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CHAPTER 9 

AUXILIARY SYSTEMS 

9.1 FUEL STORAGE AND HANDLING 

9.1.1 NEW FUEL STORAGE 

The new fuel storage facility provides a safe, effective means for storing 

new fuel from the time it reaches the plant until it is loaded into the­

reactor . 

9.1.1.1 Design Bases 

1. The new fuel storage racks accommodate_the .ni..;mber of fuel a.ssemblie~ 

required for a normal refueling cycle. A total of-72_storage 

spaces are provided, which is .more than needed for the-normal re­

placement of 1/3 core. 

2. The fuel is stored in a ve~tical array with sufficient center to 

center spacin~ between assemblies to assure keff ~0.90 even .if 

the new fue 1 pit· were fl oodeq >with water. 

3. The new fuel racks are designed so that it is impossible to insert 

assemblies in other than the storage cells in the racks, thereby 

maintaining separation. 

9.1-1 



4 The design of the racks precludes criticality even with a misplaced 

fuel assembly on top of or adjacent to the racks. 

5. These racks have been designed to withstand DBE, OBE, and handling 

loads as well as dead loads of the fuel assemblies, and meet ANS 

Safety Class requirements as shown on Table 3.2-1. 

9.1.1.2 System Description 

The new fuel storage facility consists of the equipment needed to safely 

store new fuel until it is required for refueling the reactor. This equip­

ment consists of a storage vault with locked door and specially consfructed 

racks (Figure 9.1-1) located inside the vault. 

New fuel assemblies are received and inspected in the fuel building, then 

placed in the new fuel storage area. Fuel assemblies for the initial core 

loading are temporarily ~tared in the spent fuel pit, which is kept dry 

during this period. 

The new fuel storage area is located in the fuel building adjacent to the 

spent fuel pit. This location facilitat~s the handling, inspection, and 

security of new fuel assemblies .. This storaging facility is provided with 

a vertical access from the 94 1 elevation .. (Refer to Figure 1.2-6.) 

9,1-2 
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9.1.1.3 Design Evaluation 

The new fuel storage facility stores new fuel assemblies in a dry vertical 

array on 2111 centers. This design assures keff ~0.90 even if the facility 

should be flooded. The racks are so designed as to prevent the insertion 

of fuel assemblies in other than permitted locations. Violation of proced­

ures by placing one fuel assembly in juxtaposition with any group of assem­

blies in the racks will not result in criticality. The area is designed 

for controlled access. Unauthorized personnel are restricted, and all. 

access doors to the fuel assemblies .are locked. 

The fuel bui.lding crane is prevented by interlocks from carrying heavy 

loads over the new fuel pit. Mechanical anti .. dera.iJ;ng devices, mounted 

on the wheel axles ·of the overhead crane bridg~ .ancl trolley, prevent the 

crane from being dislodged from the rail due.to, horizontal 111otion caused 

by wave action, wind or earthquake. Vertical acceleration due to wave 

action, wind or earthquake is not large enough to overcome gravity . 

9.,1-3 



9.1.2 SPENT FUEL STORAGE 

The spent fuel storage ·facility prov-ides a safe and effective means of 

storing spent fuel assemblies and control rods, after their removal from 

the reactor, and ·until ·they are ready for shipment. 

· 9.1;2.1 Design Bases 

1. The spent fuel storage racks are sized to store one and one-third 

core of spent and/or partially spent fuel ass~mblies. 

2. The spent fuel assemblies are stored in vertical cells which are 

arranged in a geometric array With sufficient center to center 

distance betweeh assemblies to a~su~e keff~0.90 even if flooded 

with non-borated water. 

3. The spent fuel pit is always flooded with borated water which 

provides an effective, economic, and transparent radiation shield. 

A water cover of 20 feet is maintained over the fuel assemblies. 

This will assure the radiation level at the surface of the water 

to be-= 2.5 mr/hr .. This borated water also helps to further 

ensure subcriticality and provides a reliable medium for the 

removal of residual heat. 

9.1-4 
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4. The spent fuel racks are designed so that it is impossible to 

insert the assemblies in other than the storage cells, thereby 

maintaining separation. 

5. The design of the racks precludes criticality even with unborated 

water and a misplaced fuel assembly on top of or adjacent to the 

racks. 

9.1.2.2 System Descriptton 

The spent fuel pit is constructed of reinforced concret~ and lined with 

stainless steel plate. The pit has sufficient capacity to store 280 

spent fuel assemblies and accompanying control rods, which is more than 

one and one-third cores. It has space for the storage of a spent one­

third c6re during its normal decay period and for f6rced unloading of 

· a complete core, if necessary. Control rods are stored in the fuel 

assemblies.· Spent fuel assemblies are handled by the manipulator crane 

which is located outside the reactor containment durin~ ~la~t opera~ion. 

Spent fuel assembly storage racks (Figure 9.1-2) are located on the pit 

floor. Fuel assemblies are placed in vertical cells, continuously grouped 

in parallel rows on 21-inth centers in both-directions. The racks are 

designed such that it is impossible to insert fuel assemblies in other 

than the prescribed locations, thereby ensuring the necessary spacing 



between a~sembl ies. The .rack thus- provides _a subcritical igeometric 

ar,ray, even if the pit _wer_e. flooded with demi:neraliz_ed ,nori-borated water. 

Borated water ·is used to fill the pit at a .concentration.;tp:;match that 

used in the refueling cavity during refueling. Since there are no gravity 

~rains in the pit, it cannot be drained accidentally •. Coolin~ to remove 

.qecay h.eat generated by the spent .fuel js provided by the Spen_t Fuel Pit 

Cooling and Cleanup System (Section 9.1.3). 

The stationary section spent fuel pit enclosure buildinR forms a tornado 

missile shield sized to permit the manipulator crane to travel underneath. 

Access to the spent fuel pit from the new fuel storage area and cask· 
. . ' 

1 oadi ng .area is provided by a vertical ro 11 i ng door. The 0th.er end· of 

the missile shie.ld is provided with a movable three-sided cover which in 

its exteDded position extends to the containment biological. shield. W·ith 

the rolling.door closed and the movable cover extended, the space above 

the spent fuel pit is .vent.ilated as described in Section 9.4.2. With the 

movable cover in the retracted position, the fuel building crane has 

acces.s to the area immediately outside the containment equipment hatch. 

9.L2.3 pe~ign Evaluation 

The spent fuel-storage pjt is located within and is, an int~gral· part of 

the _fuel. handling building (see Figurel.2-.6). 
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The spent fuel racks are indiyidual vertical cells which are fastened to­

gether to form a module that is firmly bolted to anchors in the floor of 

the spent fuel pit. These racks have been designed to withstand DBE, OBE, 

and handling loads as well as dead load of the fuel assemblies, and meet 

ANS Safety Class requirements as shown on Table 3.2-1. The spent fuel racks 

including supports, are made of austenitic stainless steel and are construct­

ed so that it is impossible to insert fuel assemblies except in prescribed 

locations having a minimum center-to-center spacing of 21 inches in both 

directions. The spacing is suffieient to assure keff<::0.90 even if immer­

sed in unborated water. 

The reactor is refueled with equipment that handles the spent fuel assem~ 

blies under water from the time they leave the reactor vessel until they 

are placed in a cask for shipment from the site. 

Water level monitoring equipment and the spent fuel pool cooling and clean­

up systems are discussed in Subsection 9.1.3. 

The fuel building crane handles the new and spent fuel assemblies, and spent 

fuel casks. 

The spent fuel pit enclosure building is of sufficient height, width, and 

length that it prevents the carrying of large loads over the spent fuel 

oit; the movements of the fuel buildinq crane are restricted by limit 

9.1-7 



switches so that it is impossible for the crane hook to travel over the 

spent fuel storage area. The limit switches may be bypassed, if necessary 

only under administrative control. 

Material certification will be provided and materials selection as well as 

design and fabrication of equipment for the spent fuel pit will comply with 

all applicable regulations set forth in 10 CFR 50. 
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9.1 .3 SPENT FUEL PIT COOLING AND CLEANUP SYSTEM 

The spent fuel pit cooling system removes the decay heat generated by 

stored spent fuel assemblies from the spent fuel pit water. A secondary 

function of the spent fuel pit cooling system is to clarify and purify 

spent fuel pit, transfer canal, and refueling water. The spent fuel pit 

cooling system design parameters are given in table 9.1.3-1. 

9.1.3.1 Design Bases 

Spent Fuel Pit Cooling 

The spent fuel pit cooling system design provides for the capability of 

maintaining the bulk fluid temperature of the spent fuel pit below 150°F, 

with a total loading of 1-1/3 cores (1/3 from the previous years• refueling, 

plus a complete core from the just accomplished sequential refueling): 

System piping is arranged so that failure of any pipeline cannot drain 

the spent fuel pit below the water level required for radiation shielding. 

(see Section 12.1). 

Water Purification 

The system 1 s demineralizer and filter are designed to provide adequate 

9.1-9 



purification to permit occupational access to the spent fuel storage area 

and maintain optical clarity of the spent fuel pit water. The optical 

clarity of the spent fuel pit water surface is maintained by use of the 

system1 s ~kimmer. strainer, and skimmer filter. 

9.1.3.2 System Description 

The spent fuel pit cooling system consists of one heat exchanger and 1 pump, 

one purification loop with demineralizer and filter, one surface skimmer 

loop, and associated piping, valving and instrumentation. The cooling 

train is designed to service the spent fuel pit, with normal design fuel 

• 

element assembly loading in the pit, and maintain the bulk fluid temperature • 

of the pit below 120°F. The system is shown in Figure 9.3-1. 

The spent fuel pit cooling system removes decay heat from fuel stored in 

the spent fuel pit. Spent fuel is placed in the pit during the refueling 

sequence, and stored there until it is shipped to an offsite reprocessing 

facility. The cooling train normally handles the heat loading from 1/3 

of a core from the previous refueling. Heat is transferred from the spent 

fuel pit cooling system, through the heat exchanger to the component cool­

ing water system. 

When the cooling train is in operation, water flows from the spent fuel 

pit to the spent fuel pit pump suction, is pumped through the tube side 

9.1-10 
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of the heat exchanger, and is· returned to the ~it. The suction iine, which 

includes a strainer, is located at an elevation four feet below the 

normal spent 1uel pit water level, while the return line contains an anti­

siphon hole near the surface of the water to prevent gravity drainage of 

the pit. 

While the heat removal operatic~ is in process, a poition of the spent fuel 

pit water may be diverted through a demineralizer and filter ti> maintain 

spent fuel .pit water clarity and purity. Transfer canal water may also be 

circulated through the same· demineralizer and filter by removing the gate 

between the canal and the spent fuel pit. This purification loo~ is 

sufficient for removing fission products and other contaminants which may 

be introduced if a leaking fuel assembly is transferred to the spent fuel 

pool. 

The demineralizer and filter may be isolated, by manual valves, from the 

heat removal portion of the spent fuel pit cooling system. By so doing, 

the isolated equipment may be used to process the refueling water while 

spent fuel pit heat removal operations proceed. Connections are provided 

in the refueling tank such that the refueling water may be pumped from 

either the refueling water storage tank or the refueling cavity, through 

the filter and demineralizer, and discharged to either the refueling cavity 

or the refueling water storage tank . 

9.1-11 



To further assist in maintaining spent fuel pit water clarity, the water 

surface is cleaned by a skimmer loop. Water is removed from the surface 

by the skimmers, pumped through a strainer and filter, and returned to the 

pool surface at locations remote from the skimmers. 

The spent fuel pit is initially filled with water that is at the same 

boron concentration as that in the refueling water storage tank. Borated 

water may be supplied from the refueling water storage tank via the re­

fueling water purification pump connection, or by a temporary line from 

the boric acid blender, located in the chemical and volum~ control system. 

Demineralized water can also be added for makeup purposes (i.e., to re-
I 

place evaporative losses) through a connection in the recirculation return 

line. 

For shielding purposes the spent fuel pit water level is 22 feet above 

the spent fuel. The pit walls are constructed from concrete and lined 

with stainless steel. This is sufficient shielding to allow occupational 

access to operating personnel in the adjacent area ( 2.5 mr/hr). 

The pit water may be separated from the water in the transfer canal by a 

gate. The gate is installed so that the transfer canal may be drained to 

allow maintenance of the fuel transfer equipment. 
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Component Description 

Spent fuel pit cooling system codes and classifications are given in table 

3.2-1. Equipment design parameters are given in table 9.1.3-2. 

Spent Fuel Pit Pumps 

The pump is a horizontal, centrifugal unit. The pump is controlled manually 

from a local station. The pump is used to circulate water through the 

cooling train from the spent fuel pool . 

Spent Fuel Pit Skimmer Pump 

The spent fuel pit skimmer pump circulates surface water through a strainer 

and a filter and r~turns it to the pit. 

Refueling Water Purification Pump 

The refueling water purification pump is used to circulate water from-the 

refueling cavity and the refueling water storage tank through the spent 

fuel pit demineralizer and filter. The pump is operated manually from a 

local station . 

9.1-13 



Spent Fuel Pit Heat Exchanger 

The heat exchanger is a .shell and U-tube type. Spent fuel pit water cir­

culates through the tubes while component cooling water circulates through. 

the shell. 

Spent Fuel Pit Demineralizer 

The spent fuel pit demineralizer is a flushable, mixed bed demineralizer. 

The demineralizer is designed to provide adequate fuel pit water purity 

for occupational access to the pit working area and to maintain visual 

clarity through the water. 

Spent Fuel Pit Filter 

The spent fuel pit filter is designed to improve the pit water clarity by 

removing particles which obscure visibility. 

Spent Fuel Pit Skimmer Filter 

The spent fuel pit skimmer fil-ter is used to remove floating particles 

which are not removed by the strainer. 
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Spent Fuel Pit Strainer 

A strainer is located ih the spent fuel pit pump suction line for removal 

of relatively large particles which might otherwise clog the spent fuel 

pit demineralizer or damage the spent fuel pit pumps. 

Spent Fuel Pit Skimmer Strainer 

The spent fuel pit skimmer strainer is designed to remove debris from 

the skimmer process flow . 

Spent Fuel Pit Skimmer Heads 

Two spent fuel pit skimmer heads are provided to remove water from the 

surface of the spent fuel pit. The skimmer heads are manually positioned 

to take water from any elevation from the water surface to four inches 

below the surface. 

Valves 

Manual stop valves are used to isolate equipment and manual throttle valves 

provide flow control. Valves in contact with spent fuel pit water are 

austenitic stainless steel or equivalent corrosion resistant material . 
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Piping 

All piping in contact with spent fuel pit water is austenitic stainless 

steel. The piping is welded except where flanged connections are used to 

facilitate maintenance. 

9.1.3.3 Design Evaluation 

This manually controlled system may be shut down safely for reasonable 

time periods for maintenance or replacement of malfunctioning components. 

The pit is sufftciently large that an extended period of time would be 

required for the water temperature to reach 212°F if cooling were in­

terrupted (see Table 9.1.3-1). Water is added to compensate for evaporated 

water from either the makeup water system or the refueling water storage 

tank. 

Only a very small amount of water is interchanged between the refueling 

canal and the spent fuel pit as fuel assemblies are transferred in the 

refueling process. Whenever a leaking fuel assembly is transferred from 

the fuel transfer canal to the spent fuel storage pit, a quantity of 

fission products will enter the spent fuel cooling water. A purification 

loop is provided which removes fission products and other contaminants. 
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from the water. By maintaining radioactivity concentration in the spent 

fuel pit water at 5 X 10 ~ci/cc (~ and If)" -Or less, the dose at the 

surface of the pool is 2.5 mr/hr or less, thus allowing occupational ac­

cess to the spent fuel storage area for the plant personnel. 

The system and spent fuel pool are designed in accordance with AEC 

Safety Guide 13. 

The probability of draining the water from the spent fuel 

pit cooling system is low. The only means of draining the cooling system 

is through such actions as operating a valve on a cooling line and leaving 

it open when a pump is operating. The spent fuel pit cannot be drained 

and no spent fuel is uncovered since the spent fuel pit cooling connections 

enter near the top of the pit. The spent fuel cooling system can be 

drained for maintenance when required. The temperature and level in~ 

dicators in the spent fuel pit provide alarms in the control room if the 

pit water level decreases.· 

To protect against loss of water in the storage pit, the cooling pump 

suction connections penetrate the pit wall and terminate near the normal 

water level so that a break iri the pipe will not gravity drain the pit. 

The cooling water return line does not penetrate the pit wall and is pre­

vented from siphon draining the pit by a hole in the pipe located 6 inches 

below the normal water level . 
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The maximum decay heat load.with 1 1/3 cores in the ~pent fuel pit will 

raise the fuel pit water from 120° to 212°F in 14 hours. Makeup water 

is available from the makeup water system and the refueling water storage 
( 

tank to retain satisfactory water shielding of the fuel assemblies. 

The active components of this system are in either continuous or inter­

mittent use during normal plant operation, thus, no additional periodic 

tests are required. Periodic visual inspections and preventive mainte­

nanGe can be conducted as necessary. All components are accessible for 

periodic inspection. 

9.1.3.4 Instrument Application 

The instrumentation for the spent fuel pit cooling system is discussed 

below. Alarms and indications are provided as noted. 

1. Temperature. Instrumentation measures the temperature of the water 

in the spent fuel pit and gives a local indication as well as an 

alarm when normal temperatures are exceeded. Instrumentation gives 

indication of the temperature of the spent fuel pit water as it 

leaves the spent fuel pit heat exchanger. 

2. Pre~sure. Instrumentation measures and gives indication of the 

pressures in the spent fuel pit pump suction and discharge lines. 
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It also provides for measurement of pressures, such that the 

pressure differential can be found from the indication on the spent 

fuel pit skimmer filter ~nd spent fuel pit filter. 

3. Flow. Instrumentation measures and gives indication of the_flow 

in the outlet line of the spent fuel pit filter. 

4. Level. Instrumentation gives both a high and low level alarm for 

the water level in the spent fuel pit . 
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TABLE 9.1. 3-1 

SPENT FUEL PIT COOLING SYSTEM 
.DESIGN PARAMETERS 

Spent fuel pit storage capacity 

(based on storage racks provided) 

Spent fuel pit water volume, gal 

Nominal boron concentration of the spent 

fuel pit water, ppm 

Design storage case - 1/3 core store 

Decay heat production, Btu/hr 

Spent fuel pit water temperature, F 

Maximum storage case - 1 - 1/3 cores 

stored in the pit 

(design storage case plus complete un­

loading of one core) 

Decay heat production, Btu/hr 

Spent fuel pit water temperature, 

with cooling in operation, F 

9.1-20 

1-1/3 cores 

3.23x1Q5 

2000 

9.1 X 106 

120 

16.0 X 106 

150 

• 

• 
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• TABLE 9.1.3-2 

SPENT FUEL PIT COOLING SYSTEM EQUIPMtNT PARAMETERS 

Spent Fuel Pit Pump 

Number 1 

Design pressure, psig 150 

Design temperature, F 200 

Design fl ow, gpm 3000 

Minimum Developed head, ft H2o 125 

• Material Stainless Steel 

Spent Fuel Pit Skimmer Pump 

Number 1 

Design pressure, psig 50 

Design temperature, F 200 

Design fl ow, gpm 100 

Minimum developed head, ft H20 50 

Materi a 1 Stainless Steel 

• 
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Refueling Water Purification Pump 

Number 

Design pressure, psig 

Design tempera tu re, °F 

Design flow, gpm 

Minimum developed head, ft H2D 

Material 

Spent Fuel Pit Heat Exchanger 

Number 

Design heat transfer, Btu-hr 

Design pressure, psig 

Design temperature,° F 

Design flow, lb/hr 
0 Inlet temperature, F 

Outlet temperature, °F 

Fluid circulated 

Material 

9.1-22. 

1 

150 

200 

400 

150 

Austenitic Stainless Steel 

1 

16. 38 X 10
6 

Shell 

150 

200 

2.00 X 106 

95 

103.2 

Component 

Cooling 

Water 

150 

200 

1. 5 X 106 

120 

109.1 

Spent Fuel 

Pit Water 

Carbon Steel Stainless Steel 
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Spent Fuel Pit Demineralizer 

Number 

Design pressure, psig 

Design temperature, °F 

Design flow, gpm 

Resin volume, ft 3 

Material 

Spent Fuel Pit Filter 

Number 

Design pressure, psig 

Design temperature, °F 

Design flow, gpm 

Filtration requirement 

Material, vessel 

Spent Fuel Pit Skimmer Filter 

Number 

Design pressure, psig 

Design temperature, °F 

9.1-23 

1 

200 

250 

100 

30 

Stainless 

1 

150 

200 

150 

Steel 

98% retention of particles 
above 5 microns 

Stainless Steel 

1 

50 

200 



Spent Fuel Pit Skimmer Filter (cont'd) 

Rated flow, gpm 

Filtration requirement 

Material, vessel 

Spent Fuel Pit Strainer 

Number 

Design flow, gpm 

Perforation, inches 

Material 

Spent Fuel Pit Skimmer Strainer 

Number 

Rated Fl ow, gpm 

Design pressure, psig 

Design temperature, F 

Perforation, inches 

Material 

9.1-24 

150 

98% retention of particles 

above 5 microns 

Stainless Steel 

1 

3000 

0.2, slotted 

Stainless Steel 

1 

100 

50 

200 

1/8 

Stainless Steel 
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Spent Fuel Pit Skimmer Heads· 

Number 

Design flow, gpm 

Piping and Valves 

Design pressure, psig 

Design temperature, F 

Material 

9.1-25 

2 

50 

150 

200 

Stainless Steel 



9.1.4 FUEL HANDLING SYSTEM 

The fuel handling system is designed to provide a safe, effective means 

of transporting and handling fuel from the time it reaches the plant 

until it leaves the plant after post-irradiation cooling. The system is 

designed to minimize the possibility of mishandling or maloperations 

that cause fuel assembly damage and/or potential fission product re­

lease. 

9.1.4.1 Design Bases 

The fuel handling system design is based on the following criteria: 

1. Components important to safety can be tested and/or inspected. 

2. Adequate radiation shielding is provided in the design of the 

fuel handling facility. 

3. Incidents which.could cause abnormal exposures and releases from 

the fuel handling facility are prevented. 

4. A significant reduction in fuel storage coolant inventory under 

accident conditions is prevented. 

5. Adequate monitoring of the fuel handling facility is provided. 
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6. The fuel handling system components safety classification shall be 

as shown on Table 3.2-1. 

7. Cranes which lift spent fuel have a combination of shielding and 

limited maximum lift so that the radiation at the surface of the 

refueling water does not exceed 2.5 mr/hr. 

8. Cranes are capable of maneuvering their loads to avoid damage to 

spent fuel, or equipment necessary to safety. 

9. 

lO. 

Cranes are prevented by both system design and by interlocks from 

carrying loads over spent fuel . 

Fuel handling and lifting devices have provisions to avoid dropping 

or jamming of fuel assemblies during transfer. 

11. Fuel handling system includes provisions·for retrieving fuel assem­

blies in the event of system malfunction. 

12. The fuel handling system containment penetration is designed to 

preserve the integrity of the containment pressure boundary. 

13. The design of the lifting and handling devices permits the vtsi­

bility necessary for safe operation . 
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9.1 .4.2. System Description 

The fuel handling facilities (plan at elevation 94 feet, Figure 1.2-6) 

are generally divided into two areas: The refueling cavity,.which is 

flooded only during plant shutdown for refueling; and the spent fuel 

pit. These two areas are connected by the fuel transfer canal through 

which the manipulator crane mast travels while transferrinq fuel be­

tween the reactor and the spent fuel pit. 

New fuel assemblies are received and inspected in the fuel building, then 

stored in the new fuel storage area. A new fuel assembly is removed 

from the racks by the fuel building crane and placed into the new fuel 

elevator. The fuel assembly is then lowered to the floor of th~ nPw 

fuel elevator pit where it is removed from the elevator and trans-

ferred to the reactor vessel by the manipulator crane. The new fuel 

storage area is sized to accommodate storage of fuel assemblies nor­

mally associated with the replacement of one-third of a core. Fuel 

assemblies for the initial core loading are temporarily stored in the 

spent fuel pit, which is kept dry during this period. 

In the refueling cavity, fuel assemblies are repositioned or removed 

from the reactor vessel, transferred through the water and placed in 

storage racks located in the spent fuel pit by a manipulator crane. 
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The containment equipment hatch is desiqned to permit the mani­

pulator crane to travel from the refueling cavity to the spent fuel pit. 

After a sufficient decay period, the fuel assemblies are removed from 

the racks by the manipulator crane and loaded into a shipping cask for 

removal from the plant. 

Spent fuel assemblies are handled underwater from the time they leave the 

reactor vessel until th~y are placed in a cask for shipment from the plant. 

The water provides an effective, economic and transparent radiation shield, 

as well as a reliable medium for removal of residual heat .. Boric acid is 

added to the water to ensure subcritical conditions in the reactor during 

• refueling. 

• 

Fuel Handling Facilities 

1. Refueling Cavity 

The refueling cavity is a reinforced concrete structure lined with 

stainless steel. When filled with borated water for refueling, 

it forms a pool with the surface approximately 26 feet, 6 inches 

above the reactor vessel flange and approximately 19 feet above the 

refueling canal floor. When an irradiated fuel assembly is being 

transferred in the refueling canal area, the water depth over the 

active fuel assembly combined with the shielded mast on the mani-
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pulator crane limits the radiation at the surface of the water to 

2.5 mr/hr. 

The reactor vessel flange is sealed to the bottom of the refueling 

cavity by a clamped, gasketed seal ring which prevents leakage of 

refueling water from the cavity. This seal is clamped closed 

during-the flooding of the cavity for refueling operations. The 

cavity provides storage space for the reactor upper and lower 

internals, and for miscellaneous refueling tools. 

2. Fuel Transfer Canal 

The fuel transfer canal is a passageway that extends from the 

refueling cavity to the spent fuel pit. The canal is formed by 

concrete shielding walls lined with stainless steel extending 

upward to the same elevation as the refueling cavity. Removable 

watertight gates located outside the containment isolate the re­

fueling cavity and spent fuel pit. The$e gates permit draining 

the refueling cavity while maintaining a normai spent fuel pit 

water level. 

The fuel transfer canal penetrates the containment through a 34 foot 
. ~ . 

no~inal di~~eter hatch. - T~is hatch is sized to allow the manlpulator 

crane with its shielded mast to pass through. The manipulator 

• 
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crane rails.through the penetration are mounted on a removable plat­

form section, which when removed, provides clearance for the hatch 

cover to be put in place. A removable concrete biological shield 

is provided outside the h~tchway. (Refer to Figure 1.2-6.) · 

3. Spent Fuel Shipping Cask Loadin~ 

A spent fuel cask loading pit is located adjacent to the spent fuel 

pit. The .loading pit is cons~ructed of reinforeed concrete and 

lined with stainless steel plate. The cask loading pit is isolated 

by the separating wall. The gate slot on the .separating wall is 

only of sufficient depth to allow the manipulator crane.access to 

the cask loading pit. An opening, which is provided with a water­

tight ~eal plug, is located in.the bottom of the cask loading pit. 

Cask loading is accomplished through this opening. (Refer to 

. Figures 1. 2-3, 1. 2-6, and· 1. 2-12.) 

.The .cask will be placed aboard the plant at the 40 1 el~vati6n on a 

transfer cart. After the cask is inspected, it will be moved 

directly below the cask loading pit seal plug. A flexible water~ 

tight seal will then be used to join the cask upper flange and tbe 

undersurface of .the cask loading pit.· Seal tests will be conducted. 

Following the leak tests the cask loading pit seal plug will be re­

moved and stored. The cask head will then be disengaged from the 
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. top of the cask, lifted up through -the seal and stored. The cask 

and the cask pit will be filled with borated demineralized water 

and the gate between the cask pit and the spent fuel pit will be~ 

opened, preparatory to inserting spent fuel into the cask. The 

seal assembly will again be in~pected for leaktightness. Loading 

of the cask is then initiated. The manipulator crane will be used 

to load spent fuel assemblies into the cask. After the shipping 

cask is completely loaded, the cask head wi 11 be lowered through 

the seal assembly, and replaced on the cask. The watertight gate 

between the spent fuel pit and cask loading pit will be replaced, 

and the cask loading pit will be drained. The cask loading pit 

plug will then be re-installed. The seal assembly will be drained, 

and flushed with demineralized water. After the draining and 

flushing operation is -completed, the seal will be removed. The 

transfer cart with cask will then be moved .back out from the loading 

area. The cask surfaces will be surveyed, cleaned and decontami­

nated as required. The cask head bolts are replaced and tightened. 

The cask is then removed from the platform to the transport barge. 

Fuel Handling Equipment 

1. Reactor Vessel Head Lifting .Device (Figure 9 .. 1-4) 

The reactor vessel head lifting device consists of a welded :and 
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2. 

bolted stnuctural steel frame with suitable rigging to enable the 

polar crane to lift the head and store it during refueling opera­

tions. The lifting device is permanently attached to the reactor 

vessel head. Attached to the head lifting devtce are the monorail 

and hoists for the reactor vessel stud tensioners. The head lifting 

device also acts as a support for the control rod drive mechanism 

seismic supports, cable tray and ventilation equipment. 

Reactor Internals Lifting Device (Figure 9.1~5) · 

The reactor internals lifting device is a .structural frame used 

with the polar crane to lift the internals from the reactor vessel 

and place them on their storage stands as necessary during refuel­

ing operations. 

3. . Manipulator Crane (Figure 9.1-6) 

The manipulator crane transfers fuel assemblies within the core and 

also between the core and the spent fuel p-it .. It is a rectilinear 

bridge and trolley crane with a shielded verti.cal mast extending 

down into the refueling water. The-bridge spans the cavity .and 

spent fuel pit. The bridge and trolley motions are used to posi­

tion the vertical mast over a fuel assembly.·· The manipulator crane 

. ts equipped.with a monorail hoist .to· handle some of the various 
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refueling tools. 

A telescopic tube with a pneumatic g.ripper on the end is lowered 

down from the mast to grip the fuel assembly. The telescopic 

gri-pper tube is long enough to permit the upper end to be contained 

within the mast when the gripper end contacts the fuel. A winch 

mounted on the trolley raises the gripper tube and fuel assembly 

into the shielded mast tube. The fuel is transported to its new 

position while inside the shielded mast tube. 

All controls. for the manipulator crane are mounted on a console 

on ·the trolley. The bridge is positioned on a coordinate system 

laid out on one rail. The electrical readout system on the console 

indicates the position of the bridge. With the aid of a scale, which 

is read directly by the op!;!rator at the console, the trolley is 

positioned on the bridge structure. The drives for the bridge, 

trolley and winch are variaple speed, including a separate inching 

control on the winch. Electrical ·interlocks and limit switches on 

the bridge and trolley drives protect the equipment. In an emer­

qenc_y, the bridge, trolley and winch can be operated manually by 

using a handwheel on the motor shaft. 

The. suspended weight on the gripper tool is monitored by an elec­

trical load ~ell with indication mounted on the control console. A 
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load in excess of 110 percent of a fuel assembly weight automatically 

stops the winch drive from moving in the up direction and actuates 
-

an overload light on the control console. The gripper is inter-

locked through a wetght-sensing device and also a mechanical spring 

lock so that it cannot be opened accidentally when supporting a 

fuel assembly. 

The manipulator crane will be designed to prevent disengagement of 

a fuel assembly from the gripper or derailing of the bridge or 

trolley during design basis platform motion. 

Containment Jib Crane (Figure 9.1-7) 

The 3000-lb capacity containment jib crane is used in the contain­

ment to handle the various tools used to service_the re~ctor during 

refueling or maintenance. The crane is the wall mounted type, 

driven by a single speed electric motor and equipped with a brake. 

The boom carries a two-speed electric, wire rope hoist of the 

standard headroom series. Control of the boom is from a bulkhead 

mounted push button station. Control of the hoist is from a pen­

dant push button station suspended from the hoist. The crane is 

designed in accordance with the latest specifications of the Mono­

rail Manufacturer's Association . 
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5. Rod Cluster Control Changing Fixture (Figure 9.1-8) 

A fixture is mounted on the refueling cavity wall for removing 

rod cluster control {RCC) elements from spent fuel assemblies and 

for inserting them into new fuel assemblies. The fixture con­

sists of two main components: a guide tube mounted to the wall 

for containing and guiding the RCC element; and a wheelmounted 

carriage for holding the fuel assemblies and positioning fuel 

assemblies under the guide tube. 

6. Upper Internals Storage Stand {Figure 9.1-9) 

The upper internals storage stand is a structural stainless steel 
. . ' . . 

assembly installed in the refueling cavity and is used to support 

the upper internals package. During refueling, the stand is 

under water. Guide studs located on the storage stand properly 

orient the upper internals. 

7. Lower Interna~s Storage Stand (Figur~ ~.1-16j 

The lower internals storage stand is a structural stainless steel 

assembly installed ·in the refueling cavity and is used to support 

the lower internals package when it is removed from the reactor 
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vessel. During refueling, the stand is under water and does not 

interfere with refueling operations. 

8. Reactor Vessel Stud Tensioner 

9. 

Stud tensidners are employed t6 secure the head closu~e joirit at 

every refueling. The stud tensioner is a hydraulically-operated 

device which permits preloading arid unloading of the reactor vessel 

closure studs at cold shutdown conditions. Stud tensioners mini­

mize the time required for the tensioning or unloading operations. 

Three tensioners apply simultaneous uniform load to three studs 

located 120 degrees apart. Relief valves on each tensioner pre­

vent overtensioning of the studs due to excessive pressure~ 

Charts which indicata stud elongation and load .for a given oil 

pressure are included in the tensioner operating. instructions. 

In addition, micrometers are provided to measure stud elongation 

after tensioning. 

Drive Shaft Unlatching Tool (Figure 9.1-11) 

The control rod drive shafts are latched and unlatched to the rod 

cluster control assembly by means of the control rod drive shaft 

unlatching tool. All drive shafts are removed as a unit with the 
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reactor vessel upper internals. 

10. Rod Cluster Control Thimble Plug Tool (Figure 9.1-12) 

This long-handled, manually-operated tool is used in the refueling 

canal to remove .and replace the thimble plug. in a fu~l assembly. 

When transferring an,RCC element.from one fuel.assembly to a.nother, 

a thimb.le ,plug is inserted in the fuel assembly from which the RCC 

. was removed. 

11. Source Tool 

Neutron source rods are guided .into thei.r respective .fuel 

assemblv thimble location bv means of the source tool. The 

source rods are then attached to burnable poison assemblies, 

or to RCC assemblies. 

12. Irradiation Sample Handling Tool (Figure 9.1-13} 

Irradiation sample capsule assemblies, located below the reactor 

vessel flange, are remotely removed from the vessel with this 

tool. 
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13. New Control Rod Cluster Handling Tool (Figure 9.1-14) 

New unirradiated rod control clusters are inspected in the 

fuel storage building prior to transfer to the reactor core. 

This tool is used to facilitate inspection and insertion of 

these assemblies into new fuel elements. 

14. Guide Tube Cover Handling Tool (Figure 9.1-15) 

RCC guide tube covers are removed from the upper internals 

assembly in the event removal of a drive shaft is necessary. 

• The covers are remotely removed and reinserted with this tool. 

• 

15. New Fuel Assembly Handling Fixture 

This short-handled tool is used to handle new fuel on the 

operating deck of the fuel storage building to remove the new 

fuel from the shipping container and to facilitate inspection 

and storage of the new fuel and loading of fuel into the new 

fuel elevator. 

16. Control Rod Drive Shaft Handling Fixture 

New control rod drive shafts are handled with this fixture 
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during initial install·ation into the upper internals. 

17. Stud.Hole Plugs and Gaskets 

The threaded aluminum stud hole plugs are used to prevent re­

fueling water from entering the reactor vessel closure stud 

holes. 

18. Stud Hole Plug Handling Fixture 

Stud hole plugs.are inserted through·the reactor vessel head 

flange and threaded into stud-holes with this fixture. 

19. Guide Studs 

Three guide studs are inserted into the reactor vessel flange 

during refueling. The studs guide the-closure head off and onto 

the vessel, and the internals into and out of the vessel. 

20. Load Cell 

A load cell is inserted between the polar crane hook and the 

reactor internals lifting rig to monitor the lifting force during 

removal of the internals and the reactor vessel head. 
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21. Spring Scales 

22. 

Spring scales are used to monitor the lifting forces during 

unlatching of the control rod from.the drive shafts and removal 

of the guide. studs to ensure that no load is imposed on the 

threads. They are also used for .installation and removal of the 

reactor vessel studs to minimize load imposed on the threads. 

New Fuel Elevator (Figure 9.1-16) 

The new fuel elevator is used exclusively to lower a new fuel 

assembly to the bottom of the cask loading area where it can be 

transported by the manipulator crane to the reactor vessel. 

Spent fuel assemblies are never placed in the elevator. 

23. Part Length Drive Shaft Latching Tool (Figure 9.1-17) 

The control rod drive shafts are disconnected and connected to 

the part length rod cluster control assemblies by means of the 

part length control rod drive shaft latching tool. The tool 

is suspended from the polar crane and is operated from the control 

rod drive mechanism seismic support . 
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24. Burnable-Poison Rod Assembly Handling Tool 

The burnable poison rod·assembly handling tool is used to transfer 

burnable poison rod assemblies between fuel assemblies.or be­

tween a fuel assembly .and a burnable poison rod assembly storage 

insert located in the spent fuel racks. This tool is hung from 

the manipulator crane monorail hoist. 

25. Storage Inserts for Burnable Poison Rod Assemblies 

These storage inserts are placed in spent fuel racks and are 

used to store used burnable poison rod assemblies when spent 

fuel assemblies are not available. 

26. Stud, Nut and Washer Carrier 

Stud, nut and washer carriers provide a means of moving the 

reactor vessel studs, nuts and washers from the reactor vessel 

flange elevation to the.operating deck. The carriers also serve 

as storage racks and provide protection for the studs, nuts and 

washers during refueling operations. 
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27. Reactor Cavity Seal Assembly 

The reactor cavity seal assembly covers and seals the annulus 

around the reactor vessel during refueling operations when the 

refueling cavity is flooded. 

28. Neutron Detector Installation Device 

29. 

This device is a mechanical lifting device attached to a mono~ 

rail located in the in-core instrumentation tunnel. The device 

. provides a means of handling nuclear instrumentation assemblies 

which ar.e.loaded from.the bottom. Access tothe tunnel is·pro­

vided by a shaft from elevation 101. 

Underwater Lighting 

Underwater floodlights illuminate the water~fill~d cavities during 

refueling operations. The underwater floodlight poles are lo­

cated along the walls of the reactor cavity areaJ internals 

storage area, and fuel transfer and storage area. Each pole 

supports two adjustable light fixtures . 

9.1-43 



30. Reactor Vessel Head Storage Stand (Fiqu~e 9 .. 1-18} 

During refueling the reactor vessel head is placed on a storage 

stand which provides access for head inspection and 0-ring re­

placement. 

System Operation 

The:refueling operation is divided into five major phases: (1) pre­

paration; (2) reactor disassembly ; (3) fuel handling; (4) reactor 

assembly; and (5) preoperational checks, tests and startup. A general 

description of a typical refueling operation through the five phases 

is given below: 

Phase 1-Preparation 

1. The fuel handling equipment and manipulator crane are checked 

out prior to plant shutdown. 

2. The ·reactor is shut down and cooled to ambient condition. 

3. A radiation survey is made and the containment vessel is entered. 

4. The refueling cavity cover slabs are removed and stored. 
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5. The equipment hatch shield slab is removed and stored. 

6. The equipment hatch is removed and stored. 

7. The spent fuel pit rolling cover is extended to the containment 

and the rolling door at the opposite end of the spent fuel pit 

is closed. 

Phase II-Reactor Disassembly 

1. The control rod drive mechanism cables and cooling air ducts are 

• disconnected and moved to storage. 

• 

2. The reactor vessel head insulation is removed and placed in 

storage. 

3. Upper instrumentation thermocouple leads are disconnected. 

The thermocouple column protective sleeve is installed over the 

top of the support column. 

4. The in-core instrumentation thimble guides are.disconnected at 

the seal table and extracted upward. 

5. The reactor vessel-to-cavity seal .ring is clamped in place . 
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6. The reactor vessel head nuts are loosened, using the stud 

tensiqner. -

7. The part length control rod drive shafts are disconne.cted, 

raised, and locked in place in their drive mechanisms. 

8. The reactor vessel. head studs and nuts are removed _and stored. 

9. The guide studs are installed in three stud holes. The remainder 

of the stud holes are plugged. 

10. Final preparation is made of underwater lights .and too.ls 

11. The reactor vessel head is unseated and raised slightly by the 

polar crane. 

12. The refueling cavity is filled with borated water to the vessel 

flange. 

13. The head is slowly lifted while water is pumped into the cavity. 

The water level and vessel head are raised simultaneously, keep­

fng·the water .level just below th~ head. 

14. The reactor vessel head is removed to a dry.storage area. 

• 

• 

• 



• 
15~ The control rod drive shafts are unlatched, using the drive shaft 

unlatching tool. A check is made to ensure the drive shafts are 

fully disconnected from the RCC. The control rod drive shafts 

remain with the reactor vessel upper internals. 

16. The reactor internals.lifting rig is lowered into position·over 

the guide studs by the polar crane. The rig is then secured to 

the support plate of the upper internals package. 

17. The reactor vessel upper internals and control rod cluster drive 

shafts are lifted out of the vessel and stored·in the·underwater 

• storage stand in the refueling cavity. 

• 

18. The watertight gates in the fuel transfer canal are removed and 

stored. 

19. Fuel assemblies and rod control clusters.are now free from 

obstructions and are ready to be removed from the reactor core. 

Phase III-Fuel Handling 

1. The refueling sequence is started with the manipulator crane. 

2. The crane is positioned over a fuel assembly in the most depleted 
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region of the core. 

3. The fuel assembly is lifted to a pre-determined·height sufficient 

to clear the fuel transfer canal floor. 

4. If the removed assembly contains a rod control cluster, the as­

sembly is placed in the rod control cluster changing fixture. 

5. The rod control cluster is removed from the spent fuel assembly 

and placed. in a new fuel assembly or in a transferred spent fuel 

assembly previously placed in the changing fixture. 

6. The spent fuel assembly is moved from.the changing·fixture by 

the manipulator crane to the spent fuel storage racks. 

7. The new fuel assembly is transferred to the reactor containment 

with the manipulator crane. 

8. Partially spent fuel assemblies are moved from one region to 

another region of the reactor core. 

9. Any new assembly or transferred fuel assembly that will be placed 

in a control position is first placed in the control rod:cluster 

changing fixture to receive a control rod cluster from a spent 
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fuel assembly. 

10. The new fuel assemblies are loaded into the vacated region of 

the core. 

11. This procedure is continued until refueling is.completed. 

Phase IV-Reactor Reassembly 

1. The watertight gates are placed in position at the spent.fuel 

pit side of the refueling canal . 

2. The reactor.vessel upper internals are replaced·in the vessel 

by the polar crane. 

3. ·The-control rod drive shafts are relatched to the rod tluster 

control elements. 

4. The old seal rings have been removed from the reactor vessel 

head, the grooves cleaned and new rings installed. 

5. The reactor vessel head is picked up by the polar crane and 

positioned over the reactor vessel . 



6. The reactor vessel head is slowly lowered. ,Simultaneously, the 

water level is kept just below the.head. 

7. When the head is about one foot above the vessel flange, the 

refueling cavity is completely drained and the flange surface 

is cleaned. ·_ 

8. The reactor vessel head is seated .. Stud hole plugs_and guide 

studs are removed. 

9. The head studs and nuts are replaced and retorqued. 

10; The part length control rod drive shafts are unlocked~ lowered, 

and connected to the part-length control rods. 

11 •. -The vessel head insulation and instrumentation are replaced. 

12. The electrical leads and cooling air ducts are reconnected to 

the control rod mechanisms. 

13. The in-core instrumentation thimble guides are reinserted into 

the core and .sealed.at the seal table. 
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14. The reactor vessel .,.to-cavity seal ring.is uncl amped. 

15. A leak tes.t is performed on the reactor coolant system. 

16. The control rod drive mechanisms ar~ checked out for proper 

operation. 

17. The refueling cavity cover slabs are replaced. 

18. The equipment hatch is replaced on the equipment opening. 

19. The equipment hatch shield slab is replaced .. 

Phase V-Preoperational .Checks, Tests and·Startup 

Preoperational physics tests are performed as.necessary. 

9.1.4.3 Design Evaluation 

Fuel handling equipment and the manipulator crane are tested prior to 

each refueling. 

During cor...e unloading .and loading, the boron concentration shall be 

sufficient to maintain the clean, cold fully loaded core subcritical 



.AK. 
by at least ten percent ·-~ with all·control rod assemblies inserted. 

At the same concentration the core shall also be at least one per cent 

~ subcriticai with ·all control rod assemblies withdrawn. The same ;< 
boron concentration is maintained in the refueling cavity. Periodic 

checks of th·e boron concentration shall be made; 

At least one residual heat removal pump is available for operation 

during normal refueling ·to provide flow through the reactor core and 

maintain uniform boron concentration. 

During all phases of spent fuel transfer to the fuel storage racks, the 

gamma dose rate at the surface of the water shall be 2.5 mr/hr or less. 

All fuel handling facilities are contained.an~ are designed to pre~lude 

an accidental release of radioactivity. Monitoring and alarm instru­

mentation is provided to det~ct exceisi~e radiation levels and to detect 

conditions which might result in the 1 oss of capability to remove 

decay heat. 

Gamma radiation levels in the containment and fuel storage areas are 

continuously monitored. These monitors provide an audible alarm at 

the initiating detector indicating an unsafe condition. Continuous 

moni tori'ng in the contra 1 room of reactor neutron flux pro vi des im­

mediate indicaiion Of a~ abnormai core·flux level; 
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!Ji rect comm uni cation· between- the· control room· and· the manipulator crane 

is available whenever changes·in core·configuration· are taking·place. 

This provision allows·the control room·operator to·inform the manipulator 

operator of any impending unsafe·condition detected from the ma,n control 

board indicators during fuel·movement. 

In no case will the failure of any fuel handling system interlock, or 

combination thereof, result in a more severe event than that described 

in Section 15.4. 

The spent fuel pit is designed to withstand·the·design basis accident 

without loss of significant pool water·or·damage·to stored fuel. The 

spent fuel pit has no gravity drains; The pit cannot be drained to the 

point of minimum shielding violation by·the·rupture of· any pipe. The 

postulated spent fuel cask drop·accident· cannot drain·the spent fuel pit 

since the cask loading area· is·physically separated from the·spent fuel 

pit. 

The spent fuel.pit is completely enclosed by a·building·which is·sized to 

permit the manipulator crane·to·travel within it; This enclosure·building 

serves to provide appropriate ventilation·and·filtration·to· limit·the po­

tential release of radioactive iodine and other radioactive materials in 

the event of a fuel drop accident;· Access to·the·spent fuel·pit from the 
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cask loading and new fuel storage area is provided by a vertical rolling 

door. The other end of the enclosure building is pro~ided with a mo~able 

three sided cover which in its extended position extends to the contain-

ment biological shield. With the rolling door extended the area is venti­

lated as described in section 9.4.2. The stationary section of the spent 

fuel enclosure building forms a tornado missile shield. 

The spent fuel pit enclosure building is of sufficient height, width, and 

length that it is impossible to carry any loads over or in the vicinit~ 

of the spent fuel pit. In addition, limit switches restrict the movements 

of the fuel building crane so that it is impossible for the crane hook to 

traverse the spent fuel pit. 

Fuel Handling Equipment 

The maximum design stress for the handling equipment and for all components 

involved in gripping, supporting or hoisting the reactor components and 

fuel assemblies is one-fifth ultimate strength of the materia1. 

The fuel handling.equipment seismic design is described in Section 3.7. 

Electrical interlocks and limit switches on the bridge and trolley 
' ' 

drives of the manipulator crane protect the equipment. In an emer­

gency, the bridge, trolley and winch can be operated manually using a 
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handwheel on the motor shafts. 

The load on the gripper· tool is monitored· by an· electric load cell 

indicator mounted on the control console. A load'.in excess of 110 

per cent of a fuel assembly weight stops the winch drive from moving 

in the up direction. The gripper is interlocked through a.weight 

sensing device and also a mechanical spring lock so that it cannot be 

opened when supporting a fuel assembly. This is in.keeping with the 

overall fail-safe design approach used in the design of the manipulator 

crane . 

The manipulator crane is provided with the following interlocks to help 

assure safe operation: 

1. Travel limit switches on the bridge and trolley drives. 

2. Bridge, trolley and winch drives which are .mutually interlocked 

to prevent simultaneous operation of any.two drives. 

3. A position safety switch, the gripper tube up position switch, 

must be actuated in order to operate the bridge and trolley 

main motor drives. 

4. An interlock which prevents the opening of a·solenoid valve in 
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the air line to the gripper.except when zero load is indicated 

b,Y a load cell. As backup protection for thi.s interlock, t.he 

mecha.ni ca 1 weight actuated 1 ock ,in the gripper prevents operation 

of the gripper under load even if. air pressure is applied to the 

operating cylinder. 

5. The excessive suspended.weight switch opens the hoist drive 

circuit in the up direction when the loading is.excessive. 

6. An interlock on the hoist drive circuit for the up directio~ per­

mits the hoist to be bperated only .when either the.open or 

closed indicating switch on the gripper is actuated. 

7. An interlock of the bridge and trolley drives prevents the 

bridge drive from traveling beyond the edge.of the core unless 

the trolley is aligned with the transfer canal centerline. 

8. The manipulator crane is designed to prevent disengagement of 

a fuel assembly from the gripper or derailing of the bridge 

or trolley during the design basis platform motion. 

9. The.main and auxiliary hoists are equipped with two independent 

braking systems. A solenoid release~ spring set electric brake 
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is mounted on the motor shaft. This brake operates in the normal 

manner to release upon application of current to the motor and 

to set when current is interrupted. The second brake is a me­

chanically actuated load brake internal to the hoist gear box 

that sets if the load starts to overhaul th~ hoist. · It is neces­

sary to apply torque from the motor to raise or lower the load. 

In raising, the motor cams the brake open; in lowering, the motor 

slips the brake allowing the load to lower. This brake actuates 

upon loss of torque from the motor for any reason and is not de­

pendent on any electrical circuits. On the main hoist the motor 

brake is rated at 350 per cent operating load and the mechanical 

brake at 300 per cent . 

All equi_pment necessary for the refueling operation will be designed to 

function safely at each point in the refueling cycle up to a specified 

value of combined platform motions. This value will be such that the 

probability of exceeding it, and possibly interrupting the refueling 

process, will be acceptably low. The refueling operation will not be 

attempted if platform motion exceeds the above mentioned value. In the 

event that this value is exceeded after the refueling_ cycle has gegun, 

then the actual handling-of the fuel will be halted and the fuel elements 

and all fuel handling equipment will be safely secured . 
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9.1.4.4, Testing and Inspection 

As part of normal plant operations, the fuel handling equipment is inspected 

for operating conditions prior to each fuel handling operation. During the 

operational testing of this equipment, procedures are followed that will 

demonstrate the prescribed performance-of the fuel handling system inter­

locks. 
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15. Safeguard room coolers 

16. Instrument air compressors 

17. Control room and rack process condensing units 

18. Generator seal oil cooler 

19. Reactor coolant drain tank heat exchanger 

20. Recycle evaporator 

Circulation of the component cooling water is through the shell side in all 

of the above heat exchangers. 

Auxiliary Raw Water System 

The ARW System (Figure 9.2-2) is designed to supply cooling water to the 

CCW heat· E!xchangers. These are the only components served by this system. 

The system is required to operate following an accident. and/or loss of 

offsite power. Seawater is circulated on the tube side of the CCW heat 

exchangers at a pressure lower than. the CCW system pressure to preclude 

leakage into the CCW System . 
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General design bases for the Auxiliary Raw Water System are as follows: 

1. Three independent trains each supplying sea water cooling to a 

component cooling water heat exchanger. 

2. Maximum seawater inlet temperature - 85°F. 

9.2.J .2 System D~scription and Component Design Bases 

Component Cooling Water System 

Component Cooling Heat Exchangers 

The component co'oling heat exchangers provide the heat transfer between 

the CCW ·system arid' the ARW System. The raw water, which has the greater 

tendency to foul, circulates through straight tubes in the heat exchanger 

to facilitate cleaning. The raw water has a high chloride content whic:h 

is detrimental to the stainless steel·components·reqUiring cooling water~ 
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Therefore, the component cooling water is maintained at a higher pressure 

in the heat exchanger than the raw water, in order to prevent raw water 

inleakage to the CCW System. 

The capacity of the component cooling heat exchanger is dependent on 

several design conditions. The system is designed to handle the maximum 

heat loads generated during normal operating modes; however, the most 

limiting heat transfer duty placed on the heat exchanger occurs at twenty 

hours after normal plant shutdown and in presence of a seawater tempera­

ture of 85°F. At this time, the reactor coolant is required to have been 

cooled to at least 140°F; thus, the available temperature difference for 

heat transfer has been decreased substantially. The minimum available 

component cooling water temperature at this time is 95°F . 
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Table 9.2.1-4 details the load requirements at this time. Once the com­

ponent cooling water system's capacity is determined on this basis, .its 

adequacy is confirmed for the various other plant operational modes. 

Component Cooling Pumps 

The component cooling·pumps circulate component cooling water through the 

component cooling heat exchangers and then to the various plant heat loads. 

Three 9000 gpm pumps ~re provided. Since a component cooling pump may 

require maintenance because of constant usage, a standby pump is included 

in the system design. In specifying the component cooling pump· flow 

capacity, the various operational inodesof the plant are considered. 

Tables 9.2.1-1 through 9.2. 1-7 describe the·various flow ·requirements. 
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Component Cooling Surge Tank 

The component cooling surge tank accommodates surges resulting from compo­

nent coolant thermal expansion and contraction and, in addition, collects 

any water which may leak into the system from components which are being 

cooled. The surge tank also contains a supply of water to provide a con­

tinuous component cooling water supply until a leaking cooling line can be 

isolated. Water chemistry control of the component cooling water system is· 

accomplished by chemical additions to the surge tank. Makeup water is taken 

from the primary makeup water system as required, and delivered to the surge 

tank. The surge tank is at the highest point in the system to facilitate 

proper filling and venting of the system . 

The capacity of the component cooling surge tank is based on its functional 

requirements described above. The tank volume accommodates thermal tran­

sients in the cooling water as well as providing time for the operator to 

react when inleakage ~r outleakage develops in the system. 

Auxiliary Raw Water System 

The ARW System provides sea water to the CCW heat exchangers. The system is 

composed of three 60 per cent capacity independent loops, with the exception 

of a common discharge. Each loop flow is adjusted to approximately 18,000 

gpm with the remainder of the 20,000 gpm being used for bypass, miniflow and 
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as a supply for the screen wash pump. The raw (sea) water circulates through 

the tube side of the CCW heat exchangers. 

Auxiliary Raw Water Pumps 

Three 20,000 gpm centrifugal pumps are provided, each in series with a CCW 

heat exchanger. These are low head (100 ft.) high volume pumps constructed 

with appropriate materials to resist seawater corrosion. 

Intake Equipment 

There are three sets of intake equipment one for each ARW pump suction. 

The intake equipment consists of bar screens, a self-cleaning strainer· and 

transition connection from the rectangular intake opening in the hull. The 

bar screen is a fixed screen to prevent large debris from entering the 

pump suction. The self-cleaning strainer is sized to prevent small marine 

life pnd debris from contaminating the system. The strainers are equipped 

with differential pressure readout locally and in the main control room. 

Operation of each strainer and back wash pump is initiated locally by 

manual on-off switching. 

Each intake is equipped with a set of guide rails to accommodate a sealing 
.. 

plate which is used if the pump suction must be dewatered. 
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9.2.1.3 Instrumentation and Control Requirements 

9.2.1.3.l C9mponen€ Cooling Watei System 

Several automatic control functions are necessary in t.he system design. If 

during normal operation of the plant the component cooling pump becomes 

inoperative, instrumentation and control logic will provide for the auto~ 

matic starting of the standby pump. Secondly, if the component cooling 

water radiation level becomes excessive due to inleakage of reactor coolant, 

the vent of the component cooling surge tank will be automatically closed 

by a signal generated from the radiation. monitor(.s) on the loop. If.leakage 

develops from the thermal barrier of a reactor coolant pump int~. the compo­

nent cooling water, a high flow signal isolates the cooling water return 

header at the containment boundary. 

Sufficient flow and temperature indi.cation are provided for leak detec­

tion and flow distribution according to the component need. Total flow and 

temperature indication is also provided. Indication of the outlet tempera­

ture of the component cooling heat exchanger is provided to verify that the 

. supply cooling temperature to the reactor coolant pumps doe.s. not exceed 

120°F during cooldown of the plant . 
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9.2.1.3.2 Auxiliary Raw Water System 

No automatic control functions are n'ecessary in, this system. Loca 1 pressure 

gages are provided to confirm proper ARW pump performance. A flow indicator 

is provided for the mini flow 1 ine. · The ARW outlet temperature can be moni.­

tored on the CCW heat exchanger outlet to verify the heat exchanger per., 

formance. 

Chemistry Requirements: 

The following is a list which specifies component cooling water chemistry 

for normal operation of the plant. 

1. Corrosion inhibitor 

· 2.· pH at 25°c 

3. Chloride~ ppm; max.· 

4. Fluoride, ppm, max. 

5. Makeup water 

K2cro4 or K2cr2o7 
1000 ppm Cro4 = for first week after 

filling system; 175 to 225 ppm 

Cro4 = thereafter 

8.0 to 8.5 

0.15 

0. 1 

·same quality as for Reactor Coolant 
System 
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• The raw (sea) water chemistry is adjusted by continuously injecting 

sodium hypochlorite solution into the suction intakes to maintain 1.0 to 

2.0 ppm free chlorine concentration. 

9.2.1.4 Design Evaluation 

9.2.1.4.l Component Cooling Water System 

The equipment receiving cooling flow is arranged .in parallel circuits with 

the component cooling pumps and component cooling heat exchangers at a 

common supply and return location for the various cooling circuits. The 

component cooling heat exchangers are placed at the discharge of the comp-

• anent cooling pumps in order to provide a higher component cooling water 

pressure with respect to raw water pressure for the previously mentioned 

~loride fnleakage problem. The surge tank is connected to the suction 

piping of the component cooling pumps, 

• 

For a cold shutdown of the plant, all equipment in the component cooling 

water system is necessary in order to meet the 20 hour 140°F 

criterion. No redundancy is required in the system because postulated 

outages of equipment result only in an extended cooldown period . 
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The component cooling heat exchangers, component cooling pumps, component 

cooling surge tank, and all associated isolation valves fare readily 

accessible for maintenance and operation. The CCW and ARW systems ser­

vice components necessary to take the plant to a cold shutdown condition. 

Tables 9.2.1-1 through 9.2.1-7, listed below, describe the heat loads 

and cooling flows of components during various normal operational modes 

of the plant: 

Table 9.2.1-1: Plant startup 

Table 9.2.1-2: Normal operation 

Tab le 9. 2. 1-3 :. Pl ant shutdown at 4 hour 
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Tab 1 e 9 . 2 . 1 - 4 : Plant shutdown at 20 hours 

Tab 1 e 9 . 2 . 1-5 : Refueling 

Table 9.2.1-6: Hot standby 

Table 9.2. 1-7: Cooldown at 20 hours 

9.2.1.4.2 Auxiliary Raw Water System 

The cooling water is circulated through the tube side of the CCW heat ex-. 

changers. Each CCW heat exchanger is supplied by an ARW pump and flow cir­

cuit; there is no cross-connection. The pump suctions are located approxi­

mately 20 feet below the normal sea water level and therefore will be 

flooded. Design .6T for the ARW System water is 5°F. This 

is based on a design inlet of 85°F which is a 'conservative figure for most 

sea water temperatures. The ARW System is capable of exchanging the maximum 

heat load the CCW will encounter (i;e., 278 x 106 Btu/hr) durinq the 

initial phase of RHR operation. During plant cooldown, the ARW temoera­

·ture rise will exceed 5°F but will be less than l0°F. Normal heat loads, 

as tabulated in Table 9.2.1-2, will result in the normal 5°F AT . 
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TABLE 9. 2. J- 1 

PLANT STARTUP 

Number Heat load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service Btu/hr Btu/hr Each,· gpm gpm 

Residual Heat 1 (1) 37.4x106 
37.4 X 106 (1) 5000 5000(1) 

Exchangers 

Spent Fuel 1 12 X 106 (4 ) 12 X 106 3600 3600 
Heat Exchangers 

Letdown Heat 
Exchanger 1 15.0 X 106 15.0 X 106 1000 1000 

Excess Letdown 6 
4. 6 X 106 Heat Exchanger 1 4.6 X 10 230 230 

I.D . Reactor Coolant N 

106 
106 I Pumps 4 1.2 X 4.8 X 200 800 __, 

.i:,. 

Seal Water Heat 
10

6 106 Exchangers 1 2.5 X 2.5 X 210 210 

Boric Acid 
Evaporator 1 8.13 X ,06 8.13 X 106 1200 1200 

Boric Acid Evaporator 
Condenser Cooler 1 (2) ( 2) 80 80 

Waste Evaporator 
106 

10
6 Condenser 1 1. 0 X 1.0 X 90 90 

Waste Gas Compressors 2 .135 X 106 .27 X 106 25 50 

Sample Heat 
106 6 Exchangers 3 .212 X .636 X 10 14 42 

• • • 



• • • 
TABLE 9. 2. 1- l 

PLANT STARTUP (CONT) 

Number Heat Load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service Btu/hr Btu/hr Each, gpm gpm 

Residual Heat 
. 07 X 106 6 30( 3) Removal Pumps 2 .14 X 10 15 

Reciprocating 
120(5) Charging Pump 120 

Centrifugal 
. 5 X 106 

1.0 X 106 Charging Pumps 2 100 200 

Lower Compartment 
10 X 10

6 
I.C Fan Coolers 4 1250 5000 . 
N 
I Component Cooling __, 

u, Water Pump Room 6 
Cooler 2 .180 X 10 82 164 

Instrument Air 6 Compressors 2 .26 X 10 50 

Control Room and 
Process Rack Room 

1. 2 X l 06 2. 40 X 106 Condensing Unit 2 200 400 

Steam Generator 
Blowdown Sample 6 Coolers 4 .25 X 10 7 20 

Generator Seal 6 Oil Cooler 1 1.28 X 10 360 

Reactor Coolant 6 Drain Tank 1 1.4 X 10 225 



I.D . 
N 
I __, 

0) 

Equipment 

Waste Gas Recombiner 

Safeguards Area Coolers 

TOTAL REQUIRED 

Number 
In Service 

2 

2 

4 

TOTAL AVAILABLE 

Notes: 

TABLE 9.2.1-1 

PLANT STARTUP (CONT) 

Heat Load, Each 
Btu/hr 

. 160 X 106 

. 36 X 106 

Total Heat Load Required Flow 
Btu/hr Each, gpm 

30 

. 32 X 106 160 

1. 44 X 106 180 

105 X 106 

135 X l 06 

( 1 ) 

(2) 

Discontinued after Reactor Coolant Pumps started. 

Included in Boric Acid Evaporator load. 

(3) Both pumps received cooling flow. 

Total Flow 
gpm 

60 

320 

720 

20,047 

27,000 

(4) Spent fuel pit design assumes heat load for 1/3 of a full core stored in spent fuel pit, with 

maximum water temperature of 120°F. One and one-third cores will raise maximum water temperature 

. to 150°F. 

(5) Maximum intermittent load; not normally expected. 

• • • 
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TABLE 9.2.1-2 

NORMAL OPERATIO~! 

Number Heat Load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service .Btu/hr Btu/hr· Each~ · gpm gpm 

Residual Heat 
Exchangers 

Spent Fuel Pit 6 
12.0 X 106 Heat Exchanger 1 12.0 X 10 3600 3600 

Letdown Heat 6 6 Exchanger 1 15.0 X 10 15.0 X 10 1000 1000. 

Excess Letdown 
I.!) Heat Exchanger . 
N 
I Reactor Coolant ....J 6 4.8 X 106 -...J Pumps 4 1. 2 X 10 200 800 

Seal Water 
2.5 X 106 6 Heat Exchanger 1 2.5 X 10 210 210 

Boric Acid 
8.13 X 106 106 Evaporator 1 8.13 X 1200 1200 

Boric Acid Evaporator 
Condenser Cooler 1 (1) (1) 160 160 

Waste Evaporator 6 6 Condenser 1 1. 0 X 10 1. 0 X 10 . 90 . 90 

Waste Gas 6 6 Compressors 2 .135 X 10 , 27 X 10 25 50 

Sample Heat 6 .636 X 106 Exchangers 3 .212 X 10 14 42. 



TABLE 9.2. l-2 

NORMAL OPERATION (CONT) 

Number Heat Load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service Btu/hr.· Btu/hr· Each, gpm gpm 

Residual Heat 
Remova.l Pumps 15 30 

Reciprocating 6 106 Charg.i ng Pump 1 . 45 X 10 .45 X 100 100 

Ce'ntrifuga l 
Charging Pumps 100 200 

Lower Compartment 
106 I.O Fan Coolers 4 10 X 1250 5000 . 

I'\) 

I Component Cooling --' 
co Water Pump Room 6 Cooler 1 .180 X 10 82 164 

Instrument Air 
.26 X 106 Compressors 2 50 

Control Room and 
Process Rack Room 

1. 2 X l 06 2.40 X 106 Condensing Unit 2 200 400 

Steam Generator 
Blowdown Sample 

.250 X 106 Coolers 4 28 

Generator Seal 
1.28 X 106 Oil Cooler 1 360 

Reactor Coolant 6 Drain Tank 1 1. 4 X 10 780 

• • • 



I.O . 
N. 
I ....... 

• 
Number 

Equipment In Service 

Waste Gas Recombiner 2 

Safeguards Area Coolers 
2 

4 

TOTAL REQUIRED 

I.O Notes: 

• 
TABLE 9.2.1-2 

NORMAL OPERATION (CONT) 

Heat Load, Each Total Heat Load 
Btu/hr Btu/hr 

6 
.320 X 106 .160 X 10 

- . 6 
.36 X 10 1. 44 X 10 

6 

62.676 X 10 
6 

(1) · Included in boric acid evaporator load. 

• 
Required Flow Total Flow 
Each, gpm gpm 

30 60 

160 320 

180 720 

15,357 



TABLE 9.2.l-3 

INITIAL PLANT SHUTDOWN AT FOUR HOURS 
(Residual Heat Removal Initiated) 

Number Heat Load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service Btu/hr Btu/hr· Each, gpm gpm 

Residual Heat 
120 X 106 240 X 106 Exchangers 2 5000 10,000 

Spent Fuel Pit 
Heat Exchangers (l) 

Letdown Heat 
106 6 Exchanger 1 1.2 X 1.2 X 10 300 300 

·Excess Letdown 
\0 Heat Exchanger . 
N 
I Reactor Coolant N 

106 1. 2 X 106 800( 2) 0 Pumps 1 1.2 X 200 

Seal Water Heat 6 
.75 X 106 Exchanger 1 . 75 X 10 60 60 

Boric Acid 
106 8.13 X 106 Evaporator 1 8.13 X 1825 1825 

Boric Acid.Evaporator 
(3) Condenser Cooler 1 (3) 160 160 

Waste Evaporator 
Condenser 

Waste Gas Compressors 

Sample Heat Exchangers 3 . 2 .x 106 .. 1.4 X 106 14 42 

• • • 



• • • 
TABLE 9.2. 1-3 

INITIAL PLANT SHUTDOWN AT FOUR HOURS 
(Residual Heat Removal Initiated) 

(CONT) 

Number Heat Load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service Btu/hr Btu/hr ·Each,· gpm gpm 

Residual Heat 6 6 Removal Pumps 2 .075 X 10 .15 X 10 15 30 

Reciprocating 
Charging Pump 

Centrifugal 6 
,45 X 106 Charging Pumps 1 .45 X 10 100 200 

I.O Lower Compartment 
10 X 106 . · Fan Coo 1 ers 4 1250 5000 N 

I 
N _. 

Component Cooling 
Water Pump Room 6 Cooler 1 .180 X 10 82 164 

Instrument Air 6 Compressors 2 , 26 X 10 50 

Control Room and 
Rack Process 

106 6 
Condensing Unit 2 1. 2 X 2,40 X 10 200 400 

Steam Generator 
Slowdown Sample 6 
Coolers 4 .250 X 10 28 

Generator Seal 6 
Oil Coo 1 er 1 1.28 X 10 360 

Reactor Coolant 
1.4 X 106 Drain Tank 1 225 



I..O 

N 
I 

N 
N 

Equipment 

Waste Gas Recombiner 

Safeguards Area Coolers 

TOT AL REQUIRED 
. . 

Notes: 

Number 
In Service 

2 

2 

4 

TABL~ 9.2.1-3 

PLANT· SHUTDOvJN AT FOUR HOURS ( CONT)_ 
(Residual Heat Removal Initiated) 

Heat Load, Each 
Btu/hr 

Total Heat Load Required Flow 
Btu/hr Each, gpm 

30 

6 
106 .160 X 10 .320 X 160 

6 
1.44 X 106 .36 X 10 180 

278.04 X 10 
6 

Total Fl ow 
gpm 

60 

320 

720 

20,774 

(1) Cooling··flow not normally required for 20 hour cooldown period; however, if cooling does become 
mandatory, the cooling flow to the boric acid evaporator is reduced to compensate for spent fuel 
pit heat exchanger load. 

(2) All pumps receive cooling flow, although only one pump is in operation. 

(3) Included in boric acid evaporator load. 

(4) Cooling flow to both pumps, although only one is in operation. 

• • • 



• • • 
TABLE 9.2.l--4 

· PLANT SHUTDOWN AT TWENTY HOURS 

Number Heat Load, Each Total Heat Load Required Flow Total Fl ow 
Equipment In Service . Btu/hr Btu/hr Each, gpm gpm 

Residual Heat 6 6 
Exchangers 2 37.4 X 10 74.8 X 10 5000 10,000 

Spent Fuel Pit 
(4) Heat Exchangers 

Letdown Heat 106 106 Exchangers 1 1. 2 X 1.2 X 300 300 

Excess Letdown 
Heat Exchangers 

I..O . 
Reactor Coolant (S) N 

aoo(l) I 
200 N Pumps w 

Seal Water 
106 106 Heat Exchanger 1 .75 X .75 X 60 60 

Boric Acid 
Evaporator 1 (2) (2) 160 160 

Wast~:Evaporator 
Condenser --~- .. -~-· 
Sample Heat 

.212 X 106 Exchangers 3 .636 X 106 14 42 

Residual Heat 6 
.15 X 106 Removal Pumps 2 .075 X 10 15 30 



TABLE 9.2.1-4 

PLANT SHUTDOWN AT TWENTY HOURS (CONT) 

Number Heat Load, Each Total·Heat Load Re qui red Fl ow · Total Flow 
Equipment. In Service Btu/hr Btu/hr ·Each, 9pm gpm 

Reciprocating 
Charging Pump 100 100 

Centrifugal 
106 106 200 ( 3) Charging Pumps 1 .45 X .45 X 100 

Lower Compartment 
10 X 106 Fan Coolers 4 1250 5000 

Co~p6nent Cooling 
I.O Water Pump Room 

.180 X 10
6 . 

N Cooler 1 82 164 
I· 

N 
~ Instrument Air 

Compressors 2 .26 X 106 50 

· Control Room· and 
Rack Process 

1. 2 X 106 2.40 X 106 · Condensing Unit 2 200 400 

Steam Generator 
Slowdown Sample 

.25 X 106 Coolers 4 28 

Generator Seal 6 
Oil Cool er 1 1.28 X 10 360 

Reactor Coolant 
1.4 X 106 Drain Tank 1 225 

• • • 



~ . 
N 
I 

N 
U1 

• • 
TABLE 9.2.1-4 

PLANT SHUTDOWN AT TWENTY HOURS (CONT) 

Equipment·· 

Waste Gas 
Recombiner 

Number Heat Load, Each 
Btu/hr 

Total Heat Load Required Flow 
In Service Btu/hr Each, gpm 

Safeguards Area Coolers 

TOTAL REQUIRED 

Notes: 

2. 

2 

4 

.160 X 10 
6 

.320 X 106 

.360 X 106 ' 6 
1.44 X. 10 

103.540 X 

(1) All pumps receive cooling flow, although no pumps in service. 

(2) Included in boric acid evaporator load. 

(3) Cooling flow to both pumps, although only one is in operation. 

30 

160 

180 

10
6 

• 
Total Flow 

gpm 

60 

320 

720 

19.047 

(4) Cooling flow not normally required for 20 hour cooldown period; however, if cooling does become 
mandatory, the cooling flow to the boric acid evaporator is reduced to compensate for spent fuel 
pit heat exchanger load. 

(5.) Reactor coolant pumps are shut off when reactor coolant is approximately 160°F to 1700F. 



TABLE 9.2.1-5 

REFUELING 

Number Heat Load, Each Total Heat Load Required Flow Tota 1 Fl ow 
Equipment In Service Btu/hr Btu/hr Each, gpm gpm 

Re.s i dua 1 Heat 
2(1) 106 106(2) 5000(l) . 10,000 ( l) Exchangers 25 X 50 X 

Spent Fuel Pi~ 
106 106 H~at Exchanger 1 12 X 12 X 3600 ·3600 

Letdown Heat 
106 6 Exchanger 1 1.2 X 1.2 X 10 300 300 

Excess Letdown 
Heat Exchanger. 

ID 

(3) 
. Reactor Coolant Pumps N 

I 
N 
O"I Seal Water 

.75 X 106 6 Heat Exchanger 1 , 75 X 10 60 60 

B'oric Acid 
8.13 X 106 8.13 X 106 Evaporator 1 1200 1200 

Boric Acid Evaporator 
Condenser Cooler 1 ( 4.) (4) 160 160 

Waste Evaporator 
Condenser 

Waste Gas Compressors 

Sample Heat Exchangers 1 .2 X 106 .2 x 106 14 14 

• • • 



• • • 
TABLE 9.2. 1-5 

REFUELING (CONT) 

Number Heat-Load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service Btu/hr Btu/hr· Each, gpm gpm 

Residual Heat 
Removal Pumps 100 100 

Centrifugal 
, 45 X 106 6 200 ( 5) Charging Pumps 1 .45 X 10 100 

Lower Compartment 
10 X 106 Fan Coolers 4 1250 5000 

Component Cooling 
U) Water Pump Room 6 . Coolers 1 .180 X 10 82 164 N 
I 

N 
-..J Instrument Air 

6 Compressors 2 . 26 X 10 50 

Control Room and 
Process Rack Room 

X ,06 6 Condensing Unit 2 1. 2 2.40 X 10 200 400 

Steam Generator 
Blowdown Sample . . 6 
Coolers 1 .065 X 10 7 7 

Generator Seal 6 
Oil Cool er 1 1. 28 X 10 360 

Reactor Coolant 6 Drain Tank 1 1.4 X 10 225 



. 

Equipment 

Waste Ga~. Recombiner 

Safeguards Area Coolers 

TOTAL REQUIRED 

Number 
In Service 

2 

2 

4 

TABLE 9.2.l-5 

REFUELING (CONT) 

Heat Load, Each 
Btu/hr 

Total Heat Load Required Flow 
Btu/hr Each, gpm 

30 

.· .6 
. 160 X 106 

.320 X 10 160 
6 

.360 X 10 1.44 X 10 
6 

180 

88,51 X 10 
6 

Total Flow 
gpm 

60 

320 

720 

21,990 

N 
I 

N Notes: 
CX) 

(1) Number in service is reduces when fuel is transferred to spent fuel pit. 

(2) Average load during refueling period, considering residual heat decreasing as a function -0f time. 

(3) Flow may be continued, but there is no heat load. 

(4) Included in boric acid evaporator load . 

. (5) Cooling flow to both pumps, although only one is in operation. 

• • • 
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• • • 
TABLE 9.2.1-6 

HOT STANDBY 

Number Heat Load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service Btu/hr Btu/hr Each, gpm gpm 

Residual Heat 
Exchangers 

Spent Fuel Pit 6 6 
Heat Exchanger 1 12 X 10 12 X 10 3600 3600 

Letdown Heat , 
1. 2 X 106 6 Exchanger '1 1.2 X 10 300 300 ... 

Excess Letdown 
I.O 

Heat Exchanger 
. 
N Reactor Coolant I 6 6 N Pumps 4 1.2 X 10 4.8 X 10 200 800 I.O 

Seal Water 6 6 
Heat Exchanger 1 2.5 X 10 2.5 X 10 210 210 

Boric Acid 
Evaporator 

Boric Acid Evaporator 
Condenser Cooler 

Waste Evaporator 
· Condenser 

Waste Gas Compressors 

Sample Heat 6 6 
Exchangers 3 . 212 X 10 .636 X 10 14 42 



TABLE 9,2.1.-6 

HOT STANDBY (CONT) 

Number Heat Load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service Btu/hr Btu/hr Each, gpm gpm 

Residual Heat. 
Removal Pumps 15 30 

Reciprocating 
106 6 Charging Pump 1 .45 X .45 X 10 100 100 

Centrifugal 
Charging Pumps 100 200 

Lower Compartment 
10 X 10

6 
\.0 Fan Coolers 4 1250 5000 . 
N 
I Component Cooling w 

0 i1ater Pump Room 6 Cooler 2 .180 X 10 82 164 

Instrument Air 6 Compressors 2 .26 X 10 50 

Control Room and 
Process Rack Room 

1. 2 X l 06 2.40 X 106 Condensing Unit 2 200 400 

Steam Generator 
Slowdown Sample 

106 Coolers 4 .250 X 28 

Generator Seal 6 
Oil Cooler 1 1.28 X 10 360 

Reactor Coolant 6 Drain Tank 1 1. 4 X 10 225 

• • • 



.r.o 

.• 
N 
I 

w . _. 

• 
Number 

Equipment In Service 

Waste Gas Recombiner 2 

Safeguards Area Coolers 
2 

4 

TOTAL REQUIRED 

• 
TABLE 9.2.l-6 

HOT STANDBY (CONT) 

Heat·Load, Each 
Btu/hr 

.160 X 10 
6 

.36 X 10
6 

Total He~t Load Required Flow 
Btu/nr · Each, gpm 

30 

.320 X 10 
6 

160 

1.44 X 10 6 180 

39.472 X 106 

• 
Total Flow 

gpm 

60 

320 

720 

12,087 



TABLE 9.2.J-7 

COOLDOWN AT TWENTY HOURS 

Number Heat Load, Each Total Heat Load Required Flow Total Flow 
Equipment In Service Btu/hr Btu/hr Each, gpm gpm 

Residual Heat 6 6 Exchangers 2 37.4 X 10 74.8 X 10 5000 10,000 

Spent Fuel Pit 
Heat Exchanger 

Letdown Heat 6 6 
Exchanger 1 1.2 X 10 1.2 X 10 300 300 

Excess Letdown 
I.O 

Heat Exchanger . 
N 

Reactor Coolant Pumps 200 800 I 
w 
N 

Seal Water 6 
.75 X 106 Heat Exchanger 1 .75 X 10 60 .60 

Boric Acid 
Evaporator 

Boric Acid Evaporator 
Condenser Cooler 

Waste Evaporator 
Condenser 

Waste Gas Compressors 

· Samp 1 e Heat 6 6 
Exchangers 3 .212 X 10 .636 X 10 14 42 

• • • 



• • • 
TABLE 9.2.1-7 

COOLDOWN AT TWENTY HOURS (CONT) 

Number Heat Load, Each Total Heat Load Required Fl ow Total Flow 
Equipment In Service Btu/hr Btu/hr Each, gpm gpm 

Residual Heat 6 6 
Removal Pumps 2 .075 X 10 .15 X 10 15 30 

Reciprocating 
Charging Pump 100 100 

Centrifugal 6 
.45 X 106 Charging Pumps 1 .45 X 10 100 200-

Lower Compartment 6 Fan Coolers 4 10 X 10 1250 5000 
\.0 . 
N Component Cooling , I 

.W Water Pump Room ·w . 6 
Cooler 2 .180 X 10 82 164 

Instrument Air 
.25 X 106 Compressors 2 50 

Control Room and 
Process Rack Room 

1. 2 X 106 6 Condensing Unit 2 2.40 X 10 200 400 

Steam Generator 
Blowdown Sample 6 Coolers 4 .250 X 10 7 28 

Generator Seal 6 Oil Cooler 1 1.28 X 10 360 



Number 
Equipment In Service 

Reactor Coolant 
Dr:ain TAnk 1 

Waste Gas Recombiner 2 

Safeguards Area Coolers 
2 

ID 
4 . 

N 
I 

w 
+'> 

TOTAL REQUIRED 

• 

TABLE 9.2 .. 1-7 

COOLDOWN AT TWENTY HOURS (CONT) 

Heat Load, Each 
-Btu/hr 

.160 X 106 

.360 X 10 
6 

• 

Total Heat Load Required Flow 
Btu/hr Each, gpm 

1.4 X 106 

-~-- 30 

6 
.320 X 10 160 

1.44 X 106 180 

6 
95.490 X 10 

Total Flow 
gpm 

225 

60 

320 

720 

18 '· 857 

• 



• 9.2.2 ESSENTIAL COOLING WATER SYSTEMS 

The Essential Cooling Water Systems are comprised of two separate mutually 

dependent systems, the Essential Service Water System and the Essential Raw 

Water System. These two systems operate together to furnish cooling 

water to essential safeguard components. 

9.2.2.1 Essential Service Water System 

9 .2 .2 .1.1 Design Bases 

The Essential Service Water System (ESW) is a closed system circulating 

• treated cooling water to essential safeguard components required i1m1.e­

diately following a safety injection signal and/or loss of off­

site electrical power. Heat from the safeguards components is transferred 

by the ESW system to the Essential Raw Water System (ERW) via the ESW heat 

exchangers. The ERW system supplies seawater to transfer heat from the 

ESW system to the ocean (ultimate heat sink). The ESW system provides an 

intermediate barrier between reactor coolant and seawater. 

• 

The ESW system operates only under accident conditions (safety injectior 

signal and/or loss of off-site electrical power). The system does not operate 

during normal plant operation, except as required for testing . 

9.2-35 



The design of the ESW system as a system to be used only durin~ accident 

conditions specifies a relatively small system (as compared to the Com­

ponent Cooling Water System°) capable of supplying cooling water to those 

components required, im~edi ~teiy after a safety ,njeCtion signal and/or 

loss of offsit~ electric~l pow~~- Use of this relatively small system 

reduces pumping requirements, and therefore reduces the power require­

ments of each diesel train during the automatic loading sequence follow­

ing a safety injection signal or loss of off-site electrical power. 

The ESW system supplies cooling water to essential components at a maxi­

mum temperature of 95°F with a maximum seawater temperature of 85°F. 

. . 

The ESW system is designed and classified as ANS Safety Class 3, except 

for those portions which penetrate the containment which are classified 

as ANS Safety Class 2. 

9.2.2. 1.2 System Description 

The ESW System shown in Figure 9.2-3 consists of four'."frains. Each 

of the four trains contains its own pump, heat exchanger, surge tank, 

piping, valves, and instrumentation required for operation. The major 

system components (ESW pumps and heat e;changers) are lo~at~d in'the 

plant safeguard~ area at elevation 21 1 4i'• .. · 

9.2-36 
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• 

• 

• 

Equipment cooled by the ESW system during accident conditions is listed 

in Table 9.2.2-1. Equipment listed in Table 9.2.2-1, which is required 

for normal operations (startup, power operation, cooldown), is cooled by 

the Component Cooling Water System {CCW). Engineered safety class val­

ving and circuitry are provided to transfer these loads automatically from 

the CCW system to the ESW system immediately following a safety injection 

signal and/or loss of off-site electrical power. Power for the electri­

cally operated valves is supplied by the safeguard bus associated with 

the particular train of the ESW system in which the valve is located. 

Table 9.2.2-2 lists the components cooled by the ESW system and specifies 

the minimum number of these cooled components that are required during 

accident conditions. Table 9.2.2-3 lists the heat load and flow require­

ments of the ESW system during safety injection and during loss of off­

site electrical power. The component distribution is such that if one 

complete train is lost, the three remaining operational trains provide 

sufficient cooling to the required safeguards components. Thus, a single· 

failure will not prevent the system from performing its design function. 

The ESW system circulates treated water to prevent corrosion of the sys­

tem and its cooled components. The chemistry requirements of the water 

are listed in Table 9.2.2-4. In each train the cooling water is. circula­

ted by the pump through the shell-side of the ESW heat exchangers, to the 

9. 2-37. 



TABLE 9.2.2-1 

ESSENTIAL SERVICE WATER SYSTEM. 

COMPONENTS AND OPERATING CONDITIONS 

Normal ( 1) Loss of Off-Site Safety 
Cooling Load Operations Electrical Power Injection 

(2) 
Emergency Diesel Coolers X X 

Generator Seal Oil Cooler X .X X 

Safeguards pumps (3) X 

Reactor Coolant Pump Thermal 
Barriers X X 

Emergency Control Air Compressors X X 

Emergency Relocation Area Coolers X X 

Control Room and Process Rack 
Room Condensinq Unit (4) X X X 

Residual Heat Removal Pumps( 3) X X 

Safeguards Area Coolers (5) X X X 

Safeguards Area Coolers ( 6) X X 

NOTES: 

(1) Equipment listed which is required during normal operations (start­
up, power operation, cooldown) will be cooled normally by the CCW. 
Appropriate valving is provided in the ESW to transfer these loads 
automatically from the CCW to the ESW immediately following Safety 
Injection and/or loss of off-site power. 

9;2-38 
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NOTES (CONT. ) 

(2) 

(3) 

(4) 

(5) 

In order to establish the required cooling water flow to the emer­
gency diesels, the essential service water pumps are started early 
in the safeguards sequence. 

Cooling water for bearings and shaft seals of two high head safety 
injection pumps, two residual heat removal pumps, two safety in­
jection pumps and four containment spray pumps. 

These coolers provide chilled water for the control room.and process 
rack room air conditioning equipment, which is required to be in 
service at all times. 

These cooler units are provided to remove heat generated by the 
following equipment. 

a) Auxiliary Raw Water pump motors 
b) Component Cooling Water pump motors 
c) Component Cooling Water heat exchangers 
d) Fire pump motors 
e) Auxiliary feed. pump motors 
f) Essential raw water pump motors 
g) Essential service water pump motors 

(6) These cooler units are put into operation to remove heat generated 
by the following equipment during accident conditions: 

a) Containment spray heat exchangers 
b) RHR pump motors 
c) RHR heat exchanger 
d) Containment spray pump motors 
e) Safety injection pump motors 
f) High Head Safety injection pump motors 

9.2-39 



TABLE 9.2.2-2 

ESSENTIAL SERVICE WATER SYSTEM LOAD REQUIREMENTS 

No. Required 
Number During Safety 

Component Installed Injection 

Emergency Diesel Coolers 4 3 

Generator seal oil cooler(l) 1 1 

Containment spray pumps 4 3 

Residual heat removal pumps 2 1 

High head safety injection 
pumps 2 1 

Safety injection pumps 2 1 

Reactor coolant pump 
thermal barriers (2)(3) 1 0 

Emergency Control Air 
compressors 2 1 

Control room and proce$s rack 
room condensing units 2 1 

Emergency relocation area coolers 2 1 

Safeguard area coolers 4 3 

No. Required 
During Loss Of 
Off-Site Power 

3 

1 

0 

0 

0 

0 

1 

1 

1 

1 

3 

NOTES: 

(1) 

( 2.) 

(3) 

The required flow to the generator seal oil cooler can be supplied 
by either Train No. 1 or Train No. 4 independently. 
There gre four reactor coplant pump thermal barriers arranged as one 
heat load. 
lhe required flow to the reactor coolant pump thermal barrier can ·be 
supplied by either Train No. 2 or Train No. 3 independently. 
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TABLE 9.2.2-3 

ESSENTIAL SERVICE WATER FLOWS AND HEAT LOAD REQUIREMENTS 

_A. ESW HEAT LOAD DURING LOCA (x106 ..fil].) 
HR 

Train Number 
Component #1 #2 #3 

Emergency Diesel Gen. 4.70 4. 70 4.70 

Generator Seal Oil Cooler(l) 1.28 

CSS Pumps .08 .08 .08 

RHR Pumps .08 .08 

High Head SI Pumps .28 .28 

SI Pumps .08 

RCP Thermal Barrier 

Emergency Cont. Air Comp. .05 .05 

Control Room & Proc·ess Rack Room 
Condensing Unit 1.38 1.38 

Safeguard Area Coolers .36 .36 .36 

Safeguard Area Coolers .32 .32 .19 

Emergency Relocation Area Units .42 

Total Heat Loaci 7.13 7.47 6.99 

Design Heat Capacity of each 
ESW Heat Exchanger -10.0 10.0 10.0 _.,.- ~ 

#4 

4.70 

1.28 

.08 

.08 

.36 

.19 

.42 

7 .11 

10.0 

(1) The required heat load of the Generator Seal Oil Cooler can be 

removed by either Train No. 1 or Train No. 4 independently . 
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TABLE 9.2.2-3 (CONT) 

B. ESW FLOW REQUIREMENTS DURING LOCA 

Train Number 
Component #1 #2 #3 #4 - -

Emergency Diesel Gen. 400 400 400 400 

Generator Seal Oil Cooler(l) 360 3601 

CSS Pumps 20 20 20 20 -;t. 

RHR Pumps 15 15 

High Head SI Pumps 30 30 

SI Pumps 30 30 

RCP Thermal Barrier 

Emergency Cont. Air Comp. 5 5 

Control Room & Process Ra!=k Room 
Condensing Unit 200 200 

Safeguard Area Coolers 180 180 180 180 

Safeguard Area Coolers 160 160 100 100 

Emergency Relocation Area units 80 80 

Total (~pm) 1170 1090 · ·930 1180 

Design Flow of each 
ESW Train (gpm) 1300 1300 1300 1300 

( 1) The required· fl ow of 360 gpm to the Genera tor Sea 1 Oi 1 Coo 1 er can 

be supplied by either Train No. 1 or Train No. 4 independently. 

9,2;.;.42 · 
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TABL~ 9.2.2-3 (CONT) 

C. ESW HEAT LOAD DURING LOSS-OF-OFF-SITE POWER (X l 06 ~Ti ) 

Train Number 
Component #1 #2 #3 #4 

Emergency Di ese 1 Gen. 4.70 4.70 4. 70 4.70 

Genera tor Sea 1 Oil Cool er 1.28 1.28 

CSS Pumps (1) ( 1 ) (1) (1) 

RHR Pumps 

High Head SI Pumps ( 1 ) (1) 

SI Pumps ( 1) ( 1 ) 

RCP Thermal Barrier 1.76( 2) 1. 75( 2) 

Emergency Cont. Air Comp .05 .05 

Control Room & Process Rack Room 
Conden-sing Unit 1.38 1.38 

Safeguard Area Coolers .36 .36 .36 .36 

Safeguard Area Coolers (1) (1) 

Emergency Relocation Area Units _ill _ill 

Total Heat Load 6.39 8.25 8.20 6.34 

Design Heat Capacity of each 
ESW Heat Exchanger 10.0 10. 0 10.0 10.6 

(1) Flow provided to component, but not required for cooling. 

(2) The required flow of 200 GPM can be supplied by either Train No. 2 
or Train No. 3 independently . 
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TABLE 9.2.2-3 (CONT) 

D. ESW FLOW REQUIREMENTS DURING Loss~oF-OFF~SITE:POWER 

Component 

Emergency Diesel Gen. 

Generated Seal Oil Cooler 

CSS Pumps 

RHR Pumps 

High Head SI Pumps 

Sl Pumps 

RCP Thermal Barrier 

Emergency Cont. Air Comp. 

Control Room & Process Rack Room 
Condensing Unit 

Safeguard Area Coolers 

Safeguard Area Coolers 

Emergency Relocation Area Units 

Total GPM 

Design Flow of Each 
ESW Train (GPM) 

#1 

400 

360 

20(1) 

5 

180 

995 

1300 

Train Number 
#2 #3 #4 

400 400 400 

20(1) 

30 ( l ) 

200 

5 

200 

180 

80(l) 

1115 

1300 

360 

200) 200) 

30( l) 

200 

200 

180 

moll) 

1130 

1300 

180 

1000) 

so( 1 ) 

1180 

1300 

(1) Flow Provided to component, but not required for cooling. 
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TABLE 9.2.2-4 

ESSENTIAL SERVICE WATER SYSTEM WATER CHEMISTRY 

Corrosion inhibitor 

pH at 25° C 

Chloride, maximum, ppm 

Fluoride, maximum, ppm 

Makeup water 

9.2-45 

K2cro4 or K2cr2o7 - 1000 ppm 

(Cr04) for first week after 

filling system; 175-225 ppm 

(Cr04) thereafter. 

8.0 to 8.5 

0.15 

0.1 

Same quality as listed for 

the Reactor Coolant System 



components and back to the pump suction. A surge tank is provided for 

each train and is connected ~o the pump suction line to provide adequate 

net positive suction head. The surge tank accommodates expansion 

and contraction of the system water due to temperature changes or in­

leakage, as well as providing a continuous water supply until a small 

leak in the sy~tem can be isolated. An overflow line is provided between 

the surge "tanks of trains No. 2 and 3, and trains No. 1 and 4. The 

overflow line is located at a tank elevation such that the normal opera­

ting water level will be maintained in the two connected surge tanks during 

operation, and yet prevent loss of water from one surge tank from affect­

ing the normal operating level of the other tank. Since the surge tanks 

are normally vented to the atmosphere, each train has an installed scin-
-

tillation crystal photo-multiplier detector. This detector continuously 

monitors for activity indicative of a reactor coolant leak from any of 

the components served by the system. A high activity condition automati­

cally shuts the affected train 1 s surge tank vent valve and sounds an alarm 

in the control room. Thus, a release of activity is prevented and the 

operator is alerted to the condition. 

The ESW system trains Nos. 1 and No. 4 are identical, as are trains Nos. 

2 and 3. Trains Nos. 2 and 3 provide cooling water to the reactor cool­

ant pump thermal barriers, and either train can supply sufficient water to 

provide the required cooling if one of the two trains is lost. The same 
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is true of trains Nos. 1 and 4, which have a common cooling load of the gen­

erator seal oil cooler. Trains Nos. 2 and 3 (and trains Nos. 1 and 4) are 

interconnected after the valve sequencing operation takes place following the 

safety injection signal and/or loss of off-site electrical power. In order to 

limit the time that the above trains are interconnected, it will be opera­

ting procedure to isolate one of the two trains from the common load after 

the ESW has come on the line and is operating properly (selection of which 

train to isolate is at the operator's discretion.) Automatic protection 

isolates trains nos. 2 and 3 (and trains Nos. 1 and 4) from their respective 

common loads in the event of a leak affecting one or both trains. Isola-

tion valves to and from the reactor coolant pump thermal barrier are act­

uated by the level detectors of the surge tanks in trains Nos. 2 and 3 . 

Should a low-low level occur in either surge tank (trains Nos. 2 or 3), 

all four·reactor coolant pump thermal barrier isolation valves shut. Thus, 

if the cause of the low level is a leak in the common piping of the reactor 

coolant pump thermal barrier, trains Nos. 2 and 3 are isolated from each 

other and both trains remain in service. If the cause of the low level 

in the surge tank is not due to a leak in the common piping, the op­

erator can return cooling water to the reactor coolant pump thermal bar­

rier from the unaffected train. The same isolation protection as described 

above is provide for the generator seal oil cooler of trains Nos. 1 and 4. 

ESW system component design data are listed in Table 9.2.2-5 . 
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TABLE 9.2.2-5 

ESSENTIAL SERVICE WATER SYSTEM COMPONtNT DATA 

System 

Heat 

Design flow, gpm 

Design pressure, psig 

Design temperature, °F 

Piping material 

Exchangers 

Number 

Type 

Design heat duty, Btu/hr. 

Fluid 

Design flow, gpm 

Inlet temperature, OF 

Outlet temperature, °F 

Design pressure, psig 

Design temperature, OF 

Material 

9.2-48 

1300 (each subsystem) 

150 

150 

Carbon Steel 

4 

Shell and straight tube 

10 X 106 

Shell Side Tube Side 

Service water Seawater 

1300 4000 

110 85 

95 90 

150 150 

200 200 

Carbon steel 90-10 Copper-
Nickel 

• 

• 
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TABLE 9.2.2-5 (CONT) 

ESSENTIAL SERVICE WATER SYSTEM COMPONENT DATA 

Pumps 

Number 

Type 

Design flow, gpm 

Design head, ft. 

Horsepower, hp 

Material: 

Casing 

Impeller 

Shaft 

Surge Tanks 

Number 

Type 

Volume, cu. ft. 

Design temperature, °F 

Design pressure, psig 

Material 

9.2-49 

4 

Single-stage, centrifugal 

1300 

125 

60 

Cast Car~or. Steel 

Cast Iron 

Carbon Steel 

4 

Vertical cylindrical tank, closed 
t,op with atmospheric vent and 
chemical addition port 

200 

150 

150 

Carbon Steel 



The ESvJ heat exchangers are of the shell and tube type. Essential Service 

Water flows through the shell side of the heat exchanger at a higher pres­

sure than the Essentj al .. Raw \iJater in the tubes .. Thus, any leakage would 

be of Essen ti al Service \tJater to the seawater. 

The ESL·J pumps are horizontal centrifugal units. The pump motors receive 

electrical power from the diesel· generators or normal station· power. 

The ESW surge tank in each train has a connection to the·Makeup Water 

Sys tern to provide makeup water. In addition to piping connections, 

each tank is provided with a means for adding a chemical corrosion 

inhibitor to the ESW system. Each surge tank has· level indicating 

equipment which alarms in the control room to warn of a high or low 

level condition. Redundant level monitoring·equipment also provides 

a low-low level alarm which automatically·isolates selected components 

as mentioned above. 

All ESW system piping is carbon steel with welded joints and connections, 

except at components which might· require removal for maintenance. 

9.2.2.l.3 Design Evaluation 

The ESW system is composed of four trains, of which, three are required to 
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operate to provide sufficient cooling water to essential equipment re­

quired during safety injection and/or loss·of off-site electrical power. 

Table 9.2.2-6 provides a failure·analysis·which demonstrates that adequate 

safety margins are included in the size· and number of components to pre­

clude the possibility of a single· failure from adversely· affecting opera­

tion of safeguards equipment. 

The ESW pumps are automatically placed on emergency diesel power and 

started in the event of loss of off-site power; therefore, the minimum 

safeguards requirements are met with regard to the supply of essential 

service water . 

To minimize the possibility of leakage from piping~ valves, and equipment, 

welded construction is used wherever possible. The ESW could become con­

taminated with radioactive water due to a leaking cooling coil from the 

thermal barrier on a reactor coolant pump. Tube or coil leaks in com­

ponents being cooled are detected by the installed radiation monitor. 

Equipment vent and drain lines outside the containment have manual valves 

which are normally closed unless the equipment is being vented or drained 

for maintenance or repair operations. 

The relief valve protecting the reactor coolant pump thermal barrier and 

its associated piping is designed to relieve thermal expansion if the 

cooling line is isolated when the Reactor Coolant System is hot. The 
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TABLE 9.2.2-6 

SINGLE FAILURE ANALYS1S OF THE ESSENTIAL SERVICE WATER SYSTEM ----============~===,==,~==========;-======---------- --

Effect on , 
Safety-Related ; 

Comoonent 
" 

Malfunction _Systems Comments 

1. ESW pump 

2. ESW supply or re­
turn isolation valves 

Stops pumping 

for Generator Seal Oil ~ails to Open 
Cooler 

3. CCW supply or re-

t-lo effect 

No Effect 

~urn Valve for Generato~Fails to Shut No Effect 
Seal Oil Cooler 

~- ESW supply or return , . 
valves for Control room Fails 
and Process Rack Room 
Condensing Unit. 

[. CCW supply or return \ 
Walves for Control Fails 
(Room and Process Rack 
Room Condensing Unit -

to Open No Effect 

to Shut No Effect 

9.2-52 

Four pumps are provid 
ed (one, per train). 
Three of four trains 
required to meet min­
imum safeguards. 

Either of two trains 
can supply sufficient 
flow to Generator Seal 
Oil Cooler. Valves 
have manual operators. 

Check valve i~ supp1y 
line prevents flow 
from ESW .system to CC 
system. Stop valves i 
supply and return lines 
have manual operators. 

Two Condensing units 
provided on separate· 
trains. Only one con 
densing unit required 
to meet minimum safe­
guards. 

Check valve in supply 
line prevents flow 
from ESW sys tern to 
CCW system.-Stop valves 
in supply and return 
lines have manual 
operators. 
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TABLE 9.2.2-6 

SINGLE FAILUR~ ANALYSIS OF THE ESSENTIAL SERVICE WATER SYSTEM 
1-~--------+-----------,---------,---------- - . 

Effect on 
Safety-Re 1 a ted 

:omoonent Malfunction Systems Comments 

). ESW Heat Exchanger Heat Exchanger No Effect 
fails 

Four heat exchangers 
provided(one per 
train). Three of fou 
trains required to J 
meet minimum safeguar9s. 

I 

I 

·-----------+-------~---------------
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cooling water piping from the chebk'.v~J~~'.u~stream· of the·barrier to 

the valve downstream which closes·on high flow is· designed for primary 

sys tern pressure. ·::rf<the ther,mal'. bar_ri er:_ruptures' the line is automatically 

isolated and the relief valve accommodates thermal expansion of the fluid 

in the isolated section. Dischargeci water is directed·to the waste holdup 

tank. 

The relief valve on th~ essential·service water surge tank of trains Nos. 

2 and 3 is sized to relieve the maximum flow rate of water which enters 

the surge tank following a rupture of a reactor coolant pump thermal 

barrier cooling coil, should this system not be isolated. The pressure 

setpoint is less than the design pressure of the essential service water 

surge tank. The discharge of these valves is directed· to the waste holdup 

tank. The relief valves on the surge tank of trains Nos. l and 4 are the 

same size as those for trains Nos. 2 and 3 for uniformity·purposes and 

provide adequate relief protection. 

The ESW pumps, heat exchangers, and associated valves, piping and instru­

mentation are located outside the containment and are therefore avail­

able for maintenance and inspection during power operation. The excep-

tions to the above are the cooling· l i nes for the reactor coolant pump 

thermal barriers which are au tom a ti cal ly isolated ona · 
11 P11 signal. 

The ESW supply line to the reactor coolant pump thermal· barrier con-

tains a check valve inside containment· and remote operated valves 
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outside the containment. The return line has two remote operated valves 

outside the containment. 

Motor operated valves are provided to transfer automatically selected 

essential components normally cooled by the CCW system to the ESW system 

during safety injection and/or loss of off-site electrical power. Electrical 

power to operate these valves is provided by the emergency diesel generator 

associated with the particular train of the ESW system in which the 

valve functions. All motor operated valves can be operated manually if 

required . 

9.2.2.1.4 Tests and Inspections 

Since the ESW system is a stand-by system that is required to start up 

and come on the line automatically during accident conditions, provisions 

are provided to test the automatic startup of the pumps and the opening 

and/or closing of the valves. Tests and inspections of individual com­

ponents in the system can be conducted as follows: 

1. Pumps and Drive Motors 

Each train of the ESW system is provided with a by-pass line and 

flow indicator to permit testing of the ESW pump. The pump can 

be started and run for sufficient time to assure proper operabil­

ity. While operating, pump flow, discharge pressure, and suction 

pressure can be checked and recorded . 
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2. Manual Valves 

·Each valve outside c~ntain~ent can be cycled a·nd chec'ked for 

proper operation and condition. 

.. ·-

Each valve can ·be operated etectricaily and manuai1.v°fo check 
,,, ,, 

for proper operafi~n and condition. Position indicatofs or in-

dicating lights can be 6bserved. 

4. Level Indicators and Controls 

Level sensing devices and their control and/or indicating func­

tions can be checked by using portable d/p testing equipment. 

5. Flow Detectors 

Flow detectors· and the.ir control and/or indicating functions 

. can be chec:'ked by using portable d/p. testing equi'pmenf. 
~ ~-, -; . ': . 

6. Pressure Gauges and Thermometers 

;'· r• '• 

. ·-:·. . .... ,· - .. 

Thermometers and pressure gauges can be removed ·and tested using 

test devices. Some pressure gauges can be t~sted in,~lace where 

test connections are provided. 

,\. ' 

9.2.2.1.5 Instrumentation and Application 
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Figure 9.2-3 shows the instruments that are provided for the ESW 

system. The instrumentation provided is intended to provide both indi­

cation and control of system operation. The following specific instru­

mentation is provided. 

1. Surge Tank Level Detectors 

These detectors provide both level indication and alarms in the 

control room. 

2. Temperature Detectors 

Detectors are provided at the inlet and outlet of the ESW heat 

exchangers to monitor heat exchanger performance. In addition, 

the outlet detector provides a high temperature alarm in the 

control room as an indication of improper ER~/ or ESW flows. 

Local detectors are also provided downstream of various cooled 

components as an indication of proper cooling water flow. 

3. Pressure Detectors 

Detectors are provided for the ESW pump suction and discharge to 

monitor pump performance. The pump discharge detector provides 

a low pressure alarm in the control room as an indication of im­

proper pump operation. 

4. Flow Detectors 

Various flow detectors are provided to indicate flow to cooled 

9.2-57 



cpmporients~ A_flow detector on the outlet cooling line from the 

Reactor ~ool~nt Pump thermal_ b~rriers isolates flow from the 

thermal barriers in the event of a high flow condition which is 

indicative of a rupture of the thermal barrier. 

5. Valve Position Indication 

Valve position indicator lights are provided for the operator 

to determine the proper position and operation of motor 

operated valves'. 

9.2.2~2 Essential Raw W~~er System 

9.2.2.2.1 Design Bases 

The Essential Raw Water System (ERW) provides seawater at a maximum 

temperature of 85°F to the Essential Service Water (ESW) heat exchangers 
. - · .. ' 

following s~fety injection and/or loss of off-site electrical oower. 

The ERW .sys:t~m does r10_\operate during normal_ plant operation, except 

as required for testing. 
- ':' :_' ; 

The entire ERW system is designed and classified as ANS Safety Class 3. 

9. 2. 2. 2. 2 System_ Descr_i pti on 
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The ERW system, shown in Figure 9~2-4, consists of four independent 

trains. Each of the four trains are identical and consist of a pump, duplex· 
/ 

strainer, piping, valves and instrumentation. The major components of 

the ERW system are located in the plant safeguards area at elevation ?1'6 11 

and 21 1 4 11
• Each train of the ERW system has two sets of seawater intakes 

to provide water from the breakwater basin. The intakes are circular 

openings flush with the platform hull and fitted with coarse screens 

similar to those used for ship intakes. The screens are made of a fiber­

glass material so that they will be light-weight to facilitate removal and 

handling underwater. The intake has a sea chest which necks down in dia­

meter from the opening at the hull to the point at which it joins the 

system suction piping. One suction intake line extends horizontally to 

the edge of the platform and the other vertically to the platform bottom. 

The intake piping joins together in a 11 tee 11 and the common pipe penetrates 

the safeguard compartment and connects to an in-line duplex strainer at 

the pump suction. The discharge piping of each train penetrates the 

compartment bulkhead and extends to the side of the platform. 

Each train of the ERW system is normally isolated and filled with fresh 

water to minimize marine growth and corrosion of system components. A 350 

gallon head tank connected to the ERW pump suction piping, is provided 

for each ERW train. The head tank is located at an elevation approximately 

5 feet above the normal platform waterline. The purpose of the head tank 

is: 
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1. Maint~in a h~ad of fresh water on each ER\iJ train, when it is not 

iri operation~ ~hich· is greater than the external seawater head 

(approximatelj 5 feet). Thus, any hull isolation valve leakage 

wi 11 be of freshwater from the ER~J system to the sea, thereby 

preventing seawater from entering the system. 

2. Maintain points in the ERW system, which are higher than the plat­

form water level, full of fresh water when the system is not in 

operation. 

3. Provide a continuous vent path from high points in the ERW system . 

A vent header runs from high points in the ERW system to_ the_top 

of the head tank, which is continuously vented to the atmosphere. The vent 

header ensures that the ERW system remains free of air and non-condensible 

gases both during system operation and shutdown. During system operation 

a small amount of water will continuously flow through the vent 

header to the head tank, and back to the pump suction. Level indication 

and a low level alarm are provided for the head tank to indicate possible 

system leakage during stand-by conditions. 

-piping connections are provided from each train of the ERW system to the 

trim tank located between bulkheads I-Kand bulkheads 1-2. These connect­

ions are provided to test the ERW system as described in Section 9.2.2.2-4, 
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using fresh water. Trains Nos. 1 and 2 have connections to provide a 

source of raw water to the Auxiliary Feedwater System in the event the 

normal supply of ·auxiliar.v feedwater is not available. 

The ERW system is designed to supply cooling water to the ESW heat ex­

changers and to the Containment Spray (CSS) heat exchangers during safety 

injection and/or loss of off-site electrical power. The system does not 

operate during normal plant operation (startup, power operations, cooldown). 

During safety injection and/or loss of off-site power conditions, the ERW 

system isolation valves will open and the pumps will start automatically to 

provide cooling water (seawater) flow. Cooling water is provided to the 

CSS heat exchangers during loss of off-site power even though it is not 

required. A radiation detector is installed downstream of the CSS heat 

exchanger in each train to detect possible radioactive leakage from the 

heat exchangers to the ERW system. The detector alarms in the control 

room to alert operating personnel of the condition. 

The ERW system component design data are listed in Table 9.2.2-7. 

The pumps which circulate seawater through the ERW system are horizontal 

single stage centrifugal units. The pump motors receive electrical power 

from the diesel generators ·or normal station power. 

The ERW system duplex strainers can be shifted manually when required, and 
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TABLE 9.2.2-7 

· ESSENTIAL RAW 'WATER SYSTEM. COMPONENT DATA 

System 

Design flow, gpm 

Destgn pressur~, psi 

Design:inlet temperature, °F 

Design temperature, °F 

Fluid 

Piping material 

Intake screen 

Pumps 

Number 

Type 

Design flow, gpm 

Design head, ft. 

Horsepower, hp 

9.2-62 

7500 (each subsystem) 

150 

85 

150 

Seawater .(system normally 
filled with fresh water 
when not in operation). 

Carbon steel between hull 
isolation valves. 90-10 
Cu-Ni between hull and hull 
isolation valves. 

Fiberglass 

4 

Single-stage, centrifugal 

7500 

100 

250 

• 
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Pumps (cont) 

Material 
Casing 
Impeller 
Shaft 

Strainers 

Number 

Type 

Design flow, gpm 

Design pressure drop, 

Strainer capability 

Head Tank 

Number 

Capacity, ga 1 • 

Design pressure, psi 

Material 

TABLE 9.2.2-7 (CONT) 

psi 

9.2-63 

Stainless steel 
Stainless steel 
Stainless steel 

4 

Duplex 

7500 

.95 (clean strainer) 

Particles~ 1/4 

1 

350 

inch 

Atmospheric pressure 

Carbon Steel 



the dirty element cleaned withou_.~ )n.t~_rruptJng.~.flow. The strainer differ­

. ential pressure is monitored by a differential pressure detector which 

a 1 arms in the contra 1 room to indicate the onset of strainer c 1 oggt!:tg:}ndr .. 

to alert operating personnel to shift strainers. 

. _. ' ·• ':':. ,j : ;'-' 

All ER~J piping: between.the .hull isolation valves is carbon steel. The· ... : 

pipe between the hull and the normally closed isolation valves, which is 

exposed to seawater, is 90-10 Cu-Ni alloy. The sea chest is constructed 

of the same material as the platform hull and protected by the hull 1 s 

cathodic protection system. 

9.2.2.2.3 Design Evaluation 

The ERW system is composed of four trains, of which three are required to 

operate to provide sufficient cooling water during safety injection and/or 

loss of off-site electrical power. Table 9.2.2-8 provides a failure analysis 

which demonstrates that adequate safety margins are included in the numbe·r 

of components to preclude the possibility of a single failure adversely 

affecting operation of safeguards equipment. 

The ERW pumps are automatically placed on diesel power and started in the 

event of loss of off-site electrical power. Motor operated hull isolation 

valves receive electrical power from the diesel generator associated with 

the particular train of the ERW system in which the valve functions. All 

motor operated valves can be operated manually if required. 
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• .TABLE 9.2.2-8 

SINGLE FAILURE ANALYSIS OF THE ESSENTIAL RAW WATER SYSTEM 

Effect on 
Safety-Related 

Component Malfunction S~stems Comments 

1. ERW Pump Stops pumping No effect Four pumps are providec 
(one per train). 
Three of four trains 
required to meet min-
imum safeguards. 

2. ERW Intake Fails to Open No effect Only three of four 
or Discharge trains required to 
Hull Isola- meet minimum safe-• tion Valve guards. Valves have 

manual operators. 

3 .. ERW Intake Becomes clogged No effect Each ERW train is 
equipped with two 
full size intakes. 

-

• 
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The ERW pumps and associated valves, piping ·and instrumentation are 

located in theyjl?_nt s~fe~ua:rct ar~a,:s ~n_d ;are, Jh~refor~.~ :ayajl~~~~::f:~t main-
• • "··- •·• , • • ,_ ·• •· -•·• • n , ·•--' 

tenance and inspection during power. operation. To minimize the possibility 
"I;:: .. 

of system leakage from pipi~g, v~:lve?, and ·equiprne~t,,~\'J~:}:~ed constructi~_n: 
·-,-. 

is used wherever possible. The ERW system tould become contamtnated with 

radioactive water due to a leaking CSS heat exchanger. during an acci.dent .. 

Leaks aredetected by a radiation monitor downstream of each CSS heat ex­

changer and a.larms in the control room. Operating personnel can then take 

action to isolate the leak and prevent spread of activity to the outside 

environment. 

Excessive corrosion or marine fouling of the ERW system carbon steel 

piping inside of the hull isolation valves is prevented by filling that 

portion of the ·system with fresh water when it is not in use. Provisions 

are provided to test the ERW system with fresh water from the platform 

trim system, thus precluding the use of seawater for test purposes. 

Local samples may be taken from the fresh water periodically to ensure 

that a high chloride content does not exist in the system. The portion 

of piping between the isolation valves and the hull, which is constantly 

exposed to seawater, is constructed of 90-10 Cu-Ni. 90-10 Cu-Ni alloy is 

very resistant to seawater corrosion and also possesses a unique anti­

fouling characteristic. The section of 90-10 Cu-Ni piping will be electri­

cally insulated from the carbon steel piping to prevent galvanic corrosion 
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• 
between the two metals; The·sea·chest·strainer is made of a·fiberglass 

material which is corrosion·resistant; ·The·strainer will be coated/ 

pai nteci with an anti .c.fou ling· material; ·The· light weight· of· the· fiberglass 

straikr permits removal by-divers at periodical intervals to clean and 
I 

re-coat the strainer with anti.:.fouling·material·as required. 

An assured source of cooling·water (seawater)·is·provided within the 

breakwater basin which is open to·the sea; ·Two full ERW system capacity 

intakes are provided·per·train·to·assure·a·supply of·seawater·in the 

event one iritake is blocked; ·The·basin will be·monitored for·excess 

• silting and·if:it·occurs~·dredging will be·performed·to·maintain proper 

water depth. 

• 

9.2.2.2.4 Test and Inspections 

Since the ERW system is a stand.:.by system that is·required to startup and 

come on the line automati~ally during·accident·conditions~ provisions are 

made to test the autom~ti c ·startup· of· the· pamps ·and· the· opening or c 1 os i ng 

of motor operated·valves; · A·means:of flow·testing~the·ERW system using 

fresh water from·the platform 1 s trim·system (Section:9.6;2) is provided. 

The platform trim tank·between·balkheads I.:.K, an_d·bulkheads·l-2 has 
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a maximum water capacity of 3700 tons, and a nominal operating capacity of 

1850 tons. Piping is routed from this trim tank tQ the suction side of each 

ERW pump (downstream of the hull valve) ang from the ERW discharge (up­

stream of the hu]l valve) back to the trim tank. Sketch 1 of Figure 9.2 

shows the piping and valve arrangement. To line up the ERW system for 

test (see sketch 1), valves# 5 and #6 are opened: valves #2 and #3 are 

closed. The automatic functions of the system can then be tested by ini­

tiating a test signal which opens motor operated valves #1 and# 4, and 

starts the ERW pump. Fresh water will be circulated from the trim tank, 

through the ERW system, and back to the trim tank. The ERW. pump c~n be 

run for a sufficient time to assure proper operability. While operating 

pump flow, discharge pressure, and suction pressure can be checked and 

recorded. 

Sufficient cooling water exists in the trim tank to test one diesel at a 

time for one hour in each ERW/ESW train without appreciably increasing the 

water temperature in the trim tank. 

. ... '.? 

During ERW system testing as described above; the water level in the head 

tank and the line connecting the head tank to the ERW pump suction will 

fall to approximately the water level of the trim tank. To refill the 

head tank prior to completion of the test, the valve in the line between 

the head tank and the ERW pump suction is closed, and water fl owing through 

the vent header refills the head tank to its normal shutdown level 
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After refilling the head tank, the test is terminated and the system valves 

are realigned to the normal stand-by configuration. 

Tests and inspections of individual components in the ERW system can be 

conducted as follows; 

1. Manual Valves: 

. 2. 

3 . 

Each valve can be cycled and checked for proper operation and con­

dition. 

Level Indicators: 

Level sensing devices and their indicating and-alarm·functions can 

be checked by using portable d/p testing equipment . 

Flow Detectors: 

Flow detectors can be checked and calibrated by using portable d/p 

testing equipment. 

4. Pressure Gauges and Thermometers: 

Thermometers and pressure gauges can be removed and tested using 

test devices. Some pressure gauges can be tested in place when. 

test connections are provided. 

To verify that the ERW intakes are clean and will permit flow, divers will 

periodically inspect the intake areas and clean them if required . 
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9.2.2.2.5 Instrumentation and Application 

Figure 9.2-4 shows the instruments that are provided for the ERW sys­

tem. The instrumentation provided is intended to provide indication of 

proper system operation. The following specific instrumentation is pro­

vided. 

1. Head Tank Leyel Detectors: 

These detectors provide both level indication and alarms in the 

control room. 

2. Temperature Detectors: 

Local temperature. detectors are provided .at the .outlet of-.the ESW 

and CSS heat exchangers to monitor heat exchanger performance. 

3. Pressure Detectors: 

Detectors are provided for the ERW pump suction and·~i~charge to 

monitor pump performance. The pump discharge detector provides a 

low pressure alarm in the control room as an .indicatiqn of improper 

pump operation. A differential pressure detector monitors the 0 d/p 

across the ERW strainer and alarms in .the :control room if a high 

d/p occurs. 

4. . Fl ow Detectors: 

Flow detectors are provided to indicate prop~r flow to cooled comRo­

nents. 
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5. Valve,Position Indication: 
\ 

' 
Valve position indicator lights are provided for the motor 

operated hul.l isolation valves to monitor proper valve position 

and operation. 

6. Radiation Detector: 

Each train of the ERW system has a radiation detector installed 

downstream of the CSS heat exchanger to monitor for possible 

radioactive leakage and to alarm in the control room if a high 

activity condition exists . 
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9.2.3 MAKEUP WATER SYSTEM 

9.2.3.l Design Bases 

High purity water is required for normal plant operation to replace any 

system losses and for filling various systems before plant startup. Make­

up water quality is defined by impurity limits as indicated in Subsection 

9.2.3.3. In addition to satisfying the water quality and volumetric re­

quirements for plant operation, the makeup system will provide potable 

water for plant personnel. 

The source of raw water for the makeup system is seawater which has 

impurities as defined in Table 9.2.3-2. These impurities are separated 

from the raw water by processes of distillation and demineralization in­

cluded in the design of the makeup system. 

The makeup system design production capability is based on the various 

water requirements of the plant 1 s systems. The water demands of these 

systems result in a maximum design capability of 380 gpm. The makeup 

system is capable of providing a continuous flow that varies from approxi­

mately 80 gpm to the maximum design output of 380 gpm. 
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9.2.3.2 System Description 

Raw water that is to be desalted is provided at low pressure by the non-· 

essential raw water sys:tem. The separation of salts from the ocean water 

is accomplished by a distillation process in fJ.ash evapq_r_gtors:· The raw 
' 

water is initially preheated and mixed with s~lfurii acid to convert the 

raw water alkalinity to carbon dioxide (approximately·120 ppm acid) to 

control scaling or fouling of heat exchanger surfaces. The treated. 

water is then routed. to the deaerating_ section of the evaporator where 

oxygen and carbon dioxide are removed and vented to the atmosphere;• The 

deaerated raw water i.s pumped to a brine heating section where it is 

heated to slightly above its boiling point and routed to .a flash chamber 

where. the heated water fl ashes. ·. The vapor is condensed in a 

separate section, cooled and the product water qr distillate· pumped 

from the evaporator. The concentrated raw water that remains after the 

flashing step is either recycled or pumped from.the evaporator and.returned. 
' .·. . ' .. 

to the raw water source. Steam for .heating the raw water in the bri.ne 

heater section is ob:tajned from either the. plant's auxiliary.steam boiler 

or one of two 1 ow pressure turbine extraction potnts when the pl ant is 

· operating. The.returned condensate is.monitored for tube leakage with 

conductivity instrumentation. CooHng water is .obtained from either the. 

condensate feedwater system or the nonessential raw water system. 

The distillate or product water produced by the flash evaporator is 
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normally of very high purity. If operating transie-nts should occur there 

will be some carryover of salts which will reduce the quality of the pro­

duct water to below acceptable limfts. The ·carryover of salts fs detected 

by conductivity instrumentation which will divert the high conductivity 

water to·the non-essential raw water dischar~e. 

To insure that high purity water is produced for the plant, the product 

water can be processed by routing it through one of two mixed bed de-

mi nera 1 i zers·· if necessary. These mixed: bed demi hera 1 i zers wi 11 remove 

salts··carried over from the flash evaporators and provide water having a 

conductivity of.less than one micromho/cm; Water for potable use and water 

for the plant's trim tanks will not ·be demineralized but will be supplied· 

directly from the flash evaporator. Flow diagranis for the makeup system 

are shown on Figure 9.2-5, she-ets 1 and -2. 

Waste•liquids froin the demfoera'l'izers due to sulfuric acid and sodium 

hydroxide caustic regenera:tiorf ·of the ion exchange resins are collected 

in a waste 'neutralizing tank.·· ·The collected liq'uids are' mixed, the pH 

determined, and, if necessa;ry, add or caustic -is added to neutralize the 

batch.· After heutralization, thi b~tch is returned to the raw water 

source via' the non-essential raw water sys-tern. 
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9.2.3.3 Design Evaluation 

A combination of distillation and demineralization processes for de­

salting the raw water is provided to produce a high purity makeup water 

which will inhibit corrosion, fouling of heat transfer surfaces of blockage 

of small flow paths. Also, the redundancy of equipment and the use of 

process equipment with proven operational history in 'atility service pro-,.._ 

vi des assurance that production capability is always avail ab 1 e. For 

example, continuous operation capability to produce 190 gpm from the 

makeup water system will be furnished from either one of the two sets 

of equipment. Two - 190 gpm evaporators will be provided. Either one 

of the two demineralizers will process 380 gpm of the product water . 

The minimum quality of water produced by the makeup system is defined 

in Table 9.2.3-1. 

Total Dissolved Solids 

Ch 1 ori des 

pH at 25°C 

Conductivity at 25°C 

TABLE 9.2.3-1 

MAKEUP WATER QUALITY 

0.5 ppm 

0. 15 ppm 

6-8 

< 1.0 µ MHO/CM 

\ 

Insoluble or F\lterable Solids 0.5 ppm (Collected 0.45 
Micron Filter Paper) 
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9.2.3.4 Tests and Inspections 

The system equipment will be tested and inspected to ensure system integ­

rity, completeness, conformance with code requirements and purchase 

specifications. The following tests wil:l be conducted: 

9.2.3.4.1 Mechanical 

1. Hydro tests at vendor• s shops and inspections for conformance with 

code and purchase specifications and 11 spark 11 tests for detecting 

imperfections in coatings or lining of tanks. 

2. Hydro tests after installation. 

9.2.3.4.2 Instruments and ·Electrical Components 

1. When applicable and/or feasible (e.g., where instruments are 

assembled in control panels) instruments, controls and electrical 

circuits will be functionally tested at vendor shops. 

2. After installation, all components will be tested for performance 

and conformance to specifications. 

9.2.3.4.3 System Testing 

The performance of the system wi 11 be tested after i nsta 11 ati on. The water 

quality and volumetric output will be determined. 
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9.2.3.5 Instrumentation Application 

The design of the fl ash evaporator instrumentation for automatic operation 

is based on a system of flow and level controls.- Control of the product 

water flow or output of the evaporator will be from either a local panel 

or the main Control Room. The output flow rate feeds back to various flow 

and level controllers to provide the operating conditions to meet the out­

put demand. Control of the quality of the product water is based on con­

ductivity. Carryover of salts due to maloperation will result in an 

increase in conductivity causing the product water to be diverted and 

returned to the raw water source. Concentrated brine blowdown will be 

controlled by conductivity to limit the return of raw water to about twice 

the concentration of seawater before dilution in the non-essential raw 

water discharge. The pH of this waste stream will be maintained in a range 

of about 6 to 8 before dilution. 

Operation and regeneration of the mixed bed demineralizer will be automatic 

with manual override. System instrumentation will be contained in a local 

panel. Conductivity instrumentation will monitor the demineralized water 

quality and provide an alarm on exhaustion of the resin bed. Local samples 

of water can also be obtained for laboratory analysis and more accurate con­

trol of water quality. Neutralization of the regeneration waste stream 

before discharge and dilution will be controlled by pH instrumentation. A 

local sample can be obtained before discharging for more detailed laboratory 

analysis of the water . 
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TABLE 9.2.3-2 -· 
ELEMENTS PRESENT IN SEAWATERl,2 (DISSOLVED GASES NOT INC~UDED) 

Element Milligrams per kilogram 
(~arts ~er million) 

Chlorine · · 18,980 

Sodium 10,561 

Magnesium 1,272 

Sul fur 884 

Calcium 400 

Potassium 380 

Bromine 65 

Carbon 28 • 
Strontium 13 

Boron 4.6 

Silicon 0.02-4.0 

Fluorine 1.4 

1 
Based on The Oceans by H. U. Sverdrup, M. W: Johnson, and R. H. 

Fleming (1942) pp. 176-177. 

2 Trace quantities less than 1 ppm have been omitted 

• 
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9.2.4 NON-ESSENTIAL COOLING WATER SYSTEMS 

9.2.4.l Non-Essential Service Water System 

The Non-Essential Service Water (NSW) System provides cooling water to 

several plant systems during normal operation. 

9.2.4.1.l Design Basis 

The Non-Essential SerVice Water (NSW) System removes waste heat from the 

components listed in Table 9.2.4-1 during normal plant operation. The 
·, 

system ts. classified non-nuclear safety except for the piping between the 
'--...___ 

isolation valve~ which penetrates the containment. These penetrations are 
'",,., 

classified ANS Safety Class 2. 

----------

\ 
9.2.4.l.2\, System Description ·,, ~---­·--...._ 

- . . ·-..... .... __ 
---- -

The Non-Essential Service Water (NSW) System is represented schematically 

in Figure 9.2-6. A list of components cooled by the system is given in 

Table 9.2.4-1. The system is closed loop containing four pumps, each dis­

charging to a heat exchanger which is cooled by the Non-Essential Raw Water 

(NRW) System. Service water after passing through the heat exchanger 

discharges via a common supply header to each of the components listed in 

Table 9.2.4-1. After performing its cooling function, water is returned 

to the pumps via a common return header. The system also includes a surge 

tank, booster pumps, associated piping, valves and instrumentation. 
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The surge tank is connected to the pump suction header and provid~s suffi­

cient volume (to accommodate thermal expansion and contraction) as well as 

adequate suction head for the pumps. This tank is equippe~ with level 

instrumentation and connections for liquid sampling, venting, and adding 

makeup water and chemic~ls. Another connection routes the combined flow of 

the non-essential service water pump 11 rnini-flow 11 lines into the tank for 

continuous chemical and thermal mixing within the tank. 

The booster pumps are needed to provide the additional pressure required 

to circulate cooling water from the supply header through the ice condenser 

water chiller packages and the containment upper compartment fan coolers. 

The NSW system circulates treated cooling water to prevent corrosion. 

Water chemistry requirements are listed in Table 9.2.3-4. 

9.2.4.2 Non-Essential Raw Water System 

The Non-Essential Raw Water (NRW) System provides cooling water for the 

Non-Essential Service Water System heat exchangers, and provides makeup 

water to the flash evaporators. 

9.2.4.2.1 Design Ba.sis 

The Non-Essential Raw Water (NRW) System acts as the heat sink for the 

Non-Essential Service Water (NSW) System. This system is not required to 
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operate following an accident or loss of external power. This system 

also supplies seawater makeup to the flash evaporator. 

9.2.4.2.2 System Description 

The Non-Essential Raw Water System, represented schematically in Figure 

9.2-7, is a once-through system which uses seawater as the cooling medium. 

The system consists of seawater intake chambers, trash racks, screens, 

cooling water pumps, piping and instrumentation. Design data for the 

equipment are listed in Table 9.2.4-:2. Seawater enters the chamber through 

trash racks and screens and is pumped to the Non-Essential Service Water 

heat exchanger. Seawater passes through the heat exchanger tubesand is 

discharged to the same catchment basin into which. the condenser cooling 

water is discharged. This system can be manually transferred onto the emer­

gency power system for long-term operation following an a.ccident or external 

loss of power. The system has four pumps, but operates with only three, 

leaving one for standby . 
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TABLE 9.2.4-1 

NON-ESSENTIAL SERVICE WATER SYSTEM COMPONENTS 

Component 

Main Transformer Oil Coolers 

Station Auxiliary Transformer Oil Coolers 

Stator Water Coolers 

Exciter Coolers 

Steam Generator Slowdown Heat Exchanger 

Isolated Phase Bus Duct Cooler 

Hydrogen Coolers 

Flash Evaporator Pump Glands 

Turbine Plant Sample Coolers 

Electro-Hydraulic Oil Coolers 

Turbine Lube Oil Coolers 

Reactor Coolant Pump Motor Air Coolers 

Instrumentation Room Coolers 

Upper Compartment Fan Coolers 

Thermal Regeneration Cooler 

Ice Condenser Water Chiller Package 

Service Building Water Chillers 

9.2-82 

Number 

2 

2 

2 

2 

4 

1 

4 

8 

2 

2 

4 

2 

2 

1 

2 

2 
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TABLE 9.2.4-2 

NON-ESSENTIAL COOLING WATER COMPONENT DESIGN DATA 

NON-ESSENTIAL SERVICE WATER SYSTEM 

S,Ystem 

Design flow, gpm 

Design pressure, psig 

Design temperature, 

Piping material 

Pumps 

Number 

Type 

Design fl ow, gpm 

Design head, ft. 

Horsepower 

Casing material 

Heat Exchangers 

Number 

Type 

OF 

Design heat load, btu/hr 

9.2-83 

36,000 

150 

150 

Carbon steel 

4 

Horizontal, single-
stage, centrifugal 

9,000 

125 

350 

Carbon steel 

4 

Shell and straight 
tube 

45 X 106 



Heat Exchangers (Continued) 

Design flow, gmp 

Inlet temperature, °F 

Outlet temperature, °F 

Design pressure, psig 

Design temperature, °F 

Material 

Surge Tank 

Type 

Volume, cu. ft. 

Design temperature, °F 

Design pressure 

Material 

TABLE 9.2.4-2 (CONT) 

Shell Si de 
Service Water 

9,000 

105 

95 

150 

200 

Carbon steel 

Ice Condenser·Water Chiller Booster Pumps 

Number 

Type 

Design flow, gpm 

Design head, ft~ 

Horsepower 

Casing material 

9.2-84 

Fluid 
Tube Side 
Seawater 

18,000 

85 

90 

150 

200 

90-10 Cu-Ni 

Vertical, cylindrical 

500 

150 

Atmospheric 

Carbon steel 

2 

Horizontal, centrifugal 

110 

100 

7.5 

Ductile iron or equiva­
lent 

• 

• 

• 



• 

• 

• 

TABLE 9.2.4-2 (CONT) 

Upper Compartment Fan Coolers Booster Pump 

Number 

Type 

Design flow, gpm 

Design head, ft. 

Horsepower 

Casing materi a 1 

9.2-85 

1 

Horizontal, centrifugal 

150 

100 

7.5 

Ductile iron or equiva­
lent 



NON-ESSENTIAL RAW WATER SYSTEM 

System 

Design flow, gpm 

Design pressure, psig 

Design inlet temperature, °F 

Pumps 

Number 

Type 

Design flow, gpm 

Design head, ft. 

Horsepower 

Casing material 

Traveling Screens 

Number 

Design flow, gpm 

Mesh opening size, inches 

TABLE 9.2.4-2 (CONT) 

9.2-86 

60,000 

100 

85 

4 

Vertical, centrifugal, 
single, stage 

20,000 

100 

700 

Ductile iron or equiva­
lent 

4 

20,000 

3/8 
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TABLE 9.2.4-2 (CONT) 

Flash Evaporator Flow Data 

Makeup at max. design output, 
gpm {each evaporator) 

Cooling flow at max. design output, 
gpm {each evaporator) 

190 

4,200 {l) 

{l) During normal plant operation, cooling for the flash evaporators 
is supplied by the condensate-feedwater system . 
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TABLE 9.2.4-3 

NON-ESSENTIAL SERVICE WATER SYSTEM WATER CHEMISTRY 

Corrosion inhibitors 

pH@ 25 C 

Chloride ppm, maximum 

Floride ppm, maximum 

Make-up water 

9.2-88 

K2Cro4 or K2cr2o7 

1000 ppm (Cr04) for the first 

week after filling system; 

175-225 ppm (Cr0
4

) thereafter 

8.0 to 8.5 

0. 15 

0. 1 

Same quality as listed for the 

Reactor Coolant System 

• 

• 

• 



• 

• 

9.2.5 CONDENSATE STORAGE FACILITY 

9.2.5.l Condensate Storage Tank 

9.2.5.1.l Design Basis 

The condensate storage tank compensates for fluid losses due to steam 

generator bfowdown; loss of flash evaporator output during low loads and 

the shrinkage of fluid inventory during load changes. 

The condensate storage tank is designated non-nuclear safety class . 

9.2.5.1.2 Description 

The condensate storage tank is a built-in tank which is part of the plat­

form structure below the turbine area. The storage capacity is 500,000'gal- · 

lons. Corrosioh'protection fdr the interior of the condensate storage tank 

is provided by means of a coating system. 

Re~bte and local tank level indications are prcivided with high/low ~larm~ 

in the Control Room. 

9.2.5.l.3 Tests and Inspection 

• Only visual inspection is required. 
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9.2.5.2 Auxiliary Feedwater Storage Tanks 

9.2.5.2.1 Design Bases 

The auxiliary feedwater storage tanks are designed to provide reserve feed­

water supply for emergency shutdown residual heat removal should the main 

condensate feedwater system nqt be available. The auxiliary feedwater 

storage capacity is sized to provide feedwater for sixteen hours of opera­

tion prior to initiation of RHR System operation. 

The auxiliary feedwater tanks are designated ANS Safety Class 3 and are 

designed in accordance with ASME Section 3. 

9.2.5.2.2 Description 

Two auxiliary feedwater tanks each rated at 175,000 gallons are located in 

two watertight compartments in the safeguards area at the 40 foot level. 

These tanks are used solely by the auxiliary feedwater system to remove 

residual heat under emergency conditions. In addition to this supply, water 

from the condensate storage tank of the main condensate feedwater system can 

be transferred by manual operation to the auxiliary feedwater tanks; this 

flow path also provides a route through which condensate can be supplied 

by the plant flash evaporators. No credit is taken in the sizing of the 

auxiliary feedwater tanks for the provisions of transfer of condensate to 

• 

• 

the auxiliary feedwater storage tanks. In an extreme case when all feedwater • 
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sources are exhausted, seawater from the essential raw water system can be 

delivered to the auxiliary feedwater pump suction headers. Remote and local 

level indications for the auxiliary feedwater tanks are provided and high 

and low water levels are alarmed fo the Control Room. Corrosion protection 

for the interior of the auxiliary feedwater storage tanks is provided by 

means of a coating system. 

9.2.5.2.3 Tests and Inspection 

Visual inspection only is required . 
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9.3 PROCESS AUXILIARIES 

9.3.l COMPRESSED AIR SYSTEMS 

9.3.1.l Design Bases 

These systems provide dry and clean air for instrumentation and control 

purposes as well as for general plant services. They also assure a con­

tinuous supply of control air to vital equipment needed·to bring the plant 

to a safe shutdown condition following an accident~ 

Service and instrument air is oil-free-with no particulates greater than 

10 microns. Control air has a design atmospheric dewpoint of minus 40°F. 

The emergency instrument·air system meets ANS Safety Class 3 requirements 

as shown on Table 3.2-1. The service and instrument air systems have no 

ANS Safety classification except for the penetrations through the contain­

ment which are designed·to ANS Safety Class 2. 

9.3.l.2 System Description 

Figure 9.3-1 (Sheets l thru 3) shows the flow arrangement of these systems 

which comprise the instrument, service, and emergency instrument air 
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systems. The instrument and·service- air systems·consist of two plant air 

compressors and·their accessories, each having an afterceoler, a moisture 

separator, and ~r air receiver on its discharge, and a redµndant filter~dryer 

set in the instrument line, all of which are located at elevation 40 1 in 

the turbine building. Each plant air compressor has a capacity of 1350 scfm 

at 110 psig discharge pressure. The emergency instrument air system con­

sists of two redundant emergency instrument air compressors, each having an 

aftercooler, a moisture separator, an air receiver, and a filter-dryer set 

on its independent discharge. Each emergency compressor has a capacity of 

50 scfm at 110 psig discharge pressure. These components are located in 

two of the safeguards compartments. 

One of the plant air compressors is operated to satisfy the normal require­

ments of both service and instrument air. The other compressor serves as 

a 100 percent standby. It starts automatically when the air receiver pres­

sure drops to a predetermined setpoint. 

The common discharge header supplies air to the service and instrument air 

headers. The service air header provides air to various terminal points 

as shown on Figure 9.3-1. Air to the instrument header passes through a 

rP.dundant filter-drver set which cleans and dries the air to the desired 

quality. When there is an excessive pressure drop across the duty set, the 

standby filter-drver set automatically goes into service. The former set is 

then manually shutdqwn and isolated for repair. 
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In case of an accident one of the redundant emergency instrument air 

systems supplies the requirements of all the vital equipment. The other 

system serves as a full backup. Each of the emergency compressors is 

automatically loaded on an engineered safeguards bus. One compressor 

can be manually stopped afterward at the discretion of the operator and 

will re-start automatically when the emergency instrument air header drops 

to a preset value. 

The Component Cooling Water System provides cooling water to the inter­

coolers, oil coolers, and aftercoolers of the plant air compressors. The 

Essential Service Water System supplies the cooling requirements of the 

emergency control air compressor jackets and aftercoolers . 

A containment isolation signal closes the containment isolation valve 

installed in the penetration line of the instrument air system. 

9.3. 1.3 Design Evaluation 

9.3. 1.3. 1 Power Failure 

Two separate electrical buses feed the motor drivers of the two plant air 

compressors, respectively. In case of power failure in one source, the other 

source is still available. In the event all electrical power is interrupted, 

the plant air compressors stop operating. Air operated valves throughout 
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the p 1 ant are arranged to position th ems elves in a manner to preserve the 

safety of plant and personnel. Vital valves needed to bring the plant to 

a safe shutdown are assured supply from the emergency instrument air system. 

9.3. 1.3.2 Main Dryer Failure 

The duty dryer can be regularly inspected so that the desiccant can be 

replaced before full deterioration. In case the desiccant is exhausted 

before regular inspection, a high effluent moisture content is annun­

ciated in the contra 1 room. The standby dryer can then be manually 

placed in service. In the exceptional case of both trains having trouble, 

a manual valve is opened to bypass the train. 

9.3.1.3.3 Main Filter Clogging 

In case the duty filter clogs, a high differential pressure across the 

filter-dryer set initiates an alarm and automatically places the standby 

set into service. 

9.3. 1.3.4 Emergency Dryer-Filter Set Failure 

Regular inspection of the dryers can be carried out to detect desiccant 

deterioration. In case of excessive pressure drop across the duty dryer­

filter set 11 A11
, the resultant low header pressure starts standby emergency 
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air compressor 11 811
, placing· emergency system 11 811 in service. 

9.3.1.3.5 Service Air Header Leakage 

In case of excessive service air header leakage a shut-off valve in the 

service air header closes, routing all available air to the instruments. 

A pressure switch in the instrument air he_ader closes the shut-off valve 

when the header pressure drops to a preset value. 

9.3.1.3.6 Air Cleanliness Requirements 

The filters remove dust and dirt 10 microns in diameter and greater. All 

compressors are of the non-lubricated type to provide oil free air.· 

9.3.1.4 Testing and Inspections 

The compressed air systems performance can be observed during plant 

normal operation; Emergency air compressor 11 A" can be tested·at any 

time by manually placing it on the line. Emergency air compressor 11 811 

can be tested by lowering the pressure in the automatic starting switch 

sensing line . 
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9.3.2 PROCESS SAMPLING SYSTEMS 

9.3.2.1 NSSS Sampling System 

9.3.2.1.1 Design Bases 

The NSSS Sampling ,System. provides ffleans to obtain representative liquid 

and gas samples from various fluid systems for chemical and radiochemical 

laboratory analysis. Results of analysis provide guidance in the operation 

of the reactor coolant system, residual heat removal ,system, safety injection 

system, and chemical and volume control system. Typical information obtained 

includes reactor coolant boron and chloride concentrations; fission product 

radioactivit.v level; h.vproqen, o~ygen, and fission g~s content; corrosion 

product and chemical additive concentrations. 

The sampling system is designed for manual and intermittent operation for 

con di ti ons ranging from full power opera ti on to cold shutdown. Access to 

the containment is not required for sampling. Adequate safety features 

are provided to protect laboratory personnel and to prevent the spread 

of contamjnation from the sampling room when samples are being drawn. 

The sampling system is not required to function during an emergency nor 

to take action to prevent an emergency condition. 
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The sampling system design meets the applicable safety class, code class, 

and quality control level requirements as shown in Chapter 3, Table 3.2-1. 

9.3.2. 1.2 System Description 

The NSSS sampling·system:is·shown·in-Figare:9.3~2. Samples from the 

fol 1 owing· locati ans are· collected: in: the· sample: room. 

Inside the Containment 

Pressurizer Steam Space. 

Pressurizer Liquid Space . 

Hot Legs·of·two different loops·(Reactor·Coolant·System). 

Each of four accumulators:(Safety:Injection:System). 

Outside:the·Containment 

Two residual heat·removal-lines. 

Upstream and·downstream·of·demineralizers in·the·Chemical and Volume 

Con tro 1 Sys tern ( CVC) ·letdown 1 i ne. 

Volume control tank space . 
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Local connections·are·provided:for:individual:systems·outside the con­

tainment. These·connections· are·not:considered part·of·the NSSS sampling 

system. 

All s amp 1 e lines have· man a al: va 1 ves: required· for: component· is ol ati on and 

flow control, as well as:a·local :sample:valve·in-the·sampling:room. In 

addition, each sample line·originating from·within·the·containment has 

a remote, air~operated·sample·valve·close·to·the·source, and two con­

tainment isolation valves,·one·located:inside and the other·outside the 

containment. Samples originating·oatside·the· containment have a manual 

valve and a remote air-operated·sample·valve· located close to the source. 

Each sample line originating from:within·the·containment also has a. 

sample heat exchanger and·a·sample·vessel, except the sample lines from 

the accumulators. The residual heat removal samples pass through the 

same heat exchanger and sample·vesseLas provided for the hot leg reactor 

coolant samples. The reactor coolant loop hot leg sample lines also have 

a common delay coil located inside the containm~nt·to provide decay of 

the short-lived radioactive isotope N-16. 

Liquid samples originating·apstream·and·downstream of the demineralizers 

in the eve pass through·a common line to·the sample sink. 
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A gaseous sample from the volume·.control tank in the·CVC is-collected 

in a sample vessel after purging sufficient·volume of the gases to the 

gaseous waste treatment·system vent:header. 

All the liquid samples are piped to the·sampling sink located·in the 

auxiliary building:sampling room; The sink· drain discharges to· the· liquid 

waste· treatment· sys tern; The s amp 1 i ng sink and: the· sample: vessels· are en­

closed in -a hood -provided with· pipfog· penetrati ans· and· a -building-exhaust. 

9.3.2.1.3 Design Evaluation 

9.3.2.1.3.l Main Characteristics 

The sampling system is·designed for·manual operation on an·intermittent 

basis, under conditions·ranging from fall·power operation to cold shut­

down. The system is n_ot·required to function during anemergency nor to 

take action to prevent an emergency condition. 

Sample lines penetrating the containment are provided with isolation 

valves which close on·the·receipt of·a containment isolation signal. 

Reduction of sample pressure·and·temperature is·accomplished outside the 
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containment to facilitate maintenance of the sample stream mechanical 

components and instrumentation. 

The dose rate outside the con ta i nmenf due to sho'rt- lived fs:otopes is 

limited by passing the hot leg reactor coolant samples through the delay 

coil. located inside the containment. This permits access to the samplihg 

room. 

All sampl~ lines are austenitic stainless steel tubing-desi~hed for high 

pressure service. The design sample flow rate is 0.42 gpm. To reduce the 

quantity of purge fluid, pipe internal diameters are kept to a minimum. 

Lines are so located as to provide safe operations and maintenance. 

Leakage of radioactive reactor coolant from this system within the contain­

ment is collected in the containmeht s~mp. Leakage of radioactive material 

from this system outside the containment is collected via ~iscellaneous 

drains in the liquid waste treatment system. The hood coverihg the-s~mple 
- - . 

vessel and the sink is provided with off-gas vents to the auxiliary ·bu,1-d-

ing ventilation system. 
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9.3.2.1.3.2 Component Design 

Sample Heat Exchangers 

The sample heat exchangers are of the shell and coil tube type. Sample 

flow circulates through the tube side, while component cooling water 

circulates throagh the shell. Each heat exchanger is designed td cool 

samples to less than 127° F. The heat exchanger shell is constructed of 

carbon steel and the coil tube is constructed of austenitic stainless 

steel. 

Delay Coil 

The delay coil in the hot leg reactor coolant sample line has sufficient 

length to provide at least a40 -second sample transit time within the 

containment. Additional delay is provided by the sample line. This allows 

for decay of the short-lived isotope, N-16, to a level which permits access 

to the sampling room. 

Sample Vessels 

The sample vessels are designed to receive liquid or gas samples at reactor 
0 

coolant system design pressure and 650 F. The sample vessels are sized to 

contain liquid with sufficient dissolved gas t6 p~rform the required chemica\ 



radiochemical. dissolved hvdroqen. or fission qas analvses. 

Integral isolation valves and quick-disconnect couplings provide safe 

and fast disconnection of each sample vessel. The vessel, valves. and 

couplings are all made of austenitic stainless steel. 

Sampling Sink 

The sampling sink is in a hooded enclosure equipped with an exhaust ven­

tilator. The sink perimeter has a raised edge to contain any spilled li­

quid. The work area around the sink and the enclosure is large enough for 

sample collection and storage fa~ radiation monitoring equipment. The en­

closure is penetrated by sample lines from the reactor plant and a makeuo 

water line, all of which discharge into the samolino sink. The sink.and 

the work area are stainless steel. 

The above components as wel.l as piping, fittings and valves are designed 

in accord with appropriate ANS Safety Class and ASME Code Class as listed 

in Table 3.2-1. 

9.3.2.1.3.3 Sampling Techniques 

The system design. includesc.onsideratioi, of purging requirements, and 

sample size to get a representative sample while providing for the safety . . . . . ' . . 

of operating personnel. 
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The remote air~operated·valves·located·close·to·the·source points are 

operated from the sample room~ This· avoids operator·exposure to a high 

radiation area and limits the·length:of·sample piping that will be nor­

mally filled with radioactive·fluids. 

Prior to collecting·a·sample;:sampje~lines:are purged·of stagnant·water 

and undissolved solids·by.flushing.with·process water for sufficient 

time to ensure that a representative sample· is: obtained.. Rinsing of the. 

sample container is required to·avoid external contaminants. 

The gas samples are·co1lected in·a steel sample vessel with valves on 

each end. Purging of the·sample·vessel is·required·to obtain a representa­

tive gas sample. 

9.3.2. 1.4 Testing and Inspection 

Each component is·inspected and·cleaned·prior to·installation in the 

system. The system is operated·and·tested initi.ally with regard to 

flow paths, flow capacity and leakage . 
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9.3.2.1.5 Instrumentation 

For the convenience of the operator, all instrumentation is located 

in the sampling room. Local temperature indicators downstream of the 

sample heat exchangers indicate the temperature of the sample to assure 

that it is sufficiently low before diverting it to the sample sink. 

Local pressure indicators downstream of the sampling vessel are used as a 

guide for adjustment of th~ throttling'valves. 

A local flow indicator on the purge line to the volume control tank is 

used to monitor the liquid sample flow rate. 

A local flow indicator on the volume control tank gas sample line provides 

indication that the volume control tank gas sample is flowing at the correct 

rate. 
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9.3.2.2. Containment Post-Accident Sampling System 

9.3.2.2.1 Design Basis 

The Containment Post-Accident Sampling (PAS) System is designed to pro­

vide representative samples of the containment post-accident atmosphere 

within 24 hours after the accident. The samples are analyzed to determine 

hydrogen content aod gaseous levels for use in controlling hydrogen concen­

tration as described in Section 6.2.5, and to limit radiation exposure. 

9.3.2.2.2 System Description 

The Containment Post-Accident Sampling System (Figure 9.3-3) provides the 

ability to sample the containment atmosphere following an accident. Contain­

. ment air samples can be taken from five sample points. Two sample points are 

located at the discharge of the post-accident air recirculation fans. These 

sample points provide samples of the upper compartment atmosphere. Three 

'lower compartment sample points are uniformly spaced along the row of ice 

condenser inlet doors. From each sample point, a sample line is routed in­

dependently via a separate penetration through the containment and shield 

building to the PAS station. The PAS station is located adjacent to the con­

tainment in the shielded control area- at. elev.at-ion- -94 ft. Outside the con-
' 

tainment, the sample flows tbrough containment isolation valves located 

immediately adjacent to the penetration. These is<ll]ation valves are operated 

9,3-15 



manually from behind protective shi·elding by means of extension hc1ndles. In­

side the PAS station, the sample flows through a second set of containment 

isolation valves, which also serve as selector valves for the sample flow: 

path desired. Downstream of the second isolation valve is a removable sample 

vessel which is eqijipped with isolation valves and installed-in th~.flow.path 

by means of qui ck-disconnect couplings. .A vacuum/compressor pump immediately 

downstream of the sample vessel provides the pressure .differential ~etween the 

sample pickup and return points inside the containment to insure adequate. 

sample flow. Each return line is equipped with two containment isolation 

valves in series. The first (upstream) valve is located in the PAS station, 

with the second (downstream) valve located as close as possible.to the shield 

buidling, and operable from behind protective shielding by means of extension" 

handles. The return lines terminate the containment at a location above.the 

post~accident flood line in a configuration arranged to prevent flow obstruc-. 

tion. 

During post-accident operation, a containment air· sample may. be obtained from 

any of the five sample points. The removable sample vessel is installed in. the 

sample 11ne, and the appropiate containment isolation and selector valves are 

open. The vacuum pump is. started and the 1 i nes purged. The pump is then 

stopped and the isolation valves c16sed. The samcle vessel is then removed 

for a:nalvsis. 
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The PAS system component design data are listed in Table 9.3.2-1. The con­

tainment isolation valves are manually operated Saunders patent valves of 

stainless steel with diaphragms suitable for operation without leakage in 

water saturated radioactive air. The test connection valves and.the isolation 

valves for the removable sample vessel are soft seated instrumentation globe 

valves with metalJic giaphraqms. 

Sample runs are fabricated of stainles~ steel tube with a.nominal·design 

rating of 150 psig and 3no° F. 

9.3.2.2.3 Design Evaluation 

The PAS System is designed as an engineered safety feature. Containment iso­

lation valves and portions of the sample lines penetrating containment are 

classified as ANS Safety Class 2; the balance of the system is classified as 

shown on Table 3.2-1. 

Separation of sample lines in the containment prevent a single accident form 

incapacitating more than one sample line. Sufficient sample redundancy is 

provided by the five sample points, which are located in high air recirculating 

areas (ice condenser inlet door area and post-accident recirculation fan dis­

charges). Sample line velocities are designed to be high enough to permit 

rapid purging of the lines before sampling and to provide turbulencefor 

adequate mixing . 
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To prevent the accumulation of condensate or water in the sample lines, 

which could obstruit air or gas·flbw dufing sampling operations, the sample 

tubing runs are de~igned to be fr~e dr~ining by sloping them dnwnward from the 

sample statioh outside the containment to both the sa~ple i~let and~~tlet 

inside containmeht. Also no U-bend traps are in the sample tubing. 

Containment isolation criteria are met by the two normally locked closed manual 

isolation valves on each line penetrating the containment. 

There are no PAS instrumentation or controls located inside containment which 

can malfunction and prevent system operation. An installed standby vacc~um 

pump is provided. A spare sample vessel is provided and is easily accessible 

for installation in the event of a failure of a sample vessel. 

The PAS sample ~tation is located near the containment within the shielded 

control area. This location prevents undue exposure of the operator to 

direct radiation, and mtnimizes head loss and radiation associated with the 

sample tubing. 

9.3.2.2.4 Testing and Inspections 

The cbntainment isolation valves in the supply and return lines will be 

tested in accordance with the isolation valve testing requirements contained 

in Appendix J to .10 CFR Part 50. 
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System components and piping vlill be tested to insured compliance with 

required codes and regulations. 

Y.3.2.2.5 Instrumentation and Applications 

The PAS system includes no instrumentation on controls located inside the 

containment which can malfunction and prevent system operation. A simple 

sigi1t flow indicator is installed at the PAS station to indicate a possible 

pluggeu sample line . 
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TABLE 9.3.2-1 

CONTAINMENT POST-ACCIDENT SAMPLING SYSTEM 

Sample Vessel 

Number 

Number required for operation 

Design Pressure, psig 

Design Temperature, °F 

Material of Construction 

Vacuum Pump 

Number 

Number required for operation 

Capacity, SCFM Max. 

9.3-20 
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1 

150 

300 

Stainl.ess Steel 

2 

1 
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• 9.3.2.3 Steam Systems Sampling System (SSS) 

9.3.2.3.l Design Bases 

The functional requirements of this system are: (1) to provide process 

information on the chemical characteristics of the operating fluids in 

the steam-feedwater cycle in order to assure compliance with water chemistry 

specifications and thereby minimize corrosion, (2) to detect material 

failures which result in contamination of the secondary side with either 

reactor coolant or seavrnter, and (3) to determine equipment performance 

(e.g., steam generator carryover). To obtain this process information, 

fluid samples are obtained from various locations in the steam-feedwater 

• cycle and analyzed for different chemical characteristics either by manual 

laboratory techniques or by automatic process instrumentation. 

• 

Samples fror,1 various steam-feedwater cycle and auxiliary systems locations 

will be representative of the fluids contained in the piping, vessels or 

other equipment conveying the liquid. Sample lines, therefore, vJill be 

as short as practical to reduce hold up time and to minimize plate out or 

settling where particulates or insolubles in the fluid are to be measured. 

Sizing of sample lines and valves will result in turbulent flow. In 

addition, sample probes or nozzles will be installed in process piping 

2 % " and 1 arger to avoid pipe wa 11 effects in obtaining a representative 

sari1p 1 e . 

9.3-21 



Hazards associated with high temperature and pressure and radi oacti vi ty 

will be avoided. Where required, high temperature samples will be cooled 

to less than 120°F. Where samples are required from high pressure loca­

tions, pressure reducing valves and/or orifices will be installed. Samples 

containing rad1oactivity wi 11 be routed to a controlled area and collected 

at a sample sink in a ventilated enclosure (hood). To minimize airborn·e 

activity, ventilation will be provided to maintain an adequate air velocity 

through the face of the hood. 

Samples lines will be ~rovided with shut off valves as close as practical 

to the process sample location. Sample lines will be either type 304 or 

316 stainless steel. The SSS is classified as non-nuclear safety. 

9.3.2.3.2 System Description 

The SSS flow diagram is shown in Figure 9.3.14, Sheets 1 and 2. The 

system consists of the piping, valves, heat exchangers (sample coolers) 

and other equipment for collecttng process fluid samples. It also in­

cludes the in-stream chemical analyzers required for the routine deter­

mination of various water .system proper ti es 'such as conductivity, pH, 

hydrazine and oxygen. Local temperature and pressure indicators are 

provided to monitor samples originating from the high temperature, high 

pressure sources. The various samples taken are processed and analyzed 

in accordance with the methods described below. 
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Steam Generator Slowdown Line Sampling 

Sampling lines are connected to the blo~1down lines downstream of the 

blowdown heat exchangers. 

Upstream isolation valves in the blowdown lines close automatically on 

either a containment isolation signal or a high blowdown sample radio­

activity s_ignal. Override capability is provided to enable these valves 

to be reopened (under administrative control), to permit sampling in con­

junction with assessing steam generator primary to secondary leakage, and 

to operate the b 1 owdown treatment sys tern. (Refer to Steam Generator Bl ow­

down Sys tern, Subsection 10. 4. 7) . 

The sample flow from each blowdown line is cooled and routed through a 

conductivity cell and a pH analyzer connected in series. Cooled samples 

of both treated and untreated b 1 owdown system effluent are passed th rough 

radiation monitors to the steam generator holdup and sample tanks. Con­

nections are provided for flushing the radiation monitors. 

Main Steam Sampling 

Sample points are located outside the containment in each of the main steam 

lines .. Steam sample flow follows two parallel paths; one portion is cooled 

and depressurized and piped directly to the sampling sink, the other portion 

after cooling and depressurization is piped through an in-stream cation con­

ductivity analyzer. 
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Condenser Hotwell Sampling 

The sample .lines from ~~ch of.the si)cmaincondenser hotwells are equipped. 

with remotely operated valves for isolation and sample-selection; These, 

lines combine to form a common suction header for two sample pumps. Either 

pump is used to .provide sample ~flow through an i.n-stream conductivi·.ty- cell 

and also directly. tc;> th.e s,ampling ,sink. · 

Conde.nsate Pump Discharge.Sampling. 

The condensate pump discharge samp.le is drawn. from the pump dis charge ·:he cider 

at a point upstream of the chemical feed injection points .. One flow, path' 

routes the sample flow through a pressure reducing valve and th-ert"to a 

cation condu_ctivi ty ·ce.11; ,pH ana.ly_zer and dissolved oxygen. analyzer .arranged 1 

in para]lel. A second_.:f:low.,path :routes the-sample th.rough a pressure­

reducing o~ifice d~rectly to.the sampling sink. 

Flash Evaporator Sampling 

Samples are drawn from three separate points on the fl ash eva·porator piping;-­

as follows: 

1. .A sample point i-s· located,,at the d_isti llate pump discharge ... Sampre · 

,flow is either directly to the sample .sink or through a cooler and-· 

· conductivity ce 11 . 

9.3-24 

• 

• 

• 



• 2. The brine heater drain sample tap is located downstream of the 

discharge pump. Sample flow is routed thro_ugh coolers either 

directly to the sample sink or through a conductivity cell. 

3. A brine recycle sample is obtained through a tap downstream of the 

recycle pump. Sample flow is routed through coolers either directly 

to the sampling sink or through a pH electrode. 

High Pressure Feedwater Heater Outlet Sampling 

Feedwater is sampled at the high pressure heater discharge. The sample 

flow is cooled and reduced in pressure, then piped through a conductivity 

• eel 1, pH electrode, and hydrazine analyzer arranged in parallel. Alter­

natively, this sample can flow directly. to·. the sampling sink via a cooler 

and pressure-reducing orifice. 

• 

Auxiliary Boiler Condensate Sampling 

Auxiliary boiler condensate is sampled at the condensate pump discha_rge 

heater, upstream of the chemical feed injection point. Sample flow can 

be routed through a conductivity cell, thro_ugh a dissolved oxygen analyzer, 

or directly to the sampling sink . 
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Auxiliary Boiler 8lowdown Sampling 

Sample flow is taken from the blowdown line close to the auxiliary boiler 

and routed through a cooler, then through a .cation conductivity cell or 

to the safupling sink. 

Domestic Water Sampling 

Sample flow from the Domestic ~~ater System is piped directly to the sampling 

sink where it is analyzed for impurities and residual chlorine. 

Space Heating Condensate Line 

Samples are taken from the space heating condensate line at the reboiler 

feed pump discharge header. Samples are piped directly to the sampling 

sink for analysis. 

9.3.2.3.3 Design Evaluation 

The SSS is not required to function during an emergency or to take direct 

action to prevent an emergency condition. The sampling system is designed 

for compatibility with all plant operating conditions. System design 

provides for manual sample collection and/or in-line monitoring, where 

appropriate. 
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9.3.2.3.4 Tests and Inspections 

Sampling system components and equipment will be inspected prior to installa­

tion. Instrument calibration and system functional testing will assure 

system operability. 

9.3.2.3.5 Instrumentation Application 

Instrumentation used in the SSS for measuring liquid chemical variables 

is of conventional design, proven by previous application in the power 

industry. Variables to be measured include conductivity, pH, dissolved 

oxygen and hydrazine. Standard commercial process instrumentation is 

readily available for measuring these variables on a continuous or semi­

continuous basis . 
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9.3.3 EQUIPMENT AND FLOOR DRAINAGE SYSTEM 

9.3.3. l Design Bases 

The Equipment and Floor Drainage System is a subsystem of the Liquid vJaste 

Treatment System described in Section 11.2. It collects liquid drains 

and relief valve discharges from various sources within the controlled 

access areas on different floors of the Floating Nuclear Plant. These 

sources include valve and pump leakoffs; equipment drains and relief valve 

discharges; floor drains, and sump pump discharges. All these liquids 

are transferred to the Liquid Waste Treatment System. The system also 

collects gaseous vents and reliefs from various equipment. These gases 

are directed to the plant exhaust for release as described in Section 12.4. 

9.3.3.2 System Description 

Figures 9.3-4 through 9.3-6 show the equipment and floor drainage system 

and list the equipment which generate effluents received by separate 

headers. The system comprises the following subsystems. 

l. Drain header (DH) subsystem - Figure 9.3-5 

2. Relief valve header (RVH) subsystem - Figure 9.3-6 
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• 3. Floor drain (D) subsystem - Figure 9.3-4 

4. Chloride drain (CD) subsystem - Figure 9.3-6 

5. Vent header (VH) sabsystem - Eigure 9.3-4 

The drain header (DH) collects potentially radioactive liquid drains and 

discharges into the waste holdup tanks. 

The relief valve header (RVH) receives liquid effluents from the relief 

valves located in the controlled access areas. The characteristics of 

the effluents in the relief valve header are similar to those in the drain 

• header (DH). The relief valve header discharges into the waste holdup tanks. 

• 

The floor drain header(D) carries normal floor drains from controlled access 

areas and includes any drains which may be radioactive as well as chemically 

contaminated. These drains are transferred to the floor drain tank. 

The two chloride drain headers (CD) collect all those drains.which normally 

have a very low level of radioactivity. However, they are normally contam~ 

inated with chemicals, mainly chlorides or detergents. One of the CD headers 

collects laundry and hot shower drains from controlled access areas, and 

transfers them into the laundry and hot shower tank. The second_CD header 

receives the decontamination washdown drains and other potential chloride 
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drains including the discharges from the sump pumps located in the four 
. . 

safeguards areas. This header dis~harges into the cask decontamination 

drain tank. 

The vent header (VH) collects gaseous vents and reliefs, and is piped to 

the plant exhaust. 

9.3.3.3 Desiqo Evaluation 

The equipment and floor drainage system is a passive system required to 

function dur,ng all modes of plant operation. The segregation of these 
-'.~ 

drains facilitates proper processing in the liquid waste treatment system. 
. - . _, ' 

Plugging or pressurizing of the headers is minimized by installation of 
! • . -

large size main headers with straight flow paths and a minimum slope of 

l/8 11 per foot. Each header is flushed and inspected with regard to leak-
. . . . ' 

tig~iness, flow capacity, and flow path. 

All the main headers of the equipment and floor drainage system are shield­

ed. The drain header (DH) and the relief valve header (RVH) are specified 

a~ ANS Safety Class 3. All other head~rs of the system are non-nucl~a~ 

safety class~ 

• 

• 
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9.3.4 CHEMICAL AND VOLUME CONTROL SYSTEM 

The Chemical and Volume Control System (CVe) is presented in RESAR-3, 

Section 9.3.4. However, the following changes are incorporated in the 

eve as used for the Floating Nuclear Plant. The system flow diagrams,are 

shown on Figures 9.3-7 through 9.3-11. 

1. The centrifugal charging pumps in the eve do not take suction from 

the refueling water storage tank, nor do they perform any emergency 

core cooling function. The high-head safety injection pumps pro­

vided in the Safety Injection System perform the safety functions 

specified for the centrifugal charging pumps in RESAR-3, Section 

9.3.4. During a loss-of-coolant accident, the chemical and volume 

control system is completely isolated. This change affects RESAR-3, 

pp. 9.3-4, 8, 10, 14, 16, 20, 26, and 43. 

2. The supply of reactor makeup water is included as a part of the 

eve. Figure 9.3-11 depicts the reactor makeup water subsystem 

delineating the sources and users of the reactor makeup water. 

The subsystem comprises two reactor makeup water storage tanks, 

two reactor makeup water pumps, and the associated piping, valves, 

and instruments. The parameters of the tanks and the pumps are 

listed in Table 9.3.4-1 . 
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TABLE 9. 3. 4-1 

PARAMETERS* OF THE eve COMPONENTS NOT INCLUDED IN RESAR-3 

Reactor Makeup Water Pumps 

Number 
Design Pressure, psig 
Design Temperature, or 
Design flow, gpm 
Design head, ft. 
Materi a 1 · 

Reactor Makeup Water Storage Tanks** 

Number 
Capa:city, gal lens 
Design pressure 
Design temperature, °F 
Material 

Resin Fi 11 Tank 

Number 
Capcity, cu. ft. 
Design pressure 
Design temperature, °F 
Material 

Chemical Mixing Tank 

Number 
Capacity, gallons 
Design pressure, psig 
Desig~ te~perature~ P 
Material 

2 
150 
200 
150 
250 
Au~t~nitic Stainles~ Steel 

2 
56,000 

Atmosphere 
200 
Austenitic Stainless Steel 

1 
8 

Atmospheric 
200 
Austenitic Stainless Steel 

1 
5 

150 
200 
Austenitic Stainless Steel 

* The ANS Safety Classes for these components ,are given in Table 3.2-1. 
** Diaphragm required. 
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3. Two reactor coolant filters and two boric acid filters are provided 

instead of one reactor coolant filter and one boric acid filter· 

as indicated in the RESAR 3. However, the parameters of these 

filters remain the same as listed in the Table 9.3-3 of~RESAR-3. 

(This change affects RESAR-3, pp. 9.3-67 and 69.) 

One resin fill tank is included ~s part of the eve. This tank is 

mounted on the monorail over the series of demineralizers, and 

serves to fill the demineralizers with appropriate resins. Table 

9.3.4-1 lists the parameters of the resin fill tank. The Table also 

lists the parameters of the chemical mixing tank . 
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9.Ji5 - BORON RECYCLE SYSTEM 

The Boron, Recycle System 'processes. reactor coolant' liquid effluent to meet 

the chemical requirements of reactor grade water~ Changes in reactor cool­

ant boron concentration for reactivity control due to load_ following are 

handled by the Chemical and Volume Control System. Radioactive waste li­

quids are processed by the Liquid l~aste Treatment System. 

The Boron Recyc.le System removes radioactivity by ion exchange, filtration, 

and gai ~tripping. Evaporation is used to recover boric acid and to pro­

duce reactor grade makeup water. Figure 9.3-12 is the system flow diagram . 

9.3.5.1. Design Bases 

The Boron Recycle System is designed to handle the maximum reactor coolant 

letdown flow rate. The holdup capacity is based on the surge from a cold 

shutdown and subsequent startup. Equipment design codes are listed in 

Section 3.2.2, Table 3.2-1. The processing equipment is designed to pro­

duce reactor grade quality makeup water and 4% by weight boric acid. 

Most of the system influent liquid is from the Reactor Coolant System and 

results from the following operations: 

l. Dilution to compensate for the loss in core reactivity (fuel burnup) 
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from approximately 1200 ppm boron to 100 ppm boron near the end of 

core life (dilution from 100 ppm to 10 ppm boron is handled by the 

Chemical and Volume Control System boron thermal regeneration de­

mineralizers). 

2. Cold shutdowns and startups. Three cold shutdowns are assumed 

during the core life. 

3. Hot shutdowns and startups. Four hot shutdowns are assumed during 

the core life. 

4. Refueling shutdown and startup . 

The Boron Recycle System also receiv~s liquid from the followinq sources: 

5. Chemical and Volume Control System volume control tank relief valve. 

6. Chemical and Volume Control System boric acid tanks. This con-

nection is provided for transfering t~e contents of the boric acid 

tanks if they are drained for maintenance. The boric acid concen­

tration is first reduced by the blender with dilution from the re­

actor makeup water storage tanks. This is done to prevent pre­

cipitation of the boric acid in the unheated recycle holdup tanks . 
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7. Emergency Core c·ooling Sy~tem flush of concentrated boric acid. 

. . 

8. · Boron Recycle System and Liquid Waste Treatment System evaporator 

distillate tanks. This connection allows recycling of distillate, 

9. Liquid Waste Treatment System reactor coolant drain tank. This 

connection allows processing of reactoi coolant leikage and drains 

from inside containment. 

10. Equipment leakoffs and drains. This connection allows processing 

of reactor coolant leakage and drains from outside containment. 

All portions of the Boron Recycle System which contain a conce~trated boric 

acid solution of 4% by weight are located in heated compartments. Redundant 

thermostatic controls and a low temperature alarm are provided to assure 

the temperature is maintained at a minimum of 650f. Portions of the system 

~hich contain a concentrated-boric acid solution of 12% by weight h~ve 

redundant heat tracing. 

9.3.5.2 System Description 

The Boron Recycle System process and instrumentation diagram is shown on 

Figure 9.3-12. Two 100 percent redundant flow paths and trains of oro-
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• cessing equipment are provided. The normal flow path is through a recycle 

evaporator feed demineralizer and filter to a resycle holdup tank. Most 

of the soluble and particulate radioactivity is removed by this operation. 

When sufficient liquid to warrant evaporator operation has accumulated in 

the recycle holdup tank, the alternate flow path is placed in operation. 

Normally, one of the recycle holdup tank pumps directs the liquid to the 

recycle evaporator. 

The evaporator strips any gases which may remain, produces reactor grade 

water quality distillate (evaporator overhead), and produces a 4% by weight 

boric acid solution concentrate (evaporator bottoms). The distillate flows 

through the recycle evaporator distillate demineralizer and filter to the 

• recycle evaporator distillate tank. This flow path is piped in parallel 

with the flow path from the Liquid Waste Treatment System evaporator dis­

tillate flow path. The liquid is normally transferred to the Chemical and 

Volume Control System for reuse in the Reactor Coolant System . 

• 

. The evaporator bottoms gradually increase in boric acid concentration. 

When a 4% by weight solution is obtained, the concentrate is pumped from 

the evaporator. The fl ow is normally through the recycle evaporator con­

centrates filter to the Chemical and Volume.Control System boric acid tanks . 
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9. 3 .'5. 2 .1 · Component Description 

The Boron Recycle System equipment pa·rameters are g,iven in Table 9.3.5-L. 

Recycle Evaporator Package 

The recycle evaporator package consists of several major components as -

follows: 

1. Feed preheater 

2. Gas stripper 

3. Feed tank-evaporator 

4. Absorption tower 

5. Evaporator condenser 

6. Distillate cooler 

7. Vent condenser 

8. Concentrates pumps 

9. Distillate Pumps 
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The influent liquid passes through the feed preheater and the gas stripper 

to the feed tank-evaporator. The gas stripper is a packed column. The 

stripping steam containtng the entrained gases flows to the vent condenser. 

The condensed steam is returned to the gas stripper and the gases are dis­

pl aced to ·the Gaseous \~aste Treatment System. 

The feed tank-evaporator boils off the liquid by steam coils. The vapors 

flow through the absorption tower where boron and other entrained impurities 

are removed. They fl ow back to the feed tank-evaporator·. When boric 

acid concentration reaches 4% by weight, the contents are pumped out. The 

purified vapors are cond~nsed as distillate in the evaporator condenser. 

The distillate then flows through the distillate cooler and from the evap­

orator package. 

Tanks 

The Boron Recycle System tanks are two recycle holdup tanks, a recycle 

evaporator reagent tank, and a recycle evaporator distillate tank. The re­

cycle holdup tanks collect reactor coolant effluents for processing. Each 

tank ·;s located -in a watertight compartment which will retain the contents of 

the tank .in the event of tank leakage. Lines penetratin~' the compartment 

are either arranged or valved so that a pipe leakage cannot rP.c;11lt in 
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uncontrolled spillage. Each tank has a diaphragm to prevent air entering 

the tank and to prevent the hydrogen-fission gas mixture from leaving· the 

tank. The air above the diaphragm is vented to the plant vent header. 

A five. ga 11 on recycle evaporator reagent tank is provided for adding chemi -

ca ls to the evaporator. Chemi ca 1 s are manually added to the tank .. · \,J.ater 

from the reactor makeup water storage tank can be used for-mixing and 

providing a head for injection. Chemicals added are normally antifoaming 

agents but may be for pH control or decontamination. 

The recycle evaporator distillate. tank is identical to the ~-Jaste Treatment 

Sys tern waste evaporator d.i sti 11 ate tank. It co 11 ects the recycle evapora­

tor distillate and is provided with a diaphragm to exclude air. 

Demi nera 1 i zers 

Three demineralizers are provided in the Boron Recycle System to remove 

soluble products. The two recycle feed demineralizers are 100% redundant 

and piped in parallel. Their purpose is to reduce the radioactivity of 

the fluid. 

The recycle evaporator d·istillate demineralizer is identical to .the \,Jaste 

Treatment System waste evaporator distillate demineralizer- and is piped. 

in parallel with it. The purpose of these demineraJizers is to remove 

any trace amounts of boron. 

• 

• 

• 
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or radioactivity carryover from the evaporator distillate. 

The demineralizers will not be regenerated. When high pressure droo or 

effluent samples indicate the need for resin replacement, the spent resin 

will be sluiced to the Waste Treatment System. New resin is supplied from the 

Chemical and Volume Control System resin fill tank. 

Pumps 

The Boron Recycle System has three identical pumps which are similar to 

the smallerLiauid Waste Treatment System pumps. The two recycle 

evaporator feed pumps transfer liquid from the r~cycle holdup tanks. The 

recycle evaporator distillate pump directs flow from the recycle evapor­

ator distillate tank. 

Filters 

The recycle evaporator feed filters, concetitr~tes filter, and distillate 

filter are provided in the Boron Recycle System. Their purpose is to re­

move particulates, primarily resin fines from the demineralizers. The 

need for filter replacement is indicated by high pressure drop . 
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Valves and Piping 

Valves and piping are stainless steel .. Most valves. are the d.iaohraqm. 

tvoe. The recycle holdup tank vent.eductor ts designed ,to pull Eases 

from under the recycle.holdup tank d~aphragmi a ~ase9us Waste Treatment 

System waste gas compressor provides the motive force. 

9.3.5.2.2 System Operations 

The Boron Recycle System is manually operated except for .the automatic _ 

protective functions. The system is valved to receive a continuous flow 

fnto the recycle holduo tanks. There are three parallel flow paths avail.,. . 

able with various interconnections. The normal flow paths are through 

one of the recycle evaporator feed demineralizers and filters to a recycle 

holdup tank. The third flow path is directly from the influent header to 

a recycle holdup tank. This flow path is initiated automatically by a 

three way valve if either hiqh temperature in the influPnt hPr1der or 

high demineralizer pressure drop is detected. 

One of. the demi.nera l i zers is valved in service while the other .ac~s as 

a standby. When the in-service demineralizer pressure drop in~icates the 

need for resin replacement or the effluent sample indicates unsatisfactory 

decontamination factor performance, the demineralizer is valved out of 

service. The standby demineralizer becomes the in-service demineralizer. 
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~hen the operator rlecides to dispose of the content~ of a recvcle hold-

' 'AP tank. the alternate flow oath is valved into service. The contents 

Are th~n recycled back to th~ tank to obtain a representative tank sample. 

The results of the sample analysis determine the disposition of the tank 

contents based on the criteria listed below: 

1. If the radioactivity level is acceptable, the liquid is directed 

to the recycle evaporator for boron recovery. 

2. If the radioactivity level is unacceptable, the liquid is recycled 

through the alternate evaporator feed demineralizer and filter 

train . 

3. If the radioactivity level remains unacceptable after operation 2, 

the liquid is directed to the Waste Treatment System. 

·4. If the radioactivity levels and boron concentration permit, the 

liquid mav be returned to the Reactor Coolant System. 

Most of the evaporator operation is automatic. A level control in the 

feed tank-evaporator controls the feed flow. Distillate is continuously 

p~mped from the evaporator. However, a sample analysis is required :to 

determine the disposition of the concentrates. If the radioactivity level 
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and the chemical quality are acceptable, the solution is concentrated to 

4% by weight. An evaoorator concentrates pump· is then started and the 

concentrates are· transferred to the Chemical and Volume Control System · 

bori t acid tanks.- · If ·the concentrates are Linacceptabl e for reuse, they 

may be concentrated to 12% by weight for drumming. fhey are then pumped 

either to the Liquid Waste Treatment System concentrates tank or directly 

to the drumming station. 

The evaporator has redundant pumps for both the distillate and the con­

centrate~ The red~ndant pumps are interlocked so that two cannot be start­

ed or running at the same time. Either pump must be started manually. 

Distillate flow is continuous through the recycle evaporator distill­

ate demirieralizer and filter- to the recycle evaporator distillate tank. 

If radiation is detected in the dfstillate stream, a three way valve 

directs the flow to the Boron Recycle System influent header. 

The distillate train has various interconnections with the parallel Liquid 

Waste Treatment evaporator distillate train. These connections allow the 

use of the waste evaporator distillate demineralizer or the waste evapora­

tor di'sti 11 ate· tank as standby. 

When sufficient volume has· accumulated in the recycle evaporator-distillate 
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tank, distillate flow is terminated. The tank contents are recirculated 

to obtain a representative sample. If the sample analysis meets reactor 

grade water quality requirements, the liquid is pumped to the Chemical and 

Volume Control System reactor makeup water storage tanks. If the water 

is unacceptable, it is returned to the Boron Recycle System influent header 

for reprocessing. 

9.3.5.3 Design Evaluation 

The Boron Recycle System does not perform any safety functions. Parts of 

the system which could release radioactive gases are safety class 3. 

These piping and components are designed, fabricated, and inspected accord­

ing to applicable code requirements. Welded piping connections and diaphragm 

valves are used to minimize leaks. 

The system is designed to operate so that a single malfunction will not 

shut it down. Parallel flow paths, equipment, and valving allow a standby 

train to operate while the first train is being maintained. Part of the 

backup equipment is included in the Liquid Waste Treatment System. 

All operations are remote so that the operator is not exposed to the 

system. Each equipment cubicle and all pipe chases will handle any 

leakage either by containing them or routing them to a drain tank . 
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9.3.5.4 Tests and Inspections 

The Boron Recycle System design and operation allow normal· industry prac­

tice of· inspection and preventative maintenance. Both the parallel train 

of equipment design together with the intermittent aperatiQn of the svstem allow 

frequent access to system components. 

9.3.5.5 Instrumentation 

The Baron Recycle System instrumentation is listed below by function. A 

common alarm on the Main Control Board in the-control room indicates any 

alarms on the local Boron Recycle System panel. 

Temperature 

·Temperature indic~tor is located in_the system influent header. A hiqh 

temperature signal initiates an alarm and controls a three-way valve to 

bypass the demineralizers. 

Pressure 

Pressure indicators are located as listed below:· 

1. Recycle evaporator feed demineralizer pressure differential. A 
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high pressure signal i,nitiates an alarm and controls a three-way 

valve to divert flow directly to a recycle holdup tank. 

2. Local pressure indicators are located to measure each demineralizer 

and filter pressure differential, each pump discharge pressure, 

and the recycle holdup tanks vent line pressure. 

Flow 

Local flow indicators are located in the recycle holdup tank vent line 

and in the recycle evaporator feed line . 

Level 

Water level indicators are provided for each of the recycle holdup tanks. 

Both high and low alarms indicate locally. The high level alarm is also 

indicated on the Main Control Board in the control room. A local 

level indicator is provided for the recycle evaporator distillate tank. 

Radiation 

A radiation detector is located in the recycle evaporator distillate line. 

Radiation level and high radiation alarm are provided both locally and 

on the Main Control Board in the control room. A high radiation signal 
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also actuates a three-way valve to divert flow to the Boron- Recycle 

System influent,header. 
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TABLE 9.3.5 -1 

PRINCIPAL COMPONENT DATA SUMMARY 

Recycle Evaporator Feed Pump 

Number 

Type 

Design flow, operating/runout 

Design head 

Design temperature 

Design pressure 

Material 

Recycle Evaporator Distillate Tank Pump 

Number 

Type 

Design Flow, operating/runout 

Design head 

Design temperature 

Design pressure 

Material 

9.3-49 

2 

Canned horizontal cent. 

35 gpm/100 gpm 

250 /200 ft 

200°F 

150 psig 

Stainless Steel 

1 

Canned horizontal cent. 

35 gpm/lOOgpm 

250/200 ft. 

200°F 

150 psig 

Stainless steel 



TABLE 9. 3. &-1 ( CONT) 

Recycle Holdup Tank* 

Number 

Type 

Usable volume per tank 

Design pressure 

Design temperature 

Material 

Recycle Evaporator Distillate Tank* 

Number 

Usable volume 

Design pressure 

Design temperature 

Material 

Recycle Evaporator Reagent Tank 

Number 

Usable volume 

Design ~ressure 

Design temperature 

Material 

* Diaphragm required 

9.3-50· 

2 

Vertical 

56,000 gal. 

Atmospheric 

Stainless steel 

1 

5000 gal. 

Atmospheric 

200°F 

Stainless steel 

1 

5 gal. 

150 psig 

200°F 

Stainless steel 
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TABLE 9.3;5-1 (CONT) 

Recycle Evaporator Feed Demineralizer 

Number 

Type 

Design pressure 

Design temperature 

Design flow 

Resin volume 

Material 

Resin type 

Recycle Evaporator Distillate Demineralizer 

2 

Flushable 

150 psig 

200°F 

120 gpm 

30 cu. ft. 

Stainless Steel 

IRN-150* 

Number l 

Type. Flushable 

Design pressure 150 psig 

Design temperature 200°F 

Design flow 35 gpm 

Resin volume 20 cu. ft. 

Material Stainless Steel 

Resin type IRN-78* 

* Rohm and Haas amberlite or equivalent 
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TABLE 9.3.~-1 (CONT) 

Recycle Evaporator Concentrates Filter 

Number 

Type 

Design pressure 

Design temperature 

Design fl ow 

.d Pat design flow 

Retention of 25u particles 

Material 

Recycle Evaporator Distillate Filter 

Number 

Type 

Design pressure 

Design temperature 

Desi ~n fl ow 

.cd.P at design flow 

Retention of 25u particles 

Material 
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1 

Disposable cartridge 

150 psig 

200°F 

35 gpm 

5 psi 

98% 

Stainless steel 

1 

Disposable cartridge 

150 psig 

200°F 

35 gpm 

5 psi 

98% 

Stainless steel 
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TABLE 9.3.5-1 (CONT) 

Recycle Evaporator Feed Filter 

Number 

Type 

Design pressure 

Design temperature 

Design flow 

4P at design flow 

Retention of Su particles 

Material 

Recycle Evaporator 

Number 

Steam desigr pressure 

Design flow rate 

Feed concentration 

Discharge concentration 
(concentrate) 

Discharge concentration 
(dist i 11 ate) 

Material 
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2 

Disposable cartridge 

150 psig 

200°F 

150 gpm 

5 psi 

98% 

Stainless steel 

1 

50 psig 

15 gpm 

10-2500 ppm boron 

7000-21,000 ppm boron 

10 ppm boron as H3Bo
3 

Stainless steel 



9.3.6 GAS SUPPLY SYSTEM 

9.3.6.1 Design Basis 

The Gas Supply System (GSS) stores hydrogen, oxygen, and nitrogen and 

distributes these gases to locations for use throughout the plant. Hydrogen 

ang oxygen are generated on board using electrolytic cells. Low pressure 

nitrogen are stored as liquid. The high pressure nitrogen is stored as gas. 

The svstem desiqn requirements are shown on Table 9.3.6-1. 

9.3.6.2 System Description 

The gas supply system is shown on Figure 9.3-13, sheets. 1 and 2. The system 

comprises the hydrogen-oxygen generating unit; hydrogen dryer, purifier, 

low pressure compressors, and high pressure compressor; oxygen dryer, L.P. 

and H.P. compressors; hydrogen, oxygen and nitrogen gas cylinders; nitrogen 

1iq11irl ~tnr~g~ units: .and the assocaited oioinq. valves and instrumentation. 

All the GSS components are located outside the containment. 

The H2-o2 generating unit produces hydrogen and oxygen by electrolysis of 

demineralized water. The generating unit produces 150 SCF of hydrogen 
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• and 75 SCF of oxygen per hour. These gases are dehumidified and compressed 

to 100 psig for direct supply to the users. One high pressure compressor 

is provided for each gas to refill the corresponding reserve storage cylin­

ders to 2400 psig. Nine high pressure storage cylinders are provided for 

hydrogen and one is provided for oxygen. Each cylinder contains 7600 SCF 

at 2400 psig. The high pressure header for each.gas has a pressure regula­

tor which maintains the downstream pressure at 100 psig. 

High pressure nitrogen is stored in six cylinders·, each containing 7600 SCF 

at 2400 psig. A pressure regulator is installed to regulate the downstream 

pressure to 750 psig. 

• Low pressure nitrogen is stored as liquid in two insulated tanks, each 

having a capacity of 522 gallons and operating at 245 psig. Each tank has 

a built-in vaporizer. A pressure regulator maintains the downstream pres­

sure at 100 psig. The gas is then distributed to various users through the 

nitrogen manifold. 

The storage vessels for all three gases are provided with lines to fill 

• 
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them from an exterhal b~lk iupply. Howeve~, hydrogen ~nd oxygen reserve 

storage cylinders are norm.ally filled from the generating unit. 

9.3.6.3 De~ign Evaluation 

The gas supply system is designed for safe operation and reliable su·pply 

of hydrogen, oxygen, and nitrogen gases. The GSS is not an enqinee·red 

safeguard system. Its components are not classified under ANS safety 

classifications. However the ·system meets other applfcable codes as 

listed in Table 3.2-1. 

The on-board generation of hydrogen and oxygen ensures a continuous and re­

liable supply of these gases~ and e1i~inates th~ haiards of handling high 

pressure hydrogen cylinders. 

The storage vessels of the GSS are designed to withstand a wide range of 

temperatures and pressures. Safety valves are provided to relieve gas in 

case of excessive pressure build-up. 

Conventional tests and inspections of the GSS components are carried out 

to check gas impurities and leakage. 

Necessary instrumentation is provided including pressure regulators and 

alarms. 
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• • TABLE 9.3.6-1 

GAS SUPPLY SYSTEM DESIGN REQUIREMENTS 

Gases User.s 

Hydrogen Turbine-generator 
Volume control tank 
Catalytic H2 recombiner 

Consumption 

1500 SCFD 
40000 SCF to. 
fi 11 
generator to 75 
psig 

Oxygen Catalytic hydrogen recombiner 500 SCFD 

High Accumulators 22650 SCF 
Pressure per accumulator 
Nitrogen · 

Low Pressurizer relief tank 1500 SCFD* 
Pressure Reactor Coolant drain tank 
Njtrogen Spent resin storage tanks 

Gas decay tanks 
Catalytic H2 recombiner 
Condensate storage tank 
Volume control tank 

* Includes average evaporation 1loss. 

Storage 
Volume 

68400 SCF 
@ 2400 psig 

7600 SCF 
@ 240() psiq 

45600 SCF 
@ 2400 psig 

1044 gallons* 
@ 245 psig 

Header Supply 
Pressure 

100 psig 

100 psig 

750 psig 

100 psig 

• 
Purity 

% 

99.95 

99.5 

99.9 

99.9 



9.3.7 BULK CHEMICAL HANDLING SYSTEM 

9.3.7. 1 Design Bases 

A five week supply of chemicals is provided by appropriatly sized tanks and 

storage areas. The treatment of the sea water used for cooling is pro­

vided by an onboard sodium hypochlorite generation system. The use of the 

sodium hypochlorite generator eliminates the need to store sodium hypo­

chlorite on the platform. 

Storage facilities are provided based on the following requirements: 

Sulfuric acid 6000 gallons 

Sodium hydroxide 

Morpholine 

Hydrazine 

Phosphates Trisodium 

Di sodium 

Monosodium 

9.3-58 

250 ga 11 ori's 

420 gallons 

110 ga 11 ans . 

2000 lbs. 

3400 lbs._· 

1000 lbs. 
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Sulfuric acid tank 

TABLE 9.3..7-1 

BULK CHEMICAL HANDLING SYSTEM 

EQUIPMENT DESIGN PARAMETERS 

Vol. 6000 gallons 

9 ft. dia. 

12~ ft. 1 ength 

Material of construction carbon steel 
lined with baked on phenolic resin 
(Heresite) or equivalent 
4 to 6 mils thick. 

Sodium hydroxide tank Vol. 250 gallons 

3 ft. dia. 

Morpholine 

Hydrazine 

Phosphates Trisodium 

Disodium 

Monosodium 

5 ft. 1 ength 

material of construction-carbon steel 

420 gallons stored in 55 gal. drums 

110 gallons in 55 gal. drums 

2000 lbs. stored in suitable bulk 
containers. 

3400 lbs. 

1000 lbs . 
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The sodium hypochlorite is piped to the raw water intakes in sufficient 

concentration to provide l ppm of free chlorine continuously. The residual 

free chlorine at the plant outlet (seawater) will be controlled not to 

exceed .01 ppm. System equipment design information is shown on Table 

9.3.7-l. 

9.3.7.2 System Description and Design Evaluation 

The System consists of two basic types of supplies, i.e., solids and 

liquids. Solids are stored as bulk and manually distributed to the proper 

mixing facility. The liquids a.re stored in two ways: Morpholine and 

hydrazine are contained in 55 gallon drums which are distributed to the 

mixing tanks manually; sulfuric acid and sodium hydroxide are distributed 

to the chemical feed tanks using pipes and associated controls. Sodium 

hypochlorite is continuously fed to the raw water system by the piping 

provided. 

The system has no ANS Safety Classification. All piping valves and tanks 

are designed in accordance with accepted safe practices and ASME codes 

where applicable. 
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Y .4 AIR COl~!JITIOIHNG, HEATING, COOLil~G AND VENTILATION SYSTEMS 

Y.4.1 CONTROL AREA VENTILATION 

9.4.1. l Uesign Bases 

The Control Area Ventilation is designed to maintain the control room, 

process rack room, and rod control room environments within acceptable 

limits for the operation of plant controls, for maintenance and testing 

of these controls, and for the uninterrupted safe occupancy of the control 

room during accident and post-accident recovery conditions. The control 

room systems are ANS Safety Class 3 . 

The Control ~uilding Ventilation Systems are designed to: 

l. Maintain the space temperature in each area within the range of 72 -

75°F and the relative humidity at a maximum of 50 per cent. 

2. Provide sufficient air changes to satisfy occupancy requirements. 

3. Provide slight pressurization of each area to prevent entry of 

airborne matter originating outside the areas during normal operation. 

4. Prevent the.entry of airborne fission ~roducts via the outside air 

intakes during post-accident shutdown . 
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5. Maintain design temperature and humidity conditions during post­

accident shutdown. 

6. Provide redundant equipment for the control room. 

7. Conform with applicable requirements of General Design Criteria 19 

as specified in 10 CFR 50. 

9.4.1 .2 System Description 

Contra 1 Area Ventilation Equipment data are presented in Tab le 9 .4 .1-1, 

and materials of construction in Table 9.4.1-2. The Ve~tilation Flow 

Uiagram is shown in Figure 9.4-1 and includes the following: 

1. Control room air conditioning system focluding auxiliary charcoal 

filtration. 

2. Proc~ss rack and iod control room air conditioning system. 

3. Control room and process rack refrigeration condensing machines. 

The Control Area Ventilation equipment is located at elevation 94 feet. 

Air is ducted from this are~ t6 the Cont~ol r6om ~n ~leVation 94 a~d the 

process rack and rod contra 1 rooms on elevation 76'. 

exhausts are located above the 94 foot level. 

9.4-2 
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SUBSYSTEM 

Contra 1 Room Supply* 

Control Room Return Air 

Toilet Exhaust 

Auxiliary Filtration 

Process Rack and Rod 
Control Room** 

Process Rack and Rod 
Control Return Air 

Control Room and Process 
Rack Condensing Unit 

.Emergency Supply Fan 

LEGEND: 

• 
TABLE 9.4.1-1 

CONTROL AREA AIR CONDITIONING SYSTEM PERFORMANCE DATA 

FAN 
UNITS s :fm, each 

2 lO ,500 

l 9,700 

l 800 

2 4,000 

1 18,500 

1 18,500 

2 

l 5,000 

FILTERING 
P A C 

1 

l 1 1 

1 

1 

REDUNDANCY 
RUNNING STANDBY 

or 2 as 
required 

1 

1 

1 1 

l as 
required 

P Prefilter or filter, efficiency 50%, NBS Dust Spot Test. 
A Absolute or high efficiency particulate air filter, efficiency 99.97% on 0.3 micron DOP aerosol 
C Activated charcoal filter,·Type BC 727, efficiency 95% and 99% for methyl iodine and iodine, 

70% RH, 45 FPM. 

• 

* Design conditions: Room at 750,F/50% RH; outside 950F Summer, ooF Winter. Outside air J5% of supp1y, 
· minimum. 

**450F refrigeration suction temperature. 



TAB LE 9 . 4. 1- 2 

CONTROL BUILDING AIR CONDITIONING SYSTEMS 

Materials of Construction: 

Air Intake Louvers 

Ductwork 

Dampers 

Prefilters and Filters 

Filter Frames 

Coating Coils 

Heating Coils 

Fan-Gail Assemblies 

Abs o 1 ute Filters 

Charcoal Filters 

Fans 

Air Di ff users 

Registers 

Reheat Coils 

S~pply Duct lnsulation (Atr 
Conditioning Supply)_ 

C6ridensing Units Condenser 

Refrigerant Compressors 

Refrigerant Piping and Specialties 

9A-4 

Aluminum 

Galvanized Sheetmetal 

Galvanized Steel, Neoprene edges 

50% NBS, Dual media with throwaway 
face mat followed by plated sec­
tion of glass medium, aluminum 
separators and fire retardant 
sealant. 

Epoxy on s tee 1 

Copper tubing, aluminum fins bonded 
to tubing 

Copper tubing, aluminum fins 

Steel construction, fiberglass 
insulation 

Same as Table 9.4.2-2 

Same as Table 9.4.2-2 

Steel construction throughout 

Aluminum, lacquer finish 

Aluminum, lacquer finish 

Electric, alloy sheath and fins, 
step con tro 1 

Fiberglass 

Steel envelope - integral fin 
copper tubes 

Direct dew flexible coupling, 
constant speed unloaded starting, 
and multi-step capacity control 

Copper 

• 
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• The Control Area Ventilation Systems include all the components in each of 

the air conditioning equipment trains consisting of air filters, cooling 

coils, heating coils, charcoal filter trains, related fans and refrigera­

tion condensing systems. An emergency supply fan is provided to supply 

control room ventilation in the event a tornado causes loss of the normal 

equipment. System performance data are shown in Table 9.4.1-1. 

9.4. 1.3 Design Evaluation 

The Control Area Ventilation Systems provide adequate capacity to assure 

that design environmental conditions are maintained in the respective con­

trol areas under operating and shutdown conditions. One hundred percent 

active equipment redundancy is provided in the control room to assure 

• reliable operation with one active component out of service. 

Temperature, humidity, pressure, and radioactivity levels are constantly 
. . 

monitored. The control room system is equipped with auxiliary charcoal 

fi 1 ters for air reci rcul ati on to remove odors. and radioactive iodine vapors 

during post-accident shutdown. Control room equipment is manually switched 

to emergency power and essential service water supply following loss of off­

site power. 

Primary heating for the control area ventilation system is by means of 

steam. Zone reheating is accomplished by means of electricity. 

During normal operation, a fixed proportion of room air and outside air is 

• supplied to the rooms through filters, cooling coils~ and heiating coils. 
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The rooms are maintained at a slight positive pressure with respect to 

other adjoining areas. 

All system''s outside air intakes and P.xhr11ists, including toilet exhaust, close 

automatically upon containment isolation and safety injection initiation and 

the ventilation systems then operate on a 100 percent air recirculation 

basis. Such operation is continued while maintaining temperature require­

ments within the control areas. Manual control switches are located in the 

control room for remotely directing air through the absolute and charcoal 

filters during .the air reci rcul ati on process for odor and iodine vapor 

removal and for gradually opening the outside air intake, also via the 

charcoa 1 filters, once the outside radiation decreases to a leve 1 of 

2 x 10-9 µCiI/cc air. 

If smoke -is detected within the rooms, air can be manually diverted through 

the high-efficiency filter train or expelled via exhaust air openings to 

atmosphere· on a 100 percent capacity once-through basis. 

Adjoining non re lated areas are served by separate venti 1 ati on sys terns 

entirely independent of the Control Area Systems. 

9.4.1 .4 Tests and Inspections 

Tests and inspections will be performed by the manufacturer to demonstrate the 

. capability of components and systems to operate satisfactorily. 
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9.4. 1.4. l Manufacturer Shop Testing 

The respective manufacturers will be required to demonstrate by appropriate 

tests the standards of performance which each of the following componets 

must satisfy: 

1. Charcoal filter efficiency for removal of molecular iodine 131 and 

methyl iodide 131. 

2. Charcoal filter capacity for retention of elemental iodine and 

methyl iodine. 

3. Charcoal filter resistance to air flow . 

4. HEPA filter efficiency and resistance test to meet UL label require­

ments. 

5, Fan performance characteristics tested according to AMCA test 

procedures. 

9.4.1.4.2 System Testing and Inspection 

. . 

Operational tests will be performed in accordance with Section 14.l prior 

to initial startup to demonstrate proper functioning of the systems. Tests 

will include the following: 
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1. System performance so as to meet design conditions. 

2.. Mechanical tests to ascertain presenc_e of mechanical defects or 

deficiencies. 

The operability of the activated charcoal filter can be assured by 

placing representative test samples of charcoal in the filter housing in 

locations which expose the samples to the same air flows as the charcoal 

bed, and by testing these for efficiency on a periodic basis. 

9.4.1.5 Instrumentation and Application 

The following instrumentation is utilized. 

1. Air Flow Alarm. Located in control room. 

2. Filter pressure differential. Located in control room. 

3. Fire Detection Alarm. Located in control room locally. 

4. 11 S11 Signal Response. Closes outside air intake dampers automatically 

with provision for.manual override in the control room. 
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9.4.2 AUXILIARY AREA VENTILATION SYSTEMS 

9.4.2.1 Design Bases 

The Auxiliary Area Ventilation Systems are designed to: 

1. Maintain the space temperature and humidity at the design con­

ditions outlined. 

2. Maintain areas that are not potentially contaminated at a positive 

pressure to minimize inleakage. 

3. Maintain areas that are potentially contaminated under a negative 

pressure to minimize outleakage. 

4. Provide for purging of plant areas to the plant vent. Air ex­

hausted to the plant vent is filtered, monitored and diluted. 

5. Provide ANS Class 3 ventilation and cooling services essential 

to the operation of safeguards equipment, containment pipe pene­

trations, diesel generators, and tuel handling area facilities . 
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6. Perform each intended safety function with loss of one active com­

ponent. 

9.4.2.2 System Description 

The Auxiliary Area Ventilation Systems are shown in Figures 9.4-2 and 9.4-3. 

System equipment data are given in Tables 9.4.2-1, materials and construction 

in Table 9.4.2-2. The following systems are provided: 

1. Supply system serving waste treatment, liquid,· storage, sampling 

and pipe spaces at elevation 40 feet, 58 feet, and 76 feet. 

2. Air conditioned supply for contaminated change room, 'hot laboratory, 

counting room, contaminated laundry, contami~ated instrument and 

control shop at elevation 40 feet, 58 feet, and 76 feet. 

3. Air conditioned supply for machine shops and maintenance offices 

at elevation 94 feet. 

4. Supply and exhaust systems for battery rooms and diesel generator 

rooms at elevation 58 feetand 40 feet respectively. 

5. Supply and exhaust serving safeguards equipment areas elevation 

7 feet 6 inches, 21 feet 4 inches, 40 feet, and 58 feet. 
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6. Supply and exhaust for boiler room and bulk gas storage. 

7. Supply and exhaust system for fuel handling area at elevation 94 

feet. 

8. Supply and exhaust for diesel generator compartments. 

9. Exhaust system serving waste treatment, liquid storage, sampling, 

pipe spaces, contaminated change room, hot laboratory, counting 

room, contaminated laundry, contaminated instrument and control 

shop at elevations 40 feet, 58 feet, and 76 feet . 

10. Exhaust for contaminated machine shop and maintenance office at 

elevation 94 feet. 

11. Exhaust for clean machine shop and maintenance office at elevation 

94 feet. 

12. Unit coolers for safeguards equipment compartments at elevation 

7 feet, 6 inches. 

13. Charcoal air filtration units for safeguards equipment areas at 

elevation 7 feet, 6 inches . 
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14. Charcoal filter exhaust for counting room, and sampling hood in 

hot laboratory, both at elevation 58 feet. 

Auxiliary Area Main Ventilation Supply Systems Items 1 and 5 

Items 1 and 5 include two main supply air systems which during normal plant 

operation handle the bulk of the makeup air to the auxiliary area. Each 

supply system supplies air on a once-through design basis utilizing a 100 

percent capacity fan at the rate of approximately five building air changes 

per hour. Each supply system is equipped with an air filter and steam 

heating coil, thermostatically controlled. Air flow is manually adjusted 

to satisfy the design requirements. 

Air Conditioned Supply, Items 2 and 3 

Items 2 and 3 ~ystems supply conditioned air to some areas on a once-through 

basis utilizing 100 percent capacity equipment in each area. The systems 

are sized to provide design temperature and humidity conditions. Air is 

filtered, cooled and heated. 

' Supply and Exhaust Systems, Item 4 

These systems serve the battery and diesel generator rooms on a once-through 

basis. -Supplies are equipped with filters and heating coils. The supplies 

to the diesel generator rooms operate independently of the diesel generator 

room ventilatiori systems which are utilized only during Diesel Generator 
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Ventilation Systems which are utilized only during diesel generator 

operation. (See Item 8) 

Auxiliary Area Miscellaneous Ventilation Systems, Items 6, 10, 11, 14 

Miscellaneous ventilatiop systems supply and exhaust air to and from 

functionally isolated or dissimilar areas for the removal of heat, and/or 

airborne contamination. Figure 9.4-3 depicts the air flow and filter 

arrangement of the main system described and also typifies the miscellaneous 

systems which have similar components. 

Fuel Handling Area Supply and Exhaust, Item 7 

The Fuel Building Ventilation Systems (Figure 9.4-2) consist of a central 

supply arid exhaust air system. The supply system includes two 50 percent 

filter, heating coil and fan component trains. The exhaust system includes 

two 50 percent prefilters, absolute filter, and charcoal filter trains. 

Three 50 percent capacity fans are utilized. The supply and exhaust fans 

can be manually switched from four building air changes per hour to eight 

per hour. The supply system makes use of one or two 50 percent fan-coil 

trains. Likewise one or two exhaust fans are placed on stream to match 

the supply. 

Supply air is introduced into the building from ducts located at approxi­

mately the 112-foot level. All air is exhausted at the perimeter of the 

• fuel pit via slot-type exhaust openings ducted to the exhaust system. 
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The exhaust air is directed through the prefilters and absolute filters 

and to the plant vent. Provision is also made for diverting the air 

through the charcoal filters during refueling operations. 

Diesel Generator Ventilation, Item 8 

The Diesel Generator Ventilation Systems perform a heat removal function 

during engine operation and consist of: 

1. A 100 percent capacity supply fan, filter, and modulating dampers 

operating in response to a room thermostat and associated ductwork. 

2. One· 100 percent capacity exhaust fan, modulating discharge damper 

and ductwork. 

Compartment heating is accomplished by means of the air supply units, 

Item 4, as conditions warrant. 

Main Ventilation Exhaust Systems, Items 5 and 9 

Items 5 and 9 include the main exhaust air systems. These systems operate 

simultaneously serving different areas within the auxiliary building. Each 
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• 
exhaust system makes the use of two 100 percent capacity exhaust fans; 

one is maintained on standby status. Each exhaust system is equipped with 

a prefilter and absolute filter. Exhaust air flow rate is controlled 

manually. The building is maintained at a negative pressure. Air is 

exhausted from each of the respective areas of the building with a duct 

system sized in such a manner as to cause the flow of building air from 

the zone of least potential contamination to the zones of increasing paten-.· 

tial contamination. 

Engineered Safeguards Fan-Coil Air Cooling Units, Item 12 

• Fan-coil air cooling units perform a heat removal for safeguards pump 

motors located in the safeguards compartments. Each unit consists of 

a fan-coil and ducting which supplies cooling air to the motors. Heat 

is transferred to essential service water. Power is supplied from the 

engineered safeguards buses. 

The fan-coil units remove heat generated by the following motors: 

1. Residual heat removal pump motors 

2. Containment spray pump motors 

• 
9.4-15 



3. Safety injection pump motors 

4. High head safety injection pump motors 

5. Auxiliary feedwater pump motors and steam driven pump 

6. Essential raw water pump motors 

7. Essenti a 1 service water pump motors 

During normal and shutdown operation and ventilation of the rooms and 

spaces housing containment penetrations and compartments housing the 

safeguards equipment pumps is supplied and exhausted by the main ventila­

tion systems, Item 5. 

Charcoal Air Filtration Units for Safeguards Compartments, Item 13 

The charcoal air filtration units serve as airborne contamination removal 

and control function during operation of safeguards pumps and associated 

equipment within the safeguards pipe tunnels and compartments. Each 

filtration unit consists of a HEPA and charcoal filter train within a 

self-contained fan and housing. 
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9.4.2.3 Uesign Evaluation 

The auxiliary building ventilation provides design temperatures and environ­

mental conditions in the various areas of the building during normal operat­

ing and shutdown. Safety Class requirements are presented in Table 3.2-1. · 

Redundancy is included in the fuel handling area ventilation to assure 

operation of such systems with one active component out of service. Acti­

vated charcoal filters are in all cases completely isolated from the normal 

exhaust air stream to protect the adsorbers from exposure to moisture, 

hydracarbons, and other poisons and consequent loss of holding capacity 

for iodine and methyl iodine . 

Under normal operating conditions, the balance between supply and exhaust 

in potentially contaminated areas is controlled manually to maintain a 

negative pressuri in the area corresponding to a c~pture velocity of not 

less than 80 fpm with respect to the atmosphere and/or adjoini~g areas. 

All vents from potentially contaminated areas are directed through abso­

lute filters and to the plant vent which is continuously monitored for 

particulate and gas radioactivity. Supply air is filtered. All systems 
I 

~re located for convenient access; control and monitoring. 

Fuel Pit Ventilation 

Uuring the spent fuel handling operation, a fuel pit enclosure is utilized 
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to capture the normal airborne emissions from the surface of the water. 

Air is uniformly drawn through the top of the enclosure and passed verti­

cally dpwnward against the ~urface of t.he water and thence to the fuel 

pit perimeter exh.aust outlets.. Air is exhausted. at the rate of not less 
• • ' : I ' • ' ' ', 

than eight building air changes per hour. Provision is made to maintain 
. . . ' ~ ' 

the pit enclosure at a negative pressure of approximately .50 inch water 

column (w.c.). At. this time a draft of not less than 80fpm i? established 

at the fuel pit enclosure to containment interface opening in the direction 

of the. fuel pit; the containment is also at a negative pressure of approxi-. 

mately .50 i.nch w.c .. The fuel building pressure is maintained at a negative 

pressure with respe~t to the outside atmosphere as previously indicated. 

for potentially contaminated areas. 

During_ e_mergency ope_ration, following accidental release from a. fuel­

assembly being handled, the building supply system shutdown- and all 

b~ilding openings are closed to establish a fuel building negative pressure 

of approximately ~25 i_nch, w'.c. The pit enclosure and containment negative 

pressure of approxima,tely ,50 inch .w.c. is maintained. The containment 

purge system is_olation valves are closed and the purge fans are shutdown 

until normal conditi ans are res to red. 
'' 

The cask loading areas is ventilated by means of the same system which 

ventilates the fuel pit. This system exhausts air via HEPA _and charcoal 

filters and to the plant vent. When not used for refueling, it exhausts 

to th_e pl ant vent after passing through ·the HEPA filter train. 
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Engineered Safeguards·Compartment·Ventilation 

During normal plant operations when safety equipment·is not·in operation 

the safeguards compartments are ventilated·by·the·systems listed under 

Items (4) and (5). In an accident condition, the item·(5)system is 

shutdown; while the item (4) system:remains in operation~ The·systems 

listed·under·items (12) and (13) are·.activated by the·safety injection 

11 S11 signal. 

9.4.2.4 Tests and Inspection 

Tests and·inspections will be-performed by·the·manufacturer where required 

by the Applicant to demonstrate that-a·components meet·specific require­

ments. 

Manufacturer Shop:Testing 

Appropriate tests will demonstrate·the·following: 

l. Carbon filter capabilities for removal of molecular iodine-131 

and methyl iodide-131. 

2. Carbon filter iodine· co 1l ecti orr capabi 1 ity . 

3. Carbon·filter cell leaktightness:integrity. 
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4. Carbon filter flow resistance. 

5. HEPA filter efficiency and·resistance test·to meet UL label·require­

ments. · 

6. Fan performance characteristics·tested·according·to AMCA test pro­

cedures. 

System Testing and Inspection 

Operational testing will be performed·in accordance with Section 14.l 

prior to initial startup to demonstrate proper functioning of the system. 

Testing will include the following: 

1. Leaktightness tests of components·and·systems 

2. System functional test 

For the purpose of periodically testing the re ten ti ve capability of the 

carbon filter, representative test carbon samp1es will be placed in the 

filter housing in locations which allow the samples to be subjected to 

the same air flows as the carbon bed. The s amp 1 es wi 11 be peri odi ca lly 

removed and tested. 
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9.4.2.5 Instrumentation ahd Application 

The following instrumentation is utlizied: 

1. Air Flow Alarm - Located in control room. 

2. Exhaust Fan Pressure Differential - Located in control room. 

3, Fire Detector Alarm - Located:in control room and locally, 

detectors in duct systems with provisions for automactic shutdown 

of air supply systems . 

4, High-Low Temperature Alarm - Located in control room. 
• 

5. Filter Pressure Differential - Indicated locally . 
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TABLE 9.4.2-1 

AUXILIARY AREA VENTILATION.SYSTEMS 

(Capacity Desi an Coriditiori~ · : 
I (each) Building· outside 

System Units scfm Filtering Summer w,nter · Summer Winter Other Conditions 

Controlled Access 1 I 116,?ool P* - zo°F - o°F Five air changes per 
~Jaste Treatment, hour I 
Processing, Recycle 1 

J 
tl 

and Holdup tanks, i Liquid Storage, 
Sampling and Piping ! I 

Space Supply; I I l 

f ~ Elevations 40,58 & 76 I 

I 
Chilled water is froml Contaminated Change 1 8,500/ p 75vF 75uF 95uF 10-F 

Room, Hot lab l 50% 50% . 78 wetl ! service building · i 
Counting Room, Con- I RH* RH* bulb I I Chiller 
taminated Laundry & 

\ 
max. max. I 

Contaminated I&C Shop I 

I l Supply; Elevations 
58 & 76 I 
Clean & Contaminated 1 8,6001 p 75uF 75°F 95uF QUF 
Machine Shops & Main- 50% 50% 78 wet 
tenance Offices Suppl) RH* RH* bulb 
Elevation 94 Max. Max. t 

llOOF 70°F 95°F i, aoF ·-
Battery & Sw.Gr. Rm 4 4,100 p 
Supply; Elevation 58 I I I 

· Battery & Sw.Gr. Rm 4 4,100 - . -- --- -- r-- I Exhaust; Elevation 58 1 

r 
l I Five air changes per I Safeguards Equipment 1 I 68,600 p - 7o°F 0°F 

Areas Supply; Eleva-

I 
. hour. -

4~ons r6
11 

21 1 4
11 

I I & 5 ' ' l j 1 . I. -- ---·-----

*Symbols are identified at end of table 
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TABLE 9.4.2-1 

AUXILIARY AREA VENTILATION SYSTEMS 

I 

' > 

Item'. 

5.21 

I 
i 

6.1\ 
1 
I 
I 

' 6.21 
l 
l 
.! 

! . i . 7. l ! 
j 7 .2j 

1· 8. 11 

i 8.2! 
i l 
1 

l 

t 

. System !uni ts 
I 

l Safeguards Equipment l 
Areas Exhaust; Eleva-

I 
tions 71 61

\ 21 1 411
'. 

40 & 58 

! Boiler Room Supply l 
Elevation 58 ! 

I 
Bulk Gas Storage Ex- l l 
haust; Elevation 58 

Fuel Area Supply 

Fuel Area Exhaust 

Diesel Room SUpply .. Elevation 40 

Diesel Room Exhaust 
Elevation 40 

i 
I 
I 

l 
i l i 
1 
l 
I l I 
) 

4 I 
i 
l 4 
l 
I. 
! 
i 

Capacity 
(each) 
scfm 

68,6001 

I 

I 
j 

21,000 

7,0001 

. l 
! I 94,000, 

i ' 
! l , 94,0001 ( 

I l 

' 32,000J I 1 

! 

32 ,ooo! 
I 

; 1 ( i' 
i 9 · Item l Exhaust & Con- j l \ 128,700/ 

taminated Change Room,j , l 
Machine Shop, Hot Lab ! · / 
Counting Room, Contami i.' 

inated Laundry & Con- i · 
, I taminated I & C Shop j ! 

; 40, 58 & 76 I 

Filtering 

P,A 

-

-

p 

P,A,C* 

p 

P ,A . 

Design Conditions 
Buil di nq J Outside 

Summer! Winte~ SummeriWinter 

I ! : 
- - I -i 

I 

I ' I l i 

i I i 
I i I 

l \ / 

! ; 

i ' ' 

115°~ 50°F i I ' -I I 
I ' ' l I 

i 
j 

Same/as out}ide l -I 
\ 

I ·, 
I 

~ I 

11 o0
~ 10°F t 

i I 

I i - -; ! i 

i 
11 o0

~ 50°F 

; 
; -
! 

1 
i 

95°F ~ 
i 
! 
! -
! 

: 
95°F \ 

I 

! 

: -
l 
l 
i . l -
j 
I 

I 
I 
I 

' i 
i 
l -

I 
' i 
! 
! 

l 0°F I 

I I 
I 
! : 

j 
l -I I 

I 
I 

' j 
i o°F l 
I 
I -

I 
o°F I 

! 

• 
Other Conditions 

Redundancy-one fan 

I running, one 100% 
standby. I 

I 
l 

pe1 Twenty air changes 
hour 

Six air changes per 
hour 

Supply based on rate . of heat reJect,on 

Redundancy - one fan 
running, one 100% 
standby 

I 

j 
j 
! 
l 
j 

! 
I 
i 
I 

l 
f 
l 
I 

I 

JJ_ Exhaust; Elevations I / l 

l .. ·---·-.o-v·-·'" ••-·-·.·· ......... , ... , .• ,,, ., . .,, ... ,.,.+, ...... " ·•·•-••-"--.. --J-......... ,,., .. -.. """''"•••,.,,,,,.., .... _,_~ .................. ,. . .,.,. ·.-.-. • .... ., ...... , ... • . .,. .. ... ,. " ..... , . .. • .............. . 
*Charcoal filters are full flow capacity filters. 



Item System 

10 1ransfer Fan, From 
Iii tlean Machine·Shop, 

Maintenance office to 

TABLE 9.4.2-1 

AUXILIARY AREA VENTILATION SYSTEMS 

:capacity Desiqn Conditions 
! (each) Building I Outside 

Un its sGfm Filtering Summer Winter Summer Winter Othe.r Conditi ans 

1 3,900 

Mechanital Equipment ! I 
L _R_o_o_m_·, _E_l_e_v_a t_i_o_n_94--+---+-----+-----+---+---1----+-----t-----------t 
I 11 Mechanical Equipment 1 4,100 
J · Room & Day Tank Ex-· I 
/ hau st, Elevation _9_4_-+---+--------i------+----+-----=-.... 1 _______________ .l 
I 12. li. A. Safeguards Pipe · 1 15,000 - 120°F 120°F) - -

1 
Actuated o"n. 11 S11 sig~9~ 

I ' Tunne 1 & Compartment * * i or pump opera ti on. 'I 
! No.· 1 ! 
I 
i 
112. 1 
' I 
I 

i 12. 2 
' 

I 
l 

1,2.2 
i 
I 
i 
I 
I 

• 

B. Safeguards Pump & 
Auxiliary Equipment 
Comp. No. 1 

A. Safeguards Pipe 
Tunnel & Compartment 
No. 2 
B. Safeguard~ Pump 
and Auxiliary Equip­
ment Comp. No. 2 

1 

1 

16,200 

15,000 

l 6~200 

*Room temperature; supply to motors at lOOOF 

l 20°F l 20°F -
* * I 

* * 

• 

Actuated on 11 S11 signal 
or.pump operation. ·· 

Actuated on 11 5 11 signal 
or pump operation. 

Actuated on 11 5 11 signal 
or pump opera ti on. · 

• 
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TABLE 9.4.2-1 

AUXILIARY AREA VENTILATION SYSTEMS 

'· Capacity Design Conditions 
' (each) Building Outside 

Item: System Units scfm Filtering Summer Winter summer;Winter Other Conditions 
( 

i l i 
12. 3; A. Safeguards Pipe l 8,400 - I l20°F l20°F - l - Actuated on 11511 sig~a' ; 

Tunnel & Comp. No. 3 

l I * * \ or pump operation. 
·, I j 
! ! i 

i ! 

! 
i 

120°F l 20°F . 
r 

112.31 B. Safeguards Pump l 16,200 - l - ' - Actuated on 11511 s i gna. 
and Auxiliary Equip-

l I * * 
1 

1 or pump operation. 
ment Comp. No. 3 ' t I 1 l i j i I ( 

I 12. 41 A. Safeguards Pipe 1 I 
I l 120°F 120°F l 

l 8,400 I - - l -
' Tunnel & Comp. No. 4 I * I * I or pump operation. I ' ; 

I i l ' I ~ ! 

Actuated .o~ "S" signal 

!---i-----------------+-----+-------+---+---+------',----+----------! I i l 200F! , 12. 4i 
I ; 
! ( 

I 13 

14 

B. Safeguards Pump 
and Auxiliary Equip-
ment Comp. No. 4 

Charcoal Air Filtration 
Units for Safeguard / 
Compartments 

Sampling Room & Hot 
Lab Exhaust, Eleva­
tion 58 

l fl0,800 
I * t 

i l l 

4 1;500 P .A.C. J 
I 

! 
! 
j 

l 20°F, ;i 

* i ! r ! ! 
1 i 

- ! 

-

-

Actuated _on 11 511 sig~ai 
or pump operation. 

Actuated on !!S 11 si gna 
or pump operation. 

( ~ 
l I 1 600 P A C , - l - Discharges through ! '·' · · · l j I tern 9 

i , I l , l l ; } J ; 

;i· : i i I i ii 
, ~ i t I 
' : , I I I 

l 
1 ; i j I I j 

----- --------·-··----------- ____ l __ J_ ___ j_ __ I ___ l_l_J_ 
*Room temperature; supply to motors at lOOOF 
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TABLE 9.4.2-1 (NOTES) 

AUXILIARY AREA VENTILATION SYSTEMS 

Prefilter or filter; efficiency 50% NBS dust spot te$t 
, . " . ·, ~ : . ,: ·.' ' . . . 

Absolute or high effitiency particul~te air filter; 

efficiency 99:97% on a .3 micron DOP Aerosol. 

Activated charcoal filter; type BC 727, bed thic~neis 211
, 

efficiency 95% and 99% for methyl iodine and iodin~, 80% 

RH 45. FPM 

Relative humidity 

9.4~_26, 
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TABLE 9.4.2-2 

AUXILIARY BUILDING VENTILATION SYSTEMS 

Material of Construction 

Air Intake Louvers 

Air Plenums 

Ductwork 

Duct Insulation (Air Conditioning 
Supply). 

Dampers · 

Air Intake Filter Mechanism 

Filter Frames 

Heating Coils 

Fans 

Fan Inlet Dampers 

Absolute Filters-Efficiency 
99.97% on .3 micron DOP particles 

Prefilters 
Efficiency 50% on the NBS** 
Dust Spot Test 

9.4-27 

Aluminum 

Galvanized sheetmetal or painted 
· steel 

Galvanized sheetmetal or painted 
steel 

Fi b~rgl ass 

Galvanized steel, Neoprene edges 

Epoxy on steel 

Epoxy on steel 

Copper tubes, aluminum fins 

Steel Construction 

Steel Construction 

Water proof glass medium; 
Separattirs, none 
Frame, FR* particle board; 
flanges, none; sealant, FR 
foam. 

Dual media;with throw away 
glass face mat, followed by 
pleated section of glass 
medium with aluminum separa­
tors, FR particle board frame 
and FR sealant 



TABLE 9.4.2-2 (CONT) 

Air supply Filter 
Efficiency 50% NBS 

Barnebey-Cheney Type 727 or 
equal charcoal filter, 2~ bed 
thickness, efficiency not less 
than 95- and 99 percent for methyl 
iodine and iodine respectively@ 
80 percent relative humidity and 
45 FPM ~uperficial air velocity 
and maximum filterloading of 10 

-mg I/gc. 

Air Diffusers 

Registers 

* _Fire retardant 

** National Bureau of Standards 

9.4-28· 

Automatic glass air mat 
followed by pleated filter 
cells, glass medium. Metal 
parts epoxy' coated 

Housing-~tructural steel or cor­
crete, painted and galv. sheet 
steel adsorber, stainless steel 
perforated metal; charcoal 
impregnated with KI and iodine; 
source of charcoal, coconut 
shell; method of activating, 
high temperature steam; 
particle size distribution 
per MIL-C-17605B (ships) 
para. 4.6.3. 

Aluminum, lacquer finish 

Aluminum, lacquer finish 

• 

• 

• 



• 9.4.3 ADMINISTRATION AND SERVICE BUILDING VENTILATION 

9.4.3.1 Design Bases 

The Administration and Service Area Ventilation is designed to maintain 

comfortable working, recreation, and sleeping conditions during normal 

plant operation, and in the emergency relocation area following a loss 

of coolant accident (LOCA). 

The ventilation systems are designed to: 

1. Maintain the space temperature in each area within 72 to 75°F on 

a year-round basis; humidity a maximum of 50 percent relative to 

• saturation. 

• 

2. Provide adequate ventilation air for personnel occupancy. 

3. Provide slight positive pressure with respect to adjoining areas 

and the atmosphere. 

4. Maintain design temperature conditions in the emergency relocation 

area following LOCA. 

9.4.3.2 System Description 

System performance data are given in Table 9.4.3-1, and materials of 

construction in Table 9.4.3-2. The system flow diagrams are shown in 
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Figure 9.4-4 and include the follo~tng: 

1. Relocation area, elevation 40 feet 

2. Living quarters, elevation 76 feet 

3. Living quarters, elevation 58 fe~t 

4. Relocation area refrigeration condensing machines 

5. Living quarters ventilation system water chillers. 

Relocation area ventilation equipment, including refrigeration machines, 

are located within the relocation area. Other ventilation equipment and 

water chillers are located in ventilation machinery rooms outside the 

living quarters. 

Air is distributed to the various areas at a constant rate with two 50 

percent capacity systems in proportion to the heat gains from body heat, 

lights, and building transmission sources. Each supply system is sub­

divided into several zones with individual temperature controls in each. 

The ventilation systems are equipped with standard filters, cooling coils 

and heating coils except the relocation area systems which are equipped with 

charcoal filter trains each consisting of prefilter, absolute filter, and 
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charcoal filter for removing odors, and iodine vapors, plus particulates 

during occupancy following LOCA. The relocation area systems are main­

tained on the engineered safeguards buses and use service water supply. 

All systems have an emergency sequence feature following a LOCA in which 

all air intakes and exhaust openings are automatically closed; the 

emergency relocation systems remain in operation on 100 percent air 

recirculation while remaining systems are shut down. 

Primary heating is by means of steam. Zone reheating is accomplished by 

means of electricity. 

9.4.3.3 Design Evaluation 

The emergency relocation area system is ANS Safety Class 3, as noted in 

Table 3.2-1. Other administration and service building systems are not 

cl ass i fi ed as Nuclear Safety Sys tern. 

During normal operation, a fixed proportion of outside air is supplied 

to the rooms through filters, cooling coils, and heating coils. The rooms 

are maintained at a slight positive pressure with respect to other areas 

and the outside atmosphere. 

In the event of an emergency, all outside building openings are closed 

automatically in response to the 11 S11 signal. A manual control switch is 
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provided locally for diverting·the·air·through the absolute and charcoal 

filters of the emergency relocation area systems·while the systems remain 

in operation on a 100 percent·air-recirculation mode; all other systems 

are shut down. Relocation area·outside:air:intakes are·gradually re­

opened by means of another local switch once·atmospheric radioactivity 

has decreased to an acceptable level. Outside air can be introduced via 

the activated charcoal filter as in the case of the control room, sub­

section 9.4. l. 

9.4.3.4 Tests and Inspections 

Tests and inspections will be performed·by the manufacturer where required 

by the Applicant to demonstrate that components meet specific requirements. 

9.4.3.4. l Manufacturer 1 s Shop·Testing 

Appropriate tests will demonstrate·the standards of performance which 

each component must satisfy. 

9.4.3.4.2 System Testing and Inspection 

Operational tests will be performed in·accordance with Section 14.l prior 

to initial startup to demonstrate proper functioning of the systems. Tests 

will include: 
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1. System perfo.rmance to meet design conditions. 
'· 

2. Mechanical tests to ascertain presence of mechanical defects or 

defi ci enc,i es. 

/ 
( 

9. 4. 3. 5 Instrumentation and Appl i cati ori_j/ 

The following instrumentation is utilized: 

1. . Relocation Area Room Temperature Indicator. Located in control 

room. 
-/ 

2. Fire. Detector A 1 arm. A 1 arms in Contra 1 room and l oca 11 y, detectors 

in duct systems with provisions for automatic shutdown of air supply 

systems. 

3. 11 S11 Signal Fan Shutdown. Automatic with _manual override in control 

room. 

4. Filter Pressure Differential. Located in control room and locally 

for relocation area. all others locally . 
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5. Flow Alarm. Located in control room. 

6. Temperature and Pressure Indicators. Local indication on chilled 

water systems. 

9.4-34 

• 

• 

• 



\.0 . 
~ 
I 
w 
CJl 

• 

Number 

Flow, each, scfm 

Filtering 
Design Conditions: 

Inside, Summer, & 
Winter, °F 

Outside, Summer °F 
Wet Bulb, II OF 

Outside, Winter °F 

Redundancy:* 
Running 

Other Conditions 

*No standby units. 

• 
TABLE 9.4.3-1 

ADMINISTRATION AND SERVICE AREA VENTILATION SYSTEMS 
DESIGN CONDITIONS AND PERFORMANCE DATA 

Supply Air Supply Air 
Elevation Elevation 
76-ltem l 58-Item 2 

l l 

27,000 16,000 

p p 

75, maxi- 75, maxi-
mum; 50% mum; 50% 
relative relative 
humidity humidity 

95 95 
78 78 
0 0 

l l 

Outside Outside 
Air 25% Air 20% 

Return Air 
... Fan 

Elevation 
76-Item 3 

l 

24,000 

l 

SUBSYSTEM 
Return'',., 
Air Fan\ 

Elevation 58 
Item 4 

l 

·12 ,800 

'-, \ 
\'· \ 

Relocation 
Area Supply 
Elevation 
40-Item 5 

2 

5,300 

P,A,C, 

75 maxim·um 
50% relative 
humidity 

95 
78 
0 

2 

Outside 
Air 20% 

Water 
Chi 11 er 
Item 6 

2 

2 

Water is 
supplied 
to Items 
1&2 above 
& Items 2&3 

• 
,:·-:. 

Relocation 
Area Con­
densing Unit 

Item 7 

2 

2 

45°F Re­
frigerator 
suction 

of Sect. 9.4.2 

LEGEND: -- . J , 

P Prefilter.or filter; efficiency 50% NBS, dust spot test except filters in normal air stream have filter 
efficiency of 65-80% according to Air Filter Institute Code (AFIC) weight method. 

A Absolute filter; efficiency 99.97% on .3 micron DOP aerosol. .. 
C Charcoal filter; Type BC 727, efficiency 95% and 99% for methyl iodine and iodine, 70% RH, 45 FPM. 



TABLE 9.4.3-2 
ADMINISTRATION AND SERVICE BUILDING 

Materials of Construction: 

Air Intake Louvers 

Ductwork 

Dampers 

Prefilters in Charcoal Filter 
Train 

Absolute Fi lte rs 
Efficiency 99.97% on 0.3 
micron DOP particles 

Filters in Normal Air St ream, 
Efficiency 65-80% Filter 

. Institute Code, Weight Method 

. Filter Frames Fan-Coil 
Assemblies Cooling Coats 

Heating Coils 

Fans 

Air Diffusers 

Registers 

Reheat Coils 

Dual .Insulation (Air Conditioned 
Supply) 

Aluminum 

Galvanized Sheetmetal 

Galvanized Steel Neoprene edges 

50% NBS. Dual media with th row away 
face mat followed by pleated section 
of glass medium, aluminum separators 
and fire retardant sealant 

Waterproof glass medium; separators 
none; frame, FR* particle board; 
flanges, none; sealant, FR foam. 
Dual media; with throw away glass 
face mat, followed by pleated section 
of glass medium with aliminum separa­
tors, FR particle board frame and 
FR sealant 

Glass mat, replaceable 

Epoxy on steel construction, f1ber­
glass insulation, copper tubing, 
aluminum fine bonded to tubing. 

Copper tubing aluminum fine 

Steel ccinstruction throughout paint 
finish 

Aluminum, lacquer finish 

Alumtnum, lacquer finish 

Electric alloy sheath and fins, step 
control 

Fiberglass 
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TABLE 9.4.3-2 (cont'd) 

Water Chillers 

Condensers 

Evaporators 

Refrigerant Compressors 

Refrigerant Piping and 
Speci a 1 i ti es 

Chilled Water Piping 

Chilled Water Pumps 

Condensing Uni ts 

*Fi re retardant 
**National Bureau of Standards 

Steel envelope - integral fin copper 
tubes 

Seamless copper tubes roller expanded 
into tube sheets, steel shell insul­
ated with urethane foam and covered 
with s tee 1 jacket 

Direct dual flexible coupling, constant 
speed unloaded starting, and multi-step 
capacity control 

Copper 

Copper 

Bronze Fitted 

Materials similar to water chilled 
materi a 1 s 
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9.4.4 TURBINE BUILDING VENTILATION SYSTEMS 

The turbine building is served by two major ventilation systems each serving 

the following respective areas: 

1~ Turbine hall defined by floor levels at elevation 40, 64 and 94 1
• 

2. Transformer room and switchgear room at elevation 40 and 71 1 

respectively. 

9.4.4.1 Design Bases 

The turbine building ventilation systems are designed to provide the 

necessary ventilation and maintain the temperature within acceptable 

limits for personnel access. The systems also slightly pressurize the 

areas with respect to adjoining areas. 

The systems are designed to: 

1. Maintain a summer operating temperature not in excess of ll5°F at 

the roof level of the turbine hall where the air leaves via roof 

ventilators and ll0°F at the ceiling level in the transformer and 

switchgear rooms. 

2. Maintain a winter operating temperature of approximately 70°F. 

3. Provide a winter shutdown temperature of not less than 50°F. 
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• 4. Provide a change of air to satisfy normal ventilation requirements 

at all times. 

5. Maintain a slight building positive pressure during normal operation. 

6. Provide heat and smoke venting for the turbine hall. 

9.4.4.2 System · Description 

The turbine building ventilation is shown in Figure 9.4- 5 Performance 

data are given in Table 9.4.4-1; materials of construction in Table 9.4.4-2. 

• The facility consists of three roof truss-mounted projection unit heaters, 

nine outside wall-mounted horizontal-type unit heaters installed on the 40-

foot level, and ten vane-axial air supply fans. The fans draw the outside 

air through ducting from intakes above the 94-foot level and discharge it 

into the turbine hall at the 54-foot level. Fans are housed in plenums 

equipped with outside and return air modulating dampers. Air is supplied 

• 

to the transformer and switchgear rooms with duct uni ts at the two levels 

involved. Motorized roof ventilators are located in the turbine hall roof 

to remove spent air. Likewise air is mechanically exhausted from the trans­

former .and switchgear rooms . 
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9.4.4.3 Design Evaluation 

The Turbine Building Ven ti l ati on Sys terns provide the design temperatures 

indicated, The,.systems are reliable si·nce a single component failure has 

a small effect on the overall performance in view of the number of fans 

and heaters utilized. 

The building air circulation is directed into regions of high heat removal 

by selectively placed floor gratings and roof ventilators. A space thermo­

stat modulates the outside and. return air dampers to control the mixing 

proportion of outside and return air. Since adequate heat is transferred 

to the air by the equipment installed in the building, the inside and 

outside ai.r mixture maintains the supply air temperature s uffi ci ently high 

to prevent objectionable drafts during cold weather. 

During sh4:tdown peri ads, three roof truss-mounted, projection unit heaters 

blow heate.d a.ir down to the 94-foot level, blanketing the cold outside walls 

as the air rises to. return to the heaters. As a result, the temperature 

gradient between the floor and· roof is minimized, and heat is routed to the 

exposed outside walls. and roof. .In addition to the roof-mounted heaters, 

nine. 01Jtsid.e wa·ll-mounted horizontal-type unit heaters are installed on the 

40-foot level. 

Since the outside air intakes and exhaust ventilators are interlocked with 

the operation of the supply fans, they are automatically closed during 
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• 
shutdown periods. To_ .. provide.natural ventilation, a remote-manual 

.override allows proportional opening of the roof ventilator dampers 

and outside air intake dampers. 

The exhaust fans can b~ operated on a once through ~ir basis if desired 

for the purpose of purging the building area. 

9.4.4.4 Tests and Inspections 

Tests and inspections will be performed by the manufacturer-where 

required by the applicant to demonstrate that components meet specified 

• requirements. 

•••• 

9.4.4.4.l Manufacturers Shop Testing 

Appropriate tests will demonstrate the standards of performance, 

which each component must satisfy. 

9.4.4.4.2 System Testing and Inspection 

Operational tests will be performed in accordance with Section 14.l 

prior to initial startup to demonstrate proper functioning of the systems. 

Tests will include: 

1. System performance as to meet design conditions. 
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2. Mechani ca 1 test ascer_tai 11 presence of any mech1mi.ca 1 q!::!fects ,or .. , . '' ' ... •,.. . 

defi ci enci es. 

9.4.4.5. Instrumentation and fpplic~tion 

The following instrumentation is utilizied: 

l. Room Temperature Indicator. Located in control room. 

2. Rao~ Pressure Indicator. Located in control room. 

3, Fire Detector Alarm. Located in control room and locally .. De-. 

tectors are in duct systems with provisions for automatic shutdown 

of air supply systems. 

4. 11 S11 Signal Fan Shutdown. /l.utomatic with manual override in the 

control room. 
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Number 

Fan capacity, scfm each 

Filtering 

Design Conditions: 

Building, Summer, °F 
Building, Winter, ·°F 

Outside, Summer, °F 
Outside, Winter, °F 

Redundancy: 

Running 
Standby 

Other Conditions 

• 
TABLE 9.4.4-1 

TURBINE AREA VENTILATION SYSTEM PERFORMANCE DATA 

AIR SUPPLY 

10 

100,000 

Filter 

115 
70 

95 
0 

10 

Winter minimum 
out~i de air, 10% 

Summer minimum 
outside air, 100% 

SUBSYSTEMS· 

PROJECTION 
UNIT 

HEATERS 

3 

25,000 

50 

0 

'3 

Run .during 
shutdown 

HORIZONTAL 
UNIT 

HEATERS 

9 

4,300 · 

50 

0 

9 

Run during 
shutdown 

AUXILIARY -
ROOM 

· EXHAUST 

l 

7,50d 

l 

. I 

• 

\ 



TABLE 9.4.4-2 

TURBINE BUILDING VENTILATION 

Materials of Construction: 

Air Intake Louvers 

Air Plenums 

Ductwork 

Dampers 

Fi 1 ter Frames 

Heating Coils 

Centrifugal Fans 

Fan Inlet Dampers 

Fi 1 ters 

Registers 

Propeller Fans 

Roof Ventilators 
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Aluminum 

Epoxy on s tee 1 

Galvanized sheetmetal 

Galvanized steel, neoprene edges 

Epoxy on steel 

Copper tubes, aluminum fins 

Steel construction 

Steel construction 

Fiberglass 

Aluminum, lacquer finish 

Aluminum 

Aluminum 
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9.4.5 CONTAINMENT VENTILATION 

The Containment Ventilation includes the nonnal containment preaccess fil­

tration and purge system described in tenns of air clean-up under Section 

6.2~3. This system provides make-up air for containment, thus influencing 

the containment temperature and pressure and is therefore also described 

under this section. 

9.4,. 5.1 Design Bases 
'" 

The Containment Ventilation systems are designed to maintain the tempera­

ture,s in the various regions of the containment within acceptab 1 e 1 imi ts 

during operation OT~the equipment and for personnel during inspect~ 
·, \ 

ion., .maiQtenance, and~esting. The systems can also purge the containment 

with outside air via the plant vent. The systems are not engineered safety 

systems and therefore are not required to operate under accident conditions. 

The containment ventilation systems are designed to: 

1. Purge the containment atmosphere to the plant vent at the rate of 

1.5 changes in the containment air volume in one hour • 
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Air supplied as make-up air is introduced into the containment :at 

a temperature no lower than 60°F. Air exhausted to the plant vent 

is filtered~ monitored, and diluted per Sectidn 6~2.3. 

2. · Reduce the concentration of airborne fission products which may be 

introduced into the containment atmosphere·vi.a leakage from the 

Reactor Coolant System, Section 6.2.3. 

3. Purge the in-core instrumentation room atmosphere to the plant vent 

during periods of personnel access to this room. 

4. Maintain the containment upper compartment at a maximum of 110°F 

during plant ,operation and a minimum of 60°F during plant shutdown 

to permit personnel access as required. 

5. Maintain a maximum temperature of 120°F in the lower compartment 

(maximum 140°F inside the primary concrete shield) during plant 

operation. 

6. Maintain the in-core instrumentation room at a. maximum of 90°F · 

during plant operation and a minimum of 60°F during plant shutdown 

to allow personnel access as required. 

7. Provide a reliable supply of cooling air to the control rod drives . 
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8. Provide cooling for·the reactor vessel support structure and the 

concrete surrounding the reactor vessel to prevent the concrete 

temperature from exceeding 150°F. 

9. Protect the containment against excessive negative pressures. 

9.4.5.2 System Description 

Performance data are given in Table 9.4.5-1, and materials of construction in . I 

Table 9.4.5-2. The Containment Ventilation Systems are shown in Figure 9.4-4 

and include the fol lowing_: 
I -

a. Purge supply and exhaust 

b. Upper compartment ventilation 

c. Lower compartment ventilation 

d. In-core instrumentation room ventilation 

e. Control rod drive mechanism ventilation 

f. Reactor vessel support ventilation 

g. Containment vacuum relief 
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Purge 
Supply 

TABLE 9.4.5-1 

CONTAINMENT VENTILATION SYSTEM. 
EQUIPMENT DESIGN PARAMETERS 

SUBSYSTEM 
Purge Upper Lower 
Exhaust Compartment Compartment 

Containment· C_ontrol Rod 
Instrumen- Drive 

(1) (1) (2) .. tation (3) Mechanism 

Number 2 2 2 4 2 4 

Fan capacity, 
scfm, each 18,000 18,000 20,000 130,000 8,000 20,000 

Filtering p P,A,C p p p -

Design Conditions! 
Source, Summer, °F - - 110 120 90 150 
Source, Winter, °F 60 60 60 

.. - -

Outside, Summer,OF 95 - 95 95 95 -
Outside, Winter,°F 0 - 0 0 0 -

Redundancy: 
Running 2 as req. 2 as req. 2 3 1 3 

Standby - - - 1 1 1 

NOTES: 
(1) Purge rate 1.5 air changes/hr. Charcoal filter capacity for each unit is 9000 cfm. 
(2) 140 F inside primary shield 
(3) Vents to purge system. 

LEGEND: 
P Prefilter or filter, efficiency 50%, NBS, Dust Spot Test. 

,.· 

. Reactor 

.·· Vessel 
Support 

2 

. 15 000 
'' 
:-

150 

-
·-

1 

1 

A Absolute or high efficiency particulate air filter, efficiency 99.97% on .3 micron DOP aerosol 
C .Activated charcoal filter, Type BS727 efficiency 95% and 99% for methyl iodine and iodine, 70% RH 45 FPM 
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TABLE 9.4.5-2 

CONTAINMENT VENTILATION SYSTEM 

Materials of Construction: 

Air Intake Louvers 

Air Pl enums. 

Ductwork 

Dampers 

Air Intake 

Filter Mechanism 

Filter Frames 

. Heating Coils 

Fans 

Absolute Filters 

Prefilters 

Air Supply Filters. 

Charcoal Filt~rs 

Air Diffusers 

R~gi sters 

Stainless Steel 

Carbon Steel, protective finish 

Carbon Steel, protective fintsh 

Carbon Steel, protective finish 

Protecttve fini·sh on steel 

Protective finish on steel 

Gopper tubes, copper fins . 

All steel construction 

Same as Table 9.4.2-2 

Same as Table 9.4.2-2 

Same as Table 9.4.2-2 

.Same as Table 9.4.2-2 

Steel, protective finish 

Steel, pr~tective finish 

* 

** 

* Except prefilter media separators are of asbestos. 

** Except a compatible protective coating is used in place of galvanizing . 
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All of the ventilation systems with the exception of the purge supply and 

exhaust, which are located in the auxiliary building, are located within the 

containment structure. 

The purge supply and exhaust is described in Secti6n 6;2;3:2.1 

Upper Compartment Ventilation is supplied by two 50 percent capacity, free­

standing, reci rcul ati ng, ventilating uni ts, each with associated water cool -

i ng a~d steam heating coils. 

Lower Compartment Vehtilation fs ~upplied by four 33-1/3 per~ent cabacity 

recirculating veritilation uhits, with associated water cboling coils and 

ducting located in the annular concrete chambers around tha ·pefiphery of 

the lower containment compartment.· 

In-Core Instrumentation Room Ventilation is provided by two 100 percent 

redundant free-standing air conditioning units. The in-core instrumentation 

room is a dead-end~d ~~rt of the lower containment compart~erit~ 

Control Rod Drive Me~hanii~ Ve~tilation is provided by four 33-1/3 perce~t 

capacity recirculatinq fans and assoctated ductwork located in the lower com­

partment outside the primary shield. The svstem maintains the required flow 

1f cooling air throuqh the iontrol rod drive mechanis~ shroJd. 
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• Reactor Vessel Support Ventilation is supplied by two 100 percent re-_ 

dundant circulating fans, located in the lower compartment outside the 

primary shielding, and as.sociated ductwork. 

Containment Vacuum Relief is provided by four 331/3 percent capacity pneu­

matically actuated valves in the upper compartment; Valve controls sense thP. 

pressure differenital between the containment and ~nnulus. 

9.4.5.3 Design_ Evaluation 

The Containment Ventilation Systems provide adequate capacity to assure 

that proper temperatures are maintained in all regi-0ns of the containment 

• under operating and shutdown conditions. Redundancy is included to main­

tain full capacity or reduced capacity of each system with one active 

component out of service. 

• 

The Purge Supply and Exhaust Systems, initiated manually, serve the upper 

compartment, the lower compartme.nt, and the instrumentation room. The 

upper compartment purge system ventilates the canal during the refueling 

process by drawing exhaust air from the surface of the canal. Exhaust 

air from the instrumentation room passes through charcoal filters in the 

purge exhaust system. 

Approximately 1. 5 air changes per hour can be provided. Venting capacity 

is controlled by operating one or two fans of the supply and exhaust 

9.4-51 



systems and by regulating variable air inlet damp~rs. 

The purge exhaust system can also operate on a recirculation basis to re-

duce airborne particulates and fission products in the containment atmosphere. 

During this operating mode the supply ·fans, supply "filters~ and -heating 

coils are bypassed. The system operates with one exhaust fan at 50 percent 

of system capacity when the activated charcoal filters are on stream. 

Upper Compartment Ventilation requires the simultaneous operating of both 

units. 

Lower Compartment Ventilation is achieved using three of the four fans; the 

fourth is kept on standby. 

In-Core Instrumentation Room 

The two air conditioning units, one operating and one on standby, provide 

conditioned air to the in-core instrumentation room through a central air 

distribution system. Air is drawn through the room by the purge supply 

and exhaust system. 

Control Rod Drive Mechanisms are ventilated by drawing cooling air from the 

lower compartment, passing it through the mechanism shroud, and returning 

it to the lower compartment. Three fans are normally operating, a fourth 
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fan is on standby. The standby fan automatically starts when the temperature 

surrounding the control rod drive mechanism reaches a preset maximum level. 

Reactor Vessel Support is cooled by drawing air from the region around the 

reactor vessel support and then returning it to the lower compartm~nt. 

Containment Vacuum Relief equalizes pressure, between the containment and 

the annulus between the containment and the shield building, to safeguard 

against malfunctioning of the Containment Spray System which could cause 

a reduced pressure in the containment. A pressure sensor opens the valves 

at a preset level. Valves close automatically as the pressure levels re­

turn to norma 10' 

9.4.5.4 Test and Inspections 

Tests and inspections will be performed by the manufacturer where 

required by the applicant to demonstrate that components meet specified 

requirements. 

9.4.5.4.1 Manufacturers Shop Testing 

Appropriate tests will demonstrate the following: 

1. Carbon filter capabilities for removal of molecular iodine-131 
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and methyliodide-131. 

2. Carbon filter iodine collection capability. 

3. Carbon filter cell leaktightness integrity 

4.· Carbon filter flow resistance 

5. HEPA;filter efficiency and resistance test to meet UL label re-

6. 

_ quirements. 

Fan performance characteristics tested according to AMCA test 

procedures. 

9.4.5.4.2 System Testing and Inspection 

Operational testing will be performed in a~cordance with Section 14.l 

prior to initial startup to a·emonstrate proper functiohing of the system. 

Testing will include the followinq: 

1. Leaktightness tests of components and svstems. 

2. System functional test. 
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For the purpose of periodically testing the retentive capability of 

the carbon filter, representative test carbon samples can be placed 

in the filter housing in locations which allow the samples to be 

subjected to the same air flows as the carbon bed. The samples can 

be periodically removed and tested for iodine removal capability. 

9.4.5.5 Instrumentation and Application 

The following instrumentation is utilized: 

1. Air Flow Alarm. Located in control room . 

2. Containment Pressure. Indicated in control room. -Provision 

is made for manually regulating the air supply fan inlet air 

dampers. 

3. Exhaust Fan Pressure Differential. Indicated in control 

room. 

4. Fire Detector Alarm. Located in control room and locally, 

detectors in duct systems with provisions for automatic shut­

down. 

' 

5 • 11 S11 Signal Fan Shutdown. Automatic with manual override in 

control room. 
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• 6. High-low Temperature Alarm. Located in control room. 

7. Filter Pressure [)ifferential. Indicated locally. 

• 

• 
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• 9.5 OTHER AUXILIARY SYSTEMS 

9.5.1 FIRE PROTECTION SYSTEM 

9.5. 1. 1 Design Basis 

The Fire Protection System (FPR) is designed to prevent, detect, extinguish, 

limit or control fire and its hazards and damaging effects, both inside the 

floating nuclear plant and inside the breakwater basin. The design of the 

FPR system incorporates the criteria established by the Nuclear Energy 

Property Insurance Association 1 s {NEPIA) document, Basic Fire Protection 

for l~uclea.r Power Plants, March 1970; the National Fire Codes 1971-1972, 

\. published by the National Fire Protection Association; and the Code of 

Federal Regulations - Title 46, Chapter 1. 

• 

Portions of the FPR system used to protect Category I equipment are designed 

to meet seismic Category I requirements. 

9.5. 1.2 System Description 

The FPR system is shown on Figure 9.5-1 and consists of a closed loop fire­

main v,hich supplies the various water and foam subsystems. Lfoter is ·supplied 

to the firemain by three electric motor-driven, horizontal, centrifugal -

pumps. Tile .fire pumps are located in the plant safeguard areas at eleva­

tion 71 611
• Two of the three fire pumps are capable of supplying the system 
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demand. The third pump is redundant and serves as a standby adding re-, 

liability to the system'. Each pump is equipped with a control panel to 

provide for manual and automatic operation. The fPRsyst~!TI ~es,-ign, p,ara­

meters are listed in Table 9.5.1-1. 

A pressure of 115 to 125 psig is maintained on the firemain by use of a 

1000 gallon head tank and a 50 gpm jo,ckey pump. The jockey pump automati-. 
' .'' I • , 

cally starts at 115 psig and shuts off at 125_ psig. The_ head tan_k is 

1 ocated beneath the turbine ha 11 roof with . the water l~vel at approximately . 

the 170 foot elevation. A pressure detector located on the firemain loop 

monitors the system pressure and controls the jockey pump and fire pump 

operation. If a water demand on the fire .system reduces. the firemain 

pressure to 110 psig, one fire pump will start automatically. If one pump 

is unable to maintain pressure, the second pump will start at 100 psig. 

The third pump starts if system pressure drops to 90 psig. All fire pumps 

run, once they have started, unti 1 manua 1 ly shut off. 

Water for the FPR system is provided to the fire pumps by the floating 

nuclear plant's four fresh water filled trim tanks. The four trim tanks 

hold a total of 7500 short tons of water at 50 percent capacity. 

Fifteen hundred _tons of fresh w_ater could be r~moved fro,m any tw_o adjace~t 

trim tanks witho,ut causing a significant change in draft or trim. At full 

pumping capacity of two fire pumps, this 1500 tons will allow approximately 
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1.3 hours of operation with fresh water. Operation with fresh water can 

be maintained for a longer period when suction is taken on all four trim 

tanks. In the event of initial fresh water shortage or prolonged use of 

the fire system which depletes the fresh water supply, the operator can 

remotely realign the fire pump suction from the trim tanks to a sea chest. 

Two sea chest suctions are provided to assure a supply of seawater if 

required. Level detectors installed on each trim tank provide indication 

and an alarm in the control room if a low level develops in a trim tank 

during fire system operation. A lo-lo level alarm automatically shuts a 

valve to isolate the affected trim tank from the fire pump suction piping. 

Automatic isolation of a trim tank is provided to prevent a fire pump from 

taking suction from an empty tank and air binding the pump . 

The fire pumps discharge to a closed loop firemain which rings the plant. 

The firemain supplies water to all the fixed fire protection water systems, 

the foam proportioners, and to the standpipe system. The firemain is 

equipped with isolation valves for damage control and maintenance purposes. 

Standpipes are located throughout the plant. Valved connections with hose, 

hose reels, nozzles, tools, and emergency lights are provided on these 

standpipes at various levels so that all parts of the plant are within 

reach of two hose streams. 

The types of water protection systems provided and the areas protected by 

each type system a re as fo 11 O\'/S : 
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1. Automatic Wet Pipe Sprinkler Systems protect the following equipment 

or areas: 

a. Area under the Turbine Building operating floors. 

b. Turbine Generator lubricating oil storage tank. 

c. Turbine Generator lubricating oil reservoir, coolers, and 

condi ti one rs. · 

d. Boiler room and boiler oil tank room. 

e. Receiving and general stores area~ 

f. Machine shop and machine shop stores. 

g. bulk oxygen, bulk nitrogen, and HVAC filter storage area. 

h. Service area. 

i . Comb us ti bl e storage area. 

j. Paint storage area. 

k. Radwaste baler area. 
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1. New fuel handling area. 

m. Diesel oil storage tanks. 

2. Automatic Water Spray Deluge Systems protect the following equip­

ment or areas: 

a. ~ain and station transformers. 

b. Turbine Generator bearing housing. 

c. Hydrogen Seal Oil unit. 

d. Hydrogen manifold and bulk storage tanks . 

e. Charcoal filters. 

All water subsystems (sprinkler and spray) are provided with alarms which 

annunciate in the control room any time the system operates. 

A low pressure carbon dioxide system, located adjacent to the control room 

at elevation 94 feet, is provided for the automatic and/or manual protection 

of various areas listed below. The system contains a low pressure storage 

"tank sized to fur~ish two full charges to the area requiring the largest 

quantity of CO2 plus a reserve of CO2 for use in purging the turbine gene­

rator. The CO2 is stored in an insulated pressure vessel having an 

automatically operated refrigeration system . 
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Electrically operated rate-of-rise.thermostats are used to actuate the 

total flooding carbon dioxide system and to secure ventilation in the 

diesel generator spaces. A pre-emission alarm and an override of the auto­

matic release with a manually actuated release is provided in each space 

for the protection of personnel. 

Carbon dioxide from the low pressure storage tank is also supplied to 

rnanua l ly actuate fixed sys terns protecting the Process Rack Room and the 

electrical penetration area. Hand held, manually operated CO 2 hose reels 

are provided for the Control Room and Rod Control Equipment Room. These 

CO2 hose reels are provided in addition to portable extinguishers. Ioni­

zation type detectors monitor the above areas and alarm in the Control 

Room, but do not operate the co2 system automatically. 

A fixed mechanical foam system is provided for flooding the portion of the 

basin around the floating nuclear plant bounded by the breakwater and an 

oil boom. The oil boom is located to prevent any oil spilled external to 

the breakwater entrances from getting close to the floating nuclear plant. 

A foam monitor station is provided near the helicopter landing pad. The 

mechanical foam generators are supplied directly from the firemain. 

A fast-acting flame extinguishing system utilizing Halon 1301 is provided 

for the ventilation system air intakes to prevent ignition of any fuel-air 
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mixture which may enter the plenums. A description of the intakes and 

the detection system used to initiate the exting~ishi~g systefu is con­

tained in Section 12.2.2. 

Portable CO 2 and dry chemical extinguishers are provided throughout the 

plant, as appropriate for the type of fire hazard in specific areas. 

9.5.1.3 Design Evaluation 

The supply of fresh water available in the platform trim tanks for fire 

fighting exceeds the supply provided for most land based plants. In addi­

tion, seawater is avail ab le if re qui red . 

The three fire pumps 'are widely separated from each other so that it is 

h_ighly unlikely that more than one pump could be lost due to a single 

accident. The fire pumps are sized so that any two pumps can supply'the 

system water demand. The fire pump motors are capable of receiving elec­

trical power from both normal station power and the diesel generators. 

The design water demand and pump capacity of the FPR system is based on 

supplying water from the f~~emain to the foam system for fighting an oil 

fire in the basin, while simultaneously suppljing water to four, 250 gpm 

fire hydrants in the plant . 
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To comply with the ab.ove. regulation, a water rate of .016 gpm for each 

square foot of basin area protected is provided to foam production 

equipment. 

Foam concentrate is mixed in the proportion of 3 percent by volume with 

97 percent water. Sufficient foam concentrate is provided for two 

15 minute periods of foam application. 

The firemain is sectionalized by valves for isolation in the event of 

damage to any section of the line. 

Fire and smoke detection devices are provided in conjunction with the 

fire protection systems and in areas where no automatic protection is 

provided. The types of detectors provided are ionization smoke detectors, 

fixed temperqture detectors, rate-of-rise detectors, and capillary detec­

tors. Manual fire alarm stations are provided throughout the building. 

All detectors alarm in the Control Room to alert the operator in case 

of a fire, fire system operation, or fire system malfunction. Pressure 

gauges in the Control Room also tell the operator the pressure conditions 

in the firemain header. Further information concerning fire detection 

and alarms is presented in Section 7.8. 
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• Many interior building walls of the plant are of 2-3 hour fire resistant 

construction to prevent entrance of fire from an adjoining area. These 

fire resistant walls are also located around exceptionally hazardous areas 

such as the diesel generator rooms, fuel oil storage areas, and lubricating 

oil storage areas. The floors of all sprinkler-protected areas will be 

pitched to facilitate drainage and collection of water. 

9.5. 1.4 Tests and Inspections 

All fire pumps, alarms, and automatic extinguishing systems are periodi­

cally tested in accordance with plant operating procedures to insure 

proper performance when required. In addition all portable equipment 

• is checked in accordance with plant operating procedures to insure it is 

properly charged and in good working condition . 

• 
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TABLE 9.5.1-1 

FIRE PROTECTION SYSTEM COMPONENTS DESIGN DATA 

Fire Pumps 

Number 

Type 

Capacity, gpm 

Heat, ft 

Motor, hp 

System Materials 

Piping 

Valves 

3 

Centrifugal, motor driven 

2500 

350 

300 

Carbon Steel 

Cast steel 
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• 9.5.2 COMMUNICATION SYSTEMS 

9. 5. 2. l Design Basis 

Internal plant communications are designed to provide convenient, effective 

means to facilitate operator action between various pl ant locations during 

all des_ign basis conditions. The internal communication system is supple­

mented by plant-to-shore systems provided by the owner. 

9.5.2.2 System Description 

The basic plant communication system consists of a page/party system with 

• handsets and loudspeakers distributed throughout the plant. 

• 

The owner will provide equipment for communication with the system dis-

patcher and with others. The applicant is providing the Emergency Alarm, . . 

Page/Party System and a battery powered telephone used for calibration 

and installed in specific plant locations. 

9.5.2.3 Design Evaluation 

The plant paging system and the plant-to-shore communications systems are 

independent. A failure of any one system will not eliminate either inter­

plant or plant-to-shore communications . 
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9.5.2.4 Inspection and Testing 

All communication systems with the exception of the battery powered 

telephone and emergency alarm portion of the page/party systems are 

in operation daily; this allows for testing to ensure the system 

is operable. The battery powered system and emergency alarm may 

be tested periodically to ensure that they remain operable. 
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9.5.3 LIGHTING SYSTEM 

The lighting system provides necessary illumination for plant operation 

under normal and emergency conditions. The 1-ighting installation conforms 

with latest Central Station Practices, and foot candle levels conform to 

the recommendations of the Illuminating Engineering Society. 

Power for lighting of all areas comes from the main generator during normal 

operation. If generator power is lost, lighting will be supplied through 

the shore cables. On loss of both normal sources, emergency lighting panels 

are transferred automatically from the normal ac source to a de battery 

system, which provides enough emergency illumination to permit movement . . 

throughout critical areas of the p 1 ant. 

The plant.operator can manually transfer normal lighting to the diesel 

generators if all offsite power is lost. 

Each specific area of the Floating Nuclear Plant is served by separate 

buses and transformers. The turbine area lighting is served by transformers, 

distribution panels, and several lighting panels. The panel for the emer­

gency lighting is normally connected to the ac supply, with automatic 

transfer to the battery system upon loss of ac sources. Fluorescent and 

incandescent lighting is used in the low-bay, with mercury vapor in hi-

bay areas . 
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The safeguards areas are served by transformers from the engineered safe­

guards ac bus. The diesel generator supplies power if all outside ac sources 

fail. Emergency lighting, connected to ac with automatic transfer to de, 

provides limited illumination during transition from normal to diesel genera­

tor supply. Lighting fixtures are the same as in the turbine area. 

The remainder of the plant is served by two separate buses and transformers 

with a secondary tie breaker for automatic transfer upon loss of one of the 

supply buses or transformers. This system serves the containment building, 

control and electrical area, primary auxiliary area, and services and facili­

ties areas. One-half the lighting load in each of these areas is served by 

each supply bus to assure sufficient lighting if one-half of the components 

should fail. Emergency lighting, normally supplied by ac with automatic 

transfer to de, provides minimal lighting if all ac sources are lost. 

Lighting fixtures in these areas are the same as in the turbine and safe­

guards areas. Lighting in the containment and other potentially radio­

active areas will exclude the use of lamps containing mercury. The break­

water and obstruction lighting is fed by a separate 3-phase service with 

alternate sources. 
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9.5.4 DIESEL GENERATOR FUEL OIL SYSTEM 

9.5.4.1 Design Bases 

This system ensures an onboard supply of No. 2 fuel oil to the four emer­

gency diesel generators for a period of seven days, with the diesels operat­

ing at their continuous rating as given in Section 8.3. 

Each fuel oil day tank provides storage for one hour operation of its 

respective diesel at its continuous rating. 

Each fuel oil transfer pump has a capacity approximately three times the 

rate of consumption of each diesel operating at its continuous rating. 

The storage tanks are designed to the requirements of the ABS Rules for 

Building and Classing Steel Vessels. For corrosion protection, the tanks 

interiors are coated. 

The piping, valves, and fittings on the oil filling line to all the diesel 

stor_age tanks, up to and including the motor operated isolation valves, 

are designed to ANSI standards. The downstream side of the filling line 

isolation valves to the day tanks meet ANS safety class requirements. 

Table 3.2-1 lists the design criteria for all of the components of this 

system . 
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9.5.4.2 System Description 

The diesel generator fuel oil system is shown in Figure 9.5-2. 

Each diesel generator set is provided with a complete and independent fuel 

oil storage and supply system. Each system consists of one storage tank,, 

one transfer pump, and one day tank. Each storage tank is built into the 

hull structure under its respective diesel. 

During operation, oil from the storage tank is pumped by the transfer 

pump to the day tank. The diesel is supplied from the day tank, through 

filters, by the engine driven pump. Excess oil returns to the day tank 

through the pressure regulator. A level controller installed on each day 

tank starts the transfer pump on low oil level and stops the pump on high 

level. A local level indicator is provided on each tank. High and low 

level annunciators inform the operators of the fuel quantity. 

A common filling line leads to each oil storage tank. During oil transfer 

operation, one tank is filled at a time. When the oil reaches the desired 

level, a level switch closes the isolation valve. If the valve malfunctions 

the level rises and the high level alarm is sounded. The operator on the 

platform can then .close the emergency shut-off valve located on the common 

filling line. In case this valve fails, or·in case any other emergency con­

dition arises the operator on the platform can communicate with the operator 
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on the loading barge to have the filling pump stopped. Open and closed 

positions of all the motor operated valves are indicated in the local 

transfer station. 

A flanged connection is provided on each transfer pump discharge line and 

on each fi 11 i ng 1 i ne to be used when emptying the storage tanks. A per­

manent interconnection between the boiler oil storage tanks and the diesel 

generator oil storage tanks is also provided. 

9.5.4.3 Design Evaluation 

Onboard fuel storage, adequate for one week operation at continuous rating, 

is provided with appropriate allowance for periodic testing. Additional 

operating time at a reduced load is available. 

The diesel generator oil storage tanks have double bottoms and double sides 

where tank failure could result in oil spillage into the safeguards area or 

into the sea. The tank interiors are coated for protection against corro­

sion. A gauge_ glass is installed on one side of each tank to show the level 

of water, if any, inside the tank. Water can be removed through a drain 

connection at the bottom of each tank. The gauge glasses are removable to 

permit cleaning or replacement. 

Each day tank is sized to store one hour supply of fuel to its diesel 

operating at continuous rating. This serves as a dependable initial source 

• of oil during starting. 
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In the event any single component in any of the four independent fuel oil 

systems fails and renders the associated diesel inoperative, the three 

remaining diesel trains will handle the load required for minimum engineered 

safeguards. 

Operation of the emergency diesel generators is discussed in Section 8.3. 

9.5-18 

• 

• 

• 



• 

• 

• 

9. 5. 5 WEATHER DECK DRAIN SYSTEM 

9.5.5.1 Design Bases 

The Weather Deck Drain System is designed to achieve the following: 

1. To drain water due to spray and precipitation from all roof areas 

of the plant. 

2. To remove water at a rate equivalent to 7 inches of rainfall per hour. 

This is to comply with the recommendations of U.S. Department of Com­

merce Publication BMS66, 11 Building Materials and Structures 11 
• 

9.5.5.2 System Description 

The weather deck drains consist of gutters, or waterways, and gravity drain 

pipes for each exposed surface (see Figure 9.5-3 ). Where feasible, the 

water from each roof is drained directly overboard. In some cases the water 

from one roof is drained on to an adjacent roof at a lower elevation and 

then drained overboard. 

9.5.5.3 Uesign Evaluation 

The system is designed to provide a simple and reliable means for draining 
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all water from the plant roof areas. Sufficient roof slope and/or camber 

will be provided in the roof design to issure drainage during plant design 

pitch and roll conditions. Drain pipes are sized to remove water at the 

designated rate. 
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9.5.6 DOMESTIC WATER AND SANITARY SYSTEMS 

The Domestic Water System supplies fresh water to drinking fountains, 

showers, lavatories, sinks and any other facilities requiring potable water. 

The design complies with U.S. Public Health Service Publication No. 393. 

The Sanitary System is used to dispose of all non-contaminated waste produced 

by the crew, i.e., sewage, domestic trash and garbage. 

The system design complies with U.S. Public Health Service Publication 

No. 393 . 

Effluent water standards as proposed by the Environmental Protection Agency 

are satis.fied for coliform bacteria, B.O.D., and suspended solids. 

These are: 

Coliform bacteria. 240 or less per 100 ml. 

Proclumical oxygen demand (B.O.D.) 100 _mg/liter 

Suspended solids 150 mg/liter 
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9.6 PLATFORM SYSTEMS 

9.6. l PLATFORM DRAIN SYSTEM 

9.6.1. l Design Bases 

The Platform Drain System is designed to achieve the following: 

1. Drain all deep tanks and innerbottom areas (below 7 foot 

6 inch level), with the exception of those compartments 

which serve as the platform trim tanks . 

2. Separate and retain onboard all grades of oil mixed with the 

drain water. 

9.6. 1.2 System Description 

The Platform Drain System is a fixed pumping system consisting of 

separate branch suction lines for each compartment connected by 

manifold valves to a common drain suction main which is served by 

three drain pumps (See Figure 9.6-1). One independent branch suction 

line is provided for each of the watertight compartments served . 
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---- -----------~ 

The through runs of piping are schedule 80 with a welded pipe sleeve 

at each watertight bulkhead penetration. 

with a non-return or foot valve. 

Each suction line is fitted 

The three platform drain pumps are of the centrifugal motor-driven type. 

The drain pumps discharge overboard through oily water separators. 

All system components are located in spaces provided within the platform. 

The components are arranged so that two drain pumps and approximately one­

half of the suction valves are in one compartment, while the third drain 

pump and remaining suction valves are located in a separate watertight com­

partment. One oily water separator and one priming system are located in 

each space. The drain pumps are mounted on the 7-foot, 6-inch level. 

- One drain pump is a submersible type and is operated from a local control 

station above the 40-foot level. 

The oily water separators are each rated to handle the discharge flow from 

one drain pump, and to remove from the overboard discharge all grades of 

oil which may have accumulated. Oil removed by each separator is collected 

in a tank which is drained at periodic intervals into containers suitable 

for shipment ashore. 
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• The vacuum priming systems are packaged units consisting of automatic prim­

ing valves and a suction p~mp 0ith associated components. When a drain 

pump is started, the associated priming system operates automatically to 

produce between 10 and 15 inches of Hg vacuum at the pump suction. 

The presence of water in the compartments is automatically detected and 

alarmed in the control room by the Hull Leakage Surveillance System (Section 

7.8). The drain pumps and valves are manually operated upon receipt of a 

signal indicating water in a compartment. 

The Platform Drain System components are listed in Table 9.6.1-1. 

• 9.6.l.3 Design Evaluation 

• 

The Platform Drain System is designed to provide a reliable,and readily 

available means for removing water from the platform compartments. 

The system is designed to be equivalent to the bilge system for an ocean 

going nuclear passenger vessel. Sufficient local instrument_ation is pro­

vided to monitor operation of.the system . 
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TABLE 9.6.1-1 

PLATFORM DRAIN SYSTEM COMPONENTS 

Drain Puinps 

Number 

Type 

Capacity, gpm 

Head, ft. 

Motor, hp 

Priming Pumps 

Number 

Type 

Capacity, cfm 

Head, in., Hg 

Motor, hp 

Oily Water Separators 

Number 

Capacity, tons/hr~ input 

Oil Collection T~nk 

Number 

Capacity, gallons 

System Materials 

Piping 

Valves: 
Single body 
Manifold 
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Centrifugal 

· 1650 

92 

60 

2 

Liquid Seal Ring 

30 

15 

2 

2 

500 

2 

1000 

Seamless drawn 90-10 copper­
nickel 

Bronze 
Cast copper-nickel 
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9.6.2 PLATFORM TRIM SYSTEM 

9.6.2.1 Design Bases 

The Platform Trim System (PTS) controls platform list and trim due to 

expected major weight changes associated with infrequent operations. 

An example of such a weight change would be de-watering portions of the 

Main Circulating Water System for maintenance during plant shutdown. The 

PTS is not designed to overcome or compensate for roll and/or pitch motions 

caused by temporary wind loads or wave action. The PTS corrects platform 

list and/or trim by transferring water between trim tanks, located at each 

• corner of the platform. The PTS is capable of compensating for platform 

list and/or trim conditions to maintain an even keel during refueling op­

erations. Platform attitudes are discussed in Seition 3.7.1. 

• 

9.6.2.2 System Description 

The Platform Trim System (figure 9.6- 2) consists of four trim tanks loca­

ted one at each corner of the platform and connected by fixed piping through 

a manifold to th~ trim pump. The piping arrangement is such that the trim 

pump may take ~uction from or discharge to any combination of t~nks, as well 

as discharge overboard. 

The trim tanks are located in the platform hull section below elevation 
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40 feet. Each trim tank is approximately 80 feet by 38 feet by 40 feet 

deep and has an average maximum capacity of 3700 shqrt tons. The trim 

tanks have the secondary function of pro vi ding a source of water for the 

Fire Protection System (Section 9.5. 1). Piping connections, separate from 

the trim system connections, are provided from each trim tank to the suctions 

of the fire pumps. Fresh water, in lieu of seawater, is maintained in the 

trim system to prevent excessive corrosion and scale formation in the tanks., 

and for fire fighting service. Make-up water, if required, is provided to 

the PTS from the Make-Up Water System (Section 9.2.3). 

The trim pump is a centrifugal, motor-driven type. The pump capacity is 

adequate to compensate for the expected weight distribution changes due to 

on-loading, off-loadi~g, or transferrin~ of liquids and/or stores aboard 

the platform. The trim pump is located at elevation 71 611 between bulkheads 

5-6 and B-C. A connection is provided at the suction of the trim pump from 

the Platform Drain System (Section 9.6. l) vacuum priming system. This 

priming connection assures that the trim pump can maintain suction on low 

trim tank water levels. A manual eight valve manifold is installed in the 

trim system adjacent to the trim pump which permi.ts alignment of the trim 

pump suction .and discharge to the. proper trim tanks. The trim system over­

board discharge line permits pumping wat.er from the trim tanks overboard, 

if required. The overboard discharge line contains a stop check valve and 

terminates above the platform water line to assure that seawater does not 

enter the trim system. 

9.6,-6 . 

• 

• 

• 



• 

• 

• 

Inclinometers, installed parallel to the longitudinal and transverse axes 

of the platform, are provided in the control room to indicate the list and 

trim of the pl at form. Inclinometers are also installed in the area of the 

manipulator crane to indicate list and trim conditions during refueling 

operations. 

If compensation for platform list or trim is required, operation of the 

trim pump and the manifold valves is performed manually at the trim.pump 

station located at elevation 71611
• A test connection between the Platform 

I 

Trim System and the Fire Protection System provides the capability to trans­

fer water between trim tanks using any fire pump in the event the trim pump 

is incapacitated.· 

Table 9.6.2-1 lists the PTS materials of construction and equipment data. 

9.6.2.3 Design Evaluation 

The Platform Trim System provides a reliable means for transferring water 

internally to maintain the platform on an even keel. The. system is capable 

of adjusting platform draft over a .limited range as well as correcting for 

weight distribution changes. Once the platform is moored in the breakwater 

and initially trimmed (no list or trim), it is not anticipated that PTS 

operation would be required except during major weight redistribution during 

plant shutdown and maintenance . 

9.6-7 



In the event the trim pump is incapacitated for some reason and the plat­

form trim must be adjusted, one of the three fire pumps can be used to 

transfer trim tank water via the testing cross-connect between the Plat­

form Trim System and the Fire Protection System. 

To re~uce the possibility of leakage from the PTS, welded construction 

is used wherever possible. Typical exceptions to the welded construction 

are at connections to equipment, such as pumps, which could require removal 

for maintenance. Indication of a leak in the PTS System is provided by the 

Hull Leakage Surveillance System (Section 7.9) and by the trim tank level 

indicators. To prevent leakage from the trim tanks in the event of a leak 

in the PTS, isolation valves are provided adjacent to each PTS piping con­

nection to the trim tanks. These isolation valves are provided with ex­

tension handles for remote operation from the 40 foot elevation. 

Since the platform is inherently stable, a rupture of a trim tank or misuse 

of the PTS will not create a list or trim condition which prevents safe 

operation of the reactor. The water transfer rate of 500 gpm is relatively. 

sldW and the operator in the control room can detect unexpected changes in 

·1ist or trim with the installed inclinometers and stop pumping operations. 

The wars t fai 1 ure or misuse of the PTS would be 1 ess severe than a condi­

tion in which the water from two full trim tanks on one side was pumped 
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into two empty tanks on the oppo~ite side. This would transfer 7400 

tons of water a distance of 340 feet causing a change in attitude of 

3°. The operating bases attitude is 1°, the design basis is 6° as:· 

described in Section 3.7. 1. 

Platform free..;surface effects are discussed in Section ·3.1.2.7. 

9.6.2.4 Testing and Inspections 

Following installation the system will be functionally tested to demon­

strate proper operation. Periodic system operation will allow for 

continued surveillance . 

9.6.2.5 Instrumentation and Application 

Instrumentation is provided to·monitor and insure proper system operation. 

The following specific instrumentation ts provided. 

1. Local pressure indicator at trim pump discharge. 

2. Local vacuum-pressure iDdicator at trim pump suction . 
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3. Local flow indicator and flow totalizer. at trim pump discharge. 

4. Four remote reading 1 i quid. leve 1 .. i ndi ca tors. One for each . trim 

tank to read out in the control room. 

5. Two control room mounted inGlinometers to indicate platform list 

and trim. 

6. Two inclinometers in the refueling area to indicate platform list 

and trim during refueling. 

7. A trim pump running light is installed in the control room to 

provide the operator indication that trimming operations are in 

progress. 

Each trim t:ank liquid level indicator performs two alarm functions and one 

control function. The alarm and control functions are provided for opera­

tion of the Fire Protection System and are discussed fully in Section 9.5.1 . 
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Trim Pump 

Number 

Type 

Capacity, GPM 

Head, ft. 

Horsepower, HP 

Inclinometers 

Number 

Range, degrees 

Increments 

System Materials 

Piping 

Valves 

TABLE 9.6.2-1 

PLATFORM TRIM SYSTEM COMPONENTS 

9. 6-11 

1 

Centrifugal 

500 

150 

30 

4 

0-10° either side 
of vertical. 

Carbon Steel 

Carbon Steel 



9.6.3 CATHODIC PROTECTION - HULL 

9.6.3.l Design Basis 

The Cathodic Protection System for the hull is designed to provide protec­

tion of the submerged portion of the hull from electrochemical corrosion. 

To provide this protection a potential of +0.85 ± .05 volts, as compared 

to a Silver - Silver Chloride reference cell, is maintained the outer surface 

of the hull. The system is capable of delivering a current density of 10 

mAmps de per square foot on the hull; however 3 the system is controlled to 

provide only the current needed to maintain a 0.85 volt hull potential. The 

system i~ also designed to eliminate hydrogen evolution by keeping the hull 

potential within the correct limits (+0.85 ± .05V), which will preclude any 

electrochemical corrosion. 

9.6.3.2 System Description 

An impressed current system was chosen to provide the necessary protection. 

The system includes a de rectifier, distribution cables, reference cells, 

controls, and anodes with the submerged portion of the hull serving as the 

cathode. Metals in contact with seawater are electrically connected to the 

hull to ensure no stray current corrosion. 
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9.6.3.2. 1 Anodes 

The anodes are made of a material with an expected usable life of 20 years. 

The voltages used will be below that of the physical-chemical breakdown 

voltage of tl1e anodes. The anodes operate at 2 - 20 amps as dictated by 

the requirements to maintain polarization. The anodes are mounted to the 

hull by means of a sealed gland, gate valve, arrangement to provide leak­

proof removal from inside the platform. In their operating mode the active 

portion of the anodes is remote from the hull to provide good current dis­

tribution and an even current density on the hull. All electrical connections 

are made inside the hull with current flow through the anode to the active 

outer portion . 

~.6.3.2.2 Power Supply and Distribution 

The necessary de power is supplied by simple rectifiers, arranged on the 

platform to optimize anode cable length. These units are simple unfiltered 

selenium air-cooled rectifiers with taps on the secondary windings to pro­

vide variable current output. A tap-fuse for each anode ensures that the 

failure of one anode wi 11 not influence the performance of others. The 

power to the unit is 430V - 3 phase. The distribution lines from the rec­

tifiers to the units will be fused to prevent overload . 
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Periodic checks of the current and voltage outputs from the rectifiers 

ensure correct operation. The rectifiers are standard units,. there­

fore replacement or repair can readily Ge n~de. 

9.6.3.2.3 Controls 

Control is provided through the use of reference electrodes in coordination 

with the current to each anodi. The locations of the reference cells 

provide a reliable measurement of the hull potential, the optimum potential 

being 0.85 volts as opposed to a Silver- Silver chloride reference cell. 

This potential will then be used as the basis for adjusting the current 

requirements at each anode, independent of the current requirement at 

any other anode. Care will be taken to ensure that enough current is 

used to polarize the hull, but not so much as to cause hydrogen evolution. 

The driving voltage may also change, if only slightly, as the film resis­

tance at the hull increases as calcareous deposits are formed. At each 

rectifier the ability to measure the voltage and current to each anode 

is available to provide periodic monitoring. 

9.6.3.3 Design Evaluation 

This system 1 s design is optimized with respect to hull protection, ease 

of operation, maintainability, personnel safety, and reliability based 
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on the present technology available. Several of the leading manufacturers 

of cathodic protection equipment have successfully employed similar systems 

with a high degree of reliability. These systems have been used in a var­

iety of environments with satisfactory performance. Oil drilling platforms 

in the Gulf of Mexico have been cathodi cal ly protected with impressed 

current systems for the last 20 years. The U.S. Navy's reserve fleet has 

also been protected with impressed currents since 1953. 

An impressed current system is preferred when a relatively high degree of 

system stability is possible as will be the case inside a breakwater. Once 

the system's stable current has been established, there is no reason that 

any great current fluctuation will be encountered for the life of the plant . 

9.6.3.4 Testing and Inspection 

Subsequent to platform flotation, the rectifiers and reference cells will 

be checked for correct operating characteristics. 

After the plant has been delivered, all components of the Cathodic Protec­

tion System ·will be activated, adjusted, and tested. 

This includes testing reference cells to insure correct potential, visual 

inspection, and output monitoring of the rectifiers to ensure correct 

operation, visual inspection of all cables in the system, establishment 
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of the correct current requirements to each anode, and ensurance that 

all anodes are operational. At approximately monthly intervals the system 

will be rechecked until a stable polarizing current is established. Once 

a stable current has been established, periodic checks of system components 

will be performed. 

Operating personnel will periodically check and inspect system components 

to ensure proper operation. This includes monitoring of hull potential and 

current fl ow and voltage drop th rough each anode. 
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NOTES, 

I. VALVE FA I LS W 11 H FLOW TO VOLUME 
CONTROL lANK 

L SPRING LOADED CHECK 
VALVE. 

l. 7 FT. LONG 6 IN. SCHEDULE4DS STAND· 
PIPE, BOlH ENDS CAPPED, THE ORIFICE 
IS A MINIMUM OF I FT. ABOVE THE 
CONNECT I ON TO l HE REACTOR COOLANT 
PUMP. 

,. THIS PIPING SHOULD BE SLOPED DOWN 
WARD THROUGHOUT l HE RUN TO 1 HE 
DRAIN TANK. . 

5. THE LABYRINTH SEAL. 

I 
Lt.:,, 

z: 

3" 

0U'T51DE 
PEAC. TQ .. 
CONlA1NM£NT 

6. MAKEUP WATERLINE FROM 
THE PRESSURIZER RELIEF 
TANK. 

7. ALL\)!, ITEM NO.S IN eves 
ARE SHOWN WITHOUT PRE­
FIX 

8. PRESSURIZER LOW LEVEL 
SIGNAL. 

9. 1-\IGI-\ Tl:.~-1'1."-TUR'I!. 
61Cl.i,."'-'- ~ON\.-lc.J."t 1'.X 
E.XIT '<>,Rl:.l>.N\, 

OFFSHORE POWER SYSTEMS 

TITLE: CHEMICAL AND VOLUME CONTROL SYSTEM 

REACTOR COOLANT PUMP-SEAL SYSTEM 

11/1/72 Figure: 9.3-7 
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NOTES, 

MDC.ED SEO 
OEMIN[R
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.ll\.12ER.~' 
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OH 

I. VALVES FAIL WITH FLOW TO VOLUME'CONTROL TANK. 
2. ELECTROMAGNETIC·LOCATE IN VERTICAL PIPE RUN. 
3. FLOW SET POINT ADJUSTED FROM PRESSURIZER 

LEVEL CONTROLLER. 
4. ALL@ ITEM NUMBERS IN eves ARE SHOWN WITHOUT 

PREFIX . 
5. TEMPORARY STRAINER IS PLACED IN THE SPOOL 

PIECE DURING INITIAL FLUSHING OPERATIONS. 
STRAINER MUST BE REMOVED BEFORE PLANT 
START-UP. 

6. 
7. REMOVE AND REPLACE WITH BL,\NK FLANGES EXCEPT 

FOR RESIN SLUICING OPERATION. 
8. PROVIDE MINIMUM OF 2 FEET STRAIGHT RUN AFTER 

MINIMUM FLOW ORIFICE. MINI-FLOW ORIFICE 
SUPPLIED BY PUMP MANUFACTURER.' 

9. LOCATE AS CLOSE TO CONTAINMENT AS POSSIBLE. 
10, A'M\G~-niW..~'c.".t.J1,\U~~'S\G.""''- ,;:'i<_ot,t\ 

e.1"1i:.S 'O\\IE.\< . .'~':) T~~ Y:.\..OW TO'R'c,C.'(C.L'c 
HOL.0 UP TA.N.¥..S, 

II, RES1t-J FILL TAt-JK AND 1>650CIATE.O 
P\Plt-...lG ; VALVE:.'S UP TO FLE.XIBLE l-\OSE.5 
ARE lv'DUNTED or,.J A M01'JORA\ L, 

WTL 
RESI\..I St.UIC 

PUMP 

I _..,, 

1 
~ 
Q 

_J 

I. 
I 
I 

OFFSHORE POWER SYSTEMS 

Title: CHEMICAL AND VOLUME CONTROL SYSTEM 

LETDOWN SYSTEM 

11/1/72 Figure, 9.3-8 
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NOTES, 

I. All@ ITEM NOS. IN eves ARE SHOWN 
WITHOUT PREFIX OR AS APPLICABlf. 

2. STEAM TRAP AND STRAINER SUPPLIED BY 
OTHERS. 

3. All EQUIPMENT AND PIPING SHOWN TO 
BE LOCATED IN AREA MAINTAINED AT 
CONTROLLED TEMPERATURE. 

4. TERMINATE PIPE END AT SAME ELEVATION 
AS DIAPHRAGM TO TANK SEAL LOOP ' 
SEAL TO EXTEND 12" BELOW AND ABOVE 
PIPE END ELEVATION. 

!: LOOP SEAL TO EXTEND 12" BELOW AND ABOVE 
OVERFLOW NOZZlf. 

7. DIAPHRAGM SEAL 

OFFSHORE POWER SYSTEMS 

Title: CHEMICAL AND VOLUME CONTROL SYSTEM 

BORIC ACID TRANSFER SYSTEM 

Il/1/72 Figure: 9.3-9 
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2- CHILLER SURGE TANK MUST BE THE HIGH 
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OFFSHORE POWER SYSTEMS 

Title: CHEMICAL ANO VOLUME CONTROL SYSTEM 

BORON THERMAL REGENERATION SYSTEM 

11/1/72 Figure: 9.3-10 
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CHAPTER 10 

STEAM AND POWER CONVERSION SYSTEM 

10.l SUMMARY DESCRIPTION 

The steam and power conversion system includes a tandem-compound, six-

flow exhaust turbine and a direct coupled generator. Steam from the outlet 

of the four steam generators is supplied to drive the main turbine-generator. 

Moisture separation with two stage reheat is provided between the high­

pressure and low-pressure turbines for all steam entering the low-pressure 

turbines. Steam from the low-pressure turbines is condensed in three 

surface type single pass condensers of divided water box design. Conden­

sate is collected in the condenser hotwells sized for 5-minute storage at 

the maximum calculated flow rating. 

The condensate and feedwater system return feedwater to the steam genera­

tors through six stages of extraction feedwater heating. Circulating 

water is pumped from the sea through the main condensers and returned to 

the sea. 

The heat balance at maximum guaranteed rating is shown in Figure 10.1-1. 

Key parameters are shown in Table 10.1-1 . 

10.1-1 



TABLE 10.1-1 

MAJOR STEAM AND POWER CONVERSION EQUIPMENT* 

SUMMARY DESCRIPTION 

TURBINE GENERATOR 

Maximum Guaranteed Rating (3425 MWt) 

Throttle pressure, psia 

Temperature, F 

Steam Moisture,% 

Back pressure, in HgA 

Steam flow (Total NSSS steam flow),lb/hr 

Throttle flow, lb/hr 

Output, KW 

Power factor, P.F. 

H2 Pressure, psig 

Maximum Calculated Rating (3522 MWt) 

Throttle pressure, psia 

Temperature, F 

Steam Moisture,% 

Back pressure, in HgA 

Steam flow (Total NSSS steam flow) lb/hr 

Throttle flow, lb/hr 

10.1-2 

980 

542.l 

0.36 

1. 75 

.15, 143 , 128 

14,344,978 

1,211,469 

0.90 

75 

980 

542.1 

0.36 

1. 75 

15,900,285 

15,099,646 

• 

• 

• 
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• 

Output, KW 

Power factor, P.F. 

H2 Pressure, psig 

TABLE 10.1-1 (Continued) 

1,261,780 

0.90 

75 

*Note: These ratings are calculated for a specific location and will vary 

with different off-shore sites as the design circulating water 

temperature changes . 
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• 10.2 TURBINE-GENERATOR 

10.2.l DESIGN BASES 

The turbine generator converts the thermal energy to electric energy. 

Guaranteed ratings are specified in Table 10.1-1. 

The functional limitation on the turbine imposed by the nuclear steam supply 

system (NSSS) is that the NSSS accepts step load changes of± 10 percent 

and ramp load changes of± 5 percent per minute not exceeding 100 percent. 

A step load decrease up to 95 percent of rated load is accommodated without 

reactor or turbine trip. Complete load loss will cause reactor and turbine 

• trip. 

• 

10.2.2 DESCRIPTION OF TURBINE-GENERATOR EQUIPMENT 

10.2.2.1 Turbine 

The turbine is a four casing, tandem-compound, six-flow bottom exhaust, 

1800 rpm unit with 44 inch last stage blades. Directly connected to the 

turbine shaft is an ac generator. Coupled to the generator is a brushless 

excitation system. 

Moisture separation and two stage reheating of the steam are provided be­

tween the high-pressure and low-pressure elements. Two shells, each of which 
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contain combined moisture separator-reheater assemblies are located on each 

side of the turbine parallel to the turbine shaft. During normal operation 

turbine-generator bearings are lubricated by a conventional pressurized 

oil system, with the main lubricating oil pump integral with the turbine 

'shaft. During startup or shutdown, ac motor-driven pumps supply bearing 

oil and seal oil to the turbine-generator. A de motor-driven backup pump 

is provided in case of loss of ac power. 

Steam from the four steam generators enters the high-pressure turbine 

through four stop valves and four governing control valves. Two stop valves 

and two control valves form a single assembly on each side of the turbine. 

After expanding thr.ough the high-pressure turbine, steam flows through 

the moisture separators and reheaters to three low-pressure turbines. 

Reheated steam flows from the moisture separator-reheater vessels through 

an intermediate stop and an intercept valve in each of six reheat steam 

lines leading to the low-pressure turbines. 

Steam from each low-pressure turbine is exhausted into a condenser, one 

for each low-pressure turbine. 

10.2.2.2 Steam Extraction Connections 

Turbine steam extraction connections are provided for six stages of feed­

water heating. Steam from the first extraction point of the high-pressure 

turbine is supplied to high-pressure feedwater heater number l and to the 
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• first stage reheater tube bundles. Steam is taken from the high-pressure 

turbine exhaust piping to feedwater heater number 2. Main steam from the 

steam generators is supplied to the second stage reheater tube bundles. 

First, second, third, and fourth extraction steam points from the low­

pressure turbines are supplied to heaters 3, 4, 5, and 6, respectively. 

The extraction steam system is shown in Figure 10.2-1, Sheets 1 and 2. 

10.2.2.3 Generator 

The generator is sized to accept the output of the turbine at rated steam 

conditions. It is a direct coupled, 60 Hz, 3-phase, 25,000 volt unit rated 

at max. calc. 1,402,000 kVA at 0.90 power factor when using 75 psig H2 gas 

• pressure, and has a short circuit ratio of 0.50. Both ends of the generator 

shaft are oil sealed to prevent hydrogen leakage. Generator rating, 

temperature rise, and insulation class are in accordance with ANSI standards. 

• 

10.2.2.4 Automatic Controls 

Automatic control actions, alarms, and trips are initiated by deviation 

of system variables from present values. The automatic control functions 

are programmed to protect the turbine generator and the reactor with 

appropriate corrective actions. The turbine-generator unit automatically 

is tripped if the reactor is tripped . 
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The turbi_ne-generator is equipped with an electrohydraulic control system 

that combines the principles of solid-state electronics and high-pressure 

hydraulics to control steam flow through the turbine. The control system 

has three subsystems: 

Speed control unit 

Valve flow control unit 

Load control unit 

l. Speed Control Unit 

The speed control unit compares actual turbine speed with a speed reference 

or actual acceleration with an acceleration reference and provides a speed 

error signal for the load control unit. The load control unit combines the 

speed error signal with the load reference signal, provides the proper bias, 

and determines·desired steam flow signals for the governor valves, control 

valves, intermediate stop and intercept valves. The valve flow control 

units accurately position all the steam admission valves to obtain required 

steam flow through the turbine. 

2. Valve Flow Control Units 

The flow of the main steam entering the high-pressure turbine is controlled 

by four stop valves and four governing control valves. Each stop valve is 

controlled by an electrohydraulic servoactuator so that the stop valve is 

either fully open or fully closed. The function of the stop valves is to 

shut off the flow of steam to the turbine when required. The stop valves 
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• are closed within 0. 25. seconds by actuation of the emergency trip device 

(see turbine protecti~n trips, followin~), which is independent of the elec­

tronic -flow control unit. During .. startup, .all control valves are set wide 

open and initial. thrQttling. pressure drop occurs across the stop ,valve pilot 

valves, which allows the first stage nozzles and shells to heat uniformly. 

The turbine control valves are positioned by an electrohydraulic servoactuator 

in response to a signal from the flow control unit. The flow control unit 

signal positions the control valves for long range speed control through 

the normal turbine operating range and for load control after the turbine­

generator unit is synchronized. 

The valves located in the crossover lines are rehea~ stop and intercept 

• valves and control steam flow to the low-pressure turbines. During normal 

operation of the turbine, the reheat stop and intercept valve~will be wide 

open. The intercept valve flow control unit positions the valve during 

startup and normal operations and closes the valve rapidly on loss of turbine 

load. The reheat stop valves close completely on turbine over.speed trip. 

• 

3. Load Control Unit 

The power-load unbalanced relay in the load control unit acts to prevent 

turbine-generator overspeed trip following a sudden loss of electrical load. 

If the load is lost and a power load unbalanced exceeding 30 percent exists, 

the power load unbalance relay resets the desired load to zero and starts 

running the load reference back toward zero load. As the turbine accelerates, 
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the control and intercept valves are closed at,the maximum rate by fast­

acting· solenoid valves actuated by the power load unbalance relay, to prevent 

the unit from reaching the oversp~ed trip s~tting.· Closure of·stop valves on 

either of two overs peed trips is the second 'line of turbine protection. 

4. Turbine Protection· Trips 

Turbine protective trips ara independent of the electronic contrbl system, 

and when initiated, cause tripping of all turbine inlet ~alves: 

a. Overspeed trip (mechanical) 

b. O~erspeed trip (electrical)· 

c. Low vacuum trip 

d. Thrust bearing trip 

e. Electrical solenoid trip actuated by: 

1. Reactor trip 

2. Generator electrical trips 

3. Manual trip from control room 

f. Manual trip lever located at the turbine 

g. Low bearing oil pressure trip 
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10.2.2.5 Other Protective Systems 

In addi~ion·to the previously mentioned devices, other protective features 

of the turbine and steam system are: 

1. Automatic load runback to approximately 23 percent of full load in 

case of loss of cooling water to generator stator. 

2. Safety valves on the moisture separator-reheater to protect the high­

pressure turbine cylinder crossover piping, and the MSR shell from 

overpressure in the event of a turbine trip . 

3. Extraction line nonreturn valves to protect the turbine from overspeed 

due to reverse flow in case of a turbine trip. 

4. Low-pressure turbine casing rupture diaphragms to protect the low­

pressure turbine cylinders from overpressure in case of loss of con­

denser vacuum. 

The extraction line nonreturn valves are closed through an air pilot valve, 

which is actuated by the loss of EHC hydraulic fluid pressure when the 

turbine-generator is tripped • 
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10.2.2.6 Instrumentation 

Instrumentation is provided to continuously monitor and/or alarm such turbine­

generator conditions as: 

1. Shaft eccentricity 

2. Shaft vibration at main bearings 

3. Shell expansion 

4. Differential expansion between shell and rotor 

5. Turbine speed 

6. Turbine metal temperature 

7. Bearing temperatures 

8. Generator hydrogen gas and stator cooling water temperatures. 

9. Exhaust hood temperature 

10. Condenser vacuum 

11. Stator winding temperatures 

12. Shaft eccentricity phase angle 

13. Shaft vibration phase angle 
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10.2.3 DESIGN EVALUATION OF TURBINE-GENERATOR AND RELATED STEAM 

HANDLING EQUIPMENT 

The pressurized water reactor system maintains an inherently low radioactivity 

level in steam handling systems, as has been demonstrated by operating ex­

perience. Radioactivity concentration during operation with assumed defective 

fuel and leaking steam generators are given in Section 12.4. 

Activity levels in the turbine are expected to be low and some shielding is 

provided by the piping, turbine casing, and other components. Additional 

shielding will not be required to permit access to the turbine area . 
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10.3 MAIN STEAM SYSTEM 

The main steam system is shown in Figures 10.3-1, Sheet l and 2. 

10. 3. l FUNCTION 

The main steam system conveys steam from the Nuclear Steam Supply System 

· to all main steam users such as the turbine-generator, the turbine -

drives for main feed pumps and auxiliary feed pump, steam jet air ejectors 

and moisture seperator reheaters. 

10.3.2 LlESIGN BASIS 

10.3.2.l Performance Criteria 

l. At the maximum guaranteed steam flow the line pressure loss will not 

exceed 20 psi between the steam generator outlet and the turbine 

generator valves. 

2. Under all normal plant operating conditions and on-line testing, 

the heat load on the four steam generators is evenly balanced. The 

temperature difference at the turbine valves is maintained within 

that specified by the turbine-generator manufacturer . 
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3. The safety function of heat removal from the reactor is controlled 

during all plant conditions. 

4. In the event of a single active failure of a component in the main 

steam system, the plant is capable of being controlled and brought 

subcri ti cal. 

5. In the event of a steam pipe break inside the containment, the con­

tainment destgn pressure is not exceeded. 

6. In the event of a steam pipe break outside the containment, the cool­

down rate is automatically controlled in such a v1ay that the radioactive 

release to the environment can be shown to remain within 10 CFR 100 

limits assuming the plant was operating with steam generator leaks. 

7. The main steam system shall perform its safety related functions, 

during.and after· a pipe break incident, while sustaining a single 

active failure of a component. 

8. A main steam line incident will not impair the functions of any 

other plant safety system below the minimum required for safe shut­

down of the reactor. 

9. A main steam line incident will not precipitate a loss of coolant 

accident (LOCA). 

• 

• 

• 



• 

• 

• 

10. Under ah plant normal operating and testing conditions, all com­

ponent stresses remain wi'thin the allowable ra.nge, Under abnormal 

conditions, stresses may approach yield level as described in 

Section 3.9. The mafn steam piping shall be designed for limiting 

environmental conditions as provided in design codes specified in 

Section 10.3.4.2. 

11. The main steam system provides the means to limit radioactive 

release to the atmosphere and isolate·a steam generator in the event 

of a steam generator tube rupture accident. 

12 • 

J 3. 

14. 

Crossf1ow is prevented between the plant ventilation systems and 

the atmospheric steam release.points. 

The safety functions of the main steam system are assured by protect­

ing against missile and pipewhip damage. 

Access and maintenance provisions are made to facilitate testing and 

repairs to the ASME Code safety valves, power operated relief valves, 

atmospheric dump valves and main steam stop valves . 
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15. The vent pipe arrangement on all steam pressure reliev~ng devices 

is such that the steam is freely vented. outside the buildings: 

10.3.2.2 Design Codes 

l. Those sections of the main steam system classified by the ANS in 
11 Nuclear Safety Criteria for the Design of Stationary Pressurized 

Water Reactor Plants, 11 N-18.2, January 1972 and shown on flow diagrams 

Figures 10.3- l, Sheets l and 2, comply with 11 ASME Boiler and Pressure 

Vessel Code - 1971, Section III 11 Nuclear Power Plant Components, 

Summer l 972 Addenda 11
• 

2. All other sections of the main steam system comply with ANSI 831. l. · 

-- 1967, 11 Power Piping 11
• 

10.3.2.3 Environmental Design Criteria 

During all modes pf the plant operation, the radioactive release to the 

atmosphere through the main steam system can be maintained within the 

limits specified in 10 CFR.20 and/or 10 CFR 100. 

10.3.3 SYSTEM DESCRIPTION 

The main steam system parameters are given in Table 10.3-l. 
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TABLE 10.3-1 

SYSTEM PARAMETERS 

Design Conditions 

Operating Conditions 

Maximum Guarantee Flow 

Maximum Calculated Flow 

Maximum Pressure Drop at 
maximum guaranteed flow 

1300 psia,;-6o0°F 

tooo psia, 544°F with maximum 
i~l~t moisture ccintent of 0.25% 

15,143,128 lbs/hr 

15,900,285 lbs/hr 

20 psi -
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Steam from the steam generators of the Nuclear Steam Supply System is 

conveyed oy the main steam system to the main turbine generator and its 

auxiHary steam systems, the turbine drives for the main feed pumps, an 

auxiliary feed pump, and the air ejectors. 

The steam generators are located inside the containment. The steam gen­

erators are contained within the lower compartment. 

The steam outlet pipe is welded to the nozzle located on the top of each 

steam generator. The individual pipes are routed vertically alongside 

their associated steam generators. A flow restrictor is located in the 

horizontal run between the steam generator nozzle and the vertical run. 

The individual pipes are routed horizontally below the ice condenser to 

the containment wall. Between the crane wall within the containment and 

the concrete shield buiJding the individual pipes are routed through 

steel tubes. Each tuoe connects the penetration in the oater shield 

building to the free space of the lower containment compartment inside 

the concrete cranewall. At the shield building the individual steam gen­

erator pipes are enclosed in a high temperature penetration and anchored 

to the reinforced concrete wall. This penetration is described in Section 

3.8.2.7. 
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• 
Outside the·containment each of·the·steam generator pipes has branches 

connecti'ng to tlie ASME Code safety valves and power operated relief valves. 

Each steam line is equipped with a main steam stop valve (swing disc) 

held open oy an air piston. This valve forms the boundary of the ANS 

safety classification of the main steam system. Within this boundary two 

of the main steam lines have branches which supply the turbine driven 

auxiliary feed pump. A .3 11 bypass globe valve with a power operator is pro­

vided across the main steam stop valve. 

Close to and downstream of the stop valve, each .steam line is equipped 

• with a swing disc check valve. The four steam lines are paired into two 

headers. One of these headers conveys steam from two steam generators 

located furthest from the turbine generator. This header is routed . 

\.around the-outside of the containment into the turbine building. · The 

other header conveys the steam from the remaining steam generators into 

the turbine building. 

• 

Inside the turbine building these two headers are joined to form a common 

header for all steam generators. Steam supplies are taken during normal 

and/or emergency conditions from this single header to: the individual 

main valves of the turbine generator, the turbine auxiliary steam system, 

atmospheric and condenser sections of the steam dump system, the main feed 

pump turbines and the air removal systems . 
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1 O. 3,·3,·1 Valve Descriptton 

A1Lva1ves are carbon steel body with 900 # ANSI pressure rating. Brief: 

parameters of all the valves are shown in Table 10.3-2. 

10.3,3.l.l Safety Valves 

Six safety valves are provided on each steam line upstream of the main 

steam stop valve outside the containment. The valves are single-seated 

and have external spring loading of the disc. The steam passes through a 

stuffing box, preventing the escape of steam from the downstream side of 

the valve. Each valve has a stellited disc. Data for the six safety 

valves are shown in Table 10.3-3. 

Layout of the separately mounted vent piping surrounding the exit nozzle 

of the safety valve allows for vertical and horizontal displacement of the 

main steam piping caused by operational transit. 
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• 

No. Required 

on Each 

Valve S.G. Line Total 

Safety 6 24 

Re 1 i ef 1 4 

• 
Stop 1 4 

Check 4 

Bypass 1 4 

• 

TABLE 10.3-2 

VALVE DATA 

Size 

6 11 
X 10 11 

811 
X 10 11 

32 11 

10.3-9 

Rating 

895,000 lbs/hr 

at 1200 psi a 

397,500 lbs/hr 

@ 1100 psia 

3,975,000 lbs/hr 

3,975,000 lbs/hr 

12,500 lbs/hr 

~ 

Spring-

loaded 

Modulating 

Type 

Swing 

di SC 

Globe 



Set 
Pres·s ure 
(psi a) 

1192 

1204 

1216 

1228 

1240 

1252 

Reseat 
Pressure 

(psi a) 

1152 

1164 

1176 

1188 

1200 

1212 

TABLE 10. 3-3 

MAIN STEAM SAFETY VALVES 

Outlet 
Reaction 

Force (lbs) 

23,750 

23,750 

23,750 

23,750 

23,750 

23,750 

Orifice 
Area 

(in.) 

16 

16 

16 

16 

16 

16 
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In 1 et/ 
Outlet 

Sizes (in) 

6/10 

6/10 

6/10 

6/10 

6/10 

6/10 

Relieving 
Capacity 
lbs/hr 

886,333 

895,261 

904,189 

913,117 

922,045 

930,973 
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10.3.3.l .2 . Atmospheric Power Relief Valves 

One va 1 v~ o.n each steam line downs.trea_m o.f _the. safety v.a 1.ves and. upstrea"! 

of the stop valves is provided. These valves are set to open at 50 psi 

below the lowest setting of safety valves, thus providing pressure relief 
' ' '·. : ; , . ' ' -·. · .. :.' ~ . . . .' : ' : ' .. - . . . . . . ' : . ','. . .' . . . ' . ''. ' ' . . ' . . . . 

on minor transients and avoiding _lifting of th~ safety valyes. The .v.al.ves 
' ' ' ' . ';' ; 

al so P.Y'.ovide l O p_ercent st~am dU!11P .cap~ciJy as de~cri bed in ,Secyi on 10 .. 4 . .4. 

The valves are a modulating typ~ w;th O .- 100 perc~rrt;_ flow. .control cap":' .. 
; .: ~ · .. : - . . ;, . . --, '· ' . 

ability ~etween __ the press~r,e .ra~ge .of .125 psta ~.oJ~op p~i~ .•. The .con,tr~l,. 

is automatic by the steam line pressure with provision for remote manual 
':": J ·_ 

control by adjustment of the pressure set point from the control room. Lo­

cal manual operators are provided for the event of. complete. los~ of .. contro.l 

air and also for control room evacuation. An isolation valve is provided 

upstream for removal of the valve for mainten_an,ce .. _ 

· 10.3.3.1.3 Main Steam Valves 
·. 1.-.,, :·. 

•'j • ',: ,, ·' 

The valving arran_gement as shoWrl ..in Fi,gure lQ.}-:l consists of a main, steam 

stop valve (swing disc valve held open by an air piston) in~tal.Jeq-.:in.s.eries 

with a check valve. Air is exhausted from the cylinder on receipt of a 

trip signal. Each cylinder has an air reservoir. Redundancy is provided in 

air supply by providing double solenoid valves and non-return valves . 

10.3-11 



Separate air cylinder vent lines assure venting cif air from ttie air 

cylinder wflich holds the valve open, During the time when the cylinder is 

venting, the air supply to the reservoir and the air cylinder is sliut..:off. 

A check valve in series with the main steam stop valve prevents back 

flow in the event of a pipebreak (upsteam of the stop valve). A 311 

bypass globe valve with a power operator is provided across the main steam 

valve. The valve is used to equalize steam pressure on both sides before 

opening the main steam stop· valve. The bypass line is also used for 

supplying tfle steam to the main feed pump turbine and air ejectors during 

startup operation~. 

10.3.4 EVALUATION OF b~SIGN 

10.3.4. 1. Performance Evaluation 

1. The fluid velocities and components selected limit frictional resistance· 

at maximum guaranteed steam flow to 20 psi between the steam generator 

outlet nozzle and niain turbine valves. The steam velocity i~ kept 

below 150 ft/sec. 
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2. During normal plant operation, the Nuclear Steam Supply System 

recommended maximum out-of-balance pressure between any two steam 

genera to.rs is 10 psi. As required by the turbine-q'erierator manufac­

turer the steam delivered through any ·turbine main inlet valve must 

be within 25°F ~f the steam delivered simultaneousiy through any 

other main inlet valve. For short periods of time (a few minutes) 

the temperature difference may approach 50°F maximum. The arrangement 

of piping between the individual steam generators and the common 

header.·in the turbine building ensures approximately equal resistance 

to flow under all noi~al operating ~nd on-load te~t{ng:conditions. 

This assures any uneven h·eat load between the individual steam genera­

tors is within the above 1 i mit for the fo 1: 1 owing sped fi c con di ti ons: 

a. During startup, load changes requiring up to 85% stea~ dump, 

shutdown and reactor physics testing. 

b. During multi and single valve operation of the turbine-generator 

and on-load testin.g of the turbine-generatorvalves, even' heat 

load on all the ·steam ge·nerator~ is mai.nta,ned. 

c. During ooeration with one reactor coolant pump shut-off,·· 

the arrangement of the steam system allows operation of the 

pl ant wi'thout e~ceedihg the above. turbine gen·erator t~mperature 

· out-of-ha l aiJce -1 imi-ts .. 
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3. The-~team generator safety valves are spring~loaded and self-actuating 

type. There are no isolation valves between the safety valves and 

steam generator. Thus, the safety valves are available for over­

pressure protection at all times under all plant operating conditions. 

Power operated relief valves are available for plant cooldown at 

all times. 

4. Mechanical failure of a control valve such as steam dump or power 

operated relief results in an uncontrolled steam release. The 

analysis for single spurious opening of a valve in the main steam 

system is presented in Section 15.2.13 of RESAR 3, Vol. VI, which 

shows that there would be no return to criticality. The maximum 

flow through any one of the ASME Code safety valves, power operated 

relief valves, atmospheric ~ump and condenser dump valves is specified 

not to exceed 970,000 lbs/hr at 1200 psia. 

5. To prevent the containment pressure exceeding the design pressure in 

the event of a main steam pipe break inside the containment, following 

actions must be ensured: 

a. No more than one steam generator is allowed to completely blowdown. 

b. The steam released into the containment from the remaining steam 

generators is terminated within 10 seconds of the initiation of 

the break. 

• 
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• c. All the steam released into the containment must be directed into 

the lower compartment of the inner containment. 

The steam pipe break incident actuates the main steam stop valves to close 

as described in 11 Engineered Safety Features Actuation System, 11 Section 7.3 

of RES.l\R 3. 

Shutting the stop valves cuts off the individual steam generators 
', ·. ,· ' 

from the pipe break. This action ensures that only the steam generator 

with the broken line blows down completely, 

• For analysis of single active failure see Section 10.3.4. 1.7. 

• 

During the period when the steam break protection is being activated all 

the steam generators and piping contents continue blowdown into the con­

tainment. The closure time of the stop valves is 5 seconds allowing 5 

seconds for activation which ensures shut-off in 10 seconds as assumed 

in pipe break analysis. 

The arrangement of steam piping inside the containment ensures any break 

has only free flow access to the lower compartment of the containment. 
-.. ;,:,l, 

The enclosures around the steam generators ensures steam flow into the 

lower compartment. Steam from a break between the containment and the shield 
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building is directed into the containment by the surrounding tube which 

has one free end in the lower compartment of the containment. 

6. Detailed analysis of a main steam pipe break is presented in Section 

15.4.2 of RESAR 3, Volume VII. 

A rupture of a main steam pipe would result in increased steam flow. 

The energy removal from the Reactor Coolant System causes a reduction 

of coolant temperature and pressure. In the presence of~ negative 

moderator temperature coefficient, the core could return to power 

following a steam line break. To reduce the rate of reactor cooldown, 

the following provsions are made: 

a; A 16 11 flow restrictor is provided in the main steam piping close 

to the steam generator. The steam flow through the restrictor in 

case of a pipe break is only 1/4 of what it would be through the 

pipe with no restrictor. 

b. The fast closing main steam stop valves are provided. The valves 

close in 5 seconds or less of the receipt of signal to close. 

This provides that after the closure of valves the blowdown rate 

and mass released is dependent on only one steam generator. 
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The _analysis presented in Se.cti9n 15.4.2 shows .that the _dose .r.ate val,ues - . ,, . . '. .. .. . '"" -.. ; ... \ . ' . ' . . ·.. . 

at the exclusion dis~?-11~e wi.11 not exc.eed the limits ~pec,ified. in JP CFR 10.0. 

7. The main.steam sys_t,em has the ~apa.bil_ity.of perforrnin~ all. .tts safety 

related functions while. s.ustain_i~g a single. active failure of ,a cpm­

pon:.nt. Each line has a fast clqsing stop valve.,.with downstream.check 

Vfl.lve .. Sufficient .redun
0
dancy .is proyided:in .th~ stop val ye .controls 

as described in _Section 10.3.3. l .. These valves pre.vent blowc;lown of . 
. . ,·,' . . . . . . . . .., ' ... 

more than one steam generator for any br~.ak loc;ation .. ,e.v~n if orie y~lve 

fails to close. For example, in the case of a break upstream of the 

stop valye in oqe. line, _either the_check"valve j_n that lir_ie .or. 
.. . ' . . ' ,· . .· . . . 

the .'.stop vaJve~ in ~he other.three lines.,wil,l prevent ~l?wdown 

of more t~an one steam g~nerator: inside the contai ~me~\ and thus .pr:e­

vel')_ts structuraJ damage to the containment. 

··.:,, 

In the event of a pipe break downstream of the valves with fail~re of 

one main steam stop valve to close, the steam flow through the break 

woul,cl c;:9n~j nue. from . ~l l _ t,h(:!. s t~am geriei:-ator.s r~w n.? ~9re J~ a~. 10 

sec9nds. _H9wever, after this period, th.e steam_,~J9wdown will con-
- ·.... ·.' . ·. :· ' ' . : : . .· . .' '. . . : . ," ,. ·:.. {' ' . ; . .·. . .. ' . : '.;;.. .. '. . '. . . . 

tioue._only from the steam generator associated.with.the majn s~eijm. 
. . ' ., . . ,•_:. :- .. 

stop valve which was assumed to fail. The othe.r.three. steam geDer~~ 

tor lines will be used to shutdown the plant . 
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8. A matn steam pipe in one line will not damage the steam and feed pip­

ing sectio~s designated with a safety classification in the other 

3 lines. The steam pipe break must also not cause damage to the aux-

iliary feed system,· containment a'nd asociated systems, .systems 

required for safe s~utdown of the plant (lfsted in Section 7 .4 of 

RESAR 3). The damage as a result of a main steam pipe break in any 

pipe section is not allowed to affect the operability of other lines 

oy a careful arrangement of equipment, missile shields, pipe whip 

restraints, hangers and supports. 

9. A main steam line incident will not precipit.ate a loss of coolant 

accident '(LOCA). A steam pipe break will not result in a steam gen­

erator tuoe rupture accident_.· Careful separation of the two systems 

and adequate design of missile barriers, pipe whip restraints, hangers 

and supports prevent steam line incidents from causing reactor coolant 

systems leakage. 

' . 

10. The stresses imposed by the main steam piping upon main components 

such as steam generators, containment; and turbirte generator remain 

within rang·e as specified in Section 3.9 for normal plant operation 

artd·a~tident c6~ditions: 

This is achieved by a combination of piping layout, location and type 

of supports and anchors and cold springing if required. Safety valves, 
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rel fef valves, and dump valve _S1:Jpports. are designed for maximum qynamic 
t •• ••••• ·... '• • • • •. • • -- • • \ ,, • • .. • .• : • ... :· 

load in$ caused 6y su_dden_ openirtg of the va 1 ve .. 
: . ·,,,, ' . ' " . 

11, In the event of a .. steam generatqf tub_e rupture acci de11:t, _operator . 
• , - ' • f • • ; • • ' '{ • 

action is required as detailed in Section 15.4.3 of RE~AR, Rev. 3. 
"• ••• ,• • ,, ' • ' \ I 

12. the layout of _the plant ventilatio.~ air intakes and the location of 

the steam release points are such that there is no possibility of draw-
._,"::. .. . . ' : .. - . . . ', ' 

fng the steam into the building. In the turbine building, the atmos­

pheric dump valves exhaust outside column A-A but the air intakes are 

provided on side 7-7. The safety and power operated reHef valves 

exhaust in ~~ctions 23FG. and 45F_G .. Air inta~es are proviqed on 

Column 1-1. 

13, For safety functions of the mai.n steam system, the section .. from the 
. .,•. . . - . - ... 

14. 

steam generator~ to. the main steam stop valves only is required .. This 
•• ' • < • .. • • • ' ' • ~ • • ':. • : • ', • 

s~ction is protected from.mis __ siles from within the plant or from outside 

by missil~, barriers •. Missile prot_ection_ cap.ability of the. plant is . 

analyzed in Section 3.5. Pipe whip damage frqm .any other sys:tem piping 
\ 

such as feed pipes is minimized by adequate design of pipe whip restraints 

and phys,icaJ. separation in the layout. 

Access for maintenance is provided for the SQ.fety valyes, relief 

valves, dump valves and main steam stop valves . 
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15. Steam released due to·sudden opening of the safety valves, relief 

valves and atmospheric dump valves is fre~lyvented outside the. 

buildings. The valve nozzles and vent pipes are designed toaccommo­

date the thermal arid reaction movements a·ssoci ated with ·the plant 

operation. The vents are adequately sized to prevent back pressure 

forcing steam into the building housing the valves. Ventilation 

is provided in buildings to prevent ·accumulation of steam inside the 

buildings from valve glands and leakage through valve seat. 

10,3,"4,2 · Destgn Code Evaluation 

Th.e sections of the main steam system which have safety functions are 

classified according to the guidelines of ANS. 

The section from the.steam generator nozzle up to and including the main 

steam stop valve is in accordance with ANS Safety Class 2 ASME Boiler 

and. Pressure Vesse 1 Code, Section· I II, Code C_l ass .2. Steam supply 1 i nes 

to auxiliary feed pump turbine up to the.first valve on the line, have 

same classification as above. 

Downstream of the first valve on the steam supply line to the auxiliary 

feed pump turbine and the exhaust from turbine to the atmosphere is in 

accordance with ANS Safety Class 3 and ASME Boiler and Pressure Vessel 

Code, Section III, Code Class 3. 
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Drai:n lines, vent lines·,control air lines,. up to the first isolation 

valve,· shall oe tfie same classification as the component. 

: _. ... 

The main steam piping downstream of the stop valves and up to the main 

valves on the turbine generator and various branch 1ines supplying the 

other auxiliaries have no safety function and therefore are designed 

in accordarice with ANSI B31. 1 - 1967 "Power Piping. 11 

10.3.4.3 · Environmental Design Evaluation 

The doses resulting from environmental releases can be maintained within the 

limits specified under 10 CFR 20 and 10 CFR 100 requirements as applicable . 

Uetail~d analysis is pr~senteci in Sections 12.4 and 15.4.2. 

The possible ~ourse for radioactive rele•se to the atmosphere ts through 

steam generator tube leakage. To limit the radioactivity in the ·main 

steam system, limits for reactor coolant leakage and activity level are 

specified for continued operation of th~ plant. 

10.3.5 INSPECTION AND TESTING 

Inspection and tesing during manufacturing are in accordance with the 

applicable ASME Codes and other regulatory bodies• requirements. Detailed 

requirements will be specified in component specifications. Specifically, 
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the.inspection and tesing requirements during manufacturing for main 

steam stop valves~ power.operated relief valves and safety valves are in 

accordance. with ASME Boiler and Pressure Vessel Code, Section III, "Nuclear 

Power Pl~nt Components." 

Visual inservice inspection of the system will be performed by the plant 

operating personnel. Inservice leakage test are not required by ASME Code. 

Safety valves opening and closing set pressures will be tested by an air 

operated lifting mechanism. An outline of the test procedure is given in 

the Technical Specifications. The actual opening/closure pressure will 

be checked to be consistent with pressures given in Table 10.3.3. The 

operability of the relief valves is periodically checked by the plant 

operating personnel. The closing time of the main steam stop valves is 

checked at every refueling period. 
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10. 4 OTHER FEATURES OF STEAM AND ROWER CONVERSION SYSTEM 

10.4.1 MAIN CONDENSERS 

10.~.l.l Description 

The condenser ls three shell, single pass and floor suppo·rted:;: The ton­

denser is connected to the exhaust opening ·of each· 1 ow ·pressure- turbine by 

an expansion joint. Equalizing ducts ~etween the she~ls- of the'·three con"' 

densers limits the exhaust pressure differential to 211
' HgA,·with any shell 

out of service. The design parameters of the main condensers are shown 

on Table 10.4.1-1. Following a large load rejection, the three condensers 

accept bypass steam corresponding to 40% of steam flow at maximum calcu­

lated load. 

The three condenser hotwells provide a total condensate storage, equiva­

lent to that required for five minutes operation at maximum calculated 

load conditions. 

10.4.1.2 Radioactivity Considerations 

The radioactivity released to the turbine area is a function of the per­

centage of defective fuel clad, the escape rate coefficients, reactor 

coolant to the steam system leak rate, the steam system flow rate, the blow-

• down rate, steam system leakage, and the steam generator and condenser 

partition factors. These values are presented in Chapter 12. 
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TABLE 10.4.1-1 

DESIGN PARAMETERS OF MAIN CONDENSERS 

Quantity 

Vacuum in each condenser 

Circulating water flow to each condenser 

Circulating water inlet temperature 

Circulating water outlet temperature 

Heat ~oad per condenser 

10.4-2 

3 

1. 75 11 BgA 

297,000 gpm 

60°F 

76.5°F 
6 

2496 x 10 Btu/Hr 
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• 10.4.2 MAIi~ CONUENSER EVACUATIOi~ SYSTEM 

The condenser air remov;al sys.tem,fJ~ow diagra,m is srown on/igure 10.4-l. 

To establish condenser vacuum, each condenser is provided with a steam jet 

hogging ejector. For removing non-condensable gases, each contjel)s~r· s.hell .. 
. l_' : ., ..• ·.>~ :, •• •• • • • - •.•• :· •••.• .' :.: 

is provided with twin element two sta9e steam jet air ejectors, each.el.ement 
. '. '.: ·_.·.,· 

rated at 100% .. capacity. Main steam is the motive steam and the _E;!j~c:tors 

are designed to operate with motive steam from 1300 psia to 12~ psia, by . ., . . . .-. 

utilizing an automatic pressure reducing valve. The design parameters .of 
. . ' ,•' ' . ~. . . ' 

tne hogging ejectors and air ejectors are·shown on Table 10;4.2-1. The 

discharge from the air ejectors is released to the atmosphere vi a a radi a­

tion monitor. This monitor triggers an alarm in the control room _in case 

• of radioactivity in the gases above a set limit. 

• 

10.4.2. l Calculations of Radioactivity 

Radionuclide releases in the main condenser evacuation system are described 

in Chapter 12. 

10.4.3 TURBINE GLAiW SEALING SYSTEM 

The annulus space where the turbine shaft extends beyond the casing to the 

atmosphere is sealed by steam supplied to labyrinth packings. Where the 

packiAg seals against vacuum, the sealing steam leaks outward to a vent 

annulus that is maintained at a slight vacuum. The vent annulus also 
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. DESIGN PARAMETERS ·oF AIR REMOVAL EQUIPMENT 

. . . 

Hogging Ejectors 

Quantity 

Capacity (each) 

Suction Pressure 

Suction Temperature 

Main Air Ejectors 

Quantity 

Capacity each element 

Suction Pressure 

Suction Temperature 

10.4-4 

3 

1200 cfm 

3 

20 SCFM 

111 HgA 

7,5°F subcooling 

• 

• 
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• 

• 

receives air leakage from the outside. The air-stream mixture is drawn 

to the gland condenser and maintained at a slight vacuum. Where the packing 

seals against positive pressure, the sealing·steam connection acts as a 

leakoff. 

The steam seal header is automatically regulated at 3 to 4 psig using main 

steam at lighter loads. At·higher loads when·leakoff from pressure packings 

is more than that required by vacuum packings, the excess is discharged to 

the gland condenser. The gland condenser returns seal leakoff to the con­

denser as condensate. Noncondensable gases are discharged to the atmosphere 

by the gland exhausters . 

Uesign Evaluation 

There is negligible radioactivity leakage to the environment in the event 

of malfunction. Radiological monitoring is not required. 

10.4.4 STEAM UUMP SYSTEM (TURBINE BYPASS SYSTEM) 

The steam dump system is shown along with the main steam system in Figure 

10.3-1, Sheets 1 and 2. 

10.4.4.1 Function 

The steam dump system provides a heat sink for the excess steam produced 

by the nucl~ar steam supply system during electrical load changes greater 

• than the l~SSS designed 5 percent per minute or 10 percent step load changes. 
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10.4.4.2 Design Bases 

10.4.4.2.1 Performance Requirements 

1. The steam dump system prevents a reactor or turbine trip during 

electrical load transients up to and including a step change from 

full power to station auxiliaries. 

2. Nuclear plant safety is assured under all conditions of plant 

operation. 

3. Loss of condensate from the steam and power conversion system is 

minimized. 

4. Electrical output is not affected because of any unscheduled 

maintenance on the steam dump valves. 

5. To reduce the frequency of maintenance on the dump valves and to 

limit steam leakage under normal plant operation, the valves are 

specified with a high degree of leaktightness. 

10.4.4.2.2 Requirements for Single Active Failure Criterion 

In the event of the spurious opening of a single steam dump valve, the plant 

will be shut down and maintained subcritical after trip. 
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10.4.4.2.3 Design Codes 

The steam dump system is designed to withstand the environmental phenomena 

as required in the codes listed below: 

1. The power operated relief valves section of the steam dump system 

which is included in the scope of the main steam system (Section 10.3) 

is designed according to the requirements given in Section 10.3.2.2. 

2. The atmospheric dump valves and condenser dump valves are designed 

according to ANSI B.16.0 11 Face-Face and End-End Dimensions of Ferrous 

Valves. 11 The piping is designed according to ANSI B 31.l 11 Power Piping. 11 

10.4.4.2.4 Environmental Design Criteria 

During all modes of steam dump system operation, the dose rate at the ex­

clusion distance, when considered in conjunction with other releases, can be 

maintained within 10 CFR 20, and·lO·CFR 100 requirements as applicable. 

10.4.4.3 Description 

The steam dump system can be divided into 3 sections: 

1. Power operated relief valves with 10 percent full load capacity . 

2. Atmospheric dump valves with 35 percent full load capacity. 
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3. Condenser dump valves with 40 percent full load capacity. 

One power operated relief valve is provided on each steam generator upstream 

of the main steam stop valve and downstream of the safety valves. Each valve 

is provided with a manual shut-off isolation valve. 

Downstream of the non-return valves, nine similar atmospheric dump valves on 

the common header are provided. Each valve is provided with an isolation 

valve. Steam is vented outside the building though the vent pipe. The vent 

pipe design allows free motion due to thermal growth and reaction forces of 

the valve and its associated piping. 

Steam dump to the condenser is provided by 12 control valves. Isolation 

valves are provided on both sides of the valves. Steam traps and local 

strainers are provided on each dump line. Inside the condensers the steam 

lines are provided with sparge pipes to reduce the steam velocity. 

Both the atmospheric dump and the condenser dump valves have 900# ANSI pres­

sure rating globe body, piston actuator and electronic-pneumatic transducer. 

All the dump valves are modulating type. The valve operators are capable of 

opening the valve completely within 3 seconds over the system pressure range 

of 930-1200 psia. The valves are capable of being positioned automatically, 

modulating to pass the required flow. Positioning response is 10 seconds or 

less. 
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10.4.4.4 Design Evaluation 

10.4.4.4.1 Performance Evaluation 

1. The Nuclear Steam Supply System is capable of taking load changes of 

10 percent step from steady state conditions or of 5 percent per 

minute without reactor trip. The dump system is designed to accept a 

turbine load change from full power to station auxiliaries which are 

about 5 percent of full load. As the reactor is capable of taking 

an initial step load change of 10 percent, the steam dump system 

design capacity must be 85 percent of the full load . 

The 85 percent system design capacity is provided by 3 subsections 

as follows. The size of the condenser and the limitation on condenser 

vacuum limit steam dump to the condenser to 40 percent of full load. 

The power operated relief valves which are provided in the main steam 

system (Section 10.3) provide an additional 10 percent steam dump to 

the atmosphere. The remaining 35 percent steam dump capacity is pro­

vided by the nine atmospheric dump valves on the common header. 

Excess steam for turbine load reductions up to 50 percent of full load 

is dumped to the condenser. If the condenser is unavailable, steam 

is dumped to the atmosphere . 

All the dump system valves open for a 95 percent step load reduction 

on the turbine. The valves modulate to close as reactor 
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power is reduced to match the turbine load. The closing sequence 

is arranged for the condenser dump valves to close last. Only the 

required number of dump valves open simultaneously for turbine step 

load changes between 10 percent and 95 percent. 

For 100 percent step load reduction on the turbine (turbine trip), 

th~ reactor is tripped. Steam generated by the stored and residual 

heat is dumped to condenser and/or atmosphere depending upon the 

availability of the. condensers. 

2. Safety of the plant is maintained under all conditions of plant 

operation. The steam dump system is not essential to the safe 

operation of the plant; it is designed to give the plant operating 

flexibility. The power operated relief valves which provide 10 

percent steam dump capacity do have a safety function. These valves 

assure controlled cooldown of the reactor when condenser and 

atmospheric dump valves cannot be used. In the event of a 95 

percent load loss on turbine and the unavailability of steam dump 
·: • I ' ' 

system, the safety valves protect the steam generators from over­

pressurization. 

3. Loss of condensate is minimized by arranging steam dump controls 

for preferential operation of the condenser dump valves. 
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For up to 50 percent step load changes, none of the atmospheric 

dump valves open. However, in the ~vent of a step load change 

greater than 50 percent, required number of atmospheric dump valves 

open simultaneously with the condenser dump valves. However, they 

modulate to close first leaving the condenser dump valves to close 

1 ast. 

4. Electrical output of the plant is not affected because of any 

unexpected maintenance required on the dump valves. The valves 

are provided with isolation valves in case maintenance of the dump 

valves is required. Access provisions are made to reach conven­

iently every dump valve . 

5. Steam leakage under normal plant operation is limi.ted by specifying 

all the valves with a high degree of leaktightness. This reduces 

the radioactive releases within the plant when operating with some 

radioactivity in the steam system. Increased valve life and 

reduced maintenance also result from leaktight valves. The valves 

are required to be tested ,by the manufacturer for leaktightness 

according to MSS-SP.61, a publication of Manufa·cturers: Standards· 

Society of the Valve .and Fittings Industry. 

10.4.4.4.2 Single Active Failure Evaluation 
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All the valves are specified such that the maximum steam flow through the 

inadvertent op~ning of a steam dump system valve will not exceed 970,000 

lbs/hr at 1200 psia. Section 15.2.13 of RESAR~3 shows that there will be 

no·return to criticality after trip in the event of a spurious opening of 

any valve in the system. 

10.4.4.4.3 Uesign Code Evaluation 

The power operated relief valves are located upstream of the main steam 

stop val'ves. The code designation for the power operated relief valves 

and their associ'ated piping is in accordance with the ANS 11 Nuclear Safety 

Criteria for the Design of Stationary Pressurized Water Reactor Plants." 

The atmospheric dump valves and condenser dump·valves have no safety func­

tion and hence are designed according· to the ANSI· standards given· in the 

criteria. 

10.4.4.4.4 · Evaluation of Environmental·Design Criteria 

Uuring normal operation of the steam dump system, the radioactive release 

to the atmosphere is llmitect· by the technical specifications on reactor 

coolant leakage, and reactor coolant· activity level;. The dose levels at 

the exclusion distance during plant·operation with leaking steam generator 

tubes can be maintained below the limits specified· in 10 CFR 20 as sh-own 

in Section 12.4. In the event of a steam dump system pipe break the limits 

of 10 CFR 100 can be met as shown in subsection 15.4.2. 
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10.4.4.5 Inspection and Testing 

The steam dump system will be functionally tested during unit startup. 

Normal operating system performance monitoring will detect any deteriora­

tion in the performance of system components and will be corrected by 

appropriate means as necessary. 

All steam dump system valves are tested for leakage according to MSS-SP-61 

by the manufacturer. The system is hydrotested during unit startup . 
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10.4.5 CIRCULATil~G WATER SYSTEM 

10.4.5.1 Design Bases 

The circulating water system is a once~through system supplying cooling 

water from the sea to the condensers; -The design parameters·for this 

system are listed in Table 10.4.5-1, Circulating Water System Design 

Parameters. 

10.4.5.2 System Description 

The circulating water system consists of six independent parallel flow 

paths as shown on the system layout in Figure 10.4-2. Each flow path 

contains seawater intake e·quipment consisting of trash racks, screens, 

circulating water pump, piping and instrumentation. The design data for 

the system components are given in Table 10.4.5-2. The seawater enters 

the circulating water system pump chamber through fixed trash racks and 

motor operated traveling screens. The circulating water pump intakes the 

seawater from the pump chamber and discharges to the condenser water box. 

The condenser consists of three twin bank surface condensers, each bank 

being supplied by a single pump. · In· the event one of the flow paths is 

out of service, adequate heat removal from the condenser will be possible 

if the load generation is reduced. -The- seawater is discharged from the 
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• condensers through six separate parallel pipes. These 1 ines conduct the 

seawater to six square cross-over conduits, which discharge into a common 

catchment basin located near to but separate from the platform. 

• 

• 

Control of marine growth through the circulating water system will be 

accomplished by sodium hypochlorite generators which will discharge into 

the intake chambers (refer to subsection 9.3.7). 

Water level and pressure sensors will be located in strategic areas for 

detection of a pipe failure in the circulating water system. These detec­

tion devices will automatically trip the pump associated with the pipe 

which has failed . 
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TABLE 10.4.5-1 

CIRCULATING WATER SYSTEM DESIGN· PARAMETERS 

Flow 

Waste Heat, BTU/hr@ 100% Load capacity 

Cooling Water Temperature Rise, F 

890,000 gpm 

7.5 x 109 BTU/hr 

16. 5 F 

The materials chosen for the circulating water system will be suitable 

for seawater application 
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TABLE 10.4.5-2 

CIRCULATING WATER SYSTEM COMPONENTS 

DESIGN DATA 

Name No 

Circulating water pumps 6 
(Vertical, Mixed Flow, Single-

stage) 

Screen washing pumps 2 
(Horizontal, Centrifugal, Single­
stage) 

Trash pumps 
(Centrifugal, Single-Stage) 2 

Traveling screens 6 
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10.4.6 MAIN COIWENSATE FEEDWATER SYSTEM 

The main condensate feeqwater system is shown on Figures 10.4-3 sheets 

1 through 4. The feed heater drains and vents system is shown in Figures 

10.4-4 sheets 1 and 2. 

10.4.6.l Function 

The main condensate feedwater system returns the condensed steam from the 

main condensers and the drains from the regenerative feed heating cycle to 

the steam generators while maintaining the feedwater inventories throughout 

the cycle. 

10.4.6.2 uesign Bases 

10.4.6.2.l Performance Criteria 

1. The main condensate feedwater system shall maintain the feedwater 

inventories throughout the cycle during steady state and normal design 

transient conditions including load rejections up to 95% and thus 

prevent reactor trip due to low level in the steam generator. 

2. Uniform feedwater temperature to all four steam generators shall 

be maintained under normal plant operating conditions. 
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3. The main condensate and feedwater system shall provide sufficient 

storage capacity of feedwater to compensate for the loss of feedwater 

due to atmospheric steam dump, steam generator blowdown, and the 

shrinkage of feedwater inventory due to load changes. 

4. The main condensate feedwater system shall perform its safety related 

functions. 

5. The main feedwater piping .shall be designed for limiting environmental 

conditions as provided in the design codes specified in Section 

10.4.6.4.2. 

;. 10.4.6.2.2 Design Codes 

• 

1. Those sections of the main condensate feedwater system classified by 

the ANS in 11 Nuclear Safety Criteria for the Design of Stationary 

Pressurized Water Reactor Plants/ N-18.2, January 1972 and shown on 

fl ow di a gram 10. 4-3 sheet 4 comply with 11 ASME Bai 1 er and Pressure 

Vessel Code - 1971, Section III, Nuclear Power Plant Components, 

Summer 1972 Addenda. 11 

2. The balance of the components shown on flow diagrams 10.4-3 sheets 1 

through 4 and 10.4-4 sheets l and 2 comply with 11 ASME Boiler and 

Pressure Vessel Code - 1971, Section VIII 11 and 11 ANSI B3l.l - 1967, 

Power Pi pi ng 11 as appropriate . 
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10.4.6.3 System uescription 

The condensate feedwater cycle is a closed system in which the condensate 

is deaerated in the main· condensers. Condensate from the condenser hotwell 

is pumped by three 33-1/3 percent capacity motor driven pumps through the 

ste.am jet air ejector condensers, gland condenser, fl ash- evaporators and 

five stages of low pressure feedwater heaters to the suction header of 

two 50 percent capacity steam-turbine driven main feedwater pumps. The 

feedwater is then pumped through one stage of high pressure feedwater 

heaters and into a collecting header. Feedwater enters the containment 

through the four lines penetrating the containment wall, one line feeding 

each steam generator. The penetration details are discussed in Section 

3.b.2.7. • 

Steam from the first stage extraction points of the high pressure turbine 

is routed to the high pressure feedwater heater shells, designated as 

i~o. l H-P (High Pressure) heaters. The succeeding feedwater heaters are 

numbered in ascending order. The No. 5 and 6 L-P (Low Pressure) heaters 

are rated 33-1/ 3 percent capacity each and are arranged in three para 11 el 

strings. The remaining feedwater heaters 4, 3, 2 and l are arranged in 

two parallel strings. Automatic bypass and block valves are provided 

around each string of feedwater heaters. 

Feea flow regulation to each steam generator is achieved by the combination 

of a variable speed drive for the main feed pump and a feed flow regulating 

T0.4-20 

• 



• 

• 

• 

valve. The control logic of the three element system and the control of 

speed of the main feed pump drive is presented in RESAR 3, Subsection 7.7.1.7. 

Chemical Additives 

Diluted solutions of morpholine or equivalent and hydrazine are added to 

the feedwater downstream of the condensate pumps to control the pH and 

dissolved oxygen content of the feedwater respectively. Phosphate solution 

is added to'the feedwater at each feed inlet line to the $team generators, 

to· control scale formation in the steam generator in the event of 

contamination due to circulating water system leakage into the condenser . 

Routing of Feedwater Heater Drains 

Drains from the second stage reheater tube bundles cascade to the No. l. 

high-pressure (H-P) heaters. Drains from these heaters, the first stage 

reheater tube bundles and moisture separators cascade to the H-P drain 

tank. Flashed steam from the H-P drain tank is vented to No. 2 low 

pressure (L-P) heaters. Drains from No. 2 L-P heaters are led to the H-P 

drain tank, from which the condensate is pumped by two 50 percent capacity 

H-P drain pumps to the main feedwater pump suction header. Drains from 

the No. 3 L-P heater cascade to the L-P drain tank. Flashed steam from 

the L-P drain tank is vented to the No. 4 L-P heaters. Drains from the 

No. 4 L-P heaters are led to the L-P drain tanks, from which the condensate 

is pumped by two 50 percent capacity L-P drain pumps into the condensate 
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feedwater system between No. 4 and No. 3 L-P heaters. Drains from the 

No. 5 L-P heaters cascade to the No. 6 L-P heaters. Drains from the No. 6 

L-P heaters are led to the condenser. The heater numbers l, 3, 5, 6 and 

H-P and L-P drain tanks drain to the condenser hotwell in case of high water 

levels. 

10.4.6.4 Design Evaluation 

10.4.6.4.1 Performance Evaluation 

1. The Nuclear Steam Supply System is capable of accepting transients of 

10 percent step load change or 5 percent per minute of ramp load change 

without reactor trip. In order to prevent flashing and tripping of 

H-P and L-P drain pumps under normal design transient conditions, cold 

water from the condensate pumps is injected continuously to the suction 

lines of the H-P and L-P drain pumps. During a transient condition of 

95 percent load rejection, the condensate feedwater system loses the 

heater 1 s drain flow from the H-P and L-P drain pumps. To prevent re­

actor trip, the condensate pumps are able to run out to provide feed­

water corresponding to 96 percent of maximum calculated flow to the 

feed pump suction. The main feedwater pumps are designed to deliver 

the feedwater flow for the increased steam generator pressure of approxi­

mately 100 psi during this transient with the feed regulating valve 

fully open. 
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2. In order to ensure uniform feedwater temperature to all the four 

steam generators, the piping layout downstream of the No. 1 H-P feed­

water heaters will be arranged in such a way to ensure mixing of the 

feedwater from the No. 1 H-P heaters and its bypass. 

3. The three condenser hotwells provide a total capacity of 158,000 

gallons of condensate to compensate for the loss of feedwater due to 

atmospheric steam dump. The steam dump system is presented in sub­

section 10.4.4 and the main condenser description is presented in 

subsection 10.4.1. The condensate storage tank provides the makeµp 

to the condensate feedwater system to compensate for the loss of feed~ 

water due to steam generator blowdown and the shrinkage of feedwater 

inventory due to load changes. The condensate storage facility is 

• presented in subsection 9.2.5. 

• 

4. In the event of main steam line break incident, it is necessary to 

isolate the feedwater flow-to all the four steam generators. The 

·isolation of feedwater flow to the steam generators is achieved by the 

safety injection signal. The redundant safety sequence signals actuate 

the closure of all the main feed regulators, trips the main feed pumps 

and closes the main feed pump discharge valves, thus ensuring the 

.isolation of feedwater supply to the steam generators. In the event 

of high water l~vel in any one of the steam generators due to the mal­

function of the main feed regulator, the high-high level signal in the 

steam generator will trip the main feed pumps and close the main feed 

pump discharge valves . 
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10.4.6.4.2 Design Code Evaluation 

The sections of the main condensate feedwater system which have safety func­

tions are classified according to guidelines of ANS. 

The feedwater piping downstream from and including the check and stop valves 

up to the steam generator is designated ANS Safety Class 2 and complies with 

ASME Boiler and Pressure Vessel Code, Section III. 

10.4.6.5 Environmental Design Evaluation 

The maximum radioactivity on the secondary side of any steam generator is 

specified in the technical specifications. 

10.4.6.6 Inspection and Testing 

Inspection and testing during manufacturing are in accordance with the 

applicable ASME codes and other regulatory bodies• requirements. Detailed 

requirements will be specified in the component specifications. Specifically, 

the inspection and testing requirements during manufacturing for main feed 

check and stop valves are in accordance with ASME Boiler and Pressure Vessel 

Code, Section III, 11 Nuclear Power Components. 11 

No inservice inspection is required by the ASME Boiler and Pressure Vessel 

Code Section XI. 
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10.4.6.7 Auxiliary Feedwater System 

The auxiliary feedwater system is shown on Figure 10.4-5. 

10.4.6.7.1 · Function 

The auxiliary feedwater system provides feedwater to the steam generator to 

remove the residual heat and cool the reactor coolant system to 350°F, in case 

the main condensate feedwater system is not available. The system prevents 

water relief through the pressurizer safety valves in the event of a loss 

of main feedwater flow accident . 

10.4.6.7.2 Design Bases 

10.4.6.7.2.1 Performance Criteria 

1. The auxiliary feedwater system shall ensure sufficient feedwater 

supply for residual heat removal from the reactor coolant 

during the following postulated incidents: 

a. Loss of normal feedwater supply from the main condensate 

feedwater system. 

b. Loss of offsite power to the station auxiliaries . 
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c. Malfunctions of the Condensate Feedwater System. 

d. Main steam line break incident. 

e. Steam generator tube rupture. 

f. Small break incident in the Reactor Coolant System. 

2. The auxiliary feedwater system shall perform its safety related 

function while sustaining a single active failure for short term 

operation, or a passive or active failure for long term operation. 

10.4.6.7.2.2 Design Codes 

The auxiliary feedwater system is designated ANS Safety Class 2 and 3 as 

shown on Figure No. 10.4-5 and is_designed, constructed and tested to 11 ASME 

Boiler and Pressure Vessel Code, 1971, Section III 11 11 Nuclear Power Plant 

Components 11 Summer 1972 Addenda. 

The piping downstream of the recirculation orifices is desiqnated 

non-nuclear safety class and is designed to 11 ANSI B31.l-1967-Power Piping. 11 
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10.4.6.7.3 Description 

The system consists of two auxiliary feedwater storage tanks, four motor 

driven auxiliary feedwater pumps and one non-condensing steam turbine driven 

auxiliary feedwater pump located in the safeguards areas. Safeguards areas 

are designed to provide tornado missile protection from outside sources 

(ref. Sections 3.3 and 3.8). The component data are presented in Table 

10.4.6.7-1. 

The motor driven pumps and the steam turbine driven pump take suction from 

the auxiliary feedwater tanks. The suction piping to each pump is valved in 

such a way that the pumps can take suction from either of the two auxiliary 

feedwater tanks . 

Each motor driven pump discharges to only one steam generator through a regu­

lating valve. The turbine driven pump discharges to all four steam generators 

through regulating valves. Discharge from the two pumping systems join in a 

common header downstream of the last stop·valves to each steam generator. A 

flow indicator is provided on the common header before it joins the main feed 

line downstream of the main feed stop valves. Remote and local instrumentation 

and controls are provided for local and control room operation. Alarms are 

provided in the control room. The motor driven pumps and their associated 

controls are completely separate and obtain electrical power from the engi­

neered safeguards buses as discussed in Section 8.3 . 
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TABLE 10.4.6.7-1 

AUXILIARY FEEDWATER SYSTEM 
COMPONENT DATA 

EQUIPMENT 

Auxiliary Feedwater Tanks 

Number 
Type 
Capacity 
Material of construction 
Design Code 

Pumps 

Number 
Type 

Flow rate 

Total discharge head 
Drive 

Material of construction 

Number 
Type 

Flow rate 
Total discharge head 
Drive 

Material of construction 
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2 
Vertical, cylindrical 
200,000 Gallons each 
Carbon Steel 
ASME Section III 

4 
Centrifugal, multistage 
horizontal, splitcase 
240 gpm 

3400 ft. 
Electric motor 300 HP 
4160 volts 3600 rpm 
401 stainless steel 

1 
Centrigual, multistage 
horizontal, splitcase 
800 gpm at 45000 rpm 
3400 ft 
Steam turbine 1000 HP 
600 psig 
Steam, 4500 rpm 
401 stainless steel 

(pump) 
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• Steam to the turbine drive is supplied from two of the four steam generators 

upstream of the main steam stop valves. The exhaust from the steam turbine 

is led to the atmosphere. 

10.4.6;7.4 System Operation 

The reactor residual heat is transferred to the steam generators by natural 

circulation of the reactor coolant when power is not available to the .reactor 

coolant pumps. 

The motor driven pumps automatically start on low-low level in any steam 

generator, loss of main feed pump, safety injection signal, or loss of off-

• site AC power. The turbine driven pump starts automatically on low-low level 

in any two steam generators or loss of offsite power. The above starting 

signals also close the steam generator blowdown valves. The control logic of 

the startup of pumps is presented in Section 7.2. Once operating, flow to 

the steam generator and the water level is maint~ined by the remote manual 

control valves. ·Flow indication at each control point enables the feed flow'. 

to be balanced. 

• 

The steam generated during the residual heat removal is discharged to the 

atmosphere by the atmospheric power relief valves . 
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10.4.6.7.5 Design Evaluation 

1. The detailed analysis for the loss of normal feedwater is presented 

in Section 15.2.8 of RESAR 3. 

The detailed analysis for the loss of offsite power to the station 

auxiliaries is presented in Section 15.2.9 of RESAR 3. 

The detailed analysis for the excessive heat removal due to feedwater 

system malfunctions is presented in Section 15.2.10 of RESAR 3. 

The detailed analysis of main steam line incident is presented in 

Section 15.4.2 of RESAR 3. 

The detailed analysis of steam generator tube rupture is presented in 

Section 15.4.3 of RESAR 3. 

The detailed analysis of small break incident in the Reactor Coolant 

System is presented in Section 15.3.1 of RESAR 3. 

2. Each motor driven auxiliary feedwater pump and its associated controls 

obtain the electrical power separately from the enginee~ed safeguards 

electrical system. Any two out of the four motor driven auxiliary 

feedwater pumps or the steam driven auxiliary feedwater pump assures 

adequate feedwater supply to the steam generators for residual heat 

removal. An ample supply of steam to the steam driven auxiliary 
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feedwater pump is available from either of the redundant steam supply 

lines. 

Instrumentation and controls are provided on the local auxiliary shut­

down panel to ensMre that the reactor may be brought to a safe status 

in the event of eVacuation of the main control room. 

Sufficient storage capacity is provided in the two auxiliary feed­

water storage tanks to bring the reactor to a safe status during loss 

of normal feedwater supply. The details of the condensate storage 

facility are presented in Section 9.2.6.2. 

10.4.6.7.6 Inspection and Testing 

The components which are designated as ANS Safety Class will be inspected and 

tested during manufacturing in accordance with ASME Boiler and Pressure Vessel 

Code, Section III, 11 Nuclear Powei Components~ 11 Periodic testing of the 

auxiliary feedwater pumps is covered in the Technical Specifications. 

10.4.6.7.7 Instrumentation Applications 

Each auxiliary feedwater storage tank is provided with remote and local level 

indicators and high and low level are alarmed in the control room. Low suc­

tion pressure from each of the two suction headers is alarmed in the control 

room. Remote and local indication of the suction and discharge pressure of 

each pump is provided. 
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The auxiliary feedwater control valves are normally open and can be remote 

manually adjusted from either the main control board or the auxiliary 

shutdown panel to regulate the auxiliary feedwater flow to the steam gen­

erators. The valves are designed to fail open in the event of loss of 

actuating power. The individual flows to the steam generators are indicated 

in the control room and on the auxiliary shutdown panel. 
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10.4.7 STEAM GENERATOR SLOWDOWN SYSTEM 

The purpose of the steam generator blowdown system is to provide plant 

operating capability should minor steam generator or condenser leakage 

cau~e contamination of the secondary side water. 

10.4.7.1 Design Bases 

The important operating variables that the steam generator blowdown system 

is intended to control are as follows: 

1. Steam Generator Secondary Side Water Chemistry 

Restrictive water chemistry operating limits are specified when 

the plant is operating. For example, chlorides pr_esent in the_ 

secondary side water due to a condenser leak are limited to 

75 ppm to minimize corrosion failures of susceptable materials. 

Control of chlorides is accomplished by continuously removing 

a small volume of the concentrated water from the steam generator 

by blowdown and compensating by fresh water makeup or by recovery 

of the blowdown . 
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2. Steam Generator Secondary·Side Radioactivity 

Leakage of primary water to the secondary side through a steam 

generator tube or tubes will result in activation products and, 

in the case of fuel cladding imperfections, fission products con­

taminating the secondary side water. Control of the activity 

concentration in the steam generator secondary water is accom­

plished by a process of ion exchange demineralization and by 

recycling of the treated effluent. 

The design of the steam generator blowdown system assumes that contamination 

of the secondary side water may occur from either ocean water or primary 

water. The maximum inleakage contaminating flow rates at which the plant 

can continue to operate are as follows: 

1. Ocean Water Leakage Only 

Up to 1.2 gpm from the main condensers. 

2. Primary Water Leakage Only 

Up to 0.1 gpm from the main steam generator if the maximum activity 

concentration in the primary water does not exceed the equivalent 

of 1% defective fuel (see RESAR, Rev. 3, Table 11.1-2). 
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• 3. Ocean and Primary Water Leakage 

A combination of leakage from the main condensers and steam gener­

ators where the ocean water leakage does not exceed 0.2 gpm and 
\ 

the primary water leakage does not exceed 0.1 gpm with activity 

concentrations equivalent of 1% defective fuel.· 
\ 

10.4.7.1.1 Performance Requirements 

\ 
' I 

\ 

The major performance requirements are that liquid effluents will have q 

minimum effect on the ~nvironment when discharged to the ocean; safe working 

conditions are provided through minimum personnel exposure of contained 

• radioactivity in the system; and continued plant operations are possible 

with trace contaminating inleakage to the secondary water. 

• 

10.4.7.1.2 Sampling Criterta 

Sampling stations are provided in various locations in the blowdown system 

to determine operating conditions and the operating performance of component 

equipment. Operating conditions of interest are primarily the detection of 

radioactivity by sample analysis of gross beta and gamma or of specific iso­

topes. Operating performance is primarily concerned with determining the 

accuracy of instruments (radiation monitors) and performance of the demin­

eralizer resin beds . 
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For obtaining information for operator decisions and for determining 

system operating conditions sample stations are required in the following 

blowdown locations: 

Heat Exchangers (Downstream) - tube side process water activity 

(Downstream) - shell side cooling water activity 

Holdup and Sample Tanks - treated process water activity 

Backwash Receiving Tanks - backwash water activity 

For obtaining information on component demineralizer resin bed per­

formance sample stations are required upstream (inlet header) and down­

stream for each resin bed. 

10.4.7.1.3 Isolation Criteria 

The blowdown system design provides for isolation at the containment 

boundary through automatic closure of valves. The following signals will 

automatically close the valves: 

1. Containment Isolation Signal 
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2. Blowdown System control function failures 

Pressure Instrumentation (High Pressure) 

Temperature Instrumentation (High Temperature) 

Flow Instrumentation (High Flow) 

Radiation Monitors 

3. Air Ejector Discharge Activity Indication (Initial Isolation 

Only) 

4. Blowdown System Liquid High Activity after Demineralizer 

10.4.7.1.4 Design Codes and Component Parameters 

The codes and classifications for the steam generator blowdown system 

equipment components gov~rning the mechanical design are indicated in 

Table 10.4. 7-1. The major components parameters' are indicated in Tabl.e 

10.4.7-2. 

10.4.7.1.5 Environmental Design Criteria 

The operation and control of the steam generator blowdown system is de­

signed to have a minimum influence on the environment when liquid effluents 

are routed to the circulating cooling water for dilution and discharge to 

the ocean. The blowdown system liquid effluents have two categories 
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TABLE 1 0. 4. 7-:- l 

STEAM GENERATOR BLOWDOWN SYSTEM 

CODES AND CLASSIFICATIONS 

Design 
Com~onent Code 

Steam Generator Blowdown Heat Exchangers ASME VII I 

Steam Generator Blowdown Holdup & Sample Tanks AWWA D-100 or 
ASME .I I I 

Steam Generator Blowdown Backwash and 
Receiver Tank AWWA D-100 or 

ASME I II 

Steam Generator Blowdown Cation 
Demineralizer Tanks ASME VI II 

Steam Generator Blowdown Mixed-Bed 
Demineralizer Tanks ASME. VI II 

Steam Generat.or Bl owdown S~mple and 
Mixin·g Pumps . ASME' II I, Class 

Steam Generator Blowdown·Backwash and 
Receiving Discharge Pump ASME II I, Class 

10. 4-38 

• 

Safety 
Class 

NNS 

NNS 

NNS 

• NNS 

NNS 
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3 NNS 
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TABLE 10.4. 7-2 

STEAM GENERATOR BLOWDOWN SYSTEM 

MAJOR COMPONENT PARAMETERS 

Steam Generator Blowdown Sample & Mixing Pump 

Number 

Design Pressure, psig 

Design temperature,°F 

Design flow, gpm 

Steam Generator Blowdown 

Number 

Design Pressure, psig 

Design temperature,°F 

Design flow, gpm 

Backwash & Receiving Discharge 

Steam Generator Slowdown Heat Exchanger 

Number 

System heat load 

System cooling water flow 

Fluid 

Material 

Shell Side 

Cooling Water 
(NSW) 

Carbon Steel 
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2 

150 

140 

75 

Pump 

1 

150 

140 

75 

4 

51 x 106· BTU/Hr 

4000 gpm 

Tube Side · 

Bl owdown 14ater 

Stainless 



TABLE 10.4.7-2 {Continued) 

Steam Generator Slowdown Holdup and Sampling Tank 

Number 

Capacity, gal./tank 

Design Pressure 

Design temperature,°F 

Steam Generator Blowdown Backwash & Receiving Tank 

Number 

Capacity, gal. 

Design Pressure 

Design temperature,°F 

Steam Generator Blowdown Cation Demineralizer 

Number 

Design Pressure, psig 

Design temperature, °F 

Design flow, gpm 

Resin volume, ft 3 

Steam Generator Blowdown Mixed-Bed Demineralizer 

Number 

Design Pressure, psig 
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12000 

Atmospheric 

140 

1 

3000 

Atmospheric 

140 

2 

150 

140 

50 

50 

2 

150 
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Design temperature, °F 

Design flow, gpm 

Resin volume, ft3 

TABLE 10.4.7-2 (Continued) 
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50 
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of criteria for the control of discharged streams. 

1. No Activity (less than 10-4 oc/ml before dilution. 

The environmental variables of concern in the blowdown stream 

are as follows: 

Temperature - 200°F before dilution. This blowdown temperature 

will increase the circulating cooling water temperature by less 

than o.1°F at a flow of 600,000 gpm cooling water. 

Oxygen Depletion - The blowdown system will have essentially 

zero oxygen and a few ppm of hydrazine. Upon dilution the oxygen 

depletion will be less than 0.01 ppm in the circulating cooling 

water. 

Phosphates - 0.01 ppm or less after dilution in the circulating 

cooling water. 

Nitrates or Chromates - zero, no nitrates or chromates are used 

in the steam generator water. 
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For the system variables, temperature, o'xygen depletion and phosphates, the 

indicated limits in the circul~ting cooling water are considered to have no 

influence on the environment. 

2. Activity Present 

The environmental variables of concern in the blowdown stream are 

as follows: 

Temperature: 120°F or less before diiution.· After mixing with 

. the blowdown water the circulating cooling water will experience 
0 a temperature rise due to this input of less than 0.1 F. 

Oxygen Depletion - Upon dilution, the oxygen depletion of the 

cooling waterwtn·be 1ess than o·.01 ppm'. Hydra~ihe.is reduced 

in blowdown stream by the demineralizers. Also some oxygen is 

absorbed from the air by water when the stream is diverted to 

the sampling tanks before discharging. 

Phosphat~s ·~ Abo'ut zero: 
. - . 
Phosphates are removed· by ·the deminer-

alizers before dischar~ing and dilution . 
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Boron - <0.1 ppb in the blowdown stream after the demineralizers 

and dilution or about zero (not detectable in the circulating 

cooling water). 

Activity - Normally 10-9 ~c/m1 or less after the demineralizers 

and dilution in the circulating cooling water. 

For the system variables; temperature, oxygen, depletion, phosphates and 

boron; the indicated limits in the circulating cooling water are con­

sidered to have no environmental effect. The activity variable is less 

than present or proposed standards. 

10.4.7.1.6 Primary to Secondary Leakage 

Leakage is indicated in Section 10.4.7.1, Design Bases. 

1. Radioactive Discharge Rates 

The release of radioactivity in liquids from the blowdown system 

will be minimized by recycling and recovering the normally dis­

charged waste stream. During normal operation of the blowdown 

demineralizers the treated liquid will have an expected activity 
-4 concentration of less than 10 J.Jc/ml which, if not returned to 

condensate storage, may be discharged to the ocean provided the 
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circulating cooling water flow is a minimum of 600,000 gpm. If 

the blowdown .demineral izer effluent activity exceeds io-4 JJC/ml 

the liquid 0ill a~tomatically be diverted to a sample tank; The 

activity of the collected 1 iquid will be analyzed and the release 

rate, based on the laboratory activity analysis, will be deter­

mined. The release rate, then will be limited so as not to exceed 

site boundary governing regulations. 

The release of tritium is not included in any of the radioactivity 

concentrations mentioned above or in other paragraphs in this 

section. With recycle and recovery of the blowdown liquid the 

concentration of tritium at the site boundary will be controlled 

so that it is less than governing regulations. 

2. System Performance - High Leakage 

The blowdown system design is based on processing liquid from the 

steam generators where a primary to secondary leak of up to 0.1 gpm 

is possible and fission products are present from fuel defects of 

1%. Exceeding the leakage rate of 0.1 gpm when the fuel defects 

are proportionally less than 1% is not considered an environmental 

or operational limiting situation. Processing the blowdown stream 
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through the system's demineralizers during this condition will 

produce an effluent with an activity concentration of 10-4 pc/ml 

or less. The design. assumes that the demineralize~ resin beds 
. -

will exhaust faster due to an increase of ioniied .solids in the 

blowdown stream requiring a more frequent resin replacement. 

The exhaustion rate of the demineralizer resin beds with a leak 

greater than 0.1 gpm depends on the fuel cycle and, therefore, 

the concentration of boron in the primary water. Toward the end 

of a fuel cycle the boron concentration will be low and the in­

crease in ionized solids would have a negligible effect on the 

rate of resin exhaustion. 

Should the increase of primary water leakage occur when fuel de­

fects are about 1% and the leakage rate exceeds 0.1 gpm there 

will be an increase in secondary system activity proportional to 

the increase in primary water leak rate. Liquid activity in the 

treated blowdown from the demineralizers is not expected to in­

crease appreciably due to the cons_ervative design capacity of the 

resin beds. Exceeding 10-4 pc/ml after the demineralizers, though, 

will cause the flow to be diverted to sample tanks. Depending 

on the activity level of the sample tank water (based on labora­

tory analysis) and the circulating cooling water flow rate (greater 

than 600,000 gpm) the plant operation may or may not be influenced . 
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For example, should the activity in the sample tanks be exception­

ally high due to malfunction of the demineralizers at the higher 

leak rate, the release rate of radioactive liquid from the plant 

would be reduced. The system blowdown rate would also have to be 

reduced for this operating mode, due to the sampling tank 1 s max­

imum volume. 

3. Steam Generator - Shell Side Activity 

The radioactivity concentration on the shell side of a steam 

generator after shutdown of the system is not firmly predictable 

due to the number of variables affecting its determination. 

Some of the variables include: 

Operation period or life of the core 

Rate and length of time of primary water leakage 

Fission and activation products in primary leakage 

Plateout or incorporation of activity in metallic corrosion· products 

Activity absorbed in secondary water sludge 
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In. lieu of a predictive technique or model to quantify the conce­

tration of activity in the shell side of the steam generator after 

isolation the experience of operating plants is substituted. This 

experience indicates the shell side radioactivity concentration 

is equivalent to radiation level after isolation, of 5 to 100 mr/hr 

in operating areas. 

10.4.7.2 System Description 

The steam generator blowdown system flow diagram is shown in Figure 10.4-6. 

(The written section supersedes the flow diagram.) 

Operation with No Appreciable Activity in Slowdown 

The blowdown is routed to the system heater exchangers (tube side) and 

cooled to 2000F by cooling water on the shell side from the non-essential 

service water system. After cooling, the fluid pressure is reduced from 

approximately 1000 psig to less than 150 psig. The blowdown flow rate is 

determined and controlled by the concentration of chlorides in the steam 

generator if condenser leakage is present; or set at a minimum rate of 

about 5 gpm per steam generator (a maximum blowdown capability of 75 gpm 

is provided for each steam generator). The blowdown flow is monitored 

for activity, and if not detected, the flow is routed to the circulating 
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cooling water for dilution and discharge to the ocear, If activity is 

present, the system will be isolated by a signal from the radiation monitors. 

Operation with Measurable Activity 

When activity is detected in either the blowdown fluid or the air ejector 

off-gas discharge the blowdown system will be isolated. The operator 

manually restarts the system to deter~ine which steam generator (or gene­

rators) is leaking by processing and analyzing the flow from each steam 

generator separately. The system flow rate based on activity in the leak­

ing steam generator(s) is reset and the blowdown stream processed, by 

routing it through two cation demineralizer resin beds in series and two 

mixed bed demineralizers in series. A OF of 100 is used for design of 

activity removal by the four beds in series. The activity of the treated 

effluent is determined by a radiation monitor and if it is less than 

10-4 ~c/ml the treated effluent can be routed to the circulating cooling 

water for dilution and discharge to the ocean. If, in addition, the con­

ductivity of the treated effluent is less than one micromho/cm the stream 

can be routed to condensate storage for plant reuse. If the activity 

should exceed 10-4 ~c/ml, the flow will automatically be routed to one of 

two holdup and sampling tanks. Further laboratory analysis of this liquid 

will provide information on whether the liquid can be returned to con­

densate storage or on the allowable release rate to the circulating cooling 

water for discharge to the ocean . 
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The two cation demineralizer resin beds when operating in series will also 

function as filters to remove particulate or insoluble materials. As such, 

the cation resin beds will require occasional backwashing. This waste 

stream is recovered in a backwash receiving tank where the solids are 

allowed to settle and the clarified water decanted for return to condensate 

storage by reprocessing or discharge to the circulating cooling water after 

sampling and laboratory analysis. 

The demineralizer cation and mixed bed resins are not regenerated with acid 

and caustic, but are used on a once through exhaustion cycle. When the ion 

exchange capability is exhausted, the resin bed will be sluiced to the 

liquid waste treatment system for fixation, drumming and disposal. During 

this period of resin transfer it will be possible to operate the deminer­

alizers as three beds in series. Additional flexibi-lity is also provided 

in that the demineralizers can be operated as a two bed system of cation 

resin and mixed bed resin. New resins are then added as replacement to 

the empty demineralizer tank at which time the new resin bed becomes the 

second unit for series operation when the demineralizer is returned to 

service. The liquid waste treatment system will also receive the settled 

sludge from the backwash receiving tank for fixation and drumming. 
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10.4.7 .3 Safety Evaluation· (Design Evaluation). 

The system components that could fail and cause a safety rela:ted situation 

outside of the containment are considered in the following groupings. 

10.4.7.3.1 · Instruments and C.ontrols 

1. Temperature control is maintained downstream: of the blowdown heat 

exchangers by control of .the cooling water .flow from t_he non­

essential service water system. FaiJ ure of the temperature con­

t roll er would release>500°F water to the circulating ·cooling 

water system :or to the blowdown system demineralizer resin beds . 

Containment.of this fai.lure is expected by the i'nsta;llation of a 

second temperature sensing element downstream of the. primary ele­

ment which will isolate the system when higher temperatures other 

than those of the set points on the primary i·nstrument are sensed. 

2. .Pressure control is maintained downstream of the system temperature 

control instrumenta;tion. Failure of the pressure controller will 

subject the downstream equipment designed for 150 psi to about 

1000 psi pressure. Protection of the downstream equipment is pro­

vided by a relief valve which discharges to the main condenser 

hotwell. To minimize the contamination of condensate in•the hot­

well when the blowdown system is processing water with radio-

10.4-51 



activity, a flow element is located downstream of the relief 

valve. When this flow element senses flow, it will cause the 

blowdown system to be isolated. 

3. Flow control for the system is provided downstream of the pressure 

control instrumentation. Failure of the flow control instrumen-
1 

tation is not expected to impaif the system due to self regulating 

components (orifice plate, control valve, etc.) which increase 

the system pressure losses as the maximum flow is approached. 

The maximum flow after a loss of one flow controller is about 

200 gpm/steam generator which would increase the system's maxi­

mum blowdown rate to about 425 gpm if the system's blowdown rate 

was initially established at 300 gpm. When blowdown is routed 

to the circulating cooling water for discharge, the increase in 

flow from design, 300 gpm, to 425 gpm for a short time is not 

expected to influence the environment. 

4. Radiation liquid process monitors are provided to detect activity 

in the blowdown stream that is either being routed to the circulat­

ing cooling water for discharge or being routed to the condensate 

storage for recovery. 

Should the monitor fail when the blowdown stream routed to the 
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circulating cooling water, the monitor for air ejector off-gas 

provides a backup if there is an increase in activity. In practice 

the air ejector off-gas monitor will probably detect activity and 

changes in activity in the secondary side before the liquid monitor 

in the blowdown stream. 

Should the monitor for the stream routed. to condensate storage 

fail, low level activity will enter the condensate storage tank. 

This low level of activity will be detected in the daily sample 

of water when analyzed in the lab. The period of time for this 

operating condition to continue would, therefore, be about one 

day. It is expected that the activity of this return water to 

~ondensate storage will be about 10-4 pc/ml or less. Higher 

activities will probably result should the system's demineralizer 

beds be exhausted at this time. It is expected though that with 

exhausted resin beds there will also be an increase in conductivity 

which will stop the flow to the condensate storage tank by closing 

the return valve. 

10.4.7.3.2 Slowdown Heat Exchangers 

Failure of a tube or tubes in the system's heat exchangers would allow 

blowdown water with radioactivity (i.e. if a steam generator tube fails) 
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to enter the closed loop non-essential service wat~r systems .. This 

leakage will be detected by the radiation monitor in the non-essential 

service water system or by the increased water level in the system 1 s 

surge tank. The leaking heat exchanger can then be· found based on the 

results of water samples obtained from the shell· side of each heat ex­

changer. 

10.4.7.3.3 Demineralizers 

The demineralizer tanks have underdrain screens or strainers which support 

the ion exchange resin beds. Should a failure of the underdrain 6ccur, 

resins with absorbed radioactivity would be discharged from the tank. 

Since the four demineralizer units operate in seri,es it is only the last 

unit in the train that would discharge resins to downstream equipment. 

An underdrain failure in any of the first three units would discharge 

resins to the following unit. In this situation the blowdown system would 

be shutdown while the resins are discharged to the· liquid waste system. 

For the occurrence of an underdrain failure in the fo~rth·train unit a 

strainer is installed downstream to collect the resins. These resins 

can then be flushed from the strainer to the batkwash receiving tank and 

eventually be sent to the liquid waste system for disposal. 
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10.4.7.4 Tests and Inspections. 

Shop tests and inspections will be performed by the manufacturer and 

witnessed by Quality Assurance. The shop tests are to assure and demon­

strate code conformance and capability to perform required.function(s). 

After installation of the system, performance tests will be required with 

nonradioactive water to demonstrate that the system complies with or meets 

design and/or purchase specifications. 

10.4.7.5 Instrument Application 

Instrumentation for process control of the blowdown system is reviewed 

under the following functional control modes (refer to Figure 10.4-6). 

Temperature 

Each steam generator blowdown line will be mo~itored for temperature 

downstream of the blowdown heat exchangers. The temperature will be 

controlled to either of two operating requirements, 200°F or 120°F, 

depending on the contamination present in the blowdown water. For 

contamination only with ocean water (condenser leak) the set point 

temperature will be 2000F, whereas, with contamination due to radio­

activity (steam generator tube leak) the control temperature will be 120°F • 
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The output signal from the temperature controller will be used to set a 

control valve in the non-essential service cooling water line to the ex­

changer. Exceeding the set point temperature will alarm in the main con­

trol room and isolate the steam generator blowdown lin~s. 

Pressure 

Downstream of the temperature control station the blowdown system pressure 

of 1000 psig will be reduced to less than 150 psig. Each steam generator 

blowdown line will have a pressure sensing element and controller, the 

output signal of which will control a pressure reducing valve. 

Flow 

Following the temperature and pressure control stations in each steam 

generator blowdown line, flow control is provided. The range of flow 

that requires control is from 5 to 75 gpm. 'Two flow elements, therefore, 

are provided one with a range of·approximately 5 to 20 gpm, and a second 

with a range of approximately 20 to 80 gpm. 

Radiation Monitors 

Two process radiation monitors are required for the blowdown system (see 

Section 11.4 for the monitor details) for detecting radioactivity. One 
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• CHAPTER 11 

RADIOACTIVE WASTE TREATMENT MANAGEMENT 

11.1 SOURCE TERMS 

This Section is presented in RESAR-3, Section 11.1. 

• 

• 
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11.2 LIQUID WASTE TREATMENT SYSTEM 

11.2.1 DESIGN OBJECTIVES 

The Liquid Waste Treatment System is designed to collect, process and dis­

charge liquid wastes. All liquids discharged to the environment can be 

shown to be below the maximum permissible concentration (MPC) radioactivity 

limits specified by 10 CFR 20. Furthermore, additional shielding, pro­

cessing equipment and holdup capacity for decay are provided in the design 

to minimize personnel exposure and to assure that radioactive releases to 

the environment are kept to a minimum . 

Table 11.2-1 shows the design basis for liquid volumes released. A break 

down of releases on an isotopic basis is given in Table 11.2-Z. The re­

leases are based on 1% cladding defects. 

The radioactive releases from the plant coincident with equipment faults 

of moderate frequency can also be shown to be within 10 CFR 20 limits. 

Equipment faults of moderate frequency are listed below: 

1. Malfunction in Liquid Waste Treatment System. 

2. Excessive Reactor Coolant System leakage . 
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3. Excessive auxiliary system equipment leakage. 

4. Steam generator tube leakage. 

11.2.2 SYSTEM DESCRIPTION 

11.2;2.1 System Design 

The Liquid Waste Treatment System (WTL) handles all· potentially radio­

active liquid wastes except those associated with the Steam and Power Con­

version Systems. The bulk of the radioactive liquids are processed by the 

Boron Recycle System and reused. Therefore, relatively small quantities 

of radioactive liquids enter the Liquid Waste Treatment System. In addition, 

the system is designed to recycle as much liquid as possible and thereby 

minimize releases to the environment. 

Liquids are collected for batch processing. Based on a laboratory analysis 

of a representative sample, the liquids are processed or directly released. 

A permanent record of releases is maintained. Controls and instrumentation 

are located on local pan~ls in shielded areas near the equtpment. 

The Liquid Waste Treatment System processing trains are segregated accord­

ing to the location and the type of liquid handled. 
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These trains are 1) the recycle portion which handles reactor grade water; 

2) Reactor containment portion which handles wastes from within contain­

ment; 3) Waste portion which handles all liquids that are ultimately released 

to the environment; and 4) Chemical and spent resin portion which handles 

wastes that are drummed for offsite shipment. 

11.2.2.1.1 Recycle Portion (Tritiated and Aerated Water Sources) 

The recycle portion of the Liquid Waste Treatment System is shown on Figure 

11.2-1. The principle flow paths are shown by the heavy line. Two, 

100 percent redundant flow paths and trains of processing equipment are 

provided. Normally, no liquids are released to the environment from this 

portion of the system. 

Reactor grade water from controlled sources is collected in the waste 

holdup tanks. The major sources are a sample room sink and the drain 

header 11 DH". The waste holdup tank demineralizer is used to remove soluble 

radioisotopes. The evaporator strips any gases which may remain, removes 

boron and produces distillate (overhead) for reuse in the Reactor Coolant 

System. The evaporator concentrates (bottoms) are normally drummed. The 

distillate is directed through the waste evaporator distillate demineralizer 

to remove trace radioactivity and boron before it is collected in waste 

evaporator distillate tank. When sufficient volume has accumulated in the 

tank, it is normally transferred to Chemical and Volume Control System 
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for reuse. 

11.2.2.1.2 Reactor Containment Portion 

The reactor containment portion of Liquid Waste Treatment System is shown 

on Figure li.~-2. Deaerated tritiated water from sources such as valve 

leakoffs and reactor coolant pump seals flows into the reactor coolant 

drain tank. Normally, the liquid is directed to the Boron Recycle System. 

It may be routed to waste holdup tanks, In either case, the liquid is 

recycled and not released. 

The containment sump collects the non-controlled leakages within contain-. 

ment. Normally, this liquid is directed to the floor drain tank. It may 

be directed to the waste holdup tanks. Normal sources include leakage 

from the fan coolers, service water systems, feedwater, etc. and hose 

water via the containment floor drains. This liquid is normally released 

via the waste portion of Liquid Waste Treatment System. 

11.2.2.1.3 Waste Portion (Non-Reactor Grade Water Sources) 

All liquid releases to the environment from the Liquid Waste Treatment 

System are handled by the waste portion of the system shown on Figure. 

11.2-3 . . Three drain tanks are provided to collect various types of 

liquids. The principal flow path for processing the liquid from each 

tank is shown by heavy lines. However, the flow paths are interconnected 
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so that parallel flow paths and equipment may be used. 

Each tank is handled on a batch basis. Normally, the sample analysis 

indicates the liquid is acceptable for release. Then it is routed to one 

of the waste monitor tanks. During this time the liquid normally directed 

to the tank flows to a standby tank. A detailed description of the drains 

normally entering each tank is included in Section 9.3.3. 

The cask decontamination drain tank is used to collect the decontamination 

liquid, potential chloride and chemical drains. The laundry and hot shower 

tank is used to collect detergent liquids such as laundry and hot showers, 

soapy rinse water, etc. The floor drain tank is used to collect miscel~ 

laneous drains which are not routed to the other tanks. The containment 

sump contents are normally routed to this tank. 

The floor drain tank, in particular, has a potential for receiving radio­

active water.from spills, leaks or equipment failures. For this reason, 

a flow path including part of the recycle portion of this system is avail­

able for processing. This flow path includes the floor drain tank de-

mineralizer and the waste evaporator, if necessary, to remove radioactivity . 
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All the releases to the.environment are via the waste monitor tanks on 

a batch basis and only after a sample analysis. A valve in the discharge 

line is interlocked with a process radiation monitor. The valve closes 

automatically when the radioactivity concentration in the liquid discharge 

exceeds the preset limit. Another valve ih the discharge line is inter­

locked with a flow totalizer which monitors total plant cooling water dis­

charge flow. This valve closes automatically when the total plant cooling 

water discharge flow falls below a preset limit. Liquid waste discharge, 

volume and radioactivity levels are recorded. 

The estimated volumes of liquid entering each tank shown on Figure 11.2-1 

are based on operating plant data. 

11.2.2.1.4 Chemical and Spent Resin Portion 

The chemical and spent resin portion of the Liquid Waste Treatment System 

is shown on Figure 11.2-4. All wastes from this portion of the system are 

drummed. The majority of waste consists of spent resins from various 

plant demineralizers. 

Laboratory samples (spent and excess sample liquid) which are likely to 

be radioactive and/or which may contain chemicals required for analysis 

are discarded in a separate sink which drains to the chemical drain tank. 

Low activity drains· from the laboratory, such as rinse water, are routed 

to the floor drain tank. 
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The normal flow paths are shown by heavy lines. However, several inter­

connections are provided for standby flow paths. 

11.2.2.2 Component Design 

The Liquid Waste Treatment System equipment design codes are listed in 

Section 3.2.2, Table 3.2-1. The design parameters are given in Table 11.2-3. 

The materials meet the system requirements and applicable codes. Piping 

and components parts in contact with liquid are stainless steel. 

All parts of the system are located in controlled access area. Components 

have a potential surface radioactivity dose rate greater than 2.5 mr/hr 

are shielded. 

11.2.2.2.l Pumps 

There are two standard size pumps used in the Liquid Waste Treatment 

System, as enumerated in Table 11.2-3. 

All pumps have drain and vent connections~ With the exception of the 

standby reactor coolant drain tank pump, they are started manually. A 

low suction level signal automatically shuts down each pump. The flow 

rate is controlled manually from a discharge throttle valve using a pre­

viously calibrated discharge pressure gauge. 
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11.2.2.2,2 .. Heat Exchangers 

The reactor coolant drain tank heat exchanger is the only system heat 

exchanger. It is normally used to cool the contents from the reactor coolant 

drain tank. However, it is designed to cool the contents of the Reactor 

Coolant System pressurizer relief tank irom 200°F to 120°F in less than 

eight hours. The heat exchanger is a U-tube type. The Component Cooling 

Water System provides cooling water to the shell side. 

11.2.2.2.3 Tanks 

The system tanks are listed in Table 11.2-3. 

The reactor coolant drain tank collects leakoff type drains inside the 

containment. The tank provides surge and net positive suction head re­

quirements for the reactor coolant drain tank pumps. A nitrogen blanket 

is maintained in the tank. Reactor coolant enters the tank from sources 

such as, the reactor vessel flange leakoff, valve leakoffs, reactor coolant 

pump seal leakoffs, and the Chemical and Volume Control System excess let­

down heat exchanger. 

A five gallon recycle evaporator reagent tank is provided for adding chem­

icals to the evaporator. Chemicals are manually added to the tank. Water 

from the reactor makeup water storage tanks can be used for mixing and pro­

viding a head for injection to the evaporator. Chemicals added are normally 
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~ antifoaming agents but may also be for pH control or decontamination. 

The.: tank. contains no radtoatttvity and is not shielded. 

The. rema,tnder of the· tanks serve. as surge. tanks so the system can be . . 

operate~ on a Batch Basis.· The tanks are provided with level indicators 

and local alarms which initiate a common alann in the control room. A 

low level signal shuts down the tank discharge pump. 

11.2.2.2;4 · Demineralizers 

Four identical demineralizers are provided in the Liquid Waste Treatment 

System to remove soluBle products.· These are the waste evaporator dis­

tillate, waste monitor tank, floor drain tank, and waste holdup tank de-

• mineralizers. The deminerali'zers are not regenerated, When high pressure 

drop or effluent sampling indicates the need for resin replac~ment, the 

spent resin is sluiced to the spent resin storage tank. New resin is 

supplied from the Chemical and Volume Contro1 ·system resin fill tank. 

• 

Th.e resins are in the hydrogen-hydroxyl form. The design process decon­

tamination factor is 100 based on operating experience cited in RESAR-3, 

Section 11.2.2.2.4. Table 11.2-4, repeated from RESAR-3, shows a range 

of decontamination factors for selected isotopes. These values were ob­

served across mixed bed demineralizers containing cation resin in the 

lithium-7 form and anion resin in the borate form. Greater decontamination 

factors are expected for resin in hydrogen-hydroxyl form . 
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The minimum values in Table 11.2-4 were generally observed just prior to 

resin flusftirig and recharging while, during the operating life of the de­

mineralizer, decontamination factors were consistently closer to the max­

imum values~ . Alth<:>u9h specific operating contamination factors have not 

as yet Been measured for other isotopes, their behavior in a mixed bed de-
. ' . - . ' . 

mineralizer may be inferred from these data. It anticipated, for example, 

that tellurium and Bromine would have decontamination factors similar to 

those given for iodine and fluorine. 

11.2.2.2.5 Evaporators 

One 15 gpm waste evaporator package is provided in the Liquid Waste Treat-

• 

ment System. It is identical to the Boron Recycle System recycle evaporator • 

package. The major components are listed below: 

1. feed preheater 

2. gas stripper 

3. feed tank-evaporator 

4. absorption tower 

5. evaporator conde.nser 

• 
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6. distillate cooler 

7. vent condenser 

8. concentrates pumps 

9. distillate pumps 

The influent liquid passes through the feed preheater and the gas stripper 

to the feed tank-evaporator. The gas stripper is a packed column. The 

stripping steam containing the entrained gases flows to the vent condenser. 

The condensed steam is returned to the gas stripper and the gases are dis­

placed to the Gaseous Waste Treatment System. 

The feed tank-evaporator boils off the liquid by steam coils. The vapors 

flow through the absorption tower where boron and other entrained impurities 

are removed and then flow back to the feed tank-evaporator. · When boric 

acid concentration in the feed tank-evaporator reaches 12% by welght. the.. con~ 

tents are pumped out. The purified ~apors are condensed as.distillate in 

the evaporator condenser. The distillate then flows through the distil-

late cooler and from the evaporator package . 
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11.2.2.2.6 Filters 

Nine identical filters are provided as listed in Table 11.2-3. The filters 

are divided into two categories: one, those located downstream of deminer­

alizers to catch resin fines; and two, those located to remove filterable 

particulates from fluid streams. Maximum radiation levels of the category 

one filters are based on a resin breakthrough. The floor drain tank filter 

is the only category two filter possibly having significant radiation. The 

maximum surface dose rate of these filters is 100 mr/hr. 

11.2.2.2.7 Strainers 

Table 11.2-3 lists the four identical strainers included in the system. 

The strainers are basket, in-line type and will trap only negligible radio­

activity. They are regularly cleaned and placed back in service. 

11.2.3 OPERATING PROCEDURES 

Most of the Liquid Waste Treatment System is manually operated. It .does 

not perform any engineered.safetyfeature. 
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11.2.3.1 Recycle Portion 

Most of the recycle portion influent flow is from the 11 DW drain header 

system. One of the waste holdup tanks·is valved to receive a continuous 

fl ovJ. L·Jhen sufficient quantity has· accumulated to warrant rrocess i ng, the 

other waste holdup tank is valved into service. The tank contents are then 

recirculated to obtain a representative·sample. The· results of the sample 

analysis determine· the· disposition of· the tank contents. Several alterna­

tives are available such as: 

Directing liquid through the·waste·holdup tank demineralizer to the 

waste evaporator . 

Directing liquidthroughthe·floordrain tankdemineralizer-(if 

required to remove radioactivity to a waste monitor tank. 

Recycling the liquid throughademineralizer or filter back to the 

tank and directing the contents to the floor drain tank. 

Much of theevaporator·c:iperation is·automatic. A level control in the feed 

tank.:.evaporator· controls - the feed· fl ow.· Dis ti 11 ate is· continuously pumped 

from the evaporator package. ~lowever·,·a·sample analysis is required to 
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determine the disposition of the concentrates. Normally the bottoms are 

concentrated to 12% by weight boric acid for drumming. If the bottoms 

are acceptable for reuse, they may be concentrated to 4% by weight 

boric acid and transferred directly to the Chemical and Vol~me Control System 

boric acid tanks. 

The distillate flow is continuous through the waste evaporator distillate 

demineralizer and filter to the waste evaporator distillate tank. If un­

acceptable conductivity is detected in the distillate stream, a three way 

valve directs the flow to a waste holdup tank. 

When sufficient volume has accumulated in the waste evaporator distillate 

tank, distillate flow is terminated. The tank contents are recirculated 

to obtain a representative sample. If the sample analysis meets reactor 

grade water quality requirements, the liquid is pumped to the Chemical 

and Volume Control System reactor makeup water storage tanks. If the 

water is unacceptable for reuse the following al.ternatives are available:· 

The liquid may be recirculated for further processing. 

The liquid may be transferred to the waste portion of the system 

for re 1 ease. 
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11.2.3.2 Reactor Containment Portion 

The part of the Liquid Waste Treatment System located within containment is 

fully automatic. The containment sump pumps normally direct liquid to the 

floor drain tank. An alternate connection is provided to the waste holdup 

tanks. 

The reactor coolant drain tank collects tritiated, deaerated liquid from 

within the containment. A constant tank liquid level is maintained to 

minimize the amount of gas sent to Gaseous Waste Treatment System. Flow is 

continuously recirculated back to the tank through a reactor coolant drain 

tank pump-and heat exchanger. A proportional control valve, operating on 

a signal from tank level, diverts the excess flow to the Boron Recycle 

System. An alternate connection is provided to the waste holdup tanks. 
' 

11~2.3.3 Waste Portion 

The waste portion of Liquid Waste Treatment System is normally released to 

the environment. The floor drain tank co 11 ects 11 011 drains, the containment 

sump discharge, and liquids which cannot be recycled. The laundry and 

hot shower tank and the cask decontamination drain tank collect 11 CD 11 drains, 

laundry and hot shower drains, and spent fuel cask washdown drains . 
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Radioactivity levels are normally quite low. After holdup, the tank contents 

are circulated to obtain a representative sample. If the sample analysis in­

dicates the liquid is acceptable for release, it is transferred to a waste 

monitor tank. The waste monitot tank liquid is again circulated, sampled, 

and analyzed befofe release. If this sample analysis indicates the liquid 

is unacceptable for release, the liquid is returned to the tank of origin. 

Acceptable releases are directed by a waste monitor tank pump to the common 

plant cooling water di~charge. 

All liquids leaving the waste monitor tanks are continuously monitored for 

radiation prior to dilution; If the monitor closes the discharge valve 

the flow is diverted, normally to the floor drain tank. 

If any samples indicate liquid is not acceptable for release, the operator 

has several process options available. These options include deminerali­

zation, filtration, evaporation, or drumming the liquid if necessary. 

11.2.3.4 Chemical Drain and Spent Resin Portion 

The chemical drains and ·spent resins·of the Liquid Waste Treatment System 

are drummed for offsite shipment. The chemical drain tank receives liquids 

which neither can be recycled nor are acceptable for release because of 
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their chemical content. When sufficient volume has accumulated it is 

pumped directly to the drumming station. 

The spent resin storage tank receives spent resin from several system de­

mineralizers. The tank provides holdup for decay and storage before the 

resins are drummed. 

The sluicing of resins to the spent resin storage tank is a series of manual 

operations as listed below: 

1. The demineralizer is valved out of its system and drained of liquid . 

2. The flow path is valved for flow to recirculate from the spent resin 

sluice pump up through the demineralizer, through the spent resin 

storage tank, and back to the pump. 

(This operation loosens the bed for sluicing.) 

3. The resins drain by gravity to the spent resin storage tank. Resins 

are never pumped through the spent resin sluice pump. 

4. Operation 2 is repeated to remove any traces of resins. Only a 

negligible amount of resin is expected to remain in a demineralizer 

after flushing since the demineralizers are completely flushable . 
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5. The demineralizer is drained to spent resin storage tank .. 

After fresh resins have _been added, operation 2 may be repeated to 

ascertatn that the demineralizer is filled with water before valving 

it back into service. Excessive flow must be avoided to prevent resin 

classification. 

When sufficient resins have accumulated, they are transferred to the 

drumming station. The spent resin storage tank is pressurized with 

nitrogen. The discharge valve is then opened and the resin forced to 

the drumming station. During th,is operation, the nitrogen is forced 

through.the sparger in the tank bottom to maintain tank pressure. The 

nitrogen is vented to the plant vent header for depressurization. 

The level indicating system in the spent resin storage tank is a 

conventional system, with a bellows to keep resin fines away from the 

instrument. The method of operation limits the resin to a maximum level 

and the water to a minimum level, the minimum water level being some 

distance above the resin level. The lower level tap is located in the 

area which contains water and no resin. 

possibility of plugging the level tap. 

This arrangement minimizes the 

Because the system indjcated 

only total level and not the amount of resin and the amount.of water, 

an inventory of spent resins in the tank is maintained. 
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11.2.3.5 Faults of Modar~te Frequency 

The system is designed to handle the occurrence of equipment faults of mod­

erate frequency such as those listed below: 

1. Malfunction in the Liquid Waste Treatment System. 

The system has parallel equipment and flow paths for standby. 

Therefore, system operation is not altered during maintenance. In 

addition, considerable surge capacity is available. Valves and 

pumps have been standarized so that a spare can be used to replace 

most valves or pumps . 

2. Excessive Leakage of Reactor Coolant Liquid 

This system is designed to handle a one gpm leak of reactor coolant 

in addition to the normal system influent flow. The leakage into 

the reactor coolant drain tank is automatically transferred to the 

Boron Recycle System. If the load is too great for that system it 

is transferred to the waste holdup tanks. Leakage of reactor cool­

ant outside containment will also normally drain into the waste hold­

up tanks. It is expected that reactor coolant leakage into the other 

tanks is minimal . 
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3. Excessive Leakage in Auxiliary System Equjprnent. 

Inside containment, water from steam side leaks and fan coolers 

are collected in the containmen~ sump. This liquid is n?rmally 

directed to the floor drain tank. Other sources could be raw 

water system leaks which would flow into the cask decontamination 

drain tank or cooling water system leaks which would flow into the 

floor drain tanks. 

4. Steam Generator Tube Leaks 

These leaks are discussed in Section 10.4.7. 

11.2.3.6 Operating Experience 

Various Westinghouse PWRplant operating experiences are presented in R~SAR-3, 

Section 11.2.3.3. 

11.2.4 PERFORMANCE TESTS 

Initial tests will be performed to verify the operability.of the components, 

instrumentation and control equipment and applicable alarms and.control 

setpoints. 
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• The specific objectives are to demonstrate the foll owi_ng: 

1. Pumps are capable of producing flow rate and head as required; 

2. Waste filters are capable of passir1g required flow rate. 

3. Waste evaporator is operable to specifications. 

4. Waste evaporator mixing tank heaters are capable of maintaining 

the temperature of the fluid above the precipitation point. 

5. Instrumentation, controllers and alarms operate satisfactorily to 

• maintain levels, pressures and flow rates and indicate, record and 

alarm as required, 

• 

6. All sampling points are available for sampling. 

During reactor operation the system is used at all times and hence is under 

continual surveillance. 

11.2.5 ESTIMATED RELEASES 

11.2.5.l AEC Requirements 
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The following documents have been issued by the AEC to provide regulations 

and guidelines for release of radioactivety liquids. 

1. 10 CFR 20, Standards for Protection Against Radiation. 

2. 10 CFR 50, Licensing of Production and Utilization Facilities 

Against Radiation. 

Radioactive liquid release limits are established by 10 CFR 20, and are 

summarized below: 

1. The concentration limit on an unidentified instantaneous release 

basis as defined in Appendix B of 10 CFR 20 ~s 10-7 µc/cc. 

2. The concentration limit on an identified basis is defined in 

Appendix B, Table 11, Column 2 of 10 CFR 20. 

Concentration limits for the major isotopes are as follows: 

Mo-99 

I-131 

I-133 

Isotope 
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• 
Cs-134 

Cs-136 

Cs-137 

3. 

Isotope c/cc 

-6 
9 X 10 

9 X 10-S 

2 X 10-S 

The maximum permissible concentration for tritium on an identified 

basis as given in Appendix B, Table II, Column 2 of 10 CFR 20 

is 3 ~ ,o-3 µ c/cc. 

11.2.5.2 Design Releases 

Liquid usage is dependent upon administrative control of decontamination, 

• rinsing, floor scrubbing, and other water uses in controlled access areas. 

• 

These administrative .controls determine the volume rather than radioactivity 

released.· Estimated quantities of liquids entering the system for potential 

ultimate release are presented in Table 11.2-1. The majority of radio­

activity is contained in the assumed twenty gallons per day of reactor 

coolant which enters the floor drain tank. The amount of reactor coolant 

released is minimized by recycling and by using equipment with little, if 

any, leakage (for example, canned pumps and diaphragm valves). 

11.2.6 RELEASE POINTS 

Th~re is a single release point from the Liquid Waste Treatment. This is a 
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corinilon ltne from the discharge of the two waste monitor tank pumps as shown 

on Figure 11.2-3. The line runs from the 58 foot level downward in the 

auxiliary area to the 71-6 11 level. It runs beside the circulating water 

lines to the catchment b~sin in the breakwater. The flow is diluted in the 

plant cooling water and is discharged to the environment via the ocean dis~harge 

piping. 

11.2.7 DILUTION FACTORS 

Releases from the Liquid Waste Treatment System are diluted by the_ plant 

common discharge. The common discharge is the combined flow rates of the 

Circulating, Auxiliary Raw, and Non-essential Raw Water Systems. The max­

imum release .flow rate from the Liquid Waste Treatment System is 100 gpm. 

Normally, it is 35 gpm. Table 11.2-5 lists the norma.l and minimum dilution 

factors for various plant operating conditions. Releases will be based 

on waste activity and existing dilution flow. 

There is little, if any, recirculation of effluents from the plant common 

discharge to plant intakes. The discharge line runs outside the break­

water to the sea. The seawater intakes are insjde the breakwater. 
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11.2.8 ESTIMATED DOSES 

For continuity in the presentation of information pertaining to estimated 

doses, the applicant has included this information in Section 12.4, Summary 

of Normal Operation Doses . 

11. 2-25 



TABLE 11.2-1 

DESIGN ESTIMATES OF NO,RMAL ANNUAL LIQUID VOLUMES 

Liquid Source Volume 
(gallons per 

year) 

Laundry and Hot 120,000 
Shower Tank 

Cask Decontamination 
Drain Tank 15~000 

Floor Drain Tank 

36,000 

TOTAL 171,000 

Basis Expected 
Annual Release. 
(curies/year) 

Majority of Laundry 0.45 
& Hot Showers is 
During Refueling 

Majority of Liquid is 0.06 
From Decontamination of 
Spent Fuel Cask & Other 
Equipment Plus Floor 
Washdown Water 

300 Gallons/Week 
Laboratory Rinses 

40 Ga 11 ons/Day 
Non-Reactor Coolant 
Leakage 

20 Ga 11 ons/Day 
Reactor Coolant 
Leakage 
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TABLE 11. 2-2 

ISOTOPIC LIQUID DISCHARGES 

1. Corrosion and Non-Gaseous Fission Products 

Isotope Milli Curies/year Isotope 

Cr-51 0.37 Nb-95 

Mn-54 0.26 Zr-95 

Mn-56 0.09 Mo-99 

Fe-55 0.38 I-131 

Fe-59 1.46 I-132 

Co-58 12.21 I-133 

Co-60 0.45 I-134 

Br-84 0.03 I-135 

Rb-88 1. 33 Te-132 

Rb-89 0.03 Te-134 

Sr-89 1. 74 Cs-134 

sr.:.90 0.08 Cs-136 

Sr-91 0.02 Cs-137 

Sr-92 0.01 Cs-138 

Y-90 0.01 Ba-140 

Y-91 2.88 La-140 

Y-92 0.01 Ce-141 

TOTAL (Excluding H3 and dissolved gases) 

11. 2-21 

Milli Curies/year 

0.45 

.Q,34 

411. 

501. 

2.46 

97.50 

.61 

16.70 

23.10 

0.03 

147. 

46.50 

730. 

0.63 

1.19 

0.06 

0.28 

= 2,000 



TABLE 11.2-2 (CONT) 

ISOTOPIC LIQUID DISCHARGES 

2. Dissolved Noble Gases 

Isotope 

Kr-85 

Xe-133 

Milli Curies/year Isotope 

10 

68 

Total dissolved gases = 

Xe-133m 

Others 

11 • 2-28 

Milli Curies/year 

10 

NEGLIGIBLE 

88 

• 

• 

• 
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• 
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TABLE 11. 2,:-3 

EQUIPMENT PRINCIPAL DESIGN PARAMETERS 

PUMPS 

1. Reactor Coolant Drain Tank Pumps 

Number 

Type 

Design pressure., psig 

Design temperature, °F 

Material 

Design fl ow, gpm 

Design head, ft. 

2. Waste Holdup Tank Pumps 

Number 

Type 

Design pressure psig 

Design temperature, °F 

Material 

Design flow, gpm 

Design head, ft 

Operating 
Point #1 

100 

300 

Operating 
Point #1 

35 

250 

11. 2-29 

2 

Canned 

150 

200 

Stainless Steel 

Operating 
Point #2 

2 

Canned 

150 

200 

140 

250 

Stainless Steel 

Operating 
Point #2 

100 

200 



TABLE 11.2-3 (CONT) 

3. Waste Evaporator Distillate Tank Pump 

Number 

Type 

Design pressure, psig 

Design temperature, °F 

Material 

Design flow, gpm 

Design head, ft. 

4. Chemical Drain Tank Pump 

Number 

Type 

Design pressure, psig 

Design temperature, °F 

Material 

Design flow, gpm 

Design head, ft. 

Operating 
Point #1 

35 

250 

Operating 
Point #1 

35 

250 

11. 2-30 

1 

Canned 

150 

200 

Stainless Steel 

Operi:l,ting 
eojnt #2 

1 

Canned 

150 

200 

100 

200 

Stainless Steel 

Operating 
Point #2 

100 

200 

• 

• 

• 
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• 

5. 

TABLE 11.2-3 (CONT~ 

Spent Resin Sluice Pump 

Number 

Type 

Design pressure, psig 

Design temperature, °F 

Material 

Design flow, gpm 

Design head, ft. 

Operating 
Point #1 

100 

300 

6. Laundry and Hot Shower Tank Pump 

Number 

Type 

Design pressure, psig 

Design temperature~ °F 

Material 

Design flow, gpm 

Design head, ft. 

Operating 
Point #1 

35 

250 

11.2-31 

1 

Canned 

150 

200 

Stainless Steel 

Operating 
Point #2 

1 

Canned 

150 

200 

140 

250 

Stainless Steel 

Operating 
Point #2 

100 

200 



TABLE 11.2-3 (CONT) • 
7. Floor Drain Tank Pump 

Number 1 

Type Canned 

Design pressure, psig 150 

Design temperature, OF 200 

Material Stainless Steel 

Operating Operating 
Point #1 Point #2 

Design fl ow , gpm 35 100 

Design head, ft. 250 200 

8. Waste Monitor Tank,Pumps • 
Number 2 

Type Canned 

Design pressure, psig 150 

Design temperature, OF 200 

Material Stainless Steel 

Operating Operating 
Point #1 Point #2 

Design fl ow, gpm 35 100 

Design head, ft. 250 200 

• 
11. 2-32 



• 
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TABLE 11.2~3 (CONT) 

Concentrate ·Holding Pump 

Number 

Type 

Design pressure, psig 

Design temperature, OF 

Material 

Design flow, gpm 

Design head, ft. 

Operating 
Point #1 

35 

250 

• 10. Cask Decontamination Drain Tank Pump 

• 

Number 

Type 

Design pressure, psig 

Design temperature, °F 

Material 

Design flow, gpm 

Design head, ft. 

Operating 
Point #1 

35 

250 

11. 2-33 

1 

Canned 

150 

200 

Stainless Steel 

Operating 
Point #2 

1 

Canned 

150 . 

200 

100 

200 

Stainless Steel 

Operating 
Point #2 

100 

200 



TABLE 11.2-3 (CONT) 

HEAT EXCHANGER 

1. Reactor Coolant Drain Tank Heat Exchanger 

Number 

Type 

Estimated UA, Btu /hr °F 

Design pressure, psi 

Design temperature, OF 

Design flow, lb/hr. 

Inlet temperature, °F 

Outlet temperature, OF 

Material 

TANKS 

1. Reactor Coolant Drain Tank 

Number 

· Type 

U~abl~ volume, gallons 

Design pressure, psig 

Design temperature, °F 

Material 

Diaphragm 

Shell side 

150 

250 

112 ,000 .. 

105 

125 

Carbon Steel 

11. 2-34 

1 

U-Tube 

70,000 

Tube side 

150 

250 

44,600 

108 

130 

Stainless Steel 

1 

Horizontal 

350 

100 

250 

Stainless Steel 

No 

• 

• 

• 
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TABLE 11:2~3 (CONT) 

TANKS (CONT) 

2. Waste Holdup Tank·s 

Number 

Type 

Usable volume, gallons 

Design pressure, psig 

, Design temperature, °F 

Material 

Diaphragm 

3 . Waste Evaporator Di sti 11 ate Tank 

Number 

Type 

Usable volume, ga 11 ans 

Design pressure, psig 

Design temperature, 

Material 

Diaphragm 

4. Chemical Drain Tank 

Number 

Type 

OF 

Usable volume, gallons 

11. 2-35 

2 

Vertical 

10,000 

Atmospheric 

200 

Stainless Steel 

No 

1 

Vertical 

5000 

Atmospheric 

200 

Stainless 

Yes 

1 

Vertical 

600 

Steel 



TABLE 11.2-3 (CONT) 
TANKS (CONT) 

Chemical Drain Tank (Cont) 

Design pressure, psig 

Desjgn temperature, °F 

Material 

Diaphragm · 

5. Spent Resin Storage Tank 

Number 

Type 

Usable volume, cu. ft.* 

Design pressure, psig 

Design temperature, OF 

Material 

Diaphragm 

6. Laundry and Hot Shower Tank 

Number 

Type 

Usable volume, gallons 

Design pressure, psig 

Design temperature, °F 

Material 

Diaphragm 

* Total for resin and liquid 

ll, 2-36 

Atmosp~eric;: 

200 

Stainless Steel 

No 

1 

Vertical 

350 

100 

200 

Stainless Steel 

No 

1 

Vertical 

25,000 

Atmospheric 

200 

Stainless Steel 

No 

• 

• 

• 



• 

• 
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TABLE 11.2-3 (CONT) 
TANKS (CONT) 

7. Floor Drain Tank 

Number 

8. 

Type 

Usable volume, gallons 

Design pressure, psig 
0 

Design temperature,. F 

Material 

Diaphragm 

Waste Monitor Tanks 

Number 

Type 

Usable volume, gallons 

Design pressure, psig 

Design temperature, OF 

Material 

Diaphragm 

9. Waste Evaporator Reagent Tank 

Number 

Type 

Usable volume, gallons 

Design pressure, psig 

11.2-37 

1 

Vertical 

10,000 

Atmospheric 

200 

Stainless Steel 

No 

2 

Vertical 

5000 

Atmospheric 

200 

Stainless 

No 

1 

Vertical 

5 

150 

Steel 



TANKS (CONT) 
TABLE 11.2-3 (CONT) 

9. Waste Evaporator Reagent Tank (Cont) 

Design temperature, °F 

Material 

Diaphragm· 

10. Concentrates Holding Tank 

Number 

Type 

Usable volume, gallons 

Design pressure, psig 

Design temperature, OF 

Material 

Diaphragm 

11. Cask Decontamination Drain Tank 

Number 

Type 

Usable volume~ gallons 

Design pressure, psig 

Design temperature, OF 

Material 

Diaphragm 

11. 2-38 

200 

Stainless Steel 

No 

1 

Vertical 

5000 

Atmospheric 

200 

Stainless Steel 

No 

1 

Vertical 

25,000 

Atmospheric 

200 

Stainless Steel 

No 

• 

•• 

• 



• TABLE 11.2-3 (CONT) 

DEMINERALIZERS 

1. Waste Evaeorator Distillate Demineralizer 

Number 1 

Type Flushable 

Design pressure, psig 150 

Design temperature, OF 200 

Design flow, gpm 35 

Resin volume, cu. ft. 30 

Material Stainless Steel 
* •• Resin type IRN- 150 

2. Waste Monitor Tank Demineralizer 

Number 1 

Type Flushable 

Design pressure, psig 150 

Design temperature, OF 200 

Design flow, gpm .35 

Resin volume, cu. ft. 30 

Material Stainless Steel 

Resin type IRN-150* 

* Rohm and Haas Amberlite or equivalent . 

• 
11.2-39 



• TABLE 11.2-3 (CONT) 

DEMINERALIZERS (CONT) 

3. Floor Drain Tank Demineralizer 

Number 1 

Type Flushable 

Design pressure, psig 150 

Design temperature, OF 200 

Design fl ow, gpm 35 

Resin volume, cu. ft. 30 

Material Stainless Steel 

Resin type IRN-150* 

4. · Waste Holdue Tank Demineralizer • 
Number 1 

Type Flushable 

Design pressure, psig 150 

Design temperature, OF 200 

Design fl ow, gpm 35 

Resin volume, cu. ft. 30 

Material Stainless Steel 

Resin type IRN-150* 

* Rohm and Haas Amberlite or equivalent. • 
11. 2-40 
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TABLE 11.2-3 (CONT) 

FILTERS 

1. Waste Holdup Tank Demineralizer Filter 

Number . 

2 . 

Design pressure, psig 

Design temperature, °F 

Design flow, gp~ 

."1 P at design flow, psi 

Size 9f particles, 98% retention 

Material 

Waste Evaeorator Distillate Filter 

Number 

Design pressure, psig 

Design temperature, 
0 . 
F 

Design fl ow, gpm 

LlP at design flow, psi 

Size of particles, 98% retention 

Material 

3. Seent Resin Sluice Filter 

Number 

Design pressure, psig 
0 Oe s fgn temperature, F 

11. 2-41 

1 

150 

200 

35 

5 

25 µ 

Stainless Steel 

1 

150 

200 

35 

5 

25 µ 

Stainless 

1 

150 

200 

Steel 



TABLE 11.2-3 (CONT) 
FILTERS (CONT) 

3. Spent Resin Sluice Filter (Cont) 

Design flow, gpm 

4. 

5. 

.aP at design flow, psi 

Size of particles, 98% retention 

Material 

Floor Drain Tank Filter 

Number 

Design pressure, psig 

Design temperature, OF 

Design flow, gpm 

4.P at design fl ow, psi 

Size of particles, 98% retention 

Material 

Waste Monitor Tank Demineralizer Filter 

Number 

Design pressure, psig 

Design temperature, OF 

Design flow, gpm 

4P at design flow, psi 

Size of particles, 98% retention 

Material 

11. 2-A2 

150 

5 

25 µ 

Stainless Steel 

1 

150 

200 

35 

5 

25 µ 

Stainless Steel 

1 

150 

200 

35 

5 

25 µ 

Stainless Steel 

• 

• 

• 
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TABLE 11.2-3 (CONT) 

FILTERS (CONT) 

6. Laundry and Hot Shower Drain Tank Filter 

Number 

7. 

Design pressure, psig 

Design temperature, °F 

Design flow, gpm 

A P at des i g n fl ow , psi 

Size of particles, 98% retention 

Material 

Floor Drain Tank Demineralizer Filter 

Number 

Design pressure, psig 

Design temperature, OF 

Design flow, gpm 

4 Pat design flow, psi 

Size of particles, 98% retention 

Material 

8. Cask Decontamination Drai,n Tank Filter 

Number 

Design pressure, psig 

Design temperature, °F 

11. 2-43 

1 

150 

200 

35 

5 

25 µ 

Stainless 

1 . 

150 

200 

35 

5 

25µ 

Stainless 

1 

150 

200 

Steel 

Steel 



TABLE 11.2-3 (CONT) 

FILTERS (CONT) 

8. Cask Decontamination Drain Tank· Filter (Cont) 

Design flow, gpm 

9. 

4 Pat design flow, psi 

Size of particles, 98% retention 

Material 

Waste Holdup Tank Filters 

Number 

Design pressure, psig 

Design temperature, OF 

Design flow, gpm 

AP at design flow, psi 

Size of particles, 98% retention 

Material 

STRAINERS 

1. Laundry and Hot Shower Drain Tank Strainer 

Number 

Design pressure, psig 

Design temperature, °F 

Design flow, gpm 

AP at design flow, psi 

Mesh Number 

Material 

11.2-44 

35 

5 

25 µ 

Stainless Steel 

2 

150 

200 

35 

5 

25 ~ 

Stainless 

1 

150 

200 

35 

Negligible 

40 

Steel 

Stainless Steel 

• 

• 

• 
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TABLE 11.2-3 (CONT) 

STRAINERS (CONT) 

2. Floor Drain Tank Strainer 

Number 

3~ 

Design pressure, psig 

Design temperature, °F 

Design flow, gpm 

.6P at design flow, psi 

Mesh number 

Material 

Containment Sump Strainer 

Number 

Design pressure, psig 

Design temperature, OF 

Design flow, gpm 

4P at design fl ow, psi 

Mesh number 

Material 

4. Cask Decontamination Drain Tank Strainer 

Number 

Design pressure, psig 

Design temperature, °F 

11, 2-45 

1 

150 

200 

35 

Negligible 

40 

Stainless Steel 

1 

150 

200 

35 

Negligible 

40 

Stainless 

1 

150 

200 

Steel 



TABLE 11.2-3 (CONT) 

STRAINERS (CONT) 

4. Cask Decontamination Drain Tank Strainer (cont) 

Design flow, gpm 

Ll.P at design flow, psi 

Mesh number 

Material 

EVAPORATORS 

Waste Evaporator 

Number 

Steam design pressure, psig 

Design flow, gpm 

Feed concentration, ppm boron 

Bottoms concentration, ppm boron 

Materi a 1 

Design process decontamination factor 

11. 2-46 

35 

Negligible 

40 

Sta-inless Steel 

1 

50 

15 

10-2500 

7-21,000 

Stainless Steel 

1000 

• 

• 

• 



• 

. 

• 

• 

Isotope 

I-131 

I-133 

I-135 

Cs-137 
i 

F-18 

Co-58 

Mn-54 

TABLE 11. 2-4 

RANGE OF MEASURED DECONTAMINATION 

FACTORS FOR SELECTED ISOTOPES 

Minimum 

1.1 X 101 

1.1 X 101 

1. 4 X 10 
1 

2.4 
1 

1.73 X 10 

8.2 X 10 
1 

> 2. 5 X 10 1 

Maximum 

1.6 X 10 4 

1.8 X 10
4 

2.0 X 104 

1. 3 X 103 

1.5 X 103 

8.2 X 10 
3 

-;;,, 1.3 X 102 

These values were observed across mixed bed demineralizers containing cation 

resin in the lithium-? form and anion resin in the borated form . 
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TABLE 11.2-5 

DILUTION FACTORS FOR RELEASE FROM LIQUID WASTE TREATMENT SYSTEM 

Minimum 

1. Circulating Water 
System 600,000 

2. Auxiliary Raw 
Water System 18,000 

3. Non-Essential 
Raw Water System 60,000 

TOTAL FLOW 678,000 

MINIMUM 
Dilution Factor 
(100 gpm r~lease,rate) 6780 

NORMAL 
Dilution Factor 
(35 gpm release rate) 19370 

DILUTION FLOW {GPM) .. 

Plant Ot;!eration 
Normal 

900,000 

36,000 

60,000 

996,000 

DILUTION FACTORS 

9960 

28457 

• 

Plant Shutdown 
Minimum Normal 

18,000 

20,000 

38,000 

380 

1086 

36,000 

20,000 

56,000 

560 

1600 

•• 



• 

• 

11.3 GASEOUS WASTE TREATMENT SYSTEM 

This section is presented in RESAR-3 Sections il.3 through 11.3.6. 

RESAR-3 Sections 11.3.l, 2, 4, and 5 are incorporated here by reference. 

The Floating Nuclear Plant includes 8 gas decay tanks; 6 are used for 

normal power operation and 2 are used for shutdown. The system flow 

diagrams are shown on Figure 11.3-2, Sheets 1 and 2. 

11. 3. 1 DESIGN BASES 

The design bases are presented in RESAR-3, Section 11.3. 1. 

11.3.2 SYSTEM DESCRIPTION 

The system descripti9n is presented in RESAR-3, Section 11.3.2 

11.3.3 SYSTEM.OPERATION 

Initially the Gaseous Waste Treatment System is purged of air and 

blanketed with nitrogen. During normal power operation one gas decay 

tank is valved into the system. Nitrogen gas is continuously recirculated 

by one of the compressors through a recombiner and a gas decay tank to 

the compressor suction. Hydrogen mixed with the fission gases, which are 

stripped from the reactor coolant in the Chemical And Volume Control System 

11.3-1 



volume control tank, joins the recirculating nitrogen at the compressor 

suction. The resulting hydrogen-nitrogen-fission gas mixture is pumped 

by a compressor to a recombiner. 

Oxygen added at the recombiner reduces the hydrogen to a low residual 

level by oxidation to water vapor on a catalytic surface. After the 

water vapor is removed, the resulting gas stream (mainly a nitrogen­

fission gas mixture) is recirculated through a gas decay tank to the 

compressor suction to complete the loop circuit. 

The recirculation loop operates automatically. Hydrogen is continuously 

supplied at 0.7 SCFM at the ·volume control tank and oxygen at 0.35 SCFM 

at the recombiner. Valving is manual with extended stems through shield 

walls. 

Waste Gas Treatment System is operated in such a way as to diminish the amount 

of radioactive gases which could be released as a consequence of any single 

failure. Only one waste gas decay tank at a time is in-the circulating 

loop. The other waste gas decay tanks are isolated and separated by concrete 

enclosures. By alternating the operating waste gas decay tanks the radioactivit_y 

is distributed in nearly e~ual amounts iri each storage tank. Therefore, any 

activity which would be potentially released from the system i~ minimized. 

Pressure in the waste gas ~ecay tanks will gradually increase duting the life 

of the plant from the buildup of fission gases and nitrogen which is intro­

duced with reactor coolant makeup. 

11. 3-2 
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• The Gaseous Waste Treatment System operation remains the same even during 

cold shutdown until hydrogen addition to the volume control tank is terminated .. 

Then, the waste gas decay tank is valved out of service and one of the two 

shutdown tanks is valved into service. The shutdown tank supplies nitrogen 

instead of hydrogen to purge the volume control tank. Since some hydrogen 

will continue to come out of solution, operation through the recombiners 

continues until no further hydrogen is being removed. 

During the initial shutdown. fresh nitrogen is ll.!?_ed. This nitrogen is stored 

in the shutdown tanks during normal power operation and is reused for subsequent 

shutdowns. 

• During shutdown, flow is from a shutdown tank to the volume control tank 

to the compressor suction to the shutdown tank to complete the loop. A 

• 

side flow is recirculated from the shutdown tank through a recombiner to the 

compressor suction. 

A survey has been performed of gaseous discharges from different Westing­

house PWR plants for one calendar year. The results are presented in RESAR-3, 

Table 11.3-4 and show that releases were only a small fraction of 10 CFR 20 

limits. These plants have less capacity for containing gases than the 

floating nuclear plant, hence a greater need for releases to the envi.ronment. 

11.3.4 PERFORMANCE TESTS 

Performance tests ate presented in RESAR-3, Section 11.3.4. 
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11. 3. 5 . ESTIMATED RELEASES 

Estimated releases are presented in RESAR-3, Section ll.3.5. 

11.3.6 RELEASE POINTS 

The only release point from the Gaseous Waste Treatment is through the 

vent header to the plant exhaust. However, the system is designed to 

contain all gases. Therefore, the only potential release is from leakage 

within the auxiliary area. RESAR-3, Table 11.3-1 presents· a conservative 

estimate of these releases to be one hundred standard cubic feet per year. 

These releases are through the Auxiliary Area Ventilation Systems and the 

plant exhaust to the environment. 

11.3.7 DILUTION FACTORS (Ref. 11.3.8) 

11.3.8 ESTIMATED DOSES 

For continuity in the presentation of information pertaining to dilution 

factors and estimated doses the applicant has included the information in 

Section 12.4, Summary of Normal Operation Offsite Doses. 

11. 3-4 
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11. 4 PROCESS.· AND· EFFLUENT. RADIOLOGICAL. MONITORING. SYSTEMS 

11.4. l DESIGN OBJECTIVES 

In order to handle, process, and/or release radioactivity in compliance with 

the AEC regulations or within the limiting conditions for operation, the 

radiological monitoring systems are designed to provide radiation measure­

ments, records, alarms and/or automatic line isolations. They monitor process 
. \ 

and effluent streams evolved by normal and anticipated plant operations 

wherever a potential release of radioactivity exists. 

11.4.2 CONTINUOUS MONITORING 

The functional p~fformance requirements 'for the radiation monitoring systems 

are-: 

Warn operating personnel of high radiation levels. 

Monitor amount of radioactivity released in effluents. 

Perform some control functions when activity levels reach a preset 
limit. · 

Record and provide information concerning the amount of radioactivity 
released to effluent streams. 

11.4.2.1 Design Bases 

The components of the process and effluent radiation monitoring system are 

11. 4-1 



designed for the following conditions: 

1. Temperature - An ambient temperature range of 40 to l 2cP F. 

2. Humidity - 0 to· 95 percent relative humidity. 

3. Pressure - Components in the auxiliary building and control room 

are designed for normal atmospheric pressure. 

4. Radiation - Process and effluent radiation monitors are of a non­

saturating design so that no instrument or detector damage will occur 

even if exposed to radiation levels up to 100 times full scale 

indication. 

5. Radiation monitoring equipment is designed and located such that 

radiation damage to electrical insulation and other materials will 

not affect their usefulness over the life of the plant. 

6. Each radiation monitoring system is designed such that it may be 

checked on a daily basis, tested monthly, and recalib~ated at re­

fueling shutdown. 

7. Access to the radiation monitoring system alarm setpoints in the 

control room is under administrative control. 

11. 4-2 
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8. All process and effluent radiation monitors are annunciated and 

indicated in the control room. 

g; Process and effluent monitors continuously monitor radiation levels. 

10. All process and effluent monitors provide instrument failure annun­

ciation in the main control room. 

11.4.2.2 System Description 

Process and effluent radiological monitoring systems consist of channels 

which monitor radiation levels in various plant operating systems . 

The output from each channel detector is transmitted to the radiation mon­

itoring system cabinets located in the control room where the radiation 
', .... 

level is indicated by a meter and recorded. by a multipoint recorder. High 

radiation level alarms are annunciated in the control room and indicated 

·on the radiation monitoring system cabinets. 

A tabulation of the process radiation monitoring channels is found in Table 

11.4-1 for liquid and Table 11.4-2 for gas. The minimum sensitivity listed 

in the Table is based on a background level of 2 mr/hr. 

Each channel contains a completely integrated modular assembly, which 

includes the following: 

11. 4-3 
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1. Log Level Amplifier 

Accepts detector pulses, performs a log integration (converts total 

pulse rate to a logarithmic analog signal), and amplifies the re­

sulting output for suitable indication and recording. 

2. Power Supplies 

Furnishes the positive and negative voltages for the transistor 

circuits, relays, and alarm lights and provides the high voltage 

for the detector. 

3. Test-Calibration Circuitry 

Provides a precalibrated pulse signal to test channel electronics, 

and a solenoid operated radiation check source to verify channel 

operation. An annunciator light in the control room indicates 

when the channel is in the test mode. 

4. Radiation Level Meter 

Provides a scale calibrated logarithmically over the range speci­

fied. The signal is also recorded by the recorder. 

11. 4-4 

• 

• 

• 



• 

• 

• 

5. Indicating Lights 

Indicates high-radiation alarms and circuit failures. A corrnnon 

annunciator in the control room is actuated on high radiation 

from any channel. 

6. Bi-Stable Circuits 

Two bi-stable circuits are provided, one to alarm on high radiation 

{actuation point may be set at any level over the range of the in­

struments), and one to alarm on loss of signal(circuit-failure) . 

7. Check Source 

A remotely operated long half-life radiation check source is fur­

nished in each channel. The energy emission ranges are similar to 

the radiation energy spectra being monitored. The source strength 

is sufficient to cause a noticeable upscale deflection. 

8. Power Source 

Each channel is supplied from a 120 volt ac vital instrument bus . 

11.4-5 
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11.4.3 CALIBRATION AND MAINTENANCE 

A primary calibration is performed on a one time basis, utilizing typical 

isotopes of interest to determine proper detector response. Further pri­

mary calibrations are not required since the geometry cannot be significantly 

altered within the sampler. Calibration of samplers is then performed based 

on a known correlation between the detector responses and a secondary stan­

dard. 

Secondary standard calibrations are performed with a radiation source of 

known activity. This single point calibration confirms the channel sensi­

tivity. The secondary standard calibration is performed by removing the 

detector and placing the check source on the sensitive area of the detector. 

The radiation monitoring system channels can be checked daily and will be 

calibrated periodically. 

Calibration of the indicated channels is recommended to be performed fol­

lowin~ any equipment maintenance which could result in reducing the accuracy 

of the instrument indication. Calibration is also recommended to be per­

formed when the electric-pulse generator or the radioactive check source 

indicates instrument drift. 

11.4-6 
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11.4.4 SAMPLING 

In addition to the continuous monitors, local connections provide samples 

for radiological analyses. These samples provide periodic or batch in­

formation for processing requirements before transfer or release of radio­

active fluids. 

Table 11.4-3 lists these sample locations and provides the information re­

garding the type of sample, minimum frequency, purpose of analysis and the 

application of results. 

These sampling connections are exclusive of the NSSS Sampling System (see 

Section 9.3.3) which may also furnish radiation information for guidance 

in the process operation . 
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TABLE 11.4-1 

LIQUID PROCESS AND EFFLUENT MONITORS 

Monitor Type 

Boron Recycle System Scintillation 

Component Cooling Water Scintillation 
System Monitor 

Waste Processing Liquid Scintillation 
Effluent Monitor 

• 

Sensitivity 
Range 

{pc/cc) 

1. 0 X 10-5 

to 
1. 0 X 10-2 

1.0 X 10-5 

to 
1 0 10-2 

• X 

-5 1. 0 X 10 
to 

1.0 X 10-2 

Isotopes 
Monitored 
1131 

yl33 

cs 13ll, 

132 
cs 
co58 

co60* 

Detector 
Energy 
Range 

Y-0.1 mev 
to 

Y-3 mev 

Same as boron Y-0.1 mev 
recycle system to 
monitor Y-3 mev 

Same as boron Y-0.l mev 
recycle system to 
monitor Y-3 mev 

• 

Control Function 

On hiqh activity diverts 
discharge to demineral­
izer clean up. 

On high radiation 
signal initiates closure 
of the component 
cooling surge tank 
vent line. 

On hiqh radiation 
signal, {nitiates valve 
closure in release line . 

• 
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• 
Monitor 

Steam Generator Liquid 
Sample Monitor 

Essential Service 
Water System Monitors· 
(4 required) 

Essential Raw Water 
(4 required) 

Type 

Sci nti 11 ati on 

Scintillation 

Scintillation 

Steam Generator Blowdown Scintillation 
Liquid 

• 
TABLE 11.4-1 (CONT) 

Sens iti vi ty 
Range Isotopes 

Detector 
Energy 
Range (µ.c/cc) Monitored 

1 0 10-5 
• X 

to 
1 0 10-2 

• X 

1.0 X 10-5 
to · 

1.0 X 10-2 

-5 1. 0 X 10 
to 

1.0 X 10-2 

1. 0 X 10-5 
to 

1.0 X 10- 2 

Same as boron Y-0.1 mev 
recycle system to 
monitor Y-3 mev 

Same as boron Y-0.1 mev 
recycle system to 
monitor Y-0.3 mev 

Same as boron Y-0.1 mev 
recycle system to 
monitor Y-3 mev 

Same as boron Y-0.l mev 
recycle system to 
monitor Y-3 mev 

• 
Control Function 

On high activity alarm, 
stops direct steam · 
generator blowdown to 
circulating water sys­
tem:. Permits bl owdown 
flow to demineralizers. 

On high activity alarm, 
closes surge tank vent 
valve. 

Alarm only 

On high activity, stops 
demineralized steam 
generator blowdown to the 
the circulating water 
system or condensate 
stg. tank. Permits 
discharge to sample 
tanks. 
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Monitor 

Non-Essential Service 
Water 

Failed Fuel 
Mohitor 

• 

Type 

Scintillation 

TABLE 11.4-1 (CONT) 

Sensitivity 
Range Isotopes 

Detector 
Energy 
Range (J.1c/cc) Monitored 

-5 
1.0 X 10 

to _2 
1.0 X 10 

Same as boron Y-0.1 mev 
recycle system to 
monitor Y-3 mev 

Control Function 

On ·high· activity, closes 
surge tank vent valve 

The failed fuel monitor is used to detect fuel failure by monitoring the gamma 
activity of the fissiori products released in the coolant and to-alert the 
operator to take and analyze a coolant sample. Detector sensitivities and 
isotopes monitored are established on the evaluation of the consequences of 
a postulated rupture of a steam generator tube. 

* Sensitivity based on this isotope. 
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• 
Monitor 

Waste Gas Processing 

Condenser Air 
Ejector 

Type 

Geiger­
Muell er 

II 

• 
TABLE 11. 4-2 

GASEOUS PROCESS AND EFFLUENT MONITORS 

Sensitivity 
Range µc/cc 

10-6 to 10-3 

Isotopes 
Monitored 

Kr 85, Ar 41 
Xe 135, Xe 133 

II 

II 

Detector 
Energy 
Range 

Y - 0.1 to 3.0 
B - 0.2 to 3.0 

II 

II 

• 
· Contra 1 
Function 

Al arm only 

Stops direct 
Steam gene­
rator blow­
down to cir­
culating water 
sys tern. Per­
mits b 1 owdown 
fl ow to de­
mineral i zers. 
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11.5 SOLID WASTE SYSTEM 

The Solid Waste Treatment System (WTS), shown in Figure 11 .5-1, performs 

packaging of certain plant radwastes. 

11.5.1 DESIGN OBJECTIVES 

The design objectives of the Solid Waste Treatment System are: 

1. Receive and render the following plant radwastes into a homogeneous 

solid product within a drum suitable for transportation and subse­

quent permanent burial: 

a. Evaporator concentrates 

b. Spent Resin 

c. Chemical drain liquid 

d. Solid Waste Treatment System flush liquid. 

2. Receive and fix radioactive spent filter cartridge~ in a solidified_ 

matrix within a drum suitable for transportation and permanent burial . 
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3. Receive and compact compressible solid waste into a drum suitable 

for transportation and permanent burial. 

4. Provide drum conveyance and handling. 

5. Provide interim storage for~rummed waste. 

6. Perform drum filling, capping, decontamination and conveyance to 

storage remotely by a single operator behind shield walls. 

7. Ltmit operator expo~ure during operation to 2.5 mr/hr. 

8. Limit operator exposure during maintenance to 100 mr/hr. 

9. Limit activity of filled drums to permit storage within shielding 

lfmits and shipment within a finite period. 

10. Provide a reliable system incorporating automated features. 

11.5.2 SYSTEM INPUTS 

Radwastes drummed by the system consists of the following: 

1. Spent resin 

• 

• 

• 
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2. Evaporator concentrates 

3. Spent filter cartridges 

4. Chemical drain tank liquid 

5. Compressible solid radwaste 

6. Solid Waste System flush liquid. 

Spent Resin 

The volume of spent resin required to be drummed is a function of the vol­

ume and impurity level of the reactor plant and steam generator blowdown 

fluids processed by demineralizers. The expected annual radioactive spent 

resin volume is listed in Table 11.5-1. 

Evaporator Concentrates 

The volume of evaporator concentrates is dependent on the amount of recycle 

evaporator concentrates which are recycled and the amount of waste evapo­

rator concentrates. The expected annual volume is listed in Table 11.5-1 . 
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Spent Filter Cartridges 

• . ' . 1 

The number of spent filter cartridges required to be drummed is dependent 

on the volume and impurity level of reactor plant fluids processed by fil­

ters. The expected number of spent filter cartridges is listed in Table 

11.5-1. 

Chemical Drain Tank 

Chemical drain tank liquid consists of spent radioactive samples and rinse 

liquid. The expected annual volume is listed in Table 11 .5-1. 

Compressible Solid Radwaste 

Compressible solid radwaste consists of disposable clothing, rags, towels, 

floor covering, shoe covers, cloth smears, respirator filters, etc. The 

expected annual volume is listed in Table 11.5-1. 

Solid Waste System Flush Liquid 

Liquid utilized to flus·h the wet cement bearing surfaces of the system 

following batch drum filling operation is solidified. The expected annual 

volume is listed in Table 11.5-1. 
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The expected curie content of the above radwastes is listed in 

Table 11.5-1. 

11.5.3 EQUIPMENT DESCRIPTION 

11.5.3.1 System Description 

The system consists primarily of a waste feed train, cement feed train, a 

waste-cement mixer/feeder, ·equipment to perform remote and automatic drum 

capping and decontamination, a baler to perform packaging of compressible 

solid waste, and a central control panel . 

Waste Feed Train 

The waste feed train consists of a waste process feed tank, waste dewatering 

pump, waste feeder and associated piping valves and instrumentation. Li­

quid and slurry wastes are received in the waste process feed tank where 

conditioning of the waste is performed depending on the type of waste. For 

resin slurry waste, dewatering is performed through redundant dewatering 

filters located inside the tank by a waste dewatering pump. The slurry level 

is determined by two redundant level detectors. Dewatering is performed 

to obtain the correct content of liquid such that when mixed with dry 

cement an acceptable solidified product is formed. For both evaporator 

concentrates and resin slurry wastes, agitation is performed in the tank to 
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create a homogeneous solution and ensure a uniform waste feed mixture. 

Redundant radiation monitors are provided on the tank to indicate the 

activity level of the batched waste prior to drum filling. A radiation 

level indication is provided to minimize the possibility of exceeding the 

curie capacity of a drum. In addition, the tank desiqn incorporates 

redundant electric heaters to maintain the desired temoerature and a water 

spray header for decontamination. Following conditioning of the waste, 

the waste feeder conveys the waste feed through an in-line flow meter and 

flow totalizer into the waste-cement mixer/feeder. For drumming of filter 

cartridges, reactor makeup water or low activity waste liquid (which serves 

as the liquid of hydration for the cement) is substituted for the waste. 

Cement Feed Train 

The cement feed train consists of a cement bag dump station, cement ele­

vator, cement dust collector, cement batch tank, cement feeders, and piping, 

valves and instrumentation. Dry cement is manually loaded into the 

elevator at the cement bag dump station for conveyance to the cement batch 

tank. The cement dust collector, consisting of a dust collection tank and 

associated blower and filter, maintains the area dust free. The cement 

batch tank consists of a static cylindrical storage upper section and 

vibrating lower section. The tank conditions the dry cement by vibration 

to a constant bulk density for uniform flow and metering of the cement feed. 

The dry cement is transferred from the tank ·to the waste-cement mixer/feeder 

by two feeders in series~ The first feeder is a precision, controlled 

11.5-6 
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• vibration screw feeder which regulates and adjusts the feed on demand from 

the control panel. The second feeder is a constant screw feeder equipped 

with a 11 gate switcli 11 and vi bra tor. The function of the ligate switch Ii is to 

terminate waste feed if cement flow into the mixer/feP.der is interrupted. 

The ligate switch 11 elininates the oossibility of packaging any unsolidified 

wastes in a drum. 

l'.1ixer/Feeder 

The waste and cement feeds are introduced simultaneously to the mixer/feeder. 

The mixer/feeder performs mixing of the waste and cement feeds and conveys 

the mixed product to the drum. The mixer/feeder consists of a rotating 

• screw assembly (spiral and paddle type), flushing apparatus and drive motor 

assembly. The screw flight and Paddle action of the mixer/feeder nerforms 

thorough-mixing of the waste and cement feeds. A radiation monitor is 

Provided at the drum filling location for indication of the curie content 

of the drum at time of filling. 

• 

Drum Caoper 

The drum capper performs remoti drum caopina from behind a shield wall. 

The canoing operation begins with the caPoer arm fully extended in the con­

trol area. The ooerator then manually affixes a drum cover, complete with 

ring clamp and bolt, to the holding fingers. Remote capping sequence begins 
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with the operator retracting the capper arm, followed by horizontally 

posi ti oni nq the capper arm over the drum. ;_ Once over the drum the capper 

arm is extended until the cover comes in contact with the drum. The final 

step is to tighten the clamp bolt remotely with a pneumatic wrench. 

Drum Decontamination Enclosure 

After drum capping is performed, a decontamination spray is provided to 

remove any surface radioactive contamination from the drum. An enclosure, 

comolete with soray nozzles, is lowered over the drum and fitted into a 

stationary bottom enclosure to completely enclose the drum. Hot water 

or steam is used as a spray to wash down all drum surfaces including the 

top and bottom. A steam drying cycle is used to remove remaining water 

droplets. The steam is condensed in the hood 11ith condensate removed via 

a bottom drain connection and directed to the Liquid ~aste Treatment System 

waste holdup tanks. 

Baler 

The baler compacts compressible solid waste into drums. The baler utilizes 

hydraulic pressure to force the baler ram into a drum. A baler ventilation 

shroud, connected to the auxiliary area ventilation system, is provided to 

collect dust or airborne particulate that may be emitted from the drum 

during waste compression. 

• 

• 

• 



• 
Drum Conveyor 

The-drum conveyor, used to transfer drums at the drum filling station, 

consists of a motorized commercial type conveyance system. 

Drum Storage Area Bridge Crane 

The bridge crane performs drum handling in the drum storaqe area. The 

crane is a 10 ton capacity overhead monorail type. The unit is equipped 

with a dual motor drive to ensure operability. Visual monitors with re­

mote indication are mounted on the unit to facilate drum handling and vis-

• ual drum storage area insnection. 

• 

Component design data is presented in Table 11.5-2. 

11.5.3.2 System Operation 

Wastes are received by the system in the form of radioactive evaporator 

concentrates, soent resin slurries, spent filter cartridges and compres­

sible solids. The modes of system operation for drumming the various types 

of wastes are described below . 
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Evaporator Concentrates 

The waste process feed tank receives the evaporator concentrates in 1 i quid 

form from the Liquid Waste Treatment System (WTL) concentrates holding tank 

or directly from the recycle or waste evaporators. Evaporator concentrates 

drumming is performed on a batch basis with the quantity of concentrates 

supplied to the tank determining the batch size. The maximum batch quan-

tity is 750 gallons which fills approximately 25 drums. Indication of 

batch size is provided by redundant tank level detectors. The waste is 

agitated to obtain a homogeneous solution and ensure a uniform waste feed 

mixture. Electric heaters in the tank control the temperature of the concentrates 

sufficient to prevent crystallization. Indication of the radiation level 

is provided by the redundant radiation monitors. Following the condition-

ing of the waste in the waste feed process tank, subsequent drum filling 

operation is performed remotely from the system control panel. 

Spent Resin Drumming 

The waste process feed tank receives the spent resin in slurry form from 

the WTL spent resin storage tanks. Spent resin drumming is also performed 

on a batch basis with the batch size determined by the quantity of resin 

supplied to the tank. The level of settled solids (resin) and liquid is 
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determined by either.of two ultrasonic.level detectors. Dewatering is then 

performed to obtain the desired liquid content to ensure ·that when mixed 

with dry cement an acceptable product is formed. Dewatering is accomplished 

through the dewatering filters, located inside the waste feed processing 

tank, by the waste dewatering pump. The filtrate is either pumped back to 

the spent resin storage tanks or to the waste holdup tanks for processing. 

The solution is then agitated to obtain a homogeneous solution and ensure 

a uniform waste feed mixture. Indication of the radiation level is pro­

vided by either of the two tank radiation monitors. Following the condi­

tioning of the waste in the waste feed process tank, subsequent drum filling 

operation is performed remotely from the system control panel. 

(/ 

Spent Filter Cartridge Drumming 

A spent filter cartridge is loaded into a drum at the location of cartridge 

remova~ from the filter vessel. A cartridge stand apparatus is placed 
"'-

inside the drum to ~upport the cartrtdge. The drummed cartridge is trans­

ported to the dr~mming station ·inside the·shiel~ed filter cask. At the 

drumming station the bridge crane is used to li,ft and position the .cask 

behind the shield wall on the drum conveyor at the filter cask removal 

location. The cask is then removed remotely from behind the shield wall. 

The drum, loaded with the cartridge, is then transferred to the drum filling 

position by the drum conveyor. Following positioning the drum is filled 

with cement . 
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The waste process feed tank is filled with clean or low activity waste water 

(acts as the waste feed) which serves as the moisture of hydration for the 

dry cement. The filling· of the drum with cement is performed remotely from 

the system control panel .. 

Chemical Drain Tank Liquid 

Drumming of chemical drain tank liquid is performed in the same manner as 

evaporator concentrates. 

Solid Waste System Flush 

Following batch drumming operation, the wet cement bearing co~ponehts are 

flushed with reactor makeup water. The flush water is solidified in a 

drum pre-loaded with cement. 

At the drum filling location~ the drum is vibrated to settle the waste­

cement mixture. Following drum filling, capping, and decontamination~ 

drum conveyance to storage is performed by the drum storage area bridge 

crane. 

11.5.4 EXPECTED VOLUMES 

The expected radwaste volumes and the curie content are listed in Table 

11.5-1. 
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The principal nuclides are the following: 

Iodine - 131 Strontium - 89 

Cesium - 134 Strontium - 90 

Cesium - 137 Yttrium 90 

Cobalt - 58 Yttrium 91 

Cobalt - 60 Niobium - 95 

Praseodymium - 144 Zirconium - 95 

Cerium - 144 

11.5.5 PACKAGING 

Department of Transportation (DOT) 17-H, 55 gallon drums are utilized for 

packaging. The drumming operation is performed with three limitations on the 

contained activity level: 

1. Maximum radioactivity concentration must comply with radiological 

packaging requirements. 

2. Activity level (with decay) must allow subsequent shipping of drum 

in a reasonable period of time. 

3. Activity level must be within shielding limitations of the drum 

storage area . 
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The expected curie content of a filled drum for the various types of solid 

radwaste is presented in Table 11.5-1. 

Packaging of the radwastes is performed in accordance with the following 

regulations and rules: 

1. 10 CFR 71, Packaging of Radioactive Material for Transport. 

2. 49 CFR 170-178, Department of Transportation-Hazardous Materials 

Regulations. 

3. 49 CFR 146-149, Department of Transportation-Coast Guard Regulations. 

11.5.6 STORAGE FACILITIES 

The layout of the drum storage area is shown in Figure 1.2-3. The area 

consists of a main storage area and a hot drum storage area. High radi­

ation level drums are stored in the hot drum area which is shielded by an 

additional foot of concrete. 

The maximum drum storage capacity is 900 drums; main storage area - 71.0 

drums; hot drum storage area - 190 drums. Three tier drum stacking can be 

utilized. The normal storage capacity of 700 drums utilizes two tier stack­

ing. The maximum storage capacity (900 drums) utilizes three tier stacking. 
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Drum storage time is a variable, dependent on drumming rate requirements 

and the Owner 1 s shipping schedule. 

11.5.7 SHIPMENT 

The means and scheduling of solid radwaste shipment from the plant are pre­

scribed by the Owner and will be specified in the Owner 1 s Application . 
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TABLE 11 . 5-1 

EXPECTED ANNUAL SOLID RADWASTE VOLUMES AND CURIE CONTENT 

EXPECTED ANNUAL EXPECTED ANNUAL EXPECTED CURIE 
RADWASTE VOLUME NO. OF DRUMS TOTAL CURIES CONTENT PER DRUM 

3 2,646 (1) 
( 1 ) 

Spent Resin 450 ft. 300 8.82 

Evaporator Concentrates 3000 gals. 100 454(l) 4.54(1) 

Spent Filter Cartridges 20 cartridges 20 Variable Variable 

Chemical Drain Tank 
I-' Liquid 1000 gals. 33 15 0.45 
I-' . 
u, Compacted Compressible 3 I 
I-' Radwaste 825 ft. 120 Low <l O"I 

Solid Waste System Flush 
Liquid 500 gals. 25 Low <1 

(l)Based on 0.2 percent fuel leakage as described in Section 12.4, and 30 day decay 

• • • 
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TABLE 11. 5-2 

SOLID WASTE TREATMENT SYSTEM COMPONENT 

DESIGN DATA 

COMPONENT 

Waste Process Feed Tank 
Number/Plant 
Design capacity (total), ft. 3 

3 
(useable), ft. 

Design pressure, psi8 
Design temperature, F 
Material 
Code 
Safety Class 

Waste.Feeder 
Nurnber/P~ant 
Type. 
Spee~ control range, rpm 
Motor rating, hp 
Material 
Code 

Cement Batch Tank 
Number/Pl ant, 
Design capacity (total), ft. 3 

tuseable), ft. 3 
Type 

Material 

Cement Dust Collector 
Number/Plant 
Type 

11. 5-17 

1 
150 
120 
10 
200 
300 Stainless Steel 
ASME III, Class C 
3 

1 
Positive displacement 
70-200 
2 
316 Stainless Steel 
ASME III, Class C 

1 
150 
120 
Static cylindrical 
storage type with 
vibrating bottom 
section 
CS with cdrrosin~ 
resisting coating 

1 
Commercial unit 
consisting of tank, 
150 cfm blower and 
absolute filter 



COMPONENT 

Cement Feeder 
Number/Plant 
Type 

Mixer/Feeder 
Number/Plant 
Type 

Drum Capper 
Number/Plant 
Type 

Drum Conveyor 
Number/Plant 
Type 

Bridge Crane .. 
Number/Plant 
Capacity, tons 
Type 

TABLE 11.5-2 (Continued) 

SOLID WASTE TREATMENT SYSTEM COMPONENT 

DESIGN DATA 

11.5-18 

1 
Vibrating trough 
and screw with a 
variable speed motor 
drive 

1 
Stainless Steel 
stationary trough 
with rotating screw 

· assembly, flush· 
assembly and drive 
motor 

1 
Remote assembly 

1 
Motorized 

1 
10 
Monorail 

• 
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