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QUESTION 

II. A. 1 Structural and Component Design 

To evaluate certain assumptions and methods described in answer to previous 
questions, we need the following information: 

II.A. 1-1 

1. With reference to the time-history used in the dynamic analyses of the Class I 
components, equipment, and structures, provide additional information concern
ing the following points: 

(a) The type of input that was employed. If a specific earthquake record was 
employed in a scaled form this should be identified. 

(b) The length of record time that was employec;i. 

(c) Evidence. if it exists, as to the response spectra that result from employ
ing this particular time-history, for at least one degree of damping. 

ANSWER 

The North-South component of the El Centro Earthquake of 18 May 1940, normalized to a 

maximum ground acceleration of 0. lOg, was used. 

The length of record time employed was 10 seconds. 

Figure II. A. 1 shows an unsmoothed response spectrum curve for the El Centro Earth

quake (1940, N-S) normalized to 0. lOg at 2% damping. We also have shown the Design Response 

Spectrum curve for Dresden at 2% damping which would be applied to Dresden if the components, 

equipment, and structures were analyzed by the Response Spectrum Method rather than the Time 

History Method. 

42. / 
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QUESTION 

II. A. 2 The information reviewed concerning the analysis of the stack design indicates that 
the base of the stack was considered to be fixed. It would appear that, because of the 
weight of the stack and the size of the base, some overturning or rotational effect 
might be important. Discuss the extent to which these effects were considered and, 
if so, how they were incorporated in the analysis. 

ANSWER 

The stack foundation was not considered to be fixed. An overturning effect was included 

in the design analysis. Calculations showing that the overturning factor of safety is greater than 

that required by the design codes are indicated below; The calculations show that the overturning 

factor of safety is actually 2. 1 whereas a factor of safety allowed by the design code is 1. 5. 

DATA: 

GRADE EL. 517 ft-0 in. 

BOTIOM OF FOUNDATION EL. 500 ft. 

0 in. 

28 ft - 6 in. O.D. 

V Total vertical load including weight of concrete shaft, weight of concrete ring, 

weight of foundation = 4710k 

MW Momentum due to wind ~ 28, 12ok-ft 

HW Horizontal wind shear = 192k 

(Total Overturning Momentum) M TOT 

(Stability Momentum) MS 

28, 120 + 192 x 171 = 31, 380k-ft 

4710 x 14. 5 = 67, oook-ft 

42,3 



DRESDEN 2, 3 · 

(Overturning Factor of Safety) n = 67,000 
31, 380 

. II.A. 2-2 

2. 1 . > 1. 5 allowed. 

Conclusion: Overturning factor of safety is bigger than required by the .codes. Factor of 
safety can be considered even higher, because chimney foundation is founded and surrounded 

by rock. Overturning effect on the chimney foundation is not a critical factor. 

Safety Factor 2. 1 > 1. 5 allowed. 
MActual Overturning Momentum 
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QUESTION 

II. A. 3 In connection with the analysis of the drywell, it appears that a rigid linkage was 
assumed between the drywell and the reactor building at elevation 575 ft 2 in. 
Other information suggests that the drywell model was analyzed independently of 
the entire drywell-reactor building-turbine building system. If so, how was the 
interaction force between the reactor building and drywell treated in the analysis? 

Similarly, with regard to the entire drywell-reactor building-turbine building analysis, 
how was the interaction between .the various elements considered or treated in the 
analyses of the three components noted? Explain the apparent differences in deflections 
at connecting levels. 

In addition to interaction between the drywell-reactor building and turbine building, it 
would appear that there should be interaction in the east-west direction between the 
drywell and reactor building for Units 2 and 3. How was this treated in the analysis? 

ANSWER 

The drywell was analyzed coupled to the reactor-turbine building, not independent of them. 

The model used is shown in Figure 5. 2. 17 and Figure 5. 2. 18 in the SAR Volume I. The drywell 

model shown in Figure 5. 2. 19 was shown "uncoupled" from the buildings only to allow for a better 
scale for drafting this model although the model does show the tie to the other buildings. In the 

analysis the drywell was assumed coupled to the reactor-turbine building. 

The entire drywell-reactor building-turbine building was analyzed as a coupled mathematical 

model as shown in Figure 5. 2. 17 and Figure 5. 2. 18 in the SAR. Since it was a coupled model, 

interaction between building elements is automatically considered. In a coupled model all of the 

interaction forces are determined by one analysis. 

The differences in deflections at connecting levels are explained as follows: Displacements 

are calculated for each mass point and a continuous curve is drawn through these points. Dtie to 

these plotting procedures, some minor discrepancies in the displacements between the intercon

necting elements may result. It should be pointed out that the model shows spring connections 

between the turbine and reactor buildings and the deflection of these springs accounts for much of 

the apparent "discrepancies" in the displacement diagrams. 

Reference to Figure 5. 2. 18 of the SAR shows the coupled mathematical model of the 

drywell-reactor building and turbine building in the East-West direction. Since this is a coupled 

model interaction between these components is automatically considered. 
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QUESTION 

II. A. 4 In the answer to Question 2. 16b it is noted that for the analysis of the reactor pressure 
vessel each mode was assumed to be "participating equally. " Please clarify this 
statement. 

Also, in connection with the analysis of the stack, dry\Vell, and reactor building, we 
need additional information as to how the participation factors for the various modes 
were calculated, and if possible, the specific values of the participation factors that 
were employed in the analysis. 

ANSWER 

To clarify the statement "participating equally," it should be pointed out that the reactor. 

pressure vessel was analyzed as a single mode system •. The participation factor which is 

defined as the summation of the masses multiplied by the mode shapes divided by the summation 

of the masses multiplied by the square of the mode shapes, Rn= :E Mi '1>in/:E Mi (t/lin)
2

, is 
approximately 1. 57. The interaction effect between the reactor building and the reactor pressure 

vessel was calculated using the square root of the sum of the squares of the building response and 

the reactor pressure vessel response. (See Figure II. A. 2 and Figure IL A. 3. ) 

The analytical procedures used for the stack, drywell, and reactor building are as follows: . 

Periods and Mode Shapes 

The natural periods of vibration and mode shapes of the mathematical model are given in 
Equation (1). 

where: 

w2 
n M] <P -n = 0 

K Stiffness matrix (see Remarks on the Cqmputer Program) 

W n Natural circular frequencies for the nth mode 

M Mass matrix 

<P Mode shape matrix for the nth mode -n 

0 = Zero matrix 

(1) 

By use of a computer program the W n value and the Si matrix for the nth mode are obtained. 

Generalized Displacement Response 

The generalized displacement response of the structure, once the period and mode shapes 

have· been determined, is given in the following equation: 
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EARTHQUAKE RESPONSE 

(Generalized Coordinates) 

Generalized Mass M* 52. 7982 ( K ~tSec2 ) 

Generalized Stiffness K* = ~Pi </>i + ~k i</> i2 
6 max 

K* 

w 

T = 

use A 

1 [821. 26 x 1 + 813. 94 x o. 7252 + 897. 25 x o. 5293 + 1191. 81 
0.0593 

x 0.3282 ~ 1035.6 x 0.0814 + 446.~2 x 0.2188 + 399.66 x 0.2316 

(
0. 0322 - o. 00552) 

+ 571. 46 x 0. 1959] + 4000 x 12 K /ft x o. 0393 

+ 37000 x 12 K/ft x 0.0189 = 2664• 15 + 22156.8 + 8391.6 = 98338.5: 
0.0393 

ff. 98338.5 J1862. 535 43. 2 Rad/sec 
* 52.7982 

2Tl/W = O. 1454 sec 

= 0.02 

Sa = O. 235g (from Figure 4 "Dresden Unit 2 Nuclear Plant Recommended 
Earthquake Criteria," by J, A. Blume and Associates November 1965) 

y max 2m<J> 
M* 

82• 7379 x 0.235g = 0:368g 
52.7982 

FIGURE 11.A.2 CALCULATIONS SHOWING INTERACTION EFFECT BETWEEN REACTOR 
BUILDING AND REACTOR PRESSURE VESSEL 
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EARTHQUAKE RESPONSE 

Relative Acceleration vni, max = Yn' max · rp ni 

Building Acceleration ubi• max 

(From Dresden Unit 2 Reactor Building Earthquake Analysis 

By J. A. Blume and Associates, November 26, 1965) 

1 2 3 4 5 6 

0.368g 0.267g 0.195g O. lllg 0.030g 0.0806g 

0.30g 0.25g 0.23 0.184g 0.14g 0.19g 

0.475g 0.367g 0.816g 0.215g 0.143g 0.207g 

891.26 818.94 897.23 1191. 81g 1035.6 446.82 

390.10 289. 283.4 256.1 148.09 92.5 

·7 

0.0852g 

0.205g 

0.222g 

399.66 

88.7 

*Maximum Absolute Acceleration: a i, max = J (v li' max)2 + ubi' max) 

**Seismic Forces psi = ai' max · W i 

FIGURE 11.A.3 RESPONSE OF REACTOR BUILDING AND PRESSURE VESSEL 

4Z/? 

8 

0.0721g 

0. 244g 

o. 254g 

571. 40 

145. 15 
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M -l R (t) Ug(t) n n 

Generalized coordinate matrix 

Rn J,t .. -Xn Wn (t-r) 
-- u (T) e [Sin wn (t-T) dT] 
MW o g 

n n 

Mn Generalized mass matrix 

;\ 
n 

dT 

q,T • M . .p 
-n -n 

Inverse of the generalized mass matrix 

Earthquake input ground motion listed in Appendix 

Damping for each mode - taken as 5% for all modes 

Integration interval used in the step by step solution of the Duhamel 

Integral - 0. 005 second. (Experience has shown that excellent accuracy 

is obtained if the integration interval is less than one tenth of the first 

mode period of vibration of the building. ) 

(2) 

(3) 

From the. generalized coordinate matrix, the time history of displacements is found according 
to Equation (4). 

v (t) 

where: 

•.• : .p > 
• m 

m Number of modes considered. 

y 1 (t) 
...... 

Y (t) Y2 (t) 

Ym (t) 

Displacement - time history matrix. 

(4) 

tZ,9 
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Inertial Fore es 

The time history of the inertial forces are then determined according to Equation (5). 

(5) 

where:. 

Q (t) Matrix of inertial forces for each time increment for each mass 

Additional Output 

Once displacement and inertial force - time histories have been established a tiine 
. ' 

history of shears, moments, displacements, and accelerations is determined. These records 

are then enveloped to determine the maximum values which are then plotted in the report and used 
by the designer. 

Remarks on the Computer Program 

1) The computer program used in this analysis was specially designed to solve the 

dynamic response of structures subjected to arbitrary ground motions. Since the program was 

written to cover as many structural configurations as possible, the structural member input data 

f<;>r the program are in the form of member moments of inertias, areas, and effective shear areas. 

The effects of axial deformations and shear deformations are included in calculation of the stiff
ness matrix. 

2) The computer retains the response of each mass for each individual mode at each 

increment of time, and the total response for each increment of time is obtained by adding together 

the responses of each mass point for each mode at a particular instant of time. This results in an 

exact comJ:>ination of mode participation without the necessity of using approximate methods such 

as the root-mean-square ~ethod. 

3) Individual elements in the stiffness matrix are designated Kij and are stored in the 

computer such that. the ith value designates the row number and the jth value the column number. 

Kij is determined by applying a unit displacement at the jth point while restraining the other points 

against distortion, ~nd finding the corresponding reaction at the i th point. 

4) The general computer techniques used in this analysis are taken from References 1, 

2, 3, and 4. A simplified block diagram of the computer program for .the drywell, and the input 

and output data are shown on Figure II. A. 4 and Tables II. A. 1 and II. A. 2. The computer program 

and the input and output data are similar for the stack and reactor building. 

1. 

2. 

3. 

4. 

Use of Modern Computers in structural Analysis, by R. W. Clough, Journal of the structural 
Division of the American Society of Civil Engineers, ST 3, May 1958. 

Structural Analysis of Multistory Buildings. by R. W. Clough, Ian P. King and Edward L. 
Wilson, Journal of the structural Division of the American Society of Civil Engineers, 
ST 3, June 1964. 
Dynamic Effects of Earthquakes. by R. W. Clough, Transactions of the American Society 
of Civil Engineers, Paper No. 3252. 
Large Capacity Multistory Frame Analysis Programs, by R. W. Clough, Edward L. Wilson 
and Ian P. King, Journal of the American Society of Civil Engineers, ST4, August 1963. 
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TABLE II.A.1 

INPUT DATA 

1. Geometry of Model 

a) Vertical distances between mass points 

b) Mass point identification 

i.e.: Mass 1 

Mass 2 

Etc. 

2. Cross Section Properties 

a) Moments of inertia of structural members 

b) Areas of structural members 

c) Shear areas of structural members 

3. Weights and Masses 

a) Weight of each mass point 

b) Mass of each mass point 

4. Input Earthquake Data 

a) Input earthquake-time in seconds and 

acceleration in gravity units 

b) Integration interval to be used in step by step 

solution of Duhamel Integral (0. 005 second). 

TABLE II. A. 2 

OUTPUT DATA 

1. Maximum absolute displacements of each mass point. 

2. Maximum absolute accelerations of each mass point. 

3. Maximum absolute shears at each mass point. 

4. Maximum absolute overturning moments at each mass point. 

5. Natural period of vibration of each mode calculated. 

,. 
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QUESTION 

II. B. 1 Please describe the Recirculation Flow Monitors. This description should include 
the number of monitors to be provided and their redundancy with respect to the RBM 
and APRM Systems. Further, we understand that the recirculation flow comparators 
can initiate a rod block. Provide a description of this function and a performance 
evaluation considering both one- ·and two-loop operation. 

ANSWER 

Figure 7. 4. 1 of the FSAR depicts half of the neutron monitoring system. As shown in 

this figure, there is a recirculation {driving) loop flow signal supplied to the APRM's and the 

RBM assigned to Reactor Pr.otection System (RPS) Trip System A and another identical signal 

supplied to the APRM's and the RBM associated with RPS Trip System B. Note that the RBM's 
are assigned to RPS Trip System only for convenience. The sensor and signal conditioner 

arrangement utilized for furnishing this signal is shown in Figure II. B. 1 and described as 

follows: There are two recirculation (driving) flow loops on the Dresden 2, 3 plants, each 
loop containing one flow sensor. The differential pressure reading obtained from the flow sensor 
is supplied to parallel t.P to I converters. The resultant current signals are further condi
tioned and fed to summers so that there are two signal outputs each equal to the total driving 
loop flow, that is, each equal to the sum of the flow in driving loop A and driving loop B. These 
two signals are fed to the flow converters which further condition the flow signals for use by the 

APRM's and the RBM's as a reference signal for the rod block alarms. Since both flow con

verter outputs should be proportional to the sum of the two driving loop flows, a comparison is 

made of the two flow converter outputs; and a rod block is actuated if the difference between 

these two signals exceeds approximately 10%. The purpose of this comparison alarm is to 

allow for identification of a failed flow signal conditioner which would cause an erroneous refer

ence signal to be supplied to one set of APRM' s or one RBM. 

Because each driving loop signal furnished to each flow converter is proportional to the 

sum of the two driving loop flows, that is total flow, single loop operation results in the two 

signals indicating that fraction of total flow supplied by the loop in operation. 

With single loop operation and with the equalizer valve closed there is a slight difference 

(approximately 1%) between the measured flow and the actual core flow. This difference is not 

considered significant. The loop flow indication is always greater than the actual core flow 

anyway, so the rod block line is always adjusted in the safe direction. 
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QUESTION 

II. B. 2 Reactor water level instrumentation generates signals which are used in the reactor 
protection system and feedwater control system. Submit an evaluation to show that 
the design of this instrumentation conforms to IEEE-279, Section 4. 7, as discussed 
on Page 9.4:-1 of Amendment Nos. 8 and 9 for Units 2 and 3, respectively. 

ANSWER 

The feedwater control system does not connect to the reactor protection system in any 
location, including sensors. The only common point is the reactor vessel penetration which. 

is utilized as the point of sensing by both the sensors in the feedwater control system and some . 

of the sensors in the reactor protection system. The following discussion, therefore, only 
shows conformance of the reactor protection system to IE;EE-279. 

Reactor Protection System Arrangement. The re~ctor protection system has two trip 
systems (trip system A and B). Each trip system has two independent subchannels. Reactor 
scram is initiated when one or both subchannels in each of the two trip systems are tripped. 

Each process variable that provides reactor protection trips is sensed by four independent 
primary sensing switches. Each independent switch works into its associated trip channel to keep 

it energized when the sensed reactor variable is normal. 

Reactor scram is iilitiated when the sensed process variable in one or both subchannels of 

. both trip systems change in an unsafe manner or upon loss of power to at least one channel in 

each system. Trip system A is powered from one Motor Generator Set, and trip system ~ is 

powered from another Motor Generator Set. 

Sensing Line Arrangement. The primary sensors for subchannels A1 and B1 are on the 

same set of sensing lines (headers), and channels A2 and B2 are on a different set of sensing 

_lines. The two sets of sensing lines servicing the two trip systems are geometrically separated 
by approximately 180 ° in azimuth and pass through drywell penetrations that are greater than 
50 feet apart and are in separate rooms, thus in accordance with the separation criterion: 

Wiring and Connections. The wiring to the independent sensors for trip system A run in 

different conduits or trays from those of trip system B. The system is connected such that the 
channels of each trip system are electrically isolated from each other so that a failure of one 

,. 
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channel will not prevent the valid trip of the second channel of the trip system. The system thus 
meets the single failure criterion and channel separation criterion. Highest quality materials 
and components are used in the design of the system. 

Summary. The reactor protection system meets IEEE-279 in that single failures in the 

system do not prevent the system from producing valid scrams, while providing for maximum 
system availability by preventing or reducing the number of spurious scrams. The System is 
physically laid out to provide for physical separation of components and electrical isollition. 
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QUESTION 

Describe and evaluate the design of your reactor protection system which initiates 
and controls the engineered safety features with respect to the physical and electrical 
independence of redundant elements within each system to show that no single fault 
can preclude protection system action. 

ANSWER 

The reactor protection systems, such as reactor scram, primary containment isolation, 

and engineered safeguard systems, comply with the requirements of IEEE-279. The design and 

installation of the Reactor Protection System has in general followed practices which are intended 
and expected to make it invulnerable to any single failure in sensory equipment or electrical 

wiring. These practices are summarized below: 

a. Sensors are divided into four or more channels and their channel division is 

carried through to the protection system relay panels which consist of four 

separate panel sections having end closures of steel. 

b. All protection system wiring is r~n in rigid metalll.c conduit or solid trays with 
covers. 

c. Cables through drywell penetrations are so grouped that failure of all cables in a 

single penetration cannot prevent a scram. 

d. Routing of cables is such that damage to any single tray cannot disable the protective 

function. 

e. Sensors are arranged so that no single sensor or process sensing line failure in any 

mode can disable the scram function. 

f. Wiring to scram solenoids are grouped so that no failure within a single metallic 

enclosure can affect more than one of the four groups of control rods. 

Primary containment isolation control has its sensory functions separated in a manner 

similar to the reactor protection system (except for the main steam flow switches explained 
below) and its logic relays are included in the four protection system panels. Auxiliary relays 

are located in two separate cabinets, one for inboard and one for outboard valves. Cables to the 
. redundant motor operated valves (ac inboard, and de outboard) are in separate trays or conduits 

as are cables to air operated valves inside and outside the drywell (e.g., main steam isolation 
valves). Separation of wiring to redundant fail-closed valves outside the drywell (solenoid 
piloted air operated valves on drywell ventilation systems) is not required because safe failures 
will result from any 'circuit damage considered credible. 

Each main steam line has flow switches which operate from a single pair of sensing lines 
from each of the steam flow elements. Thus, a single sensing line failure can cause failure of 
four switches on a line. Such a failure is readily detectable by indication through the steam flow 
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indication instruments. In addition, a measure of backup is provided by the temperature sensors 
in the pipe tunnel and flow switches on the other three lines. Electrical circuit separation is 
maintained from the flow switches to the protection panels. 

The engineered safeguards for core and containment cooling constitute a system composed 
of several subsystems which are not indivi~lly required to meet the single failure criterion but 
among which there is functional redundancy, diversity, and separation so that no single fault can 
preclude adequate protective action. Sil:lgle faults considered include any single panel, relay 
cabinet, or power supply (ac or de). 

Panels in the main control room are designed so that wiring for core spray A and core 
r 

spray B in separate panels having steel end closures. Wiring for the LPCI subsystem is similarly 
separated. The HPCI is also separated from the auto depressurization in the same manner. 
Relay cabinets for these systems follow the same separation rules of separate cabinets for 
separate subsystems. Power supplies are separate for each core spray subsystem and the 
LPCI power supply is similarly separated as is .the HPCI and auto depressurization subsystems. 
Interconnecting cables follow the same division using separate trays or conduits so that no single 
wireway failure can disable the core cooling functions. 
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QUESTION 

State the criteria used to determine which of the process monitoring subsystems 
listed on Page 7. 6. 1 are to provide automatic protection signals, such as isolation 
valve closure, or reactor shutdown. 

ANSWER 

The main steam line monitoring subsystem is the only process monitoring subsystem 
providing an automatic protection function and reactor shutdown. Some of the other subsystems, 

however, perform an automatic isolation or closure function. The subsystems which do this 

are: the air ejector monitors and the reactor building air monitors. Those systems which do. 
not perform an automatic isolation are intended to provide only an audit function. These are 
1) the stack gas monitor, 2) liquid monitors, 3) isolation condenser monitor, and 4) crane 

monitor. 

The subsystems which provide automatic isolation function can be classified into two 

radiation source categories. The first category is the reactor building monitors which are 

intended to detect abnormal amounts of radioactive material in the reactor building which could 

be released to the environment untreated if normal ventilation were not terminated. Thus this 
system turns off the normal ventilation and initiates the standby gas treatment system. 

The second category of automatic isolation subsystems includes the main steam line 

monitors and air ejector monitors. Both of these subsystems see essentially the same potential · 

source of abnormal amounts of radioactive material, i.e., gaseous fission product release from 
the reactor core. The steam line monitors are intended to provide rapid detection of gross fuel 

failure and terminate fission product release from the primary system by closing the main steam 

line isolation valve. However, since closure of these valves causes a reactor shutdown (scram), 
the steam line monitors also signal a scram anticipatory to the valve-induced scram. 

The air ejector monitors provide a dual function. One is an audit fu'nction to alarm when 
the permissible annual off-gas release rate limit is reached thus serving as a backup to the stack 

monitor. The other is an automatic isolation function (after 15 minutes delay) when the short 
term off-gas release rate limit is reached. This latter function, with the associated 30-minute 
time delay prior to actual release of offgas to the atmosphere, assures that the normal operating 
limits of 10 CFR 20 are not exceeded, but in addition provides a backup isolation function to the 

steam line monitors to further assure that fission products from gross fuel failure are retained 
in the plant. 

•. 
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QUESTION 

The reactor building monitoring subsystem consists of two monitors which share low 
and high voltage power supplies. Does this subsystem meet the single failure 
criterion? 

ANSWER 

The reactor building monitoring subsystem consists of: 

four G. M. detectors (two located in ventilation duct and two located on refueling 
floor) 

four indicator, recording, and trip units 

two power supplies 

two auxiliary units 

This equipment is designed for a mean time between failure of 1 year per point or channel •. 

This includes the power supply, etc. However, in actual operation in the GE San Jose plant, 
there has been only one failure out of 18 channels operating for approximately 18 months •. This 
is considerably better performance than required by the design. 

The power used for the power supplies is 120V ac from the essential service bus. This 
power bus will be very stable, but in the event of a power failure a downscale alarm will occur 

in the control room to inform the operator should one of the power supplies fail such that no 

downscale alarm is annunciated. Then the one remaining power supply and its associated mon
itors will still give positive indication and a one-out-of-two trip for standby gas treatment system 

initiation.. The reactor building monitoring system meets the single failure criteria. 

4-Z. ii 
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QUESTION 

Provide an evaluation to show that the stack monitors are capable of monitoring the 
gas treatment system effluent considering the presence of other releases to the stack. 

ANSWER 

The stack monitors are intended to audit the quantity of radioactive material released via 

the stack during normal operation. This audit is to verify compliance with 10 CFR 20. To 
accomplish this, audit is made of the stack flow consisting of radiogases in the air ejector offgas 

(approximately 230 cfm, see page 9, 2,.2 of FSAR) mixed with ventilation air (approximately 
200, 000 cfm, see page A-3-9 of the FSAR). Sampling is done in accordance with good engineering 

design practice, i, e., the sample line is located at a height on the stack which is 10 times the 
stack diameter. The instrument measures concentration which is calibrated in terms of µ.Ci/sec 

of effluent discharge. 

In the event that operation of the standby gas treatment system is required, normal offgas 
and ventilation flow would be terminated. The from from the gas treatment system is 4000 cfm 

which is directed to the plant stack near its base. Thus the stack gas monitor sampling line 
could sample the gas treatment flow; however, since the monitor is designed for sampling a much 

larger flow, with quite low concentrations, the sampling of this small concentrated flow is likely 
beyond the instrument sensitivity. For examp~e, as can be seen from Chapter 14 of the FSAR, 

the radiogas release rates during accident conditions could potentially be 3. 9 Ci/sec (see page 
14. 2-9 of FSAR) diluted in 4000 cfm. This may be compared to instrument sensitivitY of 

20 Ci/sec maximum diluted into 200, 000 cfm. 

This instrument limitation is even more evident if a more conservative accident model is 

· assumed as is done by the AEC staff. In such an event, even larger fission product release is 

presumed ·and would certainly be beyond the instrument sensitivity. An additional reason why 

the stack monitor is unsuited to measurement of the accident effluent is that the fission product 

mixture for such an effluent is energetically quite varied relative to the normal noble gas mixture 
in the offgas. 

Thus it can be concluded that the stack monitoring system which is intended for riormal 

audit is not suitable to assure proper monitoring of the gas treatment effluent during accident 

conditions. 
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QUESTION 

Provide an evaluation of the gas treatment system instrumentation and controls to 
show that it satisfies the single failure criterion. 

ANSWER 

The standby gas treatment system consists of two separate filter/fan trains, each one 
sufficient to provide 100% capacity. All instrumentation and controls on a train are duplicated 
on the other train. Thus capability exists to sustain a single failure of one train and still provide 
full treatment via the other train. 

The initiation signals for the standby gas treatment system includes, in addition to manual 
operation, high radiation in the reactor building air and high drywell pressure. The former, 
reactor building radiation, is discussed in answer II. B. 5. The latter, high drywell pressure, 
is the same one out of two-twice logic sensing system used for ECCS operation. Thus the 
standby 'gas treatment system instrumentation and controls meet the single failure criterion. . 

.. 
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QUESTION 

II. B. 8 Indicate the bases for selecting the ranges of each area monitor listed in Table 7. 6. 2 
and for the selection of certain area monitors to alarm locally at the detector · 
locations. 

ANSWER· 

It has been determined from shielding calculations and from operating experience on other 

BWR plants that four ranges of monitoring instrumentation sensitivity are adequate for the radi

ation areas selected for location of area monitors. These ranges are: 

1. 10 to 1, 000, 000 mR/hr (low low sensitivity) 

2. 1. 0 to 10, 000 mR/hr (low sensitivity) 

3. O. 1 to 1, 000 mR/hr (medium sensitivity) 

4. O. 01 to 100 mR/hr (high sensitivity) 

Range 1 is used (as seen in Table 7. 6. 2 of the FSAR) on one of the monitors on the 
refueling floor area station 2. This instrument is intended for post accident (refueling accident) 

radiation measurements for use in recovery. Since radiation levels could potentially be very 

high, a low low sensitivity instrument has been selected. More sensitive instruments are also 
located on the refueling floor (stations 1 and 3) to provide capability to ascertain that expected 

low background radiation does exist. 

The other three ranges of instruments are utilized in various areas to assure detection 

capability as low as expected background radiation levels and up to unlikely maximum levels. 

Most instruments, as can be seen in Table 7. 6. 2, are high sensitivity (range 4) since they are 

located in very low background areas but with potential for moderate radiation levels. Several 

instruments are range 3 (medium sensitivity) and located in low background areas with a few 
(TIP cubicle, torus area, HPCI cubicle) range 2 (low sensitivity) in higher background areas. 

Local alarms at the detector locations were selected on the basis of personnel safety. In 

areas where personnel normally will be located local alarms will be installed. 
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QUESTION. 

II. B. 9 Units 2 and 3 are dependent upon each other to achieve redundancy in offsite power 
sources, battery systems, etc. Since Unit 2 will be placed in operation prior to 
Unit 3, provide a listing of all shared systems and state how you will ensure adequate 
redundancy prior to the completion of Unit 3. 

ANSWER 

Unit 2 does not depend on Unit 3 to achieve redundancy in off site power. Units 2 and 3 export 
power from the station on the 345 kV system; however, offsite power for Unit 2 is obtained from 
the 138 kV system. This power is supplied through the reserve auxiliary transformer, which is 
capable of carrying the entire load, and the 138 kV switchyard. Redundancy in offsite power is 

achieved by multiple 138 kV lines to the 138 kV switchyard. 

The following systems from Unit 3 will be operational and capable of feeding the Unit 2 

systems: 

(a) 125V battery 

(b) 125V d-c main bus and reserve bus 

(c) 125V battery charger No. 2 

(d) 125V d-c cable feeders to switchgear 

(e) 250V d-c system 

The above equipment provides an alternate source of power to the Unit 2 125V d-c and 

250V d-c systems. 

The following equipment is required for operation for both Units 2 and 3, so their alternate 
source to operate will also be available: 

(a) Cardox .co2 System Controls 

{b) Standby Gas Treatment System 

(c) Motor Control Centers to Supply Power for the Standby Gas Treatment System 

Components 

(d) Acid and Caustic Transfer Pump Motors and Controls 
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QUESTION· 

Is the system design such that the loss of one or both units will not perturb the 
external grid to the extent that the offsite power will not be available for the 
engineered safety features? Submit an analysis to support your response. 

ANSWER 

An analysis was conducted of the sudden loss of both Dresden Units 2 and 3 (the worst case} 
and the response of the interconnected power grid to the outage. The conclusion of this study· is 
that the external power system will be able to supply the station requirements continuously both 

immediately after the loss of both units and later when generation on the power system is 
readjusted to make up the lost generation~ 

Figures II. B. 2 and II. B. 3 show the power flows in the Dresden area and between utilities 
surrounding the Commonwealth Edison system before the loss of the Dresden generation. These 
calculations were made by a digital computer load flow program and simulate projected peak load 
conditions on the interconnected system in 1970. It is significant that the reserve auxiliary power 
transformer for Unit 2 is supplied from the 138 kV system while that for Unit 3 is supplied from 
the 345 kV system. The 138 kV lines connect to different remote terminals than the 345 kV lines, 
thereby providing diversity of supply to the Dresden reserve auxiliary power transformers. 

Figures II. B. 4 and II. B. 5 show corresponding power flows in the Dresden area and between 
utilities immediately following the sudden loss of both Dresden Units 2 and 3. These units had 
been generating a total of 1700 MW gross (1620 MW net) before the outage. For the condition 
shown in Figures II. B. 4 and II. B. 5, the energy previously generated by Dresden Units 2 and 3 
is made up by the release of kinetic energy of the other generators on the interconnected system 
resulting in incremental power flow to Commonwealth Edison from other systems. This is a 
momentary condition which could exist only until automatic governor action would begin to in
crease Commonwealth's generation tending to decrease loading on ties. Analysis of the loadings 
shown in Figures II. B. 4 and II. B. 5 indicated no overloads or line loadings which would cause 
relay tripping. 

Figures II. B>·6 arid II. B. 7 show the corresponding power flows after generation on the 
Edison sytem has been adjusted to replace the lost generation. This condition will be reached 

several minutes after the Dresden units had tripped. The needed additional capacity will largely 
be obtained from spinning reserve on the system and fast-start peaking units. 
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QUESTION 

II. B. 11 Evaluate the ability of your onsite and off site electrical power systems to each 
separately, and independently, supply engine~red safety feature loads for one unit 
and safe shutdown loads for the other unit assuming a single failure in each power 
system. The analysis should include: 

(a) Battery failure (250 or 125V de). 

{b) Faulted DC bus (250 or 125V de). 

(c) Faulted transfer devices {ac and de systems). 

(d) Any ac or de load fault. 

ANSWER 

An evaluation of the onsite and off site electrical power systems assuming a single failure 

in each system is presented in the answer to question ill. E. An evaluation of the battery systems 

is presented as follows: 

The 250V de power supply is used as a source of power for some of the containment isolation 

valves. Each de. powered isolation valve is backed up by an ac operated isolation valve. Of par

ticular interest is the HPCI steam line isolation valves, the inboard valve being ac, the outboard 

valve being de supplied from the 250V de battery. Should the 250V de battery fail, the ac oper
ated valve would still isolate the system. Manual switchover to the other 250V de battery is 

possible as can be seen by Figure 8. 2. 6 of the FSAR. 

The 125V de power supply is used to supply the automatic switchgear which is required 

during a loss of coolant accident. Both the Unit 2 and the Unit 3 125V de battery systems are 

shown in Figure 8. 2. 7 of the FSAR. Control power (125V de) at all the 4 kV and 480V switch

gear is monitored. The loss of this control power to any one bus actuates an alarm which is 

acknowledged by the operator and the alternate supply of power is transferred to the bus. Feeder 

breakers to all de distribution panel buses have trip alarms to alert the operator of the .loss of 

power to any de bus. Loss of either battery or any one bus in its entirety will interrupt control 

power to only one of the two redundant power systems. For example, loss of turbine building 

main bus 2 or the Unit 2 battery will result in the loss of control power to Switchgear 23, 23-1 

and 28 and the normal supply to diesel generator 2/3. The d~esel generator control circuit will 

transfer to its alternate source. Buses 24, 24-1 and 29 are unaffected. The operator will be 

alerted and can transfer buses 23, 23-1 and 28 to their alternate sources. Should the core 

cooling systems be required before the alternate source is switched in, the core cooling equip-

. ment would be reduced to one core spray and two LPCl's which provides in excess of 100% core 

cooling. 

Loss of the turbine room reserve bus 2 (or the Unit 3 battery turbine room main bus 3) 
will result in the loss of control power to Switchgear 24, 24-1, and 29, and to diesel generator 2. 

As described above, only half of the control power system is temporarily lost. 

Control power failure to redundant buses and/or diesel generators can be affected only by 

the wneurrent los.s 0f tht: combined turbine building main bus/reactor building distribution panel 
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and the turbine building reserve bus. Concurrent failure due to an electrical fault is prevented 
by keeping the bus tie breakers open during normal operation. The two turbine room buses are 
located within the same Class 1 structure which houses the control room and auxiliary equipment 
room. The same fire and missile protection afforded to control room panels is applied to the 

turbine room de equipment. The physical separation of the turbine room reserve bus and the 

reactor building distribution panel will preclude concurrent mechanical damage to both buses. 

Alternating current transfer devices will meet single failure criteria as designed. The 

only de transfer device is for control power to the Unit 2/3 diesel generator and its failure could 

cause loss of only that diesel. 

The emergency power system is designed so that an overload of any magnitude less than 

that expected from a direct phase-to-phase fault will not trip breakers or perform any.automatic 

functions. Over-current relays are provided which will isolate a fault on bus 23, 23-1, 24 or 

bus 24-1 when offsite power is available. Should the fault be on bus 23-1 or bus 24-1, these 

relays will also prevent the diesel generator break"ers from closing into the fault after offsite 

power has been isolated. Similar protection is not provided for those situations when onsite 

emergency power is being utilized, however, a kW overload alarm is furnished with each diesel 

generator which will alert the operator to a potentially hazardous situation. 

It is concluded that the redundancy achieved by the dual battery systems, both the .250V de 
and the 125V de, and by the diesel generator arrangement plus the separation employed in all 

components, transfer devices, etc., assures that no single failure can prevent operation of the 

engineered safety features. The worst single failure would result in the loss of one-half of the 
core cooling equipment, i.e., one core spray pump and two LPCI pumps. One core spray pump 

and two LPCI pumps would remain to cool the core. In addition it is noted that the switchoyer 

capability in each of the battery systems permits the operator to supply battery power to a unit 

even if that unit's battery has failed. The load capacity of each battery, as sh.own in Tables 8. 2. 3 

and 8. 2. 4, is sufficient to supply power to both units, even to the extent that one unit has sus

tained an accident and the other unit is being shutdown. 
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QUESTION 

Describe and evaluate the auto-start switch in the core spray subsystem to show that 
no single failure could preclude operation of both core spray loops. 

ANSWER 

Each core spray pump is equipped with a four-position control switch provided with START, 

AUTO, STOP and PULL to LOCK in STOP positions. The control switch has a spring return 

to AUTO position from both the START and STOP positions. The PULL TO LOCK in STOP 

position permits the pump to be stopped by pulling the switch and placing it in .the PULL TO 

LOCK position. This permits the operator to override the automatic start signal whic.h is 

necessary during a long term cooling of the reactor core following an accident. In such a case, 

the operator would secure one core spray pump and its corresponding diesel-generator after 

assuring that full core cooling capability existed in the remaining operating ECCS components. 

Administrative procedures restrict the operation of these control switches. Since each 

pump has its own control switch, no single failure could preclude operation of both core spray 
loops . 
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QUESTION 

Describe and evaluate the instrumentation which automatically reinstates a core 
spray loop undergoing test in the event of a LOCA. 

ANSWER 

During core spray system test, the test bypass valve is opened to the suppression pool and 

the pump is started using the remote auto-start switches in the control room (see answer to 

question II. B. 12). Upon receipt of a LOCA initiation signal, the test bypass valve is automatically 

closed. This is the only basic difference between test and normal standby operation of the core 

spray system. The signal to close the test bypass valve is initiated by the same instr1,1mentation 

used to initiate the start of the engineered safety features, as is seen in Figure 6. 2. 5 of the 

FSAR. 

The core spray pump in the test loop will remain running unless there is a loss of voltage 
in which case the pump will be tripped by undervoltage protective devices. The pump will be 

restarted in the prescribed manner upon the restoration of power. Other valves in the core 

spray system will operate in the intended manner on a LOCA initiation signal. 

42'37 
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QUESTION 

II. B. 14 Describe and evaluate the pressure differential system which monitors the integrity 
of the core spray loop. · 

ANSWER 

A detection system is provided to continuously confirm the integrity of the core spray piping 

between the reactor vessel wall and the inside wall of the core shroud. A differential pressure 

switch measures the pressure difference between the top of the core support plate in a static 
channel and the inside of the core spray sparger pipe just outside the reactor vessel. If the 

core spray sparger is sound, the pressure difference will be the small drop across the. core, 

resulting from inter-channel leakage. If integrity is lost, the differential pressure will also 

include the steam separator pressure drop. The trip setting of the differential pressure switch 

is set as close as practicable (approximately· 2 psi) to the normal differential pressure in order 

to optimize the sensitivity for break detection and yet not to produce erroneous trips. Increas

ing differential pressure initiates an alarm in the control room. The differential pressure switch 

used is of the same quality as the other instrumentation used for the engineered safeguards 

system. 
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QUESTION 

Submit an evaluation to show that the t.P instrumentation in the LPCI break detection 
system is effective for the complete range of recirculation flow rates. 

ANSWER 

The available pressure differential for loop selection is a function of break size and 

recirculation flow rates. The small breaks with low recirculation flow rates are the most diffi

cult to detect. Since core power level decreases as the recirculation flow rate is decreased, the 

minimum break size which must be detected for adequate LPCI injection increases with decreas

ing flow rates. For power levels less than full power (recirculation flow rate less than 100%) 

the minimum break size which must be detected is increased more than enough to compensate 

for the reduced flow rate. Therefore, the t.P instrumentation in the LPCI break detection system 

is effective over the complete range of recirculation flow rates as required for LPCI injection. 

q~,3~ 
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DRESDEN 2, 3 II. B; 16-1 

QUESTION 

Submit an evaluation to show that the LPCI break detection system meets the single 
failure criterion. 

ANSWER 

The sensing circuit for break detection and valve selection is designed so that failure of a 

single device or circuit to function on demand will not prevent correct selection of loop for 

injection. 

The above is accomplished by providing two d-c control logic circuits, each of which is 

supplied from independent power sources. Either control logic circuit is capable of correct 

selection of loop for injection. Redundant sensors are provided and arranged to provide for a 

one-out-of-two-twice logic. All other sensors, timers, and components are arranged in a one

out-of-two logic. Thus the single failure of a single component will not prevent selection of the 

correct loop for injection. 
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DRESDEN 2, · 3 II. B.17-1 

QUESTION 

Discuss the basis for your choice of the 2- to 3-second time delay in the LPCI break 
detection system. 

ANSWER 

The 2- to 3-second delay in the break detection circuit is provided to allow time for 

momentum effects to establish the maximum pressure differential for break detection. Since 

the flow decay time constant of the fluid in one recirculation loop (excluding the pump and M-G 

set) is about 1 second, a 2- to 3-second delay will assure that the momentum effects have 

established the maximum pressure differential for loop selection; 
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QUESTION 

How are the AP instrument trip points set? Will the trip points of these instruments 
have to be reset depending on the number of recirculation loops in operation? 

ANSWER 

The AP instrument trip points are selected such that the instruments null (essentially 

0 differential) when the reactor recirculation pumps are delivering rated flow. This will optimize 

the setting of the instruments should there be even a slight difference in the loss coeffident of. the 

jet pump assemblies. 

The trip points for these instruments will remain the same regardless of the number of 

recirculation loops in operation. During one pump operation a reactor pressure permissive will 

prevent the loop selection network until reactor pressure has dropped to approximately 900 psig. 

This requirement adjusts the selection time to allow for pump coastdown and thus optimize sensi

tivity and still ensure that the network is not delayed unnecessarily. Stopping the recirculation 

pump is necessary to eliminate the possibility of breaks being masked by the operating recircula

tion pump pressure. Thus, the 900 psig permissive allows the same trip point setting regardless 

of the number of recirculation loops in operation. 

The trip point is set at ~o. 75 psi. The only requirement is that any positive AP would 

result in the selection of Loop A, any negative AP would result in the selection of Loop B. 

4Z,4Z..-
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QUESTION 

It is our understanding that the signals which initiate the engineered safety features 
have been changed to high drywell pressure or low-low reactor water level in coin
cidence with low reactor pressure. Please confirm whether this change is to be 
incorporated into the Dresden 2/3 design. If it is, provide the following: 

(a) The analysis which justifies the change. 

(b) A description and evaluation of the instrumentation design changes to show 
conformance with IEEE-279 as discussed on Page 9. 4-1 of Amendment 
Nos. 8 and 9 for Units 2 and 3, respectively. 

(c) Revisions to logic diagrams, technical specifications, etc. 

ANSWER 

a) The signals which initiate the low pressure core cooling equipment (core spray and 

LPCI) have been changed to high drywell pressure or low-low reactor water level in coincidence 

with low reactor pressure. Our analyses have shown that a loss of normal feedwater would re

sult in low-low reactor water level within seconds thereby actuating the low pressure core cool

ing systems which are powered by the diesel generators. The addition of the low pressure per

missive allows continued operation of other plant equipment (specifically the drywell cooling 

fans) off the diesel generators in the event of a loss of normal auxiliary power to the plant. This 

would avoid a rise in drywell pressure which, coincident with the low-low reactor water level 
signal maintained for 120 seconds, would start the auto depressurization system. Since the 

LPCI and core spray cannot inject water until reactor pressure has dropped below the shut-off 

head of the pumps, there is no incentive to start the pumps until this pressure is reached. 

A 350 psig pressure was selected for the low pressure permissive since this pressure is 

high enough to avoid delaying injection of LPCI water and yet is low enough to provide well over 

20 minutes of isolation condenser operation without sufficient pressure reduction to actuate the 

low pressure core cooling systems even if low reactor water level exists. If a system break 

has occurred high drywell pressure alone will start the low pressure core cooling systems. 

b) The design change does not alter our conformance with IEEE-279 as discussed on 

Page 9. 4:-1 of Am~ndment Nos. 8 and 9 for Units 2 and 3, respectively. 

The low pressure permissive instrumentation used for this design change is the same as 

that used as a permissive to open the low pressure cooling injection valve, which has always 

been a part of our design. Therefore, our conformance with IEEE-279 has not been changed. 

c) Revisions to the logic diagrams were submitted as Amendments 10 and 11, 

Dresden 2 and 3. 

4t,4-3 
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DRESDEN 2, 3 ' ill.A-1 

QUESTION 

Each RBM channel is automatically calibrated to read the same as a referenced APRM 
prior to rod withdrawal. 

1. Describe the system that determines which of the APRM's are to serve as the 
references. 

ANSWER 

Since all APRM's are measuring the core average flux with the same precision, any APRM 

may be selected for use as the primary reference APRM. On the Dresden 2/3 plants this is 

APRM channel 3 for RBM channel 7 and APRM channel 4 for RBM channel 8. The alternate 

reference APRM's are channels 2 and 5 for RBM's 7 and 8, respectively. These reference sig

nals are routed to the RBM' s via contacts associated with the APRM bypass switches so arranged 

that if the primary reference APRM is bypassed, the alternate reference APRM signal is auto- .. 

matically routed to the RBM. Note that the primary reference APRM and the alternate reference 
APRM cannot be bypassed at the same time since they are both assigned to the same reactor 

protection system trip system. 



·e 
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QUESTION 

III.A. 2 What happens when the referenced APRM's are bypassed or inoperative? 

ANSWER 

As described in the response to question III. A. 1, if the primary reference APRM is 

bypassed, the alternate reference APRM is automatically routed to the appropriate RBM. An 

inoperative APRM would cause a rod block; and therefore, no rod _could be withdrawn until the 

inoperative condition were corrected or the inoperative APRM was bypassed in which case the 

alternate APRM reference is used. In any event, the RBM would be operable when it was neces

sary for use. 
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QUESTION 

m. A. 3 Perform an analysis to show that the local protective function of the RBM is not com
promised by this calibration. The analysis should include, but not necessarily be 
limited to, consideration of the following condition: 

One RBM channel is bypassed and the second RBM channel receives a valid calibration 
signal from its referenced APRM which is sensing a flux lower than that in the vicinity 
of the selected rod. 

ANSWER 

A description and analysis of the RBM system i.s found in Section VI, General Electric 

Topical Report APED-5706. This report contains the results of analyses performed to determine 

the response of the RBM to control rod motion and demonstrates that the RBM system will meet 

its design bases. With respect to the specific question, i.e. , operation with one RBM bypassed 

and the reference APRM for the other RBM sensing a flux lower than that found in the vicinity of 

the selected rod, the response to question 6. 8b on Bell Station, (Amendment 3, Docket 50-319), 

indicates that the RBM gain cannot be set to a value less than 1. O. Thus, for the case cited, the 

RBM would read the more conservative local power average rather than the core average power. 

This RBM gain adjustment can be expressed in mathematical form as follows: 

PL = average power in vicinity of rod selected for withdrawal. 

This is the power seen by the RBM. 

PA = core average {bulk) power 

(1) If PL ~ PA' then gain = 1. 0 

(2) If PL <PA' then gain = PA/PL 

With respect to the actual mechanism of the RBM gain adjustment, a general description 

is provided as follows: Upon selection of a rod, signals are directed to the RBM's indicating 

which rod has been selected. This signal activates the LPRM Input/Rod Selected Matrix and the 

appropriate LPRM signals are automatically routed to the RBM inputs. An operational amplifier 

in each of the RBMis average these LPRM signals and the result is compared with the reference 

APRM signal as the amplifier gain factor is adjusted upward in small steps from a value of 1. O. 

The comparator terminates the gain adjustment sequence as the average is .equal to or just slightly 

greater than the reference signal value. For example, suppose that PL = 104 and PA = 100. 
Gain value starts at 1. O. The comparator shows PL >PA so gain adjustment is terminated and 

_ RBM output reads 104. Again suppose that PL= 80 and PA= 100. Gain value starts at 1. 0. 

Comparator shows PL <PA so gain is increased in steps until RBM output is just greater than 

PA so the RBM output would read a value slightly greater than 100. -
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QUESTION 

m. B Describe and evaluate the instrumentation which actuates an APRM inoperative alarm 
upon the loss of a preselected number of LPRM signals. How many LPRM signals must 
be lost in order to initiate this alarm? 

ANSWER 

In order to implement the "Too Few LPRM Input" inoperative alarm, a fixed reference 

voltage is fed through each LPRM operate-calibrate-bypass switch to a circuit in the APRM. A 

comparison is made between the sum of the resultant currents from all the LPRM's with a fixed 

reference. If the number of LPRM's bypassed exceeds the predetermined number, the total 

current falls below the allowed value and the APRM instrument inoperative alarm is ac;tuated. 

For the Dresden 2, 3 plants, the "Too Few LPRM Input" alarm will be actuated if the number 

of LPRM's falls below 14. 

4z,4} 
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QUESTION 

m. C Describe and evaluate the mechanism which permits the RBM to select the LPRM 
strings adjacent to the control rod selected for movement. What are the consequences 
of the mechanism indexing to the wrong LPRM strings? 

ANSWER 

No indexing mechanism is provided in the RBM for selection of LPRM strings. Selection 

of a rod automatically energizes a "hard wired" circuit closing relays connected to the LPRM'.s 

associated with the rod selected and providing their input to the RBM. Thus improper LPRM 

selection cannot occur, although it is possible that previously selected LPRM's will not be 

"unselected. " This would require either a failure in the rod push button selection mat~ix or a 

short in the circuits to the RBM. The former failure would be indicated to the operator as two 

rods selected by multiple lights on the push button selection board and would also cause a rod 

withdrawal prohibit due to a multiple rod selection signal. The latter failure, a short, would 

result in two sets of LPRM inputs to the RBM. In this event the RBM would select the highest 

values or the combined values (see answer to question ill. A. 3) and thus read a more conservative 

power condition. 



III.D 
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QUESTION 

Pr.ovide an evaluation to show that the reactor building air monitors are capable of 
continuously indicating the level of radioactivity entering the standby gas treatment 
system as is stated on Page 5. 3-3. 

ANSWER 

The reactor building monitoring system includes two monitors located upstream of the 

normal ventilation exhaust fans just upstream of the standby gas· treatment system intake, and 

two monitors located on the refueling floor. Upon receipt of a high radiation signal, any one of 

these four monitors with its, associated hardware (see answer to question II. B. 5) will initiate 

isolation of the normal ventilation system and startup of the standby gas treatment system. 

The two monitors located on the ventilation duct just upstream of the normal ventilation 

exhaust and the standby gas treatment system are capable of continuously monitoring and 

indicating the level of radioactivity entering both the normal ventilation exhaust and the standby 

gas treatment system. These monitors have a monitoring capability of from O. 1 mR/hr to 

1000 mR/hr. The normal ventilation air should have a normal activity level of approximately 
O. 02 mR/hr. The monitors will have an attached source for the purpose of indicating a normal 

background reading which will be on scale. Should an abnormal release of radioactive gases 

occur in the reactor building, the normal ventilation would transport the gases to the monitors 

which wo1,1ld respond and isolate the normal ventilation and start the standby gas treatment 

system. The activity level of the air being discharged through the normal ventilation system 

or to the standby gas treatment system is recorded and alarmed. The alarm setpoint and the 

trip point for isolating the reactor building ventilation is specified by the Technical Specifications. 
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QUESTION 

Analyze your onsite and offsite electric power systems to show that redundant controls 
and components (switchyards, transformers, switchgear, cable spreading room(s), 
load centers, buses, diesels, batteries, etc. ) are not vulnerable to physical damage 
resulting from a single mechanical cause, fire, or natural disaster. Provide test data 
or analysis to verify that these components can withstand seismic disturbances. 
Describe and evaluate the design of the specific fire detection and fire protection 
systems for each of the areas in which these components and controls are located. 

ANSWER 

Onsite Electrical Power System. The emergency power systems, starting with the 

batteries and diesel generators, and continuing through the control equipment to the driven equip

ment, are designed and located so as to be completely operable regardless of the seismic or 
tornado event. To accomplish this design, the diesels and battery racks are Class I equipment 
and are separated by the length of the reactor building. The cable pans, cables, etc. , were 
routed in Class I areas of the plant and are physically separated where redundancy is involved. 
The switchgear for critical components is also located within Class I ·structures. 

Redundancy and separation is employe,d in all critical systems and equipment essential to 
safe plant shutdown and/or control of the design basis accident. 

An exhaustive study has been made to determine if any single component failure could 
negate operation of its redundant counterpart or any other component which could possibly 

prevent meeting the onsite power requirements. No failures were found which co~ld prevent 
the receipt of electrical power to the required core cooling' equipment. The most degraded 

cases found were: (1) the loss of one diesel generator through failure of a diesel auto-start 

relay, etc., which limits the core cooling capabilities to one core spray subsystem and two 

LPCI subsystem pumps and (2) the failure of the motor control centers which provide power 

to the LPCI admission valves which limits the core cooling capabilities to two core spray 
subsystems. 

Fire protection in .the form of water sprays or C02 is provided in many areas of the plant. 

Those areas related to the subject of this question are: 

Area or Item 

a. Main power transformer 

b. Unit auxiliary transformer 

c. Reserve auxiliary transformer 
d. Unit 3 cable tunnel 
e. Diesel generator 

Type Protection 

Automatic deluge water spray 

Automatic deluge water spray 
Automatic deluge water spray 
Automatic wet pipe 

co2 

Each of the above systems is actuated automatically by .electric thermostats, or thermal 
plugs in the sprinkler heads. In addition, a control room alarm is sounded if any of the systems 

are actuated. 
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Protection of the balance of the plant areas is provided by strategic location of either fire 
water or co2 hose reels capable of extending throughout the areas covered. 

··Off site Electrical Power System. Off site power from Dresden Unit 2 is obtained fro~ the 
138 kV switchyard through the reserve auxiliary transformer and exports power on the 345 kV 
system. ·Unit 3 exports power and receives offsite power from the 345 kV system. Both units 

. . 
have a unit auxiliary transformer powered from the generator. The unit or the reserve auxiliary 
transformer is designed to carry full station load~· . The 138. kV and 345 kV switchyards are 
separated by approximately 1000 feet. The bus positions for the main and auxiliary transformers 
for Unit 3 are separated by several bus positions in the 345 kV switchyard. The Unit 2 main 
transformer bus position is also separated from the Unit 3 auxiliary and main transformer bus 
positions. Incoming lines to the switchyard are separated by at least one bus position. Because 
of the above separation, a bus section which 1s damaged by fire or mechanical means can be 
isolated and not affect the entire switchyard. The switchyards have not been designed to with
stand natural disasters such as earthquakes and tornadoes. 

The main and auxiliary transformers for Unit 2 and Unit 3 are separated by more than 
350 feet. The reserve auxiliary transformer for Unit 2 is separated from the main and unit 
transformers by 50 feet each. The reserve auxiliary transformer for Units 1 and 2 are separated 
by a concrete block firewall. Separation of the Unit 3 transformers is similar to that given above 
for Unit 2. In addition, each of the transformers, main, auxiliary, and unit, for Units 2 and 3 
has a deluge system for fire protection. Provisions have been provided to prevent local damage 
due to fire or mechanical means from affecting more than one component. The transformers 
have not been designed to cope with natural disasters, such as earthquakes and tornadoes. 

Two sources of de power for breaker control are provided to the switchyard. This de 
cable is run in conduit which is buried in concrete and each feed is· run in separate conduit. 
Each feed is carried on four conductors to minimize voltage drop, but two conductors would 
probably Pa.ndle the load satisfactorily. Any redundant cables to the switchyard are run in 
separate conduits. 
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QUESTION 

m. F State the, length of time a diesel generator can operate without cooling. 

ANSWER 

Each diesel generator can operate without cooling water for 3 minutes at full load with 
a speed of 900 rpm assuming an initial cooling water temperature of 100 °F prior to engine start. 
This figure increases to 10 minutes with no load on the generator (at 900 rpm). At its idling 

speed each diesel generator can run for 42 minutes without cooling water, again assuming an 
initial water temperature of 100 °F. 
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QUESTION 

m. G What is the diesel fuel storage capacity in terms of days assuming the loss of offsite 
power and a DBA in one unit concurrent with the shutdown of the .second unit? 

ANSWER 

Figure m. G. 1 shows the diesel generator fuel consumption versus rated load. At a rated 
load of 2850 kW each diesel generator will consume 205 gallons of fuel per hour. At 50% ra~ed 
load, each engine consumes 110 gallons per hour. Assuming that two diesel generators are con
nected to the emergency buses in a unit which has experienced a design-basis accident concurrent 
with a loss of offsite power and a third diesel generator is connected to the nonaccident Unit which .. 
is being shutdown ~ter having also experienced a loss of off site power, a conservative estimate 
of total fuel consumption. would be 340 gal/hr for the first hour. Then as full cooling is achieved 
and loads are diminished on the diesels, the fuel consumption would average 250 gal/hr. The 
maximum onsite diesel fuel supply (47, 250 gallons total; each diesel has its own 750-gallon day 
tank which is supplied from its own 15, 000-gallon underground storage tank) would_ last 7. 9 days. 
The minimum onsite diesel fuel supply, as required by Technical Specifications, would last 
5. 2 days. 
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QUESTION 

m. H Resolve the inconsistencies which exist between Figure 8. 2. 4 and Table 8. 2. 1 with 
respect to the horsepower ratings of the core spray and LPCI pumps. 

ANSWER 

The core spray pump motors are rated at 800 hp each with a service factor of 1. 15. A 
service factor (or use factor) is used to define the operating limits beyond which deleterious 

effects to the motor can be expected. Tqus, if a pump is rated at 800 hp with a service factor· 

of 1.15 then deleterious effects to the motor can be expected if the motor is.operated beyond 
920 hp. The calculated BHP of the core spray pump motor required at full load is 868 hp. The 

LPCI pump motors are rated at 700 hp each with a service factor of 1. 0 and the caleulated BHP 
for each of these pumps at full load is 600 hp. Figure 8. 2. 4 indicates the name plate rating of 
the pump motors whereas Table 8. 2: 1 shows the estimated brake hp requirements for each 
pump. 
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QUESTION 
. . . . . . 

Provide an analysis .to show that the di.es el generator system can automatically and/ or 
manually accept engineered safety feature loads at any point during a DBA and sustain 
the loss of the largest load during initial loading or at any time during the accident 
Submit the diesel generator overload ratings recommended by the manufacturer and 
show that your design has adequate margin for all anticipated load conditions~ Discuss 
your reasons for not requiring a preoperational test to verify the operation of the diesel 
generator system unde.r the aforementioned conditions . 

... 

ANSWER 

All the engineered safeguard systems are designed to be loaded onto the diesel-generator 

buses automatically whenever accident signals are received. The first pump is placed on the 

generator bus at 10 seconds and subsequent pumps are loaded in sequence thereafter at 5-second 

intervals . 

. The manual loading of the diesel-generator will not be considered in the analysis as any 

operator action will not be necessary until after. 10 minutes when the core flooding is complete 
with a DBA. The operator will be shutting down some pumps and starting others all under the 
control of instruments and, as can be seen by Table I, with adequate margin. 

Upon initiation of an accident signal, the diesel-generator is started. After 10 seconds the 
first LPCI pump is started, followed by the starting of the second LPCI pump at 15 seconds, and 
finally starting of the core spray pump at 20 seconds. The worst loading then occurs when the 
core spray pump is started which is calculated: 

Loads on diesel-generator: 

2 LPCI pumps 

Auxiliary equipment which could be 

loaded on diesel 

Starting current required for core 

spray pump 

TOTAL 

1400 kV-A 

204 kV-A 

5351 kV-A 

6955 kV-A 

General Motors has provided data indicating successful starting of a 1750 hp motor followed 
by two 600 hp motors in succession from a single diesel-generator of the same capacity as being 

used in this plant. These motors are quite similar to the initial motor loads for this unit. It is 
concluded, therefore, that the loading on the Dresden diesel-generators is within the capacity of 
the diesel-generator with adequate margin. 

The above analysis is for one diesel-generator. When an accident signal is present, two 
diesel-generators, each powering the loads as listed in Table 8. 2. 1 of the FSAR will be in effect. 

If at any time during the first 40 seconds any one of the loads should. drop or fail to start, 
the design load - torque margin of the diesel-generator would increase. If a major pump ·should 
be dropped for any reason, the diesel-generator governor is designed to recover from the largest 
pump in 1-1/2 seconds, which would not prevent any appreciable overspeed of the unit. 
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The diesel-generator is rated at 2850 kW continuous for 2000 hours per year and an over

load of 3100 kW .. As can be seen by Table 8: 2. i of the !".SAR, fue normal 103.d will not be n~ar 
the 2850 kW ra~ing which provides more than adequate niargfo. without the overload condition. . ' . . . . .· ' ' 

The preoperatlonal tests are designed to verify the. operation of the diesel engine-generator 
equipment. has been. constructed in aceo;rdance with the specification,: ~nd to denion8trate .that the 

. '. . ... . - - .. ·. . ' ... · ,•. '.... . . 
engine-generator and related equipmentare ftiil.ctionirig properly tbperforin the serVic.e illtended .. 
The loads described in Tables 8. 2. 1 and 8. 2." 2 of the FSAR will be ~sed to check o~t the' diesel- .. 

generator system and thereby establish the capability ~f the diesel to s~pply t:h~ ~ated powe~ 
during an accident .. This will include the sequential loading of each ECCS pump following a sim
ulation of the accident signal. 

'-. 
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e QUESTION 

ill. J The revision pages to Chapter 6 dated March 22, 1968, do not agree with the auto
relief system changes documented in the reply to Q. 5. 7. Please resolve these 
inconsistencies. 

ANSWER 

The page changes submitted in Amendment io, Dresden 2, and Amendment 11, Dresden 3, 

reflect the changes to the auto-relief subsystem which were documented in Amendments 7, and 

8, Question 5. 7. 
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QUESTION 

m. K When the discharge valves in the Core Spray and LPCl/Containment Cooling Subsystems 
are tested, downstream valves are first closed in order to maintain primary containment 
integrity. What measures are provided to prevent these valves being left in the closed 
position.? The LPCI valves are of special concern. 

ANSWER 
. ' . . 

·When the discharge (admission) valves in the Core Spray and LPCl/C~ntainment Cooling .. ·· 

Subsystems are tested, the stop valves immediately upstream (toward the pumps) are closed 
remote-manually from the control room. Indicator lights in the control room would remind the 

operator that this valve had inadvertently been left closed. These valves, however, are opened . 

automatically concurrently with the admission valves should an accident signal occur. This 
automatic opening, upon receipt of a system initiation signal, can be seen from Figures 6. 2. 5 

(core spray valves 1402-24Aand -24B)and 6.2.9 (LPCI valves 1501-21A and -21B). 

The valves immediately downstream (toward the reactor) of the admission valves in both 
the core spray and LPCI subsystems are testable check valves. These check valves are testable 
only when a low differential pressure is present across the check valve. The valve between the 
testable check valve and the reactor is locked in the open position and its position is displayed 
in the control room. This is a manual valve and cannot be operated from outside the drywell. 



DRESDEN 2, 3 m.L-1 

QUESTION 

m. L Describe and evaluate the operation of the LPCI pump mode selector for both the one-
and. two-loop modes of operation. · · 

ANSWER.· 

The LPCI pump mode selector is that·porti~n of fue LPCibreak dete~tion circ~itry which> 

detects whether one or two recirculation pumps were operating. 

The instrumentation for the LPCI pump mode selector consists of four differential pressure 

switches connected in a one-out-of-two-twice logic array as shown in Figure III. L. 1. ·If both 

pumps A and B were or are operating, a lockout signal will be given to the single pump_ loop 

circuit, and the seal in signal will complete the signal. Should either pump A or pump B not be 

in operation, then the lockout of the single pump loop circuit would not occur and the seal in 

would occur only after a low reactor pressure signal is initiated. 

For all break sizes for which the correct loop must be selected for the LPCI to cool the 
core (> 0. 05 n2 liquid break) an initiating signa.'l (high drywell pressure or low reactor water 

level) will occur in less than 9 seconds. Since the recirculation pump coastdown time to reach 
2 psig is approximately 15 seconds, adequate time is allowed for the pump mode selector to 
detect operation of the recirculation pumps. 
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QUESTION 

' ' 

m. M. Describe and evalUate the instrumentation wh.ich automatically transfers cooling water 
pump suction from the condensate storage tank to the suppression pool. 

: ,· .. ANSWER, 
. " ~ '; .. 

. . Am~rld~~nts-10 ~rid .11 for.Dre'sden 2.artd 3·c~nged tl}.e normal suction f,ot th~'HPQI from·. 

the condensate storage tank to the suppres~i6ri p~ot Insfrume~tation is no longer provtdJd to . 
automatically transfer the HPCI suction from the condensate storage tank to the suppression pool 
or from the suppression pool to the condensate storage tank. 

There is no requirement for any cooling water pump to take its suction from the condensate 
storage tank. Therefore, there is no requirement for instrumentation which automatically 
transfers cooling water pump suction from the condensate storage tank to the suppression pool. 
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QUESTION 

III. N The high water level instrumentation which terminates HPCI does not appear· in Figur.es · 
6. 2. 16 and 16a. Please resolve. What are the consequences of failure of.this system? 

.ANSWER 

· The high water level instrumentation which terminates HPCI appears in Figure 6. 2.-14c, · 
the HPCI System Functional Block Diagram. 

Should this level instrumentation fail, ultimately water carryover would occur, resulting in 

potential damage to the HPCI turbine. Other vessel level instrumentation is available fo the 

operator to monitor level. The HPC~ turbine can be shutdown or operated manually to hold a 
given vessel level and thereby prevent water carryover . 

.} 
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QUESTION 

m. b Explafo. the reasons for the differences• in the trip logic for the various· automatic isolation 
signals and turbine trip signals of Jhe HPCI. · · 

• · •· .. ANsWER ·· 
. l: 

. . .· . Nu~erolls ~om:binations of' instrumentatiori logic J~~ve been used for the auto isoiation signals 
' . . . . . . . 

and the turbine trip sigiials for the ·HPCI system. These signals and their instrumentation logic 

were defined in answer to AEC question 5. 3, of Amendments 7 and 8~ The justification for.the 

differences in logic used follows: 

1) Design is such that no single failure will result in a breach of the primary contain

ment pressure integrity. 

2) Where there is a high probability of spurious signals (i. e. , steam leak detection 

system), the full complement of instrumentation has been selected, connected in 
one"'.out-of-two-twice logic. 

3) Where trip signals are employed for equipment protection, single or double 
instrumentation has been used for simplicity and economics. In these instances, 
there is a low probability that the instrument failure would prevent system operation. 

4) Finally, it must be noted that the single failure criterion has not been used as a 
design basis for the HPCI system. The auto-blowdown system is its "redundant 
back-up." 
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QUESTION 

. m. P Describe and evaluate the instrumentation and controls for the Standby Liquid Control 
·.System; · · 

-: 

'·: ANSWER '· .... .·· '-.... 
r··.' 

·~.. . .. :·.ih~ · St~d~y ·Liquid Corittol System· Co Mists ,.·of b~~on ·i~jecttoQ:P4nipS·; <:e~l.osiV_e actuated .. 

inje~tl~n valves a~d related piping and instrumenta~i~ii.~ :The·in8tr~m~fttation and controis for 

the Standby Liquid Control System (see PSAR Figure 6.'7. 1) are· designed to: 

(1) Actuate the injection pumps 

(2) Open the boron injection line into the vessel· 

(3) Maintain the boron solution above its saturation temperature 

(4) Function so that the system is testable during operation 

(5) Provide indication to the operator of the system operation and ability to operate. 

The standby liquid control system is actuated by a three-position keylock switch on the 
control room console. This assures that switching from the "off" position is a deliberate act. 

SWitching to either side starts that injection pump, opens both explosive valves, and closes the 
reactor cleanup system isolation valves to prevent loss or dilution of the boron. 

The two explosive-actuated injection valves provide high assurance of opening when needed 
and ensure that boron will not leak into the reactor even when the pumps are being tested. Each 

explosive valve is closed by a plug in the inlet chamber. The plug is circumscribed with a deep 
groove so the end will readily be sheared off by the valve plunger. This opens the inlet hole 
through the plug. The sheared end is pushed out of the way by the plunger, and is shaped so it 

will not block the ports after release. The shearing plunger is actuated by an explosive charge, 

with dual ignition primers, inserted in the side chamber of the valve. 

Automatically controlled heaters are provided in- the liquid control tank to maintain adequate . 

margin above the s:i.turation temperature during initial mixing and during normal plant operation 

as discussed in the FSAR, paragraph 6. 7. 2. 

Instrumentation and controls are provided specifically for the testing as described in 

FSAR Section 6. 7. 4 and shown on FSAR Figure 6. 7. 1. 

Indicators are provided in the control room to verify the operability of the system and to 
verify operation if the system should ever be used. 

Each explosive injection valve's ignition circuit continuity is monitored by a trickle current, 
and an alarm occurs in the control if either circuit opens. Indicator lights show which primer 
circuit opened. A green light in the control room indicates that power is available to the pump 
motor contactor. A red light·tndicates. the contact.or is closed (p\lmP running). A level switch 

·. ,'· 
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is provided in the liquid control tank which actuates an alarm in the control room on high or low 
liquid level. Also, a temperature sensor in the liquid control tank actuates an alarm in the con
trol room on high or low liquid temperature. A pref3sure indicator downstream from the check · . 
valves from each pump indicates the pump pressure during testing or.actual system operation •.. · 

A red _light beside the keylock switch turns on ~hen liquid is fl~_wingthrough an orifice flow 
. switch downstream of the explosive va:lves. . If the flow light, pump lights, or expiosl.ve valve 

light indi~ates that the :liquid may not be flowing, the operator can immediately .turn the keylock 
switch to ·the ~ther side~ wht.ch actuates the alternate putnp~· Cross·~pipirig .arid ch~ck valves . 
assure a flow patil tm-ough either pump an:ci ~ither ~,tp1osive va~ve. Tiie chosen i>u~p· wili start · 

·even though its local switch at the pump is iri the ''stop" position. 

The availability of the standby liquid control system is assured by 1) the continual mon
itoring of the system key parameters, 2) its testability, and 3) the two independent sets of 
active components (pumps, explosive injection valves and their actuation circuits) provided to 
inject boron into the system. 
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QUESTION 

ill. Q Explairi why the connection of the fuel oil transfer pump to the ~mergency bus( es) is 
manual rather than automatic. How· many fuel .oil transfer pumps are .being provided 
and how will they b.e energized? · 

: ..... · .. ·····ANSWER·. . ·. . ..... 
. : ~ .. . 

. < •. The connectiorlof t'h~ diesel fuel oil tr~sfer. .·pumps fo the em:ergen~y bµses is automatic. 
Each diesel engine generator set has one fuel oil transfer pump which starts ~utomaticaliy when 
its respective day tank level drops to 32 inches (2/3 full). Figure m. Q. l shows the flow of 
electrical power from each diesel generator to its respective fuel oil transfer pump. 
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QUESTION 

Describe and evaluate the pressure instrumentation used to initiate .actuation of fire 
pumps (electrical and/or diesel) when pressul'.e in the fire protection system .falls 
below a preaet level. 

ANSWER 
. ' 

A pressure switch located on the service water system header supplyiiig the fire protection 
system is set at a pressure 10% below normal operating pressure. At the present level, an . · 

interlock system closes the main header de motor-operated gate valve, opens the de motor
operated fire pump discharge valve and initiates cranking ?f the Dresden 2/3 diesel-driven fire 

pump. 

Dresden Unit 1 is piped into. the Dresden 2/3 fire protection system and is similarly pro
vided with a pressure switch which will be set at a lower pressure than the Dresden 2/3 pressure 

switch mentioned above. This pressure switch will start the Unit 1 diesel fire pump in the event 

that the Unit 2/3 diesel-driven pump fails to maintain pressure. 
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QUESTION 

For each emergency core cooling system, ~r~vide the design basis and-~ d~scfiptl~n o~ 
the piping, fittings, and supports to, establish the extent to which the quality of .the system 
is equivalent to that of the recirculation system. . Specifically identify the applicable codes 

. for each portion of the piping and di~cuss any additiona_l requirements specifi~d for .design, 
fabrication, inspection, and installation'.: ' · · ' " · ,, · 

.ANSWER 

Each Emergency Core Cooling System (ECCS) is designed for reactor pressure and temper

ature (1250 psig at 575 °F) in the portion subject to full pressure and for the respective pressure 

and temperature corresponding to system pump shutoff for the remainder of the system. All 

piping, fittings, and valves are designed to applicable portions of USAS B-31. 1. 

Stainless steel portions of the ECCS in sizes 12 inches and larger are fusion-welded piping 
in accordance with ASTM Specification A-358, GR. TP304. Seamless piping 10 inches and 

smaller is A-312 or A-376, GR. TP304. Carbon steel portions of these systems are seamless 
piping in accordance with ASTM Specification A_-106, GR. B. All welded joints in plate pipe and 
fabricated fittings are completely examined by radiography in accordance with ASME B & PVC, 
Section Vill, Paragraph UW51. 

All butt-welded joints are TIG weld for the root and second pass using consumable inserts. 

Shielded metal arc is used to comple~e the butt weld joints. 

Valve castings are in accordance with USAS B-16. 5. Valve castings are radiographed to 

assure compliance with the requirements set forth in ASTM E-71, ASTM E-186, or ASTM E-280 

for Class· 2 as applicable. 

After installation, a hydrostatic field test is performed in accordance with USAS B-31. 1 to 

assure the integrity of the installed system. 

For_ review and record purposes, copies are submitted of mill certificat~ons for chemic.al 

and physical properties, insurance company data reports, radiographic negatives, preheat and 

stress relieving py.rometer charts; welding procedures, and welder qualification records. 

System hangers are designed on the basis of thermal stress analyses. The ECCS is designed 

for seismic loading with hydraulic snubbers used where necessary. Drywell penetrations are pro

vided with bellows for differential expansion between piping and the primary containment vessel 
and are anchored to withstand pipe rupture loads or jet impingement loads. 

. .. . . . . 

There has been no attempt to make the ECCS piping and the recirculation system piping 
equivalent. The consequences, should either an ECCS line or the recirculation line break, are 

not the same. 
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QUESTION 

In Question 2. 6 of our previous request for additional information, dated June 27, 
1968, regarding Dresden Units 2 and 3, we expressed our concern about protection 
of the ECCS pumps against flooding as a result of excessive leakage in the ECCS 
piping complex. In your response (Amendments 7 and 8, dated August 30, 1968), 
you discussed the availability of floor drain sump pumps to cope with leakage of 
the order of 100 gpm, but you did not consider the effects of flooding. Should 
leakage in excess of sump pump capacity occur under post-accident conditions, 
additional ECCS water inventory would be necessary to maintain long-term emer
gency core cooling through the recirculation mode. Because of the lack of isola
tion capability of the pump rooms, the continued addition of water in the presence 
of a leak might eventually lead to flooding of the pump motors. 

Other plants which are similar in design to Dresden Units 2 and 3 are providing 
additional protection against water in-leakage by sealing the corner rooms in. 
which these pumps are located. 

We would appreciate receiving any additional thought you may have concerning 
this subject, including consideration of the feasibility of sealing the corner rooms 
of Dresden Units 2 and 3 and the impact that such a change would have on your 
construction schedule. 

ANSWER 

A. INTRODUCTION 

Following a reactor accident that may require the use of the Emergency Core Cooling 

System (ECCS) equipment to provide reactor core cooling, it is conceivable that the ECCS will 

be required to operate for a long period in an essentially unattended mode. While the maintenance 

and test programs that will be regularly carried out for vital systems will guarantee that the 

ECCS equipment is in a reliable condition at the time of any accident, it is recognized that this 

equipment could develop minor leaks during the period that it will be required to perform its 

function .. Redundancy of systems and equipment has been provided to assure that reliable opera

tion of the ECCS will be obtained if the system is ever needed for core cooling purposes. 

It has been suggested that the corner rooms containing the ECCS pumps should be protected 

from flooding due to leakage of water into the reactor building basement by sealing off the corner 

rooms from the balance of the basement. The suggestion was made in the belief that sealing the 

corner rooms would prevent water flooding damage to the ECCS pump motors. 

We have evaluated the usefulness of sealing the corner rooms and have concluded that an 

alternate system that would prevent water from ever rising to harmful levels in the entire 

basement would be preferable, for purposes of protecting the ECGS pumps, to the alternate 

involving sealing off the ECCS pump rooms. Our suggested approach will eliminate the. need for 

adding to the ECCS water inventory. Additional inventory would only further complicate _the 

problem of basement leakage. 

It is our belief that the addition of an improved reactor building leakage control system, 

such as we are suggesting, can be accomplished with a minimum of interraction with other 

systems and equipment in the reactor building. Sealing the corner rooms will cause interfer
ence with the performance of the existing reactor building ventilation and cooling system and 



l 

DRESDEN 2,3 

will require other building modifications to achieve adequate leak tightness of the pump rooms 

that will have a greater.effect on construction costs and schedules than we believe will be the 

case for the installation of the proposed reactor building leakage control system. 

A discussion of the design basis for the proposed reactor building leakage control system 

and a description of the proposed system plus an evaluation of the ability of the new system to 

handle leakage in the reactor building basement follows. 

B. DESIGN BASES 

The design basis for leakage control within the reactor building, after a reactor transient 

has been terminated, has been established to assure that post accident cooling of the core will 

not be interrupted on a long term basis by problems with ECCS equipment that could be caused 

2 

by a rising water level. Leakage sources of concern are those from the emergency core cooling 

system (ECCS) which must be in operation following a loss of coolant accident (LOCA). All other 

potential sources of water need not be considered since such sources have either a limited water 

supply that cannot cause a long term problem (e.g., closed cooling water system), or can be· 

shut off (e.g., normal service. water). 

The objective of the reactor building leakage control system design is to provide the 

operator with intelligence as to the nature of the leakage in the basement area and to provide 

methods for taking action to control the leakage rather than to depend on static devices such as 

bulkhead doors that are only partially effective for water level control. Under post accident 

conditions access to the reactor building may be limited, therefore remote operating capability 

is provided for all of the required functions. The proposed system will provide means to: 

a. Detect leakage from ECC subsystems within the reactor building (detection sensitivity 

will be 15 gpm or less); 

b. Systematically isolate subsystems to establish leakage control (each ECC subsystem can 

be operated from the control room to stop pumps and close the suction valve from the 

torus); 

c. Recycle leakage to the torus. (In the normal operating mode the sump pumps dis

charge to the radwaste facility, however, under post accident conditions, leakage from 

the ECC systems can be recycled to the torus by remote operation from the control 

room); 

d. Give redundancy of pumping capability. (Each sump pump is sized to handle potential 
leakage from active components of the ECCS. The basis for establishing the pumping 

rate has been an identification of the maximum expected leak rates from operating 

systems. The leakage is 25 gpm from a failed pump seal, 10 gpm from a failed 
valve stem seal, and 15 gpm miscellaneous, for a total of 50 gpm). 

Suction piping for the ECC subsystems are capable of being remotely isolated to terminate 

leitks downstream of the valves. Leaks upstream of these valves will not be considered since 

this portion of the system is part of the containment. 

. 1i-1-i· 
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C. DESCRIPTION 

The suppression chamber and the piping connecting it to the ECC system up to the pump 

suction valves are Class I equipment and have been designed with ASME code allowable stresses 
for pressures that are a factor of 10 or greater than the long term post accident containment 

pressures. For example, the suppression chamber is designed for 62 psig and the containment 

pressure is less than 6 psig several hours following the design basis accident. (See Figure 
5. 2. 11 in the FSAR. ) The suction piping, including the ring header is schedule 20 piping with 

a pressure rating greater than 300 psig. Valves are 150 psig class rating. 

Stringent fabrication quality' control, as required by the ASME Boiler and Pressure 

Vessel Code Section ill, Nuclear Vessels, was employed in the installation of the suppression 
chamber and attached suction header. The equally rigorous quality control for the ECCS 

suction piping is described in the answer to question 111-S of this amendment. 

Periodic leak rate testing of the containment including ECCS piping and periodic functional 

testing of each ECC subsystem will be conducted and visual checks made for leakage. Routing 

operation of the plant will also pinpoint any potential leakage sources. 

All of the above features give substantial assurance that the containment, which includes 

the torus suction header and ECCS piping will retain its integrity throughout its design life and 

need not be considered as a potential source for leaks. 

The remainder of the ECC system, which includes active components (pumps, valves, and 

instruments), is subject to possible leakage during the extended period of time that the core 

cooling must be continued. Potential leakage sources include pump seals, valve stem seals or 

even more remotely from cracks in the process pipe downstream of the pumps. Leakage from 

these sources can be detected and isolated to prevent large additions of water to the reactor 

building basement. 

If leaks occur during post accident conditions, access may be limited, therefore, identifi

cation and isolation of the leak will be done remotely by: 

1. Noting .from the sump alarm system that leakage has become abnormal. 

2. Securing and isolating all noncritical systems. 

3. Isolating each of the ECC subsystems separately and sequentially. 

4. Noting the effect on the building sumps as each system is isolated. 

With this ability to detect and isolate leaks in the reactor building, any leakage source 

will be detected and isolated before they become significant. Leakage from seals can be handled 

on a continuous basis within the sump pump capacity. 

The reactor bui,lding floor drain sumps located in the floor of the torus compartment are 
equipped with level sensors, timers and alarms that provide the operators with information on 

the rate at which the sumps are filling or being emptied. The timers can be set to alarm at fill 

rates faster than predetermined amounts. A high alarm is set above the basement floor level 
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about 6 inches which is equivalent to about 50, 000 gallons. The size of each sump pump is 
determined by the postulated leakage for which continued operation is desired for the minimum 
required ECCS system, i.e., one core spray pump and one LPCI pump; plus margin for any 

miscellaneous leakages that could be present. The most likely leakage would be due to pump 
seals. Complete seal failure on an operating pump results in about 25 gpm leak. Thus, if 

both the CS pump and the LPCI pump seals are assumed to leak at a reasonable maximum rate, 
50 gpm must be allotted for this. An allowance for any other miscellaneous leakage and margin 
will thus place the required pump capacity at 50 to 75 gpm. 

The capability of this system is more than adequate to handle the improbable leakage from 

the ECCS discharge piping. Sudden, complete severance of an ECCS line is easily detected and 

enough time is available to shut the isolation valve before either too much water has left the 

torus or the ECCS pump motors are flooded since sufficient storage capability is.inherent in the 

basement. However, pipes leak before they completely rupture, a crack or flaw slowly growing 

to a critical size before the entire pipe is severed. Minimum possible cracks will leak at a rate 

·Of at least 15 gpm. The sump pump system is sufficiently sensitive to indicate to the operator 

that a leak of this amount has occurred somewhere in one of the ECCS piping systems. 

4 

Leakage can be accommodated for an indefinite period of time as required to locate the 

system which is leaking. Such leakage will be pumped back into the torus to maintain suppression 
pool inventory. Even if the leaka.ge is from sources other than the ECCS, the post-LOCA func

tioning of the suppression pool will not be impaired by retative substantial amounts of water added 

during the time it takes to remotely establish the source of the leak. Under post-LOCA recovery 
conditions the suppression pool is serving only as a source of cooling water and there is no 

requirement for a minimum air volume to handle transient releases of high energy.· 

The ability to recycle leakage to the torus prevents the accumulation of large amounts of 
liquid that potentially can be highly radioactive. 

The reactor building floor drain sumps are provided with a level detection system having a 

sensitivity of about 15 gpm and the pump discharge will have an alternate route to the torus so 

that leakages may be recycled to the suppression pool. There are two sump pumps having a 

capacity of about 100 gpm each when discharging to the torus several hours after the LOCA, thus 

providing margin for each pump and redundancy of components over the required capacity. The 

detection system and sump pumps are powered from the turbine building buses which can be 

manually energized from the diesel-generator under loss of offsite power conditions. 

CONCLUSION 

1. Construction quality and periodic functional tests of the containment and ECCS give 

assurance that containment integrity will be maintained and leakage will not exceed Technical 

Specification limits. 

2. Leak detection capability is provided in the building sumps with sufficient sensitivity 

to detect small leaks. 
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• 3. There is redundancy in pumps each of which is sized to handle faUure leakage with 

margin, and to recycle the leakage to the torus. 

4. Remote operating capability is provided to identify and isolate the source of leakage 

from the ECCS. 




