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DUKE POWER COMPANY Flcopy 
POWER BUITDING 

422 SOUTH CHURCH STREET, CHARLOTTE, N. C. 2242 

WI LLIAM 0. PARKER, JR. June 19, 1978 
VICE PRESIDENT TELEPHONE: AREA 704 

STEAM PRODUCTION 
373-4083 

Mr. Edson G. Case, Acting Director 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Attention: Mr. R. Reid, Chief 
Operating Reactors Branch #4 

Reference: Oconee Nuclear Station 
Docket Nos. 50-269, -270, -287 

Dear Sir: 

Please find attached a response to your May 18, 1978 letter, which requested 

additional information concerning the conceptual design of the safe shutdown 

system at Oconee Nuclear Station.  

This information is considered to supplement my submittal of February 1, 1978 

and as such no license fee is included. As requested, forty copies have been 

provided.  

Very truly yours, 

William 0. Parker, Jr.  
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ATTACHMENT 1 

Response to Staff Questions Concerning 

Oconee Nuclear Station 

Safe Shutdown System



Response to Staff Questions Concerning 
Oconee Nuclear Station 
Safe Shutdown System 

1. Describe the fixed manual fire suppression system to be provided in each 
cable spreading room and each equipment room.  

Response: 

Each cable spreading and equipment room will be protected with a fog-type 

water spray system. A separate manually operated valve will feed the system 
for each room in each unit. The cable shaft will be protected with a sepa
rate, manually actuated system. All spray heads will be open and provide a 
density of 0.10 gpm per square foot.  

2. Repair procedures should be developed for restoring power to equipment 
required to achieve and maintain cold shutdown where redundant cold shut
down cabling are routed in proximity to each other and may be lost in a fire.  

Material needed for repairs should be available on site such that repairs 
can be made and cold shutdown achieved within 72 hours of the initiation of 
hot.shutdown. Provide your plans to meet these criteria.  

Response: 

To bring the units from a hot to cold shutdown condition, the Low Pressure 
Injection Pumps (LPI) will be required. The present design has three LPI 
pumps with one pump separated from the other two by a fire wall. In the 
event normal power cables are damaged in a fire, an additional dedicated 
cable will be on site to power the LPI pump from appropriate switchgear.  
Also in the event normal power cables are damaged in a fire, an additional 
dedicated cable is presently on site for the High Pressure Injection Pump.  
These cables could be used for repairs within 72 hours of'the initiation of 
hot shutdown.  

The Low Pressure Service Water (LPSW) pumps are required for bringing the 
unit to cold shutdown. The LPSW pumps are separated such that a single fire 
would not affect all pumps. The piping for the pumps is interconnected so 
pumps can feed any of the three units.  

3. Interim procedures should be developed for the period until the dedicated 
safe shutdown system.becomes operational to assure safe shutdown can be 
achieved. In addition to the plans developed for item 2 above, interim 
procedures should be developed for restoring power to equipment required for 

hot shutdown where redundant cables for this equipment are routed in prox

imity to each other and may be lost in a fire. Material needed for repairs 

should be available on site. Provide your plans and schedule to meet thlese 

needs.  

Response: 

The following interim measures will be instituted for the period until the 

dedicated safe shutdown system becomes operational:
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a - A manual, fog-type sprinkler system will be installed in each cable 
spread and equipment room. Schedule for installation to be developed 
by August 1, 1978.  

b - Fire barriers will be installed in each cable shaft between the 
equipment and cable spread rooms. (7-1-79) 

c - Manual hose stations will be installed in the Auxiliary Building, 
to include, the cable spread and equipment rooms. (7-1-79) 

*d - Automatic detection with alarm to the control room will be installed 
in the Auxiliary Building, to include the High Pressure and Low 
Pressure Injection Pump Rooms.  

e - In the event normal power cables are damaged, an additional dedicated 
cable is presently on site for the HPI pumps.  

*f - The fire protection headers presently on elevation 771 and 783 in the 
Auxiliary Building will be connected to provide alternate feed capa
bility.  

*Scheduled completion - Second refueling outage from SER issuance for each 
unit. Other completion dates are noted in parenthesis.  

4. Provide the design criteria for the electrical and instrumentation and con
trol aspects of the dedicated safe shutdown system. The functional part of 
the design need not meet the single failure criterion. However, the design 
should meet the single failure criterion with respect to those failures or 
inadvertent operations that can cause accidents or transients.  

Response: 

The system will not be designed to meet the single failure criterion, but 
will be designed such that failures in the system do not cause failures or 
inadvertent operations in existing plant systems. The safe shutdown system 
is manually initiated; multiple actions must be performed to enable flow to 
existing safety systems.  

'The electrical portions of the system will be designed to meet or exceed 
the applicable criteria contained in the Oconee FSAR. The system provides 
additional redundancy for certain postulated events, and, when taken in 
conjunction with existing plant systems, meets the single failure criterion.  

5. Identify any components of the system you plan to design at less than ASME 
Section III Class 2 requirements and provide the basis. Identify any com
ponents you design to meet Class 3 Inservice Inspection Requirements of 
ASME Section XI and provide the basis. We will accept Class 2 Section XI 
component design without any submitted bases.
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Response: 

The Safe Shutdown System will be designed in accordance with the appro
priate ASME Code based on Reg. Guide 1.26. Part of this system (RC 
Emergency Makeup) will be under Quality Group B and will be designed in 
accordance with ASME Code Section III Class 2. The High Head Auxiliary 
Service Water System has a portion (crossover between emergency feedwater 
lines) in each reactor building that will be under Quality Group B and 
designed to ASME Code Section III Class 2. The remainder of the High 
Head Auxiliary Service Water System will be under Quality Group C and will 
be designed in accordance with ASME Code Section III Class 3 since this 
is an auxiliary feedwater system. The SSF has a small cooling water 
system for the HVAC and diesel generator. This system, with the exception 
of the diesel generator and HVAC components, will also be under Quality 
Group C and will be designed in accordance with ASME Section III Class 3.  

The code references specified above are the basis for design and materials 
unless the current operating status of the station and/or the original 
design of the station makes it impractical to comply with portions of the 
latest codes.  

6.. Some equipment appears to be below grade. Provide the design features 
needed to prevent flooding. Provide the maximum limiting flood elevation 
at the structure location.  

Response: 

Normal groundwater infiltration of the Safe Shutdown Facilities Equipment 
Enclosure will be limited by standard waterproofing techniques. Flood 
studies documented in the Oconee FSAR, Section 2.4.3 show that Lake Keowee 
and Jocassee are designed with adequate margins to contain and control 
floods so as to pose no risk to the Oconee Station site. The Safe Shutdown 
Facility is within the site boundary, southwest of the Unit 2 Reactor Build
ing, therefore, it is not subject to flooding from lake waters. The Safe 
Shutdown Facility will be waterproofed to an elevation slightly above yard 
grade to prevent inflow of yard surface waters.  

The Safe Shutdown Facility Structure and associated components of the 
Safe Shutdown System will be designed to withstand the Safe Shutdown 
Earthquake. Flooding sources from within the structure will be limited to 
normal equipment drainage which will be handled by installation of a sump 
and sump pump. The sump pump will discharge to the yard drain system. The 
sump pump discharge line will be designed to prevent back flow into the sump 
from outside sources.
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7. Identify the sections of the Standard Review Plan, NUREG 75/087, you 
plan to apply to the design of the safe shutdown system.  

RESPONSE: 

The Safe Shutdown System will be designed to meet or exceed .the appli
cable criteria contained in the Oconee FSAR. Additionally, ASME and 
IEEE codes will be utilized, as appropriate, in the design of various 
sub-systems and components. Individual sections of the Standard Re
view Plan will not be specifically applied to the design of this system.  

8. In Section 2.2 of the submittal, you state that a means of adding nega
tive reactivity will be provided. Other than the concentration of boron 
included in the source (spent fuel pool), what provisions for boron addi
tion or dilution will be provided? Discuss the condition of a cold water 
accident from the insertion of the cooler spent fuel pool water and any 
resultant increase in reactivity.  

RESPONSE: 

The boron concentration (1800 ppm) of the spent fuel pool required by the 
station's Technical Specifications is assurance that negative reactivity 
will always be available for makeup to the RC System for a "hot" or a 
"cold" shutdown. After the control rods have dropped into the core by 
gravity, the emergency makeup system will then be the only way to add 
negative reactivity until some damage control measures have been taken 
or the RC System pressure has been reduced to allow the core flood tanks 
(1800 ppm, 100 - 125 degrees F, 600 psig) to operate. There will be no 
way to add positive reactivity until some damage control measures have 
been taken.  

The capacity of the emergency makeup system is 25 gpm. The normal tempera
ture range of the spent fuel pool is 75 - 105 degrees F. The negative 
reactivity that would be added by the emergency makeup pump due to the 
1800 ppm borated water is much greater than the positive reactivity that 
is created by moderator temperature decrease and the fuel temperature de
crease. There is no potential for a cold water accident due to the addi
tion of 75 degrees F, 1800 ppm borated water.  

9. In Figure 2.3-1, the makeup water from the spent fuel pool passes through 
a motor operated valve and then through the emergency makeup pump prior 
to any filteration or screening. Discuss the considerations given to 
eliminate seizure of these components from particulate matter in the spent 
fuel pool makeup water.  

RESPONSE: 

The filter shown on Figure 2.3-1 was originally in the suction to the pump..  
The pressure drop through the filter reduced the NPSH to the pump so much 

that it made it impractical to obtain a pump that would operate under this
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condition. A cone shaped screen will be added in the fuel transfer tube 

to minimize the possibility of particulate matter getting into this system.  

This screen can be changed from the spent fuel pool storage area during 
unit operation.  

10. Describe how the flow rate can be controlled in the RCS Emergency Makeup 

System. In Section 2.4 of the submittal, you state that slow rate of the 

shrinkage volume will eliminate the need to letdown from the RCS while 
maintaining hot shutdown. However, you also state that a means of controll

ing letdown is provided by a new motor operated valve in each reactor build

ing. Your submittal has not addressed letdown and charging control of the 

RCS or the possibility of a solid system during the postulated event.  

Provide possibility of a solid system during the postulated event. Provide 

this information in conjunction with your complete flow loop design and 

analysis.  

RESPONSE: 

The flow rate of the emergency makeup pump will be 25 gpm. This flow rate 

will not be controlled. A new motor operated valve is being added in each 

reactor building in the RC System letdown line. This valve can be closed 

upon loss of or the rupture of the letdown line outside of the reactor 

building to prevent the loss of water from the pressurizer. This assumes 

that the normal valves outside of the reactor building cannot be closed.  

The new valve and the pressurizer level indication provided in the SSF can 

be used to control the water level in the pressurizer. The operator can, 
therefore, control the water inventory in the RC System since the flow 

rate available in the letdown exceeds the flow rate of the emergency makeup 

pump.  

The rate of the recovery of the RC System water inventory lost due to the 

shrinkage (hot power operating condition 579 degrees F to hot zero power 

532 degrees F) will be slow due to the capacity of the emergency makeup 

system and some out-leakage from the RC System through the RCP seals.  

This will minimize the need to letdown the RC System during the hot shut

,down condition. We feel that maintaining control of the RC System water 

inventory through letdown when needed in conjunction with the slow rate 

of increase in this inventory will minimize the possibility of a solid 

system.  

The emergency makeup system will be provided with a relief valve to pro

tect its piping and this will also protect the RC System from over pressuri

zation due to the operation of this system. The two code relief valves 

are also available to protect the RC System should the need ever arise.
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11. In Section 2.5 of your submittal, you state that a means of testing the 
pump and valves under hot shutdown conditions will be provided. Describe 
these means and provide flow diagrams and descriptions of any test loops 
and valving you are considering in your design. Discuss any requirements 
needed to eliminate water hammer affects and thermal shock.  

RESPONSE: 

The necessary equipment including alternate flow paths and instrumentation 
with remote readout will be provided to meet the inservice test require
ments.  

Emergency Makeup System 

This system can be tested during normal operation by using the normal 
suction from the spent fuel pool and pumping through a test line to the 
reactor coolant system letdown line downstream of the letdown coolers.  
This will allow the system to be tested under actual operating pressure 
and will also minimize the temperature difference and thermal shock be

tween the spent fuel pool water and the RCS letdown. The piping of this 
system will remain full and the control valve will be opened slowly to 
minimize the affects of water hammers. This system is not accessible 
during normal unit operation. The necessary instrumentation with remote 
readout in the SSF will be provided to meet the requirements of the in
service test program. (Please see attached flow diagram.) 

High Head Auxiliary Service Water System 

The pumping capability of this system can be tested during operation by 
using the normal pump suction from the CCW and pumping through a test 
line and valve back to the CCW. This system will stay full of water and 
the valve will be opened slowly to minimize water hammers. There will be 
no thermal shock since there is no temperature difference involved. The 
necessary instrumentation will be provided in the SSF to monitor and test 

the performance of this system. All equipment involved in the pump test

ing is accessible during unit operation. The motor operated valve in the 
reactor building can be tested during the periodic test of the present 
steam driven emergency feedwater pump. This valve can be remotely operated 
during these tests and there will be no effect on the piping system. This 
valve can also be opened and closed during normal operation since there is 
a manual valve upstream that is closed to prevent the possibility of lake 
water.being put into a steam generator. (Please see attached flow diagram.) 

12. Describe the capability for handling (storing or removing) the out-leakage 
from the RCP seals during the time that the emergency Safe Shutdown System 
is in operation.  

RESPONSE: 

The necessary piping and valves will be provided to allow the out-leakage from 

the RCP seals to be stored in the deep end of the fuel transfer canal. This
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will provide storage for approximately 44,000 gallons, or greater than 30 
hours operation under the worst conditions. The necessary piping and the 
required valve will be added to allow the emergency nakeup pump to take 
suction from this stored water. This in effect allows us to recirculate 
the makeup water; thereby, reducing the quantity of water that must be 
stored and also reducing the quantity of water removed from the spent fuel 
pool.  

13. Provide a summary of the NPSH calculations for all pumps used in the 
proposed safe shutdown facility.  

RESPONSE: 

The actual piping configuration has not been established for the pumps 
used in the safe shutdown system. The piping configuration has been 
conservatively estimated to allow the NPSH to be approximated for the 

purpose of selecting pump types. The final NPSH for each pump will be 
calculated from: 

NPSH = 2.31 (Ps - Pvp) + Hs - Hf 

Sp. Gr.  

Where: 

Ps = Pressure in the suction vessel (psia - corrected for altitude).  

Pvp = Vapor pressure of pumped water at the pumping temperature (psia).  

Hs Static elevation in feet of liquid at the surface above the center
line of pump impeller (ft. of water).  

Hf = Friction loss in the suction line from the suction vessel to the 

pump suction flange. Includes entrance loss into suction. (ft. of 
water).  

Sp. Gr. Specific Gravity of pumped liquid at the pumping temperature.  

The available NPSH for each of the major pumps has been approximated 
for the worse case with following results: 

High Head Auxiliary Service Water Pump 34 ft. (min) 
RC Emergency Makeup 35 ft. (min) 

Each of these figures can be improved slightly by using the exact pipe 

size, route, and number of fittings. The elevation of the pumps can 
also be lowered a small amount if needed.  

A small low pressure service water pump will be used in the safe shut

down facility to supply cooling water for the diesel generator set and



-10-0 

the HVAC equipment. The requirements for this system have not been 
finalized and the NPSH cannot be approximated at this time. This pump 
will be a standard off the shelf low pressure service water pump and 
should not present any problems. The NPSH for this pump will be calcu
lated like the other two pumps.  

14. Provide detailed calculations for the natural circulation flows predicted 
for Oconee shown plotted on Figure 1.2-1 as minimum required flow and 
maximum and minimum expected flow. These calculations should include a 
sensitivity study showing the effects that the feedwater flow and the 
water level of the steam generator have on natural circulation of the RCS.  
Figure 1.2-1 of the submittal indicates a fairly large difference between 
the measured flow value and the corresponding value predicted for maximum 
flow (-33%). Even though this discrepancy appears to be on the conserva
tive side, what factors are there which could contribute to such a differ
ence? This type of information should be included in the above requested 
sensitivity study.  

15. Describe the expected system behavior after the pressurizer cools and the 
reactor coolant system is at saturated conditions.  

(i) Provide the expected values of pressure, temperature, quality and 
void fraction at various locations within the reactor coolant system 
during this period of time, and also the shell side conditions of 
the steam generator.  

(ii) Could' steam bubbles form within the reactor coolant system which 
could interfere with natural circulation? 

Responses to Questions 14 and 15 are provided in the attached Methodology 
for Natural, Circulation Analysis.



Methodology for Natural Circulation Analysis 

Purpose: 

To calculate the RCS natural circulation flowrate as a function of the core 
decay heat rate.  

Required Input Data: 

1. Initial conditions of NSS, i.e., RCS pressure, OTSG pressure, (a function 
of T and secondary pressure relieving devices), and operating level in 
the 8IfG.  

2. Elevations of key NSS components and points within the RCS, i.e., OTSG tube 
sheets, water level, core, etc.  

3. Sufficient description of RCS hardware to determine RCSsystem resistance 
curve, i.e. unrecoverable pressure drop versus RCS flowrate.  

Note: the above input is taken from FSAR and design document sources; the 
system resistance curve is calculated with the aid of SAVER code, 
described by NPGD-TM-143.  

Calculational Method: 

Due to the nature of the calculation, a graphical solution is used to determine 
the RCS flowrate:as a function of power. The calculation can be broken into two 
basic parts, the first being the determination of the RCS system resistance for 
various flowrates, and the second being the calculation of the driving force 
for the natural circulation flow (the driving force for natural circulation is 
a function of the flow as well).  

Since both the system resistance and the driving forces are functions of RCS flow, 
where the two are equal determines the actual operating point. This can be 
explained as follows: if the natural circulation driving forces at a given flow 
are less than the system resistance to this rate of flow, the flowrate will 
decrease. As the flowrate decreases, the loop AT's increase and thus increase 
the driving force for natural circulation. Had the driving force for natural 
circulation exceeded the system resistance for the existing flowrate, flow would 
have increased. Since the decay heat rate is constant for short periods of 
time, as the flowrate increased, loop AT's would decrease thus decreasing the 
driving force for flow. In either case, it can be seen that the system is self 
regulating and will arrive at some equilibrium point given some core power and 
system characteristics (e.g. hardware layout, T , etc. The point of the calculation 
is to determine what these equilibrium points a efor a given NSS at various 
decay heat rates.
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The calculation itself can be broken into the following general steps: 

A. Calculation of RC System Resistance Curve 

Digital code SAVER calculates steady state pressure drops in all paths of 
an arbitrary flow network, and as such, is suited to applications of the 
RCS. Required input data includes a complete description of the flow paths 
involved such as flow areas, bend and turn descriptions, elevations, etc.  
In addition, fluid conditions are input as pressure, temperatures, and flow
rates. Developing a system resistance curve thus entails making several 
code runs at: various flowrates with each run providing a single total RCS 
pressure drop data point. It is this series of points which constitutes 
Curve B shown in Figure 1.  

B. Calculation of Natural Circulation Driving Force 

1. Fix key RCS and OTSG parameters: OTSG pressure determined by lowest 
set bank of safety valves, RCS pressure assumed to be 2155 psig, OTSG 
level at 50% of operate range (design setpoint).  

2. Select secondary side conditions in OTSG.  

The two extremes which may be considered are as follows: 

a. AFW running, injecting cold water (assumed 900F)into top of OTSG 
tube nest, and 

b. AFW throttled off, secondary side of OTSG at isothermal condition 
equal to T for the safety valve setpoint. (The secondary side 
conditionssgle discussed later in more detail.) 

3. Using the conditions selected in (2) above, heat transfer coefficients 
are calculated for the OTSG tube banks. The inside heat transfer 
coefficient is a function of the RCS flowrate.  

4. At this point, an iterative calculation is performed to generate a 
series of curves which result in curves A A , and A shown on Figure 1.  
Each curve is representative of a specifil'de ay heat rate. Using the 
heat transfer relations derived in (3) above, and the LMTD derived based 
on OTSG assumptions, the equation 

Q = UAAT TD 

is applied for various assumed RCS flowrates. Thus, for a given core 
power, as the assumed RCS flowrate and overall heat transfer coefficient 
change, the required heat transfer surface area is determined. It is 
a straightforward conversion to calculate the resulting OTSG level at 
which the RCS fluid temperature approximately equals the secondary temp
temperature. Each one of these "level" calculations actually describes 
an RCS temperature distribution since the equation:
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M RCCp lATloop 

also applies and can be used tochtermine loop AT. (Note that the results 
of the above equation supply input for calculating the LMTD of the OTSG).  
The final step is to use the calculated temperature distribution for each 
assumed RCS flowrate to.determine the natural circulation driving force 
associated with it. These driving forces are derived by writing a static 
pressure balance on the RCS loop, using the fact that a column of cold 
water weighs more than a column of warmer water. Figure 2 indicates 
how this is accomplished. The pressure balance yields the final driving 
force for flow and can be expressed as a pressure. This procedure is 
repeated for different power levels, each powerlevel resulting in a new 
curve. As mentioned before, the intersection points of these curves 
with the system resistance curve define the operating points for RCS 
flowrate for the corresponding decay heat rates. These operating point 
flowrates can be replotted as a function of power level to give a curve 
similar to that plotted in Figure 3.  

Discussion: 

It appears that natural circulation is most sensitive to AFWflow. Because of 
the AFW nozzle arrangement near the top of the OTSGs and the complicated flow 
paths that the cold spraying water may follow, it is quite difficult to predict 
what sort of temperature distribution would exist underthese conditions. It 
is quite possible that a significant fraction of the RCS following down through 
the OTSG tubes becomes considerably subcooled (i.e. less than T of secondary) 
before it reaches the secondary side level being maintained in O OTSG. This 
effect is not considered in the calculational procedure even for the prediction 
of the maximum expected natural circulation flowrate. The fact that the single 
measured data point for Oconee lies well above the B&W prediction strongly suggests.  
that the AFW does have a strong cooling effect on the primary coolant in the 
upper region of the OTSG. However, the minimum expected flow curve is determined 
with no AFW flow and with the OTSG at isothermal conditions. Even under these 
extreme circumstances, more than enough natural circulation exists to satisfy 
the decay heat removal requirements.  

It is imperative that the primary system be maintained sufficiently pressurized 
to prevent boiling from occurring in the core or.hot legs. In the event boiling 
occurred in the system proper, there is little reason tobelieve that the natural 
circulation flow would not stop when sufficient voiding takes place, probably 
in the high point of the hot legs. However, the emergency power supply for one 
bank of pressurizer heaters should be more than adequate to ensure that the 
RCS remains fully pressurized. In the long term (after the initial few hours), 
the RCS should slowly coo.l down due to ambient losses, creating additional 
margin between the loop temperatures and the saturation conditions. Adequate 
natural circulation will exist as the temperature drops, this being true even 
as the RCS reaches the point where the decay heat removal system can be placed 
into operation.
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