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Docket No. 50-255 
LSOS-81-03-051 

Mr. David P. Hoffman 
Nuclear Licensing Administrator 
Consumers Power Company 
1945 W Parnall Road 
Jackson, Michigan 49201 

Dear Mr. Hoffman: 

Enclosed are copies of our draft evaluations of Systematic Evaluation 
Program Topics XV-1, XV-2, XV-3, XV-4, XV-5, XV-6, XV-7, XV-8, XV-9, 
XV-10, XV-12, XV-14, XV-15, XV-17, and XV-19. These evaluations are 
presemted in the form of an assessment of design basis accidents and 
transients. Also included for completeness are copies of the radiological 
topic assessments (XV-2, XV-12, XV-16, XV-17, XV-19, and xv-20.), which 
were issued for review previously. 

You are requested to examine the facts upon which the staff has based 
its evaluations and respond either by confirming that the facts> ar,e 
correct, or by identifying any errors. If in error, please supply 
corrected information for the docket. We encourage you to supply for 
the docket any other material related to these topics that might affect 
the staff's evaluation. 

Your response within 60 days of _the date you receive this letter is 
requested. If no response is received within that time, we will assume 
that you have no comments or corrections. 

Enclosures: 
As stated 

cc w/enclosures: 
See next page 

JS 1 o 3 2 7 O <op ll> 

Sincerely, 

Dennis M. Crutchfield, Chief 
Operating Reactors Branch No. 5 
Division of Licensing 

*See previous yellow for additionql concurrence$ . 
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III. EVALUATION OF DESIGN-BASIS EVENTS 

III.I Accidents and Transients 

III.1.1 INTRODUCTION 

The safety philosophy used in the design of reactor plants has traditionally 
been based on the concept of 11 defense-·in-depth. 11 The approach begins with a' 
conservative design, using components of high quality. Redundant and diverse 
systems are used to ensure that a single failure will not prevent system 
functions. The reactor systems are designed to prevent unforeseen occurrences, 
and to mitigate the consequences of such events should they happen. 

One important means of protecting the public from exposure to the radioactive 
products produced by nuclear fission in the fuel is by providing multiple 
barriers between the fuel and the public. The three main layers of defense 
are the physical barriers of the reactor fuel clad, the reactor coolant system 
pressure boundary (RCPB), and the reactor containment building. 

System disturbances and malfunctions or equipment failures can occur during 
plant operation and challenge the integrity of the three barriers. These are 
analyzed to determine the capability of the plant design and installed plant 
systems to prevent breaching these barriers. 

The American Nuclear Society has classified plant conditions into four 
categories in accordance with anticipated frequency of occurrence and potential 
radiological consequences to the public. In general, this classification is 
also followed in the NRC Standard Review Plan Chapter 15 review procedure for 
plant accidents and transients. The four categories are: 

Condition I: Normal operation and operational transients 
Condition II: Faults of moderate frequency 
Condition III: Infrequent faults 

Condition IV: Limiting faults 

The basic principle applied in relating design requirements to each of the 
conditions is that the most probable occurrences should yield the least 
radiological risk to the public and those extreme situations having the potential 
for the greatest risk to the public shall be those least likely to occur. The 
impact of various single failures on the course of an accident or transient is 
also considered. 

For a new plant under review for an operating license, the approach outlined 
in Regulatory Guide 1. 70, 11 Standard Format and Content of Safety Analysis 
Reports for Nuclear Power Plant, 11 Chapter 15 is used to: 

1. Ensure that a sufficiently broad spectrum of initiating events has been 
considered, 
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2. 

3. 

Categorize the initiating events by type and expected frequency of 
occurrences so that only the limiting cases in each group need to be 
quantitatively analyzed, and 

Permit the consistent application of specific acceptance criteria for 
each postulated initiating event. 

To accomplish these goals, a number of disturbances of process variables and 
malfunctions or failures of equipment should be postulated. Each postulated 
initiating event should be assigned to one of the following categories: 

1. Increase in heat removal by the secondary system (turbine plant) 

2. Decrease in heat removal by the secondary system (turbine plant) 

3. Decrease in reactor coolant system flow rate 

4. Reactivity and power distribution anomalies 

5. Increase in reactor coolant inventory 

6. Decrease in reactor coolant inventory 

7. Radioactive release from a subsystem or component 

8. Anticipated transiehts without scram 

One of the items of information that should be discussed for each initiating 
event relates to its expected frequency of occurrence. Each initiating event 
within the eight major categories (see previous list) should be assigned to 
one of the following frequency groups: 

1. Incidents of moderate frequency 

2. Infrequent incidents 

3. Limiting faults 

The initiating events for each combination of category and frequency group 
should be evaluated to identify the events that would be limiting. The intent 
is to reduce the number of initiating events that need to be quantitatively 
analyzed. That is, not every postulated initiating event needs to be completely 
analyzed by the applicant. In some cases a qualitative comparison of similar 
initiating events may be sufficient to identify the specific initiating event 
that leads to the most limiting consequences. Only that initiating event 
should then be analyzed in detail. 

It should be noted, however, that different initiating events in the same 
category/frequency group may be limiting when the multiplicity of consequences 
is considered. For example, within a given category/frequency group combina
tion, one initiating event might result in the highest reactor coolant pressure 
boundary (RCPB) pressure, and another initiating event might lead to minimum 
core thermal-hydraulic margins or maximum offsite doses.* 

This approach was used in the reevaluation of accidents and transients for the 
Systematic Evaluation Program (SEP) facilities. The accident and transient 

*The review approach is consistent with Regulatory Guide 1.70. 
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analyses for the Palisades plant are discussed and evaluated in the following 
subsections. In accordance with the SEP review method described in Section I.2, 
the evaluation includes an assessment of the expected system response and the 
ability of the plant to adequately mitigate the event. The frequency of 
occurrence of events based upon~ review of plant operating experience is 
discussed in Section III.1.5 of this report. The current regulatory criteria 
used in the accident and transient evaluations are those found in Chapter 15 
of the Standard Review Plan. In general, the acceptance criteria for moderate 
frequency events are: 

1. Pressures must not exceed 110% of design pressure for the reactor coolant 
and steam generator systems. 

2. Fuel clad integrity must be maintained for essentially all fuel rods in 
the core.* 

3. An incident assigned a 11 moderate frequenci' likelihood of occurrence 
should not generate a more serious plant condition without other faults 
occurring independently. 

4. A moderate frequency event in combination with an assumed single active 
failure, or single operator error, should not cause the loss of function 
of any barrier other than the fuel cladding. A limited number of fuel 
rod clad perforations is acceptable. 

Palisades design pressure is 2500 psia, so the American Society of Mechanical 
Engineers 1 (ASME) 110% limit is 2750 psia. An additional criterion is that 
the pressure differential between the primary and secondary systems be less 
than 1530 psid. For the Palisades plant, the fuel clad integrity limit for 
moderate frequency events is a minimum departure from nucleate boiling (DNB) 
ratio of 1.3. This ratio corresponds to at least a 95% probability with 95% 
confidence that no fuel rod in the core will experience DNB. 

Prevention of DNB is sufficient to demonstrate the avoidance of rod overheating 
and of consequent rod failure. Thus if DNB is not reached, clad integrity is 
preserved and fission products are not released from the fuel into the coolant. 

For infrequent events, limited fuel damage is acceptable provided control-rod 
insertion is not prevented, no loss-of-core cooling capability will result, 
and offsite doses fall within the limits of 10 CFR Part 100. This regulation 
states that an exclusion area must be established so that an individual at the 
boundary for 2 hours immediately following onset of the postulated fission
product release would not receive a total radiation dose to the whole body in 
excess of 25 rem or a total radiation dose to the thyroid from iodine exposure 
of 300 rem. In addition, a low population zone is established so that an 
individual at its boundary who is exposed to the radioactive cloud from the 
postulated release (during the entire period of its passage) would not receive 

*Two approaches are used to meet this criterion. One is based on departure 
from nucleate boiling (DNB) ratio or critical heat flux (CHF) ratio. The 
other is based on critical power ratio (CPR). In general, pressurized water 
reactors (PWRs) used DNB or CHF ratios and boiling water reactors (BWRs) 
define thermal margin in terms of CPR. 
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doses in excess of those given above. For some events, the Standard Review 
Plan requires that the doses be less than a specified fraction of the limits 
set in 10 CFR 100. 

The acceptance criteria for the rod-ejection event for Palisades are those 
given in SRP 15.4.8. 

For LOCAs, the acceptance criteria as given in 10 CFR 50.46 are applicable. 
That is, the peak clad temperature shall not exceed 2200°F, the total clad 
oxidation shall not exceed 17%, the hydrogen generated shall not exceed 1% of 
the hypothetical amount if all metal reacted, a coolable geometry shall be 
maintained, and decay heat shall be removed for long-term cooling. The above 
criteria must be met using an acceptable evaluation model which meets the 
requirements of Appendix K to 10 CFR 50. 

One of the issues raised as part of the }MI Action Plan, NUREG-0660 (Ref. 38), 
is consideration of core degradation and melting beyond the design basis. The 
NRC will cond~ct rulemaking on this subject, and this will be done outside of 
the SEP. This item may become an unresolved safety issue. Other concerns 
raised following TMI, such as changes to 10 CFR 50.44 on hydrogen generation, 
are being addressed outside of the SEP. · 

Tables 1 and 2 present the setpoints for the reactor protection system and the 
engineered safety features initiation. Table 3 summarizes the key input 
assumptions for each DBE. Table 3A lists operating parameters assumed and the 
corresponding technical specification limits. · 

Figure 1 shows which plant systems are required to mitigate the consequences 
of the DBEs. Some of the systems identified may only be necessary if loss of 
offsite power or other single failures are postulated. Alternate methods of 
fulfilling the same safety function have been identified in some cases. 

Figure 2 shows the applicability of SEP topics to these plant systems. The 
topic evaluations are presented in Section II of the integrated assessment 
report. 
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• Table 1 Plant conditions that initiate reactor scram 

Parameter 

High neutron flux 
4-pump operation . 
3-pump operation 
2-pump operation 

High neutron flux* 
(low range) 

Low flow 
4-pump operation 
3-pump operation 
2-pump operation 

High pressurizer 
pressure 

Low steam 
generator pressure 

Low steam 
generator level 

Thermal margin/low 
pressure 

High containment 
pressure 

· High power rate 
of change 

Loss of load 
(low autostop oil 
pressure) 

Manual trip 
~startup mode only. 

Nominal 
setpoint 

106.5% 
39% 
21% 

10.65% 

95% 
71% 
46% 

2255 psi a 

500 psi a 

6 ft below 
operating level 

p = f(Th, Tc)** 
1750 psia 
5 psig 

Setpoint used 
in analysis 

112% 

15% 

93% 

2277 psi a 

478 psi a 

6 ft l 0 in. below 
operating level 

p - 165 psia 
1728 psia 

5.75 psig 

2.6 decades/min Not used 
(anticipatory trip) 

Not used, trip 
(Anticipatory trip) bypassed while 

below 15% power 

Delay time, sec 

0.4 

0.4 

0.6 

0.6 

0.6 

0.6 

0.6 

**The thermal margin trip setpoint is a functional pressurizer pressure setpoint, 
varying as a function of the average hot leg temperature (Th) ·and the average 
cold-leg temperature (Tc)' with a minimum value as indicated. 
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Table 2 Engineered safety features initiation setpoints 

Parameter 

High containment pressure 

Low pressurizer pressure 

High containment radiation 

Setpoint 

5 psig (-.25) 
(+.75) 

1615 psia (±22) 

20 R/hr 

Low steam generator pressure 500 psia 

Low suction flow on 
main feedwater pump 
Closure of main feed pump 
turbine stop valves 

III-6 

Functions actuated 

Safety injection 
Containment spray 
Containment isolation 
Containment air cooler 
OBA mode 
MSIV closure 

Safety injection 

Containment isolation 

Main steamline isolation 
valve closure 
Main feedwater isolation 

Auxiliary feedwater 
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Table 3 DBE analysis assumptions: initial conditions 

Section 
III.1. 4 DBE 

(1.1) Decrease in 
FW temperature 

(1.2) Increase in 
FW flow 

(1.3) & Increase in 
(1.4) steam flow 

(1.5) Startup of 
inactive loop 

(1. 6) 

(2.1) 

(2.2) 

(2.3) 

(2.5) 

Boron di 1 ution 

Loss of external 
load · 

Turbine trip 

Loss of condenser 
vacuum 

Loss of FW 

(3.1) & Steamline break 
(3.2) 

Assumptions 

102% power 
• Low pressurizer pressure 
• BOC kinetics (positive MTC) 
• Pressurizer heaters inoperable 

52% power 
• Low pressurizer pressure 
• EOC kinetics (most negative MTC) 
• Manual mode 

• High pressurizer pressure 
• Minimum SI flow 
• Case l: 102% power--EOC kinetics, 

40% steam flow increase 
• Case 2: hot standby--EOC kinetics, 

40% steam flow increase 

· Reduced flux and low-flow setpoints 
· EOC kinetics 

At power: see Rod Withdrawal (6.1) & (6.2) 

• 102% power 
• BOC kinetics 
• Case l: high pressure--high pressurizer 

pressure, pressurizer relief and 
spray, steam dump and bypass 
inoperable 

• Case 2: high ~p--high pressurizer pressure, 
pressurizer relief and spray 
inoperable 

• Case 3: low DNB ratio--low pressurizer 
pressure, steam dump and bypass 
inoperable 

• 102% power 
• BOC kinetics 
• Low pressurizer pressure 

• 102% power and hot standby 
• EOC kinetics 
• Offsite power available 
· Two loop and one loop operation 
• 2 of 3 pumps available for boron injection 
• See Table 4 
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Table 3 (Continued) 

Section 
III. l. 4 DBE 

(5.1) 

(5.2) 

Loss of forced 
coo 1 ant fl ow 

Rotor seizure 

(6.1) & Rod withdrawal 
(6.2) 

(6.3) 

(6.4) 

(7.1) 

(8.1) 

(9.1) 

(10.1) 

(12.1) 

Control-rod 
·rnisoperation 
(rod drop) 

Rod ejection 

LOCA 

Fuel-handling 
accident 

Opening of pressurizer 
relief/safety valves 

Actuation of 
eves or Eccs 

Steam generator 
tube failure 
(rupture) 

Assumptions 

• 102% power 
• BOC kinetics 
• No turbine generator assist 
· Pressurizer heaters and stea~ dump inoperable 

• 102% power 
• BOC kinetics 

• 102% and 52% power 
• Range of worths 
• Manual control 
• Minimum and maximum feedback 

• 102% power 
• Maximum and minimum worths 
• No turbine runback 
• Manual control 

• 102% power and zero power 
· Maximum worth 
• See Table 4 

• l 02% power 
· BOC conditions 
• Appendix K evaluation model 
• Minimum safety injection capability--single 

failure · 

See Table 8 

See LOCA and generic analyses 

. eves: steam dump inoperable, 
no operator action 

· ECCS (HPSI): solid plant conditions; 
one PORV fails 

• 2560 MWt 
• One tube ruptured (double ended) 
• Loss of offsite power 
• See Table 4 
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Table 3A DBE analysis assumptions: Technical Specification limits 

Parameter 

Moderator temperature 
coefficient (~/°F) 

Doppler coefficient 

Shutdown margin 
4 pumps 
Less than 4 pumps 

Reactor power 

System pressure 

Total flow rate 
(Mlbs/hr) 

Assumed in analysis 

+.50 to -3.50 x 10-4 

-1.09 to -1.38 ~/°F 
(x .8, x 1.2) 

2% 
3.75% 

2580.6 MWt 

2060 psia ± 50 psi 

121. 7 

Core inlet temperature 537.5 + 5°F 

Average core coolant 
temperature 

Total peaking factor 

Radial peaking 
factor 

Maximum individual 
rod·worth 

Rod speed 

PLHGR (kW/ft) 

Scram rod insertion 
time 

532.0-565.0°F (nominal) 
zero power to full power 

2.55 

1.45 [1.0 + 0.5 [1-P']] 

1.2% 

46 in./min 

Up to 15.28 

100% in 3.0 sec 

W: Reactor flow in Mlbs/hr 
P: pressure in psia 
P': fractional power 
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Technical Specification 
limit 

-4 +.50 to -3.5 x 10 

> 2% 
> 3.iS% 

< 2530 MH·c 

~ 2100 ps~a 

> 12ti.3 

T. < 536.0 + .0398 
(PD2orn) -r .00004843 
(P-2060)2 + l.0342 
(w-1"0 .,, -'- . '-) 
525°F for criticality 

< 2.:35 

< 1 ~c [l 1 + 0 r 
• "T~ • ·- • :J 

- (1-P') 

< 0.6% at rated pQwer 
< 1.2% at zero po~er 

15.28 

90% in 2.5 sec 
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,, Decrease in FW h?mperatwe 1 .. ., • • • -- - -
Increase in FW flow 1 • • • • 

"' Increase in stealll flow 1 
- ,_ 

• 0 • • • e • • ~ Inadvertent opening of SG rnlief/safety valve:? 
---··-~ --- -~ -- -- -----

• • • • " • 0 0 

Startup of inactive loop'.l • • 
Sys1em malfunction c<1usin9 boron dilu11on2 • 

II: Loss of external loadl • • • • 0 e • e • • 
Turbine lrip 1 • ., • Cll • ., • • 
Loss of condenser vacuum 3 • • • 0 • • • • 
Stearn pi essure reguldtor tallure3 

-- --f--- -·-- - --,_ 
- t-- f--- -· 

• e 0 e --- - ---~- - e ------- -·-- ---- ... -- - - ----- ·-- --- -- -- -·- -- ·--1- t-- -- -- -- -- --
Loss of FW flow 1 • • • • • " a • • ------·--- -----------~ - ---- ---·---
FW system pipe break3 • • • 0 41 e e 0 • • • • 

Ill: Steamline break inside containment1 0 • • a 0 • • 0 • • • • • • • e • • • ~- --
Stearnline break outs11Je containmc111 2 0 • • • e • • • • • ., • • a • --

IV: Loss of ac power to stauon auxiJiaries3 e • a • • • • 
Loss of all ac power3 • e • • • • 

Vo Loss of forced coo1anl flow 1 • • 
~rimary pump rotor seizure 1 • • 
Primary pump shafl hreak3 • • 

VI: Uncontrolled rod assembly wi1hdrdwal at power 1 • • 0 • 
Uncontrolled rod assembly withd1awal, low power startup2 • • • Ill • 
Control-rod misoperat1on2 e • 
Spectrum of rod·eiection accidents 1 • • 11 • 0 

t--
VII: Spectrum of LOCAs 1" • • e • • • • • e Q • • .. • • • • & • Iii • • • • a " VIII: Fuel-handling accident 

IX: lnadvenenl opening ol PRW pressure relief valve3 " • • • Cl • • • • • 
X: lnadvenent operation of ECCS or eves malfunctiOI) that • • • couses an increase in coolant inventory2 

Xii: SG lube rupture2 • 0 Q Cl • • • • • • • • • • • 
Safe shutdown • • • e .. • • () e • • • • • • • • • 
1Analyzed in Reference 5. 2Analyzed in Reference 2. 3No1 analyzed. 

Figure 1 
Plant systems needed to mitigate design-basis events 
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III. 1. 2 DOCUMENTATION HISTORY OF DESIGN-BASIS EVENTS. 

The original final safety analysis report (FSAR) for Palisades was submitted 
in November 1968 (Ref. 1). This document was prepared by the licensee and 
Combustion Engineering (CE). The Palisades plant was first operated in 1971 
at 20% of 2200 MWt. Later amendments increased the allowable power level to 
60%, then 100% of 2200 MWt. 

On December 15, 1973, a major revision of the FSAR (Ref. 2) was made and was 
for a power uprating from 2200 to 2650 MWt. Extensive reanalyses were performed 
in support of the power increase. Most transients were either reanalyzed, or 
a determination was made that they were bounded by other events. The power 
increase was not approved by the NRC, but the analyses were bounding for the 
licensed power level (2200 MWt), and were used as the reference analysis. 

In 1976, the Palisades plant was reloaded with Exxon fuel. The limiting 
transients were reanalyzed using Exxon codes (Refs. 3 and 4). The remaining 
events were not reanalyzed since the FSAR reference cycle analysis was still 
applicable and enveloped the Exxon analysis. 

In July 1977, Exxon submitted a topical report on plant transient analysis of 
the Palisades reactor at a power uprating of 2530 MWt (Ref. 5). The NRC 
approved the power increase to 2530 MWt by license amendment No. 31 dated 
November 1, 1977 (Ref. 6). The core was comprised of.both Exxon and CE fuel 
elements. 

Most of the DBE transients were reassessed for this power increase (Ref. 5). 
However, 1973 FSAR analyses (Ref. 2) were often used as the basis for selecting 
initial conditions assumed to produce the worst transient--for instance, high 
or low initial pressure and least or most negative moderator temperature 
coefficient. Subsequent to the 1977 submittals, Palisades has been reloaded 
under the provisions of 10 CFR 50.59, which permits the licensee to make 
changes to his facility without prior Commission approval unless the proposed 
change involves a change in the technical specifications incorporated in the 
license or an unreviewed safety question. The licensees made the finding that 
the reload cycles satisfied this requirement so they did not submit new analyses 
for these cycles. 

The original loss-of-coolant accident (LOCA) analysis was submitted in the 
FSAR of November 1968. When 10 CFR 50.46 and Appendix K to Part 50 were 
issued, the licensee made additional submittals of analyses, performed with an 
evaluation model that satisfied the requirements of Appendix K, to meet the 
acceptance criteria of 10 CFR 50.46. The analyses performed at that time by 
CE showed that large breaks were most limiting, and that for small breaks 
there was considerable margin to the limits of 10 CFR 50.46. 

The Exxon LOCA analysis for large breaks was submitted in References 10 and. 
11. This analysis has been reviewed and approved by NRC (Ref. 6). The generic 
CE small-break analysis (Ref. 29) has been reviewed and approved for the 
Palisades core with a composite of CE and Exxon fuel. 
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For cycle 4, with Exxon Type H fuel, a topical report on LOCA analysis was 
submitted in Reference 22. This report formed the basis for technical 
specification changes on peaking factors. 

Generic analyses for CE operating plants have also been provided in response 
to post-Three Mile Island (TM!) requirements. Loss of feedwater or feedwater 
line breaks were reassessed to demonstrate the ability of the plant to remove 
heat, and of the operator to detect the onset of inadequate core cooling. 

In addition, small-break LOCAs with loss of feedwater or with inadvertent 
·opening of power-operated relief valves (PORVs) have been reevaluated. 

Inadequate core cooling and natural Circulation following a loss of feedwater 
and loss of offsite power were also addressed. A general discussion of the 
implications of the post-TM! analyses for the Palisades plant is presented in 
the report sections applicable to each event. Further information can be 
obtained from References 20, 29, and 30. 

Containment response to accidents was supplied in References 2 and 15. 
Additional analyses for main steamline break were performed in 1980 to assess 
the effects of automatic initiation of auxiliary feedwater. These analyses 
are contained in References 33 and 34 . 
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III.l.3 CODES AND MODELS 

.The CE analysis was performed with digital computer codes which modeled the 
reactor kinetics and plant thermal/hydraulic response. The loss-of-flow 
analysis was performed with the CHIC-KIN code. The rod-ejection analysis was 
performed with the WIGL2 program, which has two-dimensional space-time kinetics 
modeling. 

The Exxon analysis utilized the PTSPWR2 code (Ref. 12) fo.r most events and the 
XTRAN code (Ref. 13) for the rod-ejection transient. These methods have been 
reviewed and approved by the staff for use in plant-transient analysis. · 

The PTSPWR2 code is a plant-transient-simulation code. The model is based on 
the solution of the basic transient conservation equations for the primary and 
secondary coolant system, on the transient conduction equation for fuel rods, 
and on the point kinetics equation for the core neutronics. The program 
calculates fluid conditions such as flow, pressure, mass inventory and quality, 
heat flux in the core, reactor power, and reactivity during the transient. 
Various control and safety system components are included as necessary to 
analyze desired transients. A hot channel model is used to evaluate the DNB 
ratio during transients. Evaluation of the DNB ratio is based on the hot rod 
heat flux for the subchannel with the highest enthalpy rise. The W-3 DNB 
correlation or the modified Barnett CHF correlation are used to predict DNB or 
CHF depending on the system conditions. The W-3 correlation, with a minimum 
DNB ratio of 1.3 has been found acceptable for PWRs as discussed in Section 4.4 
of the Standard Review Plan (Ref. 7). · 

XTRAN is a two-dimensional code used in the calculation of rapid transients, 
considering moderator and fuel temperature feedback. It solves the space-and 
time-dependent neutron-diffusion equation. 

Both the CE and Exxon codes used for the LOCA analyses have been reviewed and 
accepted by the staff. The CE code, CEFLASH-4, was used for the December 1973 
stretch power analysis. The Exxon code, ENC-WREM-II (Ref. 14), was used to 
calculate performance with the requirements of Appendix K of 10 CFR Part 50, 
and was found to be acceptable for use in ECCS performance calculations (Ref. 6). 

The post-TMI generic small-break analyses were performed with CE evaluation 
models and codes such as CEFLASH-4AS. Staff review of these analyses has 
raised questions concerning the adequacy of some individual models included in 
the CE methods for analyzing very small breaks to demonstrate compliance with 
10 CFR 50.46. One of the requirements of the TM! Action Plan is that the CE 
analysis methods for a small-break LOCA be revised, documented, and resubmitted 
for NRC approval. Plant-specific calculations, using the NRC-approved model 
should then be submitted to show compliance w.ith 10 CFR 50.46. This issue 
will be resolved outside the SEP. Further information is provided in 
Reference 30. 

The codes used to determine containment response are discussed in the topic 
assessment for Topic VI~2.D. 
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III.1.4 PERFORMANCE OF DESIGN-BASIS EVENTS 

III.1.4 (1.0) Group I Events (PWR) 

The group I events occur with moderate frequency and involve either a decrease 
in the reactor coolant temperature (which results in core reactivity and power 
changes) or a decrease in core shutdown margin. 

III.1.4 (1.1) Decrease in Feedwater Temperature (Topic XV-1) 

A reduction in feedwater temperature or enthalpy can result from loss of a 
feedwater heater or accidental starting of the auxiliary feedwater system 
(AFWS). The cooler feedwater temperature causes increased heat transfer 
across the steam generator and excessive heat removal from the primary system. 
The worst transients are intitiated from high power (102% assumed) and low 
pressurizer pressure, since these result in the smallest margin to DNB. 

The loss-of feedwater heater event is more limiting than the accidenta·l auxiliary 
feedwater startup event because the former causes a 50°F decrease, whereas the 

· latter causes a temperature decrease of approximately 7°F. 

Reference 5 states analysis assumptions are made so as to allow a more rapid 
depressurization of the primary system, ensuring a conservative prediction of 
margin to DNB. The beginning of cycle, positive moderator temperature coeffi
cient (MTC), was therefore assumed. Minimum initial pressure was assumed. 

The minimum DNB ratio for the transient did not change from the steady-state 
value. There is an initial increase in primary pressure; when the pressure 
begins to drop there is also a reduction in core power from the positive MTC, 
so the net effect is no change in the minimum DNB ratio. 

If a negative MTC was assumed, reactor power would increase as the colder 
water reached the core. The pressure would not drop as rapidly as predicted 
for the above case. It takes less time for the reactor trip on high flux to 
terminate the transient than it does for the low pressure trip to terminate 
the case with a postive coefficient. 

Palisades technical specifications permit a maximum moderator temperature 
coefficient of +O.SE-4 ~/°F and this value was used in the analysis. Other 
key input assumptions are provided in Table 3. The sequence of events is 
as fo 11 ows: 
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Time 
(sec.) 

0 

8 

8+ 

124 

Event 

One high-pressure feedwater heater is lost. 
Minimum DNB ratio (1.75) occurs and peak reactor coolant system 
(RCS) pressure (2019 psia) occurs. 
Positive MTC causes core power decrease; CS pressure and temperature 
follow. 

Reactor trip occurs on low PCS pressure (pressurizer pressure signal).* 
Turbine trip occurs with reactor trip. 

*If the operator can reduce steam demand to approximately 90% in accordance 
with the plant emergency procedures, no reactor trip will occur, and the 
transient will be terminated. 

After the reactor and turbine trip, RCS and steam generator temperatures and 
pressures will increase to be limited by the bypass, atmospheric dump, or 
steam generator safety valves. The feedwater control system will control 
steam generator level or the feedwater pumps will be manually tripped. The 
plant is then in a condition from which a safe shutdown may be achieved. See 
Topic VII-3 for a discussion of safe shutdown systems and Topic X for a 
discussion of the auxiliary feedwater system, including the automatic actuation 
feature. Pressure does not decrease to the safety injection trip. 

Potential single active failures of the systems which function during this 
event are failure of the turbine bypass valve to open or to shut once opened, 
and failure of the feedwater flow control to maintain steam generator level. 
The turbine bypass function is backed up by two atmospheric dump valves which 
in turn are backed up by self-actuating steam generator safety valves. Failure 
of the dump valves to close is evaluated in subsection III.1.4(1.3) 11 Increase 
in Steam Flow. 11 Operator action to control steam generator level is described 
in plant emergency operating procedures and can be used to overcome a failure 
in the feedwater flow control system. 

The staff evaluated the potential for single operator ~rrors in the course of 
this event. Operator errors were considered possible only when the operator 
could be expected to perform system operations from the control room. During 
the event, functions are performed automatically. In accordance with procedures, 
the operator must (1) attempt to reduce plant load to prevent a reactor trip, 
and (2) after the reactor trip, trip the feedwater pumps if they do not ramp 
down automatically to 5% flow. If an error is made in trying to reduce plant 
load, the result would be a shorter time to reactor trip. If the operator 
fails to trip the feedwater pumps (if required), a high steam generator level 
alarm would alert him to this error. This event is analyzed in Section 3.4.1 
of Reference 5. The minimum DNB ratio remains well above the safety limit of 
1.3, and no high PCS or steam generator pressure conditions occur. 

III.1.4 (1.2) Increase in Feedwater Flow (Topic XV-1) 

An increase in feedwater flow can result from excessive opening of the feedwater 
control valve, overspeed of a feedwater pump, or starting a second feedwater 
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pump. The start of a second pump would cause an increase in feedwater ·flow 
from 50% to 100% with power initially at a maximum of 52% power. This transient 
produces the largest possible increase in feedwater flow, and thus increase in 
heat removal. The sharp increase in feedwater flow causes more heat to be 
extracted by the generator, which causes power increase through negative 
reactivity feedback when the colder water reaches the core. 

No credit is taken for the high s·team generator water level alarm which would 
automatically close the feedwater regulator valves and alert the operator to 
this abnormal situation. No trips are predicted to occur and the temperatures 
approach asymptotic values within one minute. For the Exxon power uprating in 
1977 (Ref. 5), this transient was analyzed in Section 3.4.2. This transient 
is less severe III.1.4 (1.1) of this report, than the decrease in feedwater 
enthalpy event discussed in Section III.1.4 (1. 1) of this report, since the 
primary pressure decrease is much less severe. 

The sequence of events for the analyzed case is summarized below: 

Time 

0 

8 

8+ 

60 

(sec.) Event 

Second feedwater pump is started. 
100% feedwater flow attained. 
Steam-generator level increases* to 59% power increase. 
Asymptotic values reached for temperature, flow. 

*No credit taken for automatic closure of feedwater regulating valves. 

The plant is then in a condition from which it can be brought to a safe shutdown 
condition, if desired. 

Since the analysis takes no credit for automatic system or operator actions, 
single failures defeating system operation will not increase the severity of 
this event. Single failures during the recovery stage have similar consequences 
to those discussed in Section III.1.4(1.1) of this report. 

The licensee did not analyzes an increase in feedwater flow event from an 
initial power of 102%. The amount of flow increase is less for this case, but 
the consequences could be more severe than for the low-power case since there 
is less margin to DNB at high-power levels. As discussed in the FSAR, an 
increase of only 10% above nominal full feedwater flow could result from full 
opening of a feedwater control valve or from feedwater pump overspeed. 
Therefore, the effects should not be limiting on system performance. 

III.1.4 (1.3) Increase in Steam Flow (Topic XV-1)* 

An increase in steam flow may be initiated by opening of the turbine control 
valves, atmospheric steam dump valves, and/or the steam bypass to condenser 
valve. The increased steam flow produces a cooldown of the primary system. 

*Excess load increase/inadvertent opening of steam generator relief or safety 
valve. 
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• Power increases as a result of the negative moderator temperature coefficient, 
and primary temperatures and both primary and secondary pressures decrease. 
Protection against core damage is provided by reactor trips from high neutron 
flux, low steam-generator pressure, or thermal margin/low pressure. 
Turbine control valve opening is limited by the turbine load control system 
(governor control) and the turbine load limit control, which is set slightly 
above the load control (~5%) by the administrative control. Thus, the maximum 
opening of the turbine admission valves is ~115% of rated flow. 

The combined capacity of the dump and turbine bypass valves is 40% of rated 
full-power steam flow. At hot standby, unplanned opening could occur because· 
of malfunction of_a steam dump controller or because of a low reference 
temperature setting in the controller. This latter failure would result in a 
partial opening of the valves, which would close again when the temperature 
dropped to the reference setpoint. 

At full load, the valves could be opened if the circuit between the controller 
and the atmospheric dump valves is closed, so that the temperature program 
causes the atmospheric dump valves to open fully. 

For an event initiated from 102% of reactor power, the turbine control, turbine 
bypass, and atmospheric dump valves are all assumed to open. Reactor power 
increases to the high flux scram setpoint. After the reactor trip, the turbine 
trips, so the turbine control valves are closed. The atmospheric steam-dump 
and turbine bypass valves continue to blowdown at a lower rate until the core 
average temperature drops to the controller setpoint which closes the atmospheric 
dump valves. There is no return to power for this event. 

The sudden opening of only the turbine bypass and atmospheric dump valves is 
assumed for hot standby, when the turbine is not being used. The reactor 
trips on overpower (reduced flux setpoint). The pressure may decrease suffi
ciently to actuate safety injection. Two out of three of the high-pressure 
safety injection (HPSI) and charging pumps are assumed to be operable. A 
penalty is taken for the time required to sweep the injection lines of the low 
boron concentration flow before the concentrated boric acid is delivered; that 
is, no boration is assumed until concentrated boric acid is flowing into the 
system. The flow from the HPSI pumps reaches the core 80 seconds after the 
valves open. The concentrated boric acid from the charging pumps arrives 
80 seconds after the safety injection actuation signal (SIAS). There can be a 
return to power following the reduced setpoint flux scram before the boron 
reaches the core. 

The Exxon analysis of this event is presented in Section 3:5 of Reference 5. 
This transient is similar to but less severe than a steamline break. Minimum 
DNB ratio limits are not approached for this event. 

In Reference 19 the licensee also considered this event fromhot standby if 
the reduced flux trip was inoperable. The high rate of change in flux trip 
would initiate a trip sooner than the flux level trip. Eventually the low 
steam generator level trip would be reached. Minimum DNB ratio is not 
approached . 

. The sequence of events for the full-power case is as follows: 
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Time (sec.) 

0 

10.6 

Event 

Turbine control valves, 'atmospheric steam dump and turbine 
bypass valves opened. 
High neutron flux reactor trip. Turbine trip ensues, closing 
the control valves. 

Steam dump controller closes atmospheric dump and turbine bypass valves when 
Tavg reaches the controller setpoint. The feedwater control system controls 
steam generator level. The plant is then in a condition from which a safe 
shutdown can be achieved. 

From hot standby, the following events occcur: 

Time (sec.) 

0 

17 

40 
48 

75 

80 

128 

Event 

Atmospheric steam dump and turbine bypass valves open. 
Overpower reactor trip. 
Pressurizer empties. 
Safety injection signal on low pressurizer pressure. 
Operator trips RCPs. 
Return to power as a result of the cooldown. 
HPSI flow (borated) reaches the core, terminating the power 
excursion. 
Charging pump flow (high boron concentration) reaches the .core. 

Because of the high frequency of loss of offsite power for this facility, 
challenges to the atmospheric dump or safety valves are not uncommon. Should 
the valve fail to reclose,·operator response similar to that required for a 
steamline leak would be required. The operator should verify such automatic 
actions as reactor trip, turbine trip, and safety injection. Following this 
initial response, the operator should take control of the HPSI system to 
prevent RCS overfill and proceed with a controlled plant cooldown. Emergency 
boration may be required if depressurization caused by the atmospheric relief 
or safety valve blowdown is excessive. The dump valves can be remotely operated 
from the control room. Compressed air is used tti actuate these valves; however, 
they fail closed on loss of air. The operator can override the control to 
close these valves by shutting off their air supply. Previous analyses reported 
in Section 14.10 of ~he FSAR (Ref. 2) showed that even if the dump valves do not 
close in response to the controller, the operator has ample time (at least 
15 minutes) to close them from the control room before exhausting steam generator 
inventory. Additionally, the dump valves can be hand-jacked closed locally . 

The capacity of one steam generator safety valve is much less than the steam 
dump capacity, so the short-term consequences of this event are bounded by the 
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above. However, the safety valves cannot be manually closed. If they do not 
reseat when pressure is reduced, the operator must shut down the reactor and 
cool down to cold shutdown in order to effect repairs. 

III.1.4 (1.4) Inadvertent Opening of Steam Generator Relief/Safety Valve 
(Topic XV-1) 

Each of the 2 steam generators is equipped with 2 air-operated atmospheric 
dump valves and 12 spring-loaded code safety valves. 

The dump valves are operated by the steam dump controller. The controller 
automatically controls the valves on the basis of average reactor coolant 
temperature and steam pressure. The dump valves exhaust directly to the 
atmosphere~ as do the safety.valves. 

The turbine bypass valve discharges to the main condenser. When the condenser 
is unavailable, the atmospheric dump valves must be used. 

Unplanned opening of the dump valves is discussed in Section III.1.4 (1.3). 

Each of the 24 steam generator code safety valves passes only ...,5% of rated 
steam fl ow. This increase in steam fl ow has only mi nor effects compared to 
the. event postulated in the excess load increase section. 

The consequences of this event, therefore, are bounded by the analysis discussed 
in the preceding section, Section III.1.4 (1.3). 

III.1.4 (1.5) Startup of Inactive Loop (Topic XV-9) 

Actuation of a reactor coolant pump in an inactive loop could result in the 
insertion of cold water into the core. Reactor power increases because of 
effects of the negative moderator temperature coefficient. 

Continuous operation at power is limited to four-pump operation. Operation 
with two or three pumps is only permitted to provide a limited time for repair/ 
pump restart, to provide for an orderly shutdown or to conduct noise-monitoring 
tests. It is limited by the technical specifications to less than 12 hours 
before the plant must be put into a hot shutdown condition. The high flux and 
low reactor flow trips must be manually reset for two- or three-pump operation. 
The setpoints are given in Table 1. These trips restrict allowable power so 
that a reactivity insertion when the pumps start up will not violate any 
safety limits. When operating at power, with four pumps running, the~ low-flow 
trip is set at 95% flow. Loss of a pump would cause a reactor scram since the 
flow from three pumps would be less than 95%. 

In order to remove a pump from service and remain at power,. the setpoints must 
be adjusted to 71% flow and 39% power for three-pump operation. Reactor power 
would first have to be reduced below the 39% setpoint before resetting the 
trips. 

Thus, to avoid a scram, power must be reduced, then the trips reset, before 
flow can be reduced. This ensures that an acceptable power/flow rate is 
maintained. 
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While operating with one pump not running and when bringing the pump back on 
line, the reduced setpoints would be in effect. Thus, when the pump is started, 
any power increase would be terminated by the flux trip at 39% power. 

Startup above hot standby with less than four pumps operating is not permitted 
by the technical specifications. A pump-start transient was assessed in the 
FSAR in Section 14.8 (Ref. 2) to demonstrate that should a pump be started, 
the power increase does not result in unacceptable consequences. Reanalysis 
is not required for subsequent reloads, since this transient is not limiting 
because of the reduced setpoints. 

III.1.4 (1.6) System Malfunction Causing Boron Dilution (Topic XV-10) 

A boron dilution incident could occur as a result of operator error in adjusting 
tank lineups so as to charge with flow of too low a boron concentration or by 
improperly starting charging pumps while in a shutdown or refueling mode. 

Administrative controls regulate the boron concentration allowed in the storage 
tanks, as well as the boron concentration in the charging flow and in the 
reactor coolant system. 

If dilution should occur during shutdown, reactor protection system 
instrumentation would detect the increasing count rate and sound an alarm upon 
less than 2% shutdown margin. There are two source range channels of count 
rate indicators and two wide-range units which cover the range from startup to 
full power. There is ample time for operator response to alleviate the low
concentration condition. The Standard Review Plan requires minimum time 
intervals before a loss-of-shutdown margin of 30 minutes dµring refueling and 
15 minutes during the startup and cold shutdown. The analysis shows 70 minutes 
are available during refueling and 45 minutes for the other modes. 

Boron dilution during power operation would behave like a slow rod withdrawal, 
and is thus bounded by the rod-withdrawal analysis discussed in Sections 6. l 
and 6.2 of the Standard Review Plan. 

These events have been considered in Section 14.3 of the FSAR, Reference 2. 
For the reasons given above, they are not considered to be limiting events, -
and thus are not reanalyzed for reload cycles. 

Another potential for boron dilution was identified after an occurrence at an 
operating plant, caused by the transfer of the contents of the iodine remova-1 
system tank to the primary coolant system. For Palisades this could occur 
during cold shutdown or refueling modes, by opening an isolation valve. 

In Reference 35 the licensee provided an assessment of the effects of such a 
dilution. Under some conditions, operator action, in response to the tank 1 s 
low-level alarm, would be required to terminate the dilution before criticality 
is reached. The licensee has instituted administrative controls to ensure 
that the iodine removal system is isolated from the shutdown cooling system 
during outages. The licensee has stated that no other potential boron-dilution 
events have been identified. This generic iss·ue is now complete for Palisades 
(Ref.36). 
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III.1.4 (2.0) Group II Events 

The group II events occur with moderate frequency (except for feedwater-line 
ruptur~s) and involve a decrease in heat removal by the secondary system. 

III.1.4 (2.1) Loss of External Load (Topic XV-3) 

A loss of load can result from many causes, one of the most common causes is a 
turbine/generator trip. The turbine can trip in response to mechanical or 
electrical problems. A loss of load produces a significant reduction in the 
heat-removal rate of the primary system. The atmospheric steam dump and 
bypass to the condenser open to remove energy from the primary system. If 
credit is not taken for these systems, the pressurizer and steam-generator 
safety valves will act to keep primary and secondary pressures below design 
limits. 

A reactor trip can occur on high pressurizer pressure or high neutron flux. 
The analysis does not take credit for direct scram on loss of load (low tur
bine autostop oil pressure), which is an anticipatory trip. This trip is 
bypassed while operating at less than 15% reactor power, since the relief 
capacity prevents adverse effects on the plant when load is lost. 

Following the scram, the pressure relief systems will continue to function for 
removal of decay heat. Auxiliary feedwater will be supplied to maintain steam 
generator level. The loss-of-load everit is conservatively analyzed assuming 
the least negative moderator temperature coefficient and 102% initial power. 
For considerations of DNB ratio, minimum initial pressure is assumed. The 
analysis also demonstrated that for maximum initial pressure, the pressurizer 
safety valves are adequate to limit pressure below 2750 psia, assuming the 
relief valves fail. This analysis is shown in Section 3.6 of Reference 5 . 

. The sequence of events for the three cases considered is given below: 

Case 1: • No primary pressurizer spray 
• No pressurizer relief valves Peak primary pressure 
• No steam dump or bypass 

Time (sec.) 

0 

6 

11 

11+ 

Event 

Turbine-generator trip on loss of load. 
First steam generator safety valve lifts 
to reduce pressure. 
High pressurizer pressure reactor trip. 
Steam generator safety valves relieve 
decay heat. 

Main feedwater flow is reduced to 5% flow by the feedwater control system. 
,When the turbine-driven main feedwater pumps can no longer supply sufficient 
flow, auxiliary feedwater is initiated automatically. The system is in a 
condition from which a safe shutdown can be initiated. 
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Case 2: • No pressurizer 
spray 

• No pressurizer 
relief valves 

··Steam dump and 
bypass operable 

·Time (sec.) Event 

Highest primary-secondary aP 

0 

1 

12 
14 

Turbine generator trip. 
Turbine bypass valve opens. 
Atmospheric valve opens. 
High pressure reactor trip. 
Steam relief systems remove decay heat. 

System is in a condition from which a safe shutdown can be conducted (as for 
Case 1). 

Case 3: ·Pressurizer.spray operable 
• Pressurizer relief valves 

operable (analytical assumption 
only, in practice PORVs are 
blocked at power) 

• No bypass or steam dump 

Time (sec.) Event 

minimum DNB ratio, i.e., low reactor 
pressure high primary temperature 

0 

6 

13 

Turbine-generator trip. 
First steam generator safety valve lifts. 
High neutron flux reactor trip. 

System is in a condition to permit proceeding to safe shutdown (see Case 1) . 

. In each of these cases potential sin~le active failures have been considered. 

The results show that the minimum DNB ratio is 1.39, the maximum pressure is 
2394 psia, and the maximum primary-secondary ~p is 1388 psid. Therefore, the 
acceptance criteria of minimum DNB ratio of greater than 1.3, maximum pressure 
of less than 2500 psia, and maximum aP of 1530 psid are satisfied. 

III.1.4 (2.2) · Turb~ne Trip (See Section III.1.4 (2.1) (Topic XV-3) 

The turbine trip event is assessed in Section III.1.4(2.1) as part of the 
loss-of-external-load transient. 
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III.1.4 (2.3) Loss of Condenser Vacuum (Topic XV-3) 

The consequences of a loss of condenser vacuum become identical to those of a 
turbine trip since loss of vacuum results in loss of the condenser and thus of · 
the heat sink for the turbine. No separate analysis was performed for this 
transient. The analysis discussed in Section III.1.4 (2.1) above is 
applicable. 

III.1.4 (2.4) Steam Pressure Regulator Failure (Closed) (Topic XV-3) 

Steam flow to the turbine is controlled by the turbine generator control 
-system. A malfunction in the control system resulting in zero demand for the 
turbine would lead to closure of the turbine control valves (load rejection). 
Excess steam flow is automatically transferred to the condenser via the bypass 
valve on high steam pressure. The atmospheric steam dump valves would also be 
available .to relieve pressure. The safety valves are the ultimate means of 
removing the heat out of the generators.· Consequences of this event are 
considered to be covered by analysis of the loss of load/turbine trip event, 
Section III.1.4 (2. 1), which analyzes a rapid reduction in steam flow from 
full power, assuming no credit for bypass and relief valves. 

Control failures resulting in an increase in steam flow are considered in 
Section III.1.4 (1.3). 

III.1.4 (2.5) Loss of Feedwater Flow (Topic XV-5) 

A complete loss of feedwater flow could be caused by low suction pressure for 
the feedwater pumps. The most likely cause of a loss of feedwater flow for 
this plant is from the loss of a condensate pump. 

The result of this loss of feedwater flow would be increasing core inlet 
temperature due to a decrease in heat removal and decreasing water level in 
the steam generator. 

Reactor protection is provided by trips on low steam generator water level, 
high pressurizer pressure, or thermal margin. The reactor trip precipitates a 
turbine trip which activates the steam dump valves and bypass to the condenser. 
With loss of offsite power, steam is dumped to the atmosphere. The water 
inventory in the steam generator is adequate for decay heat removal for 
~is minutes. The auxiliary feedwater system automatically starts and restores 
steam generator level. 

The Exxon analysis is in Section 3.7 of the Palisades plant transient analysis 
topical report (Ref. 5). Conservative initial conditions (102% power, low 
pressurizer pressure, positive MTC, and minimum Doppler coefficient) were 
assumed. These conditions result in least margin to DNB, and longest time to 
reach a reactor trip. Following the turbine trip, both the atmospheric and 
condenser steam dump systems are assumed to function. Operation of the steam 
dump valves decreases the steam generator inventory and decreases the primary 
system temperature and pressure . 
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The sequence of events is: 

Time (sec) 

0 

2 

26.7 

27.0 
38.3 

Event 

Low suction pressure to feedwater pump 
Feedwater flow reduced to zero 
Reactor trip on low steam generator water 
level; turbine trip; steam dump systems 
operate 
Minimum DNB ratio reached (1.65) 
Atmospheric dump valves close, turbine 
bypass to condenser removes decay heat 
(if offsite power were not available 
atmospheric dump valves would be used 
instead) 

The original analysis assumed that auxiliary feedwater was manually initiated. 
With system upgrading for automatic actuation of auxiliary feedwater flow, the 
consequences of this event are less severe, since feedwater is restored earlier. 

Auxiliary feedwater is automatically actuated on closure of the main feedwater 
turbine stop valves or low suction flow to the pump. After a 2-minute delay, 
the motor-driven pump starts. Thirty seconds later, the turbine-driven pump 
will start, unless flow sensors indicate that adequate auxiliary feedwater is 
already being delivered. · 

The time delay is included so that auxiliary feedwater will not start to flow 
until after the containment peak pressure caused by a steamline break. The 
proposed 2-minute delay will ensure that auxiliary feedwater is delivered soon 
enough to maintain feedwater inventory. 

In response to Three Mile Island Lessons Learned concerns, the actuation 
logic is being altered to provide autostart of the auxiliary feedwater system 
on low steam generator level. 

Because of potential water-hammer problems, the auxiliary feedwater flow is 
limited by a flow controller (set at 150 gpm). Also, by procedure, the steam 
generator refill rate is limited to 150 gpm if steam generator low-level 
trip point has been experienced for 1 minute and all feedwater has been lost. 
If only one steam generator is available, the operator may feed at 300 gpm 
until the sparger nozzles are approached (-16% indicator level). The nozzles 
must be recovered at 100 gpm or less. 

Following the reactor trip, 300 gpm is adequate to remove decay heat at 
15 minutes. The initial water inventory in the generator is adequate to 
accommodate decay heat for the first 15 minutes after the reactor trip and the 
minimum DNB ratio remains above the limit of 1.3. 

The licensee has proposed modifications to the auxiliary feedwater piping to 
reduce the potential for water hammer and to assure that sufficient auxiliary 
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feedwater flow is provided to the steam generators under normal and emergency 
conditions. The proposed changes, as described in Reference 43, are scheduled 
to be installed during the 1981 refueling outage. 

More-recent generic analyses of a total loss-of-feedwater-flow event in 
Combustion Engineering (CE) plants were submitted in Reference 29. Complete 
loss of feedwater and loss of offsite power (thus loss of reactor coolant 
pumps) were assumed. Loss of main and auxiliary feedwater results in steam 
generator dryout and the loss of the steam generator heat sink. Decay heat 
must be removed via the PORVs in this event. Three cases were considered: 
normal PORV operation, one PORV stuck open, and two PORVs stuck open. The 
transient was continued for an extended time to determine the effects on 
long-term ability to cool the core. 

Following steam generator dryout, the primary system heats up and expands, 
filling the pressurizer and increasing primary pressure. The rise in pressure 
is terminated when the PORVs, or the primary safety valves open. This pressure 
is maintained until the hot side of the reactor coolant system (RCS) reaches 
saturation. High pressure safety injection (HPSI) is not effective since 
system pressure remains above the pump shutoff head. The two-phase vessel 
level then begins to drop and without operator action may lead to eventual 
core, uncovery. 

In the generic CE evaluation it was concluded that restoration of feedwater 
within 1 hour would maintain core temperatures within acceptable limits. For 
a total loss-of-feedwater event, operator action to open the PORVs must have 
occurred within 10 minutes to ensure that peak cladding temperature remains 
below 2200°F. The Palisades plant normally operates with the PORVs isolated, 
however the PORVs can be opened from the control room. Based on Lessons 
Learned Recommendations (Ref.39), redundant emergency power has been provided 
to PORVs and block valves. 

Heat is being removed during this initial 10-minute period by blowdown of 
steam through the steam generator safety valves. Sufficient water inventory 
exists in the steam generator for 15 minutes of decay-heat removal. 

III.1.4 (2.6) Feedwater System Pipe Breaks (Topic XV-6) 

A feedwater-line break can result in either a cooldown (such as that from a 
steamline break) or a heatup (from loss of feedwater inventory in the 
generator). Feedwater-break cooldowns are bounded by the analysis of steam-
1 ine breaks, since the rate of cooldown is slower. For a heatup, the worst 
case would occur if the break prevented feedwater flow to the generator. If 
main feedwater is lost because of the feedwater-line break, the auxiliary 
feedwater system (AFWS), which connects to the main feedwater lines downstream 
of the feedwater control and check valves, can be used. Two diversely powered 
auxiliary feedwater pumps are available with automatic initiation. 

The signs of a high-energy-line (steam or feedwater) break outside containment 
include: 

1. 

2. 
Rapid loss of pressure and level in one generator 
Release of water within the auxiliary building 
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3. Loss of feedwater-flow indication to a generator 
4. Unusual loud noise 
5. Low pressurizer pressure 

For an inside-containment break, additional signs would include an increase in 
containment pressure, temperature, and humidity. 

In respqnse to the blowdown, the reactor and turbine trip, the MSIVs close, 
main feedwater· is isolated, and safety injection is actuated. Auxiliary 
feedwater will automatically start after a time delay. Immediate operator· 
actions must be taken to verify the automatic responses as well as to terminate 
auxiliary feedwater flow to the affected generator. 

A feedwater-line break in the component cooling pump room could result in loss 
- of this system because of the feedline-rupture forces. In this event, the 

operator would switch cooling of the safety injection pumps to the service
water system, maintain primary system water level with intermittent charging, 

_and establish an emergency tie-in to provide service water to the shutdown 
heat exchanger (for reactor cooldown). The licensee has an emergency procedure 
for a high-energy-line break which disables the component cooling water system, 
concurrent with a loss of offsite power. · 

Special Report No. 6, 11 Analysis of Postulated High Energy Line Breaks Outside 
Containment 11 (Ref. 18), addressed breaks in main feedwater piping to ensure 
that such a break would not endanger structures and components needed to shut 
down and remove decay heat. 

Potential interactions. due to pipe whip or other adverse effects of the break 
were identified in this review. Most of these issues were resolved by reloca
tfon, installation of redundant lines, or pipe restraints. However, in a few 
areas such measures were not feasible. In particular, the main steam and 
feedwater lines could not be equipped with restraint or encapsulation sleeves 
sufficient to protect against damage resulting from a break. Therefore, the 
main steam and feedwater piping near the containment penetration was thickened 
to 25% beyond that required by piping codes and special tests were performed 
on them duririg construction. Based on these conside~ations, the licensee 
postulated that feedwater piping failures would occur upstream of the check 
valve, rather than in the penetration area. 

The licensee's evaluation and the technical specifications for inservice 
inspection of the main steam and feedwater piping in the auxiliary building 
were accepted by the staff in Reference 37. 

SEP evaluation of the effects of high-energy-line breaks outside containment 
is presented in Topic III-5.B. 

The effects of a feedwater-line break on reactor response have not been analyzed 
·by the licensee. Cooldown effects are bounded by the steam-line-break spectrum. 
A feedwater-line break can also lead to a heatup by preventing feedwater 
addition to the generator. 
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Analysis of loss of feedwater is considered in Section III.1.4 (2.5). These 
calculations show that there is ample inventory to remove decay heat for 
15 minutes without any feedwater flow. Further, in the special report on 
analysis of postulated high-energy-line breaks outside of containment (Ref. 18), 
the licensee states, 11 None of the feedwater failures postulated herein result 
in conditions as severely adverse as those previously considered in the 

·Palisades FSAR for a complete loss of feedwater. 11 (Note that the 1 icensee 
only postulated breaks upstream of the check valve). 

Breaks upstream of the check valve would not lead to steam generator blowdown, 
nor would they interfere with auxiliary feedwater flow delivery for decay-heat 
removal. These breaks thus do not result in conditions more adverse than the 

. complete loss of feedwater already addressed in Section III.1.4 (2.5). 

A break between the check valve and the steam generator would also prevent 
addition of feedwater to the steam generator. Any steam generator blowdown is 
bounded by steamline-break analysis. 

A break downstream of the check valve would prevent feedwater addition, either 
from auxiliary or main feedwater to one steam generator. The other steam 
generator would be available for heat removal, provided auxiliary feedwater 
flow can be maintained. The operator should isolate auxiliary feedwater to 
the broken line generator. Because water hammer must be considered, the 
auxiliary feedwater flow rate is limited to 150 gpm. The auxiliary feedwater 
flow controller is designed to throttle feedwater flow so that this limit is 
met. Should this controller fail, thus allowing runout flow, the water-hammer 
situation could be affected (Topic V-13). A failure so that no auxiliary 
feedwater would be delivered, would be equivalent to the complete loss-of
feedwater events discussed in the previous section, Section III.1.4 (2.5). 

As already stated; if auxiliary (or main) feedwater to the steam generator 
cannot be established, the operator should proceed to remove heat with the 
PORVs in a timely manner. 

There is sufficient redundancy in piping and provision for isolation so that a .. 
feedwater-line break could not prevent the addition.of auxiliary feedw~ter to 
at least one generator. Operator action may be necessary to .close main feed
water regulating valves or to terminate auxiliary feedwater flow into the 
affected main feedline. 

As discussed in the previous section, the licensee has proposed modifications 
to the existing auxiliary feedwater piping. Instead of connecting to the 
main feedwater lines, the auxiliary feedwater lines will be routed through 
spare containment penetrations to existing auxiliary feedwater nozzles on the 
steam generators to a separate auxiliary feedwater sparger inside each steam 
genera~or. These modifications will eliminate the concern for sufficient 
auxiliary feedwater with· a main-feedwater-line break as expressed above. 
Water-hammer concerns will also be alleviated . 
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III.1.4 (3.0) Group III Events 

Group III events are infrequent or limiting events with a low probability of 
occurrence. These events involve ruptures of secondary system piping, up to 
and including a double-ended rupture of a main steamline. These events cause 
a loss of energy and mass from the secondary system. 

III.1.4. (3.1) Steamline Break Inside Containment (Topic XV-2) 

Plant Response--A steamline break results in a decrease in steam pressure and 
increased heat removal from the primary coolant system. Primary coolant 
temperature and pressure decrease. Reactor power increases because of the 
reactivity feedback from the negative MTC during the cooldown. For a large 
rupture, the positive reactivity from the cooldown can exceed the shutdown 
margin of the rods and permit a return to power after the scram. 

Signs of a steamline break inside containment include: 

1. Rapid drop in steam generator pressure, reactor trip 
2. High containment pressure 
3. Safety injection actuation 
4. Containment isolation actuation 
5. Closure of main steam isolation valve (MSIV) 
6. Changes in steam flow indication 
7. Steam generator level fluctuations 
8. Steam/feed mismatch 
9. Primary system cooldown 
10. Primary system depressurization 

The steamline break allows steam to escape into the containment; indicated 
steam-. flow will increase if the break is downstream of the flow restrictors, 
but indicated steam flow may decrease if the break is upstream of the flow 
restrictors as steam flow is diverted from the steamline and out the break. 
The rupture drops the steam pressure as well as the temperature and pressure 
of the primary system. 

A reactor trip occurs on low steam generator pressure. As pressure continues 
to decrease, the main steam isolation valves and feedwater-regulating and 
bypass valves close. This limits the blowdown to one steam generator and 
prevents continued feeding of the steam generator with the ruptured steamline 
by the condensate pumps. Safety injection is initiated by low pressurizer 
pressure or high containment pressure. The following systems are actuated: 

1. Diesel generator start 
2. HPSI pumps start 
3. LPSI* pumps start 
4. Isolation valves in safety injection systems open 
5. Charging pump suction is realigned to concentrated boric acid 
6. Normal-speed fan motors of containment cooling stop; fast speed starts.· 
7. Service water and component cooling water are directed to engineered 

safety feature (ESF) equipment . 

*Low-pressure safety injection. 
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Containment isolation is initiated on high containment pressure or high 
containment radiation. Containment spray will autostart on high containment 
pressure. 

Emergency procedures for a steamline break (inside) require that the operator 
verify that automatic actions, such as MSIV closure, reactor trip, and SIS 
have occurred. The procedure following safety injection actuation directs the· 
operator to trip the reactor coolant pumps. 

Containment cooling should be in operation, but the containment spray can be 
secured if the fan coolers are working properly (that is, on a fast speed, 
with adequate component cooling water supply) and high pressure in containment 
has been reduced. The operator should terminate auxiliary feedwater flow to 
the steam generator with the ruptured line. The condensate storage tank is 
the water·supply for the auxiliary feedwater system. Its inventory is main
tained by using the makeup demineralizer or pure water storage. Main feedwater 
is automatically isolated on low steam generator pressure. Decay heat is 
removed via the atmospheric dump valves (or steam generator safety valves) 
with the auxiliary feedwater system maintaining steam generator inventory. 
Pressurizer heaters are used to maintain RCS pressure. Once the steam 
generator blowdown is controlled, the operator can take. the plant to a cold 
shutdown condition. When temperature and pressure are reduced sufficiently, 
the shutdown cooling system is normally used. As discussed in the safe 
shutdown report, alternate methods exist for plant cooldown. 

Analysis--The licensees• analysis of steamline breaks inside containment at 
2530 MWt is presented in Section 3.8 of Reference 5. Two cases are considered: 
full power (102%) and hot, zero power. Both cases were analyzed assuming 
offiste power remains available. For the full-power case, feedwater flow is 
assumed to ramp down to 5% flow in 60 seconds. For the zero-power case, a 
constant feed flow of 5% is assumed. The reactor coolant pumps are assumed to 
continue to run, even though the procedures require the operator to trip them, 
since this continued main coolant flow causes a more severe cooldown. The 
break location that gives the fastest blowdown, and thus the worst cooldown, 
is at the steam generator nozzle. The event is most severe at end of cycle 
owing to the large negative moderator temperature coefficient, which intro
duces positive reactivity during the cooldown. This reactivity addition causes 
a return to criticality after the scram and before the boron injection flow 
reaches the core. The most reactive rod is assumed to stick out of the core 
upon reactor scram. An uncertainty factor is applied to the reactivity coeffi
cient. The reactivity resulting from the MTC and the cooldown is applied as a 
function of temperature. Two of the three HPSI pumps are assumed to deliver 
flow 20 seconds after a safety injection actuation signal (SIAS). Two of the 
three charging pumps are assumed to deliver concentrated boric acid 80 seconds 
after safety injection. This delay includes the time sweep the lines of 
the low-concentration boron. (No credit is taken for the reactivity that 
results from the low-concentration boron in the analysis.) 
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The sequence of .events for the two cases analyzed is shown below. 

Full-power case 
time (sec.) 

0 

. 1 

7.6 
18+· 

35 

. 60 . 

74 

96 

115 

126 

Zero-power case. 
time (sec.) 

0 

1 

7.6 

14 

20 

35 

95 

96 

225+ 

Event 

Nozzle break. 
Reactor trip on low steam-generator pressure . 
MSIVs close (on low steam pressure). 
Pressurizer is drained. 

HPSI system boric acid reaches core. 
Feedwater flow has ramped down to 5%. 

Return to criticality. 
Charging system boric acid reaches core. 

Maximum core average heat fiux, minimum DNB 
ratio = 1. 30. 
Ruptured steam generator empties. 

Event 

Steam 1 i ne break. 
Reactor trip on low steam pressure. 
MS!Vs close. 
Pressurizer is drained. 

Core returns to critical i ty .. 

HPSI system boric acid reaches core. 
Maximum core average heat flux, minimum DNB 
ratio = 1. 41. 
Charging system boric acid reaches core. 
Steam generator empties. 

The full-power analysis assumed that: main feedwater was reduced to 5% within 
60 seconds with the feedwater control system acting on the main feedwater pump 
turbine. The regulating valve position was unaffected. 

It was subsequently determined that following a steamline break, with offsite 
power available, the above assumption may not be applicable. The condensate 
pumps would still be running and would deliver more than 5% of main feed flow 
when generator pressure drops below the condensate pump shutoff head (500 psia) . 
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• To alleviate this problem, the licensee has proposed automatic isolation of 
main feedwater, by closing the regulating and bypass valves, on low steam 
generator pressure. This parameter is also the one that closes the MSIVs. 

Low pressure in one generator initiates isolation of feedwater only to that 
generator. Both MSIVs are closed. Main feedwater isolation is not single
failure-proof, however, the automatic isolation is backed up by plant emergency 

·procedures for steamline break which direct the operator to assure closure of 
the feedwater valves. 

As discussed in Section III.1.4 (2.5), auxiliary feedwater is automatically 
actuated. The flow rate, as throttled by the flow controller, is 150 gpm, 
which is much less than the 5% of main feedwater flow assumed in the analysis. 
Therefore, the cooldown calculations are conservative. 

The effects of runout auxiliary feedwater flow on a steamline-break accident 
have been considered by the licensee in Reference 44. 

The core response would not be significantly affected since the 2-minute time 
delay prevents auxiliary feedwater addition until after steam generator dryout, 
and after.the minimum DNB ratio is reached. 

Since the analysis considers the effect of auxiliary feedwater addition to the 
broken-loop steam generator, operator action (after 10 minutes) to terminate 
auxiliary feedwater flow is acceptable. The operator uses steam pressures 
and/or steam flows in the respective steam generators to determine which 
generator is blowing down. Wide-range steam generator level instrumentation 
is to be installed, during the 1981 Palisades refueling outage in response to 
post-TM! concerns. Steam generator level differences can then be used to 
determine which generator is affected. 

With loss of offsite power and postulated wo·rst-case single failure of diesel 
generator 1-2, only one of three· HPSI pumps and one of three charging pumps 
would be available. ·The number of injection points will also be affected 
since each line has a normally closed motor-operated valve which receives an 
open signal on a SIAS and half of them are powered by diesel 1-2 (see Figure 3). 
The reactor coolant pumps (RCPs) are tripped, main feedwater pumps are tripped, 
and auxiliary feed would be automatically initiated after the delay. The 
cooldown is less severe than for the case with offsite power available since 
the RCPs are lost, reducing the heat transferred through the steam generator. 
However, the rate of boron and mass addition from the one remaining HPSI pump 
and charging pump is less than for two pumps. Also, the diesel generator 
start time results in a longer time until boron reaches the core. 

The previous analyses showed that for two-loop operation, the full-power case 
resulted in the minimum DNB ratio. There are several differences between the 
full~load .and no-load cases. Because of less stored energy, the no-load case 
results in a greater decrease in RCS temperature. In addition, the initial 
generator inventory is greater at no-load. 

On the other hand, more feedwater was added to the generator while the feedwater 
contra l system responds for the full,.. load case, which tends to compensate for 
the 1 ower .initial inventory in its effects on the bl owdown. A 1 so, the Dopp 1 er 
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coefficient of reactivity produces a positive reactivity insertion during the 
cooldown for the full-power case. The net effect, therefore, was that the 
full-power case was slightly more severe. With automatic feedwater isolation, 
however, the above situation may change and a zero-power case may become 
limiting. 

With the present safety injection system configuration (see Figure 3)* a 
failure of the check valve in an LPST discharge line would, therefore, allow 
the HPST pumps to overpressurize the LPST system.** The motor-operated LPST 
discharge valves open automatically on an SIS even if RCS pressure is above 
LPSI system design pressures as discussed in the safe shutdown review 
(Topic VII-3)~ the licensee will be required to install interl~cks to prevent 
opening of the LPSI motor-operated valves until RCS pressure is below LPSI 
system design pressures. Installation of these interlocks will resolve this 
concerns. 

Si nee the emergency procedures now ca 11 for the operator to trip the RCPs 
following a SIAS, the effects of RCP operation on the cooldown will be minimized. 

The licensee has considered a break inside containment from full power with 
loss of offsite power and diesel failure. The turbine generator assist was 
assumed to function since it worsens the cooldown. This feature is described 
in Section III.1.4 (4.1) of this report. This analysis was submitted in 
Amendment 17 (Ref. 19). This case was not reanalyzed for the power uprating 
and fuel-vendor change althqugh the results of the original analyses show that 
the consquences of the break without offsite power are more severe than for 
the case with offsite power. Limited (<1%) fuel failures are predicted. A 
steamline break with loss of offsite power was not analyzed for the zero-power 
case since the licensee does not consider a loss of offsite power simultaneous 
with the break to be credible if the turbine is not on line. 

The Technical Specifications for Palisades require only two charging pumps and 
two HPSI pumps to be operable for criticality. One pump must be operable on 
each bus. Since the analysis (with offsite power available) assumes two 
pumps, there is no provision for a single failure. 

The licensee has assessed the effect of a lower rate of HPSI flow delivery on 
the steamline breaks at full power and zero power with offsite power. One 
pump was assumed to be delivering via the redundant HPSI header as compared 
with two pumps delivering into the common primary header. Refer to Figure 3 
for a schematic diagram of the safety injection system showing both headers. 
No change in charging pump flow was assumed. 

The lower HPSI flow rate results in less boron d~livered to the core and thus 
a higher power level upon return to power. Sensitivity studies show that the 
minimum DNB ratio would be 6% fower. This would result in a minimum DNB ratio 
less than the criterion of 1.3; however, this is acceptable for a low-probability 
event such as a steamline break. Some fuel damage may result, but radiological 
consequences would be insignificant for a secondary side break inside containment. 
(See Sections III.1.4 (3.2) and III.1.4 (3.0.).) 

*A single check valve serves as the boundary between the HPSI system with 
1300 psi shutoff head pumps, and the LPSI system (500 psig design pressure). 

**This overpressurization could lead to rupture of the LPSI system pressure 
boundary, and thus insufficient injection flow to the cores. 
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The analyses consider the consequences of auxiliary feedwater addition to the 
steam generator with a ruptured steamline. Failure to initiate auxiliary 
feedwater is not immediately a problem, until after the unaffected steam 
generator dries out, causing the loss of the heat-removal path. The operator 
has several minutes to start auxiliary feedwater system manually in the event 
it does not automatically start. If feedwater flow cannot be established, the 
PORVs and the charging system must be used to remove decay heat. (See the 
loss-of-feedwater flow analysis discussed in Section III.1.4 (2.5).) · 

An accident mode that has not been considered is depressurization of both 
generators. This could occur as .a result of a steamline break blowing down to 
containment, and a single active failure of a relief valve on the intact steam 
generator·, blowing steam to atmosphere. This failure would not adversely 
affect the containment pressure, but the additional cooling could lead to more 
severe core consequences. 

The Palisades plant employs a swing disc stop valve in each main steamline as 
the main steam isolation valve. Failure of the MSIV in the unbroken line to 
close could allow blowdown of both generators via reverse flow through the 
swing disc MSIV check valve in the broken line for a break upstream of the 
MSIV. Figure 4 illustrates this scenario. This failure has not been considered 
in the analysis. The licensee considers such a failure highly unlikely since 
the MSIVs are swing disc valve held open by air with redundant solenoids. · 

One set of the solenoid valves is located in a protected area outside 
containment, so they would he unaffected by the steam-break environment or 
dynamic forces. Tests show that the valve disc is capable of closing against 
the forces of the blowdown. Reference 21 also states that the analyses predict 
valve closure in response to fluid forces on the disc even before the trip 
signal is.generated. 

Based on these considerations, the staff considers that the single failures 
have not been completely addressed. The licensee should confirm that a steam~ 
line break inside containment, with or without offsite power, from either full 
power or zero power with the most limiting single failure, does not result in 
unacceptable consequences. Single failures to consider include diesel generator 
failure as well as malfunctions in the feedwater system, main steam system, or 
safety injection system. 

The steamline-break accident inside containment was also analyzed with one or 
more reactor coolant pumps out of service (Ref. 25). Operation in this mode 
is allowed for limited (12-hour) periods. The worst case is for one-loop 
operation where the rupture occurs in the loop with the two active pumps, at 
hot zero power. The analysis shows that there will not be a return to power 
if the shutdown margin exceeds 3.75%. The technical specifications for less
than-four-pump operation require that this margin be available. Therefore, 
the consequences of this event would be less severe than those for a steamline 
break with a 11 pumps operating. 

The radiological consequences of a break inside containment are less severe 
than for a break outside containment since the main steam isolation valves are· 
closed, maintaining the isolation boundary inside containment. (See 
Section III.1.4 (3.3).) 
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III.1.4 (3.2) Steamline Break Outside Containment (Topic XV-2) 

The blowdown rate for a break outside containment is lower owing to the venturi 
flow elements in the main steamline inside containment. Thus, there is no 
return to power even for the worst breaks. A break downstream of the isolation 
valve can be easily isolated, with very minor consequences, so it is not con
sidered further in the analysis. Even assuming one MSIV fails to close, the 
blowdown would be limited to the one generator. 

The signs of a line break outside containment include: 

1. Rapid loss of pressure. and ievel in one generator 
2. Release of steam within the auxiliary building 
3. _Full-scale, steam-flow indication 
4. Unusual loud noise 
5. Low pressurizer pressure 

In response to the line break, the following protective actions occur 
automatically: the reactor and turbine trip, the MSIVs close, main feedwater' 
is isolated, auxiliary feedwater is started, and safety injection is actuated. 
Immediate operator actions are taken to verify the automatic protection 
act i ans, as we l1 as to terminate auxiliary feedwater to the affected steam 

· generator. · 

Decay heat is.removed via the intad steam generator using the steam bypass to 
the main condenser (if available) or the atmospheric dump valves to remove 
energy with the auxiliary feedwater system supplying water to the steam 
generator. 'This method is used to cool down to the shutdown cooling system 
initiation point.· If the shutdown cooling system canriot be used, the above 
method can be used to cooldown to close to 212°F. 

An emergency connection to the fire water system is provided for supplying 
water through the auxiliary feedwater system to ensure a water supply to the. 
steam generator if the condensate storage tank is l()st. 

A steamline break in the· component cooling water (CCW) pump room could result 
in loss of the CCW·system. Actions in this event are identical to those 
required for a feedwater-line break in this area as discussed in 
Section III.1.4 (2.6). 

A break between the containment penetration and the, isolation. valve cannot be 
isolated so the affected steam generator blows down completely to the atmosphere. 
The licensee does not consider a break in this location to be credible because 
of increased pipe wall thickness and surveillance of pipe welds. However, the 
licensee assessed the consequences of a steamline break between the containment 
penetration and the MSIV, from full power, and failure of one diesel to start. 
The turbine generator assist was also assumed, to slow the coastdown of the 
RCPs. This is conservative since it increases the cooldown. No return to 
power occurs because of the lower blowdown rate (relative .to a nozzle break). 
No fuel damage occurs. This analysis was submitted in Reference 19 in response 
to staff questions. 

·Thus, even if the break is not isolated, the radiological releases are limited 
to those due to the equilibrium secondary system radioactivity and to the 
primary-secondary leakage .. ·The doses are well below the 10 CFR Part 100 
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guidelines and are much less severe than those caused by a loss-of-coolant 
accident.· Section III.1.4 (3.3) below presents an independent staff analysis 
of the radiological consequences of a steamline break outside containment. 

III.1.4 (3.3) Radiological Consequences of Breaks Outside Containment 
(Topic XV-18) . 

The rupture of a main steamline is considered a limiting fault not expected to 
take place during thelifetime of the plant. Nevertheless, it is postulated 
because its consequences could include the release of significant amounts of 
radioactive material. In particular, the failure of a steamline outside con
tainment would result in the release of activity contained within the secondary 
system, in addition to opening a potential, albeit small, path for the release 
of reactor coolant to the environment via postulated steam generator leaks. 

An analysis of the radiological consequences of a main steamline failure at . 
Palisades plant has been performed by the staff following the assumptions and 
procedures indicated in the Appendix to Standard Review Plan 15.1.5, 11 Radio
logical Consequences of Main Steam Line Failure Outside Containment (PWR) 11 

(see Ref .. 7). The specific assumptions made regarding the plant conditions 
prior to the postulated accident and the expected responses are listed in 
Table 4. Supporting documentation is provided in References 2, 6, and 23-25. 

It has been assumed that one steam generator is blown dry within 60 seconds 
following the accident, and that 1 gpm of reactor coolant .is released directly 
to the environment during the first 2 hours. · This is in accordance with 
Technical Specification 3.1.5 (Ref. 25) which limits the allowable steam 
generator primary-to-secondary leakage to 0.6 gpm in any one steam generator. 

In addition, it has been assumed that prior to the accident the primary and 
secondary coolant activities were at the maximum levels allowed by the Technical 
Specifications 3.1.4 and 3.1.6, with an iodine spiking factor of 500 for the. 
primary coolant activity. An evaluation of this accident in Reference 6 
concluded that no add{tional fuel clad failures would occur. The estimated 
site boundary doses resulting from this postulated accident (see Table 5) have 
been found to be. within the 10 CFR Part 100 guidelines as specified in the 
Acceptance Criteria for SRP 15.1.5. As there is considerable margin to the 
10 CFR Part 100 limits, the dose consequences would still be acceptable with 
some fuel failures. 

On the basis of these results, we conclude that the Palisades plant design is 
acceptable with respect to the radiological consequences of a possible main 
steamline failure, and that the risk presented by this postulated accident is 
similar to that of plants licensed under current criteria. 

III.1.4 (3.4) Containment Response (Topic VI-2, VI-3) 

(to come later) 
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III.1.4 (4.0) Group IV Events 

Group IV events involve a loss of ac power. Loss of power to auxiliaries 
occurs with moderate frequency; a complete loss of ac power occurs 
infrequently. 

III.1.4 (4.1) Loss of AC Power to Station Auxiliaries (Topic XV-4) 

Loss of ac power to station auxiliaries can result from a failure of transmission 
lines, or from loss of a ~tation transformer as well as from a malfunction in 
the onsite ac distribution system. In general, redundant equipment, con
nections, and buses are provided to minimize adverse effects so that power can 
be supplied to vital loads considering single failures. 

However, the Palisades design has a single distribution system and single 
breaker-closing devices so that it may not be possible to isolate incoming 
lines, buses, or' paths to the onsite class lE power system. A single failure 
bf the line to'the startup transformer or of the single startup transformer 
could cause a loss of offsite power .. 

The delayed-access circuit is established by removing disconnect links at the 
main generator so that the main transformer can be used. The electrical 
distribution system is discussed in more detail in Topic VU-3. 

Loss of offsite power will result in turbine and reactor trip. The turbine 
generator coastdown circuits are designed to utilize the kinetic energy of the 
turbine generator to maintain a constant ratio of voltage to frequency down to 
80% of rated speed. The circuits delay tripping of the 4160-V breakers, and 
thus loss of power to the reactor coolant pumps for the duration of the generator 
coastdown (~30 seconds). This circuitry is utilized only when offsite·power 
is not available following the reactor/turbine trip. This feature retards the 
flow reduction that results from loss. of reactor coolant pumping power, if 
being supplied by the main generator, and consequently lessens the severity of 
the transient. Each pump is also provided with a flywheel which reduces the 
rate of flow decay on loss of pump power. This feature ensures a less-than
instantaneous coastdown regardless of power supply for the RCPs. 

The main feedwater pumps trip, resulting in. the auxiliary feedwater system 
automatically starting to provide water to the generators for decay-heat 
removal. ·Loss of offsite power leads to loss of the circulating water for the 
.main condenser and a rapid loss of vacuum. Therefore, the atmospheric dump 
valves must be used to ·remove decay heat .. The diesel generators start 
automatically, and vital safe shutdown loads are supplied through the normal· 
shutdown sequencers. · 

Single active failures considered during this event include failure of a 
diesel generator, failure of steam dump valves, and failures of auxiliary 
feedwater to start. One diesel is capable of providing power to the minimum 
set of shutdown equipment~ Failure of heat-removal paths (that is, steam dump 
valves) is 'discussed in Section III.1.4(1.1). The auxiliary feedwater system. 
is designed so that a single failure will not prevent its safety function. 
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The licensee has not analyzed this event separately. However, analyses of 
loss-of-feedwater flow.and loss-of-reactor coolant flow have been provided 
(see Sections III.l.4(2.5) and III.l.4(5.1)). 

The vendor (Combustion Engineering (CE)) has performed generic analyses for 
all CE plants (Ref. 20) of loss-of-offsite-power events. These analyses were 
performed to establish when pressurizer heaters would need to be energized to 
maintain pressure. The results .show adequate subcooling for several hours 
without heaters. Some of the pressurizer heater's for Palisades can be powered 
from emergency buses by operator action from the control room. 

The initial stages of this transient resemble those of a loss-of-feedwater-flow 
event. Later,· after the reactor coolant pumps begin to coast down, the response 
is similar to a loss-of-forced-coolant flow. Natural circulation is established, 
and heat is being removed by means of the steam generators. 

Immediately after a loss of ac power with accompanying turbine and reactor 
trips, no operator action is required, other than verification of all automatic 
responses. Subsequently, if power is not restored, the operator establishes 
full charging flow to maintain pressurizer level, controls· plant cooldown 
using the steam dump valves, and initiates plant boration to prepare for 
cool down. 

Based upon a review of plant procedures for this event, the generic CE analyses, 
and for other. reasons as discussed above, we find that the pl ant is adequately . 
protected for a loss of offsite power to station auxiliaries. 

III.1.4 (4.2) Loss of All AC Power (Station Blackout) (Topic XV-24) 

This event is being considered as a generic item. No licensing position has 
been established; therefore, this topic fs not being addressed in the SEP . 
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III.1.4 (5.0) Group V Events 

Group V events i nvo 1 ve a decrease .in reactor coo 1 ant system fl ow rate. A 
. reactor coo 1 ant pump rotor seizure occurs infrequently, and a lass of fl ow 
because of loss of power occurs with-moderate frequency. 

III.1.4 (5.1) Loss of Forced Coolant Flow 

A loss of all forced flow may result from a loss of electrical power to the 
pumps. - The flow coastdown is retarded by the inertial energy of the flywheel. 
The loss of flow through the core reduces the heat-removal capability so 
coolant temperature increases, reducing the margin to DNB. Reactor power also 
decreases as the temperature increases, but. the DNB ratio limit can be approached 
s i nee the rate of power decrease is s 1 ower than the fl ow coastdown ·- Reactor 
protection is provided by a trip on low reactor-coolant flow. Loss of fewer 
than all four pumps would cause a less severe flow coastdown. Loss of even 
one pump would cause a reactor trip on low flow. 

The worst coastdown occurs for a simultaneous loss of power to all four pumps. 
from an _initial power level o.f 102% and beginning-of-cycle (BOC) kinetics. 
The positive moderator temperature coefficient keeps power high as the core 
heats up, worsening the power/flow mismatch._ The reference analysis is in 
Section 3.3. 1 of Reference 5. A reactor trip on low flow occurs 1.58 seconds 
after the loss of power to the pumps. The minimum DNB ratio of 1.39 is reached 
in 3.1 s-econds. Thermal limits are not exceeded for this event. 

III.1.4 (5.2) Primary Pump Rotor Seizure/Shaft Break 

A loss of flow can also occur as a result of a mechanical failure such as a 
primary pump seizure. The early stages of the flow coastdown from a rotor 
seizure are faster than for the loss of power since instaneous stopping of the 
pump is assumed. This is an extremely unlikely event and only one pump is 
assumed to fail. Protection is provided by the low flow reactor trip. This 
event is more severe than a loss of flow due to loss of power because of the 
faster coastdown. Analysis of the locked rotor event is presented in 
Section 3.3.2 of ~eference 5. 

The_ sequence of events is: 

Time (sec) 

0 

0.9 
2~4 

Event 

Locked rotor 
Reactor trip on low flow 
Minimum ONB ratio of 1.27 attained 

Core average temperature reaches 579°F with peak pressure of 2080 psia. The 
- minimum DNB ratio is less than 1.3; however, this is a low probability event 

so a minimum DNB ratio of less than 1.3 is acceptable. The radiological 
consequences will not exceed the acceptance criteria since the possible fuel 
damage is 1 imited. 
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The Standard Review Plan for this event requires that the analysis considers 
the consequences of a turbine trip, with coincident loss of offsite power 
following the reactor trip. This would cause the remaining pumps to coast
down, so that the core must be cooled by natural circulation. This procedure 
(natural circulation cooling) was satisfactorily demonstrated through testing 
in 1972. Natural circulation with one loop, blocked by a seized pump will 
have less core cooling capability than during this test. However, the power/ 
flow ratio during the test was considerably less than one, so there is margin 
to inadequate core coding. 

Lorig-term cooling of the core following a rotor seizure or shaft break must 
also be considered. As discussed in Section III.1.4 (4.1), generic analyses 
of plant response during natural circulation have been done~ 

Heat removal through the steam generators is the preferred path for decay-heat 
removal. If natural circulation can be maintained, heat can be removed via 
this path until the system is cooled down to the shutdown cooling system 
cut-in point. If natural circulation cannot be maintained, or if feedwater is 
lost, heat must be removed using a primary feed and bleed method employing the 
charging pumps and power-operated relief valves. 

The pump shaft break has not been specifically addressed, but the consequences 
are typically no greater than those for the locked rotor. The steady-state 
core flow may be slightly .lower since the impeller is free to spin in the 
reverse direction; but this event is thermally limiting at the beginning of the 
event . 
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•• II1.l.4 (6.0) Group VI Events 

Group VI events involve reactivity and power distributing anomalies associated 
with control-rod malfunctions. These events are of moderate frequency except 
for single rod withdrawal, which is an infrequent event, and the rod ejection, 
which is a limiting fault. 

III. l. 4 (6.1) Uncontrolled Rod Assembly Withdrawal at Power (Topic XV-8) 

The inadvertent withdrawal of one or more control rods becuse of operator 
error or a reactor regulating system or rod-drive control-system malfunction 
causes an increase in both core-power level and heat flux. An increase in 
primary coolant temperature and pressure also results. 

Many modes of reactor protection (trips) are available to terminate a rod 
withdrawal, including the high. neutron flux, thermal margin, and high pres
surizer pressure trips. Which trip terminates the event is determined by core 
parameters such as reactivity feedback and rod-withdrawal rate. No credit is 
taken in the analysis for a reactor trip on high rate of power change, which 
would be effective for some transients initiated from low powers. Operator 
action in response to a high pressurizer, water-level alarm may be necessary 
to terminate some very slow rod-withdrawal transients. There is adequate 
time, alarms, and indications for the operator to act before a limit is 
approached. The Exxon analysis of Section 3.1 of Reference 5 considered 
events at 102% power and 52% power for a range of withdrawal rates and 
reactivity feedback parameters. A rod speed of 46 in./minute was assumed. 
Rod worths were conservatively chosen consistent with rod-insertion limits. 
For all events, the minimum DNB.ratio was greater than 1.45. 

II.1.4 (6.2) Uncontrolled Rod Assembly Withdrawal--Low Power Startup 
Topic (XV-8) -

The startup rod-withdrawal event was analyzed in the FSAR. Protection is 
afforded by the neutron flux trip c~1s% power), by the high rate of change in 

·power trip (no credit taken in the analysis), and by Doppler feedback. High-peak 
neutron powers are reached but the heat flux remains well below core limits. 
The FSAR analysis assumed conservatively large reactivity-insertion rates, and 
is considered to remain applicable for later cycles. 

Furthermore, in Reference 19 the licensee assessed the effect of a startup 
from low power assuming the reduced neutron flux trip failed. Depending on 
the reactivity-addition rate, either a high flux, high reactor pressure, or 
low steam generator .level trip would scram the reactor before the DNB ratio 
approached its limit. 

III.1.4 (6.3) Control-Rod Misoperation (Topic XV-8) 

Control-rod misoperation through operator error or actions of the rod-control 
system can result in decreased margin-to-thermal limits. Situations considered 
include rod misalignment, withdrawal· of a single rod, rod drop, and operation 
in the automatic mode of rod control. This latter system drives the rods in 
and out in response to rod position, flux, pressure, and temperature indications. 
For each transient, both manual and automatic mode are considered to see which 
is more severe. For a depressurization event, for example, automatic mode may 
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produce more severe results because the system will withdraw rods in response, 
and there may be overshoot before equilibrium is restored. 

Mispositioning of the part-length rods is not a problem since these rods are 
fully withdrawn during operation and are not used. Rod misalignment can be 
detected by two rod-position-indication systems. The analysis considers 
effects due to misalignments. The technical specifications limit the allow
able amount of rod misalignment to ensure operation is within the bounds of 
the safety analysis. 

For a single rod withdrawal, severe localized radial peaking is of concern. 
Manual control mode is more severe since the power transient continues until a 
reactor trip, or until full withdrawal of the rod. In automatic mode, control 
rods would be inserted as power and temperature rise increases. Analysis by 
Exxon in Section 3.9 of Reference 5 showed that no thermal limits would be 
exceeded. 

The inadvertent drop of a control rod into the core as a consequence of 
mechanical or operator error results in an initial rapid decrease in reactor 
power, pressure, and temperature. Depending on the worth of the rod, there 
could be a return to power with a distorted power distribution. Dropped rods 
can be detected by the high negative rate of change in flux or by limit 
switches on the rods that indicate full insertion. The turbine load remains 
unchanged throughout the transient. 

The drop of a rod of low worth results in a higher return to power, but the 
drop of a rod of high worth is more severe because of radial peaking. 

The original design of the Palisades plant included a turbine runback upon 
detection of a dropped rod. Later analysis showed that at the beginning of 
cycle, in manual mode, turbine runback could have unacceptable effects on 
reactor performance. Thus, the turbine runback feature has been disabled and 
is no longer used in response to a dropped rod. This change was approved when 
the power increase to 2530 MWt was granted. 

The rod-control system automatically withdraws rods when reactor power decreases. 
Detection of a dropped rod inhibits the withdrawal of other control rods by 
the automatic rod-control system. This prevents an increase in core power 
with a power tilt induced by flux depression around the dropped rod. No 
reactor trips are initiated. Following a rod drop, the operator should not 
withdraw rods. When conditions stabilize, the operator should reduce power 
until Tavg and Tref match. The Exxon analysis of the dropped-rod event is 
presented in Section 3.2 of Reference 5. The results show that margin to DNB 
is maintained. 

III.1.4 (6.4) Spectrum of Control-Rod-Ejection Accidents (Topic XV-12) 

The complete, sudden ejection of a control rod from the core can be caused by 
a failure of the control-rod housing such that system pressure expels the 
control rod. Ejection of a control rod results in a rapid increase in 
reactivity, energy production, and a corresponding pressure surge . 
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Signs that indicate a control-rod ejection include: 

1. Off-seal e neutron channel traces 
2. High-power-level trip 
3. High-startup-rate alarm 
4. Decrease in primary pressure 
5. LOCA signs 

Operator and automatic response to a control-rod ejection is similar to that 
for a loss-of-coolant accident, since ejection of the control rod could 
rupture the reactor coolant pressure· boundary. The consequences of this 
loss-of-coolant event are bounded by the analyses discussed in Section III.1-4 
(7.0). 

The control-rod-ejection event was analyzed in Section 14.16 of the FSAR 
(Ref. 2). Fuel rods with an average enthalpy greater than 200 cal/gm were 
assumed to experience clad damage, and those above 250 cal/gm, incipient 
centerline melts. Given these assumptions, a small fraction of fuel rods 
would suffer damage. 

For the Exxon reload core, this event was reanalyzed using the criteria given 
in SRP 15.4.8. The Exxon reanalysis in Section 3. 10 of Reference 5 utilized 
the XTRAN space-time code. This code is used in order to account for the very 
rapid changes in heat generation in response to the ejected control rod. The 
highest integral control-rod worth is used to assess this event. To maximize 
the peaking factors, a fully inserted control rod is assumed to be in the 
quadrant diagonally opposite to that containing the ejected rod. The power 
transient is turned by the Doppler coefficient of reactivity. - A high neutron 
flux trip may also occur. 

Two cases were considered: (1) beginning of cycle, ·hot zero power and (2) end 
of cycle, hot full power (102%). These conditions result in high worths and 
peaking factors. The zero-power case results in the highest enthalpy rise 
since the ejected worth is highest. The peak enthalpy is less than 250 cal/gm. 
The pressure rise does .not reach the pressurizer safety valve setpoint, and 
thus is below design limits. The hot full-power case is less severe. 

Therefore, the consequences of this accident satisfy the acceptance criteria 
of SRP 15.4.8. Radiological effects are discussed below in Section III.1.4 
(6.5).' 

III. l. 4 (6. 5) Radiological Consequences of a Rod Ejection (Topic XV-12) 

An analysis of the radiological consequences of a postulated control-rod-ejection 
accident has been performed by the staff following the assumptions and procedures 
indicated in Regulatory Guide 1. 77 (Ref. 40) and the Appendix to SRP 15.4.8, 
"Radiological Consequences of Control Rod Ejection Accident (PWR) 11 (see Ref. 7). 
The specific assumptions made regarding the plant conditions prior to ~he 
postulated accident and the expected responses are listed in Table 4 (see 
Section III.1.4 (3.3)). Supporting documentation is provided in References 2, 
6, 23, and 24 . 

In particular, it has been conservatively assumed that the accident is followed 
by.a complete loss of offsite power. Therefore, the plant is cooled down by 
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Table 4 Assumptions made in analysis of radiological consequences of 
postulated tube failure, main steamline failure, and 
control-rod-ejection accidents 

General assumptions 

1. Reactor power = 2650 MWt 
2. Loss of offsite power following the accident 
3. Primary coolant activity 2rior to the accident of 1.µCi/gm of dose 

equivalent I-131 and 100/E µCi/gm of noble gases 
4. Iodine spiking factor of 500 after the accident 
5. Primary coolant activity of 40 µCi/gm of dose-equivalent I-131 at time 

of accident for cases assuming a previous iodine spike 
6. Secondary coolant activity prior to the accident of 0.1 µCi/gm dose 

equivalent I-131 
7. Iodine decontamination factor of 10 between water and steam 
8. _0-2 hour X/Q for ground release at exclusion area boundary; 

boundary= 3.4 x 10-4 sec/m3 

For the steam generator tube failure accident 
1. Failed steam generator is not isolated during the first 2 hours following 

the accident. 
2. 98,000 lb of primary coolant leak to the secondary side of the failed 

steam generator through the failed tube during the first 2 hours (one-
half during the first 30 minutes) ~ 

3. All releases through the secondary side safety and relief valves 
4. No additional fuel clad failures as a result of the accident 

For the main steamline failure accident 
1. Total primary to secondary leak Tate of 1 gpm 
2. No additional fuel clad failures as a result of the accident 

For the control-rod-ejection accident 
1. Total primary to secondary leak rate of 1. gpm 
2. 0.3% of rods suffer clad damage 
3. 0.1% of rods have at least incipient center line melting 
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releasing secondary steam to the environment through the safety and relief 
valves. In addition, it has been assumed that 0.3% of the rods suffer clad 
damage and 0.1% of the rods have at least incipient centerline melting as a 
result of the accident. These assumptions are in accordance with current NRC 
licensing practice. The estimated site boundary doses resulting from this 
postulated accident (see Table 5) have been found to be within the 10 CFR 
Part 100 guidelines (Ref. 9) as specified in the Acceptance Criteria for 
SRP 15.4.8 (Ref. 7). 

On the basis of these results, we conclude that the Palisades plant design is 
acceptable with respect to the radiological consequences of a possible control
rod-ejection accident, and that the risk pr~sented by this postulated accident 
is similar to that of plants licensed under current criteria. 

Table 5 ~ccident doses at nearest site boundary 

2-hr dose, rem 

Accident Thyroid Whole body 

Tube failure 12. 0.4 

Tube failure with previous 60. 0.4 
iodine spike 
Steamline failure 1. 7 <0.01 

Steamline failure with 2.6 <0.01 
previous iodine spike 
Rod ejection 3.6 0.05 

Case 1 3.6 0.05 

Case 2 1.0 <0.01 

For this accident sequence it is assumed that an 
iodine spike was initiated some time before the 
acciden·t resulting in the highest coolant activity 
allowed by the technical specifications. 

** Case 1 assumed all releases through the secondary 
side safety and relief valves. Case 2 assumes all 
releases through the containment • 
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III.1.4 (7.0) Group VII Events 

Group VII events are infrequent incidents or limiting faults that involve a 
dec_rease in reactor coolant inventory, which leads to plant depressurization. 
The loss of inventory is caused by a breach of the reactor coolant system 
pressure boundary, from a valve opening, crack, or rupture of primary piping. 

III.1.4 (7. 1) Spectrum of Loss-of-Coolant Accidents (Topic XV-19) 

A loss of reactor coolant can result from a rupture of the primary coolant 
system piping. The break can range in size from a small leak which can be
controlled by makeup flow to a double-ended rupture of the largest pipe. The 
extent of system response depends on the size and location of the break; 
however, in general, a loss of coolant leads to plant depressurization and 
core heatup (resulting from stored energy and decay-heat generation). Severe 
accidents can cause core uncovery and fuel failures. 

One of the issues raised as part of the TMI Action Plan (Ref. 38) is 
consideration of core degradation and melting beyond the design basis. The 
U.S. Nuclear Regulatory Commission (NRC) will conduct rulemaking on this 
subject, and this will be done outside of the SEP. 

Reactor protection for loss-of-coolant accidents is initiated by low pressurizer 
pressure (thermal margin trip). For large breaks, no credit is taken for the 
negative reactivity insertion from the rods based on the assumption of 
deformation of the rod channels. Core voiding shuts down the core. Safety 
injection is actuated by either low pressurizer pressure or high containment 
pressure. Different safety injection systems are available to provide core 
cooling; which systems are most effective in providing cooling depends on the 
size and location of the break. For a small break, the pressure drops at a 
relatively slow rate, and high pressure injection and charging pumps provide 
the needed flow. The charging pumps are realigned to draw suction from the 
concentrated boric acid tanks via the concentrated boric acid pumps. Flow is 
injected into the normal charging connections. The HPSI pumps take suction on 
the SIRW tank and· inject through the HPSI lines, into the cold legs, once 
pressure drops below the HPSI shutoff head of 1225 psig. The LPSI pumps would 
also start, but would not inject until pressure drops below the shutoff head. · 

For a large break, the plant depressurizes very rapidly, and the low-pressure 
injection pumps and accumulators function to provide core cooling. The LPSI 
pumps and accumulators discharge into the same injection lines as the HPSI 
pumps. The LPSI pumps also take suction off the SIRW tank. The accumulators 
are a passive device, requiring only that a check valve open when system 
pressure drops below the nitrogen overpressure. 

For all break sizes, the actuation of the engineered-safeguards system requires 
a signal from either the low pressurizer pressure or high _containment pressure 
instrumentation. Each of these signals has a 2 out of 4 coincident logic. 
The actuating signal opens isolation valves in the injection lines and starts 
the emergency core cooling system (ECCS) pumps. Containment isolation occurs 
on either high containment pressure or high radiation. 
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Large Breaks--Extensive·analyses have been performed for a spectrum of break 
sizes. The most recent analysis was performed by Exxon using the WREM-II PWR 
ECCS evaluation model. This analysis was done at a reactor power level of 
2530 MWt and is presented in Reference 11. The analysis model has been found 
by NRC to be in conformance with Appendix K. This analysis shows that the 
most limiting break is a double-ended guillotine break at the pump discharge 
with a discharge coefficient (C0) of 0.6. 

For this break, the peak clad temperature (PCT) is 2179°F. The maximum local 
oxidation is less than 12%, with total oxidation percentage much less than 1%. 
The PCT is reached· 241.6 seconds after the break. 

For later cycles, the licensee evaluated the limiting break to ensure that the 
acceptance criteria are satisfied with the technical specification maximum 
allowable heat generator rate _(Ref. 22). 

Based upon the loss of offsite power and the worst single active failure, the 
minimum level of safety injection assumed is 1 of 3 high head pumps, 1 of 2 
low head pumps, 1 of 3 charging pumps, and all safety injection tanks; also, 
25% of the total flow is assumed spilling to containment through the break. 
The HPSI pumps are assumed to start within 21 seconds after the SIS. The LPSI 
pumps are assumed to start 28 seconds after the SIS. 

The worst single failure assumed for the large-break analysis is loss of a low 
pressure injection pump (Ref. 17). This failure is worse than a diesel generator 
failure for ECCS performance since containment-pressure-suppression systems 
would function, thus reducing backpressure and reflood rate. This effect 
overrides the lower flow delivery with injection valves not opening with a 
diesel failure. For the same reason, the event with offsite power available 
is more limiting sinte the pressure suppression begins earlier. For contain
ment temperature/pressure response; other single failures, such as a diesel, 
may be more limiting. The calculated PCT and oxidation percentages are less 
than the limits of 10 CFR 50.46 (Ref. 9). The NRC safety evaluation approving 
these analyses is found in Reference 6. 

As discussed in Section III.1.4 (3.1) a single failure of a check valve in an 
LPSI discharge line could result in overpressurization of the LPSI system by 
the HPSI pumps. Installation of interlocks to prevent opening of the LPSI 
motor-operated valves until RCS pressure decreases below the LPSI system 
design pressure will resolve this concern. 

Following a large-break LOCA, there are two main phases of ECCS operation: 
injection and recirculation. The injection phase is short term, and involves 
the rapid delivery of a large volume of borated water into the core for removal 
of stored energy. The SIRW tank is the source of water for the safety injection 
pumps. - The SI accumulator tanks also discharge. This phase continues until a 
low-low SIRW level is reached. 

Upon low-low level, the tank-control logic automatically transfers the suction 
for safety injection and containment spray to the containment sump. The sump 
suction valves open, the SIRW suction valves are closed, and the LPSI pumps 
are tripped. Component-cooling water is provided to the shutdown heat exchanger, 
which is used to cool the containment spray flow. -
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In the recirculation mode, water from the sump is used to supply the HPSI and 
containment spray pumps. This mode of operation can continue indefinitely, as 
water is recirculated from the sump, through the injection pumps to the core, 
out the break, and back to the sump .. The LPSI pumps can also be used for 
recirculation. · 

For long-term core cooling, and as the preferred method of preventing boron 
precipitation, components of the shutdown cooling system are used. The 
realignment should be done within 12 hours after the LOCA. The LPSI pumps 
take suction from a hot leg, pump reactor coolant through the shutdown cooling 
heat exchangers into the containment sump via the spray header. The HPSI 
pumps continue to inject flow into the cold legs and thus to the core. If RCS 
pressure drops below 20 psig, the LPSI pump discharge can be directed instead 
into the LPSI lines for return to the cold legs. The latter method (hot-leg 
suction to LPSI cold-leg injection) is also used during a normal cooldown from 
hot shutdown to cold shutdown. 

The HPSI system can also be realigned for hot-leg injection. Flow is directed 
from the sump by cross-connecting the HPSI. system to the charging system 
header, into the auxiliary spray line of the pressurizer and thus into the RCS 
via the pressurizer. This is an alternate method to that described above for 
preventing boron precipitation, and is used only if the hot-leg suction 
method cannot be made operational. This is an interim procedure to be used 
while a permanent solution is implemented. Prevention of boron precipitation. 
is further discussed under Topic IX-4. 

Containment cooling is a required function after a LOCA. The cooling systems 
reduce containment pressure and temperature to limit escape of radioactivity. 
There.are two independent, diverse, full-capacity systems ta accomplish the 
containment cooling function. The containment spray system, which is used to 
reduce containment pressure and temperature, initially takes suction from the 
SIRW tank, with hydrazine gravity fed to the spray line. During the recircu
lation mode, sodium hydroxid~ is added to the sump water at the suction to 
the pump. These additives improve iodine retention in the water so that less 
airborne radioactive iodine can leak from the containment. 

The containment fan coolers can also be used for containment heat removal. 
The fans automatically switch from slow to fast speed on a safety injection 
s i gna 1. Service water is used as the coo 1 i ng medium. 

Component cooling water is needed to provide water for the shell side of the 
shutdown heat exchanger and for engineered-safety-feature pump cooling. The 
service water system is the heat sink for the component. cooling water system 
and also for the fan coolers. The SIS automatically aligns these systems for 
emergency operation. Nonessential loads are isolated. 

Small Breaks--Plaht-specific analyses of both large and small breaks were 
prepared 1n 1971 by Combustion Engineering (Ref. 35). The CE analysis 
demonstrated that the large breaks are much more limiting than small breaks 
are. The Exxon analysis, therefore, concentrated on the large-break spectrum. 
The CE small-break analysis was considered applicable by the staff for the 
composite core. Later generic analyses by CE in 1974 confirmed that large-break 
LOCA resulted in higher PCT than do small breaks. 
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• The generic CE analysis of small breaks, conducted for the Calvert Cliffs plant 
at a power rating of 2560 MWt, are applicable for Palisades. The limiting 
break of the spectrum is the 1. O ft2 break, with a PCT of 1609°F. The peak 
percent zirconium oxidation is 1.1%. 

For small breaks, the HPSI. provides injection flow .. The worst single failure 
is a failure of one diesel generator, since thi.s can result in only one HPSI 
pump being available. Loss of offsite power is also assumed. The minimum 
ECCS flow delivered to the core is, therefore, 75% of the flow from one HPSI 
and 50% of the .flow from one LPSI pump. This is based on one HPSI and one 
LPSI pump on the diesel, all injection valves in the redundant HPSI header 
operable, with 25%- of the HPSI flow spilling to the containment. Since two of 
the four low-pressure injection valves are powered by the failed diesel, _two 
i nJection points are 1 eft. One of these two 1 i nes is assumed to be connect.ed 
to the break, so that only the remaining path, with 50% of the one LPSI pump 
flow, del.ivers to the core. 

Small-break LOCAs do not result in the rapid depressurization which occurs for 
the large breaks. For some break sizes, decay-heat removal through the steam 
generators is required since the energy removal through the break is less than 
core decay-heat input, and additional heat-removal capability is needed. The 
auxiliary feedwater system provides water to the generator, and steam is 
released via the atmospheric dump or safety valves. If heat removal via the 
generators cannot be maintained, the PORVs must be opened to reduce reactor 
pressure to remove decay heat (see below). 

The licensing basis, small-break LOCA analysis, with a single active failure 
showed that the consequences of a small break are well within the acceptance 
criteria of 10 CFR 50.46 (Ref. 9). 

Small-Break Post-TMI--In response to post-TM! requirements, Combustion 
. Engineering has provided g~neric analyses of various small~break LOCA scenarios. 
Coincident loss of offs-ite power and loss of one diesel generator were assumed.
Although not all of the modeling ~ssumptions and techniques are consistent 
with an Appendix K-type calculation for all cases, these analyses do provide 
useful information on plant response for a spectrum of small breaks with 
failures of the PORVs, or the auxiliary feedwater system. These analyses go 
beyond current licensing requirements in that multiple concurrent failures are 
postulated. 

For the larger breaks (0.1 ft2 ) within the small-break spectrum, loss of 
auxiliary feedwater has little effect since sufficient steam generator heat 
transfer is provided by boiling off of the initial inventory in the generators. 

The two-phase level in the vessel slowly decreases because of decay-heat 
boiloff. Some core uncovery occurs, but it is recovered by HPSI flow. Core 
peak centerline temperatures remain below melting temperatures during core 
uncovery. 

For smaller breaks (0.02 ft 2 ), .the effect of loss of auxiliary feedwater and 
thus of the steam generator heat sink, can be significant. Since the leak 

- rate is insufficient to.remove decay heat, the primary system repressurizes 
above the HPSI shutoff head. When steam begins to flow from the break, pressure 

- drops and HPSI flow is reinitiated. However, the flow rate is not enough to 
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match core boiloff, so level drops, resulting in core uncovery about 1 hour 
after the break. Initiation of auxiliary feed within 30 minutes would prevent 
core uncovery. Initiation within an hour would maintain core temperatures 
within acceptable limits. 

An alternate corrective action would be to open the PORVs within 10 minutes. 
This does not prevent core uncovery but does delay it for 2 hours. While 
partial uncovery does occur, the core level is shown to be recovering and the 
calculated clad temperature is less than 2200°F. 

For very small breaks (0.0005 ft2 ), auxiliary feedwater is also required. 
However, because of the s 1 ow leak rate, more time exists for -corrective . 
actions ,before core uncovery occurs. 

The effect of reactor coolant pump operation on small-break LOCAs has also 
been assessed. For hot-leg breaks, RCP operation has a potentially detri
mental effect because of redistribution of the coolant inventory. If the 
pumps fail or trip at the time of minimum inventory, the depth of core 
uncovery could be greater than previously predicted. An Appendix K licensing 
calculation was performed to determine possible corrective actions. The 
results show that the peak cl ad temperature wi 11 remain below the reference 
small-break licensing analysis if the pumps are tripped within 6 minutes of 
scram and safety inject.ion actuation. With two HPSis available, one RCP in 
each loop can operate and core uncovery does not occur. Emergency procedures 
have been revised to require the operator to trip the pumps very shortly after 
safety injection. A small delay is advisable so .that the flow coastdown 
occurs after the reactor scram. 

The staff is continuing its review of small-break LOCAs as part of the TMI 
Action Plan. 

Small-break LOCAs caused by inadvertent opening of a PORV are further discussed 
in Section III.1.4 (9.1). 

III.1.4 (7.2) Radiological Consequences of Loss-of-Coolant Accidents 
(Topic XV-19) 

An analysis of the radiological consequences of a postulated loss-of-coolant 
accident was performed in support of Amendment No. 31 to the Provisional 
Operating License issued on November 1, 1977 (Ref. 6). This analysis was 
performed following the assumptions and procedures indicated in the SRP 15.6.5 
(Revision O) (see Ref. 7) and Regulatory Guide 1.4 (Ref. 41). Supporting 

. documentati~n is provided in References 2, 6, 26, and 27. -

The estimated doses resulting from these postulated accidents have been modified 
to take into account the updated dispersion coefficients established in 
Topic II.2.C, 11 Atmospheric Transport and Diffusion Characteristics for Accident 
Analysis, 11 and are listed in Table 6. These doses are within the 10 CFR 
Part 100 guidelin~s (see ~ef. 9) as specified in the acceptance criteria for 
the SR~ 15.6.5 (Revision 0) . 
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Table 6 Estimated offsite doses for postulated loss-of-coolant accidents 

Containment 
leakage ECCS leakage 
contribution, contribution, Total, 

Dose rem rem rem 

Exel us ion area boundary dose 

Thyroid, 0-2 hr 110. 60. 170. 
Whole body, 0-2 hr 2. .15 2.2 

Low-population-zone dose 

Thyroid 

0 - 8 hour 20. 15 .. 35. 
8 - 24 hour 9.9 8.4 18. 

24 - 96 hour 9.3 16. 25. 
96 - 720 hour 19. 13. 32. 

Total, 0-30 day 58. 52 . 110. 

. Whole body 

0 - 8 hour .24 .025 .27 
8 - 24 hour . 060 .012 . 072 

24 - 96 hour .016 .0070 .023 
96 - 720 hour .024 .0034 .027 

Total, 0-30 day. .34 .047 .39 

On the basis of these results, NRC staff concludes that the radiological 
consequences resulting from this postulated accident at the Palisades plant 
are similar to those of plants licensed under current criteria. 

III.1.4 (7.3) Containment Pressure/Temperature Response (Topics VI-2 and 
VI-3) 

(Later) 

III.1.4 (7.4) . Radiological Consequences of Failure of Small Lines Carrying 
Primary Coolant Outside Containment (Topic XV-16) 

Rupture of small lines carrying primary coolant outside containment can allow 
primary coolant and the radioactivity contained therein to escape to the 
environment. SEP Topic XV-16 addresses the radiological consequences of such 
failures, encompassing those lines which carry primary coolant outside con
tainment during power. operation. The scope included those lines that. are not 
normally expected to be open to the primary system but can be opened during 
power operation (that is, reactor coolant sample lines, instrument lines, 
etc.). 
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All small lines carrying primary coolant outside containment were reviewed to 
ensure that any release of radioactivity from their postulated failure was a 
small fraction of the 10 CFR Part 100 (see Ref. 9) exposure guidelines. 
11 Small fraction 11 is defined in the Standard Review Plan to be no more than 10% 
of the 10 CFR Part 100 exposure guidelines. 

Lines which were excluded from the review included lines in which interlocks 
prevent opening during power operation such as the PWR residual-heat-removal 
lines. These lines are covered by two SEP topics, V-10.B, 11 RHR System 
Reliability, 11 and V-11.B, 11 RHR Interlock Requirements. 11 Main steamlines are 
considered in· SEP Topics-III. 5. B, 11 Pipe Break Outside Containment, 11 and XV-18, 
11 Radiological Consequences of Main Steamline Failure Outside Containment. 11 

The review of small lines carrying primary coolant outside containment was 
conducted in accordance with SRP 15.6.2 (see Ref. 7). The licensee was 
requested to provide plant-specific information such as the identification of 
lines covered by this topic, the size of these lines, break locations, flow, 
etc. The licensee responded to this request in a letter dated May 6, 1980 
(Ref. 32). 

A review of the May 6, 1980 Consumers Power submittal as well as an independent 
review of all lines connected directly to the primary system, was conducted. 
The analysis assumed that all the iodine contained in the leaked coolant was 
released directly to the auxiliary-building atmosphere. Operator action to 
isolate breaks was assumed to occur after a 20-minute delay. The primary 
coolant activity was set at the Palisades Technical Specification eguilibrium 
limits of 1 µCi/gm I-131 dose equivalent and gross activity of 100/E µCi/gm. 
The assumed primary coolant loss is within the makeup capability of the charging 
system and the time required to isolate the break (20 minutes) is reasonable 
for operator action and produces no significant reactor depressurization nor 
change in power level. As a result, no iodine spike was assumed to occur. A 
flow rate of 133 gpm was selected because it bounded the break flows for all 
the small lines penetrating containment which are connected directly to the 
primary system. The analysis did not take credit for plant features that 
tould potentially result in much earlier break detection and, therefore, 
earlier isolation and consequent dose reduction. For example, one of the 
lines analyzed for breaks, the letdown line in the chemical and volume control 
system (CVCS), has an automatic isolation feature on high letdown temperature 
as well as eves alarms such as high flow or low discharge pressure or flow at 
the outlet of the charging pumps which could result in break isolation earlier 
than assumed. 

Using the assumptions outlined above, the resultant thyroid and whole-body 
doses, 1.8 rem and 0.2 rem, respectively, are below the exposure guidelines of 
10% of the 10 CFR Part 100 limits and, therefore, comply with the SRP criterion . 
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III.1.4 (8.0) Group VIII Events 

These events are infrequent occurrences that lead to possible radioactive 
releases from fuel demaged by dropping a heavy load or through fuel handling. 

III.1.4 (8. l) Drop of Cask or Heavy Equipment (Topic IX-2) 

This event is being considered as a generic item and is discussed under 
Topic IX-2. 

lII.1.4 (8.2) Radiological Consequences of Fuel-Damaging Accidents (Inside and 
Outside Containment) (Topic XV-20) 

The safety objective of this topic is to assure that the offsite doses resulting 
from fuel-damaging accidents resulting from fuel handling are well within the 

·guideline value of 10 CFR Part 100 (see Ref. 9). 

The design-basis fuel-handling accident is postulated to damage one fuel 
assembly during fuel-handling operations either inside the spent fuel building 
or inside containment. The postulated consequences are given in Table 7. The 
assumptions and input parameters used in calculating the potential consequences 
are given in Table 8. Previous staff reviews are included in References 33 

. and 34. 

The analysis was performed following the assumptions and procedures indicated 
in SRP 15. 7. 4 (see Ref. 7) and Regulatory Gui de 1. 25 (Ref. 42). The acceptance 
criteria of SRP specify that the doses should be "appropriately within the 
guidelines 11 of 10 CFR Part 100. 11 Appropriately within the guidelines 11 has 
been defined by the staff as a thyroid dose less than 100 rem.· This is based 
on the probability of these accidents relative to the probability of other 
accidents.which are evaluated against the Part 100 exposure guidelines. 
Whole-body doses were considered but they are not controlling because of the 
decay of the short-lived.radioisotopes prior to fuel handling. 

On the basis of the results as given in Table 7, we conclude that the 
radiological consequences are appropriately within the guidelines of 10 CFR 
Part 100. 

Table 7 Calculated doses for fuel-handling accidents 

Location of accident 

In fuel-handling building 
Inside containment 
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2-hr dose, rem 

Thyroid Whole body 

Exclusion area boundary 

9 

91 

0.4 
0.4 
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Table 8 Assumptions used.in analysis of fuel-handling accident 

Parameter 

Power level· 

Operating time 

Peaking factor 

Number of fuel assemblies in core 

Value or basis. for value 

2650 MWt 

3 years 

1.65 

204 

Shutdown time before start of 

Activity release from pool 
Containment isolation 

refueling 48 hours 

for inside containment 

Filter efficient for 
filter on spent fuel 
pool building ventilation system 

0-2 hr, X/Q value, exclusion 
area boundary (ground level release) 
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III.1.4 (9.0) Group IX Events 

Group IX events involve a loss-of-coolant inventory due to inadvertent opening 
of a valve. These events are of infrequent occurrence. 

IIL4.4 (9.1) Inadvertent Opening of a PWR Pressurizer Relief Valve or BWR 
Safety Relief Valve (Topic XV-15) 

Tt:ie setpoint for opening of power-operated relief valves (PORVs) is the same 
as the reactor high-pressure scram, so PORV opening would not prevent a scram. 
The Palisades PORVs are isolated during normal operations by closing the block 
valves. This prevents inadvertent blowdown through the relief valve by a 
single active failure. No credit is taken in any of the analyses for automatic 
operation of the PORVs. However, given certain cases of multiple failures, 
such as a total loss of auxiliary feedwater, the PORVs may be used to depres- · 
surize the reactor coolant system and remove decay heat. Isolating the PORVs 
during normal plant operation could result in more frequent challenges to the 
safety valves. The safety valves have sufficient capacity for the most severe 

·overpressurization events. 

The spring-loaded safety valves are set to open at reactor pressures of 2485, 
2525, and 2565 psig. Normal system pressure is 2060 psia, so there is con
siderable margin for operation w-ithout approaching the safety valve setpoints. 

Thus, the most likely time for an inadvertent safety-valve blowdown to 
occur would be following an event, such as a loss of load without prompt 
reactor trip, in which the safety valve lifts and fails to reseat. Since the 
safety valves cannot be isolated, the blowdown would continue either until the 
valve reseats or until the plant is brought to cold shutdown. 

The probability of blowdown due to inadvertent PORV opening at Palisades is 
lower than at other CE plants since the block valves are closed. Post-TM! 
modifications have also resulted in improved valve-position indication; and 
assurance that the PORV and block valve can be closed (or opened) from the 
control room with emergency power. These features are important since the 
PORVs may need to be opened following some DBEs if the steam generator heat 
sink is unavailable. Testing of the relief and safety valves for two-phase or 
liquid flows is also required by the NRC post-TM! task forces. 

Before the accident at Three Mile Island, inadvertent opening of a PORV or 
safety valve was considered only as a small-break LOCA, and no specific 
analyses of PORV opening and its unique response characteristics were done. 
Generic analyses have been performed by CE in response to post~TMI require
ments for PORV opening together with failures in the feedwater system or lOss 
of ac power and diesel failure. However, these are not licensing calculations 
since the decay-heat rate assumed was 20% less than that required by Appendix K 
(see Ref. 9). These analyses were, however, more realistic in that they 
assumed multiple rather than single failures. Loss of offsite power, and thus 
RCP coastdown, was also assumed. 

The response to a stuck-open PORV is similar to that for a very-small-break 
LOCA (such as the 0.0005 ft2 break). Since the break is in the hot side of 
the primary system, the effects are less severe than for the equivalent size 
col d-1 eg break. 
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Initially pressure and level in the vessel drop as fluid is lost out the PORV. 
As the system continues to depressurize, HPSI flow begins to exceed leak flow 
and the reactor coolant system refills. No core uncovery occurs. 

If auxiliary feedwater is lost, the transient proceeds as above until steam 
generator heat transfer is degraded. Then RCS pressure begins to rise above 
the HPSI shutoff head. The core remains covered for more than an hour after 
the PORV lifts, providing time for operator action to restore auxiliary 
feedwater . 
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III.1.4 (10.0) Group X Events 

Group X events have a moderate frequency of occurring and lead to an increase 
in primary coolant inventory. These events could cause an increase inpressure 
and power. 

III.1.4(10.1) Inadvertent Operation of ECCS or CVCS Malfunction That Causes 
an Increase .in Coolant Inventory (Topic XV-14) 

An increase in primary coolant inventory can result from inadvertent safety 
injection or from malfunctions of the pressurizer level controls (chemical and 
volume control system). 

At normal operating conditions, starting an HPSI pump will not result in 
adverse consequences, since no flow will be delivered until pressure is below 
1500 psi (HPSI pump shutoff head). A minimum-flow line back to the SIRW tank 
protects the pumps from overheating. An inadvertent HPSI actuation could permit 
the HPSI to overpressurize the LPSI if one check valve leaked excessively, as 
discussed in Section III.1.4 (3.1). 

Startup of an HPSI pump during solid plant operations (low temperature/low 
pressure) was considered in the evaluation of the overpressure-protection 
system. Assuming the failure of one PORV, the consequences of this transient 
do not violate 10 CFR Part 50 Appendix G limits (see Ref. 9), and are con
sidered acce~table (Ref. 16). (See further discussion in Topic VII-3.) 

A malfunction of the pressurizer level control system, such as failure of a 
level transmitter, could result in the starting of all three charging pumps 
and closing of the letdown orifices. Assuming this situation continued 
unchecked, it would take 30 minutes to fill the pressurizer. After the pres
surizer fills, pressurizer pressure will increase sharply until a high-pressure 
reactor trip occurs. 

The analysis shows that the safety-valve setpoint is not reached, even assuming 
.the steam dump system does not operate. No credit is assumed for the operator 
action throughout the course of the transient. Alarms would sound for the 
mismatch of letdown and charging flow and for low level in the volume control 
tank. This analysis was performed in response to staff questions during the 
licensing review and is presented in Reference 2 . 
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III.1.4 (11.0) Group XI Events 

The Group XI events involve misleading of fuel assemblies in the core. 
Undetected errors could lead to power distribution anomalies and exceeding fuel 
limits. 

III.1.4 (11.1) Inadvertent Loading and Operation of a Fuel Assembly in an 
Improper Position (BWR) (Topic XV-11) 

This topic is not applicable to a PWR, such as Palisades . 

III-60 



( 
\.- t • • 

• III.1.4 (12.0) Group XII Events 

The Group XII events involve failures of steam generator tubes. Leaks from 
steam generator tubes are of moderate frequency but a tube rupture is an 
infrequent occurrence~ 

III. l. 4 (12.1) Steam Generator Tube Failure (Topic XV-17) 

Leakage from or rupture of a steam generator tube can result from corrosion or 
other material failure. The analysis assumes a leakage rate equivalent to a 
double-ended break of one tube. A steam generator tube rupture allows leakage 
of primary coolant, and thus radioactivity,· into the secondary system. 

For a s.mall leak, the chemical and volume control system (CVCS) can maintain 
the core inventory so no reactor trips occur. The fluid loss assocfated with 
a double-ended tube rupture exceeds the capacity of the charging pumps, so 
reactor coolant inventory and primary pressure decrease. After "-15 minutes, 
the thermal margin/low pressure scram trip setpoint would be reached and a 
reactor scram would occur. The turbine also trips and the atmospheric dump 
valves and the turbine bypass valve to the main condenser open. The continu
ing decrease in reactor pressure initiates the high pressure safety injection 
system. . 

With offsite power available, the atmospheric dump valves will close in response 
to the d~creasing reactor ~emperature, and the bypass valve to the condenser 
will handle the steam from decay heat. By procedure, the reactor coolant 
pumps (RCPs) are tripped when a safety injection is initiated. 

Although the RCPs are tripped after the safety injection, this scenario is 
less limiting than the loss-of-offsite-power case when the RCPs as well as the 
main condenser are unavailable. 

If loss of offsite power is assumed, the main circulating pumps are lost, so 
the condenser and bypass become unavailable. Steam is then released to the 
atmosphere through the atmospheric dump valves or. safety valves. 

The radiological consequences are thus more severe for the event with loss of 
offsite power. After 30 min.utes, the operator is assumed to start plant 
cooldown with the nonfaulted steam generator until the shutdown cooling system 
can be started, and the steam generators are isolated. The above discussion 
considers only automatic actions of the plant systems for 30 minutes. Earlier 
operator action could greatly reduce the adverse effects of a steam generator 
tube rupture. 

Upon detecting signs of a steam generator tube rupture, such as high 
radioactivity alarms, decreasing pressure, or additional charging pump initia
tion, the operator reduces plant load before the reactor trips. This minimizes 
the steam load to be dumped. By terminating feedwater to the generator having 
the ruptured tube and feeding only the intact generator, the operator can cool 
the plant down·, minimize steam generation in the leaking generator, and thus 
minimize release of radioactivity. The motor-driven auxiliary feedwater pump 
is used instead of the turbine-driven pump since the turbine exhaust is a 
release path for radioactive steam. Timely depressurization of the primary 
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system with spray (if RC~s are running) or with the PORVs also minimizes the 
radiological consequences. 

This event was analyzed in the FSAR (Ref. 2) in Section 14.15, at a reactor 
power level of 2650 MWt, assuming offsite power is available. Tube rupture 
with loss of offsite power was considered in Reference 19. The leaking steam 
generator was assumed to be isolated only after cooldown to the shutdown 
cooling system initiation point (3.6 hours). The analysis showed that the 
acceptance criteria were satisfied, since the doses were within the limits of 
10 CFR Part 100 ((Ref. 9) (see Section III.1.4 (12.2)). 

These analyses are applicable for present operating conditions at 2530 MWt. 

Consequences of multiple tube ruptures are currently not a licensing basis for· 
plants. They are, however, being· considered generically within the scope of 
the NRC Unresolved Safety Issue Program for Tasks A-3, A-4, and A-5. 

III. l. 4 (12. 2) Radiological Consequences of Steam Generator Tube Failure 
(Topic XV-17) 

The daub 1 e-ended severance of a steam generator tube is analyzed b.ecause the 
consequences of this postulated event could include the release of significant 
amounts of radioactive material. As compared to a small loss-of-coolant 
accident, this event assumes significant proportions because of the path 
created for the release of reactor coolant via the secondary side of the steam 
generator, out of the reactor containment structure to the turbine and/or 
condenser; should there be a concurrent loss of offsite power, radioactive 
material could pass to the environment through the safety and dump valves. 

Based on analyses of the types of tube degradation that have been observed at 
the Palisades steam generators, the most likely event would be the gradual 
increase of the primary to secondary leakage over a time period. To assure that 
the integrity of the steam generator tubes is maintained throughout the life of 
the plant, periodic inspections are performed as specified in the Palisades Tech
nical Specification 4.14. In addition, Technical Specification 3.1.5 limits the 
allowable primary to secondary leakage to 0. 6 gpm in any one steam generator. 

An analysis of the radiological consequences of a steam generator tube failure 
at the Palisades plant has been performed by the staff following the assumptions 
and procedures indicated in the SRP 15.6.3, 11 Radiological Consequences of a 
Steam Generator Tube Failure (PWR) 11 (see Ref. 7). The specific assumptions 
made regarding the plant conditions prior to the postulated accidents and the 
expected systems response are listed in Table 4.* Supporting documentation is 
provided in References 2, 23, 24, and 25. 

It has been conservatively assumed that the accident is followed by a complete 
loss of offsite power. Therefore, the plant is cooled down by releasing 
secondary steam to the environment through the safety and dump va 1 ves. It has · 
also been assumed that prior to the accident the primary and secondary coolant 
activities were at the maximum levels allowed by the Technical Specifications 3.1.4 

* The systems response to a steam generator tube rupture are discussed in 
Section III.1.4 (12.1). 
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and 3.1.5 (Ref. 25). The estimated site-boundary doses resulting from this 
postulated accident (see Table 5) have been found to be within the 10 CFR 
Part 100 guidelines (see Ref. 9) as specified in the Acceptance Criteria for 
SRP 15.6.3 (Ref. 7). . 

On the basis of these results, the staff concludes that the Palisades plant 
design is acceptable with respect to the radiological consequences of a possible 
steam generator tube failure, and that the risk presented by this postulated 
accident is similar to that of plants licensed under current criteria . 
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III.1.5 OCCURRENCES OF DESIGN-BASIS EVENTS 

The operational history of the Palisades Nuclear Plant was reviewed to determine 
_occurrences that initiated a design-basis event (DBE) as described in chapter 15 
of the Standard Review Plan, or that compromised safety .function of systems 
designed to mitigate the consequences of a DBE. 

Loss of normal feedwater flow, either partial or total, has caused three to 
four plant shutdowns per year .. This appears to cause a high number of demands 
on the auxiliary feedwater system, and thus emphasizes the importance of 
auxiliary feedwater system reliability. 

The rate of occurrence of other moderate frequency events is about as expected. 

Inadvertent closure of main steam isolation valves (MSIVs) has led to reactor 
shutdown in four instances. Plant systems functioned as required to protect 
the plant. Failure of an MSIV to close on demand is of concern from an 
accident-mitigation standpoint. There have- been some instances of such 
failure, particularly during the first few years of operation. 

In 1971, prior to commerci~l operation of the facility, inadvertent ope~ing of 
a power-operated relief valve (PORV) caused system depressurization for 
3 minutes until the operator closed the block valve. The plant now operates 
with the block valves closed. 

Palisades has experienced numerous losses of offsite power sources. In itself, 
this is not a significant safety concern, since the plant is designed to 
safely shut down with loss of offsite power. However, coupled with the large 
number of failures in the emergency diesel generator power system, the loss of 
offsite power could lead to degradation of safety functions. 

Other occurrences of possible safety concern include failures in safety systems 
affecting the ability to perform their safety function if required. One 
example is the loss of containment integrity that existed when two manual 
isolation valves were left open.after some testing. 

. I 
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II I. 1. 6 SUMMARY 

For the majority of the accidents and transients normally analyzed for a 
pressurized water reactor, the licensee has provided analyses which are in 
general conformance with current regulatory criteria. For some of ~he other 
events, NRC staff considers that the consequences are bounded by those of 
events that were evaluated. 

Based on our reviews of the steamline break accident, the staff considers that 
single failure concerns h~ve not been fully addressed. The licensee should 
demonstrate that the consequences of a steamline break from full or zero 
power, with or without offsite power can be successfully mitigated with minimum 
available equipment. The minimum safeguards should be determined with due 
consideration of technical specification operability requirements and the most 
limiting single failure. 

In addition, single failures in other systems that could worsen the severity 
of a break must be addressed. Inadvertent opening of an atmospheric dump 
valve on the intact steamline could iricrease the steam removal, and thus plant 
cooldown. Failure of the MSIV in the unbroken loop to close is another single 
failure to consider, which could result in extremely severe consequences for 
both the core and containment. As discussed in Section III.1.4 (3.1); the 
licensee will be required to install interlocks on the motor-operated LPSI 
valves to prevent opening until RCS pressure is below the LPSI system 
design pressure. 

Explicit analyses have not been provided for feedwater-line breaks or for loss 
of ac power to station auxiliaries. The staff has assessed the ability of the 
plant to respond to these events based on available information. However, the 
licensee should provide the basis for the lack of such analysis for the Palisades 
facility. 

In addition; for a feedwater-line break, the licensee should verify that the 
minimum flow of auxiliary feedwater needed for decay-heat removal is being 
delivered to the generators before steam generator dryout. The ability to 
isolate the break, and/or auxiliary feedwater to the affected main feedwater 
line is required. Since the valves are air operated, and fail so as to deliver 
flow, multiple operator actions may be required. As stated in the topic 
evaluation, these concerns may be resolved when the proposed auxiliary feedwater 
system modifications are complete. 

Generic analyses provided by Combustion Engineering for such events as loss of 
feedwater flow and small loss-of-coolant accidents, have been factored into 
the assessment of event consequences even though the calculations in some 
cases are ·not licensing calculations. 

The codes and evaluation models used by Exxon for the plant transient analysis 
have been previously accepted by the staff. Except as noted, the assumptions 
and initial conditions are considered acceptable. 
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Analyses provided in the FSAR were evaluated with unspecified Combustion 
Engineering codes. NRC staff considers that no additional review of these is 
needed on the basis that good agreement exists with later results from the 
Exxon codes, that these events are typically nonlimiting, and that earlier 
staff reviews accepted the results. 

It has been noted elsewhere (Ref. 26) that the CE small-break LOCA methods 
should be revised and resubmitted for NRC approval, and that a plant-specific 

. analysis with the revised methods should be provided. The schedule for this 
resubmittal, as part of the TMI Action Plan, is for after 1982. 

The licensee has stated that he wi 11 address sma 11-break LOCA analyses (for 
conformance to 10 CFR Part 50.46) through bounding analysis by the reactor 
vendor (CE), and that he does not believe that additional analyses are needed 
from the fuel supp 1 i er, Exxon. These subjects wi 11 be reso 1 ved as part. of the 
TMI Action Plan and not within the SEP. ' 

The radiological consequences of the postulated accidents and transients have 
been shown to be within the limits of 10 CFR Part 100. The staff has performed 
independent calculations of the doses for some of these events. 

For each of the accidents and transients, the staff has determined which 
systems function to mitigate the event and to bring the plant to a safe shutdown 
(Figure 1). SEP topics potentially applicable to these systems are identified 
in Figure 2. 

The systems are eva 1 uated through the SEP topics to assess .their ability to 
respond as required .. Deviations identified by the topic reviews will be 
evaluated in the integrated assessment to see how they affect design-basis-event 
performance. Bases on the interrelationships among topics, systems, and DBEs, 
balanced judgments concerning corrective measures will be made . 
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