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DETAILS

1. Persons Contacted

Baltimore Gas and Electric Comoany

Mr. J. Carroll, Performance Engineer
*Mr. R. Douglass, Chief Engineer
Mr. J. Hill, Outage Coordinator
Mr. D. Lathan, Performance Engineer

*Mr. W. Lippold, Nuclear Ergineer
*Mr. L. Russell, Nuclear Plant Engineer-0perations
Mr. J. Watson, Shift Supervisor

Combustion Encineerina

Mr. J. O' Leary, Supervisor
Mr. D. Goddard, Supervisor

The inspector also interviewed several other licensee employees
during this inspection. They included reactor operators, plant
operators, technical staff and general office personnel.

denotes those present at exit interview.*

2. Control Element Assembly (CEA) Guide Tube Modification

Several CEA guide tubes have been found to contain wear areas at
operating reactors whose fuel and nuclear steam supply system were
supplied by Combustion Engineering Company. The supplier has deter-
mined that the wear areas are the result of vibrating motion of the
control assembly element in the guide tubes. The licensee initiated
a program with Combustion Engineering to determine the amount of
guide tube wear experienced at Calvert Cliffs Unit 2 and the safety
significance of the wear during future plant operation.

a.

THIS PARAGRAPH INTENTIONALLY LEFT BLANK. IT CONTAINED 10 CFR 2.790
INFORMATION, NOT FOR PUBLIC DISCLOSURE

.
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b. Procedures

The inspector reviewed the following procedures which were used
to control the modification.

FH-15, Eddy Current Testing of CEA Guide Tubes in Refueling--

Pool, Revision 1, dated September 22, 1978.

-- FH-18, CEA Guide Tube Sleeve Insertion in New Fuel Racks,
Revision 2, dated September 6,1978.

FH-19, Sleeve Insertion in CEA Guide Tubes in Spent Fuel--

Racks, Revision 2, dated September 22, 1978.

The procedures had been reviewed and approved by the appropriate
personnel. The unreviewed safety question aspect of the modifi-
cation was completed in accordance with 10 CFR 50.59(b).

c. Records

The inspector reviewed the records attesting to the qualification
of personnel and equipment used to affect the guide tube modifi-
cation. No significant discrepancies were observed.

d. Observation of Sleevina Ooeration

The inspector toured t;ie spent fuel pool area and observed portions
of the sleeving operation. The sleeving operation and the qualifi-
cation of the tools were conducted in accordance with the procedure.

No items of noncompliance or deviations were disclosed.

3.

THIS PARAGRAPH INTENTIONALLY IEFT BLANK. IT CONTAINED 10 CFR 2.790
INFORMATION. NOT FOR PUBLIC DISCLOSURE.
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THESE PARAGRAPHS INTENTIONALLY LEFT BLANK. THEY CONTAINED
10 CFR 2.790 INFORMATION, NOT FOR PUBLIC DISCLOSURE.

4. ,Refuelina Preoarations

a. The inspector reviewed the following procedures in preparation
for the Unit 2 refueling and discussed them with the licensee.

-- FH-1, New Fuel ar.d Control Element Assembly Handling,
Inspection and Storage, Revision 10, December 31, 1976.

-- FH-6, Core Refueling Procedure, Revision 2, September 9,
1976.

-- FH-12, Eddy Current Testing of CEA Guide Tubes in Refueling
Pool, Revision 1, September 20, 1978.

-- FH-13, Irradiated Fuel Inspection Using Combustion Engineering
Comprehensive Fuel Inspection Stand, Revision 1, September 20,
1978.

QAP-4, Procurement of Nuclear Fuel Assemblies, Revision 4,--

June 6,1978.

.
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QAP-23, Out of Core Fuel Management.--

-- STP-0-59-2, Refueling Machine Load Test, Revision 1,
September 26, 1978.

STP-0-55-2, Containment Integrity Verification, Revision 5,--

April 27,1978.

STP-0-60-02, Containment Purge System Isolation Test,--

Original, July 21, 1976.

-- STP-0-61-2, Source Range Instrument Channel Check, Revision 1,
March 27, 1978.

b. The inspector determined by direct observation and record review
that the following pre-fuel handling activities had been completed.

Technical Specification requirements--

Refueling equipment operation--

-- Radiation monitor surveillance
Source range surveillance--

-- Baron concentration of reactor vessel and fuel pool
-- Ventilation requirements.

No items of noncompliance were identified.

5. Fuel Handlina Activities

The inspector verified by direct observation and record review that
fuel handling activities were being conducted in accordance with
approved procedures and Technical Specification requirements. Items
inspected included:

Core monitoring during refueling was as required.--

Boron concentration was as specified.--

Fuel insertion and removal was conducted in accordance with--

approved procedures.

-- Fuel accountability was in accordance with licensee procedures.

-- Refueling area housekeeping and health physics monitoring was
satisfactory.
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-- Refueling crew and control room staffing met Technical
Specification requirements.

-- A Senior Reactor Operator with no other concurrent duties
directly supervised all fuel handling.

Reactor vessel and spent fuel pool water levels were maintained--

at proper levels.

-- Communications were maintained between refueling operators and
the control room.

Containment integrity was established and maintained as--

required.

-- Shutdown cooling flow was maintained as required.

No items of noncompliance were identified.

6. Exit Interview

The inspector met with licensee representatives (denoted in paragraph 1)
at the conclusion of the inspection on September 29, 1978. The
purpose, scope and results of this inspection, as stated in this
report, were discussed.
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operating to hot shutdown considered the requirement that t% capability

exists to perform this operation from cutside the control room. The revi w

was augmented as necessary to assure resolution of the applicable topics,

except as noted below:

Topic V-ll.A (Requirements for Isolation of High and Low Pressure Systems)

was examined only for application to the Residual Heat P.emoval (RHR) system.

Other high pressure / low pressure interfaces were not investigated.

.

Tcpic IX-3 (Station Service and Cooling Water Systems) was only reviewed to

consider redundancy and seismic and quality classification of cooling water

systems that are vital to the performance of safe shutdown system components.

The criteria against which the safe shutdown systems and components were

compared in this review are taken from the: Standard Review Plan (SRP)

5.4.7, " Residual Heat Removal (RHR) System"; Branch Technical Position RSB

5-1, " Design Requirements of the Residual Heat Removal System"; and Regulatory

Guide 1.139, " Guidance for Residual Heat Removal. ' These documents represent

current staff criteria for the review applications for operating licenses.

Ths comparison of the existng systems against the current licensing criteria

led naturally to at least a partial comparison of design criteria, which

will be input to SEP Topic III-1, " Classification of Structures, Components

and Systems (Seismic and Quality)."
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As noted above, the six topcs were considered while neglecting possible

interactions with other topics and other systems and components not directly

related to safe shutdown. For example, Topics II-3.B (Flooding Potential

and Protection Requirements), II-3C (Safety-Related Water Supply), III-4.C

(Internally Generated Missiles), III-5.A (Effects of Pipe Break on Structures,

Systems, and Components Inside Containment), III-6 (Seismic Design

Considerations), III-10.A (Thermal-Overload Protection for Motors of

Motor-Operated Valves), III-11 (Component Integrity), III-12 (Environmental

Qualification of Safety-Related Equipment) and V-1 (Compliince with Codes

and Standards) are among several topics which could be affected by the

results of the safe shutdown review or could have a safety impact upon the

systems which were reviewed. These effects will be determined by later

review. This review did not cover, in any significant detail, the reactor

protection sytem nor the electrical power distribution system both of which

will be reviewed later in the SEP.

The major factor in assessing the safety margin of any of the SEP facilities

depends upon the ability of provide adequate protection for postulated

Design Basis Events (DBEs). The SED topics provide a major input to the

DBE review, both from the standpoint of assessing the probability of certain

events and that of determining the consequences of events. As examples,

the safe shutdown topics pertain to the listed DBEs (the extent of applic-

ability will be determined during the CBE review for Dresden 1):
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Impact Upon Probability
Tooic DBE Grouo* Or Consecuences of DBE
V-10.8 VII (Spectrum of Loss of Coolant Consequences

Accidents)

V.ll.A VII (Defined above) Probability

V.11.B VII (Defined above) Probability

VII-3 All (Defined as a generic topic)* Consequences

IX-3 III (Steam Line Break Inside Consequences
Containment)
(Steam Line Break Outside
Containment) -

IV (Loss of AC Power to Station Consequences
Auxiliary)

(Loss of all AC Power)

V (Loss of Forced Coolant Flew)
(Primary Pump Rotor Seizure)
(Primary Pump Shaft Break)

VII (Defined above) Consequences

The completion of the safe shutdown topic review (limited in scope as

noted above) provides significant input in assessing the existing

safety margins for the Dresden 1 Plant.

"For a listing of DBE groups and generic topics, sa NUREG-0485,
Systematic Evaluation Program, Status Summary Report.
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2.0 DISCUSSION

2.1 Normal Plant Shutdown and Cooldown

The dual cycla Dresden Unit 1 steam drum provides 1000 psi steam to the

main turbine and to the tube side of four heat exchangers. Steam from the

secondary side of the four heat exchangers is also provided to the main

turbine at 500 psi. Turbine load is reduced by use of the secondary load

limit until 100,000 lb/hr flow is reached while keeping pressure control in

" Automatic." Unit load is now reduced to about 50 MWe by inserting control

rods in the proper sequence. P.ressure control remains in " Automatic" with

the turbine control reducing load at about 40 MWe, auxiliary power is

transferred from the unit generator to Transformer 12 which is fed from

offsite source.

Load is reduced to about 10 MWe and the turbine is tripped. The turbine

bypass valves are controlling pressure by automatically modulating to

account for the decreasing steam flow. Main and secondary load limits are

closed, reactor mode is switched to " Start," and control rod insertion

continues until bypass valves are closed.

Reactor pressure is now reduced by operating the bypass operating jack to

continue bypass flow to the main condenser. The pressure decrease is

controlled to stay within cooldown temperature limits in the reactor vessel

and steam drum. A cooling rate of 100 F/hr is limiting.
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Two recirculating pumps are secured and an unloading heat exchanger.is

placed in service when reactor coolant system temperature reaches 250 F.

The remaining recirculating pumps are stopped, primary and secondary feed

and condensate pumps are shut down when not needed to maintain steam drum
and steam generator levels.

The emergency feed pump is started to supply

water to the control rod drive system before the last feedwater pump is
stopped.

The cooldown rate is manually controlled by the reactor enclosure

closed cooling water discharge valve from the unloading heat exchangers.

Thus, RCS heat is transferred via.the unloading heat exchanger to the

closed cooling water system and then via the closed cooling water system

heat exchanger to the service water system which is supplied by the river
.

2. 2
Shutdown and Cooldown with Loss of Offsite Power

Following a loss of offsite power, the circulating water pumps cannot be

operated and thus the main condenser is unavailable for heat removal. The

plant successfully experienced a complete loss of offsite power as a result

of storm damage in November 1965.* The emergency condenser initiated

automatically due to the loss of safety system voltage. This condenser

cools the RCS when the main condenser is not available by passing steam

through the tubes and boiling off water in the secondary side to the
atmosphere.

The steam condensates, and the condensate flows back to the

"Dresden Nuclear Power Station, Monthly Report, November 1965, DNPS 88-11-65January 24, 1966.
,

_ . _ _ . . . _ _
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steam drum. The secondary side contains enough water to last for 8 hours

without replenishment. The condenser contains 2 tube bundles each with a

heat removal capacity equivalent to 3% of rated power. Makeup water is

provided by a condensate transfer pump which is powered from onsite sources.

The reactor is cooled by boiling in the condenser until the RCS temperature

is low enough to place the unloading heat exchanger in service. Although

these steps are understood by the operating staff, the procedure does not

cover cooldown to cold shutdown. Cooldown is accomplished wth the unloading

heat exchanger system as indicated in 2.1.
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3.0 SHUTCOWN AND C00LDOWN FUNCTIONS AND METHODS

This section will describe the systems available at Dresden Unit No.1

(Dresden 1) to perform the necessary functions for the safe shutdown of the

reactor. Seismic and quality group classifications of pertinent equipment

(based upon USNRC Regulatory Guides 1.26 and 1.29) will be addressed in

Section 4.0.

The Branch Technical Position RSB 5-1 provisions are to be evaluated with

respect to the two conditions of only offsite power available and only

onsite power available. With regard to the availability of safe shutdown

equipment, the "only onsite power available" situation is more limiting for

Dresden 1. Therefore, the staff concentrated its evaluation on the

conditions following a loss of offsite power.

Offsite power is supplied for startup from the 138 Kv switchyard through

transformer No. 12, which is capable of supplying all electrical auxiliaries.

The Dresden 1 offsite power system was modified *, in support of a request

for an extension of an ECCS exemption, to include a 345/138 Kv transformer

which connects the Unit 1 138 Kv switchyard to the 345 Kv switchyard of

^NRC Safety Evaluation, dated January 6, 1978, in support of extending the
ECCS Exemption and the date for compliance with the Commission's Order
related to reactor protection system modifications.

._. _. .
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Units 2 and 3. This modification now enables Unit 1 to receive offsite

electrical power from any one of six 138 Kv circuits or any cne of six 345

Kv circuits.

Once the turbine generator is brought on line and the desired output is

achieved (50 MWe), the " house loads" are transferred to transformer Number

11. Should this transformer fail, the load is automatically transferred

back to transformer Number 12, thus preserving the power to essential

equipment and minimizing the consequences of the loss of power. During

startup prior to transferring loads, a failure will cause loads to be

transferred to transformer number 13, which is fed from the 34 Kv substation.

Although this transformer does not have the capacity to continue to support

te loads necessary for startup, it will support all safe shutdown loads.

Transformers 12 and 13 provide two independent means of supplying offsite

electrical power to maintain shutdown cooling loads.

Since Dresden 1 has been operating, one total loss of offsite power has

been experienced. On November 12, 1965, a tornado damaged the 138 Kv and

34 Kv transmission systems and caused a loss of offsite power to exist for

a period of 3 to 4 hours. At the time of the incident the plant was at

power producing 200 MWe (617 MWT); subsequent to the loss, the plant was

shutdown and cooled down automatically without incident.*

"Dresden 1, Monthly Report for November 1965, Report No. DNPS-ll-65, dated
January 24, 1966.

~ . - --
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Assuming a loss of offsite power, two methods are availale to remove core

decay heat and to cooldown the reactor plant. The first method involves

the use of the emergency condenser. The second method involves the use of

the High Pressure Coolant Injection (HPCI)* system in conjunction with

steam relief via the electromatic relief valves to the main condenser.

These methods have the potential to cool the plant to the cold shutdown

condition or to the point of initiation of the Unloading Heat Removal

System. The two methods are described below.

On a loss of offsite power, the reactor and the main circulating water

pumps automatically trip. Steam flow through the bypass valves to the main

condenser continues until turbine coastdown causes hydraulic oil pressure

to drop to less than that required to hold the valves open. The loss of

auxiliary power automatically initiates operation of the emergency condenser.

The emergency condenser is a large tank of water with two submerged and

independent tube bundles. Each tube bundle has a steam inlet valve (power

removed and locked open) and a condensate drain or return valve. Primary

system steam flows into the tube bundles, condenses, and returns by gravity

to the primary system. The shell side of the condenser contains approxi-

mately 30,000 gallons of water (minimum allowable by Technical Specifications)

used to condense the primary steam. The energy transferred frem the tube

side to the shell side is vented directly to the atmosphere. The emergency

condenser is sized such that it can remove a heat load of up to 6% of reactor

*The HPCI is being installed to comply with an NRC Order for Modification
of Licensee dated August 25, 1975.
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rated power (3% per tube bundle). The inventory of water available is

sufficient to remove decay heat af ter shutdown for 8 hours before requiring

replenishment. The emergency condenser is capable of cooling the plant to

cold shutdown conditions.

Approximately 600,000 gallons of makeup water are available to the shell

side of the emergency condenser from three storage tanks (well water

storage, two demineralized water storage tanks); if offsite power is not

available, the necessary transfer pumps can be manually loaded into the

diesel generator and tripped when their function has been completed. An

additional 250,000 gallons of water is available in the condensate storage

tank which gravity feeds the main condenser hotwell; again during a loss of

offsite power, the condensate pump or transfer pump can be selectively

loaded on the diesel to effect the transfer of makeup water. The normal

supply of make up water to the emergency condenser is from the demineralized

water system. The demineralized water pump must be loaded manually to the

onsite AC power following loss of offsite power. Also, manual lineup of the

air supply is needed to operate the make up valve which is inside containment.

A failure of the makeup valve to open would render the emergency condenser

inoperable after the initial volume of shell side water was exhausted (8

hours). This valve can be manually opened from inside containment.

The emergency condenser is redundant by virtue of having two separate tube

bundles. Each tuce bundle has one steam inlet valve which has power removed

from it and is locked in the open position. The condensate return valves
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(one at the exit of each tube bundle) are active comporents which must open

and remain open on a signal from an undervoltage relay. Both return valves

have a d.c. motor powered from the 125 volt d.c. power center. The d.c.

power center is fed from a 125 volt d.c. battery and is backed by a motor-

generator set (15Kw) fed from the diesel generator supplied 480 volt bus.

Therefore, failure of this d.c. power source would prevent both return

valves from opening and completely disable the emergency condenser. The

return valves can be manually opened from inside the containment.

In the event that one tube bundle becomes inoperative, thereby reducing the

capability of the emergency condenser to a heat removal capacity of 3% of

rated reactor power, two electromatic relief valves (combined capacity of

14% of rated flow) located upstream of the turbine control and bypass

valves, can assist in the removal of initial decay heat. The relief valves

are set at 1085 psig and relieve to the main condenser. The valves are

powered from d.c. bus umber 3, fed from the battery and backed by a 15 Kw

motor generator battery charger. The use of the main condenser after a

loss of offsite power is further discussed in the following paragraphs.

If the emergency condenser is unavailable for some reason, an alternate

method of cooldown is available. This method uses the HPCI system, or, as

a backup, the emergency feed pump, and the above mentioned electromatic

relief valves. Because of the loss of circulating water to the main

condenser following loss of offsite power, the steam relieved to the main

condenser by the electromatic relief valves will build up sufficient pres-
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sure in the condenser to burst the rupture discs. Therefore, this method

would result in steam relief directly from the reactor coolant system to

the atmosphere. Under normal plant conditions a cooldown using this method

would have little adverse effect on the environment. However, if the need

to cooldown arose because of a plant transient that had caused fuel failures,

the release of steam directly to the atmosphere may be unacceptable from a

radiological standpoint. To summarize this scenario, we have postulated

that a plant transient causes the loss of offsite power and some degree of

fuel failure. Given this transient, we assumed the single failure of the

d.c. electrical bus which supplies power to both emergency condenser

condensate return valves. These postulated events force the licensee to

rely on a cooldown method which may be unacceptable from a radiological

standpoint.

As noted before, manual actuation of valves inside containment can be used

to overcome the failure of the d.c. power supply to the condensate return

valves and also to open the make up supply valve for long term use of the

emergency condenser in excess of 3 hours. But again, it should be noted

that any delay of actuation of the emergency condenser increases the

likelihood of a safety valve discharge into the containment which could

make operator action inside containment hazardous and inadvisable.

Although the scope of the current safe shutdown review does not require

postulating the occurrences of accidents or transients other than loss of

offsite power, the SEP Design Basis Event (DBE) reviews will include the
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assessment of the plant's ability to withstand and mitigate the effects of

several accidents and transients. Because of the forthcoming DBE reviews

and based on the above discussion, the staff foresees the need to improve

the safe shutdown systems at Dresden 1 as follows:

(1) The reliability of the power supply for the emergency condenser

condensate return valves should be improved. (The staff has concluded

that sufficient time is available to manually connect an alternate

d.c. pcwer supply to the valves. But during the time required for

this connection, decay heat removal would be via the safety valves to

containment. No procedure for the connection of an alternate d.c.

power source to the condensate return valves exists.)

(2) The reliability of the emergency condenser secondary makeup system

should be improved. (A method which does not require manual actuation

of valves inside containment to overcome single failures should be

used.)

(3) A cooldown method which does not require bleeding reactor steam to the

atmosphere should be used.

Either of the above methods of decay heat removal (emergency condenser,

HPCI and electromatic reliefs) can be used to cooldown the plant to cold

shutdown conditions. Alternatively, these methods can be used to cooldown

the plant to the point where the unloading heat removal system (UHRS) can
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be used (less than or equal to 250 F). The UHRS consists of two parallel

trains each witn a pump and heat exchanger. Each UHRS train takes a suction

on the reactor vessel and discharges to the reactor vessel via two of the

four secondary steam generator recirculation lines. The UHRS is located

within the containment sphere and is capable of removing decay heat equiva-

lent to 0.8% of full reactor power. _ After plant conditions permit UHRS

initiation, plant cooldown could be accomplished using only one UHRS train.

.
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4.0 COMPARISON OF SAFE SHUTDOWN SYSTEMS WITH CURRENT NRC CRITERIA

The current NRC criteria used in the evaluation of the design of the systems

required to achieve cold shutdown for a new facility are listed in Standard

Review Plan (SRP) 5.4.7 and Branch Technical Position RSE 5-1. The following

paragraphs give a point by point comparison of Branch Technical Position

RSB 5-1 to the shutdown systems at Dresden 1.

4.1 Functional Recuirements

The system (s) which can be used to take the reactor from normal operating
conditions to cold shutdown shall satisfy the functional requirements
listed below.

1. The design shall be such that the reactor can be taken from normal
operating conditions to cold shutdown * using only safety grade systems.
These systems shall satisfy General Design Criteria 1 through 5.

A " safety grade" system is defined, in the NUREG 0138* discussion of

issue #1, as one which is designed to seismic Category I (Regulatory

Guide 1.29), quality group C or better (Regulatory Guide 1.26), and is

operated by electrical instruments and controls that meet Institute of

Electrical and Electronics Engineers Criteria for Nuclear Power Piant

Protection systems, (IEEE 279). Dresden I was constructed prior to

the issuance of Regulatory Guides 1.26 and 1.29 (as Safety Guides 26

an 29 on 3/23/72 respectively) and IEEE 279 dated August 30, 1968.

Therefore, for this evaluation, the systems which should be " safety

grade" are those identified in the following paragraph.

" Staff Discussion of Fifteen Technical Issues Listed in Attachment to
November 3, 1976 Memorandum from Director, NRR to NRR Staff,
NUREG-0138, November 1976.
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The systems available at Dresden 1 to take the reactor from operating

conditions to cold shutdown have been discussed in Sections 2 and 3. These

systems are:

1. Reactor Protection and Control System (No discussion included)

2. Emergency Condenser

3. Demineralized Water System

4. Main Steam System and Safety Valves

5. Instrument Air System (for emergency condenser make up)

6. High Pressure Coolant Injection (when installed)

7. Instrumentation for the above systems and equipment

8. Emergency Power (AC and DC) for the above systems and equipment

Table 4.1 lists these safe shutdown systms for Dresden 1 along with a

comparison of present design criteria with the criteria to which these

systems were designed.

General Design Criteria (GDC) 1 requires that systems be designed, fabricated,

erected, and tested to quality standards, that a Quality Assurance (QA)

program be implemented to assure these systems perform their safety functons,

and that appropriate records of desigr., fabrication, erection, and testing
be kept.

Regulatory Guide (RG) 1.26 provides the current NRC criteria for quality

group classification of safety related systems. RG 1.26 was not in effect
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when Dresden 1 was built and the licensee has not as yet classified the

systems in accordance with this guide. Although the safety related systems

were not designed, fabricated and tested using RG 1.26, any changes made to

the plant are examined on a case by case basis to determine if it is possible

to apply the standards of RG 1.26 to the change.

The HPCI system currently under construction was designed to the current

specifications of a safety grade system. This system will be operational

prior to start-up for the forthcoming fuel cycle.

GCC 2 states that structures and equipment important to safety shall be

designed to withstand the effects of natural phenomena without loss of

capability to perform their safety function. Natural phenomena considered

hurricanes, tornadoes, floods, tsunami, seiches, and earthquakes.are:

The effects of tornadoes will be reevaluated during the course of the SEP

in Topics II-A " Severe Weather Phenomena," III-2 " Wind and Tornado-Toadings,"

and III-4.A " Tornado Missiles."

Floods and flood effects will be reassessed in the SEP review under Topics

II-3.8 " Flooding Potential and Protection Requirements," and III-3

" Hydrodynamic Loads."

Within the SEP review, the potential for and consequences of a seismic

event at the Dresden site will be reassessed under several review topics.
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GDC 3 requires structures, systems, and components important to safety to

be designed and located to minimize the effects of fires and explosions.

The Dresden 1 fire protection reevaluation resulting from the Browns Ferry
-

fire is currently underway in the NRC Division of Operating Reactors. The

results of this reevaluation will be integrated into the SEP assessment of

Dresden I.

GDC 4 requires that equipment important.to safety be designed to withstand

the effects of environmental conditions for normal operation, maintenance,

testing and postulated accidents. Also the equipment should be protected

against dynamic effects including internal and external missiles pipe whip,

and fluid impingement.

The SEP will reevaluate the various aspects of this criterion when reviewing

topics III-12 " Environmental Qualification of Safety-Related Equipment,"

III-5. A " Effects of Pipe Breaks Inside Containment," III-5.B " Pipe Breaks

Outside Containment," and III-4 " Missile Generation and Protection."

GDC 5 requires that equipment important to safety shall not be shared among

nuclear power units unless it can be shown that such sharing will not

significantly impair the ability of the equipment to perform its safety

functions. At Dresden I, the only shared safe shutdown equipment is the

control room structure. The control rooms for Dresden 1, 2 and 3 are in

the same building. The cable spreading room of Dresden 1 is separated from

the spreading room for Dresden 2 and 3.
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2. The system (s) shall have suitable redundancy in components and features,
and suitable interconnections, leak detection, anu isolation capabilities
to assure that for onsite electrical power system operation (assuming
offsite power is not available) and for offsite electrical power
system operation (assuming onsite power is not available) the system
function can be accomplished assuming a single failure.

3. The system (s) shall be capable of being operated from the control room
with either only onsite or only offsite power available with an assumed
single failure. In demonstrating that the system can perform its
function assuming a single failure, limited operator action outside of
the control room would be considered acceptable if suitably justified.

4. The system (s) shall be capable of c-inging the reactor to a cold
shutdown condition, with only off :te or onsite power available,
within a reasonable period of time tallowing shutdown, assuming the
most limiting single failure."

For purposes of review, the single failure is assumed to be failure of

an active component at Dresden 1, loss of offsite power (shutdown with

only onsite power) and a single failure which disables the station 125

VDC is identified as the most limiting event. The emergency condenser

DC outlet valves are inaperable and the emergency condenser cannot be

used for shutdown. In this case, the improvements in shutdown system

redundancy discussed in Section 3 are required to acceptably meet the

BTP 5-1 provisions.

The emergency condenser and HPCI (when installed) and electromatic

reliefs are capable of operation from the control room. Makeup of

emergency condenser secondary water and operation of the UHRS require

operator action outside the control room even if no single failures

are assumed. Because of the time available, this operator action
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outside the control room is acceptable, and this is the normal method

of operating these systems for long term cooling.

Plant experience'has also shown that the emergency condenser and a

single unloading pump and heat exchanger is sufficient to cool the

plant to cold shutdown within 36 hours.

4.2 RHR System Isolation Raouirements

The RHR system shall satisfy the isolation requirements listed below.

l. The following shall be provided in the suction side of the RHR system
to isolate it from the RCS.

(a) Isolation shall be provided by at least two power-operated valves
in series. The valve positions shall be indicated in the control
room.

At Dresden 1, the RHR system is called the Unloading Heat Removal

System (UHRS). Isolation is provided by two valves in series. One is

locally operated with no indication in the control room and the other

is operable from the control room with indication.

(b) The valves shall have independent diverse interlocks to prevent
the valves from being opene
RHRsystemdesignpressure.gunlesstheRCSpressureisbelowtheFailure of a power supply shall not
cause any valve to change position.

The UHRS is designed to fuel system pressure of 1250 psig at 574 F.

No interlocks are necessary.

(c) 'he valves shall have independent diverse interlocks to protect
against one or both valves being open during an RCS increase
above the design pressure of the RHR system.
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See Section 1(b) above.

2. One of the following shall be provided on the discharge sde of the RHR
system to isolate it from the RCS:

(a) The valves, position indicators, and interlocks described in item
1(a)-(c),

(b) One or more check valves in series with a normally closed power-
operated valve. The power-operated valve position shall be
indicated in the control room. If the RHR system discharge line
is used for an ECCS function the power-operated valve is to be
opened upon receipt of a safety injection rignal once the reactor
coolant pressure has decreased below the ECCS design pressure.

(c) Three check valves in series, or

(d) Two check valves in series, provided that there are design
provisions to permit periodic testing of the check valves for
leak tightness and the testing is performed at least annually.

At Dresden 1, the provisions of 2(a) are met.

4. 3 Pressure Relief Reouirements

The RHR system shall satisfy the pressure relief requirements listed below.

1. To protect the RHR system against accidental overpressurization when
it is in operation (not isolated from the RCS), pressure relief in the
RHR system shall be provided with relieving capacity in accordance
with the ASME Boiler and Pressure Vessel Code. The most limiting
pressure transient during the plant operating condition when the RHR
system is not isolated from the RCS shall be considered when the RHR
system is not isolated from the RCS shall be considered when selecting
the pressure relieving capacity of the RHR system. For example,
during shutdown cooling in a PWR with no steam bubble in the
pressurizer, inadvertent operation of an additional charging pump or
inadvertent opening of an ECCS accumulator valve should be considered
in selection of the desig bases.
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At Dresden 1, one small capacity relief valve is installed on eacn

UHR5 heat exchanger primary side. The set points correspond to the

UHRS design pressure which is the same as the RCS design pressure.

While it. is in service, the UHRS is protected from overpressurization

by the reactor coolant system code safety valves.

2. Fluid discharged through the RHR system pressure relief valves must be
collected and contained such that a stuck open relief valve will not:

a. Result in flooding of any safety-related equipment.

b. Reduce the capability of the ECCS below that needed to mitigate
the consequences of a postulated LOCA.

c. Result in a non-isolatable situation in which the water provded
to the RCS to maintain the core in a safe condition is discharged
outside of the containment.

The discharge of the UHRS relief valves is to the floor of the room

containing the UHRS. This is conta. " in a concrete cubicle by

itself which has a capacity of more tnan 50,000 gallonc. The discharge

would not affect safety related equipment.

3. If-interlocks are provided to automat.icary ase the isolation valves
when the RCS pressure exceeds the 1-iR syster aesign pressure, adequate
relief capacity shall be provided d.. ring the time period while the
valves are closing.

As previously noted, these interlocks are nc prov ked and are not

required.
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4.4 Pumo Protection Reouirements

The design and operating procedures of any RHR system shall have provisions
to prevent damage to the RHR system pumps due to overheating, cavitation or
loss of adequate pump suction fluid.

At Dresden 1, the UHRS pumps have no automatic protection. However even if

both pumps were assumed to fail, the emergency condenser provides an accept-

able backup method of decay heat removal.

4. 5 Test Recuirements

The isolation valve operaoility and interlock circuits must be designed so
as to permit on lire testing when operating in the RHR mode. Testability
shall meet the requirements of IEEE Standard 338 and Regulatory Guide 1.22.

The preoperational and initial startup test program shall be in conformance
with Regulatory Guide 1.68. The programs for PWRs shall include tests with
supporting analysis to (1) confirm that adequate mixing of borated water
added prior to or during cooldown can be achieved under natural circulation
conditions and permit estimation of the times required to achieve such
mixing, and (2) confirm tht the cooldown under natural circulation condi-
tions can be achieved within the limits specified in the emergency operating
procedures. Comparison with performance of prev 1ously tested plants of
similar design may be substituted for these tests.

The UHRS isolation valves are included in the licensee's Inservice Inspection

and Testing Program for pumps ad valves and are tested for proper operation

once per refueling cycle. Regulatory Guide 1.68 was not in existence when

the Dresden 1 preoperational and initial startup testing was accomplished.

4.6 Ooerational Procedures

The operational procedures for bringing the plant from normal operating
power to cold shutdown shall be in conformance with Regulatory Guide 1.33.
For pressurized water reactors, the operational procedures shall include
specific procedures and information required for cooldown under natural
circulation conditions.

_ . _ . _ _ _ __ .
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The licensee has procedures to perform safa shutdown operations including

shutdown to hot shutdown, operation at hot shutdown, and cold shutdown

including long-term decay heat removal. The licensee has also provided the

operating staff procedures covering offnormal and emergency conditions for

shutting down the reactor and decay heat removal under conditions of loss

of system or parts of system functions normally needed for shutdown and

cooling the core. Procedures for systems operation for systems used in

safely shutting down the reactor are also included in the plant operating

procedures. These procedures include provisions identified in Regulatory

Guide 1.33. These procedures were reviewed and are in conformnce with

Regulatory Guide 1.33.

Some operations that are not covered and should be addressed are:

1. Providing makeup water to the emergency condenser for cooldown.

2. Operation of the HPCI system for shutdown and cooldown.

4.7 Auxiliary Feedwater Sucoly

The seismic Category I water supply for the auxiliary feedwater system for
a PWR snall have sufficient inventory to permit operation at hot shutdown
for at least four hours, followed by cooldown to the conditions permitting
operation of the RHR system. The inventory needed for cooldown shall be
based on the longest cooldown time needed with either only onsite or only
offsite power available with an assumed single failure.

This provision is not applicable to Dresden 1.

. _ . _ _ - _._
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TABLE 4.1 CLASSIFICATION OF SituTOOWN SYSTEMS DRESDEN 1

Quality Group Seismic
Plant Plant

Components / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

Emergency Condenser System Note:

All lines between emergency ASME III Category I Except for the Reactor
condenser tubes and steam Class 1 Coolant Pressure Boundry
drum between emergency Pressure Boundary, the
condition tubes and steam " system boundary" includes
lines those portions of the

system required to
Emergency condenser tube accomplish the specified
bundles f safety function and

including the first
,Emer9ency condenser shell ASME III valve which is either mClass 2 normally closed or *

capable of automatic a

Atmospheric vent closure (R.G. 1.26)
Drain line, line to REDT,
demin. water 1ines from
condenser first closed
valve, including valve
(LCV) 11 and closed ; pvalve on line bypassing '

LCV 11
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IABLE 4.1 CLASSIFICATION OF SilUIDOWN SYSTEMS DRESDEN 1

Quality Group Saismic
Plant Plant

Components / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

Demineralized water ASME III Category I
makeup beyond LCV Class 3
11

Demineralized Water System

Make-up pumps (2) ASME III
Class 3 ,

Demin. Water Stora0e Tank
,

(contaminated) T-105A

Piping and valves '
from T-105A to the
emergency condenser
via the make-up pumps "

Main Steam System

Safety valves (10) ASME III If electromatic reliefs
Class I are to e used for safe

shutdown, the main steam
piping in the system

liigh Pressure Coolant injection boundary from the sphere
Pumps (2) ASME III isolation valve to the

Class 2 relief should be ASME IIIe

Class 2.
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TABLE 4.1 CLASSIFICATION Of SliUIDOWN SYSTEMS DRESDEN 1

Quality Group Seismic
Plant Plant

Components / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

Piping and valves system ASME III Category I
boundary Class 2

Instrument Air System

Compressors (3) ASME III
Class 3

.

Piping and fittings in ASME III
system boundary from Class 3
compressors to LCV-ll n

(emerg. cond. make up) y
'Emergency Power System

Diesel generator NA - NA - Not applicable

DC power systesa NA -

Distribution lines, NA -

switchgear control
b ards, motor control
centers

Diesel mechanical ASME III
Auxiliaries Class 3

7
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TABLE 4.1 CLASSIFICATION OF SilUIDOWN SYSTEMS DRESDEN 1

Quality Group Seismic
Plant Plant

Components / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

Reactor Protection and NA - Category I
Control System

Instrumentation and NA -

Control for above y
systems and equipment

.

.

.
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5.0 RESOLUTION OF SEP TOPICS

The SEP tapics associated with safe shutdown have been identified in the

INTRODUCTION to this assessment. The following is a discussion of how

Dresden 1 meets the safety objectives of these topics.

5.1 Tooic V-10.8 RHR System Reliability

The safety objective for this top'c is to ensure reliable plant shutdown

capability using safety grade equipment subject to the guidelines of SRP

5.4.7 and BTP RSB 5-1. The Dresden I systems have been compared with these

criteria, and the results of these comparisons are discussed in Section 3

and 4 of this assessment. Based on these discussions, we have concluded

that:

1. The safe shutdown systems do not meet the safety objective of this

topic with regard to the ability to cool down the plant. As discussed

in Section 3, an assumed single failure could disable the emergency

condenser, and the plant would then have no acceptable means to initiate

a cooldown. The only alternative available at Dresden 1 is to remain

hot, at pressure, wnile removing decay heat via the safety valves and

injecting via the HPCI. (The Post-Incident Cooling System and fire

system, may be required to remove the heat added to containment by the

safety valves.) Improvements in safe shutdown system reliability in

accordance with the guidelines presented in Section 3 will be pursued

with the licensee.
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2. The procedure for shutdown following loss of offsite power does not

include the steps required to achieve cold shutdown. The need to

improve the procedure will be pursued with the licensee.

3. The requirement for using only safety grade equipment to accomplish

shutdown and cooldown will be evaluated in the SEP integrated assess-

ment of Dresden 1. The safety classification of safe shutdown systems

will be established in the review of Topic III-1.

5.2 Tooic V-11.A Requirements for Isolation of High and Low Pressure

Systems

The safety objective of this topic is to assure adequate measures are taken

to protect low pressure systems connected to the primary system from being

subjected to excessive pressure which could cause failures and in some

cases potentially cause a LOCA outside of continment.

This topic is assessed with regard to the isolation requirements of the

UHRS from the RCS. The concern for occurrence of a LOCA outside contain-

ment is not applicable because the Dresden i UHRS is located within contain-

ment. Since the UHRS is designed for full RCS pressure, the potential for

overpressurization is minimal, and the topic safety objective is met.

5.3 Taoic V-11.8 RHR Interlock Reouirements

The safety objective of this tcpic is identical to that of Topic V-11.A.

Again, the UHRS is designed for full system pressure and the interlocks are

not necessary.
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5. 4 Topic VII-3 Svstems Recuired For Safe Shutdown

The Safety objectives of this topic are:

1. To assure the design adequacy of the safe shutdown system to (a)

initiate automatically the operation of appropriate systems, including

the reactivity control systems, such that specified acceptable fuel

design limits re not exceeded as a result of anticipated operational

occurrences or postulated accidents, and (b) initiate the operat1on of

systems and components required to bring the plant to a safe shutdown.

.

2. To assure that the required systems and equipment, including necessary

instrumetation and controls to maintain the unit in a safe condition

during hot ~ shutdown are located at appropriate locations outside the

control room and have a potential capability for subsequent cold

shutdown of the reactor through the use of suitable proce:iures.

3. To assure that only safety grade equipment is required for a PWR*

plant to bring the reactor coolant system from a high pressure condition

to a low pressure cooling condition.

Safety objective 1(a) will be resolved in the SEP Design Basis Event reviews.

These reviews will determine the acceptability ofthe plant response, including

automatic initiation of safe shutdown related systems, to various Design

Basis Events, i.e., accidents and transients.

"BTP 5.1 applies to both PWRs and BWRs.
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Objective 1(b) relates to availability in the control room of the control

and instrumentation systems needed to initiate the operation of safe shutdown

systems and assures that the control ard instrum.entation systems in the

control room are capable of follwing ti,e plant shutdown from its initiation

to its conclusion at cold shutdown conditions. The safe shutdown system at

Dresden 1 are identified in Section 4.1. Based on our review of these

systems, we conclude that safety objective l(b) is met. This concluson is

subject to the findings of related SEP Electrical Instrumentation, and

Control topic reviews concerning the design of the control and instrumenta-

tion systems.

Safety objective 2 requires the capabilty to shutdown to both hot shutdown

and cold shutdown conditions using systems instrumentation, and controls

located outside the control room. The Dresden 1 Procedure 00A 010-4 rev.

1, " Control Room Evaluation," provides the necessary steps to take the

plant to the hot shutdown condition and to proceed from there to the cold

shutdown condition. The procedure assumes sufficient time exists to trip

the reactor, from that point on the cooldown of the plant is maintained

from outside the control room. Instrumentation is available and identified

in the procedure to monitor reactor parameters. The shutdown and cooldown

depends on operation of the isolation condenser. Operation of the isolation

condenser valves are supposed to be effected before evacuating the control

room; however, the procedure identifies steps to be taken in the event that

the valves do not operate. This same procedure could be used if time were
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permitted to operate these valves prior to the control room evacuation.

The procedure additionally identifies steps to be taken if reentry to the

control room were necessary. We conclude that Dresden 1 meets safety

objective 2 of Topic VII-3.

The adequacy of the safety grade classification of safe shutdown systems at

Dresden 1, to show conformance with safety objective 3, will be completed

in part under SEP Topic III-1, " Classification of Structures, Components,

and Systems (Seismic and Quality)," and in part under the Design Basis

Event reviews. Table 4.1 of this report will be used as input to Topic

III-1.

.
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1.0 INTRODUCTION

The Systematic Evaluation Program (SEP) revies of ts.: " safe shutdown"

subject encompassed all or parts of the following SEP topics, which

are among those identified in the November 25, 1977 NRC Office of

Nuclear Reactor Regulation document entitled " Report on te Systematic

Evaluation of Operating Facilities:"
.

1. Residual Heat Removal System Reliability (Topic V-10.8)

2. Requirements for Isolation of High and Low Pressure Systems

(Topic V-11.A)

3. RHR Interlock Requirements (Topic V-II.8)

4. Systems Required for Safe Shutdown (Topic VII-3)

5. Station Service and Cooling Water Systems (Topic IX-3)

The review was primarily performed during an on-site visit by a

team of SEP personnel. This on-site effort, which was performed on

September 7 and 8, 1978, afforded the team the opportunity to

obtain current information and to examine the applicable equipment

and procedures, and it also gave the licensee (Commonwealth Edison

Company) to opportunity to provide input into the review.
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The review included specific system and equipment requirements for

remaining in a hot shutdown condition (defined in the Dresden Unit

No. 2 Technical Specifications as reactor made switch in shutdown

position, no core alterations being performed, reactor coolant

temperature greater than 212 F.) and for proceeding to a cold shutdown

condition (defined as reactor mode switch in shutdown position, no

core alterations being performed, reactor coolant temperature

equal to or less than 212*F.). The' review for transition from

operating to hot standby considered the requirement that the capability

exist to perform this operation from outside the control room. The

review was augmented as necessary to assure resolution of the

applicable topics, except as noted below:

Topic V-11.A (Requirements for Isolation of High and Low Pressure

Systems) was examined only for application to the Shutdown Cooling

System. Other high pressure / low pressure interfaces were not

investigated. The Shutdown Cooling System is the Dresden Unit

No. 2 equivalent of a RHR system.

Topic VII-3 (Systems Required for Safe Shutdown) was completed

except for determination of design adequacy of the systems.

Topic IX-3 (Station Service and Cooling Water Systems) was only

reviewed to consider redundancy and seismic and quality classification
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of cooling water systems that are vital to the performance of safe

shutdown system components.

The criteria against which the safe shutdown systems and components

were compared in this review are taken from the: Standard Review

Plan (SRP) 5.4.7, " Residual Heat Removal (RHR) System"; Branch

Technical Position RSB 5-1, " Design Requirements of the Residual

Heat Removal System" and; Regulatory Guide 1.139, " Guidance for

Residual Heat Removal." These documents represent current staff

criteria and are used in the review of facilities being processed

for operating licenses.

This comparison of the existing systems against the current licensing

criteria led naturally to at least a partial comparison of design

criteria, which will be input to SEP Topic III-1, " Classification

of Structures, Components and Systems (Seismic and Quality)." This

report will also be reviewed for its application to the resolution

of other topics.

As noted above, the six topics were examined while neglecting

possible interactions with other topics and'other systems and

components not directly related to safe shutdown. For example,

Topics II-3.B (Flooding Potential and Protection Requirements),

II-3.C (Safety-Related Water Supply), III-4.C (Internally Generated
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Missiles), III-5. A (Effects of Pipe Break on Structures, Systems,

and Components Inside Containment), III-6 (Seismic Design Considera-

tions), III-10. A (Thermal-Overload Protection for Motors of Motor-

Operated Valves), III-11 (Component Integrity), III-12 (Environmental

Qualification of Safety-Related Equipment) and V-1 (Compliance with

Codes and Standards) are among several topics which could be affected

.

by the results of the safe shutdown review or could have a safe'ty

impact upon the systems which were reviewed. These effects will be
determined by later review. Further, this review did not cover in

any significant detail the reactor protection system, nor the

electrical power distribution, both of which will also be reviewed

later.

The staff considers that the ultimate decision concerning the

safety of any of the SEP facilities depends upon the ability to

withstand the Design Basis Events (DBEs). The SEP topics provide a

major input to te DBE review, both from the standpoint of assessing

the probability of the event and that.of detu uining the consequences

of the event. As examples, the safe shutdown topics pertain to the

listed DBEs (the extent of applicability will be determined during

plant-specific review):

.
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Impact Upon Probability
Tooic DBE Grouc Or Consecuences of OBE

V-10.8 VII (Spectrum of Loss of coolant Consequences
Accidents

V-ll.A VII (Defined above) Probability

V-ll.B VII (Defined above) Probability

VII-3 All (Defined as a generic tcpic) Consequences

IX-3 III (Steam Line Break Inside Consequences
Containment)

(Steam Line Break Outside
Containment)

IV (Loss of AC Power to Station Consequences
Auxiliary)

(Loss of all AC Power)

V (Loss of Forced Coolant Flow) Probability
(Primary Pump Rotor Seizure)
(Primary Pump Shaft Break)

VII (Defined above) Consequences
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Completion of the safe shutdown topic review (limi+ed in scope as

noted above), as documented in the this report, provides signifi-

cant input in assessing the existing safety margins at Dresden

Unit No. 2.

.

t
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2.0 DISCUSSION

2.1 Normal Plant Shutdown and Cooldown
.

Recirculation pump flow is reduced by means of the master manual

flow controller which in turn lowers core power. As core power is

gradually reduced, the reactor pressure control system repositions

the turbine control valves to maintain system pressure at approximately

1000 psig and load is reduced accordingly. This flow reduction

continues in a manner to produce the desired rate of power reduction

until minimum flow (28%) is reached. At about 40% power feedwater
6flow has been reduced to about 4 x 10 lbs/hr and two pumps have

been removed from service. Subsequently, a third condensate pump

and booster pump are shut off. Power reduction continues by control

rod insertion in a preselected pattern. When load is reduced blow

200 MWe auxiliary power is switched from TR 21 (station generator)

to TR 22 (offsite source) after voltages are equalized and synchronized.

The reactor coolant system (RCS) recirculation pumps are running at

minimum speed, feedwater flow is automatically controlled by vessel

water level control system, the turbine is at speed, and RCS pressure

is in " automatic." Control rod insertion continues and at about

10% feedwater flow, vessel level control is transferred to the low

flow control valve. At 50 MWe, rod insertion is interrupted and

the load Set control is used to reduce generator output to 10 MW.
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The turbine is tripped and the unit disconnect to 345 KV ring bus

is opened. Control rod insertion is resumed and between 5% and 10%

power the mode selector switch is moved to "startup."

When power is very low and the reactor subcritical (hot shutdown),

RCS pressure reduction is begun by opening a bypass valve with the

opening jack. This valve is positioned to control the cooldown

rate, along with motor ope ~ated main steam line drain valves. Allr

control rods are verified as fully inserted.

The RCS is cooled at a rate of less than 100'F per hour by continuing

to bypass steam to the main condenser. The pressure control system

setpoint is " ridden" down at a value 50 psi greater than reactor

pressure to provide backup pressure control. The mode switch is

placed in " shutdown." At < 300 psig feedwater is shut off. Shutdown

cooling can be placed in service at RCS temperature less than 350 F

(interlocked to prevent earlier actuation). This step is usually

delayed until the bypass valves are closed, main steam line isolation

valves are closed, the reactor vessel is flooded (if desired), and

the vessel head cooling system is in service to achieve more uniform

vessel head cooling. With the shutdown cooling system (SCS) in

service, the reactor building closed cooling water system (RBCCW)

provides cooling water on the secondary side of the SCS heat exchanger..

The RBCCW heat exchangers are in turn cooled by the service water
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system which takes and returns cooling water from the river. This

system is normally used to bring the RCS below 212*F, cold shutdown.

Generally, the RCS is brought to approximately 125 F and maintained

at this value by adjusting flow through RBCCW or SCS heat exchangers.

2. 2 Shutdown and Cooldown with Loss of Offsite Power

When offsite power is unavailable th'e main condenser circulating

water pumps cannot be powered from onsite sources and the condenser

is unavailable for heat transfer. The reactor can stay in the hot

condition briefly while pressure is controlled with relief valves.

The isolation condenser activates on sustained high RCS pressure or

may be manually initiated. The single closed valve in the return

condensate line is opened, and main steam passes through the isolation

condenser tubes boiling off water in the secondary side of the

condenser. Makeup water to the secondary side of the condenser is

provided by transfer pumps taking suction from the condensate

storage tank. Thus, the reactor is cooled by boiling until the SCS

cut in temperature is reached. The SCS may then be put in service

as above (2.1) since the RBCCW and service water systems are powered

by onsite electrical sources. Cooldown is accomplished as in

Section 2.1.
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If the isolation condenser were unavailable, the high pressure

coolant injection system could provide make up and cooling following

controlled venting via relief valves. Alternatively, the reactor

may be depressurized with relief valves and low pressure ~ coolant

could be injected via the low pressure coolant injection system

which is also powered by onsite power.

.
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3.0 SHUTDOWN AND C00LDOWN FUNCTIONS AND METH005

This section will describe the systems available at Dresden Unit

No. 2 (Dresden 2) to accomplish the necessary functions for the

safe shutdown of the reactor following either the loss of offsite

power or the loss of onsite AC power. Seismic and Quality Group

classifications of the pertinent equipment (based upon USNRC

Regulatory Guides 1.26 and'l.29) will be addressed in Section 4.0.

The losses of offsite and onsite AC power are not considered to be

concurrent or sequential events, but rather, for the purposes of

this evaluation, are taken as wholly independent occurrences.

The loss of onsite AC power is a situation which presents little

difficulty for Dresden 2. Upon loss of the station's main generator,

only one (Number 21) of the two auxiliary transformers supplying

4160V buses (and subsequently 480 V buses) will initially lose its

pcwer imput from this generator. The other transformer, designated

Reserve Auxiliary Transformer 22, receives power from the 138 KV

switchyard and will continue to function normally, supplying power

to two feed pumps and one reactor recirculation pump, among its

various loads. Because Dresden 2 can only bypass 40% of full power

steam flow to the condenser, a reactor scram will follow the generator

loss and will be caused by high turbine first stage shell pressure
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concident with low generator electrical output !see Dresden Units 2

and 3 Safety Analysis Report (SAR) Section 7.71. Loads essential

for cooldown will be maintained by the continuation of power from

4160 Volt Bus 21, normallyReserve Auxiliary Transfomer 22. ,

powered from Auxiliary Transformer 21, will automatically transfer

to bus 22, but its loads will not be reenergized automatically.
,

The same is true for 4160 Volt Bus 23. Bus 24, also 4160 V, is'

powered from Reserve Auxil.iary Transformer 22 and therefore never

loses power in this scenario.

Although each load shed from the 4160 V. and 480 V. buses during

the main generator trip may not be reenergized automatically, power

is available for restoration of loads in order to insure safe

shutdown and cooldown.

Loss of offsite oower could result from an act of God (tornado,

icing,earthauake,etc.). Such an incident did occur on the

site on November 12, 1965, when a tornado damaged all transmission
:

lines (138 KV and 34.5 KV) for Dresden Unit No.1 (See lionthly

Report DNPS 88-11-65 for November 1965, dated January 24, 1966).

The loss of all lines caused a turbine trio, reactor scram, and

initiation of the isolation condenser. The plant was shut down

safely.
.
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The same initial (and automatic) action would occur if Dresden 2

were to experience a loss of all offsite power. The reactor would

scram due to loss of power to the reactor protection circuitry.

This would be followed by a turbine trip and opening of the bypass

val = s. Steam would thus be routed to the main condanser, bypassing

... wurbine. However, power to the circulating water pumps would

have been lost, and as a result, condenser vacuum would decrease

rapidly, resulting in reaching the 7 inch Hg vacuum limit in

approximately 20 seconds, which would automatically trip the bypass

valves shut and isolate the main condenser. The reactor pressure

would now increase due to continuing heatup from decay heat. When

reactor pressure has increased to 1070 psig (and greater) for 15

seconds, the isolation condenser would initiate, providing core

cooling and also causing water level shrinkage (due to cooler

water). After several minutes, reactor vessel water level would

have decreased to the level setpoint of the High Pressure Coolant

Injection (HPCI), Low Pressure Coolant Injection (LPCI), and Core

Spray systems. These systems would be started automatically (the

emergency diesel generators would have started upon loss of offsite

power) but only the HPCI system would inject water into the reactor

vessel, because reactor coolant system pressure would still be

greater than the discharge pressure of the other two systems. The

HPCI system would fill the reactor vessel to a level of 48 inches,

and would then shut off automatically.
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In all likelihood LPCI and Core Spray systems would not inject at

all during this scenario, because prior to reactor coolant system

pressure decreasing to their allowable injection pressure (300-350

psig), the low-low level signal which initiated their operation

will have automatically reset because of HPCI injection flow and

subsequent vessel level increase.

The operators would take action to restore certain loads which can

be powered by the emergency diesel generators. These include a

control rod drive pump to provide water for reactor vessel level

control, one service water pump and one reactor building closed

cooling water pump to provide drywell cooling, and one turbine

building closed cooling water pump to provide cooling to an

instrument air compressor which is also started.

By written procedure governing the loss of auxiliary electrical

power, the operators would maintain the plant in this mode, slowly

cooling down, until off-site power was restored. By throttling of

the condensate return valve from the isolation condenser and opera-

tion of the control rod drive system, reactor vessel water level

can be maintained as desired and reactor coolant system temperature

can be changed (by altering decay heat removal rate) in order to

remain in a hot shutdown condition [ mode switch in shutdown, no

core alternations being performed, reactor coolant temperature



. .

DRTI
- 15 -

greater than 212*F (see Dresden 2 Technical Specifications)] or to

cool down to cold shutdown conditions (as defined for hot shutdown
but with reactor coolant temperature less than or equal to 212*F)
This of course assumes that all systems mentioned above function as

.

intended.
Descriptions of these systems and alternative means of

cooling down and remaining in cold shutdown are discussed below.

Dresden 2 has a dedicated diesel gen.erator (referred to herein as

DG 2) and also shares a " swing" diesel generator (herein designated
DG 2/3) with Dresden 3. This " swing" diesel generator will

preferentially provide power to Dresden 2's 4KV Bus 23-1 and the

subsequent 480 V Buses, which power Engineered Safety Systems
(ESS) Division I.

However, upon a concurrent loss of offsite power

and Loss of Coolant Accident (LOCA) at one of the two plants, DG
2/3 would automatically supply power to the plant with the LOCA

The dedicated Dresden 2 diesel, DG 2, supplies power to 4 KV Bus
.

24-1, which includes the equipment for Engineered Safety Systems
Division II.

As an additional safety feature, the capability has

been provided for DG 2 or DG 3 (Dresden 3's diesel) to provide

power to each other's buses through a bus tie joined by two normally
open circuit breakers.

The diesel generators may also be paralleled

if necessary, and the operators of the two plants may vary the

leading on the generators and alter lineups as necessary to assure

adequate power is supplied to both plants in the event of a total
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loss of offsite power. However, operator error (or interlock

failure) could result in the emergency power system's being put in

jeopardy because of improper use of the system ties at any of

several points. This arrangement wil! be further examined during

the detailed electrical review.

The first system which would actuate to cool the reactor coolant

and depressurize the system is the isolation condenser system. As

noted above, this system will initiate at 1070 psig (or greater)

maintained for 15 seconds. The shell is designed to the American

Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel

Code, Section VIII, and the tubing to ASME, Section III. The

design pressure for the shell is 25 psig at 300 F, and that for the

two tube bundles is 1250 psig at 575*F (Reference: SAR page 4.1-3).

Steam supply to the isolation condenser comes from a dedicated

nozzle in the reactor vessel and through two motor-operated isolation

valves. The first valve, which is inside containment, receives its

AC power from MCC 28-1, which can be supplied by an emergency diesel

generator. The second valve, outside containment, receives DC power

from 250 Volt DC Reactor Building MCC #2 (Bus 2A). These two valves

are normally open, and thus the isolation condenser tubes (both

bundles) normally are pressurized to reactor system pressure. The

supply (steam) line branches into two lines, one to each condenser.
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On the discharge (m ndensate) side, the two lines from the bundles

are rejoined to form one line. This line includes two valves, the
'

first of which is outside containment, is normally closed, is the

only valve which must open to initiate flow, and is powered from

250 Volt DC Reactor Building MCC #2 (Bus 2A). This valve may be

throttled to control the rate of reactor coolant system cooldown

and depressurization. The second valve, which is inside containment,

is normally open and is powered from 480 Volt AC MCC 28-1, which

can receive emergency diesel generator power. Downstream of this

valve, return to the reactor coolant system is effected by connection

to one of the two reactor coolant recirculation loops.

The nomal position of the valves, their location, and their power

supplies are emphasized above. This is because the' system incorporates

sensors to detect pipe breakage (and thus excess flow) in both the

steam and condensate pipes. As at other BWR facilities, the sensors

had been orginally set to be too sensitive. This could result in

spurious isolation of the condenser upon flow initiation, a situation

which did indeed occur at Dresden 2 during startup testing. However,

the sensors were readjusted at both Dresden Units 2 and 3. Since

then, the two condensers have initiated approximately twelve times

(the best recollection of plant personnel) and no isolations have

occurred. Were isolation to occur simultaneously with the highly

unlikely loss of 480 Volt AC MCC 28-1, the isolation condenser
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would be unusable. If the problem were only in the isolation

circuit and power were still available through MCC 28-1, plant

personnel could open the valves by use of jumpers at the valve

breakers, which are accessible.

The capacity of the isolation condenser system is equivalent to the

re:ctor decay heat rate five minutes after shutdown, and with no

makeup the water stored ab6ve the condenser tubes would be boiled

off to the atmosphere in approximately 20 minutes (SAR Page 4.5-1

and 4.5-2). Substantial makeup capacity is provided from diverse

sources, listed here in their order of preference by the~ plant:

(1) clean demineralized water

(2) contaminated demineralized water

(3) fire water

The clean demineralized water system is supplied from a Dresden 1

Clean Demineralized Water Tank, which holds a maximum of 200,000

gallos,s of water. The entire piping arrangement to the isolation

condenser utilizes manually-operated valves, with the exception of

the final isolation valve at the isolation condenser vent. Power

to this valve is supplied from 480 Volt AC MCC 09-3, which can be

provided by the emergency diesel generators. It is also accessible

for manual operation in case its power supply or motor malfunction.
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The clean demineralized water system includes two pumps, neitner of

which is on buses supplied emergency power (they are both on MCC

25-2). However, power can be fed into their bus by the plant

operators, diesel load permitting.

The contaminated demineralized water system contains three tanks,

with a total capacity of 700,000 gallons of watcr. Two of the

tanks are restricted to a minimum level of 90,000 gallons each

because of the LOCA requirements for the HPCI system (which will be

discussed below). There are two condensate transfer pumps used to

transfer the water. Both are provided power from buses which are

fed from the emergency diesel generators upon loss of AC power (one

pump is on MCC 28-2, the other on MCC 29-2). All valves in the

supply system are manually operated, with the exception of the

final isolation valve, which is supplied power from " emergency" 480

Volt AC MCC 28-1. This valve is accessible should its motor or

power supply fail, thus requiring manual operation.

The third makeup water system is the fire water system. This

system is actually an extension of the Dresden 2 and 3 combined

service water system, but also ties in to the Dresden 1 servica and

fire water systems. Three service water pumps out of a total of

five for Dresden 2 and 3 are supplied power from the Dresden 2 4160

Volt AC buses, and are located on buses not automatically energized
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by the diesel generators upon loss of offsite power. However, the

procedures governing loss of such power do require the operator to

supply power to start a service water pump. All pumps can be

supplied power from the diesels, but this requires operator action.

Normally, system pressure is maintained by the Dresden 2 and 3

service water system. If these pumps fail, the two Dresden 1

screen wash pumps energize ~ automatically to provide water. If

pressure continues to fall, the Dresden 1 diesel-driven fire pump

will automatically start, but if pressure still drops, the Dresden

2/3 diesel-driven fire pump will automatically start. This cascade

of diverse pumps is sufficient, in our opinion, to assure a supply

of isolation condenser makeup water should the first and second

preferred sources of makeup not function.

All valves in the fire water makeup system are manual with the

exception of the final isolation valve, which then discharges

through the isolation valve mentioned above in the discussion of

the contaminated demineralized water system. The " fire water"

isolation valve is also provided power from " emergency" 480 Volt AC

MCC 28-1, but is accessible for manual operation upon failure of

the motor or power supply.
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As noted above, the isolation condenser discharge (condensate) DC

valve can be throttled to maintain a constant cooldown rate or

maintain whatever temperature is desired. When the reactor is

sufficiently cooled down and depressurized by this m.:ans (or others

discussed below) another system (shutdown cooling) is brought on

the line to continue cooling and to serve as the long term residual

heat (decay heat) removal system.
.

The maintenance of temperature is noted above, because if the

systems function properly, the operator can maintain desired temperature

and reactor water level by use of the isolation condenser, the

relief valves, the control rod drive system to provide makeup to

the vessel, and the reactor water cleanup system to allow letdown

to the main condenser or the radioactive waste treatment system.

As stated, the shutdown cooling system would be started as soon as

the reactor coolant system has been sufficiently cooled and

depressurized by the isolation condenser. The shutdown cooling

system (SOCS) was designed to the ASME Code, Section III, Class C,

at 1250 psig (full reactor design pressure) but only to 350*F

(Reference: SAR Page 10.4-1). This design was based upon decreasing

reactor coola.it system temperature to 125 F within 24 hours after

reactor shutdown. SAR page 10.4-1 states that the system consists

of three partial-capacity loops and that all three are necessary to



.

DRM
- 22 -

perform the cooling function. However, plant operating experience

has shown that, at only eight hours after normal (main condenser)

shutdown commencement, when the SOCS would normally be put into

service and after reactor coolant system temperature has decreased

to 350*F, only one pump and one heat exchanger (comprising one

loop) are necessary to cool down. Thus there is substantial excess

capacity.

SOCS system influent is through motor-operated valves from either

reactor recirculation loop. The valves, one from each recirculation

loop, are inside containment, are AC powered from 480 Volt AC MCC

28-1, can be supplied from the emergency diesel generators, and are

closed until initiation requirements (reactor coolant system

temperature less than 3f.u'F) ara w * and operator action is taken.

T M two inlet lines join in one header outside of containment. This

header then is divided into three separate loops, each with a

DC powered motor-opertted pump inlet isolation valve, a centrifugal

pump rated at 6750 GPfl at " full op9 ration" (SAR page 10.4-1) a heat

exchar.ger and a DC powered motor-operated pump outlet isolation

valve. Downstream of the isolation <alves, and still outside

containment, the three branches rejoin but are again divided downstream

into two lines, each containing an AC powered motor-operated isolation

valve. The lines than penetrate containment and rejoin the reactor
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coolant system through connections into the Low Pressure Coolant

Injection system and then into each of the reactor recirculation

loops. Although the capability exists to permit flow from and to

both recircu-lation loops simultaneously, normally only one loop is

selected for such service.

The SDCS cannot be put into service until various interlocks are

met. The first of these is a temperature interlock on all four

AC powered isolation valves, which will not allow their opening

entil reactor coolant system temperature, sensed on both recirculation

loops, has decreased to less than 350 F. The AC and DC suction

valves will also shut to isolate the SDCS (with check valves on the

discharge side), if system temperature, again sensed on the recircula-

tion loops, increases to 350*F. Additionally, each pump has interlocks

to prevent operation until certain conditions are met. Inlet

temperature, as measured in its branch line, must be less than

350 F, and pump suction pressure must be greater than 4 psig. If

these conditions are not met, then the 50CS pumps can not be started.

Also, the pumos will trip upon temperature increase to 350*F, or if

suction pressure decreases to less than 4 psig.

Power to the AC-isolation valves is provided from 480 Volt AC MCC

28-1, and to the pumps from 4160 Volt AC buses 23-1 (pumps 2A and

2C) and 24-1 (pump 28). Each of these is capable of being supplied
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from the emergency diesel generators. DC power to the three branch

suction isolation valves and the 2A and 2B branch discharge isolation

valves is obtained from 250 Volt DC Reactor Building MCC #2 (Bus

2A), while power for the remaining DC discharge valve (2C) comes

from 250 Volt DC Reactor Building MCC #2 (Bus 28). There is enough

diversity of power supplies to the active components to assure

system isolation will take place to protect the equipment from

temperature which is greater than design.

The heat exchangers of the SOCS are cooled by water from the Reactor

Building Closed Cooling Water (RBCCW) system. This system's heat

exchangers a e designed to the ASME Code, and each of the three

pumps will deliver 8800 GPM (SAR Page 10.10-1). Although the SAR

states that two pumps (and heat exchangers) are needed for the

cooldown and shutdown modes of operation, plant experience has

shown that only one pump and heat exchanger combination is necessary

in the assumed scenario. Any combination of one pump with are heat

exchanger is possible because of the piping and valving arrangement,

and any of the loads to be cooled can be isolated, when feasible

and necessary, to increase cooling to essential heat loads.

The path to the shutdown cooling system heat exchangers begins at

the discharge of the three pumps, which are in separate branches.

Pump 2A is pcwered from 4160 Volt AC Bus 23-1, while pumps 2/3 and
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28 receive power from 4160 Volt AC Bus 24-1. These buses can be

supplied from the emergency diesel generator. Pump 2/3 is unique

in that its discharge can also be routed (through a normally locked-

closed valve) to provide cooling to the RBCCW system of Dresden 3

(which has only two pumps and two heat exchangers).

The three pump discharge linas join into one line which then branches

to feed all the components'to be cooled (other than SDCS heat

exchangers, this includes the drywell coolers, the SDCS pumps, fuel

pool heat exchangers, non-regenerative heat exchangers of the

Reactor Water Clean-up system, and various other loads). There is

an AC powered motor-operated isolation valve on the discharge of

the SDCS heat exchangers. This valve is supplied power from " emergency"

HCC 29-1, but is accessible for manual operation if necessary.

Flow to cool the SDCS pumps is routed through a normally-open AC

powered motor-operated inlet isolation valve, which also serves to

allow flow to or isolate flow from other loads to be cooled. This

valve is supplied power from " emergency" MCC 28-1 and is also

accessible for manual operation.

Discharge of RBCCW frem the cooled components is routed to one

header with three branches to the heat exchangers. The cooled heat

excnanger effluent (service water is the cooling medium) from each
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heat exchanger then joins a single header prior to branching out

for the suction of each pump.

The RBCCW system pressure is lower than that of both the components

being cooled and the service water cooling medium, meaning that any

inter-system leakage at the heat exchangers would be leakage into

the RBCCW system. This prevents radioactive material from the

cooled components from escaping to the environment through the

ultimate cooling medium. It also prevents impurities in the cooling

medium from entering the reactor coolant system. To facilitate

leakage detection, the RBCCW system incorporates a radiation monitor

at the heat exchanger influent. Also, the RBCCW system expansion

tank has high and low level alarms to signal leakage into the

system or out of the system, respectively.

As noted above, the RBCCW system is cooled by the service water

(SW) system. This system has five pumps, three of which are powered

from Dresden 2 buses and which, with operator action, can be supplied

power from the emergency diesel generators. Pump 2A is powered

from bus 23, 28 from bus 24, and 2/3 from either Dresa'en 2 bus 24

or Dresden 3 bus 34. All five pumps are located in the crib house,

and are rated at 15,000 GPM each. There is a crossover to connect

the Dresden 2 and Dresden 3 systems, and it must be noted once

again that the SW system also performs the function of the fire
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water system for the plants. All valves in the service water piping

to the RBCCW heat exchangers and then to the discharge header are
,

manual, with the exception of air-operated temperature control

valves on each heat exchanger. These valves fail open on loss of

air.

As a backup to the leakage detection means of the RBCCW system

(radiation detector and expansion tank level alarms), the service

water system incorporates a radiation detector at the discharge

header.

The above discussion has dealt with the equipment which would

normally be called upon to bring Dresuen 2 to a cold shutdown

condition on loss of all offsite power. The auxiliary means to

accomplish this goal shall now be discussed. This analysis shall

go beyond the normally considered single-failure criterion and

shall discuss multiple system failures. Additionally, lineups and

operation not covered by procedure shall be discussed. This is

being undertaken to show that substantial capab-lity exists to

insure safe shutdown of the plant in the assumed scenario.

In the event of failure of the isolation condenser, the High Pressure

Coolant Infection (HPCI) system can be used to depressurize and

cool the reactor coolant system to the SDCS initiation temperature

of 250*F.
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The HPCI pumps are designed to ASME Section III, and the piping to

USAS B31.1 and ASME Section I. (SAR Page 6.2-26, Revised 3-22-68).

With one exception all motor-operated valves are DC powered and are

external to containment and thus available for manual operation if

necessary. The one exception is the first valve in the steam supply

to the HPCI turbine. This valve is inside containment on the

discharge of the " dedicated" steam supply nozzle, is powered by

" emergency" power from 480 Volt AC MCC 29-1, and, most important,

is normally open.

The HPCI system utilization proposed by the licensee would involve

depressurizing by driving the HPCI turbine with reactor steam

(145,000 lb/hr at 1125 psia decreasing to 102,500 lb/hr at 155

psia: SAR Page 6.2-24, Revised 3-22-68). Water for the HPCI pump

would be taken from the contaminated condensate storage tanks

(90,000 gallon minimum i, each of two tanks is reserved for HPCI

use) and recirculated back to the tank vir .ne HPCI test line.

This mode of operation would continue un il a reactor low-low water

level or a high drywell condition is reached (SAR 6.2-26, Revised

3-22-68). At this time the test bypass valves would automatically

isolate (or could be manually closed) and the discharge valve to

the reactor would open, allowing flow to the reactor vessel and

raising the level. This would continue until the upper reactor

water level cutoff were reached and ilPCI injection were automatically
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discontinued, or until the operators manually reset the system. In

either event, depressurization with HPCI could then continue in the

same fashion and in a controlled manner, until the SDCS initiation

limit was reached.

In the event the HPCI system were inoperable, the four electromatic

relief valves and one Electro-Pneumatic relief valve would serve to

depressurize the reactor enolant system. These valves are each

capable of a nominal 540,000 lb/hr. blowdown capacity, as determined

by actual plant testing.

According to the SAR (Page 6.2-33, Rev. 3-22-68), the five valves

can accomplish blowdown under the adverse design automatic initiation

conditions (small loss-of-coolant accident break and coincident

indication of teactor water low-low level, drywell high pressure

and HPCI low flow or feedwater line high temperature) in sufficient

time to allow core spray or LPCI systems (discussed below) to

provide adequate core cooling to prevent clad melting, even thougn

the core is temporarily and partially uncovered (SAR Figure 6.2.30,

Rev. 3-22-68).

In this analysis, we have assumed, in addition to the loss of

offsite power, an unrealistic loss of both the isolation condenser

and the HPCI system. Under such an assumption, the operator could
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choose to remain at hot standby, maintaining level with the control

rod drive system while relieving pressure through the relief valves.

If plant conditions dictated the need to imediately decrease

pressure and cool the system, the use of the five relief valves

would serve this purpose, and would probably accomplish the necessary

depressurization prior to uncovering the top of the core. However,

even were the level to decrease to the low-low water level prior tc

blowdown initiation, the SAR analysis mentioned above concludes

that no clad melting would occur. We find the temporary and partial

uncovery of the core, in this scenario, to be an acceptable event,

g N n first that we have assumed an extremely low probability

occurrence and second that no core melting would occur since a

large influx of cooling sater would be available upon completion of

the depressurization.

The four electromatic relief valves are DC powered and are provided

power from the 125 Volt DC Turbine Building Distribution Panel

(Main Bus #2). These need only DC power for operation. On the

other hand, the Electro-Pneumatic relief valve, which is also

DC powered from the same source, requires air for opening the

valve. The accumulator and air piping to this valve is safety grade

equipment, but the remainder of the air supply is not. However,

testing by Wyle Laboratories (Report No. 42896-1) has shown that

the accumulator alone has sufficient volume for five actuations.
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This is certainly sufficient for the purposes of this scenario

(Note that the loss of the air supply would constitute yet another

multiple failure).

If the SOCS were inoperable for any reason (valve failure, failure

of RBCCW or SW), the Low Pressure Coolant Injection (LPCI) system

and Core Spray systems could be used to inject cooling water into

the core, once their injection initiation limits (300 psig) are

met. Those systems are both low pressure but high volume systems,

capable of providing substantial volumes of cooling water to the

core. Not too much detail will be devoted to the individual systems

here, because eac5 is safety grade, and is taken into account in

the Dresden 2 SAR Loss of Coolant Accident (LOCA) Analysis. The

pumps in each system are powered from " emergency" buses, and all

motor-operated valves are powered from " emergency" MCCS and are

also outside containment, accessible for manual operation if needed.

Because a substantial amount of water would be added to the reactor

vessel by the LPCI or core spray systems, a means of volume control

would be necessary. This can be accomplished by let down through

the Reactor Water Cleanup (RWCU) System, either to the main condenser

or to radwaste. Alternatively, if RBCCW were inoperable to provide

cooling to the RWCU non-regenerative heat exchanger and thus protect

the RWCU resin, the vessel could be allowed to fill using LPCI
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alone, overflowing hot water to the pressure suppression chamber

(torus) through the relief valves. The torus provides water to the

LPCI and Core Spray Systems. The water of the LPCI system would

then be cooled by the containment cooling heat exchangers on its

way back to the reactor vessel. Core Spray receives no such cooling

and was never intended as a long term cooling means.

The cycling of the water tilrough the core and through the relief

valves to the torus and back again after cooling would only be

limited by the design of the relief valves themselves. These

valves incorporate a spring which must be overridden by s'

pressure to open the valve. The spring will shut the valve at

approximately 70 psig and will hold it shut until the core heats up

again and raises pressure or until the pressure is increased by the

LPCI pumps (design head 114 psig at 0 psi reactor pressure to

245 psig at 200 psi reactor pressure - SAR page 6.2-15).

The containment cooling service water system (which cools the

cor.cainment cooling heat exchangers) pumps are provided power from

buses which can be supplied by the diesel generators. All valves

in the system are outside containment and are accessible for operation.
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CONCLUSION

As can be readily seen from the foregoing discussion, Dresden Unit

No. 2 has the ability to withstand multiple failures and still

retain the capability to depressurize and cool the reactor core.

We are satisfied that Dresden Unit No. 2 can be safely shut down

and cooled down upon loss of onsite or offsite AC power, even

considering failure of a single major component.

4.0 COMPARISON OF SAFE SHUTDOWN SYSTEMS WITH CURRENT NRC CRITERIA

The current criteria used in the evaluation of the design of systems

required to achieve cold shutdown for a new facility are listed in

the Standard Review Plan (SRP) Section 5.4.7 and Branch Technical

Position RSB 5-1 (or proposed Regulatory Guide 1.139). This section

discusser, the comparison of these criteria with the safe shutdown

systems of the Dresden Unit 2 nuclear power plant. This comparison

will be done by quoting a section of the Branch Technical Position

RSB 5-1 and then discussing the degree to which Dresden Unit 2

meets the requirements of that particular section.
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4.1 Functional Requirements

The system (s) which can be used to take the reactor from normal

operating conditions to cold shutdown * shall satisfy the functional

requirements listed below.

1. The design shall be such that the reactor can be taken from

normal operating conditions to cold shutdown * using only

safety grade systems. These systems shall satisfy General

Design Criteria 1 through 5.

A " safety grace" system is defined, in the flVREG 0138 (Reference 1)

discussion of issue #1, as one which is designed to seismic Category

1 (Regulatory Guide 1.29), quality group C or better (Regulatory

Guide 1.26), and is operated by electrical instruments and controls

that meet Institute of F.lectrical and Electronics Engineers' Criteria

for Nuclear Power Plant Protection Systems, (IEEE 279). The Dresden

Unit 2 nuclear power plant was constructed prior to the issuance of

Regulatory Guides 1.26 and 1.29 (as Safety Guides 26 and 29 on

03/23/72 and 06/07/72 respectively). Also Proposed IEEE 279, dated

August 30, 1968,. ras issued late in the construction phase of the

'' Processes involved in cooldown are heat removal, depressurization, flow
circulation, and reactivity control. The cold shutdcwn conditions, as
described in the Standard Technical Specifications, refers to a subcritical
reactor with a reactor coolant temperature no greater than 200 F for a PWR
and 212*F for a BWR.
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facility. Therefore, for this evaluation, the " safety grade" systems

will be those identified in the following paragraph.

The systems available at Dresden Unit 2 to take the reactor from operating

conditions to cold shutdown have been discussed in Sections 2 and 3.

These systems are:

(a) Bypass valves and condenser

(b) Circulating Water System

(c) Reactor Control and Protection System *

(d) Electromatic (and 1 Electropneumatic) Relief Valves (all 5 which

also constitute the Pressure Relief System, part of tr.. ECCS)*

(e) Isolation Condenser (and fire protection water system)*

(f) Reactor Shutdown Cooling System

(g) Reactor Building Closed Cooling Water System

(h) Service Water System * (for fire protection water)

(i) Instrumentation for Monitoring and Control"

(j) Emergency power (AC and DC)"

(k) Core Spray *

(1) Low Pressure Coolant Injection System *

(m) High Pressure Coolant Injection System *

(n) Fire Protection System * (supply to isolation condenser)

(o) Emergency Service Water Systera*

"Should be safety grade
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Of these systems, (a), (b), (c), (fi, (g), (h), (i) are used for

normal shutdown. As a backup to the normal shutdow systems, (c),

(d), (e), (i), (j), (k), (1), (m), (n) and (o) could be used.

Table 4.1 lists the major components and subsystems in the Dresden

Unit 2 Nuclear Power Plant along with a comparison of present

criteria with the criteria to which these components and subsystems

were designed.

The Staff SER for Dresden Unit 2 (Reference 2), discusses the

conformance of Dresden Unit 2 to the General Design Criteria (GOC).

(The GDC used for the Dresden Unit 2 design were an early version

and do not correspond exactly to the present criteria. The

discussion presented here uses the present version of the GOC.)

General Design Criterion 1 requires that these systems be designed,

fabricated, erected and tested to quality standards, that a quality

assurance (QA) program be implemented to assure that these systems

perform their safety functions and that an appropriate record of

design, fabrication, erection and testing be kept. At the time

that Dresden 2 was licensed the NRC (then AEC) criteria for QA were

under development. Since that time, various QA related regulations

and criteria have been instituted. The staff evaluated the

Commonwealth Edison Company QA program for operaion and found that

the program contains the necessary requirements, procedures and
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controls to demonstrate that quality assurance related activities

can be conducted in accordance with the requirements of Appendix B

to 10 P.FR Part 50 (Reference 3).

The facility Technical Specifications and QA program require

appropriate QA records to be kept.

General Design Criterion 2 requires that structures and equipment

important to safety be designed to withstand the effects of natural

phenomena without loss of capability to perform their safety function.

Dresden Unit 2 was designed so that combined stresses from functional

and seismic loading of these structures will be such that a safe

shutdown would be assured if the plant is subjected to a maximum

acceleration of 0.2 g. A report from the AEC consultant at the

time of the staff provisional operating license SER confirmed that

the 0.2 g ground acceleration is "more than adequate" for the

Dresden Unit 2 site. However, this is undergang separate review

under another SEP topic.

The staff SER also stated that "the licensee has considered the

possibility of a tornado striking the plant and has proposed design

features adequate for protection of those components vital to

reactor safety should such an event occur. For instance, all
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components required for safe shutdown are either within a reinforced

concrete structure or below ground."

Flooding was examined and the staff concluded that " flooding can be

excluded as a consideration since the principle structures will be

located at least 10 ft. above the roaximum historical flood elevation..."

These conclusions will be reviewed as part of the SEP.

General Design Criterion 3 requires that structures, systems and

components important to safety be designed and located to minimize

the effects of fires and explosions.

The staff has completed an evaluation of the fire safety requirements

of the Dresden Unit 2 nuclear power plant. The results of this

evaluation are given in Reference 4.

General Design Criterion 4 requires that equipment important to

safety be designed to withstand the effects of environmental conditions

for normal operation, maintenance, testing and accidents. Equipment

should also be protected against dynamic cifects such as internal

and external missiles, pipe whip and fluid impingement.

The SEP will evaluate the extent to which Dresden Unit 2 conforms

to GDC 4 when reviewing topics III-12 " Environmental Qualification
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of Safety Related Equipment," III 5.A " Effects of Pipe Breaks

Inside Containment," III 5.8 " Pipe Breaks Outside Containment" and

III-4 " Missile Generation and Protection."

General Design Criterion 5 relates to the sharing of structures,

systems and components important to nuclear safety among nuclear

units. Section 3 discussed some of the equipment shared t.mong the

three nuclear units at the Dresden site. The on-site emergency

electrical power system, in particular, was discussed in Section 3.

In addition, the Service Water System and the intake and pump house

structure for the Service Water System are shared between Units 2

and 3.

The Fire Protection System is shared among all three units at the

Dresden site and is in fact part of the Service Water System.

Two Condensate Storage Tanks are available to either Dresden Unit 2

or 3.

The Reactor Building Closed Cooling Water System (RBCCW) is shared

between units 2 and 3 in that there are two pumps per unit with one

pump which can provide flow to either unit as required.

The instrument air systems are separate for each unit but crosstied

to provide redundancy.
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The control room is shared among all three units at the Dresden

site. Dresden Unit 2 has a procedure for control room evacuation

which describes how to shut down the reactor from'outside the

control room if necessary.

The sharing of systems between the three nuclear units at the

Dresden site will be reviewed as part of SEP Topic VI-108 " Shared

Engineered Safety Features,' On-Site Emergency Power and Service

Systems for Multiple Unit Facilities."

The Reactor Control and Protection System (RCPS) is designed on a

channelized basis to provide physical and electrical isolation

between redundant reactor trip channels. Each channel is functionally

independent of every other channe'l and receives power from two

independent sources. The power source for the RCPS is the instrument

buses which can receive power from either ensite or offsite sources.

The RCPS fails safe (tripped) on loss of power. The system can be

manually tripped both from the control room and from other locations

outside the control room. The RCPS is designed so that a single

failure will not cause or prevent a reactor trip.

Initiation of a reactor trip causes the insertion of sufficient control

rods to make the core subcritical from any credible operating condition

assuming the most reactive control red remains in the fully withdrawn

position.
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The design of the RCPS, as well as safe shutdown related electrical

control and power systems will be evaluated later in the SEP.

The normal shutdown systems and the backup systems have been described

in Section 3. The isolation condenser would be relied upon for

cooling from full power conditions down to the range of shutdown

cooling system operation upon loss of the main condenser which is
~

not available upon loss of offsite power. Table 4.1 shows that, the

isolation condenser for the Dresden Unit 2 nuclear power plant was

designed to similar seismic criteria and standards as the Emergency

Core Cooling Systems (High Pressure C~ooling Injection, Core Spray,

Low Pressure Cooling Injection and Automatic Pressure Relief System).

These criteria and standards are different than those required by

the present Regulatory Guides 1.29 and 1.26 and Standard Review

Plan 3.2.2. The importance of the differences will be assessed as

part of further SEP review.

As described in Section 3, makeup water can be supplied from either

the " clean" (nonradioactive) or the " dirty" (radioactive) condensate

supply system by means of the condensate transfer pumps or from the
~

fire protection system by means of the two diesel driven fire

pumps. Nefthat t.he condensate storage tanks, the condensate transfer

pumps nor the fire protection system are considered safety gr.de

systems.
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Although the Shutdown Cooling System for Dresden Unit 2 does not

meet the requirements of Branch Technical Position RSB 5-1, it is

possible to bring the reactor to cold shutdown using the Emergency

Core Cooling Systems.

2. The system (s) shall have suitable redundancy in components and

features, and suitable interconnections, leak detection, and

isolation capabilities to assure that for onsite electrical

power system operation (assuming offsite power is not available)

and for offsite electrical power system operaticn (assuming

onsite power is not available) tne system function can be

accomplirhed assuming a single failure.

3. The system (s) shall be capable of being operated from the control

room with either only onsite or only offsite power available with

an assumed single failure. In demonstrating that the system can

perform its function assuming a single failure, limited operator

action outside of the control room would be considered acceptable

if suitably justified.

4. The system (s) shall be capable for bringing the reactor to a cold

shutdown condition, with only offsite or onsite power available,

within a reasonable period of time following shutdown, assuming the

most limiting single failure.



. .

DR!3
- 43 -

As described in Section 3, the Shutdown Cooling System for Dresden

Unit 2 consists of two suction lines (one from each recirculation
.

loop) and two discharge lines (one returning to each recirculation

loop). Failure of any single suction or discharge valve outside

containment would not prevent the Shutdown Cooling System from

cooling the reactor. Failure of one of the AC powered motor

operated suction valves inside containment would result in loss of

that loop. Operating experience at Dresden 2 has shown that only

one loop is needed for cooldown (eight hours after shutdown) so

that the system would still be capable of performing its function

if one loop were lost. Therefore, the Shutdown Cooling System for

Dresden Unit 2 meets the requirements of this section of the Branch

Technical Position 5-1.

4.2 RHR System Isolation Reouirements

The RHR system shall satisfy the isolation requirements listed

below.

1. The following shall be provided in the suction side of the RHR

system to isolate it from the RCS.

(a) Isolation shall be provided by at least two power-operated

valves in series. The valve positions shall be indicated

in the control room.
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(b) The valves shall have independent diverse interlocks to

prevent the valves from being opened unless the RCS

pressure is below the RHR system design pressure. Failure

of a power supply shall not cause any valve to change

position.

(c) The valves shall have independent diverse interlocks to

protect against one or both valves being open during an

RCS increase above the design pressure of the RHR system.

The purpose of these requirements is to provide assurance that a

low pressure shutdown cooling system will not be exposed, either

through a single operator error or failure of a single valve, to a

pressure greater than design pressure.

The Dresden Unit 2 Shutdown Cooling System is designed, as stated

in Section 3, for reactor coolant system design pressure, 1250 psig

and are protected from excessive pressure by reactor vessel code

safety valves. The design temperature is 350 F which is lower than

the reactor coolant system design temperature temperature (575'F).

It is likely that the SDCS could withstand the reactor coolant

system design temperature on a one time basis; however, as pointed

out in Section 3, multiple failures of valves (all of which are

normally shut) and interlocks would be necessary in order for this

situation to exist.
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Section 3 described the interlocks which prevent opening of the

suction and discharge valves on the SOCS and starting the pumps, if

the reactor coolant temperature in either of the recirculation

loops is greater than 350*F. The valves are motor operated and

would fail in their "as-is" condition (which would be closed unless

the 50CS were in operation). Interlocks also provide for closure

of the system suction valves and tripping of the pumps on increase

above 350*F.

Thus the Dresden Unit 2 SOCS meets the present isolation criteria.

2. One of the following shall be provided on the discharge side

of the RHR system to isolate it from the RCS:

(a) The valves, position indicators, and interlocks described

in item 1 (a)-(c).

(b) One or more check valves in series with a normally closed

power-operated valve. The power-operated valve position

shall be indicated in the control room. If the RHR

system discharge line is used for an ECCS function the

power-operated valve is to be opened upon receipt of a

safety injection signal once the reactor coolant pressure

has decreased below the ECCS design pressure.
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(c) Three check valves in series, or

(d) Two check valves in series, provided that there are

design provisions to permit periodic testing of the check

valves for leak tightness and the testing is performed at

least annually.

The isolation on the discharge side of the SDCS meets the

requirements of 2a above, that is, its isolation is provided

by two power-operated valves in series. There is also a check

valve in each loop.

4.3 Pressure Relief Requirements

The RHR system shall satisfy the pressure relief requirements

listed below.

1. To protect the RHR system against accidental overpressurization

when it is in operation (not isolation from the RCS), pressure

relief in the RHR system shall be provided with relieving

capacity in accordance with the ASME Boiler and Pressure

Vessel Code. The most limiting pressure transient during the

plant operating condition when the RHR system is not isolated

from the RCS shall be considered when selecting the pressure
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relieving capacity of the RHR system. For example, during

shutdown cooling in a PWR with no steam bubble in the pressurizer,

inadvertent operation of an additional charging pump or inadvertent

opening of an ECCS accumulator valve should be considered in

selection of the design bases.

2. Fluid discharged through RHR system pressure relief valves

must be collected and contained such that a stuck open relief

valve will not:

a. Result in flooding of any safety-related equipment.

b. Reduce the capability of the ECCS below that needed to

mitigate the consequences of a postulated LOCA.

c. Result in a non-isolatable situation in which the water

provided to the RCS to maintain the core in a safe condition

is discharged outside of the containment.

3. If interlocks are provided to automatically close the isolation

valves when the RCS pressure exceeds the RHR system design

pressure, adequate reliaf capacity shall be provided during

the time period while the valves are closing.
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At Dresden Unit 2 the SOCS is independent of the ECCS. Therefore,

a failure of the SDCS would not affect the ECCS.

Since the Shutdown Cooling System is designed for reactor design

pressure, the reactor vessel code safety valves will provide adequate

pressure protection.

4.4 Pump Protection Requirements

The design and operating procedures of any R)iR system shall have

provis4ns to prevent damage to the RHR system pumps due to over-

heating, cavitation or loss of adequate cump se' tion fluid.

The SOCS pumps are provied with bypass lines which return the pump

discharge flow to the pump suction. Thus, even if the downstream

valve were closed while the pump was running, the pump would be

protected from overheating.

Cavitation protection is provided by the interlock which trips the

pump if the suction pressure falls below 4 psig. If the suction
,

pressure is not greater than 4 psig, the pump is prevented from

starting by the same interlock. The 350*F interlock also provides

pump protection.
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4.5 Test Recuirements

The isolation valve operability and interlock circuits must be

designed so as to permit on line testing when operating in the RHR
mode.

Testability shall meet requirements of IEEE Standard 338 and
Regulatory Guide 1.22.

This is discussed in Section 5 of this
report.

The properational and inktial startup test program shall be in
conformance with Regulatory Guide 1.68. The programs for PWRs

shall include tests with supporting analysis to (a) confirm that

adequate mixing of borated water added prior to or during cooldown

can be achieved under natural cit-culation conditions and permit

estimation of the times required to achieve such mixing, and (b)

confirm that the cooldown under natural circulation conditions can
be achieved within the limits specified in the emergency operating
procedures.

Comparison with performance of previously tested

plants of similar design may be substituted for these tests.

Regulatory Guide 1.68 was not in effect when Dresden Unit 2 was
designed and built.

However, Commonwealth Edison committed to and

performed preoperational tests to conform operability and many uses

have shown the system to be reliable for removing decay heat.
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4.6 Ooerational Procedures

The ope ational procedure for bringing the plant from normal

operating power to cold shutdown shall be in conformance with

Regulatory Guide 1.33. For pressurized water reactors, the

operational procedures shall include specific procedures and

information for cooldown under natural circulation conditions.

The licensee has procedures to perform safe shutdown operations

including shutdown to hot standby, operation at hot standby, hot

shutdown, operation at hot shutdown and cold shutdown including

long-term decay heat removal. The licensee has also provided the

operating staff procedures covering off-normal and emergency

conditions for shutting down the reactor and removing decay heat

under conditions of loss of system or parts of system functions

normally needed for shutdown and cooling the core. Procedures for

operation of systems used in safely shutting down the reactor are

also included in the plant operating procedures. These procedures

include provisions identified in Regula*.ary Guide 1.33. These

procedures were reviewed and are in conformance with Regulatory

Guide 1.33.

Certain operations were identified to the reviewers which constitute

alternate ways and paths to achieve cooling water source alignment
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or heat sink alignment. Some of these methods are not included in

their procedure system.

4.7 Auxiliary Feedwater Sucoly

The seismic Category I water supply for the auxiliary feedwater

system for a PWR shall have sufficient inventory to permit operation

at hot shutdown for at least 4 hours, followed by cooldown to the

conditions permitting operation of the RHR system. The inventory
^

needed for cooldown shall be based on the longest cooldown time

needed with either only onsite or only offsite power available with

an assumed single failure.

Not applicable.

.
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TABLE 4.1 CLASSIFICATI0H OF SAFE SHUIDOWN SYSTEMS DRESDEN 2 '

Quality Group Seismic
Plant PlantComponents / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

3Isolation condenser ASME Sec. III ASME Sec. VIII Seismic Class IShell side Class 2 (FSAR Category I (FSAR(R.G. 1.26, Table 4.1.1) (R.G. 1.29, Sec. 12.1.1.2)Sec. C.2.b) (Sec. C.I.d)
Tube side ASHE Sec. III ASHE Sec. III Seismic Class IClass I (FSAR Category I (FSAR(R.G. 1.26, Table 4.1.1) (R.G. 1.29, Sec. 12.1.1.2)(Sec. C.I.b) (Sec. C.I.d)
Piping, fittings ASME Sec. III ASME Sec. III Seismic Class Ivalves (tube side) Class 1 (FSAR Category I (FSAR(R.G. 1.26, Table 4.1.1) (R.G. 1.29, Sec. 12.1.1.2)Sec. C.I.b) (Sec. C.I.d) eQgm
Co * spray system .M
Pumps ASHE Sec. III ASHE Sec. III Seismic Class IClass 2 Class B Category I (FSAR(R.G. 1.26, (FSAR R.G. 1.29, Sec. 12.1.1.2)(Sec. C.I.a) Sec. 6.2.3) Sec. C.I.c)
Piping, fittings ASHE Sec. III USAS B31.1 Seismic Class Iand valves Class 7 (FSAR Category I (FSAR(R.G. 1.26, Sec. 6.2.3) (R.G. 1.29, Sec. 12.1.1.2)sec. C.I.a) (Sec. C.I.c)
Containment Torus ASHE Sec. III ASME III Seismic Class IClass 2 Class B Category I (FSAR(R.G. 1.26, (FSAR (R.G. 1.29 Sec. 12.1.1.2)Sec. C.I.a) Sec. S.2.1) Sec. C.I.c)

,
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TABLE 4.1 (Continued)

Quality Group Seismic
Plant Plant

Components / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

Spray header and spargers ASHE Sec. III ASME Sec. III Seismic Class I
Class 2 Class 8 Category I (FSAR
(R.G. 1.26, (FSAR (R.G. 1.29, Sec. 12.1.1.2)
Sec. C.I.a) Sec. 6.2.3) Sec. C.I.c)

tow pressure coolant
injection / containment
coolant subsystem

*
Pumps ASME Sec. III ASHE Sec. III Seismic Class I FSAR

Class 2 Class C Category I (FSAR SEC. 6.2.4
(R.G. 1.26, (FSAR (R.G. 1.29, Sec. 12.1.1.2) specifies
Sec. C.I.a) Sec. 12.1.1.3) Sec. C.I.c) pump as ig

Class 8 gg
'

Piping, fittings ASME Sec. III USAS 831.1.0 Seismic Class I
and valves Class 2 (FSAR Category I (FSAR

(R.G. 1.26, Sec. 12.1.1.3) (R.G. 1.29, Sec. 12.1.1.2)
Sec. C.1.a) Sec. C.I.c)

Containment and suppression ASME Sec. III Seismic Class I-

spray headers Class 2 Category I (FSAR
(R.G. 1.26, (R.G. 1.29, Sec. 12.1.1.2)
Sec. C.I.a) Sec. C.I.c)

Heat exchangers - tube side ASHE Sec. III ASME Sec. VIII Seismic Class I
Class 2 (FSAR Category I (FSAR
(R.G. 1.26, Sec. 12.1.1.3) (R.G. 1.29, Sec. 12.1.1.2)
Sec. C.I.a) Sec. C.I.c)
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TABLE 4.1 (Continued) '

Quality Group Seismic
Plant Plant

Components / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

lleat exchangers - shell side ASME Sec. III ASME Sec. III Seismic Class I
Class 3 Class C Category I (FSAR
(R.G. 1.26, (FSAR (R.G. 1.29, Sec. 12.1.1.2)
Sec. C.2.a) Sec. 12.1.1.3) Sec. C.I.c)

Higgessure coolant
lnjection

Pumps ASHE Sec. III ASME Sec. III Seismic Class I
Class 2 Class C Category I (FSAR
(R.G. 1.26, (FSAR (R.G. 1.29, Sec. 12.1.1.2)
Sec. C.l.a) Sec. 12.1.1.3) Sec. C.I.c)

.OPiping, fittings and valves ASME Sec. III USAS B31.1 Seismic Class I usMClass 2 (FSAR Category I (FSAR *>(R.G. 1.26, Sec. 12.1.1.3) (R.G. 1;29, Sec. 12.1.1.2) '

Sec. C.I.a) Sec. C.I.c)
Spargers (feedwater ASME Sec. III ASHE Sec. III Seismic Class Ispargers used) Class 2 Class A Category I (FSAR(R.G. 1.26, (FSAR (R.G. 1.29, Sec. 12.1.1.2)

Sec. C.1.a) Pg. 6.2-31) Sec. C.I.c)
Automatic pressure ASME Sec. III USAS 831.1.0 Seismic See Recarks For ADS, andrelief subsystem (ADS) Class 1 (FSAR Category I the air or gas

Sec. 12.1.1.3, (R.G. 1.2f, supply to the ADS,
and App. B) Sec. C.l.r) the Quality group
See Remarks and seismic clas-

sification inferred
but not specifically
identified.
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TABLE 4.1 (Continued)

Quality Group Seismic
Plant Plant

Components / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

Standby Diesel ASHE Sec. III ? Seismic Class I FSAR Sec. 8.2.3 does
Generator System Class 3 Category I (FSAR not identify auxil-

TRechanical auxiliaries) (R.G. 1.26, (R.G. 1.29, Sec. 12.1.1.2) iary systems required
Sec. C.2) Sec. C.I.q) for D/G (i.e. , oil

coolers, compressed
air or water system
for cooling D/G as
identified in
R.G. 1.29
(Sec. C.I.q)

Service Water System ASME Sec. III ? Seismic Class II Service water sys-

Class 3 Category 1 (FSAR tem should be sels-
(R.G. 1.26, (R.G. 1.29, Sec. 12.1.1.2) mic ASME Sec. III,
(Sec. C.2.b) Sec. C.l_.c Class 3, since it

& d) provides secondary
cooling for safety-
related (i.e.,
reactor building
closed cooling water
system); also sup-
plies an additional
source of water
through the standby
coolant supply system
to the ECCS in excess
of that required to
satisfy reactor ves-
sel reflooding and
containment flooding
design objectives.
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, TABLE 4.1 (Continued) '

Quality Group Seismic
Plant Plant

Components / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

Emergency Service
Water System

Pumps (4) ASHE III ? Seismic ?
Class 3 Category I

Piping, Valves, and ASME III ? Seismic ?
fittings Class 3 Category I

Fire Protection System ASME III ? Seismic Class II Water from fire
(supply for isolation Class 3 Category I (FSAR protection system
condenser) Sec. 12.1.1.2) used as a backup

to the condensate
storage system to
provide makeup,

water to the
isolation condenser.

Standby Electric Power Systems

Station batteries Seismic Class I
Essential buses and Category I (FSARother electrical Sec. 12.1.1.2)gear and power to

critical equipment



TABLE 4.1 (continued)

Quality Group Seismic
Plant Plant

Components / Subsystems R.G. 1.26 Design R.G. 1.29 Design Remarks

Instrumentation and Controls

Reactor level instrumentation Seismic Class I
Feedwater control instrumentation Category I (FSAR
Standby liquid control system instrumentation Sec. 12.1.1.2)
Manual reactor control system
Control rod instrumentation
Control rod position indicating system
Reactor protection system
Neutron monitor system
In-core neutron monitor system -

Area monitors C""3
Process monitors . '"4

N
I Class - Definition in Section 12.0 of FSAR "Structt.res and equipment whose failure would cause
significant release of radioactivity or which are vital to a proper shutdown of the plant and removal
of decay heat." Designed to withstand SSE loads.

2Class II - Definition in Section 12.0 of FSAR, " Structures and equipment which are both essential and
nonessential to the operation of the station, but which are not essential to the proper shutdown."
Class II items were designed following normal design practice for power plants in the State of Illinois,
but as a minimum were designed to not less than that given in the " Uniform Building Code" for Zone 1.

3Quality Group and seismic category identified for specific systems that are connected ta RCPB are only
applicable up to the isolation valves that separate the identified system from the primary system.
Parts of the system between the isolation valve and reactor vessel are cosidered part of RCPB.
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5.0 RESOLUTION OF SEP TOPICS

The SEP topics associated with safe shutdown have been identified
,

in the INTRODUCTION to this assessment. The following is a discussion

of how Dresden Unit No.2 meets the safety objections of these

topics.

5.1 TopicV-10.8RHRSystemRekiability

The safety objective for this topic is to ensure reliable plant

shutdown capability using safety grade equipment subject to the

guidelines of SRP 5.4.7 and BTP RSB 5-1. The Dresden 2 systems

have been compared with these criteria, and the results of these

comparisons are discussed in Section 4.0 of this assessment. Based

on these discussions, we have concluded that Dresdan 2 systems

fulfill the topic safety objective with the following comments:

1. The Shutdown Cooling System is not a safety grade system by

our definition. Additionally, the quality group classification

of the isolation condenser must be further evaluated during

the SEP. However, various ECCS systems. including HPCI, ADS,

LPCI, and Core Spray, can be utilized to effect reactor cocidown.
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2. Component redundancy (and single-failure proof) requirements

are not met in the case of the shutdown cooling system, in

that both suction valves (inside containment) are powered from

the same 480 V AC MCC and failure of this MCC could disable

the system. Ewever, the ECCS systems would still be available,

although various motor-operated valves oowered from MCC 28-1

would have to be hand-operated.
.

3. Component redundancy (and single-failure proof) requirements

are also not met in the case of the isolation condenser. The

single supply (steam) and return (condensate) lines each

include an AC powered isolation valve which is inside containment.

Failure of these valves in the closed position would result in

system in operability. However, these valves are normally

open and fail open on loss of electrical power. As noted in

Section 3, it would take simultaneous spurious isolation of

the condenser and loss of the power supply to create any

problem. Additionally, even if this highly-unlikely scenario

were to occur, the ECCS systems would still be available.

5.2 Topic V-11.A Requirements for Isolation of High and Low Pressure
Systems

The safety objective of this topic is to assure adequate measures

are taken to protect low pressure systems connected to the primary
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system from being subjected to excessive pressure which could cause

failures and in some cases potentially cause a LOCA outside of

containment. As noted in Sectior. I, only the shutdown cooling

system was examined.

The shutdown cooling system is designed for full reactor pressure

but less than full reactor temperature. Therefore interlocks (with

the exception of the pump ' suction low pressure interlock) are based

upon temperature considerations.

9

System operation cannot begin until temperature in both reactor

coolant recirculation Icops has dec eased to less than 350*F, at

which point the suction valves may be opened. Pump suction

pressure must exceed 4 psig before the pumps may be started.

Upon increase of reactor coolant temperature to 350'F, the shutdowr.

coolant system pumps will trip and the suction isolation valves

will shut, stopping flow through the system. Even if these valves

were not to close, a combination of a check valve on the discharge

line and the stopping of the puinps would prevent flow, and thus

temperature increase, through the system.

Because of the system's full pressure design and the incorporated

interlocks, we consider the applicable requirements to have been
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met. However, there are no testing requirements for these interlocks.

The need for such requirements will be addressed in the integrated

assessment at the completion of the SEP review.

5.3 Tooic V-11.B RHR Interlock Recuirements

The safety objective of this topic is identical to that of Topic V-ll.A.

The staff conclusion regarding the Dresden 2 valve interlocks, as

discussed in Section 5.2, is that adequate interlocks exist.

5. 4 Topic VII-3 Systems Recuired For Safe Shutdown

The Safety objectives of this topic are:

1. To assure the design adequacy of the safe shutdown system to

(a) initiate automatically the operation of appropriate systems,

including the reactivity control systems, such that specified

acceptable fuel design limits are not exceeded as a result of

anticipated operational occurrences of postulated accidents,

and (b) initiate the operation of systems and components

required to bring the plant to a safe shutdown.

2. To assure that the required systems and equipment, including

necessary instrumentation and controls to maintain the unit in
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a safe condition during hot shutdown are located at appropriate

locations outside the control room and have a potential capability

for subsequent cold shutdown of the reactor through the use of

suitable procedures.

3. To assure that only safety grade equipment is required for a

plant to bring the reactor coolant system from a high pressure

condition to a low pressure cooling condition.

Safety objective 1(a) will be resolved in the SEP Design Basis

Event reviews. These reviews will determine the acceptability of

the plant response, including automatic initiation of safe shutdown

related systems, to various Design Basis Events, i.e., accidents

and transients.

Objective 1(b) relates to availability in the control room of the

control and instrumentation systems needed to initiate the operation

of the safe shutdown systems and assures that the control and

instrumentation systems in the control room are capable of following

the plant shutdown from its initiation to its concludion at cold

shutdown conditions. The ability of Dresden 2 to fulfill objective

1(b) is discussed in the preceding sections of this report. Based

on these discussions, we conclude that safety objective 1(b) is met

by the safe shutdown system at Dresden 2 subject to the fidings of

related SEP Electrical, Instrumentation, and Control topic reviews.
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Safety objective 2 would require the capability to shutdown to both
'

hot shutdown and cold shutdown conditions using syste= instrumentation,

and controls located outside the control room. A Dresden 2 procedure

concerning evacuation of the control room provides the necessary

steps to shut the plant down from inside the control room, initiate

the isolation condenser, and monitor necessary parameters. No

procedures exist for shutdown and cooldown of the plant from

outside the control room.' The licensee has stated that a

procedure will be developed for plant shutdown from outside

the control room.

The need for a procedure to proceed to cold shutdown will be

determined in the SEP integrated assessment of the facility.

The adequacy of the safety grade classification of safe shutdown

systems at Dresden Unit No.2, to shew conformance with safety

objective 3, will be comoleted in part under SEP Topic III-1,

" Classification of Structures, Components, and Systems (Seismic and

Quality)'" and in part under the Design Basis Event reviews.

Table 4.1 of this report will be used as input to Topic III-1.

I
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