuel oil day tank has its own makeup control system which 
is redundant to and independent from that of the other. The emergency generator tank 
makeup control systems interface with the fuel oil transfer pump control systems. Each 
day tank makeup control system has its own separate control station and is powered 
from its respective channel. Each day tank makeup control system can independently 
demand makeup via either fuel oil transfer pump P-18A or P-188. 

The fuel oil transfer pump motors and their power and control circuits are non-Class 
1 E. These circuits are supplied from redundant channels but are not separate and 
independent. Neither transfer pump's control logic gives the emergency generator day 
tank makeup systems preference over or isolates those non-essential makeup systems 
which are also served. The arrangement of the fuel oil transfer pump power and 
control circuits requires operator action to establish fuel transfer via either pump during 
loss of off-site power conditions. This arrangement minimizes the potential for 
inadvertent fuel oil transfer to system ruptures caused by natural phenomena. 
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Transfer pump P-18A can be controlled either manually, or automatically via level 
controls. It is powered from non-Class 1 E MCC-8, which is capable of being manually . 
loaded onto EOG 1-2. Those portions of the P-18A control circuit which carry the 
demand signals from the two independent emergency generator day- tank makeup 
control systems are not electrically isolated or separated from each other; nor are they 
isolated or separated from circuits for non-essential makeup systems. Transfer pump 
P-18B can only be controlled manually. It is powered from Class 1 E MCC-1, which is 
automatically loaded onto EOG 1-1. Those portions of the P-18B control circuit which 
carry the demand signals from the two independent emergency generator day tank 
makeup control systems are not electrically isolated or separated from each other; nor 
are they isolated or separated from circuits for non-essential makeup systems. 

Each diesel engine has its own self-contained jacket cooling and heating system. A 
jacket water pump is engine driven with a temperature controlled three-way valve which 
diverts part of the water through a jacket water heat exchanger which is cooled by the 
plant service water system. As is shown on Figure 9-1, each heat exchanger is fed 
from a separate critical service water header. The jacket water pump on each diesel is 
connected to a surge line running to a 30 gallon expansion and makeup tank located 
approximately 10 feet above the crankshaft centerline. Makeup water is from the 
primary system makeup water system. When the engines are not running, the jacket 
water is heated by two thermostatically controlled heating elements mounted in the 
engine jackets. 

8.4.2 STATION BATTERIES 

8.4.2.1 Design Basis 

The batteries are designed to furnish continuous power to certain normal Plant control 
and instrumentation circuits, and to control and instrumentation circuits associated with 
the engineered safeguards systems. They are also used to supply emergency Plant 
lighting. Two identical batteries feeding separate de control centers are provided to 
assure reliability. 

8.4.2.2 Description and Operation 

Description - The batteries are of the lead calcium type; the most reliable type presently 
known. Special reinforced seismically qualified battery racks with high impact cell 
spacers are provided to meet the seismic criteria of CP Co Design Class 1 and to 
prevent damage from shifting of the battery cells. 

Each battery is housed in its own ventilated room in the CP Co Design Class 1 portion 
of the auxiliary building. A sail switch is mounted in the ventilation duct to warn the 
operator in the control room of a loss of battery room ventilation which could lead to 
accumulation of hydrogen. 
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Normal Operation - The batteries are kept fully charged at approximately 131 volts by 
the battery chargers. Periodically, the voltage is raised to approximately 138 volts for 
equalization of the charge on the individual battery cells. Since the batteries are 

. normally connected to the de switchgear; they will automatically absorb any sudden 
load changes that may occur oh the system. 

Emergency Operation - On loss of normal and standby ac power, the batteries will 
supply power to all preferred ac and de loads, until one of the diesel generators has 

. · started and can supply power for the ch.argers. 

System Monitoring - In order to ensure the availability of the batteries, several 
annunciations are provided in the control room to warn the operator of battery 
conditions (see Subsection 8.3.5.2). An operator is dispatched to the battery 
chargers and metering panels on a shiftly basis for a general inspection of the de 
power system status. Proper trickle charging of the batteries by the chargers is 
monitored by the de bus undervoltage alarm in the control room and by verification of 
circuit breakers position. In addition, the batteries are monitored on a monthly basis as 
required by Technical Specifications. 

Testing - The batteries are tested in accordance with IEEE 450-1975, IEEE 308-1974, 
NRC BTP EICSB 6 and the "Standard Technical Specifications for Combustion 

· Engineering Pressurized Water Reactors" (NUREG-0212). The tests are as follows: 

1. At least once per 18 months, durihg shutdown, a battery service test is performed 
to verify that the battery capacity is adequate to supply and maintain in operable 

I 

status all of the actual emergency loads for four hours. I 
· 2. At least once every 60 months, during shutdown, a battery performance test is 

performed to verify that the battery capacity is at least 80% of the manufacturer's 
rating. 

Technical Specifications describe additional surveillance requirements for monthly and 
quarterly testing. 

8.4.2.3 Design Analysis 

The batteries_ have ample capacity to supply all de loads and the preferred ac loads 
. during a complete loss of ac power for at least four hours, assuming neither diesel 
emergency generator is available. The batteries are designed to furnish their maximum 

· load down to an operating temperature of 70°F without dropping below 105 volts, and 
the equipment supplied by the batteries is capable of operating satisfactorily at this 
voltage ratfng. The sediment space in the individual battery cells is sized such that the. 
battery cannot develop an internal short circuit during its normal life. 
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The worst battery loading case per EA-ELEC-LDTAB-009 (Reference 11) assumes that I. 
neither of the two battery chargers, which are available for each battery, is operating. 
This loading is based upon the required opening and closing sequences of the 4, 160, 
2,400 and 480 volt circuit breakers, and upon solenoid, inverter, emergency lighting, 
annunciator and de motor operations. · · · 

The four-hour minimum used in the battery sizing design is conservative and a·llows 
ample time to place either of two chargers in service before adversely affecting the 
battery performance. 

Battery calculations in accordance with the guidelines provided in NUMARC 87-00 
verified that the Class 1 E batteries have capacity to meet station blackout (SBO) loads 
for four hours. This assumes that loads not needed to cope with the station blackout 
are stripped.· The loads and the stripping procedure are identified in Procedure EOP-3~ 
EOP-3 requires monitoring and stripping loads prior to 30 minutes of SBO. The battery . 
analysis shows manual load shedding at 30 minutes and plant procedures are · 
·consistent with this. NRC final approval was received in a SER (June 25, 1.994). 

In the event of a Loss of Coolant Accident and coincident' loss of offsite power with 
emergency generators available, one charger for each battery will be energized . 
automatically from an emergency generator to supply de loads. Hence, the station 
battery will carry full load for approximately 10 seconds during a OBA and then will be 
supported by the.battery charger. 

8.4.3 TURBINE GENERATOR COASTDOWN 

8.4.3~1 Design Basis 

. . 
The coastdown circuits are designed to utilize the kinetic energy of the turbine 
generator to maintain primary coolant flow for approximately 1 O seconds after a turbine 
generator trip wh.en the trip occurs simultaneously with a power system grid· failure. 

_ . 8.4.3'.2 Description and Operation 

Description -The turbine generator voltage regulator temporarily maintains excitation 
during coastdown. A 362CD time delay relay that has been set at 10 ± 1 second is -
initiated by th.e 3B6C turbine coastdown relay.· The coastdown control circuits, as 
shown on Figures 8-19, 8-21 and 8'.'"28, consist of the necessary relays and 
·components to maintain generator excitation and delay the tripping of Station Power 
Transformer 1-1 4, 160 volt incoming breakers for the first 10 seconds of coastdown. 
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Operation - The coastdown circuits operate only when the turbine generator trips and 
there is no start.:.up transformer power. These circuit components act to delay tripping 
the 4, 160 volt station power incoming breakers until after a 10 second time delay. The 
circuit components also·act to remove the voltage regulator and exciter from service 
when the 4, 160 volt station power breakers are tripped. Utilization of the turbine 
generator inertia is blocked whenever a fault occurs within the electrical system of the 
main generator. 

8.4.4 EMERGENCY POWER SUPPLY FOR PRESSURIZER HEATERS 

8.4.4.1 Design Basis 

The pressurizer heaters' power supply is designed to supply one half of the heaters 
from an offsite power source and the other half from an emergency power source. The 
heaters connected to the offsite power source may be manually switched to an 
emergency power source to provide redundant emergency power to the heaters as 
required by· NUREG-0737. 

8.4.4.2 Description and Operation 

Description - The pressurizer heater 2,400 volt power connections are shown on 
Figures 8-6 and 8-7. The pressurizer heater power supply is such that one half of the 
heater capacity (750 kW nominally) can be supplied from an offsite power source (via 
2,400 volt Bus 1 E); the other half of the pressurizer heaters can be supplied from the 
emergency power source (via 2,400 volt Bus 1 D). 

During 1980, modifications were made to the Pressurizer Heater Transformer 15 feeder 
breaker on 2,400 volt Bus 1 E and the Dilution Water Pump A feeder breaker on 
2,400 volt Bus 1 C. This modification allows Pressurizer Heater Transformer 15 feeder 
to be manually switched from Bus 1 E to Bus 1 C, providing flexibility to operate half the 
heater banks from Bus 1 C or 1 D. 

Operation - Switching the heaters from Bus 1 E to Bus 1 C requires that the Pressurizer 
Heaters Transformer breaker on Bus 1 E be racked out, the Dilution Water Pump 
breaker on Bus 1 C be opened, the dilution water pump leads be removed from the load 
side of the breaker, and the "jumper cable" be connected between Bus 1 C and the load 
side of the P~essurizer Heaters Transformer breaker on Bus 1 E. The control room then 
closes the Dilution Water Pump breaker on Bus 1 C and the pressurizer heaters can be 
energized. 

See Subsection 4.3. 7 for additional operating details for the pressurizer heaters. 
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8.5 RACEWAY AND CABLING SYSTEM 

8.5.1 DESIGN BASIS 

• 8.5.1.1 Fire Protection Features 

• 

• 

The design features of the raceway and cabling system for fire protection of 
safety-related cabling are described in this section. For additional fire 
protection-related features, refer to Section 9.6. 

8.5.1.2 Electrical Penetrations of Reactor Containment 

10 CFR 50, General Design Criterion 50, as implemented by Regulatory Guide 1.63 
and IEEE Standard 317-1972, requires that electrical penetrations be designed so 
that the containment structure can accommodate, without exceeding the design 
leakage rate, the calculated pressure, temperature and other environmental 
conditions resulting from any Loss of Coolant Accident (LOCA). 

8.5.2 DESIGN DESCRIPTION 

As noted in Subsections 8.1.1 and 8.1.2, the engineered safeguards electrical 
power and control system buses are divided into two channels and the loads into 
two groups. Each channel consists of the following buses and power sources: 
one 2,400 volt bus, two 480 volt load centers, four 480 volt motor control 
centers, one de distribution center, one battery, two battery chargers, two 
preferred ac buses, two inverters and one diesel generator. The power source for 
driven equipment and the control power for that system are supplied from the 
sources in one channel. Where redundant equipment is utilized in one load group, 
as in the case of the safety injection valves, the redundant equipment is supplied 
from the opposite channel. 

The raceways and containment penetrations for these systems are also divided 
into two groups according to the separation criteria given in Subsection 8.5.3.2. 
Physical separation is maintained between the two raceway systems and between 
the two penetration areas. The interconnecting cables for any one channel are run 
in their respective raceway system. 

The Reactor Protective System (Section 7 .2) is divided into four channels supplied 
from the four preferred ac buses. The raceways for these systems are divided into 
two physically separated raceway systems and the two channels within one 
raceway system are further separated by a metal barrier within the raceway 
according to the separation criteria given in Subsection 8.5.3.2. Separate 
containment penetrations are used for like circuits . 
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The schematic diagrams provide all the information necessary for making circuit 
schedule and connection diagrams. The connection block diagram shown on each 
schematic diagram shows all the interconnecting wire, where 'separation is 
required between redundant circuits and how separation is to be effected . 
Scheme numbers and relay numbers are coded with odd numbers indicating 
Channel 1 and even numbers for Channel 2. The allocation for the power source 
is shown for each scheme. 

The circuitry of functions which might be designated as nonsafety related are 
contained in the same safety-related cables serving the safety-related equipment. 
(Examples: remote indicating lights for valves, breakers, etc.) This circuitry has 
then been treated as "associated" circuitry within IEEE 384 definition and 
requirements. 

The cable and wire connected to devices and instrumentation which are required 
to operate during a design basis accident (DBA) have been qualified to assure 
satisfactory operation through and following the accident. All essential cabling 
has been shown to have a 40 year qualified life. In-tray splices are not 
recommended but when required, use a qualified and tested design that is 
hermetically sealed to the expected environment (see subsection 8.1.3). 

Cables installed in ventilated trays, conduit or underground ducts are thermally 
sized in accordance with NEC or IPCEA/ICEA ampacity values (depending on cable 
physical size) of concentric stranded insulated cable for the conductor operating 
temperature of the insulation. Insulation type may be of thermosetting, rubber or 
plastic. Ampacities are adjusted based on actual field conditions when possible. 
These adjustments may include, but not be limited to, conductor operating 
temperature, ambient temperature, cable overall diameter, tray depth of fill, 
conduit percent fill, and fire-stops. The basic methodology for applying ampacity 
adjustments is described in Reference 12. The methodology is further modified as 
described in Reference 13. 

High-voltage cables are run in separate raceways from low-voltage power and 
control cables. Low-level signal cables are kept in separate raceways. Cables 
installed in stacked trays are arranged to have the highest voltage located in 
highest level tray and low-level signal cable in the lowest tray . 
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No documentation of the original design basis for the sizing of cables for short 
circuit has been found. Station power short-circuit levels and discussions with the 
original AE, however, indicate that the three-phase ac cable short-circuit protection 
design considered the fault current due to a fault at the load and used high speed 
fault clearing to prevent cable damage. This design sizes the protective device for 
a fault at the load to prevent the conductor temperature from exceeding 250°C for 
thermosetting insulated cable, 200°C for rubber insulated cable, and 150°C for 
plastic insulated cable. If a fault occurs on the cable, the entire cable upstream of 
the fault would be inspected and, depending on the fault location and resulting 
short-circuit current, the ~ppropriate sections would be replaced. This is the 
prese~t design criteria being used. The 125 volt de protection design considers 
the fault current available at the source side of the feeder protective device. 

8.5.3 DESIGN EVALUATION 

The design of the Plant electrical penetrations is similar to those of other plants, 
the probability of electrical failure of the penetrations is low, and any resultant 
leakage path would be small. Analysis shows that electrical penetration failure 
contribution to containment failure by leakage is very small; i.e., the size of a 
potential leakage path is small and the probability of penetration electrical failure 
resulting in leakage is low. 

The following subsections describe how the raceway and cabling system meets 
NRC BTP CMEB 9.5-1, Regulatory Guide 1. 75 and Appendix R to 10 CFR 50 . 

8.5.3.1 Compliance With Regulatory Guide 1 75 

The safety-related cabling system does not fully meet the requirements of 
Regulatory Guide 1. 75 since the Plant was designed and constructed before the 
Guide was established. As a result, fixed automatic water fire suppression 

· systems have been provided in areas of dense safety-related cables. Manual hose. 
stations and portable extinguishers are provided as backup. 

Although IEEE 383 was not in existence at the time the Palisades electrical cabling 
was purchased and installed, the cable was specified to meet the vertical flame 
tests in accordance with IPCEA S-19-81 and ASTM D470-59T. While such tests, 
as well as the IEEE 383 tests, provide a measure of comparability of fire 
retardance between various types of cables, they cannot be considered as 
indicative of their behavior when found in the configurations in the Plant. Cable 
insulation has thus been considered as combustible material for fire protection 
design considerations (subsections below, Section 8. 7 and Section 9.6). 

Starting in 1979, new cable installations utilize to the extent practical, cable 
construction that does not give off corrosive gases while burning . 
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8.5.3.2 Raceway and Cabling Separation Criteria 

All circuits designated as belonging to a safety-related power distribution, Reactor 
Protective System, engineered safeguards or other safety-related system channel 
are run in separate raceway systems. The raceway system includes conduit, 
trays, wall and floor penetrations, containment penetration, panel wire troughs, 
etc. In general, the circuit isolation and separation requirements are met by the 
use of physically separate raceways which can afford fire and missile protection. 
The raceway systems are so arranged that a single failure cannot affect both 
channels of a power or cc;>ntrol circuit. In designing the raceway system for 
"channeled" circuits and in the routing of these circuits, consideration has been 
given to the type of hazards that could be present in regard to potential fire, as 
well as size and type of missiles that may be generated by the equipment in the 
area. Physical separation (distance) has been considered as the most reliable 
method of providing the circuit separation and isolation. When raceways are run 
near one another, a fire barrier and/or a missile shield is provided between the 
raceway systems. 

According to FSAR Amendment 15 of August 26, 1968, original Plant 
construction did not require dgorous separation of vital and nonvital cables. 
Amendment 15 states, "Nonvital cables, except for those required to operate 
during a DBA, are the same as the cables used in the engineered safeguards 
circuits. They are sized, rated, protected and, except for separation, use identical 
type raceways sharing, where convenient, the same trays as engineered 
safeguards cables." IEEE 384 would require that these "nonvital" cables be 
classified as "associated circuits" and designed and installed accordingly. 
Separation as required by IEEE 384 was not an original design requirement and the 
Plant is not in total conformance with this standard. 

The following designations have been utilized for the Palisades Plant circuits: 

Left Right 

Channel 1 Channel 2 
Channel 3 Channel 4 
System 1 System 2 
System 3 System 4 

Following is a description of the intended separation requirements by channel 
designation. A few circuits have been discovered that are not separated as 
described below. When deviations from separation requirements are identified 
they are evaluated for acceptability as-is or rerouted . 
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Left Circuits 

Circuits designated as "Left" must be routed in trays and conduits separate from 
circuits designated as "Right," "Channel 2" or "Channel 4." 

"Left" channel circuits may be run in Nonclass 1 building above ground if there 
exists a redundant "Right" circuit. Typical of a Nonclass 1 structure is the turbine 
building. The "Left" circuits may be routed with nonredundant circuits or circuits 
designated as a "System" circuit or with "Channel 1 or 3" circuits. 

Bight c;ircuits 

Circuits designated as a "Right" must be routed in trays and conduits separate 
from circuits designated as "Left," "Channel 1" or "Channel 3." The circuits may 
no.:t be routed in a Nonclass 1 structure. The circuits may be run with 
nonredundant circuits or with "Channel 2 or 4" circuits or with any "System" 
circuits. 

Channel 1 Circuits 

Circ_uits designated as "Channel 1" must be routed in raceways separate from 
"Channels 2 and 4" circuits and separate from "Right" circuits. 

They can be routed in same raceways as "Channel 3" circuits but circuits must be 
separated by a barrier between them. "Channel 1" circuits may be run in 
Consumers Design Nonclass 1 structures if there are redundant Channels 2 and 4 
circuits in a protected routing. A Channel 1 circuit may be run with nonredundant 
circuits, "Left" circuits or "System" circuits. 

Channel 3 Circuits 

Similar requirements as a "Channel 1" circuits. 

Channel 2 Circuits 

Circuits designated as "Channel 2" must be routed in raceways separate from 
"Channels 1 and 3" circuits and separate from "Left" circuits. They can be routed 
in the same tray, penetration, etc, as "Channel 4" if a barrier is provided between 
them. "Channel 2" circuits must no.:t be run in Consumers Design Nonclass 1 
structures. "Channel 2" may be routed with "Right" and nonredundant circuits or 
any "System" designated circuits. 

Channel 4 Circuits 

Similar requirements as "Channel 2" circuits . 
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System 1 Circuits 

Circuits designated as "System 1" must be routed separately from "System 2" 
circuits . 

A System 1 circuit may be run with any other like-type circuits; i.e., power, 
control or instrumentation circuits. 

System 2 Circuits 

Simila~ requirements as "System 1" circuits. 

System 3 Circuits 

Any circuits designated as "System 3" must be routed in separate raceways from 
"System 4" circuits. 

A "System 3" circuit may be routed with any other like-type circuit. 

System 4 Circuits 

Similar requirements as "System .3" circuits. 

Compliance With Appendix R to 10 CER 50 

• In order to ensure operability of both Emergency Generators 1-1 and 1-2 in the 
event a fire damages control circuitry of the equipment in the control room or the 
cable spreading room, all support systems' power and control cabling for the 
generators, including the power source for the engine crankcase blowers are not 
routed through these areas. Furthermore, the terminations of control room and 
cable spreading room routed circuitry for generators and 2,400 volt Bus 1 C and 

• 

1 D switchgear positions are identified readily so that the sliding links of the 
terminal blocks can be opened to isolate the damaged circuitry. Isolating transfer 
switches are provided for breakers on Bus 1 C which are required for hot shutdown 
operation. No slide link operations are credited for achieving or maintaining hot 
shutdown for 10 CFR 50 Appendix R. 

In order to ensure operability of one emergency generator in the event of a fire in 
the emergency generator or switchgear room belonging to the other channel, the 
generator power cables, and control and instrument cables from the emergency 
generator are not routed in the opposite generator or switchgear room. 

Other specific routing criteria have been established to ensure safe shutdown 
according to 10 CFR 50, Appendix Ras described in Section 9.6 . 
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8.5.3.3 Raceway and Cabling Fire Barriers 

Fire barriers have been provided to separate the turbine building from the auxiliary 
building and to isolate one .safe shutdown train from the associated redundant 
train or alternative safe shutdown equipment. Based on the type and quantity of 
combustibles present, the basic fire resistance of the barriers would prevent the 
spread of fire between fire areas. 

Cable and cable tray penetration of fire barriers (vertical and horizontal) in 
safety-related areas of the Plant have been sealed to give protection at least 
equivalent to that of the fire barrier. The design of fire barriers for horizontal and 
vertical cable trays meets the requirements of ASTM E119, "Fire Test of Building 
Construction and Materials," including the hose stream test. Where fire barrier 
penetration seals require fire resistance characteristics, these seals in 
safety-related areas have been sealed to a rating equivalent to that required of the 
barrier. Piping penetrations of fire barriers are sealed in a similar fashion. The 
adequacy of seals has been demonstrated by testing [Factory Mutual Research 
Test Reports for Wall Penetrations (4/26/78) and Floor Penetrations (5/10/78)] 
and/or analysis. 

The few cable tray sections in the containment building which communicate 
between the left and right cable tray systems are fitted with fire stops. These 
stops are intended to prevent a fire originating in one tray system from traveling 
along an interconnecting tray and affecting the other tray system . 

8.5.3.4 Cable Spreading Room Protection Design 

This area contains 480 volt dry-type transformers, 480 volt switchgear, cables for 
power, instrumentation and control for safety-related and nonsafety-related 
systems, and other equipment related to safety-related ac and de power supplies. 
The significant combustible in this area consists of a large quantity of cable in 
open cable trays stacked three or four levels deep. 

In order to meet the intent of Regulatory Guide 1. 75 and NRC BTP CMEB 9.5-1, 
the following design features are provided for protection against a fire in the cable 
spreading room: 

1 . Fire detection provided by flow alarms in the sprinkler system. 

2. Fire extinguishment provided by an automatic sprinkler system backed up 
by water hose stations and portable extinguishers. 

3. Switchgear protected against flooding by mounting on curbs. 

4. Physical separation and barriers used to separate· redundant divisions of 
safe shutdown cables . 
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5. Capability independent of this area for achieving safe shutdown using 
centralized control and instrumentation (Panel C-150). 

6. 

7. 

8. 

9. 

10. 

Smoke detectors to detect incipient fires . 

Ladder to enhance manual fire-fighting capability. 

Fire retardant coatings to close gaps in barriers. 

Seal for cable penetrations on both sides. 

Manual suppression capability to suppress fires in lower trays that may 
be shielded from sprinkler system water. 

11. The wall to the turbine building is at least a 3-hour wall and to the 
adjacent switchgear room is at least a 2-hour wall. The floors and 
ceilings have a 3-hour fire resistance. 

12. The ventilation ducts leading to the turbine building and into the battery 
rooms have fusible link fire dampers installed. 

13. To ensure fire-fighting ability, there are two remote and separate 
entrances into the cable spreading room, one from the adjacent 
switchgear room; the cable trays are all installed above the 
floor-mounted switchgear cabinets starting about seven feet high and 
extending to the ceiling except for the vertical cable runs at the south 
side of the room; there are four-foot aisles between floor-mounted 
equipment for ladders or fire-fighting equipment. 

8.5.3.5 Cable Penetration Rooms Protection Design 

There are two cable penetration areas into containment totally separated from 
each other by distance and fire barriers, one area being at the north side and the 
other at the southwest side of the containment. When cables penetrate fire 
barriers, fire rated cable penetration seals are provided. Each area contains cables 
for safe shutdown equipment redundant to the other area. 

The significant combustible in each of these areas is a moderate amount of 
electrical cable insulation stacked in open cable trays. 

An unsuppressed fire in either of the penetration areas could cause damage to 
cables affecting one division of safe shutdown systems but would not cause loss 
of shutdown capability. Refer to Section 9.6. 

Fire detection is provided by smoke detection and water flow alarms which are 
actuated by flow to the sprinkler system. Fire extinguishment is provided by an 
automatic sprinkler system in each area backed up by portable extinguishers and 
hose stations located in adjacent areas. 
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8.5.3.6 Raceway Runs ProteCtion Design 

Cable trays, raceways, conduit, trenches or culverts are used 'only for cables; no 
miscellaneous storage is present. No piping for flammable or combustible liquids 
or gases is installed in these areas. 

The tunnel from the north penetration area to the Switchgear Room 1 D and the 
cable spreading room can be vented with the HV AC system or manually vented 
with the door to the switchgear room from the outside. Also the tunnel can be 
vented with the door from the outside leading into the north penetration room. 

All cables entering the control room pass through penetration seals and all 
terminate in the control room cabinets. There are no floor trenches or culverts in 
the control room. 

8.5.3.7 Safety-Related Cabling Routing Via Nonsafety-Related Areas 

Routing of electrical cables via nonsafety-related areas to the following 
safety-related equipment and areas: (1) auxiliary feedwater pumps and associated 
valves; (2) intake structure; and (3) electrical penetration area, does not allow a 
fire to cause loss of redundant equipment because of the following routing 
features: 

1. The motor feeder for motor-driven Auxiliary Feedwater Pump A is in 
underground conduit from Bus 1 C to the motor. 

2. Steam Supply Valve A to the Auxiliary Feedwater Pump B turbine and 
associated circuitry is located in the reactor auxiliary building. 

3. Steam Supply Valve B to the Auxiliary Feedwater Pump B turbine is 
located above the floor of the turbine room. The associated circuits. 
route through cable trays and conduit in the area. 

4. The Auxiliary Feedwater Pump B turbine driver speed control is 
mechanical and no electrical cable routing is involved. 

5. Auxiliary feedwater flow control valves and circuits are located in the 
west safeguards room and the component cooling pump room. 

6. Circuit routing for service water pumps is in conduit through the turbine 
room, or in underground duct. · 

7. Circuit routing to the southwest penetration area is via a combination of 
underground conduit and trays in the turbine building . 
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8. The turbine lube oil storage area is adequately separated in an interior 
structure inside the turbine building. The room has fire suppression and 
is adequately enclosed by fire walls. The room has, a recessed floor to 
contain the single largest lube oil storage tank inventory without leakage . 

The consequences of a fire in the turbine room are described in Section 9.6. 

8.5.3.8. Containment Building Routing Protection 

The containment building_ can be isolated to contain any fire source and the 
containment boundary will prevent any outside fire from entering the containment. 

The lube oil system for each primary coolant pump has approximately 80 gallons 
of lube oil. The small amount of oil associated with each primary coolant pump 
does not justify a suppression system. It is not expected that a postulated fire at 
one pump would spread to another since an oil collection system is provided for 
the primary coolant pumps to collect any oil spill. 

Cable trays, cables and penetration areas are separated into two divisions with fire · 
stops in trays communicating between the two divisions (see Subsection 8.5.3.3). 

An unmitigated fire in either cable penetration area could involve all the cables in 
one penetration area, but would not affect safe shutdown because only cables of 
one division are located in each penetration area . 

As a result of this potential for fire, fire detection devices are provided in the 
reactor containment instrument room and cable penetration area; primary coolant 
pump bearing temperature and motor winding temperature readout are also 
available to give indication of a fire in the primary coolant pump area; portable 
carbon dioxide and water extinguishers are provided. Also, due to the difficulty of 
reaching some locations with a hand extinguisher, water hose stations are 
provided in containment with adequate hose to suppress fires in cables in cable 
trays. 

8.5.3.9 Other Areas Routing Protection 

For routing protection in switchgear rooms, emergency generator rooms and 
battery rooms, see Section 8. 7. For routing protection in control station areas, 
see Sections 7.4 and 7. 7. 

All areas containing safe shutdown cabling have been designed to protect against 
a fire damaging both channels of safety cables and raceways, or an alternate 
method for the function is provided in a separate fire area . 
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8.6 AUTOMATIC TRANSFER, VOLTAGE PROTECTION AND LOAD SHEDDIN 
G CONTROLS 

8.6.1 DESIGN BASIS 

The automatic transfer control system is designed to monitor and select available 
offsite power sources and permit transfer of the 4, 1 60 volt and 2,400 volt loads 
to the available offsite source upon loss of the normal power source. Redundant 
control circuits are provided for transfer of source power for the redundant 
2,400 volt emergency bu~es ( 1 C and 1 D). 

Voltage protection and load shedding features for safety-related buses at the 
2,400 volt and lower voltage levels are designed in accordance with 10 CFR 50, 
Appendix A, General Design Criterion 17 and the following features: 

1. Two levels of automatic voltage protection from loss or degradation of 
offsite power sources are provided. The first level provides normal loss 
of voltage protection. The second level of protection has voltage and 
time delay set points selected for automatic trip of the offsite sources to 
protect safety-related equipment from sustained degraded voltage 
conditions at all voltage levels in accordance with ANSI C8.4. 1-1977, 
with coincidence logic to preclude spurious trips. Maximum time delays 
for second level trip do not exceed the maximum time delay assumed in 
Chapter 14 analysis for engineered safeguards actuation while allowing 
short duration bus voltage disturbances without trip and short enough to 
prevent damage or failure of safeguards systems and components. This 
second level of protection meets IEEE 279-1971, IEEE 308-1978, 
IEEE 501-1978 and its components are located in a controlled 
atmosphere not requiring environmental qualifications. 

2. The voltage protection system automatically prevents load shedding of 
the safety-related buses when the emergency generators are supplying 
power to the safeguards loads. Automatic bypass and reinstatement is 
verified by periodic testing. 

3. Control circuits for shedding of Class 1 E and Nonclass 1 E loads during a 
Loss of Coolant Accident themselves are Class 1 E or are separated 
electrically from the Class 1 E portions . 
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8.6.2 DESCRIPTION AND OPERATION 

General Description - The automatic transfer, voltage protection and load shedding 
controls are shown on Figures 8-18 through 8-27. The controls for the 
safety-related 2,400 volt Buses 1 C and 1 D consist of redundant transfer, voltage 
protection and load shedding circuits connected to separate Plant batteries, circuit 
breaker controls for Bus 1 C being fed from one battery and controls for Bus 1 D 
being fed from the other battery. Separate voltage sensing units on each bus are 
utilized for each of the circuits. 

During_ emergency conditions, a turbine or generator trip will trip circuit breakers 
for the nonvital 4, 160 volt Station Power Transformers 1-1 and 1-3, initiating 
transfer to the 4, 1 60 volt Start-Up Transformers 1-1 and 1-3. The transfer to the 
start-up source will be completed within ten cycles after initiation with a bus dead 
time of approximately one-and-one-half cycles. The fast transfer will permit all 
auxiliaries to continue to operate normally. During normal shutdown conditions, 
the 4, 160 volt auxiliary power system is manually transferred to the start-up 
source. 

The 2,400 volt system, which includes the emergency buses, is normally powered 
directly from offsite power via Safeguards Transformer 1-1 . In this configuration, 
a turbine or generator trip will not result in a fast transfer of the 2,400 volt buses 
to the alternate source. Capability is provided in the design to allow powering the 
2,400 volt buses from Station Power Transformer 1-2. When operating in this 
configuration, a turbine or generator trip will initiate a fast transfer to Start-Up 
Power Transformer 1-2. The transfer to the standby source will be completed 
within 1 0 cycles after initiation with a bus dead time of approximately one-and-one 
half cycles. The fast transfer will permit all auxiliaries to continue to operate 
normally. 

The 2,400 volt auxiliary power system normally remains on the Safeguard 
Transformer source but can be manually transferred to the start-up source or, after 
transferring to the start-up source, can be manually transferred to the station 
power source. 

In order to permit the main transformer backfeed mode of operation 
{Subsection 8.2.3), the fast transfer on turbine trip is blocked by opening the 
generator isophase bus disconnect switch. No automatic transfer is provided for a 
transfer from the start-up transformers to the station or safeguard transformers. 
This operation must be done manually. 

4, 1 60 Volt System - Automatic transfer of the 4, 1 60 volt buses from the normal 
power source {Station Power Transformers 1-1 and 1-3) to the start-up power 
source {Start-Up Transformers 1-1 and 1-3) is initiated by turbine trip or generator 
trip . 
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Automatic transfer is blocked if the start-up transformer volfage is low. Low 
voltage is sensed by either 4, 160 volt Undervoltage Relays 227-5 and 227-6, 
which actuate Lockout Relays 227-X5 and 227-X6. Blocking 'of transfer to each 
start-up transformer is independent, thereby permitting transfer of 4, 1 60 volt 
buses if one transformer is inoperable. 

Automatic transfer of a faulted bus will also be blocked if a safeguard/station 
power transformer incoming breaker is tripped on overcurrent. The lockout relay 
must be manually reset to close the faulted bus breaker after the overcurrent 
condition. When a turbin_e generator or reactor trip occurs with offsite power 
unavailable, turbine generator inertia is utilized to temporarily supply 4, 1 60 volt 
Buses 1 A and 1 B. The generator excitation will temporarily be maintained. The 
generator excitation and primary coolant pumps will remain energized and primary 
coolant flow will be maintained for approximately 10 seconds. After the 
10-second time delay, the generator excitation and the 4, 160 volt station power 
bus incoming breakers will be automatically tripped (see Subsection 8.4.3 for 
details). 

2,400 Volt System - The 2,400 volt system is normally powered directly from 
offsite power via Safeguards Transformer 1-1. Automatic transfer from this 
source to the standby source (Start-Up Transformer 1-2) is initiated by any fault 
which results in clearing of the Switchyard "F" bus, or by differential zone relaying 
which detects a fault between the Safeguards Bus and the 2,400 volt buses. If 
the 2,400 volt buses are connected to Station Power Transformer 1-2, an 
automatic transfer to the standby source (Start-Up Transformer 1-2) is initiated by 
a turbine trip or generator trip. The automatic transfer $Cherne in effect is 
determined by monitoring the status of the safeguard bus feeder breakers to 
indicate if Safeguards Transformer 1-1 or Station Power Transformer 1-2 is the 
source of power to the 2,400 volt buses. 

Automatic transfer is blocked if the start-up transformer voltage is low. Low 
voltage is sensed by either 2,400 volt Relay 127-5 or 127-6, which actuate 
Lockout' Relays 127-X5 and 127-X6. Blocking the transfer to the start-up 
transformer is independent for each 2,400 volt Bus 1 C and 1 D. 

The automatic transfer will initiate a trip of the emergency generator breaker to 
prevent the generator from being paralleled automatically and the bus from being 
loaded onto the emergency generator if the transfer fails. 

Automatic transfer of a faulted bus will also be blocked if a safeguard/ station 
power transformer incoming breaker is tripped on overcurrent. The lockout relay 
must be manually reset to close the faulted bus breaker after the over-current 
condition . 
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Each 2,400 volt Bus 1 C and 1 D is equipped with two levels of voltage protection 
relays, with their functional logic as shown in Figure 7-14, Sheet 3. The first level 
undervoltage Relays 127-1 and 127-2 are set at approximately 77% of rated 
voltage with an inverse time relay. These relays protect against a sudden loss of 
voltage as sensed on the corresponding bus using a three-out-of-three coincidence 
logic. The actuation of these relays will trip their respective incoming bus circuit 
breakers, start their respective emergency generators, initiate bus load shed, and 
activate annunciators in the control room. The emergency generator circuit 
breaker is closed automatically upon establishment of satisfactory voltage by the 
use of voltage protection Relays 127D-1 and/or 1270-2 (see Figures 7-14 Sheet 6 
and 7-18). · 

The second level of voltage protection undervoltage Relays 127-7 and 127-8 are 
set at approximately 92% of rated voltage. These relays protect against sustained 
degraded voltage conditions on the corresponding bus using a three-out-of-three 
coincidence logic. These relays have a built-in 0.5 second time delay, after which 
their respective emergency generators will receive a start signal and activate 
annunciators in the control room. If a bus undervoltage exists after an additional 
six seconds, then the respective incoming bus circuit breaker will be tripped and a 
bus load shed will be initiated. 

In additio.n to initiating the bus load shed feature, the undervoltage devices also 
Initiate reset of the service water, component cooling water and low-pressure 
safety injection pump standby auto start feature. This feature, if enabled, would 
normally start the pump on detecting low system discharge pressure. ·Resetting 
this feature on bus undervoltage prevents closing the pump breaker onto a dead 
bus and assures that the breaker is ready to be closed by the appropriate 
sequencer after the diesel generator is connected to the bus. 

2,400 volt Buses 1 C and 1 D load shedding is blocked via auxiliary contacts of the 
emergency generator circuit breaker when the generator is connected to the bus. 

In order not to overload Safeguard Transformer 1-1 or Start-Up Transformer 1-2 
during a Loss of Coolant Accident, 2,400 volt Bus 1 E and selected Nonclass 1 E 
2,400 and 480 volt loads fed from Buses 1 C and 1 D are shed upon receipt of the 
safety injection signal. The start-up power load shed circuits are not considered 
Class 1 E. Load shedding of selected non-Class 1 E loads upon receipt of a safety 
injection signal provides reserve capacity and improves voltage transients on the 
running supply transformer. Safeguard Transformer 1-1 (10.5 MV A rated) has 
approximately 2.4 MVA steady state reserve capacity following load shed, SIS 
block loading and manual re-energization of certain non-Class 1 E loads. Start-Up 
Transformer 1-2 ( 10.6 MVA rated) has approximately 2.9 MVA steady state 
reserve capacity following load shed, SIS block loading and manual re-energization 
of certain non-Class 1 E loads. Adequate in-plant voltage (ie, above the second
level undervoltage relay settings) following SIS block is assured by administrative 
controls which limit Start-Up Transformer 1-2 load based on the offsite power 
supply voltage. 
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System Monitoring - Safeguards load centers have trip and undervoltage alarms in 
the control room as well as voltage monitors for supervision of system status and 
voltage adequacy . 

Testing - Verification of the voltage protection system relays and load shedding 
overall operation is performed during Plant shutdown with the emergency 
generators testing in accordance with Technical Specifications requirements. 

8.6.3 DESIGN ANALYSIS 

8.6.3.1 Automatic Transfer System 

The reliability of the automatic transfer control system is assured by two 
independent and separate circuits controlling their respective auxiliary system 
breakers. The circuit is designed so that a loss of control power will not cause a 
false transfer; loss of control power will be annunciated. This circuit is also 
designed to prevent both offsite power and emergency power from being 
paralleled automatically. Once "no offsite power" is detected, the offsite source is 
1·ocked out and the emergency generator is used to energize the engineered 
safeguards. When offsite power returns, the start-up or safeguard/station power 
transformer incoming breakers may be closed manually through the synchronizing 
circuit. 

8.6.3.2 Voltage Protection and Load Shedding Systems 

• The voltage protection and load shedding systems meet the criteria outlined in 
Subsection 8.6.1 as evaluated below: 

• 

The voltage trip set point has been set low enough such that spurious trips of the 
offsite source due to operation of the undervoltage relays are not expected for any 
combination of unit loads and normal grid voltages. 

This set point at the 2,400 volt bus and reflected down to the 480 volt buses has 
been verified through an analysis to be greater than the minimum allowable motor 
voltage (90% of nominal voltage). Motors are the most limiting equipment in the 
system. MCC contactor pickup and drop-out voltage is also adequate at the 
set-point values. The analysis ensured that the distribution system is capable of 
starting and operating all safety-related equipment within the equipment voltage 
rating at the allowed source voltages. The power distribution system model used 
in the analysis has been verified by actual testing. 

The time delays involved will not cause any thermal damage as the set points are 
within voltage ranges recommended by ANSI CS.4.1-1971 for sustained operation. 
They are long enough to preclude trip of the offsite source caused by the starting 
of large motors and yet do not exceed the time limits of safeguards actuation 
assumed in Chapter 14 . 
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Once the emergency generator is connected to its bus, the load shed is blocked by 
interlocks and auxiliary relays and load shedding is reinstated upon a trip of the 
emergency generator . 

Load shedding of 2,400 volt Bus 1 E and other nonessential loads provide a more 
than adequate margin on Start-Up Transformer 1-2 and Safeguard Transformer 1-1 
to ensure reliable power is available for all engineered safeguards loads. 

Load shedding on offsite power trip and load sequencing once the diesel generator 
is supplying the safety bu_ses are tested periodically. The load shed bypass circuit 
and a simulated loss of the diesel generator with subsequent load shedding are 
also tested. Calibration of the undervoltage relays verify that the time delay is 
sufficient to avoid spurious trips . 
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8.7 PHYSICAL SEPARATION. ELECTRICAL ISOLATION AND SUPPORT 
SYSTEMS 

The physical and electrical separation of the two safety-related power distribution 
channels and their support systems is the subject of this section. Protection against 
fire is included also in this subsection. Protections against physical phenomena 
(flooding, tornado, missiles, etc) are described in Chapter 5. 

8.7.1 ELECTRICAL ISOLATION (See Figure8-1) 

Electrical. interconnections between safety-related Channels 1 and 2, between 
Channel 1 or 2 nonsafety buses and between Channel 1 or 2 and nonsafety loads are 
evaluated below according to Regulatory Guide 1.6 requirements. The objective of the 
evaluation is to identify single failures that could cause simultaneous failure of both 
channels. 

The 2,400 volt Buses 1 C and 1 D (and, therefore, Diesel Generators 1-1 and 1-2) can 
be tied together only if either offsite Feeder Breakers 152-105 and 152-203 (normally 
closed) or Breakers 152-106 and 152-202 (normally open) are closed. On loss of the 
offsite source, these breakers each receive an automatic open signal from independent 
low voltage sensing devices located on Bus 1 C for Breakers 152-105 and 152-106 and 
on Bus 1 D for Breakers 152-202 and 152-203. Thus, there is no single failure that can 
cause the interconnection of Buses 1 C and 1 D, and the paralleling of the standby 
onsite power sources after loss of offsite power. 

· The 480 volt Buses 11 and 12 may be tied together by closing Breakers 52-1118 and 
52-1217 (normally open). An interlock prevents the closure of these tie breakers if both 
breakers connecting the redundant sources to Buses 11 and 12 (Breakers 52-1102 and 
52-1202, respectively) are closed; one of these two supply breakers must be open in 
order to close the tie breakers. 

A tie breaker auto trip will occur whenever an undervoltage condition exists on 
2,400 volt Bus 1 C or 1 D and the associated diesel generator output breaker is open. 
An undervoltage condition on Bus 1 C opens Tie Breaker 52-1118 and an undervoltage 
condition on Bus 10 opens Tie Breaker 52-1217. 

Load centers and motor control centers belonging to safety-related redundant channels 
are not intertied except as indicated above. lnterties via nonsafety-related buses are 
described below: · 

Associated nonsafety-related 480 volt Bus 77 is interconnected with nonsafety-related 
Bus 78 by a single tie breaker. The supply breakers to Buses 77 and 78 are 
interlocked with the tie breaker such that one of the two supply breakers must be open 
to close the tie breaker. Thus, safety-related Bus 1 C cannot be paralleled with 
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·. nonsafety-related Bus 1 E through Buses 77 and 78. Also, the load breaker on Bus 1 C 
opens on loss of offsite power to prevent Diesel Generator 1-1 overload. Similar 
arrangements are provided for the interconnection between nonsafety-related ABO volt 
Bus 13 and 480 volt Bu& 14 and for the interconnection between nonsafety-related 
480 volt buses for switchyard loads. · · 

Safety-related MCC 1 and MCC 2 both provide power to the instrument ac bus through . j · 

an automatic transfer switch. Power to the instrument ac bus is normally supplied by 
MCC 1. With loss of MCC 1, the power source is automatically transferred from MCC 1 
to MCC 2. The "break-before-make" design of the transfer switch prevents · .. j . 

interconnection of the two motor control centers. 

8.7.2. ·PHYSICAL SEPARATION 

8:7.2.1 General 

The physical separation of redundant equipment and cabling associated with the two 
. safety-related power distribution channels meets 1 O CFR 50, Appendix A, General · 
Design Criterion 3. Review of electrical equipment fire-related design based upon the 
acceptance criteria of Appendix A to NRC BTP CMEB 9.5-1 has been performed and a 
summary included in this subsection. See Section 8.5 for generic raceway and cabling 
design, Sections 7.4 and 7.7 for control stations fire-related design, and Section 9.6 for 
fire protection equipment. These criteria were established to prevent a single fire in 
any area from disabling both redundant channels. In addition, 10 CFR 50.48, effective 
date February 17, 1981; required a reeval_uation of all areas of the Plant to the 
separation criteria specified in Parag.raph G of Sedion Ill of Appendix R to 1 O CFR 50. 
These last criteria are met via alternate dedicated shutdown means (auxiliary shutdown 
systems) and associated circuits independent of cables, systems or components in the 
area, room or zone utilized by the normal shutdown. The descriptions of the auxiliary 
shutdown controls provided and associated circuits are included in Section 9.6.8 

. together with their specific separation features. 

The Palisades Plant has been designed with physical separation to prevent the spread 
of a fire in safety-related equipment areas such that the function of redundant· 
engineered safeguards is not impaired. This separation· is maintained by compartment 
isolation of Plant safety systems and by employing redundant equipment, controls and . 
power supplies. In the event any single system is disabled, the redundant system and 
the protection afforded by compartment structural boundaries will ensure that the 
system safety function is not jeopardized. . . . . 

. ' 

An analysis of separation in the containment air room showed a nonconformance with 
the 20 ft. separation requirement oJ Appendix R Section 111.G.2.d. On June 21, 1991, 
an exemption was· granted by the NRC on the basis that the design of the room met the 

. underlying purpose of the rule. A CPCo analysis using methodology approved by the 
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National Institute of Standards and Technology showed that existing separation was 
adequate for minimum safe shutdown instrumentation to survive the worst case fire. 

8.7.2.2 Transformers 

All high-voltage power transformers located within the Plant safety-related areas are 
dry type. 

The main transformer, station power transformers and start-up transformers are located 
south of the containment vessel and east of the turbine building. While the transformers 
are within 50 feet of the containment building, there are no openings in the exterior 
walls of containment within 50 feet of the transformers and the fire resistance of these 
walls is in excess of 3 hours. All the transformers are provided with an automatic water 
deluge system. 

8.7.2.3 Protection Against Water Damage 

In order to protect electrical equipment against damage from fire suppression systems, 
floor drains for water removal are provided in sprinkler areas containing electrical 
equipment. Many areas have alternate drainage via equipment sumps, door 
accessways or stairwells-to-sump areas. Transformers and 480 volt vital load centers 
are mounted on pedestals. Switchgear are floor mounted and floor drains are provided 

. since these areas have sprinklers. In addition, valves are available to isolate 
sections of the firewater piping inside buildings to preclude the buildup of water and 
thus prevent equipment from being incapacitated due to flooding or inadvertent 
operation of the fire suppression equipment. 

All safety-related diesel day tanks have high curbs around the tanks or the tanks are 
enclosed in separate fuel oil rooms with door elevated well above floor level. 

Cable trays are of the open-top ladder type made of galvanized steel with galvanized 
steel, painted channel or unistrut-type supports. 

The safety-related cabinets housing electrical equipment in the vicinity of automatic 
sprinklers have been designed as drip proof, and all have had the top cable entry 
points in the cabinets sealed to prevent water ingress. The rooms in which this 
equipment is mounted are provided with floor drains to prevent flooding during sprinkler 
operation. Refer to Section 5.4 for a discussion on flooding. 

. . 
The switchgear enclosures are louvered to limit water sprays from entering the 
enclosures . 
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8. 7 .2.4 Smoke Control 

The power supply and controls for the ventilation systems used for smoke control are 
run outside the fire area served by the system with the exception of the cable spreading 
room and the two safety-related switchgear rooms. The normal exhaust fan for the · 
cable spreading room and the two switchgear rooms is mounted in the cable spreading 
room. The emergency exhaust fan that serves the three above-mentioned rooms is 
mounted in Switchgear Room 1-D. All these rooms can also be readily vented with 
portable blowers. 

All intakes are remote from locations where smoke could be exhausted. 

The cable spreading room and the two switchgear rooms have both normal and 
emergency exhaust systems which exceed NFPA requirements. The emergency 
generator rooms have ample natural ventilation. Diesel day tank rooms are enclosed 
so that there would not be enough air to support combustion. All other locations have 
exhaust ventilation which exceeds the NFPA criteria. 

8.7.2.5 Switchgear RoomsProtection 

There are two redundant 2.4 kV switct)gear rooms and an auxiliary electrical equipment 
room. Each switchgear room contains the switchgear to one of the redundant channels 
of safeguards equipment and the associated cables. A tunnel which contains cabling 
of one safety channel leads from Switchgear Room 1-D to the associated. penetration 
area. 

The combustibles in the switchgear rooms consist of a moderate amount of cable in 
open cable trays. Switchgear Room 1-C also contains piping of propane, hydrogen 
and acetylene. However, this piping only passes through Switchgear Room 1-C and 
does not service any equipment in this area. Additionally, damage to the piping is 
unlikely since the piping is routed near the ceiling and there is no rotating machinery in 
the area to present a missile hazard. 

An unmitigated fire in one of the switchgear rooms could cause damage to and loss of 
equipment related to one channel of redundant systems but would not affect the 
redundant systems due to the barriers separating the rooms. 

Both switchgear rooms are used as cable right of ways. Both rooms have closed head 
sprinkler systems to protect the cables. 

The switchgear room for Bus 1 C has a 3-hour fire barrier to the diesel generator room 
and to the turbine building . 
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• The switchgear room for Bus 1 D has a 2-hour barrier to the cable spreading room. 
Floors and ceilings have a 3-hour fire barrier. 

Fire detection is provided by smoke detectors and flow alarms actuated by water flow in 
the sprinkler system. Fire extinguishment capability is provided by an automatic 
sprinkler system in the switchgear rooms and the cable tunnel, backed up by water 
hose stations and portable extinguishers. 

Additional protection features are provided as follows: 

- Smoke detectors for detection of incipient fires (both rooms); 

- Cable penetration seals with flame retardant materials (both rooms); 

- . Redundant safeguards cabling is routed in each switchgear room according to the 
channel of power source. Local 125 volt de distribution panels are provided such 
that the de control power would not be affected in the case of switchgear room fire 
(see Subsection 8.3.5.2); and 

Dampers· in ventilation duct penetrations of fire barriers. 

• 8_.7.2.6 Emergency Generators Rooms Protection 

• 

The redundant diesel generators are each housed in separate rooms, separated from 
each other by 3-hour fire-rated walls and doors, with a curb at each of the doors to 
prevent oil from seeping under the door. 

The significant combustibles in each room are lube oil, diesel fuel and a small amount 
of electrical cable insulation. The day tank for each diesel is separated from the diesel 
generator room by a 3-hour rated fire barrier with diking provided to contain the 
complete inventory of the. day tank. 

An unmitigated fire in one of the rooms could cause loss of one diesel generator. 

Fire detection is provided by flow alarms activated by water flow in the automatic 
sprinkler system. Fire extinguishment is provided by a fusible link-type automatic 
sprinkler system in each room backed up by water hose stations and portable 
extinguishers. 

Floor drains are provided in both emergency generators rooms. Manual venting of 
smoke is provided by exhaust dampers mounted in the ceiling to the outside and by a 
door to the outside from the vestibule . 

8.7-5 Rev 19 



• 

• 

• 

The day tanks are mounted in separate cubicles and are vented to the outside. The 
day tank cubicles are not provided with sprinkler systems. Portable fire extinguishers 
and hose stations serving the diesel generator rooms are available in case of a fire in 
the day tank cubicles. The day tank rooms do not have sufficient air to support 
combustion. 

The transfer of diesel oil from the underground storage tank to the diesel generator day 
tanks can be stopped by manually tripping the power supply to the transfer pumps, 
isolating the supply either in the Diesel Generator 1-2 room or at the transfer pump 
discharge in the intake structure. 

The diesel fuel oil storage tank is located outside and underground away from the 
auxiliary building and safety-related equipment. 

8.7.2.7 Battery Rooms Protection 

There are two separate battery rooms. They have a 2-hour fire barrier from the cable 
spreading room and from each other. 

The significant combustibles in the battery room are the plastic battery cases and a 
small amount of electrical cable insulation. Hydrogen buildup from battery charging is 
precluded by a continuously operating ventilation system. 

An unsuppressed fire in one of the battery rooms could cause the loss of one, but not 
both, of the batteries due to the low fire hazard and the fire barriers between the rooms. 
Hydrogen buildup on loss of ventilation flow is prevented by checking the batteries 
once a day and by maintaining the hydrogen concentration well below 2% volume 
through the ventilation exhaust system. A sail switch in the ventilation duct warns the 
control room of a loss of battery room ventilation. 

Each room is maintained under negative air pressure with air intake from the cable 
spreading room through fusible link fire dampers. The battery rooms' ventilation 
exhausts to the outside. 

Smoke detection is provided for these rooms. Fire extinguishment is provided by water 
hose stations located in adjacent areas and by portable extinguishers. 

Considering the limited quantity of combustibles, manual fire protection is adequate to 
extinguish fires in these rooms . 
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8.7.3 SUPPORT SYSTEMS 

8.7.3.1 Ventilation 

Severe weather phenomena do not present a significant hazard to Plant electrical 
equipment (designed for 10° to 40°C) while the Plant is operating because simple air 
exchange will maintain adequate temperature control. It may be necessary to operate 
the diesel generators during the winter if the normal Plant heating systems fail. 

Ventilation for each diesel generator room is supplied by two fans. The two fans are 
safety related and receive power from associated safety-related distribution systems. 
In addition to the normal safety related power source, vent fans V-24A and V-248 also 
may receive power from an alternate, non-safety related power source. The safety 
related power source for each fan is separated from the non-safety related power 
source by a manual transfer switch. 

Ventilation for the remaining electrical distribution system rooms - the cable spreading 
room, the two 2,400 volt bus (switchgear) 1 C and 1 D rooms and the two battery rooms -
is supplied from a single duct system. The duct system has one supply fan, one 
exhaust fan and one recirculation fan. The one recirculation fan is redundant to the 
supply and exhaust fans . 

The cable spreading room can withstand a loss of ventilation for up to six hours before 
exceeding the upper design temperature limit. High temperature in the room is 
annunciated in the control room. One of the redundant fans can be connected to 
emergency power sources. 

The 1 C and 1 D switchgear rooms are not affected by a loss of ventilation since no 
appreciable heat sources are contained in these rooms. The battery room redundant 
fans are powered from separate channels of safety-related sources and therefore are 
not vulnerable to a loss of offsite power. 

Tests have demonstrated that the equipment serviced in these rooms would not be 
adversely affected by lack of ventilation during loss of offsite power and/or a safe 
shutdown earthquake as defined in Section 5.7 . 
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8.8 MOTOR OPERATED VALVES 

The Palisades Motor Operated Valve (MOV) Program satisfies the requirements of 
NRC Generic Letter 89-10 "Safety-Related Motor Operated Valve Testing and 
Surveillance" and its supplements. Generic Letter 89-10 was issued in June 1989 and 
superseded IEB 85-03 "Motor Operated Valve Common Mode Failures During Plant 
Transients Due to Improper Switch Settings." The purpose of Palisades MOV Program 
is to ensure safety-related MOVs are designed and maintained such that they will 
perform their design basis function for the life of the plant. Plant procedures identify_ 
those MOVs at Palisades subject to the requirements of GL 89-1 O and describe the 
Palisades GL 89-10 Program as it applies to those valves. 

Initial compliance to GL 89-10 consisted of a design basis review for each MOV in the 
Palisades GL 89-10 program to determine the worst case operating condition for each 
MOV. An evaluation was then performed to determine the ability to each motor 
operator to operate the valve under the worst case operating condition including 
operation at degraded voltage during worst case temperatures. Motor operator control 
switch settings were then calculated to ensure proper ope.ration at the worst case 
operating condition . 

MOV Diagnostic Testing under static system conditions was performed on each MOV to 
set control switches to the specified control switch setting. MOV diagnostic testing was 
also performed, where possible, under dynamic system conditions which duplicated, as 
much as possible, actual worst case operating conditions. Field data obtained from 
those MOVs tested under dynamic conditions were used to validate control switch 
settings in the initial design calculations. For MOVs where testing under dynamic 
system conditions was not possible, this validation was performed using other sources 
of test data (ie. best available industry test data, etc.). 

The Palisades plan for long term compliance with GL 89-10 consists of periodic testing, 
both static and dynamic, of GL 89-10 MOVs to verify control switch settings, and 
monitoring MOV performance through use of a tracking and trending program . 
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8.9 LIGHTING SYSTEMS 

In addition to the normal ac lighting, there are separate de and ac emergency lighting 
systems provided in certain areas of the Plant. 

Feeders to lighting panels from power source are carried in the cable tray system. 
Branch circuits from the lighting panels are carried in conduits. The emergency de light 
circuits from the panel to the lights are in conduits dedicated to these circuits only. The 
lighting panels serving safety equipment areas are at various locations in the auxiliary 
and turbine buildings. 

The feed to the emergency de Panels 041 and 042 is from the 020 main de distribution 
panel in the cable spreading area. The feeds to the emergency de panels are in 
separate diverging trays, except at the location of emerging from the Source Panel 020 
and are separated from the trays carrying the ac lighting panel feeders. The latter 
feeders are generally in trays separate from each other. 

Fixed battery pack lights are provided for access/egress and at the location of all 
manual actions required to achieve and maintain hot shutdown per 10 CFR 50, 
Appendix R. This lighting is in addition to plant normal and emergency ac and de 
lighting. The lighting is also available to support fire fighting activities when applicable . 

In order to comply with 1 O CFR 50, Appendix R, Section 111.J, the emergency lighting 
has been designed to provide 8 hour operation in those areas deemed necessary for 
operation of safe shutdown equipment in accordance with the analysis of safe 
shutdown controls described in Section 9.6.8. 

Emergency lighting inside containment is provided for personnel safety and to assist in 
safe handling of fuel during refueling outages. Their operability testing is covered by 
the Technical Specifications . 
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8.10 QUAL ITV CONTROL 

For a discussion of the Quality Assurance Program, see Chapter 15. For field 
quality control, see Subsection 7.8.7 . 
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TABLE 8-1 

SWITCHYARD SYSTEM 
RATINGS AND CONSTRUCTION OF COMPONENTS 

Breakers - 345 kV Nominal 

- 2,000 A Continuous 

- 41,000 A Momentary 

- 25,000 MVA Interrupting 

Insulators - 1,050 kV BIL 

Main Bus - 3,000 A 

Bay Bus - 2,000 A 

Disconnect Switches - 345 kV Nominal 

- 2,000 A Continuous 

• - 70,000 A Momentary 

• 
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TABLE 8-2 

4,160 VOLT SYSTEM 
RATINGS AND CONSTRUCTION OF COMPONENTS 

Bus 

Incoming Breakers 

Feeder Breakers 

Station Power Transformer 1-1 
3-Winding Connected Delta
Wye-Wye 

- 2,000 A Continuous Rating 

- 2,000 A, 350 MVA Interrupting 

- 1,200 A, 350 MVA Interrupting 

- 21-4.16-4.16 kV, 22.5/25.2 MVA, 55°/65°C 

Start-Up Transformers 1-1, 1-3, - 345-13.2-4.16-4.16 kV, 22.5/25.2 MVA, 
4-Winding Connected Wye-Wye- 55°/65°C 
Wye With a Delta Tertiary 

Station Power Transformer 1-3 
4-Winding Connected Wye-Wye
Wye With a Delta Tertiary 

FS0389-0592A-TM13 

- 345-2.4-4.16-4.16 kV, 22.5/25.2 MVA, 
55°/65°C 
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TABLE 8-3 

2,400 VOLT SYSTEM 
RATINGS AND CONSTRUCTION OF COMPONENTS 

Safeguard Transformer 1-1 
2-Winding, Wye Grounded-Delta 
Automatic Load Tap Changer 

- 354-2.52 kV, 3 Ph, 60 Hz, 10.5 OA/ 
13.125 Future FA, 65°/65°C 

Station Power Transformer 1-2 - 21-2.4 kV, 3 Ph, 60 Hz, 8/9 MVA 
2-Winding, Delta-Delta OA, 55°/65°C 

Start-Up Transformer 1-2 
2-Winding, Wye Grounded
Delta 

Bus 

Incoming Breakers 

Feeder Breakers 

Safeguard Bus 

Incoming Breakers 

FS0290-0164A-TM13 

- 345-2.4 kV, 3 Ph, 60 Hz, 
9.5/10.6 MVA OA, 55°/65°C 

- 2,000 A Continuous Rating 

- 1,200 A Continuous, 150 MVA 
Interrupting 

- 1,200 A Continuous, 150 MVA 
Interrupting 

- 3,000 A Continuous Rating 

- 3,000 A Continuous, 350 MVA 
Interrupting 
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TABLE 8-4 

480 VOLT SYSTEM 
RATINGS AND CONSTRUCTION OF COMPONENTS 

(Sheet 1 of 4) 

480 V Load Centers 11 , 12, 13, 
14, 15, 16 

Transformers 

Bus 

Load Center Feeder 
Breakers - Interrupting 
Current 

480 V Motor Control Centers 1, 
2, 3,4, 5,6, 7, 8,9, 10 

Horizontal Bus 
Vertical Bus 

Molded Case Breakers -
Interrupting Current 

480 V Load Center 17 

Transformer 

Bus 

Load Center Feeder 
Breakers - Interrupting 
Current 

- 750 kVAAA, 3 Ph, 60 Hz, 2,400-480 V 

- 1,000 A Continuous, 50,000 A RMS 
Symmetrical (Load Centers 11, 12, 13,and 14) 

- 1,200 A Continuous, 25,000 A Asymmetrical 
(Load Centers 15 and 16) 

- 22,000 A RMS Symmetrical (Load Centers 11, 
12, 13 and 14) 

- 18,000 A RMS Symmetrical (Load Centers 15 
and 16) 

- 600 A Continua.us, 25,000 A RMS Symmetrical 
- 300 A Continuous, 25,000 A RMS Symmetrical 

- 14,000 A RMS Symmetrical 

- 2,000 kVA AA, 3 Ph, 60 Hz, 4, 160-480/277 V 

- 3,200 A Continuous, 65,000 A RMS 
Symmetrical 

- 50,000 A RMS Symmetrical 
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480 V Load Centers 19, 20 

Transformer 

Bus 
Load Center Feeder 
Breakers - Interrupting 
Current 

480 V Motor Control Centers 21, 
22,23,24 

Horizontal Bus 

Vertical Bus 

Molded Case Breakers -
Interrupting Current 

480 V Motor Control Centers 25, 26 

Horizontal Bus 

Vertical Bus 

Molded Case Breakers -
Interrupting Current 

480 V Load Centers 77, 78 

Transformers 

Bus 

Load Center Feeder 
Breakers - Interrupting 
Current 

TABLE 8-4 
(Sheet2of4) 

- 750/1,000 kVA AA/FA, 3 Ph, 60 Hz, 
2,400-480 v 

- Equal to Capacity of Largest Breaker 
- 14,000 A RMS Symmetrical (MCC 21 and 23) 
22,000 A RMS Symmetrical (MCC 22 and 24) 

- 600 A Continuous, 42,000 A RMS Symmetrical 

- 300 A Continuous, 42,000 A RMS Symmetrical 

-10,000 A RMS Symmetrical 

- 600 A Continuous, 42,000 A RMS Symmetrical 

- 600 A Continuous, 42,000 A RMS Symmetrical 

- 25,000 A RMS Symmetrical 

- 500 kVA, 3 Ph, 60 Hz, 2,400-480 V 

- Equal to Capacity of Largest 
Circuit Breaker 

- 22,000 A RMS Symmetrical 
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480 V Motor Control Centers 79, 
80, 81, 82 

Horizontal Bus 

Vertical Bus 

Molded Case Breakers -
Interrupting Current 

480 V Load Centers 71, 72, 73, 
74, 75, 76 (Cooling Towers) 

Transformers 

Bus 

Load Center Feeder 
Breakers - Interrupting 
Current 

480 V Load Centers 90, 91, 200 

Transformers 

Bus 

Load Center Feeder 
Breakers - Interrupting 

Current 

TABLE 8-4 
(Sheet 3 of 4) 

- 600 A Continuous, 25,000 A 
RMS Symmetrical 

- 300 A Continuous, 25,000 A 
RMS Symmetrical 

- 14,000 A RMS Symmetrical 

- 1,500 kVA, 3 Ph, 60 Hz, 4, 160-480 V 

- 2,000 A Continuous, 42,000 A 
RMS Symmetrical 

- 42,000 A RMS Symmetrical 

- 750 kVA, 3 Ph, 60 Hz, AA, 
2,400-480 v 

-1,200 A Continuous, 50,000 A RMS 
Symmetrical (Load Center 200) 

- 1600 A Continuous (Load Centers 90 and 91) 

- 22,000 A RMS Symmetrical Momentary (Load 
Centers 90 and 91) 

- 30,00 A RMS Symmetrical Interrupting (Load 
Centers 90 and 91) 

- 50,000 A RMS Symmetrical (Load Center 200) 
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480 V Motor Control Centers 92, · 
93, 94, 95, 96, 97,99 

Horizontal Bus 

Vertical Bus 

Molded Case Breakers -
Interrupting Current 

TABLE 8-4 
(Sheet 4 of 4) 

- 600 A Continuous, 42,000 A 
Symmetrical 

- 300 A Continuous, 42,000 A 
Symmetrical 

- 14,000 A RMS Symmetrical 

- 22,000 A RMS Symmetrical (Motor Control 
Center 99) 
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TABLE 8-5 

DC AND PREFERRED AC SYSTEMS 
RATINGS AND CONSTRUCTION OF COMPONENTS 

DC Switchgear 

Main Bus - 600 A Continuous, 10,000 A Momentary 

Auxiliary Bus - 300 A Continuous, 10,000 A Momentary 

Breakers - Minimum Rating -10,000 A Interrupting at 120 V DC 

Chargers - Solid State, 200 A Continuous Output 

DC Panel Breakers -10,000 A Interrupting at 125 V DC 

Inverter - 6 kVA Continuous Output 

AC Panel Breakers -5,000 A Symmetrical at 120 V AC 
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TABLE 8-6 

DIESEL NO 1-1 SEQUENCE START 

Time(c) Nameplate 
(Seconds) Service hp 

10 Miscellaneous 480 V Loads(a) 333 

12 Boric Acid Pump P56B 30 
Charging Pump P55C 75 
Containment Cooler Recirc Fan V4A 75 
Containment Spray Pump P54B 250 

16 HP Safety Injection Pump P66B 400 

20 Service Water Pump P7B 350 

23 LP Safety Injection Pump P67B 400 

29(d) Containment Spray Pump P54C 250 

33 Component Cooling Pump P52A 300 

50 Component Cooling Pump P52C (If 
Pumps P52A and P52B fail to start) 

55(b) Auxiliary Feedwater Pump PBA 450 

65 Control Room Air Handling Unit 
Fan V95 25 

(a) Per EA-ELEC-LDTAB-005 Rev. 1. Table A.1 @Time Zero. 

(b) Sequencer set point. does not include five-second delay due to Auxiliary 
Feedwater Initiation Control Logic (Section 7.4). 

(c) These times include 10 seconds for diesel start and generator breaker 
closing. 

Cd) Sequencer set point. does not include nominal fifteen-second delay of pump 
automatic start following receipt of Containment High Pressure Signal 
(Section 6.2.2.3). 
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TABLE 8-7 

DIESEL NO 1-2 SEQUENCE START 

Time(c) Nameplate 
(Seconds) Service hp 

10 Miscellaneous 480 V Loads(a) 350 

12 Boric Acid Pump P56A 30 
Charging Pump P55A 100 
Containment Cooler Recirc Fan V3A 75 
Containment Spray Pump P54A 250 

16 HP Safety Injection Pump P66A 400 

20 Service Water Pump P7 A 350 

23 LP_ Safety Injection Pump P67 A 400 

29 Containment Cooler Recirc 
Fans V1A and V2A 150 

Charging Pump P55B (If Pumps 
P55A and P55C fail to start) 75 

33 Component Cooling Pump P528 300 

36 Service Water Pump P7C 350 

55(b) Auxiliary Feedwater Pump PSC 
(If Pump PSA fails to 
provide sufficient flow) 400 

65 Control Room Air Handling Unit 
Fan V96 25 

(a) Per EA-ELEC-LDTAB-005 Rev. 1, Table C.1 @Time Zero. 
(b) Sequencer set point, does not include delays due to Auxiliary Feedwater Initiation 

Control Logic (Section 7.4) . 
(c) These times include 10 seconds for diesel start and generator breaker closing. 

Rev 19 



• 

• 

• 

Table 8-8 

DELETED 
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I. FOR METER ANO RELAY DESCRIPTIONS 
TABLE ON E·4 SH.1,IWO %0,SH.111. 

"''" 

''"'" 

5 /6 /83 CONSUMERS POWER co. 
5 /6 /83 lUCflllC TMHSMIHICl'I CNG!N(l!:fll1'G #0 CO'orSIFU:TIQll Cl[l'M11'11[M1' 

5 /6 /83 JACKSON, MICHIGAN 
REY 

~j /6 /83 CORRECTED TO 11-4-'17 2• 

3 

2. BREtilCERS WITH TRIP COIL SETTINGS OF 600 
rn00, OR 1600 AMPS ANO FURNISHED WITH 
SHORT TIME ANO LONG TIME SETTING RANGES 
SHORT TIME 2,J,4,6,B, OR 10 TIMES THE 
TRIP COIL SETTING 
LONG TIME 70 TO 1007. TRIP COIL SETTING 

3. BREAl<EAS WITH TRIP COIL SETTINGS OF 250 
400, OR 600 AMPS ANO FURNl<;Hf!) WI TH SHORT TIME 
ANO LONG TIME SET r ING RANGES 
SHORT TIME 2,J,4,6,8, OR 10 TIMES THE 
TRIP COIL SETT ING 
LONG TIME 70 TO 1007. TRIP COIL SETTING 

4. BREAl<ERS WITH TRIP COIL SEf TINGS OF 50,70,100 
150, OR 225 AMPS ANO FURNl51-1EO WITH INSTANTANEOUS 
ANO LONG TIME SETTING RANGES 
INSTANTANEOUS 4,5,6.8,10, OR 12 TIMES THE 
TRIP COIL SETTING 
LONG TIME 70 TO 1007. TRIP COIL SETTING 

5. CURING OUTAGES. BREAKER MAY BEUSEO FOR 
TEMPORARY POWER PER SPS-E-13. 
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R A.CHAVOUS CONSUMERS POWER CO. 

.l!..QlE5. 
l. MCC 22 WILL SE LOCATED INSWGR. AM IO ANO 
MCC' S 21. 23 &. 24 WILL BE LOCATED IN THE CABLE 
SPREAOlNG ROOM. CHANNEL ASSIGNMENT WILL BE AS 
FOLLOWS: MCC' S 21 &. 23-LEFT IRED> 

HCC' S 22 &. 24-R!GHT CGREENl 
2. TH l S SPACE IS SUITABLE FOR MOUNTING ONE 
FEEDER UNIT WITH A MAX-BKR. RATING OF I00A 
CHORIZONTAL MOUNTING), 

3. CPCO. CHANGE NOT PART OF GliO- 7502, 
JR GWO-q062 
4. FOR I-ICC'S 21, 22. 23, & 24 THE TORQUE VALUES 
'.JN SOL ":ED CONNECT JONS SHOUL.0 BE AS FOLLOWS: 

BOLT SlZE RECOl-1.MENOEO TORQUE 
7116' 25-40 FT-Lb 
112' 35-50 FT-Lb 
q/16' 45-60 FT-Lb 
318' 2~-30 FT-Lb 
l/4• 12-18 FT-Lb 

5. REVERSING STARTERS IN MCC UNITS 2127, 2137, 
2327, 2337, 2227, 2237, 2427 & 2"437 PROCURED 
UNDER BECHTEL P. 0. l2<147/0Sq·E-84 (Ql 

6. FOAMERL 'f E-5 SH. IA 

7. MOTOR OPERATOR OE-ENERGIZED ANO 
LOCKED O?EN PER SC-%- 041. 

B. !NOICAT ION & CONTROL AR~ 0. C. POWERED. l0 
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NOTES1 

I. HCC'S 25 & 26 ARE LOCATED IN THE ELECTRICAL 
EOUIPHENT ROCH OF THE AUXILIARY BUILDING 
AOOITION. CHANNEL ASSIGNMENT WILL BE AS 
FOLLOWS: 

HCC 25 - LEFT 
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• 
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A 

TO START-UP TRANS 1-1 
X WINDING IDWG E-21 

WO C\'50 SH.J 

X2 

XI !\.J 
H2 

HI /\HJ 
FUZ/A2003-6 

TO 48751 rowG. E-21 ----~ 
WO 'l50 SH.J 

'!' 252-JBJ 

12••• ~ 

CH/C, 7'5111 l<CHIL 

COCl.ING TOWER 
PUMP PJo!iA 

8 

lli!l0/5 

7 

7 

IWO %0 SH.JI 

STA PWA TRANSF. 1-J 
X·WINDING IDWG. E-21 

6 

STA PWA TRANSF. l·J1 Y-WINOING IOWG. E-21 

IWO 1¥.30 SH.JI __ _.__.__ 

IBli!l/5 

3-1/C 8 4/ AWG 

·6 

TO PLANT 345 KV 
START-UP BUS 
!SEE OWG. E-21 

WO 950 SH.3 

y I TO OIFF RELAY IN SWYO 
ISEE OWG. E-21 

WD "i50 SH.3 

TO SWYO POLARIZING 
ISEE OWG. E-21 
WO i!i5li!I SH.3 

FUZ/A2li!lli!l3-J 

~x42li!lli!l-12li!IY 
m 2 X2 

~ XI 1\.3 
~ H2 

HI /\HJ 

J-1/C •41'' AWG 

5 

I I 
I I 

J-1/C •4/e AWG 

5 

..I 252-402 
_J---SS 

4 

-, 2'52-401 _J_s_s_ 

I 

~i 
SAME EQUIPMENT I 

AS SHOWN ON OWG E·2 I 
IMO %0 SH.JI : 

I 
I 
I 
I 
I 
I 

'-----------------

START·UP TRANSFORMER J-3 
22.5125.ZHVA, 55'Cl65'C 
BA, JPH, 60 HERTZ 
345-112-4.16·4.16 l<V 
ZHX:8.87. 
ZHY:S.71. 
ZXY=l~.6~ 

;:: 

i 
\'< 

~ 
~ 
~ 

"' 
~ 
:!: 

~ 

i 
~ 
~u 

~~ 
~"' 

~~ 
~> 

R.S.STROUP 

APP E. R. LONGMAN 

APP P. LOLI CH 

APP D. C. TARSI 

4 

10115/85 

I I 

I I 

I I 

3 2 

METER & RELAY TABLE 

COO<_ ING TOWER 
PUMP PJCIB 

DEVICE 

227-J,·4 

2501251 

2se12s1 

250G 

VS 

WH 

W/C 

SS 

FUZ/A2004·4 

2 
42'HH2li!IV 

FUZ/A21i!104-5 
X2 

XI !\.J 
H2 

HI /\HJ 

CONSUMERS POWER co. 
JACKSON, MICHIGAN 

REV 

CORRECTED TO 1-zq.qa 

3 2 

DESCRIPTION FUNCTION 

416BV BUS UNC!f:RV<l. TAGE RELAY 

4tl90V HOTOR QC RELAY 

416!!V TRANS FOR 0C RELAY 

41B"v FOR GRO OC RELAY 

4000V MOTOR OC RELAY 

@ 

s 
SW 

WO 

NOTE: FORMERLY E-703 WO ~5li!I SH.5 

OWG. SPLIT TO BECOME E-J SH.2 IWO <t5li!I SH. 4AI 
ANO E-4 SH.4 tWD 'tSB SH. JICI 

SINGLE LINE METER & RELAY DIAGRAM 
COOLING TOWER SYSTEMS 

SITEID. el:Olf(L~ .. li.G~ 

"l50 E-3 SH.2 

PALISADES PLANT 
AREA T 

REGION SO. HAVEN. 6 Ml. SW 

g50 SHEET 4A 
I 

;-· 

G 

F 

D 

c 

A 

-30 

FIG 8-11SH1 
FSAR RE'Y 2~. 
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G 
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• 
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._.,. 8 
'W"'""" 

LIGHTING 
PANEL 
Lil 

GEAR BOX 
LUBE Oil 

PUMP P203A 

7 

STAT!QN POWER TRANS 75 
1500 ICVA, 0A. ss·c. 
4160·'480Y 1277Y 
JPH.60 HERTZ 
Za6.01Z 

.. a0v BUS 75 18751 

6 

)52-7502 

! 
)52-7503 I f2·7504 

! ! 
-f2•7505 -f2·7506 

,..., .. ~ 
M> ut: 
:ri 

COOLING t"I~ COOLING 
TOWER FAN TOWER FAN 

VCT 30A·l3 VCT 30A·l4 

~ ~ Hl~3 
Q Q X2 

xij.xJ 

200 200 

COOLING COOLING COOLING COOLING 
TOWER FAN TOWER FAN TOWER FAN TOWER FAN 

VCT 30A·15 VCT 30A·l6 VCT 30A·l7 VCT 30A·l8 

'f2·730• 'f2•7305 

! ! 

COOLING COOLING COOLING 
TOWER FAN TOWER FAN TOWER FAN 
VCT 30A·CJ VCT 30A·10 VCT 30A-ll 

COOLING 
TOWER FAN 

VCT 30A-12 

..5.!M.1 lN POWER TRANS 71 
1s00 1 vA. BA, 5s·c. 
4169-1 30Y /277Y 

r.~:;;"'~% Ii 
mu~~ 
}+ 2f"flt::v 

XI Xl ~ 
H2 

/ 
480V BUS 71 18711 HI HJ 

10-0.-.~~.-.0-.-T•'f-2---11-01~•T>-52---"-.2~-T•'f-2--1-,0-3~~T~'f-2--1-10-.~T~'f-2--1-10-5~•T'f~2--,-1.-6~~·T'f-2--1-1-01~~ij;·11~-0s~~~~~~ 

ITYP.l! ! ! ! ! ! ;k 100A 

\ 

5 

H2 H2 

HI AHJ HIAHJ 
X2 X2 

XI -f XI -f 
J..~3 J,'xJ 

com.~wER ' 
·)'-31C •12 

LIGHTING 
PANEL 

Lil 

COOLING COOLINO COOLING COOLING COOLING COOLING 
TOWER FAN TOWER FAN· TOWER FAN TOWER FAN TOWER FAN TOWER FAN 
VCT 30A-I VCT 30A-2 YCT 30A-3 VCT 30A-4 VCT 30A-?i VCT 39A-6 

7 .h 

COOLING 
TOWER 

BYPASS 
VALVE 

H0-53"" 

CCX UNG 
TCWER 

BY.'ASS 
YILYE 

HO·SJ-41 

..5.!.Af!ON POWER TRAh~_H 
1500 KVA, 0A, 65'C, 
4160·480Y/277V 
~H,60. HERTZ ~ 
Z-5.CJ7?. J 

~~'.IN lliI i ~~I 
u480· 

x1' lx/T120v 
H2 I 

4 
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Sll'<CLE LI/'<€ 1"1€TER 6 FlELAY Ol~A11 
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120V ll-l'iTRU,..ENT It. PFtEFEFtFtEO AC SYSTEM 

E-8 SH.2 
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152-107 
r-----1 

MANUAL 
AT 

a.osE INDICATION 

TRANSFER 

TRIP 

LOCKOUT 
RELAY 
RESET 

LOCKOUT 
RELAY OPERATE 

DIFF. SWGR __ AUTO 
A1 Ir SPRING """'\ 

MANUAU'.i OFF CHARGED C1i l\.MAN. 

: /~~7-- I I - I - .----·------: .-

1fl.l:i1 Pl )5 J§.C ~ Pl C04L - ~: ·: J RELAYS : 

OVER
LOAD_ 

MANUAL AT OVERLOAD 
SWITCHGEAR 1 & DIFF. _ 

~ I j I 

Pl~ °t'I-1 5 I JI ---
1 

·7~~ 
1
All CI3L 1 I } All 9 I 

152~01 .Lf060-1 4 152-101 - i - - - -r, 152-101 ...I.. z' . ' - 1 o ' 

I 
HS- ~s I l• •G20 ·a-Ls 611 ·~ ~: 

RL TS .L 152-~07 ~13L 152-107 ,, R] IR] 152-107 ~83-UA : 1~6i ;: ~ 152-107 : I : 
2. cs LAU ~A RLTS T cs 2l : DETAIL: 152 5 I ,,-, cs± : ,. 

- 1r2-c 1 Ac04L G R ~:; ., • , A 152A "'Os~- 152-101 
7 

,_ , ,_- '·. 
. 1 T- EE · ~ · 7 CS-L ~ - t:_----- . 

CD" 112 ~ 11 c.~ - NaTE 3 c04 :9~~ _, SEE ' c0 ... L•> FOR oETAt-Ls 

~ iJi / ~All > ~l~2-~~7 \.-.... d] 21 NOTE 1 1 ~ 8 SEE OWG j 
,_o- ) -

77 1 ONLY 1 1 . "'-.... fili-' · ~ . H _2-1 _ ~..!~ _ E-129 SH.SA 

~7 h-152-105 25-107 "\ W l~tf41:~152-107 :l3Cl I ~ ~p 
:i:w 78 ~ b SS i 1 ~: RLTS -.......__ 1 ~~~ W ~{ ~31 ~Cl > ~~L4_~152-107 ONLY· ...__.._____._!_3_ Y--- LJ 
<i!~- All> r-- --- Lli 
~~. 78 1 1SYNOiRO: _ ... 
.... ~ -152-106 I CHECK 162-107 
,_ <n It -- : CKT. : T .0.0N 
z I , , 152 77 • b I <E-101 l 3 I L2 RANGE 

GEN. SPACE 
HEATER 
<E-627l 

ALARMS 

AUTO-TRIP DIESEL GEN. 

INTERLOCKS 

OBA & NORM SHUT
ON. SEO. ST ART 
<E-20CJ,SH. 2> 

ALARM 
DIESEL GEN. 

OVERLOAD 

t!QI.E 
1. 152/f'OS OPEN IN CONNECT POSITION ONLY 

CLOSE IN TEST ANO DISCONNECT. 

. ·, 

2. FOR INTERNAL CLOSES I~ WIRING SEE E12"1 SH. 6. 
3. 380-400.n -- TYP. J PLACES. 

UV LOAD SHED 

L IE-137 [Q) SH.1 ""I 

i 151:;1 ~51-213 
61? 52-107 

62 b 

P"-z 
<FVl 

I CLOSE ACS I .. oC .. 

TRIPS 152-104 . 152-104 
DIESEL GEN. <E-1<36 CE-1<36 

E-140 SH.l SH. 2> SH. <3) 

!G20 67. 67. 

CONTACTS 
<HANDLE ENO> 

. t,·:· 

POSITIONS 
CLOSE NORM AFTER 

CLOSE TRIP 
TRIP 

1; ~ ..; ~ ..... :--x-+--_x __ x_+---t 

CONTRrn. SWITCH 152-107 

G.E. TYPE SBM SPRING RETURN ----CS 
LOCA TION C04 • NOT USED 

POSITIONS ~~ (· PCS q I 152-107 ___ I __ , l~162-107 0.5-5 SEC 
1.:.. ~ 

5 1 TOO SET AT 
0 ~l6Z-l07X1 ~-7-~125sk07 1.5 SEC 

~ 11 > :a_ ac• All .!J "'\;;) 1 ·[1 
I 1186-

107 
2 ' . 63' 

25.n 
rn0w•,~ 

a 511 5~ 
T152-107 Ti52-101 

52 - ~ ~ 
11~~~-107 .1152-107 .1152-213 [GtF 

CONTACTS 
!HANDLE ENDI ON 

x 
OFF 

-107 ~ 10 I - :: - >=r C04L " J ~ 
NLYi\I •1""""Cj'"~ -- I 7 162-
- - -, ~ ~ l~1S -107 HS- I < 

I _-J_, .7 151~10~q,,110 152-107 a 107X 

sf-a ..r-a B'f Au T" a T" a ON 
70 68~ 68~ 
*G20 T T 

17 I fJ 14 . 
< > 186-107 ] .> 1§_6-107 

15' Rb 0 

x 
x :j: 
x :j: 

I 0.0SE ·- - - ' 152-107 RL TS 
~:1• TC\ -C~ - BJ~04L ONL y 
I 1N,,.,-L1 TS. ~a-~mi Bil 

•u. ,--~.--
: ~7 ....17C __....-7HS-152-107 RL TS 

3 "- I - -= / - 3W--o---~-------'~ 

l•.?:°CTRIP ~~ '.:: _;.~ 2-c->----------------' 
I 
I 
I. NI 
( _____ .J 

.- -------- - - -----
: I G20 

.-----.... :25, P-1-. 

(

0

0/C COINCIDENCE 1 i ESRl C22 

I
' 1- I 't 43 t 

26•26 1
• 15.. • 

LOGIC RESET r '"Kl· 
E-12CJ SH SA 1 - SOR '/. 

5<11 5<3 1 25: 25 I I 16 ' 4 ' KIA 
152-107 152-213 : l 't ESR2 

2 

63
T--a-

60
T--a- 26:26 • . , C22 

I G20 
DIESEL GENERATOR CIRCUIT BREAKER 152-107 11116> SCHEME A1107 l · 1 DETAIL A 1 

..-------------=============::::::==============:::::::::::::::::::::::::::::::::::::::::::::=::::::::::::. _____________ -J.-.~--, 1----------------~ 
ADAPTER TABLE I 

STNCHRO. OVER CURRENT 

Rf; S\l!TCH FUSE LOCKOUT 

NO. LOC. NO. NO. I LOC. 
il'Ul/d1 15IX-1es I Alt 125-117155 Cll• ...,..,.,., 

BUS AUTO-CLOSE CONT. TRANSFER TRIP LOCAL 
1-""=..:..:.:.='=i-"='-1-~I~NC~OHl-.'-"NG~A-C..=B.r'S.__i-~RE~LTA_YS--t SV. TRIP BLOCI< RELAY CONT. SW. 

NO. NO. I LOC NO. LOC LOC. 383- I LOC NO. I LOC NO. 1ux:. 
A.C.8. 0. GEN. OVEALOAO &. 

OESCAIPTION SCHEME G'EN, OIFF. PROT. L.0. REL. 

NO. I LOC NO. LOC 

DlESa GEii. 1-1 CXT. BKR. 152·107Ull6l I All AJIS7 186-107 Al! 152-105 152-106 I All 1960-1 C13L C94L llA/t-2 I C94L 162-107 I /U1 ~ I All 

125-2131SS Cll.f fUlnm>I 1'1X-2ll3 I A12 ..,..,.,.. DIESEL GEN.1-2 C<T. BKR. 152-21311115J I A12 A1213 186-213 A!Z 152-203 152-202 I A12 1060-2 CI3R C94R 12AJI-2j CB-4R 162-213 I A12 ~I AI2 

rPl,2 
C22 1-----<1t----~ - §] 
1 L P1,2 rtPl,11 

P1,1,2,3G 
11,12,21 

J <FY> . -·- ·- ... ··--
.. SYNMONiiING -S'r/ITCH 
G.E. TYPE. S8M. MAINTAINED CONTACT 

LOCATJQN C04 :j:SEE DWG. E-14 

125-107 ss 

I 

9 70 7 0 7 0 0 g) 3 - ~ 
SCHEME AU07 

SCHEME A1213 

~l--p_1i_:;_~.2_.3G_1 _T.___. Pl,11 

$-~-----tGJa - C26 
L P!.2 

I 17·71REVISED ORAW!NG PER FC-'\<0 &. 
31 l'l5 IDCR qs-503 

Pl.2 
~M.a.ElllR:P't.Jlf(T @) CONSl.J.tERS POWER COMPANY 

c.ovEftT • HlCKIGAM El3'"t-lJXifl 

SCt£MATlC DIAGRAM 
DlESEl GENERATOR BKR'S 

El3"1 I 1 31 

Figure 8-14 
Rev 19 



• 

• 

• 

I 

a:a: 
_J 00 
W LL.LL z 
([ 0-<Xl 
a.. 

a:a: 
Z WW 
I- ~~ 
_J ([([ 

WW a:a: 
COC!l 

CONT 1-1 
L25B <CONT 1-Zl 

~ 10;X-l I 
C213X-ll 

CDNT-1-1 + 
CCONT-1-2> y 

G20 X 1 
CG30l > 

1620W 

G20 
CG30l 

CONT 1-1 1 
<CONT 1-Zl 

DIESEL GEN 
SPACE HTR. 

All 
CA12l 

x~ 1.5.2.::WZ 81 

1s2."21, t 82 
---i;- All 

<Al2l 

CONT l-1 Xl 
CCONT l-2l ' 

107X > C213Xl 

107X-2 
C213X-2l T 

..._~~~--c-1-u~-=>-~~~~~~~~~~~~--' 

L25B-BKR-"l 
CL25B-BKR-8l 

CONT 1-1 
<CONT 1-Zl 

All 
CA121 

SCHEME All07 
<SCHEME A1213i 

G20 
CG30l 

REV bATE 

HS-152-107 RL TS 

CONTACTS 

REMOTE 
CHANOLE ENDl 

-!-
<a !....ir.:.c 2~~ 1 

<:'"9. 
2 ~ 

!.; ~c 4.s, f-4 3 

4 

CFVl ~~6~1-~ 5 

GE TYPE SBM 6 
MAINTING CONT ACT 

LOCATION All ~~8~1-~ 7 

8 

~~~~ 
q 

10 

1.i-;~ ~I-~ 11 

12 

~~ ~~4 13 

14 

~~ ~r-!.6 15 

16 

~~ ~r-~8 17 

18 

~~~~0 
lq 

20 

REVISED PER FC-'l40 & DCR-'l5 577 (Kr/J) ALB rl1{f") 
DESCRIPTJON BY CK APP REV bllTE 

Us2 - 107 /CSJ;{'1fJ 

POSITIONS LOCATION 

REMOTE LOCAL SCHEM. D'<IG. c:::::::::J 

x CE-12q SH.§}..__ .s 

-!-
(( 

x CE- 12"l SH 6l-~ 
...._'<:- O.si 

~ 

x * ~ x * x * CFVI 

x * x * x E-13"l SH 1 

x E-13"1 SH l 

x E-13q SH 1 

x E-13"l SH 1 

x E-13"l SH l 

x E-13"! SH l 

x E-13"l SH l 

x E-13"l SH 1 

x * x fF-13"l SH ]\_.....,, 

x * _16 I> 
x * "' x * 

*NOT USED 

~PP. P. LOUCH 

DESCRIPTION BY CK APP ~PP. D.C. TARSI 

CONTACTS 
CLOSE 

1-2 x 
3-4 

5-6 

7-8 

CONTROL SWITCH 

G.E.TYPE SBM,SPRING RETURN 
LOCATION 152-107 & 152-2·13 

CS-L CS-L 
*NOT USED 

POSITIONS 

NORM AFTER 
TRIP 

CLOSE TRIP 

* x 
r X) 

9707 07 009 3 ~\~ 

4/18/83 PALISADES PLANT 

4/18/83 

SCHEMATIC DIAGRAM 

DIESEL GENERATOR BKR'S 

NO. E-13"l SHEET 2 

REV.16 
Figure 8-15 
Rev 19 
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FIGURE 8-16 

Deleted 

Figure 8-16 
Rev 20 
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FIGURE NO. 8-17 

(Has been replaced by Ell Dwgs) 
(Chapter 7 Fig. 7-14) 

Rev. 11 
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3~5 KV 
3~5 KV u1u 

MAIM XFMR 

MAIM 
GEM "#I 

STM 
POWER 
XFMR 
1-1 

STARTUP 
XFMR 1-1 

9-3,..._.... 
227-5 PT 

---- STARTUP 

rr. ----XFMR 1-2 

XFMR 1-3 

252-) c:_.A 

252- ) 252-) I 
02 I ~ --

101 201 -1 ----- ·

227"'° 252-) 

4-16 OV BUS I A 

~T 
\..JJE--1 

227-1 

202 

4-160V BUS IB 

o-3~ 
227-2 

127-5 

! 
) 152- ) 152-

302 303 

±2110ov eus!1 E 

I) 152- 152- ) 
203 202 

I) 152-
'TI: I 05 

)
152-
106 

PT 

• 121-a 

f 2'IOOV BUS I D f 
152-) I 152-) 

201 Ha 
127-2 127-8 

~) 
52-1202 

4-sov!sus "#12 

• 27-6 24-00V BUS IC 

II~~-) h. ) ~ ~~-
PT . 

E--0 E-0 
1270-2 127-1 127-7 PT 1270-1 

CONSU.MERS POWER COMPANY 
PALISADES PLANT 

•=VOLTAGE PROTECTION SENSOR 
FSAR UPDATE 

VOLTAGE PROTECTION 
SENSORS LOCATION 

FIGURE NO 8-18 

REVISION MO 11 
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DIESEL ALARM 
CONTROL POWER _ _ 2400V. BUS TRANSFER UNSTANTJ _ 4160V. BUS TRANSFER SOURCE UNOERVOL TAGE START -STANDBY PWR NOT AVAILABLE GEN. TRIP I 

A~~rf-1 :1N0.
1 

u.v: 
1 

LOR ALM : 14 Loss OF SAFE~;~~w~~ TRrE :--r_NS_T_A_N-tT..,1 _c_o_As_T_D_ow_N---;_~!_ T~:~T.1~f 1 T~::.1~ ~,- ~~136 - ~ ~ 
1 

2400v. : sEE DWG E-288 I 

i-<~-+-+---+----.--....---.----.--7'f+--.~ ~1~f~-7'f-+--1--13i~-13-+-f--13if+-·-----'-l-_.,_-.ca!J.._-_-_i.,_-_-_-_-:~~,__-t.IML.._l~A g~N~~ lB 1 ___ 1~1 11 1 
9 .I. 9 .I. 386C 9 !386P. c) 386P y I y lA f 227X-5 f 227X-6 127-6 f17 386A 
'=13868 '.L C04L 'T 386B IT 386CIT 'T 3868 - 386P 386C Pl I Pl 1111 • 10. 1111.. -- 8 a 8 14 14., 14.. 2I-xY 

Pl ,---., a2J ' I all 
_ __.._ _ _._...., 3' I 7'' 1 127-6 

__ ..... 0A14 I I ·: ~ 22f;5 
1 ai, ~. 12~5 

2400v. & 416111V. 2I Yr ,- ......... 

--I 
N 

.... " C5I • 1 u a: 
~ 

I- al w <t-
U1 C 2 
:::> • mo .z 
u _j 
d z 
> a. 
lt1 :t: 
~ 0 a: 

u.. 

7,, = 5• <I: 

<>~ >~ 
(') 

8 N 6• FUZ/ 
A0011-1 

1-<~ I -
SCHEME A0011 ONLY 

I - I I 4 ' BUS TRANSFER 
I 22• 24.I. 'u B I 3i' 221-5 ', - 7~: 127-5 l.fONTROL PWR.u..v."" 1 127-5 
I - - . 111 - '.L 3 ' I ~> ~ I w 4 ~ -yz w 8.. YZ I 2 T-xr 
! za!::-~f ~· ",.[:-',~·~ •ssr s, 6' ~ !" ii ! - :·~ n;x• : 15·~ i~ 87l.·,: 12~·· 2f27•-11. t;1.~i~ :f-12~z5 
I l..:gl l..:gl2 227X-5 i ~ -~ ~ I -0:-t • I • 10 10 

6' 2' I wu 2 I <0.5 SEO 2• 
I 3 ' 3 q UIW I EST - TEST 
1 _ 162x-402 162x-401 162x-401 : ~: 1 azi1 T sw. _an1 T sw. !

4 
FAILURE To TRANSFER _. 

- I 5u TDD 5 1 TDD 11 ' TOO .n-1 3 I 3 tSEE DWG. E-132 a. E-289l I 
I I 111~ I I 
I . I ~ ... I 21 11 ! ! • 

: : : ~: .ca!!.. , : _, WL.. ·~ 
2
I383-u 

6
I383-u 

6i383-1~ 
1
13 I 13 SO£lo£ A0012 Otl.Y l I 

21 
" I 

21 
' f f f 

I • ~ f 13 ' 13 I f \227X-5 I \127X-5 !RANGE ..2-60 SEC. 
I > I . <) 383-UA ) I " I '. 
I 

~ ~I <> 383-ll ~ 383-21 I • I , Ll , SET AT ~5 SEC.l < DWG E-2aq1 

• M I 14 ' 14 • I I ./' ! ! ! ! I 14 I 14•• I I (227X-5 I (121x-s < 162- 5 ~ 4 3 q 11 
I I SCHEME A0011 ON!. Y.1 I j 23 + I 23 + L2 + <1':ii0Nf 383-21 383-22 383-23 383-23 

' 

'- ..... '- ~ I - - 8 I I 10 I 12I 
2400V." & 4160V. BUS TRANSFER. STARTUPTRANSFORMER UNDERVOL TAGE CIRCUIT NO. lAND DIESEL START 1-lA & 1-28 f f f f 

CHEME A0012 ONLY SCHEME A0011 CONT'D ON SH. lA . 

ADAPTER TABLE 

PPC SOE NOOE 
E-53 SH 13 

·i383-1! 
10t 

PT. ID. 
KS383_1LD 

NOTE CONT'D ON SH.IA 

1. FOR RELAY TABLES. SEE 
SK. 2 OF THIS DWG. 

2. SEPARATE RACEWAY SYSTE 

- -- ~ : -·· 
o-c . 

SCHEME SOURCE 
START UP TRANS. •1-2 
UNDERVOLTAGE RELAYS 

S.U. TRAHS. "1-2 
AUX.. !LY. RELAYS 

START UP TRANS. •I-1 
UNOERVOLTAGE RELAYS 

S.U. TRANS. •1-1 2<100V. BUS 4160V. BUS 
AUX. U.V. RELAYS XFER RELAYS <FER RELAYS 

4160V. BUS 
XFER RELAYS 

CONTROL INTERLOCKING RELAYS & CONTACT NUMBER~ START lP TIWiS. 11-2 DIESEL 
PWR. U.V. U.Y. ill£ IE.AY IE.. BKR TRIP 

LOC. NO. LOC. NO. LOC. NO. LOC. 3868 386C 386P 3.62/CD 186-1 162X 162X 4868 NO. LOC. NO. LOC. -~01 -402 -X/F BKR. NO. LDC. NO. LOC. NO. LOC. NO. LOC. NO. LOC. NO. NO. NO. NO. LOC. NO. LOC. NO. NO. 

C04L 274-11 C04L 386A C04L ~ t ,\ aa H1"e 2 & 6 22-28 3·5 3-5 1-2 162-5 C04L 383-llA C04L 
13 &. 14 13 6 14 13 & 14 2•·26 'Ml 3 ... A0011 72-111 DU 127-5/XY 127-5/YZ 127-5/ZX All l27X-5 C04L 227-5/XY 227-5/YZ 227-5/ZX A2l 227X-5 C04L 383-11 C04L -- -- -- -- 383-21 

C04R 274-12 C04R - - •• t fl ~H~ ~H~ 1 & 5 ..... 6 •-6 •-6 5-6 162-6 C04R 383-12A C04R I~• I 52-58 IB-12 7-8 A0012 72-211 021 127-6/XY 127-6/YZ 127-6/ZX Al2 127X-6 C04R -- -- -- - -- 383-12 C04R 383-23 C04R 383-23 C04R 383-22 

q_10 ~ Pi,12,13 ~ ~Pl.11 ~Pl.21 9707070093 -\\ 

\ -

>- _\ 

Jq400 l - - ' - C04L - SCHW~011 
Pl,33.36 . r- C04R SCHEME A0012 

""""'" '""'' """ DR. J. L STERRETT CK. T.D. VOGT 4/18/83 APP. C.J. MCDONALD 4/18/83F-'.:.....;;..'--=..;:..;....;__;;.....;_ ___ -+----~....:....;:;-"--"---_.;.--"-"----t 

Pl.12.13 ;:::i._ ..J:::Pl.~ <NOTE 21 
~ ~ ~ Pl,33.36 

CM<ic•• _, CONSUMERS POWER CO. SCHEMATIC DIAGRAM 
29 7-31 ADD: CONTACTS 9 & 10 & PPC SOE NODE MOS /,,;i APP. P. LOUCH 4/18/83 

t---+-~--.-,1---~~P=E~R~F~C~-~9=3=3-~0=6_&~D~C~R~-~95~--·5~:18~---t---+--r--W--t" ~'"'"~~~~ PALISADES PLANT 

REV PATE DESCRIPTION BY CK'D APP.~PP. D.C. TARSI 4/18/83 

2400V.& 4160V.BUS TRANSFER 

NO. E-136 SHEET 1 

REV.29 

Figure 8-19 
Rev 19 
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DIESEL START 

,,.2400V.~ ,,. 2400V BUS UV. ~ 

C04L J'l401!1 
(l;1--~~=----<0Pt-o~---~--~~~---~~~~-1,__ 

CONT'O 3l 3I 3 ~ 
FROM 1127-1-XI 127-7-XI 127· 1-X2 "1127-7-X2 

SH. I 
4
r- --

4
r r --1 

r::- 'r:,, . 
33-- 36--

C04L C04_ 

5 5 
3060-1 3061-2 

6 

Bl\---------~-_.~---~--~~-~~ 

CONT'D 
FROM 
SH. I 2400V & 4160V BUS TRANSFER START UP TRANSFORMEF UNDERVOL TAGE CIRCUIT NO, I AND DIESEL START :.-IA & l-2B 

;CHEME A0011 

~ER TABLE 

I DESEL 2400V BUS UV AUX. RELAYS & .LQC ATION 
HART 

~ 

CONT'D 
FROM 

SH. I 

v_ ';060- AUX. RELAYS LOCATION 

/~ I & 2 127-1-Xl/2,127-7-Xl/2 & 127-1-X2/2, 127-7· <212 J'l400 

I ~ & 4 127-2-Xl/2,127-B·Xl/2 & 127-2-X2/2, 127-8·X2/2 J'l401 

; . 

, .. SPARES 

f 3060-1, 3060-2 ! 3060-1, 306D-2 f CONTACTS 3,7,4,8 

..... . f CONTACTS 2,8 

FUSE ID 

FUZ/A0011-l 

FUZ/A0012-I 

'"""' """ " ' DR. R.M. SAT TERELL! 
APP. C.J. MCDONALD 4/18/8 

DMSIDN .... CONSUMERS POWER co. 

· _-- - _. -- ·f)!so Avalil3frJie era 
-_ - - - Apert1..sre Card 

CK. T.D. VOGT 4/18/83 

SCHEMATIC DIAGRAM 
2400V & 4160V 
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•• 
2400V. & 4160V. BUS TRANSFER RELAY TABLE 

383-11 CHFAJ 383-12 <HFAl 383-21 CHFAJ 383-22 CHFAl 
CONTACTS 

FUNCTION FUNCTION FUNCTION FUNCTION 

1.-ii-1 1 TRIPS BUS IC IHCOHING BKR. 152-11!5 TRIPS BUS IE INCCHING BICR.152-:iez TRIPS BUS IA IN:OHING BKR. 252-let TRIPS BUS 18 INCOMING SKR. 252-2BI 
FROH S<>FEWARD BUS <DWG. E-1311 FROH SAFEGUARD BUS IDVG. E-1311 FROH STA. NII. TRANS. •1-1 IDllC. E-1311 FROH STA. PWR. TRANS. •t-1 

~~ 2 ~ TRIPS BUS ID llCOHING 8KR.. 152-2B3 SPARE SPAAE 

c¢ 
IDWG. E-28'1l FROH SAFEGUARll BUS 1DVG. E-1311 

~r-i 3 Cl.OSES BUS IC INCOKING BICA. 152-106 Cl.OSES;~·INCOHlt«; BICR.152-202 Cl.DSES BUS IA IN:OH!t«; BKR. 252-102 Cl.DSES BUS IB INCOKJt«; 8KR. =-202 
FROH STARTl.f' TRANS.•1-z * 1DWG. E-132> FROH STAR TRANS. "i-z *<OllG. E-132> FRDH STARTLP TRAHS.•1-1 * ID>IG. E-l:l2l Fl<DH STARTl.P TRANS."I-1 

~i-l 4 SPARE TRJPS SAFEGUARD BUS IN:OH!t«; ALARM ALARM 
BKR 152~02 FROH SPT-•1-z COWC. E-1311 ID11G. E-28'<1 

l-ir1l' 5 PPC SOE NOOE PT.10. CLOSES BUS IE INCOMING BICR. 152-303 TRIPS HAIN GEIERATOR TRIPS HAIN CEIERATOR 
KS383..1LD COWC. E-53 SH. Ill FROM STARTl.f' TRANS. •1-z * cowc. E-132> EXC?TATIOtl BKR. "341 IDllC. E-IZSI EXCITATIOtl 8KR. ":l-41 

l~rJi s ~ ~ TRIPS HAIN GEIERATOR TRIPS HAIN GENERATOR 
IDWG. E-28'1l IDWG. E-28'<1 YOLTAGE REGl.LATOR COolG. E-l26l VIX. TAGE REr.ll..A TOR 

:" - -·- I 
OATAl..OGCER CHANEL 1-174 DIESEL START RELAY TABLE 

3060-1 3060-2 3060-3 : 3060-4 38SA CHGAl 
CONTACTS 

.. 

FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION 

~:1011 START DIESEL "1-1 START OIESEl. •1-1 START DIESEL. •1-2 START DIESEL "1-2 ANIUCIATOR GEIERATOR 
OCT.A COllC. HIZ-"81 CKT.B COllC. HIZ-'181 CICT. A IDlo'G. HlZ-1"5> OCT.B IDWG. HIZ-1051 TRIP !E-Z88 SH.D 

~!it:Js 2 
SPARE SPARE SPARE SPARE SPARE 

• .. .. 

UNDERVOLTAGE AUXILIARY RELAY TABLE 
127X-5 CWLl 127X-6 fot'Ll 227X-5 CWL> 

CONTACTS 
FUNCTION FUNCTION FUNCTION 

~ 1 Bl.DCKS "'-JTO CLOSlt«; OF BUS IC INCOHlhC BLOCKS AUTO CLOSING OF BUS ID llCOHING Bl.OCKS "'-JTO CLOSING OF BU5 IA IHCOMJNG 
BKR. FROM START l.P TRANS . .''l-2 IDllG. E-132> 8KR. FROH START lP TRSWS.-.-z IDWG. E-132> 8KR. FROM START 1J> TRANS.•1-1 IDWG. E-132> 

~r-J 2 TRIPS BUS IC IHCOHING BKR. FROM TRIPS BUS ID llCOHING 8KR. FROM TRIPS BUS IA llCOHING BJCR. i'ROH 
START lP TRANS."l-2 IDllG. E-132> START lP TRANS. "t-Z ID\IG. E-132> START lP TRANS. "I-I <OllG. E-132> 

~ 3 SPARE BLOO:S AUTO CLOSING OF BUS IE INCnilNG BLOO:S TRIPPING OF TRANSFlll 
8KR. FROM START lP TRANS."1-Z ID\IG. E-132> REI.AT 383-21 ** IDllG. E-136 SK. II 

~~ 4 SPARE TRIPS BUS IE INCOHING 8KR. FROH TRIPS BUS IF INCOHING BKR. IZ52-32ZI FRDH 
START lP TRANS. "l-2 IDllG. E-132> START lP TRANS.=1-1 IDWG. E-7ZB SH.. II 

l~ 5 SPARE SPARE BLOCKS CLOSIN; CF BUS IF JNCOHING BKR. l25Z-3021 
FRl»i START lP TRANS. •1-1 IDWG. E-7ZB SK. II 

l~r]l s SPARE SPARE 

11.;iJl 7 SPARE SPARE SPARE 

l~~ 8 SPARE SPARE SPARE 

11...i~ CJ SPARE · SPARE SPARE 

2f;i-J: 10 SPARE SPARE ALARl1 
IDWG. E-28'!l 

0-17 ZCJ 96 REV'O. 383-12 PER DCR-'lS-772. 

REV DATE DESCRIPTION 

• 
/ 

<DWG. E-1311 

IDVG. E-132> 

IDWG. E-28'1l 

IDWG. E-125> 

COllG. E-126l 

JGD 'DH 
!) 

BY CK 

383-23 CHFAl 383-llA CHF Al 383-12A CHFAl 

FUNCTION FUNCTION FUNCTION 

TRIPS BUS IF INCOMING BICR. 252-301 TRIPS DIESEL CEIERATOR TRIPS DIESEL CEIERATOR 
FROM STA. PWR. TRANS. 1-3 I DllG. E-728 SH 2> IN:OHING BICR 152-107 IE-13'1. SIUI INCOMING BKR 152-213 IE-13'1 SIUI 

TRIPS BUS IG INCOHING BICR. 252-401 SPARE SPARE FRl»i STA. PWR. TRANS. 1-3 I D11G. E-728 SH 2> 

c..DSES BUS IF INCOHING B>CR. 252-302 
SPARE SPARE FRDH STARTLP TRANS. 1-1 IDWG..E-728 SH D 

CLOSES BUS IG INCDHlt«; BKR. 252~02 SPARE SPARE FROM ST ARTl.P TRANS. 1-3 <.DWG.E-728 SH II 

jOj_AflH I DllG. E-ZB'I SH 2> SPARE SPARE 

..__ 
t D\IG. E-ZB'I SH 2> SPARE ·. SPARE 

- . 

--

- . -··· .. 

NOTES 

* IF STANDBY POWER AVAILABLE 

W:t.Til)IC KAO """ APP. C.J. MCDONALD 4122/83 
Dl~DN f£AD 

~PP. P. LOUCH 4122/83 
IE'MTIE>(f _. 

APP ~pp. D.C. TARSI 4/22/83 

** IN CASE OF COASTOOWN 

*** N.C. CONTACT 

970707 0093 -\~ 
DR. J.L.STERRETT CK. 

CONSUMERS POWER ca. 
PALISADES PLANT 

El36-2.0GN NO. 

T.D. VOGT 4/22/83 

SCHEMATIC DIAGRAM 
2400V. & 4!60V. BUS 

E-136 
TRANSFER 

SHEET 2 

REV.zq 

Figure 8-21 
Rev 19 

·-
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IND. LIGHT 

I
- <CONTROL PWR. ON> ·- .. ,~ BUS UNDERVOLTAGE RELAYS & AUX.RELAYS I u. v. LOAD SHEDDING 

]II ... 
LOAD SHEDDING RELAYS 

•-THESE RELAY CONTACTS ARE WIRED THRU 
SLIDING LINK TERMINAL BLOCKS AS SHOWN. 

p F~0~5---l~Pl_l__, ___ ,._. ___ _, ______________ ....,.,~ 
REF. DWG. 

1 2 

7 
174- 11 

1 l AI1'30e 11 

Cl) 
CSI 
M - • <t a: 
::ii: 

I- m 
<t 

~ en 
::::> a 
tD 

u ::c· 
0 

I c: c .... > 
in c 
~ Lr.I 

LI.I .... 
5 

6 

PllB ' 

NOTE s1<3Ct 
HS-152-108 

RLTS l<J 

All -, 
PllA 

·w 
Iit··~ 

Y30a . l 
N1 -1 

NOTE.-~, 
5 Lr.I • 

Nll-1 
All 

11 

2 

13 

14 

NOTE 520 ~ 
FUZ/Al005-l 

N 3~4 
HS-152-108 

RLTS20c 

NOTES: Nll 

1. FOR RELAY TABLES. SEE SHEETS 2.2A.& 
2B OF THIS DRAWING, 

2. FOR ADAPTER TABLE.BLOCK DIAGRAM & 
ALARMS SEE SH. IA OF THIS DRAWING. 

3. FOR WIRING OF JUNCTION BOXES J'!400 & 
'J'!401 SEE CONNECTION DWGS. E-618 
SH. '!400 & <34-1. 

NI 
en 

·~ 

127-1-
XI 

4. RELAY CONTACTS CLOSE ON UNDERVOL TAGE CONDITION. 

5. FOR SCHEME Al006 ONLY• TERM. BLOCK 'E' IN 152-206. 
6. CONTACTS SHOWN IN NORMAL Y CLOSED 
<REMOTE> CONTROL POSITION 
FOR SW. DEVELOPMENT SEE DWG. E-133 SH.I 

EST SW. 
3 

13 127-1-
X2 13 

Io\ 
14 

7 

8 

7 

8 

7 

8 

127-7• 
XY 

10 

I2~1· 

13 

TEST 
SW. 

lS TS-C 

127-7- ~~ Xl 

13 
~3-

I27-7- 14 
Xl 

XI 

2.4 K.V. BUS NO. IC UNDERVOL TAGE & LOAD SHEDDING RELAYS 
SCHEME A1005 

I3 

14 

l 1127-I-
11 I62-153-

2L:__~f XI 

1. CONNECTION DWG. <E-618 SHEETS 
<3400 & <3401.J 

SPARES 

~~ SPARES I 
. en 35 -l -.1 ----'-----~! _,... 

q I SPARES I 61 127X-12 ""4------------------i)lo~ 

62 
'"'"-b'"" 7 10 f 127X-. 11, I27X-.. 1·2 f CONTACTS 11.12.5.6.3!41 btl&....UI..! 127-1-Xl, 127-l-X2, 127-7-Xl, 127-7-X2. 

<34-1 ... 

4 
17C 17 en 

HS-152-108 
RLTS 

NOTE 6 

fil! 

11 11 Bl 

I 

·i 

162-153-Xl 

CONTACTS 5, S. 7. 8. 
ALSO l, 2 ON I27-l-Xl. 127-7-X2. 
ALSO 11, 12 ON 127-l-X2. 127-7-X2, 162-153-XI. 
ALSO '!. 10 ON 127-7-Xl. I27-7-X2. 

127X- 1<34- <34- '!4-
11 108 

12 
110CJA 

2 
110'!8 4 

I B 

Bil 
Nll-2 2-1 REVISED TDC. TOOE ANO SPARES PER 

Qll 25 Cj FES-qs-05q & -060 ANO OCR-qs-qq7 

NOTE 6 6 
HS-152-108 

RLTS SC REV DATE 

PREVIOUS RECORD ISSI£ 

HICHIGAN P.E. No. 

I.Fl No. 

JGO 

DESCRIPTION BY CK APP 

CONSUMERS POWER COMPANY 
PALISADES NUCLEAR PLANT 

COVERT, MICHIGAN. E137-1JlGN 

SCHEMATIC DIAGRAM 
2400V.& 4160V BUS UNDER
VOLTAGE & LOAD SHEDDING 

DRAWING NUMBER 

E-137 
SHT. NO. REV 

1 25 

Figure 8-22 
Rev 19 
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• 
i 

8 
BUS UV.RELAYS BUS UV.AUX, RELAYS LOAD SHEDDING RELAY TIME' DELAY RELAYS R\fc:!> \I\ ~-~·.r. 'ii! "~"'' \Jt.N, LOAD SHEDDING RELAY 

DESCRIPTION 
CO_NTBOL In.in I TGHT ... .,.. ... • h. 

··~ "' o.c . FUSE SCHEME 
'NO, u~v: LUc:; SOURCE NO. LDC. NO. LDC. NO. LDC. NO. ' LDC. NO. LDC. NO. LDC. NOq4- LDC. LDC. NO. LOC. NO. LDC. BUS .NO. LDC. NO. 

;lA<IJl .. "J·Jf~.,S 1\f. Al005 127-l All 127-7 Jq400 127X-JI All 11~{;;!; Jq400 ·'i~;~;~~~;,: Jq400 1q4-10a All W:;l;:~ BU 162-153 Jq400 "'J:;t::.' C04L TS-C .1~00 ~ en B-lq q4-l<J0q BU 72-308 FUZ/Al005-I 

~".,k:lJ'J·:YJ> ,W A1006 127-2 Al2 127-8 Jq4i!J1 27X-2 Al2 11:r.;;~· Jq401 1-;~;~;~!·:," Jq401 lq4-2ll Al2 1~rn~ BIZ 162·154 Jq401 "J4~~<! C04R TS-0 ,Jq401 ~ 812 B-20 q~-2ial3 812 72-403 FUZ/Al006-l 
-

Bil 

Pl!i:.Y~ q4,Nll 

I Jq400 I All 

PllA,Nll, I UDIES1 
~rr SI l. FOR RELAY TABLES, SEE SHEETS . . 2,2A,2B OF THIS OWG • 

C04L CHEME A1005 t .. APERTURE 2. SEPARATE RACEWAY SYSTEMS, -- -- --SCHEME Al006 CARD lNOTE 2> ~-7 >. 

Also A\l'ailable On 

, .. ALARMS ISEE OWG. E-28q> Apertu~ Card 

2400V.BUS 2400V.BUS LOAD SHED ·1 ., 
IC u.v. IC U.V. CONTROL PWR,OFF 

.. h 11h •, •, 8 lz.;ll!I FUSE 1~g~ NO. ADDED PER ENG, REVIEW PRC JGC DHB l'V"R 'I ·'ll ·8"181HAI I 

' % REY DATE DESCRIPTION 
FC• BY CK APP p 127-7-XI p 127-8-XI < 174-All "< 171-A12'4"3 ' sc• 

12 12 12 8 /308 8 I 
' @ CONSUMERS POWER COMPANY 

PALISADES NUCLEAR PLANT 
COVERT, MICHIGAN 

E137-IA.lla8 

PREVIOUS M:CORD ISSlf: SCHEMATIC. DIAGRAM 
' I 2400V & 4160V. BUS UNDER-MICHIGAN l'.E. llo. 

VOLTAGE & LOAD SHEDDING 
·- IWlllo. RAW Nii NUMBER 1~ Ml_ I RFY 

E137 IA I 8 
'. 

Figure No 8-23 FSAR Rev 15 

• 
93051:J0068 

.~ .. 7 
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.- • - ., C' 

IND. LT. 
CCONTROL 
PWR. ON> 

BUS U,V, 
RELAY 

--- ------ -
CONTROL ALA~H POWER START·UP TRANS•1·3 ~ 

· 'mUZIAt004~ -, 

p' ~.f 
2 71 

-. 
1 

·~~c--;;.O~ER_V~O~L.Tf.4---+---·-U_N_DE_R_v_o_L_T_AO_E ____ ~lt--B_u_s_~~ 
I I I -1 

e22 3 
l~ 

4 ~· XY 
11 l 

l'> -c 

~ m 

't 
0 

ri 
N -

l 
171·A13 

1 /204 

eJ.J 
PllA 

™ 
38111·400$\ R 

w 

l~ 

11 ~ XY 

11, 
\l2I.:.3 

1 ' --yz-

1 I 

! tZ1..:l 
11~-ZX 

2-----. 
~ TEST 

Jl SW 
.. 

I 

p 1 

™ 

w 

3, 
l~ . ~--yr 

4, 

3, 

.~~~ 
2---..... ! TEST I 

3
,! SW 

~l 

l 
127X·3 

12 

w1 
13 ~· i 

W ~>121x-J ~> l71·Al3 I 
2

' ~ 227x.6 I 1 

M~ 1 14' 6• /21114 J- ; _< 227X. 6 SCHEME ; ,q201118 
!3f ONLW' 

N~"~~~__,--~~--~-----~--=-~2~- i 
((u?~At01.j·J 2.1 !<.y. BUS NO. IE l!NDEBVDI TAQE REI AYS I 

SCHEME Al01114 ! 

ADAPTER TABLE 
6 

DESCRIPTION SCHEME BUS u.v. RELAY! INTL~. RELAY CONTROL PWR. UV ~~s~~~TI~~N~EaY~ BUS U.Y. 
AUX. RELAYS FUSE 

NO, t-----r~--,1--~-r--t----..----+------.-~-+-~--.~-o 
NO. LDC, NO. LDC. RELAY IND, LDC NO. LOC NO. LDC, 

241lllV, BUS IE Alilll4 127·3 A·IJ - -111•·~~~ C~ - 127X·3 AIJ 'FUZ/Alllll4·1 t 

4161lV. BUS IA A21lil7 227·1 A·21 C~L -- - 227X·I A21 FUZ/A21lll7· I t 

416ilV. BUS 18 A2ililB 227·2 A-22 227X·6 A22 274·A2 C04 227·6/XY1/YZ1/ZX A22 227X·2 A22 FUZ/A2illlB· I 

I PllA• 
Nll 

4 

SCHEHE A1001 
CSIMILAR FOR 

SCHEME A2007l 

I PllA.Pll. 
Nll.21 

4 

SCHEME A21111118 

6 1\ill 

% REV DATE 

@ 
PREVIOUS RECOAIJ 1s~ 

MICHIGM P,E. llQ, 

UFI llO, 

NOTES• 
I. FOR RELAY TABLES. SEE 

SHEET 2 OF THIS OWO, 

~r- SI 
~ APERTURE 

; ~~ C,ARD 

Also Avaitabic Qw) 
. , Aperture Card 
~ 

DESCRIPTION 
FC• 
SC• 

BY CK APP 

CONSUMERS POWER COMPANY 
PALISADES NUCLEAR PLANT 

COVERT I MJCHIGAN E137-IB.H6 

SCHEMATIC DIAGRAM 
2400V. & 4160V. BUS UNDER

VOLTAGE & LOAD SHEDDING 
LIHAll I NG NJHBER ·-. NJ ~v 

E137 1s I s 
Figure No 8-24 FSAR Rev 15 
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• 
CONTACTS 

l~r...... 

~i.... 

..... L..o > 

-.JJ 

!....,~ 

!L~ 

CONTACTS 

1-.J~ 

~-11-.; 
~i...! 
'Lt-! 
'L~ 
l~i,...!:' 

CONTACTS 

i......,~ 

~i....i 
7...Ji.....b 

..... a .. 1~ 

~L...j 

11>.....JL}:i 

• 

UNDERVOLTAGE RELAY TABLE 
2400 VOLT.BUS 

BUS • 1C I27X-1UHFAI BUS •IC 127X·l2CHFAl BUS •IO 127X·21CHFA> 

FUNCTION ~'r.· FUNCTION Bij'G: FUNCTION ~~';,· 

SPME -- SPARE -- RESET SERVICE WATER <SlANlBY> E·154 SPARE 
Pl.ff' P7A Q52·21M> SK.I 

RESET SERVICE WATER CSTANll8YI E·!Sol SPARE -- RESET SERVICE WATER CSTl>Nl!IY> E•l54 SPARE Pl.ff' P7B Q52•1B31 SIU Pl.ff' P7C Q52·21l5> SH.2 

SPME -- SPARE -- :F $ PS7~~552~'•sTAIClBY> E·247 SPARE 

RESET CD4' CIXLJNG CSTAN:BTJ E·25'1 
Pl.ff' P52A 1152-lll'I> Sii.i SPARE -- SPARE -- SPARE 

RESET CD4' CIXLING CSTANll8YI E·25'1 SPARE -- RESET CCH' CIXLJNG ISTl>Nl!IY> E·25'1 SPARE Pl.ff' P'S2C 1152•U6> SIU Pl.ff' P52B 1152-21181 Sii.i 
RESET LOW PRESS SAFETY CSTANll8YI E-248 SPARE INJECTION Pl.ff' P67B 1152-Ull -- SPARE -- SPARE 

LOAD SHEDDING RELAY TABLE 

BUS "10 127X-22CHFAl BUS • lE 127X·3CHFA> 

FUNCTION ~~~· FUNCTION 

-- TRIPS KTR. DRAIN PP. 
PllllA 152·387 

-- TRIPS KTR. CRAIN PP. 
PleB 152-:lBS 

-- TRIPS DILUTION VTR. PP. 
P408 152·311'1 

-- TRIPS STATION PWR 
TRANS. oqe & 'll 152•31B 

-- TRIPS SU'PGIT 81..DG. 
& WHSE x1es 152-Ju 

-- Al..ARl4 

NOTE 

LOAD SHEODlNG RELAY TABLE 
CONTINUED ON SHEET 2A. 

480 VOLT. L.C. BUS 2400 VO!. T BUS 

Bus •u q4-110qA<WEsn BUS •12 q4-I213ACWESTI BUS •IC Iq4-108CCLARIO BUS •10 lq4·211CCLARIO 

FUNCTION ~· FUNCTION ~ir.· FUNCTION ~cir.· FUNCTION Hl:i'r.· 
CONTACTS 

8LOOCS CLOSE Of INST. E•J67 BUICKS a.CSE CF INST. E·l67 TRl/'S DILUTION llTR. PP. E-151 ~J ·AJR C(M>. C2A 52·1100 AIR CD4'. C2B !52-12B7 P4BA 152·1'2 
TRIPS 488\'. ICC •7 E-134 TRIPS CONTHT.COQ.ER E-216 TRIPS SERV. WTR. PP. E-154 L~ BRR 52·1163 RECIRC. FAN V2A 52·129'1 P7B 152·103 
TRIPS INST. AIR COHP E·166 TRIPS CONTHT. coa.ER E-216 TRIPS OiJX- FEED PP. E·l'l6 TRIPS SER\'. llTR. PP. E-154 LJ C2A 52·1100 RECIRC. FAN \l3A 52-1218 P8A 152·1&4 SK. I P7A 152·294 

TRIPS INST. AIR CCH'. E·J66 TRIPS CHARG. PP. E-257 J\ TRIPS CQ1!>. COOLG. PP E·25'1 TRIPS SER\'. llTR. PP. E-154 ~t..! C2C 52·1107 P558 52·1206 ""°'A 152·10'! P7C 152·20'5 
TRIPS CONTHT. COQ.ER E-217 TRIPS CHARG. PP. E-257 I lBX. ~::~~ J E-133 TRIPS L..P. SAFTY llU. E·247 'L~ llECIRC. FAH Y4A 52•1108 P55A 52-IZlS PP. P67A 152·206 
TRIPS CHARG. PP. E-257 TRIPS 481!\'.l<C •a E-134 v TRIPS L..P. SAFTY INJ. E·248 TRIPS COMP. COOL "G. E-25'1 l~~ P55C 52·11B5 81:11.. 52-1201 PP. P67B 152-111 PP528 152·208 

BUS •11 q4-mlqscwESTl BUS "12 q4-I213BCWESTl TRIPS COMP. CIXLG. PP. E-25'1 TRIPS PRESS. KTR. E-253 l~-11-~ P52C 152-116 TRANS."16 152•211 

FUNCTION ~~· FUNCTION Hl:i'r.· TRIPS tu>; SAFETY JNJ. 
E·24'1 TRIPS H.P. SAFETY !NJ. E·24'1 lt_nJ..6 PP. P668 152·113 PP. P66A 152·2B7 

TRIPS. TIE. 81CR E-135 TRIPS TIE BKR. E-135 TRIPS CONTHT. SPRAY E-251 TRIPS OiJX- FEED Pl'. E·J'IS IL~ 52·1118 52·1217 PP. P5-4B 152-112 PSC 152·2B'I SK.8 

BLOCK a.CSE Of INST. E·167 TRIPS CONTKT. COCl.ER E-216 TRIPS COHTHT. SPRAY 
E-251 TRIPS CDNTHT. Sl'RAY E·251 1'! .. 11 .. i~ AIR COOP. C2C 52·1107 RECIRC. FM VIA 52·1288 P5-4C: 152-114 PP. P54A 152·21B 

TRIPS INST. AIR c:otf'. E-166 ti.CLOSES DIESEL GEM.I-I E·ZB'I CLOSES DIESEL GEN.1·2 E-21!'1 zL...i" C2B 52-J21l7 BICR. 152·1117 BICR.152-213 

I 18 'P.:!1:!.s;;T;:; .. r.;'1 E·l33 "Lu .. ~4 

TRIPS HAIN EXH. FAN 
E·225 TRIPS HAIN EXK. FAN E·225 v V68 52·1111 Y6A 52·1215 

SPME 

18 11.:;f REV"D. BUS •IC l~MB8 PER SC~·B24 & DCR-'16·'107. JGD 

REV AT DESCRIPTION BY 

~'G: 
E·l81l 

E·l81l 

E-151 

E·l34 

E•J34 

E·28'1 

CK APP 

4160 VOLT. BUS 

.4 
.";\)~ 
··~ 

Aftoo Av21H&ib~® on 
A ®S-i:SJ!l~ C®.ifd 

BUS •IA 227X-11HFA> BUS •IB 227X-21HFA> 

FUNCTION ~'r.· FUNCTION ~-

TRIPS PRLCIXl.ANT E-183 TRIPS PRL COOLANT E·IBJ 
PP.~ 252•103 PP.P5eB 252·203 

TRIPS PRL CIXl.ANT E-183 TRIPS PRL COOi.ANT E-183 PP. P50C 252·104 PP. P500 252·294 
TRIPS CCNJEHSATE E·J82 TRIPS CONDENSATE E-182 PP. P2A 252·1115 PP. P2B 252·295 

ALARl4 E-28'1 Al.AR'4 E·2B'I 

UNDERVOLTAGE AUXeRELAY TABLE 
22iX-6<WU 

CONTACTS 
FUNCTION 

l l~Z BLOCKS AUTO Cl..DSJNG Of BUS 18 JIQ)MJNCi 
llKR. FROl1 START IP TR<>NS.•l·l 

2 .~i.....4 TRIPS BUS 18 INCOMING BKR. FROH 
START UP TflANS."l·I 

3 ~i:i BLOCKS TRIPPING Of TRANSFER 

** RELAY 38:)-22 

4 ·~ ....... ' TRIPS BUS IG J>COHJNG 8"R.!25Z ... il2lFROH 
START-ti' TIW<SF."1·3 

5 .~ BLOCKS CLOSING Of BUS JG INCOMING BKR. 
C252·4B21 FROH START-IP TRANSF.•1·3 

6 ]~ 

7 .~~ SPARE 

8 1:..it-!.6 SPARE 

q '-l~ SPARE 

I0 .~~~ AL/IRH 

* * IN CASE OF COASTOOWN 

~!;Titlil HEM) O.TC DR. J. L. STERRETT 
APP. C.J. MCDONALD 4/18/83 ......... _ 

CONSUMERS POWER CO. 
PP. P. LOUCH 4/18/83 PALISADES PLANT 

D9"111t.1Jen t£liD 

PP. D.C. TARSI 4/lB/83 E137·2.DGN 

REF. 
OWG. 

E-132 

E-132 

E·l36 
CSK. II 
E•728 
ISH.ll 
E·728 
CSH.11 

E-28'1 

SCHEMA TIC DIAGRAM 
2400V.& 4160V.BUS UNDER

VOLTAGE LOAD SHEDDING 

NO.· E-137 SHEET 2 
REV. 18 

Figure 8-25 
Rev 19 
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UNOERVOL TAGE AUX. RELAY TABLES 

2.4 K.V. BUS lC 

CONTACTS 1-----12_1_-_1-_XI_CHF_A_> __ .... 'REF. 1----1_2_1-_1_-X2 __ CHF_Al ___ REF. 1----1_21_-_1_-x_1_c_HF_Al___ REF. 1----1_2_1-_1_-_X2_CHF_Al __ --I REF. ___ 162_-1_s_3X_l_CH_F_Al __ --1 REF. 

FUNCTION DWG. DWG. FUNCTION DWG. FUNCTION DWG. FUNCTION DWG. 

CONTACTS 127-2-X1 CHFAI REF. 127-2-X2 CHFA> REF. 
FUNCTION DWG. FUNCTION DWG. 

1....JJ SPARE U.V. LOADSHEDDING ;L....,"" E-137 

....Ji-: ~~ei111-:.? uf~f~E E-132 ~~~~11_:.? ur'~f.t:.~J\ ~ E-136 

: ....JL...!' SPARE BLOCK SlS-X TNIT.ISEE.NOTE 2l E-20q 

:.._u_B SPARE SPARE. .. 

Li..10 I '"<II"':> RI ISl:i~O I ~J ~~~7 /.I" Ml1 
1~ .l'Cl -

E-132 .!,~b'"'1 .. !;:1.; .. ~ lO !!'" '"'!!!'!!.. E-131 

!.!._,~~ ALARM E-289 SPARE 

LOAD SHEDDING RELAY TABLE CCONT. FROM SH. 2> 

4 80 VOLT L.C. BUS 

CONTACTS 1----B_us_1 q_q_-1_-1_9_0_q __ -1 REF. 

FUNCTION DWG. 

BUS 20 9-4-2013 CNOTE 11 

FUNCTION 

2.4 K.V. BUS 1D 

127-8-Xl CHFA> 

FUNCTION 

BUS U.V. AUX. RELAY 

f.~~:'11-:.? uf~f_t:.k · 
SPARE 

SPARE 

SPARE 

ALARM 

REF. 
DWG. 

REF. 
DWG. 

C:-137 

E-136 

E-289 

127-8-X2 CHFA> 

FUNCTION 

SPAil~ 

~HY _:./ uf~f_1:.13) 
SPAf ~ /"-.,_ 
SPAllE 16 1· 
SPAHE 

SPA!~ 

U.V. LOADSHEDDING E-137 

E-136 

SPARE 

REF. 162-154Xl CHFA> REF. 
DWG. FUNCTION DWG. 

U. V- LOADSHEDDING E-137 

E-136 ,•~II"':> BUsi:i;~u,~J.:-3'~Xt-Mtt E-132 

BLOCK srs-x INIT. ISEE NJTE 2 E-20~ 

SPARE 

~~~n, HUS "lU ·~·I'll.. E-131 '"7-?"17 

SPARE 

SECTI~ P€lltO ,,.,. 
ADDEO CONN. TO CONTACT 15-6J DF l27X-l·X2. ·2-XZ. APP. C.J. MCDONALD 4/18/83 

5 H7 162-153-Xl &. -1~-Xl RELAY CONTACT OiART MJG GCG RAL CMSION 1£ .. qa PER GWD 8303 FC 800 

6 6-13 REV'0.127-l-X2. l27-2·X2.127-7-X2 S. JGD PP. P. LOUCH 4/18/83 
'IS 127-8-X2 PER FC-q~ll & DCR-qS-~66.. """""t«><l IOO 

REV ATE DESCRIPTION BY PP. D.C. TARSI 4118/83 

NOTES 

JU~o Awtl!JBabl® @~ 
..t~p®ifU~B'® c~rd 

I. LOAD SHEDDING RELAYS q4-lq0'3 AND q4-2013 
ARE AGASTAT SERIES GP POWER RELAYS. 

2. FIELD CONVERT CONT ACT CS-Sl OF 

DR. 

DEVICE 127-1-X2. 127-2-X2. 162-153-Xl 
AND 162-154-XI FROM NORMALLY OPEN TO 
NORMALLY CLOSED AND READJUST HFA RELAY 
AS REOUIRED.. CSEE DWG E-618, SH. 9400 & q4011 

J.L.STERRETT 

CONSUMERS POWER CO. 

PALISADES PLANT 
El37-2"-DGH 

CK. T.D. VOGT 4/18/83 

SCHEMATIC DIAGRAM 
2400V.& 4160V.UNDER

VOLTAGE & LOAD SHEDDING 

NO. E-137 SHEET 2A 

Figure 8-26 
Rev 19 
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SPARE 

SPARE SPARE 

-: 

CONTACT DEVELOPMENT OF TEST SWITCHES FOR 
.. UNDERVOLTAGE RELAYS .127·7.127-B 

CONTACTS 
FUNCTION FUNCTION 

TEST SW Ts-c@FT-ll REF. TEST SW rs-o® FT-ll 
DWG. 

E-11 

B 'o...Ji....' E-11 

E-11 

SPARE SPARE 

E NO SW. 

NO SW. 

111~.._.s SPARE SPARE 

J NO sW. 

REV AT 

REF. 
DWG. 

E-137 

REF. 
OWG. 

E-11 

E-11 

E-11 

DESCRIPTION 

2.4 K.V. BUS U.V. RELA'fUABLE 

CITE-27Nl UTE-27Nl 

SPARE SPARE 

SPARE SPARE 

.. 

5' IZ·17 REVISED SPARE CONTACTS FOR TIME CELAf 
. '16 PER FES·'l6·esq & -- Al() OCR-q5.qq7 
e-z CHANGED RELAf NO. TD REFLECT ACTUAL 
B6 EOUIP. HO. 16Z·l5'4. 

BY CK APP REV JAT DESCRIPTION 

CITE-27Nl 

SPARE 

SPARE 

SEC1mN K:aiD om DR. 
C.J. MCDONALD 4/18/83 

MO CD'tlSIClf tEIO 

DEB PP. P. LDLICH 4/18/83 
CIEPWll'fl"ENI' ~ 

BY PP. D.C. TARSI 4/18/83 

CITE-27Nl 

SPARE 

SPARE 

J. L. STERRETT 

CONSUMERS POWER CO. 
PALISADES PLANT 

El37·Z!l.DGN • 

·-· 

lt.B~@ Aw~na1bi@ @n 
A~®i'it!:r® ©lllrd 

CK. T .D. VOGT 4118183 

SCHEMA TIC DIAGRAM 
2400V.& 4160V.BUS UNDER

VOLTAGE & ~DAD SHEDDING 

NO. E-137 SHEET 2B 

REV. 5 
Figure 8-27 
Rev 19 
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DllG.IQ. -----------

CONTROL CKT. 
LOW 

POWER GEN. NEGATIVE GEN. REVERSE TRIP I UNDERVOLT ,,lERH. ,c SEOUENCE ,. POWER .,c UNIT SYNCH>jc 

- AW10 

(+) 

5 -_ 

0 
C0S 1~B !Al 4- 1 . 

· · TB_3-5 ·- I..,___ 
2 ==coo == 

=[=res z C3Pkl ~!<= z c3PH> -
-----o---H ·s 

I 
N 

" a: 
:.:: 
CD 

Cl 

..J 
Lt.I z 
<I: 
a.. 
u 
Cl 

> 
tSI 
N -

K22 

6 IA~~0 A .LJ-. -'""1cs 
B\il0 TB3-6 ' 
TB3-5 

2 .... . ··-· ·r~·, .. 
TB <A> 4-2 

C06 5 1....._ 

2 :: ~~ : 

C04. ~ 4 I • 6 tt 
) 

(-) 

CRN-1 .. 

1 0 

·5 ............... 
:::: ~:;: 

4 .1~ 6 0 

) 

---------0-2--1...,.>-----------' 
Dl51 38q J200 C04 

DlSl o-PHl 

Fl5 
38';! 

-

.. ·. '). ICS T z CPH- ~:;: z <PH-
101 t 110 I PHl PHI 

100 4 

· {1cs 

J:TR 
'lO 

5 -----
== 

4 j~ 

1-l 

8 ,. 

8 , ............... l
o-PH2 

FIS 
71• Hl5 2~.._ 

> 38';! -~ . 1 
7 ID 

HIST ~ C04 8~1 374C T o-PH3 386C~t ct 
~~~~')-~-t----..::<s::::E:E::_E:-:15:0:;:1::::::::::=-_cr_2_1:=-: ..... _:~~~--2-3~--._-3_86_x_-_c~-*>-2 _______ __J 

FUZ/G03-1 
T. G. PROTECTION-COASTDOWN & POWER AVAILABLE 

SCHEME G03 

, ,_ 
"I'<' 

q ·I> 
) 

(-) 

· CONJRO!St:KT. 
. i!lllNEIER.V,(llL T. 

:s:' 

RESET 

._«:-
.s 1 

IFVl 

CONTACT 

CONTACTS 
<HANDLE 

END> 
1 •-H-. 2 

3 e--jJ--- 4 

5 e--jJ--- 6 

7 e--jJ--- 8 

11 ...., I--- 12 

15 e--jJ--- 16 

386X-P !AVRl. 

FUNCTION REF 

POSITION 

RESET TRIP 
x 
x 
x 

x 

x 
x 
x 
x 
x 
x 

386X-B <AVRl 

FUNCTION REF 

, 386P & 386B 

CONTACT FUNCTION 

TRIPS GEN. BKR. 25F7 

TRIPS GEN. BKR. 25H<;J 
BACK UP TRANSFER TRIP 

ENERGIZES 383-llA 

ENERGIZES 383-11 

DWG. 
NO. 

E-116 

E-116 

E-116 

ABti!fi Aw@~&a©92 @n 
Ap~!itMWtJI C/;\:1~"11.i 

386C 

CONTACT FUNCTION 

TRIPS GEN. BKR. 25F7 

TRIPS GEN. BKR. 25H'l 
BACK UP TRANSFER TRIP 

DWG. 
NO. 

E-116 

E-116 

E-116 

E-136 ENERGIZES 383-llA E:-136 

E-136 ENERGIZES 383-11 E-136 

ENERGIZES 383-12,383-23 E-136 ENERGIZES 383-12,383-23 E-136 

ENERGIZES 383-21 E-136 ENERGIZES 383-21 E-136 

ENERGIZES 383-22 E-136 ENERGIZES 383-22 
TURBINE TRIP SOLENOID E-121 TURBINE TRIP SOLENOID 
ENERGIZES 383-12A 

,·.,. 

386X-C CAVRl 

FUNCTION REF 

E-136 ENERGIZES 383-12A 

GENERATOR LOCKOUT RELAYS 
TYPE 'WL' MANUALLY RESET 

NOTES: 

E-136 

E-121 

E-136 

3 .---f I---e 4 SPARE- - S~ARE - SPARE -

1 TEST SWITCH CONTACTS SHOWN IN 
TEST POST ION. 

PPC~SOE 1'1COE' E-53, PPC-SOEl-lOOE' E-53, PPC~SOE°"NODE E-53 
5 .---fl---e 6 lk~3~igx_p_o..,...... SH 4 ;~3s~ts_o_, SH 7 ~~3s~tc_o~ 'sH i3 

1 

2 K22 CONTACTS CLOSE AT MORE THAN 
15/. POWER. 

· 2, Pl 

~ 
1q 7-28 I RfV. DATALOGGER TO PPC SOE NOOE 

'!5 I PER FC-q33-es ' DCR·'!S-518 IHDSI I~ 
1CAA.L NONE I ....... J. L. STERRETT 

PALISADES PLANT 
CONSUMERS POWER COMPANY 

.@ 

SCHEMATIC DIAGRAM 
TURB I NE GENERATOR . 

PROTECTION-COAST DOWN 
'"'"'" 

E-120 

El20. OGN 

Figure 8-28 

9707070093-~'S 
19 
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A 
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S· 
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~ll4'UI 

y 
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1 

~"" 
START·STCP 
COMPRESSOR 

' . ' . .. 
n•<JJ1~ 

~ 

INSIDE DIESEL 

6 

! "' i ' ' 

... , 

~· P•90~A' ' 
lP·"!05BI 

I' 

~ 0P. 
ITHl; 1 ~~0.I (~~ -"i'·('..:.;.~-,~Hl~1·~8wc1 

1"·111)0-C!E 516 

5 

··~ . .': : . '- ., . . 
t ITHl~l~~GI 
: . . . 

-------~-----~ 
HB·O·i· ;.. , ! . 

.. .-. 

LO : ~-'5-Z:;,·. 

: , i--.01q-oe rn~ 

EMERGENCY DIESEL GENERATORS 
DAY TANKS 

;~ACKET W~fER :SYSTEM 

TL~~~E~~\;>-f,.-;+~.-,~,~,-T~T~Y 
fo HAlN BEARINGS 

+HHHH 
.TO PISTONS 12 PER BE.,,RINC.J 

-_INfERNAL SU'"'P 

DETAIL '8" 

1: 
.. 

4 ·-

' i 
1(·68 

OIL RESEAVE 
ISC:E TYflCAl . ..I 

3 

LOC~ 
(J0141 

~· ~ BECHTEL 

-t 

' PRE 
LUSE 
TIMER 

·' 

[14711 

9807090043 

FUEL TO 
OIE5£L 

RETURN 

JB·2'J·20" 

(}2-':-i!!l!M'l 
AIA INf;.I([ 

FILTER 
SILEl'iCER CCUTSICE) 

TO INJ'::CTCRS 

tttttitlt 
~NOTE 2 

nnnih 
TO INJECTORS 

DETAIL "A" 

c 

FUEL OIL SYSTEM 
F 

-
2 

E 

~floo ~~&.ioG®lb~0 ~ 1~1 
~jpJ@~~U"® {C~IJ!fi 

'·tqE£(~0i~·~~:/t;: fl)~s~~c.o~~J~E PLATE WlfH 
2. INJECfOA HE.lOERS AkQ INOIVIOU:.t INJECTIO"I LINES 

WlE INSICE DIESEL: FLEXIBLE CQNNEC T ION Cil0$50VER 
RUNS ATOP OlESEL HOUSING. 

3. Two TURBO (11;.ricc:i:~ INLET LINES ANO OUTLET 
LINE TO OIC.:5EL A"1E FLEXIBLE CO,.,,.,ECTIONS. 

4, LPU REFERS TO LCC.,,L PROCESSING UNIT 
HC<l02·LPU·EXP·l. 

5.FES "16·172 Ctt.:.NCEQ OEIZ0 
TO 313 Y~ YE. 

• r1-1E CLOt.JOEO PCiHICN CF rHIS QFIA'J(~IC HAS BC:EN 
AFFECTEO Bt A TH [NCCFIPQRAT£0 !IHO SOP·ZI. REY. 
IJ. AT rACHl"'ENT I. THIS TM PRQY/OES FOR MC."'11.ll. 
TRANSFER OF DIESEL FUEL FROM T·ICI~ TO T·Z4 OR 
T·40. 

Consumers Energy 
PALISADES PLANT 

PIPING & INSTRUMENT DIAGRAM 
LUBE OIL, FUEL OIL & 

DIESEL GENERATOR SYSTEMS 

M214 

1 

FIG 8-29 .. 

c 

B 

MZL4·\.0C.N A 

60 

3 2... FSAR REV 20 
,,, 
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MDNBR Analysis 
Fuel Tern erature.,_Anal sis 

· "PcH.s<:>nfRd.d :'1!~em!f~~· "ftir.e;:.::Anafis i:i§:.,:'.,~·.· 
Behavior of 'Gado.linia Bearing1'-'Fii~1 c:. 

MECHANICAL DES:]:GN ,AND -EYALUAT'.fm;r: 
':'3 :'-3 ~'4. 1 Reactor Internals 
·~3.:3.4.2 Control Rod Dri;ve :Mechanism 

'~.3-;:j :4. 3 Core Mechaiffc .. :~,:, .. 1,,,·.:.'.:' .. 1J· .. ··.~.s-~_·:~.'-~.?g····.· .• ~.·.:.:~ .•. -· .. :. -.· :~.: • '.l~
1

:J::: c:. 
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4.1 

4.2 .. 2 
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CHAPTER 9 

AUXILIARY SYSTEMS 

9.1 SERVICE WATER SYSTEM 

9.1.1 DESIGN BASIS 

The Service Water System is designed to supply lake water as the cooling medium 
(Ultimate Heat Sink) for removal of waste heat from the nuclear plant and steam 
plant ~uxiliary systems during normal, shutdown or emergency conditions. 
Separate service waterlines serve the Plant critical and noncritical systems. The 
critical system is divided into two independent trains, which are CP Co Design 
Class 1 . The service water pumps are located in the CP Co Design Class 1 portion 
of the intake structure. The service water piping within the containment building 
is missile protected. 

9.1.2 SYSTEM DESCRIPTION AND OPERATION 

9.1.2.1 System Description 

Three half-capacity electric motor-driven pumps draw screened and intermittently 
chlorinated Lake Michigan water from the intake structure (Figure 9-1). Two 
motors are connected to one 2.4 kV bus and the third motor is connected to a 
separate 2.4 kV bus. Each pump can be started or stopped remotely from the 
main control room or locally at the switchgear. 

Each service water pump discharges through a simplex strainer into a common 
header. Each pump can be isolated from this header by a hand-operated valve in 
the pump discharge. 

The common header of the service water pumps has a full-capacity takeoff at each 
end which supplies critical Plant systems. A third takeoff at one end of the 
common header supplies the noncritical auxiliary systems. The common header 
contains sectionalizing valves which can be closed from the main control room if 
isolation of a portion of the service water supply system is required. 

The two critical service waterlines run underground by different paths from the 
intake structure to the auxiliary building. The two lines are joined in the auxiliary 
building by a double-valved crosstie. Each line has an isolation valve immediately 
upstream of the crosstie. These four valves permit the isolation of either critical 
line. Each valve is a fail open, diaphragm type and can be actuated remotely from 
the main control room or by a local handwheel. 
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Downstream of the crosstie, each line supplies cooling water to one set of the 
redundant components including an emergency diesel generator heat exchanger, a 
control room air-conditioning unit, an air compressor after-cooler and an 
engineered safeguards room cooler. In addition, Train A supplies cooling water to 
the component cooling water heat exchangers while Train B supplies cooling water 
to the containment air coolers. 

The service water discharge from equipment carrying potentially contaminated 
fluid is continuously monitored for radioactivity, enabling radioactive leakage into 
the service water to be detected before service water is released to the lake. 

Provisions are made to connect the fire system to the Service Water System as a 
partial backup. 

In the event that water is not available to the intake structure due to a collapse of 
the intake crib or a similar type failure, approximately 17,000 gpm flow to the 
intake structure may be supplied from the mixing basin or makeup basin via the 
warm water recirculation pump P-5. 

Systems supplied by the Service Water System and cooling water flow 
requirements for equipment supplied by the Service Water System are tabulated in 
Table. 9-1. 

In response to Generic Letter 89-13, a program was established to address the 
issue of biofouling of the service water system. Elements of this program include 
periodic inspections of the service water pump intake bay and service water 
system components, chlorination of service water, periodic flushing of infrequently 
used cooling loops and periodic verification of service water system flow rates and 
heat exchanger heat transfer capabilities (see Reference 6). 

9.1.2.2 Component Description 

Design ratings of components in this system are given in Table 9-2. 

9. 1.2.3 System Operation 

1 . Normal Operation 

Two service water pumps are required to furnish the normal cooling 
water demand; the third pump will normally be on standby. Two 
pressure switches are provided in the discharge of each pump 
connecting to the starting circuits of the remaining two pumps. If the 
service water pressure falls below a preset value, one of the switches 
initiates automatic starting. The auto-start feature is automatically reset 
on bus undervoltage to prev~nt cycling the pump breaker onto a dead 
bus. · 
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Shutdown Operation 

Service water flow requirements during shutdown cooling will remain 
essentially the same as for normal operation. Both component cooling 
water heat exchangers are used to cool the primary coolant from 300°F 
to the refueling temperature. Service water flow is maintained to 
equipment on an as-needed basis (eg, VRS, FWP, containment air 
coolers.) 

Post-OBA Operation 

Either one or two service water pumps are required to provide cooling in 
the event of a DBA, depending on the accident events. If Plant offsite 
power sources are lost, all pump motors are automatically supplied with 
power from the emergency diesel generators with one pump on 
Diesel 1-1 and two pumps on Diesel 1-2. Cooling water demands can be 
met with one pump if only Diesel 1-1 is operating provided service water 
to containment is isolated, and with two pumps if only Diesel 1-2 is 
operating. 

Service water through most noncritical systems is terminated by 
automatic closure of the noncritical header shutoff valve on a Safety 
Injection Signal (SIS), thus ensuring that all available service water is 
routed to the critical systems. The automatic shutoff valve can also be 
actuated remotely from the main control room or by a local handwheel. · 
This does not isolate all non-critical loads; air compressors are not 
isolated because their availability for use is highly desirable, and their 
service water requirements are not significant (see Table 9-1). 

On loss of instrument air, main valves to the CCW heat exchangers fail 
open, while the bypass valves failed closed to conserve service water. 
Hard stops are placed on these valves to prevent them from going full 
open and starving other critical services. Service water is continued to 
all critical systems' heat exchangers. Engineered safeguards pumps seal 
cooling is normally provided from the Component Cooling System; 
however, if that system is not operable, the Service Water System can 
be aligned for seal cooling. 

The Service Water System is tested periodically to determine the flows 
to equipment on the critical headers. The system· is aligned as it would 
be following a DBA coincident with a loss of offsite power, loss of a 
diesel generator, and a loss of instrument air . 
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The maximum allowed service water temperature was determined by 
analysis to be 81 . 5 ° F. The service water temperature has exceeded 
81.5°F on one occasion since 1982 for a very short'duration (less than 4 
hours). The NRC issued an SER in 1987 (Ref. 8) that recognized the 
possibility of elevated SW temperatures, but concluded that the 
likelihood for the incident of concern occurring was negligibly low. That· 
incident being a DBA LOCA, loss of offsite power, loss of a diesel 
generator, plant at power, and Service Water inlet temperature above 
80°F. Now, the maximum temperature is 81.5°F making it even less 
likely for the event to occur. The NRC also recognized that the time 
periods of elevated lak~ temperature are shorter than the time required to 
complete an action statement and therefore required no Technical 
Specification limit on ultimate heat sink temperature. 

Even in the unlikely event that the .incident of concern should occur the 
operators monitor SW system header pressure. If the header pressure 
reaches a predetermined low pressure corresponding to low flows to the 
various components the operators are procedurally instructed to align the 
Fire System to the Service Water System and start a fire pump. This 
action increases the flows to the critical components by approximately 
10% as shown by past testing. This additional flow ensures that each 
component is capable of performing its design function for Service Water 
temperatures well in excess of any temperature ever measured. 

DESIGN ANALYSIS 

• 9.1.3.1 Margins of Safety 

• 

System reliability is achieved with the following ,features: 

1 . Each of the three service water pumps is capable of supplying 50% 
service water during normal, shutdown and post-OBA conditions. 

2. . Pump motor power is normally supplied from offsite sources with backup 
from the emergency diesel generators. 

3. Redundant service waterlines supply critical systems. Loss of one 
header does not compromise Plant safety. 

4. The fire pumps can be valved into the critical service water header 
thereby serving as a partial backup to the Service Water System . 
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9.1.3.2 Provisions for Testing and Inspection 

Components of the Service Water System outside the containment building and 
aboveground are accessible for periodic inspection during Plant operation . 
Components inside the containment building are accessible only after Plant 
shutdown. This system is always in operation, but each service water pump can 
be periodically tested for auto-start by selection of one pump for standby service 
and tripping of one operating pump. After start-up, the piping is subject to the 
inservice inspection requirements of the ASME Boiler and Pressure Vessel Code, 
Section XI. 

9.1.3.3 Discharge Line Rupture Analysis 

The critical service water piping system consists of two main supply lines; one 
serving the component cooling heat exchangers, one serving the containment air · 
coolers. One common discharge line returns the total service water to the cooling 
tower makeup basin. Each supply line also serves equipment comprising the 
minimum engineered safeguards for post-OBA cooling. The supply system is 
provided with valves to permit isolation of either of the main supply lines in the 
event of pipe failure. · 

The qischarge piping system consists primarily of a 16-inch line from the 
containment air coolers and a 24-inch line from the component cooling heat 
exchangers. These two discharge lines are joined into a single 24-inch discharge 
line in the west engineered safeguards room. After the single 24-inch discharge 
line receives the service water from the engineered safeguards pumps seal coolers, 
the room air coolers and the control room air-conditioning units, the line is run 
underground to the discharge structure. The underground section receives service 
water from the air compressors, auxiliary building air-conditioning condensers, 
emergency generators and the noncritical equipment. 

The containment air coolers 1 6-inch discharge line leaves the containment at 
elevation 611 feet 1 0 inches, turns down into the west engineered safeguards 
room through the component cooling equipment room floor at elevation 590 feet 
0 inche~ and joins the 24-inch line from the component cooling heat exchangers. 
The single 24-inch discharge line is approximately 3 feet long in the west room. 
The single discharge line leaves the west room at elevation 579 feet 0 inches and 
is routed underground directly to the cooling tower pump suction/discharge basin 
at elevation 583 feet 0 inches. 

Failure of the individual branch lines beyond their isolation valves and the single 
line have been analyzed to determine that failure in any part of the discharge 
piping will not result in significant flooding above the 590-foot floor. The amount 
of flooding has been based on the following: 

1. Continuous spillage from a failure in a branch line will be backflow only. 
The supply can be valved off by closing the associated branch line 
valves . 
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2. Backflow through a ruptured branch line or spillage from the single line 
will be terminated at a water depth above the discharge elevation, of 
583 feet, equal to the friction loss for the appropriate flow through the 
discharge line to discharge structure. The maximum friction loss and 
thus the maximum flood level occurs when the flow through the 
discharge line is the greatest. 

With a service water flow of 16,386, a postulated slot rupture in the single 24-
inch discharge line would result in a flood level elevation of 590 feet (Ref 12). All 
piping penetrations through the 590-foot floor are sealed and the maximum 
flooding depth will not result in any continuous leaka,ge above the 590-foot floor. 

All miscellaneous critical equipment connected to the common discharge line is 
provided with block valves in the individual discharges and can be isolated if 
required. The individual discharge lines are small and do not represent a potential 
large flooding source except for the emergency generators. These lines are each 
six inches, they do not penetrate the dividing wall, and the outlet block valves 
have been located outside of the generator rooms so that backflow through a 
rupture line associated with one generator will not enter the second generator 
room . 
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9.2 REACTOR PRIMARY SHIELD COOLING SYSTEM 

9.2.1 DESIGN BASIS 

The reactor Shield Cooling System is designed to remove heat from the biological 
shield surrounding the reactor vessel thereby limiting the thermal stresses in the 
structural concrete. It is not a safety-related system and was designed to CP Co 
Design Class 3 standards. 

The system is designed to maintain concrete temperature below 165°F. The system is 
to assure that the concrete in the reactor cavity does not overheat and develop 
excessive thermal stress. One shield cooling pump and one set of cooling coils will be 
in operation whenever cooling is required to maintain the temperature of the concrete 
below approximately 165°t=. The system is capable of removing 180,000 Btu/h. During 
normal Plant operation, the total heat load in the concrete is 120,000 Btu/h. This heat 
load consists of 85,000 Btu/h of convective and radiative heat losses from the reactor 
and 35,000 Btu/h of nuclear heat generated in the shield from the interaction of gamma 
rays and neutrons with the concrete. 

9.2.2 SYSTEM DESCRIPTION AND OPERATION 

9.2.2.1 System Description 

The Shield Cooling System is a closed loop system consisting of two full-capacity sets 
of cooling coils, two full-capacity pumps, a heat exchanger, a surge tank, associated 
piping, v~lves, instrumentation and controls as shown on Figure 9-2. 

All components of the system are located within the containment building. 

Each set of shield cooling coils is composed of individual cooling coils embedded in the 
concrete shield. The distance between the inner surface of the concrete and center 
line of cooling coils is three inches. 

The supply header to each set of cooling coils is provided with a diaphragm-operated, 
f~il-open valve operated from the main control room. A check valve is provided in the 
discharge header for each set of coils to prevent flow from the coils in service into the 
coils which are out of service. 

The closed loop system transfers heat to the Component Cooling Water System by 
means of the shield cooling heat exchanger. Demineralized water with a corrosion 
inhibitor is used in the shield cooling loop . 
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9.2.2.2 Component Description 

Design ratings and design features of components of the system are given in 
Table 9-4. ., 

9.2.2.3 System Operation 

1. Normal Operation 

During normal operation, one shield cooling pump and one set of cooling coils are 
in continuous service. The idle pump is in standby. The normal flow through the 
shield cooling coils is from 134 to 154 gpm. The shield cooling heat exchanger is 
in continuous service with the shield cooling water flowing through the tubes and 
component cooling water through the shell. 

Both pumps can be started and stopped from the main control room. The standby 
pump starts automatically on low discharge header pressure. 

The surge tank is installed at elevation 649 feet O inches in order to maintain an 
approximately constant suction head of 27 psig on the pumps. Makeup water to 
the tank is normally pumped from the primary system makeup storage tank 
through an on-off solenoid valve which is actuated by a level switch on the surge 
tank. The condensate storage tank can be used as an alternate makeup supply. 
High and low level in the tank is annunciated in the control room. The tank vents 
directly to the containment atmosphere and this protects the tank from 
overpressurization. 

The temperature of the shield cooling water is regulated by manual adjustment of 
the component cooling water outlet header butterfly valve. 

Temperature indication, high temperature (120°F) and low flow annunciation from 
the discharge of each set of coils are located in the control room. If the cooling 
coil set in operation becomes inopera-tive, the standby set is brought into 
operation by opening the inlet header control valve manually from the control 
room. Both pumps can supply cooling water to either set of coils. 

The shield cooling system is used to maintain the concrete temperature below 
165°F, thus preventing weakening of the structure through loss of moisture. The 
structure must remain intact during a OBA to preclude damage to the reactor 
building sump and the plugging of the suction lines to the engineered safeguards 
pumps. One pump and one set of cooling coils is more than adequate to remove 
the 120,000 Btu/hr heat load-at Rated Power operation. The capacity of the 
reactor cavity concrete to sustain temperatures greater than 165°F is discussed 
in Reference 23. 
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The steady-state temperature profiles (reference 28) used in the design of the 
primary shield during normal operating condition and design basis conditions are 
shown in Figures 9-3 through 9-6. 

2. Shutdown Operation 

During hot reactor shutdown conditions, the operation of the system is the same 
as during normal operating conditions. 

The temperature profiles in the primary shield are similar to those during normal 
operating conditions. 

During cold shutdown of the reactor, one shield cooling pump will continue to 
operate during the initial hours. Subsequently, as the reactor temperature 
decreases to a point such that the resultant temperature to the shield concrete 
remains below approximately 165°F without cooling, the shield cooling pump can 
be stopped manually. 

3. Post-OBA Operation 

The cooling system is not required after a DBA. 

9.2.3 DESIGN ANALYSIS 

9.2.3.1 Margins of Safety 

Each of the two sets of shield cooling coils is capable of removing 180,000 Btu/h .. The 
heat exchanger is capable of removing 200,000 Btu/h of heat. However, the maximum 
heat load on the system is only 120,000 Btu/h. There-fore, there is an appreciable 
capacity margin in the Shield Cooling System. -

Each pump is capable of handling 100% of the required cooling water flow for removing 
180, 000 Btu/h . 
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9.3 COMPONENT COOLING SYSTEM 

9.3.1 DESIGN BASIS 

The Component Cooling Water System, Figure 9-7, is designed to cool 
components carrying radioactive and potentially radioactive fluids. It provides a 
monitored intermediate barrier between these fluids and the Service Water System 
which transfers the heat to the lake. Thus, the probability of leakage of 
contaminated fluid into the lake is greatly reduced. 

System components are rated for the maximum heat removal requirements that 
occur during normal, shutdown or accident operation as applicable. The parts of 
the system located inside containment are isolated in the event of a containment 
high-pressure signal (CHP). The component cooling water to the evaporators and 
spent fuel cooling system are isolated on SIAS. The system is designed to CP Co 
Design Class 1 requirements. 

9.3.2 SYSTEM DESCRIPTION AND OPERATION 

9.3.2.1 System Description 

The system is a closed loop consisting of three motor-driven circulating pumps, 
two heat exchangers, a surge tank, associated valves, piping, instrumentation and 
controls. The Component Cooling System is shown on Figure 9-7. The system is 
continuously monitored by a process monitor which detects radioactivity which 
may have leaked into the system from the fluids being cooled. 

The component cooling pump motors are connected to two separate 2,400 volt 
buses, with one pump on one bus and the remaining two on the other. The 
pumps can be started and stopped from the main control room and also locally at 
the switchgear. 

System volume expansion and contraction due to start-up, shutdown and changes 
in load are accommodated by an elevated surge tank which also maintains a 
constant static head of approximately 28 psi on the pump suctions. The system 
can be vented to the auxiliary building through a diaphragm-operated three-way 
valve on the surge tank. The auxiliary building in turn vents to the outside 
atmosphere through the Plant ventilation exhaust stack. The other port on the 
three-way valve is connected to the gas collection header and is automatically 
transferred in the event the Component Cooling System contains radioactive gases 
due to leakage from radioactive systems being cooled. A relief valve discharging 
to the liquid radwaste system is provided on the surge tank to protect from 
overpressure. 

The Component Cooling Water System uses demineralized water to which an 
inhibitor is added for corrosion control. Makeup to the system is automatically 
supplied from the primary system makeup storage tank. 
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Heat is transferred from the system to Plant service water by means of two 
component cooling heat exchangers. Cooling requirements are shown on 
Table 9-5. Service water from the critical service water-header is provided to the 
tube side of the heat exchangers and the rejected heat from the system is 
discharged by service water into the cooling tower makeup basin. 

Four main supply lines are provided to the various areas of the Plant as follows: 

1. To Shutdown Cooling Heat Exchangers 

2. To Engineered Safeguards Pumps 

3. To Spent Fuel Pool Heat Exchangers and Radwaste Equipment 

4. To Services Inside the Containment 

Supply valves in these lines are operable from the main control room and all, 
except the containment isolation valves and the fuel pool supply line valve, are 

· Operable from the Engineered Safeguards Auxiliary Panel. 

Two full-capacity valves installed in parallel are provided in the line supplying 
component cooling water to the shutdown heat exchangers. 

9.3.2.2 Component Description 

Design ratings and construction features of system components are given in 
Table 9-6. 

Material for components, connecting piping and valves in contact with component 
cooling water is carbon steel, cast iron or bronze. 

9.3.2.3 System Operation 

Flow requirements for various operational modes are shown in Table 9-7. 

1 . Normal Operation 

During normal operation, one or two of the three component cooling 
pumps and the two component cooling heat exchangers will be in 
service. The pump(s) runs continuously with the other pump(s) in 
"Standby." The number of pumps running is determined by the 
discharge header pressure. The auto-start feature is automatically reset 
on bus undervoltage to prevent cycling the pump breaker onto a dead 
bus . 
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Both component cooling heat exchangers are required to be in service 
during all plant operating modes above cold shutdown because both heat 
exchangers are required to remove accident heat loads and operation 
with only one heat exchanger could result in excessive flow rates {eg, if 
a safety injection signal is initiated) that damage the heat exchanger. 

The temperature of the component cooling water at the heat exchanger. 
discharge is controlled between 72 °F and 90°F by regulation of the 
service water flow. Gross adjustment required by seasonal temperature 
variations in the service water temperature is achieved by adjustment of 
hand indicating controllers {HICs), which position the heat exchanger 
service water outlet butterfly valves. Short-term fluctuations in CCW 
temperature are addressed by automatic temperature control of the globe 
valves that bypass the butterfly valves. High/low component cooling 
temperature is annunciated in the control room. The service water 
discharge temperature from each component cooling heat exchanger is 
indicated in the control room. 

Makeup to the Component Cooling System is pumped to the surge tank 
from the primary system makeup storage tank through an automatic 
on-off diaphragm-operated valve which is actuated by a level switch on 
the surge tank. Tank low level is annunciated in the control room. 
Chemicals for corrosion control are added to the component cooling 
water chemical addition tank. By recirculation of cooling water through 
a recirculating header connecting the discharge header to the chemical 
addition tank, the chemical solution flows from the tank into the pump 
suctions where it mixes with the component cooling water and is 
gradually distributed throughout the Component Cooling System. 

A radiation monitor in the pump discharge header detects. radioactivity 
which may have leaked into the system from the equipment associated 
with the nuclear Plant. High activity is annunciated in the main control 
room. If the radioactivity level in the system reaches a preset level 
above normal background as detected by the radiation monitor, the 
three-way valve on the surge tank, if open to room atmosphere, is 
automatically closed to room atmosphere and opened to the vent gas 
collection header which is a portion of the gaseous radwaste treatment 
system . 
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Shutdown Operation 

During shutdown cooling, two component cooling pumps and both 
component cooling heat exchangers cool the primary coolant from 300°F 
to cold shutdown. In this case, the remaining pump will act as a spare 
and is manually started from the control room. 

Component cooling water is supplied to the shutdown cooling heat 
exchangers by remote-manual opening of the diaph~agm-operated valves 
in the supply he_ader from the main control room. At the start of the 
shutdown cooling operation, the component cooling ~ater heat 
exchanger outlet temperature is at a maximum temperature of 90°F. 

Emergency Operations 

On initiation of the Safety Injection Signal (SIS) , the supply of 
component cooling water to the Spent Fuel Cooling System and to the 
radwaste evaporators will be cut off by automatic closure of supply 
and/or return line valves. This assures additional cooling capability by 
the system for the safety injection and containment spray water when it 
is recirculated through the shutdown heat exchangers, and for cooling 
the glands of the safety injection, charging and containment spray 

. pumps. An SIS with right channel failure would not isolate CCW through 
the SFP and radwaste evaporators, which are non-essential loads. The 
resulting CCW flow still meets minimum flow requirements to essential 
loads or reduced flows have been shown to be acceptable (references 26 
and 29). The valves in the gland cooling water supply and return headers 
for the ESS pumps do receive an SIS signal, however, they are normally 
in their SIS position. Therefore, no valve repositioning is required to 
provide CCW to the ESS pumps (reference 27). 

If offsite power to the CCW pumps is available during an SIS, all three 
pumps will be started. If offsite power is not available during an SIS, the 
component cooling pumps are momentarily shed from the power supply 
buses. After the emergency diesel generators have energized the buses, 
two of the pumps are automatically started by the DBA sequencers. The 
third pump, though not required per accident analyses, is sequenced to 
standby and will only start on CCW system low pressure if neither of the 
other two pumps start. The system valve lineup for accident conditions 
is such that one pump is capable of providing required CCW flow to the 
two CCW heat exchangers at a higher pressure than the low pressure 
standby pump start setpoint . 
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If offsite power to the CCW pumps is lost and SIS is not present, then 
the pumps are shed from their respective bus. After the emergency 
diesel generators have energized the buses, two of the pumps are 
automatically started by the normal shutdown (NSD) sequencers. The 
third pump is sequenced later but only starts if a low pump discharge 
pressure is present, indicating that the other pumps have not started. 

Upon receipt of an SIS , the valves in the component cooling 
water-supply lines to the shutdown cooling heat exchangers open. Upon 
receipt of a low-level signal from the SIRW tank, the valves in the 
component cooling heat exchanger main service water outlets and 
component cooling water inlets open to ensure maximum cooling water 
supply during the containment spray and safety injection recirculation 
mode; however, to conserve service water during RAS, the CCW heat 
exchanger outlet bypass valves close. Under this condition, neither the 
service water nor the component cooling water flows are modulated. 
The control valve in the. supply line to the Spent Fuel Cooling System can 
be opened and closed remotely from the control room at the discretion of 
the operator in order to prevent overheating of the· spent fuel. pool. 

The gland cooling water for the safety injection and containment spray 
pumps is backed up by service water from the critical Service Water 
System (see Subsection 9.1.2) in case of failure of the component 
cooling water supply. Low cooling water flow in the supply header to 
each engineered safeguards equipment room is annunciated in the 
control room. Changeover from one supply to the other is performed by 
manual operation of the Component Cooling Water Supply and Return 
Valves. The air supply for the Service Water Control Valves is then 
unisolated and one of the two Service Water Supply Valves along with 
the Return Valve are opened. The Service Water and Component 
Cooling Water Control Valves can be operated from the main Control 
Room or from the local Engineered Safeguards Auxiliary Panel. The air 
supply to the Service Water Control Valves is normally valved out of 
service to ensure a spurious operation of one of the Service Water 
Valves does not result in a loss of Component Cooling Water inventory. 

The containment isolation valves in the Component Cooling System are 
designed to fail in the "Open" position in the event that air or control 
power is lost to the valve. This failure mode precludes the undesirable 
loss of component cooling water to the primary coolant pumps, control 
rod drive mechanisms, letdown heat exchanger or shield cooling coils· 
during normal Plant operations·. In the event of an accident which results 
in a containment high-pressure signal, the containment isolation valves in 
the Component Cooling Water System will close. If instrument air is also 
lost during this accident condition, the integrity of the containment will 
be maintained by the check valve in the supply header to containment 
and by the return header isolation valves w.hich are provided with an air 
accumulator sized to place and maintain the valves in a "Closed" 
position. 
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9.3.3 

9.3.3.1 

1 . 

2. 

3 . 

A review was performed to assess the vulnerability of CCW piping within 
containment to failure caused by a high-energy line break (HELB). Failure 
of this piping, coupled with the CCW supply valve to containment 
(CV-0910) failing open due to a loss of air, could cause a complete loss 
of CCW inventory. The review concluded that this CCW piping within 
containment is not vulnerable to failure caused by a HELB (see 
Reference 7). 

DESIGN ANALYSIS 

Margins of Safety 

Any one of three pumps is capable of supplying component cooling 
requirements during normal Plant operation. During shutdown, one 
pump can furnish at least 50% of the maximum shutdown cooling water 
requirements. For post-OBA operation, one pump can furnish 100% of 
the required capability for cooling the containment spray and safety 
injection recirculation water. For the Left Channel OBA condition, 
containment cooling is achieved using containment spray. For the right 
channel OBA, containment cooling is achieved using one spray pump and 
containment air coolers (VHX-1,2&3), which do not require CCW. 

Pump motor power is normally supplied from offsite sources with backup 
supplied from the emergency diesel generators. 

Two 50% capacity heat exchangers (based on maximum duty during 
shutdown cooling) are provided; each heat exchanger alone is capable of 
primary system cooldown at a reduced rate. Under post-OBA conditions, 
each heat exchanger is capable of handling at least 50% of the heat duty · 
required, but neither is capable of handling 100% of the heat duty by 
itself without development of excessive flow conditions. Therefore, both 
heat exchangers are required to be operable at all times during normal 
operation. 

4. Two full-capacity valves installed in parallel in the component cooling 
water-supply header to the shutdown heat exchangers ensure a reliable 
supply of cooling water for shutdown and for the post-OBA recirculation 
mode of operation . 
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9.3.3.2 Provisions for Testing and Inspection 

Each pump was shop-tested in accordance with requirements 'Of the Standards of 
Hydraulic Institute. The heat exchangers were each hydrostatically tested in 
accordance with the requirements of the ASME B&PV Code, Section Ill, Class C, 
1965. Valve bodies were hydrotested in accordance with requirements of 
AWWA-C504. 

Components of the Component Cooling System outside the containment are 
accessible for periodic inspection during Plant operation. Components inside the 
containment are normally-accessible during Plant shutdown only. 

Provisions are provided as necessary to facilitate ASME Section XI Code required 
tests as well as operability and performance tests . 
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9.4 SPENT FUEi POOL COOLING SYSTEM 

9.4.1 DESIGN BASIS 

The spent fuel pool cooling system removes decay heat from spent fuel stored in 
the spent fuel pooL The system was originally designed to remove the decay 
heat from one-third of the total core fuel elements. 

The spent fuel pool cooling system is required to maintain the fuel pool water 
temperature less than 15~°F with a minimum of one spent fuel pool cooling pump 
operating. The maximum spent fuel pool heat load resulting from off-loaded spent 
fuel sh-all be less than 28.64 x 106 Btu/hr regardless of whether the heat load is 
from a one-third core off-load or a full core off-load. A heat load less than 28.64 x 
106 Btu/hr ensures that the spent fuel pool water temperature limit of 150°F is 
maintained. Heat is removed from the spent fuel pool by the spent fuel pool heat 
exchanger with component cooling water providing the cooling medium. 

The fuel handling area, including the spent fuel pool, is a CP Co Design Class 1 
structure and the entire spent fuel pool cooling system is a tornado protected, CP 
Co Design Class 1 system. 

9.4.2 SYSTEM DESCRIPTION AND OPERATION 

9.4.2.1 System Description 

The fuel pool cooling system is a closed loop system consisting of two 
half-capacity pumps, a full-capacity heat exchange unit consisting of two heat 
exchangers in series, a bypass filter, a bypass demineralizer, a booster pump, 
piping, valves and instrumentation. The spent fuel pool cooling system is shown 
on Figure 9-8. 

Materials used in the spent fuel pool cooling system are suitable for use with 
borated water ( 1 % by wt boric acid). Fuel pool makeup water is supplied from the 
SIRW tank. A backup supply of water is available from the fire system. This 
would be utilized to replenish the pool water content in the event of considerable 
loss of pool water. 

The clarity and purity of the water in the spent fuel pool are maintained by passing 
a portion of the flow through the bypass filter and/or demineralizer. Skimmers are 
provided in the spent fuel pool to remove accumulated dust from the pool. 

Connections are provided for a temporary tie-in to the Shutdown Cooling System 
to provide a backup capability for the fuel pool heat exchangers. 

The spent fuel pool cooling system is connected by valved piping to the reactor 
refueling cavity to cool the refueling cavity water during spent fuel transfer . 
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9.4.2.2 Component Description 

Design ratings and construction of components are shown in Table 9-8 . 

9.4.2.3 System Operation 

1 . Normal Operation 

2. 

3. 

For normal refueling operations, one or both pumps may be operating 
depending on t~e heat load. If both pumps are initially operating, one of 
the two pumps may -be stopped when the heat load has decreased to the 
point where it can be adequately dissipated by one pump. The pumps 
are started and stopped from the main control room or locally at the 
switchgear. A pressure switch on the discharge header annunciates low 
header pressure in the main control room. A manually controlled booster 
pump provides flow through the fuel pool filter and fuel pool 
demineralizer. The flow is regulated by manual adjustment of a butterfly 
valve in the main header in parallel with the filter and demineralizer. 

Shutdown Operation 

During cold shutdown refueling condition, the reactor refueling cavity is 
filled with borated water from the SIRW tank. The reactor refueling 
cavity water can be cooled by the fuel pool heat exchanger and purified 
as needed by the filter and/or the demineralizer. The fuel pool cooling 
pumps empty the refueling cavity water into the SIRW tank after 
refueling is completed. The fuel tilting mechanism pits can be filled and 
emptied through the fuel pool cooling system piping interconnections and 
fuel pool pumps. 

Post-Accident Operation 

In the event of a DBA, if auxiliary power is available, the pumps will 
continue to run if they were running before the accident. If no auxiliary 
power is available, the pumps are shed from the power supply buses. 
After the emergency diesel generators are running and the engineered 
safeg'uards equipment is in operation, the fuel pool cooling system can 
be operated intermittently from the main control room to remove decay 
heat generated by the spent fuel elements and thus prevent overheating 
of the spent fuel pool. 
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9.4.3 DESIGN ANALYSIS 

9.4.3. 1 Margins of Safety 

Spent fuel decay heat values for the spent fuel pool cooling system heat load 
scenario below have been calculated using the methodology in NRC Branch 
Technical Position ASB 9-2, "Residual Decay Energy for Light-Water Reactors for 
Long Term Cooling." The analysis assumed that all available storage cells are filled 
(892 fuel assemblies - 11 x 11 Westinghouse rack in cask loading region), and 
that the full core off-load _begins 216 hours (9 days) after reactor shutdown. The 
followi_ng chart shows the offload scenario (hypothetical) that bounds normal one
third core or full core offloads: 

Parameter 

Heat Load, Btu/h 

Maximum SFP Inlet Temperature, °F 
(2 SFP Pumps, 1840 gpm CCW Flow) 

Maximum SFP Inlet Temperature, °F 
(1 SFP Pump, 1840 gpm CCW Flow) 

Cooling Water Inlet Temperature, °F 

Time To Reach 212°F (0 Pumps), h 

Value 

28.64 x 106 

137.8 

145.3 

90 

3 

NOTE: The analysis was performed for fuel stored in the main pool and the spare 
tilt pit. Therefore, the results given above apply to fuel stored in either location. 

Failure of the outlet piping system would result in draining of the fuel pool to the 
outlet level which still maintains an adequate level of -water in the pool for 
shieldin~ and cooling requirements. 

Failure of the inlet piping would result in no loss of water from the fuel pool as 
there is no downcomer by which a siphon could be started. 

9.4.3.2 Provisions for Testing 

When the cooling system is inoperative, starting and stopping of both pumps can 
be tested locally and from the· main control room by manually operating the 
switches. · 
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9.5 COMPRESSED AIR AND HIGH-PRESSURE AIR SYSTEM 

9.5.1 DESIGN BASIS 

The compressed air system is designed to provide a reliable supply of oil-free air 
for instruments and controls and for service air requirements. The design of the 
system is based on an estimated instrument air consumption of 80 scfm for the 
nuclear steam supply system and 11 5 scfm for the remainder of the Plant. ~ 
Additional loads and system leakage make the total Plant requirements 250 scfm. 

The high-pressure air system is sized to allow each valve operator, normally 
supplied by air from this system, to be stroked twice with the compressors 
inoperable and the initial pressure below the low-pressure alarm set point. This 
assures operability of those cylinder-operated safeguards valves necessary for 
accident conditions as long as the minimum pressure is maintained. 

Compressed air needs for the condensate demineralizer building are supplied by 
two 1 00% capacity air compressors, which are independent of the Auxiliary 
Building Compressed Air System. 

9.5.2 SYSTEM DESCRIPTION AND OPERATION 

9.5.2.1 System Description 

Two 200 scfm (C-2A and C-2C) and one 320 scfm (C-28) nonlubricated 
compressors are provided, each with a separate receiver. C-2A and C-2C are 
cooled by critical service water, while C-28 is air cooled. C-2A and C-2C also 
have aftercoolers served with service water. C-28 has an air-cooled aftercooler. 
The air receivers are connected to the compressed air header. The receiver outlet 
air header branches into two separate air headers, one to the instrument air dryer 
and filter assembly, and one to the service air system. The system is shown on 
Figure 9-9. 

Each air system header is divided into branch lines supplying the turbine building, 
the containment building, the intake structure and the auxiliary building. 

A fail-open isolation valve is series with a check valve is located in the instrument 
air line outside the containment building. These valves are containment isolation 
valves. The isolation valve is designed to fail-open to provide a supply of 
instrument air to controls inside the containment. 

Two banks of minimum 2000 psig nitrogen bottles provide limited backup of the 
compressed air system for operation of the Auxiliary Feedwater System valves. 
One bank of eight bottles is headered into the instrument air system and supplies 
60 psig N2 to the steam supply valve in the steam supply to the auxiliary 
feedwater pump turbine drive. The second bank, of four bottles, is piped to 
supply 60 psig N2 to valves in the auxiliary feedwater supply piping to the steam 
generators. 
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The N2 backup systems for the Auxiliary Feedwater System are required for the 
operability of auxiliary feedwater valves. Any failures of the AFW N2 backup 
system will place the Plant in an LCO condition . 

Four other nitrogen backup stations equipped with minimum 2,000 psig nitrogen 
bottles, located in the auxiliary and turbine buildings, provide backup of the 
compressed air system for operation of certain safety-related valves. Each station 
is sized to provide sufficient pressure to cycle each valve once and maintain the 
valve during a postulated accident in a desired position for a certain period of time 
or for a period of at least .5 days when a valve is required to hold position 
indefinitely. One station supplies 150 psig nitrogen to the 2 safety injection pump 
mini-flow stop valves. The remaining 3 stations supply 80 psi nitrogen to 2 
containment spray isolation valves, 2 HPSI pump sub cooled suction valves, 2 
service water containment isolation valves and 1 instrument air supply to 
containment valve. Nitrogen backup to all the valves except CV-0824 (service 
water containment isolation outlet) and CV-3070 I 3071 (HPSI pump cooling 
suction) are considered enhancements to normal air system and not necessary for 
the operability of that valve. However, the nitrogen backup is required to support 
post-fire safe shutdown (Appendix R). 

The_N 2 backup system is required to make CV-0824 and CV-3070 I 3071 
operable. If CV-0824 becomes inoperable, then it places the Plant in an LCO per 
Technical Specification 3.4.4. CV-0824 is considered to be a valve directly 
associated with Service Water Pump P-78. CV-3070 is required to have an 
operable N2 backup system due to Appendix R fire concerns and is considered to 
be a valve directly associated with High Pressure Safety Injection Pump P-668. 
Both CV-0824 and CV-3070 are supplied by the same N2 backup station. 

CV-3070 and CV-3071 are required to be operable during the recirculation mode 
to ensure the HPSI pump(s) have adequate available NPSH 

One bank of air bottles provides a limited backup of the high pressure air system 
to CV-3018, P-668 HPSI Pump Discharge to Train 2. CV-3018 is required to have 
an operable backup air supply due to Appendix R fire concerns. The station is 
equipped with air bottles having a minimum pressure of 1800 psig and is located 
adjacent to CV-3018 in the West Safeguards Room. The backup air supply station 
is normally isolated and can be manually aligned to supply air at 150 psig. The 
station is sized to provide sufficient pressure to cycle CV-3018 once and maintain 
the valve in a desired position for 72 hours. It should be noted that the backup air 
supply is an enhancement and is not required for operability of CV-3018. 

The nitrogen and air backup stations are shown on Figure 9-9, Sheet 2. 

Nitrogen gas cylinders are also used to maintain an inert gas blanket on the 
internal connections of the containment electrical penetrations. See section 
5.8.6.2.2 for a further description. The nitrogen bottle stations are showi:i on 
Figure 9-9, Sheet 3. 
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There is also a nitrogen backup system installed to provide backup of the 
instrument air system to the Main Steam System's Atmospheric Dump Valves 
(ADVs). The nitrogen backup system provides 90 psig nitrogen to the ADVs 
provided by the 230 psig bulk nitrogen system. The bulk nitrogen system was 
utilized as the source of the nitrogen rather than a bottle system due to the large 
number of bottles that would have been required to provide the four hour coping 
duration necessary to meet Station Blackout requirements. Use of the bulk 
nitrogen system allows the ADVs to exceed the Station Blackout coping duration 
requirements of 10 CFR 50.63 as recommended in Reg Guide 1.155. See Section 
8.1.5 for an additional de~cription of Palisades' response to Station Blackout 
requir~ments. The sizing of the pressure regulator provides sufficient nitrogen to 
fully open all four ADVs simultaneou~ly. There is excess capacity for throttling the 
ADVs for the four hour coping duration. Nitrogen backup to the ADVs is not 
considered safety related per Reg Guide 1 . 1 55 and is not required for the 
operability of the AD Vs. However, the nitrogen backup is required to support 

. post-fire safe shutdown (Appendix R). 

The high-pressure compressed air consists of three high-pressure, oil lubricated air 
compressors, each with its own refrigeration-type\dryer and air receiver. The 
high-pressure air compressors provide high-pressure control air for 
cylinder-operated vital valves located in each of two engineered safeguards rooms 
and the turbine building. Though normally separated, these three compressors 
can, in an emergency, be crossconnected. The air receivers are sized to allow 
each valve operator, normally supplied by air, to be stroked twice with the 
compressor inoperable and the initial pressure (260 psi) far below the low-pressure 
alarm set point (300 psi). This assures operability of those cylinder-operated 
safeguards valves necessary for accident conditions, so long as the minimum 
pressure (260 psi) is maintained. Moisture is removed from the high-pressure air 
by refrigeration units in series with the compressors air-cooled aftercooler. Any 
remaining moisture is removed by periodic blowdown of the air receivers. 

The Condensate Demineralizer Building compressed air needs are supplied by 
either of two full sized air compressors, each with an integral intercooler and 
separate aftercooler and receiver. Service air is piped directly from the receivers, 
while instrument air is routed from the receivers to a dryer and then piped to the 
instruments. 

9.5.2.2 Component Description 

Design ratings and construction of components are shown on Table 9-9 . 
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9.5.2.3 System Operation 

1 . Compressed Air System 

a. 

b. 

Normal Operation 

A continuous supply of 80-100 psig instrument air is provided to 
hold power-operated valve actuators in the positions required for 
operating conditions and to provide air for modulating control 
valves. Two compressors (C-2A and C-2C) will operate at 
constant speed with interlocked controls such that both 
compressors will load and unload simultaneously in response to 
variations in the pressure in the common header. The third 
compressor (C-28) will be on automatic' standby. 

Another operating mode is with C-28 operating and C-2A and 
C-2C in standby. 

Each of the air compressors can be started, set up on standby and 
tripped by a separate control switch in the main control room. 

The instrument air header downstream of the filters has a pressure 
switch which initiates the closing of a shutoff valve on the service 
air header in the event the instrument air pressure drops to 
85 psig. In addition, low-pressure is alarmed in the control room . 

Shutdown Operation 

The system remains capable of supplying the necessary instrument 
air irrespective of whether offsite power is available or not. When 
offsite power is available, the system operation is similar to normal 
operation. In case of offsite power failure, the compressors can 
be restarted on emergency power from the diesels. 

c. Post-OBA Operation L 

In the event of a DBA with loss of offsite power, the compressor 
motors are shed from the normal ac bus. Subsequently, the 
emergency diesel generators are started and the compressors can 
be manually started after all engineered safeguards equipment has 
started to provide the air supply. During the interim period, air 
stored in the three receivers is available to meet system 
requirements. If offsite power is available, the system operation is 
similar to normal operation . 
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2. High-Pressure Air System 

The high-pressure air system is shown on Figure 9-1'0 . 

a. Normal Operation 

Each high-pressure air compressor operates automatically as 
necessary to maintain a pressure of about 325 psig in its individual 
receiver tank. 

b. Shutdown Operation 

The system remains capable of supplying the necessary air 
irrespective of whether offsite power is available or not. When 
offsite power is available, the system operation is similar to normal 
operation. In the case of offsite power failure, the compressors 
can be restarted on emergency power from the diesel. 

3. Condensate Demineralizer Building Compressed Air System 

4 . 

The condensate demineralizer building air compressors operate 
automatically as necessary to maintain a pressure of approximately 
125 psi in the air receiver tanks. 

Post-DBA Operation 

In the event of a DBA with loss of offsite power, the compressor motors 
are shed from the normal ac bus. Assuming the air compressors are not 
manually restarted from the emergency diesel generators, enough air 
supply i~ available in the receiver tanks to provide system requirements. 
If offsite power is available or power from the emergency diesel 
generators is.used, the system operation is similar to normal operation. 

9.5.3 DESIGN ANALYSIS 

9.5.3.1 Margins of Safety 

Two of the three air compressors in the compressed air system are rated to deliver 
200 scfm, while one supplies 320 scfm. The total requirement is 250 scfm. 
Therefore, during normal operating condition, approximately 200% margin of 
safety is incorporated into the system. 

During the post-OBA condition, two compressors are in operation, which are 
adequate to supply all demands . 
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The high-pressure air system receiver tanks for the engineered safeguards rooms 
are sized such that after loss of an air compressor, all connected valves can be 
cycled in one direction with sufficient air capacity remaining to accomplish the 
valve operations necessary to shift the Safety Injection System to the recirculation 
mode of operation. 

9.5.3.2 Provisions for Testing 

Each compressor can be tested to ensure operability with manual "on-off" 
switches located in the m_ain control room (one switch for each compressor). 

9.5.3.3 Failure of instrument Air 

Instrument air is primarily used for motive power for valve actuation and is not 
used in any reactor indication, control or protective circuit. The design of the 
system and redundancy of equipment and power supplies ensure that total loss of 
instrument air is highly improbable; however, attention has been given to the 
overall Plant design to ensure valve failures upon loss of air are consistent with the 
capability to maintain the Plant in a safe condition and to mitigate the 
consequences of any simultaneous incident or accident. 

During normal Plant operation or Plant shutdown, only diaphragm air-operated 
valves are required to function or to be maintained in position. The 
diaphragm-type operator will function at pressures down to 30 psig. Assuming a 
stored air capacity of approximately 200 cubic feet is available (the volume of the 
three air receivers and air piping) and the system design usage rate of 195 scfm, 
2.6 minutes is available from stoppage of all three air compressors until the 
diaphragm air-operated valves no longer function or assume their failed position. 

When instrument air system pressure drops below 85 psig, a check valve in the 
nitrogen supply from the bulk nitrogen system opens and continues to allow the 
Atmospheric Dump Valves (ADVs) to be operated remotely. This system is 
intended to meet the four hour coping duration of Palisades' Station Blackout but 
in reality could provide operation of the ADVs for several days with normal initial 
bulk nitrogen tank level. The backup nitrogen pressure for the ADVs is higher 
than for the other diaphragm air-operated valves because the ADV operators begin 
to assume their loss-of-air position at 60 psig, which is higher than that for the 
other valves. There is also a solenoid operated valve for each ADV that is set to 
shut at 80 psig. This solenoid valve is set to ensure that upon a loss of instrument 
air pressure and backup nitrogen pressure, the ADV air accumulators do not 
depressurize to the point where a "rapid open" signal from the ADV controller 
would fail to get all four ADVs open in the required time. (Through other solenoid 
valves, the air accumulators only provide air to the ADV operators during a "rapid 
open" condition.) The backup nitrogen pressure must be high enough to prevent 
this solenoid valve from actuating, thus it is set at 85 psig . 
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When the instrument air supply drops to below 60 psig, a check valve in the 
nitrogen supply from the high-pressure bottles opens and continues to feed 
auxiliary feedwater valves. The bottles are designed to supply the valves for a 
minimum of 1 2 hours. 

During a Design Basis Accident or post-OBA condition, operation of piston-type, 
air-operated valves may be desired. The piston air operator requires a minimum of 
70 psig to function and, considering the same capacity and usage rate assumed 
above, will become inoperable or will assume its failed position in 1 .4 minutes. 

As dis~ussed below, no failure of valves due to loss of instrument air precludes 
maintaining the Plant in a safe condition. 

The positions of significant air-operated valves during normal reactor operation, 
reactor shutdown and loss of motive air are listed in Table 9-10. 

Loss of instrument air during normal Plant operation may require manual trip of 
the main turbine due to the loss of control of various air operated valves. The 
turbine trip will induce the associated reactor trip. The Plant will then be 
maintained in a hot shutdown condition. Temperature of the primary system can 
be controlled through steam safety valve actuation while makeup water is added 
with the auxiliary feed pumps. In addition, the operation of the radioactive waste 
system is limited to accumulation of wastes in the drain tanks. Processing of 
waste or discharging of wastes is not possible upon loss of instrument air. 
Continued cooling of primary system components is possible in that the 
Component Cooling System and the Service Water System continue to function 
normally' with the exception that the component cooling supply to the spent fuel 
pool cooling system is secured and maximum service water flow to the three 
safety-related containment air coolers is initiated (VHX-4 inlet valve fails closed) . 
The spent fuel pool may be cooled, if required, through the temporary connection 
to the fire water system. No air-operated valve failure upon loss of instrument air 
precludes maintaining the Plant in a safe shutdown condition. 

If the Plant is in the process of being cooled down using the Shutdown Cooling 
System or the primary system temperature is being maintained by the Shutdown 
Cooling System, loss of instrument air restricts continued cooling through failure of 
LPSI pump discharge crossover valve (CV-3055) and shutdown heat exchanger 
discharge valve (CV-3025). If there is significant decay heat, system temperature 
will increase until limited by the heat removal capa~ility of the steam safety valves. 
In addition, the limitations discussed above under normal operation apply . 

9.5-7 Rev 20 



• 

• 

• 

In the unlikely event of a Design Basis Accident occurring simultaneously with 
loss of instrument air, no valve failure will limit the ability of the engineered 
safeguards system to perform its function. Maximum cooling 'is initiated to the 
three safety-related containment air coolers upon loss of air (VHX-4 inlet valve 
fails closed) and the containment spray header isolation valves fail open. The HPSI 
pump subcooling valves are opened manually at the start of recirculation. No other 
air-operated valve-operation is required of valves supplied from the compressed air 
system. Assuming the high-pressure air compressors were also lost, sufficient 
stored air capacity is available in the accumulators to open the containment sump 
suction valves after an SIRW low level is reached. Subcooling of the HPSI pump 
suctio~ is required for the post-DBA condition . 
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9.6 FIRE PROTECTION 

9.6.1 INTRODUCTION 

Following a fire at the Browns Ferry Nuclear Station in March 1975, the Nuclear 
Regulatory Commission initiated an evaluation of the need for improving the fire 
protection programs at all licensed nuclear power plants. As part of this 
continuing evaluation, the NRC, in February 1976, published a report by a special 
review group entitled, "Recommendations Related to Browns Ferry Fire," 
NUREG-0050. This repor~ recommended that i~provements in the areas of fire 
preven_tion and fire control be made in most existing facilities and that 
consideration be given to design features that would increase the ability of nuclear 
facilities to withstand fires without the loss of important functions. To implement 
the report's recommendations, the NRC initiated a program for reevaluation of the 
fire protection programs at all licensed nuclear power stations and for a 
comprehensive review of all new license applications. 

The NRC issued guidelines for fire protection programs which reflect the 
recommendations of NUREG-0050. The NRC issued 10 CFR 50, Appendix R 
guidelines in November 1 980 for operating plants, reinforcing the requirements of 
10 CFR 50, Appendix A, General Design Criterion 3. 

As a result of these fire protection program guidelines, CP Co has: 

1 . Made major Plant modifications 

2. Written new procedures and administrative controls 

3. Changed operating practices 

4. Amended the Technical Specifications via Amendments 37, 42, 60 and 
64 to the Operating License DPR -20 

5. In accordance with NRC recommendations in Generic Letter 86-10, 
removed the fire protection Limiting Conditions for Operation and the fire 
protection surveillance requirements from the Technical Specifications 
and included them in the FSAR (Section 9.6. 7). 

6. Added a condition to the Palisades Operating License which requires 
implementation and maintenance of the Fire Protection Program, as 
described in the FSAR. 

Section 9.6 has been rewritten to be an overview of the Palisades Fire Protection 
Program . 
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Fire protection consists of fire suppression systems, equipment and procedures to 
provide protection to Plant equipment, structures and personnel from fire, 
explosions and the release of toxic vapors. Fire protection also provides a means 
of maintaining the integrity of safety-related systems. Fire suppression systems 
consist of automatic sprinkler systems, automatic deluge systems, standpipe and 
hose systems and fire extinguishers located around the Plant site. Fire protection 
procedures consist of implementing procedures established to inspect, test, train 
and operate the fire protection systems. 

9.6.1.1 Other FSAR Sections Related to Fire Protection 

The Palisades plant completed an Appendix R re-analysis in 1 996. This re-analysis 
completely replaced the old Appendix R analysis. The plant systems, controls and 
instrumentation relied upon for shutdown following a fire are briefly summarized in 
Section 9.6.8. The fire area safe shutdown analysis, including details of 
··components lost, and components relied upon for safe shutdown following a fire in 
any fire area of the plant, is presented in the Post-Fire Safe Shutdown Analysis 
(PSSA), which is included in the Fire Protection Program Report described below. 

For a discussion on how the raceway and cabling system at Palisades meets NRC 
BTP CMEB 9. 5-1, Regulatory Guide 1. 75, and Appendix R to 1 OCFR50, refer to 
FSAR Section 8.5.3. 

The Fire Protection Program encompasses several documents that are contained in 
the Fire Protection Program Report {FPPR). The FPPR contains or references the 
analyses and procedures which are the basis for the Fire Protection Program. The 
FPPR contents are summarized as follows: 

1 . Fire Protection Plan - This procedure was developed to satisfy Criterion 3 
of Appendix A to 1 OCFR50 and utilizes some of the information provided 
in NRC guidance document "Nuclear Plant Fire Protection Functional 
Responsibilities, Administrative Controls, and Quality Assurance," dated 
8/19/77. The overall Fire Protection Plan identifies the various positions 
within the Palisades' organization that are responsible for the program, 
states the authorities that are delegated to each of these positions to 
implement those responsibilities, and summarizes the equipment utilized 
for fire protection, fire detection and suppression capability, and 
limitation of fire damage. The plan also describes specific features 
necessary to implement the program, such as administrative controls and 
personnel requirements of fire prevention and manual fire suppression 
systems, and the means to limit fire damage to structures, systems, or 
components important to safety so that the capability to safely shut 
down the plant is ensured. 
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2. Fire Hazards Analysis Report (FHAR) - The FHAR was performed by 
qualified fire ·protection and system engineers to: 

3. 

4. 

a. Provide an overview of the adequacy of fire protection features for 
each fire area, 

b. Identify the supporting analyses and exemptions for each fire area, 

c. Provide a general area description and describe the fire barriers 
defining ~ach fire area, and 

' 
d. Identify the potential for radiological releases from a fire in each 

fire area. 

Post-Fire Safe Shutdown Analysis (PSSA) - The fire areas identified in the 
FHAR were evaluated to determine the effect of a single exposure fire on 
equipment and circuits utilized for safe shutdown of the plant and this is 
documented in the PSSA. The PSSA identifies necessary safe shutdown 
systems and components, safe shutdown circuits and their associated 
fault consequences, raceway locations, and determines the fire 
consequences and compliance strategies for each fire area. Safe 
shutdown performance goals were established to ensure the reactor will 
be safely shut down, cooled down, and maintained in a cold shutdown 
condition in the event of a fire. The specific performance goals that 
satisfy the criteria for safe shutdown in the event of a fire are: 

a. Reactor reactivity control, 

b. Reactor coolant inventory control, 

c. Reactor coolant pressure control, 

d. Decay heat removal, 

e. Process monitoring, and 

f. Supporting functions 

Safe shutdown logic diagrams, a safe shutdown equipment list, and 
other supporting calculations are identified in the PSSA evaluation. The 
PSSA compliance strategies for each fire area were utilized to develop 
plant operating procedures that ensure the ability to safely shutdown the 
plant in the event of a fire. 

A listing and brief descriptions of NRC approved exemptions to the 
requirement of 1 OCFR50.48 and 1 OCFR50, Appendix R, is provided as a 
quick reference source. 
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5. A listing of the documents that comprise the Fire Protection Safety 
Evaluation Reports for Palisades is provided as a quick reference source. 

6. Palisades summary responses to NRC guidance provide in Appendix A to 
Branch Technical Position APCSB 9.5-1 and Regulatory Guide 1.78 and 
1.101. 

9.6.1.3 Changes to the Eire Protection Program 

1 . Changes may be made to the Fire Protection Program without prior 
approval of the NRC only if the changes do not adversely affect the 
abi.lity to achieve and maintain safe shutdown of the plant in the event of 
a fire. 

2. Specific feature·s of the approved Fire Protection Program may be altered 
subject to the following criteria. 

9.6.2 

a. Such changes do not otherwise involve a change in a license 
condition or technical specification or result in an unreviewed 
safety question (see 10 CFR 50.59). 

b. Such changes do not result in failure to complete the Fire 
Protection Program as approved by the NRC. A current record of 
such changes shall be maintained in auditable form and shall be 
available to NRC inspectors upon request. This includes an 
analysis of the effects of the change on the Fire Protection 
Program. All changes to the approved Program shall be reported 
annually, along with the FSAR revision. 

c. Temporary changes to specific fire protection features which may 
be necessary to accomplish maintenance or modifications are 
acceptable provided interim compensatory measures are 
implem.ented. 

(Reference: Amendment 152 to the Technical Specifications) 

DESIGN BASIS 

Fire protection at the Palisades Plant uses a defense-in-depth concept of design, to 
provide a high degree of safety. The Plant is designed to prevent fires, detect and 
suppress quickly any fires that do occur, limit the damage and prevent 
safety-related functions and systems from being interrupted. 

Fire protection is designed in accordance with the guidance of the National Fire 
Protection Association, the American Insurance Association, NEPIA (now American 
Nuclear Insurers) and the applicable codes and regulations of the State of 
Michigan. · 
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The fire suppression water system may also provide a backup water supply to the 
following: 

1 . Auxiliary Feedwater Pumps Suction 

2. Critical Service Water Supply 

3. Spent Fuel Pool Fill 

The diesel engine-driven fire pumps and the piping connecting the fire suppression 
water system to the Auxiliary Feedwater System are designed to CP Co Design 
Class 2 requirements (see Subsection 5.2.1.2). The remainder of the system is 
designed to CP Co Design Class 3 requirements. Appropriate valving is provided 
to separate the system, if required. 

Administrative procedures (Fire Protection Implementing Procedure 7) have been 
developed and are used to monitor and control hazardous materials when required 
for use in safety-related areas and throughout the Plant. This en~ures a minimum 
impact on Plant personnel and safety-related systems. 

9.6.3 SYSTEM DESCRIPTION AND OPERATION 

9.6.3.1 System Description 

The building structure has been designed and arranged to prevent the spread of 
fire and to ensure integrity of redundant safe shutdown systems and areas. A 
complete description of fire areas, separations, and means of fire protection is 
detailed in the Fire Protection Program Report (FPPR). 

The fire system is shown on Figures 9-12, 13 and 14. Fire suppression is 
provided by fixed water spray systems, such as sprinkler systems and deluge 
systems, fire hose reels and cabinets, portable fire extinguishers, fire barriers and 
fire detection systems. These fire suppression provisions are found throughout the 
Plant site. 

Fire hoses from fire hydrants and a standpipe system will provide protection in 
accordance with the guidance of NFPA 14, 20 and 24. 

The fire hydrant piping system is designed, installed and tested in accordance with 
the guidance of NFPA 24-1965, Outside Protection. The pumping supply system 
and fire pumps are designed and installed in accordance with NFPA 20-1959, 
Installation of Centrifugal Fire Pumps. 

The standpipe system is designed, installed and tested as a Class II system in 
accordance with the guidance of NFPA 14-1963, Installation of Standpipe and 
Hose Systems . 
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Fixed water spray systems, such as wet pipe fusible link sprinkler systems, dry 
pipe fusible link sprinkler systems, and fixed fog deluge spray systems are 
designed, installed and tested in accordance with the guidance of NFPA 13-1968, 
Installation of Sprinkler Systems, and NFPA 15-1966, Water Spray Fixed Systems 
for Fire Protection. Indication of individual systems in various areas is indicated on 
an annunciator panel in the main control room. 

Fixed fog deluge systems protect the main, start-up and station auxiliary 
transformers. Each of these deluge systems are automatically actuated and 
annunciated by a general _alarm in the main control room. A manual operated fixed 
fog del_uge system protects the charcoal filters used to maintain control room 
habitability. 

The wet pipe and dry pipe fusible link sprinkler systems are provided in selected 
plant areas as identified in the FHAR. Actuation of any sprinkler system is 
annunciated by a general alarm in the main control room. 

Readily accessible rack- or reel-mounted fire hose lines with fog-type nozzles are 
located throughout the Plant, so that all areas in the turbine and auxiliary buildings 
are within 75 feet (maximum) of a 35 psig (minimum) fog nozzle. 

Fire detection is provided in the form of smoke and ultraviolet detectors. These 
detectors were located and installed in accordance with the guidance of NFPA 
72E-1974. The fire detectors are located in selected plant areas as identified in 
the FHAR. Initiation of any of these detector zones alarms on the annunciator 
panel located in the main control room and in Switchgear Room 1 D. 

To comply with Appendix R, there is an ultraviolet fire detection system installed 
in the intake structure (Room 136). The fire detection control panel (C132) has 
battery backup and along with the detectors (11) gives alarm annunciation to the 
control room for a fire throughout the area. The ultraviolet detectors should 
eliminate nuisance alarms that could be generated by other types due to the heat 
from the exhaust system of the diesel driven fire pumps in the room. 

Portable fire extinguishers are provided at convenient and accessible locations. 
The extinguishing media are pressurized water, C0 2 or dry chemical as appropriate 
for the service requirements of the area. 

Water for the fire suppression system is supplied by one of three full-capacity fire 
pumps. Each fire pump is capable of providing water to the largest system 
demand plus fire hose streams in the area of demand. One fire pump is electrically 
driven; the other two are diesel engine-driven. Any fire pump will start 
automatically and can be manually started from the pump control panel . The 
diesel engine-driven fire pumps can also be manually started from the control 
room. 

A jockey pump with local controls is provided to maintain the fire suppression 
system full and pressurized. 
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The fire pumps are housed in the Class 1 portion of the intake structure. The 
backup supply header to the auxiliary feedwater pumps is buried underground for 
protection against tornadoes. A cross-connection provided with two, series, 
hand-operated valves connects the fire pump discharge header to the suction 
header of the auxiliary feedwater pump. One cross-connection provided with a 
hand-operated valve connects the fire pump discharge header to each of the 
critical service waterlines. Both of the above cross-connections are protected 
from tornadoes. A header terminating in a blind flange is provided in the spent 
fuel pool heat exchanger room for emergency filling. 

Electric cable fire protection is provided by approved fire barriers and fire stops, in 
addition to the above fire detection and automatic sprinkler systems where needed 
to augment separation requirements. See Section 8.5 for details of cable 
separation requirements and implementation. 

9.6.3.2 Component Description 

Design ratings and construction details of components in the systems are given in 
Table 9-12. 

9.6.3.3 System Operation 

The· motor-driven fire pump starts automatically on a low fire system header 
pressure of 98 psig with the first diesel engine-driven fire pump being started at 
83 psig. The second diesel-driven pump starts upon a pressure drop to 68 psig. 
The diesel-driven fire pumps are thus arranged to back up the motor driven fire 
pump in case the latter does not start. 

The jockey pump operates continuously to keep the system pressurized at or 
above 100 psig. Excess jockey pump discharge flow is recirculated back to the 
intake crib. Should the jockey pump be removed from service for maintenance, the .. 
fire suppression water system header pressure will be maintained through 
operation of the motor-driven fire pump or through a temporary connection to a 
service water booster pump which takes suction from the Non-Critical Service 
Water Header. In the case of a failure of the jockey pump or the temporary 
connection, the fire suppression water system will be pressurized by automatic 
operation of the motor driven fire pump by tripping of one or all of the pump's 
header pressure switches. Operation of the motor-driven fire pump is annunciated 
in the control room to alert the operator of system usage. · 

The backup supply to the other systems is activated by locally starting a fire pump 
and hand opening the block valves . 
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9.6.4 TESTS AND INSPECTION 

The fire suppression water system is provided with connections with test valves 
on the fire suppression header for periodic testing. All equipment is accessible for 
periodic inspection. 

Procedures are in effect to maintain and test in accordance with the requirements 
of Section 9.6. 7 .2 and established standards. 

9.6.5 SAFETY EVALUATION 

9.6.5.1 Eire Protection Program Report (EPPB) 

The Fire Protection Program Report includes a section titled, Fire Protection Safety 
"Evaluation Report," which contains the Safety Evaluation Reports (SERs) issued 
by the NRC and constitues NRC approval of Palisades' Fire Protection Program. 
These SE Rs are listed below. ) 

1. "Fire Protection Safety Evaluation Report," dated September 1, 1978, 
evaluated Palisades' response to NRC guidelines issued pertaining to 
NUREG-0050 , "Recommendations Related to Brown's Ferry Fire." 

2. "Supplement No. 1 to Fire Protection Safety Evaluation Report," dated 
March 19, 1980, declared acceptable two open items from the 
September 1, 1978 report concerning cable penetration firestop 
qualification and non-approved fire detectors. 

3. "Supplement No. 2 to the September 1, 1978 Fire Protection Safety 
Evaluation Report," dated February 10, 1981, declared acceptable 
several open items from the earlier report concerning fire barriers, the 
reactor coolant pump oil collection system, and administrative controls. 
for the fire protection program. 

4. "Safety Evaluation by the Office of Nuclear Reactor Regulation Review in 
Accordance with Appendix R, Sections 111.G and 111.L," dated May 26, 
1983, approved a plan for meeting the alternate shutdown requirements 
of 111.G and 111.L, approved Palisades' resolution of associated circuits 
issues, and noted Palisades' promise to prepare certain operating 
procedures and to verify the ability of the steam jet air ejector to achieve 
cold shutdown within 72 hours. 

·5. "Safety Evaluation by the Office of NRR - Installation of Switches for 
Appendix R," dated January 29, 1986, approved use of isolation 
switches in certain areas to protect equipment circuitry needed to safely· 
shutdown in order to meet Section 111.L.4 . 
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6. "SafetY Evaluation Regarding a Postulated Fire in the Charging Pump 
Room or Corridor," dated December 3, 1987, approved use of a 
containment spray pump in series with a high pressure safety injection 
pump to provide makeup to the primary coolant system in the event of a 
fire that disables the charging pumps. 

7. "Safety Evaluation Related to Amendment No 122 to Provisional 
Operating License No DPR-20," dated May 19, 1989, approved a 
proposed Technical Specification amendment relating to operability and 
surveillance req1:1irements for the alternate shutdown panel. 

8. "Safety Evaluation Related to Amendment 152 to Facility Operating 
License No. DPR-20," dated August 21, 1992, approved transfer of 
requirements for fire protection systems from the Technical 
Specifications to the FSAR. Also approved was the addition of Fire 
Protection Program requirements to Technical Specification 
administrative control requirements. 

rn addition to the SERs listed above, the Fire Protection Program Report contains 
transmittals in which exemptions were granted by the NRC for certain 10 CFR 
50.48 and 10 CFR 50 Appendix R requirements. Exemptions contained in the 
FPPR that do not appear in the SE Rs above are listed below. 

1 . Exemption from Section 111.G.3 of Appendix R to 10 CFR 50 which 
required a fixed fire suppression system in the control room was 
approved February 8, 1983. 

2. "Safety Evaluation by the Office of NRR Relative to Appendix R 
Exemptions Requested for the Palisades Plant," dated July 12, 1985, 
granted an exemption to Section 111.G.3 which required fixed fire 
suppression systems in the Engineering Safeguards Panel Room and in 
the corridor between the Charging Pumps' Room and the 1 C Switchgear 
Room. 

3. Exemption from Section 111.G.2 of Appendix R to 10 CFR 50 which 
required that redundant cables inside containment be separated by more 
than 20 feet with no intervening combustibles, or that fire detectors and 
a fixed fire suppression system be installed, or they be separated by a 
radiant heat shield. This exemption, dated July 23, 1985, approved the 
use of fire stops in lieu of the 20 foot separation with no intervening 
combustibles. 

4. Exemption from Section 111.G.2 of Appendix R to 10 CFR 50 as described 
above was granted June 21, 1991 in the containment air room on the 
basis of the configuration of the room and administrative controls that 
prevent local storage of combustibles . 
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9.6.6 PERSONNEL QUALIFICATIONS AND TRAINING 

There is a five-man fire brigade onsite at all times. Procedures are in effect that 
provide fire brigade training and actions required. The Fire Protection 
Implementing Procedures cover the following topics: 

Fire Protection Plan 

Organization and Responsibility 

Fire Emergency Responsibility and Response 

Plant Fire Brigade 

Fire Protection Systems and Equipment 

Inspection and Testing of Fire Protection Systems and Equipment · 

Fire Suppression Training 

Fire. Prevention Activities 

9.6.7 GENERIC LETTER 88-12 

Generic Letter 88-1 2 provides guidance for the preparation of a license 
amendment request to implement Generic Letter 86-10. Such an amendment (1) 
institutes the standard license condition for a Fire Protection Program, (2) removes 
requirements for fire protection systems from Technical Specifications, (3) 
removes fire brigade staffing requirements from Technical Specifications, and (4) 
adds administrative controls to Technical Specifications that are consistent with 
those for other programs implemented by license condition. 

This section of the FSAR contains the former Technical Specifications associated 
with fire detection systems, fire suppression systems, fire barriers, and the 
administrative controls that address fire brigade staffing. 

The Palisades Operating License states that the plant shall implement and maintain 
in effect all provisions of the approved Fire Protection Program as described in the 
Final Safety Analysis Report (FSAR) for the facility and as approved in the NRC 
Safety Evaluation Report and the plant may make changes to the approved Fire 
Protection Program without prior approval of the Commission only if those 
changes would not adversely affect the ability to achieve and maintain safe 
shutdown in the event of a fire . 
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Thus, changes can be made to the limiting conditions for operation and 
surveillance requirements in FSAR Section 9.6. 7 only if those changes da not 
adversely affect the ability to achieve and maintain safe shutdown in the event of 
a fire, and if those changes da no.i involve an unreviewed safety question as 
defined in 1 OCFR50.59. 

9.6.7.1 Requirements for Operation 

9.6.7.1.1 Fire Detection Instrumentation 

The fire detection instrumentation for each fire detection zone shown in Table 9-
11 shall be OPERABLE. 

APPLICABILITY: At all times when equipment in the fire detection zone is required 
to be OPERABLE. 

ACTION: With the number of instruments OPERABLE less than that required by 
Table 9-11. 

A. Except the detectors located inside containment, within one hour 
establish a fire tour to inspect the zone with the inoperable instrument(s) 
at least once per hour. 

B. Restore the inoperable instrument(s) to an OPERABLE status within 14 
days, or 

C. Write a Condition Report to focus management attention on the need to 
restore the inoperable instuments(s) to OPERABLE status 

D. When this Limiting Condition for Operation and/or associated action 
requirements cannot be satisfied, provisions relating to operating 
restrictions on the plant are not applicable. 

E. For detectors located inside containment, restore the inoperable 
detector(s) to operable status within 24 hours, or within the next hour, 
and at least once per hour thereafter, view with the TV camera the zone 
containing the inoperable detector or view the zone located above the 
detector. 

If a fire in containment is confirmed, be in at least hot standby within the 
next 6 hours and in cold shutdown within the following 30 hours. 

BASIS: OPERABILITY of the fire detection instrumentation ensures that adequate 
warning capability is available for the prompt detection of fires. This capability is 
required to detect and locate fires in their early stages. Prompt detection of fires 
will reduce the potential for damage to safety related equipment and is an integral 
element in the overall facility Fire Protection Program. 
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When a portion of the fire detection instrumentation is inoperable, frequent fire 
tours shall be established in the affected areas to provide detection capability until 
the inoperable instrumentation is returned to service . 

(Formerly Technical Specification 3.22.1) 

9.6.7.1.2 Fire Suppression Water System 

The fire suppression water system required for fire sprinkler systems and fire hose 
stations, as defined in Se~tions 9.6. 7 .1.3 and 9.6. 7.1.4 of the FSAR, shall be 
OPERABLE with: 

A. Two fire pumps, one of which is the south diesel driven fire pump, each 
with a capacity of at least 1 500 gpm with their discharge aligned to the 
fire suppression header. 

B. An automatic initiation logic for each fire pump. 

APPLICABILITY: At all times. 

ACTION: 

A. With the diesel driven fire pump located south of the fire protection 
assembly (radiant heat shield) in Room 136 or with two fire pumps 
inoperable, restore the inoperable equipment to operable status within 7 
days, or, write a Condition Repo~t to focus management attention on the 
need to restore redundancy in the system. 

B. With the fire suppression water system otherwise inoperable: 

1. implement the action statement in section 9.6. 7 .3 for inoperable 
fire sprinkler systems; 

2. implement the action statements in section 9.6.7.1.4 for 
inoperable fire hose stations; 

3. establish a backup fire suppression water system within 24 hours; 
and 

4. Write a Condition Report to focus management attention on the 
need to restore the fire suppression water system to OPERABLE 
status, or 

5. if 3 and 4.a above cannot be fulfilled, place the reactor in hot 
standby within the next 6 hours and in cold shutdown within the 
following 30 hours . 
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BASIS· 

The operability of the fire suppression water system ensures that adequate fire 
suppression capability is available to confine and extinguish fires occurring in any 
portion of the facility where safety related equipment is located. The fire 
suppression water system consists of the water supply, sprinkler systems, and fire 
hose stations. The collective capability of the fire suppression system is adequate 
to minimize potential damage to safety related equipment and is a major element in 
the facility Fire Protection Program. 

When portions of the fire suppression water system are inoperable, alternate 
backup fire fighting equipment is required in the affected areas until the inoperable 
equipment is restored to service. 

When the fire suppression water system becomes inoperable, immediate corrective 
measures must be taken as this system provides the major fire suppression· 
capability of the plant. The requirement for a Condition Report provides for 
prompt evaluation of the acceptability of the corrective measures to provide 
adequate fire suppression capability for the continued protection of the nuclear 
plant. 

When a portion of the fire detection instrumentation is inoperable, the 
establishment of frequent fire tours in the affected areas is required to provide 
detection capability until the inoperable instrumentation is restored to 
OPERABILITY . 

Those fire hose stations that are supplied by the service water system in 
containment will be used primarily during normal refueling operations. 

(Formerly Technical Specification 3.22.2) 

9.6.7.1.3 Fire Sprinkler System 

The sprinkler systems located in the following areas shall be OPERABLE: 

A. Cable Spreading Room 224 

B. 1-C Switchgear Room 11 6A 

C. 1-D Switchgear Room 223 

D. 1-1 Diesel Generator Room 

E. 1-2 Diesel Generator Room 

F . Southwest Cable Penetrating Rooms 141 and 250 

G. Cable Way Room 328 
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H. Intake Structure Room 136 and 136A 

I. North Cable Penetration Room 332 

J. Electrical Equipment Room 725 

K. Charging Pump Rooms 104, 104A and 104B 

APPLICABILITY: 

Whenever equipment in ttie sprinkler protected area is required to be operable. 

ACTION: 

A. With one or more of the above required sprinkler systems inoperable, 
establish a continuous fire watch with backup fire suppression equipment 
in the unprotected area(s) within 1 hour. Restore the system(s) to 
operable status within 14 days, or write a Condition Report to focus 
management attention on the need to restore the system(s) to an 
OPERABLE status. 

B. When the Limiting Condition for Operation and/or associated action 
requirements cannot be satisfied, any provision relating to the operating 
restrictions on the Plant are not applicable . 

BASIS: 

Refer to Basis Section 9.6. 7.1.2 

(Formerly Technical Specification 3.22.3) 

9.6.7.1.4 Fire Hose Stations 

The fire hose stations in the following locations shall be OPERABLE; 

A. Corridor, Room 239 

B. Viewing Gallery, Room 320 

c. Corridor, Room 106 

D. Corridor, Room 1 25 

E. Fire Hose Hydrant Station #3 

F . Turbine Building 590' Col Y-5 

G. Turbine Building 590' Col Y-18 
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H. Spent Fuel Pool, Room 220 

I. Turbine Building 609' Col H-9 

J. North Stairway in containment 612' level 

K. South Stairway in containment 612' level 

L. Fire Hose Hydrant Station #5 

APPLICABILITY: 

Whenever equipment in the area protected by the fire hose station is required to 
be operable. 

ACTION: 

A. With the fire hose station inoperable, provide an additional fire hose for 
the unprotected area at an OPERABLE fire hose station within 1 hour, 
except J and K listed above. 

B. With the fire hose station inside containment (J and K above) inoperable: 

1. when containment integrity is required, provide portable fire 
fighting equipment (eg, water fire extinguishers) at the entrance to 
containment within one hour. 

2. when containment integrity is not required, provide portaple fire 
fighting equipment (eg, water fire extinguishers) at the fire hose 
station within one hour. 

C. When this Limiting Condition for Operation and/or associated actions 
requirement cannot be satisfied, provisions relating to operating 
restrictions on the Plant are not applicable. 

BASIS: 

Refer to Basis Section 9.6. 7.1.2. 

(Formerly Technical Specification 3.22.4) 
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9.6.7.1.5 Fire Rated And Fire Protection Assemblies 

All fire rated assemblies (walls, floors, ceilings, cable tray encrosures, cable 
wraps), fire protection assemblies (radiant heat shields) and fire barrier penetration 
sealing devices in fire rated assemblies (fire doors, fire dampers, cable, piping and 
ventilation duct penetration seals) which protect safety related fire areas or 
separate portions of redundant systems important to safe shutdown within a fire 
area, shall be OPERABLE. 

APPLICABILITY: Wh_enever equipment on either side of the fire rated 
assembly is required to be operabl.e 

ACTION: 

A. . With one or more of the above required fire rated assemblies or fire 

B . 

barrier penetration sealing devices inoperable, a continuous fire watch 
shall be established on at least one side of the affected assembly within 
one hour, or verify the OPERABILITY of the minimum number of fire 
detectors or sprinkler flow switches listed in Table 9-11 on at least one 
side of the inoperable assembly and establish an hourly fire inspection or, 
install a portable detection system on at least one side of the inoperable 
assembly per plant procedures and establish an hourly fire inspection 
after installation. 

With a fire protection assembly (radiant heat shields) located outside 
containment rendered inoperable, within one hour establish an hourly fire 
inspection in that area. 

C. With a fire protection assembly located inside containment rendered 
inoperable, restore the assembly to operable status within 24 hours or be 
in at least hot standby within the next six (6) hours and in at least cold 
shutdown within the subsequent 30 hours. 

BASIS: 

The functional integrity of the penetration fire barriers ensures that fires will be 
confined or adequately retarded from spreading to adjacent portions of the facility. 
This design feature minimizes the possibility of a single fire rapidly involving 
several areas of the facility prior to detection and extinguishment. The penetration 
fire barriers are a passive element in the facility Fire Protection Program and are 
subject to periodic inspections. 

(Formerly Technical Specification 3.22.5) 
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9.6.7.2 Testing Requirements 

9.6. 7.2.1 Fire Detection Instrumentation 

Fire detection instruments located inside containment and associated alarms 
identified in Table 9-11 shall be demonstrated operable at least once each refueling 
outage. 

Fire detection instruments located outside containment and associated alarms 
identified in Table 9-11 s~all be demonstrated as operable at least once 
semiannually. 

(Formerly Technical Specification 4.17.1) 

9.6.7.2.2 Fire Suppression Water System 

9.6.7.2.2.1 Fire Pump, Valve, and Hydrant Testing 

The fire suppression water system shall be demonstrated OPERABLE: 

A. At least monthly by starting each pump and operating it at least 1 5 
minutes 

B. At least monthly by verifying that each valve (manual, power operated or 
automatic) in the flow path, that is not locked, sealed or otherwise 
secured in position, is in its correct position 

C. At least annually by performance of a system flush of the fire water 
hydrants 

D. At least annually by cycling each testable valve in the flow path through 
at least one complete cycle of full travel 

E. At least once each 18 months by performing a system functional test 
which includes simulated automatic actuation of the system throughout 
its operating sequence, and: 

1. verifying that each pump develops at least 1,500 gpm at 125 psig 

2. verifying that each pump starts (sequentially) to maintain the fire 
suppression water system pressure ~ 90 psig 

F. At least every 3 years by performing a flow test of the system in 
accordance with Chapter 5,Section 11, of the Fire Protection Handbook, 
14th edition, published by the National Fire Protection Association . 
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9.6.7.2.2.2 Fire Pump Diesel Engine and Battery Testing 

The (2) fire pump diesel engines and (2) starting 24 volt battery banks and charger 
shall be demonstrated operable: 

A. At least every 7 days by verifying that: 

1 . the electrolyte level of each battery is above the plates, and 

2. the overa!I battery voltage is ~ 24 volts 

B. At least every 3 months by verifying that: 

1. a sample of diesel fuel oil from the main storage tank (T-1 OA) 
obtained in accordance with ASTM 04057-88, is within the 
acceptable limits with respect to kinematic viscosity, water 
content and sediment, as shown below: 

2. 

Method 

kinematic viscosity 

water content and 
sediment 

Test Method 

ASTM 0445-88 

ASTM 02709-88 

I imit 

2.0 - 4.3 cSt 

<0.05% 

the specific gravity of the starting battery bank is appropriate for 
continued service of the battery. 

C. At least every 18 months by verifying that: 

1 . the batteries, cell plates and battery racks show no visual 
indication of physical damage or abnormal deterioration, and 

2. the battery-to-battery and terminal connections are clean, tight, 
free of corrosion and coated with anti-corrosive material. 

NOTE: A diesel fire pump with an inoperable battery or battery 
bank can still be considered operable as long as the 
following are met: 

1. One of the two battery banks on the diesel pump 
remains operable, and 

2. The diesel fire pump is proven capable of staring and 
operating for a minimum time of not less than 1 5 
minutes . 
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D. At least every 18 months, during shutdown, by: 

1 . subjecting the diesels to an inspection in accordance with 
procedures prepared in conjunction with the manufacturer's 
recommendations for the class of service. 

{Formerly Technical Specification 4.17.2) 

9.6.7.2.3 Fire Sprinkler Systems 

The sprinkler systems defined in Section 9.6. 7.1.3 shall be demonstrated 
OPERABLE to verify no blockage every 18 months by visual inspection of each 
accessible sprinkler head. 

(Formerly Technical Specification 4.17.3) 

9.6.7.2.4 Fire Hose Stations · 

9.6.7.2.4.1 Fire Hose Station Inspections During Plant Power Operations 

Each .fire nose station ':iefined in Section 9. 6. 7. 1 .4 A through I and L shall be 
verified to be OPERABLE: 

A. At least monthly by visual inspection of the station to assure all 
equipment is available; 

B. At least every 18 months by removing the hose for inspection and 
reracking and replacing all gaskets in the couplings, as required; 

C. At least every 3 years by: 

. 1. 

2. 

partially opening each hose station valve to verify valve operability 
and no flow blockage, and 

conducting a hose hydrostatic test at a pressure of 150 psig or at 
least 50 psig greater than the maximum fire main operating 
pressure, which ever is greater. 

9.6. 7 .2.4.2 Fire Hose Station Inspections During Refueling Outages 

Each fire hose station defined in Section 9. 6. 7. 1.4, J and K shall be verified to be 
operable: 

A. At least monthly during normal refueling outage by visual inspection qf 

B. 

the station to assure all equipment is available: · 

At least each refueling outage by removing the hose for inspection and 
replacing all gaskets in the couplings, as required; 
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C. At least every 3 years by: 

1 . partially opening each hose station valve to verify valve operability 
and no flow blockage, and 

2. Conducting a hose hydrostatic test at a pressure 150 psig or at 
least 50 psig greater than the maximum fire main operating 
pressure, which ever is greater.· 

(Formerly Technical Specification 4.17.4) 

9.6.7.2.5 Fire Rated And Fire Protection Assemblies 

9.6.7.2.5.1 Fire Rated and Fire Protection Assembly Inspections 

Fire rated assemblies, fire protection assemblies and fire barrier penetration sealing 
devices (except fire doors), shall be verified OPERABLE at least once per 18 
months by performing an inspection of: 

A. The exposed surfaces of each fire rated assembly (visual). 

B. The structural integrity of fire protection assemblies (visual). 

C. All fire barrier penetration sealing devices (visual). 

D. Fire dampers and associated hardware (functional where practicable). 

9.6.7.2.5.2 Fire Door Inspections 

At least once per six months, all fire doors shall be verified OPERABLE by visually 
inspecting the structural integrity, automatic hold-open, release, closing 
mechanism and latches and by verifying: 

A. At least once per 31 days, the OPERABILITY of the fire door supervision 
system for each electrically supervised fire door. 

B. At least once per seven days that each locked closed fire door is closed. 

C. At least once per 24 hours, that doors with automatic hold-open and 
release mechanisms are free of obstructions. 

D. At least once per 24 hours, that each unlocked fire door without 
electrical supervision is closed. 

(Formerly Technical Specification 4.17 .5.) 
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9.6.7.2.6 Emergency Lighting 

Each DC light powered by station batteries outside of containment shall be verified 
OPERABLE at least once a year. These same type of lights inside of containment 
shall be verified OPERABLE prior to removal of the reactor head. 

Each battery powered Emergency Lighting Unit (ELU) shall be verified functional at 
least once per year. 

Technical Specification 4. 7 .3 

Demonstration of OPERABILITY shall be performed every 24 months to prove 
minimum lighting duration of eight hours. 

9.6. 7 .3 Fire Brigade 

A Fire Brigade of at least 5 members shall be maintained on site at all times.* The 
Fire Brigade shall not include 3 members of the minimum shift crew necessary for 
safe shutdown or any personnel required for other essential functions during a fire 
emergency. 

* The Fire Brigade composition may be less than the minimum 
requirements for a period of time not to exceed two hours in order to 
accommodate unexpected absence provided immediate action is taken to 
restore the minimum requirements. 

• (Formerly Technical Specification 6.2.2.e) 

• 

9.6.7.4 Training 

The Palisades Fire Protection Staff is responsible for the development, revision, 
approval, and implementation of the fire brigade training program. The program 
shall, as practical, meet or exceed the requirements of NEPA 27-1975. Fire 
brigade drills shall be held at least quarterly. 

(Formerly Technical Specification 6.4.2) 

9.6.8 POST FIRE SAFE SHUTDOWN ANALYSIS 

9.6.8. 1 Introduction 

This section summarizes the results presented in numerous plant design 
documents, including drawings, engineering analyses, and the Appendix R 
Program Manager database, which collectively comprise the Palisades plant post
fire safe shutdown analysis. This summary presents the highlights and significant 
conclusions of the safe shutdown analysis. It demonstrates that the Palisades 
plant can be safely shut down following a fire in any area of the plant . 
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9.6.8.2 Methodology 

The general methodology for performing the post-fire safe shutdown analysis 
consisted of the following discrete steps: identify/verify fire area boundaries; 
ldent~fy safe shutdown systems and components; identify safe shutdown circuits 
and their associated fault consequences; identify raceway locations; and 
determine fire consequences and compliance strategies. Each of these steps is 
discussed in more detail below. 

9.6.8.2.1 Identify Fire Areas and Fire Area Boundaries 

Existing plant fire area boundary drawings were reviewed to verify that the fire 
area boundaries were explicitly and completely shown. All safe shutdown 
components and cables were verified to have assigned room numbers and fire 
areas. 

9.6.8.2.2 Identify Safe Shutdown Systems and Components 

9.6.8.2.2. 1 Performance Goals 

T_he safe shutdown performance goals establish the overall functional criteria for 
achieving safe shutdown following a fire. Achievement of these performance 
goais ensures that the reactor will be safely shut down, cooled down, and 
maintained in a cold shutdown condition. The specific performance goals that 
satisfy the criteria for safe shutdown in the event of a fire are: 

a. 
b. 
c. 
d. 
e. 
f. 

9.6.8.2.2.2 

Reactor Reactivity Control 
Reactor Coolant Inventory Control 
Reactor Coolant Pressure Control 
Decay Heat Removal 
Process Monitoring 
Support Functions 

Methodology 

Using the performance goals identified above, the systems or portions of systems 
that will be used to achieve these goals were identified. This was accomplished 
by a detailed review of various plant design documents, licensing basis 
documents, and operating and/or maintenance procedures. 

Once the required systems were identified, the P&ID's were reviewed to identify 
specific components within those systems that are necessary to accomplish the 
safe shutdown functions. When the list of mechanical systems and components 
was completed, support systems and components, including power supplies, were 
identified and added to the list. 

Finally, instrumentation required for process monitoring and support was identified 
and added to the list . 
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9.6.8.2.2.3 Safe Shutdown Logic Diagrams 

The systems and components identified as required for safe shutdown are 
depicted on the safe shutdown logic diagrams. An overall systems level logic 
diagram depicts the systems which will be utilized to achieve the safe shutdown 
performance goals listed above. Component level logic diagrams depict the 
individual components within each system that will be utilized to achieve the safe 
shutdown performance goals. 

9.6.8.2.2.4 Safe Shutdown Equipment List 

A Palisades plant safe shutdown equipment list (SSEL) was developed. In addition 
to the Equipment ID number, component description, and system, the SSEL also 
lists the plant location (room number) of the component, whether it is part of a 
high-low pressure interface between the primary coolant system and another 
system, whether it is needed only for cold shutdown, the P&ID or single line 
diagram on which it is shown, and the safe shutdown logic diagram on which it is 
shown. The components' normal position, fail air position (if applicable), fail 
electric position (if applicable), the desired hot standby safe shutdown position, 
and the desired cold shutdown safe shutdown position are also identified in the 
SSEL. 

9.6.8.2.3 Circuit Analysis and Raceway Location Identification 

9.6.8.2.3.1 Circuit Analysis 

The circuit analysis for safe shutdown components was performed using the 
methodology summarized as described below. 

For each electrically powered or controlled component listed in the SSEL, the 
applicable electrical design drawings, such as schematic diagrams, single-line 
diagrams, control wiring diagrams, instrument loop diagrams, or vendor drawings, 
were reviewed and the cables which are associated with that component were 
identified. The basis for cable identification was the Palisades Plant Cable and 
Raceway Schedule (CRS). 

Each cable was evaluated to determine the effect of each possible fire induced 
failure mode on the components' circuit, and the resulting fault consequences 
were identified. Fire induced cable failure modes considered include short circuits, 
hot shorts, open circuits, and shorts to ground, as appropriate. Fault 
consequences are dependent on the type of component, but in general include 
failures such as loss of power, loss of control, and spurious actuation/operation. 

If a fire induced failure of the cable could place the component in a position other 
than its desired safe shutdown position, or could prevent the component from 
being placed in its desired safe shutdown position, then the cable was identified as 
an Appendix R cable . 
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9.6.8.2.3.2 Raceway Location Identification 

The detailed plant raceway location and verification effort was documented and 
the process is summarized as described below . 

Using the fire area/room boundary drawings, the plant electrical location drawings 
were marked to delineate the room boundaries. For each Appendix R cable 
identified by the circuit analysis described above, the raceways through which the 
cable is routed were identified. Next, the rooms through which the raceways 
containing Appendix R cables were routed were identified. 

In orde~ to obtain a higher level of confidence in the accuracy of the cable routing 
documentation, each cable's routing was verified on the plant electrical location 
drawings from its starting to its ending point. In the event of either ambiguity in 
the cable routing, or incomplete or contradictory plant documentation of the 
routing, the discrepancy was further evaluated and resolved. 

9.6.8.2.4 Safe Shutdown Fire Area Analysis 

The detailed methodology used to prepare the post fire safe shutdown assessment. 
is summarized as described below. 

For each fire area in the plant, a listing of all safe shutdown components located in 
the area and all Appendix R cables routed through the area was generated. Using 
this listing, a set of the safe shutdown logic diagrams was marked up to cross out 
affected components and annotated with a code which indicated the failure 
mechanism. Cascaded failures resulting from either power supply losses or air 
supply losses were then added to the listing manually. For example, if a power 
supply such as a motor control center were disabled as a result of fire damage to 
one of its feed cables routed through an area, all of the safe shutdown 
components powered from that MCC would have to be added to the listing and 
annotated with the code which indicates that the component was lost because its 
power supply was lost. Similarly, if an air compressor were lost, those air
operated valves which are connected to the air compressor discharge piping would 
be added to the listing and annotated with the code that indicates that the 
component was lost because its air supply was lost. 

Once all affected components have been identified, listed, and marked off on the 
safe shutdown logic diagrams, fire consequences were assigned to each affected 
component. Fire consequences are standardized descriptions of the effects of fire 
on the affected component. More than one fire consequence may apply to a 
particular component. 

The affected component listings and marked up logic diagrams were then reviewed 
to ensure that a success path is available for each safe shutdown function and 
Appendix R performance goal. Compliance strategies were assigned to each 
affected component in each fire area. Compliance strategies have been 
standardized. More than one compliance strategy may be assigned to affected 
components. 
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When the task was completed, the list of affected components with assigned fire 
consequences and compliance strategies were entered into the Appendix R 
Program Manager database. This database contains the results. used to develop 
post-fire safe shutdown procedures and the basis for review of future plant 
·modifications to ensure the ability of the plant to achieve and maintain cold 
shutdown in the event of a fire. 

9.6.8.3 Reactor Shutdown Controls 

This subsection provides a general description of the instrumentation and control 
features provided in the plant design which may be utilized to accomplish safe 
shutdown of the plant following a fire in any fire area. The section summarizes 
the plant specific safe shutdown analysis as provided in Section IV of the Fire 
Protection Program Report, Post-Fire Safe Shutdown Analysis (PSSA). 

Certain fire areas of the plant are identified as alternate shutdown fire areas, and 
may require that shutdown be accomplished from outside the control room, due to 
postulated fire damage to instrumentation and controls located in the main control 
room. The following areas of the plant are currently identified as such: Control 
Room complex (Fire Area 1), Cable Spreading Room (Fire Area 2), 1-D Switchgear 
Room (Fire Area 3), Auxiliary Building (formerly referred to as the 590' corridor) 

. (Fire Area 13), and the Electrical Equipment Room (Fire Area 21). 

The Auxiliary Hot Shutdown Panels, C-150/C-1 50A, have been provided as a 
centralized location for controlling safe shutdown of the plant for the alternate 
shutdown fire areas described above. These panels are described in Subsection 
7. 7.4. In the following discussions, reference to "Panel C-150" indicates a 
combined reference to main panel C-1 50 and auxiliary panel C-1 50A. 

The safe shutdown performance goals for achieving safe shutdown in the event of 
a fire are defined in the PSSA. The specific systems and components which will 
be utilized to accomplish those goals for specific fires are also described in the 
PSSA. The following sections provide general discussions of the instrumentation 
and controls which may be utilized to accomplish those functions. Refer to the 
PSSA for details . 
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9.6.8.3.1 Safe Shutdown Offsite and Onsite Power 

Offsite and onsite power system features are discussed in Chapter 8.0. 

• In general, the PSSA assumes that offsite power will not be available following a 
fire in any fire area of the plant. Fires in many fire areas of the plant are 
postulated to cause a loss of offsite power as a result of fire damage to offsite 
power feeder cables or breaker control cables. Such areas include, but are not 
limited to the control room, the cable spreading room, and the turbine building._ In 
some fire areas of the plant, where it is known that cables related to the supply or 
control of the offsite power supply are not located, the assumption of loss of 

• 

• 

off site -power is not made. This is in accordance with current regulatory practice. 

1 . One of the emergency diesel generators is demonstrated to be available 
to supply essential AC power for all fire areas where a loss of offsite 
power is assumed fo occur. 

2. Fires in several plant fire areas may damage circuitry for control of the 
operation of one or both of the emergency diesel generators, and/or the 
circuitry for the corresponding 2400 VAC switchgear breakers. 
Procedures exist for local manual control of the emergency diesel 
generators and the associated essential 2400 V AC breakers for critical 
safe shutdown components. 

9.6.8.3.2 Reactivity Control and Maintenance of Primary Coolant Inventory 

For hot standby operations, credit is taken for reactor trip from the control room 
for reactivity control at the time of fire initiation/detection. 

The primary method of providing both reactivity control and PCS inventory control 
utilizes the charging system. This involves one of the three charging pumps 
drawing borated water from either a boric acid tank or from the SIRWT. · An 
alternative method utilizes a HPSI pump in conjunction with a containment spray 
pump drawing borated water from the SIRWT. An engineering analysis has shown 
that the HPSI pump by itself can supply the required makeup without use of the 
containment spray pump. The specific instruments and components within these 
systems that are utilized for safe shutdown are addressed in the PSSA. 

Charging pumps P-55A and P-558 are powered from Class 1 E 480 VAC Bus 12, 
while charging pump P-55C is powered from Class 1 E 480 VAC Bus 11 . Pumps 
P-55B and P-55C can be powered from alternative power source 480 VAC Bus 13. 
This alternative source is credited for some fire areas . 
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Motor-operated valves within these systems can be locally manually operated 
using their handwheels in the event of control circuit damage. Essential air
operated valves within these systems can be placed in their desired positions by 
one of the following methods: 1) failing the electrical power source, causing the 
valve to assume its loss of power position, or 2) locally failing the air supply to the 
valve, causing the valve to assume its loss of air position, or 3) locally , 
manipulating manual air supply valves to force the valve to its desired position 
(this capability has only been provided for specific AOV's, and is not generally 
available). 

Existing procedures provide operator guidance for the maintenance of reactivity 
control and PCS inventory control using those systems and components credited 
in the Appendix R post-fire safe shutdown analysis. 

9.6.8.3.3 Primary Coolant System Pressure Control 

The plant will control pressure in the primary coolant system by means of the 
pressurizer heaters, if available. This is the preferred method of pressure control. 
A portion of the pressurizer heaters have a power source capable of being fed 
from the emergency generators (see Subsection 8.4.4). If the heaters are not 
available, the charging system can be used to maintain the PCS pressure within its 
desired operating range. The specific instruments and components within these 
systems that are utilized for safe shutdown are addressed in the PSSA. 

Depressurization capability, if required, is provided by the pressurizer PORV's and 
block valves, or by the pressurizer aux spray. If the pressurizer heaters have been 
secured, then depressurization capability will generally not be required for PCS 
pressure control. 

Existing procedures provide operator guidance for the maintenance of PCS 
pressure control using those systems and components credited in the Appendix R 
post-fire safe shutdown analysis. 

9.6.8.3.4 Reactor Decay Heat Removal - Hot Standby/Hot Shutdown 

The systems and equipment which may be utilized for decay heat removal while 
maintaining the plant at hot standby or hot shutdown include the auxiliary 
feedwater system, the main feedwater and condensate systems, the main steam 
system, the atmospheric steam dump valves (ASDV's), the hogging air ejector and 
the steam generator code safety valves. Instrumentation required includes the 
primary coolant hot and cold leg temperature, and steam generator level and 
pressure. The specific instruments and components within these systems that are 
utilized for safe shutdown are addressed in the PSSA. Details of the auxiliary 
feedwater controls and instrumentation are provided in Subsection 7.4.3 . 
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The reactor possesses an alternate method of removing decay heat in the event of 
an extended loss of feedwater, besides the auxiliary feedwater system. The 
method is called "feed and bleed". It uses the HPSI system and/or the charging 
pumps to add coolant (feed) at high pressure to the primary coolant system . 
Decay heat increases the primary coolant pressure and energy is removed through 
the power operated relief valves and/or the PCS safety valves (bleed). This 
method is not credited for post-fire safe shutdown for any fire area in the current 
analysis. 

Existing procedures provide operator guidance for decay heat removal using those 
systems and components· credited in the Appendix R post-fire safe shutdown · 
analysis. 

9.6.8.3.5 Pressure Reduction and Cooldown . 

In the transition from hot shutdown to cold shutdown, decay heat removal is 
accomplished by feeding either or both steam generators via the auxiliary 
feedwater system with water from the condensate storage tank. The fire pumps 
and/or service water system provide an emergency backup source of water to the 
auxiliary feedwater pumps' suction in the event of depletion of condensate storage 
tank inventory. Steam release to the atmosphere is accomplished using the 
ASDV' s or the hogging air ejector. This is the same method and 
systems/components used for hot standby/hot shutdown decay heat removal. 

9.6.8.3.6 Reactor Decay Heat Removal - Cold Shutdown 

When the primary coolant system pressure has been reduced to below 250 psig, 
then one or both of the low pressure safety injection (LPSI) pumps will be used to 
circulate primary coolant through the shutdown cooling (SDC) heat exchangers. 
Decay heat will be transferred to the component cooling system through the SDC 
heat exchangers, and subsequently to the service water system through the 
component cooling heat exchangers. 

Motor-operated valves within these systems can be locally manually operated 
using their handwheels in the event of control circuit damage. / Essential air
operated valves within these systems can be placed in their desired positions by 
one of the following methods: 1) failing the electrical power source, causing the 
valve to assume its loss of power position, or 2) locally failing the air supply to the 
valve, causing the valve to assume its loss of air position, or 3) locally operating 
the valve using its handwheel (this capability has only been provided for specific 
AOV's, and is not generally available), or 4) isolating the flowpath using a manual 
valve. 

Credit is taken for making repairs to certain cold shutdown components for some 
fire areas, in accordance with the guidance provided for Appendix R. In all such 
cases, the required repair materials are maintained onsite, procedures exist to 
govern the repair, and adequate manpower can be provided within the required 
time frame to accomplish the repair and achieve cold shutdown within 72 hours. 

• Refer to the PSSA for fire areas and components where repairs are credited. 
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Existing procedures provide operator guidance for decay heat removal using those 
systems and components credited in the Appendix R post-fire safe shutdown 
analysis . 

9.6.8.3.7 Support Functions 

Required support systems are dependent on the specific safe shutdown function 
being performed and ori the specific plant system selected to perform the function. 
Plant systems required to support safe shutdown operations include the 
component cooling water system, the service water system, the instrument air 
system and the miscellaneous gas system (these provide the air supply for AOV's), 
the fuel oil system, the fire protection system (this provides an emergency backup 
source of water to the service water system, . and an emergency backup source of 
feed water to the auxiliary feedwater pump suction), and selected plant ventilation 
systems. Ventilation systems required for equipment operability and human 
habitability include the control room ventilation system, the switchgear and cable 
spreading room ventilation system, and the diesel generator room ventilation 
systems. Ventilation systems required solely for human habitability include the 
engineered safeguards room ventilation systems and the containment air coolers 
(CAC's). The specific instruments and components within these systems that are 
utilized for safe shutdown are addressed in the PSSA. 

Existing procedures provide operator guidance for the operation of those systems 
and components credited in the Appendix R post-fire safe shutdown analysis. 

9.6.8.3.8 Shutdown Process Monitoring 

Process monitoring instrumentation credited for post-fire safe shutdown includes: 
pressurizer level and pressure, steam generator level and pressure, primary coolant 
system hot and cold leg temperature, source range neutron flux, charging line 
flow, shutdown cooling heat exchanger outlet temperature, LPSI pump discharge 
pressure, and SIRWT level. The specific instruments that are credited for safe 

' shutdown are addressed in the PSSA. 

9.6.9 FIRE AREA SUMMARY 

Provided below is a summary of the fire protection features for each plant Fire 
Area. The key features are the rooms defining the area boundaries and fir.e . 
protection features. In addition, the listing includes the applicability of 1 OCFR50, 
Appendix R exemptions and the location of post-fire safe shutdown equipment 
within the area. · 

9.6.9.1 Fire Area #1 Control Room 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 320, 321, 322, 323, 324, and 325 

3. Automatic Fire Suppression: No 
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4. Automatic Fire Detection: Yes. FSAR Section 9.6.7.1.1 is applicable 

5 . Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: Yes 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.2 Fire Area #2 Cable Spreading Room 

1. Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 224 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6. 7 .1.3 is 
applicable 

4. Automatic Fire Detection: Yes. FSAR Section 9.6.7.1.1 is applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7 . 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.3 Fire Area 3 1-D Switchgear Room 

1. Fire Zones in Fire Area: 3A and 3B 

2. Rooms in Fire Area: Fire Zone 3A: 223 
Fire Zone 3B: 328 and 332 

3. Automatic Fire Suppression: ·Yes, FSAR Section 9.6. 7.1.3 is 
applicable 

4. Automatic Fire Detection: Yes. FSAR Section 9.6.7.1.1 is applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 
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9.6.9.4 Fire Area #4 1-C Switchgear Room 

1. Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 116A 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6. 7.1.3 is 
applicable 

4. Automatic Fire Detection: Yes. FSAR Section 9.6.7.1.1 is 
applicable· 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.5 Fire Area #5 Diesel Room 1-1 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 116 and 348 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6. 7 .1.3 is 
applicable 

4. Automatic Fire Detection: No 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.6 Fire Area #6 Diesel Room 1-2 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 116B, 148, 149, and 349 

3. Automatic Fire Suppression:· Yes, FSAR Section 9.6. 7.1.3 is 
applicable 

4. Automatic Fire Detection: No 
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• 
5. Fire Barriers: Adequate for the hazard in this area. 

6 . 

7. 

Exemption applicable to Fire Area: None 

86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.7 Fire Area #7 Diesel Generator Day Tank 1-1 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 146 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: No 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: None 

8. Safe Shutdown Equipment in Fire Area: Yes 

• 9.6.9.8 Fire Area #8 Diesel Generator Day Tank 1-2 

• 

1. Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 14 7 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: No 

5. Fire Barriers: Adequate for the hazard in this area. 

6~ Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: None 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.9 Fire Area #9 Intake Structure 

1 . 

2. 

Fire Zones in Fire Area: None 

Rooms in Fire Area: 1 36 
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3. Automatic Fire Suppression: Yes, FSAR Section 9.6. 7.1.3 is. 
applicable 

4 . Automatic Fire Detection: Yes. FSAR Section 9.6. 7 .1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.10 Fire Area #10 East Engineered Safeguards Area 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 001, 001 A, 001 B, and 004 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7 .1.1 is 
applicable 

5 . Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.11 Fire Area #11 Battery Room A 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 225 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7 .1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 
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8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.12 Fire Area #12 Battery Room B 

1. Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 225A 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6.7.1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-1 0 Evaluation for Fire Area: None 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.13 Fire Area #13 Aux. Bldg. El.590', Charging Pump Room, Waste Gas 
Room, Decontamination Room, Waste Gas Processing Room, Boric Acid 
Equip. Room, Spent Fuel Pool Equipment Room. 

1. 

2. 

Fire Zones in Fire Area: 13A, 13B, 13C, 13D, 13E, 13F and 13G 

Rooms in Fire Area: Fire Zone 13A: 106, 121A, 121B, 122, 
150, 227, 228, 233, 234, 709, 741, and 
802 

Fire Zone 13B: 100, 104, 104A, 104B, 
and 117 

Fire Zone 13C: 101, 102, 103, and 151 

Fire Zone 130: 111 and 112 

Fire Zone 13E: 118, 119, 120 and 120A 

Fire Zone 13F: 107, 107 A, 108, 109 
and 110 

Fire Zone 13G: 113, 113A, 114and 
115 
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3. Automatic Fire Suppression: Yes, FSAR Section 9.6.7.1.3 is 
applicable 

4 . Automatic Fire Detection: Yes. FSAR Section 9.6. 7 .1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: Yes 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.14 Fire Area #14 Reactor Containment 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 000, 003, 008, 142, 142A, 143, 143A, 144, 
145, 236, 237, 334, 335, 336, 420, 423,423A, 424, 800, 801, 
810, 820, 821, 822, 823, 901, and 902 

3. Automatic Fire Suppression: No 

4. 

5. 

Automatic Fire Detection: Yes. FSAR Section 9.6.7.1.1 is 
applicable 

Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: Yes 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.15 Fire Area #15 Engineered Safeguards Panel Room 

1. Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 002, 016, and 121 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7 .1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area . 

6. Exemption applicable to Fire Area: Yes 
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7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes ' 

• 9.6.9.16 Fire Area #16 Component Cooling Room 

• 

• 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 123, 238, and 338 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6.7.1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.17 Fire Area #17 Refueling and Spent Fuel Pool Area 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 219, 220, 221, 222, 333, 418, 419, 421, 
422, 501, 735, 736, 737, and 901 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7.1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.18 Fire Area #18 Demineralizer Area 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 153, 154, 229, 230, 231, 232, and 235 

3. Automatic Fire Suppression: No 
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4. Automatic Fire Detection: No 

5. Fire Barriers: Adequate for the hazard in this area . 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.19 Fire Area #19 Compactor-Track Alley 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 329 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6.7.1.3 is not 
applicable 

4. Automatic Fire Detection: No 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7 . 86-10 Evaluation for Fire Area: None 

8. Safe Shutdown Equipment in Fire Area: None 

9.6.9.20 (Fire Area #20 reserved for future use) 

9.6.9.21 Fire Area #21 Electrical Equipment Room 

1. Fire Zones in Fire Area:. None 

2. Rooms in Fire Area: 725 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6. 7 .1.3 is 
applicable 

4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7 .1.1 is 
applicable. 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6-37 Rev 20 



• 

• 

• 

9.6.9.22 Fire Area #22 Turbine Lube Oil Room 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 132 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6.7.1.-3 is not 
applicable 

4. Automatic Fire Detection: No 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: None 

9.6.9.23 Fire Area #23 Condensate Pump Room, Steam Generator Feed Pump 
Area, Main Generator Seal Oil System Area, Turbine Building General, 
and Gas Storage West Room 

1. Fire Zones in Fire Area: 23A, 23B, 23C, 23D, and 23E 

2. Rooms in Fire Area: Fire Zone 23A: 006 

Fire Zone 23B: 131 

Fire Zone 23C: 133 and 133A 

Fire Zone 23D: 125, 126, 127, 128, 
129, 130, 134, 135, 137, 239, 240, 
241, 242, 243, 244, 245, 246, 247, 
248, 249, 251, and 337 

Fire Zone 23E: 140 
v 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6. 7.1.3 is not 
applicable 

4. Automatic Fire Detection: No 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 
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9.6.9.24 Fire Area #24 Auxiliary Feedwater Pump Room 

1. Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 007 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7 .1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.25 Fire Area #25 North and South Heating Boiler Rooms 

1. Fire Zones in Fire Area: 25A and 258 

2. Rooms in Fire Area: Fire Zone 25A: 124 

Fire Zone 25B: 707 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6.7.1.3 is not 
applicable 

4. Automatic Fire Detection: None 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: None 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.26 Fire Area #26 Southwest Cable Penetration Room 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 141 and 250 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6.7.1.3 is 
applicable 
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4. Automatic Fire Detection: Yes, FSAR Section 9.6.7.1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.27 Fire Area #27 Radwaste Facilities Building VRS Rooms 

1. Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 152, 700, 701, 702, 703, 704, 705, 706, 
708, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720A, 
720B, 721, 722, 723, 724, 726, 730, 730A, 730B, 730C, 730D, 
730E, 731, 732, 733, 754, 755, 756, 757, 758, 759, 760, 761, 
and 762 

3. Automatic Fire Suppression: Yes, FSAR Section 9.6. 7 .1.3 is not 
applicable 

4. Automatic Fire Detection: Yes. FSAR Section 9.6.7.1.1 is not 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: None 

9.6.9.28 Fire Area #28 West Engineered Safeguards Room 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 005 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7.1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area . 

6. Exemption applicable to Fire Area: None 
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7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes' 

9.6.9.29 Fire Area #29 Center Mechanical Equipment Room 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 300B 

3. Automatic Fire Suppression No: 

4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7 .1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.30 Fire Area #30 East Mechanical Equipment Room 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 300A and 400A 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7.1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.31 Fire Area #31 West Mechanical Equipment Room 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 300 and 400 

3 . Automatic Fire Suppression: No 
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4. Automatic Fire Detection: Yes. FSAR Section 9.6. 7. 1. 1 is 
applicable 

5 . Fire Barriers: Adequate for ·the hazard in this area. 

6. Exemption applicable to Fire Area: No 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.32 Fire Area #32 SIRW Tank Roof Area 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 808 and 809 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: No 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7 . 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.33 Fire Area #33 Technical Support Center 

1 . Fire Zones in Fire Area: None 

2. Rooms in Fire Area: 320A 

3. Automatic Fire Suppression: No 

4. Automatic Fire Detection: Yes. FSAR Section 9.6.7.1.1 is 
applicable 

5. Fire Barriers: Adequate for the hazard in this area. 

6. Exemption applicable to Fire Area: None 

7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 
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9.6.9.34 Fire Area #34 Manhole #1 

1 . 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Fire Zones in Fire Area: None 

Rooms in Fire Area: 190 

Automatic Fire Suppression: No 

Automatic Fire Detection: No 

Fire Barriers: Adequate for the hazard in this area. 

Exemption applicable to Fire Area: None 

86-10 Evaluation for Fire Area: Yes 

Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.35 Fire Area #35 Manhole #2 

1. 

2. 

3 . 

4. 

5. 

6. 

7. 

8. 

Fire Zones in Fire Area: None 

Rooms in Fire Area: 1 91 

Automatic Fire Suppression: No 

Automatic Fire Detection: No 

Fire Barriers: Adequate for the hazard in this area. 

Exemption applicable to Fire Area: None 

86-10 Evaluation for Fire Area: Yes 

Safe Shutdown Equipment in Fire Area: Yes 

9.6.9.36 Fire Area #36 Manhole #3 

1 . 

2. 

3. 

4. 

5. 

6. 

Fire Zones in Fire Area: None 

Rooms in Fire Area: 1 92 

Automatic Fire Suppression: No 

Automatic Fire Detection: No 

Fire Barriers: Adequate for the hazard in this area. 

Exemption applicable to Fire Area: None 
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7. 86-10 Evaluation for Fire Area: Yes 

8. Safe Shutdown Equipment in Fire Area: Yes 
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• 

• 
9.6-44 Rev 20 



• 

• 

• 

9.7 AUXILIARY FEEDWATER SYSTEM 

9.7.1 DESIGN BASIS 

The Auxiliary Feedwater System is designed to provide a supply of feedwater to the 
steam generators during start-up operations and to remove primary system sensible 
and decay heat during initial stages of shutdown operations. Equipment in the system 
is designed to CP Co Design Class 1 requirements (see Reference 3) with the 
exception of portions of steam supply piping to P-88. As a result of lessons learned at 
TMI, the Auxiliary Feedwater System has been upgraded to a safety-related system. 

9.7.2 SYSTEM DESCRIPTION AND OPERATION 

9. 7 .2.1 System Description 

The Auxiliary Feedwater System (AFW) supplies water to the secondary side of the 
steam generators for reactor decay heat removal when normal feedwater sources are 
unavailable. The system originally consisted of one electric motor-driven pump and 
one turbine-driven pump with piping, valves and associated instrumentation and 
controls. In 1983, a third high-pressure safety injection pump was converted to AFW 
service as the second electric motor-driven pump in the AFW system. Piping, valves 
and controls were added to provide redundancy of supply up to the containment 
penetrations where the redundant systems merge to form just two AFW lines - one to 
each steam generator (Figure 9-15). Each of the four lines in the redundant portion of 
the system, feeding the steam generators, contain one normally-closed, 
pneumatically-operated flow control valve and two locked open, de-energized 
motor-operated isolation valves; any one of the three pumps can feed one or both 
steam generators. 

In 1988, flow control bypass valves were added around the flow control valves from 
P-8C. They were designed to allow continuous auxiliary feedwater at low flow rates 
during start-up and hot shutdown conditions. They are administratively controlled to 
operate only when the steam generator is cold or the level in the steam generator is 
60% or greater to prevent the potential for water hammer. 

· All three AFW pumps normally take suction from the condensate storage tank. The 
minimum amount of water required in the condensate storage tank and primary coolant 
system makeup tanks combined (100,000 gallons) exceeds the amount needed for 8 
hours of auxiliary feedwater pump operation for decay heat removal following a reactor 
trip. The condensate storage tank level is monitored in the control room. In addition, a 
low-level switch is provided to alarm at low water level which corresponds to a total 
tank inventory of 94,280 gallons. The primary system makeup tank provides an 
additional source of water to the AFW pump suction. A low-level switch is set to alarm 
at 65,580 gallons (total tank inventory) which assures that the required inventory of 
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100,000 gallons is available, even under gravity-feed conditions between the tanks 
(Reference 22 ): Control valves, CV-2008 and CV-201 O in the gravity feed line, can be 
manually operated to ensure adequated inventory is available at all times, including 
during loss of power and loss of instrument air. A crosstie from the fire system provides 
an additional backup water supply to the AFW pumps P-8A and P-88. The third pump 
(Pump C) has additional backup supply water from the Service Water System. 

Minimum flow recirculation is provided through breakdown orifices which are designed 
to pass minimum pump design flow at maximum pressure. 

The two original pumps are located in a tornado-proof CP Co Design Class 1 portion of 
the turbine building. Pump C is located in west engineered safeguards room in the 
auxiliary building. The supply header from the condensate storage tank and the tank 
are not protected from tornadoes, but the backup supplies from the diesel 
ehgine-driven fire pump and Service Water System are located in a protected area. 
The discharge header from the auxiliary feedwater pumps in the turbine building to the 
auxiliary building is buried underground. 

9.7.2.2 Component Description 

.• Design ratings and construction of components are shown in Table 9-13. 

9.7.2.3 System Operation 

• 

During the initial phase of primary system cooldown, the Auxiliary Feedwater System 
supplies water to the steam generators to remove reactor sensible and decay heat. 
Core decay heat is transferred from the reactor to the steam generators by natural or 
forced circulation of the primary coolant. Steam from the steam generators is 
discharged through the bypass valve to the condenser. The steam can be discharged 
to the atmosphere in the event that the main condenser is not operable. 

Either motor-driven auxiliary feedwater pump can be operated to provide auxiliary 
feedwater to the steam generators during start-up. However, the flow control valves 
from P-8C have bypass valves which can control flow at lower flow rates. The level in 
the steam generators is maintained from the control room by remotely adjusting the_, 
auxiliary feedwater control valves in each respective steam generator auxiliary feed · 
header. 

The added motor-driven pump (Pump C) or the turbine-driven pump (Pump B) could 
supply auxiliary feedwater to the steam generators if Auxiliary Feedwater Pump A 
would fail. In the event of a loss of offsite power , the turbine-driven pump will start 
automatically or will be started from the control room and is used to supply feedwater 
to the steam generators. Upon a loss of DC power, the turbine driven pump will start 
automatically via the diverse start system added for ATWS during the 1990-91 
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refueling outage. The turbine-driven auxiliary feed pump and auxiliary feedwater 
control valves can _also be operated locally. Driving steam for the turbine is supplied 
from the main steam header and the turbine exhaust steam is discharged to the 
atmosphere. The turbine can operate with steam generator pressures down to 38 
psig and is protected by a 10% overspeed trip. Steam traps were added in 1989 to 

resolve concerns regarding the starting of the turbine without draining the steam supply 
piping and the turbine casing. In 1996, the steam supply piping was reconfigured. A 
moisture separator was added and the existing steam traps were modified to improve 
moisture removal. 

Auxiliary feedwater flow to the steam generators will be automatically initiated on a 
low-steam generator water level. The normal valve positions on all valves of the 
suction side of the pumps, between the condensate storage tank and the pumps, are 
locked open and the steam admission valves to the turbine-driven pump are closed. 
lhe flow control valves fail open and the steam admission valves may be manually 
operated on the loss of air. The flow control bypass valves fail closed allowing control 
with the flow control valves. Safety grade flow rate indication for auxiliary feedwater 
flow to each steam generator is provided in the main control room. In the event of loss 
of offsite power, the motor-driven auxiliary feedwater pumps are enabled by the 
sequencers and started upon receipt of an AFAS signal. Power supplies for 
instrumentation and the m_otor-driven auxiliary feedwater pumps are discussed in 
Section 7.4 and Chapter 8, respectively. 

In the event of loss or depletion of the water supply from the condensate storage tank, 
the backup water supplies from the fire system or Service Water System can be utilized 
by open_ing the hand valves in the crossties and, in the case of the fire systems, starting 
one of the fire pumps. 

For any condition during which feedwater to the steam generators from the main 
feedwater pumps is interrupted and the reactor is tripped, sufficient feedwater flow is 
maintained by the motor-driven AFW pumps or the turbine-driven auxiliary feed pump 
to remove. decay heat from the primary system and maintain the reactor in a safe 
condition. 

In the event a steam line break occurs, the main feedwater pumps are inoperative. The 
turbine-driven auxiliary feed pump and the motor-driven auxiliary feed pumps are 
available to be used to maintain shutdown cooling flow to one steam generator. The 
Feed Only Good Generator (FOGG) actuation system monitors steam generator 
pressure. The steam line break will result in a lower pressure in the affected steam 
generator. The FOGG actuation system was designed to terminate AFW flow to that 
steam generator. However, due to nuclear safety considerations, the automatic 
isolation feature has been disabled (Reference 2) and the Emergency Operating 
Procedures direct the operators to isolate the affected steam generator using the flow 
control valves. 
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9.7.3 DESIGN ANALYSIS 

A loss of feedwater event is the bounding condition for the Auxiliary Feedwater System. 
For P-8A and P-88 the required flow is 280 gpm ( 140 to each) at 985 psig to both 
steam generators or 280 gpm at 985 psig to one steam generator. For Pump P-8C, 
the required flow for the loss of feedwater event is 280 gpm (140 to each) at 885 psig 
to both steam generators or 280 gpm at 885 psig to one steam generator. Operation 
of the turbine bypass system or atmospheric dump valves is required to depressurize to 
885 psig. The preceding flowrates will remove decay heat and pump heat from four 
operating primary coolant pumps. 

If offsite power is not available, the primary coolant pumps will trip, reducing the 
primary system heat load. The above required flow rate maintains sufficient Steam 
Generator inventory to support decay heat removal with natural ciculation in the 
primary coolant system. 

9.7.4 SYSTEM RELIABILITY 

System reliability is achieved by the following features: 

1. Two motor-driven and one turbine-driven pumps are provided, any of which 
satisfy the requirements of primary system cooldown. · 

2. Pump motor power is supplied from offsite sources with backup supplied from the 
emergency diesel generators (see Subsection 8.4.1 ). 

3. Steam can be supplied to the turbine-driven pump from either steam generator. 

4. The condensate storage tank capacity is 125,000 gallons and is monitored to 
maintain a minimum storage of 94,280 gallons. A backup supply from the 
primary system makeup tank, fire and makeup systems, and Service Water 
System is provided to the auxiliary feed pump suction. 

5. The condensate pumps may be used to pump water through the normal feedwater 
train to the.steam generators in the event of a failure of the auxiliary feedwater 
piping system. The steam generator pressure may be relieved by the steam 
dump system to accommodate this mode of operation. 

A reliability and operability review has been conducted by Consumers Power Company, 
the NRC and their consultants. The findings demonstrate that the AFW meets the 
NRC's long-term safety requirements . 
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9.7.5 TESTS.AND INSPECTION 

1. The auxiliary feedwater pumps are tested periodically during Plant operation by 
starting each pump, establishing test reference conditions and monitoring pump 

· performance. · · 

2. . Each nonautomatic valve in the flow path that is not locked, sealed or otherwise 
. secured in position is periodically inspected to verify its correct position .. 

3. The diaphragm-operated flow control valves in the auxiliary feedwater pump 
discharge piping are exercised periodically during Plant operation to ensure 
proper functioning. 

4. The automatic initiation function of the Auxiliary F~edwater System is periodically 
tested by simulating a low-steam generator level and observation of pump start. 
Operability of the diaphragm-operated 4-inch flow control valves is verified by · 
initiating Auxiliary Feedwater flow and observing valve actuation to its correct 1 · 

position or by monitoring for proper Auxiliary Feedwater System flow. Operability 
of the 1 %:..inch bypass valves is verified by observing the valves closing when · 
control is take.n by the 4-inch flow control valves. · 

5.. Pump and valve operability tests are conducted in accordance with Section XI of 
the ASME B&PV Code with applic,able addenda as modified by relief requests. 

6. All Auxiliary Feedwater System components outside containment are accessible 
for inspection during Plant operation. 

7. A 48-hour endurance test has been performed on the auxiliary feedwater pumps. I . 
The results demonstrated that the pumps performed in an acceptable manner 
without exceeding design limits . 
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9.8 

9.8.1 

1. 

HEATING, VENTILATION AND AIR-CONDITIONING SYSTEM 

DESIGN BASIS 

The Heating, Ventilation and Air-Conditioning System is designed to 
provide a suitable environment for equipment and personnel. The path 
of air for ventilating systems in potentially radioactively contaminated 
areas runs from areas of low activity toward areas of progressively 
higher activity for ultimate discharge from the Plant via the ventilation 
stack. The condensate and makeup demineralizer building HV AC system 
is also designed so air flows from areas of low potential airborne 
radioactivity to areas of higher potential airborne radioactivity. 
High-efficiency air filters are provided for the exhaust. 

2. The design is based upon the ambient conditions listed in Table 9-15. 

3. The containment building, radwaste area and fuel handling area are 
designed for containment of radioactive particles. The exhaust air from 
these areas is ducted to high-efficiency filters to assure minimum activity 
levels for the stack discharge and to maintain containment of radioactive 
particles in those areas of possible contamination. The fuel handling area 
also has a charcoal filter in parallel with the high-efficiency filter which 
may be placed in operation during fuel handling operations or heavy load 
movements . 

4. The control room Heating, Ventilation and Air-Conditioning (HVAC) 
System was modified in 1983 in response to NUREG-0737, Item 
111.D.3.4. The design bases for the system are as follows: 

a. During emergency mode operation, the control room HVAC system 
maintains a . 125" of water-positive pressure in the control room, 
TSC and viewing·gallery; it maintains a dry bulb temperature and 
relative humidity as indicated in Table 9-15. The mechanical 
equipment room is also maintained under positive pressure. 

b. The control room HV AC system is designed to permit periodic 
inspection, testing and maintenance of principal components with 
minimal interruption of normal control room operation. 

c. The control room HVAC system is designed to limit the radiation 
exposure of control room personnel during any of the postulated 
design basis accidents within the guidelines of 10 CFR 50, 
Appendix A, General Design Criterion 19. 

d. Throughout the duration of any design basis accidents, the control 
room HVAC system maintains control room environmental 
temperatures suitable for prolonged occupc:incy and continued 
operation of safety-related equipment. 
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e. The failure of an active component in the control room HV AC 
system, assuming a loss of offsite power, cannot impair the 
system's ability to meet the design bases discussed in Paragraphs 
c. and d. above . 

f. The control room HVAC system is designed to remain functional 
during and after a safe shutdown earthquake. 

g. The control room HVAC system is designed to permit rapid 
purging of the control room for smoke removal. 

h. The control room HVAC system is designed to remain functional 
during and after a design basis tornado. 

9.8.2 SYSTEM DESCRIPTION AND OPERATION 

9.8.2.1 System Description 

Plant equipment spaces are ventilated and cooled with ambient outside air, the 
outdoor design maximum being 95°F. The maximum space temperature varies 
from 75°F to 110°F except for the engineered safeguards room where the 
equipment is designed for 135 ° F and the Fan Room (Room 338) where maximum 
temperature reaches 120°F. A space temperature of 110°F is the design 
maximum for personnel occupancy. The ventilation systems are either induced 
draft using motor-driven roof exhausters or forced draft fan and duct distribution 
systems. Spot cooling of equipment is used where it is impractical to cool the 
entire space. Individual systems are as shown on Figures 9-17 through 9-19. 

Airflow controllers are used to maintain negative differential pressures in 
equipment compartments and between controlled and noncontrolled spaces in the 
auxiliary building and auxiliary building addition. This negative pressure is used to 
induce infiltration into compartments thus producing a predictable direction of 
airflow toward areas of increasing radiation hazard. Final exhaust from these 
potentially contaminable compartments is discharged to atmosphere through the 
ventilation stack after filtering out radioactive particulate matter in a 
high-efficiency filter. The fuel handling area exhaust has a charcoal filter in parallel 
with the high-efficiency filter which is placed in operation during fuel handling 
operations. 

The Plant normally uses extraction steam, from the low-pressure turbine, reduced 
to 15 psig for Plant heating. The two auxiliary heating boilers are available for use 
during Plant shutdown. Each boiler has the capacity to satisfy minimum shutdown 
heating requirements at the minimum outdoor design temperature of -10°F. A 
third boiler in the feedwater purity building can be tied into the system if required . 
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The total control room HV AC system, shown schematically in Figure 9-1 7, Sheets 
6 and 7, consists of two trains of air handling, air filtering units and Continuous 
Air Monitor (CAM) units (Train A and Train 8), the purge exhaust system, toilet 
exhaust system, and associated ductwork, dampers, instruments and controls . 

To reduce noise levels, acoustical diffusers were installed at the HVAC duct outlet 
supplies to the office and Control Room Supervisor's areas. An acoustical silencer 
was installed in the main supply duct to the Control Room. Both modifications 
provided effective noise reduction in the main Control Room. 

A CP Co Design Class 1 mechanical equipment room (MER) (located above the 
emergency diesels) is provided to house the HV AC equipment. The equipment 
room is divided into two compartments separated by a 3-hour fire barrier. All 
components of one train are located in one compartment to meet the redundancy 
criteria. The MER is part of the control room envelope. 

The major components of Train A are an air handling unit (V-95), a condensing 
unit (VC-11), one Continuous Air Monitor unit (consists of sampling head RE-
1818A, display/processing unit RIA-1818A and air pump P-968A), one charcoal 
filter unit (VF-26A) and associated fan (V-26A). Dampers associated with Train A 
are D,. 1, D-2, D-3, D-4, D-5, D-6, D-7, D-20 and Tornado Dampers TD-1 and TD-4. 

The major components of Train B are an air handling unit (V-96), a condensing unit 
(VC-10), one Continuous Air Monitor unit (consists of sampling head RE-18188, 
display /processing unit RIA-18188 and air pump P-9688), a charcoal filter unit 
(VF-268) and an associated fan (V-268). Dampers associated with Train 8 are · 
D-8, D-9, D-10, D-11, D-12, D-13, D-14, D-21 and Tornado Dampers TD-2 and 
TD-5. 

The purge exhaust system consists of Fan V-94, Isolation Dampers D-15 and D-16 
and Tornado Damper TD-3. Toilet exhaust system Fan V-16 has Isolation 
Dampers D-17 and D-18 and Tornado Damper TD-6. 

During normal mode operation, DPIC 1659 and. 1660 control positive pressure in 
the control room envelope with respect to the relative pressure of the south 
hallway outside the control room viewing gallery. 

Four humidity detectors are provided in the containment building to detect leakage 
from the Primary Coolant System and the main steam lines. The relative humidity 
measured by these detectors is indicated in the control room. 

Cooling water for the containment air coolers, the engineered safeguards room 
coolers and the condensing units and water chiller is Plant service water. 

The ventilation and air-conditioning control systems use pneumatic-type controllers 
with pneumatic-electric switching devices to interconnect the equipment and the 
controls. Instrument air for the controllers is taken from the Plant instrument air 
system. 

9.8-3 Rev 20 



• 

• 

• 

9.8.2.2 Component Description 

The design data for the major components in the control room' HV AC system are 
listed in Table 9-16. 

1. Air Handling Units V-95 and V-96 

Each air handling unit consists of a medium efficiency filter, an electric 
heating coil, a refrigerant cooling coil, a centrifugal fan and associated 
ductwork, instn.~mentation and controls. A steam injection grid is located 
in the supply ductwork after the airflow measuring unit for each air 
handling system. 

2. Condensing Units VC-1 0 and VC-11 

3. 

4. 

The water-cooled condensing units supply refrigerant to the cooling coil 
of Air Handling Units V-95 and V-96, as required. Cooling water to the 
condensing units is supplied from the Plant service water. 

Charcoal Filter Units VF-26A and VF-26B 

The 3,200 ft3/min capacity charcoal pressurization/recirculation filter 
units are provided for emergency operation. Each filter train consists of 
medium efficiency prefilters, an electric heating coil, upstream 
high-efficiency particulate air (HEPA) filters, two banks of 2-inch carbon 
adsorber trays, downstream HEPA filters, a vaneaxial fan, an electric 
modulating damper and associated ductwork, instrumentation and 
controls. 

Humidifiers VC-12 and VC-13 

A 50 lb/h capacity humidifier is provided for each air handling unit. The 
humidifier consists of a steam generator, with high water cutoff and 
steam dispersion tubes for installation in the ductwork . 
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5. 

6. 

Low Leak Isolation Dampers 

Damper D-1 and D-2 are series dampers which provide isolation of the 
normal air intake on Train A. Dampers D-8 and D-9 are series dampers, 
of the same design, which provide isolation of the normal air intake on 
Train 8. Dampers D-1 5 and D-16 are series smoke purge isolation 
dampers. All of these dampers are leakage class 1 8 ("Leaktight") and are 
designed for a maximum leakage of 2 scfm per sq ft. at design operating 
pressure of 4.0 inches of water. These dampers have air-operated 
actuators with fail-close features. Reference 24 calculates a 
conservative total unfiltered inleakage of 68. 15 cfm, past the D-1, D-2 
and D-15, D-16 dampers set for one E-HVAC train operation. For 
two-train E-HV AC operation a conservative total unfiltered inleakage of 
111.65 cfm occurs past the D-1, D-2 and D-15, D-16 dampers sets. 

Continuous Air Monitors 

A Continuous Air Monitor unit in installed in each Control Room HV AC 
equipment room. Each CAM unit consists of sampling head RE-1818A 
{Train A), RE-1 8188 (Train 8), display /processing unit RIA-1 81 BA {Train 
A) RIA-1 81 88 {Train 8) and air pump P-968A {Train A) P-9688 (Train 8). 
Each CAM ·unit is installed with stainless steel tubing sample lines to 
monitor each outside air intake downstream of the outside air isolation 
damper and alarm on airborne radioactivity . 

9.8.2.3 Codes 

1. The work, equipment and materials for the original Plant HVAC system 
design conform to the requirements and recommendations of the 
following codes and standards as applicable: 

a. The work and materials conform to the American Society of 
Heating, Refrigeration and Air Conditioning Engineers Guide 
(ASH RAE). 

b. The fans conform to the Air Moving and Conditioning Association, 
Inc, standards, definitions, terms and test codes for centrifugal, 
axial and propeller fans. 

c. The work, equipment and materials conform to the National Fire 
Protection Association Pamphlet 90A, "Air Conditioning, Warm Air 
Heating, Air Cooling Ventilating System." 
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2. The work, equipment and materials for the control room HV AC 
modifications made in 1 983 conform to the requirements and 
recommendations of the following additional guides, 'codes and 
standards, as applicable: 

a. Ventilation ductwork conforms to applicable sections of the Sheet 
Metal and Air Conditioning Contractors National Association 
(SMACNA) manual. 

b. Refrigeral")t cooling coils conform to the standards of the Air 
Conditioning and Refrigeration Institute (ARI) and to requirements 
for Seismic Category I equipment. 

c. Applicable components and controls conform to the requirements 
of Underwriters Laboratories (UL), the National Electric 
Manufacturers Association (NEMA) and the Institute of Electrical 
and Electronics Engineers (IEEE) Standards 323, 344 and 383. 

d. Charcoal filter units and the associated ductwork, dampers and 
controls confoim to the applicable sections of American National 
Standard Institute (ANSI) Standard 509-1980 a'nd Standard 
510-1980. 

9.8.2.4 Operation 

1. The individual systems are as shown on Figures 9-17 through 9-19. 

2. The operation .of the air handling units for the turbine building is as 
follows: 

a. Each unit has one steam coil downstream of a mixing box. The 
mixing box dampers and steam coil are controlled to provide a 
60° F supply air temperature. 

b. If the fan motor is shut off, the fresh air inlet dampers will close. 

c. During normal operation, air is supplied to the auxiliary feed pump 
room by one of the turbine building air handling units and air is 
exhausted back to the main turbine building space via an exhaust 
duct located in the ceiling of the auxiliary feed pump room. 

3. Steam-operated unit heaters are provided to heat the turbine building, 
containment building and other areas as needed. When heat is required, 
a thermostat starts the fan automatically . 
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4. Roof exhausters are provided for the turbine building, feedwater area, 
intake structure and boiler room. Thermostats set at preset temperatures 
individually start the roof exhausters so that all roof 'exhaust fans will be 
operating at a maximum temperature of 104°F. 

5. Wall supply fans in the feedwater area and in the vicinity of the 
condensate pumps are started at preset temperatures by thermostats 
mounted in the area. 

6. The supply unit _mounted on the intake structure will operate 
continuously supplying a mixture of outside and return air. Wall supply 
fans are started at preset temperatures by thermostats mounted in the 
area. 

7. The redundant supply units for the diesel generator room supply fresh air 
as the cooling load requirements demand. These fans are started 
automatically in sequence by thermostats. 

8. Operation of the air supply units for the fuel handling area and the 
radwaste area is as follows: 

a. Each air supply unit is equipped with steam coils, a preheat coil 
and a reheat coil, and an air filter. 

b . The preheat coil is energized by an outside air thermostat at 
temperatures lower than 40 ° F. 

c. The reheat coil is controlled by a leaving air thermostat set at 
60°F. 

d. A thermostat senses the preheat coil leaving air temperature and 
closes an alarm circuit on low temperature to signal faulty coil 
performance. The alarm is located in the control room HVAC 
panel. 

e. If the fan motor is shut off, the fresh air inlet dampers close. 

9. The operation of the auxiliary building office air-conditioning unit is as 
follows: 

a. Air is recirculated and mixed with fresh air to provide a mixed air 
temperature of 60°F. 

b. The steam coil and chilled water cooling coil in the air-conditioning . 
unit are controlled by a thermostat in the supply fan discharge 
flow path .. 
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c. The supply airflows remain nearly constant but the fresh airflow 
varies depending upon the setting of the occupancy selector 
switch and the mixed air thermostat . 

d. If the fan motor is shut off, the fresh air inlet dampers close. 

1 0. The duct h.eaters for both the auxiliary building systems and the turbine 
building offices are controlled by room thermostats to obtain the desired 
room temperatures. 

11 . The access control duct cooling coil is controlled by the same thermostat 
that controls the duct heater. 

12. The control room HVAC system operateis in three different modes to 
meet the design bases discussed in Subsection 9.8.1. The three modes 
of operation (normal, emergency and purge) are described in Paragraphs 
a. through c. below. Tornado protection is described in Paragraph d. 
below: 

a. Normal Mode 

During normal mode operation, either Train A or Train B operates 
to supply air to the control room, Technical Support Center (TSC) 
and viewing gallery, and maintains a positive pressure with respect 
to the surroundings . 

When Train A is in operation, Air Handling Unit Fan V-95 supplies 
conditioned air to the control room, TSC and viewing gallery. The 
room differential pressure controller modulates Damper D-2 to 
bring in a sufficient amount of outside air to maintain a positive 
control room pressure. Control room temperature is maintained by 
two 2-stage thermostats located in the control room, which 
control Condensing Unit VC-11 by unloading cylinders. Dampers 
D-1 and D-2 are interlocked with the air handling unit fan to open 
when the fan is running and to close when the fan is stopped. A 
humidistat controls the humidity to 40% relative humidity (design 
basis is 50% relative humidity). Humidifiers are interlocked with a 
high limit humidistat and with the fan. 

The Train A damper positions during normal mode operation are as 
follows: 

(1) Dampers D-5, D-6 and D-7 close. 

(2) Dampers D-1, D-3, D-4 and D-20 open . 

(3) Damper D-2 modulates. 
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The Train. B damper positions during normal mode operation are as 
follows: 

( 1) Dampers D-12, D-13 and D-14 close. 

(2)· Dampers D-8, D-10, D-11 and D-21 open. 

(3) Damper D-9 modulates. 

Dampers _D-1, D-2 and D-4 isolate Air Handling Unit V-95 of 
Train A from the outside and Train B when Train A is not in 
operation. 

Dampers D-8, D-9 and D-11 isolate Air Handling Unit V-96 of Train 
B from the outside and Train A when Train Bis not in operation. 

When Train B operates, Air Handling Unit V-96 supplies 
conditioned air to the control room, TSC and viewing gallery. The 
room differential pressure controller modulates Damper D-9 to 
bring in a sufficient amount of outside air to maintain positive 
pressure in the control room. Control room temperature is 
maintained by two 2-stage thermostats located in the control 
room, which control Condensing Unit VC-10 by unloading 
cylinders. Dampers D-8 and D-9 are interlocked with the air 
handling unit fan to open when the fan is running and to close 
when the· fan is stopped. A humidistat controls the humidity to 
40% relative humidity (design basis is 50% relative humidity). 
Humidifiers are interlocked with a high limit humidistat and with 
the fan. A smoke detector, downstream of outside air dampers in 
the outside air duct is provided to detect the smoke. 

Emergency Mode 

The emergency mode of operation is actuated either by a 
containment high-radiation or a containment high-pressure signal 
(Section 7.3), or manually from the control room. During 
emergency mode operation, the air handling units and the charcoal 
filter units of both Train A and Train B operate. The refrigerant 
Condensing Units VC-10 and VC-11 shut down and are manually 
started by the operator. The control room operator has the option 
to turn off either Train A or Train B. During an emergency signal, 
operation of Purge Fan V-94 and Isolation Dampers D-1 5 and D-1 6 
is blocked. The toilet exhaust fan in the viewing gallery is shut 
off, and Fan Isolation Dampers D-17 and D-18 close. A manual 
switch to override each outside air duct damper (D-7 and D-14) is 
provided to isolate the control room from outside air and to allow 
100% air recirculation. 
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The Train A damper positions during emergency mode operation 
are as follows: 

( 1 ) Dampers D-1, D-2, D-17 and D-18 close. 

(2) Dampers D-3, D-4, D-5, D-6 and D-7 are fully open. 

(3) Damper D-20 modulates. 

Air Handli_ng Unit V-95 takes return air from the control room, TSC 
and viewing gallery, conditions it, and returns it to maintain the 
desired temperature in the control room. Filter VF-26A (which has 
a capacity of 3,200 ft3 /min) admits 1,000 ft3/min outside air 
through the emergency outside air intake duct and admits 
2,200 ft3 /min from the control room return air duct. The 
3,200 ft3/min filtered air is then supplied to the control room via 
Alr Handling Unit V-95. Positive pressure of . 125" of water or 
greater is maintained in the control room by adding the 1,000 
ft3 /min outside air to the system. A constant flow rate through 
the filter unit is maintained by modulating Damper D-20 to 
compensate for filter loading. 

Train 8 emergency operation is similar to Train A. The Train 8 
damper positions during emergency mode operation are as follows: 

( 1 ) Dampers D-8, D-9, D-17 and D-18 close. 

(2) Dampers D-10, D-11, D-12, D-13 and D-14 are fully open. 

(3) Damper D-21 modulates. 

Air Handling Unit V-96 takes return air from the control room, TSC 
and viewing gallery, conditions it, and returns it to maintain the 
design temperature in the control room. 

Filter VF-268 operation is similar to V-26A operation. 
Filter VF-268 recirculates 3,200 ft3 /min and pressurizes the control 
room by bringing in 1,000 ft3/min outside air . 
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c. Purge Mode 

Smoke can be purged from the control room by Fan V-94. This 
fan is manually started by the operator, when required. When the 
purge fan is started (with V-95 running), Dampers D-1 5 and D-1 6 
open; Return Damper D-3 closes; and Dampers D-1 and D-2 open 
fully to bring in 9,060 ft3/min outside air and prevent recirculation. 
When the purge fan is started (with V-96 running), Dampers D-1 5 
and D-1 6 open; Damper D-10 closes; and Dampers D-8 and D-9 
open. Purge Fan V-94 exhausts 7,800 ft3/min to the atmosphere, 
1 60 ft3 /min is exhausted by the toilet exhaust fan and 1 , 1 00 
ft3/min exfiltrates. 

When the purge fan runs in conjunction with Train A, the damper 
positions are as follows: 

( 1) Damper D-3 closes. 

(2) Dampers D-1, D-2, D-15 and D-16 open. 

When the purge fan runs in conjunction with Train B, the damper 
positions are as follows: · 

( 1 ) Damper D-10 closes . 

(2) Dampers D-8, D-9, D-15 and D-16 open. 

d. Tornado Protection 

Tornado dampers are provided in all the outside air intakes, the 
purge exhaust and the toilet exhaust ducts. During tornado 
depressurization, the tornado dampers close to isolate the HVAC 
system from the outside. 

e. Control Room/TSC Envelope 

f. 

Four vestibules are used to provide egress and ingress to the 
control room/TSC during post-accident operations. These 
vestibules are adjacent to Doors 108, 115, 175 and 52. Their 
function is to prevent air in-leakage. 

Penetrations to the Control Room Envelope 

Uncontrolled open penetrations to the control room/TSC envelope 
degrades the maintenance of positive air pressure. Therefore, 
administrative controls are used for maintenance activities 
requiring an o·pen penetration. These controls assure prompt and 
secure closure of openings in the event of an emergency. 
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The Thermal Margin Monitor (TMM) was originally qualified to 131°F. 
However, the location of the TMM in the panel is such that cooling is 
required. Analysis shows that, with forced air cooling, 131°F is reached 
by the TMM when the control room ambient temperature is 106°F. 
Because the TMM portion of the RPS is no longer capable of operating at 
the nominal control room design temperature of 120° F, a control room 
administrative limit of 90°F was imposed. 

Other portions of the Reactor Protective System located in the control 
room were designed to operate up to 135°F and 90% relative humidity. 
Individual components and modules of the RPS have been factory tested 
at design temperature and humidity conditions. With the exception of 
the TMM, the RPS cabinet (including all portions of the system located in 
the control room) has been tested for operation as a system at 
temperatures in excess of 135°F. 

Other electronic equipment used in plant safety-related components can 
operate at 120°F continuously and at 140°F intermittently as proven by 
experience. 

Cooling of safety-related equipment and controls located in rooms other 
than the main control room is maintained by systems designed with 
similar component redundancy as the control room air-conditioning 
system . 

The engineered safeguards equipment room coolers are started by a 
signal from wall-mounted thermostats and provide cooling for the 
protection of the engineered safeguards equipment. Service water flow 
is continually maintained through the cooling coils by maintaining 
CV-0878 and CV-0825 electrically locked open. The valves are operated 
by cylinder lock hand switches preventing inadvertent closure. 
Each room has one cooler with two fans, one powered from Class 1 E 
MCC-1 and the other powered from Class 1 E MCC-2. Emergency power 
for each cooler is supplied upon loss of offsite power from diverse 
sources. MCC-1 and MCC-2, which provide diverse power sources for 
the fans in each room, are automatically loaded on EOG 1-1 and EOG 1-2 
respectively. Equipment located in these rooms are the HPSI pumps, 
containment spray pumps, LPSI pumps, shutdown cooling heat 
exchangers, high-pressure control air equipment, and related piping, 
valves and controls . 
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As a result of Consumers Power Company's evaluation of IE 
Bulletin 80-06, "Engineered Safety System (ESF) Reset Controls," 
circuitry modifications were made to ESF Room Cooler Valves SV-0825 
and SV-0878 such that these valves do not close upon an ESF reset 
signal. In addition, to preclude inadvertent closure of the service water 
valves supplying cooling to the ESF room coolers, the hand switch 
controllers (HS-0825A and HS-0878A) for these valves were changed 
from hand switches without locks to hand switches with cylinder lock 
operators. 

14. Two iodine removal filters were installed for preoutage containment 
atmosphere iodine removal. The units are freestanding and do not use 
inlet or outlet ductwork. The units are manually operated when required. 

15. The containment purge and vent system is operated only during cold 
shutdown conditions. The operation of the system is as follows: 

a. One main exhaust fan (V-6A or V-68) must be running. 

b. Purge isolation valves {CV-1805 and CV-1806, and/oi CV-1807 
and CV-1808) are opened. 

c. Air room supply isolation valves ( CV-1 81 3 and CV-1 814) are 
opened and air room purge supply fan (V-46) is started. During 
cold weather heat is supplied by Heating Coil VHX-48 . 

d. The purge system is stopped by reversing the above procedure. 

Occurrence of a containment high-pressure or high-radiation signal during 
this purge cycle automatically closes the isolation valves. 

1 6. The radwaste area exhaust system operates as follows: 

a. Normally both fans, each rated at 50% of the normal flow, operate 
continuously. Dampers in the fan discharge modulate to maintain 
a uniform static pressure in the filter intake plenum. 

b. The filter intake pressure is the static pressure of a balanced 
airflow from all areas with access openings closed or in the normal 
condition. The ductwork is sized to permit airflows from the cells 
through access ports sufficient to permit entrainment velocities. 
Thus, if an access port or hatch cover is open, the air velocity 
through the opening is over 100 feet per minute and the fan 
discharge dampers will open to maintain the set static pressure at 
the filter intake ·plenum . 

9.8-13 Rev 20 



• 

• 

• 

c. Hoods have high-efficiency particulate filters as an integral part of 
the hood, and booster fans are provided to offset the pressure 
drop through the filter . 

d. In the event of an exhaust fan failure, the supply fan may be shut 
down and the negative pressure of the radwaste area will be 
maintained by the remaining exhaust fan. 

e. In the event of failure of the radwaste area supply fan, one of the 
exhaust f~ms is automatically shut down but the pressure control 
apparatus will limit the amount of the negative pressure developed 
by the lack of supply air and prevent excessive pressure 
differentials. 

f. In the event of a spillage of radioactive material in the rad waste 
area, the radiation monitor at the filter plenum senses the activity 
and stops the supply fan, closes the radwaste area supply Damper 
P0-1809, and stops the selected exhaust fan; however, a low 
flow alarm will override the high radiation signal and keep the 
standby exhaust fan running. The duct to access control remains 
open and is isolated from the radwaste area by Damper P0-1809. 

g. In the event of significant airborne contamination in the engineered 
safeguards rooms, the supply and exhaust dampers of those 
rooms are closed on a signal from the individual non 1-E radiation 
monitor for each exhaust duct. 

17. The fuel handling area exhaust system operates as follows: 

a. During normal operation, one or both of the exhaust fans run, as 
required, and draw air through a prefilter and a high-efficiency 
filter. 

b. During refueling operations, the exhaust air may be diverted 
through a prefilter, HEPA filter and a charcoal adsorber bed. This 
filter train is parallel to the normal high-efficiency filters and is 
isolated from it by the positioning of an inlet damper. 

c. In the event of a fuel handling/cask (heavy load) drop accident in 
the spent fuel pool, the exhaust airflow is reduced to one-half by 
tripping the supply fan and closing the inlet damper and tripping 
one of the 50% capacity exhaust fans. The exhaust air flows 
through the high-efficiency particulate filter and a charcoal filter. 
See Sections 14. 11 and 14. 1 9 for specific assumptions of the Fuel 
Handling Building HVAC used in the safety analysis . 
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18. The operation of the auxiliary building addition fuel handling supply and 
radwaste supply is as follows: 

a. The supply unit for each area is equipped with a preheat coil, a 
reheat coil and an automatic filter. 

b. The preheat coil is controlled by a thermostat in the fresh air 
intake set at 35°F. The reheat coil is controlled by a leaving air 
thermostat to maintain a discharge temperature of 60°F. 

c. Another thermostat is provided in the leaving air stream which is 
set at 45 ° F and alarms in the control room when this temperature 
is reached to indicate faulty coil performance. 

d. If the fan motor is shut off, the fresh air inlet dampers close. 

e. The supply fans will trip on a high-radiation signal from radiation 
monitors located in the corresponding exhaust system ducts. 

19. The operation of the auxiliary building addition fuel handling area exhaust 
and radwaste exhaust systems is as follows: 

a. The exhaust systems each consist of a filter package which 
contains a bank of roughing filters and a bank of HEPA filters. Air 
is drawn through the filter plenum by two exhaust fans . 

b. Normally both fans, each rated at 50% of the normal flow, operate 
continuously. Dampers in the fan discharges modulate to maintain 
a uniform static pressure in the filter intake plenum. 

c. In the event of an exhaust fan failure, the supply fan may be shut 
down and the negative pressure of the area served by the 
particular system will be maintained by the remaining exhaust fan. 

d. In the event of failure of a supply fan, one of the exhaust fans will 
shut down but the pressure controller in the filter intake plenum 
will limit the amount of negative pressure developed by the lack of 
supply air and prevent excessive pressure differentials. 

e. In the event of release of radioactive material in the area served by 
the system, the radiation monitor at the filter plenum senses the 
activity and trips the supply fan which in turn trips one of the 
exhaust fans. However, a low flow condition will override the 
high-radiation signal and keep the standby exhaust fan running . 
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The penetration and fan rooms' heating and ventilating system has been 
installed as part of the high-energy line work heating and ventilation. 
This system provides cooling air to the feedwater pipe penetration room 
and fan room. This system is not considered essential because the 
essential equipment located in this area is qualified to survive a main 
steam line break within this area. The system operates as follows: 

a. The supply system consists of a supply fan, an air filter and an 
outside air damper. 

b.· The exhaust system consists of a prefilter, a high-efficiency filter 
and an exhaust fan. 

c. The supply and exhaust systems run concurrently and are 
controlled by a thermostat located in the exhaust duct. The 
supply and exhaust fans are started when the exhaust air 
temperature is 90°F and stop when the exhaust air temperature is 
70°F. 

d. A differential pressure controller which measures differential 
pressure across the fiiters and filter inlet damper, modulates the 
filter inlet damper to maintain a preset negative pressure across 
the filters and dampers. 

The electrical equipment, switchgear, cable spreading and battery rooms' 
HV AC system was modified in the 1983 outage to include the new 
electrical equipment room added as part of the control room modification 
work. This system formerly served the viewing gallery. This system 
operates as described below and serves the following areas: 

Electrical Equipment Room 
Cable Spreading Room 
Bus 1 D Switchgear Room 
Bus 1 C Switchgear Room 
Battery Room 

The cable spreading room, switchgear rooms and battery rooms are 
considered essential because they house the reactor protection and 
control system, the instrumentation for shutdown and cooldown, the 
emergency power (ac and de) and control power for safe shutdown 
systems all of which are considered important to safety. 

The ventilation system that services these areas is composed of V-33 
and V-43 with supplemental ventilation supplied by V-47, none of which 
are safety grade. Supply Fan V-33 provides 18,500 scfm of air to the 
areas identified. Makeup air to V-33 is a blend of outside air and 
recirculated air from V-43. This blend is controlled by a mixed air 
temperature controller. When outside air temperature increases, the 
amount of recirculation is decreased, and the amount of makeup 
increases up to the full 18,500 scfm. 
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The duct branch that services the new electrical equipment room is 
equipped with a chilled water cooling coil to provide adequate cooling for 
the room. This cooling coil is controlled by a thermo'stat located in the 
electrical equipment room. 

Separate from this two-fan ventilation system is a 30,000 scfm exhaust 
fan that takes suction on the cable spreading, Bus 1 D switchgear and 
Bus 1 C switchgear rooms only. When air temperature in the upper 
region of the rooms increases above 100°F,_ Temperature Switches 
1824, 1825 and 1 826 will initiate a control room annunciator none of 
which are safety grade. During normal plant conditions, the operator 
may manually start the supplemental Exhaust Fan V-4 7. Normally, the 
temperature will drop below the 100°F set point within 10 minutes and 
the operator will stop V-47. When the control room ventilation system is 
in its emergency mode, V-47 is not operated because its high suction 
capacity inhibits the ventilation system from maintaining its required 
positive pressure. 

If the high-temperature alarm does not clear, other corrective measures 
available to the operator would be: check fan and damper operation, 
ensure heating steam controller and cooling controllers are functioning, 
ensure filter media is clear, block open doors, place fire protection smoke 
blowers in rooms as temporary air movers. 

The containment building air coolers operate as follows under normal 
conditions: 

The service water supply line for each safety-related cooler has an air
operated stop valve which is electrically locked open. The return line for 
each safety-related cooler has an 8" air-operated discharge valve which 
is usually (in cold weather) held closed and a 4" temperature control 
valve in a bypass line around the closed discharge valve. The non-safety 
related cooler (VHX-4) has air-operated valve in its service water supply 
and return lines that are normally open. The VHX-4 return line valve can 
be closed during cold weather to reduce the cooling occurring in 
containment. The service water supply and discharge valves for all the 
coolers go to their safety position upon loss of control power or 
instrument air. The 4" temperature control valves were modified by SC-
93-054 to eliminate the automatic temperature control function. These 
valves may be manually operated locally using the provided air regulator 
but are typically kept full open (with the exception of VHX-4's TCV, 
whose air supply has been isolated per FC-71 3, failing it closed). 
Because the temperature control function was eliminated, the valve 
equipment ID's are now CV rather than TCV. The supply and 8" 
discharge valves may be manually operated from the main control room 
and the engineered safeguards local panel. The bypass valves can only 
be closed from the control room by isolating instrument air to 
containment . 
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Air is drawn through the containment air coolers by two matched 
vaneaxial fans with direct connected motors. One fan motor is rated for 
normal conditions and the second is rated for post-OBA conditions . 
During normal operation the total airflow through each cooler is 60,000 
CFM. The fan motors, rated for the post-OBA condition are fed from the 
emergency power buses. All fans may be manually started or stopped 
from the main control room or at the individual breakers. For description 
of the operation under accident conditions, see Section 6.3. 

The CROM cooling system consists of two fans which draw in building 
ambient air and discharge it into a shroud around the CRDMs. This 
system was modified in 1 977 to limit inflow of hot air into the service 
structure and, as a result, lower the temperature in the service structure. 

The containment post-accident filter system is described in Section 6.5. 

The main steam line and feedwater line containment penetration cooling 
system consists of two fans which draw air from the 590 ft elevation 
CCW room and discharges it through passages in the annulus between 
the pipe and concrete. 

Operation of the condensate and makeup demineralizer building HV AC 
system is as follows: 

a. The heating and ventilation air handling units perform the 
ventilation and heating function for tt:le condensate and makeup 
demineralizer building areas. The systems are designed to take 
outside air, mix it with return air as applicable, filter it at the air 
handling unit and distribute it to the building areas. Areas being 
served by the heating and ventilating air handling units are 
provided with thermostats for control of winter space 
temperatures. Exhaust airflows are from areas of low potential 
airborne radioactivity t_o areas of higher potential airborne 
radioactivity. 

b. The instrument room air-conditioning unit provides cooling and 
heating for the instrument room. The system is designed to take 
outside air, mix it with return air, filter it at the air-conditioning unit 
and deliver it to the instrument room. A space thermostat is 
provided for year-around temperature control. The air-conditioning 
unit and the return/exhaust fan are equipped for economizer 
control in the event ambient air conditions can satisfy interior 
air-conditioning heat loads. 

c. The boiler room supply fan and roof exhauster perform the 
ventilating function for the boiler room. The equipment supplies 
outside air and exhausts hotter room air. The fans are started and 
stopped by room thermostats or may be operated manually by a 
control switch. 
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d. The air compressor and switchgear room and the pipe gallery use 
wall louvers and roof ventilators for ventilation. The systems are 
started and stopped by room thermostats or may be operated 
manually with control switches . 

e. Unit heaters are controlled individually by room thermostats. 

27. Operation of the Volume Reduction and Solidification (VRS) system 
MV AC systems are as follows: 

9.8.3 

a. The VRS system control room air-conditioning unit provides 
cooling for the VRS system control room. The system is designed 
to take room return air, mix it with minimum outside air, filter and 
cool the air as necessary and deliver it to the VRS system control 
room. The air-conditioning unit is controlled from a room 
thermostat. Redundant condensers are provided for the 
air-conditioning unit for reliability. 

b. The VRS system area supply air system consists of an 
air-conditioning unit with an air-cooled condenser. Outside air is 
drawn through the unit, filtered and cooled as necessary and 
delivered to the space. A space thermostat controls operation of 
the unit. 

c. The VRS system area exhaust system consists of a duct system 
which is tied into the existing radwaste area exhaust system. The 
air supplied to VRS area is drawn through the space and 
exhausted to the outside through the radwaste area exhaust filter 
(VF- 73 ) . Effluents from the drum filling station vent hood are 
exhausted to this system after passing through a prefilter , a 
HEPA filter, charcoal filter and another HEPA filter. 

d. The VRS system area electrical equipment room uses roof 
ventilation for ventilation. The roof ventilators are started and 
stopped by a thermostat located in the space. 

TESTS AND INSPECTIONS 

Provisions for testing equipment performance are built into the critical apparatus 
such as exhaust systems, the engineered safeguards room coolers and the control 
room air-conditioning unit and refrigerant condensers. After the equipment is 
installed and operating, periodic tests may be performed to assure that filters and 
coils are not dirty or plugged and the unit is still performing as required. 

The charcoal and high-efficiency filters for the control room and the fuel handling 
area are tested per the requirements of the Technical Specifications . 
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9.8.4 LOSS OF INSTRUMENT AIR TO VENTILATION DAMPERS 

Table 9-17 lists the ventilation dampers, their function, and positions during 
operation of the Plant under normal, shutdown, abnormal conditions and loss of 
instrument air. Particular attention has been given to the failed position of 
dampers to ensure maximum safety of Plant personnel and minimum emission of 
possible contaminants to the environment. 

The control room HV AC system damper positions for the various modes of 
operation are discussed in Subsection 9.8.2.4, Item 12. 

The normal radwaste area and engineered safeguards rooms ventilation mode is 
with all dampers open, Supply Fan V-10 running, one or both exhaust fans (V-14A 
and/or V-148) running, and the exhaust dampers (P0-1839 and P0-1840) 
controlled by filter intake pressure to maintain balanced airflow from all areas. A 
high-activity level at the filter intake plenum will actuate the radiation monitor 
(RE-1809) which will close the rad waste area supply damper (P0-1 809), trip one 
exhaust fan (V-14A or 8) if both are running, close the respective exhaust damper, 
and trip the supply fan (V-10) which will in turn close the supply damper. The 
remaining exhaust fan will maintain a slight negative pressure on the radwaste 
area to prevent leakage out of the building. The tripped exhaust fan will restart if 
2.5 inches of water vacuum is not maintained in the exhaust plenum. A 
high--radiation level in either of the exhaust ducts from the safeguards rooms will 
automatically close the supply and exhaust dampers for the affected room. 
Continued cooling of air within the safeguards rooms is provided by the local 
cooling units . 

The normal ventilation mode in the fuel handling area during reactor operation or 
reactor shutdown is Supply Damper P0-3007 open, Supply Fan V-7 operating, one 
or both exhaust fans (V-8A or V-88) operating, and one or both gravity exhaust 
dampers open. No change in the normal ventilation mode occurs in the unlikely 
event of a D8A unless the D8A is accompanied by a loss of offsite power at which 
time the ventilation fans will be shed from their respective bus and the dampers 
will close. Upon a fuel building high-radiation area alarm, Fan V-7 is manually 
tripped which closes Damper P0-3007 and one exhaust fan is manually tripped 
closing its gravity damper. The remaining running fan continues to run maintaining 
a slight negative pressure on the fuel building to prevent leakage from the building. 
Upon loss of instrument air, Supply Damper P0-3007 will shut. The supply fan 
and one exhaust fan will be manually tripped to ensure no building leakage in the 
unlikely event a simultaneous release of activity occurs within the fuel building . 
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9.8.5 SAFETY .EVALUATION 

9.8.5.1 Introduction 

• The Heating, Ventilation and Air Conditioning Systems covered in this section are 
those which were evaluated by the NRC in SEP Topic IX-5 dated February 11, 
1982. 

• 

• 

In determining which systems to evaluate under this topic, the NRC used the 
definition of "systems important to safety" provided in Regulatory Guide 1.105. 
The definition states systems important to safety are those necessary to ensure ( 1) 
the integrity of the reactor coolant pressure boundary, (2) the capability to shut 
down the reactor and maintain it in a safe condition, or (3) the capability to 
prevent or mitigate the consequences of accidents that could result in potential 
offsite exposures comparable to the guidelines of 10 CFR Part 100, "Reactor Site 
Criteria." This definition was used to determine which systems or portions of 
systems were "essential." Systems or portions of systems which perform 
functions important to safety were considered to be essential. 

9.8.5.2 

1. 

Evahiation 

Control Room Heating, Ventilation and Air Conditioning (CRHVAC) 
System 

The function of the CRHVAC system is to provide a controlled 
environment for the comfort and safety of control room personnel and to 
assure the operability of control room components during normal 
operating, anticipated operational transient and design basis accident 
conditions. 

This system was modified during the 1 9,,83 outage in response to 
NUREG-0737, Item 111.D.3.4 concerns. The system is described in 
Subsection 9.8.2. 

A safety evaluation for this system is presented in Subsection 6.10.3, 
Control Room Habitability. 

Safety Analysis for dose consequences are presented in Chapter 14 for 
various accident conditions. 

2. Spent Fuel Pool Area Ventilation System 

The function of the spent fuel pool area ventilation system is to maintain 
ventilation in the spent fuel pool equipment areas, to permit personnel 
access, and to control airborne radioactivity in the area during normal 
operation, anticipated operational transients and following postulated fuel 
handling accidents . 

Based on the fuel handling accident analysis in Section 14.19, it was 
determined that the system is nonessential. 
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Radwaste Area Ventilation System 

The radwaste area ventilation system services most areas within the 
auxiliary building during normal operation, including the engineered 
safeguard equipment rooms (east and west), the charging pump room, 
the primary drain tank pump room and the boric acid control area. These 
areas house equipment (Emergency Safeguards systems and the 
Chemical and Volume Control System) which operates either 
post-accident or for the safe shutdown of the Plant. Therefore, the 
service conditions within these areas and the equipment that maintains 
those conditions are considered essential. 

If loss of instrument air were to occur, the Supply Damper P0-3010 A, 
B, C and D, radwaste area Supply Damper P0-1809, the two Exhaust 
Dampers P0-1839 and P0-1840 and safeguard rooms supply and 
exhaust dampers would fail closed. This would result in a loss of 
ventilation for the Chemical and Volume Control System. In addition, if 
offsite power is lost, the radwaste area ventilation system would fail. 

This event actually occurred during a Plant trip which occurred on 
September 24, 1977 when the switchyard "R" bus was automatically 
de-energized during an electrical storm. The CVCS was required to 
operate 4 hours and 34 minutes on diesel power with the radwaste area 
ventilation system de-energized. No temperature-related equipment 
failures occurred in the auxiliary and radwaste areas. This demonstrates 
that ample time exists for operator action. The probability of a sustained 
loss of instrument air is not credible since station demand is less than 
250 ft3/min and the Plant is equipped with two 200 ft3 /min 
compressors and one 320 ft3/min compressor , two of which can be 
powered from Emergency Diesel 1-1, and the other from 1-2. In 
addition, the feedwater purity building houses two 876 ft3 /min 
compressors, which can be paralleled into the original Plant instrument 
air system by opening a single control room activated control valve. 
These two compressors do require offsite electrical power. 

The loss of offsite power does have a higher probability of occurrence 
than loss of instrument air, but loss of offsite power also trips the reactor 
and only activates the engineered safeguard equipment. Thus, there is a 
minimum of operating equipment to add heat. A simplified analysis was 
performed on the charging pump room assuming the three pump motors 
provide the heat input. The only other heat input would be that radiated 
from the insulated process lines carrying 120° F water. Since the normal 
design ambient for the pump and motor is also 120°F, the terminal 
temperature from this source is equal to the design temperature. This 
demonstrates less than an 11 ° F rise in 6 hours and a temperature rise of 
only 0.4°F during the fifth hour. Thus, assuming an initial temperature 
of 80°F, it would take on the order of 83 hours to reach the design 
temperature of 120°F. This would allow ample time to restore offsite 
power or to install temporary air movers. 
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Although the Chemical and Volume Control System, a system required 
for Plant safe shutdown, relies on the radwaste area ventilation system 
for maintaining its operational service conditions, it was demonstrated 
that a short loss of the radwaste area ventilation system has no adverse 
effect on the Chemical and Volume Control System and that adequate 
time exists for corrective action. Although the present radwaste area 
ventilation system is susceptible to single mode failure, it was found, that 
a safety grade ventilation .system is not required for this area based on 
the long time available for operator corrective action. 

Turbine Building· Ventilation System 

The only area in the turbine building which is considered to be essential 
to safety is the auxiliary feed pump room. During normal operation, air is . 
supplied to the auxiliary feed pump room by one of the turbine building 
air handling units and air is exhausted back to the main turbine space via 
an exhaust duct located in the ceiling of the auxiliary feed pump room. 

A single duct failure or loss of offsite power would result in the loss of 
ventilation of this room which could potentially cause the failure of both 
auxiliary feed pumps to perform when required. 

However, tests were reported to the NRC in a November 1, 1982 letter 
which simulated loss of ventilation in the auxiliary feedwater pump room. 
These Were conducted for both motor-driven auxiliary feedwater pump 
operation and steam-driven auxiliary feedwater pump operation. The 
tests verified that the room can safely withstand a loss of power to the 
ventilation units for a long period of time, at least 24 hours. In addition, 
a 1 996 modification to the steam supply piping for P-88 provided a slight 
reduction in heat input to the room. Also, the simple measure of opening 
a door provides adequate ventilation for an indefinite period. 

Engineered Safeguard Equipment Rooms (East and West) 

The engineered safeguard equipment rooms are located in the auxiliary 
building. Equipment located in these rooms is: 

HPSI Pumps 

Containment Spray Pumps 

LPSI Pumps 

Shutdown Cooling Heat Exchangers 

High-Pressure Control Air Equipment 

Related Piping, Valves, Controls, etc 

Each room has one cooler with two fans, powered from diverse sources. 
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The water source for the coolers is the Service Water System. 
Emergency power is supplied upon loss of offsite power. The two fans 
V-27C and V-270, which service the west room, receive power from 
Class 1E MCC 1 (801) and MCC 2 (802), respectively. Fans V-27A and 
V-278, which service the east room, are similarly powered from MCC-1 
and MCC-2, respectively. Buses MCC-1 and MCC-2 are automatically 
loaded onto EOG 1-1 and EOG 1-2, respectively. 

Electrical Equipment, Switchgear and Cable Spreading Rooms Ventilation 
System 

The areas served and operation of this system are discussed in 
Subsection 9.8.2. 

The cable spreading room, switchgear room and battery room are 
considered essential because they house the reactor protection and 
control system, the instrumentation for shutdown and cooldown, the 
emergency power (ac and de) and control power for safe shutdown 
systems all of which are considered important to safety. 

Ventilation tests were conducted in July and August of 1982 to 
investigate loss of offsite power to the ventilation fans. These were 
reported in a November 1, 1982 letter to the NRC. 

The ventilation tests showed that certain equipment in the cable 
spreading room cannot withstand a loss of normal ventilation for an 
indefinite period of time. Upon loss of normal ventilation, the operator 
has sufficient time, however (up to six hours), to take action to ensure 
that the room's design temperature of 104 ° F is not exceeded. Such 
action consists of restarting normal cable spreading room ventilation fans 
V-33 and V-43, or restarting supplemental ventilation fan V-47 if the 
emergency mode of the control room ventilation system is not required. 
The other corrective measures described in Subsection 9.8.2 would also 
be utilized if necessary. Initiation of such action(s) would be the result 
of a control room annunciation when the cable spreading room 
temperature reaches 100°F. The cable spreading room fans V-33, V-43, 
and V-47 are all capable of being powered from an emergency diesel 
generator. 

The 1 C and 1 0 switchgear rooms are not affected by a loss of 
ventilation since no appreciable heat sources are contained in these 
rooms. The battery rooms, which are contained within the larger cable 
spreading room, were not tested since the battery room fans are 
powered from a safety-related source and, therefore, would not be 
vulnerable to a loss of offsite power . 
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During the conduct of the cable spreading room tests, it was observed 
that the inverter cabinets, the charger cabinets and auxiliary feedwater 
junction boxes (J-569 and J-570) require forced-air cooling. Therefore, 
V-928 was installed to cool the inverter and charger cabinets (auxiliary 
feedwater junction boxes no longer contain equipment requiring cooling) 

Emergency Diesel Generator Room 

There are two emergency diesel generator rooms. Ventilation to 
maintain suitable operating temperatures for the diesel and its associated 
electric control equipment within each room is provided by two separate 
ventilation systems and are supplied from safety-related power sources. 
The reliable operation of these ventilation systems is considered essential 
to Plant safety. 

The major components of these systems are the two diesel generators 
( 1-1 and 1-2), and two cooling fans for each generator room, V-24A, 
V-248, V-24C and V-240, respectively. An intake plenum is installed 
between the two fans in each room. 

On the basis of extensive experience with this system involving normal 
periods of diesel operation for test purposes, this ventilation system has 
been demonstrated to be of adequate design. 

Intake Structure Ventilation System 

The intake structure ventilation system is addressed in this evaluation 
because it services the area where the three service water pumps are 
located. These pumps are considered important to safety. The system 
consists of seven supply fans, five wall-mounted units (V-21 D-H) and 
two roof units (V-32A and B). These supply fans draw atmospheric air 
into the building. The air is then exhausted back outside through five 
roof-mounted exhaust fans (V-30A-E). 

The intake structure ventilation system was originally sized to cool 
circulating water pumps in addition to the service water pumps. The 
existing ventilation system is now oversized for normal operation since 
the circulating water pumps have been removed. 

In the event of a power failure, several mechanisms act to prevent any 
rapid heat buildup. All other heat loads within the structure are secured 
as the Plant is shut down, service water pipes containing cool lake water 
act as heat sinks, and the room is not airtight allowing some limited 
convective cooling to take place. If a system failure should occur, doors 
opening to the outside are available and should provide sufficient airflow 
even with multiple fan failures. Inspection of the intake structure at 
eight-hour intervals provides additional protection against excessive heat 
buildup . 
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Penetration and Fan Room Ventilation System 

The penetration and fan room ventilation system provides cooling air to 
the feedwater pipe penetration room, the main steam pipe penetration 
room and fan room. Although this ventilation system services the main 
steam system and component cooling water system, both considered 
essential for a shutdown of the Plant, it is not considered essential as 
defined in Subsection 9.8.5.1, because the essential equipment located 
in this area is being qualified to survive a main steam line break within 
this area . 
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9.9 SAMPLING SYSTEM 

9.9.1 DESIGN BASIS 

The sampling systems are designed to permit liquid and gaseous sampling for 
analysis and chemistry control of the Plant primary and secondary fluids. Samples 
are used to determine if chemical and radiochemical concentrations are within the 
prescribed operating· limits. · 

9.9.2 SYSTEM DESCRIPTION AND OPERATION 

The sampling system is a collection of smaller subsystems which are designed to 
sample various Plant fluids. These subsystems are designated by the Plant 
systems or fluid sampled. Table 9-18 lists each subsystem. 

The NSSS Sampling Station is located in the auxiliary building sample room. 

High-temperature, high-pressure fluid samples taken from the Primary Coolant 
System are first passed through a delay coil to permit decay of short-lived 
radioactivity and then through a cooler, pressure reducing coil, flow controller and 
final.Iv an analyzer or grab sample valve. All grab samples and bomb samples are 
taken to the chemistry lab for analysis. 

Block and bleed valves, located on the reactor coolant and LPSI pump suction 
sample lines, provide the opportunity to backflush these lines through the sample 
coolers to reduce the dose rate and potential equipment contamination. The block 
valve is also controlled to shut on high temperature at the sample cooler outlet. 

A parallel system, the post-accident sample & monitoring system (PASM) 
(Figure 9-21), is designed to sample primary coolant, low pressure injection pump 
discharge and containment atmosphere following an accident involving fuel 
damage. This system can continuously sample pH, conductivity and dissolved 0 2 

and can be monitored from outside the PASM room. The sample panel is faced 
with 7 inches of lead shot sandwiched between 1 /2-inch steel plates to reduce the 
potentially high dose rates to tolerable levels. The PASM inline instrumentation is 
also used to monitor the PCS during routine plant operations. 

In addition, liquid samples may be taken directly or diluted with demineralized 
water to reduce the activity levels. The undiluted sample may be injected into a 
shielded transportable sample flask for transport to the lab for analysis. 

Dissolved gases are vacuum stripped from a pressurized primary coolant sample. 
A gas chromatograph can remotely sample for PCS dissolved H2 . The gases can 
also be extracted via a syringe for transport to the lab and subsequent analysis. 
The waste gas decay tanks and volume control tank can also be sampled with the 
gas chromatograph . 
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The containment hydrogen monitoring system (Figure 9-22) consists of redundant, 
Class 1 monitors designed to continuously monitor the containment hydrogen 
concentration during post-accident conditions. Each monitor 'contains a sample 
pump, temperature, pressure and flow controllers, and a thermal conductivity cell. 
Piping from the containment to the H2 analyzer panels are heat-traced and 
maintained at approximately 285°F to prevent condensation in the sample stream. 

During normal Plant operation, the system is maintained at standby conditions 
permitting rapid start-up. 

Following initial start-up and calibration, system operation may be initiated locally 
at the panel or remotely from the control room. Once initiated, operation is 
automatic. 

The Turbine Plant Analyzer Station is located in the turbine building. This station 
contains sample pressure reducing and cooling equipment including valves, 
pressure regulators, pressure indicators, flow regulators, piping grab sample sinks 
and continuous analyzers for various parameters such as conductivity,. dissolved 
·oxygen, sodium, hydrazine, and pH. A data acquisition system, indicators and an 
annunciator, to alarm abnormal conditions, are located at the Turbine Plant 
Analyzer Station. 

At the Turbine Plant Analyzer Station, sample streams are sent through continuous 
analyzers. These analyzers transmit their signals to indicators for continuous 
display on the local analyzer panel. A data acquisition system also receives the 
signals from the analyzers. 

The Radwaste Sample Station (Figure 9-23), located in the auxiliary building 
sample room, provides sample streams for grab sampling or collection in sample 
bombs. The sample streams are radioactive or potentially radioactive fluids. 

The Radwaste Addition Sample Station, located in the new radwaste building 
sample room, provides sample streams for grab sampling or collection in sample 
bombs. The sample streams are radioactive or potentially radioactive fluids. 

Table 9-19 is a summary of sample points. 

9.9.3 SYSTEM EVALUATION 

The sampling system obtains a maximum of information from a number of 
separately located sample points and stations. All of the continuous sample 
analysis equipment is located near its sample conditioning equipm~nt which 
permits rapid detection of deteriorating conditions of either the samples or the 
sampling equipment . 
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9.10 CHEMICAL AND VOLUME CONTROL SYSTEM 

9.10.1 DESIGN BASIS 

The Chemical and Volume Control System (CVC), a CP Co Design Class 1 system, 
is designed to: 

1 . Maintain the required volume of water in the Primary Coolant System 
over the range of full to zero reactor power without requiring makeup 

2. Maintain the chemistry and purity of the primary coolant 

3. Maintain the desired boric acid concentration in the Primary Coolant 
System 

4. Pressure test the Primary Coolant System 

The design parameters for the Chemical and Volume Control System and 
components are listed in Table 9-20. 

9.10.2 SYSTEM DESCRIPTION AND OPERATION 

9.10.2.1 General 

The Chemical and Volume Control System is shown in Figure 9-24 and 
Figure 9-25. Primary coolant normally flows through the Chemical and Volume 
Control System as shown by the heavy lines in Figures 9-24 and 9-25. The 
letdown coolant from the cold leg of the Primary Coolant System passes through 
the tube side of the regenerative heat exchanger and is partially cooled. The 
cooled fluid is then partially depressurized as it passes through the letdown stop 
valves and orifices. The temperature and pressure of the letdown coolant are 
finally reduced to the operating requirements of the purification system by the 

· letdown heat exchanger and back pressure valve, respectively. The coolant then 
passes through an ion exchanger and a filter and is sprayed into the volume 
control tank. The charging pumps remove the coolant from the volume control 
tank and return it to the Primary Coolant System by way of the shell side of the 
regenerative heat exchanger. The heat exchanger transfers heat from the letdown 
coolant to the charging coolant before the charging coolant is returned to the 
Primary Coolant System. 

When the level in the volume control tank reaches the high level set point, the 
letdown flow is automatically diverted to the liquid radwaste system. When the 
level in the volume control tank reaches the low-level set point, makeup water, 
borated to the existing concentration of the Primary Coolant System, may be 
manually supplied to the suction of the charging pumps . 
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The volume control tank is designed and sized with a large enough capacity that 
with the level in the normal control band, the tank can accommodate a zero to full 
power increase or a full to zero power decrease . 

The boric acid concentrati.on and chemistry of the primary coolant are maintained 
by the Chemical and Volume Control System. Concentrated boric acid solution is 
prepared in a batching tank and is stored in two concentrated boric acid storage 
tanks. Two pumps are provided to transfer concentrated boric acid to a blender 
where the boric acid is mixed with primary makeup water in a predetermined ratio. 
The solution is introduced to the Primary Coolant System by the charging pumps. 

Chemicals are introduced to the Primary Coolant System by means of a metering 
pump which pumps the chemical solution from a chemical addition tank and 
introduces it to the charging pump suction header. 

The Primary Coolant System may be pressure tested for leaks by means of the 
variable speed charging pump. The system is also provided with connections for 
installing a hydrostatic test pump. 

9.10.2.2 Volume Control 

The CVC automatically adjusts the volume of water in the Primary Coolant System 
using a signal from the level instrumentation located on the pressurizer. The 
system reduces the amount of fluid that must be transferred between the Primary 
Coolant System and the CVC during power changes by employing a programmed 
pressurizer level set point which varies with reactor power level. The set point 
varies linearly with reactor power, defined for this purpose as the average primary 
coolant temperature measured across a steam generator. This linear relationship is 
shown in Figure 4-9. The control system compares the programmed level set 
point with the measured pressurizer water level. The resulting error signal is used 
to control the operation of the charging pumps and the letdown valves as 
described below. The pressurizer level control program is shown in Table 4-9. 

The pressurizer level control program adjusts the charging rate of the variable 
capacity charging pump, normally in operation, to obtain a flow equal to the 
letdown flow through one letdown stop valve and orifice plus the total primary 
coolant pump seal bleed off flow. If power changes or abnormal operations cause 
a large drop in the pressurizer level, one or both of the constant capacity charging 
pumps start to return the level to the normal control band. If conditions cause a 
large rise in the pressurizer level, additional letdown stop valves open to lower 
pressurizer level. 

Since the normal letdown flow plus the primary coolant pump controlled bleedoff 
flow slightly exceeds the capacity of one constant capacity charging pump, one of 
two method of maintaining pressurizer level is used when the variable capacity 
charging pump is removed from service . 
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One method places one constant capacity charging pump in manual and allows the 
pressurizer level control program to cycle the second constant capacity charging 
pump on and off automatically to maintain level. One of the letdown orifice stop 
valves may be closed to reduce the cycling of the letdown orifice stop valves 
during this method. The second method places both constant capacity charging 
pumps in manual and allows the pressurizer level control program to maintain level 
by cycling the letdown stop valves. 

The volume control tank level may be automatically controlled. When the level in 
the tank reaches a high-le~el set point, the letdown flow is automatically diverted 
to the l_iquid waste disposal system. When the level in the tank reaches the 
low-level set point, makeup water is manually or automatically supplied to the 
charging pumps. When. the level in the tank reaches a low-low set point, the 
system automatically closes the outlet valve on the tank and switches the suction 
of the charging pumps to the safety injection and refueling water tank. 

The volume control tank can store enough coolant below its normal operating level 
to compensate for a full to zero power decrease in the primary coolant volume 
without requiring makeup. The tank is supplied with hydrogen and nitrogen gas. 
Gases may be vented to the waste gas surge tank. 

9.10.2.3 Chemical Control 

The CVC purifies and conditions the primary coolant by means of ion exchangers, 
filters and chemical additives . 

Filters located upstream of the purification demineralizers filter out large particles. 
The purification demineralizers contain a mixed bed resin which removes soluble 
nuclides by ion exchange and insoluble nuclides by impaction of the particles on 
the surface of the resin beads. A demineralizer post-filter is located downstream 
of the purification demineralizers to filter out resin material that may be carried 
over from the demineralizers. In addition, the filter may be operated as either a 
prefilter or a post-filter. 

The primary coolant is chemically conditioned to the typical conditions shown in 
Table 4-16 by: 

1 . Hydrazine scavenging to remove oxygen during start-up 

2. Maintaining excess hydrogen concentration to control oxygen 
concentration during operation 

3. Chemical additives to control pH during operation 
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The chemical control system is designed to prevent the activity of the primary 
coolant from exceeding approximately 292 µCi/cc with failed fuel elements. 

9.10.2.4 Reactivity Control 

The bo_ron concentration of the primary coolant is controlled by the CVC to: 

1. Optimize the position of the control rods. 

2. Compensate for reactivity changes in the temperature of the coolant, 
burnup of the core and variations in the concentration of xenon in the 
core (see Figure 9-27). 

3. Provide a margin of shutdown for maintenance, refueling or emergencies. 

The _system includes a batching tank for preparing the boric acid solution, two 
tanks for storing the solution and two pumps for supplying boric acid solution to 
the makeup system. 

Normally, the system adjusts the boron concentration of the primary coolant by 
"feed" and "bleed." To change concentration, the makeup (feed) system supplies 
either water or concentrated boric acid to the charging pumps, and the letdown 
(bleed) stream is diverted to the waste disposal system. Toward the end of a core 
cycle, the quantities of waste produced due to the "feed" and "bleed" operations 
become excessive. Then, the deborating demineralizer is used to reduce the boron 
concentration. 

The system adds boron to the primary coolant and thereby decreases reactivity at 
a sufficient rate to override the maximum increase in reactivity due to cooldown 
and the decay of xenon in the reactor. 

The control rods can decrease reactivity far more rapidly than the boron removal 
system can increase reactivity. The maximum equivalent reactivity insertion rate 
of the rods is 143 ppm/min; whereas the maximum boron reduction rate is only 
3 ppm/min. 

9.10.2.5 Pressure-I eakage Test System 

The Primary Coolant System can be tested for leaks while the Plant is at power by 
monitoring pressurizer level and charging rate. The charging pumps may also be 
used to hydrostatically test the primary system at design pressure when the Plant 
is shut down. 
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9.10.2.6 Component ELmctional Description 

The major components of the Chemical and Volume Control System perform the 
following functions: 

1 . Regenerative Heat Exchanger 

The regenerative heat exchanger transfers heat from the letdown stream to 
the charging stream. Materials of construction are primarily austenitic 
stainless steel. 

2. Letdown Heat Exchanger 

3. 

The letdown heat exchanger cools the letdown stream from the tube side of 
the regenerative heat exchanger to a temperature suitable for entry into the 
purification demineralizer. Component Cooling System fluid is the cooling 
medium on the shell side of the letdown heat exchanger, with the letdown 
stream passing through the tube side. Materials of construction are prima~,ily 
austenitic stainless steel. 

Purification Demineralizers 

The two purification demineralizers provide a means of removing undesired 
ionic species such as activation/fission products and lithium from the primary 
coolant system. They are configured in one of two ways: 

1) One vessel is loaded with mixed bed resin in the borate/lithium form 
and the other vessel loaded with cation only resin in the hydrogen 
form. The borate/lithium demineralizer is used during normal operation 
to remove ionic specie without removing lithium. The cation 
demineralizer is placed in service periodically to remove the natural 
build in of PCS lithium. During PCS source term evolutions the cation 
only hydrogen form demineralizer is placed in service in series with the 
anion form deborating borate from demineralizer. 

2) One vessel is loaded with mixed bed resin in the borate/lithium form 
and the other vessel loaded with mixed bed resin in the 
borate/hydrogen form. In this configuration the borate/lithium form 
demineralizer is used during normal operation to remove ionic specie 
without removing lithium. The borate/hydrogen form demineralizer is 
placed in service periodically to remove the natural build in of PCS 
lithium. During PCS source term evolutions the borate/hydrogen form 
demineralizer is placed in service. 

Each unit is designed to handle maximum letdown flow of 120 gpm. 
The vessels and retention screens are constructed of austenitic 
stainless steel. 
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Deborating Demineralizers 

The deborating demineralizer is used to remove boroh from the primary 
coolant when this mode of operation is preferable to a feed and bleed 
operation. The anion resin is initially in the hydroxyl form and is 
converted to a borated form during boron removal. The unit is designed 
for the maximum letdown flow of 1 20 gpm, and the quantity of resin is 
sufficient to remove the equivalent of 50 ppm of boron from the entire 
Primary Coolant System. The vessel and retention screens are of 
austenitic stainless steel construction. 

Purification Filters 

The purification filters collect resin fines and insoluble parti'culates from 
the 'Primary coolant. The filters will accommodate maximum letdown 
flow of 120 gpm. The filter housing is austenitic stainless steel. 

Volume Control Tank 

The volume control tank accumulates water from the Primary Coolant 
System. The tank has enough capacity to accommodate the variation in 
water inventory of the Primary Coolant System due to power level 
changes in excess of that accommodated by the pressurizer. The tank 
provides a gas space where hydrogen atmosphere is maintained to 
control the hydrogen concentration in the primary coolant. A vent to 
waste processing system permits removal of gaseous fission products 
released from solution in the volume control tank. The tank is of 
austenitic stainless steel construction and provided with overpressure 
protection. Level controls' release coolant to the waste processing 
system on high level or operate borated water makeup valves on low 
level. 

Charging Pumps 

Three charging pumps supply makeup water to the Primary Coolant 
System. The pumps return coolant to the Primary Coolant System at a 
rate equal to the purification flow rate and the bleedoff rate. The 
charging pumps automatically start upon a safety injection signal and 
discharge concentrated boric acid into the Primary Coolant System. 
P-558 and P-55C automatically start upon low pressurizer level. The 
pumps are of the positive displacement type. All wetted parts, except 
seals, are of austenitic stainless steel. Two of the pumps are fixed 
capacity pumps while one (P-55A) is a variable capacity pump. Any two 
of the three pumps shall be capable of providing an output of 68 gpm, 
with a single pump providing a minimum of 33 gpm. The normal 
purification flow rate is 40 gpm. Accumulators are located on the 
suction and discharge of each pump to reduce pump induced vibrations. 
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Chemical Addition Tank 

The chemical addition tank is used to prepare chemicals for primary 
coolant pH control, oxygen control, and source term reduction 
evolutions. These chemicals are added to the suction of the charging 
pumps with the metering pump. The tank is austenitic stainless steel. 

Metering Pump 

The metering pu_mp is an air operated double diaphragm pump with 
wetted parts of austenitic stainless steel. The pump is used to inject a 
controlled amount of chemicals into the suction of the charging pumps. 

10. Concentrated Boric Acid Storage Tanks 

11 . 

Each of the two concentrated boric acid tanks stores enough 
concentrated boric_ acid solution to bring the reactor to a cold shutdown 
condition at any time during the core lifetime. The combined capacity of 
the tanks will also be sufficient to bring the primary coolant to refueling 
concentration. The tanks are heated to maintain a temperature above 
the saturation temperature of the concentrated solution, and sampling 
connections are used to verify that proper concentration is maintained. 
The tanks are constructed of stainless steel. 

Boric Acid Pumps 

The two boric acid pumps supply boric acid solution at the desired 
concentration to the charging pumps through the blender. Upon a safety 
injection signal, these pumps line up with the charging pumps to permit 
direct introduction of concentrated boric acid into the Primary Coolant 
System. Each is capable of supplying boric acid at the maximum 
demand conditions. Each pump shall provide a minimum flow of 
68 gpm. Wetted parts of the pumps are stainless steel. 

1 2. Process Radiation Monitor 

The process radiation monitor monitors the fluid from the primary coolant 
loop for high levels of activity which would provide an indication of failed 
fuel. 
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9.10.3 OPERATIONS 

9.10.3.1 Start-Up 

During start-up, the reactor is brought from cold shutdown to hot standby at 
normal operating pressure, zero power temperature, with the reactor critical at a 
low power level. While the primary coolant is being heated, and until the 
pressurizer steam bubble is established, the charging pumps in combination with 
the backpressure regulating valves in the eves system maintain pressure in the 
primary system. During t~e heatup and after the steam bubble is established, the 
operator adjusts the pressurizer water level manually, with the intermediate 
pressure letdown control valves, the letdown orifice bypass control valves and/or 
the letdown orifices. The level controls of the volume control tank automatically 
divert the letdown flow to the waste disposal system. 

If the residual activity in the core is insufficient to reduce the oxygen in the 
primary coolant by recombining it with excess hydrogen prior to start-up, 
hydrazine is used to scavenge the oxygen at a primary coolant temperature 
between 130°F and 150°F. If required, chemicals are added to control the pH of 
the coolant. 

The volume control tank is initially vented to the radioactive waste treatment 
system. After the tank is purged with nitrogen, a hydrogen atmosphere is 
established and the vent is secured . 

Throughout start-up, one purification filter is in service to reduce the activity of· 
wastes entering the radioactive waste treatment system. When the Primary 
Coolant System reaches hot standby temperature and pressure, one or both 
purification ion exchangers are put into service. 

Depending on limitations placed on the shutdown margin, the boric acid 
concentration may be reduced during heatup. The shutdown group of control rods 
must be in the fully withdrawn position before the operator may start diluting the 
concentration of boric acid in the Primary Coolant System. The operator may 
inject a predetermined amount of primary makeup water by operating the system 
in the dilute mode. The concentration of boric acid in the primary coolant is 
measured by analyzing samples . 
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9.10.3.2 Normal Operations 

Normal operation includes operating the reactor at hot standby and when it is 
generating power, with the Primary Coolant System at normal operating pressure 
and temperature. 

During normal operation: 

1. Level instrumentation on the pressurizer automatically controls the 
volume of wate~ in the primary system by adjusting the charging rate of 
the variable capacity charging pump. 

2. Instrumentation on the volume control tank automatically controls the 
level of water in the tank as described in Subsection 9.10.2. 

3. The operator controls the hydrogen concentration and pH of the coolant 
as described in Subsection 9.10.2.3. 

4. The operator may compensate for changes in the reactivity of the core 
by controlling the concentration of boric acid in the primary coolant. He 
may operate in three modes. 

a. In the dilute mode, the operator preselects a quantity of primary 
makeup water and introduces it into the charging pump suction at 
a preset rate. When the selected quantity of makeup water has 
been added, the flow is secured upon signal from the primary 
makeup water batch controller. 

b. In the borate mode, the operator preselects a quantity of 
concentrated boric acid and introduces it as a preset rate as 
described in a. above. 

c. In the blend mode, the operator presets the flow rates of the 
primary makeup water and concentrated boric acid for any blend 
between primary makeup water and concentrated boric acid. This 
mode is primarily used to supply makeup to the safety injection 
and refueling water tank . 
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9.10.3.3 Shutdown 

Plant shutdown is a series of operations which bring the reactor plant from a hot 
standby condition at normal operating pressure and zero power temperature to a 
cold shutdown. 

Before the plant is cooled down, the volume control tank is vented to the·gaseo~s 
Radwaste System to reduce the activity and hydrogen concentration in the Primary 
Coolant System. The operator may also increase the letdown flow rate to 
accelerate degasification, _ion exchange, and filtration of the primary coolant. 

Before the plant is cooled down, the operator increases the concentration of boric 
acid in the primary coolant to the value required for cold shutdown. This is done 
to assure that the reactor has an adequate shutdown margin throughout its period 
of cooldown. However, the operator does not insert the shutdown group of 
control rods until he verifies the concentration of boric acid in the primary coolant 
by sample analysis. 

During cooldown, the operator uses the charging pumps to adjust and maintain the 
level of water in the pressurizer. The operator can introduce a calculated 
com_bination of concentrated boric acid and primary makeup water through the 
blender into the charging pumps' suction. The flow ratio for each addition is 
manually selected and provided by the blender inlet valves and controllers. The 
operator may switch the suction of the charging pumps to the safety injection and 
refueling water tank, or a portion of the charging flow may be used as an auxiliary 
spray to cool the pressurizer, when the pressure of the primary system is below 
that required to operate the primary coolant pumps. 

9.10.3.4 Emergency Operations 

Under emergency conditions, the charging pumps are used to inject concentrated 
boric acid into the Primary Coolant System. Either the pressurizer level control or 
the safety injection signal will automatically start all charging pumps, with the 
exception that the pressurizer level control does not start P-55A, which is 
assumed to be operating during normal conditions. The safety injection signal will 
also cause the charging pump suction to be switched from the volume control tank 
to the discharge of the boric acid pump. If the boric acid supply from the boric 
acid pump is not available, boric acid from the concentrated boric acid tanks may 
be gravity fed into the charging line. If the charging line inside the reactor 
containment building is inoperative, the line may be isolated outside the reactor 
containment, and the Safety Injection System may be used to inject concentrated 
boric acid into the Primary Coolant System . 
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9.10.4 DESIGN ANALYSIS 

1 . System Reliability 

The CVC is designed for reliability by the provision of redundant critical 
components to reduce dependence on any single component. 
Redundancy is provided as follows: 

Component Redundancy 

Purification Demineralizer Parallel Standby Unit 

Purification Filters Parallel Standby Unit 

Charging Pump Two Parallel Standby Units 

Letdown Flow Control Two Parallel Standby Orifices and Valves 

Boric Acid Pump and Tank Parallel Standby Unit 

The charging and boric acid pumps are powered by the diesel generators 
under emergency conditions. One diesel generator supplies Charging 
Pumps A and B and Boric Acid Pump A. The other diesel generator supplies 
Charging Pump C and Boric Acid Pump B. Additionally, Charging Pumps B 
and C can be powered from an alternate power supply (480 volt, Bus 13). 
Charging Pump B can be powered from the Charging Pump C power supply 
due to a change made in October 1989 (refer to Section 7.4 for details). 
Physical separation and barriers are provided between the power and control 
circuits for the redundant pumps. Standby start features are provided so that 
at least one charging pump is running. If both diesels are available, both 
boric acid pumps will be running. The boric acid pumps and the charging 
pumps may be controlled locally at their switchgear. Separate power 
supplies for pump power and separate control circuits assu'r·e that this system 
satisfies the single failure criterion. 

The boric acid solution is stored in heated tanks and piped in heat-traced 
lines to preclude precipitation of the boric acid. Two independent and 
redundant heating systems are provided for the boric acid tanks and lines. 
Low temperature alarms and automatic temperature controls are included in 
the heating systems. If the boric acid pumps are not available, boric acid 
from the concentrated boric acid tanks may be gravity fed into the charging 
line. If the charging line inside the reactor containment building is 
inoperative, the charging pump discharge may be routed via the Safety 
Injection System to inject concentrated boric acid into the Primary Coolant 
System . 
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9.10.5 TESTING AND INSPECTION 

The operability of the system can be demonstrated by the periodic testirig of 
• active components and the cycling of all valves. 

• 

• 

9.10.6 REGENERATIVE HEAT EXCHANGER 

The Regenerative Heat Exchanger (RHX} is CP Co Design Class 1 and was 
designed according to the ASME Boiler and Pressure Vessel Code, Section Ill, 
Class C (ASME B&PV Code, Section Ill, Class C} vessel. There are two principal 
reasons for this: 

1. A reliable charging path was the principal reason for originally considering 
Class A for this component. As the detailed design of the Palisades Plant 
evolved, it was found desirable to add a two-inch, high-pressure line from the 
charging pumps through one of the high-pressure safety injection headers 
and to the primary loop through the four safety injection headers. Thus, an 
alternate charging path was available. Also, it was felt desirable to have the 
ability to isolate the RHX by remote manual means. Therefore·; isolation 
valves are located on the inlet and outlet lines of both the shell and tube 
sides of the RHX as shown on Figure 9-25. These valves can be operated 
from the control room. 

2. The manufacturer of the Palisades RHX was unable to obtain approval from 
the ASME Code "N" stamp committee to produce ASME B&PV Code, 
Section Ill, Class A components. Combustion Engineering (CE} knew of no 
manufacturer of such heat exchangers who had met the requirements of the 
"N" stamp committee. CE and the vendor agreed to additional quality control 
inspections, to be provided by CE, as detailed in subsequent paragraphs. 

Combustion Engineering assured that the following requirements were met, which 
were in addition to those required for a Class C vessel, and which would normally 
have been performed for a Class A vessel. 

1 . A fatigue analysis equivalent to the requirements of a Class A vessel was 
performed by the manufacturer or his consultant. This analysis was 
reviewed under the direction of a licensed professional engineer at CE to 
assure its accuracy . 
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2. The Quality Control requirements of ASME B&PV Code, Section Ill, 
Appendix IX, 1965, W67a were met except that shop inspection personnel, 
although experienced in inspection techniques, did not nieet in all respects 
the qualifications of the applicable standards. Inspections were performed in 
accordance with written procedures which had been reviewed by CE Quality 
Assurance (QA) personnel. In addition, CE QA personnel witnessed certain 
predetermined inspections and also conducted random periodic surveillance 
inspections. Inspection records were kept at the manufacturer's office and 
also at Combustion Engineering. Certification of inspection compliance was 
transmitted to Cons1:1mers Power Company. 

In addition to the above, nondestructive testing was witnessed by CE QA 
personnel who were qualified to ASME B&PV Code, Section Ill, Appendix IX, 
1965, W67a procedures. All nondestructive test procedures were reviewed 
by CE QA personnel and were deemed acceptable and in accordance with 
ASME B&PV Code, Section Ill, Appendix IX, 1965, W67a. 

With the aforementioned changes in Plant design, additional analyses and quality 
control, we believe that Class C vessel classification of the regenerative heat 
exchanger was justified . 
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9.11 FUEL HANDLING AND STORAGE SYSTEMS 

9.11.1 INTRODUCTION 

The Fuel Handling System (Table 9-23) provides for the safe handling and storage 
of fuel under all foreseeable conditions, from receipt of unirradiated fuel at the 
Plant to shipment of irradiated fuel following radioactive decay. The design and 
construction of the system includes interlocks, travel and load limiting devices and 
other protective measures to minimize the possibility of mishandling or equipment 
malfunction that could cause damage to the fuel and potential fission product 
releas~. Power operation. of the system components is supplemented by manual 
backup to ensure that the transfer of a fuel bundle can be completed in the event 
of a power failure. The fuel transfer and storage structures, the fuel handling 
equipment and the new fuel storage racks are CP Co Design Class 1 . The high 
density spent fuel storage racks which replaced the existing racks and the frame 
supporting the fuel pool crane are Seismic Category I per USNRC Regulatory 
Guide 1.29. · 

9.11.2 NEW FUEL STORAGE 

The_ new fuel bundles are stored in rigid racks in a dry pit next to the spent fuel 
cooling pool. The floor of the pit is open grating to avoid flooding and eliminate 
the possibility of criticality. The rack is a box-like structure consisting of 72 
locations, 36 of which can hold new fuel. The other locations contain steel box 
beams and core plugs designed for neutron absorption in the event of a heavy mist 
over the pool such as that produced in fire fighting. The fuel racks can 
accommodate fuel assemblies enriched to 4.20 weight percent U-235 with 216 
U02 , Gd20 3-U02 fuel rods or metal rods (Reference 11 ). 

The fuel racks are also used occasionally to store core plugs, poison clusters and 
spare control elements. During actual refueling, the new fuel bundles are often 
inspected and placed directly into the spent fuel pool, bypassing the new fuel 
storage racks. 

9.11.3 SPENT FUEL STORAGE 

9. 11.3.1 Original Design 

The spent fuel storage pool, located in the auxiliary building adjacent to the 
containment, is lined with stainless steel and has reinforced concrete walls and 
floor varying in thickness from 4-1 /2 feet to 6 feet. 

The original fuel racks were stainless steel with a center-to-center spacing of 
11-1 /4 inches. There were two 1 /4-inch stainless steel plates between each pair 
of fuel assemblies. At design temperature, with no credit taken for soluble boron 
in the pool water, the maximum kett was less than 0.95. A recessed area was 
provided in the pool for a spent fuel shipping cask. 
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The spent fuel pool cooling system (see Section 9.4) is a closed loop system 
consisting of two half-capacity pumps, a full-capacity heat exchange unit 
consisting of two heat exchangers in series, a bypass filter, .a 'bypass 

• demineralizer, a booster pump, piping, valves and instrumentation. 

• 

• 

The spent fuel pool cooling system is conservatively designed to maintain a pool 
average temperature at less than 1 50 ° F with 1 /3 core of fully burned up fuel in the 
pool, 7 days after reactor shutdown. A single failure of the cooling system would 
increase the pool temperature by only 3°F. The water in the spent fuel pool is 
borated to ~ 1, 720 ppm .. The entire spent fuel pool cooling system is tornado 
protected and is located in a CP Co Design Class 1 structure. 

Fuel pool makeup water is supplied from the Safety Injection and Refueling Water 
(SIRW) tank. A-secondary backup supply of water is available from the fire 
system. This would be utilized to replenish the fuel pool water inventory in the 
event of considerable loss of pool water. 

Two fuel tilt pits are located in the fuel handling area adjacent to the spent fuel 
pool and connected to it by canals which are closed off by dam blocks. One tilt 
pit is used for normal fuel transfer activities. The second tilt pit originally was 
proyided to accommodate an additional unit on the site. 

9.11.3.2 Modified Spent Fuel Storage 

In 1977, due to the lack of fuel reprocessing facilities, the spent fuel pool storage 
capacity was increased from a capacity of 272 assemblies to a capacity of 798 
assemblies. This increase in capacity was achieved by removing the existing fuel 
and control rod racks and replacing them with new racks with smaller 
center-to-center spacing. 

Each individual storage location consists of two concentric 1 /8-inch austenitic 
Type 304 stainless steel square cans with the annular space occupied by B4C 
neutron absorber plates to ensure subcriticality. 

A rack assembly consists of a rectangular array of storage cans with a minimum 
10-1 /4 inches center-to-center spacing of the fuel assemblies. The array size of 
each rack was chosen to optimize the use of the pool space as shown in 
Figure 9-28. The racks are Seismic Category I per NRC Regulatory Guide 1.29 and 
are restrained to the pool wall at the top and bottom of each rack to prevent 
excessive movement of the racks under postulated seismic accelerations. 
Provisions are made in the design to accommodate thermal expansion. 

The cask laydown area may contain one 11 x 11 rack which may be used to store 
fuel during full core off-loads. This rack may be removed to allow placement of 
the spent fuel shipping cask, to allow placement of equipment associated with dry 
fuel storage, or to allow the use of fuel inspection and repair equipment . 
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The second tilt pit is used for spent fuel and control rod storage and as an 
alternate cask laydown area. Control rods and dimensionally abnormal fuel 
assemblies may be stored in one rack with slightly larger cans' than those used in 
the other racks. To minimize heat generation in the tilt pit, normally only fuel 
decayed for at least one year will be stored there. When fuel with a shorter decay 
time is stored in the tilt pit, thermal conditions are monitored to ensure that the 
design criteria is not exceeded. 

The Nuclear Waste Policy Act of 1982 required owners of nuclear power plants to 
diligently pursue licensed alternatives to the use of federal storage capacity for the 
storage of the spent fuel expected to be generated by that plant before entering 
into a contract with the Federal Government to provide such storage. 

A second modification to the spent fuel storage facility, in 1987, consisted of an 
increase of the spent fuel pool total storage capacity from 798 assemblies to 892 
(see Reference 5). This increase in capacity was accomplished by removing 376 
storage locations having a 10.25-inch center-to-center spacing, and replacing them 
with 470 storage locations having a 9.17-inch center-to-center spacing. The 
9.17-inch center-to-center spacing has been accomplished by taking credit for 
burnup with poison. This "Credit for Burnup Racks With Poison" (CREW) design 
will accommodate irradiated fuel that has sustained a predetermined design burnup 
(23,5.00 MWD MTU for 3.27 weight-percent initial enrichment). In addition, the 
new storage locations have more space in each location, and permit 2: 1 
consolidation if this method is chosen in the future to further expand storage 
capacity . 

This second ( 1 987) modification consisted of reracking approximately one-half of 
the spent fuel pool and North Tilt Pit dividing the spent fuel pool and North Tilt Pit 
into two regions, which are designated as Region 1 and Region 2 (see 
Figure 9-28). The reason only approximately one-half of the spent fuel pool was 
reracked was due to the need to maintain a portion of the storage capacity with 
larger center-to-center spacing to accommodate the storage of fuel with little or no 
burnup. The racks (Region 1), with 10.25 center-to-center spacing, have the 
required spacing to store such fuel. 

Region 1 contains racks in the spent fuel pool having a 10.25-inch center-to-center 
spacing and a single rack in the North Tilt Pit having 11.25-inch x 10.69-inch 
center-to-center spacing. Region 2 contains racks in both the spent fuel pool and 
North Tilt Pit having 9.17-inch center-to-center spacing. Because of the larger 
center-to-center spacing, and the poison (810

) concentration of Region 1 cells, 
Region I (NUS) spent fuel storage racks can accommodate fuel assemblies 
enriched to 4.40 weight percent U-235 provided that fuel assemblies having 
enrichment above 3.27 weight percent U-235 contain 216 U02 , Gd20 3-U0 2 , or 
solid metal rods (Reference 11). This assures the fuel enrichment limit assumed in 
the spent fuel analyses will not be exceeded . 

9. 11-3 Rev 20 



• 

• 

• 

The Region 2 racks contain a neutron absorbing material, boraflex, manufactured 
by the Brand Industrial Services, Inc, and fabricated to the Nuclear Criteria of 
10 CFR 50, Appendix B. Boraflex is a silicone-based polymer 'Containing fine 
particles of boron carbide in a homogeneous matrix. The boraflex used in the 
Region 2 racks contains a minimum 810 areal density of 0.006 gm/cm2

• Since the 
long-term stability of boraflex has not yet been resolved, the ability to maintain full 
core off-load capability of 204 vacant spent fuel storage cells, the ability to 
remove, replace or modify the largest Region 2 rack (which contains 121 storage 
cells) will be maintained. Thus the ability to replace all the Region 2 boraflex is 
maintained (see Reference 4). 

Each Region 2 rack module is provided with adjustable leveling pads which are 
located at selected locations within the module. The pads are remotely adjustable 
from above. All support pads rest directly on the pool liner and/or adapter plates. 

9.11.3.3 Structural Analysis 

The spent fuel storage racks are designated Seismic Category I per NRC 
Regulatory Guide 1.29. Structural integrity of these racks was investigated using 
the loads and load combinations presented in Reference 1, which satisfy the 
requirements of NRC Standard Review Plan (SRP), Section 3.8.4. Stresses were 
comp.uted at critical sections of the rack. A comparison of the computed versus 
allowable stresses indicates that the racks are structurally adequate. A discussion 
of this analysis, with emphasis on the seismic aspects, is found in Subsection 
5.7.6 . 

The fuel pit and tilt pit floors and walls were analyzed to determine if they could 
support the fully loaded, high-density, spent fuel racks. A conservative analysis 
was performed for dead (fully loaded racks, hydrostatic), seismic (inertia of 
floors/walls, rack reactions, sloshing) and thermal loads. Forces and moments 
obtained at selected points were combined in accordance with the load 
combinations presented in Subsection 5.9.1.1.2. The maximum 
tensile/compressive stress was computed for each load combination and compared 
with the required yield strength of the structure ("Y"). For the seven walls and 
two floors analyzed, the minimum factor of safety was ·found to be 1 . 1 and the 
average factor of safety was found to be 4.5. Therefore, it was concluded that 
the fuel pit and tilt pit floors and walls have adequate strength to safely support 
the increased fuel storage. 

The spent fuel pool structure was designed for ductile behavior (ie, with 
reinforcing steel stresses controlling the design). The acceptance criteria are 
stated in Chapter 5, Appendix A of the FSAR. These criteria apply in the 
structural reanalysis. Acceptance is based on maintaining structural integrity and 
ductile behavior of the pool structure. 

The fuel racks (Region 2) were analyzed for normal and faulted load combinations 
in accordance with the NRC "OT Position for Review and Acceptance of Spent 
Fuel Storage and Handling Applications." The results of this seismic and structural 
analysis show that the Region 2 racks meet all structural acceptance criteria 
adequately. · 
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An analysis was performed to demonstrate that the Region 2 rack can withstand a 
maximum uplift load of 4,000 pounds. This load can be applied to a postulated 
stuck fuel assembly without violating the criticality acceptance criterion. Resulting 
stresses are within acceptable stress limits, and there are no changes in rack 
geometry of a magnitude which cause the criticality acceptance criterion to be 
violated. 

In the unlikely event of dropping a fuel assembly, accidental deformation of the 
rack will not cause the criticality acceptance criterion to be violated. Criticality 
calculations show that ketf less than 0.95 and the acceptance criterion is not 
violated. 

Consistent with the criteria of the NRC "OT Position for Review and Acceptance of 
Spent Fuel Storage and Handling Applications," the racks were evaluated for 
overturning and sliding displacement due to earthquake conditions under the 
various conditions of full, partially filled, and empty fuel assembly loadings. The 
fuel rack nonlinear time history analysis shows that the fuel rack slides a minimal 
distance. This distance combined with the rack structural. deflection and thermal 
growth is less than rack-to-rack or rack-to-rack clearances. Thus, impact between 
adjacent rack moduies or between rack module and pooi is prevented. The factor 
of safety against overturning is well within the values permitted by 
Section 3.8.5.11.5 of the Standard Review Plan. 

9. 11.3.4 Prevention of Criticality During Transfer and Storage 

The Region 1 racks in the main pool are des·igned for a 10-1 /4-inch 
center-to-center spacing with B4 C plates around each assembly, while the 
Region 2 racks are designed for 9.17-inch center-to-center spacing with boraflex 
sheets as a neutron-absorbing material. Borated water surrounds the spent fuel 
storage racks in the same concentration and to a level common to the refueling 
cavity and pool. The center-to-center distance of the storage racks in both the 
main pool and the tilt pit is such that a kett of less than 0.95 is maintained even in 
the event that unborated water was used to fill the storage areas. 

The results of the criticality analysis are for the worst case situations, considering 
maximum variations in the position of fuel assemblies within the storage rack, 
neutron absorber positioning, variations in can dimensions, the most reactive 
temperature, calculational uncertainties and worst case accidents result in a kett 

less than 0.95 with a confidence level of 95%. 

The Spent Fuel Pool storage racks and fuel elevator meet criticality requirements 
assuming pure fuel pool water and no other coincident occurrence such as a 
misplaced assembly (Reference 1 5). With 1720 ppm boron in the fuel pool, two 
coincident occurrences would be required (i.e., dilution and a misplaced assembly 
or a cask drop) in order to violate the criticality acceptance criteria . 
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In order to maintain a k-effective less than or equal to 0.95 for the tilt machine, 
600 ppm boron is required. This is maintained by meeting normal refueling 
requirements outlined in Technical Specification 3.8 and associated procedures. 
Credit is taken for boron to maintain k-effective less than or equal to 0.95 with a 
margin of 1120 ppm being available due to the Technical Specification 
requirement of 1720 ppm. 

9.11 .3.5 Radiological Considerations 

9. 11.3.5.1 Radiation Shielding 

Adequate shielding for radiation protection of refueling personnel is provided by 
the handling of irradiated fuel assemblies under 10 feet of water. An individual 
fuel rod may be handled under 8 feet of water and still maintain adequate 
shielding. Mechanical stops are provided on all handling equipment, which limit 
the height of withdrawal of the irradiated fuel assemblies, to maintain the low level 
of radiation required for unrestricted occupancy of the area by personnel. An 
annunciation of low water level is provided. 

9.11.3.5.2 Pool Surface Dose 

The additional spent fuel assemblies in the pool will result in an increase in dose 
rates in the spent fuel pool area due to a buildup of radionuclides in the pool 
water. To determine the amount of increase, a calculational model was devised 
that considered the presence of activated corrosion products, leakage of the 
isotopes from the fuel to the pool, the decontamination factor and flow rate of the 
pool purification system, the isotopic half-lives and the decay time of the fuel. 
Using this model, the pool's activity was predicted for the present pool capacity 
(272 assemblies) and for the increased capacity (798 original rerack assemblies). 
On the refueling platform, 5 feet above the center of the pool, the dose rate 
increased from 2.17 mrem/h for 272 assemblies to 3.24 mrem/h for 798 
assemblies. (At poolside, 1 foot from the pool wall and 5 feet above the surface, 
the dose rate increased from 1.58 mrem/h to 2.34 mrem/h.) The increase in the 
pool capacity has a negligible effect on personnel exposure. Assuming an 
occupancy time of 504 man-hours per year at the refueling platform and 1, 134 
man-year poolside for refueling operations, and an additional 52 man-hours per 
year poolside for routine operations, the total incremental dose due to the 
expansion of pool capacity from 272 to 798 assemblies is 1.43 manrem per year. 

To monitor dose rates in the spent fuel pool area, Thermoluminescent Dosimeters 
(TLD) have been mounted on a wall adjacent to the spent fuel pool since the 
beginning of Plant operations. The dose rate directly above the spent fuel pool 
has been measured during routine area surveys on the service platform. Survey 
sheets were examined for the periods of time between 1 975 and 1983 during 
which the Plant was operating. Thirteen surveys were found with a record of the 
dose rates on the service platform directly above the spent fuel pool. These 
measurements ranged from 0.2 to 3.5 millirem per hour. The average dose rate 
was 1.5 millirem per hour. As with the TLD results, there is no correlation 
between the dose rate and the number of fuel bundles in the spent fuel pool. 
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9.11.3.5.3 Airborne Doses 

The water evaporation rate, and hence tritium release to the e'nvironment around 
• the spent fuel pool, is expected to change as a result of the following factors: 

• 

• 

1 . Lower calculated water temperatures for the updated FSAR in the spent 
fuel pool than those evaluated previously in the 1980 FSAR. 

2. Higher water temperatures in the north tilt pit area relative to the main 
pool. 

3. Increased water surface area due to utilization of the north tilt pit. 

Calculations show that the overall evaporation rate will increase approximately 
9%. 

Airborne samples of the gross beta-gamma activities from the spent fuel pool were 
taken during normal operating periods from 1979 through 1983. As with other 
parameters examined, no correlation could be established between the gross 
airborne activities and the number of fuel bundles in the spent fuel pool. 

9.11.3.5.4 General Area Doses 

The adequacy of the spent fuel pool and tilt pit shielding was analyzed with the 
QAD and ANISN computer codes, to take into account storage of additional spent 
fuel. 

Analyses have shown that the existing shielding is generally adequate to reduce 
effectively neutron and secondary gamma radiation in all expected areas of 
occupancy surrounding the pool. However, three areas in which fission product 
gamma dose rates have exceeded the FSAR radiation zoning criteria (Section 11. 6) 
have been identified. These are (1) outside the north wall of the north tilt pit, (2) 
outside the north wall of the existing spent fuel pool, and (3) in the space directly 
below the spent fuel pool cask loading area. 

When the north tilt pit is used to store fuel which has decayed for at least one 
year, it has been calculated that the expected gamma dose rate on the north wall 
of the tilt pit, which is 2 feet thick, will be approximately 14 rem/h. Studies show 
that approximately 7 inches of lead equivalent will be required in addition to the 
2-foot-thick concrete wall to achieve dose rates consistent with the FSAR radiation 
zoning criteria. Assuming that the spent fuel pool will be used to store fuel which 
has decayed for at least 36 hours, it has been calculated that the expected gamma 
dose rate on the north wall of the pool will exceed 10 mrem/h. Assuming the cask 
loading area will be used to store fuel which has decayed for at least 36 hours, it 
has been calculated that the gamma dose rate under the pool floor adjacent to the 
cask loading area will exceed 200 mrem/h . 
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9.11.3.5.5 Protection Against Radioactivity Release 

Protection against accidental radiation release from irradiated 'fuel is provided by 
the containment ventilation system and isolation capability, if required, of the 
spent fuel pit and auxiliary building ventilation system. Because of the 
submergence of a bundle in 10 feet of water and an individual rod in 8 feet of 
water, any released fission products will be diluted and partially retained by the 
pool water. 

The ventilation air for bo~h the containment and spent fuel pool atmospheres flows 
through absolute particulate filters before discharging to the Plant stack. The 
containment is normally isolated with purge air only when access to the air room is 
desired. In the event that the stack discharge should indicate a release in excess 
of the limits in the Offsite Dose Calculation Manual , an alarm is received in the 
control room and the ventilation flow path from containment is closed manually 
from the control room. The ventilation flow paths from the fuel handling area and 
radwaste area are also manually closed from the control room. In addition, the 
ventilation flow paths to and from containment are closed automatically upon 
containment high pressure or containment high radiation (Section 7 .3). 

During normal operation, the spent fuel pool area exhaust air is pulled through a 
prefilter and a high-efficiency filter with a particulate efficiency of 99.97% of 0.3 
micron particles. The fuel building exhaust fans discharge to the main exhaust fan 
inlet plenum for ultimate discharge through the ventilation stack . 

In the event of a fuel handling I cask (heavy load) drop accident in the spent fuel 
pool, the exhaust airflow is reduced to one-half by tripping the supply fan and 
closing the inlet damper and tripping one of the 50% capacity exhaust fans. The 
exhaust air flows through the high-efficiency particulate filter and a charcoal filter. 
See Sections 14. 11 and 14. 19 for specific assumptions of the Fuel Handling 
Building HV AC used in the safety analysis. 

The radiological filter is in a bypass around the normal service filters and designed 
for a capacity of 10,000 ft3/min and will retain 1,200 grams of methyl iodide. Its 
particulate efficiency is 99.97% for particles of 0.3 micron in size, and the filter 
medium has a test-proven efficiency for removal of radioactive iodine and iodine 
compounds as follows: 

Radioactive Iodine 12
131 99.5% 

Radioactive Methyl Iodide CH312
131 95.0% 
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9.11.4 FUEL HANDLING SYSTEM 

9.11.4. 1 General 

Refueling is accomplished by handling fuel bundles underwater at all times. The 
refueling cavity and spent fuel pool are filled with borated. water to a common 
level during refueling. The use of borated water provides a transparent radiation 
shield, a cooling medium and a neutron absorber to prevent inadvertent criticality. 

The Fuel Handling Syste~ transfers the fuel bundles between the refueling cavity 
and the fuel storage pool through a transfer tube. The refueling machine removes 
a spent fuel bundle from the core, transports it to the tilt machine and deposits it 
in the transfer carriage within the tilt machine. The carriage is then rotated from a 
vertical position to a horizontal position and moved through the transfer tube to 
the spent fuel storage area. The carriage is then rotated to a vertical position, the 
spent fuel removed and placed in a storage rack by the service platform. The 
service platform is also used to remove the fuel from the storage rack and deposit 
it in the shipping cask for shipment off the site or to deposit it in the Multi- . 
Assembly Storage Basket (MSB) for storage at the Independent Spent Fuel Storage 
Installation. During all handling operations, a sufficient water shield is maintained 
over the top of the fuel bundle to restrict radiation exposure to operating 
personnel. The refueling water boron concentration is checked periodically to 
assure adequate shutdown margins. Water boron concentration is also checked 
prior to and during MSB fuel loading . 

New fuel bundles are stored dry in the new fuel storage area. This area is 
provided with vertical racks to hold 36 replacement bundles. New fuel bundles are 
transported from the storage rack to the new fuel elevator by means of the fuel 
building overhead crane. The new fuel elevator receives the fuel bundle in its 
raised position and then travels to the bottom of the fuel pool. Then the fuel 
bundle will be picked up by the service platform for transportation to one of the 
designated storage spaces in the storage rack. During refueling the service 
platform transports the fuel bundle to the transfer carriage. A layout of the 
refueling system is shown in Figure 9-29. 

The new fuel elevator contains an inspection position to allow examination of 
irradiated fuel. Fuel repairs can be conducted in the elevator. The elevator is also 
used to transfer neutron sources between fuel assemblies . 
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9.11.4.2 Fuel Handling Strnctures 

The refueling cavity is a reinforced concrete structure lined with stainless steel 
that forms a pool above the reactor. During the refueling, the cavity is filled with 
·borated water to a depth which limits the radiation at the surface of the water to 
2.5 mrem/h. 

To prevent leakage of refueling water from the cavity, the flange of the reactor 
vessel is temporarily sealed to the bottom of the refueling cavity. This seal is 
installed after reactor cooldown but prior to the removal of the reactor vessel head 
and the flooding of the refueling cavity. 

The refueling cavity also provides storage space for the upper guide structure, 
irradiated incore instrumentation, miscellaneous refueling tools and the core 
support barrel when its removal is required. The reactor vessel head and missile 
shield are stored on the operating floor. 

9.11.4.3 Major Fuel Handling Equipment 

1. 

2. 

Reactor Vessel Head Lifting Device 

The head lifting device is composed of a removable spreader bar 
assembly and a three-part column assembly and the rigging necessary to 
lift and move the head to the storage area. The column assembly which 
remains attached to the head also provides a working platform for 
personnel during maintenance, and supports the three hoists which are 
provided for handling the hydraulic stud tensioners, the studs, washers 
and nuts. · 

Upper Guide Strncture Lifting Device 

When installed, this device allows the main crane to lift the upper guide 
structure. Three bolts are threaded into the flange of the upper guide 
structure using a manually operated tool. Bushings on the lifting device 
engage the guide studs installed on the reactor vessel flange to provide 
guidance during removal and insertion of the guide structure. Work 
platforms are. provided for operating personnel and brackets are attached 
to the lifting device for the storage of withdrawn incore instrumentation . 
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Refueling Machine 

The refueling machine is a traveling bridge and trolley which spans the 
refueling cavity and moves on rails located on the working floor of the 
containment area. The bridge and trolley motions allow coordinate 
location of the fuel handling hoist and guide assembly over the fuel in the 
core. The hoist assembly contains a coupling device which when rotated 
by the actuator mechanism engages the fuel bundle or control rod to be 
removed. The hoist assembly is moved in a vertical direction by a cable 
that is attached to the top of the hoist assembly and runs over a sheave 
on the hoist cable support to the drum of the hoist winch. After the fuel 
bundle is raised into the hoist and the hoist into the refueling machine 
mast, the refueling machine transports the fuel bundle to its new 
location. The capability to perform In-Mast Sipping of fuel bundles was 
installed in the Refueling Machine for enhanced detection of fuel defects, 
in 1996. Horizontal seismic motion is restrained by the bridge and trolley 
flanged wheels. Vertical seismic upward motion is restrained by uplifters 
on both the bridge and trolley of both the containment and fuel pool 
cranes. 

The controls for the refueling machine are mounted on a console which 
is located on the refueling machine trolley. Coordinate location of the 
bridge and trolley is indicated at the console by digital readout devices 
which are driven by encoders coupled to the guide rails through rack and 
pinion gears. A system of pointer and scales is provided as a backup for 
the remote positioning readout equipment, and manually operated 
handwheels are provided for bridge, trolley and winch motions in the 
event of a power loss. 

During withdrawal or insertion of a fuel assembly, the load on the hoist 
cable is monitored at the control console to ensure that movement is not 
being restricted. Variations from normal loads in excess of hoist load 
setpoints will stop the motion of the hoist winch mechanism. A zoned 
mechanical interlock is provided which prevents opening of the fuel 
grapple and protects against inadvertent dropping of the fuel. A 
spreader device is provided which spreads adjacent fuel bundles to 
provide unrestricted removal and insertion. This spreader is part of the 
mast assembly and is piston~operated after grappling of the fuel bundle. 
Safety features of the refueling machine are as follows: 

a. An anticollision device on the refueling machine mast which will 
stop bridge and trolley motion. This device consists of a hoop and 
limit switches to protect the mast from hitting vessel studs, guide 
structures or walls of refueling cavity. 

. b. Interlocks which restrict simultaneous operation of either the 
bridge and trolley or the hoist winch drive mechanism . 

c. An interlock which prevents bridge and trolley motion with 
spreader device actuated. 
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d. An override switch which must be actuated after fuel hoist 
operation to allow bridge or trolley motion. 

e . Overload and underload switches which stop fuel hoist motion. 

f. Bridge and trolley speed restriction zones over the reactor core. 

g. Fuel hoist speed restriction while fuel bundle is within the core. 

h. An interlock which prevents positioning of refueling machine over 
the tilting· machine unless the tilting machine is in the vertical 
position. 

Tilting Machines 

Two tilting machines are provided, one in the containment building and 
the other in the fuel building. The tilting machine installed in the 
containment building consists of a fabricated hollow rectangular 
structure, supported through a pivot to a triangular-shaped support base. 
This structure is closed at one end and open at the other, which allows 
the transfer carriage to move completely into the structure by riding on 
the rails attached to the inner sides. Hydraulic cylinders attached to both 
the box and the frame are provided to rotate the transfer carriage to a 
vertical position and then to a horizontal position, as required by the fuel 
bundle transfer procedure. Slots are cut in the top and bottom surfaces 
of the box to accommodate the transfer carriage drive cables during the 
tilting operation. 

The tilting machine installed in the fuel storage area is essentially as 
described above except that the box structure is open at both ends to 
allow the insertion and transfer of the fuel assemblies. A track is, 
therefore, provided to mate with the end rollers of the transfer carriage 
to support the weight of the transfer carriage and the fUel assemblies 
during the tilting operations. 

Interlocks are provided to ensure the safe operation of this equipment by 
( 1) prohibiting the lowering of a fuel bundle unless the transfer carriage 
has been correctly positioned in the tilting machine, (2) preventing 
inadvertent rotation of the tilting mechanism while a fuel bundle is being 
lowered, and (3) deactivating the cable drive so that a premature attempt 
to move the transfer carriage through the refueling tube cannot be 
initiated . 
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Transfer Carriage 

A transfer carriage is provided to transport the fuel bundles from the 
refueling cavity through the transfer tube to the spent fuel storage area . 
Two main structural members form the sides of the carrier from which 
are supported two fuel assembly cavities and the associated bracing. 
The carrier rolls on rails through the transfer tube. Stainless steel wire 
cables connect the carrier to a drive assembly which provides the motive 
force. The location of the cable connections is such that during the 
tilting operation's, a minimum of cable slack will be encountered and this 
slack will be automatically taken up when the vertical or horizontal stop 
positions are reached. Rollers on one end transfer the load of the carrier 
and fuel assembly to the track of the tilting machine in the fuel storage 
area. 

The carriage has been provided with two fuel bundle locations to 
minimize the time required for one complete fuel transfer cycle. After 
the transfer carriage containing a new fuel bundle is moved into the 
containment area and is tilted to the vertical position, the refueling 
machine can deposit a spent fuel bundle into one location and remove 
the new bundle from the other, thus allowing parallel operation of each 
piece of equipment. The fuel positions in the transfer carriage are 
located to allow the refueling machine to move from one position to the 
other by utilizing only bridge motion. 

Transfer Rails 

This is an assembly which contains the rails on which the transfer 
carriage rides when moving between the refueling cavity and fuel storage . I 
area. The rail supports seat on and are welded to the ID of the 36-inch 
diameter transfer tube and a groove is provided to mate with the key 
affixed to the supports which keep the rails aligned. The rail assemblies 
are fabricated to a length which will allow them to be lowered for 
installation in the transfer tube. A gap is left in the track at the 36-inch 
diameter valve on the fuel storage side of the transfer tube to allow 
closing of the valve. 

7. Communications 

Direct audible communication between the control room and the refueling 
machine operator is available whenever changes in core geometry are 
taking place. 

This provision allows the control room operator to inform the refueling 
machine operator of any impending unsafe condition detected from the 
main control board indicators during fuel movement . 
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Fuel Building Crane 

The fuel building crane is a 100-ton indoor electric overhead traveling 
bridge, single trolley crane, with radio controlled operator unit. Table 
9-24 describes specifics of the fuel building crane. The fuel building 
crane is used to handle the spent fuel cask. The spent fuel cask is 
described in Sections 9.11.5 and 14.11. 

Codes and Standards 

The crane was designed, constructed and erected in accordance with the 
requirements of: 

a. Electric Overhead Crane Institute Specification 61 - Class A 

b. American Welding Society Standard Specifications 

c. National Electric Manufacturers Association 

d. American Standards Association 

e. National Electrical Code 

f. National Fire Protection Association 

Factors of Safety 

The following minimum factors of safety, under static full rated load 
stresses and based on ultimate strength of material were provided: 

Material 

··cast Iron 

Cast Steel 

Structural Steel 

Forged Steel 

Cables 

Weld 

Stainless Steel 

Factor of Safety 

12 

8 

5 

5 

5 

5 

(Based on ultimate 
strength of metal 
in weld) 

5 
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Explicitly, the factors of safety are: 

a. Hooks, shear blocks, bridge and trolley drives, complete hoisting 
mechanism, trolley frames and structural steel parts, not including bridge 
girders - not less than a safety factor of 5 

b. Bridge girders - not less than 5 

c. Welds - not less than 5 

d. Rope - not less than 5 

Mechanical Stress Analysis 

In addition to the usual design requirements given in the referenced codes, 
the equipment is designed to meet seismic requirements as stated below. 

The stresses resulting from the following seismic loads combined with normal 
operating stresses in no case exceed the yield point of the component 
materials. The seismic load was calculated as 60% of the dead load applied 
in any horizontal direction and 15% of the dead load appiied in either 
direction vertically. The criteria is only applied to the unloaded crane. 

Positive means are provided to prevent the crane bridge, trolley or any other 
items normally held by gravity from becoming dislodged and falling on 
equipment or structures situated below the crane . 

Brakes 

The main hoist is equipped with tvito magnetic-operated two-shoe brakes. 
The two-shoe holding brakes are spring-set power-released magnetic brakes, 
used on the motor shaft and capable of exerting 380 ft-lb torque. The 
two-shoe brakes are capable of holding one-and-one-half times crane 
capacity when power to main hoist motor is off. The main hoist is controlled 
by a Flux Vector Drive system which controls the motor such that lowering 
and hoisting speeds can be maintained at low speeds for extended periods of 
time. The Flux Vector Drive is equipped with a dynamic brake which diverts 
excess current during lowering of the hoist with a load on the hook. 

The auxiliary hoist is equipped with a magnetic-operated two-shoe brake 
identical to the main hoist holding brakes discussed above except that the 
brake is adjusted to exert 285 ft-lb torque. The brake is capable of holding 
one-and-one-half times full load motor torque when power to auxiliary hoist 
motor is off. 

The bridge is equipped with a brake identical, except in size, to the 
magnetic-operated two-shoe main hoist holding brakes discussed above. The 
brake is capable of exerting 75 ft-lb torque. The brake is rated at 100% of 
full load motor torque and will automatically set when power is not available 
to the bridge motor. 
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The trolley is equipped with a brake identical, except in size, to the 
·magnetic-operated two-shoe main hoist holding brakes discussed above. The 
brake is capable of exerting 50 ft-lb torque. The brake is rated at 100% of 
full load motor torque when power to the trolley drive is off . 

All brakes are equally effective in both directions. 

Two Blocking 

Two blocking occurs when block and tackle meet. 

Two blocking of main hoist could result, with full-rated load on hook, if ho.th 
upper limit switches fail while hoist control is in the hoist position. Failure of 
both upper limit switches is not considered to be credible. 

The main hoist magnetic-operated two-shoe brake operates on the shaft of 
the motor. A de magnet on the brake overcomes spring pressure to release 
the brake when energized. The main hoist motor is rated at 50 hp, 
1200 r/min, with 5-step control in either direction. The main hoist holding 
brake will not prevent two blocking of the hoist under rated load conditions. 

Two blocking of auxiliary hoist could result with full-rated load on hook, if 
upper limit switch fails while hoist control is in the hoist position. 

The auxiliary hoist motor is rated at 40 hp, 1,200 r/min, with stepless control 
in either direction. The rated full load torque for this motor in on the order of 
180 ft-lb. The corresponding motor stall torque is 495 ft-lb, which exceeds 
the brake capacity of 285 ft-lb plus full load rating of 180 ft-lb. The auxiliary 
hoist holding brake will not prevent two blocking of the hoist under rated 
load conditions. 

Hoist Drive System 

For the 100-ton hoist, the hoist drive is driven by a 250: 1 ratio gearbox. 

Hoisting machinery consists of a continuous duty, phasor drive, Class H 
insulation Reuland motor which drives through necessary gear reductions to a 
winding drum. Gears in reduction units are mounted on short shafts and 
supported between bearings. The drum gear is pressed on and keyed to the 
hub of the winding drum. The hoist motor is flexibly coupled to the speed 
reducer. 

The hoist drum is mounted on pedestal bearings supported on a trolley truck 
assembly. 

The hoist drive motor and gearbox are attached to the trolley truck. 

An essentially identical arrangement exists for the 1 5-ton auxiliary hoist drive 
system. 
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Limit Switches 

The main hoist has control circuit screw-type upper and lower limit switches 
and a redundant block-operated, paddle-type upper limit switch. These limit 
switches serve to interrupt current to the motor when the hoist block reaches 
or exceeds a predetermined limit of travel, thus setting brakes. Limit 
switches are reset automatically by moving controller to opposite direction. 

The auxiliary hoist has control circuit screw-type upper and lower limit 
switches capable of setting its brake. 

Automatic reset-type limit switches of the forked lever type have been 
provided to limit travel of bridge on each end of the frame runway. The limit 
switch is reset by reversal of bridge direction of travel. 

An equivalent arrangement to that discussed for the bridge has been 
provided to limit trolley travel at each end. 

Finally, limit switches have been provided to prevent traversal of the fuel 
pool. Under fuel transfer cask handling operations, the limit switches may be 
bypassed by a key kept under strict administrative control to aliow placing 
cask in loading area of pool. 

Controls 

Control of all crane functions is from a radio controlled station carried by the 
crane operator. 

The radio controlled station weighs about 7 pounds and has a master key 
lock power (on-off) switch with additional key lock switches for fuel pool and 
cask laydown overrides. 

The radio control station is housed in a NEMA I enclosure with four-dead man 
style, spring-return, detent rotary switches for speed control. The master 
main (on-off) switch is a heavy duty, toggle-type with a mechanical latch 
required for the on position. 

The bridge and trolley drive controllers are three speed, full magnetic with 
protection, furnished with NEMA I steel enclosures, NEMA Class 162 
unbreakable resistors, general duty master switches, and are mounted on the 
crane for ease of maintenance and convenience. They are standard GE Type 
IC 7427 A reversing-plugging controllers. Movement of master switch to first 
point closes the correct directional contactor to place all starting resistance in 
the circuit. Accelerating points are controlled by automatic relays which cut 
out resistance until full speed is attained. Quick reversal of master switch 
results in immediate reversal of directional contactors but acceleration 
contactors are held open by plugging relay until motor has stopped and 
reversed. Some braking is accomplished by plugging motor; however, 
controlled stopping is accomplished through holding brakes . 
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The auxiliary hoist is provided with a GE IC 7415 silicon controlled rectifier 
(SCR) controller, providing stepless speed control in both hoist and lower 
directions. It is characterized by accuracy of speed control and smoothness 
of stopping. Reversing is accomplished by hoist and lower contactors in the 
primary circuit of the motor. Speed control is accomplished by varying the 
firing angle of the SCRs to result in sufficient ac voltage at the motor 
terminals to produce the required torque and speed. The required firing angle 
to do this is automatically controlled by employing a transistorized regulator. 
Use of the regulator makes it possible to control speed with essentially flat 
speed torque characteristics. The auxiliary hoist is also provided with a 
tachometer overspeed switch set at approximately 120% for overspeed 
protection. 

The main hoist drive control is a Flux Vector Drive computer controller 
mounted in an existing NEMA 1 enclosure. 

Electrical 

The electrical systems furnished are 3 phase, 3 wire, 60 hertz, 460 volt, ac 
power. Power is provided through the main disconnect switch located on the 
crane to all motors, drives and controis. There is an additional fusible 
disconnect switch located on the spent fuel floor to control the power to the 
crane. 

A main line contactor is provided and is operated by stop and reset buttons 
located conveniently for the operator. A control circuit transformer with 
fuses provides 110 volt control power to all control panels on the crane with 
the exception of the main hoist motor Flux Vector Drive system. Low 
voltage protection is included. Overload protection for the motors is included 
on the individual motor control panels at 125% overcurrent, with the · 
exception of the main hoist motor which is controlled by the Flux Vector 
Drive computer controls. 

The wire sizes are suitable for crane rated motors in accordance with the 
National Electrical Code. All insulation, conduit and fittings conform to the 
requirements of the National Electrical Code. 

9. Spent Fuel Cask Lifting Device 

When the shipment of spent fuel is feasible, a special spent fuel cask lifting 
device shall be used. This device shall conform to the standards of ANSI 
N14.6-1986 or 1978 and the recommendations of NUREG-0612 . 

9.11-18 Rev 20 



• 

• 

• 

9.11.4.4 System Evaluation 

Underwater transfer of spent fuel provides ease and safety in handling operations. 
Water is an effective, economic and transparent radiation shield and a reliable 
cooling medium for removal of decay heat. 

Basic provisions to ensure the safety of refueling operations are: 

1 . Gamma radiation levels in the containment and fuel storage areas are 
continuously monitored. These monitors provide an audible alarm at the 
initiating detector and in the control room indicating an unsafe condition. 
Continuous monitoring in the control room of reactor neutron flux provides 
immediate indication and alarm of an abnormal core flux level. 

2. Violation of containment integrity is not permitted when the reactor vessel 
head is removed unless an adequate shutdown margin is maintained. 

3. The required refueling boron concentration in the refueling cavity is sufficient 
to maintain the reactor subcritical by 5% /J.p with all control rods withdrawn. 
Administrative controls employed during the movement and placement of fuel 
within the refueling cavity ensure that the 5% Llp subcriticality margin is 
maintained during Refueling Operations. 

9.11.4.5 Test Program 

In addition to the inspections and testing which were performed· on individual 
components as they were fabricated, the major refueling items were shipped to 
Windsor, Connecticut, where they were assembled at a facility which allowed 
acceptance and performance testing of the equipment as a complete system. The 
testing facility simulated the refueling conditions of the Palisades site to allow 
assembly of the complete refueling configuration. The reactor tilting machine was 
positioned adjacent to a core and pressure vessel m·ock-up which was assembled 
in a pit. Rails were installed between the spent fuel pool tilting machine and the 
reactor tilting machine. With the refueling machine mounted on rails over the core 
mock-up, simulated refueling operations were performed as follows: 

1 . Indexing the refueling machine to the fuel assembly in the core 

2. Engaging and lifting the fuel assembly into the fuel hoist 

3. Indexing the refueling machine to the tilting machine and lowering the fuel 
assembly into the carriage 

4. Operation of the transfer system to tilt the carriage to the horizontal, transfer 
it through the simulated refueling tube to the spent fuel pool tilting machine 
and to tilt the carriage back to the vertical 

Heaters were installed in the bottom of the pit to simulate the turbulence caused 
by decay heat generation. 
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Subsequent to the completion of this test program at Windsor, the equipment was 
disassembled and shipped to the site. It was reassembled and sufficient tests 
performed to demonstrate that it met system requirements. This was part of the 
preoperational test program performed before fuel loading . 

9.11.5 SPENT FUEL STORAGE AT THE INDEPENDENT SPENT FUEL STORAGE 
INSTALLATION 

Approval to store spent fuel at the Palisades Independent Spent Fuel Storage 
Installation (ISFSI) is granted by the NRC via Subpart K of 1 OCFR72. Palisades 
chose the Pacific Sierra Nuclear VSC-24 system for the ISFSI. The VSC-24 
system was determined by the NRC to meet the requirements of 1 OCFR72 by the 
NRC's issuance of the Certificate of Compliance on May 7, 1993. The license for 
each individual cask expires 20 years from the inservice date. 

The VSC-24 system places a Multi-Assembly Sealed Basket (MSB) and a MSB 
Transfer Cask (MTC) in the cask loading area of the spent fuel pool where the 
MSB is loaded with spent fuel. Once loaded, the MSB is transported inside the 
MTC to the decontamination pit using the fuel building crane, where the MSB is 
seal welded, dried, backfilled with helium, and then structurally welded. Using the 
MTC and the crane, the MSB is then transported to track alley, where the MSB is 
lowered into a Ventilated Concrete Cask (VCC). A Load Distribution System (LDS) 
is in.stalled in track alley to assure that the load is distributed to the walls 
supporting track alley. The loaded VCC, or Ventilated Storage Cask (VSC), is then 
transported along the LDS to a trailer which carries the VSC to the ISFSI where it 
is stored. The VSC-24 system is described in detail in the Pacific Sierra Nuclear 
Safety Analysis Report (Reference 21). 

9.11.5.1 Description Of 1 OCFR72 License Items Which Interface With The 
1 OCFR50 License 

This section describes various ISFSI items licensed under 1 OCFR72 that interface 
with equipment licensed under 1 OCFR50. Items being evaluated under 
1 OCFR72.48 that affect interfaces such as these require a 1 OCFR50.59 evaluation 
in addition to the 1 OCFR72.48 evaluation. 

9.11.5.1.1 Multi-Assembly Sealed Basket And Transfer Cask 

The MSB and MTC shell and internals are coated to prevent detrimental effects on 
fuel pool water chemistry during the time that the MSB and the MTC are in the 
pool. The MTC shell and internals and the outer shell of the MSB are coated with 
a paint that facilitates deconning the MTC and the MSB upon removal from the 
pool. , 
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As preparation for fuel loading, an empty MSB is inserted into the MTC and filled 
with borated water. MTC-MSB gap shims are placed in the top of the MTC-MSB 
gap for shielding. A water supply hose is connected to the side of the MTC to 
allow clean borated water to be injected into the MTC-MSB gap during the entire 
time the MTC and MSB are submerged in the pool. This prevents the outside of 
the MSB from becoming contaminated due to contact with fuel pool water and 
loosened cru~ from the fuel assemblies. 

The MTC and.the MTC yoke are special lifting devices designed and fabricated to 
the requirements of NUREG 0612 and ANSI N14.6 per the Certificate of 
Compliance. The lifting o·f the MTC is performed under site specific heavy load 
requirements which conform to the recommended guidelines of NUREG 0612 and 
Generic Letter 85-11 . 

9.11.5.1.2 Impact Limiting Pads 

Impact limiting pads (ILPs) are placed in the spent fuel pool and the 
decontamination pit when loading fuel. The required pressure ratings for the foam 
in each of the ILPs was determined by calculating the critical pressures on the 
slabs beneath the cask loading area and the cask washdown pit. These critical 
pressures were used to determine the minimum strength of the foam to .be placed 
in the ILPs. 'Also, the bottom of the spent fuel pool ILP is designed with groove 
areas to prevent any load from bearing on the pool liner welds. Additional 
information on the impact limiting pads, including reference calculations, is found 
in section 14.11 "Postulated Cask Drop Accidents." 

• 9.11.5.1.3 Security For The Independent Spent Fuel Storage Installation 

• 

The security system for the ISFSI was installed by Facility Change FC-925. The 
system was constucted and is maintained per the requirements of 1 OCFR50 and 
1 OCFR72 Subpart H. 

9.11.5.1.4 Lifting Equipment 

The design and description of the rigging equipment used to handle the VSC-24 
system components in the auxiliary building is described in Reference 18. Where 
applicable or required per the C of C, the SAR and the Technical Specifications, 
the design code requirements of NUREG-0612 and ANSI N14.6 were applied . 
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9.11.5.1.5 Spent Fuel Pool Boron And Temperature Limits 

The C of C for the VSC-24 system requires that the spent fuet pool boron 
concentration be greater than or equal to 2850 ppm during cask loading and 
unloading activities (Reference 19). This ensures that a subcritical configuration is 
maintained in the case of accidental loading of the MSB with unirradiated fuel. 

The reaction between carbo zinc primer and borated spent fuel pool water will 
generate a hydrogen gas and produce zinc borate precipitates which can result in 
boron depletion. Controls are provided during loading and unloading activities to 
prevent the hydrogen gas· from reaching an explosive level and to assure that the 
boron concentration will not be reduced below the C of C limit of 2850 ppm. 

An analysis was performed to determine the amount of time that exists until the 
MSB must be drained after removal of the loaded MSB from the fuel pool 
(Reference 20). The MSB must be drained before significant changes in moderator 
density occur due to heatup of fuel pool water in the MSB. The analysis, which 
uses a maximum fuel pool temperature of 100° F, calculated required MSB drain 
down times due to certain fuel heat loads. These drain down times are utilized as 
administrative limits in plant MSB loading procedures and are conservative with 
respect to the legal drain down time limits contained in the C of C. 

The· strength of the fuel pool ILP is based on a maximum pool water temperature 
of 100°F . 
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• Table 9-1 

Sheet 1 of 2 

Service Water S~stem Flow Reguirements (GPM)<3
> 

Normal Shutdown DBA 
Operation Operation Operation 

Component Name (Nominal) (Nominal SW= 85.,F 

Critical Service Water Header 

Containment Air Coolers 2000-7500 2000-7500 3935.5(7) 
CCW Heat Exchangers<2

> <6000 <6000 4058.0(S) 
4821.4<12> 

Engineered Safeguards Room Coolers 400<4> 400<4> 70<9> 

Emergency Diesel Generators 165<10> 

Control Room Air Conditioning 12<5> 12<5) 39(11) 

Instrument Air Compressors 10 10 

Noncritical Service Water Header<6
> 

• Hydrogen Coolers 2610<1> 

Exciter Air Coolers 370<1> 

Turbine Lube Oil Coolers 2510<1> 

Seal Oil Coolers 360 
EHC Oil Coolers(5> 20 

Isolated Phase Bus Cooler<5> 35 
Main Feedwater Pump Lube Oil Cooler 78 
Main Feedwater Pump Gland Cooler 40 
Heater Drain Pump Cooling 50 
VRS Isolated Cooling Water Cooler (E-68) 5 
Slowdown Heat Exchanger (E-31) 60-420 

. Circ Water and Intake Basin Chlorinator 50 50 
Hydrogen Dryer 2 
Cooling tower Pump Seal and Bearing Water 94 
Makeup Raw Water Supply 150 150 
Condensor Vacuum Pump 15 

Aux Building Addition Air Conditioning Unit 28.8 28.8 
Ventilation Equipment Room Air Cooling Unit 28.8 28.8 
Radwaste Area Compressor 10 10 

• Auxiliary Building Condensing Unit 130 130 
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Table 9-1 

Sheet 2 of 2 

Service Water System Flow Requirements (GPM)<3> 

Normal 
Operation 
(Nominal) 

Shutdown DBA 
Operation Operation 

Component Name (Nominal SW= 85°F 

FWP Air Compressor 

C-42 Panel and Sample Coolers 
FWS Sample Cooler SCl-0710-C (to M-97(8)) 
Condensate Pumps 
CD Bldg Boiler Sample (measured) Cooler 
Radiation Monitors 

NOTES: 
(1) - Flow is temperature controlled. 

65.2 

40 
40 
16 

1.6 
10 

65.2 

1.6 

(2) - DBA Requirement for Post-RAS mode only, flow is temperature controlled 
prior to RAS. 
(3) - The flows listed for DBA operation are required flows at that SW 
temperature, the actual flow to each component is set periodically by Special 
Test T-216, which balances the system flows. 
(4) - SW flows continuously to the ESGR Coolers. There is minimum heat load 
in the rooms during normal operation and slightly more heat load (SDC System) I 
during shutdown operation. The 400 gpm is not a cooling requirement but is the 
approximate indicated flow. 
(5) - Only one unit (or set of coolers) is operated at one time. 
(6) - Flows listed here are from original Bechtel figures and have not been 
verified. 
(7) - EA-GEJ-96-01 Rev 0. - Total of 3935.5 gpm to VHX-1,2,3 in left channel · I 
failure case. 
(8) - EA-GEJ-96-01 Rev 0. - Total of 4058.0 gpm to both E-54A,B in right 
channel failure case. 
(9) - EA-D-PAL-93-272F-01 Rev 0. 
(10)- EA-D-PAL-93-272F-02 Rev 0. 
(11 )- EA-D-PAL-93-272E-02 Rev 0. 
(12)- EA-GEJ-96-01 Rev 0. - Total of 4821.4 gpm to E-54A,B in left channel 
failure case . 
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TABLE 9-2 
(Sheet 1 of 2) 

SERVICE WATER SYSTEM 
DESIGN RATINGS AND CONSTRUCTION OE COMPONENTS 

Service Water Pumps 

Type Vertical Turbine With Water Lubrication 

Number 3 

Capacity (Each) 8,000 gpm* 

Head 140 ft* 

Pump Accelerating Time 4 Seconds@ 70% Voltage 

·Material 

Bowls Cast Iron 

Discharge Head Carbon Steel 

Bowl Shaft 416 SS 

Line Shaft .. 1020 cs 

Discharge Column Carbon Steel 

Impeller Bronze 

Motor 350 hp, 3 Ph, 60 Hz, 2,300 V 

Codes Standards of Hydraulic Institute, NEMA, 
ASA and ASTM 

The FSAR requirement of 8000 gpm and 140 ft of head is a design 
characteristic that was supplied to the vendor for individual pump 
performance . 

Rev 20 



TABLE 9-2 
(Sheet 2 of 2) 

• 2. Basket Strainers 

Type Simplex Multi-Basket 

Number 3 

Design Flow (Each) 8,000 gpm 

Design Pressure 100 psig 

Design Temperature 70°F 

Screen Mesh 3/16 in Perforation 

Material 

Body Cast Steel 

Baskets 304 SS 

• 3. Piping Fittings and Valves 

Material Carbon Steel or Bronze 

Design Pressure 100 psig 

Design Temperature 300°F 

Piping and Fittings(a) 2-1 /2 in and Larger - Butt- Welded 
Except at Flanged Equipment(a) 

2 in and Smaller - Socket Welded Except 
at Flanged Equipment 

Valves( a) 2-1 /2 in and Larger - Butt-Welded 
150 lb(a) 

2 in and Smaller - Socket Welded 600 lb 

Code ASA B31.1-1955 
ASA B16.5-1961 • (a) These are considered to be classified as flanged equipment. 

Rev 20 



• TABLE 9-3 

Deleted 
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TABLE 9-4 
(Sheet 1 of 4) 

REACTOR PRIMARY SHIELD COOLING SYSTEM 
DESIGN RATINGS AND CONSTRUCTION OF COMPONENTS 

Shield Cooling Coils 

Length (Each Coil) Approx 24 ft 

Spacing of Coils 9 in Center-to-Center . 

Number of Coil Sections in Each Set 3 

Coil Diameter 3/4 in 

Material Seamless Carbon Steel 

Design Pressure 75 psig 

Design Temperature 220°F 

Code ASA B31.1 

Shield Cooling Pumps 

Type Horizontal Centrifugal With 
Mechanical Seals 

Number 2 

Capacity (Each) 180 gpm 

TOH 79 ft 

Material 

Case Cast Iron 

Impeller Bronze 

Shaft Carbon Steel 

Rev 18 
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Motor 

Codes 

Shield Cooling Heat Exchanger 

Type 

Number 

Original Design Duty 

Original Heat Transfer Area 

Design Pressure 

Design Temperature 

Fluid 

Temperature In 

Temperature Out 

Material 

Shell 

Tubes 

TABLE 9-4 
(Sheet 2 of 4) 

7.5 hp, 3 Ph, 60 Hz, 
460 V, 3,485 r/min 

Standards of Hydraulic 
Institute, NEMA, ASA and 
ASTM 

Horizontal Counterflow, 
Shell With Straight Tubes 
Rolled Into Fixed Tube 
Sheets 

1 

200,000 Btu/h 

77 ft2 

Shell Side Tube Side 

150 psig 125 psig 

200°F 200°F 

Component Shield 
Cooling Cooling 
Water Water 

90°F 100°F 

93.2°F 96.8°F 

Carbon Steel 

Admiralty 

Rev 18 



• 
Channels 

Tube Sheets 

Codes 

4. Shield Cooling Surge Tank 

Type 

Number 

• Design Pressure 

Design Temperature 

Volume 

Material 

Code 

TABLE 9-4 
(Sheet 3 of 4) 

Carbon Steel 

Aluminum Bronze 

ASME B&PV Code, Section Ill, 
Class C and ASME B&PV Code, 
Section VIII, Par UW-2 (a); 
TEMAClassC 

Vertical 

1 

50 psig 

200°F 

1, 700 Gallons (Based on 
Total Change in System 
Water Volume as a Result of 
Maximum Possible Change in 
Water Temperature From a 
Cold Start Condition at 
60°F to 212°F) 

Carbon Steel 

ASME B&PV Code Section Ill, 
Class C and ASME B&PV Code, 
Section VIII, Par UW-2 (a) 

Rev 18 
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5. Piping. Fittings and Valves 

Material 

Design Pressure 

Design Temperature 

Construction 

Pipe, 2-1/2 in and Larger 

• Pipe, 2 in and Smaller 

Valves, 2-1/2 in and Larger 

Valves, 2 in and Smaller 

Code 

• 

TABLE 9-4 
(Sheet 4 of 4) 

Seamless Carbon Steel 

125 psig 

360°F 

Not Embedded in Embedded in 
Concrete Concrete 

Butt-Welded Except None 
at Flanged Equipment 

Screwed Except at - Socket 
Flanged Equipment Welded 

Cast Iron, None 
Flanged 125# 

Bronze, Screwed None 
200# and Carbon 
Steel, flanged 150# 

ASA B31.1 

Rev 18 
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TABI E 9-5 

COMPOl'llEl'llI COOi ll'llG SYSIEM l:IEAI I OADS , 
(x 1 0 6 Btu/hr) 

Sb11tdawo Coaling DBA 
Component and (1'1111mber) I'll arm al Initial ±30 h __sJ_ Past-RAS* 

Shutdown Cooling HXs (2) 147.39 46.13 100.4 
(max) (max) 

Primary and Auxiliary Systems 
Sample Cooling Coils (9) 0.3 0.15 Negligible 

Letdown HX (1) 11.8 1.5 Negligible 11.8 

CROM Seal Coolers (45) .07 .07 .07 .07 

Charging Pumps (3) 0.20 0.12 0.12 0.20 0.20 

Primary Coolant Pumps (4) 2.3 1.15 2.3 

LPSI Pumps (2) 0.09 0.09 0.09 *** 

HPSI Pumps (2) 0.11 0.11 

Containment Spray Pumps (3) 0.08 

Spent Fuel Pool HX ( 1) 6.2 6.2 6.2** 

Reactor Shield Cooling HX (1) 0.2 0.2 0.2 0.2 

Waste Gas Compressors (3) 0.01 0.01 0.01 

Vacuum Degasifier Pump 
Seal Water Cooler ( 1) 0.08 0.08 0.08 

Radwaste Evaporators (2) 23 52 11 76 11 76 -- --

Total 44.77 168.72 64.66 14.77 100.79 

* With containment high pressure 
* * Maximum heat load at 7 days after shutdown = 11.6 for 1 /3 core off load 

* * * An additional Post-RAS heat load of up to 0.09X106 Btu/hr could exist if LPSI 
pumps are used for post accident. However, LPSI pumps are not normally 
operating Post-RAS. 

Rev 20 
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TABLE 9-6 
{Sheet I of 4) 

COMPONENT COOLING WATER SYSTEM 
DESIGN RATINGS AND CONSTRUCTION OF COMPONENTS 

1. Component Cooling Pumps 

Type 

Number 

Capacity {Each) 

Head 

Material 

Case 

Impeller 

Shaft 

Temperature Transient 

Motor 

Time Required To Accelerate 
Pump to Full Speed at 
70% Voltage 

Codes 

Horizontal Centrifugal With 
Mechanical Seals 

3 

6,000 gpm {Based on Shut
down Cooling Requirements), 
Including Approximately 10% 
Wear Margin 

164 ft 

Carbon Steel 

Bronze 

Alloy Steel 
I 

Designed To Withstand 
Increase of 25°F in 
1-1/2 Minutes. This May 
Occur When System· Switches 
to Shutdown Cooling or 
Post-OBA Cooling From 
Normal Operation. 

300 hp, 3 Ph, 60 Hz, 
2,300 v 

4 s 

Standards of Hydraulic 
Institute, NEMA, ASA and 
ASTM 

Rev 14 
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2. Component Cooling Heat 
Exchangers · 

Type 

Number 

Original Design Duty (Each) 

TABLE 9-6 
(Sheet 2 of 4) 

Original Heat Transfer Area (Each) 

Design Pressure 

Design Temperature 

Design Capacity (Each) 

Temperature Transient 

Material .-

Shell Side-

Tube Side 

Tube Sheet 

Codes 

Horizontal, Counterflow, 
Shell Straight Tubes, 
Tubes Rolled Into Tube 
Sheets 

2 

50.5 x 106 Btu/h (Normal) 
94.8 x 106 Btu/h (At Start 

. of Shutdown Cooling) 
43.2 x 106 Btu/h (24 Hours 

· After Shutdown. Cooling} 
85.0 x 106 Btu/h (Post-OBA) 

7 ,840 ft2 

Shell Side 

150 psig 

200°F 

Tube Side 

125 psig 

200°F 

4700 gpm (Ref 13 and 14) 

Designed To Withstand 
Increase of 25°F in 
1-1/2 Minutes. This May 
Occur When System Switches 
to Shutdown Cooling or 
Post-OBA Cooling From 
Normal Operation. 

Carbon Steel, Firebox 
Quality · 

Admiralty · 

Carbon Steel With 
Aluminum Bronze Overlay 

ASME B&PV Code, Section III, 
Class C, 1965 and.ASHE B&PV 
Code, Section VIII, 
Par UW-2 (a); lEMA Class C 

Rev 15-
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3. Surge Tank 

Type 

Number 

Design Pressure 

Design Temperature 

Volume 

Material 

Code 

TABLE 9-6 
(Sheet 3 of 4) 

4. Piping, Fittings and Valves 

Piping Material 

Design Pressure 

Design Temperature 

fs1081-0107f-09-35 

Vertical 

1 

25 psig 

140°F 

1,230 Gallons (Based on 
Total Change in System 
Water Volume as Result of 
Maximum Possible Change in 
Water Temperature From 
Cold Start Condition at 
60°F to 140°F) 

Carbon Steel 

ASME B&PV Code, Section III, 
Class C, 1965 

Carbon Steel, Seamless 
and Seam Welded (Seam 
Weld 100% Radiographed) 

150 psig 

Rev 0 
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TABLE 9-6 
(Sheet 4 of 4) 

Construction 

Pipe, 2-1/2 in and Larger 

Pipe, 2 in and Smaller 

Valves (Except Butterfly), 
2-1/2 in and Larger 

Butterfly Valves, 
2-1/2 in and Larger 

Valves, 2 in and Smaller 

Code 

fs1081-0107f-09-72 

Outside Containment 

Butt-Welded Except 
at Flanged Equipment, 
10% of Circumf eren
tial Welds Examined 
by Radiography 

Socket Welded 
Except Flanged 
Equipment 

Carbon Steel, 
Butt Weld· 
Ends, 150# 

Carbon Steel, 
Flanged Ends, 150# 

Carbon Steel, Socket 
Welded Ends, 
600ff 

ASA B31.1-1955 
ASA B16.5-1961 

Inside 
Containment 

Butt-Welded 
Except at 
Flanged 
Equipment 

Screwed Ex
cept at 
Flanged 
Equipment 

Cast Iron, 
Flanged 
Ends, 125fl 

Carbon Steel, 
Flanged Ends, 150# 

Bronze, 
Screwed 
Ends, 200# 

ASA B31.1-1955 
ASA Bl6.5-1961 

Rev 1 



TABI E 9-7 

COMeONENI COOLING SYSIEM 
BEOUIBED El OW BAIES !GeMl 

• Sb11tdowa Cooliag DBA 
Compoaeat and (Number) Normal laitial ±30 b _sl_ east-BAS* 

Shutdown Cooling HXs (2) 5,000 5,000 4,973/5,493 

Primary and Auxiliary System 
Sample Cooling Coils (9) 20 20 20 

Letdown HX ( 1 ) * * 1,000 70 1,000 
(max) (max) 

CROM Seal Coolers (45) 68 68 68 68 

Charging Pumps (3) 32 22-32 22-32 32 32 

Primary Coolant Pumps (4) 360 180 180 360 

LPSI Pumps (2) # 8 8 8 8 8 

HPSI Pumps (2) # 29 29 29 29 29 

Containment Spray Pumps (3) # 24 24 24 24 24 

Spent Fuel Pool HX ( 1) 500 500 500*** 

Shield Cooling HX ( 1) 126 126 126 126 

• Waste Gas Compressors (3) 6 6 6 

Vacuum Degasifier Pump 
Seal Water Cooler (1) 8 8 8 

Radwaste Evaporators (2) 2,136 1 068 1 068 --

Total 4,256 7,076 7,006 1,647 5,058/5,578 

* With containment high pressure, loss of EDG 1-1 /EDG 1-2. 
* * Flow set by temperature control 

*** Increases to 935 gpm at 7 days after shutdown for 1 /3 core off load. 
# The required flow rates are based on operation of the pumps under the worst case conditions. Actual 

flow requirements to prevent component degradation will vary upon operating conditions . 

• 
Rev 20 
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TABLE 9-8 
(Sheet 1 of 4) 

SPENT FUEL POOL COOLING SYSTEM 
DESIGN RATINGS AND CONSTRUCTION OF COMPONENTS 

1 . Fuel Pool Cooling Pumps 

Type 

Number 

Capacity (Each) 

TOH 

Temperature Transient 
from 60°F to 212°F in 5 Seconds 

Material 

Motor 

Code 

2. Spent Fuel Pool Cooling Heat 
Exchange Unit 

Type 

Number 

Original Duty (Total) 

Original Heat Transfer Area 

Component Cooling Water 
Temperature: In/Out 

Spent Fuel Cooling Water 
Temperature: In/Out 

Horizontal Centrifugal With 
Mechanical Seals 

2 

1,700 gpm 

64 ft 

Desig.ned To Withstand an Increase 

Stainless Steel 

40 hp, 460 V, 60 Hz 3 Ph, 

Motor, NEMA; Pump, Standards 
of Hydraulic lns~itute 

Horizontal Counterflow, With 
Straight-Tubes Rolled Into Tube 
Sheets 

2 Shells in Series 

23 x 1 0 6 Btu/h 

4,080 ft2 

125/110°F 

Rev 20 
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Temperature Transient 

Material 

Shells 

Tubes 

Tube Sheets 

Codes 

3. Fuel Pool Recirculation 
Booster Pump 

Type 

Number 

Capacity 

TDH 

Temperature Transient 
From 

Material 

Motor 

Code 

TABLE 9-8 
(Sheet 2 of 4) 

Designed To Withstand an Increase 
From 60°F to 212°F in 5 Seconds 

Carbon Steel 

Stainless Steel 

Stainless Steel With SS 308L 
Weld Overlay 

ASME B&PV Code, Section Ill, 
Class C and ASME B&PV Code, 
Section VIII, Par UW2 (a); 
TEMA Class C 

Horizontal Centrifugal With 
Mechanical Seals 

1 

160 gpm 

160 ft 

Designed To Withstand Increase 
60°F to 212°F in 5 Seconds 

Type 316 Stainless Steel 

15 hp, 3 Ph, 60 Hz 460 V 

Motor, NEMA; Pump, Standards 
of Hydraulic Institute 

Rev 20 



TABLE 9-8 

• (Sheet 3 of 4) 

4. Fuel Pool Filter 

Type Cartridge With Replaceable 
Filter Element 

Number 1 

Design Flow 150 gpm 

Design Pressure 200 psig 

Design Temperature 220°F 

Temperature Transient Designed for Increase From 
60°F to 212°F in 5 Seconds 

Filter Rating 25 Microns Nominal 

• Material Stainless Steel 

Codes ASME B&PV Code, Section Ill, 
Class C and ASME B&PV Code, 
Section VIII, Par UW2 (a) 

5. Fuel Pool Demineralizer 

Type Mixed Bed 

Number 1 

Design Flow 150 gpm 

Design Pressure 200 psig 

Design Temperature 220°F 

Temperature Transient Design for an Increase From 
60°F to 212°F in 5 Seconds 

• Resin Equivalent Capacity Mixture of 
Nuclear Grade Cation and Anion 

Rev 20 



• 
Material 

Codes 

6. Piping, Fittings and Valves 

Material 

Design Pressure 

Design Temperature 

Joints, 2 in and Larger 

• 1-1 /2 in and Smaller 

Valves, 2 in and Larger 

11 /2 in and Smaller 

Butterflies, All Sizes 

Code 

Welds 

• 

TABI E 9-8 
(Sheet 4 of 4) 

Type 304 Stainless Steel for 
Vessel and Integral Parts 

ASME B&PV Code, Section Ill, 
Class C and ASME B&PV Code, 
Section VIII, Par UW2 (a) 

Stainless Steel 

125 psig 

150°F 

ButtWelded Except at Flanged 
Equipment 

Socket Welded Except at Flanged 
Equipment 

Stainless Steel, Butt Weld 
Ends, 150# 

Stainless Steel, Socket Weld 
Ends, 150# 

Stainless Steel Flanged, 1 50# 

ASA 831.1 

100% Radiographically Checked 

Rev 20 
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TABLE 9-9 
(Sheet 1 of 5) 

INSTRUMENT AIR SYSTEM 
DESIGN RATINGS AND CONSTRUCTION OF COMPONENTS 

Compressed Air System 

a. Air Compressors 

1. Type Vertical, Nonlubricated, 
Reciprocated, Reciprocating, 
Double Acting, Water Cooled 

Number 2 

Design Capacity {Each} 200 scfm 

Design Pressure 100 psig 

Motor 60 hp, 3 Ph, 60 Hz, 460 v 

Code Motor, NEMA 

2. Type Rotary Tooth, Lubricated, Air Cooled 

Number 1 

Design Capacity 320 SCFM 

Design Pressure 100 psig 

Motor 75 hp, 3 Ph, 60 Hz, 3570 rpm 

Code Motor, NEMA 

Rev 20 



• b. Aftercoolers 

1. Type 

Number 

2.- Type 

Number 

c. Air Receivers 

Type 

Number 

Design Pressure 

Capacity 

• Code 

d. Air Dryer 

Type 

Number 

Capacity 
Outlet Moisture Content 
With Saturated Air Inlet 

Code 

• 

TABLE 9-9 
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Shell and Tube 

2 { 1 per Reciprocating Compressor) 

Cooling Coil 

1 {Rotary Tooth Compressor) 

Vertical 

') 
-.J 

125 psig 

57 ft3 

ASME B&PV Code, Section VIII 

Silica Gel Absorbent, Electric Heater 
Reactivated 

1 

205 scfm 

-40°F Dew Point at 100 psig 

ASME B&PV Code, Section VIII 

Rev 20 



• e. Piping and Valves 

Upstream of Dryer 

Downstream of Dryer 

Code 

2. High-Pressure Air System 

a. Air Compressors 

Type 

Number 

• Design Capacity (Each) 

Design Pressure 

Motor 

Code 

b. Air Dryer 

Type 

Number 

Capacity (Each) 

Moisture Content 

Code 

• 

TABLE 9-9 
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Carbon Steel Piping and Cl, or 
Bronze Valves 

Copper Piping and Bronze or 
Stainless Steel Valves Except at 
Containment Penetration and at 
Isolation Valves (Carbon Steel) 

ASA B31.1 

Single Acting, Air Cooled 

3 

22.3 scfm 

325 psig 

10 hp, 440 V, 3 Phase 

Motor, NEMA 

Refrigeration 

3 (1 per Compressor) 

25.5 scfm 

-40 °F 

ASME B&PV Code, Section VIII 

Rev 20 
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TABLE 9-9 
(Sheet 4 of 5) 

Horizontal 

3 ( 1 per Compressor) 

350 psig 

57. 7 ft3 

ASME B&PV Code, Section VIII 

3 ( 1 per Compressor) 

Air Cooled 

Carbon Steel 

ASA 831 . 1 (Seismic Class I 
Supported From Receivers to 
Operators on Engineered Safe-guards 
Systems) 

3. Condensate Demineralizer Building Air System 

a. Air Compressors 

Type 
lubricated 

Number 

Design Capacity {Each) 

Design Pressure 

Motor 

Two stage reciprocating, oil 

2 

876 scfm 

125 psi 

200 hp, 460 V, 3 Phase 

Rev 20 



• b. Air Dryer 

Type 

Number 

Capacity (Each) 

Pressure 

Dew Point 

c. A ftercooler 

Number 

Type 

d . Receiver 

• Type 

Number 

Design Pressure 

Design Temp 

Capacity 

Code 

4. Nitrogen Backup Stations 

a. Nitrogen Bottles 

Pressure 

Number 

• 

TABLE 9-9 
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Pressure Swing 

2 

120 scfm 

150 psig 

-40°F Dew Point at 125 psig 

2 

Water Cooled 

Horizontal 

2 

150 psig 

650°F 

50 ft3 

ASME B&PV Code, Section VIII 

2400 psig 

25 

Rev 20 



IABLE 9-10 
(Sheet 1 of 5) 

• EEFECI OF I ass OF AIR IO AIR-OPERAIED VALVES 

0 Open 
c Closed 

Position 
Valve Normal Shutdown After Loss 

No Valve Description Position Position of Air 

Primary Coolant System 

0148 Quench Tank Drain c c c 
0150 Quench Tank N2 Supply c c c 
0152 Quench Tank Vent c c c 
0155 Quench Tank Spray c c c 
1057 Pressurizer Spray Valve c c c 
1059 Pressurizer Spray Valve c c c 

Chemical and Volume Control System 

2001 Letdown Stop 0 0 0 

• 2002 Letdown Orifice Bypass Stop c c c 
2003 Letdown Orifice Stop 0 c c 
2004 Letdown Orifice Stop c c c 
2005 Letdown Orifice Stop c c c 
2009 Letdown Containment Isolation 0 c c 
2012 Letdown Pressure Control 0 0 c 
2014 Radiation Monitor Stop 0 0 c 
2023 Ion Exchanger Bypass To Ion Ex To Ion Ex To Bypass 
2056 Letdown to VCT or RWTS To VCT ToVCT To VCT 
2080 VCT Vent c c c 
2083 PCP Bleedoff Cont Isolation 0 c c 
2111 Charging Line Stop 0 0 0 
2113 Loop 1 A Charging Line Stop 0 0 0 
2115 Loop 2A Charging Line Stop 0 0 0 
2117 Pressurizer Auxiliary Spray c c c 
2130 Boric Acid Recirc Control 0 c c 
2136 Boric Acid Recirc Control 0 c c 
2153 Boric Acid Makeup Stop c c c 
2155 Makeup Stop c c c 
2165 Primary Water Makeup Stop c c c 
2191 PCP Bleedoff Relief Stop 0 0 As Is 

(Accumulator) 
2202 Letdown Orifice Bypass Control c c c 

• 
Rev 20 



TABI E 9-10 
(Sheet 2 of 5) 

• Position 
Valve Normal Shutdown After Loss 

No Valve Description Position Position of Air 

Safet¥ lajectioa Coataiameat Spra¥ aad 
Sh11tdowa Cooliag 

3001 (b) Containment Spray Isolation c c 0 
3002(b) Containment ·spray Isolation c c 0 
3003 SI Tank Fill and Drain c c c 
3004 SI Tank Fill and Drain c c c 
3006 Shutdown HX Bypass 0 0 0 
3018(a)(f) HPSI Pump Dischg (Redundant) c c c 
3025 Shutdown HX Discharge c c c 
3027(a)(b) Pump MiniFlow Stop 0 0 c 
3029(c) Containment Sump Suction c c As Is 
3030(c) Containment Sump Suction c c As Is 
3031 (c) SIRW Tank Isolation 0 0 0 
3036 HPSI Dischg (Redundant) 0 0 0 
3037(a) HPSI Dischg (Normal) c c c 
3038 SI Line Pressure Control 0 c c 
3039 SI Tank Fill and Drain c c c 
3040 SI Tank N2 Supply c c c 
3042 SI Line Pressure Control 0 c c 

• 3043. SI Tank Fill and Drain c c c 
3044 SI Tank N2 Supply c c c 
3046 SI Line Pressure Control 0 c c 
3047 SI Line Pressure Control 0 c c 
3048 SI Tank N2 Supply c c c 
3050 SI Tank N2 Supply c c c 
3051 SI Tank Purge c c c 
3055(a) . LPSI Pump Dischg Crossover c c c 
3056(a)(b) Pump MiniFlow Stop 0 0 c 
3057(a) SIRW Tank Isolation 0 0 0 
3059(a) HPSI Dischg (Normal) 0 0 0 
3063 SI Tank Purge c c c 
3065 SI Tank Purge c c c 
3067 SI Tank Purge c c c 
3069 Check Valve Leakage Drain 0 0 0 
3070(b) Cooled Suction HPSI Pump c c c 
3071 (b) Cooled Suction HPSI Pump c c c 
3073 SIRW Tank Temp Cont 0 or C 0 or C c 
3212(c) Shutdown HX Isolation 0 0 0 
3213(c) Shutdown HX Isolation 0 0 0 
3223(c) Shutdown HX Isolation 0 0 0 
3224(c) Shutdown HX Isolation 0 0 0 

• 
Rev 20 



TABI E 9-10 
(Sheet 3 of 5) 

• Position 
Valve Normal Shutdown After Loss 

No Valve Description Position Position of Air 

Feed and Condensate System 

0727(b) Auxiliary Feed Control c 0 0 
0730A Feedwater System c 
0736 Auxiliary Feea Control Bypass c c c 
0736A. Auxiliary Feed Control c 0 0 
0737 Auxiliary Feed Control Bypass c c c 
0737A Auxiliary Feed Control c 0 0 
0749(b) Auxiliary Feed Control c 0 0 
0779(e) Atmospheric Steam Dump c c c 
0780(e) Atmospheric Steam Dump c c c 
0781 (e) Atmospheric Steam Dump c c c 
0782(e) Atmospheric Steam Dump c c c 

Service Water System 

0823 Component Cool HX Dischg 0 0 0 
0824(b) Return From Containment Coolers 0 0 0 
0825 Eng Safe Room Cooler Supply c c 0 
0826 Component Cool HX Dischg 0 0 0 

• 0835 Turbine LO Cooler Stop Bypass c c 0 
0836 Turbine LO Cooler Stop Bypass c c 0 
0838 Normal Cont Cooler Control 0 0 c 
0839 Generator H2 Cooler Stop Bypass c c 0 
0843 Normal Cont Cooler Control 0 0 c 
0844 Critical Service Wtr Header lso 0 0 0 
0845 Critical Service Wtr Header lso 0 0 0 
0846 Critical Service Water Header 

Cross Connect 0 0 0 
0847(b) Supply to Containment Coolers 0 0 0 
0852 Generator Exciter Cooler Supply 

Bypass c c 0 
0857 Critical Service Water Header 

CrossConnect 0 0 0 
0861 8 11 Return From Cont Coolers c c 0 
0862 Containment Cooler Supply 0 0 0 
0863 Normal Cont Cooler Control 0 0 c 
0864 8 11 Return From Cont Coolers c c 0 
0865 Containment Cooler Supply 0 0 0 
0867 8 11 Return From Cont Coolers c c 0 
0869 Containment Cooler Supply 0 0 c 
0870 Containment Cooler Supply 0 0 0 
0872 Normal Cont Cooler Control 0 0 c 

• 0873 8 11 Return From Cont Coolers c c 0 
0876 Diesel Generator Cool Supply 0 0 0 
0877 Diesel Generator Cool Supply 0 0 0 
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IABI E 9-10 
(Sheet 4 of 5) 

• Position 
Valve Normal Shutdown After Loss 

No Valve Description Position Position of Air 

0879 Backup Cool Safeguards Pumps c c c 
0880 Backup Cool Safeguards Pumps c c c 
0884 Diesel Generator Cool Supply c c 0 
0885 Diesel Generator Cool Supply c c 0 
1318 Service Wate·r Pump Header lso 0 0 0 
1319 Service Water Pump Header lso 0 0 0 
1359 Noncritical Service Water 

Header Isolation 0 0 c 

Component Cooling System 

0909 Letdown HX Return 0 0 0 
0910 Component Cool to Cont Isolation 0 0 0 
0911 Component Cool From Cont Isola 0 0 As ls(Ac 

ti on cumulator) 
0913 Supply Safeguards Pumps 0 0 0 
0915 Comp Cool Surge Tank Vent 0 0 c 
0918 Comp Cool Surge Tank Makeup c c c 
0937 Supply to Shutdown HX c 0 0 
0938 Supply to Shutdown HX c 0 0 

• 0940 Component Cool From Cont Isolation 0 0 As Is (Ac 
cumulator) 

0944 Supply to Radwaste Evaporator 0 0 c 
0944A Supply to Spent Fuel HX 0 0 c 
0945 Supply to Comp Cool HX 0 0 0 
0946 Supply to Comp Cool HX 0 0 0 
0947 Supply to Safeguards Pumps 0 0 0 
0948 Supply to Safeguards Pumps 0 0 0 
0949 Supply to Safeguards Pumps 0 0 0 
0950 Return From Safeguards Pumps 0 0 0 
0951 Return From Safeguards Pumps c c c 
0977B Return From Radwaste Evaporator 0 0 c 

• 
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TABLE 9-10 
(Sheet 5 of 5) 

Position 
Valve Normal Shutdown After Loss 

No Valve Description Position Position of Air 

Maia Steam Maia aad Auxiliar¥ Imbiae 
S¥stems 

0501 Main Steam Isolation Valve 0 0 As Is (Ac 
cumulator) 

0510 Main Steam Isolation Valve 0 0 As Is (Ac 
cumulator) 

0511 Steam Bypass Valve c Open for c 
Bleed 

0522A Steam to Aux Turbine Feed Pump c 0 c 
0522B(b) Auxiliary Feed Steam c 0 c 

Service aad lastn1meat Air S¥stems 

Valve ·1211 (b), Instrument Air Supply to Containment, is open during reactor operation or 
reactor shutdown and fails open on loss of air. 

Process Sampling S¥stem 

Air-operated process sampling valves are normally closed unless sampling a specific point. 
All air-operated valves fail closed. 

Radioactive Waste Ireatmeat S¥stem 

All air-operated valves in the radioactive waste treatment system, including liquid and gas 
discharge stop valves, fail closed upon loss of instrument air. 

Heating Ventilation aad Air Coaditioaiag 

Reference Subsection 9.8.4. 

Shield Cooling 5¥stem 

During normal reactor operation and reactor shutdown, one of two air-operated shield 
cooling supply valves is open. Upon loss of instrument air, both supply valves fail open. 

(a)Air supplied by high-pressure air system. 
(b)Nitrogen bottle backup . 

. (c)Air supplied from high-pressure air system with backup from instrument air. 
(d)Air supplied from turbine room high-pressure air system. 
(e)Bulk nitrogen backup. 
(f)Manually operated air bottle backup 
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TABLE 9-11 

FIRE DETECTION INSTRUMENTATION 
(PAGE 1 OF 4) 

MINIMUM 
INSTRUMENTS 

iNTRUMENT LOCATION DETECTORS TYPE OF DETECTORS OPERABLE 

1. Cable Spreading Rm, Col M-28 1 Waterflow 1 

2. 1-D Switchgear Rm , Col G-28; Col G-22; 3 Water Flow Sw 3 
Col G-22 

3. 1-1 Diesel Generator Rm , Col J-28 1 Water Flow Sw 1 

4. 1-2 Diesel Generator Rm , Col M-28 1 Water Flow Sw 1 

5. Turbine Bldg 590" Col H-9 1 Water Flow Sw 1 

6. Control Room and Room 325 7 Smoke 5 

7. Control Room Adj Offices Rms 324 & 320 2· Smoke 1 

8. Cable Spreading, Room 224 8 Smoke 6 

9. Refueling & Spent Fuel Area, Rm 220 4 Smoke 2 

10. 1-D Switchgear Rm , Rm 223 4 Smoke 3 

11. North Penetration, Rm 332 2 Smoke 1 
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• 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

• 
TABLE 9-11 

FIRE DETECTION INSTRUMENTATION 
(PAGE 2 OF 4) 

iNTRUMENT LOCATION DETECTORS TYPE OF DETECTORS 

1-C Switchgear Rm , Rm 116A 2 Smoke 

Southwest Cable Penetration, Rm 250 2 Smoke 

Engineered Safeguards Panel Area, Rm 121 3 -Smoke 

.Stairwell Outside Engineered Safeguards 1 Smoke 
Panel Area, Rm 016 

Component Cooling Pump, Rm 123 2 Smoke 

Safeguard Area, Rm 4 3 Smoke 

Safeguard Area, Rm 5 2 Smoke 

Corridor 106 on 590' Elevation, Rm 106 6 Smoke 

Charging Pump, Rm 104 2 Smoke 

Containment, Interior North Penetration 3 Smoke 
Area, Rm 332 

• 

MINIMUM 
INSTRUMENTS 
OPERABLE 

1 

1 

2 

1 

1 

2 

1 

4 

1 

2 
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22. 

23. 

24. 

25. 

26. 

27 .. 

28. 

29. 

30. 

• 
TABLE 9-11 

FIRE DETECTION INSTRUMENTATION 
(PAGE 3 OF 4) 

iNTRUMENT LOCATION DETECTORS TYPE OF DETECTORS 

Containment, Interior SW Penetration Area, 3 Smoke 
Rm 141, 250 

Containment Instrument Air Room 3 Smoke 

Auxiliary Feed Pump Room 570' Level of 1 Smoke 
Turbine Bldg, Rm 007 

Battery Rm 225A 1 Smoke 

Battery Rm 225B 1 Smoke 

HVAC Equipment Rooms & Chase: Water Flow Sw 
West Mechanical Equipment Room300 1 Smoke 
East Mechanical Equipment Room 300A 1 Smoke 
Duct Chase, Rm 300B 1 Smoke 

Air Handling Unit V-95 & V-96 Inlet Ducts, 2 Smoke 
Rm 300, 300A 

Electrical Equipment Room, Rm 725 4 Smoke 

Technical Support Center, Rm 320A 2 Smoke 

• 

MINIMUM 
INSTRUMENTS I 

OPERABLE 

2 

2 

1 

1 

1 

1 
1 
1 
1 

2 

3 

1 
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31. 

32. 

33. 

34. 

• 
TABLE 9-11 

FIRE DETECTION INSTRUMENTATION 
(PAGE 4 OF 4) 

iNTRUMENT LOCATION 

Intake Structure, Room 136 

North Cable Penetration Room 

Electrical Equipment Room, Rm 725 

Charging Pump Rooms 104, 104A, and 
1048 

DETECTORS 

11 

1 

1 

1 

TYPE OF DETECTORS 

Ultraviolet 

Water Flow Sw 

Water Flow Sw 

Water Flow Sw 

• 

MINIMUM 
INSTRUMENTS 
OPERABLE 

7 

1 

1. 

1 
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TABLE 9-12 
(Sheet 1 of 3) 

FIRE PROTECTION SYSTEM 
DESIGN RATINGS AND CONSTRUCTION OF COMPONENTS 

1. Fire Pump, Motor Driven 

2. 

Type 

Number 

Capacity 

Discharge Pressure 

Material 

Discharge Head 

Impeller 

Motor 

Codes 

Fire Pump, Diesel 

Type 

Number 

Capacity 

Discharge Pressure 

Material 

Discharge Head 

Impeller 

Gear Drive 

Engine Driven 

Vertical Turbine 

1 

1,500 gpm 

125 psig 

Cast Iron 

Bronze 

150 hp, 460 V, 3 Ph, 
60 Hz 

Underwriters Lab Label Motor, 
NEMA; Pump, Standards of 
Hydraulic Institute 

Vertical Turbine 

2 

1,500 gpm 

125 psig 

Cast Iron 

Bronze 

Reduction Ratio 1:1, 
200 hp Rating 
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Diesel Engine 

Codes 

3. Fire System Jockey Pump 

Type 

Number 

Capacity 

Discharge Pressure 

Material 

Discharge Head 

Impeller 

Motor 

Codes 

TABLE 9-12 
(Sheet 2 of 3) 

4. Piping, Fittings and Valves 

a. To Auxiliary Feedwater Pump 
Suction Header and Critical 
Service Waterlines 

Material 

Design Pressure 

Design Temperature 

Construction 

Valves 

fs1081-0107k-09-35 

150 hp 

Underwriters Lab Label Diesel 
Engine, NEMA; Pump, Standards 
of Hydraulic Institute 

Vertical Turbine 

1 

50 gpm 

110 psig 

Cast Iron 

Bronze 

7-1/2 hp, 460 V, 3 Ph, 
60 Hz 

Motor, NEMA; Pump, Standards 
of Hydraulic Institute 

Seamless Carbon Steel 

125 psig 

100°F 

Butt-Welded Except at Flanged 
Equipment 

Carbon Steel, Butt-Weld Ends, 
150#, or Cast Iron, Flanged 
End, 175#, Underwriters Lab 
Label 
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b. 

TABLE 9-12 
(Sheet 3 of 3) 

To Spent Fuel Pool Blind 
Flange and Normal Fire 
Protection Service 

Material 

Design Pressure 

Design Temperature 

Construction 

Valves 

Underground 

Cast Iron 

150 psig 

lQQOF 

Mechanical Joint 

Cast Iron, Me
chanical Joint, 
17511, Under
writers Lab 
Label 

fs1081-0107k-09-35 

Aboveground 

Carbon Steel 

125 psig 

lQQOF 

Butt-Welded Except 
at Flanged Equip
ment 

Cast Iron, Flanged 
End, 175#, Under
writers Lab Label 

Rev 0 
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TABLE 9-13 
(Sheet 1 of 3) 

AUXILIARY FEEDWATER SYSTEM 
DESIGN RATINGS AND CONSTRUCTION OF COMPONENTS 

Motor-Driven Auxiliar~ 
Feedwater Pump {P-8A) 

Type 

Number 

Capacity 

Head 

Material 

Case 

Impeller 

Shaft 

Motor 

Codes 

Turbine-Driven Auxiliar~ 
Feedwater Pump {P-88) 

Type 

Number 

Capacity 

Head 

Material 

Case 

Impeller 

Shaft 

Horizontal Centrifugal, With Packed Glands 

1 

415 gpm 

2,730 ft 

4.6% Chrome Alloy Steel 

Bronze 

11%-13% Chrome Alloy Steel 

450 hp, 3 Ph, 60 Hz, 2,300 V 

Motor, NEMA; Pump, Standards of 
Hydraulic Institute, 11th Edition, 1965 

Horizontal Centrifugal, With Packed Glands 

1 

415 gpm 

2,730 ft 

4.6% Chrome Alloy Steel 

Bronze 

11%-13% Chrome Alloy Steel 
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Turbine 

Codes 

3. Motor Driven Auxiliary 
Feedwater Pump CP-8Cl 

Type 

.Number 

Capacity 

Head 

Material 

Case 

Impeller 

Shaft 

Motor 

Codes 

4. Piping and Valves 

a. Pump Suction 

Mater.ial 

Design Pressure 
(Minimum) 

Design Temperature 
(Minimum) 

Construction 

Valves 2-1/2 in and 
Larger 

TABLE 9-13 
(Sheet 2 of 3) 

. Single Stage, Axial Flow, Exhaust to 
Atmosphere, 450 hp 

Turbine, NEMA; Pump, Standards of 
Hydraulic Institute, 11th Edition~ 1965 

Horizontal Centrifugal, With Mechanical Seals 

1 

330 gpm 

2260 ft 

18 Cr, 8 Ni Stainless Steel 

12 Cr Stainless Steel 

12 Cr, .6 Mo Stainless Steel 

400 hp, 3 Ph, 60 Hz, 2,300 V 

Motor, NEMA; Pump, Standards of 
Hydraulic Institute, 11th Edition, 1965 

Underground Aboveground 

304 Stainless Steel Carbon Steel 

50 psig 50 psig 

100°F 100°F 

Welded Except at Flanged Equipment Connections 

Carbon Steel, Butt
Welded, 150# 

.. 
----
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TABLE 9-13 
(Sheet 3 of 3) 

Valves 2-1/2 in and 
Smaller Carbon Steel, Socket 

Welded, 600# 

Code ASA B31.l-1955 ASA B3Ll-1955 
ASA Bl6.5-1961 ASA Bl6.5-1961 

b. Pump Discharge 

Underground Aboveground 

Material 304 Stainless Steel Carbon Steel 

Upstream Downstream 
of FW of FW 

Control Control 
Valve Valve 

Design Pressure 1,440 psig 1,337 psig 1,100 psig 
(Minimum) 

Design Temperature I00°F I00°F I00°F 
(Minimum) 

Construction Welded Except at Flanged Equipment Only 

Valves 2-1/2 in and 
Larger Carbon Steel, Butt-

Welded, 600# 

Valves 2-1/2 in and 
· Smaller Carbon Steel, Socket 

Welded, 600# 

Code ASA B3 l. 1-19 5 5 ASA B31. l-1955 
ASA Bl6.5-1961 ASA Bl6.5-1961 

c. Auxtfiary Turbine Steam Supply 

Design Pressure 

Design Temperature 

1,000 psig 

55o•F 

Piping and Valves Same as for Aboveground Pump Discharge Piping 
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TABLE 9-15 

DESIGN BASIS AMBIENT CONDITIONS . 
(PAGE 1 OF 2) 

Winter °F Summer. °F 
Outside Inside Outside Inside 

. Turbine Building 

Oper Floor -10 50 95 104 

Turbine Building 

Piping Area -10 50 95 110 

Turbine Building 

Shops and Offices -10. .65 95 104 

Containment Building (See Note 1) -10 50 95 104 

Auxiliary BL!ilding 

Penetration and Fan Rooms -10 50 95 104 

R123 (590' Component Cooling) 
R238 (607'-6" Containment Purge Exhaust) 
R338. (625' Containment Purge Air Fan) 

· R001 (East j:ng Safeguards East End) 
R004 (Eng Safeguards) 
R005 (Eng Safeguards) 
R118 (Receiver Tank and Circ Pump) · 
R120 (Vac Degasifier) 
R121 A (590' Passageway) 
R121 B (590' Primary Coolant Sample Heat Exchanger) · 

. R150 (602' Pipeway) 

•• 
I 

Equipment Qualification ( ° Fl · 1 · 

Normal Shutdown 

---

Note 2· 80 

100 100 
110 110 
120 .120 

80 80 
72 90 
72 90 
80 80 
80 80 
90 104 
80 80 
92 .92 
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Auxiliary Building 

Radwaste Area and Radwciste 
Area Addition 

· Fuel Handling Area and 
Fuel Handling Area Addition 

Office Area 

Control Room 

Condensate and Makeup 
Demineralizer Building 

Process and Equipment .Area 
Covered Receiving and ·· 

Loading Area 
Boiler Room · 
Pipe Gallery. 
Instrument Room 

TABLE 9-15 

DESIGN BASIS AMBIENT CONDITIONS 
(PAGE 2 .OF 2) 

Winter. °F Summer. °F 
Outside Inside· Outside · Inside 

-10 

-10 

. -10 

-10 .. 

-10 

-10 
-10 
-10 
-10 

50 95 

50 95 

75 95 

75, .50% RH . 95 

50 . 90 

50. 90 
50 90 
50 . 90 
7.5 90 

110 

104 

75 

75, 50% RH 

104 

104 
104 
104 
75 

• 
Equipment a·ualification (°Fl 
Normal · Shutdown 

Note 1: Original equipment design was bas.ed on thes.e conditions. To allow for elevated service water temperatures a higher 
building design temperature was specified for the containment air coolers. Chapter 14 contains cor:itainment 
temperature assumptions for analyzed accident situations. · 

Note 2: Dependent on elevation and location (EA-BDM-88-02 1
, EA-RGB-92-052

, EA-RGB-94~02) 
1 EQ File E-48, Sheet 6EW 
2EQ File E-48, Sheet 3M 

Note 3: The Penetration and Fan Room (Rooms 123, 238, and 338) have a design temperature of 120.°F per M-391, 
Specification for Installation of Ventilation Equipment and Ductwork Penetration and Fan Rooms. Actual maximum 
temperatures for these rooms have been measured for EEO and are 100°F for room 12'3, 110°F for room 238 and. 
120°F for room 338. · 
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TABLE 9-16 
(Sheet 1 of 3) 

CONTROL ROOM HVAC SYSTEM 
MAJOR COMPONENT DESIGN DATA 

Makeup/Recirculation Air Filter 
Units 

Quantity 

Capacity 

Filters (per Filtering Unit) 

Prefilter 
Quantity 
Media 

. AP ofwg (Clean) 

HEPA Filter 
Quantity 
Media 
AP of wg (Clean) 

Charcoal Filter Trays 
· Quantity 

Media 

AP of wg (Clean) 

Fan Type 

Fan Static, Pressure at Rating, 
inwg 

Motor 

Filter Test Efficiency 
HEPA 

Two - 100% Capacity Each 

3,200 ft3/min 

3 
Glass Fiber or Knitted Pad 
0.25 in 

6 
Glass Fiber 
1.25 in (Maximum) 

18 
Activated Carbon, 4 in. Bed Depth 
(Two-2 inch deep Trays in Series) 
1.2 in (Maximum) 

Vaneaxial 

10 

20 hp, 460 V, 3 Ph 

99.97% of Particulate 

NOTE: All electrical equipment is Class 1 E unless otherwise noted. 
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Carbon Adsorber 
Electric Heating Coil 
Type 
Capacity 

Air Handling Unit V-95 or V-96 

Type 

Capacity 

Cooling Coil 
Type 
Capacity (Total) 

Heating Coil (Nonclass 1 E) 
Type 
Capacity 

Fan 
Type 
Total Pressure, wg 
Motor · 

Filter Type, Media 
b.P of wg (Clean) 

Refrigerant Condensing Unit 

Type 

Refrigerant 

Compressor 
Type 
Motor 

TABLE 9-16 
(Sheet 2 of 3) 

99.9% of Elemental Iodine 

Nickel/Chromium 
15 kW, 480 V, 3 Ph 

Package (Filter, Cooling Coil, Fan) 

12,500 ft3/min 

Oirect Expansion Refrigerant 
603,500-Btu/h 

80% Nickel and 20% Chromium 
177 kW, 480 V, 3 Ph 

Centrifugal 
3.85 in 
25 hp, 460 V, 3 Ph 

6 in Thick Moderate Efficiency Prefilter 
0.25 in 

Water-Cooled Reciprocating 

R-22 

Reciprocating, 4 Cylinder 
60 hp, 460 V, 3 Ph 

NOTE: All electrical equipment is Class 1 E unless otherwise noted. 
Rev 19 



• 

• 

• 

Capacity 

Condenser Water Flow 

Smoke Purge Exhaust Fan V-94 
(Nonclass 1 E) 

Type 

Capacity 

Motor 

Exhaust Fan V-16 (Existing) 
(Nonclass 1 E) 

Type 

Capacity 

Motor 

Humidifiers VH-12 and VH-13 
(Nonclass 1 E) 

Type 

Capacity 

TABLE 9-16 
(Sheet 3 of 3) 

554,400 Btu/h@ 85 °F, 39 gpm 
Service Water 

Set perT-216 

Vaneaxial 

7,800 ft3/min 

7-1/2 hp, 460 V, 3 Ph 

Centrifugal 

160 ft3 /min 

1/12 hp, 120 V, 1 Ph 

Steam Generator 

50 lb/h (17 kW, 480 V, 3 Ph) 

NOTE: All electrical equipment is Class 1 E unless otherwise noted. 
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Damper Description 

Control Room (see Figure 7-24) 

D-1 

D-2 

D-3 

D-4 

D-5 

D-6 

D-7 

Normal Outside Air -
Train A 

Normal Outside Air -
Train A 

Normal Recirc Air -
Train A 

Supply Air Back 
Draft Dampers -
Train A 

Charcoal Filter Unit 
Supply Air - Train A 

Charcoal Filter Unit 
Return Air - Train A 

Charcoal Filter Unit 
Outside Air -
Train A 

FS0686-0570Q-TM13-TM11 

• 
TABLE 9-17 

(Sheet 1 of 6) 

VENTILATION DAMPERS: FUNCTIONS AND POSITIONS 
FOR VARIOUS MODES OF PLANT ·OPERATION 

Normal Position 

Open - Train A 
Close - Train B 

Modulate - Train A 
Close - Train B 

Open 

Open - Train A 
Close - Train B 

Close 

Close 

Close 

Shutdown Position 

Open - Train A 
Close - Train B 

Modulate - Train A 
Close - Train B 

Open 

Open - Train A 
Close - Train B 

Close 

Close 

Close 

Position After 
Auto Actuation 

Close on CHP or 
CHR 

Close on CHP or 
CHR 

Open on CHP or 
CHR 

Open - Train A 
Close - Train B 
on CHP or CHR 

Open - Train A 
Close - Train B 
on CHP or CHR 

Open - Train A 
Close - Train B 
on CHP or CHR 

Open - Train A, 
(Manual Close 
Avail) Close -
Train B on CHP 
or CHR 

• 

Position 
After 

Loss of Air 

Close 

Close 

Open 

NA 
(Back Draft) 

NA 
(Back Draft) 

Open 

NA 
(Elect Op 
FAI) 
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Damper Description 

D-8 Normal Outside Air -
Train B 

D-9 Normal Outside Air -
Train B 

D-10 Normal Recirc Air -
Train B 

D-11 Supply Air Back 
Draft Damper -
Train B 

D-12 Charcoal Filter Unit 
Supply Air -
Train B 

D-13 Charcoal Filter Unit 
Return Air -
Train B 

D-14 Charcoal Filter Unit 
Outside Air -
Train B 

D-15 Purge Fan Isolation 

FS0686-0570Q-TM13-TM11 

• 
TABLE 9-17 

(Sheet 2 of 6) 

Normal Position Shutdown Position 

Open - Train B Open - Train B 
Close - Train A Close - Train A 

Modulate - Train B Modulate - Train 
Close - Train A Close - Train A 

Open Open 

Open - Train B Open - Train B 
Close - Train A Close - Train A 

Close Close 

Close Close 

Close Close 

Close Close 

• 
Position 

Position After After 
Auto Actuation Loss of Air 

Close on CHP Close 
or CHR 

B Close on CHP or Close 
CHR 

Open on CHP or Open 
CHR 

Open - Train B NA 
Close - Train A (Back Draft) 
on CHP or CHR 

Open - Train B NA 
Close - Train A (Back Draft) 
on CHP or CHR 

Open - Train B Close 
Close - Train A 
on CHP or CHR 

Open - Train B, NA 
(Manual Close (Elect Op 
Avail) Close - FAI) 
Train A on CHP 
or CHR 

Close on CHP or Close 
CHR 
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Damper 

D-16 

D-17 

D-18 

Description 

Purge Fan Isolation 

Exhaust Fan V-16 
Isolation 

Exhaust Fan 
Isolation 

D-19 Number Not Used 

D-20 

D-21 

Charcoal Filter Flow 
Control - Train A 

Charcoal Filter Flow 
Control - Train B 

• 
TABLE 9-17 

(Sheet 3 of 6) 

Normal Position Shutdown 

Close Close 

Open Open 

Open Open 

Open Open 

Open Open 

Radioactive Waste Area and Engineered Safeguards Rooms 

P0-3010 Fresh Air Supply Open Open 

P0-1809 Radwaste Area Supply Open Open 

P0-1839 Radwaste Area Open Open 
Exhaust 

P0-1840 Radwaste Area Open Open 
Exhaust 

FS0686-0570Q-TM13-TM11 

Position 
Position After 
Auto Actuation 

Close on CHP or 
CHR 

Close on CHP or 
CHR 

Close on CHP or 
CHR 

Modulate - Train A 
Open - Train B on 
CHP or CHR 

Modulate - Train B 
Open - Train A on 
CHP or CHR 

Close on Trip of 
Fan V-10 

Close (RE-1809) 

Close on Trip of 
Fan V-14A 

Close on Trip of 
Fan V-14B 

• 
Position 

After 
Loss of Air 

Close 

Close 

Close 

Open 

Open 

Close 

Close 

Close 

Close 
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TABLE 9-17 

(Sheet 4 of 6) 

Position 
Position After After 

Damper Description Normal Position Shutdown Position Auto Actuation Loss of Air 

P0-1817 East Safeguards Open Open Close (RE-1810) Close 
Room Supply 

P0-1810 East Safeguards Open Open Close (RE-1810) Close 
Room Exhaust 

P0-1812 West Safeguards Open Open Close (RE-1811) Close 
Room Supply 

P0-1811 West Safeguards Open Open Close (RE-1811) Close 
Room Exhaust 

Auxiliary Building Addition Radwaste Area Ventilation System 

P0-8006 Fresh Air Supply Open Open Close on Trip of Close 
Fan V-67 

P0-8016A Radwaste Add Open Open Close on Trip of Close 
Exhaust Fan V-68A 

P0-80168 Radwaste Add Open Open Close on Trip of Close 
Exhaust Fan V-68B 

Fuel Handling Area 

Damper P0-3007 is normally open during reactor operation or reactor shutdown and fails closed on loss of 
instrument air. 

FS0686-0570Q-TM13-TM11 Rev 10 
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Damper Description 

• 
TABLE 9-17 

(Sheet 5 of 6) 

Normal Position Shutdown Position 

Auxiliary Building Addition Fuel Handling Area Ventilation System 

P0-8001 Fresh Air Supply Open Open 

P0-8013A Fuel Handling Add Open Open 
Exhaust 

P0-8013B Fuel Handling Add Open Open 
Exhaust 

Penetration and Fan Rooms Heating and Ventilation System 

P0-8035 Outside Air Supply Open Open 

P0-8036 Exhaust Open Open 

Containment 

CV-1813 Air Space Purge Close Open 
Supply 

CV-1814 Air Space Purge Close Open 
Supply 

CV-1806 Cont Purge Exhaust Close Open 

CV-1805 Cont Purge Exhaust Close Open 

FS0686-0570Q-TM13-TM11 

Position After 
Auto Actuation 

Close on Trip of 
Fan V-69 

Close on Trip of 
Fan V-70A 

Close on Trip of 
Fan V-70B 

Close (RIA-5 710) 

Close (RIA-5710) 

Close on CHP or 
CHR 

Close on CHP or 
CHR 

Close on CHP or 
CHR 

Close on CHP or 
CHR 

• 
Position 

After 
Loss of Air 

Close 

Close 

Close 

Close 

Close 

Close 

Close 

Close 

Close 

Rev 10 
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Damper Description 

CV-1808 Cont Purge Exhaust 

CV-1807 Cont Purge Exhaust 

FS0686-0570Q~TM13-TM11 

Normal 

Close 

Close 

• 
TABLE 9-17 

(Sheet 6 of 6) 

Position Shutdown 

Open 

Open 

• 
Position 

Position After After 
Position Auto Actuation Loss of Air 

Close on CHP or Close 
CHR 

Close on CHP or Close 
CHR 

Rev 10 
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TABLE 9-18 

SAMPLING STATIONS 

NSSS Sampling Station 

Post-Accident Sampling System 

Containment Hydrogen Monitoring System 

Turbine Analyzer Panel 

Radwaste Sampling Station 

Waste Gas Sample Panel 

Radwaste Addition Sampling System 

Rev 0 
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TABLE 9-19 
(Sheet 1 of 2) 

SAMPLE POINT SUMMARY 

1. NSSS Sample Station 

Pressurizer Vapor Phase 
Pressurizer Liquid Phase 
Primary Coolant Hot Leg 
Quench Tank Liquid Phase 
Quench Tank Vapor Phase 
Purification Ion Exchange Inlet 
Purification Filters Outlet 
LPSI Pumps Discharge 
Purification Ion Exchange Outlet 
SI Drain Tank 
Containment Spray Pumps Discharge 
SIRW Tank Recirculation 
HPSI Pumps Discharge 

2. Radwaste Sampling Station 

Primary System Drain Tank Recirc 
Equipment Drain Tank Recirc 
Vacuum Degasifier Pump Discharge 
Receiver Tank Pumps Discharge 
Receiver Tank Circ Pumps Discharge 
Radwaste Demin Tanks Outlet (3) 
Treated Waste Mon Tanks Recirc (2) 
Controlled Chem Lab Drain Tank 
Filtered Waste Monitor Tank Recirc 
Dirty Waste Drain Tank Recirc 
Component Cooling Pumps Discharge 

3. Turbine Analyzer Panel 

Steam Generator Blowdown (2) 

Feedwater Heater Train (2) 

Condensate Pumps Discharge {2) 

Heater Drains Discharge {2) 
Primary Storage Tank 

Condensate Pump P-11 Discharge 

Slowdown Demineralizer {3) 

Grab Sample, Bomb 
Grab Sample, Bomb 
Grab Sample, Bomb 
Grab Sample, Bomb 
Grab Sample, Bomb 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 

Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 
Grab Sample 

Grab Sample, Conductivity, 
pH, Sodium, Hydrazine 

Grab Sample, Conductivity, 
pH, Oxygen, Sodium 
Hydrazine 

Grab Sample, Conductivity, 
pH, Oxygen, Sodium, 
Hydrazine 

Grab Sample, pH, Oxygen 
Grab Sample, Conductivity, 

pH, Sodium 
Grab Sample, Conductivity, 

ph, Sodium 
Grab Sample 

Rev 14 
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4. Waste Gas Sample Panel 

Volume Control Tank 
Waste Gas Surge Tank 
Waste Gas Decay Tanks (6) 
Spurt Resin Storage Tank 

TABLE 9-19 
(Sheet 2 of 2) 

5. Radwaste Addition Sampling System 

Radwaste Polishing Demineralizer 
Discharge 

Clean Waste Transfer Pump Discharge 
Clean Waste Distillate Pump Discharge 
Misc Waste Distillate Pumps 

Discharge (2) 
Misc Waste Demineralizer Tank 

Discharge (2) 
Misc Waste Transfer Pumps Dis-

charge (2) 
Misc Waste Filter Inlet 
Misc Waste Filter Discharge (2) 
Primary System Makeup Water Pump 

Discharge 
Utility Water Transfer Pump Discharge 
Spurt Resin Storage Tank Gas 
Waste 'Gas Decay Tanks (3) 
Radwaste Evaporator Distillate (2) 

6. Post-Accident Sample & Monitoring System 

Containment Atmosphere 

Primary Coolant Hot Leg 

LPSI Pump Discharge 

Primary Coolant Off-Gas 
Waste Gas Decay Tanks 
Volume Control Tank 

7. Containment Hydrogen Monitor 

Containment Atmosphere (2) 

FS0686-0570S-TM13-TM11 

Bomb 
Bomb 
Bomb 
Bomb 

Grab Sample, Conductivity 
Grab Sample 
Grab Sample 

Grab Sample 

Grab Sample, Conductivity (1) 

Grab Sample 
Grab Sample 
Grab Sample 

Grab Sample 
Grab Sample 
Bomb 
Bomb 
Grab Samp_le 

% H2 and % o2 via Remote 
Monitoring 

pH, Conductivity and Dissolved 
02 via Continuous Remote 
Monitoring 

pH, Conductivity and Dissolved 
02 via Continuous Remote 
Monitoring 

% H2 via Remote Monitoring 
% H2 via Remote Monitoring 
% H2 via Remote Monitoring 

% Hydrogen 

Rev 5 
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TAB! E 9-20 
(Sheet 1 of 14) 

CHEMICAL AND VOi UME CONTROL SYSTEM 
DESIGN PARAMETERS 

1.1 General 

Normal Letdown Flow 

Normal Purification Flow Rate 

Normal Charging Flow 

Primary Coolant Pump Controlled 
Bleedoff (4 Pumps) 

. Normal Letdown Temperature at Loop 

Normal Charging Temperature at Loop 

Ion Exchanger Operating Temperature 

1.2 Regenerative Heat Exchanger - E56 

Quantity 

Type 

Normal Heat Transfer 

Code 

Shell Side (Charging) 

Fluid 

Design Pressure 

Design Temperature 

Material 

40 gpm 

40 gpm 

44 gpm 

4 gpm 

547.8°F 

1 

Shell and Tube, Vertical 

6.6 x 106 Btu/h 

ASME B&PV Code, Section Ill, 
Class C, 1965 

Primary Coolant, 6-1 /4 Wt % 
Boric Acid, Maximum 

2,735 psig 

650°F 

Stainless Steel 

Rev 20 
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Tube Side (Letdown) 

TABLE 9-20 
(Sheet 2 of 14) 

Fluid Primary Coolant, 1 Wt % 
Boric Acid, Maximum 

Design Pressure · 2,485 psig 

Design Temperature 

Material Stainless Steel 

Operating Parameters - Regenerative Heat Exchanger 

Tube Side (Letdown) 

Flow - gpm. 

Inlet Temp - °F 

Outlet Temp - °F 

Shell Side (Charging) 

Flow - gpm 

Inlet Temp - °F 

Outlet Temp - °F 

Heat Transfer - Btu/h 

Maximum 
Unbalanced 

Charging With Maximum 
Normal Heat Transfer Purification 

40 40 120 

547.8 547.8 547.8 

251 160 319 

43 133 123 

120 120 120 

416 246 367 

6. 3 x 1 0 6 7. 9 x 1 0 6 14.9x106 

Maximum 
Unbalanced 
Letdown 

120 

547.8 

449 

33 

120 

523 

6.9 x 106 

Rev 20 
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TABLE 9-20 
(Sheet 3 of 14) 

1.3 Letdown Orifice - 802003. 802004 and 802005 

Quantity 

Capacity (Each) 

Design Pressure 

Design Temperature 

Normal Temperature of Fluid 

Maximum Temperature of Fluid 

Normal Downstream Pressure 

Normal Upstream Pressure 

Material 

Fluid 

1 .4 Letdown Heat Exchanger - E58 

Quantity 

Type 

Design Heat Transfer 

Code 

Tube Side (Letdown) 

Fluid 

Design Pressure 

Design Temperature 

Material 

3 

40 gpm 

2,485 psia 

250°F 

450°F 

470 psia 

1,970 psia 

Stainless Steel 

Primary Coolant, 1 Wt % 
Boric Acid, Maximum 

1 

Shell and Tube, Horizontal 

1 9. 1 x 1 0 6 Btu/h 

ASME B&PV Code, Section Ill, 
Class C 

Primary Coolant, 1 Wt % 
Boric Acid, Maximum 

650 psig 

Stainless Steel 

Rev 20 
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Shell Side (Cooling Water) 

TABLE 9-20 
(Sheet 4 of 14) 

Fluid Component Cooling Water 

Design Pressure 150 psig 

Design Temperature 

Material Carbon Steel 

Operating Parameters - Letdown Heat Exchanger 

Maximum 
Unbalanced Maximum 

Charging With Maximum Unbalanced 
Normal Letdown Purification Letdown 

T11be Side (Letdown) 

Flow - gpm 40 40 120 120 

Inlet Temp - °F 251 l60 319 449 

Outlet Temp - °F 120 120 120 139 

Heat Transfer - Btu/h 2.6 x 106 1.1 x 106 11.9 x 106 19.1 x 106 

Shell Sides (Cooling Water) 

Flow - gpm 66 - 111 23 - 40 500 - 1,000 591 - 960 

Inlet Temp - °F 65 - 90 65 - 90 65 - 90 65 - 90 

Outlet Temp - °F 144-137 133-130 113-114 130-130 

Rev 20 



• 

• 

• 

TABLE 9-20 
(Sheet 5 of 14) 

1.5 Process Radiation Monitor - Element RE-0202 

Quantity 

Design Pressure 

Design Temperature 

Normal Operating Pressure 

Normal Operating Temperature 

Normal Flow Rate 

Code 

1.6 · Ion Exchangers - T51 A, T51 Band T52 

Quantity 

Type 

Design Pressure 

Design Temperature 

Normal Operating Pressure 

Normal Operating Temperature 

Resin Volume 

Normal Flow Rate 

Maximum Flow Rate 

Decontamination Factor, Minimum 

Retention Screen 

Code for Vessel 

1 

200 psig 

20 psig 

0.5 gpm 

ASA 831.1 

3 

Flushable 

200 psig 

250°F 

20 psig 

32 ft3 

40 gpm 

120 gpm 

10 

80 US Mesh 

ASME B&PV Code, Section 111, 
Class C 

Rev 20 
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Material 

Fluid 

TABLE 9-20 
(Sheet 6 of 14) 

1. 7 Purification Filters - F54A and F54B 

Quantity 

Type of Elements 

Retention 

Design Pressure 

.. Design Temperature 

Design Flow 

Normal Flow 

Maximum Flow 

Code for Vessel 

Material 

Fluid 

1.8 Volume Control Tank - T54 

Quantity 

Type 

Design Pressure, Internal 

Design Pressure, External 

Design Temperature 

Internal Volume, Minimum 

Stainless Steel 

1 Wt% Boric Acid, Maximum 

2 

Synthetic Fiber 

0.1 to 6.0 Micron Absolute; 
1 .0 Micron Nominal (or finer) 

200 psig 

120 gpm 

40 gpm 

160 gpm 

ASME B&PV Code, Section Ill, 
Class C, 1 965 

Stainless Steel 

1 Wt % Boric Acid, Maximum 

1 

Vertical, Cylindrical 

75 psig 

15 psig 

4, 170 gal 

Rev 20 
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Operating Pressure Range 

Normal Operating Pressure 

TABLE 9-20 
(Sheet 7 of 14) 

Normal Operating Temperature 

Normal Spray Flow 

Blanket Gas 

Code 

Fluid 

Material 

1 .9 Spray Nozzle (Volume Control Tank) 

Quantity 

Type 

Design Pressure 

Design Tempera~ure 

Normal Spray Flow 

Maximum Spray Flow 

Fluid 

Material 

0 to 75 psig 

10 psig 

40 gpm 

Hydrogen or Nitrogen 

ASME B&PV Code, Section Ill, 
Class C, 1965 

6-1/4 Wt% Boric Acid, 
Maximum 

Stainless Steel 

1 

Medium Angle, Full Cone 

200 psig 

250°F 

40 gpm 

120 gpm 

1 Wt % Boric Acid, Maximum 

Stainless Steel 

Rev 20 
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TABLE 9-20 
(Sheet 8 of 14) 

1. 10 Variable Speed Charging Pump - P55A 

Quantity 

Type 

Design Pressure 

Design Temperature 

Flow Rate Range 

Normal Flow Rate 

Normal Discharge Pressure 

Normal Temperature of Pumped Fluid 

Maximum Discharge Pressure 
(Short Term} 

NPSH Required 

NPSH Available 
(Normal Suction From VCT} 

Maximum Pressure Pump Starts 
Against 

Driver Rating 

Type Variable Capacity Device 

Fluid Drive and Pump 
Cooling Water Requirements 

Materials in Contact With Pumped 
Fluid 

Fluid 

1 

Positive Displacement 

2, 735 psig 

250°F 

33 to 53 gpm 

2,200 psig 

2,900 psig 

7.65 ft (Ref. 25) 

30.39 ft (Ref. 25) 

2,485 psig 

100 hp 

Fluid Drive 

22 gpm, 15°F Rise 

Stainless Steel or Equivalent 
Corrosion Resistance 

6-1 /4 Wt % Boric Acid, 
Maximum 

Rev 20 
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TABLE 9-20 
(Sheet 9 of 14) 

1 . 11 Constant Speed Charging Pumps - P55B and P55C 

Quantity 

Type 

Design Pressure 

Design Temperature 

Flow Rate 

Normal Discharge Pressure 

Normal Temperature of Pumped Fluid 

Maximum Discharge Pressure 
(Short Term) 

NPSH Required 

NPSH Available P-558/C 
(Normal Suction From VCT) 

Maximum Pressure Pump Starts 
Against 

Driver Rating 

Pump Cooling Water Requirements 

Materials in Contact With 
Pumped Fluid 

Fluid 

2 

Positive Displacement 

2,735 psig 

40 gpm 

2,200 psig 

120°F 

3,010 psig 

7.41 ft (Ref. 25) 

28.22/28. 18 ft (Ref. 25) 

2,500psig 

75 hp 

5 gpm, 15°F Rise 

Stainless Steel or Equivalent 
Corrpsion Resistance 

6-1 /4 Wt % Boric Acid, 
Maximum 

Rev 20 
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TABLE 9-20 
(Sheet 10 of 14) 

1 . 1 2 Boric Acid Batching Tank - T77 

Quantity 

Internal Volume 

Useful Volume 

Design Pressure 

Design Temperature 

Normal Operating Temperature 

Type Heater 

Heater Capacity 

Code 

Fluid 

Material 

1.13 Boric Acid Strainer - F10 (YS-0224) 

Quantity 

Type 

Design Pressure 

Design Temperature 

Screen Size 

Design Flow 

Material 

Fluid 

1 

580 gal 

457.4 gal 

Atmospheric 

200°F 

150°F 

Electric Immersion 

31 . 5 kw Minimum 

ASME B&PV Code, Section VIII 

6-1 /4 Wt % Boric Acid 

Stainless Steel 

1 

Basket 

125 psig 

250°F 

1 00 x 1 00 US Mesh 

50 gpm 

Stainless Steel 

6-1/4 Wt % Boric Acid 

Rev 20 
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TABLE 9-20 
(Sheet 11 of 14) 

1 . 14 Concentrated Boric Acid Storage 
Tanks - T53A and T53B 

Quantity 

Internal Volume 

Design Pressure 

Design Temperature 

Normal Operating Temperature 

Type Heater 

. Heater Capacity 

Fluid 

Normal Boron Concentration 

Material 

Code 

1 . 1 5 Boric Acid Pumps - P56A and P56B 

Quantity 

Type 

Design Pressure 

Design Temperature 

Design Head 

Design Flow 

Minimum Flow 

2 

6,550 gal 

Atmospheric 

140°F 

Electrical, Dry Well Installation 

Two Independent 4 kW Banks 
per Tank 

6-1 /4 Wt % Boric Acid 
(HBO) 

10,936 ppm 

Stainless Steel 

ASME B&PV Code, Section Ill, 
Class C, 1 965 

2 

Centrifugal 

150 psig 

250°F 

225 ft 

143 gpm 

10 gpm 

Rev 20 



• 

• 

• 

TABLE 9-20 
(Sheet 12 of 14) 

Normal Operating Temperature 

NPSH Required 

NPSH Available P-56A/B 

Horsepower 

Fluid 

Material in Contact With Liquid 

1 . 1 6 Boric Acid Filter - ES 

Quantity 

Type Elements 

Retention of 5 Micron Particles 

Design Pressure 

Design Temperature 

Design Flow 

Material 

Liquid 

Code. 

160°F 

7 .50 ft (Ref. 25) 

25.06/25.23 (Ref. 25) 

30 

6-1 /4 Wt % Boric Acid 

Stainless Steel 

1 

Synthetic Fiber 

98% 

150 psig 

140 gpm 

Stainless Steel 

6-1 /4 Wt % Boric Acid 

ASME B&PV Code, Section Ill, 
Class C, 1965 

Rev 20 
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TABLE 9-20 
(Sheet 13 of 14) 

1 . 1 7 Chemical Addition Tank - T56 

Quantity 

Capacity 

Design Pressure 

Design Temperature 

Normal Operating Temperature 

Material 

Fluid 

Code 

1. 18 Chemical Addition Strainer - F58 

Quantity 

Type 

Design Pressure 

Design Temperature 

Screen Size 

Design Flow 

Material 

Fluid 

1 

10.5 gal 

Atmospheric 

Ambient 

Stainless Steel 

Hydrazine (N2H4 ), LiOH, 
KOH, NH40H 

ASME B&PV Code, Section VIII 

1 

Basket 

100 psig 

60 US Mesh 

30 gph 

Stainless Steel 

Hydrazine (N2H4 l, LiOH, 
KOH, NH4 0H 

Rev 20 



• 1 . 1 9 Metering Pump - P57 

Quantity 

Type 

Design Pressure 

Design Temperature 

Design Flow Rate 

Design Air Consumption 

. Normal Fluid Temperature 

Material 

• Fluid 

• 

TABLE 9-20 
(Sheet 14 of 14) 

1 

Air Operated Double Diaphragm 

120 psig 

190°F 

0 to 35 gpm 

0 to 50 scfm 

Stainless Steel 

Hydrazine (N2 H4), LiOH, 
KOH, NH40H 

Rev 20 



• TABLE 9-21 

(Deleted) 
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TABLE 9-22 
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TABLE 9-23 ' 

FUEL HANDLING DATA 

1. New Fuel Storage Rack 

Core Storage Capacity 

Equivalent Fuel Assemblies 

Center-to-Center Spacing of Assemblies 

2. Spent Fuel Storage Pool 

Core Storage Capacity 

Equivalent Fuel Assemblies 

Number of.Space Accommodations for Spent Fuel 
Shipping Casks 

Center-to-Center Spacing of Assemblies 
Region 1 
Region 2 

Minimum keff With Unborated Water 

3. Miscellaneous Details 

Wall Thickness for Spent Fuel Storage Pool 

Weight of Fuel Assembly 

Capacity of Refueling Water Storage Tank 

Quantity of Water Required for Refueling 

FS0686-0570W-TM13 

1/6 

36 

11 in 

4.3 

892 

1 

10-1/4 in 
9.17 in 

0.95 

4 ft to 6-1/2 ft 

1,500 lb 

285,000 gal 

250,000 gal 

Rev 6 
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Main Hoist 

TABLE 9-24 
(Sheet 1 of 2) 

FUEL BUILDING CRANE 

5 ft/min at Full Load (5 Steps). 50 hp at 1200 r/min 

Main Hoist Brake Capacity 380 ft-lb 

Auxiliary Hoist 

Trolley 

Bridge 

Service Class 

Lift Main Hoist 

Lift Auxiliary Hoist 

Span 

Bridge Travel 

Lifting Tackle 

Girders 

Runway Rail 

T ro 11 ey Rail 

Bridge Drive 

Trolley Drive 

Capacity in Net Tons 

28 ft/min at Full Load (Stepless). 40 hp at 
1.200 r/min 

75 ft/min at Full Load (3 Steps). 10 hp at 
1. 200 r/mi n 

100 ft/min at Full Load (3 Steps). 15 hp at 
1. 200 r/mi n 

Class A. Electric Overhead Crane Institute Specifi
cation 61 

54 ft O in 

108 ft 5 in 

44 ft 10 in Center-to-Center Rails 

Approximately 100 ft 

Main Hoist - Rope 16 Parts 1-Inch SS. Drum 44-Inch 
Pitch Diameter. Sheaves 24-Inch Pitch Diameter 

Auxiliary Hoist - Rope 4 Parts 3/4-Inch SS. Drum 
18-3/4-Inch Pitch Diameter. Sheaves 18-3/4-Inch 
Pitch Diameter 

Welded Box Section 

100 lbs ASCE 

175 lbs USS 

Direct Drive Arrangement With Oiltight Center Gear 
Case 

Direct Drive Arrangement With Oiltight Center Gear 
Case 

Bridge 100 Tons. Main Hoist 100 Tons. Auxiliary 
Hoist 15 Tons 

Rev 17 



Wheels 

Bridge End Assembly 

Bumpers 

Bearings 

Gearing 

• 

• 
fs0583-0531e-09-72 

TABLE 9-24 
(Sheet 2 of 2) 

Bridge Has Eight 21-Inch Diameter Steel Hardened 
Treads 

Trolley Has Four 21-Inch Diameter Steel Hardened 
Treads 

Rotating Axle 

Rubber 

Antifriction Throughout 

Helical Gearing Heat-Treated Steel Throughout 
Except Trolley Traverse. All Gearing in Oiltight 
Casing 

Rev 0 
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ELECTRIC HEATERS PRESENT IN DUCTWORK. E 
WARNING 

. - ELECTRIC SHOCK PPTENTIAL 

4 3 
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l!filE.S; 
I. THIS DAMPER IS BALANCE OOAFT TYPE 

LOCATED IN HE DIESEL HUFFLER ROOMS. 

2. FAN SWITCH IS LOCATED AT FUME HOOO. 

3. ORY AUX. CO~TACT GOES TD HVAC 
TRACER 1111111 PANEL, 

4. VHX HODEL HEATERS ARE ELECTRICAL. 

5. RH10VEO FROM 
OISCONNECTIMj 

AIR SUPPLY IS STILL 
BUT WITH NO POWER 

-'IJCJ. 

·5. P0-3111111"1£ DOES NOT HAVE A PILOT POSITION£R. 
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PRESSURE RATING 
l+12'i· TO •12f.'l·ROUN0 
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5·1·3~' TO •JX0 1-RECTANGUlAR 
6·1•4' TO •6~'1-RECTANGLA.AR 

MATERIAL 
~ZED CARS~ STEEL 

H\IAC OUC T ST ANQAROS 

/~6NP--\ 

PRESSURE , " ' DUCT 
~· MATERIAL STANDARDS 

L-WELOEO OUCT & NON-SEISMIC CAT.I CON· 
STRUCTION INCLUDING HANGERS &. SUPPORTS. 
N·GALVANIZEO STEEL oucr. 
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F.C. F.C. 

GENERAL NOTES: 
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SEE LOGIC OIAGRAMS JLG-12" THAU JLG·\27 

2. REF'ER P&IO M-218 SH. 7 FOR INTERLOCKING 
OX-COIL REFRIGERi'.INT PIPING WITH CONDENS
ING UNIT. 

J. •SUPPLIED WITH EQUIPMENT 

5. Ri'.IOWAS VALVES FOR FILTER UNIT 
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COMPRESSOR 
CRANKCASE 
OIL SYSTEH 
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1. INDICATES COMPRESS~ TRIPS ON HIGH DISCH. PRESS. LOW OlL 
PRESSURE. OR LOW su:rrON PRESSURE. ALSO INDICATES 
HIGH VI BRAT I ON !.- HIGH SERVI CE WATER PRESSL'RE DROP 
ACROSS THE CONDENSE~. INDICATES HIGH OIL TEMPERATURE 
TRIP AS WELL. 

z. SET AT 350 PSIG. 

J. UNIT STARTS S. LOADS 
0

0NE CYLINDER C TEMPERATURE 
AS OETERHINEO BY PL~T C Tel. LOADS THIRD S. 
FOURTH CYLINOER C TB·6'Ff:l" l 

4. LOADS SECOND CYLINDER Cl TB·J·Fc:I" I 

S. FOR SERVICE WATER PIPING CONNECTIONS 
REFER TO SHEET H·20Bt0J. 

6. THE FOLLOWING LISTEO ITEMS ARE NON·O• Pl·1678. P1·1688. 
vs-1sq0, Pl·1676. Pl·i677. PJ·1687. VS·l6Bq. P1·1675. 

7. REFERENCE BY ELLIS &- VATTS CRAVING 
41FJS CBECHTEL CRAVING l2447·54•M-ql •681. 

8. BACKSEATlNG OF THE f'OLLOWING VALVES 
VILL ISOLATE COMPRESSOR FAULT PROTECTJON1 

MV • 233 ·VAS M:V: 230 ·VAS 
HV·234·VAS MV•231 ·VAS 

q, CLOSING OF • •HV·613·VAS AN[) 
• ·HV·606·VAS WILL PREVENT COMPRESSOR 

SHUT OOWN AFTER THE AUTO PIJMP·OOWN CYCLE 

10. ALL LOCALLY MOUNTED INSTRUMENTATION 
SHOWN IS MOUNTED IN Jl088 OR J108q 
UNLESS OTHERWISE 5P£CIFIEO. 
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SET FLLL OPEN c ~· F 
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CLOSE •rF 
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INTERLOCKED • ...iswni:H HS· 18'0 
LOCATED ON ~ .AfROL RM. PANEL TO 
0..0SE CAMPER 0•4 WHEN HS· ISCll 
IS IN EMERGENCY TRIP POSITION 

TRtP FtaN ON HIGH 
RADIATION ~ RIA 5712 
M MANUALLY BY 
HAIC->WJTCH HS-1eq3 
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TRIP FAN v-70A & a 
MANUAU.Y BY 

HANOSW ITCH HS• IS"t3 

2 I. 

JB0-28· 1~" VATER 

CUT 

H-208 SH. l 
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ROOF EXHAUSTER CONTROL 

5 

FAN MOTOO 

!""""" 
) __ 

I ' 

f ~=}---
\ I 
' I 

... __ ... 
ll\"•'l:" REC.~ I~\ 

rer
~(,._., UNIT HE•TER 

~-OIAT POCKET 
t.l.Jo9-1Y.r:• CAP 

STEAM TRAP ~· ARMSTRONG JNV. 
T BUO<ET size BBi VITH CHECK vALvE 

CONDENSATE RETLRN 8030 eiazq ANO STRAINER t\4• PQRTJ 

TYPICAL UNIT HEATER DETAILS 
AUL BLf.ltL ADO. H&V ECUIP. RH. l.J'llT Vlt4·3B 

NE'll BOIL.ER RM UNIT VUH-2" 

3 

4• b~:U~I~!~~g ~l~!i~Hr.V CONTROLS SEf: 

5. 6=~~ r~e-N ~~~~~w~~T ~~T~~:T A~T~:e~·: 

LNf.l'CA • I GP ENO.OSURE 
VlTH WESTJNGHOUSE TYPE 
MS STARTER 

SICETCHE:S SK· I THfW SIC·7 VJTHOUT CHANGE 

PALISADES PLAN_;; 
CONSUMERS POWER C::Jt-'IPANY 

Ir 

13 

PIPING & INSTRUMENT" DJAGR,:..M A 
HEAT ING, VENT !LAT ING .,.,_."'10 IOQg~ I.NO 

AUXILIARY BU!LiJiNG .;.;QD11 tvN 

@I -~ I ••· 

l!l'l51!1 M65B. SH. 17 

.-€0:~·1.0C.N., 

1 

~·-· ... .... 

.; 

9 70 7 0 7 0 () 9 6 



• 
G 

F 

E 

• 
0 

c 

B 

A 

• 
.. 
'f 

"' 

108')( 66' 
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C-217 
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EXHAUST FAN 

lv-9221 
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dl'S ------------------------------------------------------------------------------------------------------- a~Jis -------------------- 8C!06 
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r;-- ~··x-~~::L---

1

: n ... ° CFM 
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l 36'X24' I~ 

A 
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L....2,~CQ_NO FLOOR 

22.5' OIA. 22' X 20' I 
I 
I 

+ I 
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DOOR HEATERS 

36'X 36' 
OUTSIDE ATR 

LOUVER 

UNIT HEATERS 

3 

UNIT TS 

VUH-901 8q16A 

VUH-907 8'1168 

VUH-908A 8'1t6C 
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-4. LJ11!TS OF NITROGEN SUPP\. "f PRESSURE 
~ Iii! AN(] 140 PSJG. LO'W ALARM IS SET 
FCR 120 PSIG. 
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CHAPTER 10 

STEAM AND POWER CONVERSION SYSTEM 

10.1 DESIGN BASIS 

The steam and power conversion system is designed to receive steam from the 
NSSS and.convert the steam thermal energy into electrical energy. A closed 
regenerative cycle condenses the steam from the main turbine and returns 
the condensate as heated feedwater to the steam generators. 

The turbine generator has a maximum expected capacity of 845 MWe when 
operating with 6 stages of feedwater heating and the steam exhausting to a 
pressure of 1.8 inches Hg absolute. 

Components from the steam generators up to and including the main steam 
isolation valves and main and auxiliary feedwater header isolation check 
valves were designed to CP Co Design Class 1 requirements. The main steam 
piping between the main steam isolation valve and various steam takeoff 
block valves is designed to CP Co Design Class 2 requirements.· The re
mainder of the components and piping is designed to CP Co Design Class 3 
requirements. See Section 5.2 for a discussion of classes, 
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10.2 SYSTEM DESCRIPTION AND OPERATION 

10.2.1 SYSTEM GENERAL DESCRIPTION 

The main steam, extraction steam, feedwater, condensate and steam generator 
blowdown systems are shown on Figures 10-1, 10-2, 10-3 and 1 0-4. 

1 . Main Steam System (Figures 1 0-1 and 10-2} 

2. 

Steam generate~ in the steam generators passes through two 36-inch 
headers and main steam isolation valves to the turbine stop valves. Each 
main steam header is provided with 1 2 spring-loaded safety valves and 2 
atmospheric dump valves upstream of the main steam isolation valves 
(MSIVs). The safety valves discharge to the atmosphere and are in 
accordance with the requirements of the ASME B&PV Code, Section Ill. 
In addition, there is a steam bypass to condenser valve downstream of 
the MSIVs. The main steam line also supplies steam for the steam jet a.ir 
ejectors, the heating steam for the reheaters, ~he secondary steam 
supply to the steam generator feed pump turbine drivers, and steam 
supply to the turbine-driven auxiliary feed pump turbine driver. 

Moisture Separator-Reheaters 

Steam exhausted from the high-pressure turbines goes to the 
low-pressure turbines by way of four moisture separator-reheaters in 
which moisture in the wet exhaust steam is removed and drained to the 
moisture separator drain tank and the steam is reheated by main steam. 
The primary steam supply to the steam generator feed pump turbine 
drivers is extracted from the moisture separator-reheaters. 

Cycle steam flow through the moisture separator-reheater units is not 
controlled and is a function of load with all auxiliaries operating normally. 
Wet steam from the high-pressure turbine enters the reheater shell via 
the cycle steam inlet connection and flows through the shell. Moisture is 
removed from the wet steam when it flows upward through the demister. 
mesh. 

The condensate removed from the wet cycle steam by the mesh is 
collected in the lower connection and drained to the moisture separator 
reheater drain tank. 

The dry cycle steam then passes over the finned tubes of the reheater 
bundle where it is superheated. This superheated steam continues 
upward and out the reheater through the cycle steam outlet connection . 

10.2-1 Rev 20 
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Heating steam taken from upstream of the turbine throttle valve enters 
the upper portion of the tube bundle hemispherical channel head via the 
heating steam inlet connection. This steam circulate's through the 
U-tubes, relinquishing its heat to the cycle steam flowing over the tubes 
before the majority of the heating steam exits the lower section of the 
channel head as liquid through the heating steam condensate outlet 
connection. 

In 1 983 a modification was made that installed a vent chamber over the 
bottom six row~ of the tubes in the upper half of the tube sheet. This 
modification forces the heating steam entering the inlet chamber to flow 
through only the outer radius tubes. The condensate formed in these 
tubes drains from the lower section of the hemispherical head through 
the heating steam condensate outlet connection while the excess 
scavenging steam reverses direction and flows into the bottom leg of the 
tubes covered by the vent chamber. The condensate and remaining 
excess steam which exit from this third and fourth pass are collected by 
the vent chamber and exit the tube bundle hemispherical head through 
the scavenging steam vent condenser discharge connection. The lower 
chamber of the hemispherical head is not vented. 

An elongated orifice device known as a "control section" was installed in 
the vent condenser discharge line to control the flow of condensate and 
excess steam to the feed water heater/condenser. This control section is 
specially sized to pass the condensate accumulated in the third and 
fourth passes plus 2% of the heating steam. 

Main Steam Dump and Bypass System (Figures 10-4 and 1 0-1, 
Respectively) 

The main steam dump and bypass system consists of four automatically 
actuated atmospheric dump valves which exhaust to atmosphere and a 
turbine bypass valve which exhausts to the main condenser; the total 
capacities of the atmospheric steam dump and turbine bypass valves are 
30% and 4.5%, respectively, of steam flow with reactor at full power. 
The capacity of the atmospheric steam dump valves is adequate to 
prevent lifting of the main steam safety valves following a turbine and 
reactor trip. The turbine bypass to the main condenser provides for 
removal of reactor decay heat following reactor shutdown. Although the 
steam dump system is arranged for automatic operation, the atmospheric 
dump valves may be manually controlled from either control room or 
engineered safeguards control panels. 

The atmospheric steam dump valves have a back up nitrogen supply to 
allow steam generator pressure control during station blackout. This 
meets 10 CFR 50.63 requirements for coping without AC power by 
complying with Reg Guide 1.155, Station Blackout. 
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Main Steam I ine Isolation 

One main steam isolation valve is provided on each main steam header . 
The main steam isolation valves are closed on either a low steam 
generator pressure signal or a containment high-pressure signal. Closure 
of these valves will also result in a turbine-generator trip. Manual closure 
of one valve will cause automatic closure of the other valve. Each valve 
consists of a swing disc held open against flow by a pneumatic cylinder. 
The valves are provided to isolate the steam generators, in the unlikely 
event of a stea~ generator tube failure following a main steam line break 
accident, to prevent the uncontrolled release of radioactivity. Closure of 
these valves also prevents a rapid uncontrolled cooldown of the Primary 
Coolant System. 

An auxiliary function of the main steam isolation valves is to prevent the 
release to the containment of the contents of the secondary sides of 
both steam generators in the event of the rupture of one main steamline 
inside containment. The valves are normally open, and close in five 
seconds upon receipt of a low steam generator pressure signal in a 
no-flow condition. When flow does exist, the valve will close in less 
than one second. An accumulator is provided to hold the valve open in 
case of a loss of air supply to the valve operator. 

Four pressure transmitters on each steam generator actuate contacts in 
indicating meter relays which are connected in a two-out-of-four logic to 
close both main steam isolation valves. On low steam generator 
pressure only, automatic closing of the main steam isolation valves can 
be blocked by pushing both of two isolation block push buttons as the 
steam pressure is decreasing toward the isolation set point. The 
isolation block is automatically removed by a two-out-of-four logic when 
the steam generator pressure rises to 50 psi above the isolation set point 
pressure. Refer to Section 7.2 for further details on system controls. 

Steam Generator Slowdown System (Figures 10-3 Shts 1-1 B and 10-4) 

The steam generator blowdown system is designed to process steam 
generator blowdown water. A minimum continuous blowdown of 5,000 
lb/h per steam generator is required for effective steam generator 
chemistry control. During periods of severe condenser leakage, it is 
necessary to increase the blowdown rate considerably. Accordingly, the 
steam generator blowdown system is designed for continuous operation 
at up to 30,000 lb/h blowdown per steam generator. Other functions of 
the system include the capability to clean up the condenser hotwell prior 
to start up by recirculating the water through the blowdown 
demineralizers, and the capability to recirculate steam generator 
secondary side water, for treatment purposes, during cold shutdown 
conditions. 
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The steam generator blowdown system consists of flash tank, blowdown 
tank, two blowdown pumps, blowdown heat exchanger, blowdown 
filter, three blowdown demineralizers, piping, valves'and instrumentation . 
The system is continuously monitored by a process monitor which 
detects radioactivity which may have leaked into the steam generator 
from the primary system. 

During normal operation, the flash tank, blowdown tank, blowdown 
demineralizers, blowdown heat exchanger, blowdown filter, and one of 
the blowdown pumps will be in service. Under this condition, one pump 
is in "standby" and the other is in continuous service. The standby 
pump starts automatically on high blowdown tank level. The flash tank 
and the blowdown tank are vented to the plant heating/evaporator steam 
system. Slowdown water is pumped through the blowdown heat 
exchanger and filter (filter is optional) to the blowdown demineralizers 
and into the condenser. Alternate modes of operation include: 

1 . The ability to direct the blowdown through the blowdown 
demineralizers to the condensate storage tank; 

2. The ability to direct the blowdown to the mixing basin while 
isolating the blowdown demineralizers; 

3. The ability to direct the blowdown to the condenser while isolating 
the blowdown demineralizers; 

4. And the ability to recycle the blowdown through the miscellaneous 
waste system and to the utility water storage tank. 

A radiation monitor on the effluent of the blowdown tank detects 
radioactivity which may have leaked into the blowdown water through 
the steam generators. High activity is annunciated in the main control 
room. If the radioactivity level in the system reaches a preset level 
above normal background as detected by the radiation monitor, the 
recirculation and blowdown containment isolation valves and the mixing 
basin discharge valve all close and the blowdown vent monitor provides 
an alarm in the control room. 

10.2.2 STEAM TURBINE 

The turbine is an 1,800 r/min tandem compound, 3 cylinder, quadruple flow, 
indoor unit. Saturated steam is supplied to the turbine throttle from the steam 
generators through four stop valves and four governing control valves. The steam 
flows through a two-flow, high-pressure turbine and then through four 
combination moisture separator-reheaters in parallel, and then to two double-flow, 
low-pressure turbines that exhaust to the main condenser. 
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Turbine control is accomplished with a rapid response electrohydraulic control 
system (see Section 7 .5). In the event of turbine trip initiated from a solenoid trip, 
overspeed, low bearing oil pressure, low condenser vacuum, thrust bearing failure 
or a manual trip, a signal is supplied from the turbine auto-stop oil system to the 
Reactor Protective System to trip the reactor. 

The turbine lubricating oil system supplies oil for lubricating the bearings. A 
bypass stream of turbine lubricating oil flows continuously through coalescing 
filters to remove water and other impurities. 

10.2.2_. 1 High-Pressure Turbine 

The high-pressure turbine element is of a double-flow design; therefore, it is 
inherently thrust balanced. Steam from the four control valves enters at the 
center of the turbine element through four inlet pipes, two in the base and two in 
the cover. These pipes feed four double-flow nozzle chambers flexibly connected 
to the turbine casing. Each nozzle chamber is free to expand and contract relative 
to the adjacent chambers. 

Steam leaving the nozzle chambers passes through the Rateau control stages and 
flows. through the reaction blading. The reaction blading is mounted in blade rings 
which, in turn, are mounted in the turbine casing. The blade rings are center line 
supported to ensure center alignment while allowing for differential expansion 
between the blade ring and the casing. This design reduces casing thermal 
distortion and, thus, seal clearances are more readily maintained . 

Steam exhausts from the high-pressure turbine base, through cross-under piping, 
to the four combined moisture separator steam reheater assemblies. 

The high-pressure rotor is made of NiCrMoV alloy steel. The specified minimum 
mechanical properties are as shown in Table 10-1 . The main body of the rotor 
weighs approximately l00,000 pounds. The approximate values of the transverse 
center line diameter, the maximum diameter and the main body length are 36 
inches, 66 inches and 1 38 inches, respectively. 

The blade rings and the casing cover and base are made of carbon steel castings. 
The specified minimum mechanical properties are shown' in Table 10-2. 

The bend test specimen shall be capable of being bent cold through an angle of 
90° and around a pin 1 inch in diameter without cracking on the outside of the 
bent portion. 

The approximate weights of the four blade rings, the casing cover and the casing 
base are 80,000 pounds, 115,000 pounds and 115,000 pounds, respectively. 

The casing cover and base are tied together by means of more than 100 studs . 
The stud material is an alloy steel having the mechanical properties shown in 
·Table 10-3. 
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The studs have lengths ranging from 1 7 inches to 66 inches. About 90% of them 
have diameters ranging between 2.5 inches and 4 inches. The total stud 
cross-sectional area is about 900 square inches and the total stud free-length 
volume is about 36,000 cubic inches. 

10.2.2.2 Low-Pressure Turbine 

The double-flow low-pressure turbine incorporates high-efficiency blading, 
diffuser-type exhaust and liberal exhaust hood design. The low-pressure turbine 
cylinders are fabricated from steel plate to provide uniform wall thickness, thus 
reducir:ig thermal distortion to a minimum. The entire outer casing is subjected to 
low temperature exhaust steam. 

The temperature drop of the steam from its inlet to the LP to its exhaust from the 
last rotating blades is taken across three walls: Inner Cylinder 1, a thermal shield 
and Inner Cylinder 2. This precludes a large temperature drop across any one wall 
except the thermal shield which is not a structural element, thereby virtually 
eliminating thermal distortion. The fabricated Inner Cylinder 2 is supported by the 
outer casing at the horizontal center line and is fixed transversely at the top and 
bottom and axially at the center line of the steam inlets, thus allowing freedom of 
expansion independent of the outer casing. Inner Cylinder 1 is, in turn, supported 
by Inner Cylinder 2, at the horizontal center line, and fixed transversely at the top 
and bottom and axially at the center line of the steam inlets, thus allowing 
freedom of expansion independent of Inner Cylinder 2. Inner Cylinder 1 is 
surrounded by the thermal shield . 

The steam leaving the last row of blades flows into the diffuser where the velocity 
energy is converted to pressure energy,, thus improving efficiency and reducing the 
rotational forces on the last rotating row of blades. 

The low-pressure rotors are made of NiCrMoV alloy steel in accordance with 
ASTM A 470. The shrunk~on disc is also made of NiCrMoV alloy steel in 
accordance with ASTM A 471. 

In the late 1970s, Westinghouse turbines developed a history of cracks forming in 
the disc bores and keyways of low-pressure turbines in nuclear plants. As a result 
of this generic problem, Westinghouse along with Westinghouse turbine owners 
and the NRC worked together to arrive at an acceptable solution. In order to 
minimize the possibility of disc rupture, it is necessary to periodically inspect the 
critical disc bore region. To arrive at a safe rational procedure for determining 
inspection intervals, a fracture mechanics approach for calculating the critical 
crack size is used. The crack's growth rate is predicted from disc yield strength 
and temperature using the regression equation derived fr.om field data. Details for 
calculating the critical crack sizes, growth rates and criteria for inspection intervals 
are discussed in a proprietary Westinghouse Report MSTG-1-P, Criteria for Low 
Pressure Nuclear Turbine Disc Inspection, submitted to the NRC in June 1981. A 
summary of nonproprietary information related to "Turbine Missiles" is provided in 
Section 5.5. · 
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10.2.2.3 Electrical Generator 

The generator is made up of a housing, stator, rotor and shaft with sleeve 
bearings and ventilation blower, see Figure 10-7. The generator is a hydrogen 
inner cooled unit connected directly to the turbine and rated at 0.85 power factor. 
It is rated for 955 MVA and has the capability to accept the gross output of the 
turbine at rated steam conditions. Generator operation is supported by a hydrogen 
gas system, a seal oil system and a signal system. 

1 . Hydrogen Gas System - This system provides a safe means for 
transferring hydrogen to and from the generator, using carbon dioxide as 
a scavenging medium. In addition, this system maintains the desired gas 
pressure, cools the gas and dries the gas should moisture get into the 
machine from the seal oil system. 

2. Seal Oil System - This system serves to lubricate the gland seals and to 
prevent hydrogen leakage from the generator, without introducing an 
excessive amount of air and moisture into the generator. The same oil is 
used in the seal oil system and the turbine bearing oil system. The 
turbine bearing oil system serves as a seal oil backup should the seal oil 
pump stop or if the seal oil pressure should drop below 8 psi above the 
generator gas pressure. 

3. Signal System - This system provides the operator with signals on the 
operating conditions present in Table 10-4 . 

10.2.2.4 Exciter 

The exciter is of the brushless type and is driven from the generator shaft. The 
exciter consists of a permanent magnet generator, an ac generator and a rectifier 
assembly mounted on a common shaft. The exciter is totally enclosed with 
suitable heat exchanger and means for circulating the air within the housing. 

The high frequency power generated in the stator of the permanent magnet 
generator is used to supply power to the static Trinistat voltage regulator. The 
regulator output supplies excitation for the stator of the ac exciter. The rotor of 
the ac exciter is made with a multiphase winding and supplies high frequency 
power to the rectifier assembly. The de output of the rectifier constitutes the main 
excitation power and is fed directly to the field winding of the generator by means 
of leads which pass through the coupling to the generator shaft . 
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10.2.3 CONDENSATE AND FEEDWATER 

10.2.3.1 Condensate System 

The condensate/feedwater cycle {Figure 10-4) is a closed system with deaeration 
accomplished in the main condenser. Steam is discharged from the low-pressure 
turbine and passes around the tube bank area {shell side) of the single pass main 
condenser to be condensed and deaerated. The main condenser originally 
contained 511,490 square feet of surface provided by 26,550, 1-inch, 
70-foot-long Admiralty tubes, and by 1,426, 1-inch, 304 stainless steel tubes in 
the air cooler and impingement sections. In 1974, due to tube leakage problems, 
the entire Admiralty tube section was retubed with 90-10 copper-nickel tubes. In 
1990, the main condenser, feedwater heaters E-5A/8 & E-6A/8, and drain coolers 
E-7 A/B were replaced to eliminate copper materials of construction in the 
secondary water/steam cycle. The new condenser contains 24,594 one inch, 70 
ft long, 439 stainless steel tubes with an effective surface area of 449,282 
square feet. The new heaters and drain coolers contain 304 stainless steel tubes. 
Other sources of steam and/or water which enter the condenser are: 

1. High level dump from the feedwater heater tanks 

2. High level dump from the reheater drain tanks 

3. Drains from the air ejector 

4. Drains from the gland seal condenser 

5. Exhaust from the feed pump turbines 

6. High level dump from the moisture separator reheater drain tanks 

7. Bypass dump steam 

8. Makeup from the condensate storage tank 

9. Moisture separator-reheater scavenging steam vent chamber {on start-up 
only) 

1 0. Gland seal steam spillover 

11 . Miscellaneous vents, steam traps and drains 

1 2. Slowdown from the steam generators 

Minimum condensate storage tank inventory is 94,280 gallons {See 
Section 9. 7.2.1). This exceeds a requirement by the Station Blackout rule to have 
57, 100 gallons available to cope with loss of all AC power for 4 hours. 
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Noncondensible gases are removed from the main condenser during operation by 
the steam jet air ejectors, and during start-up by the condenser vacuum pump, 
hogging air ejector and the steam jet air ejectors. The condenser vacuum pump is 
used to establish a partial condenser vacuum during start-up and to allow testing 
of the main condenser for leakage while the Plant is shut down. 

The deaerated condensate is transferred from the condenser hot well through a 
common header to the suction of two half-capacity, electric motor-driven 
condensate pumps. The two pumps discharge to a common line then diverge in 
two passes in parallel through the air ejector condenser and the gland seal 
condenser. The flow from each joins into a common line and is routed to the drain 
coolers and low-pressure feedwater heaters. The condensate flows from the 
low-pressure heaters to the suction of the two variable speed, turbine driven 
steam generator feed pumps. These pumps pump the feedwater through the 
high-pressure feedwater heaters to the steam generators. 

During Plant start-up conditions, feedwater may be recirculated from the discharge 
of Heaters E-6A and B back to the condenser for purposes of recycling through 
the condensate demineralizers for system cleanup. This path is isolated during 
power operation. 

10.2.3.2 Condensate Demineralizer System 

In 1973, leaks developed in the steam generator tubes. Investigations showed 
that the problem was tube wastage caused by using phosphates for secondary 
water chemistry control. In 1974, it was decided to install a full flow condensate 
demineralizer system and institute a program of steam generator flushing to 
remove phosphates, continuous steam generator blowdown, start-up recirculation 
and volatile secondary water chemistry control. Consumers Power Company 
concurred with studies and tests performed during 1979 and 1980 that the 
Condensate Demineralizers would be of more detriment than help. Use of the 
Condensate Demineralizer System ceased in 1981. This system is currently 
considered as "retired in place." 

The Condensate Demineralizer System was isolated from the Condensate System 
by replacing the inlet and outlet valves with blind flanges. The Condensate 
Demineralizer bypass valve was removed to avoid inadvertant closures . 
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10.2.3.3 Feedwater Regulating System 

Two half-capacity feed water pumps (Figure 10-4) are used to 'furnish the 
feedwater flow. Each turbine driver and pump must be started locally and brought 
up to speed before the driver can be controlled from the main control room. The 
suction and discharge pressures of the feedwater pumps are indicated and 
annunciated in the main control room. If the suction pressure falls (2 out of 
3 logic) below a preset critical value, the pump will be automatically tripped. The 
turbine drivers will also be tripped from thrust bearing failure and overspeed. A 
manual trip is also available. Steam flow to each turbine driver is indicated and 
recorded in the main control room. The turbine speed is also indicated in the 
control room. Three modes of control are provided as follows: 

1 . Automatic Control in Conjunction With Feedwater Regulating Valves 

Each steam generator's three-element control unit will produce a demand 
signal for feedwater flow which is a function of the steam generator 
downcomer level error, trimmed by the difference between feedwater 
flow and compensated steam flow. The feed water flow demand signal 
for each steam generator will be sent to the corresponding feedwater 
regulating valve controller and to the turbine driver speed control system. 
The feedwater regulating valve controller in combination with the turbine 
driver speed control system will function to control the level in each 
steam generator by modulating the feed water flow. The regulating valve 
controller will automatically adjust the position of the regulating valves . 
The speed control system will select the signal from the steam generator 
requiring the higher feed water flow. The selected feed water demand 
which represents a speed demand for both turbine drivers is compared to 
a feedback signal from turbine speed in the speed controller of each 
driver. Any difference between the two signals will cause the speed 
controllers to produce a change in turbine speed in the appropriate 
direction. At .low power levels ( < 25% power) a single element control 
unit is used. See Section 7.5 for details. 

In 1980, additional automatic controls were placed on the feedwater 
regulating and bypass valves such that they would close on receipt of a 
low steam generator pressure (500 psia) signal. This modification was 
needed to prevent, in the event of a main steam line break, the 
possibility of a condensate pump supplying water to a depressurized 
steam generator causing overcooling of the Primary Coolant System. 
Overpressurization of containment was also a concern if the additional 
mass of feedwater were released as steam into containment through the 
broken steam line . 
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2. 

In 1990 additional automatic controls were placed on the main feedwater 
regulating valves and bypass valves such that they would also close on 
containment high pressure (CHP). This modification'was needed when it 
was discovered that a small steam line break would result in high 
containment pressure, but not reduce steam generator pressure fast 
enough to close the valves in time to prevent exceeding containment 
design pressure. 

Fixed Speed Control 

The turbine driver speed control system can be divorced from the 
feedwater regulating system and operated automatically to maintain 
parallel operation of each turbine driver at a manually set speed. The 
feedwater regulating valve system will then function to control steam 
generator level by automatically throttling the discharge of the feed 
pumps as in 1. above. 

3. Manual Control 

The speed of each turbine driver may be manually adjusted from the 
control room. 

The preceding operational modes consider simultaneous operation of 
both pumps. The system is designed to permit operation with orie feed 
pump under all modes at reduced unit load . 

If the turbine driver speed controllers are in Control Mode 1 or 2 at the 
time of a turbine trip, the turbine drivers will be automatically ramped 
down at a rate of 1.58% per second to a speed corresponding to 5% of 
full load feed water flow. At the same time, the feed water regulating 
valves will be locked in place at their respective existing positions. 

With the loss of offsite power, the main feed pumps will be tripped from 
low suction header pressure which will result from loss of power of the 
condensate pumps from their supply buses. The auxiliary feedwater 
pumps will be available for service at the operator's discretion . 
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10.2.4 CIRCULATING WATER SYSTEM 

Initially, the Plant was designed for a once-through condenser' cooling Circulating 
Water System. The circulating water was taken from the lake through a 
submerged crib and a 3,300-foot-long pipe tunnel into the intake structure and 
pumped by two half-capacity motor-driven pumps through the condenser tubes to 
the discharge canal. 

In 1974, the Circulating Water System was converted to a closed cycle system 
(Figure 10-6) using two mechanical draft cooling towers. The cooling tower 
systerr:i consists of two independent closed loops. Each loop supplies one-half of 
the main condenser with cooling water. 

10.2.4.1 Cooling Towers 

Cooling water is supplied to the main condenser by gravity flow from two 18-cell, 
induced draft cross-flow cooling towers. The cooling towers (Table 10-8) are 
designed for a 30°F range (inlet temperature minus outlet temperature). The 
cooling towers are erected to the south of the Plant (Figure 2-2) over concrete 
basins. The basin water level elevation is approximately 20 feet above the 
condenser inlet. Each tower basin supplies one-half of the condenser through a 
90-inch pipe which connects to a 96-inch condenser inlet piping at the intake 
structure. 

Two sets of fixed screens are provided at the outlet of each cooling tower to 
remove any debris which collects in the basin. Provisions for stop logs are also· 
provided at the basin outlet. 

The two cooling towers are located approximately 500 feet and 1,000 feet, 
respectively, from the Plant and 300 feet from the nearest transmission lines in 
order to minimize icing potential. They are spaced approximately 500 feet apart to 
prevent warm air recirculation between the towers. 

Two half-capacity vertical wet pit cooling tower pumps (Table 10-9) are installed 
in the cooling tower pump building. The pumps receive heated circulating water 
from the condenser via the 96-inch condenser discharge piping and pump suction 
spillway provided to reduce velocity head. The cooling tower pumps return the 
circulating water to the cooling tower distribution headers through two 96-inch 
pipes. Motor-driven butterfly valves are provided in both the pump discharge and 
condenser inlet piping. The valves are provided for throttling during pump start-up 
and for maintenance isolation. The valves are interlocked with their corresponding 
pump motor breakers . 
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10.2.4.2 Makeup and Slowdown 

The maximum expected blowdown rate is approximately 30,000 gpm, in addition 
to a full-load tower evaporation rate of 6,000 gpm each during the summer and 
4,500 gpm each in the winter. In order to minimize the discharge temperature 
through the blowdown line, the blowdown is extracted from the circulating water 
piping just upstream of the condenser inlet and is discharged to the discharge 
mixing basin. The blowdown is controlled to keep the discharge temperature in 
compliance with the Plant's NPDES permit and to maintain 1-1 /2 cycles of 
concentration when compared to the lake inlet concentrations. Organic antiscalant 
and sodium hypochlorite can be added to the Circulating Water System to prevent 
scaling and biological growth in the condenser tubes. 

The NPDES permit limits the amount of total sodium hypochlorite that can be 
discharged to surface water systems. In order to meet the discharge limit and at 
the same time use sodium hypochlorite at an effective biocide concentration, 
sodium bisulfite is injected to the overflow weirs of the north and south make-up 
basins. Sodium Bisulfite is used as a de-chlorinator agent to reduce a total 
residual oxidant in the Lake out flow, to levels acceptable to the NPDES Permit. 

Makeup water is provided by discharging the Plant service water effluent into the 
cooling tower makeup basin (discharge structure). The service water flow ranges 
from 14,200 gpm to 15,600 gpm, resulting in a surplus of makeup water which 
overflows the overflow weirs into the discharge mixing basin . 

10.2.4.3 Dilution 

Dilution water is normally added to the Circulating Water System on the inlet line 
downstream of the blowdown line. Two 30,000 gpm vertical dilution pumps 
provide_ this flow. In addition, dilution flow may be directed to the mixing basin on 
an as-needed basis. 

In order to ensure proper mixing and surface discharge of the blowdown and 
excess service water returns, an extension from the existing discharge structure 
provides a mixing basin on the downstream side of the overflow weirs. Mixing is 
achieved by discharging the heated water sources plus the dilution flow to a 
controlled area at moderate velocity. The mixed discharge flows out of the mixing 
basin to the lake at a low velocity . 
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10.2.5 CODES AND STANDARDS 

All components in the system are designed and fabricated in accordance with 
applicable codes; eg, the moisture separators-reheaters and the closed feedwater 
heaters are in accordance. with the ASME B&PV Code, Section VIII, and the piping 
and valves are to ASA 831 . 1-1955, Code for Pressure Piping. 

The components are similar to those which have experienced extensive service in 
operating power plants. Adequate protective devices and controls are provided to 
assure reliable and safe operation. · 
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10.3 SYSTEM ANALYSIS 

10.3.1 REACTOR AND/OR TURBINE TRIP 

Following a reactor and/or turbine trip, the feedwater flow to the steam 
generator is ramped down to 5% of full flow in the first 60 seconds. Once 
the system transient has terminated, the operator, while monitoring the 
primary coolant temperature, can restore and maintain the steam generator 
level. The feedwater temperature will decrease to that of the. stored 
condensate . 
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10.4 TESTS AND INSPECTIONS 

Equipment, instruments and controls are regularly inspected in order to 
ensure proper functioning of systems. 

The turbine governor and stop valves, reheat stop and intercept valves, 
bleeder trip valves and auxiliary feedwater pump may be tested while the 
turbine is in operation. 

In addition, during the Plant shutdown period for refueling, equipment, 
instruments and controls can be checked and inspected. 

10.4.1 PIPE WALL THINNING INSPECTION PROGRAM 

In response to Generic Letter 89-08, the pipe wall thinning inspection 
program was initiated to meet or exceed the requirements of NUREG-1344, 
Appendix A. 

A component susceptibility ranking has been broken down into 14 systems/ 
subsystems for ease of tracking. These systems are: 

1. Main steam 
2. Condensate 
3. Feedwater 
4. Steam generator blowdown 
5. Heater drain pump discharge 
6. Reheater drain tank 
7. Numbers 5 and 6 heater drains 
8. Moisture separator drain tanks 
9. Numbers 1-4 heater drains 

10. Heater vents 
11. Extraction steam to Number 6 heater 
12. Extraction steam to Number 5 heater 
13. Extraction steam to Number 3 heater 
14. Extraction steam to Numbers 1-2 heaters 

Components in these systems are ranked according to projected wear rates 
obtained by modeling. Modeling factors for single-phase systems include 
piping material, fluid velocity, piping configuration, oxygen concentration, 
pH and temperature. Factors for two-phase systems include percent moisture, 
piping material, temperature, oxygen concentration, pH, piping configuration 
and fluid velocity. 

Components were selected in a three-stage process. First, systems were 
selected based on material, velocity and temperature. Second, subsystem 
selection used temperature and velocity, water/steam quality and pH/chemistry. 
And last, component selection considered geometry, walkdowns and experience. 

By letter dated April 19, 1980, the NRC accepted this program on the basis 
that it complied with NUREG-1344, Appendix A • 
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TABLE 10-1 

HIGH-PRESSURE ROTOR PROPERTIES 

Tensile Strength, psi, Min 

Yield Strength, psi, Min (0.2% Offset) 

Elongation in 2 Inches, %, Min 

Reduction of Area, %, Min 

Impact Strength, Charpy V-Notch, ft-lb 
(Min at Room Temperature) 

50% Fracture Appearance Transition 
Temperature, °F, Max 

fs0184-1623a-09-35 

100' 000 

80,000 

18 

45 

60 

50 
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TABLE 10-2 

BLADE RINGS AND TURBINE CASING PROPERTIES 

Tensile Strength, psi, Min 

Yield Strength, psi, Min 

Elongation in 2 Inches, %, Min. 

Reduction of Area, %, Min 
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70,000 

36,000 

22 

35 
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• TABLE 10-3 

STUD MECHANICAL PROPERTIES 

Size, Inches 
2-1/2 Over 2-1/2 Over 4 

and Less to 4 to 7 

Tensile Strength, psi, Min 125,000 115 ,000 110' 000 

Yield Strength, psi, Min 
(0.2% Offset) 105,000 95,000 85,000 

Elongation in 2 Inches, %, Min 16 16 16 

Reduction of Area, %, Min 50 50 45 

• 

• 
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TABLE 10-4 

SIGNAL SYSTEM OPERATING CONDITIONS 

Hydrogen Purity - High or Low 

Hydrogen Pressure - High or Low 

Hydrogen Supply Pressure - Low 

Water Detection - High 

Hydrogen Temperature High / Generator Condition Monitor 

Defoaming Tank Level - High 

Air Side Seal Oil Pump - Off 

Seal Oil Pressure - Low 

Hydrogen Side Level - Low 

Seal Oil Turbine Backup Pressure - Low 

Hydrogen Side Seal Oil Pump - Off 

Air Side Seal Oil Backup Pump Running 

'· 
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• TABLE 10-8 

COOLING TOWER DESIGN SUMMARY 

Number of Towers 2 

Number of Cells 18/Tower 

Type Induced/Cross Flow 

Performance at Design Point 

Hot Water Flow, gpm 410,000 

Approach Temperature, ° F 107 
Range, °F 30 
Cold Water Temperature, °F 77 
Fan Brake Horsepower, bhp 193 
Pumping Head Above Sill, ft 90 

• Fans and Fan Motors 

Number of Fans 18 
Number of Blades 8 
Blade Diameter, ft 28 
Blade Material Fiberglass Reinforced Polyester 
Tip Speed, ft/s 198 
Fan Speed, r/min 135 
Rated hpNoltage 200/460V e 

• 
Rev 18 



• 
Number of Pumps 

Type 

Design Flow, gpm 

Design Head, ft 

Design NPSH, ft 

Pump Speed, r/min 

Motor Type 

Horsepower, hp 

Voltage 

• 

• 

TABLE 10-9 

COOLING TOWER PUMPS 

2 

Vertical, Wet Pit 

205,000 

90 

29 

253 

Induction 

7,000 

4, 160 

Rev 16 
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CHAPTER 11 

RADIOACTIVE WASTE MANAGEMENT AND RADIATION PROTECTION 

11.1 SOURCE TERMS 

Liquid and Gaseous Waste Activity 

The normal sources of radioactive wastes are fission and activation prod
ucts generated within the Primary Coolant System during Plant operation. 
The radioactive waste systems are designed to safely process radioactive 
wastes from the Plant with a primary coolant activity based on 1% failed 
fuel rods and continuous purification during Plant operation. The calcu
lated primary coolant activity by isotope for the 1% failed fuel rod condi
tion is presented in Table 11-1. This table also presents activity in the 
primary coolant as observed during normal power operation and indicates 
that the total activity level normally remains at less than 1% of design. 

Sources and Accumulation of Wastes 

For the purpose of design evaluation, the activity of the sources to the 
clean waste system was assumed to be that of primary coolant for the 1% 
defective fuel rod condition as given in Table 11-1. Table 11-2 lists the 
maximum expected quantity of clean waste of significant activity from the 
major waste sources and the conservative assumptions used to derive the 
waste quantities. The dirty waste system was designed to handle radioac
tive wastes generated by a steam generator blowdown rate of 20 gpm concur
rent with 1 gpm primary to secondary leakage. It was assumed that dirty 
waste has an activity equal to 1% of the primary coolant activity. (It 
should be noted that primary to secondary leak rate is currently limited to 
less than 0.3 gpm by the Technical Specifications.) Further, as shown by 
Table 11-1, primary coolant activity normally is less than 1/100 that of 
the design basis activity. These considerations combine to provide for an 
extremely conservative system design relative to normal operating 
conditions . 
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11.2 LIQUID RADIOACTIVE WASTE SYSTEM 

11.2.1 DESIGN BASES 

11.2.1.1 Design Objective 

The Liquid Radioactive Waste System is designed to collect, store, process, 
monitor, and dispose of all liquid radioactive wastes from the Palisades Plant. The 
principal design criterion is to ensure that the general public is protected from 
exposure to radioactive ~aste products in accordance with Title 10, Code of 
Federal Regulations, Part 50 ( 10 CFR 50), Appendix I. The system was modified 
during 1971-1 973 following voluntary agreement between Consumers Power 
Company and outside intervenors to reduce liquid discharges to Lake Michigan to 
essentially "Near-Zero" as achievable by use of modern processing equipment 
which permits recycling of most liquids. This modification consisted of the 
addition of clean waste evaporators and auxiliary equipment which were integrated 
into the Liquid Radioactive Waste System to provide clean waste recycle features 
reducing radwaste effluents. 

11.2.1.2 Design Criteria 

The Liquid Radioactive Waste System was originally designed and constructed as a 
CP Co Design Class 1 system and was located within the CP Co Design Class 1 
auxiliary building, defined in Section 5.2. However, mechanical portions of the 
system not associated with "a loss of function which could cause an uncontrolled 
release of radioactivity" were designed as CP Co Design Class 2. Subsequent 
modifications to this system were undertaken during 1971-73 as described in 
Special Report 5 (see Reference 1) and Amendment 21 to Docket 50-255, dated 
February 26, 1971. Two buildings, the service building and the auxiliary building 
addition, were added during this time enclosing the new equipment. The auxiliary 
building addition is CP Co Design Class 1, the service building is CP Co Design 
Class 3, the liquid radwaste components are CP Co Design Class 2 and processing 
piping is CP Co Design Class 3, all per Section 5.2. 

11.2.1.3 Codes 

The original portions of the Liquid Radioactive Waste System were designed 
according to codes and criteria in effect at the time of initial design and 
construction of Palisades which was ASA 831.1-1961 for pressure piping and 
ASME, Section Ill, Class C, for vessels. These codes generally meet the 
suggested codes depicted for Quality Group D components and piping in NRC 
Regulatory Guide 1.26, Revision 1, issued September 1974, and Regulatory 
Guide 1. 143, Revision 1, issued October 1979. A detailed listing of codes used 
on original components and piping is given in Table 11-3. 

Liquid Radioactive ·waste System modifications installed during the 1971-1973 
service building addition were designed in accordance with the following applicable 
codes: 
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All nonatmospheric pressure bearing liquid radioactive waste process piping is 
designed to ASME Boiler and Pressure Vessel Code, Section Ill, Nuclear Power 
Plant Components, Nuclear Class 3, 1971 Edition, while all atmospheric radwaste 
drainage piping is designed to USAS 831.1.0-1967 Power Piping . 

All tanks are designed to either ASME B&PV Code, Section Ill, Class 3, 1971, or 
APl-620, 1970, or APl-650, 1970, as follows: 

ASME Section Ill: Pressure Vessels Over 15 Psig Design 

APl-620: 0 to 1 5 Psig Tanks (Tested at 5 Psig) 

APl-650: Atmospheric Tanks (Without Pressure Tests) 

A more detailed listing of codes used for these components and piping will be 
found in Table 11-4. 

In addition, it should be noted that the Systematic Evaluation Program (SEP) 
Topic 111-1, "Quality Group Classification of Components and Systems (Palisades)," 
which was issued in December 1 981 does not address liquid waste management 
system components and piping, all of which fall within Quality Group D, as defined 
in NRC Regulatory Guide 1.26. The Liquid Radioactive Waste System is now 
considered to be a Quality Group D system. 

11.2.2 SYSTEM DESCRIPTION 

The Liquid Radioactive Waste System is divided into three sections: (a) the clean 
waste section which processes high-activity, high-purity (low solids) liquid waste, 
(b) the dirty waste section which processes low-activity, low-purity (high solids) 
liquid waste and (c) the laundry waste section. The basic system is shown in 
Figures 11-1 and 11-2. Component ratings and descriptions are included in 
Tables 11-3 and 11-4. 

11.2.2.1 Clean Waste Section 

In the clean waste section of the Liquid Radioactive Waste System, wastes are 
collected, monitored, and processed by a combination of holdup (thereby 
permitting natural decay), filtration 'and ion exchange treatment (removal of 
insoluble particulates and soluble ions), evaporation (volume reduction), and under 
normal conditions, are stored for eventual recycle back to the Primary Coolant 
System. Quantities of clean waste are obtained from the Chemical and Volume 
Control System's bleed letdown (primary coolant - see Figure 9-25), and are 
generated due to Plant start-ups and shutdowns which require that primary 
coolant boron concentrations be varied to maintain the necessary shutdown 
margins . 
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Liquid waste from the Chemical and Volume Control System first passes through 
an ion exchanger and purification filter before entering the clean waste section. In 
the clean waste section, this stream passes through the vacuum degasifier and is 
then discharged into one of the clean waste receiver tanks. The vacuum 
degasifier removes hydrogen and fission product gases and discharges them to the 
waste gas surge tank located in the Gaseous Radioactive Waste System. 

The primary system drain tank collects liquid waste from sources within the 
containment building as listed in Table 11-5. The primary loop drains provide the 
major source of liquid to ~he drain tank. Liquid waste from the primary system 
drain tank is also passed through the vacuum degasifier before entry into one of 
the clean waste receiver tanks. 

The equipment drain tank collects liquid waste from outside the containment 
building as listed in Table 11-6. Liquid waste from the equipment drain tank is 
discharged to the clean waste receiver tanks through a filter. 

The radiochemistry lab drain tank collects the liquid waste generated while 
sampling the primary coolant for chemical and radiochemical analysis. Liquid 
waste from the radiochemistry lab drain tank is discharged to the Solid Waste 
Management System for solidification or can be sent to the dirty radwaste 
evaporator for volume reduction. 

Four 50,000-gallon clean waste receiver tanks located inside the containment 
building provide temporary storage for collected liquid waste to allow for natural 
decay and to permit sampling of liquid waste activity. Liquid waste from the 
receiver tanks is discharged through the clean waste filter to remove insoluble 
particulates and through the radwaste demineralizers to remove soluble ions. 

Under normal conditions, the effluent from the clean waste demineralizers passes 
to the clean waste holdup tank or to a clean waste receiver tank, and then to the 
clean radwaste evaporator. The evaporator has the capability to process 
radioactive waste either continuously or in the batch mode. The clean radwaste 
evaporator concentrates boric acid and radioactive isotopes, except for gases and 
tritium. The evaporator concentrates are discharged to the clean waste 
concentrate tank, while its relatively pure distillate is discharged to the clean 
waste distillate tank. 

The boric acid obtained from the clean radwaste evaporator is then pumped into 
the recycled boric acid storage tank where it is available to the Chemical and 
Volume Control System for reuse in the Primary Coolant System. However, if the 
boric acid cannot meet the quality requirements specified in the Plant's Technical 
Specifications, it is sent to the Solid Waste Management System where it is 
prepared for packaging and disposal. 
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The distillate from the radwaste evaporator is normally processed through a 
polishing demineralizer to further reduce boron and radioactivity concentrations, 
and is then sent to the primary system makeup storage tank where it is stored 
until used by the Chemical and Volume Control System in making up the primary 
coolant. If the distillate volumes become excessive under abnormal operating 
conditions or cannot meet the quality requirements specified in the Plant's 
Technical Specifications, provisions are available to send the distillate from the 
evaporator to the treated waste monitor tanks for holdup and sampling to 
determine the disposition of this liquid. Process routes available from these tanks 
include reprocessing through the clean radwaste evaporator, return to the clean 
waste _receiver tanks for further decay and later processing, or to be routed to the 
circulating water discharge for dilution and release to the environment after 
reduction to levels that are as low as reasonably achievable. 

11.2.2.2 Dirty Waste Section 

In the dirty waste section of the Liquid Radioactive Waste System, wastes are 
collected, monitored and processed by a combination of filtration, evaporation and 
demineralization. The dirty waste drain tank collects liquid waste from the sources 
listed in Table 11-7. 

Liquid from the dirty waste drain tank is processed through the miscellaneous 
waste filters while en route to the miscellaneous waste holdup tanks for temporary 
storage. Effluent from these tanks is fed to the dirty radwaste evaporator which is 
identical to that in the clean waste system. The distillate from the evaporator is 
sent to the miscellaneous waste distillate tank and then through either one or two 
demineralizers to the utility water storage tank for reuse in the Plant. If the 
distillate volumes become excessive under abnormal operating conditions or 
cannot meet the quality requirements specified in the Plant's Technical 
Specifications, provisions are available to reprocess evaporator distillate. Under 
extreme situations, discharge could be made to the discharge basin within 
limitations of the Offsite Dose Calculation Manual. 

The boric acid concentrate obtained from the dirty radwaste evaporator is sent to 
the evaporator concentrate tank. The concentrates are sent to the Solid Waste 
Management System for solidification and disposal. 

11.2.2.3 Laundry Waste Section 

All liquid effluent obtained from the onsite laundering of anticontamination clothing 
and the water from the face-mask decontamination washing station is processed 
through a media filter and basket strainer, both connected in series, before being 
temporarily collected in the laundry drain tank. The tank's contents are then 
sampled to determine the disposition routing for this waste stream . 
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Normal system lineup permits transport of this waste stream from this storage 
tank through three series connected filters having successive ratings of 50, 25 and 
5 microns before being deposited into filtered waste monitor tanks. The latter 
filters were installed by a field change in 1977. These filters minimize clogging or 
fouling problems in the dirty waste section. 

Alternate system lineup is available to transport this waste stream directly to the 
Plant's discharge mixing basin following filtration by the three series connected 
filters, and monitoring to assure that the discharged effluent activity is below 
activity levels specified in_ Subsection 11.2.3.3. However, discharge to the mixing 
basin i~ usually made from the filtered waste monitor tanks rather than by the 
alternate direct-discharge lineup. 

Additionally, the laundry waste section's volumes have been greatly reduced by 
installation of an independent dry cleaning machine in early 1 980 which utilizes 
recyclable solvents for laundering rather than generating water-based soap and 
detergent wastes which formerly constituted most of this section's volume 
throughput. 

Both dry cleaning and wet wash machines were removed from service in 1989. 
All l~undry is now processed offsite by a vendor. The drain and filter units are still 
in place. Small amounts of detergent wastes are dumped into the drain system 
and are drained into the normal dirty waste system instead of discharging directly. 

11.2.3 RADIOACTIVE RELEASES 

The Liquid Radioactive Waste System was designed to reduce radioactive 
materials in liquid discharges from the Palisades Plant, except laundry waste 
discharges, to essentially zero {ie, actual lake background) under normal operating 
conditions, and to ensure that radioactive materials in liquid wastes discharged 
under normal conditions will be at a small fraction of the applicable limits set forth 
in Title 10 CFR, Part 50, Appendix I { 10 CFR 50, Appendix I), as stipulated in 
Subsection 11.2.1 {see Appendix 11 A). 

A discussion on how the Liquid Radioactive Waste System's sections meet these 
requirements follows: 

11.2.3.1 Clean Waste Section 

The maximum anticipated annual quantity of clean liquid waste of significant 
activity to be processed through the liquid waste system before being recycled to 
the Plant is 724,300 gallons. As shown in Table 11-2, 586,600 gallons, or 81 % 
of the total quantity of liquid waste, is obtained from the Chemical and Volume 
Control System and passes through one of three purification ion exchangers. The 
activity of this portion of the clean liquid waste is assumed to be reduced by a 
decontamination factor {DF) of 10 for each nuclide except noble gases and tritium 
for which a DF of 1 has been assumed. 
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Four 50,000-gallon clean waste receiver tanks provide temporary storage for liquid 
waste inside the containment building. It is expected that a 30-day hold period 
will normally be possible ·at any time during the fuel cycle. Sufficient capacity is 
always available for at least a 7-day hold period which allows for significant 
natural decay of radioactive isotopes. 

The three clean waste demineralizers contain a mixed bed H-OH resin. Activity of 
liquid waste passing through each demineralizer is assumed to be reduced by a DF 
of 1 0 for each nuclide except noble gases and tritium. Fission product gases are 
assumed to be 1 00% removed by the vacuum degassing, by diffusion in the clean 
waste _receiver tanks and by the evaporators. The filters upstream of the 
demineralizers are sized to substantially remove insoluble corrosion products. 
However, no credit in system evaluation has been assumed for use of these filters 
nor for the filtering effect of the radwaste demineralizers. 

The decontamination factor of the evaporator has been conservatively assumed to 
be 1 03 for iodine and 104 for all other isotopes except tritium for which 1 has been 
assumed. Suppliers of radwaste evaporators have observed decontamination 
factors greater than 106 in testing and actual operating experience. 

The. distillate from the evaporator is expected to have a maximum concentration of 
10-4 µCi/cm3 (except for tritium) and 10 ppm of boron. This effluent can be 
processed through a polishing demineralizer to further reduce the boron or can be 
sent directly to the primary coolant storage tank prior to reuse in the Plant, or 
.nonnormal discharge to the discharge mixing basin . 

During normal operation, tritium builds up in the Primary Coolant System and the 
primary coolant makeup water storage tank due to recycling of primary coolant 
leakage. During refueling, a portion of the primary coolant is mixed with SIRW 
tank water and spent fuel pool water causing the tritium concentration to increase 
in these volumes also. Assuming a 40-year Plant lifetime and zero primary co'olant 
leakage, the maximum tritium concentration was found to be 2.8 µCi/cm3 in the 
primary coolant; 2.2 µCi/cm3 in the refueling cavity water; 2.4 µCi/cm3 in the 
SIRW tank; and 1.0 µCi/cm3 in the spent fuel pool water. 

Additionally, the concentration of tritium in the building air due to evaporation 
from the refueling cavity and spent fuel pool is monitored on a periodic basis. 
Chemical and Radiological personnel review the monitoring results and ensure the 
appropriate radiation safety controls are implemented in accordance with 
1 OCFR20. 

The amount of tritium released each year (over the Plant lifetime) due to 
evaporation in the containment building and spent fuel pool building is shown in 
Table 11-9. 

Using the annual value of X/Q of 4.64 x 1 o-6 s/m3
, the maximum concentration of 

tritium at the site boundary from these sources is 3. 3 x 1 0-11 µCi/cm3
• This is 

0.033% of the 10 CFR 20 limit of 1 x 10-7 µCi/cm3
• 
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In order to estimate the maximum tritium dose to the general public, a hypothetical 
rupture of the SIRW tank was considered. The SIRW tank was chosen because its 
volume (33,420 ft3

) is larger than that of the primary system makeup tank or the 
spent fuel pool volume. The tritium activity in the SIRW tank was taken to be 2.8 
jJCi/cm3 , the maximum predicted reactor coolant concentration over a 40-year 
operating lifetime. Thus, the total quantity of tritium that would be released to 
Lake Michigan in the event of a hypothetical rupture is 2.6 x 103 curies. 

The average dose to an individual in nearby South Haven consuming this water 
was calculated to be 0.0~6 mrem. The conservative assumptions which were 
used ii'") calculating this number are as follows: 

Dilution by a factor of 1,000 in Lake Michigan (see Reference 2) 

Surface plume of 1 0-foot depth 

Daily intake for South Haven water supply - 3 x 106 gallons (see Reference 3) 

Current past water supply intake = 0.21 mi/h (see Reference 2) 

South Haven water supply service area - 6. 1 5 x 103 people (see Reference 3) 

Average daily water consumption - 2,200 cm3 (see Reference 4) 

Subsequent to the above analysis, a revised value of the atmospheric dispersion 
parameter, X/Q, has been calculated based on new meteorological data and 
utilizing the Computer Code "XOQDOQ." The updated X/Q of 3.0 x ·10"6 s/m3 is 
approximately 65% of the value used in the above analysis, further attesting to 
the conservative nature of the results. 

The concentration of radioactive materials in the SIRW tank or any temporary 
outside tank is limited to 1,000 times allowable effluent concentration. This limit 
may be exceeded for operational flexibility if the conditions of the Offsite Dose 
Calculation Manual (ODCM), section 111.k are met. This limit is based on the 
dilution factor of 1,000 (before reaching the South Haven city water intake) 
assumed for tank ruptures. The bases for the limit originate in NUREG-0472, 
Revision 2, Radiological Effluent Technical Specifications for PWRs, July 1979. 
The specification of the limit has been changed to a concentration rather than the 
curie limit in NUREG-0472. 

The bases for Liquid Holdup Tanks in NUREG-0472 reads; "Restricting the quantity 
of radioactive material contained in the specified tanks provides assurance that in 
the event of an uncontrolled release of the tanks' contents, the resulting 
concentrations would be less that the limits of 10 CFR 20, Appendix B, Table 2, 
Column 2, at the nearest potable water supply and the nearest surface water 
supply in an unrestricted area." 
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11.2.3.2 Dirty Waste Section 

As with the clean waste system, the miscellaneous waste demineralizers are 
assumed to provide a DF of 10 except for noble gases and tritium. Similarly, the 
decontamination factor of the dirty waste evaporator is assumed to be 1 03 for 
iodine and 1 04 for all other isotopes except tritium. 

Table 11-8 summarizes the performance of the dirty waste system (by isotope) 
under design operating conditions of 1 % defective fuel. No credit has been 
assumed for any decay in_ the miscellaneous waste holdup tanks. This table 
shows _that the effluent from the demineralizers which will be recycled to the utility 
water storage tank is of negligible activity. 

11.2.3.3 Laundry Waste Section 

The radioactive constituents in the laundry waste effluent discharge-which cannot 
be treated by the dirty waste section are released to Lake Michigan at levels not to 
exceed 2.5 x 1 o-8 µCi/cm3 on an annual average basis. A dilution flow of up to 
60,000 gpm is provided by dilution pumps and cooling tower blowdown streams. 
The anticipated annual quantity of laundry waste was 38,000 gallons prior to 
operation of the new dry cleaning machine in early 1 980. Since that time, limited 
discharges from the laundry waste section have been made which are well below 
the specified discharge limits. A DF of five is assumed for the filters. 

The laundry release limit of 2.5 x 1 o-8 uCi/cm3 was removed from the Technical 
Specifications in Amendment 85, effective 1 /1 /85. 

11.2.4 BALANCE OF PLANT (BOP) INTERFACE 

The Liquid Radioactive Waste System interfaces with the remainder of the Plant as 
follows: 

11.2.4.1 Clean Waste Section 

The clean waste section obtains wastes as bleed from the primary loop letdown 
line, or inflow from the primary system drain tank, and equipment drain tank, 
which deposit into the clean waste receiver tanks. 

Processed liquid effluent is recycled to the Plant's Chemical and Volume Control 
System from the primary system makeup storage tank. Recyclable boric acid is 
similarly returned to the Chemical and Volume Control System from the recycled 
boric acid storage tank . 
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11.2.4.2 Dirty Waste Section 

The dirty waste section obtains wastes from open sumps and'drains which empty 
into the dirty waste drain tank. 

Processed liquid effluent is normally recycled to the utility water storage tank after 
passing through the miscellaneous waste demineralizer. However, provisions are 
available to cross feed the effluent to the clean waste section, and ultimately to 
the Plant via the Chemical and Volume Control System if strict primary water 
quality conditions can be _met. 

11.2.4.3 Laundry Waste Section 

The laundry waste section obtains waste from the laundry drain tank. Syst.em is 
available but not used. There is no longer a limit for direct release of laundry to 
the environment (see 11.2.3.3). 

11.2.5 SYSTEM EVALUATION 

Under normal operating conditions, the expected release to the environment from 
the .clean and dirty liquid waste sections is zero. All clean and dirty wastes are 
recycled or accumulated and prepared for shipment in accordance with applicable 
rules, regulations and orders of governmental authorities having jurisdiction and · 
turned over to a carrier or carriers licensed by governmental authorities having 
jurisdiction for shipment to an authorized disposal area or areas . 

As shown in Figure 10-6, 11-1, and 11-5, any discharged radwastes are released 
to the discharge mixing basin after proper monitoring. These wastes are mixed 
and diluted and then overflowed from the mixing basin into Lake Michigan. 

During normal op~ration, the only radioactive liquid released will be processed 
miscellaneous waste. During abnormal operation, some processed clean or 
miscellaneous waste might also be released. As liquids are released from the Plant 
to Lake Michigan, they will be diluted in the discharge from the Circulating Water 
System. 

Under normal operating conditions, such as (but not limited to) steam generator 
tube leakages, fire, or pipe breakage, clean· and dirty wastes will be discharged to 
the environment after processing to reduce the discharged radioactivity to levels 
which are as low as practicable, and in any event, in accordance with the 
objectives of 10 CFR 50, Appendix I. 

To assess the potential impact of these releases, the maximum individual doses 
from liquid effluents were calculated assuming 100% release of the liquid effluents 
from the clean and dirty waste systems . 
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Maximum individual doses from liquid effluents were calculated by the NRC 
LADT AP computer code, using models given in Regulatory Guide 1. 109 
(March 1 976) (see Reference 5). Dose factors, bioaccumulation factors and the 
shore-width factor as given in Regulatory Guide 1 . 109 and in the LADT AP code 
were used, as were use factors for water and fish ingestion and for water-related 
activities. 

Radioactive liquid wastes from Palisades are discharged to Lake Michigan after 
dilution with circulating water system discharge. This flow is via low velocity 
surface discharge at the ~horeline. 

Maximum individual doses were calculated for water and fish ingestion and for 
external exposure for shoreline use, swimming and boating. The water ingestion 
pathway was analyzed for an individual drinking water from the nearest municipal 
water intake, located at South Haven. This location is 5 miles from the Plant, 
where a dilution factor of 1,000 was assumed to apply (see Reference 2). 

For the fish pathway, an effective dilution factor of 1 5 was used based on the 
following factors: 

1. Sport fish likely to be taken in the area, rainbow trout, brown trout, lake trout 
and salmon, migrate on the order of 0.9 to 7 miles per day (see Reference 6). 
Thus, it is unlikely that a fish would be exposed to an undiluted concentration 
on an average basis. 

• 2. According to Reference 6, it is unlikely that fish residing in a plume show 

• 

increased concentrations as a result of their presence, since the majority of 
their uptake occurs through a food chain. Because of the migratory nature of 
these fish, the effective dilution appropriate for the food chain must be much 
greater than that existing at the Plant discharge. 

For the purpose of this analysis, a factor of 1 5 is believed to be suitably 
conservative. Source terms and additional assumptions used in this analysis are 
presented in Appendix 11 A. 

The maximum calculated doses to individuals from liquid effluents are summarized 
in Table 11-10, which also presents the pertinent LADT AP input data used in this 
analysis . 
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11.3 GASEOUS RADIOACTIVE WASTE SYSTEM 

11.3.1 DESIGN BASIS 

The design basis for the Gaseous Radioactive Waste System is to efficiently store 
gaseous isotopes for a time period which will permit sufficient radioactive decay prior to 
their discharge to the environment within limitations of the Offsite Dose Calculation 
Manual. 

Design and construction codes for components and piping, and applicable 
nondestructive testing requirements are listed in Tables 11-3 and 11-4. The design 
criteria for the Gaseous Radioactive Waste System was identical to the liquid portion 
(Subsection 11.2.1.2) with the exception that the gas decay tanks added during the 
1971-73 modification were CP Co Design Class 1, per Section 5.2. 

11.3.2 SYSTEM DESCRIPTION 

The Gaseous Radioactive Waste System is divided into two sections: (a) the gas 
collection header which collects low-activity gases from liquids which have been 
previously degassed and/or vented in other waste handling steps, and (b) the gas 
processing section which collects gases from potentially high-activity sources. The 
Gaseous Radioactive Waste System is shown in Figure 11-3. Component ratings and 

. descriptions are shown in Tables 11-3 and 11-4. 

11.3.2.1 Gas Collection Header 

Gases which may contain potentially radioactive gases are passed through the gas 
collection header where they are discharged through a high-efficiency filter to the 
suction side of the main vent exhaust fans. The gases are diluted by ventilation 
exhaust air and are discharged through the ventilation stack to the atmosphere. The 
primary sources of low activity gaseous waste include the atmospheric vents of the 
liquid radwaste drain, collection and monitoring tanks, and containment building via "D" 
clean waste receiver tank (RUD-1018 removed). This vent path from containment to 
the collection header is an alternate path for venting containment. The primary 
containment vent path is through the "D" clean waste receiver tank to the radwaste 
area exhaust fans (V-14A&B). 

11.3.2.2 Waste Gas Processing System 

The waste gas processing system collects all potentially high-activity gaseous waste. 
The gas surge tank collects and absorbs surges from the demineralizer vents, shield 
and cooling surge tank vent, quench tank vent, primary system drain tank vent, volume 
control tank vent, vacuum degasifier vent (which takes input from either of two 
degasifier pumps) and evaporator vents. The waste gas surge tank discharges to one 
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• of three compressors which compress the gas for storage and decay in one or more of 
six waste decay tanks. If activities greater than 1 x 10-5 µCi/cm3 (Xe-133) have not 
been detected, the waste gas surge tank can be discharged through a high-efficiency 
filter directly to the ventilation stack. 

If the surge tank is discharging directly to the ventilation stack, a high-radiation 
condition (as identified by a continuously operating monitoring system taking samples 
from the discharge line) will automatically close the discharge valve which is upstream 
of the stack. On simultaneous occurrence of this high-radiation signal and high surge 
tank pressure, a waste gas compressor starts automatically and, taking suction from 
the surge tank, discharges to the decay tanks. 

Three of the six waste gas decay tanks have a volume of 100 cubic feet each and are 
designed for 120 psig. The remaining three decay tanks (added during the 1971-1973 
auxiliary building addition) have a volume of 225 cubic feet each and are also designed 
for 120 psig. The total Primary Coolant System gas inventory and the gas inventory of · 
the volume contra! tank can be stored in two of the smaller tanks if required for a cold, 
degassed Plant shutdown. 

11.3.3 RADIOACTIVE RELEASES 

• As described in Subsection 11.3.2.2, gaseous effluents entering the Plant's ventilation 
stack are radiologically monitored and flow controlled so that 10 CFR 20, Appendix B, 
Table 2 values used for the design basis are not exceeded. This discharge is then 
immediately diluted by mixing airflow from one of the two continuously operating 
ventilation fans which conservatively transport 75,000 ft3/min of air up the stack. 

• 

The waste gases are controlled to limit dose rates at the site boundary to the limits 
imposed by 1 O CFR 50, Appendix I. The requirements of Appendix I to 10 CFR 50, 
including limiting conditions of operation and process monitoring operability and 
surveillance requirements were implemented by the Radiological Effluent Technical 
Specifications, Amendment No 85, of the Plant Technical Specifications (see 
Reference 10). The effluent specifications were then relocated to the Offsite Dose 
Calculation Manual - Appendix .A per NRC Generic Letter 89-09. , 

A listing of gaseous isotopic activity at the Plant boundary expressed as a fraction of 10 
CFR 20 values used for the design basis for no-holdup and 60-day holdup periods is 
given in Table 11-11. Further analysis pertaining to calculated maximum offsite activity 
levels and doses will be found in Subsection 11.3.5 . 
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11.3.4 BOP INTERFACE 

As shown in Figure 11.3, the Gaseous Radioactive Waste System interfaces with 
nuclear systems as it processes waste gases which empty into the gas collection 
header and waste gas surge tank. 

The gaseous wastes leave the Plant in diluted form from the Plant's ventilation stack. 
These waste gases are either sent directly to the stack without holdup or are 
temporarily stored in any one of six waste gas decay tanks under pressure depending 
on their radioactivity and isotopic content. 

True BOP interface occurs with the Component Cooling Water System because this 
system provides the heat sink for the sensible heat formed in the waste gas 
compressor heads and their respective aftercoolers while compressing the waste 
gases. 

11.3.5 SYSTEM EVALUATION 

Maximum individual doses from gaseous effluents were calculated by the NRC 
GASPAR (see Reference 7) computer code, using models given in Regulatory Guide 

· 1.109 (March 1976). The basic source term and meteorological data entering into the 
calculations are described in Appendix 11 A. 

Calculations of maximum individual doses from gaseous effluents have been made for 
the following exposure pathways: 

1. External doses due to cloud immersion 

2. External exposure to materials deposited on the ground 

3. Internal exposure via food chain pathways, including vegetation, meat, cow milk 
and goat milk 

4. Internal exposure via inhalation 

All standard or default GASPAR parameter values were utilized, including dose 
conversion factors, food intake rates, stable element transfer coefficients and time 
delays. 

Computed doses include the open site terrain correction factor for the appropriate 
distance, as given in Regulatory Guide 1.111 (March 1976). The occupancy and 
shielding factor of 0. 7, as given in Regulatory Guide 1.109, was applied . 
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Maximum offsite air doses were determined, among overland locations, to be 0.95 
mrem/yr for beta radiation and 0.36 mrem/yr gamma radiation at 0.48 mile in both the 
SSE and SSW directions. 

Meteorological dispersion and deposition data were reviewed in conjunction with data 
pertaining to nearest residences, vegetable gardens, milk and meat animals within five 
miles to determined locations where specific exposure pathways would result in 
maximum doses. The GASPAR input data used to analyze doses at the locations so 
identified are presented in Table 11-12. ·Dose results for each location are presented 
in Table 11-13. 

Including both the plume and ground contamination doses, the highest computed 
external dose rates are about 0.143 mrem/yr to the total body and 0.34 mrem/yr to the 
skin (both at 0.63 mile S). The highest computed dose due to nonnoble gas isotopes is 
2.3 mrem/yr to the thyroid of a child (0.88 mile ENE at the nearest garden). Actual 
annual gaseous release data, analyzed by GASPAR using 5 year average, 

. meteorological data along with yearly land use data, has demonstrated that gaseous 
effluents are a small fraction of 10 CFR 50, Appendix I limits . 
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11.4 SOLID WASTE MANAGEMENT SYSTEM 

11.4.1 DESIGN BASIS 

The design basis for the Solid Waste Management System incorporates the applicable 
regulatory requirements, including the following: 

Title 10, Part 20 (10 CFR 20), "Standards for Protection Against Radiation" 

Title 10, Part 50 (10 CFR 50), "Domestic Licensing of Production and Utilization 
Facilities" 

Title 10, Part 50, Appendix I (10 CFR 50, Appendix I), "Numerical Guides for 
Design Objectives and Limiting Conditions for Operation Guides To Meet the 
Criterion as Low as is Reasonably Achievable for Radioactive Material in Light 
Water-Cooled Nuclear Power Reactor Effluents" 

Title 10, Part 70 (10 CFR 70), "Domestic Licensing of Special Nuclear Material" 

Title 10, Part 71 (10 CFR 71 ), "Packaging of Radioactive Material for Transport 
and Transportation of Radioactive Material Under Certain Conditions" 

Title 49, Parts 170 and 171 (49 CFR 170 and 171 ), "Department of Transportation 
(DOT) Hazardous Materials Regulations" 

NRC Information Notice No. 90-09, "Extended Interim Storage of Low Level 
Radioactive Waste by Fuel Cycle and Materials Licensees"(2/90). 

NRC Generic Letter 81-38, "Storage of Low Level Radioactive Wastes at Power 
Reactor Sites"(11/81 ). 

NRC Generic Letter 85-14, "Commercial Storage at Power Reactor Sites of Low 
Level Radioactive Waste Not Generated by the Utility"(8/85). 

IE Circular No. 80-18, "10 CFR 50.59 Safety Evaluations for Changes to 
Radioactive Waste Treatment Systems"(8/80). 

Design and construction codes used in this system are generally identical with those 
depicted in Subsection 11.2.1.3 for Quality Group D system components and piping. In 
addition, the asphalt volume reduction (VRS) system processing equipment is located 
in a CP Co Design Class 1 building. Onsite buildings, other than the Auxiliary and 
Service buildings used to process and store radioactive waste are engineered 
structures, but are not seismically qualified . 
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• Spent nuclear fuel is not covered by this section. Discussion on this subject will be 
found in Section 9.11 (Fuel Handling and Storage). 

11.4.2 SYSTEM DESCRIPTION 

The Solid Waste Management System is designed to collect, process, package and 
store for future offsite disposal low-level liquid wastes (consisting of evaporator 
concentrates), spent ion-exchange resins and assorted solid wastes according to type 
of waste and levels of radiation activity present. The system is shown in Figure 11-4. 

11.4.2.1. Original System 

Until the auxiliary building addition was added to the auxiliary building in 1972-1973, 
the original system was designed to process and package only dewatered spent 
ion-exchange resins which were sluiced into the 400-cubic-foot spent resin storage 
tank. Liquid wastes were discharged to Lake Michigan via the Plant's discharge mixing 
basin, and miscellaneous solid wastes were shipped offsite in boxes or drums 
depending on whether or not the solid wastes could be compacted into 55-gallon 
drums. Dewatered spent resin and expended filter cartridges were shipped from the 
Plant site in metal drums until 1973. 

• 11.4.2.2 1972-1973 Modification 

• 

The quantities of wastes processed by the system were increased when modifications 
to the liquid and solid waste systems occurred during the 1972-1973 service building 
addition. These changes were brought about by legal commitments to change the 
Plant to a "near-zero" release Plant. These were the addition of ion-exchange resins 
obtained from the radwaste polishing demineralizer and the liquid concentrates (or 
"Bottoms") obtained as a by-product from the clean and dirty radwaste evaporators. 
However, concentrates from the clean radwaste evaporator normally do not contribute 
to the waste stream, whereas concentrates from the dirty radwaste evaporator are 
always processed by the solid waste management system. Also, a second spent resin 
storage tank having a capacity of 200 cubic feet was installed to provide holdup time 
which would permit natural decay prior to the packaging operation. 

After 1973 and until late 1980, processing and packaging of evaporator concentrates 
was accomplished by use of a solidification system designed by Protective Packaging, 
Inc (PPI). This system metered evaporator concentrates with a precise amount of liquid 
urea-formaldehyde polymer solution (such as Cyanaloc-62 (American Cyanamid) or 
equivalent) into disposable liners of approximately 50-cubic-foot capacity. 

The PPI urea-formaldehyde-type solidification system was used extensively until it was 
dismantled in late 1980 to facilitate installation of another type of solidification system . 
The new solidification system utilizes molten asphalt as the immobilizing constituent to 
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be mixed with the waste concentrates or spent ion-exchange resin. The new system 
was installed in the same packaging room formerly used, but extends eastward into a 
series of engineered rooms constructed above the former outdoor patio-roof area of the · 
service building addition at elevation 625 feet 0 inch. 

11.4.2.3 Interim Solid Waste System 

In the interim period before start-up of the new solidification system, spent resins and 
filters were shipped offsite in dewatered state in approved high integrity containers 
manufactured from ultra-high molecular weight polyethylene. Liquid concentrates were 
physically transported in shielded SO-cubic-foot liners by vehicle to a temporary 
packaging area in the north end of the feedwater purity building. Processing and 
solidification of the concentrates were accomplished by commercial waste contractors 
utilizing a proprietary formula cement grout as the immobilizing constituent. Filter 
cartridges continued to be packaged damp dry as previously described. In 1983, the 
55-gallon drum dry waste compactor was replaced with a box compactor designed to 
compress miscellaneous dry solids into 96-cubic-foot steel boxes. 

11.4.2.4 Volume Reduction and Solidification System 

The Werner & Pfleiderer volume reduction and solidification (VRS) system installed in 
1983 utilizes one VRS-T120 extruder/evaporator to process the concentrates from the 
boric acid and liquid waste evaporators and the bead form ion-exchange resin: The 
system also has connections for processing powdered ion-exchange resin from the 
feedwater purity building if these materials become a source of radioactive waste. The 
system is shown in Figure 11-4 and the process equipment is described in Table 11-14. 

The VRS system is a one-step process for reducing the volume of radwaste while 
incorporating the radwaste into a solidified asphalt matrix. Liquid radwastes or resin 
slurries and the asphalt binder are metered to a steam-heated twin-screw 
extruder/evaporator. As the radwaste moves through the extruder, the water is 
evaporated from the waste while the waste solids are simultaneously reduced to 
micron-sized particles and homogeneously dispersed in the asphalt. The asphalt and 
waste mixture is discharged from the extruder to standard waste shipping containers. 
and the product solidifies upon cooling. The system does not require the addition of 
chemical agents to promote solidification and no free water is present in the final 
product. 

Asphalt Storage and Supply System 

The asphalt storage and supply system includes a 9, 000-gallon bulk storage tank 
equipped with external steam heating panels. The temperature of the asphalt in the 
tank is maintained at approximately 300"F so that the asphalt in the tank is a pumpable 
liquid. The tank is insulated to reduce heat losses and a metal enclosure is provided 
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around the tank for wind and snow protection. A three-h~ur fire wall is located between 
the asphalt tank and the auxiliary building addition, and a dike is provided around the 
tank to contain the asphalt in the event of a leak or overfilling of the tank. 

A metering pump feeds the required amount of asphalt to the extruder/ evaporator 
based on the type of radwaste being processed and the solids content of the waste. 
Feed of asphalt to the VRS system is interlocked with operation of the 
extruder/evaporator. The entire asphalt transfer system is supplied with steam heat 
tracing to maintain proper temperatures. The steam is supplied by an electric boiler. 

Waste Collection and Feed System 

The system is provided with the capability of collecting, concentrating and feeding bead 
resin. An evaporator concentrates pH adjustment and feed system is also provided. 
Connections for processing powdered resins are included with the VRS system. A 
spent filter handling system is not provided, but encapsulation of the filters with asphalt 
can be performed once the filters are delivered to the VRS system and placed in an 
empty container. 

A spent bead resin tank is provided for handling resin slurries. The tank has a useful 
capacity of 1,500 gallons. When used in conjunction with the existing resin storage 
tank, sufficient capacity exists for approximately on year's quantity of resin. The use of 
the two resin tanks also permits segregation of high specific activity resins from low 
specific activity materials and, therefore, more effective use of waste containers. 

A positive displacement progressing cavity metering pump feeds controlled amounts of 
the resin slurry to the extruder/evaporator. The metering flow rate is established 
manually based on the composition of the waste stream. The asphalt flow rate is 
automatically adjusted to the proper ratio of asphalt to solids in the end product. 

A positive displacement prc:igressing cavity metering pump (P-119) feeds controlled 
amounts of evaporator concentrates from the recirculation line to the 
extruder/evaporator. All lines and components are electrically heat traced to maintain 
the fluid at 160°F to prevent crystallization of the waste salts in the system. Flushing 
connections are also provided to reduce radiation levels after a batch of concentrates 
has been processed. Concentrates feed is interlocked with operation of the 
extruder/evaporator, the asphalt feed system and the concentrates recirculation 
system. 

Variations of pH will have little or no effect on the consistency or solidification of the 
final product.' However, in order to minimize potential corrosion of all equipment, waste 
streams are adjusted to a pH greater than 7.0 prior to their introduction to the VRS 
system. A pH monitoring system is provided in the concentrates recirculation loop on 
the suction side of the concentrates metering pump. Caustic (25% solution) is added to 
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a recirculation loop on the discharge side of the metering pump in controlled amounts. 
The caustic will then be mixed with the waste stream in the concentrates tank. The 
batch addition of caustic will be continued until the required pH is achieved in the 
recirculation line, after which metering of the concentrates to the extruder/evaporator is 
permissible. 

Extruder/Evaporator 

Waste processing takes place .in the extruder/evaporator. The feed materials (asphalt 
and waste) enter the extruder in the first barrel section where they are immediately 
combined by the mixing action of the intermeshing screws. The corotating twin screws 
are driven by a variable-speed motor within the range of 30 to 300 r/min. The design of 
the screws, material selection and regulation of imposed torque have been developed 
considering processing efficiency and component wear. 

Steam from an auxiliary boiler heats the extruder, thus heating the feed materials .. to a 
temperature sufficient to evaporate the free water in the waste feed. The steam input is 
controlled to maintain a conservatively safe temperature below the flammability point of 
asphalt. Several separate heat zones are provided along the length of the process 
section to provide for control of the evaporation process. As the water evaporates, the 
solids that remain in the extruder are kneaded to microscopic size particles which are 
individually coated and homogeneously dispersed in asphalt. The process section of 
the extruder/evaporator operates near ambient pressure. The asphalUwaste mix is 
continuously discharged into a container where solidification occurs as the mass cools. 
The free water evaporated from the wastes is condensed in the steam dome coolers 
which are integral parts of the extruder/evaporator. The condensed liquid is drained by 
gravity to the distillate collection system. 

Container Filling System 

The extruder/evaporator discharges the asphalUradsalt mixture into standard 55-gallon 
carbon steel DOT drums. The empty drums are placed on a chain-driven roller 
conveyor system for filling. The conveyor is controlled to locate a drum directly 
beneath the extruder/evaporator discharge port. Use of a reversible conveyor permits 
more than one pass filling without operator handling of containers during fill operations. 

The filling operation can be monitored by the operator who has visual access through 
shielded windows and television cameras. Level in the drum being filled is monitored 
by two independent level detectors. The first detector indicates when a preselected 
drum level is reached and the second has two additional higher set positions. In this 
manner, the operator can terminate the filling of the drum at a prescribed level or allow 
the filling to continue until the level control system terminates filling. In addition, a timer 
cycle will provide for a sequential shutdown of the system if the fill cycle exceeds a 
preselected time period. 
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Container Handling System 

The empty 55-gallon containers are manually placed on an accumulation section of an 
indexing chain conveyor. The drums are then fed by a pop-up roller transfer to a 
chain-driven roller conveyor. The roller conveyor positions an empty drum under the 
extruder/evaporator outlet. When full, the drum is moved on the roller conveyor to the 
cap and swipe station. This station has a rising support which rotates and 
automatically turns the drum during the swipe operation. The drums are finally 
removed from the conveyor and loaded onto pallets. 

· Vapor Control 

Vapors in the fill area are removed via the ventilation hood installed around the 
extruder/evaporator discharge port. Air flow between the drum lip and vent hood 
periphery is maintained at 100 ft/min by the blower in the exhaust system. The vapors 
are passed over a mesh separator, an HEPA filter and a charcoal filter prior to being 
discharged through the normal Plant vent. 

11.4.2.5 Radioactive Waste Storage Facilities 

Michigan was denied access to the three existing burial sites in November 1990. · I 
Michigan has also been expelled from the Midwest Compact. The Palisades Plant will 
need to temporarily store radwaste until Michigan builds a disposal facility. It is 
assumed Palisades will have to store radioactive waste onsite at least through 2007. It 
is proposed to use existing buildings at East and South locations as well as a new 
building at East location for the storage of radioactive waste. In mid 1995, the 
Barnwell, S. C. waste disposal site lifted the ban on Michigan radioactive waste and 
shipping activities resumed. The majority of the radioactive waste stored on site was 
disposed of at the waste facility. The south radwaste building was emptied of waste 
and released for other activities. 

Estimated Volumes and Activities 

. Approximately 2600 Curies of activity, dispersed in 2500 cubic feet of solid wastes are 
generated from the plant site in a normal year (ie, a year in which there are no 
extended outages or major nuclear repair work being performed) . 
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These wastes can be separated into the following categories: 

Expended Filter Cartridges 
Dewatered Ion-exchange Resin-shielded 
Solidified Evaporator Concentrates 
Dry Active Waste 
Irradiated Hardware 
Dewatered Ion-exchange Resin-unshielded 

Packaging 

Ci/yr 
25 
50 
10 
10 

2500 
0.1 

Ft3/yr 
200 
200 
300 
1000 

10 
800 

Solid wastes not being solidified by addition of immobilizing additives are processed as 
follows prior to offsite shipment: 

1. Secondary side spent ion-exchange resin is packaged in liners, and dewatered to 
the turbine building sump or Auxiliary Building prior to shipment/storage. 

2. Primary side spent ion-exchange resin is packaged in high integrity containers 
(HIC), dewatered in Auxiliary Building and transported/transferred in specially . 
designed shipping casks . 

3. Dry active wastes such as contaminated clothing, rags, paper, towels, gloves, 
shoe coverings, plastics, wood and metal could be compressed into 94 cubic foot 
metal boxes by a B-400 Supercompactor, but preferably are shipped in sea-land 
containers to a vendor for volume reduction (incineration/supercompaction). 

4. Expended filter cartridges are drained then transported to the shielded storage 
area in the East Radwaste building in specially designed casks. Filters are then 

. transferred to HICs located in shielded vaults. 

5. Irradiated hardware is dewatered in Auxiliary Building and stored. 

6. Small amounts of liquid mixed waste and contaminated oil are stored in 
overpacks containing approved burial ground absorbents. 

Facility Description 

1. The East Radwaste Facility consists of two adjacent buildings connected by a 
shared roll-up door. Radioactive waste (bags, filters, wood, metal, etc.) is 
transported to the East Facility to be processed. Dewatered resin and evaporator 
concentrates are packaged to meet criteria for dry waste prior to leaving the 
Auxiliary Building. The Dry Active Waste (DAW) is usually transported in a 
covered trash wagon used exclusively for this purpose. 

11.4-7 Rev 19 



• 

• 

• 

The West building is currently used primarily for storage of cement rad vaults for 
storage of packaged resin and filter HICs. This building is also used for 
temporary storage of large contaminated or retired plant equipment awaiting 
processing or packaging. 

The East building is primarily used for processing Dry Active Waste. The building 
is serviced by a 2000 cfm HEPA ventilation unit which is operated during 
processing operations. This building also has a separate (HEPA Ventilated) room 
for dismantling large contaminated components retired by the plant. This building 
is also equipped with a B-400 Supercompactor for compressing DAW. This 
compaction unit has a self-contained HEPA ventilation unit that provides local 
contamination control. · 

The East building also contains a built-in cement shielded vault system for 
storage of high level filters, resin and DAW. All items placed in the vaults for 
storage are packaged in High Integrity Containers to maintain a contamination 
free area. This vault system is sectioned into two areas, one with 24" of concrete 
shielding and the other with 36" of shielding which maintains area radiation levels 
to near background levels. 

2. The South Radwaste building is a 40' x 80' engineered steel building. In January 
1992 the main floor of the building was elevated 24 inches (18 inches compacted 
sand with 6 inches cement cap) to prevent water intrusion from flooding, cooling 
tower overflows or excessive rainfall. 

This building is being released for other activities, but will be again designated as 
a storage building if waste disposal privileges are again denied. The required 
container surveillance and radiation area monitoring to show compliance with 
Generic Letter 81-38 will be instituted if used as a storage building. If so, this 
building will be used only to store DAW in metal boxes and steel drums, 
incinerator ash in HICs and solidified or dewatered evaporator concentrate in 
steel drums or HICs, packaged in accordance with NRG, DOT and burial site 
requirements. These metal boxes are to be stored around the outer walls of the 
main floor. Every box is equipped with risers (feet) to allow containers to be 
raised off the floor to prevent inadvertent water accumulation to cause external 
corrosion and possible degradation of container integrity. A series of 5" cement 
DAW rad vaults will be placed in the center section of the building to store 
solidified or dewatered evaporator concentrate drums or HICs. The incinerator 
ash will also be stored in the center section of the building . 
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Radiologi~al Consequences 

1. Gaseous--Accident releases from the radioactive waste storage buildings are not 
considered credibh3 because of material, packaging and steel and/or cement 
shielding. However, to show compliance with Generic Letter 81-38-criteria, three 
accident cases were run as well as direct dose calculations to the site boundary. 
The accident cases were·a small fraction of 10CFR100 limits and direct dose to 
the site boundary was less than 1 mrem/yr as required by Generic Letter 81-38. 

2. Liquid--There are· no liquid effluent consequences in radwaste building because 
all waste in the building meets dry radioactive material status except for a small 
amount of liquid mixed waste and some contaminated oil. This waste will be 

_over-packed with absorbent material and in no event could the criterion per IE 
Circular 80-18 of MPG at the nearest water supply be approached. 

Containers 

These containers are selected based on structural strength, the ability to maintain 
container integrity during processing, packaging, storage and transportation. They will 
also demonstrate minimal corrosion effects from exposure to internal environment over 
a long period of time. All containers awaiting shipping to be buried, are stored inside · J 

the building to protect against corrosion from external environment. These containers 
comply with the requirements of 1 OCFR71 and 49CFR as well as burial ground criteria 
to prevent the need for repackaging prior to shipment. HIC lids are equipped with 
passive vents to allow depressurization of hydrogen, but do not permit migration of 
radioactive material. Additional semi-portable cement rad vaults to shield filled HICs 
will be placed in East Radwaste Building on an as-needed basis. 

Monitoring Equipment 

1. Area Monitor--The east building will contain an area monitor calibrated to read out 
in mR/hr (equivalent to mrem/hr). This area monitor provides local alarm and will 
initiate a phone alarm to the control room when dose rates in the area reach or 
exceed alarm set points. 

2. Air Monitoring--The storage area at the east radwaste building is equipped with a 
continuous air monitor. This monitor has an adjustable visual and audible alarm. 
The air ·monitor alarm will also initiate a phone alarm to the control room. 
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Effluent Monitoring 

The processing/sorting area at the east radwaste facility is equipped with a portable 
2000 cfm ventilation unit with HEPA filter. The ventilation exhaust is equipped with a 
sample collection system. This system consists of a flow meter, vacuum pump and 
particulate filter sampler. 

A LARA 

Purification filter (F-54), activated incores and other higher level material will be stored 
in 36 inch concrete vaults in east radwaste building. Higher level DAW, resin (not 
T-104) and filters will be stored in 18 inch thick semi-portable concrete vaults. The 
design resin liner would have a 12 inch reading of 20.1 mrem/hr in the 18 inch vault 
(Reference 1 ). One inch steel donut shield is available if concrete vault is not 
adequate. Concentrate asphalt drums or HICs will be stored in a five inch concrete, or 
equivalent, vault. DAW boxes will be stacked with lower reading boxes on the outside 
to minimize dose outside the radwaste areas. These shielding materials and methods 
are provided to address ALARA principles and maintain low radworker exposure. 

Volume Reduction 

Volume reduction techniques are being used on a full time basis. An asphalt extruder 
is used to volume reduce evaporator concentrate waste. Our 400,000 lb. ram force 
compactor is close to state-of-the-art. Wood planing and grit blasting are used to 
decontaminate wood and metal. Vendors process most trash and wood (incineration), 
some metal (smelting) and return unprocessable waste and residue to the site for 
storage. The waste returned will be packaged to meet NRC, bOT and burial site 
requirements prior to storage. 

11.4.3 RADIOACTIVE RELEASES 

All liquid discharged to the environment from the Liquid Radioactive Waste System and 
solid wastes leaving the Solid Waste Management System are accounted for by 
quantity, activity and isotope inventory and are reported to the NRC on an annual 
basis. Packaged and immobilized low-level wastes meeting all applicable state and 
federal regulations could be shipped to licensed shallow-land burial grounds for 
internment. Waste shipments are made primarily by licensed commercial motor 
vehicles. All such shipments are reported to the NRC on an annual basis . 
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11.4.4 BOP INTERFACE 

The distillate from the extruder/evaporator is cooled and filtered to remove trace 
quantities of organics. The distillate is then piped to existing floor drains in the process 
area for collection in the Liquid Radioactive Waste System. Makeup for the distillate 
tank is obtained from the utility water storage tank. 

Primary makeup water for the auxiliary boiler system and the closed loop cooling water 
system is obtained from the primary system makeup tank and the demineralized water 
storage tank. 

Service water is supplied to remove heat from the closed loop cooling water system. 

Building services required are HVAC, fire protection and electrical power. 

11.4.5 SYSTEM EVALUATION 

The portion of the Solid Waste Management System which processes liquid 
concentrates and spent ion-exchange resin is comprised of pressure retaining 
components to assure containment of these waste streams . 

The NRC has reviewed the process control for the VRS system and has concluded that 
the system meets the existing requirements for safety, reliability and end product 
characteristics. The solidified product has been accepted for transportation and burial. 
Solid wastes and compacted wastes are packaged to standards which will permit 
similar shipment offsite, although these wastes are not immobilized by introduction of 
an outside constituent. 

The Solid Waste Management System is capable of meeting all criteria listed in 
Subsection 11.4.1, "Design Basis." 

11.4.6 REQUEST TO RETAIN SOIL IN ACCORDANCE WITH 1OCFR20.302 
(10CFR20.302 was in affect when this commitment was made.) 

Consumers Power Company correspondence dated November 12, 1987 and 
January 25, 1988 requested authorization to dispose of contaminated soil in place as 
specified by 1 OCFR 20.302. The area known as the South Radwaste Area has been 
contaminated by numerous cooling tower overflows and contamination was 
redistributed by heavy rain showers. Although the majority of the radioactive material 
has been packed for waste shipment, a large volume of very low activity radioactive 
material remains. This volume of material would be very expensive to ship as waste . 
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The specific area contaminated is noted as Area B on the survey grid map in Reference 
11. The entire area is fenced and is about 12, 000 sq ft of soil exposed with the 
remainder buildings and asphalt. The inhalation pathway is for breathing suspended 
soil from this area. The radworker could receive 8.03E-04 mrem/50year maximum 
organ (liver) dose and the infant could receive 3.16E-05 mrem/50year maximum organ 
(liver) dose, both of which are insignificant. Direct dose to a radworker is less than 
2E-03 mrem/hr. Occupancy in this area should not average more than 2 hours/week or 
100 hours/year, which would result in a dose of <1 mrem/year. 

The radwaste activities which caused the contamination of the soil were completely 
relocated or have been replaced with other methodology. The South Building has been 
deconned and is being used for other activities. Some fixed contamination is present in 
floor cracks and vaults. This has been documented for plant decommissioning. 

The waste in this building has been shipped for disposal and the building released for 
other activities . 
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11.5 PROCESS AND EFFLUENT RADIOLOGICAL MONITORING AND 
SAMPLING SYSTEM 

The process radiation and effluent radiological monitoring and sampling system was 
designed to assure that ionizing radiation levels are indicated and alarmed so that 
action, either automatic or manual, can be taken to prevent radioactive release from 
exceeding the limits of 10 CFR 20. 

Detection devices are located in the various process systems and at selected positions 
throughout the containment and auxiliary buildings to monitor radiation levels and 
annunciate any abnormally high radiation activity. Instrument ranges and sensitivities 
are chosen to enable monitoring within the requirements of 1 O CFR 20. 

11.5.1 DESIGN BASIS 

Radiation monitoring devices using proven photomultiplier, scintillation and geiger-type 
ionization detection chambers have been utilized in the process and effluent 
radiological monitoring and sampling system. , 

Each process instrument has been selected according to the type of radiation to be 
measured, and sized to encompass the entire range of radiation activity which 
corresponds to the Plant's design power levels and failed fuel criteria. A listing of the 
process sample points, instrument sensitivity, and other information pertaining to these 
instruments is presented in Table 11-15 and shown in Figures 9-23, 11-5 and 11-6. 

Additionally, all monitors in the stack-gas, containment air, off-gas, waste gas, 
engineered safeguards areas ventilating system discharge, radwaste ventilation and 
radwaste liquid discharge systems have been supplied with check sources. The check 
source is to simulate a radioactive sample and serve as a check for both the readout 
and detector. 

11.5.2 SYSTEM DESCRIPTION 

The process and effluent radiological monitoring and sampling system is a collection of 
radiological instrumentation and, therefore, cannot be described as a unique system by 
itself except for the stack monitoring subsystem (described in Subsection 11.5.3). 

The process sampling systems and area radiation monitors, individual detectors, power 
supplies, and readout devices are designed to operate with 0% to at least 95% relative 
humidity. Those devices located outdoors will withstand temperatures from -1 ODF to 
110DF and those indoors will withstand 50DF to 104DF. In addition, those components 
required to operate in a OBA environment are designed for 100% relative humidity at 
283DF . 
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Provisions are included to permit periodic testing while detection equipment is 
operational. 

The aforementioned detection devices display their information in radiation monitoring 
equipment panels located inside the main control room. The panels provide mounting 
for indicators, power supplies and alarms for each of these radiation monitoring 
systems. Two of the panels are located beside the area radiation monitoring panel. 
The process liquids radiation monitoring panel and the gas radiation monitoring panel 
are fed by the instrument ac bus which, in the event of a loss of power, is fed by the 
diesel generators. The circulating water discharge monitor sample pump is powered 
from a normal lighting panel, with a low flow alarm powered from the instrument ac bus. 

The type of detectors used and the information displayed are listed in Table 11-15. 
The sensitivity and alarm conditions for each instrument are also listed. 

11.5.3 EFFLUENT MONITORING AND SAMPLING 

Liquid effluents which are discharged from the Plant are monitored by a process 
sampling detector located in the circulating water discharge structure. The process 
sample is obtained from a continuously flowing (freeze protected) sample loop which is 
part of the monitoring system . 

In 1983 a main steam relief monitoring system was installed to monitor accident 
releases in the event the atmospheric dump or safety valves lift. Two monitors, one 
viewing each main steam line, continuously monitor and record the activity present in 
the secondary steam. In the event of a steam release, an acoustic switch, triggered by 
the high noise level, automatically switches the recorder to a higher speed for greater 
resolution. 

Gaseous effluents leaving the Plant via the stack discharge system are described .by 
the stack monitoring system (Subsections 11.5.3.1 and 11.5.3.2). Abnormal gaseous 
releases detected by any of the process or area radiation monitors within the radiation 
controlled areas of the containment and auxiliary buildings are processed by 
engineered ventilation systems which ultimately discharge to the Plant's stack. 

Also in 1983 the radioactive gaseous effluent monitoring system (RGEMS) was added 
in parallel to the original system. The RGEMS extends the monitored range of the 
stack effluent and provides capability for rapid filter change out. 
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11.5.3.1 Original Stack Monitoring System 

Prior to 1983 the stack monitoring system consisted of an isokinetic nozzle, dual 
particulate samplers, flow control valve, pump, gas monitoring channel and a flow 
indicator/transmitter. This equipment is retired in place as obsolete and is no longer 
used as backup to RGEMS. Grab sampling is now used as a backup. 

11.5.3.2 Radioactive Gaseous Effluent Monitoring System (RGEMS) 

The RGEMS, installed in 1983, consists of normal range particulate/radioiodine filters, 
Nal gamma detector, scintillation chamber beta detector, and an accident range filter 
and ion chamber (refer to Figure 11-6). Flow through the system is provided by two 
100% capacity diaphragm vacuum pumps. The flow is controlled by automatic flow 
control valves to maintain a constant flow rate of 2 scfm through the system. 

During normal operation, 2 scfm of the stack effluent is routed through a 
particulate/radioiodine filter then through the beta detector. The filter is continuously 
monitored by the Nal detector to detect any buildup on the filter. The filter is changed 
and counted on a regular basis by Plant personnel. 

On indication of abnormal stack effluent activity (alert level), a 15-second grab sample 
is automatically trapped in a sample bottle and an annunciator in the control room 
indicated the off-normal condition. 

Following a high level indication, the normal sample loop is bypassed and the sample 
flow is split with approximately 0.02 scfm directed through the high-range filter and the 
balance of the 2 scfm through the ion chamber. To avert a too rapid buildup of activity 
on the filter, the capability exists to interrupt the sample flow through the filter 
periodically for periods ranging from 6 seconds to 54 seconds every minute. The 
continuous monitoring capability of the high-range noble gas monitor is not affected 
during filter flow interruption. A "high radiation" annunciator in the control room alerts 
the Plant operators to the condition. 

Systems may be controlled either locally or remotely from the control room. Dual 
microprocessor controllers provide system control through the normal, alert and high 
operating modes. Normally the controller located in the control room provides full 
system control. In the event of failure the local controller takes control of the system 
functions. 

Refer to Table 11-15 for details of the monitors . 
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11.5.4 SYSTEM EVALUATION 

All process systems which contribute to Plant discharges are monitored prior to 
entering the various discharge systems. Each discharge system is also monitored, 
providing redundancy of radiation detection for Plant effluents. The radwaste area, 
containment air, waste gas, engineered safeguards pump room, and the off-gas 
radiation monitoring systems are backed up by the stack-gas monitoring system. The 
service water, radwaste liquids discharge, component cooling and the system 
generator blowdown radiation monitoring systems are backed up by the circulating 
water discharge monitor. 

Testing and maintenance for all systems, circuit testing of readout equipment and 
power supplies can be performed from the panels located in the control room. The 
circuit being tested or repaired is inoperative during that time and acts as if it were a 
tripped channel. The containment high-radiation monitors are continuously monitored 
while in service for loss of power, loss of detector high voltage and for loss of detector 
signal. 

11.5-4 Rev 19 



• 

• 

• 

11.6 RADIATION PROTECTION 

11.6.1 GENERAL 

11.6.1.1 Radiation Exposure of Personnel 

The basis for the shielding design for normal Plant operation is the Title 10, Code 
of Federal Regulations, Part 20 ( 10 CFR 20), entitled "Standards for Protection 
Against Radiatiqn." The exposure of workers to licensed radioactive materials is 
limited to values in 10 CFR 20. 

All areas of the Plant are subject to these regulations. The areas are zoned 
according to their expected occupancy by Plant personnel and their designed 
radiation exposure level under normal operating conditions. 

Allowable design for all accessible areas of the Plant is not to exceed a total 
effective dose equivalent of 5 rems per calendar year. For all areas outside the 
Plant, the total effective dose equivalent should not exceed 0. 1 rem per calen~ar 
year. 

The_ control room shielding design provides adequate protection during a Maximum 
Hypothetical Accident (MHA) such that the accumulated dose will be within 10 
CFR 50 Appendix A, GDC-19 limits as long as an individual remains in the control 
room. For exposures obtained during Plant ingress and egress as well as during 
excursions to selected Plant areas, limits of 10 CFR 100 will not be exceeded . 

11.6.1.2 Radiation Exposure of Materials and Components 

No regulations similar to those established for the protection of individuals existed 
at the time of FSAR preparation for materials and components. Materials were 
selected on the basis that radiation exposure would not cause significant changes 
in their physical properties which would adversely affect their operation during the 
design life of the Plant. Materials for equipment required to operate under 
accident conditions were selected on the basis of the additional exposure received 
through the time of their required operation in the event of an MHA. 

In 1980, an analysis was performed to qualify safety-related electrical equipment 
for operation in a radiation environment following an accident. See Subsection 
8.1.3 . 
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11.6.2 RADIATION ZONING AND ACCESS CONTROL 

The radiation zoning of the Plant areas established in the plant design is shown on 
Figures 11-7, 11-8 and 11-9 . 

The following list identifies the different zones used for the design of the Palisades 
Plant (the terms "controlled" and "uncontrolled" are used in a generic sense to 
describe access controls): 

Zone 
Designation 

II 

. 111 

IV 

v 

Design DC?se Rate 
(mrem/h on a 

40 h/Week Basis) 

~ 0.5 

~ 1.5 . 

~ 15.0 

~ 100 

> 100 

Description 

Uncontrolled, unlimited access 

Controlled, unlimited access. 
40 h/week 

Controlled, limited access for 
routine tasks. 6 h/week 

Controlled, limited access for short 
periods. 1 h/week 

Controlled occupancy for. very short 
periods. Occupancy during emergencies. 
Normally inaccessible 

UNCONTROLLED areas are those that can be occupied by Plant personnel or 
visitors on an unlimited time basis with a minimum probability of health hazard 
from radiation exposure. 

CONTROLLED areas are those where higher radiation levels and/or radioactive 
contamination which have a greater probability of radiation health hazard to 
individuals can be expected. Only individuals directly involved in the operation of 
the Plant will, in general, be allowed to enter these areas. 

ACCESSIBLE areas are those that will encounter radiation dose rates of less than 
100 mrem/h and which can be entered either through open passages or unlocked 
doors. These areas can be entered by all individuals who have passed through the 
Plant access control station. 

INACCESSIBLE areas are those where dose rates above 1,000 mrem/h can be 
expected. These areas are either blocked off completely or can be entered only 
through locked doors. Access is limited to an intermediate degree to areas where 
dose rates are between 100 mrem/h and 1,000 mrem/h. Access to areas greater 
than 1,000 mrem/hr is controlled by Radiation Safety personnel or, or in an 
emergency, by Operations supervision. 
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Access restrictions for controlled areas may be enforced by removable concrete 
shielding blocks, locked doors, chains, etc. Access is supervised commensurate 
with radiation health risk. Areas with dose rates in excess of '1000 mrem/hr may 
be barricaded, posted, and a flashing light used as a warning device consistent 
with Technical Specifications 6. 7 .3. 

11.6.3 GENERAL DESIGN CONSIDERATIONS 

The shielding design considers three conditions: 

1. Normal full power operation. This also includes shielding requirements 
for certain off-normal conditions such as the release of fission products 
from leaking fuel elements. 

2. Shutdown. This condition deals mainly with the radioactivity from the 
subcritical reactor core, with radiation from spent fuel bundles during 
onsite transfer, and with the residual activity in the reactor coolant and 
neutron-activated materials. 

3. Maximum hypothetical accident. This includes design to reduce radiation 
streaming from the containment purge penetrations, personnel airlock, 
equipment lock and other accident sources. This permits access to areas 
required for emergency operations. 

11.6.3.1 Specific Design Values 

The material used for most of the Plant shielding is ordinary concrete with a bulk 
density of 144 lb/ft3

• Only in a very few instances has steel or water been utilized 
as primary shielding material. 

11.6.3.2 Reactor Core Data 

The reactor core power rating was assumed to be 2,650 MWt with 1 % failed fuel 
and an average coolant velocity of 12.8 ft/s in the core. The core and fuel 
dimensions are discussed in Chapter 3. 

11.6.4 SHIELDING DESIGN 

11.6.4.1 Containment Building Shell 

The containment shell serves two main shielding purposes: 

1 . During normal operation, it shields the surrounding Plant structures and 
yard areas from radiation originating at the reactor vessel and the 
primary loop components. Together with additional shielding inside the 
containment, the concrete shell will reduce radiation levels outside the 
shell to below 0. 5 mrem/h in those areas which are occupied by 
personnel either on a permanent or routine basis. 
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2. In the event of a maximum hypothetical accident, the shell shielding will 
reduce Plant and offsite radiation intensities, emitted directly from 
released fission products, to acceptable emergency levels. The concrete 
roof of the containment will effectively reduce contributions due to 
sky-shine. The environmental consequences associated with an MHA 
are discussed in Section 14.22. 

11.6.4.2 Containment Building Interior 

During operation, most ar_eas .inside the containment will be inaccessible because 
of dos!? rates greater than 100 mrem/h. The containment air room is an 
exception. Personnel are able to enter this small portion of the containment which 
houses equipment and instruments that need inspection during operation. 
Shielding surrounding the air space (space adjacent to personnel hatch) keeps 
radiation levels down to less than 15 mrem/h. 

Large sections over the steam generator chambers and the reactor transfer and 
storage pool are open and unshielded. These openings cause a high dose rate at 
the refueling floor. Neutrons streaming out of unfilled transfer and storage pool 
increase the containment internal dose rate. The missile shield over the reactor 
and the center part of the pool restricts these exposures in other areas. The . . 

reactor vessel which is the major radiation source is surrounded by a concrete 
shield. 

Additional concrete shielding is provided around equipment that carries primary 
coolant water. The shielding is governed by strong N16 decay gamma radiation. 
Extra shielding is added for protection at the entrance to the containment air space 
(space adjacent to personnel hatch). 

After shutdown, most of the containment becomes accessible but for limited 
lengths of time due to residual fission and activation product activities. At the 
refueling floor inside the containment, dose rates will range from 1.5 to 40 
mrem/h, depending on the location at the refueling floor and the interval of time 
after shutdown. These dose rates are due to neutron-activated materials and 
fission and activation products inside the Primary Coolant System, and 
radioactivity absorbed on surfaces which had prior contact with primary coolant. 

For the transport of spent fuel elements, concrete and gravel shielding provides 
protection for the areas close to the transfer route of the fuel. Shielding is 
provided around the reactor internals storage pool, the steam generator 
compartments and the clean waste receiver tanks. This shielding is designed for 
personnel protection during storage of activated reactor internals and for 
protection during the refueling operation . 
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11.6.4.3 Auxiliary Building (Including Radwaste Building Addition) 

All radioactive areas can. be reached through service corridors' which are entered 
from the access control station. Radiation exposures are minimized during normal 
equipment operation by use of reach rods which penetrate through the shield walls 
or have other remote operators. Gauges and other instruments which need visual 
checking from time to time can be inspected from the corridor or on the local or 
main control boards. Plant operating personnel are thus able to perfqrm duties 
necessary for normal operation of the Plant with a minimum of radiation exposure. 
The different systems are_ isolated from each other by individually shielded 
chamb_ers. Systems and equipment can be isolated for maintenance or repair with 
no significant radiation interference from other systems or equipment. 

During operation, the major radiation sources to be expected are the tanks, pumps 
and piping containing contaminated drainage. The concentrations of radioactive 
fission and activation products in these systems are expected to be generally of 
the low to medium type ( 1 0-3 µCi/cm3 to 1 0 µCi/cm3

). Concrete shielding walls 
provide protection for the adjacent basement operation areas. Concrete shielding 
is provided around the waste gas decay tanks. 

The. spent resin holdup tank chamber is not accessible; however, a portion of the 
shielding constructed of solid concrete blocks is removable for access. 

The dirty waste filter, spent fuel pool filter and demineralizer are shielded by 
concrete for protection of the adjacent uncontrolled areas, such as the diesel 
generator room. The use of dirty waste and fuel pool filters has been discontinued 
because of ALARA concerns. 

Other equipment chambers contain volume control equipment, treated and filtered 
':'Vaste, laundry and radiation chemistry drain tanks and pumps, radwaste fan and 
filters, etc .. A special area is designated and designed for the decontamination of 
equipment. This decontamination room can be sealed off by doors in order to 
prevent the spreading of contamination during the cleaning operations. 

The area above the radwaste filters, demineralizers and spent resin tank, which is 
fenced off and controlled, serves for removal of the spent resin, filter and 
demineralizer components. Each filter and demineralizer can be reached by a 
removable concrete hatch. The adjacent service building may have to be shielded 
during removal of contaminated materials by construction of removable shielding 
shadow walls. 

The counting room has been shielded in order to reduce background radiation. For 
the room containing the ventilation system, concrete is used to shield against 
radiation from the ventilation filters and also against radiation streaming out of the 
containment through the· piping penetrations for the main steam lines . 
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After shutdown of the Plant, the shutdown heat exchangers will become 
significant radiation sources. Fission product activity and neutron-activated 
corrosion products present in the primary coolant are the radiation emitters. The 

• heat exchangers are accessible with a 5 to 100 mrem/h dose rate. 

• 

The environment outside the containment will remain much the same during 
operation and shutdown of the Plant. The transfer of spent fuel is the primary 
source of radiation during periods of shutdown. The relative closeness of fully 
accessible and uncontrolled areas requires especially heavy shielding for the areas 
surrounding the spent fu~I pool. 

In the event of an MHA, the engineered safeguards pump rooms will become 
inaccessible, particularly when recirculating water from the containment sump. 
Shielding has been placed between these high sources and the Plant control room 
to prevent excessive direct radiation shine into the control room. 

The areas close to the containment and close to the spray and injection systems at 
elevation 590 feet 0 inch will experience radiation levels as high as several tens of 
rem/hr and these areas will not be entered for some time after an MHA. 

The turbine building is fully accessible and uncontrolled with dose rates much less 
than 0.5 mrem/h during normal Plant operation as well as during shutdown. 

In the event of an MHA, some portions of the turbine building will not be entered 
by personnel since dose rates from the reactor building initially will be of the order 
of several rem/h for the unprotected portions of the building close to the reactor 
building. Other areas which require personnel entry for emergency procedures 
have been shielded to allow safe access. 

11.6.4.5 General Plant Yard Areas 

The radiation shielding design of the containment and auxiliary buildings protects 
all Plant yard areas from excessive radiation exposure. All yard areas which are 
frequently occupied by Plant personnel during normal operation and shutdown 
receive a radiation field of less than 0.5 mrem/h . 
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11.6.4.6 Other Buildings 

Other buildings such as the feedwater purity building and the east and south 
radwaste buildings are designed so that shielding is provided around potential 
radiation sources. 

Equipment storage buildings outside the protected area, such as the south and 
east storage buildings are controlled less than 0.5 mrem/hr at the building exterior 
or fence to control access. 

In addi_tion, adequate radiation shielding is provided at the interim old steam 
generator storage facility located outside the protected area boundary in a Zone I 
access area. The dose rate at the facility's exterior surface is less than 0.5 
mrem/h in accordance with the requirements of 10 CFR 20 and Zone I 
classification. The shielding design also meets the requirements of 40 CFR 190 
for offsite dose. 

11.6.5 AREA RADIATION MONITORING SYSTEMS 

11.6.5.1 Design Basis 

This system consists of monitors, instrumentation and alarms that serve to warn 
Plant personnel of increasing radiation levels in various Plant areas. Reliance is 
placed on the process radiation monitoring system for early warning of a Plant 
malfunction resulting in increasing radiation levels that might result in a health 
hazard. 

All of the electronic circuitry except for the detectors {Geiger-Mueller tubes or ion 
chambers) is solid state. The circuits and their components are designed to 
operate with 0% to 95% relative humidity. Existing Model 845 equipment has 
operating temperature limitations of -40°F to 140°F. The operating temperature 
limitations for the detectors and readout modules are 32°F and 140°F. The new 
900 series area monitors are designed to operate in a relative humidity of 0% to 
95% noncondensing atmosphere, with operating temperature limits for the 
detector of 0°F to 122°F. The remote alarm/indicator temperature limits are -22°F 
to 140°F and 32°F to 122°F for the ratemeter. 

Detector ranges and sensitivities are chosen to enable monitoring within the 
requirements of 10 CFR 20 and the access control zoning. The area radiation 
monitoring system instruments and detectors have been chosen for their proven 
reliability in other Plants, and spare items and portable units are provided to permit 
operation during prolonged maintenance. 

The radwaste buildings are outside the plant protected area and are not connected 
to the area monitor system. Portable monitors with local readouts will be used 
with auto dialer phone alarm notification equipment because of remote locations . 
The monitors have an operating temperature range of 12°F to 122°F and the 
detector probe -40°F to 167°F. 
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11.6.5.2 System Description 

Thirty four area monitors monitor locations within the auxiliary and containment 
buildings. They provide both indication and warning of radiation levels in both 
normally radioactive and non-radioactive areas. The 34 area radiation monitoring 
system detectors are wall mounted, coaxial ion chambers. The associated meters 
are designed with range and sensitivity suitable for their location. High radiation 
levels and individual circuit failures are alarmed both visually and audibly on the 
area radiation monitoring panel. Readouts and display equipment for the area 
radiation monitoring system are located on panels in the control room. The area 
radiatic;m monitoring panels receive power from the preferred ac buses or the 
instrument bus. 

Three additional monitors have been placed in the radwaste storage and 
processing buildings. These units are stand alone units with local readouts and 
alarms. If high radiation levels are reached in a storage building, the local monitor 
alarm will sound and also initiate an auto dialer phone notification to the plant 
main control room. 

Pursuant to NUREG-0737, two high range gamma monitors have been installed in 
the .containment building. The monitors are ion chambers with the readout range 
extended to 107 rads/hour. These monitors are designed to provide a continuous 
readout of containment radiation levels for all conditions ranging from normal 
operation to hypothetical accident conditions. Calibration is performed by 
electronic equipment due to extreme dose· rate range of the instruments . 

· The monitors have been selected with ranges and sensitivities appropriate for their 
service areas. Alarms set points are adjustable to enable monitoring to within the 
requirements of 1 OCFR20 and the access control zoning. The location, range, and 
sensitivity of the monitors are listed in Table 11-1 6. 

11.6.5.3 Testing and Maintenance 

Circuit testing of readout equipment and the power source can be performed from 
the control room. The circuit being tested or repaired is inoperative during this 
time and acts as a tripped channel. Radiation sources are used to calibrate the 
detectors and circuits . 
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11.6.6 HEAL TH PHYSICS 

11.6.6.1 Facilities· 

Because the radiation protection and Plant water chemistry analyses are closely 
intermingled, laboratory complexes are used for most analytical work. This area, 
which is primarily located in the auxiliary building, is made up of the following: 

1. A sample room is located adjacent to the containment building personnel 
air lock. Here, ~II samples of primary coolant are taken. They are then 
carried to the laboratory for radiochemical analyses. 

2. A modified radwaste sampling area. 

3. A controlled laboratory where highly radioactive samples are analyzed or 
diluted. 

4. A controlled laboratory where intermediate-level radioactive samples are 
analyzed. 

5. A counting room where station samples are counted for activity level. 

6. A counting room for low-level environmental samples. 

7 . The Health Physics office. 

8. The Radiation Safety Supervisor's office. 

9. A change room where personnel change into scrubs if anticontamination 
clothing is required. 

10. A personnel decontamination facility associated with the access control 
area where personnel can be monitored for contamination and 
appropriate measures taken. 

11. A change room for donning anti-contamination clothing. 

The chemistry and controlled laboratories are provided with constant air-flow fume 
hoods which vent to the Plant stack. The auxiliary building also has a portable 
instrument storage area on the 611' elevation to provide instrumentation before 
entering radiation controlled areas of the Plant. This permits convenience in 
returning instruments as personnel return through this elevation to access control. 
The personnel decontamination fa~ility in access control contains a shower and 
instruments for monitoring of decontamination activities. 

All laundry is processed offsite. Storage for laundered clothes is provided in the 
anti-contamination clothing change room. 
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11.6.6.2 Tool and Equipment Decontamination Facility 

Tools and equipment are decontaminated in a specially designed facility in the 
auxiliary building. This room contains two sink units, a decontamination pan 
bordered by a six-inch concrete curb, two jib cranes for equipment handling and a 
hot instrument shop to provide an area for repair and maintenance of 
contaminated instrumentation. 

A 1cask washdown pit for decontaminating large components and fuel transfer 
casks is located on the upper level of the spent fuel pool. This pit is also used for 
miscel!aneous decontaminating of tools and equipment associated with fuel pool 
work. 

The plant has purchased and installed a Kleiber & Schultz Inc. decontamination 
unit for removing radioactive contamination from tools and equipment. The unit 
uses either a grit blast or high pressure water to clean the item. Components as 
large as 4-feet x 4-feet x 8-feet can be cleaned in the unit and is currently located 
inside the restricted area and the radiologically controlled area of the plant 
adjacent to the fuel pool on the 649' elevation. By-product Material License No 
21 ... 08606-08 has been revised primarily to allow decontamination of Big Rock 
Point. tools and equipment. The plant will not accept radioactive material from 
licensees other than Consumers Energy. 

11.6.6.3 Calibration Facility 

A calibration facility is provided in ·a separate room adjoining the turbine building at 
the 590-foot elevation. The room has a deep well for storing the larger sources 
(greater than 1 curie) which are primarily used for survey instrument calibration. 
Smaller sources are stored in a pipe well and in storage cells constructed of 
shielding blocks. Provisions are made for low-level instrument calibration, 
dosimetry spiking and TLD spiking. 

The room housing the calibration facility is kept locked and entrance is allowed 
only with the approval of the Radiological Services Department. 

The J. L. Shepherd Model 89 is an instrument used for calibrating portable radiation 
instruments and contains a 400 Ci Cs-137 and a 130 mCi Cs-137 source. The 
J.L. Shepherd is located in the instrument auxiliary building equipment cage. The 
cage is normally locked and the J.L. Shepherd is padlocked when not in use. Keys 
to the cage and the J.L. Shepherd are controlled by the Radiological Services 
Department. 

11.6.6.4 Radiation Control 

Personal radiation exposure is kept to a practical minimum by a combination of 
shielding and access control. 
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11.6.6.5 Shielding 

As previously discussed, shielding is designed to keep exposures to personnel to a 
practical minimum. As Plant operations progress, if it is found that the shielding in 
given locations is insufficient, either more shielding will be added to reduce 
exposure to the design rate or access will be limited. 

11.6.6.6 Access Control 

Access to the restricted area (as defined in 1 OCFR20, Section 20.1003) is limited 
on the_ basis of radiation levels or the presence of radioactive materials and 
contamination. The area outside the restricted area, but within the site boundary 
is designated the owner controlled area. There are several secondary restricted 
areas outside the primary fenced area (e.g. East Radwaste, South Radioactive 
Material Buildings). 

Any area in which radioactive material is stored, handled or processed and in 
which radiation levels are in excess of those defined as a "radiation area" in 
10 CFR 20 has access controlled for purposes of radiation protection. In general, 
all areas accessed through Door 105A are designated as radiation controlled areas. 
All entrances to these areas will be controlled by the use of one or more signs 
with headings such as RADIATION CONTROLLED AREA - DOSIMETRY REQUIRED 
FOR ENTRY, CAUTION CONTAMINATION AREA, CAUTION OR DANGER 
AIRBORNE RADIOACTIVITY AREA. The words "caution" or "danger" shall be 
used for radiation areas and high radiation areas. The words "grave danger" shall 
be used for any very high radiation areas. 

Within the restricted area, access to areas of higher radiation exposure rate are 
further controlled and defined as: 

1 . Radiation Area 

Any area, accessible to personnel, in which radiation levels could result 
in an individual receiving a dose equivalent in excess of 5 millirems in 1 
hour at 30 centimeters (12 inches) from the radiation source, or from 
any surface that the radiation penetrates, is designated as a radiation 
area. Personal exposure in a radiation area are kept to a minimum by 
both administrative procedures based on accumulated dose records and 
by limiting the time spent in the area. Radiation areas may be isolated by 
a rope or chain, but they are all posted with signs, including the 
following words: CAUTION - RADIATION AREA 
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High-Radiation Area 

Any area, accessible to personnel, in which radiation levels could result 
in an individual receiving a dose equivalent in excess of 100 millirems in 
1 hour at 30 centimeters ( 12 inches) from the radiation source, or from 
any surface that the radiation penetrates, is designated as a high 
radiation area. Personnel entrances to high radiation areas are typically 
controlled by the use of locked doors when dose rates are above 1 000 
mrem/hr. Consistent with Technical Specification 6.7.3, these areas 
may be barricaded, posted, and a flashing red light used as a warning 
device. Access· is only by permission of the Radiological Services 
Department. When dose rates are greater than 1 00 mrem/h but less 
than 1 ,000 mrem/h, a barricade, but not necessarily a locked door, is 
required. All high-radiation areas are equipped with a sign or signs 
bearing the following notation: DANGER - HIGH RADIATION AREA 

Radiation protection personnel make routine surveys of all accessible 
areas of the Plant to.ascertain the current status of the radiation levels in 
these areas. Status sheets are posted showing radiation levels and 
significant radiation sources in the area. 

Very High Radiation Area 

Any area, accessible to personnel, in which radiation levels could result 
in an individual receiving an absorbed dose in excess of 500 rads in one 
hour at 1 meter from the radiation source, or from any surface that the 
radiation penetrates, is designated as a very high radiation area. In 
addition to the above requirements for high radiation areas, the 
Radiological Services Department shall institute additional measures to 
ensure that an individual is not able to gain unauthorized or inadvertent 
access to a very high radiation area. Access is only by permission of the 
General Manager Plant Operations, with controls, in addition to those for 
high radiation areas, shall be specified on the Radiation Work Permit. 

Any very high radiation areas identified at the plant shall be posted with 
signs, including the following words: GRAVE DANGER - VERY HIGH 
RADIATION AREA . 
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11.6.6. 7 Facility Contamination Control 

Contamination of general Plant areas is controlled by using the step-off pad 
technique. A double step-off pad may be employed for jobs involving high levels 
of contamination. Plastic and absorbent paper is used to carry contaminated tools 
and equipment and to facilitate rapid cleanup. Automated frisker stations are 
located at access control so that personnel can check themselves to assure that 
they are not contaminated, and thereby carry contamination to other parts of the 
plant. Where automated frisker stations are not installed, or out of service, 
monitoring with a G-M co_unt rate meter and pancake probe or equivalent will be 
used. _As a final check a walk-through-type portal monitor is normally used at the 
exit from the restricted area in the security building (except during Site Emergency 
Plan activations or drills involving accountability acti'ons). 

Radiation protection personnel make routine contamination surveys of all 
accessible areas of the Plant. Any area found contaminated to an undesirable 
level will be taped or roped off, signs posted and cleanup will commence as soon 
as practical. Status sheets are posted showing contamination levels and the 
appropriate protective clothing to be worn when entering the area. 

11.6 .. 6.8 Personnel Contamination Control 

Contamination of personnel is controlled and prevented by the use of several types 
of protective clothing when personnel enter contaminated areas . 

1. Lab Coats - These are worn by laboratory personnel when analyzing 
radioactive samples, and by others when performing light work activity 
in, slightly contaminated areas as allowed by radiation safety personnel. 

2. Cloth Coveralls - These are worn in most instances when entering 
contaminated areas. 

3. Paper Coveralls - These are disposable and are sometimes used as an 
outer protector to the cloth coveralls. 

4. Shoe Covers - Cloth covers are worn in most contaminated areas where 
dry contamination is encountered. In the case of wet contamination, 
either plastic shoe covers or rubbers are worn over the cloth shoe 
covers. 

5. Gloves - Cloth or rubber gloves are worn in most contaminated areas 
where dry contamination is encountered. Rubber gloves are worn over 
plastic gloves in the event wet contamination is a possibility. 

6. Plastic Suits - These are worn in areas where the potential exists for 
liquid contamination of personnel and are generally worn over cloth 
coveralls. 
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7. Head Protection - Cloth caps can be worn in contamination areas during 
light work activity or with respirators, cloth hoods for high-level 
contamination and plastic hoods for wet contamination . 

In cases where a double step-off pad is used, two sets of protective clothing are 
normally worn. 

Normally, most of the Plant is accessible to personnel in street clothes. The bomb 
shelter change room just inside from access control is the main change area for 
the radiation controlled p~rt of the station (areas beyond access control). 

11.6.6.9 Airborne Contamination Control 

Airborne contamination is minimized by keeping floor contamination low and by 
reducing leaks as much as possible. In the event of levels of airborne 
contamination approaching or exceeding levels as specified in 10 CFR 20, 
Appendix B, Table 1, Column 3, an evaluation is performed on the use of process 
or other engineering controls (e.g., close-capture and controlled-flow ventilation, 
containment, isolation, dilution). 

In the event process or other engineering controls cannot be practically exercised, 
then other actions are taken to limit internal exposure, consistent with maintaining 
the total effective dose equivalent (TEDE) ALARA, such as limitation of working 
times, control of access, use of respiratory protection equipment or other controls. 
A protection factor is determined for each type of respiratory protection equipment 
in use. See Table 6-1 of Reference 8. 

Continuous a!r monitors are used in areas of potential airborne radioactivity or air 
samples are taken with a portable sampler and analyzed to evaluate actual work 
conditions in such areas of potential airborne radioactivity. Continuous air 
monitors are set to alarm when the airborne radioactivity reaches the applicable 
derived air concentrations (DAC) established for Co-60 in 10 CFR, Part 20, 
Appendix B, Table 1, Column 3. In areas where continuous air monitors are not 
provided, samples taken with portable air samplers will provide the basis for 
determining concentrations to ensure appropriate control and tracking of internal 
exposures. 

11.6.6.9.1 Respiratory Protection Program 

A Respiratory Protection Program has been established by means of Plant 
procedures based on the requirements of 10 CFR 20, Subpart H and the Nuclear 
Operations Department Radiation Safety Plan (see Reference 9). This program 
provides guidelines for personnel training in the proper selection and use of 
respiratory equipment. This program also sets forth the requirements for respirator 
control, inspection and maintenance . 
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Training 

All personnel whose duties may require the use of a respirator are trained in the 
Respiratory Protection Program. A thoroughly knowledgeable instructor trains the 
personnel in each of the following: 

1. Recognition of the need for respiratory equipment, consistent with 
maintaining TEDE ALARA, including interpretation of airborne sampling 
results to identify airborne concentrations. 

2. Restrictions on personnel entry into areas requiring respiratory protection 
and including frequency of entry and duration of stay for different levels 
of airborne concentrations. 

3. Selection of the respiratory equipment which provides the most effective 
protection against the type and level of radioactive airborne contaminant 
that may be present. A determination of the respiratory protection 
factors for each device. 

4. Selection of respiratory equipment most suitable for the required work. 

5. Preparation of the selected respiratory equipment for use. 

a . 

b. 

c. 

Inspection for cleanliness, damage and contamination from 
previous use. 

Instruction in the proper fitting procedure. 

Testing for proper fit. 

The medical examination shall be determined by a physician prior to initial fittings 
of r_espirators, and either every 12 months thereafter or periodically at a frequency 
determined by a physician, that the individual user is medically fit to use the 
respiratory protection equipment. 

Personnel having received training are required to remain current regarding 
changes to the Respiratory Protection Program. Formal retraining and 
requalification is performed for each individual on an annual basis. 

Control, Inspection and Maintenance 

A member of the Plant radiation safety staff has designated responsibility for the 
Respiratory Protection Program and maintains control of respiratory equipment 
when not in use: 

1. To ensure the proper cleaning, handling and storage, 

2. To prevent the use of contaminated, defective or faulty devices, 
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3. To determine if personnel requesting the equipment have been properly 
trained and fitted, 

4. For proper equipment utilized for task and 

5. For maintaining breathing air quality for self-contained and air line 
respiratory devices. 

All respirators are inspected before and after each use. Respiratory equipment 
subjected to extended st~rage is inspected periodically. 

All repairs and the steps required to maintain the respiratory devices ready for use, 
such as, cleaning, decontamination and filter cartridge replacement, are performed 
under the direction of the supervisor assigned responsibility for the Respiratory 
Protection Program. 

11.6.6.10 External Radiation Dose Determination 

All regularly assigned employees, contractors, and visitors frequenting radiation 
controlled areas of the plant are assigned individual dosimeters. Permanent dose 
records are kept on the above employees as required by 1 OCFR20. Primary 
thermoluminescent dosimeters are sent to a dosimetry analytical group for 
processing and interpretation. Personnel who have assigned dosimeters also may 
be assigned additional Plant dosimeters (normally a direct reading dosimeter or 
electronic dosimeter). These dosimeters are used to keep a daily total estimate of 
an individual's dose. Their use as a permanent record of an individual's dose will 
be restricted to times when thermoluminescent dosimeters are lost or damaged 
and when a large discrepancy exists between direct reading dosimeter/electronic 
dosimeter accumulations and thermoluminescent dosimeter interpretations. 
Assignment of permanent dose by other than primary dosimeter will be 
documented with an explanation. 

Special high-range direct reading dosimeters, finger rings, wrist badges, neutron 
dosimeters, or thermoluminescent dosimeters are issued by Radiation Safety on 
the basis of need . 
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11.6.6.11 Internal Radiation Dose Determination 

Internal radiation dose from the inhalation of airborne radioactive material is 
determi'1ed through tracking of DAC-hours and/or conduct of bioassays (including 
passive monitoring, whole body counting, or analysis of excreta). The 
effectiveness of process/engineering controls and the Respiratory Protection 
Program is evaluated by bioassays, or by urine analysis if tritium burdens require 
evaluation. At least one of these methods of uptake evaluation (DAC-hr tracking 
or bioassay) will be performed not less than once per year for all radiation workers 
who have been exposed _to significant levels of airborne radioactivity or work 
routin~ly in contaminated areas of the plant (a documented passive monitoring 
program satisfies this requirement). Dose records of Plant radiation workers are 
available to their supervisors so that work can be planned accordingly and the 
effectiveness of the Health Physics Program can be evaluated. Bioassay results 
are maintained as a portion of these records in accordance with 10 CFR 20.2106 .. 

11.6.7 RADIATION PROTECTION INSTRUMENTATION 

11 . 6. 7. 1 Counting Room Instrumentation 

Th~ counting room instrumentation includes: 

1. A multichanneled analyzer using a germanium crystal in a lead cave. 

2 . An alpha detector and scaler. 

3. A liquid scintillation tritium counter. 

4. A beta detector and scaler. 

5. A gross gamma scintillation detector and scaler. 

11.6. 7 .2 Portable Radiation Detecting lnstrnmentation 

The portable radiation detecting instrumentation normally stored in the portable 
instrument storage area in access control includes: 

1 . A fast and thermal neutron count instrument. 

2. High- and low-range G-M survey instruments. 

3. Low-range ionization chamber instruments. 

4. High-range ionization chamber instruments . 
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5. Extended probe high-range G-M tube. 

6 . A condenser r-meter and a set of standardized ionization chamber 
thimbles are available. 

11.6. 7.3 Air Sampling Instrumentation 

The portable and mobile air sampling instrumentation includes: 

1. High-volume air .samplers equipped with a particulate filter. 

2. Low-volume air samplers that can be equipped with both particulate and 
halogen filters. 

3. Lapel air samplers for breathing zone samples. 

4. Continuous Air Monitors including alarm functions. 

11 . 6. 7.4 Personal Monitoring Instrumentation 

Personal monitoring instrumentation may include one or all of the following: 

1 . Direct reading pocket ion chamber dosimeters with a range of 0-
200mrem, 0-1.5rem, and 0-5rem . 

2. Thermoluminescent dosimeters with a range of at least 1 Omrem to 
1,000rem. 

3. Electronic direct reading dosimeters with a range of at least 0-1 OOOrem. 

11.6. 7 .5 Emergency Instrumentation 

Instruments are kept in special areas of the Plant which are accessible in the event 
of an emergency. These instruments are checked and calibrated at regular 
intervals to assure their proper functioning. These instruments include: 

1. Radiation detection equipment capable of measuring field from 
0. 1 mrem/h-1,000 rem/h. 

2. A portable G-M type instrument to be used as a check for low-level 
contamination. 

3. A high-volume air sampler. 

4. Direct reading dosimeters with a range of 0-50 rem . 
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11.6.8 TESTS AND INSPECTIONS 

11.6.8. 1 Shielding 

Visual inspections of Plant shielding were made during the construction phase.· 
Because of the shielding's massive structure, these inspections were limited to 
detecting major defects. With the reactor in operation, radiation surveys are made 
to assure that: 

1 . There are no defects or inadequacies in the shielding that might affect 
personal exposures during normal operation and maintenance of the 
Plant. 

2. Areas of the Plant are correctly posted and barricaded as radiation and 
high-radiation areas. 

These surveys consist both of gamma and neutron monitoring where appropriate. 
Continued routine radiation surveys of all areas of the Plant will assure integrity of 
the shielding. 

·A study was made of the adequacy of Plant shielding following a TMl-type 
accident. As a result of this study, shielding was added and emergency 
procedures were modified. 

11.6.8.2 Area and Process Radiation Monitors 

Each area and process monitor is periodically tested to determine that: 

1 . The calibration of the monitor ensures that control room readout 
instrumentation indicates true radiation levels. 

2. The alarm scale trip points function properly and that the alarms function 
properly. 

3. Equipment actions that occur upon a high radiation signal are verified. 

11.6.8.3 Continuous Air Monitors 

Each continuous air monitor is periodically tested to determine that: 

1 . The calibration of the monitor is correct and that readout in counts per 
minute can be converted to air contamination in µCi/cm3

• 

2. Airflow is constant. 

3. Trip alarm points are set and function properly . 
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11.6.8.4 Radiation Protection Instrumentation 

The following instrumentations are tested and calibrated periodically: 

1 . Counting room instrumentation. 

2. Portable instrumentation. 

3. Air samplers. 

4. Personal monitoring instruments. Extra primary thermoluminescent 
dosimeters are spiked with measured radiation levels as control samples 
without the knowledge of the analytical group to test the accuracy of 
their measurements. Secondary electronic direct reading dosimeters are 
calibrated using standardized sources and known geometries. Plant 
thermoluminescent dosimeters have individual element correction factors 
calculated using calibrated sources and known geometries. Direct 
reading pocket ion chambers are certified using calibrated sources and 
known geometries. 

5. Emergency instruments. 

11.6.9 CONTROL OF BYPRODUCT, SOURCE OR SPECIAL NUCLEAR MATERIAL 
(SNM) SOURCES 

The control of byproduct, source or special nuclear material sources exceeding 
100 millicuries is by approved Radiological Services Department procedures which 
contain information described in Regulatory Guide 1. 70. 

The ability to handle sources has been demonstrated at Palisades since the 
Provisional Operating License was issued. Personnel qualifications, facilities, and 
equipment and procedures for handling have also been established. Surveillance 
leak testing to determine source leakage was incorporated into the Technical 
Specifications. Subsequently, the Technical Specifications were revised to 
relocate this leak testing requirement to the Offsite Dose Calculation Manual. 

In the NRC safety evaluation for Amendment 98, the Staff noted they had 
reviewed the Palisades' personnel qualifications, facilities, equipment and 
procedures for handling byproduct, source and special nuclear material and found 
them consistent with Regulatory Guide 1. 70.3 and meeting the requirements of 
10 CFR Parts 30, 40 and 70. The Staff further found on the basis of the 
Palisades' radiation safety program, previous reviews, and information provided by 
NRC, Region Ill, that Palisades has an adequate Health Physics organization and 
radiation protection program, and that personnel are adequately trained to handle 
the sealed sources licensed for Palisades. The Staff concluded that incorporation 
of flexible, yet controlled licensed provisions for the receipt possession, and use of 
byproduct, source and special nuclear material into the Palisades Operating 
License is acceptable. 

11.6-20 Rev 20 



• 

• 

• 

Some examples of Palisades' sources are: 

Isotope Quantity Ea rm 'Use 

Pu Be 5 Ci Sealed Source Instrument Calibration 
Pu Be 1 Ci Sealed Source Instrument Calibration 
Cs-137 10 Ci Sealed Source Instrument Calibration 
Cs-137 400 Ci Sealed Source Instrument Calibration 
Cs-137 120 mCi Sealed Source Instrument Calibration 
Cs-137 250 mCi Sealed Source Instrument Calibration 

The primary storage location for sources is the Calibration Facility but other 
controlled locations can be used as necessary for the operation of the facility (as 
described in Subsection 11.6.6.3). 

11.6.10 RADIOACTIVE MATERIAL STORAGE FACILITIES 

Storage for reusable radioactive materials, besides the limited space provided 
vvithin the plant radiologically controlled area, is provided by buildings within the 
owner controlled area. These buildings are engineered structures. These buildings 
are assigned to work groups who are responsible for maintaining inventory, 
housekeeping and accessibility of work groups into the storage buildings. They 
include the north, south and east storage buildings. There is also radioactive 
material storage at the northeast end of the Feedwater Purity Building. This area 
is also used for receipt, monitoring and storage of returned clean anti
contamination clothing. The Radiological Services Department oversees the 
movement of radioactive material to and from these buildings along with 
performing periodic radiation survey requirements. These buildings are maintained 
locked and entrance is only allowed with the approval of the Radiological .Services 
Department . 
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Isoto,ee 

H-3 
Br-84 
Kr-85(m) 

Kr-85 
Kr-87 
Kr-88 

Rb-88 
Rb-89 
Sr-89 
Sr-90 
Y-90 
Sr-91 

Y-91(m) 
Mo-99 
Te-129 

I-129 
I-131 
Te-132 

• 
TABLE 11-1 

(Sheet 1 of 3) 

PRIMARY COOLANT FISSION AND CORROSION PRODUCT ACTIVITIES 

Design Activity 
(1% Failed Fuel) 

(Microcuries/ 
Cubic Centimeter) 

2.80 
x 10-2 4.66 

1.50 

2.34 
0.81 
2.48 

2.44 
10-2 6.10 x 

5.33 x 10-3) 
1.50 x 10-4) 
5. 77 x 10-4 

3.70 x 10-3 

0.24 
2.26 

10-2 2. 72 x 

5.66 x 10-8 

4.40 
0.36 

Normal Activity 
(Microcuries/Cubic 

Centimeter)(a) 

0.21 

0.030 

3.52 x 10-4 
0.037 
0.060 

0.122 
10-4 3.05 x 

2.28 x 10-5 (b) 

8.01 x 10-5 

1. 76 x 10-3 
3.70 x 10-5 

0.114 
3.22 x 10-5 

Design Inventory 
(Curies) 

860 
13.4 

432 

702 
0.18 
1.53 
4.3 x 
0.17 
1.06 

68.4 
649 

7.84 

1.63 x 10-5 

1,266 
102 

Normal 
Inventory 

(Curies) 

65 

8.6 

0.10 
10.6 
17.3 

35.1 4 
9 0 lo -. x 

7 .0 x 10-3 (b) 

0.023 

0.50 
0.010 

32.8 3 
9.1 x 10-

(a)Based on typical data from January 14, 1981; primary coolant at 17% of Technical Specifications limit 
for dose equivalent I-131. 

(b)Total value consisting of summation of Sr-89 and Sr-90. 
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TABLE 11-1 

(Sheet 2 of 3) 

Design Activity 
(1% Failed Fuel) Normal Activity Normal 

(Microcuries/ (Microcuries/Cubic Design Inventory Inventory 
Isotope Cubic Centimeter) Centimeter)(a) (Curies) (Curies) 

I-132 1.13 0.095 324 27.2 
I-133 6.38 0.141 1,830 

x 104 
40.4 

Xe-133 225 0.472 6.47 135. 7 

Cs-134 1.42 
10-2 

1.35 x 10-5 725 6.9 x 10-3 

Te-134 2.63 x 7.55 
I-134 0.64 0.134 184 38.5 

I-135 2.78 0.142 801 40.9 
Xe-135 6.75 0.090 

10-5 
1,943 25.9 

x 10-3 Cs-136 0.15 1.90 x 43.4 5.5 

Cs-137 10.6 2.32 x 10-5 3,064 6.7 x 10-3 
Xe-138 0.36 (b) 103 (b) 
Cs-138 0.69 0.059 198 16.9 

Ba-140 6.78 -3 5.09 x 10-4 1.95 0.15 x 10_3 
La-140 6.52 x 1Q3 6.97 x 10-4 1.88 0.20 

10-3 Co-60 1.1 x 10 2.78 x 10-5 0.37 9.4 x 

Fe-59 7.7 x 10-6 1.41 -5 2.6 x 10-3 4.8 x 10-3 x 10_4 
Co-58 7.9 x 10-3 4.28 x 10_4 2.67 0.14 
Mn-56 2.3 x 10-2 

1.55 x 10 7. 77 0.052 

(a)Based on typical data from January 14, 1981; primary coolant at 17% of Technical Specifications limit 
for dose equivalent I-131. 

(b)Data for nuclides with less than 15 minute half-lives is not documented. 

• 
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Isotope 

Mn-54 
Cr-51 
Zr-95 

Total 

Design Activity 
(1% Failed Fuel) 

(Microcuries/ 
Cubic Centimeter) 

2.0 x 10-~ 
2.4 x 10-5 
1.9 x 10-

275.7 

• 
TABLE 11-1 

(Sheet 3 of 3) 

Normal Activity 
(Microcuries/Cubic 

Centimeter)(a) 

2. 70 x 10-5 

5.35 x 10-4 

1.08 x 10-5 

1.708 

Design Inventory 
(Curies) 

6.8 x 10-3 

0.81 3 
6.4 x 10-

79,663 

Normal 
Inventory 

(Curies) 

9.2 x 10-3 

0.18 3 
3.6 x 10-

497 

(a)Based on typical data from January 14, 1981; primary coolant at 17% of Technical Specifications limit 
for dose equivalent I-131. 

• 
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TABLE 11-2 
(Sheet 1 of 2) 

RADIOACTIVE WASTE QUANTITIES OF SIGNIFICANT ACTIVITY 

Liquid Waste Sources 

Chemical and Volume 
Control System 

Total 

Primary System Drain 
Tank 

Total 

Quantity/Year-
Gallons Assumptions 

69,500 Start-up after refueling 

900 
37,200 

13,200 
1,200 

17 ,400 
1,700 

32,300 
2,000 

2,200 
104,300 

68,900 
2,300 

17,500 

216,000 

586,600 

1,500 

1,000 

64,900 

13 ,800 

21,300 

102,500 

Cold shutdown Day 1 
Start-up from cold condition Day 1 

Hot shutdown(a) Day 50 
Start-up from hot condition Day 50 

Hot shutdown(a) Day 140 
Start-up from hot condition Day 140 

Hot shutdown(a) Day 230 
Start-up from hot condition Day 230 

Cold shutdown Day 240 
Start-up from cold condition Day 240 

.Hot shutdown(a) Day 270 
Start-up from hot condition Day 270 

Cold shutdown to refuel 

Boron reduction for cycle shim bleed 

Primary coolant pump seal leakage at 
1 gpd per pump for four pumps 

Safety injection check valve leakage 

Drain primary system for maintenance 
at Day 240 

Drain primary system for refueling 

Drain refueling sh~eld 

(a)Hot shutdown quantities are based on maintaining the shutdown margin during 
xenon buildup by boron dilution and on Plant start-up eight hours after shut
down during the xenon buildup peak. 

fs0482-08Sld-09-72 Rev·O 
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Liquid Waste Sources 

Equipment Drain Tank 

Total 

Radiochemistry Lab 
Drain Tank 

Total Liquid Waste 
of Significant 
Activity 

TABLE 11-2 
(Sheet 2 of 2) 

Quantity/Year-
Gallons Assumptions 

11,400 Coolant charging pump seal leakage at 
31 gpd maximum leakage 

7,000 

3,900 

1,900 

24,200 

11,000 

724,300 

Quantity/Year-

Spent fuel pool overflow 

Spent resin tank overflow from resin 
flushing - 260 ft 3 /year of resin re
placement at 2 ft3 /ft3 resin 

Demineralizers drain from resin 
charging - 260 ft 3 /year of resin re
placement at 1 ft 3 /ft3 resin 

12 samples per day at 2.5 gallons 
per sample 

Gaseous Waste Sources ft3 Assumptions 

Degas of Primary System 2,418 

Off-Gas Liquid Waste 867 
From Shutdowns and 
Start-Ups 

Off-Gas for Chemical 1,011 
Shim Reduction 

Off-Gas Liquid Drained 
for Refueling Mainte
nance and Miscellaneous 

Total Gaseous 
Waste of Signi
ficant Activity 

fs0482-0851d-09-72 

243 

4,539 

Degas to 5 cm3 /kg prior to 3 cold 
shutdowns including gas in volume 
control tank 

See start-up and shutdown schedule 
above 

Boron dilution generates 216,000 gal
lons liquid waste with 35 cm3 /kg gas 
content 
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TABLE 11-3 
(Sheet 1 of 12) 

EQUIPMENT RATINGS AND CONSTRUCTION CODES - ORIGINAL EQUIPMENT 

CLEAN WASTE RECEIVER TANKS (T-64A, B, ·C, D) 

Number 4 
Material Type 304 Stainless Steel 
Capacity (Each) 50,000 gal (7,000 ft3

) 

Design Pressure 5 psig (Vapor Space) 
Design Temperature 103°F 
Code API 620 

PRIMARY SYSTEM DRAIN TANK (T-74) 

Number 1 
Material Type 304 Stainless Steel 
Capacity 900 gal 
Design Pressure 50 psig 

·Design Temperature 250°F 
Code ASME B&PV Code, Section Ill, 

Class C 

EQUIPMENT DRAIN TANK (T-80) 

Number 1 
Material Type 304 Stainless Steel 
Capacity 550 gal 
Design Pressure 50 psig 
Design Temperature 150°F 
Code ASME B&PV Code, Section VIII 

SPENT RESIN STORAGE TANK (T-69) 

Number 1 
Material Type 304 Stainless Steel 
Capacity 3, 000 gal ( 400 ft3

) 

Design Pressure 125 psig 
Design Temperature 200°F 
Code ASME B&PV Code, Section Ill, 

Class c 
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5. 

TABLE 11-3 
·(Sheet 2 of 12) 

CONTROLLED CHEM LAB DRAIN TANK (T-76) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

1 Divided Into 2 Compartments 
Type 304 Stainless Steel 
900 gal (Total) 
50 psig 
150°F 
ASME B&PV Code, Section VII 

6. TREATED WASTE MONITOR TANKS (T-66A, B) 

Number 
Material 
Internal Coating 
Capacity 
Design Pressure 
Design Temperature 
Code 

7. DIRTY WASTE DRAIN TANK (T-60) 

Numbet 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

2 
Carbon Steel 
Baked Phenolic, 6-8 Mils 
5,500 gal 
10 psig 
150°F 
ASME B&PV Code, Section VIII 

1 Divided Into 2 Compartments 
Carbon Steel 
3,800 gal 
10 psig 
150°F 
ASME B&PV Code, Section VIII 
Requirements 

8. FILTERED WATER MONITORING TANKS (T-63) 

Number 
Material 
Internal Coating 
Capacity 
Design Pressure 
Design Temperature 
Code 

1 With 2 Compartments 
Carbon Steel 
Baked Phenolic, 6-8 Mils 
Q,500 gal 
10 psig 
150°F 
ASME B&PV Code, Section VIII 
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TABLE11-3 
(Sheet 3 of 12) 

WASTE GAS SURGE TANK (T-67) 

Number 1 
Material Carbon Steel 
Capacity 550 gal (80 ft3

) 

Design Pressure 20 psig 
Design Temperature 150°F 
Code ASME B&PV Code, Section Ill, 

Class C 

WASTE GAS DECAY TANKS (T-68A, B, C) 

Number 3 
Material Carbon Steel 
Capacity 800 gal ( 1 00 ft3

) 

Design Pressure 120 psig 
Design Temperature 550°F 
Code ASME B&PV Code, SecUon Ill, 

Class C 

LAUNDRY DRAIN TANK (T-70) 

Number 1 Divided Into 2 Compartments 
Material Carbon Steel 
Capacity 1 ,000 gal (Total) 
Design Pressure 15 psig 
Design Temperature 150°F 
Code ASME P&PV Code, Section VIII 

Rev 18 
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TABLE 11-3 
(Sheet 4 of 12) 

12. VACUUM DEGASIFIER 

a. Tank (T-57) 

Number 
Performance 

Design Flow 
Design Pressure 
Design Temperature 
Material 
Code 

b. Vacuum Pumps (C 51A. 8) 

Number 
Capacity 
Type 

Motor 

13. RADWASTE DEMINERALIZER 

a. Demineralizer tanks (T-55A. B. C) 

Number 
Material of Tank 
Flow Rate (Each) 
Unit Flow Rate (at Ratings) 
Resin Volume (Each) 
Resin Type ' 

Design Pressure 
Design Temperature 
Code 

1 
Handle Solution With 0-50 Std cm3 

H2 (kg of Liquid Waste. Reduced H2 

Concentration to 1 /40 of Influent 
_Concentration) 
0-160 gpm 
75 psig 
160°F 
Stainless steel 
ASME B&PV Code, Section Ill, 
Class C 

2 
2.3 scfm 
Rotary, Water-Sealed, Water
Lubricated with Closed Cooling Loop 
3 hp 

3 
Stainless Steel 
48 gpm (Rated), 100 gpm (Max) 
5.0 gpm/ft2 

32 ft3 

Equivalent Capacity Mixture of 
Nuclear Grade Cation and Anion 
125 psig 
160°F 
ASME B&PV Code, Section Ill, 
Class C and ASME B&PV Code, 
Section VIII, Para UW-2 (a) 
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TABLE 11-3 
(Sheet 5 of 12) 

b. Clean Resin Transfer Tank <T-61) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

14. CLEAN WASTE FILTERS (F-57 A, B, C) 

Type 

Number 
Material, Container 
Material, Filter Media 

·--'"'Fiifer--iv1edia Rating 
Flow Rate 
Design Pressure 
Design Temperature 
Code 

15. EQUIPMENT DRAIN FILTER (F-56) 

Number 

Material, Container 
Material, Filter Media 
Filter Media Rating 
Design Pressure 
Design Temperature 
Code 

1 
PVC Lined Carbon Steel 
32 ft3 . 
125 psig 
125°F 
ASME B&PV Code, Section VIII 

Cartridge Type With Replaceable 
Elements 
3 
Stainless Steel 
Polypropolene 
3 Micron 
100 gpm 
125 psig 
160°F 
ASME B&PV Code,· Section Ill, 
Class C and ASME B&PV Code, 
Section VIII, Para UW-2 (a) 

·Cartridge Type with Replaceable 
Elements 
Stainless Steel 
Polypropolene 
25 Microns 
125 psig 
212°F 
ASME B&PV Code, Section Ill, 
Class C and ASME B&PV Code, 
Section VIII, Para Uw-2 (a) 
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DIRTY WASTE FILTER (F-53) 

Type 

Number 
Material, Container 
Material, Filter Media 
Filter Media Rating 
Flow Rate 
Design Pressure 
Design Temperature 
Code 

TABLE 11-3 
(Sheet 6 of 12) 

Cartridge Type With Replaceable 
Elements 
1 
Stainless Steel 
Polypropolene 
200 Microns 
75 gpm 
100 psig 
160°F 
ASME B&PV Code, Section Ill, 
Class C and ASME B&PV Code, 
Section VIII, Para UW-2 (a) 

LAUNDRY DRAIN FILTER (F-55) 

Type Cartridge Type With Replaceable 
Elements 

Number 1 
Material, Container Stainless Steel 
Material, Filter Media Polypropolene 
Filter Media Rating 25 Microns 
Flow Rate 20 gpm 
Design Pressure 100 psig 
Design Temperature 160°F 
Code ASME B&PV Code, Section Ill, 

Class C and ASME B&PV Code, 
Section VIII, Para UW-2 (a) 
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TABLE 11-3 
(Sheet 7 of 12) 

18. PRIMARY SYSTEM DRAIN TANKS PUMPS (T-71A, 8) 

Type 

Number 
Capacity (Each) 
Head 
Material 
Motor 
Codes 

19. DEGASIFIER PUMPS (P-68A, 8) 

Type 

Number 
Capacity (Each) 
Head 
Material 
Motor 
Codes 

Horizontal Centrifugal With 
Mechanical Seals 
2 
75gpm 
80 ft TOH 
Type 316 Stainless Steel 
5 hp, 3 Phase, 60 Hertz, 460 Volt 
Motor NEMA; Pump, Standards of 
Hydraulic Institute 

Horizontal Centrifugal With 
Mechanical Seals 
2 
160 gpm 
190 ft TOH 
Type 316 Stainless Steel 
20 hp, 3 Phase, 60 Hertz, 460 Volt 
Motor NEMA; Pump, Standards of 
Hydraulic Institute 

20. EQUIPMENT DRAl_N TANK PUMPS (P-75A, B) 

Type 

Number 
Capacity (Each) 
Head 
Material 
Motor 
Codes 

Horizontal Centrifugal With 
Mechanical Seals 
2 
100 gpm 
266 ft TOH 
Type 316 Stainless Steel 
25 hp, 3 Phase, 60 Hertz, 460 Volt 
Motor NEMA; Pump, Standards of 
Hydraulic Institute 
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TABLE 11-3 
(Sheet 8 of 12) 

21. CONTROLLED CHEM LAB DRAIN PUMPS (P-61A, B) 

Type 

Number 
Capacity (Each) 
Head 
Material 
Motor 
Codes 

Horizontal Centrifugal With 
Mechanical Seals 
2 
10 gpm 
158 ft TOH 
Type 316 Stainless Steel 
7.5 hp, 3 Phase, 60 Hertz, 460 Volt 
Motor NEMA; Pump, Standards of 
Hydraulic Institute 

22. RECEIVER TANK (CWRT) PUMPS (P-69A, 8) 

Type 

Number 
Capacity (Each) 
Head 
Material 
Motor 

Horizontal Centrifugal With 
Mechanical Seals 
2 
100 gpm 
200 ft TOH 
Type 316 Stainless Steel 
15 hp, .3 Phase, 60 Hertz, 460 Volt 

23. RECEIVER TANK (CWRT) CIRCULATING PUMP (P-70) 

Type 

Number 
Capacity (Each) 
Head 
Material 
Motor 
Codes 

Horizontal Centrifugal With 
Mechanical Seals 
1 
250 gpm 
121 ft TOH 
Type 316 Stainless Steel 
15 hp, 3 Phase, 60 Hertz, 460 Volt 
Motor NEMA; Pump, Standards of 
Hydraulic Institute 
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TABLE 11-3 
(Sheet 9 of 12) 

24. TREATED WASTE MONITOR PUMPS (P-58A, B) 

Type 

Number 
Capacity (Each) 
Head 
Material 
Motor 
Codes 

Horizontal Centrifugal With 
Mechanical Seals 
2 
150 gpm 
140 ft TOH 
Type 316 Stainless Steel 
15 hp, 3 Phase, 60 Hertz, 460 Volt 
Motor NEMA; Pump, Standards of 
Hydraulic Institute 

25. SAFETY INJECTION ROOM SUMP PUMPS (P-72A, BAND P-73A, B) 

Type 
Number 
Capacity (Each) 
Head 
Material 
Motor 
Codes 

Vertical Centrifugal 
4 (2 Sets With 2 Pumps per Set) 
25gpm 
35 ft TOH 
Stainless Steel 
1 hp, 3 Phase, 60 Hertz, 460 Volt 
Motor NEMA, 

26. DIRTY WASTE DRAIN TANK PUMPS (P-60A, B) 

Type 

Number 
Capacity (Each) 
Head 
Material 
Motor 
Codes 

Horizontal Centrifugal With 
Mechanical Seals 
2 
75 gpm 
160ftTDH 
Type 316 Stainless Steel 
1 O hp, 3 Phase, 60 Hertz, 460 Volt 
Motor NEMA; Pump, Standards of · 
Hydraulic Institute 
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TABLE 11-3 
(Sheet 10 of 12) 

FILTERED WASTE MONITOR PUMP (P-63) 

Type 

Number 
Capacity (Each) 
Head 
Material 
Motor 
Codes 

28. WASTE GAS COMPRESSORS (C-50A, B) 

a. Compressor 

Number 
Type 

Capacity (Each) 

Discharge Pressure 
Material 
Motor 

b. Aftercoolers 

Number 
Type 

Material 

Horizontal Centrifugal With 
Mechanical Seals 
1 
75 gpm 
150 ft TOH 
Type 316 Stainless Steel 
10 hp, 3 Phase, 60 Hertz, 460 Volt 
Motor NEMA; Pump, Standards of 
Hydraulic Institute 

2 
Single Head, Single Stage 
Diaphragm Type 
2.35 scfm at 14. 7 psi a Suction, 0.44 
scfm at 7.5 psia Suction 
100 psig at Maximum Delivery 
Stainless Steel 
2 hp, 3 Phase, 60 Hertz, 460 Volt, 
TEFC 

2 
Shell and Tube With Moisture 
Separator and Drain Trap 
Tube Side (Gas) Stainless Steel, 
Shell Side (Water) Carbon Steel 

Rev 18 
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TABLE 11-3 
(Sheet 11 of 12) 

29. WASTE GAS COMPRESSOR (C-54) 

a. Compressor 

Number 1 
Type 
Capacity (Each) 

Discharge Pressure 
Material 
Motor 

b. Aftercoolers 

Number 
30. PIPING, FITTING AND VALVES 

a. Liquid Systems 

Material 
Design Pressure 

Joints, 2" and Larger 
1-1/2" and Smaller 
Valves, 2" and Larger 

1-1/2" and Smaller 

Butterfly Valves 
Plug Vales 
Code 

Radiography 

Diaphragm Type 
5 scfm Avg Between Suction 
Pressures of 7.5 and 15.0 psia 

_ 100 psig 

7.5 

1 

Stainless Steel 
Floor Drains - Atmosphere, Process 
- 50 psig 
Butt Weld 
2,000 lb SW 
Stainless Steel, Butt Weld Ends, 150 
lb 
Stainless Steel, 2,000 lb SW Ends, 
1501b 
Stainless Steel, Flangeless, 150 lb 
Stainless steel, FF Flanged, 150 lb 
ASA B31.1, Code for Pressure 
Piping, Including Applicable Nuclear 
Code Cases, ASA B 16. 5 
All Butt Weld in Nuclear Service 
Systems Rated for Higher Than 
50 psig and 212°F Are 
Radiographed 100. All Butt Welds 
in Nuclear Systems Rated for Less 
Than 50 psig and 212 ° F Are 
Radiographed 10% 
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Gaseous Systems 

Material 
Design Pressure 
Joints, 2" and Larger 
1-1/2" and Smaller 
Valves, 2" and Larger . 
1-1/2" and Smaller 
Butterfly 
Plug 
Code 

Radiography 

TABLE 11-3 
(Sheet 12 of 12) 

Carbon Steel 
100 psig 
Butt Weld 
3,000 lb SW 
Carbon Steel, 150 lb BW 
Carbon Steel, 600 lb, 3,000 lb SW 
Carbon Steel, 150 lb, FF Flanged 
Ductile Iron, 150 lb, FF Flanged 
ASA 831.1, Code for Pressure 
Piping, Including Applicable Nuclear 
Code Cases, ASA B16.5 
All Welds Are 100% Radiographed 
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TABLE 11-4 
(Sheet 1 of 7) 

EQUIPMENT RATINGS AND CONSTRUCTION CODES -
ADDITIONAL EQUIPMENT INSTALLED 1971-1973 

1. CLEAN WASTE HOLDUP TANK CT-85) 

Number 
Material of Tank 
Capacity 
Design Pressure 
Design Temperature 
Code 

2. CLEAN WASTE TRANSFER PUMP (P-94) 

Type 
Number 
Capacity 
Head 
Material 
Motor 
Code 

1 
SA240 Type 304 SS 
5.000 gal 
Atm 
212°F 
API-620. 1970 
Exam ASME B&PV Code, Section III. 1971 

Gould 3196 
1 
80 gpm 

. 85 ft 
Stainless Steel 
5 hp 
ASME B&PV Code. Section III. Class 3. 
1971 

3. CLEAN.AND DIRTY WASTE EVAPORATORS (M-59A, 8) 

a. Evaporator Vessel 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

b. Recirculation Pump 

Type 
Number 
Capacity 
Head 
Material 
Motor 
Code 

2 
316 SS 
1.600 gal 
15 psig 
200°F 
ASME B&PV Code. Section III. Class 3. 
1971 

Gould 3196 - 3 x 4-13 
4 
200 gpm 
30 ft 
316 SS 
5 hp. 3 Phase. 60 Hertz. 460 Volt 
ASME B&PV Code. Section III. Class 3. 
1971 
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c. Di st i 11 ate 

Type 
Number 
Capacity 
Head 
Materi a 1 
Motor 
Code 

d. Concentrate 

Type 
Number 
Capacity 
Head 
Material 
Motor 
Code 

e. Vacuum Pump 

Type 
Number 
Capacity 
Head 

Motor 
Code 

Pump 

Pump 

TABLE 11-4 
(Sheet 2 of 7) 

Gould 3196 - 1 x 1-1/2-6 
4 
25 gpm 
130 ft 
316 SS 
5 hp 
ASME B&PV Code, Section III, Class 3, 
1971 

Gould 3196 - 1 x 1-1/2-6 
4 
25 gpm 
100 ft 
316 SS 
3 hp 
ASME B&PV Code, Section III, Class 3, 
1971 

Nash 
4 
48 cfm @ 20" vacuum 
2 psig 
Material316 SS 
3 hp 
N/A 

4. CLEAN WASTE DISTILLATE TANK (T-86) 

Number 
Materi a 1 
Capacity 
Design Pressure 
Design Temperature 
Code 

1 
SA240 Type 304 SS 
5,000 gal 
Atm 
212°F 
API-650, 1970 
Exam ASME B&PV Code, Section III, 
1971 
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TABLE 11-4 
(Sheet 3 of 7) 

5. CLEAN WASTE DISTILLATE PUMP (P-97A, B) 

Type 
Number 
Capacity 
Head 
Material 
Motor 
Code 

Gould 3196 
2 
80 gpm 
85 ft 
316 SS 
5 hp - Pacemaker 
ASME B&PV Code. Section III. Class 3. 
1971 

6. CLEAN (MISCELLANEOUS) WASTE CONCENTRATE TANKS CT-94, T-95) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

7. MISCELLANEOUS WASTE FILTER CF-59) 

Type 
Elements 
Number 
Material. Container 
Material. Filter Media 
Filter Media Rating 
Flow Rate 
Design Pressure 
Design Temperature 
Code 

2 
SA240 Type 304 SS 
1,500 gal 
Atm 
212°F 
API-650. 1970 
Exam ASME B&PV Code, Section III. 1971 

Cartridge Type With Replaceable 

1 
304 SS 
Epoxy Impregnated Cellulose 
150 Micron* 
30 gpm 
50 psig 
212°F 
ASME B&PV Code. Section III, Class 3, 
1971 

8. CLEAN (MISCELLANEOUS) WASTE CONCENTRATE PUMPS CP-95A, B) 

Type 
Number 
Capacity 
Head 
Material 
Motor 
Code 

Gould 3196, 1 x 2-8 
2 
30 gpm 
75 ft 
316 SS 
3 hp - Pacemaker 
ASME B&PV Code, Section III, 
1971 

*May be in service with element removed. 

Class 3, 
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(Sheet 4 of 7) 

9. POLISHING (MISCELLANEOUS WASTE) DEMINERALIZERS (T-88. T-89A. B) 

Number 
Material of Tank 
Flow Rate 
Unit Flow Rate (At Max) 
Resin Volume 
Resin Type 

3 
304 SS 
50 gpm (Rated). 100 gpm (Max) 
10 gpm/ft 2 

32 ft 3 

Equivalent Capacity Mixture of Nuclear 
Grade Cation and Anion 

10. MISCELLANEOUS WASTE HOLDUP TANKS CT-92A. B. C) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

3 
SA240 Type 304 SS 
20.000 gal 
Atm 
212°F 
API-620. 1970 
Exam ASME B&PV Code. Section III. 1971 

• 11. MISCELLANEOUS WASTE TRANSFER PUMPS CP-92A. B) 

• 

Type 
Number 
Capacity 
Head 
Material 
Motor 
Code 

Gould 3196. 2 x 3-13 
2 
80 gpm 
120 ft 
316 SS 
10 hp - Pacemaker 
ASME B&PV Code. Section III. Class 3. 
1971 

12. MISCELLANEOUS WASTE DISTILLATE TANK CT-87) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

1 
SA240 Type 304 SS 
8.000 gal 
Atm 
212°F 
API-650, 1970 
Exam ASME B&PV Code. Section III, 1971 
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TABLE 11-4 
(Sheet 5 of 7) 

13. MISCELLANEOUS WASTE DISTILLATE PUMPS CP-89A, B) 

Type 
Number 
Material 
Capacity 
Head 
Motor 
Code 

Gould 3196, 1-1/2 x 3-6 
2 
316 SS 
80 gpm 
110 ft 
7-1/2 hp - Pacemaker 
ASME B&PV Code, Section III. Class 3. 
1971 

14. RADWASTE SPENT RESIN STORAGE TANK (T-100) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

1 
304 SS 
200 ft3 
125 psig 
200°F 
ASME B&PV Code. 
1971 

Section III. Class 3. 

15. WASTE GAS DECAY TANKS (T-101A. B. C) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

3 
Carbon Steel 
225 ft 3 

120 psig 
550°F 
ASME B&PV Code, Section III. Class 3. 
1971 
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16. PIPING, FITTINGS AND VALVES 

TABLE 11-4 
(Sheet 6 of 7) 

a. Liquid Radwaste System (Process) 

Material 
Design Pressure 
Fittings 

2-1/2" and Larger 

2-1/2" and Smaller 
Valves 

2-1/2" and Larger 
211 and Smaller 

Joints 
2-1/2" and Larger 
211 and Smaller 

Code 

Stainless Steel 
125 psig and 150 ps1g 

150 lb Thickness To Match Pipe 
Butt Weld Ends 
3,000 lb Socket Weld 

150 lb Butt Weld Ends 
150 lb Socket Weld Ends 

Butt Weld Ends 
Socket Weld Ends 
ASME B&PV Code, Section III, Nuclear 
Power Plant Components, Nuclear 
Class 3, 1971, per AEC Safety 
Guide 26, March 27, 1972 

b. Atmospheric-Radwaste Drainage Piping 

Material 
Design Pressure 
Fittings 

811 and Smaller 
Joints 

811 and Smaller 
Code 

Stainless Steel 
Atmospheric 

Butt Weld Ends 

Butt Weld 
ANSI B31.l.O - 1967 Power Piping 

c. Gaseous Radwaste System (Process) 

Material 
Design Pressure 
Fittings 

2-1/2" and Larger 

211 and Smaller 
Valves 

2-1/2" and Larger 
2" and Smaller 

Joints 
2-1/211 and Larger 
211 and Smaller 

Code 

Carbon Steel 
150 psig 

150 lb Thickness To Match Pipe 
Butt Weld Ends 

I 

3,000 lb Socket Weld Ends 

150 lb Butt Weld Ends 
600 lb Socket Weld Ends 

Butt Weld Ends 
Socket Weld 
ASME B&PV Code, Section III, Nuclear 
Power Plant Components, Nuclear 
Class 3, 1971, per AEC Safety 
Guide 26, March 23, 1972 

FS0686-0574B-TM13-TM03 Rev 0 
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TABLE 11-4 
(Sheet 7 of 7) 

17. PRIMARY SYSTEM MAKEUP STORAGE TANK (T-90) 

Number 
Material 
Capacity 
Design Pressure 
Code 

18. UTILITY WATER STORAGE TANK (T-91) 

Number 
Material 
Capacity 

. Design Pressure 
Code 

FS0686-0574B-TM13-TM03 

1 
Carbon Steel 
200,000 gal 
Atmospheric 
API-650, 1970 

1 
Carbon Steel 
75,000 gal 
Atmospheric 
API-650, 1970 
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TABLE 11-5 

PRIMARY SYSTEM DRAIN TANK 

Letdown and Regenerative HX Drain 
Shutdown Cooling Header Relief 
SI Tanks Leakage 
PCS Loop Drains 
Quench Tank Drains 
Flange Leak Detector Drain 
Controlled Bleed-Off Relief 
PCS Pump Seal Leakage 

Rev 0 
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TABLE 11-6 

EQUIPMENT DRAIN TANK 

Spent Resin Storage Tanks 
Primary Coolant Sample Drain 
Clean Resin Transfer Tank 
Radwaste Demineralizer Drains 
Fuel Pool Overflow 
Fuel Pool HX Drains 
Fuel Pool Demineralizer Drains 
Fuel Pool Filter Drains 
Slowdown Drain Tank 
HPI Header Relief 
SIRW Tank Drain 
SIRW Tank HX Drain 
SI Tank Sample Flush 
Waste Gas Surge Tank Drain 
Chemical Addition Tank Drain 
Charging Pump Relief and Drains 
VCT Drain 
Purification Filters Drain 

Rev 20 
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TABLE 11-7 

DIRTY WASTE DRAIN TANK 

Emergency Shower 
Access Control Area Sink 
Radwaste Addition Area Sample Sink Drains 
Clean Resin Transfer Tank Drains 
Pump Leak-Offs 
Auxiliary Building Floor Drains 
Decontamination Pit Drains 
Cask Washdown Area Drains 
Controlled Chemical Laboratory Drain Tank Drains 
Component Cooling Surge Tank Drain 
Boric Acid Batching Tank Drain 
Boric Acid Filter Drains 
Treated Waste Monitor Tanks 
VCT Relief 
Vacuum Degasifier Relief 
Turbine Building Sump Pump Discharge 
Containment Sump Drains 
Shutdown Cooling HX Drains 
Spent Resin Storage Tank (T-100) 
Primary System Makeup and Utility Water Tanks Overflow 
Laundry Drain Tank Drains 
Auxiliary Building Sump Pum'ps 

Rev 20 
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LIQUID RADWASTE 

Clean Liguid Waste Activities (~Ci/cm3 ) 
After 

After After Processing 
As Received Processing Processing Through 
in Receiver After 30 Through Two Through Polishing 

Isotope Half-Life Tanks Days' Decay Demineralizers Evaporator Demineralizer 

Fission Products 

Br-84 32m 
Rb-88 18m 
Rb-89 15m 
Sr-89 54d 
Sr-90 28y 
Y-90 64h 

Sr-91 9.7h 
Y-91 58d 

Mo-99 67h 
Te-129 33d 7 

1-129 1.7x10y 
1-131 8.0d 

Te-132 77h 
1-132 2.3h 
1-133 2lh 

Cs-134 2.3y 
Te-134 44m 

I-134 52m 
1-135 6.7h 

Cs-136 13d 
Cs-137 30y 
Cs-138 32m 
Ba-140 12.8d 
La-140 40.2h 

Corrosion Products 

Cr-51 
Mn-54 
Mn-56 
Co-58 
Fe-59 
Co-60 
Zr-95 

27d 
300d 
2.58h 
7ld 
45d 
5.2y 
65d 

1.25 x 
6.61 x 
1.66 x 
1.44 x 
4.00 x 
1.55 x 
1.00 x 
6.50 x 
6.12 x 
7.36 x 
1.52 x 
1. 18 
9.75 x 
3.05 x 
1. 73 
3.84 x 
7. 12 x 
1. 73 x 
7.53 x 
4.06 x 
2.87 
1. 87 x 
1.84 x 
1.27 x 

6.50 x 
5.22 x 
6.00 x 
2.07 x 
2.02 x 
2.98 x 
4.96 x 

10-2 (a) (a) (a) 
10-1 (a) (a) (a) 
10-2 

(a) -4 (a) -6 (a) 
10-3 9.80 x 10_5 9.80 x 10_7 (a) 
10-5 4.00 x 10_8 4.00 x 10 (a) 
10-4 6.51 x 10 (a) (a) 
10-3 

(a) -2 (a) -4 (a) -8 10-2 4.53 x 10_4 4.53 x 10_6 4.53 x 10 
10-1 3.67 x 10_3 3.67 x 10_5 (a) 
10-3 (a) 3.93 x 10_8 3.93 x 10 
10-8 

1.52 x 10_2 (a) -4 (a) -7 

10-2 
8.87 x 10_4 8.87 x 10_6 8.87 x 10 
1.46 x 10 1.46 x 10 (a) 

10-1 (a) (a) (a) 

10-1 (a) -1 (a) -3 (a) 
3.78 x 10 3.78xl0 3.78 x 10-1 

10-3 (a) (a) (a) 
10-l (a) (a) (a) 
10-l (a) (a) -5 (a) 
10-2 8.20 x 10-3 8.20 x 10_2 (a) -6 

10-1 2.87 2.87 x 10 2.87 x 10 
(a) -4 (a) -6 (a) 

10-3 3 .65 x 10 3.65 x 10 (a) 
10-3 (a) (a) (a) 

10-4 -4 -6 (a) 3.02 x 10_6 3.02 x 10_8 
10-6 4.87 x 10 4.87 x 10 (a) 
10-3 (a) -3 (a) -5 (a) 
10-3 

1.55 x 10_6 1.55 x 10_8 (a) 
10-6 

1.27 x 10_4 1.27 x 10_6 (a) 
10-4 2. 95 x 10_6 2.95 x 10_8 (a) 
10-6 3.61 x 10 3.61 x 10 (a) 

Assumptions: Fa§tor of 10 reduction in each demineralizer for all isotopes except 
104 reduction for iodine in evaporator. 
10 reduction for all other isotopes except tritium. 
19% of clean waste is direct from primary system. 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) -8 

8.87 x 10 
(a) 
(a) 
(a) -8 

3.78 x 10 
(a) 
(a) 
(a) 
(a) -7 

2.87 x 10 
(a) 
(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

tritium. 

• 
Dirty Liguid Waste Activities (~Ci/cm3 ) 

After After 
Processing Processing 

As Received Through Through 
in Drain Tank Evaporator Demineralizers 

4.66 x 10-4 -8 
(a) -8 4.66 x 10_6 

2.44 x 10-2 2.44 x 10_8 2.44 x 10 
6.10 x 10-4 6.10 x 10 (a) 
5.33 x 10-5 (a) (a) 
1.50 x 10-6 (a) (a) 
5. 77 x 10-6 (a) (a) 
3.70 x 10-5 

(a) -7 (a) 
2.40 x 10-3 2.40 x 10_6 (a) -8 
2.26 x 10-2 2.26 x 10_8 2.26 x 10 

-4 (a) 2.72xl0 2.72xl0 
(a) -2 (a) -5 (a) -7 

4.40 x 10_3 4.40 x 10_7 4.40 x 10 
3.60 x 10_2 3.60 x 10_5 (a) -7 
1.13 x 10_2 1.13 x 10_5 1.13 x 10_7 
6.38 x 10_2 6.38 x 10_6 6.38 x 10_8 
1.42 x 10_4 1.42 x 10_8 1.42 x 10 
2.63 x 10_3 2.63 x 10_5 (a) -7 
6.40 x 10_2 6.40 x 10_6 6.40 x 10_8 
2.78 x 10_3 2. 78 x 10_7 2.78 x 10 
1.50 x 10_1 1.50 x 10 _5 (a) -7 
1.06 x 10_3 1.06 x 10_7 1.06 x 10 
6.90 x 10_5 6.90 x 10 (a) 
6. 78 x 10_5 (a) (a) 
6.52 x 10 (a) (a) 

2.4 x 10-5 (a) (a) 
2.0 x 10-7 (a) -8 (a) 
2.3 x 10-4 2.3 x 10 (a) 
7. 9 'x 10-5 (a) (a) 
7.7 x 10-8 (a) (a) 
1.1 x 10-5 (a) (a) 
1.9 x 10-1 (a) (a) 

81% of clean waste is from Chemical and Volume Control System and passes through one ion exchanger prior to entering clean 
waste receiver tanks. 

No holdup period assumed in Miscellaneous Waste Holdup Tank. 
1% defective· fuel. 
Dirty waste activity is 1% of primary coolant activity. 

(a)Less Than 10-8 

fs0482-085Ie-09-72 Rev 0 



• TABLE 11-9 

MAXIMUM CALCULATED TRITIUM RELEASE DUE TO 
EVAPORATION FROM REFUELING CAVITY AND SPENT FUEL POOL 

Cone in Release From 
Cone in Release From Spent Fuel Spent Fuel Total 

Yr of Contain Bldg Contain Bldg Bldg Bldg Release 
~ (Ci/em3 ) (Ci/Yr) (Ci/em3 ) (Ci/Yr) (Ci/Yr) 

5 1.1 x 10-13 18 8.5 x 10-14 13 31 

10 2.1 x 10-13 . 35 2.2 x 10-13 33 68 

15 3.0 x 10-13 50 3.6 x 10-13 53 103 

20 3.8 x -n 10 -- 63 4.9 x 10-13 72 135 

25 4.5 x 10-13 75 6.1 x 10-13 90 165 

30 5.1 x 10-13 85 7.1 x 10-13 105 190 

35 5.6 x 10-13 93 8.0 x 10-13 118 211 

• 40 6.0 x 10-13 100 8.6 x 10-13 127 227 

• 
fs0482-0851b-09-72 Rev 0 
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TABLE 11-10 

'LADTAP INPUT DATA AND RESULTS 
MAXIMUM INDIVIDUAL DOSE CALCULATIONS 

Usage Rates 
Exposure Pathwav 

Fish Ingestion 
Water Ingestion 
Shoreline Use 
Swimming 
Boating 

Exposure Pithwa~ 

Fish lngestion 
Water Ingestion 
Shoreline Use 
Swimming 
Boating 

Totals 

Oil ution Factor 

15 
1,000 

1 
1 

15 

T Bod~ 

5.25(-l)(b) 
5.66(-4) 
7.96(-3) 
8.24(-5) 
1.19(-5) 

5.34(-1) 

' 

Transit Time (h} Adult 

12 21.0 
24 730.0 
0 12.0 
0 12.0 
0 52.0 

Dose Results (mremL~r}(a) 

Adults 
Liver Skin T Body 

6.96(-1) 2.97(-1) 
6.13(-4) 3.10(-4) 
7.96(-3) 9.3(-3) 4.45(-2) 
8.24(-5). 4.6 (-4) 
1.19(-5) 1.19(-5) 

7.04(-1) 9.3(-3) 3.43(-1) 

(a)Doses to other individuals and organs are smaller than those presented. 
(b)5.25(-l) = 5.25 x 10-1 

. · . 

Teen 

16.0 
510.0 
67.0 
67.0 
52.0 

• 

(kgL~r,or·hL~r} 
Child Infant 

6.9 0.0 
510.0 510.0 
14.0 0.0 
14.0 0.0 
29.0 0.0 

Teenager 
Liver Skin 

6.91(-1) 
4.06(-4) 
4.45(-2) 5.19(-2) 
4.6 (-4) 
1.19(-5) 

7.36(-1) 5.19(-2) 

Rev 15 
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Isoto_ee Half-Life 

Kr-85(m) 4.4h 

Kr-85 10.4y 

Kr-87 78m 

Kr-88 2.8h 

Xe-133 5.27d 

Xe-135 9.2h 

Xe-138 17m 

(a)Less than 10-8 

(b)Unlisted in 10 CFR 20 

fs0482-085lf-09-72 

Activit~ 
µCi/cm 

Coolant 

1.50 

2.34 

0.81 

2.48 

225 

6.75 

0.36 

• • 
TABLE 11-11 

ACTIVITY IN COOLANT AND GASEOUS WASTE 

Activity in Surge Tank Fraction of 10 CFR 20 
~Ci/cm3 H2 10 CFR 20 Limit at Boundary 

As Received 60-Day Hold ~Ci/cm3 No Hold 60-Day Hold 

42.9 (a) 1 x 10-7 .0065 (a) 

66.9 65.6 3 x 10-7 .0034 .0034 

23.1 (a) 2 x 10-8 .017 (a) 

70.9 (a) (b) (b) (b) 

6,430 2.48 3 x 10-7 0.32 .00012 

193 (a) 1 x 10-7 .029 (a) 

10.3 (a) (b) (b) (b) 

Rev 0 
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TABLE 11-12 

SPECIAL LOCATION GASPAR INPUT DATA 

Distance Normal3 Number (Miles) Direction DescriEtion X/Q(s/m ) 

1 0.63 s Residence 5.56(-6) 

2 0.88 ENE Garden 2.06(-6) 

3 1.00 ESE Meat Animal 2.13(-6) 

4 2.50 NE Goat Milk 2. 60(-7) 

5 2.75 ENE Milk Cow 1.81(-7) 

Parameter 

Fraction fresh leafy vegetables grown locally 

Fraction of year cows, cattle, goats on pasture 

Fraction of vegetable intake grown in garden 

Fraction of feed from pasture while on pasture 

Air water content, g/m3 

fs0482-0851m-09-72 

Depleteg 
X/Q(s/m ) 

Deposit~on 
D/Q(l/m ) 

4.66(-6) 3.08(-8) 

1.67(-6) 2.31(-8) 

1.69(-6) 1.49(-8) 

1.85(-7) 8.14(-10) 

1. 26(-7) 1.59(-9) 

Value for 
Appropriate Locations 

1.0 

0.5 

0. 76 

1.0 

8.0 

Rev 0 
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Adults 
Location(a) Descril!tion T Body Skin 

1 Plume 1.13(-1) 3.38(-1) 

Ground 1.43(-1) 1.68(-2) 

Inhalation 9.25(-2) 9.20(-2) 

2 Garden 2.05(-1) 1.99(-1) 

3 Meat 5.09(-2) 5.06(-2) 

4 Goat Milk 1.45(-2) 1.36(-2) 

5, Cow Milk 6.79(-3) 6.33(-3) 

· (a)See Table 11-12 for location data 

• 
TABLE 11-13 

DOSE RESULTS FOR SPECIAL LOCATIONS 
MAXIMUM INDIVIDUAL DOSES BY AGE GROUP AND ORGAN. mrem/yrla) 

' ... 

Teenagers Children 
Thyroid T Body Skin Thyroid T Body Skin · Thyroid 

1.13(-1) 1.13(-1) 3.38(-1) 1.13(-1) 1.13(-1) 3.38(-1) 1.13(-1) 

1.43(-2) 1.43(-2) 1.68(-2) 1.43(-2) 1.43(-2) 1.60(-2) 1.43(-2) 

3.40(-1) 5.13(-2) 5.09(-2) 2.58(-1) 5.22(-2) 5.16(-2) 3.25(-1) 

1.71(0) 2.43(-1) 2.37(-1) 1.43(0) 5.02(-1) 4.95(-1) 2.30(0) 

1.10(-1) 3.52(-2) 3.50(-2) 7.62(-2) 6.16(-2) 6.14(-2) 1.24(-2) 

2.58(-1) 1.84(-2) 1.72(-2) 3.84(-1) 3,66(-2) 3.46(-2) 7.60(-1) 

1.84('-1) 9.47(-3) 8.77(-3) 2.76(-1) 2.03(-2). 1.90(-2) 5.48(-1) 

Inf ants 
T Body ~ Thyroid 

1.13(-1) 3.38(-1) 1.13(-1) 

1.43(-2) 1.68(-2) 1.43(-2) 

5.57(-2) 5.49(-2) 5.23(-1) 

6.84(-2) 6.49(-2) 1.81(0). 

3.89(-2) 3:74(-2) i.31(0) 

• 
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TABLE 11-14 
(Sheet 1 of 5) 

EQUIPMENT RATINGS AND CONSTRUCTION CODES 
VOLUME REDUCTION AND SOLIDIFICATION SYSTEM 

1. ASPHALT STORAGE TANK (T-111) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

2. RESIN DECANT TANK (T-109) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

3. DISTILLATE TANK (T-114) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 

1 
Carbon Steel 
9,000 gal 
15 psia 
370°F 
API-650 

1 
Type 304L Stainless Steel 
1,500 gal 
15 psia 
100°F 
API-650 

1 
Type 304L Stainless Steel 
100 gal 
15 psia 
250°F 

4. COOLING WATER SURGE TANK (T-112) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 

5. LUBE OIL RESERVOIR (T-113) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 

fs0284-1175d-09-72 

1 
_Carbon Steel 
100 gal 
15 psia 
120°F 

1 
Carbon Steel 
150 gal 
15 psia 
160°F 
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TABLE 11-14 
(Sheet 2 of 5) 

6. COOLING WATER EXCHANGER (E-68) 

Number 
Material 

Capacity 
Design Pressure 
Design Temperature 
Code 

7. DISTILLATE COOLER (E-69) 

Number 
Material 

Capacity 
Design Pressure 
Design Temperature 
Code 

8. LUBE OIL COOLER (E-70) 

Number 
Material 

Capacity 
Design Pressure 
Design Temperature 
Code 

9 . EXTRUDER DOME COOLER 

Number 
Capacity 
Design, Pressure 
Design Temperature 

1 
Type 304 Stainless Steel Tubes 
Carbon Steel Shell 
600,000 Btu/h 
150 psia 
120°F 
ASME VIII, 1977, Summer 1979 

1 
Type 304 Stainless Steel Tubes 
Carbon Steel Shell 
60,000 Btu/h 
20 psia 
250°F 
ASME VIII, 1977, Summer 1979 

1 
Stainless Steel Tubes 
Carbon Steel Shell 
45,000 Btu/h 
200 psia 
160°F 
ASME VIII 

1 
200,000 Btu/h 
20 psia 
370°F 

10. DISTILLATE ROUGHING FILTER (F-22A, B) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code 

fs0284-1175d-09-72 

2 
Type 304L Stainless Steel 
10 gpm 
20 psia 
250°F 
ANSI B31.1 

Rev 0 
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11. 

12. 

13 . 

14. 

TABLE 11-14 
(Sheet 3 of 5) 

DISTILLATE POLISHING FILTER (F-23A, B) 

2 
Type 304L Stainless Steel 

Number 
Material 
Media 14 x 40 Mesh Activated Charcoal in 

100 Mesh Basket 
Capacity 
Design Pressure 
Design Temperature 
Code 

ASPHALT STRAINER (F-25A, B) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 
Code· 

LUBE OIL FILTER (F-21) 

Number 
Material 
Capacity 
Design Pressure 
Design Temperature 

RESIN SLURRY TRANSFER PUMP 

Type 
Number 
Capacity 
Head 
Material 
Motor 

10 gpm 
20 psia 
250°F 
ANSI B31.1 

2 
Carbon Steel 
50 gpm 
170 psia 
370°F 
ANSI B31.1 

1 
Carbon Steel 
15 gpm 
200 psia 
160°F 

(P-109) 

Positive Displacement Progressing Cavity 
1 
80 gpm 
29 psi 
Type 316 Stainless Steel 
5 hp, 3 Ph, 60 Hertz, 460 v 

15. RESIN SLURRY METERING PUMP (P-115) 

Type 
Number 
Capacity 
Head 
Material 
Motor 

Positive Displacement Progressing Cavity 
1 
0.1-1.0 gpm 
14 psi 
Type 316 Stainless Steel 
1 hp, 1 Ph, 115 V 

fs0284-1175d-09-72 Rev 0 



• 

• 

TABLE 11-14 
(Sheet 4 of 5) 

16. RESIN DECANT TANK PUMP (P-118) 

Type Vertical In-Line Centrifugal 
1 Number 

Capacity 
Head 
Material 
Motor 

0-60 gpm 
25 psi 
Type 316 Stainless Steel 
3 hp, 3 Ph, 230 V 

17. EVAPORATOR CONCENTRATES METERING PUMP (P-119) 

Type 
Number 
Capacity 
Head 
Material 
Motor 

Positive Displacement Progressing Cavity 
1 
0.1-1.0 gpm 
17 psia 
Type 316 Stainless Steel 
1 hp, 1 Ph, 115 V 

18. ASPHALT RECIRCULATION PUMP (P-111) 

Type 
Number 
Capacity 
Material 
Motor 

19. ASPHALT METERING PUMP (P-117) 

Type 
Number 
Capacity 
Head 
Material 
Motor 

Rotary Gear 
1 
35 gpm 
Steel 
30 hp, 3 Ph, 230/460 V 

Rotary Gear 
1 
0.1-1.0 gpm 
17 psi 
Steel 
1 hp, 1 Ph, 115 V 

20. DISTlllf~JE TANK DISCHARGE PUMP (P-114A, B) 

Type ;,;.::,__,,.,,~<~ 
Number -- -
Capacity 
Head 
Material 
Motor 
Code 

Centrifugal 
2 
7 gpm 
37 psi 
Type 316 Stainless Steel 
3 hp, 3 Ph, 230/460 V 
ANSI 831.1 

Rev 13 



., 

• 

TABLE 11-14 
(Sheet 5 of 5) 

21. LUBE OIL CENTRIFUGAL PUMP (P-113A, B) 

Type 
Number 
Capacity 
Material 
Motor 
Code 

Horizontal, Centrifugal 
2 
13.25 gpm 
Steel 
5 hp, 3 Ph, 230/460 V 
ANSI B31.1 

22. COOLING WATER CIRCULATION PUMP (P-112) 

Type 
Number 
Capacity 
Head 
Material 
Motor 

23. AUXILIARY BOILER 

Horizontal, Centrifugal 
1 
72 gpm 
105 psig 
Steel 
15 hp, 3 Ph, 230/460 V 

1 
Stainless Steel 

Number 
Material 
Capacity 
Service 

1,540 lb/h Sat Steam at 450°F and 250 psig 
495 kW, 508 Amp, 3 Ph, 480 V 

24. PIPING, FITTINGS AND VALVES 

Material 

Codes 
Valves 
Piping 
Fittings 

fs0284-1175d-09-72 

Carbon Steel 
Type 304L Stainless Steel 
Type 316 Stainless Steel 

ANSI B31.1 and B16.34 
ANSI B31.1 
ANSI B16.5 
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Process Radiation 

Monitoring Systems 

Service Water, 
REOa33 

Steam Generator· 
Blowdown, RE0707 

Radwaste Liquid 
Discharge, RE 1049 

:omponent Cooling 
Water, RE0915 

:ire Water Discharge, 
RE1323 

Off-Gas Monitoring, 
RE0631 

TAB.1-15 
(Sheet 1 of 4) 

PROCESS RADIATION SERVICE AND EQUIPMENT 

Detection Equipment/ 
Readout Equipment Sensitivity 

Sampling Equipment 

Scintillation detector /detector Digital indicator · 5 x 10-5 µCi/cm3 of 
well in service water line to 10-107 CPM .. Cs-137 equivalent . 

. discharge structure. 

Scintillation detector/external Digital rate meter 5 x 1 0-5 µCi/cm3 of 
to blowdowff tank, drain to 10-107 CPM. Cs-137 equivalent. 
P98A/B suction. 

Scintillation detector on Digital rate meter 5 x 1 0-5 µCi/cm3 of 
radwaste liquid line to 10-107 CPM. Cs-137 equivalent. 
discharge structure. · 

. Scintillation detector/piping, Digital indicator 5 x 1 0-5 µCi/cm3 of 
valves, and detector housing. 10-107 CPM. Cs-137 equivalent. 
CC pump dP for flow. 

_Scintillation detector /piping, Digital indicator 4 x 1 0-5 µCi/cm3 of 
valves, sample pump and 10-107 CPM. Cs-137 equivalent. 
detector housing;. circulating 
from mixing basin prior to 
discharge. I 

Scintillation detector/piping, Digital rate meter 1 x 1 0-5 µCi/cm3 of 
valves and detector housing; . analyzer Xe-1 33 equivalent. 
main conden.ser steam jet air 10-107 CPM. 
ejector noncondensibles to 
stack. 

. I 

• 
Alarm and Control 

Alarm on high radiation, 
circuit failure. 

Alarm on high. radiation 
signal; isolates 
blowdown tank. 

Al.arm on high radiation, 
cirtuit failure. Isolates 
radwaste release. 

Alarm on high radiation, 
circuit failure; isolates 
component cooling water 
surge tank vent. 

Alarm on high radiation, 
circuit failure. 

Alarm on high radiation 
and ·c_ircuit failure. 

Rev 20 
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Process Radiation 
Monitoring Systems 

Radwaste Area 
Ventilation, RE 1809 

... . d ::ngmeere. · 
Safeguards Pump 
Rooms Vent, RE1810, 
1811 

Waste Gas Radiation, 
RE1113 

.::ontainment Building 
· Gas Monitoring 
System, RE~ 81 7 

!=ailed Fuel, REa202 

. TAB--15 

(Sheet 2 of 4) 

PROCESS RADIATION SERVICE AND EOWPMENT 

Detection Equipment/ 
Readout Equipment Sensitivity· 

Sampling Equipment 

Geiger-Mueller tube/piping, Linear rate meter 4 x 1 0·5 µCi/cm3 of 
valves, sample pump and a-1as CPM. Xe-1 33 equivalent. 
detector housing; air 
monitoring prior to discharge to 
stack. 

Geiger-Mue_ller tube; piping, Linear rate meter 1 x 1 0:4 µCi/cm3 of 
valves, sample pump and a-1as CPM. Xe-133 equivalent. 
detector housing; to stack, 2 
systems, East.and West rooms. 

Geiger-Mueller tube/piping, Linear rate meter 1 x 1 0·4 µCi/cm3 of 
valves and detector housing; a-1 as CPM. Xe-1 33 equivalent .. · 
from the waste gas surge tank 
and waste gas decay tahks to 
stack. 

GeJger-Mueller tube/piping Linear rate meter 1 x 1 a-4 µCi/cm3 of 
solenoid valves and detector 0-1as CPM. Xe-1 33 equivalent. 
housing; from 5 sample 
locations on (4) cooler fan 
discharges. 

Scintillation detector /detector Linear rate meter, N/A 
housina in letdown line. a-1 as CPM, local. 

• 
Alarm and Control 

Alarm on high radiation 
and circuit failure; 
isolates radwaste vent 
system. 

Alarm·on high radiation 
and Gircuit failure; 
isolates pump room vent 
supply and exhausts. 

Alarm on high radiation 
and circuit failure; 
isolation waste gas surge 
tank and decay tanks. 

Alarm on high radiation 
· and circuit failure. 

Alarm on high radiation, 
. circuit failure. 
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• 
Process Radiation 

Monitoring Systems 

Steam Generator 
Blow_down Vent, 
RE2320 

Turbine Building 
Sump, RE5211 

Rad waste Addition. 
Vent, RE5711 · 

~uel Building Addition 
Vent, RE5712 

TA.1-1.5 

(Sheet 3 of 4) 

PROCESS RADIATION SERVICE AND EQUIPMENT 

Detection Equipment/ 
Readout Equipment Sensitivity 

Sampling Equipment 

Scintillation detector/in well on Log count rate 2 x 10-6 µCi/cm3 of. 
blOwdown vent line. meter, 10-106 CPM. Cs-1,37 equivalent. 

Scintillation detector/piping, Log count rate 5 x 1 0-5 µCi/cm3 of 
valves, and detector housing, meter, 10-106 CPM. Cs-137 equivalent .. 
sump pump discharge to drain. 

Beta scintillation/dP across Digital rate meter, . 5 x 1 0-5 µCi/cm3 of 
roughing filter used for flow. 10-107 CPM. Xe-133 equivalent. 

Beta sdntillation/dP across Digital rate meter, 5 x 1 0-5 µCi/cm3 of 
roughing filter used for flow. 10-107 CPM. Xe-1 33 equivalent. 

• 
Alarm and Control 

Alarm on high radiation; 
circuit failure. 

Alarm on high radiation, 
circuit failure. 

Alarm on high radiation 
circuit failur_e; high 
radiation isolates 
radwaste addition vent. 

Alarm on high radiation 
circuit failure; high 
radiation isolates fuel 
buildina vent. 
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• 
Process Radiation 

,. 

Monitoring Systems 

RGEMS, RE2325, 
2326, 2327 

Main Steam, RE2323, 
2324 

IAB,11-15 
(Sheet 4 of 4) 

PROCESS RADIATION SERVICE AND EQUIPMENT 

Detection Equipment/ 
Readout Equipment Sensitivity 

Sampling Equipment 

Scintillation detectors for beta, Log . count rate 1 x 1 a-& µCi/cm3 of 
gamma, ionization meter, recorded; Xe-1 33 equivalent. 
chamber/piping, valves, filters, stack flow, 
sample collection bottle; recorded; sample 
discharge to stack inlet. flow recorded; 1 a-

1 as CPM beta (log), 
1a-1a1 CPM (log), 

, gamma 1-1a7 mr/h 
(ion chamber) or 4 x 
1 as Ci/s dh::iital. 

Geiger-Mueller tube/in lead Log count rate. 5 x 1 a-2 µCi/cm3 of 
collimator adjacent to main meter 1 a1 to 1 as dose equivalent 1-131 
steam lines. cpm or 2 x 1 a4 ci/s. 

• 
Alarm and Control 

' 

Alarm, set recorder 
speed, isolate samples on 
alert level. ·Alarm 
transfer flow to upper 
range on high radiation. 

Alarm on high radiation. 
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TABLE 11-16 

AREA RADIATION DETECTORS 

Instrument( a), (bl 

tontainment 590' Elev NW Side (b) 
Containment 590' Elev SW Side (b) 
Containment 590' Elev NE Side (b) 
Containment 590' Elev SE Side (b) 
East Engineering Safeguards Room 
Radwaste Service Corridor 
Radwaste Control Area (C-40 Panel) 
2.4 kV Switchgear Room (IC) 
Control Lab Corridor 
Access Control Station 
Outside Cont Personnel Air Lock 607' Elev 
Containment Purge Unit Room-North 
Radwaste Demineralizer Room Roof 
Control Room/Turbine Bldg Corridor 
Control Room Entrance 
Turbine Floor East Side 
Heaith Physics Offices 

(Former Lunchroom) 

Spent Fuel Pool-South 
Air Room 590' Elev 
Inside of Cont Personnel Air Lock 
Containment 649' Elev Rx Cavity 
Containment 649' Elev Rx Cavity 
Containment Hi range-left channel 
Containment Hi range-right channel 
Decontamination Room 
Evaporator "A" 
Evaporator "B" 
Evaporator Control Panel C-105 
Waste Gas Decay Tank T-101, A, B & C 
Environmental Lab Entrance 
Radwaste Packaging Area-East 
Radwaste Packaging Area-West 
Radwaste Demineralizer 649' Elev 
Steam Dumps Area 

Radwaste Monitors (cl Local Readout 
East~Processing Building 
East Storage Building 
South Storage Building 

Range. 

10-2-104 Rem/hr 
10-2-104 Rem/hr 
10-2-104 Rem/hr 
10-2-104 Rem/hr 
o .1-107 mrem/hr 
0 .1-107 mRem/hr 
O .1-107 mrem/hr 
0 .1-107 mRem/hr 
O .1-107 mrem/hr 
o .1-107 mrem/hr 
o .1-107 mrem/hr 
O .1-107 mrem/hr 
O .1-107 mrem/hr 
o .1-107 mrem/hr 
o .1-107 mrem/hr 
O .1-107 mrem/hr 
0 .1-107 mrem/hr 

o .1-107 mrem/hr 
0.1-107 mrem/hr 
1.0-107 mrem/hr 
1. 0-107 mRem/hr 
1. O-J07 mRem/hr 
1-10 Rem/hr 
l-107 Rem/hr 
0 .1-107 mrem/hr 
0 .1-107 mrem/hr 
O .1-107 mrem/hr 
o .1-107 mrem/hr 
o .1-107 mrem/hr 
O .1-107 mrem/hr 
o .1-107 mrem/hr 
O. 1-107 mrem/hr 
o .1-107 mrem/hr 
O. 1-107 mrem/hr 

1. 0-105 mRem/hr -
1.0-105 mRem/hr 
1.0-105 mRem/hr 

(a) Sensitivity for all instruments except containment detectors has energy 
dependence of ± 20% of the actual radiation intensity over a photon energy 
spectrum of 100 keV to 2.5 MeV -

{b) Sensitivity for containment detector instrumenti has an energy dependence 
of ± 15% of a_ctual radiation intensity over a photon energy spectrum of 

100 keV to 2.5 MeV. · 
(c) Sensitivity for the radwaste monitor is ± 30% of the actual intensity over 

a photon energy spectrum from 80 keV to 1.33 MeV. 

Rev 15 



-. 

H 

•• 

F 

-

• A 

8 7 6 5 

~~~~A~TE SA,MPLE 
SJNl( ORAINS 

RAOWASTE 
PACkAGING SYS. 

MISCELLANEOUS WASTE 
EVAPORATOR IH-5981 

RAOWASTE 
OEHIN. CJIAINS 

sPENT FUEL POOL 
OVERFLOW 

SPENT FUEL POOL 
HEAT EXCH. DRAINS 

FUEL P0Ct. 
OEMIN. T-5eJ DRAIN 

FUEL POOL 
FILTER T-50 DRAIN 

SLOWDOWN CRAIN 
TANIC T-qq 

SAFETY INJ. TANICS 
SAMPLE FLUSH 

WASTE GAS SURGE 
TANIC CRAIN 

RAOWASTE SAMPLE & 
CHEM. LAB. SINKS 

M-654 
18·61 

CHEM. LAS. 
SINIC DRAINS 

H·Zl"l SH IA,IB 
10-5,B-21 

<!HE-2~1~~G~~~~J2G:;;--~--"""~-~·-~··~·--::;;--~:;;:-~~~~======~r-1-----~ --
10-01 HS HC ( l"·CRW IBJ >----._ 

CONTROL! ED CHEM.LAB. 

OOWH 
M-211 SH I 

IE-51 

H-657 
IE-Bl 

M·651 SH.I 
IB-ll 

CLEAN RESIN 
TRANSFER T AMC 

H-210 SH 18 
CA-91 

H-210 SH 18 
(8-71 

H-221 SH 2 
CA-21 

H-221 SH 2 
IE-6,0-81 

H-221 SH 2 
I0-21 

H-221 SH 2 
I0-41 

H-226 SH.I 
18·61 

SIRW TANIC 
DRAIN 

·204 SH.18 
IO·SI 

H-2134 SH.I 
CH·7l 

OT·llll 
H-211 SH 2 

IO·!!ll 

DRAIN TANK 
1=26. 

HC-H" 

HCC-77-1 

HCC-77-2' 

HC-1-2' 

HC-1-2' 

HC-4-4' 

HC-1-1' 

HC-1-2' 

HC-1-2' 

HB-28-4' HC-1-4'· 

HB HC 

HC·l-4' 

HC·l-I" 

HC-1-

\! 

l'X 11\' 

.. 
HC-13·3' 

HC-5-2' 

CONTROLLED CHEM. 
LAB. DRAIN PUMP 

.E..:.fil_ 

I @C40 

' 

~: 
CV·U!Hi!IB @j : START STANO-BY 
THIS OWG <--- f·-----.. PUMP AT HH 

CC-JI I 

----------L--@·· 

l'·CRW !!132 

!'·CAW 548 

IOI 

CHEMICAL ADDITION 
TANlC DRAIN 

·202 SH.IA 
18-51 

·202 SH.IB 

·202 SH.18 
I0-31 

·202 SH.IS 
lF·JI 

·202 SH.IB 
10-11 

·202 SH.IA 
tF·7J 

M-202 SH.I 
IB,C-61 

P-5SC RELIEF 
l DRAINS 

P-558 RELIEF 
&. DRAINS 

P-SSA RELIEF 
&. DRAINS 

R\1-2255 
DISCHARGE 

vcr 
DRAIN 

PURIFICATION 
FIL TEAS CRAIN 

HC-2-J' 

P- 75B • 2'-CRW ••• 

EQUIPMENT--/ 
DRAIN PUMPS , ......... _ TO PPc 
P-75 A & B • IPT. IO. - YSP75B.OI 

®C-40 

RW ADDITION f------- FACILITY ECJ.JIPMENT 

R 7 6 5 

4 3 

HC-1-2' 

CRO SEAL 
LEAICAGE RESERVOIR 

(coENLiA1~~·ENT) 

2 

CROM 
LEAi< OFF 

~ 

.....--SS~· 
TUBING 
EL. 590 

IOI 

I 

l'·CRW 423 

VtlCUUH OEGASIF'IER 
) M-210 SH 2 ) 

IA·BI 

r----<(:!HG-21[10[JisHi[}2:3<::: b=~7~R;. ·~0~~~ REcg:~:~. 
L__..,HC~C~-·~·~-)~·~~~··~-:··~~.i.1-~-,-~--i~l-~~~"~cc~-~··~-)~·~-.1-----HC::;:::.C~-·~·-~)·----T'"--,r----'~ 

IVI IVI 

* 
u (J'-CRW 7j) 
"' 

SPENT RESIN 
STORAGE TANK 11·1001 

HCC-116-J' ~ 

IH·8J 

(CAW 801) ~ == c...-r.. (8!iw 752) ;--~ 
HCC-85-l' ~ .;r.. / H>C·~J'-'-'-:----'--'--..._-

·---·---··--·--··--···--·' L ·---------··--------_____ ' -_-_--_-_ .. _-_ .. _-_-__ ·,-· -.. -.... --.. -..... --

(CRW 622~ 

. 2' 

2'-CRW 205 

~· 

LIC·l008 
THIS OWG < 

I0·61 

G' 

F 

E 

D 

c 

B 

NOTE: 
~~VALVES ON THIS PRINT ARE ~ 

PRl::FIX UHL.ESS OTHERWISE NOTED. 

plPING & INSTRUMENT DIAGRAM A 
RADID1iCTIVE WASTE TREATMENT SYSTEM 

CLEAN 

lll95~1 M-210 SH. I 38 

4 3 2 P&ID 

9807090043 

~~®tr» ~W®00®fQ)0® @tiil 

ti}.~~l(\(PJl[i'@ IC:~![@ 

FIG 11-1SH1 
FSARREV20 

-



• 

• 

• 
,.:_' ... 

F 

E 

D 

c 

A 

8 

"' CEOT 

7 6 

~·· 

H9-1-2" 

CLEAN WASTE 
RECEIVER TANKS 

HC-2-6' 

5 

3"-CRW 11'1 3"·CRW 121 

4 

3'·CRW 123 

t:!Q!E& 
~ 1-~~~v~rss 1~~~~rs1 :~E~w-
2. RU0·1'!118 RMOVEO TO Al.L.OV 

CONTAINMENT VENT PATH 

3 

c~ 

~·· ~ 

HBC:·2:M• S.~:~~\liNT 
tE·B> 

2 

PALISADES PLANT ""'""""" 
CONSUMERS POWER COMPANY 

PIPJNJ;; & INSTRUMENT OIAGRAH . 
RADIOACT::vE WASTE TREATMENT S''.STEM 

CLEAN 

M210 SH. !A 15 

J. 1 

.. ,...,..· . 

D 

c 

B 

A-

. ANSTEC" 
'APERTU.RE. 
\ CARD .. ~ 
·A\IO Avalleb\e on 

_ " Aperture card .... 

Figure 
Rev 

11-1 Sh IA 

19 :.a. 



• 

.. -. 
'!..-. 

• 

• 

H 

-

G 

- ~- CLEAN WASTE 
F-57 A/8 

- <' M-210 SH 1 
·:... CE-IJ 

F 

-

E 

-

0 

c 

B 

A 

CLEAN WASTE 
F-57 AIB 

"'°>H·210 SH 1 
co-11 

CLEAN WASTE 
HOLO·UP TANK 

~ H·650 SH. I 
CG-Bl 

8 

PCV 
1071 

HC-2·3' 

7 6 5 4 3 2 

HC-2-3" 

HCs.LHC ~ 
ll!!' -

SERV 
AIR 

~-~ 
HCC·5~ 

~ HC"'-1-HC 

3' ·CRW 1741.._ 

8 

C~0 H E< 
1 7 . ~ 

C<~· ';! p • 
I 3 --

" " 

EK C~0 H 

1521 

C4~ p • 
1041 --

PURIF TJON ~ 
CEH ZERS ffiLLI iji ::; 

H -U 1 ~ -__ ------·----~ ~~~g 
OEOT e:> * 

<<EH-~2~l0~S~~:Ef_J__!!!HC~-~J-~~:._.l-----l---j--ll~__JL-__ ~-------·i----- ---1---__J'--~---~------1-----1---'~ 
<B-B> 2' ·CRW 211 ---l------'l_:;H::_C-_,2~·,3,_' _______ ,___f'-..J--ll--- l-__JS";L;oUl\!;CE~-{l~~;---l'-''j''---l!'T+----1 

c-.ce@' ~ 145 >-'' {3'·CRV 1•7 LJ ~ ••TER ~·-cRv 1561 ~§----.,, 
10s.c ·--~~ .__ ~ ~~~---c-Rv-,.-•• ·__,"~ 18,C-BI 

I HC· 13·3' 

7 6 5 4 3 

llilI.E.;_ 
ALL VALVES 0.'11 TH 1 S PR (NT ARE Cfil! 
PREFIX UNLESS OTHERWISE NOTED. 

T-sq 

2 

PURIFICATION & 
OEBORATING 

ION EXCHANGERS 
:; M-202 SH.j> 

C0-0 

<E-21 

PALISADES PLANT 
CONSUMERS POWER COMPANY 

PIPING & INSTRUMENT DIAGRAM 
RADIOACTIVE WASTE TREATMENT SYSTEM 

CLEAN 

M210· 18. nr.N 

H 

G 

F 

E 

0 

c 

B 

A 

ANSTEC,· 
APERTURE 

CARD 
Also Available on 
·Aperture Card 



8 7 

<IQ,.'-

H 

• 

F 

E 

• 
D 

c 

• A 

8 7 

6 5 4 

t«:-2-3" 

3 

~f.!icC CLEAN WASTE 

3"-CRW 151 

LCI 

~!-!,.CC 

I HCC-.. q-:r DISTILLATE PUMPS 

r----~:;:-----------;--;--_..!HC:!£:j-2t:_-J";t_--;:;:;t.~;;::::---------I---~------, -650 SH.IB 
IG-21 

HC-2-2'" LC :r-CRW 173 

6 

;;: : 

~ l 
' ' 
~----TRiP"CLOSEO ___ • ---+ 

ON HIGH ' 
RADIATION ! 

lAUhtlRY DRAIN Pt..H' 
• FILTERED WASTE 

MOHITOFI PUMP 
M-211 SH.I 

18-11 

2"-CRW 170 

5 4 

TREATED WASTE 
MONITOR TANK 

C-UH 

HC-2-3" 

TREATED WASTE 
MONITOR PUMP P-58B 

INTERLOCK FROM i----------'1 DILUTION PUMPS 
: P·40A l 8 

' : C-•110 

---~---@ 
A/S 

•Z
OILUTIOH LINE 

----->H-653 SH.3 ) 
CB-31 

3 

2 

HCC-58-3" 

R('I' OAT( 

2 

HC-2·3" 

tfillli 

re 

RADWASTE FILTER 
F-57A OR l-6q 

-210 SH 1B 
10-31 

I CLEAN WASTE 
HCC·SS·l' DISTILLATE SYSTEM 

~ 
IB·2J 

~~Fr:L~cEgi J~~R~~~T :r~~RL 

(){SCRIPT ION BT (1 

CONSUMERS POWER COMPANY 

H 

G 

F 

E 

D 

c 

B 

PALISADES NUCLEAR PLANT 
COVERT, MICHIGAN M:•rn ir.m.~• A 

P!PWG & INSTRUMENT DIAGRAM 
RAD!DACTlVE WASTE TREATMENT SYSTEM 

CLEAN 

M210 IC 12 

~~®@ ~~®u~EIDfm~® ©fro 
i~ fO,)~(f\(nJJ Ii'® e@\l'©l 

FIG 11-1 SH lC 
FSAR REV 20 

9807090043-~ l 



.. 

• 

•• 

• 

H 

G 

F 

E 

0 

> H-218 SH.2 
I0-41 

LIT·0H6A 
>M-218 SH.2 

I0-11 

PT-18l2A 
>M-218 SH.2 

IH-41 

8 

PUMP LEAKOFFS 
BELOW EL 570'·0' 

AUX. BLOG. 
FLOOR DRAINS 
BELOW EL. 570'-0' 

SHUTDOWN COOL ING 
HEAT EXCHANGERS 

DRAINS 
H-204 SH.I 

{(-61 
IF·61 

Aw 114 

GS:l 
~ 

7 

PUMP LEAKOFFS 
- !BELOW EL. 570'-0'1 

c 

B 

A 

AUll. BLOG. 
FLOOR DRAINS 
IBELOW EL.570'-B'I 

T-78A !EAST ROOM> 
ENGINEERED SAFEGUARD ROOMS 

SUMP PUMPS 

AUXILIARY BUILDING 
SUMP PUMPS 

R 7 

6 

HC-12·4' 

HC-\-2' 

6 

5 4 

LAUNDRY DRAIN TANK 
.l::l..0... 

2·-xeo 

2'-llBO 

HB·l'H" 

-21~ SH 6A 
IE.-41 

M-~18 Sli 6A 

.... ~----- EMERGENC f SHOWER 

,...~----- ~~~~s~ 1 t~l(o~•rROL 

K------DECONTAMINATION 
PIT DRAINS 

-------CASK WASHOOWN 

H0·2.4-2" 

HCO 

5 
~ 

5 

AREA DRAINS 

H-20q SH J COMPONENT COOLING 

CF-JI 
SURGE TAN;: oq:.IN 

H-202 SH IA BORIC ACID BO:TCHltlG 
l - • ) 

TANK ORi::l[N 

H-202 SH !ti BORIC ACID 

10-51 
FIL TEA CRAIN~, 

M-210 SH IC TAEATEO WASTE 

I0-71 
MONITOR TANKS 

HC·IB-4' 

4 

vcr RELIEF 
H·202·5H IA 

3 

CF·BI 
VACUUM 

OEGASIFIER RELIEF 
M·210 SH 2 

CF-51 

3 

y 
00WH 

HC-1-2' 

MISCELLANEOUS WAS TE 
DISTILLATE SYSTEM 

M-651 SH.IA 
IE-11 

2 

•-RETIRED IN PL14Ct. 

2 

~M 
~---v 

I 
I 
I 
I 
I 

MISCELLANEOUS WAS TE 
HCC-!

0
-)" DISTILL~TE SYSTEM 

~~if> 
IG-11 

AAQWASTE 
DISCHARGE 

HEADER 
M-210 SH IC 

fA·61 

PIPING & INSTRUMENT DIAGRAM 
DIRTY WASTE & GASEOUS WASTE 

0950 M211 SH.I 61 
M.'1! 1.[11,f/ 

1 

h 

G 

F 

E 

0 

c 

B 

A 

98 07 0 9 0 043 

t;,Goo A~~n~~t!Jin@ @lfll 
~\P)@v\l[ij](i'@ ©@\l'©J 

FIG 11-2 SH 1 
FSARREV20 



•• 

• 

• 

H 

F 

E 

D 

c 

A 

VCVH 

M-2!1SH2 
IF-Sl 

8 

:. 

L:.J 

2' 

CONTROLLED 
BLEED OFF 
REL.lEF 
M-202 SH. l 

CCi-6> 

L:.J 

I' 

HC-21-1' 

SV 
1007 

~ -------r------------:·.-

7 

u 

"' 

~-------j A/5 l---J'if:l_;_---~'4(NO 

~--- .. ·+--

~ i i 
; ; 

ON CLOSURE 
TRIP P-71A & B 

< M-210 SH. 1 E 
CLEAN RAO. WASTE <E--4) 
F-57A, B & C 

M-210 SH. I 
<E-41 

8 7 

HC-1-3' 

HC-1·3' 

3' ·CRW 101 

HCC-B-4-3' 

HCC-85-3" 

N'\ 
~ H: L. 

6 

2' 

I' - CRW 402 

HC-27-1' 

3' -CRiii rn0 

6 

NE 

1' -N 1G5 

"2 
~-22Z SH I 

HB-45-1' 
18-81 

H8 I HC 

.. SOI 

sv ~ 1060 I 
C-40 

i--~ 
A/S :~ 

A/S 
sv 

1001 

I' - CAW 503 

r.• P-50A 

"' M-20CJ SH. l 

~ r:E-7l 

r.· P-508 
~"' M-20q SH. I ,,~ 

CG-71 "" .sii 
'):• P-50C o"' 

M-20q SH. 1 
u-' 

rr<l CA-7l 
P-500 ""' r.• :!:"' 

M-20q SH. I "' rc-7> 
~ 

3' -CRW' 760 

5 

LC-1001 I 

> THIS owa. >--------~ 
ID-BJ 

PRIMARY SYSTEM DRAIN 
TANK PUMPS 

5 

RADWASTE 
SAMPLING 
SYSTEM 
M-2\Cl SH I 

10-3) 

4 

' ~~/ DIRTY WASTE ~ 
CRAIN TANK 

HC-1-3' ~ M-211 SH. I ~ CE-Jl 

!.. 
u 

"' 

'):• 

I' 

2•, 

; 

' ' .r---- ------------------' 

" "' 

·' 

,; 
2• •• 

~ CRAIN I: 

u OWOM I,~ 

': 
1: 

1: 

!i 
1: ,· 

3' - CAW 

3" - CRW 108 

4 

i: 
! : 
~ : 
! : 
! : 

3 
LETDOWN FROM 
CHEMICAL & VOLUME 
CONTROL SYSTEM 

-2'?)2 SH IA 

!H-81 

HC-2-3' 

CE-4) 

ccw 
M·209 

<E--4) 

SEAL WATER 
COOLER 
E=67 

l/2'CRW 22 

SEAL 
WATER 
PUMPS 
~ 
~1/2' 

! ~ --- --- -- --- --- -- - ---- -- --
I 

I 

SEAL 
COOLANT 

TANK 
T 107 

2 

CLEAN VASTE RECIEVEA 
TANKS T-64 A, 9, C & 0 

:~~-
lH-8J 

-·- -~BY VENDEA 

WASTE OAS 
SURGE TANK 

M·.0
c·40 

-~z~7 
"'-e/c 

~~ 
<E-5> 

J' lo'G 405 

STo:iRT STOP PRIMARY 
SYSTEM /"AKE UP 

WATER PUMPS 
!NOT USED> 

;----------)' M-652 ) 

-· ---l-·-· -·- ·-. _. ~E_-~1 
: I 

----@~---

~ 

1-· ·-·-·---·~· 

:~~~I'° ·O ' 
! ~ = !!: 
I N 
i i 
I 

I 

I 

!;' 

@ : 
i 

!'-CRW 203) 

H 

G 

F 

E 

D 

c 
·-·- ·-. --- ---------- ·-· -·-· 

3'-CRW 110 

HCC-128-1' 

3 

HC-2-3• 

NSSS VENT TO 
-423 CRW VDT 

M·654 
CB-51 

REV OA~E 

I 
VAC DEGAS 
VAC PUHP 

SKID CRAIN 

~ 
ALL VALVES ON THIS PRINT 
ARE CAW PREF IX UNLESS 
OTHERWISE NOTED 

IFCMJ 

CF.SCRIPT ION 

MWS 

lev c1c: 

CONSUMERS POWER COMPANY 

B 

PALl~~e~~T~~~~~GRA:LANT M2J0·2.DGN A 

PIPING INSTRUMENT DIAGRAM 
RADIOACTIVE WASTE TREATMENT 

.......-! 
I 

.......-! 

.......-! 

l=::::::;;IE==:\===========il'S•r5~ , CLEAN 
M210 

2 02·29U093 -5l 



H • 

F 

E 

• 
0 

c 

• A 

8 

8 

:?: 

VGCH 

M-655 
<C-8> 

ANT I FOAM 
CHEMICAL 

M-655 
CC-4l 

CAUST TC 

M-655 
CB-41 

> 

RAOWASTE 
OEMINERALIZERS 

EFFLUENT 
M-210 SH 18 

CE-BJ 

? J[HB0-11-'Y.' i• 

Hsol 

HCC·56·3' 

NITROGEN 
M-222 SH. I 

CC· ll 

7 

~··CHM 452 

(fa' • CYM 703) 

HCO I Hee 

HS0-12-~' 

PRIMARY SYST. MA:~~~ WATER HCC· l0J-2" 

CC-Bl 
INSTRUMENT AIR 

M-212 
IF-3J 

CLEAN WASTE 
HOLD-UP TANK 

-6521 SH 18 
f8-8l 

J00-1-1' 

HCC-34-3' 

RtlOWASTE 3' ·CRW 736 
EVtlPORATOR M-598 

M-651 SH l HCC-34-3' 

C8- ll 

MISC. WASTE 

I' -CA 701 

co<~~~~~T;Hs~~;,_EM _ _,,H"'CC,_-"'33,__-_,,_2· ____ i~--j 
(H-8) 

I 7 

6 

HCC··U·2' 

__J_
HCC 

ET ET 
xx xx 

sx 
5445 

3•x2• 

6 

p.q4 & p.q79 
MINI-FLOW' 

M-650 SH 1 
{Q-6) 

x 
0. 

RAOWASTE 

5 

~ 
~ 

HCC-Cj7-1' u 

~ 

J 
c 

EVAPORATOR Wz 
"'-PACKAGE 

M-5gA 
<SEE H- 650 SH. 2) 

RAOWASTE JNFLUENT 

~§ 
'-~ 

5~ 
'°> 

0 

r 

z 

i 

N_' ~ 

0 

x 

U~~ 
~ ~ -
~ ~~ 

oci 
~ I-~ 
r
~m 

&m 
~-

"' 

5 

~ 
u 

x 

3' -CRW 723 

4 3 2 

H 

G 
~ ~ ~ 

;:: u; r Gi a; r ;;; 
~ 

w 
~ 

u 0 ~ 
& "' & & 

::;: ~ ~ 

"' "' 
0. 

: 
0. :. 

F 
: I OEOT 

--------------------X_C,fl_-_4: •.... ! ..... ___ >:_c:_·_~ 
I (A-7J 

HBC-9-1 1 ' 

HCC-96-~' 

CRW 242 

ANT I FOAM 
CHEMICAL 

M-655 
10·4) 

CAUSTIC 

H-655 < 
(8·4) 

Cl05 RAOWASTE CAUSTIC 
---- -- tNJECTION EQUIPMENT 

Cl~ 
125 

L 

M-655 C8-4l 

SYMBOLOGY: 

ET 
-XX- ELECTRJC HEAT TRACING 

4 3 

xca_i.tic 

2 

PALISADES PLANT 
-CONSUMERS POWER COMPANY . 

E 

D 

c 

B 

PIPING & INSTRUMENT DIAGRAM A 
RAOWASTE EVAPORATOR SYSTEM 

CLEAN WASTES 

0g50 M-650 SH. 23 

Hi.~.,1 I. IJl,,N 

. Ais© ~v~~fit:ti~~~ Oi11 
A~~l?taJJr~ CGJrci 

P&l9602•290093 



• 

• 

• 
...... ., .. 

r 
'-' 

-I 

D 

c 

AUX. BLDG. 
FLOOR OR~ 
BECOW EC 57% 

SHUTDOWN COOLING 
HEAT EXCHANGERS 

ORA INS 
M-204 SH.I 

IC-61 
CF-61 

T-7BA (EAST ROOMl 

ENGINEERED SAFEGUARD ROOMS 
SUMP PUMPS 

SPENT RESIN ._.CO XCD 
STRG. TANK -r-
IT•l00l HC0-17-3" I 

- PFU.S'fS)'IA.:E

B 

A 

~TfRD T~~JTY'; :;:";:J.g;5522>~~~-1--_,1-~-l 
~~~WBL~ CG-JI • 
()RAIN TAN>C T-41 H;l.• 

cs 
U37 

AUXILIARY BUILDING 
SUMP PUMPS 

7 6 5 

.!.AUNORY DRAIN TANK 
I..:Z.a. 

4 

VCT RELIEF 
HC-18-4"~ 

DIRTY 
WASTE FILTER 

f:53 

lF-81 

MISCELLANEOUS 
RAOWASTE 

SYSTEM 
<H-65! SH.l 

3 

"61~~h_LL":TEE~Y~TAEs,rE ~ t 
M-651 SH.IA 

tE-11 

•-RETIRED IN PLACE 
2 

c•• c•• M 
@----v 

I 
I 
I 
I 
I 

HCC-10·3" 

MISCELLANEOUS WASTE 
DISTILLATE SYSTEM 

·651 SH.IS 

PIPING & INSTRUMENT DIAGRAM 
DIRTY WASTE & GASEOUS WASTE 

0950 M211 SH.1 

G 

F 

c 

B 

A 

60 
f'\211·1.DGN 

1 

.. ·:... 

AN STEC 
APERTURE 

CARD 
Aleo Av611ab~e on 

Aperture Card 

~o5 

Figure 11-2 Sh 1 

Rev 19 ·~-



• H 

F 

E 

• 
c 

A 

• 

NOTU F·~q I F'-62 MAY BE: OPERATED 'li'rTM 
OR lltTIQJT FILTER ELEMENTS INSTALLED 

"' ~ 
> > 

~ ~ 
;., ;., 

8 

V.G.C.H. 
1'1·6'!15 
IC•81 

C·l0S~H ,. 
L 

C·I"@ 
C• 105 LJ:i::l 1 LT 

~-r-5102 

@s 

MISCELLANEOUS 
WASTE FILTERS 

F-5'l & 62 
!SEE JCJTEl 

HCC-26-3" 

ICC·:l!i·l" 

I 7 

H8C•t6-2" 

OVERFLOW 

:t-t<g. 0'" ••• 

MISCELLANEOUS 
WASTE 314° •CHM 712 

HOLO-:uP'i' ANK 

~ 

z 

! 

ORW 777 

3' ·ORW 773 

3' •OR'li' 771 

3' ·ORW 753 

3"·0Rll 750 

6 

C·105 

Llt ~ 
cl§~ • 

C·IBS~ 

t-105~ 
!'Li"l " LT 

ij ~-r- ... , 
~ 
~7 

MISCELLANEOUS 
WASTE 

HOLO-:uP'i'ANK 

~ 

w 
J 

...----~"°=c~-:ie~-~·~·------'§ 

5 

ORw 586 

MISCELLANEOUS WASTE 
TRANSFER PUMPS 

4 

OVERFLOV 

ICC·22-3" 

HBO ·11·3141' 

MISCELLANEOUS 
WASTE 

HOLO-:uP'TANK 

~ 

w 
J 

.-------"HCC:::.·3"=·•::c"----------' § 

ANTI-l='OAH 
CHEMICAL 

H•655 
C0•41 

CAUSTIC 
> M•655 

tB-41 

NITROCEN 

3 2 

HBC-'l·IY.i' 

I 112' •'llG 7212 

ANTl-FOAH 
CHEMICAL 

M•655 
10•.fl 

CAUSTIC 
1"1-65'5 

l'•VG 7"3 

RAOWASTE 
EVAPORATOR 
~ 

stE H· 650 SH. 2 

.. 
~ HCC·5l·3'" 

::l I :;c CLEAN w:.STE 
OISTlL:...i:.TE SYSTEM 
11-650 5""' 1B 

•·ltc.c:i-tttlt0-~782TOCAl"IC~ 
~ c--..--...~ • IXll ~-:.z. _ ,_ 

PALISAOES PL~NT 
CONSUMERS POWER COMPANY 

L"9 

PIPING & INSTRUMEN7 DS!AYGSRTAEMM 
RAOWASTE EVAPORATOR STE MISCELLANEOUS ·.iA 

0950 M-S51 SH.! 

Jl'SS::· 1.DCN 

1 P&IO 

!.-:; 
'" 

c 

F 

c.· 

c 

E 

p. 

32 

-"'-· 
-~::. ~-: 
.· .. -
~-..... -

-

ANSTEC·, 
APERTURE 

CARD 

Alao ·Avallable on 
Apertlllre Card 

910707 Ol 02 -{)lo 

Figure 11-2 Sh 2 
Rev 19 ~ 



• H 

F 

E 

• D 

c 

A 

• 

8 

2" ·0RW 760 

-H WH 

-x wx 

2' • ORW 75q ::;: 

Jitl/·ORW-210 2': 
M-657 

F-3 
SEE NOTE l -x WH 

P-"5••B J OISCHARCiE TIE ET 
< M-650 SH. IA >-XX 

IA·Sl HCC•6eJ•2'°o-JC 
wx 

8 

7 

ET HCC•IB•:Z- xx 

.E:.S5B. 
EVAPORATOR 

CONCENTRATE ~" 

~~ ~i-- ---
RV 

' II' TRANSFER PUMP ~ 

'f.f __ _;>:=ll:;.._6 ~i HCC-18· I~" ~i 

RV 
!SIJ7 

7-

HCC·Il~· I' 

6 

ET xx 

@ 
ET ET r xx-Dxx-tr-

1• x ~· 1 
-x WH 

ET_JET T-~B 
xx xx-7THIS owe;. > 

<F•SI 

6 

ET 
xx 

5 4 3 2 1 

ET 
xx 

ET ET 
-------~~-------xxr-xx 

~:""'HCC:·lS· 1• 
I' X ~----

~~ HCc-11s-1• i~ I 
RV 

5141 WH 

I _H 

~: ""i ET 

~~ _j_:~ __ ..J._ ______ ;~ 
I >CC-2-3' 

I' X ~· 

3• ·ORV 748 

l'·ORw 553 

3'·0R" 735 

3• -oi:iw 736 

3' ·ORW 733 

5 4 

o->e M5qB EVAP. 

WHI ------~HC~C~-1~-~~~--------<.~~-~-·~5~1~5~~~1~< P •V ·~--..,--+---~xx 

-------'----~~~--~oc~c-~1~,.~-~~~----------iD 

~-2l 

:'.)1-651 SH. 19<: 
cc-11 

~6~W~~O T~~~T~-63 
M-211 SH 1 

T·SC!A A B 
OEMlNS 

-651 SH. 18 
cc-u 

T-aciA t. B 
OEl'UNS 

-651 SH. IB 
IH·ll 

.F 

-:::. 
.-':o. --.. 

-·~.::;.;..~:.: 

. 
> 

0 "'!" ... -~ ... 

TRIP LS-520413 

r----< ".~~~~ < 

:...... 3' -ORV 453 

: '· 
~ ........ _ 

3 2 

HCC:·4·3" 

r-gqA & B 
OEl'IJNS 

* f'l-6$1 SH. 1¢> 
Cf·Bl 

.... ~ -P~LISAOES PLANT 
CONSUMERS POWER COMPANY_,.,._ 

c 

8 

I STRUMENT DIAGRAM ?l 
PIP!NGsf.:. tvAPORATOR SYSTEM 
RADW~\ SCELLANEOUS ~=TE 

M-651 SH. IA 10 

ANSTEC· 
APERTURE 

CARD :4 
Also· Avallable W1l 

ApeB'iure Card 

·r--_::J-

Figure 11-2 Sh 2A 
Rev 19 



_.,, .. 

•• 

•• 

• 

F 

E 

0 

c 

A 

8 7 6 5 4 .3 2 

HIS:: wnc,:1 
liOl 0 Uf' IANV'j 

~---------------..!:HC~C!o,:·:;_26".:·C!J:_' -------<EM-~~!j~T~ 

MISC WA':;I( 
HOLO Ill' 1l•N1' <., 

~------------'HC~C-:.Jl~•:..-J>:."-------z~"M-6':ll~~1'> 
-- ~s;--

7tJJ DRiii 

~-------------~_H_~L}E_:"~.i~ 
!0· II 

FILTER w: •. ;1r 
MONI IOR rl' 1·6) 

78'.J QRW 

~----------'-~--~~Li~~ 
If 1! 

F!i ffAfU WA';l[ 
HCr11 TOH TMN~ r bl <i.~~:A~~~-----__l!HC~C~-~I0~-~~~------------------------,-------------------------!-----+-------~11~-,,-~1~-----4::kJ.---'!HClCf·~IO~-~J':._ __ -:..._M~~[fj!~ 

lF-Jr 

P·S'ltl & B 
OlSCHl"IRGE 

H-651 SH. IA 
CD·ll 

\IC.CH 
H-655 

C[-7J 

HCC-4-3' 

HBC· 11-11 ' 

RESIN 
FILL 

l 

,. 

HCC-sq- I~' 
~ ....... f---t.-A\--

MISCELLANEOUS 
WASTE 

DEMINERALIZER 
T-89A 

3' ·DAW 565 

C-105 

<#----
~I 112' -DAW 722) 

'--------! 

SPENT RESIN 

C· J05 

~ 

~ 

""'~ 

c- 105 

sv 
5135 

~105 

)' ·ORW 726 

C·r05 

@ 

TO SUMP 

HCC-13-3' 

HCC-4-J' 

ND 
~~20C) 

.:.1s 

HCC-11-3' 

sv 
5137 

C· 105 

~ 
(1 

RE) [I~ 
FIL! 

a- (9~ .. 4f,7-

~~ ....... ._-~~A\---~~e::~ t 
u 
!;' 

MISCELLANEOUS 
WASTE 

DEMINERALIZER 
T-898 

C· 105 

dPS 
5115 ---·~ 

x 
511~ 

c- 105 

@ 
~ 

3' -ORw 700 

,, x ,.~cq 

SI<:~~;;~-~~~~~··:__ ____ _L _________________________ ~---------------------·~---------~ 
tG 91 

. 
u 
u x 

u 
u x 

;, 

u 
!;' 

J• )C 2' 

HCC-12-J' 

HCC-15·3' 

UTll [TY WAflH 
lRAt..ISF(R PUMP':. 

~-~ 

UT ILi rv WAT[f~ 
ST QHAGE. TANK 

1~ 
!C·BI 

Cansumsrs Energy 
PALISADES PLANT 

PIPING & INSTRUMENT DIAGRAM 
RAOWASTE EVAPORATOR SYSTEM 

MISCELLANEOUS WASTE 

"195"1 M-651 SH. 18 

--- ---·. ___________ .§_ _____ ! ___ _ 7 6 5 ____ L __ 4 3 2 P&IO 

r 
'-

F 

E 

0 

c 

B 

A 

98 07 0 9 0 043 

A~oo ~'\1imBilillrQJu1&, ~L" 
.~t71111l>1"'Jl:''.::'~-' 'i°;;o:(i'IQJ 

FIG 11-2 SH 2B 
FSARREV20 

_J 



H 

•• 

F 

E 

•• 
D 

c 

• A 

CLEAN RW TANK 
VENT HEADER 

-210 SH IA 
IE-21 

SAFETY INJECTION 
TANK VENT 

M-203 SH I 
IH-81 

~I 
'l'i 

8 

8 

PRIMARY SYSTEM 
DRAIN TANK VENT 

H-210 SH 2 
IE-81 

QUENCH TANI< 
VENT 

H-201 SH 2 
lH-61 

7 

~-
HB·H' HB-1-4' 

z ~ w 

;zffi 
wO ,. 

HB-1-3' zW 
~:t: 

8 

HB-1-2' 

HB-1-1' 

l"·WG 723 

7 

6 

LC 
l'·Nl30-WG 511 

AV-1111 
THIS DWG 

HCC-J-3/4' 

OT-1113 
THIS OWG 

IF-.. 1 

HBC-22-1' 

6 

5 

WASTE GAS SYSTEM 

HB-1-1112' VCT VENT 

DIRTY WASTE 
DRAIN TANK RELIEF 

M-210 SH I 
IE-•1 

EQUIPMENT DRAIN 
TANK RELIEF 
M-210 SH I 

CE-Bl 

VAC. OEGASIFIER 
VACUUM PUMP 

DISCHARGE 

M-202 SH IA 

HB-1-1 112' 

HB-1-1112' 

HBC HCC 

T 

b ~a; 
~~Si 

:I: 

WG 516 

DEDT T-BS HCC-125-1 112' 
M-211 SH I 

CO-Bl 

~1-~ . x 

M 

:;:: ffi -
~~~ 
O> 

5 1. 

4 3 

' 

L------ -· 

RE-1113 
ANO STACK 
M-211 SH J 

IG-81 

HBC-22·1' 
THIS owe 

m-s1 

112' WG 514) 

2 

WASTE GAS 
DECAY TANKS 

M-211 SH J 
IC-Bl 

GASEOUS WASTE 
SURGE TANI( 

[__~_,1--J><i-l_~~'.:'.'.::::.'..:.:'..__~~~:z::tM~-~211~ 
IF-41 

G 

F 

E 

D 

c 

WASTE GAS or 11•• 
COMPRESSORS DISCHARGE L~~~~~~~~~~~~~~~~~~~~_r_::::::::::::::::::::=-~~~~~~~~--~~~~~~~~~--<~-"' HCC-125-1' tB-71 

B 

4 3 2 

JG 

.... - -

Consumers Energy 
PALISADES PLANT 

PIPING g. INSTRUMENT DIAGRAM A 
RADIO-ACTIVE WASTE TREATMENT SYSTEM 

GASEOUS WASTE 

M211 SH.2 

98 07 0 9 0 043 

~rM@T~CC 
~rPJ~~rc~~~ 

(Gj\~ll) 

AH®© Pi.~©ia~~fmH® ©l!i'il 
ii\@@rif~lf'® e~ur(Q] 

FIG 11-3SH1 
FSARREV20 



• 

l 
I 

I 

• 

• A 

tG·JI 

D<OT 
H-211 SH 2 

tC-51 
>«·J4-I' 

WASTE GAS 

SU>C< '"" 

t.F-21 

8 

c~;J 151s~~1?cE 
H-211 SH 2 

10-11 

8 

------@;,®- - -·- - --r.··-··-·-··-····-~----·-·······-·I· ~---···· r 

HCC-123·1" 

OEOT 
H·Zll SH Z"' 

tB-51 

'"'8-20-1 

7 6 

WASTE GAS SYSTEM 

------------! 

l+-211 SM.l 
l7·CI. 

5 

t<C-123·1" 

t<C·l25-Jt4' 

4 

t<C·I21·1' 

WASTE GAS 
DECAY TANKS 

3 

3 

2 

-------·--------

t<C-1,Z,·JI.&" 

2 

i 

~~~1~r© 
~[F)~[Rf![ UJ. · f}{1 ~ 

0' /rJ~ fi;S] Roi 
~~lnl cj) 

AU@@ &i.W®D~I@ lu@ ©IIU 
~[pl®Ui(!JJ!i'® ~ biIDF©J 

.. e......,r--;--•71"m~~'.<'n•••• mm•• ' 
c.i0 c .. a : 

~~Elib"J ®--@-------- 4 

s .. ITCH '9 A/8/C 
I SELECTOR 
: SWITCH 

':)PEN1:~os,~sp~Y;~'B-R FR(>! Wu 
BR~o\•E"S 

~~~SUMER~~POWER COMPANY 

PALISADES PLANT "'""'"" 
MENT DIAGRAM 

PIPING lo INST~U TREATMENT SYSTEM 
RADIO-ACTIVE G~~~6us WASTE 

0950 M-211 SH 3 l'l 

FIG 11-3 SH 2 
FSARREV20 

9807090043 (o5 



•\ _ ... <-..: •. 

H 

• 

F 

E 

•• 
D 

c 

• A 

8 

s5r~~TGrETS~~K 
n-sq1 

RAO~~l~~~ii~ING 
IT-861 

M·650 SH.IB 
IE-21 

MIS~i:'H~~~?z~:STE -651 Sfl.IB 
IA-01 

HCC-78·3" 

IT-Bq A/Bl 

SERVICE AIR 
-650 SH.16 

IC-21 

OIRT\~~si1A~AIN 
AUXILIARY BLOG. 

SUMP PUMPS 
M-211 SH.I 

IC-SJ 

EOUIPMENT DRAIN 
TANK IT-8211 
M-210 SH I 

IC-01 

CONTROLLED CHEH. 
LAB. DRAIN TAHK 

IT-761 
M-210 SH I 

CF-Bl 

E~~~q~~r!~~s 
>M-651 SH.IA ) 

IC-81 

. <l'i-651 SH.IA ~ 

SPENT FUEL 
POil.. OEHIN. T-59 

PURIFICATION 

f'c:l~~=~ 

T~ p~~lr~-~qA/81 

YRS T-10'1 

IF"·61 

RAOWASTE 
OEHINERALIZERS 

M-210 SH 18 
lA-2) 

M-221 SH.2 
IE-21 

EOUIPMENT 
DRAIN TANI< T-BB 

M-210 SH I 
IC-81 

>M-210 SH IA) 
11::-61 . 

M·2\0 SH 18 
IA·21 

M-227 SH.I 
IP-121 

8 

J80·35-11 • 

HC0-17·3' 

HCC-121q-2• 

HCC-77-1 

HCC-88·1~' 

HCC-115-~' 

HC-13·3' 

YS 
1053 

ET 

" 
ET 
xx 

~ 'ii 
·~ u u 
'i x 

CH-91 

7 

: HCC-1211M~' 

ET 

" 
ET 
xx 

HCC·HH·J' ~ 

(;::\ I HCC-121-1' 

\'5}, ~ 

ET 
xx 

ET. --------~~---------------XX 

6 

SERVICE 
WATER, 

RETURN 
M208 SH.IA 

I0-21 

OISTRIBUTm 

JB0-28-~' 

------------------·---
SPENT RESIN 

STORAGE TANK 

5 

4 

YRS 

'{_~"'-""-'--:z.£._;i~'~ 

SERVICE WATER 
SUPPLY 

:>}!208 SH.IA 
I0-11 

VGCH 
M-655 
0·7 

Jeo-20-~· 

EXISTING -..J. 
DRAIN HOR. : 

4 ----·------ l_ __ 

u 
'i 

"' N 

c 
'i 

3 

FILL STA. 
AUXILIARIES 
H22q SH.4 

18-31 

2 

INSTRUMENT AIR DRYING SYSTEM 

SYMBOLOGY: 

-~i- Elf(IHIC H(A; l~.'l.-:H11; 

3 . 2 

AERDLESCER 
OIL REMOVAL 

.EJ..LIE.B.. 
F-31 

~: 
~; 

.--,,="""","""' .... .,._~-----~-~~lfuh 
-·-·-·--- ~.SICll~Ell 

·-~ALISAOES PLANT 

r. 

G 

F 

E 

D 

c 

E 

_ ___:C~O~N~S~U~M~ER~S~P:'.:O~W~E=R~C~O~M~P:A;;:N~Y-1 p_ 
STORAGE ANO 

SPENT REPS~~KAGING SYSfEM RAOWASTE 

0950 M-657 39 

M651.0G,.. 

I 1 

FIG 11-4SH1 
FSARREV20 

9807090043 -~<o 
... , 



... _ 

•• 

• 

• 

q 

N 

\ 

J 

H 

1 
G 

: 

~ 
I 

-...... 

'----&:::C -~2-, --.,,~.~----zo-

·~ 

L .. POWDERED RESIN MOBILE SYSTEM 
__ j 

ASPHALT TANK 

. !:.U! 

@& 
r---~ -~ 
I :(3\' 
~------~-' 

!1-ov•-'-
·I HI.I· -·· 

T·IOO 

··-

.,.c.o-a•a- 11~ 

.:=;.,.~-· . 
: .... ina.~ 

'' 

:r 
T11'~ =· I 

I 
I 

In -
!=~~<; .. 
HC0-3z-2• 

~'~ i 
~::--- -- - ---' 

.. ~ 
T•••~•I~ 
~·l----i 

··~ ,Q , ~-1@ 
L 111o•t4 

13 

' .. 
I 

ttc.O· ll · ~· 

12 II 10 

98 07 0 9 0 043 

: lM®@ ~~&.iu~~tl;}~® ©Y'D 
~ ~~®rffil!llfi'® ©©3!l©i 

L 

K 

J 

G 

D 

A FIG 11-4 SH 2 
FSARREV20 

-
' . 



• 

• 

• 

H 

G 

F 

E 

D 

c 

B 

A 

PRIMARY 
MAKE-UP 

WATER 

,-

8 

STEAM 
SUPPLY 

> M230 ) 
G-5 

r--------
1 THIS OWG 

C-7 

~ - - -
I 
J_ 

~N 
~OFF 

CONDENSATE 
RETURN 

M230 
H-2 

ISOLATED 
COOLING \liATER 

M22q SH.2 
18-8) 

ISOLATED 
COOLING WATER 

M22q SH.2 
CF-Bl 

ISOLATED 
COOLING WATER 

M22q SH.1 
CE-U 

HBD-86-3' 

7 
- - - -1 

~~E::'.t~~=>"ENT 

I_ 
§~~ 
:J~U... 

~ 
,..a;-
~Q 

~ S:! 
~ il 
~ 6 

!;! 

6 

~~~ 
~~\"-

~ 
... 5!! 
~6 

"' 
~ 

M !ll 
M ill Q 
LI "' = 

l-*--(::l14--""'AIS 300f GBD 

150• HBC 

5 
M-21 

E/E MANIFOLD 

~ 
~ 

3 

t HBD-87-2\2° 

EEC:-101 

I 
- -.----_-___ -___ -___ -___ -___ -___ -___ -___ -___ -_-__ -J-

THIS DWG 
A-I 

E/E MANIFOLD 
M-21 

4 

HED-136-Y2° 

EEC-102 

3 2 1 
NOTES: 

-------------------------------------, 
~INT TEMPERATURE 

RECORDER. 

r 260 = 
EEH-136 

2. MC = MASTER CONTROLLER 
CPROGRAMABLE C:ONTROLL~R>. 

3. <==> >IALL OR E/E 
PENETRATION REF. VENDOR 
FILE M-14S. 

ANSTEC 
APERTURE 

CARD 

- - --"S~frO.. - - - _J Also Available on 
Apenure Card 

6 

A/S 

EEH-134 

~ T ------

7 

--------~~~-,,,..~ 

A/S 

r -~A~/~S~~~=:@;. 
HBO 150• 

7 

"' Q 

"' "' 

~ 
NOTE 1 

SHEILD 
-VALL.~ 

PIPING S. INSTRUMENT DIAGRAM 
RADWASTE SOLIDIFICATION SYSTEM 

Figure 11-4 Sh 3 
Rev 19 

H 

G 

F 

E 

0 

c 

B 



--
-·. ~~·· 

8 7 

• H 

··-HB0-121-Yz' 

F 

E 

• 
0 

HB0-125- 1Y,r• 

OFF SKID 

c 

• A 

8 7 6 

r----------------·-----------·---------·~·---·---·-·--

! 
! 
I 

5 

' 
____ :.__:., ___________ _ 

.... 

'r' 1EJ.U 
~ ! :a: 1, --
!.~ 

-------------------------·---------

M-23 
LUBE OILSYSTEM 

4 

. . ...:·. 

l 

I 

i 
HBD•l38-1' J!G[B) 

ON SKID 

I 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 

l
! 

·------- I 
___________ "":_______________________ i _________ .i 

3 

OFF SKID 

2 

H229 SH.. 2 

<C-81 

f"l2Z"l Sli.2 
lF-81 

REDRAWN ON CAO PER tt:R-q4-821 

CONSUMERS p m~ 

M-22'l 

1 

l' 
I: 

G 

. .... 
:·-...;. 

.;:f- ·~ ... .__ 
--· :-

.:.:·:. 

.. ~-r• ,<r 

i .. ;:;~--~~\.;, --~ 
I_ -- ·:!·.:~~ 

o;:~:. 

c: 

I I 10 

--t " .. -~ 

AN AP .STEC, 

C
ERTURE 

ARD 

-Id-

Figure 11-4 
Rev lS Sh 4A· 



F 

E 

• 
0 

c 

• A 

M2i-q SH.I 

lf-11 

MZzq SH. l 

£IE f".ANIFOLO 
MZ28 

18·81 

8 

1£-11 

1-180-!jq-I" 

7 

BLOWOOiiN 
COOi.iNG WATER 

HZJ0 
tB-61 

MC0·101M" 

HC0-78-t" 

MC0-78·1' 

i 
lo'.CO j HBO 

"'' 

OAAIN 
H80'"64·1 • 

6 

HC0-78-t" DOME BOILOUT 
"228 

l<0-78-;'." 

ISOLATED 
COOLING WATER 

SURGE TANK 

.l:!1l. 

5 

4 

<0-Z> 

4 I 

3=====r-~~~2__:_===== 1 I ~ --·~-------!l· ~ 

r' 

---·-·-----·- -·, 
i 
i 
i 

ANSTEC. 
i 
! 
I 

! 
APERTURE 

I G 
i 
i 

CARD 
i 
i 
i ' ~ 
i 

Also A 

~2~~0SION COUPON 

i 

., 

i 
i 

Apcntva.Hable on 

i 

ur~ Card 

i 
i 

( 

·.;. 

E .. 
~- .. .. ·--· 

- ,,::;;~ --•• """' 

c 
t0.7 07 Ol OI· 

B 

A 

PIPING & 1 -.i,tltlo 

RAOWASTE s~I.ioR1'f1EcNT OIAG"'AM A T!ON S ••STEM 

M-229 2 0 

3 2 1 

i~· •IgUre 11-4 Sh 4B 
Rev 1g .. • • 



~ - ·'. , .... ' 
'.! ·~ .. 

8 

EtE COME 
CONDENSER 

> ~~ > 
F 

PRIMM,. HAI(£ LP E WATER IAHBIENTJ 

> :;.:;: >-

• 

c 

• 

7 

OFF SKID 

HC0-•8-l" 

141:0-SG-r 

8 7 

r 
i 
i 
i 
i 
i 
! 
I 

i 
i 
i 
! 

6 

ON SKID 

tietH0-t' 

.. -·. ·-~·· !. 

aiID l 
i 
i 
i 
i 

5 

MS 

msrn I ATE CQ! I ECT!ON 

~ 

HC0-50·1" 

4 

ws 

z~·x r 

3 

L.!:"'=>""'·7:;Z.;;·•'--to00:~~N 

QJSTll I ATF PUMP 
P-!14A 

QJST!LLATE POLISHING FILTERS 

~----~ 
\\ an 

sv!~q,e ------~ .. _ P 

~ ...... ~ -------- !:.~:'"~ 
I ' 
I ' /w 

I 
I 
I 
I 
I 

/ .Ql.SI.IL! ATE PUMP 
/ P-~ 

2 

·-·-·-·-·-·-·---·-·-·-·-i 
i 
i 
i 
i 
i 
i 
i 
i 
i 

ON SKID J: ~ E 

SAMPLE TRAY 

Z' 

1 

OFF SKID 

I 

i 
i 
i 
i 
! 
I 

i 
i 
i 
i 
i 
i 
i 
! 
I 

i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i r·------------------ ; ~~ 

t L=--1-~~~~~,:====-=r--= i 

i l~~~~======":co~-57~-r======:;;:==~===:::==========-==~ \ HC0·'10·l' MC0·'5·l' 

i -·------------; ----------------i ---------·-·-·-·-·-·-----·-·-

i 
i 
i 
i 

~co1j 
i 
i 
i ____________ _j 

; \ ______________________________________________ _ 

t-'22'l 

6 !. 5 4 3 2 

r:. 

c 

1 

.l. _._ 

c 

.... 

- ··.• 
.· . .;. 
;.. ~-;. ...... --· 

ANSTec· 
APERTURE 

CARD I 
Alao Available on 

Aperture Csrd 

s9707070lOI 

3 

Figure 11-4 Sh 4C 
Rev 19 ..,. 



·; '\>·.+ 
I 
I 

i 
I H 

. I 

• 

F 

E 

• D 

c 

A 

• 

u I 5 4 3 2 1 

i-·-·-·-·-·-·---·-·-·-·-·-·-·-·-·-·-·-·-·-·-----·-·-·-·-·-·-·-·-·---·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·---·-·-·---·-·-·-·-·-·-·-·-·-·-·---·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·---·-·-·-. 
i ·-·-·-·-·-·-·-·-·---·-·-·-·-·-·-·-·-·1 
! 

MZZ~ SH. J 
((i-7) 

V'"! 
VENT HOOD ~ 

I 
I 
I 

zi&e -------~ 

10"0.0. 

AUX. 61..0G. f'1L TER 
EXAUST UNIT 

5 M·656 > 
A-7 

~ 
/-----------~ 

-.....~---------1,qK, -------$-------,~) : 
1----====~--E-X_T_R_U_D_E_R_/_E_V_A_P_O_R_A_T_O_R-------1-----------------~---,--...., ~ ~-: ____ J 

-..------'zqK, -------~---'---l-@ 

i 
! 
' i 
i 
i 
i 
i 
! 
I 

I 
I 

' ' I 
' 
~ 

DRIP PAN MECHANISM 

I 

' I 
I 
I 

' 
~ 

• PVC 

~ 

' I 
I 
I 
I 
I 

I 
I 

~ 

FILTER RECiUl.ATOA 
LUBRICATOR 

~ SEE NOTE 1 y ~- 7 
~ L ____ l _______ l 

: 2q°Ga 

~7 

~~ 
-----,-----1 

I I 
I I 
I I 

@ 
EMERG. STOP 

I 
I 
I 
I 
I 

Rs"\ 
~ 

I!} 
I 
I __ _, 

I 
I 

~ 
I 

FJL TER REC. LUB. ICONVETORI 

ZOI 
7 ds\ 
~ 

~·KEY 
-~OPER.. 

CAPPER/SEAMER 
CONVEYOR 

Flt. TEA RECULATOR 1.UB. 
cc.aPPER SEAMER) 

CAPPING MECHANISM 

~ 
I 
I 7 7 

I I 
I I 
I I 

2<1'1 

I 
I 
I 
I 
I 

@• 

-~ ~ 
I I -------, 

i 
i 

L·-·-·-·-·4·-·-·-·-·--:~---·- -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· -·-·-·-·-·-·-·-----·-·---·--- ;:::-·-------·-·-·-·-----·-·-·-··---·---·-·-·-·-·-·--·-·-·-·-·-·-·-·---·-·-·-·-·-·-·---·-·-·-·-·-·-·---·-·-· -·---·-·-·-·-·---
~ 

JB0-73·\.2" 

FILL ST~TION AUXILIARIES 

8 7 6 5 4 

... 

VRS AIR 
STSTEl"I 

M657 
IA·J> 

• LOCATED DN CCTV PANEL 
•• LOCATED ON LOCAL PUSH BUTTON PANEL 

3 

ISSUEC ·.-(~ Owe.. PER OCR-'14·821 

M-22"'3 

2 I . 
0 

. ' 
:-1 

G 

Ft 

i· 

I .··.;, 

E .;, .... ~A':.:,_ f 
.;· .... ~ 

........ .. 

!- -· 
i 
I 
! . 

ANSTEC 
APERTURE 

CARD 
Also Avallable on 

Aperture Card 

_,-. 
:"'.\ 

107 07 Ol 02 
Si 

I 
i 
i 

Figure 11-4 Sh 4D 
Rev 19 .-: 



.. , \~~~-c~~~~~~~~~~~~---~~-:-~~:--~~~--=-~=------:~~~=-=-=-=-=-=-=-=-=-=-=-=-=-~-- --; .... ·. ~~·· 

F 

E 

• ~-
~ 

~ 
§ 

D i 

c 

• A 

8 7 6 

ELECTRIC BOILER 
495 KW 

300 PSIG DP 
2
2

7
5

5 PSIG MAX. OP 
0 PSIG NOM. OP 

M24 
CE 
737 

I 
I 
I 
I 
I 

~ 
I 
I· 
I 
I 

I 

-------~ 

5 

,.,_.,_(U"wAT(Jt 

ICD-71~' ~:'ISM.% 

4 3 

NOTS 

"''.,...' ,.,CTt!Jll \.P< Slt .. _,.,.:•tr Cl)llQ. 

t1<1SCWC. 

•SN.i<it.~OISC....C:.C 
ST[-Jl(•(IC!1'4 

H 

c 

F 

1. THIS ERAWING JS a. ';OM?OSJTE c; HTORO STEAM 

~ID~~lE6•1.':.1;Z'::~~1~15.",.~J.°J ~uxlLI•RY 
2. MC :: l"IASTER CON-~LLER CPA~~l'IMO.Bl..E CONTROLLERl. 

J. REOP~WN FROM L~· QwG. 10-P"-~ 

J. t~~~~1Ec:~~~~ L1~~Ei~i~~~NC 2" 
PE~;.R&i.TION USE:. !:"QR TEMP.""""- UNIT 
~~s:.:.u~~~PLT PE.~UTE LINE.'~\ i::> SHOWN 

HEATING ~TEAM SYS7~M FOR 
VOLUME :><:;DUCHON s·~sTEM 

Cr 

M-230 
1 21 

ANSTEC 
APERTURE 

CARD 
A. r Avallable on 

perture Card 

Figure 11-4 Sh 5 
Rev 19 '\. 



•• 

• 

• 
.. 

L- . 

-·. ~..::·· 

H 

F 

E 

D 

c 

=·~ .. --- ~<@> 
~ µ G:\ M ... -'>"302 36 

.~---_Q-~:::i_:~- ~ ___ J ___ A 

RACVASTE l~::;~·:::;~--------------~j ~L 
/.'\'.. ~ _M RR-1;03'!2 : 

Vc""""y ""-V PT;' i 
LOCAL : LOCAL : : 

_______________ i_ __ ~---------- Q ----t 
' ' 

I : : 

RACVASTE ·~;:~-~~:------------------~! 
/.'\:---®--M "",;1.\02 i 
Vc'YV,: 

LOCAL : LOCAL I I _______________ [_ _____________ :J----f 
I l ! 

2. •KY sv~~~~~-;,,:·-----------------Mi 
~---@--M "",;l°:i:' i 
~-'YV.t: 

LOCAL : LOCAL 1 
: ______________ _: ______________ l¥l ----t 

CO<TRCU~-~:.-~·:::.~~--~--·-···-0·-·---~! A RA L RA-2302 : 
--- 3()4 -- PT. s I 

L j : 
' . 

LOCAL. : LOCAL 1 
: _______________ [_ _____________ ~ ----t 

ACCESS c~;::-~;:~~-----------------Mi 

~ ~
TD : 

• A ~A l RR-230.2 : 
--- 23i5 -· PT. 6 : 

L l ' 

LOCAL : LOCAL : : _______________ [ ______________ GWJ ----t 

~-.. '~-~-~;~0w1 
LOCAi.. .: LOCAL : : : . ~: 

---------------·--------------~----r 

~ .. ~;-o;:~::<l~i 
LOCAL. : LOCAL : : _______________ [ ______________ [:J ----f 

l--------,--------------------~! 
RACVASTE CEMlN~ERALl~ER ROOM~· RCOF

0
.HSEE :TE l i 

A RA L RR-2302 I 

--· JZB ·- PT. 'I ! ""i:::=B:~L>"-it><jf-j 
L t : ..:: 

LOCAL. : LCCAL • I _______________ [ ______________ GfJ ----t 

CCRRlCCRl~-~:---·-·-------------·-Mj 

~---~·-0 ~i~~f l 
TURBINE BUILDING SUMP MONITOR 

;. .· .. .;" 

""'--~~ ~ r..·~~· /.'\'.. ___ ~ ~ R!l-'2":.02 36 ~ Vc y·--v PT.II 

LOCll£. L : LOCAL ! i _______________ [_ _____________ r:i---+--- 0 
I I~ 

, : : CICT. FAIL 

''"""'"' :~::~:-~~----------------~ 

e /.'\'.. § -~ RR-f302 : 

Vc---~·--v PT~l2 l 
LOCAL. : LOCAL. : : _______________ [ ______________ [Qlll----t 

' ' ' ' 
LUNCH RC~:··--------------·-----------~ 

/.'\'.. ___ (,~~\ __ M ~i.~f ! 
Vc'Yl-V~: 

LOCAL . : LOCAC.. • : 

---------------~-------------·~ ----f 
' ' ' ' ' ' ' "'----------------------------------4 2 ' 

sPENT FUEL POO.~ ---®--~ S~}; l i 
tY-V~: 

LOCtil.. : LOCAL. I . : _______________ [_ _____________ GZJ----t 

AIR ROOM~--··----------··-------------~ 

/.'\'.. G\ A RR-1i3B2 ~ 
Vc---~---v P\15 : 

LOCAL : LOCAL ,b : 
: I R:A I : 

---------------"'---------------s-----~ 

,:;:· ~';:0::~::0~ 
y ' ' 

LOCAL • : ~ I : 

rr'~fci, ·----------------~----_-_-::_:_-~;i ____ j . 
• H TO RR-2~ PT. ~q T+O CFMS A 

~1~~~~sqe·o:~. /.'\'..---@--~ ~~ ~ v y 'V 
1 

: CICT.:FAIL 

. '"""- --~-------'~'~!=~:;=:~-----: 
···~@: --~-~:!~~~,-l~J~. i 

Q ~ .. :;g:-------r-~;~TAINM~NT 
CCNTAll<MENT PT.21 TC+"FHS: ISO. SIGNAL BUlLCl<G Et..,... ~ ~ 1 

: HIGH RAD. 

0 
• ~ L ~~: C2/4 LOGIC) 

---~-- ~~: 

LOCAL L ..... !-~ .. -- .. ~--j ~ ~ 

~··~· ---------------~-~=::~ri 
SUILOING EL. ~'tB" A 4 : 

~---~--~ ~ ~ i CKT~
7

F~lL 
1 I I I 

---~~~-------~::::::~~:::·[;1::~::::~:::::::.·------

~L 
37 L 

LOCAL : LOCAL : l ~ 
Fl.El. """1J<.l<G AAEACCNT. BLlXl. ~ ' _______________ [ ______________ r;i---"t ::~--l-B-~-,+-.,-,_-2-,-------------------------,iREFUELING ~~--------------------------------------------------------

2~1. aJm M---®--_MP,"."i:s.02,. •----------------------------------• l, ! R~~R:.:'.~E • o;•w rNns 
A Vc Yr.~ A E623SH.1•2 

LOCAL : C2Jl 7~DCAL. : • : ! q5e't'l5•H217 SH. l'I 

_______________ :_ _____________ id:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::L _____ i 
5~..........._ , C2Jl7> : 1~rt~E~~~ ~l=~T~S 

CTYPlc:ALI L•···-···--···········--········--·~ IN PARENTHESISJ 

8 7 6 5 2. 

.. 

-----~ 9 

CH4v0US 

PALISADES PLANT 
CONSUMERS POWER COMPANY 

PIPING & INSTRUMENT DIAGRAM 
RADIATION MONITORING AND 

SAMPLING SYS~EMS 

'' n 

[; 

F 

··-

:·f· ~- :·: .. -f~ 
E . ·;:f- ·~ ... ~ ~·~ .... 

D 

r 

c 

070 

B 

A 

M-223 SH. I 20 

I. l_ 

ANSTEC 
APERTURE 

CARD 
Also Available on 

Aperturf) Card 

0102 

J. 

Figure 11-5 Sh 1 
Rev 19 .., 



H 

• 

F 

E 

•• 
D 

c 

A • 

CONTAINM£NT 
AIR COOLERS 
RECIRC FANS 
DISCHARGE 

RAOWASTE 
AREA EXHAUSTERS 

FIL TEA Pl.EN.JM 
H-218 ~4 

IC,D-41 

8 

IF-2,31 

V-2 
H-218 

<F-2,JJ 

V-J 
H-218 

IF-2,31 

·-· M-218 
IF-2,31 

6 

.- ·-. -· -· - . - . - . - . -· -· - ·-. -·- - ·-· -· -·-. -· -·-. -·-. -·- ·-· - . -· -- -· - ·-·-
' 

HC-43·1' 

HC-43-1" 

HC-43-1' 

IC-43-1' 

c-11 

~
SELECT & 
PURGE 

I 

f CLEANER 

SEE NOTE I 
RR-2300 

PT.6 

• i FILL 

NE • 

--· VAiii ! ~ 

r--------ctr------~ 
: ¥ L 
: . . ' . . 
j : 
: : 

i j 

IOI 

CONTAINMENT BUILDING GAS MONITOR 

VA 112 

r-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·- - - - -·- - - -·- - - - -
I SEE NOTE I 

! RRpf.f'9 

i P~GE ~-----------~ 
i C-11 W :··-----·LT-JI:!·-------··------~--~ mi~ ~:p .. ~E°wf~~we<t 
• ~LEANER l : SEE H-218 19-U 

~i : FILL : DIEC< : 

~ ---~ ~ v~CE i 

101 

RADWASTE VENTILATION MONITOR 

CLEANER 
FILL 

i-·-·-·-·-· -· - · -·- · - ·-· -· -· - ·-·se:r NOtE·r·-·- -·-·---· -· -·-·- · - · ------ -· -· - · - ·-·-·-·-· - ·-· -· -· - ·, 
j RR·2JOO j 

PT,4 l lPT.51 

1 ~ PURGE a: re £PIA ----------- 364 

C-11 ~ i - ~-------- uem L TRIP CLOSED PD·IBll & 1812 IRIA-18111 
"'~ ~ : IBIB --------------------a- TRIP CLOSED P0-1810 l 1817 IRIA-IBIBJ 
d~ I ~C33 SEE H-218 1&·61 

123251 : : t-------~ 

2~4 : i : BIB 118111 

)--CVc:;A_,l,;:29,,___,, 2325A~ ! : l RE 118111 
[VA 121> NJ ---~ _: : 810 . . : . 

'VA 131i! 
l~'VAIJll 

(OJ 

' ENGINEERED SAFEGUARDS ROOMS VENTILATION MONITOR ! 
IWEST ROOM IS IDENTICAL EXCEPT TAG ND'S ARE JN PARENTHESISJ j 

i 
._. - . - . - . - ·-. - ·-. - . -· - . - . - . - . -·-. - ·-. - . - . -· - . - . -· - . -· - . -· -· - . - ·-. - ·-. - . - • - . - ·-. - ·-. -· - . - . - . - . - . - • - . -· - ·-· - . _j 

7 6 

5 

REC:IRClA.ATION 
FANS PLENUM 

H-218 SH.4 
CA,9-71 

RAOWASTE AREA EXHAUSTERS 
FIL YER PLENU"1 

M·218 SH.4 

IC,0·41 

HC-43·1' 

STACK 

M-218 SH. 2 

IE·BI 

5 

4 

4 

S.J.A.E. 
AF TEA CONOENSER 

DISCHARGE 
M-206 SH.IC 

IE,F-61 

WASTE GAS 
SURGE TANK 

OUTLET 

M-211 SH.3 

HB-13-4' 

HB-20·4' 

3 2 

·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·5£·E-NOTE"1-·- -·-·- -·- - ---

c-u 

r··--------~ PURGE 

RR-236'!1 
PT.I 

iM 
r--------~------~ 
: : 
j : 
: : . . . ' . . 

CONDENSER OFF GAS MONITOR 

SEE NOTE I 

IOI 

WASTE GAS MONITOR 

~ - . - . - . ..;. - ·- - . -· -·- -·- ·-· - . - ·-·-. - ·-. -· - . -·-. - . -·-· -·-

3 2 

te-13-4" 
DISCHARGE 
TO STACK 

M-21!6 SH.IC 
IE,F-61 

ST ACK HE AO ER 

H-211 SH.J 

IG-41 

PIPING & INSTRUMENT DIAGRAM 
RADIATION MONITORING ANO 

SAMPLING SYSTEMS 

0950 M223, SH. IA 16 

I 

I . 
11-: 

I 

r::. 

F 

E 

D 

c 

B 

A 

9807090043 

~~®© tQ).~~~O&i@B® ©ffil 
~/;PJ®frt@[i'@ ©@U'©l 

FIG 11-5 SH lA 
FSARREV20 

-



H 

• 

F 

E 

•• 
0 

c 

• A 

8 7 6 5 i--- 4 3 

STM. GEN. 
T-2'1 .. SLOWOOWN 

~ H-226 SH I 
!F-61 TANK 

T-2'lS CKT. FAIL 
I 

P-qss 
H-226 SH I 

IB-'41 

GB-11-3/-4" 

5£E NOTE I 
RR-230B 

PT.12 

• r· --- --·-· -· --- ·- ·-· -·- ·- ·---· -·-· -·- --· -· -· -- --- --·-·-·-· -·---· -·- ·-· -·r·~-- ·-· --- l 
I ' . 

' I ' 

:----·-------@1;::::::::::t:::~-~~;~;~~?iii.:;.-:,~-;------------· 
: , e13q,en0 &. 
, CltECI< • RE !0~77.'1-----, r URCE i e707 SEE NOTE 2 

----~ 

S~~-~~~ I IOI 1 

PT.13 --·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·- -·-·-·- -·-·- - ---·-·-·-·-·-·-·-·-·-·-·- j 
! STEAM GENERATORS SLOWDOWN MONITOR 

~~-------------------------------------------------------------------------------------'.~~~-~:~~~:.-_s'. _________________________________________________ .------------------------·--------1 
' ' ' ' ' ' 

' i - -·-·- - - -·- - - - -·- - - - ·~~.~~ji .- ------·- -1 : 
I I : 

r·-----------~G::::::::'.~~~iiiii~~~:;~.~------------~ 
• J~uEA~KE : rH--41 

' ' ' ' ' ' ' ' 
' ' 

---- -- ~!t!!~~ .'!~!~~-- -----~ 

tSEE H-2"8, F-11 

BLOWDOWN TAN>C VENT 
H-226 SH I 

HB-18-12' 
STACK 

1 COMPONENT COOLING 
I CIRC. PUMPS SUCTION 

l--'--~--""~-~2•_-~1·--1!~ 

DISCHARGE 
STRUCTURE 

IH-61 
CG-'5,61 

M-653 SH J 

18·71 

SLOWDOWN TANK VENT MONITOR 

r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-;~~~E-,·-·-·-·-·-·-·-·-·-·-·-·-! 

RR-2300 I 
PTA16 ! 

' I 

~"""'=---"'"-""'_) f-sci~~~------~-----------------------------j---------------------
, ' I 
f RE ' 

! '"' ! "' // _ _!__ __ ~ 
• DISCHARGE 

STRUCTURE 
H·6!53 SH 3 

18-61 

HC-43·1' 

"~-·--@-------- f,",~.f-----J 
L C-42 : C·42 COC SYSTEM COL~~~ION 

! ILPU-11 

:------~8]0 
18-21 

CIRCULATING WATER MONITOR 

8 7 6 

TREATED WASTE 
MONITOR PUMPS 

DISCHARGE 

H-210 SH IC 

18-61 

I 

I 

! 
101 

I IC-41 
i 
i 
i 
I 

! IOI 
'-·-·-·-·-·-·-·-·---·- - -·-·-·-·- -·- -·-·-·-·-·-·-·- -·-

HC-2-3' 

5 

COMPONENT COOLING WATER MONITOR 

HC-z-
3

, i DISC~~°cWEA~~EA 
!--~-"-.:.---'-~!~ 

I 

! IB-61 
I 
i 
i 

• I 
I , 
·-·- ·-· -·-· - ·- ·-. -·- -· - ·-·- ·-. ---·-· - . - . - - ·-· -· -·-· __ I 

RAOWASTE DISCHARGE MONITOR 

4 3 

2 

2 

NOTE; 

I. RECORDER AR-2300 HAS DEEN ABANDONED IN PLACE PEA 
EDC-SC·B'·-291-02. RECORDER WILL BE REMOVED AS PART 
OF THE INSTRUMENT UPGRADE PROGRAM. 

2. TRIP FUNCTION MA1' 0£ BYPASSED 
VIA ACTIONS OF THE EOPS, 

IZ l~~l ~g~E~a~8~~ 2 PER EOP ANO OMB •{'n 
---+-.-+-~."<--_ 

~~:.J..:°'-L.----~~~,~-.~.~cHA="vou~s~~-i 

PIPING & INSTRUMENT OIARGRAM 
RADIATION MONITORING ANO 

SAMPLING SYSTEMS 
...... ------ --·--- -·---- -·------------

12 

L 
I' 

G 

F 

E 

D 

c 

B 

A 

~O~o J\~®O~®@~® ©ITil 
·f\!Ol©'0l1:\Q '.Gilillf[/ 

FIG 11-5 SH lB 
FSARREV20 

9807090043 -
.... , 



r 

8 7 6 

• H 

F 

E 

• 
D 

c 

• A 

JS8S3219'4 8 7 6 

EAD 
HIELD 

5 

MAIN STEAM LINE CWESTl FROM 
STEAM GENERATOR E-50A 

lNON CLASS 1E> 
N£1TE 2 

4 

~11A ~llA 

------------------~-----i--·--:~;~;;:~----------------, 
L __________________________ J -~ @ 

:----------·-:;r··-···""' ! : 
• C-Hli1A ~{ ~f~~ ~: T~E @ 

@ 
ACCOUSTJC 

SWITCH 

MAIN STEAM LINE <EASTl FROM 
STEAM GENERATOR E-508 

INON CLASS JEl 
NSTE 2 

~"': ____________ -@;:~--------------------------------
LS=2J i i 

2 

, ___________________________ .J : 

_,/1 
~;,;~--l§jA;--~',L" 

CONTAINMENT GAMMA 
RIGHT CHANNEL 

CCLASS IEI 
NOTES I &. 3 

____ l'---------------~~'.'.: __ ···-------------~-I:: _____ ~ TO R Tr -~~==~------: 1.:1:.f COMPUTE 

! (-tONTAiht(ENT : ! ! JSOLAT~IA 
:--------}}-----------------; : : ..Gil 

:·-----------:;,------... ""! -------------~---------! 

~1· ~~ #/ ~:_· ____ ] 
~-11• 

CONTAINMENT GAMMA ------------, 

LE:~,C.·~~A;,~EL i 
! 

----t}--------------~'.'.: __________________ ~:_·_· _____ _i 

! f- CONTAINMENT : i j ISCLAT~ IA 

l--------}}---------------·-J : : _QiiM_ TO 
.... ~ L-------·····m··------~C:OMPUTER 

f/-""1§~-~.r k" 

5 4 

3 

3 

2 1 

SI 
APERTURE 

CAP-D 1'.'!>. 

"' . ,,. l t"J..permre 'L_.,an 

NOTES: 
1. REFER TO CA I DRAW I NG 

033B· t-77!-51·02·B01, CPCO OWG. NO. 
H- 165, SH. £1£121 FOR CONTAINMENT 
GAMMA LOOP DIAGRAM. 

2. REFER TO VICTOAEEN DRAWINGS CPCO 
DRAWING NUMBERS M· ISCJ, SHTS. 0003 THRU 00,'7 
ANO SHTS. 0012 THAU 001'4. 

3. REFER TO VJCTOREEN DRAWINGS CPCO 
DRAWING NUMBERS M- 165, SHTS. 001!13 THAU 0015. 

PALISADES PLANT 
CONSUMERS POWER COMPANY 

PIPING & INSTRUMENT DIAGRAM 
RADIATION MONITORING ANO 

SAMPLING SYSTEMS 

0950 M-223 SH. 3 

~23.003 

4 

FSAR Rev. 11 

H 

G 

F 

E 

D 

c 

B 

A 

Figure No. 11-5 sh 2 
~ o 12 2 b o 1ou--/l1 



• H 

F 

E 

• 
D 

c 

• A 

.... 

8 

LOCAL &. REMOTE PROORAH CONTROLLER 
OPERATOR INTERFACE CONTROLS JIC-2301A & 8 

r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 

00000 
HI HJ LO LO HJ 

AP PRESS. SYS. ACC FIL A FLOW 

® 
RANGE 

SELECT 

ISOKINETlC 
PROBE 

HB-13-~ 

FLOW FLOW · ACC FIL 

® 
PUMP 

SELECT 

® 
ACC FIL 

CHANGE/SAMPLE 
SELECT 

STACK BASE 
ENCLOSURE 

7 

VITHIN 
RGEM BLOG 

6 5 4 3 2 1 
DESIGN DATA 

r;) MORHAL TRANSIENT 

I PRESS • F PSIG • F TIME 
BY CH<O REMARKS REV 

ATMOS IB<C 
3 PSJG rn121 APPROX TEMP 

BY YICO ,. .. RE: .. \ GREHANIUH 

1
1 1 DETECTOR m---""' )-... _.' IFUTl.flEI 

I. DIAGRAM SYMBOLS AN:> INSTRUMENT 
LEGEND ARE SHOWN ON DRAWING M-2B0. 

2. ADDITIONAL INFORMATION CONCERNINJ 
COMPONINTS IN THE SYSTEM CAN BE 
OOTAJt£D FROM:. 

..... -+~..'s~"f'~u:J-;;1•~of--+--t--+--+--1oPttLAN..,.,T~l~NSY,T~RUH;;;-E-NT_AI_R ___ --;-,H 
I 1-41 h 12111 PlJfllP SUCTION 

, 

OBPSIG 

, 

CCALIBRATION 
!NJ 

!CALIBRATION 
O\JT> 

A. SYSTEM DESIGN OESCRIPTIQ.I 
li!l33S- l-77 l-!51-B2 

B. EQUIPMENT LIST, !5q35-M-2!ili!I 
C. INSTRUIENT LIST, 5"05-M-31 t 
0. PIPING CLASS SUMMARY, M-2!iq 
E. SCHEMATIC: • LOGIC DIAGRAMS E-q17 
F. YICTOREEN ASSEMBLY AND 

INSTALLATION DRAWINGS. 
3. THE SAMPLE GAS HAS A TEMPERATl.AE OF 

120' F +3li!I', - 1!5' F 
-4. FOR EQUIPMENT CHECK SOURCES REFER TO 

VICTOREEN, INC. DRAWINGS ANO OPERATING 
FL.OW 

CSCFMl 
INSTRUCT IONS. z. 1i!1 

PRESS 
CPS1Gl 
ATMOS 

OPERATING DATA 
TEMP 
rFI 
10< 

BY RE HARKS 

5. ALL NEEDLE VAl VES S BY e. "2 120 

~ J...Nfisr~~l~~y T. • 212 l 2 100 H!'9 PLANT INSTRUMENT AIR 
ACC WITH VICTOREEN. C. FLOW CHANGES TO l. q9 SCFM 

REV 

INS TION ANO OPERATING STRUCTIONS. 2. fi'I 120 DURING HlGH RANGE MOOE. 
6. ~~R~lt~F~~~:JON SEE THE i-:-+-2~.-=o-+----t--,1-:20=--+-t=~ _____ _,.__, 

2. 0 120 
2. 0 120 

: FA1 I FC 

., '1 .,,,_,,_,,, :llr: 
POINTl i i j 

CHECK 
OURCE 

' ' ' i !LOW FLOW HIGH PRESS! i i <CAL SY CCALl~~~TION 

E ONtY 

: : r··----+-4--------------------------------------: ! [______________ 33• 

l.'.":..:::.:::::::::..:::.::::..:::.:::.:-::::::.::.·.:::..::.:.:::.·..:::.::.·.:::..::.:..:::..:::.:~:::..::.:.::::_:~:::.:-::.:::..:::.·.:::..: . .:.::::..:::.y..::..::.:.::::..::.:.::.·.1r:.:::_l__ ____ +---·L~!Ui:.~~~L~E~~~':.'~~:~~~1. ___________ l1·-·-·-·1-·-·-·-·-·-·--~~---·-·-·-·-·-·-·-·-· 

F 

E 

D 

c 

14-212 J00-3-~· i c-11~---f~~F~------------------------------------------------~ I IA ix' 
~~g~ ~~~G : ALERT, HIGH & : : : ~ 

,.CI HS •-------------------------------------------.-------@--;:;;;·------------------------------------------·t--·F,\ii:-Ai.Ailits·--" i TO RSX-
23016 

___ ~ ~x 

~L~:------i~-f-==------_-;;-----------------~;:jr:----------------- --~-------------L---~----------------------~-----------------___l-~-----------------------~------j g ?.Ir•~:~·. ii 
OUTDOORS VITHIN 

RGEM BLOO 

SYHBOLOGY 
ET 

---xx- ELECTRIC HEAT TRACE 

8 7 6 5 4 3 

-J.L,STERRETT 

PALISADES PLANT 
CONSUMERS POWER COMPANY 

GASEOUS EFFLUENT 
MONITORING SYSTEM 

0'!50 M-223 SH. 2 7 

llce0H223. 002 

B 

A 

Figure No. 11-6 FSAR Rev. 11 



--

• 

• 

PLAN-ELEVATION 590' •0" 

PL AN Et 

EL. 570'· 

• 
0

PLAN EL.· 5?0.' -~· 

Q 7 6 

~~:!..J:.!..J!".£.~::!_~~E~L~.'--'S~0~~2' -~ ... · ........... 

~~~\j:~~~ T~~~~~I Tl ES i I 
SEEOltC5qJS·• I 
C·334 

:----t.tiOOER 

S.;.MBOL. ZONE 

~-- JI 

~ 111 

~ IV 

~ 

l. 

Pt AN-El EVATION S07' -6' 

LE_GEND 

DESI GN 
DOSE- RATE. 
MREM/HR-

s 0. 5 

~ 1.5 

15 

~ 100 

> 100 

-·.DESCRI PTI ON 

UNCONTROLLED UNLI Ml TEO Acc.ESS 

- • • ED :uNu Ml TED AC~E·ss "40 HRS/WEEll! CONlROLL • - · _ 

.CONTROLLED LI HI TEO ACCESS FOR 
ROUTINE TAS~S 6 H~S/WEEK 

CONTROLLED LI Ml TED ACCESS FOR 
SHOR} PERI 005 I HR/\o'EEK 

· C FOR VERY SHORT -

;~~~~~L~~C~;~~7 O~RI NQ EMERGENCJ ES 

NORMALLY UNACCESSIBLE · 

RAO! AT! ON ZONES 

5 4 3 2 

H 

G 

F 

E 

c 

0$lRECl[O R[V II HIOH l'IANUA<. 10 

I ~ Vil.( C<'lO PEA CCII :::.~:c CJ ll 

:._ A.H. SATTER£Ltl 

PALISADES PLANT 
CONSUMERS POWER COMPANY [_~~~~~A~R~C;,H~I ~TE~C~T~U~R~A~L:-_~~~~~A 

ACCESS CONTROL 
AND RAOIATI ON ZONING 
I PLANT IN OPfR~~-ONl 

C-42 

C42. OGN 

2.290 09~-f!:J 



• H 

G 

F 

E 

., 
D 

c 

B 

• A 

8 7 6 

J::: 

PLAN - ELEVATION G'2S' -0" 

ROOM OR AREA 

I EQUIPMENT DRAIN TANKS&. PUMPS 
1... l!!Q\Jl~'ra"" o;a...,~ TANl.t. 
1 ~ e~1p .. avr :llll\JW Pl.l""P 
'% El..8.VATO~ ~\.IJ.r:;" 

l .J'OST-TENS!ONING TUNNEL 

<I INJECTION &. SPRAY FU MPS 

S INJECTION&. SPRAY PUMPS & SHUT-DOWN 

COOLING HEAT EXCHANGERS 

6 CONDENSATE PUMPS 

T AUXlLlARY F, W. PUMPS 

VOLUME CONTROL TANK 

WASTE GAS COMPRESSORS 

UUNDR Y I. RAD, CHEM. LAB. DRAIN 

"""'"" CHARGING PUMr 

OlARGJNG PUMP 

CHARGING PUMP 

106 CORRIDOR 
~ Cci11~co~ 

BORIC ACID TANKS ~.JA\p:!> • FIL.T•IZ 

"[D'l!..._ PIJMP~ 4 FIL. TE.R 

TREATED 1. FILTERED WA.STE MONITORING 

-TANK 

109 MONITORINO PUMPS 

BORIC ACID CONTROL PANEL 

DECONTAMINATION ROOM 

CONTROLLED INSTR. SHOP 

ll~~ .. tILTER 

8 

!!2:..~ 

DEMINERALIZER 

SPENT FUEL POOL EQUIPMENT, PUMPS le 

116 DlESELGENERATOR 
11 bB DI.ESE!. C':itl"IGl>.ATOR. 
I \6A SWITCHGEAR 

RECEIVER TANK PUMPS &. CIRC. PUMP 

ll<jl SPENT RESIN HOLD-UP TANK 

.-.io.~ 

DEM!NERALIZERS le PUMPS 

AC.D,CA.L.r..TIC::4~
~LOC:IT& T,t,,.'"ic=, 

114ST~UMElo.IT C::A.L.IBltATI0'-1 
5T ... Tl0"'1 

120 'lEGASIFtER, VActllJM PUMPS STAIRWAY AREA&. PRESSURIZER HEATER 
.12.0A CUQGd!!. TANk 
IZI PASSAGE p~~ 

1214 PlPEWAY 

IZI& PRIMARY COOWNG SAMPLE HEAT EXCHANGER ACCESS TUBE ROOM 

'" 

CLEAN WASTE RECEIVER TANKS 

COMPONENT COOLING HEAT EXCHANGERS I. REACTOR CAVITY 

ELECTRICAL I. MECHANICAL SUPERVISORS 

14-'-414, T""l-lll' =c::A.\ 

14841•') AIP: PLEIJUM 

L.A.~,,eA,b..C:.~\.:....,&.e. 
CCZA.flll Tlt.""ll1:t!io 
CORRIDOR 

VOLUME CONTROL DEMINERALIZER 

RADWASTE Dl:MINERALlZER 

FEEDWATER HEATERS&. PUMPS CHEMICAL STORAGE 

LUBE OIL RESERVOIR&. STORAOE TANKS CHEMICAL SUPV. 

CONDENSER 

H FEEDWATER HEATERS&. PUMPS l:AC!A.TIC\I ~OTJllC'TIOl.J SUP\/. 

OECON RCOM 

LAUNDR~ 

7 6 

5 

!:!2:._ ROOM OR AREA 

RAO PRO TECHS 

'" 

21%,'='..fONTROLLED CORRlDOR 

CONTROLLED LAB, 

COUNTING ROOM 

zn nJTURE FUEL TRANSFER TUBE 

SP:ENT FUEL POOL 

FUTURE FUEL TRANSFER TUBE 

FUEL TRANSFER TUBE 

SWITCHGEAR 

cABLE SPREADING 

VACUUM DEGAstFIER 

SAMPLE ROOM 

OPERATINO ARE:>. 

RADWASTE le VOLUME CONTROL FILTERS 

RADWASTE &. VOLUME CONTROL FILTERS 

RADWASTE &. VOLUliE CONTROL FILTERS 

'5a.Ml"'L.S l..ool.4 

PIPEWi.'I 

"::~!I !:!opBJ.lf ~~IJ..I i::t!A\OV'A.&l.li PL.'1C'. AR.II~ 

5 

4 3 

PLAN - ELEVATION ~3~'-0' c;;,49·-o· 

STEAM GENERATOR SUPPOPT AREA 

STEAM GENERATOR SUPPORT AREA 

CONTAINMENT PURGE EXHAUST UNIT 

Z46 AIR CONDITIONING&. FAN ROOM 

ELECTRICAL LOAD CENTER 

ELECTRICAL PENETJtATION ROOM 
LU5 01L. IC:CC .. \ q=p. 
"""'-L.OUT.-.... Teut 
TOILn 
••·l"~lr"f' 
VESTIBULE &. MONITOR 

Pl.A.NT SUPERINTENDENT 

ASSIST, PLANT SUPERINTENDENT 

TECHNICAL SUPERVISOR 

JANITOR 

4 

WoMEN LOUNGE 

RECEPTIONIST, STENOGRAPHER I. FILES 

319 INSTRUMENT SHOP 

SHIFT SUPERVISOR 

SHIFT SUPERVISORS 

FUTURE CONTROL ROOM 

CONTROL ROOM 

32.6 PIPEWAY 
!;17', A PlP'EV/AV 
32.7 ... l.IT.A~IJ.i., 

RAILROAD CAR SHELTER 

BORIC ACID TANK CHEMICAL MtxtNC TANKS 

&ftl TIL.T .. 11:e~ol.1,,il~lo\ AD~u!!JT. AIE.l!A, 
!lZ ELECTRICAL PENETRATION AREA 

CHEMICAL STORAGE AREA 

J)4 STEAM GENERATOR 

STEAM GENERATOR 

CONTROL ROD DRIVE MECHANISM &. REACTOR 

INTERNALS STORAGE POOL 

TURBINE CiENERATOR OPERATING FLOOR 

CONTAINMENT PURGE AIR FAN ROOM 
l3' RESIN ADDITION TANK 

3 

2 

-· ---- --· i...~. 

!iQ.: ROOM OR AREA 

3'1 ESCAPE LOCK ENTRY 
8"'1. P4~~o1.t1o• 

So4?1 1..12 C:C"'1QIT'ICh/llJS CZ:OC.V, 
C.01.,!"'iiEO..Cll L.UJ.JC~ i!:OOM 
TELEPHONE EQUIPMENT 

NEW FUEL ELEMENT STORAGE 

2 

1 

·----- -··. ·-! 

-···:: =:c:::--~1 . ... --··. 

1 

TI 
APERTURE 

CARD 

<REF C-43 REV.IOl 

CONSUMERS POWER COMPANY 
PALISADES PLANT 

FSAR UPDATE 

ACCESS CONTROL &. RADIATION ZONING 
CPL ANT IN OPERA TIONl 

8711090308-\\ 
FIGURE NO 11-8 

DATE 10-30-87 REVISION NO 3 

H 

G 

F 

E 

D 

c 

B 

A 



8 

G 

F 

E 

• D 

c 

B 

A 

• 
8 

7 

7 

""' (j) 

FLA~ AT EL. 590'-0' 

IL 

6 5 

PLAfJ AT EL. 502'-o' 

6 5 

4 

PLA'-l AT EL. Gll'-o' 

~o:~c~~~W'~o~;~oiHg;iy :H,\T ARE REQUIRED 

2. ALLLOCJ<EPOOORSORLOC!C!':DGATESFOR 
Z0l<l::VAAEASSllALL5EllRTIJERJ\l)IllTION 

~~g~l~oi~~~~ ~~=~E WORDS "CAUTION 

3. ML~RSOROllTESF<lR ZONE III ANO ZONE lV 
llREASSllAI.I..!leARTl!l:RADIATIOllCAlll'lON 
~r;~ANDTlltWORDS"CAU:rIDNP.},OIATION 

4. L·DOOR • L('t'VER DOOR 
GATE • ~~~l~~~ll CJITE (CLOS!l;G THE FT,;LL 

4 

3 

FLAfJ AT EL.<025'-0' PLAl-1•ELG3G-O' 

r--------
1 

O!:S'G!i 
DOSE Rlll'E 

r.re'1l/hr. 

_:;. 

.'J 

3 

2 

I . I'. !.! 

PLAf.J ~T EL.G49'-0" 

2 

GEN.E~L NOTES 

1. FOR ~Ess COMTR:o1.. .>.No -tuD1AT10M tof.lu.1G o;o "TME 
COMPl..ETe' PL.ii.\.IT S~E ClRAWIMG>5 S9~S.·G· . .l."2 AAD 
S9~S-C· 4~ 

ROO)l!;ll.'IESAND?-lL'M?.ERS .• ____ _. •... ___,....,__ --· ~-----
ROO.'I FI.COP. 

NO. ELf:VllUO:t 

f722 
1721 611'-C" 

J124 
f 

iO~ll ' - :;. • 

i"' "' jns 
l729 
1
,BO 

m I 625'-0" 

w.:;·-o 

' CLEJIN WASTE PUl-lPS 

MISC. 1'i'°'STE TAANSF!:R Pll~PS 

!1ISC.WAS'rEHOLD-<lPTANKS 

MISC. HllSTE & CLEM WASTE ;.o.~< 

ca .. 1.1 WA~Ta "l::n.O-UP T ...... 

!!>.:>t.•C. .:..C.ID, .;~,~1(;1~1" .>."'0 lt.E~lo,! STO~C.11 

l!.\.!;<:.T0!1.;o..,.k,;:l OYC.T .!>1>.>.::.~ 

1737 HF.AT!N(l & ''tl>TH.ATI:1C EQUIP"tNT TI 
APERTURE 

CARD 

;.:.\ WASTE 5A5 OllC.ly 7"'~"-

1~• i;,::o;.·-0· $.C'i!:>..ITl<.ES1"''1'0:"'"S1""-le .. u ..... 

130e. "ROCl!!.S t.100U~e; 

~l!Ol'i•nE' ,.,~,e.~ C~uTU~lt) 

E.l..SC'T"le•C4L. CC>..IT~\. P4'0eL. ~:ta.o. 

Abo Available On 
Aperture Card 

CREF C-334 REV.6l 

CONSUMERS POWER COMPANY 
PALISADES PLANT 

FSAR UPDATE 

ACCESS CONTROL & RADIATION ZONING 
CPL ANT IN OPERA TIONl 

F1GURE NO 11-9 

REVISION NO 0 

G 

F 

E 

D 

c 

B 

A 




