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I . * 
INTRODUCTION 

This report addresses compliance of the Duane Arnold Energy Center (DAEC) to 
the requirements of the NRC ATWS rule, 10 CFR 50.62. This report is based on 
the General Electric licensing topical report for anticipated transients 
without scram (ATWS) NEDE-31096-P (Reference 1) which was prepared for the BWR 
Owners Group Committee on ATWS of which Iowa Electric is a participating 
utility.  

Section 1.0, Standby Liquid Control, provides the bases used to justify 
equivalency to the 86 gpm, 13-weight percent sodium pentaborate solution, ATWS 
rule requirement. This section also describes the standby liquid control 
system (SLCS) modifications performed at the DAEC to comply with the ATWS rule.  

Section 2.0, Alternate Rod Insertion, provides the design basis established by 
the NRC and the system performance requirements established by the BWR Owners 
Group for the alternate rod insertion (ARI) system. This section also 
describes the DAEC ARI system.  

Section 3, Recirculation Pump Trip, provides the design basis established by 
the NRC for the recirculation pump trip (RPT) system. This section also 
describes the DAEC RPT system.  

Section 4.0 is a list of references used in the preparation of this document.
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t e 0 
1.0 STANDBY LIQUID CONTROL 

1.1 INTRODUCTION 

This section establishes the bases to be used to determine equivalency of the 
DAEC standby liquid control system (SLCS) to the 86 gpm, 13-weight percent 
sodium pentaborate control capacity requirement stated in 10 CFR 50.62, the 
ATWS rule.  

1.2 DESIGN OBJECTIVES 

10 CFR 50.62, Paragraph (c)(3) states, in part: 

Each boiling water reactor must have a standby liquid 
control system (SLCS) with a minimum flow capacity and 
boron content equivalent in control capacity to 86 gallons 
per minute of 13-weight percent sodium pentaborate solution.  

The NRC provided clarification of equivalent control capacity in Generic 
Letter 85-03 (Reference 2) as follows: 

a. The "equivalent in control capacity" wording was chosen to allow 
flexibility in the implementation of the requirement. For example, 
the equivalence can be obtained by increasing flowrate, or boron 
concentration, or boron enrichment.  

b. The 86 gallons per minute and 13-weight percent sodium pentaborate 
were values used in NEDE-24222, "Assessment of BWR Mitigation of 
ATWS, Volumes I and II," December 1979, for BWR/4, BWR/5, and BWR/6 
plants with a 251-inch vessel inside diameter. That different values 
would be equivalent for smaller plants was recognized in NEDE-24222: 

A plant meets the equivalency requirement if it is capable of reaching the 
same reactor water boron concentration in the same amount of time as the 
reference plant. Equivalency of a specific plant to the reference plant is 
calculated using a simple ratio of plant values. The 86 gpm requirement is 
based on a 251-inch diameter reactor pressure vessel. The DAEC reactor is 
183 inches in diameter. Therefore, the required flowrate is 52.4 gpm with a 
naturally enriched concentration of at least 11.2%.  

1.3 DESIGN BASIS REQUIREMENTS 

The existing (or original) design basis for the SLC system is to provide a 
soluble boron concentration to the reactor vessel sufficient.to bring the 
reactor from full power to a cold xenon-free shutdown condition. The SLC 
system was designed to provide the specified cold shutdown concentration in 1 
to 2 hours. During reload licensing evaluations, this shutdown concentration 
is verified by analysis to be adequate to render the core suberitical at cold 
(20*0C) condition.  

The ATWS rule adds injection rate requirements that exceed, but do not become 
a part of, the generic SLC system design basis. Changes to flowrate, solution 
concentration, or boron enrichment, to meet the ATWS rule, must not invalidate 
the original SLC system design basis.
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1.4 DAEC DESIGN IMPLEMENTATION 

To meet the ATWS requirements and to preserve the original SLC design basis, 
the minimum solution concentration as defined in the DAEC technical 
specifications has been increased from 9.8 to 11.8 weight percent.  

This ensures that the new control capacity was equivalent to the original 
design basis of 750 ppm (600 ppm + 25% margin). The new minimum concentration 
of 11.8 percent was then checked to ensure compliance with the equivalent 
control capacity requirement of 10 CFR 50.62.  

The minimum flowrate of 52.4 gpm (based on the DAEC Technical Specification 
pump requirements of 26.2 gpm per pump), of 11.8-weight percent sodium 
pentaborate, exceeds 10 CFR 50.62 requirements. In accordance with 
Reference 3, the increased injection rate has no significant effect on the 
boron mixing coefficient when compared to single-pump injection.  

The ATWS hardware modifications consist of replacing the existing 
three-position keylocked switch on the control room console with a 
two-position keylocked switch. Switching to start activates both injection 
pumps, opens both explosive valves, and trips and isolates the reactor water 
cleanup system.  

The acceptability of the existing suction piping for dual-pump operation was 
verified by special test procedure (SpTP) 124 (Reference 4). This test also 
verified that modifications were not required to either the pump suction or 
discharge piping due to pump synchronization. The acceptability of the 
existing discharge piping for dual-pump operation was verified by NEDC-30859-1 
(Reference 5). This analysis indicated that line losses were acceptable and 
that sufficient margin remaining between the SLC relief valve setpoints and 
maximum system operating pressure.
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2.0 ALTERNATE ROD INSERTION 

2.1 INTRODUCTION 

This section describes the NRC design criteria for the alternate rod insertion 
(ARI) system for the DAEC, as required by the ATWS rule 10 CFR 50.62.  

This section also describes the criteria and performance objectives developed 
by the BWR Owners Group for ARI and a description of the DAEC ARI design.  
Table 2-1 (checklist) is provided to demonstrate compliance of the DAEC ARI 
design to the ATWS rule requirements.  

2.2 DESIGN OBJECTIVES 

10 CFR 50.62, Paragraph (c)(3) states: 

Each boiling water reactor must have an alternate rod 
injection (ARI) system that is diverse (from the reactor 
trip system) from sensor output to the final actuation 
device. The ARI system must have redundant scram air 
header exhaust valves. The ARI must be designed to perform 
its function in a reliable manner and be independent (from 
the existing reactor trip system) from sensor output to the 
final actuation device.  

2.3 DAEC DESIGN IMPLEMENTATION 

The DAEC ARI/RPT logic design is depicted in Figure 2-1. This logic also 
provides the recirculation pump trip signal. The logic is based on the 
Monticello RPT logic (Figure 3-2), in that it requires a two-out-of-two level 
or pressure signal to initiate the ARI actuation signal. The ARI solenoid 
valves are sized such that either logic train can depressurize the scram air 
header and insert the control rods within the timing criteria outlined in 
Reference 3 and as evaluated below.  

Using the performance objective given in Reference 3 of 10 seconds for rod 
insertion after the initiation of rod movement and assuming that rod movement 
begins immediately after change in state of the scram discharge valves, the 
DAEC ARI design will complete rod insertion, within the criteria given in 
Reference 3 which requires rod insertion motion to begin within 15 seconds and 
be completed within 25 seconds from ARI initiation time.  

The actual time required for header depressurization will be verified by test 
as part of the post-installation modification testing process. The capability 
for manual actuation is also provided.  

The addition of the ARI system modifies and enhances the existing RPT system 
by the insertion of control rods as an additional shutdown measure. As 
required by 10 CFR 50.62, the additional path to reactor shutdown provided by 
ARI is diverse and independent from the reactor protection system (RPS) up to 
the scram air header. The ARI/RPT logic is totally independent of the RPS 
except for annunciation. The ARI/RPT logic and the RPS logic both use the 
same nondivisional annunciator system for control room annunciation. Contact 
isolation is provided to isolate the annunciator portion of the ARI/RPT
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circuits from the circuitry required for ARI/RPT initiation. There is no 
failure of the annunciator that can cause an ARI/RPT logic failure. The ARI 
is common to the normal shutdown components only in the scram air header, 
scram inlet and discharge valves, the control rod drives, and the control rods.  

The automatic signal to initiate the ARI function will come from high reactor 
vessel pressure or low-low reactor vessel water level. The high reactor 
vessel pressure setpoint is such that a normal scram should already have been 
initiated at the time its setpoint is reached and the low reactor vessel water 
level setpoint will be set lower than reactor vessel low waterlevel scram 
setpoint. The ARI/RPT setpoints are identical to the existing, PJet6T hts. The 
ARI.system is designed to minimize the possibility of inadvertent actuation.  

The ARI/RPT logic is energize to trip and is powered from divisional 125 V de 
batteries. Separate contacts of the same level sensors are used in the 
ARI/RPT and nuclear steam supply shutoff (NSSS) systems. RPV pressure sensors 
are dedicated for ARI and are not shared with any other system.  

Each ARI logic train has sensors located on different sense lines to eliminate 
the possibility of a single instrument sense line failure and/or isolation 
causing inadvertent actuation.  

The instrument sense lines associated with instrument racks are installed as 
safety-related and are seismically supported. However, a single reference leg 
instrument sense line failure and/or isolation can cause a failure of both 
ARI/RPT logic trains to respond to an ATWS event. This is acceptable as: 

a. NRC guidance accompanying the ATWS rule (Reference 6) does not 
require these systems to be redundant or to function during or after 
a seismic event or design basis accident.  

'b. The ARI/RPT system is a tertiary level system and is a backup to the 
normal scram and backup scram systems.  

c. Sense line failure is not a design basis for the ATWS modifications 
for the following reasons: 

i) Instrument sensing lines failures are not anticipated transients.  

ii) Purpose of low level setpoints is for loss of feedwater 
transients as a backup to RPS and possible loss of ac power 
transients (which causes loss of feedwater) and not for small 
break LOCAs.  

The ARI logic incorporates a seal-in feature to allow rod insertion to be 
completed. After removal of the initiating signal, the logic will 
automatically reset (after a preset time delay to allow completion of the ARI 
function) to allow manual scram if necessary. Each ARI logic train is 
equipped with a test switch which isolates the outputs and allows testing at 
power without causing inadvertent actuation.  

All ARI/RPT system components are located in mild environment areas. These 
components have been procured to the temperature, pressure, humidity, and 
radiation levels associated with design basis accidents and anticipated
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1 10 operational occurrences or the equipment's installed location. Because these 
levels exceed environmental parameters associated with anticipated operational 
occurrences, the equipment is qualified to the environmental conditions that 
may be associated with an ATWS event.  

Likewise, all ARI system components, with the exception of the ARI solenoid 
valves, are seismically supported. The ARI valves are located on the scram 
air header which is nonseismic. In addition, ATWS modifications are designed, 
procured, and installed as Class 1E in accordance with Iowa Electric's 
10 CFR 50 Appendix B quality assurance program, which exceeds the quality 
assurance requirements outlined in NRC Generic Letter 85-06 (Reference 7).
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2.4 PLANT SPECIFIC REVIEW CHECKLIST 

The following checklist (Table 2-1), prepared by thelNRC Staff, 
(Reference 8), is provided for assessing the acceptability of the DAE ARI 
design.  

TABLE 2-1 

CHECKLIST FOR PLANT SPECIFIC REVIEW OF 
ALTERNATE ROD INJECTION SYSTEM

Yes No Remarks

1. ARI SYSTEM FUNCTION TIME 

Rod injection motion will begin within 15 seconds 
and be completed within 25 seconds from ARI 
initiation.  

2. SAFETY-RELATED REQUIREMENTS 

a) Class 1E isolators are used to interface 
with safety-related systems.  

b) Class 1E isolators are powered from a 
Class 1E source.  

c) Isolator qualification documents are 
available for NRC staff audit.  

3. REDUNDANCY 

The ARI system performs a function redundant 
to the backup scram system.  

4. DIVERSITY FROM EXISTING RPS 

a) ARI system is energize-to-function redundant.  

b) ARI system uses de powered valves.  

c) Instrument channel components (excluding 
sensors but including all signal conditioning 
and isolation devices) are diverse from the 
existing RPS components.  

5. ELECTRICAL INDEPENDENCE FROM THE EXISTING RPS 

a) ARI actuation logic separate from RPS logic.  

b) ARI circuits are isolated from safety
related circuits.

X

NA 

NA

___ Note 1 

Note 1 

Note 1

I 

I 

I 

x 

I 

NA Note 1
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TABLE 2-1 (continued)

Yes No Remarks

6. PHYSICAL SEPARATION FROM THE EXISTING RPS 

a) ARI system is physically separated from RP 

7. ENVIRONMENTAL QUALIFICATION 

ARI equipments are qualified to conditions dur 
an ATWS event up to the time the ARI function 
completed.  

8. QUALITY ASSURANCE 

a) Comply with Generic Letter 85-06 

9. SAFETY-RELATED POWER SUPPLY 

a) ARI system power independent from RPS 

b) ARI system can perform its function 
during any loss-of-offsite power event.  

10. TESTABILITY AT POWER 

a) ARI testable at power 

b) The bypass features conformancy to 
bypass criteria used in RPS 

11. INADVERTENT ACTUATION 

a) ARI actuation setpoints will not challenge 
scram.  

b) Coincident logic is utilized in ARI design 

12. MANUAL INITIATION 

a) Manual initiation capability is provided.  

13. INFORMATION READOUT 

a) Information readout is provided in main 
control room.

xS.  

ing 
is

X 

X 

X 

X 

x 

X 

X 

X 

X Note 2 

X
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TABLE 2-1 (continued) 

Yes No Remarks 

14. COMPLETION OF PROTECTIVE ACTION ONCE IT IS 
INITIATED X 

Notes 

1. The DAEC ARI logic is designed and installed as Class 1E. Therefore, 
isolation devices are not required to interface with other safety-related 
systems of the same division. !The manual initiation crossties and the 
interfaces with the nondivisional annunciators meet applicable plant 
isolation criteria.  

2. Manual initiation requires both logic trains to be functional. The system 
is manually initiated by simultaneously pushing both ATWS trip pushbuttons 
in the control room. Failure of one logic train or loss of the power 
supply of one logic train will disable the capability for manual 
initiation. This is acceptable because the ATWS rule does not require the 
ARI/RPT system to be single failure proof. In the event of an ATWS event 
concurrent with a power supply failure or an inoperable logic train (except 
for sense line failures), the remaining ARI/RPT logic will detect the ATWS 
event, initiate ARI, and trip both recirculation pumps.
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3.0 RECIRCULATION PUMP TRIP 

3.1 INTRODUCTION 

This section describes the design criteria for the recirculation pump trip 
(RPT) system for the DAEC as required by the ATWS rule 10 CFR 50.62.  

3.2 DESIGN OBJECTIVES 

10 CFR 50.62, Paragraph (c)(5) states, in part: 

Each boiling water reactor must have the requirement to 
trip the reactor coolant recirculation pumps automatically 
under conditions indicative of an ATWS.  

3.3 DESIGN BASIS REQUIREMENTS 

The design basis for the recirculation pump trip system is to trip the reactor 
recirculation pumps to reduce power from 100% to approximately 30% following a 
transient and failure to scram. I 

3.4 DAEC DESIGN IMPLEMENTATION 

The original DAEC ATWS-RPT design is identical to the BWR/4 RPT design as 
shown in Figure 3.1.  

The DAEC ATWS Assessment (Reference 5) indicated that the the existing DAEC 
design meets the specific guidance associated with the ATWS rule.  

However, for reasons of increased reliability and to minimize the potential 
for inadvertent trips, Reference 5 recommended that the existing BWR/4-RPT 
logic be replaced by a combined ARi/RPT logic based on the Monticello logic 
(Figure 3-2) for the following reasons: 

a. The Monticello logic provides for redundant trips of both 
motor-generator sets.  

b. The Monticello 2/2/2 logic reduces the potential for spurious trips 
that would be expected from the current DAEC logic of 1/2 for each 
recirculation pump (i.e., an inadvertent trip at a single sensor will 
trip one motor-generator set at the DAEC).  

c. The present DAEC logic requires the use of test switches to prevent 
tripping one motor-generator set during surveillance testing of the 

I level and pressure sensors. By contrast, the Monticello logic 
requires no test switches.  

The existing DAEC BWR/4 RPT (Figure 3-1) logic is being replaced by a combined 
ARI/RPT logic (Figure 3-3).
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The DAEC ARI trip logic described in Section 2.3 also provides the 
recirculation pump trip signal. The DAEC RPT design is based on the 
Monticello logic with the following exceptions: 

a. The DAEC RPT logic trips the end of cycle (EOC) RPT breakers rather 
than the generator field breaker. Tripping the EOC breakers results 
in faster pump coastdown and, hence, a faster reduction in reactor 
power.  

Existing interlocks will trip the motor generator drive motor breaker 
upon detection of an EOC breaker trip effectively isolating the motor 
generator set.  

b. The DAEC RPT logic provides the capability for manual operator 
initiation. Manual initiation requires both logic trains to be 
functional. The ARI/RPT system is manually initiated by 
simultaneously pushing both ATWS trip pushbuttons in the control 
room. Failure of one logic train or loss of the power supply for one 
logic train will disable the capability for manual initiation. This 
is acceptable because the NRC guidance to the ATWS rule (Reference 6) 
does not require the ARI/RPT system to be single failure proof. In 
the event of a ATWS event concurrent with a power supply failure or 
an inoperable logic train (except for sense line failures), the 
remaining ARI/RPT logic train will detect the ATWS event, initiate 
ARI, and trip both recirculation pumps.  

c. The DAEC RPT logic delays recirculation pump trip on low-low water 
level for 9 seconds to allow the low-pressure coolant injection 
(LPCI) system loop selection logic to complete its function. This 
function is detection of recirculation line break and selection of 
the LPCI injection point.1 No time delay is provided on a high RPV 
pressure signal.  

The DAEC design uses sensor logic arranged in a two-out-of-two for level 
and/or pressure. This design consists of two identical logic trains. Each 
train is powered from the 125 V dc divisional batteries and has the capability 
to independently trip both recirculation pumps (by tripping one of the two EOC 
breakers in each pump train) and initiate ARI (by opening its respective ARI 
solenoid valve).  

For description of specific ARI/RPT logic design features, see Section 2.3.
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3.5 COMPLIANCE WITH NPCRITERIA 

3.5.1 Comparison of the BWR/4, DAEC and Monticello RPT Systems 

Table 3-1 presents a summary of the similarities and differences between the 
BWR/4 design (the original DAEC design), the current DAEC ARI/RPT design, and 
the Monticello design.
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TABLE 3-1 

RPT DESIGN COMPARISON 

BWR/4 DESIGN/MONTICELLO DESIGN/DAEC ARI/RPT DESIGN

Original BWR/4 Design(l) 
(Figure 3-1).

Trip logic 1/2 (level or pressure) 
to trip each motor
generator set

Pump trip

Breaker used for trip

Tripping power source 

Independence from RPS

Logic A&C for pump A 
Logic B&D for pump B 

RCP drive motor breaker 
one coil(1 )

RCP drive motor breaker 
de(3) control power 

ECCS sensors used 
(where possible)

Monticello Design(1) 
(Figure 3-2) 

2/2/2 (level or pressure) 
to trip both motor
generator sets 

Logic A&C for Pumps A&B 
Logic B&D for Pumps A&B 

Generator field breaker(2 ) 
two coils (redundant 
trip) 

Essential de Divisions 1 
and 2 

ECCS sensors used 
(where possible)

DAEC ARI/RPT Design(1 ) 
(Figure 3-3)

2/2 (level or pressure) to trip 
both EOC breakers(4)

Logic A&C for Pumps A&B 
Logic B&D for Pumps A&B

Logic A&C 
1A501 and 
Logic B&D 
1A502 and

trips EOC breakers 
lA601(6) 
trips EOC breakers 
1A602(6)

Essential de Divisions 1 and 2 
(one power supply per logic train) 

ECCS level sensors used(5 ).  
dedicated pressure sensors used

(1)Plants may utlize a combination of these standard designs.  
(2)Some plants utilize EOC RPT breakers for the ATWS trip.  
(3)Some plants utilize de power from these standard designs. This is acceptable provided the power supply is 

available during LOOP.  
(4)Also opens ARI solenoid valves.  
(5)Separate contacts of the same level sensors are used in the ARI/RPT and NSSS systems 
(6 )Tripping the EOC breakers will automatically trip the reactor recirculation pump motor generator set drive 

motor breaker
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3.5.2 Plant-Specific Review Checklist 

The following checklist (Table 3-2), prepared by General Electric, 
(Reference 5) is provided for assessing the acceptability of the DAEC RPT 
design.  

TABLE 3-2 

DAEC RPT 
ASSESSMENT CHECKLIST

Topic

Safety-related 

Redundancy

NRC Guidance

Not required 

Not required

DAEC Compliance 

Yes, with the exception for 
single failure criteria.  

Yes, except for single failure 
in sense line and for manual 
trip when power supply of logic 
fails in one division.

Diversity 

Separation 

Environmental 
Qualification 

Seismic 
Qualification 

Quality Assurance 

Safety-Related 
Power Supply 

Testability 

Electrical Inde
pendence (from RPS) 

Physical Separation 
(for RPS)

To extent possible 

Not required unless 
there is no separation 
in existing RPS 

To anticipated opera
tional occurrence 

Not required 

NRC Generic Letter 
85-06 

Not required 

Yes 

Yes 

Yes

1807d
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Yes 

Yes 

Yes 
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Yes

3-8



4.0 REFERENCES 

1. NEDE-31096-P, "Anticipated Transient Without Scram Response to NRC ATWS 
Rule, 10 CFR 50.62," dated December 1985 

2. USNRC Generic Letter 85-03, "Clarification of Equivalent Control Capacity 
for Standby Liquid Control Systems," dated January 28, 1986 

3. NEDC-30921, "Assessment of ATWS Compliance Alternatives," dated March 1985 

4. Duane Arnold Energy Center Standby Liquid Control Dual-Pump Test Report, 
dated April 1986 

5. NEDC-30859-1, "Duane Arnold ATWS Assessment," dated March 1985 

6. Federal Register Vol. 49, No. 124, dated June 26, 1984 

7. USNRC Generic Letter 85-06, "Quality Assurance Guidance for ATWS 
Equipment That is Not Safety-Related," dated April 16, 1985 

8.. Letter, R. Gilbert to L. Liu, "ATWS Rule (10 CFR 50.62): Plant Specific 
Reviews," Jan. 8, 1987

1808d 4-1


