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QUESTION 

A.1 With regard to Question 2. 7, please provide additional information on the 

seismic design of the torus itself and on the dynamic interaction between the 

torus and the suction header. Critical stresses should be listed for both earth

quakes and their location indicated for the torus, the header,· and all supports. 

The snubhers should be specified and their effectiveness justified. Indicate 

whether th~time history or the response spectrum has been used in the 

seismic analysis and include a discussion of the seismic design of the ring 

girder inside the torus, the downcomers and the vents with their bellows (see 

also the partial answer presented to Question 2.10). 

(1) 

ANSWER 

"Additional information on the seismic design of the torus." . 

The following pages summarize the seismic analysis of the suppression 

chamber (torus). These pages are submitted as additional information on the 

torus design with the major results being listed in Table A. 1. 1. 
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1. STIFFNESS CALCULATION 

Stiffness of X-Bracing: 

TORUS 

2-31h''' 
'K/BRACING 

SWAY ROOS._' __ .......,...-
COLUMN 

2-31h''. 
SWAY RODS 

. 27'·6" 

ASSUMING THE SWAY RODS TAKE ONLY TENSION, THE STIFFNESS OF 

X-BRACING 'KBRACING' CAN BE COMPUTED BY THE. VIRTUAL WORK 

METHOD. 

2 
1 K ~ 2 = (PBRACING) L 
2 BRACING X 2 AE 

FOR EACH X-BRACING 

L = 27. 5 X 12/COS 22° = 356. 0 IN. 

2 
A.= 2 X 9.62 = 19.24 IN. 

E = 29 X 103 K/IN. 2 
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PBRACING 
0 

= KBRACING/ COS 22 = 1. 08 KBRACING 

K AE = BRACING 
(1. 08)

2
L 

. KBRACING 
19. 24 x 2 9 x 1 o3 

1340. 0 K/IN . = 
(1. 08)

2 x 356 
= 

SUPPRESSION CHAMBER STIFFNESS CAN BE COMPUTED AS SHOWN 

BELOW 

: EARTHQUAKE 
' DIRECTION 

t/lf. 3 
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• 

f = KBRACING o = KBRACING A COS () 

1 2 1 
. 2 KSYSTEM A = 2 ~ KBRACING ( A COS 0 i)2 

OR KSYSTEM = KBRACING [2(COS 0°)
2 

+ 4(COS 22. 5°)
2 

+ 4(COS 45°)
2 

+ 4(COS 67.5°)
2 + 2(COS 90°)

2
] 

KSYSTEM = KBRACING X 8 

KSYSTEM = 1340 X 8 K/IN. 

KSYSTEM = 10720 K/IN. 
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2. WEIGHTS 

FLOODED CONDITION 

SUPPRESSION CHAMBER 

WATER 

ACCIDENT CONDITION 

SUPPRESSION CHAMBER 

WATER 

17ooK 
15100 

16,SOOK 

1700K 

8100 

9, SOOK 

A.1-5 
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Table A.1.1 

RESULTS 

Flooded Accident 
Condition Condition 

Weight W (K) 16,800 9800 

Stiffness KSYSTEM (K/IN.) 10,720 10,720 

Period T = 2 "JKSY:EM (Sec) 0.40 0.305 

Spectral Acceleration 'S ' for 2% Damping (g) 0.22 0.23 
a 

Seismic Force F = W X Sa (K) 3696 2250 

Torus Deflection 6. ·= 
F 

(IN.) o. 345 0.210 
KSYSTEM 

Max Force in X-Bracing 

PBRACING = KBRACING X 6. X COS o0 /COS 22° . 499.3 303.9 
\ 
I 

Max Tensile Stress in 

Sway Rods 
PBRACING 

(KSI) 25.99 15.8 = 19.24 
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(2) "Additional information on the dynamic interaction .between the torus and the 

suction header. " 

The dynamic interaction between the torus and the suction header was deter

mined by using spectral accelerations for the various modes of vibration of 

the header. These spectral accelerations were obtained from an acceleration 

response spectrum for 0. 5% damping generated for the torus. This response 

spectrum gives spectral accelerations which include the proper magnification 

factors. 

The period of vibration of the ovaling mode on a similar torus was found to be. 

only about O. 03 seconds, i.e. , the ovaling mode of the torus taken as a whole 

is very rigid. The period of vibration of the circular plate which makes up the 

torus (30' -0" diameter ring) was found to be O. 006 seconds, i.e., even more 

rigid than the ovaling of the torus. Thus it appears that only the higher modes 

of the header could be in resonance with these higher modes of the suppression 

chamber. Reference to Amendment Number 7 - Unit 2, page 2. 7-2 gives the 

sixth period of vibration of the header as being 0. 053 seconds~ Thus the 

header will not be in resonance with any of the effective vibrating modes of the 

torus. 

There is interaction between the torus and the suction header in the first mode 

which is accounted for in the calculations by using as input to the suction header 

the response spectrum calculated for the torus. Possible interaction effects at 

higher modes are negligible because at the modes for which the periods of the 

torus and suction header are near resonance the contribution to the total response 

is insignificant. 

(3) "Critical stresses should be listed for both earthqu~es and their location 

indicated for the torus, the header, and all supports. " 

The maximum stress levels in the components under consideration are listed in 

the following paragraphs. It is noted that in all cases the stresses are within 

the allowables discussed in Section 12 of the FSAR. Thus the term critical stress 

is not appropriate and the discussion will delineate maximum stress levels. 
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a) Torus 

The' maximum stress for the torus shell which is fabricated from 

SA212 Grade B plate occurs at the ring girders. Stresses for the 

torus shell are shown less for the double earthquake than for the design 

earthquake for the following reasons: (a) The design earthquake model 

of the system utilized the assumption that all of the forces are taken 

into a small section of the shell near the ring girder; (b) the model 

used for the analyses of the double earthquake considered the shear 

capability of the total shell, thereby reducing the shell stresses. These 

two anal¥ses were performed about two years apart during which time 

the more sophisticated analytical technique was developed by the ana-· 

lysts. Hence, the variation in results. If the design earthquake were 

analyzed by the latter method the resulting stresses would be sub

stantially lower than shown in the following summary of torus stresses. 

It is emphasized that the values shown are all within allowable ASME 

code stress values. 

Operating 

Accident 

Flooded 

Single Earthquake 

+ 8, 500 psi 

+20, 340 psi . 

+15,860 psi 

Double Earthquake · 

+ 7,327 psi 

+17, 257 psi 

+15,111 psi 

b) Torus Internal Ring Header 

c) 

The ring header is circular pipe inside the torus which is supported by· 

the vent lines coming from the drywell in a wheel spoke fashion. The 

force due to the seismic disturbance gives stresses to this arrangement 

that are negligible with respect to the other forces. 

Suction Header 

For maximum stress values and location refer to Amendment 7 /8 

pages 2. 7-2 and Figure 2. 7 .1. Values shown are for the design earth

quake, for the double earthquake they should be multiplied by 2.' 
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d) Supports 

The maximum stresses for the ring girder are in the flange which is 

fabricated from SA212 grade B plate. These maximum stresses are: 

Operating 

Accident 

Flooded 

Single Earthquake 

- 4, 640 psi 

-11,560 psi 

- 8, 910 psi 

Double Earthquake 

- 5,573 psi 

-15, 884 psi 

-18, 194 psi 

The maximum stresses in the columns supporting the torus occur in the 

inside columns which are fabricated from A-36 material. These 

columns are subjected to both axial and bending ~tresses and the valu'es 

given are the interaction summation of the actual stresses over the 

allowable stresses based upon the AISC 1963. The largest value is 

still less than yield stresses. 

Single Earthquake 

Operating 

Accident 

Flooded 

. 80 

. 97 

. 97 

Double Earthquake 

. 92 

1. 25 

1. 64 

These columns were designed as a part of a portal frame and are fixed 

at the top and pinned at the base. The moments are due to the deflection 

of the column tops caused by the temperature and pressure combined 

with the total shears from either of the two earthquakes. 

The earthquake tie rods supporting the tops of the torus columns as a 

tension system were also designed to accept the seismic _shears from 

either of the two earthquakes. The materials used for the rod 

¥,7.9 
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arrangement are: end plates A212 Grade B, pins C1018, and tie rod 

A-36. The stresses in this material are as follows: 

End plate bearing 

Pin bending 

Pin shear 

Rod tension 

Single Earthquake 
Flooded Condition 

45, 000 psi 

36, 900 psi 

11,400 psi 

30, 000 psi 

Double Earthquake 
Accident Condition 

42, 000 psi 

43,500 psi 

13,370 psi 

35, 000 psi 

(4) "Snubbers should be specified and their effectiveness justified." 

The twelve hydraulic snubbers for the suppression chamber suction header are 

located as shown on Figs 2.7.1and2.7.2 of Amendment 7/8. These snubbers 

operatE;) as discussed in the answer to question A. 2 of this amendment. That 

discussion indicates how the movement of the snubbers varies for low velocity 

movement such as thermal changes and, rapid velocity movement such as 

during a seismfo event. During the latter event the snubbers essentially act 

as fixed points. As a fixed point on the header then, the distance of unre

strained pipe is reduced· and this results in a higher natural frequency of the 

pipe than if they were not present; hence,· they are extremely effective 

be<;!ause they permit a system to resist seismic events without distorting the 

system response to thermal and hydraulic events. 

I 

· (5) "Indicate whether time history' or response spectrum has been used in the 

seismic analysis." 

Refer to question A. 6 of this amendment for a listing of systems analyzed by 

the time history and response spectrum methods. 
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(6) "Include a. discussion. of the seismic de~ign of: 

a. The girder inside the torus, " 

The ring girder is an integral part of the torus (suppression chamber). 

A seismic analysis of the entire torus was made and the resulting 

responses are applicable to the girder and the shell. A detailed stress 

analysis was also performed and this analysis included the loads due to 

seismic effects. The results of this latter analysis are provided in the 

previous portion (3) of this answer. 

b. "The downcomers, and" 

The downcomers are designed for a jet force of 21, 000 lbs each. ·The 

stresses in these downcomers due to these jet forces are much greater 

than those from the seismic loads and controlled the design. 

c. "The vents with their bellows." 

The bellows are designed to take movements due to temperature, 

pressure and earthquake for various loading conditions. The bellows 

has the capability of taking the axial arid lateral movements resulting 

from these loading conditions. 

tJ9. I/ 



D2,3 A. 2-1 

QUESTION 

·A. 2 Concerning Question 2. 9, indicate what part of the main steam lines has been 

analyzed dynamically and what part was designed statically, and describe in 

detail how the anchor biock between the two parts has been designed. Indicate 

the critical stresses in the anchor block. Explain whether the differential 

motion of the two adjacent buildings has been considered in the design of the 

main steam lines. 

Explain the use of only seven modes for the three piping systems analyzed in 

this facility. Specify the design basis of the hangers, anchors, stops and 

snubbers, and indicate the safety factors provided in the design. Specify the 

snubbers, and indicate their effectiveness and their maintenance problems. 

Specify whether time history or response spectrum has been used. 

For Class I piping designed statically, explain the basis for a deflection limit 

of L/480, justify the horizontal load of only O. 5g used for the design and indicate 

the design basis, the design methods and the critical stresses for pipes, all 

hangers, stops, anchors and snubbers. 

Explain on what basis the original snubber locations are set, and by what 

means these locations are verified or revised. Differentiate between systems 

dynamically designed and systems which are not dynamically designed. 

ANSWER 

(1) "Indicate what part of main steam lines analyzed dynamically . . . " 

That portion of the main steam line within the drywell and out to the first 

anchor beyond the second isolation valve has been dynamically analyzed by 

mode superposition using a floor response spectrum. The remaining portion 

of the line was designed statically. 
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"Describe in detail how anchor block between the two ports has been designed • 

The anchor block which restrains the reactor feedwater and main steam piping 

was designed for .the design seismic forces on th.e pipe plus various pipe 

·rupture cases. The anchor was assumed to be a rigid structure and the piping 

was analyzed for static loads, thermal forces,· seismic forces and pipe rupture 

loads. After determining the rn:agnitudes of the various combinations of loads, 

the anchor was then detail designed to withstand the maximum derived forces 

and moments. The seismic load input to the anchor as determined by the 

dynamic analysis of the piping within the drywell provided a relatively small 

portion of the total loads due to rupture cases. Engineering evaluations of the · 

portion of the lines outside the drywell that were statically designed led to the 

conclusion that the inertia forces generated by this section of piping could not 

result in significantly different magnitude of seismic inputs to the anchor than 

the interior dynamically analyzed section. Since the rupture forces are much 

greater than the inertia force and no component in the anchor is stressed beyond 

allowable, the anchor meets the requirements of rigidity and safety. 

The pipe rupture cases considered, which are the major design load contributors 

. both from an axial and moment standpoint, were: a) axial load, b) moment due 

to pipe split, c) moment and axial load due to pipe split past a 90° elbow, 

d) moment, axial load and torsion due to a pipe split past two 90° elbows •. The 

sketch below depicts these four cases. 

" 
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(3) "Differential motion of the two adjacent buildings. . . " 

The reactor building and turbine are not separated, therefore there is no 

differential building displacements. The Dresden structure is an integrally 

designed unit such that the two buildings are separated only in name but not 

structurally. 

(4) "Explain the use of only seven modes. . • " 

(5) 

Previous experience has indicated that the contribution of the higher vibration 

modes of Class I piping systems to the total response is, insignificant. For 

these higher modes the participation factors are negligible as they tend to 

approach zero. 

"Specify design basis for hangers, stops, anchors, etc .•. II 

The design basis for hanging and supporting the piping systems follows the 

requirements of USAS B31. l, Part 5 of Chapter II, insofar as hanger spacing 

is concerned. 

The materials used in the fabrication of hangers, anchors and supports is equal 

to or exceeds the requirements of USAS B31. 1 Code for Pressure Piping -;-

Section 6 and the Manufacturer's Standardization Society Standard Practice 

MSS-SP-58 for normal operating and seismic design conditions. 

The materials used in the fabrication of anchors, guides and restraints for 

dynamic loads due to pipe rupture and design seismic loading is equal to or 

exceeds the design criteria that the material shall be within (90) ninety percent 

of the material yield stress for pipe rupture design conditions. 

All hot wound helical spring coils used in spring devices furnished as a 

component part of all spring hangers and supports meet the requirements of 

ASTM-A-125-65. 
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designed unit such that the two buildings are separated only in name but not 

structurally. 

(4) "Explain the use of only seven modes. . . " 

(5) 
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ASTM-A-125-65. 
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The rated capacity of all hydraulic snubbers is based on fluid pressure of 

approximately 3, 000 psi for the lesser wetted piston area of the extensive stroke 

and incorporate a design safety factor of 4. All units are fitted with a fluid 

pressure relief valve set to open and bypass the control valve at approximately 

4, 000 psi, thereby limiting the restraint force to approximately 1. 33 times the 

maximum rated capacity for all bore size units. . , 

In operation, the piston is free to move unrestricted in either direction with 

the poppet valves remaining fully open, for all piston velocities up to 10 inches 

per minute. This velocity is greater than any operational thermal growth rate 

and less than the velocity. of any anticipated disturbing force .. · Both the com- . 

pression and tension controlling poppet valves are designed and set for closure 

· when the piston velocity exceeds 10 inches per minute. With the poppet valves 

closed, the fluid flow is effectively stopped, thereby transforming the unit into 

a rigid strut. Closure is designed to be effected within 1/32 inch of piston rod 

movement. 

Plant operating procedures will provide for routine inspection of fluid level in 

all hydraulic units during scheduled outages. 

The design approach used for hangers, restraints, snubbers, etc. for 

statically analyzed piping systems is the same as that used for dynamically 

analyzed systems. 

(6) "Specify whether time history or response spectrum has been used. • . " 

The response spectrum method of seismic analysis was used for the Class I 

main steam lines, feedwater lines and the recirculation loop piping. (Also 

refer to answer to question A-6.) 

(7) "Explanation of use of L/480 deflection for statically designed piping." 

Deflection under weight or seismic loads is generally of secondary importance. 

In all Class I piping systems, the deflection of the line will be kept within 
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reasonable bounds in order to minimize pocketing and to avoid contact with other 

lines or objects. Limiting the maximum deflection to L/480 is a practical limit 

for average piping in J>.rocess units. When spans are limited to support a lat

eral load of O. 5g or are limited so that the line is classified as rigid, the maxi

mum deflection of L/480 will not exceed one inch. Also, the L/480 is associated 

with the use of Lateral Deflection and Force Evaluation Curves; and these 

curves, in general, are limited to piping less than 10 inches diameter. For 

piping lines this size, the spans used result in deflections considerably less 

than one inch. A more detailed discussion of the Lateral Deflection and Force 

Evaluation Curves can be found in Section (9) of this answer. 

"For statically designed piping discuss use of . 5g . . . '" 

The use of O. 5g referred to in Amendment No. 7 Page 2. 9-7 is to make an 

evaluation of the seismic stress in the piping run under consideration when 

using the force evaluation curves mentioned in Section (7) and Section (9) of 

this answer. Referring to Table 121.1. 4 in Power Piping USAS B31.1. 0, 

1967, we find maximum spans for various pipe sizes that will support one 

gravity load including contents and not be stressed over 1500 psi. When these 

spans are increased by the square root of two, the supported load is reduced 

to 0. 5 gravity. Since most of the small lines are supported in a manner to be 

classified as rigid, they will see the same acceleration as the floor of the 

Reactor Bliilding which has an acceleration of less than O. 4g below elevation 

589' - 0". Thus if the piping line is classified as being rigid, the seismic 

stress is less than 1500 psi. 

(9) Remainder of two paragraphs of question A. 2. 

Responses to the remaining portions of the last two paragraphs of the. question 

are interrelated to a large extent. Therefore the response encompasses a 

discussion of design bases and design application. These two general subjects 

are treated as sections 9A and 9B. The three methods of analysis applied to 

piping systems are covered with special emphasis given in 9B to the design 

application of the static coefficient method as suggested by the question. 
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Stresses in piping are in all cases within criteria allowables as defined in SAR 

Section 12. It is also noted that placement of hangers, supports, etc are made 

for the dynamic method as discussed in the seismic reports of the systems. 

Placement of such components for the other method are discussed under the 

method description. 

(9A) " . indicate the design basis, the design methods . • . " 

There are three methods used. in performing a seismic analysis of piping 

systems (including hangers, snubbers, etc.): 

I) Mode superposition using a floor response spectra. 

II) Static analysis using conservative static coefficients. 

III) Lateral Deflection and Force Evaluation Curves. 

A brief description of how each method has been applied and piping systems on 

which they were used follows: 

Method I, mode superposition, was used on the main steam and feedwater 

lines inside the drywell and the recirculation system lines. - ' 

Method II, static coefficients, was used in the analysis of Class I piping 

systems 10 inches in diameter or larger. 

Method III, lateral deflection~ was used primarily for Class I instrumentation 

piping and for making evaluation.studies for installed piping systems to deter

mine the capability of meeting Class I requirements. 

METHOD I: 

_ / The subsequent paragraphs provide a discussion of the design bases of 

Method I, mode superposition using floor response spectra. · 

49.r? 
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Method of Analysis 

Each piping run was idealized as, a mathematical model consisting of 

lumped masses separated by elastic members. Lumped masses were 

located at selected critical points as required to adequately represent 

the dynamic and elastic characteristics of the pipe system. Using the 

elastic properties of the pipe between successive mass points, the flex

ibility matrix for each pipe run was determined. The flexibility calcu-

. lations included the effects of torsional, bending, shear and axial 

deformations.. Also included was the change in flexibility due to the 

curved members. 

After the flexibility and mass matrices of the mathematical model were 

obtained, the frequencies and mode shapes for several modes of vibration 

were determined, usually five or six. The effect of higher modes was 

found to be negligible. The mode shapes and frequencies were deter

mined by solving the following equation. 

2 
(K - w M)</) = 0 

n n 

in which: 

K = square stiffness matrix of the pipe loop 

M mass matrix for the pipe loop 

th w = frequency for the n mode 
n 

,.,.. = mode shape matrix for the n.th mode o/n 

After the frequency was determined for each mode, the corresponding 

spectral acceleration was read from the floor response spectra for the 

t;-9, 1'1 
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reactor building. Using these spectral accelerations, the response for 

each mod_e was found by solving the following ·equation: 

Y max= n 

in which: 

R Sa D n n 

M w2 
n n 

Y max n 
th = response of the n mode 

R = participation fa~tor for the nth mode = 
n 

I:M. </). 
. l lil 

Sa = spectral acceleration for the nth mode 
n 

D = earthquake direction matrix 

M = generalized mass matrix for the nth mode 
n = LM.</>~ 

l in 

Using these results the maximum displacements for each mod_e was 

determined for each mass by the following relationship: 

V. = </).. Y max in · in n 

in which: 

V. = maximum displacement of mass i for mode n 
In 

The total response for each mass was determined by taking the square 

root of the sum of the squares of the maximum deflection fot each mode: 

. vrvr-... 2 v. = L.J v. 
l In 

in which: 

V. = maximum displacement of mass i due to seven modes 
l 
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The inertia forces for each direction of earthquake were then determined 

from: 

Q =KV 

in which: 

Q = inertia force matrix for all masses 

V maximum displacement matrix 

The internal forces, moments, and stresses for the pipe run was deter

mined from standard structural analysis methods using the inertia 

forces fore ach direction of earthquake as a loading condi.tion. 

Computation of Stresses 

All values for forces and moments were for the global c.oordinate 

system. After converting these values to the member coordinate 

system, the pipe stresses were determined in accordance with the 

following equation 

in which: 

s = equivalent resultant stress for pipe 
e 

Sb = resultant bending stress at joint B Mb/Z 

st resultant torsional stress at joint = M/2Z 

Mb = resultant bending moment 

Mt = resultant torsional moment 

4?. 2/ 
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Z section modulus of pipe 

B stress intensification factor (see below) 

Effect of Curved Members 

The flexibility matrix of the pipe system includes the effects of curved 

members and elbows. This curvature effect depends on the bend 

characteristic as shown below · 

h tR = 2 
r 

m 

in which: 

h = bend characteristic 

t thickness of pipe 

r = mean radius of pipe 
m 

R = radius of bend 

The flexibility factor gives the change in flexibility due to the curved 

members and is given by: 

K = 1.h65 

in which: 

K flexibility factor 

h = bend characteristic 
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The stresses in curved pipes will differ from those calculated for 

straight pipes with equal bending moments. This stress increase 

is given by the stress intensification factor: 

B = 0. 90/h
2
/

3 ~ 1. 00 

in which: 

B = stress intensification factor 

h = bend characteristic 

Description of Computer Program 

All of the calculations outlined above were performed with the aid of a 

digital computer.· The computer program employed has been written 

specifically for .the analysis of three dimensional piping systems. 

The input data for this program consists of the coordinates of all 

critical joints and valves in the pipe system including the coordinates 

of the joints selected as 11.!-mped masses. Additional input consists of 

the thiclmess, diameter, weight and elastic modulus of the pipe loops. 

The computer then calculated the stiffness and force transformation 

matrices, mode shapes, frequencies and inertia forces. Using the 

inertia forces as loading conditions, the internal forces and moments, 

displacements and stresses were then computed and printed out. 

For the dynamic response of the pipe runs, an analysis was made for 

both the X and Z Direction earthquake. For each of these loading 

conditions, a constant vertical Y Direction acceleration of two-thirds 

ground motion was combined with the horizontal. 

The results were divided in two cases for each pipe. Case I consisted 

of the results due to the appropriate spectral accelerations for the 

X-direction earthquake combined with two-thirds of the ground spectral 
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accelerations for the Y-direction (vertical) earthquake. Case 2 con

. sisted of the results due to the appropriate spectral accelerations for 

the Z-directional earthquake combined with two-thirds of the ground 

spectral acceleration for the Y-directional earthquake. 

METHOD 11: 

This section of answer A2. 9A deals with the design bases of Method II, static 

analysis using conservative static coefficients. 

A detailed sophisticated dynamic analysis, as described in Method (I) above, of 

a complex piping system where frequencies, mode shapes and inertia forces are 

calculated and then from which shears, moments and displacements are deter

mined is. extremely complicated, 

In lieu of making such a complete dynamic analysis, a less con:iplicated static 

analysis may be made, utilizing conservative static seismic coefficients. 

These static coefficients were determined in the following manner. 

Horizontal static coefficients were determined by using the average of the peak 

values from the unsmoothed ground speCtral curve of the normalized earthquake 

selected for the site. 

This average acceleration was then multiplied by the ratio of the building 

response acceleration at the installed elevation of the piping to maximum ground 

acceleration. 

where 

Cp = A eak A building 
P A ground 

Cp = Static coefficient for the Piping System 

A peak = Average acceleration of the peaks from the ground 

spectral curve 
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A building = Acceleration of the building at the installed elevation of 

the piping system 

A ground = Acceleration of the ground 

The vertical coefficient was taken at a constant value equal to two-thirds of the 

maximum base ground acceleration, i.e., . 067g. 

These seismic loads are applied uniformly in both the horizontal direction 

(perpendicular to each other) and the vertical direction. Combine the results 

. from one horizontal direction with the vertical direction and compare this with 

the results from the other horizontal direction combined with the vertical 

direction and then use the larger of the two. 

This procedure results in horizontal seismic coefficients that range in value 

. as shown on the attached table. 

Horizontal Static Coefficient 

. 1. 60g 

1. 25g 

1. OOg 

. 70g 

Piping Located in 
Building Elevation Zone 

Above 588' -0" 

545' -6 11 to 588' -0" 

51 7' -6 11 to 545' -611 

Below 51 7' -611 

The coefficient used on an entire piping system is the coefficient corresponding 

to the elevation zone where the majority of the system mass is located. It is 

emphasized that these coefficients are highly conservative. A further detailed 

discussion of the application of this method is provided in Section 9B. 

METHOD III: 

This section of answer A2. 9A refers to Method III, Lateral Deflection and 

Forced Evaluation Curves. 
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Lateral deflection and force evaluation curves for piping systems were developed 

by John A. Blume and Associates for Class I piping. The curves provide guide

hnes for the evaluation of the l.ateral suppo1'.ts in a piping system. The pipes 

were considered filled with water and the wall thickness or schedule number 

was shown on the graph. The modulus of elasticity is 29 x 106 psi. The 

curves were based on a single span with pinned-pinned end conditions. 
. . ' 

The use of the piping curves was as follows: 

1) Knowing the period of the supporting building or .structure, the period 

of the piping as to when it is rigid·, flexible, or resonant was establisl).ed. 

Rigid 

Flexible: 

Resonant: 

Period of Structure (Tb) 

Period of Piping (T ) 
I . p 

Period of Structure (Tb) 

Period of Piping (T ) 
p 

> 2. 0 

< o. 7 

Period of Structure (Tb) 

O. 7 s Period of Piping (T ) s 2• O 
p 

2) The maximum spans for various diameters of piping to carry a load of 

O. 5g and not be stresses more than 1500 psi was established. (See 

Table 121.1. 4 in Power Piping USAS B31.1. 0, 1967, also Span 

Table A. 2.1 on the following page). 

3) The resonant limits were established for various diameters of piping 

by using Blume' s curves giving natural periods as a function of pipe 

size and span. 

4) After the span was selected, the maximum deflection and the reaction 

on the supports was determined. 
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Table A. 2.1 

'SPANS FOR VARIOUS DIAMETERS OF PIPING 

Horizontal Seismic Loading Conditions 1. O g and O. 5 g 

Seismic Stress Limited to 1500 psi 

Nominal Pipe Size (in. ) 1/4 3/8 1/2 3/4 1 1-1/2 

Span (Ft.) for 1. 0 g 5 5 6 7 7 9 

Span (Ft. ) for o. 5 g 7 7 9 10 10 13 

Nominal Pipe Size (in. ) 3. 4 6 8 10 

Span (Ft.) for 1. 0 g 12 14 17 19 22 

Span (Ft.) for O. 5 g 17 20 24 28 31 

49, "Z7 

A. 2-15 

2 2-1/2 

10 11 

14 15 
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5) The displacement and support reactions were increased by a factor of 

3 due to magnification of the equipment over ground acceleration.· 

6) Spans were reduced by a factor of 2 to account for valves or branch 

lines. For 90-degree bends, either leg is not more than L/2 where 

L is 3/4 of the allowable span. 

Supports in general were located in a manner to be out of the resonant range. 

If in the resonant range the static coefficients given in method II were used. 

If in the flexible range the ground response spectra for the Site was used. 

(9B) Application of Static Analysis Discussion: 

1. Location of Trial Restraints · 

The first consideration in analyzing a piping system for seismic 

loading is to establish a trial span between restraints. This is done 

on a stress basis as follows: 

a) Assume the piping to be a uniformly loaded fixed-fixed beam of 

length corresponding to the allowable distance between restraints'. 

The fixed-fixed beam model is justified because the slope and 

deflection can be assumed to be zero at the restraint attachment 

points. The maximum moment in.the pipe span on this basis is 

2 
M = wl 

T2 

where: 

1 = length of span (ft) 

w = weight per ft 

M = moment in ft-lbs 

49, z<? 
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·This moment occurs at the ends of the span. If a valve or other 

concentrated mass is located in the span there is an additional 

moment at the span ends of: 

and 

p 

2 
Pa b 
!2 

I a-------b 

/ 

The moment to be allocated to the seismic contribution can be 

determined from the B31. 1 requirements (detailed discussion of 

B31. l requirements presented later) as follows: 

From B3L 1 paragraph 102. 3. 2(d) 

or 

Where: 

Sh ~ S weight + S pressure + S seismic 

PD M 
Sh == 1, 000 + 4t + z 

M == l Sh - 1 000 - PD l Z 
' 4t ] 

M = M + M
1 

or M + M 2 (in-#) 

Sh = Allowable stress from B31~1 (psi) 

1, 000 = Assumed weight stress (psi) 
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PD 
4t = Axial pressure stress (psi) 

Z = Pipe section modulus (in
3

) 

Now the trial span l. can be found from the expressions for M, 

Ml' M2. 

c) Once the trial span is established, the piping layout is reviewed. 

Engineering judgment plays a major role in applying the trial 

span equations developed above. For example, .the pipe leg 

a-b shown below is· considered as a concentratedmass. 

LOAD 

i ! i i 
LOAD 

i ~ i l / 

b t4 J. . I ... 

J ~ .-d-w 
a-b 

a 
/ 

ACTUAL SYSTE.M 
.1 

The piping is reviewed and an evaluation made that the trial 

span equations are satisf{ed for both horizontal (for direction) 

and vertical loading. Horizontal restraints must usually be 

added to co~ply with the trial span requirement. Since the 

vertical g load is small compared to the weight, usually no 

additional vertical supports are needed over those required for 

weight. However, no seismic restraint credit is taken for 

variable and constant support layer or for a sliding support. 
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2. Seismic Load Analysis 

Once the trial restraints have been located, the piping layout and 

. building structural plans are reviewed to determine if the trial 

restraint locations are physically possible. Usually some minor 

adjustments are necessary. A uniform load analysis is then performed 

as follows: 

a) An internal load distribution is determined. for ea~h of two 

horizontal lg uniform loadings and for a lg vertical uniform 

loading. The direction for one horizontal loading is taken 

normal to the axis of the most slender piping profile and the 

other direction is taken along that axis. 

b) In this load analysis, no restraint credit is taken for variable 

and constant support hangers or for sliding supports. 

c) The boundaries of the system model used in the analysis extends 

well beyond the stress analysis boundaries set by the first 

normally closed valve. This is done to provide confidence that 

the loading influence of piping outside (but attached to) the 

critical portion of the system is adequately accounted for. 

3. Code Stress Analysis 

Once the internal moment distribution of the system is determined, the 

stress analysis is then performed. The following procedure is used: 

a) Calculate the longitudinal stress a at a section per 102. 3. 2(d) 

of B31.1. 0-1967. 

Af Mw Me 
Stress a = AP + (SM) + (SM) (1) 
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Where: 

p = Internal design pressure (psi) 

Af = Flow area of pipe (in
2

) 

A = Metal area of pipe (in
2

) 

SM = Section modulus (in
3

) 

Mw = Resultant bending moment due toweight (in#) 

Me = Resultant earthquake moment as defined below (in#) 

Earthquake Moment, Me 

Where: 

y (Vert.) 

x (Horz.) 

Me = (qM{ + KM2) or (qM3 + KM2) 

Whichever is larger 

Ml = Resultant bending moment due to lg seismic load 

in x direction. (Sliding supports not included.) 

M2 = Resultant bending moment due to lg seismic load 

in y direction. (Sliding supports not included as 

_restraints. ) 

M3 = Resultant bending moment due to lg seismic load 

in z direction. (Sliding supports not included.) 

K = Two-thirds of maximum base ground accel. (g's) 

(K = • 067) 

q = See Table A. 2. 2. 



z (Horz.) 

D2,3 A. 2-20 

Where: 

p = Internal design pressure (psi) 

Af = Flow area of pipe (in
2

) 

A = Metal area of pipe (in
2

) 

SM = Section modulus (in3) 

Mw = Resultant bending moment due to weight (in#) 

Me = Resultant earthquake moment as defined below (in#) 

Earthquake Moment, Me 

Where: 

y (Vert.) 

x (Horz.) 

Whichever is larger 

M
1 

= Resultant bending moment due to lg seismic load 

in x direction. (Sliding supports not included.) 

M
2 

= Resultant bending moment due to lg seismic load 

in y direction. (Sliding supports not included as 

restraints.) 

M3 = Resultant bending moment due to lg seismic load 

in z direction. (Sliding supports not included.) 

K = Two-thirds of maximum base ground accel. (g's) 

(K = ~ 067) 

q = See Table A. 2. 2. 
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Table A. 2. 2 

Majority of pipe mass located 
q (Elevation) 

1. 60 Above 588' -0" 

1. 25 Between 545' -6" and 588' -0" 

1. 00 Between 517' -6" and 545' -6" 

o. 70 \Below 51 7' -6" 

The value of u must not exceed Sh from Table A-1 of B31. 1. O. 

The above procedure is conservative because it is assumed that 
I . 

Mw, M
1 

, M2 , and M3 are co-linear. Another conservatism 

that is introduced is to use the combined stress Se from the 

static load analysis computer print-out. This stress value 

contains the torsional shear stress in addition to the bending 

stress. On this basis eqn (1) becomes 

(j = Af P + Se + Se . 
A w e (2) 

See = qSe1 + KSe2 

The systems will be checked by eqn (2) because of the convenience 

of application. If a point does not pass this check, refinements 

are made. If refinements do not correct the overstress, 

restraints are added or other corrective action taken. 

49.:?4 
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b) The B31. 1 bending stress intensification factors for elbows and 

branches are applied full value to both the weight and seismic 

analysis stresses. This is a conservative practice. The B31. l 

Code stress factors are based in part on fatigue tests of actual 

piping components. Inherently then, they include the effect of 

peak stress. Since weight and seismic stresses are primary 

stresses, the factors are conservative when used in primary 

stress calculations. Because the stress factors associated 

c) 

with unreinforced branch connections are so large, it is some

times necessary to reinforce a pipe to pipe branch connection to 

reduce stress to an acceptable level. This is done when the 

piping has adequate restraint to maintain seismic stress at a 

relatively low level throughout except at the branch point. 

The piping layout drawings are also reviewed to determine if the 

seismic deflections will cause the piping to strike any structure, 

component, etc., which may damage the piping. 

4. Design Loads on Attached Equipment and Restraints 

After satisfactory pipe stresses are obtained, the piping drawings are 

modified to include the restraints and the details of the restraint are 

developed. 

Seismic design loads are provided for restraints and equipment as 

follows: 

a) Seismic Restraints -

Design loads are based on combining the worst restraint load 

produced by a horizontal uniform seismic load with the restraint 

load produced by vertical seismic and weight. 
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b) Rigid Weight Supports (Hangers) -

Same as seismic restraints. 

c) Variable and Constant SupPort Hangers -

The hanger manufacturer is asked to certify that seismic deflec

tions at hangers can be absorbed without failing hanger. 

d) _ Equipment (Pumps, Piping Designed by Others, etc.) -

e) 

Six components of loading (Fx, Fy, F
3

, Mx, My, Mz) derived in 

the same manner as the restraint loads are presented to the 

responsible designer for review. 

·Pipe Anchors -

Designed for loads derived in the same manner as equipment 

loads. Where anchors are designed for pipe ultimate or limit 

loads, no additional anchor analysis is required~ 

f) After the seismic restraints are designed, the stress analyst 

reviews the details to insure that the restraints behave as 

assumed in the uniform load analysis. 

Piping drawings are reviewed and trial span equations coupled with engineering 

evaluation are used to establish the need for seismiq restraints. After the trial 

restraints are located, they are checked for compatibility with the building structure. 

The adequacy of the trial restraints are checked by making a static uniform seismic 

load analysis and combining pressure, weight and seismic stress in accordance with 

B31. l criteria. Static g factors are based on ground spectral curve with building 

response verification included. 

49, 3.( .. 
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All restraints, hangers, and anchors are designed for the seismic loads. Connecting 

equipment seismic loads are reviewed to insure that the loads can be safely sustained . 

49,37 
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QUESTION 

A. 3 To complete your answer to Question 2. 13, present sketches or drawings 

showing the details of the reactor supporting structure including bolting, ring 

girder, concrete pedestal, and details of horizontal stabilizers near the top of 

the reactor. Discuss how the horizontal shears are carried through the bolts 

(with oversized holes) and at the interfaces of different elements and how the 

reliability and level of friction during earthquake can be justified. 

We understand you have made no provisions to prevent sliding of the inside 

concrete structure on the inside face of the steel plate of the drywell bottom. 

Please present an analysis and evaluation to justify this approach. 

Indicate critical stresses in all. parts of the supporting structure: reactor skirt, 

steel ring girder, bolts, concrete pedestal; include thermal, seismic, and jet 

stresses. 

Discuss the influence of the stretching of bolts on the rocking response of the 

reactor. 

ANSWER 

Figures 3-1 and 3-2 are sketches of the supporting structure and the vessel 

stabilizers. 

For the RPV to Ring Girder, the horizontal shear at the bottom of the RPV skirt 

flange is transferred to the top flange of the ring girder through the high strength 

bolt friction;...type connection. Friction between the connecting parts exists under 

all load conditions because the bolt proof load is greater than the maximum 

tension any bolt will be subject to. Hence, the skirt ring and the girder will 

always be in contact and the friction of such magnitude to withstand the shear 

forces due to earthquake. 
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The horizontal reactor shears are carried through the anchor bolts into the 

reactor support pedes,tal concrete. The resulting shear amounts to 8. 23 k/bolt 

with stress values as shown in Table A. 3.1. As shown, these are low stressed 

members. The 120 anchor bolts are not considered to have oversized hole 

connections as the clearances have normal construction tolerances which must 

be available in order to assemble the structure. The resulting low stresses 

coupled with the fact that bolt friction and sole plate bearing allowance for the 

transfer of shear loads was neglected is standard practice and results in a 

conservative design. For the design earthquake the concrete bearing due to this 

bolt shear is 270 psi w:lth an allowable of 935 psi. For the double earthquake 

the concrete bearing due the bolt shear is 540 psi with an allowable of 2, 380 p~i. 

The reactor vessel skirt analyses resulted in a general primary membrane 

stress of 11, 300 psi with an allowable of 26, 700 psi and the primary shear 

stress, including seismic loading, is 11,500 psi with an allowable of 16, 000 psi. 

Shear is carried through the skirt that acts as a large membrane or shear ring. 

Table A. 3. 1 summarizes the results of the stress calculations on the various 

steel support components for three loading conditions. 
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Table A. 3.1 . 

Tabulation of Load Combinations and Stresses 

Part 

H. S. Bolts 

(Ring girder 

to RPV skirt 

connection 

Anchor· Bolt 

(Ring Girder 

to Pedestal 

Connection 

Top Flange 

Ring Girder 

Bottom Flange 

Ring Girder 

Load Cond. 1 

N+E 

Stresses (ksi) 

Actual 

f =19 
T 

f =6.7 v 

Allowable 

FV =14. 7 

F =22 
B 

where: N. = Normal operating loads 

E = Design seismic forces 

Load Cond. 2 

N + E' 

Stresses (ksi) 

Actual Allowable 

fT =68.2 FT =76.5 

f =13. 4 F =61. 
v v 

F =16. 7 v 

fB =24. 5 F B =36 

Load Cond. 3 

N + E + J 

Stresses (ksi) 

Actual Allowable 

fT =36.4 FT =72 

fT =7. 35 _ FT =20. 3 

fv =3. 85 · Fv =15 

f =14 B F =33 B 

E' = Maximum seismic forces 

J = Jet forces 
;:i:. . 
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Table A. 3. 2 summarizes the stress conditions of the concrete pedestal. 

Table A. 3. 2 

SUMMARY OF CRITICAL STRESSES OF THE CONCRETE PEDESTAL 

Single earthquake at the base: 

f max. = -334 psi c 

· fs max. = +8800 psi 

Dead load at base: 

f max. = -166 psi 
c 

f max. = -1200 psl. s 

Jet force - near base: 

Shear (max. ) - punching shear = 122 psi 

f max. = -600 psi 
c 

f max. = +14300 psi s 

where: f = concrete stress c 

f = reinfor.Cing steel stress 
s 

Double earthquake at the base: 

f max. = 530 psi c 

f s max. = 43000 psi 

A. 3-4 

The concrete structure inside the drywell that supports the reactor pedestal is 

prevented from sliding by a 6" x 1" continuous shear plate that stands vertically 

and is welded to the inside of the drywell and is located on the same diameter as 

the drywell skirt. The shear in the two 3/8" fillet welds attaching this shear 

plate to the drywell under the design earthquake is 3, 550 psi. The bearing on 

the concrete for this condition is 315 psi. These values are within the allowable 

of 15, 800 psi for the weld metal and 935 psi for the concrete. For the double 

earthquake the stress in the weld is 7, 000 psi and in bearing on the concrete 
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615 psi. The weld stress and the concrete allowable bearing stress for the double 

earthquake is still below the working stress allowable. 

There is free movement of air between the inside and outside of the reactor 

pedestal; _therefore, no temperature gradient need be considered through the 

concrete wall. 

The vessel does not rock under earthquake because the tension force due to the 

. earthquake does not exceed the clamping force of the bolt. Thus the plates 

cannot separate and there can be no stretch of the bolt or increase in its 

tensile load. 

In the case of the anchor bolts connecting the ring girder to the concrete 

pedestal, the maximum stress level in any of these bolts due to design earth

·quake loading is 2. 25 ksi. This produces a maximum stretch of the bolts of 

. 002". . The effect of this stretch is to rotate the reactor vessel about its base 

and cause a horizontal deflection of the vessel above its base. Taking a point 

half-way up from the base to the lateral support at the shield wall, which 

corresponds approximately to elevation 553' -5 1/2", the horizontal displacement 

caused by anchor bolt stretch is calculated to be . 00466 in. At this same point 

the displacement due to earthquake is noted as . 0072 ft. or O. 86 in. (See 

FSAR sheet 4 of Appendix D, exhibit H). Since the displacement due to anchor 

bolt stretch is only 5% of that due to earthquake, its influence on rocking response 

is considered negligible. 



• 

A.4 

D2,3 A.4-1 

QUESTION 

6 . 
Regarding Question 2.14(b), we note that the value of E=3 x 10 has been used in 

design. In view of the fact that this will change after the nominal 28-day period 

and for dynamic loads, what effect will this have on the resultant spring values 

and on .the validity of the dynamic analysis? 

ANSWER 

The design modules of 3 x 106 psi is in accordance with the ACI Building Code Require

ments for reinforced concrete (ACI 318-63) Section 1102 which is standard design prac

tice. However, it is recognized that the modulus of elasticity of concrete increases 

with age following the 28-day period but it is difficult to evaluate the amount of increase. 

The following factors affect the strength of concrete. 

a) Curing temperature 

b) Initial temperature 

c) Variations in mixes 

d) Amount of hydration 

The elastic modulus is not directly proportional to the strength of concrete; neverthe

less, the effect of increasing the strength causes an increase in the modulus. However, 

the increase in the modulus due to age is not believed to be significant in the light of all 

the uncertainties affecting th,e modulus of concrete. 

Whatever the small change in the ,modulus may be, this effect is partially accounted for 

b:y cracks in the concrete structure due to shrinkage and temperature. Such cracks tend 

to make the structure more flexible, which tends to compensate for the increased 

modulus. Also the percent change in the modulus is small compared to other inputs in 

the analysis such as dimensions, areas, cross sections, mass grouping, etc. Hence 

the effect of an unknown modulus change on the validity of the dynamic analysis is con

sidered to be negligible. 
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QUESTION 

A. 5 For Question 2.14(e), justify the assumption that the drywell bottom is fixed in 

the foundation concrete. Indicate the stresses in the skirt anchoring the drywell 

to the foundation concrete, and in the drywell plates at the connection with the 

skirt. 

ANSWER 

The drywell bottom is fixed in the foundation concrete by tension in the drywell skirt and 

compression on the concrete base. The drywell skirt is a 5/8" plate connected to the. 

drywell by a full penetration weld. The bearing of the skirt plate on the concrete is 

45 psi for. the design earthquake
1 
and 90 psi for the double earthquake with the drywell 

flooded. For uplift the stress in the skirt plate and weld is 1, 030 psi for the design · 

earthquake and 2, 060 psi· for the double earthquake. The tension in the anchor bolts 

connecting the skirt plate to the foundation is 9, 800 psi for the design earthquake and 

19, 600 psi for the double earthquake. The weight of the water in the flooded drywell 

was neglected for the uplift calculations. The anchor bolts are embedded in the concrete 

foundation with a bearing plate on the end, a distance sufficient to develop the full 

tensile capability of the bolt. 

The drywell plates are restrained in the area of the skirt connection by the concrete · 

inside and outside of the drywell. Therefore, this plate has membrane stresses only. 

For the design earthquake, this stress is 2, 750 psi; and for the double earthquake, 

the stress is 5, 300 psi. Both of these values are within the working stress allowables . 



• 

. 4'7, 47 

D2,3 A.6-1 

QUESTION 

A. 6 Explain how the two response spectra plotted in Figure II. A.1 have been used. 

Specifically list all structures and equipment for which the actual response 

spectrum or the smooth spectrum have been used and where the actu.al time 

history of the El Centro earthquake has been used. How have these two response 

spectra been established?· 

ANSWER 

The actual El Centro response spectrum has not been used for any of the analyses. All 

response spectrum calculations employed the smooth response acceleration spectrum 

shown in Safety Analysis !leport Vol. II Figure 12.1. 2. When a time-history analysis 

was made, the El Centro Earthquake Record was employed, normalized to a ground 

acceleration of O. lOg . 

The unsmoothed response spectrum was calculated from the El Centr'o Record using the 

usual analytical methods. 

The time-history method of analysis was used on the following items: 

Reactor-Turbine Building 

·ventilation Stack 

Drywell 

. The response spectrum method of analysis was used ·on the following items: 

Reactor Pressure Vessel 

Recirculation Loop Piping 

Suppression Chamber Ring Header (Suction) 

Feedwater Lines 

Main Steam Lines 

Isolation Condenser 

Turbine Building Control Room 

Suppression Chamber 
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QUESTION 

A. 7 Discuss whether the use of any one of these inputs: time history, actual El 

Centro response spectrum, or the smooth spectrum, may result in under

estimating the response. 

ANSWER 

Either of the methods (time history or smooth response speetra) used on the 

Dresden analyses will give satisfactory results. As noted in the answer to 

Question A. 6, the actual El Centro unsmoothed spectrum was not used for 

response analyses. · It was used, however, to verify ~hat when using the time-:

history method the maximum loadings did not occur in valleys of the un

smoothed spectrum. This curve is the upper curve shown in Figure II. A.1 

of Amendments 11/12:. Since the unsmoothed curve is generated from the 

time-history record and the smooth response spectrum curve has lower 

accelerations for nearly all periods, it is concluded that the time-history 

method tends to overestimate the response when compared to the design 

criteria (smooth response spectrum). It is reiterated that the two methods of 

analysis used at Dresden were the time-history and the smooth response 

spectrum, and it is our firm opinion that the responses calculated by these 

methods are conservative. 
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QUESTION 

A. 8 In view of the total interval of record time for the El Centro earthquake, 

please present your basis for using only a 10-second interval (Question 

II. A. l). 

ANSWER 

A. 8-1 

The maximum response occurs in the first 4 to 6 seconds. Longer intervals 

of motion have been used on similar structures and it was found that the maxi

mum response always occurred within·4 to 6. seconds regardless of the length 

of record used. 
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QUESTION 

A. 9 We understand that one seismic input was used for the design of the reactor 

vessel and another input for the design of the drywell and reactor building. 

· Please demonstrate that this use of two different inputs does not result in an 

inconsistency. (Question II. A.1).· 

ANSWER 

Two different methods of analysis were used but not two different inputs. The 

response spectrum method was used on the reactor pressure vessel and a time

history method was used on the drywell and reactor building. The ohly different 

input was the use of different damping coefficients and this is explained in 

question A. 11. 
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QUESTION 

A.10 In answer to Question II. A. 2, the stack base was considered to be rigid. Please 

justify this assumption. Indicate clearly what seismic input has been used and 

what damping. Indicate which condition is critical, i. e. , small earthquake, 

large earthquake, or wind. 

ANSWER 

The chimney is founded on rock at elevation 500' and designed to be fixed at the 

base. This statement corrects the first sentence of the answer to Question 

II-A. 2 in Amendments 11/12 which considered the base not fixed. This condition 

· will result in ·a shorter period for the stack than if the base were allowed to 

rotate, thus the corresponding response acceleration will be higher. There

fore, base rotation was conservatively neglected • 

A time-history analysis was made on the chimney using the time-history record 

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

to O. lOg ground motion. The damping value used was 5 percent. 

The chimney working stress design was controlled by the wind from grade to 

an elevation of 160'-0" above grade. Critical stresses occur at the flue opening 

as shown in Figure 12.1. 23 of the FSAR, where tl)e reinfering steel stress is 

11, 646 psi an~ the concrete stress is 729 psi. 

The chimney working stress design was controlled by the design earthquake 

from an elevation beginning at 160'-0" above grade to the top. Critical stresses 

occur at an elevation of 208'-0" above grade. At this elevation the steel stress 

is 10, 550 psi and the concrete stress is 440 psi. 

The chimney was investigated for the critical stress point for the double earth

quake. This critical point is at an elevation Of 208'-0" above grade. At this 

elevation the steel stress is 21, 000 psi and. the concrete stress is 660 psi . 
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Calculations for overturning due to normal wind loads were presented in 

Amendments li/12, Questi1;m II. A. 2 and show S. F. 2.1 > 1. 5. The factor 

of safety for overturning due to the double earthquake is 1. 56 to 1. 

For a discussion on foundation bearing capacity refer to the answer to question 

B. 1 of this amendment. 

Elevation 

Grade to +160 1 

160' to +310 1 

Condition Summary 

Governing Condition 

wind load 
design earthquake 
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QUESTION 

A.11 To complete the answer to Question II. A. 3, clarify that the drywell is con

sidered to be free to move except where it is attached to the concrete around 

it at two points: El. 575 ft 2 in. , and at the bottom. 

How sensitive to the choice of damping coefficients is the value of forces due 

to interaction between the reactor and supports, drywell, reactor building, 

and turbine building? Please define exactly the values of damping factors used 

in the design. 

List in detail what dampi.ng coefficients have been used for each o~ these build

ings and structures, or parts of them. 

Since the drywell, the reactor building, and the turbine build.ing have been 

analyzed as one interconnected structure, justify the neglect of any possible 

torsional effect due. to lack of symmetry of the whole system. 

ANSWER 

The two-inch gap between the drywell and the concrete bfological shield is 

insured by cementing preformed polyurethane foam elastic sheets to the steel 

drywell and all joints and around the sleeves for the drywell penetrations. The · 

material is compressible, therefore the drywell has been considered to be free 

except for the two attachment locations. Information regarding u,se of pre

formed foam material is completely defined in response to question 2.11 of 

Amendments 11/12. 

Depending upon the period of vibration of the system in question, the respo:q.se 

of the system to the earthquake is sensitive to the degree of damping used. For 

rigid structures such as the drywell,the damping values used are relatively in

sensitive to the response. The interaction forces between the drywell and 

reactor building would be sensitive. to the damping assumed for the reactor 

building. Since this damping was conservatively assumed to be 5%, the inter

action forces presented in the report are conservative. Similarly, the 2% 

49.S"'3 
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damping for the RPV and the concrete supports results in interaction forces 

which are ,conservative. Viscous damping was used in all the analyses. 

Following is a list giving the damping coefficients used on the Class I items: 

Item 

Reactor Pressure Vessel 

Reactor-Turbine Building 

Recirculation Loop Piping 

Ventilation Stack 

Suppression Chamber Ring Header 

Feedwater Lines 

Main Steam Lines 

Drywell 

Turbine Building Control Room 

Suppression Chamber 

% of Critical Damping 

2 

5 

0.5 

5 

o. 5 

0.5 

0.5 

5 

5 

2 

The torsional rigidity of the drywell reactor-turbine building is so great that 

torsional vibrations are negligible. Also, the system can easily accommodate 

possible torsional shears due to the lack of symmetry. 
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QUESTION 

A.12 We understand that the reactor and its concrete pedestal have been considered 

as a one-mass system; discuss· the validity of this assumption. 

ANSWER 

The reactor pressure vessel, shieldwall and concrete pedestal is modeled as 

an 8 mass system as shown in FSAR ~ppendix D, Exhibit H, Sheet No. 6, not 

a one mass system. 

4-9, SS 
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QUESTION 

B.1 The response to Question B-1 given in Amendment 1 to your Unit 3 application 

indicated that you would investigate the facility stack to assure that stack failure 

would not occur for tornado winds of 300 mph. Please describe the results of 

this investigation including assumptions, allowable stress limits, and margins 

available against failure .. 

ANSWER 

As stated in Amendment 1 to the Unit 3 application, the ventilation chimney was 

investigated to assure that failure would not occur for tornado winds of 300 mph. 

Basic design criteria for the chimney were presented in Chapter 12 of the FSAR. 

The chimney was further checked for a no-loss of function condition for the 

300 mph wind situation. For this analysis consideration was given to the embed

ment of the chimney foundation within the rock strata. The maximum calculated 

bearing pressure in the rock generated from this analysis did not exceed 1 75 kSf. 

The unconfined ultimate compressive strength of the rock at elevation 500 feet is 

3011 psi or 435 ksf. The stresses in the critical section of the chimney shell 

were 1 700 psi compression in the concrete and 46, 000 psi tension in the reinforc

ing steel. The allowable stresses for this condition are below the allowable 

stresses of 3200 psi and 54, 000 psi in the concrete and steel respectively. 

Therefore at the wind. velO.city' of 300 mph the chimney shell remains intact. 
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QUESTION 

B. 2 Describe in detail the startup organization for Unit 2, including the authorities 

and responsibilities of Commonwealth Edison and General Electric and their 

personnel, the availability and utilization of specialized technical support, the 

role of licensed operators, and provide resumes of all startup personnel. 

1. 0 

ANSWER 

General Responsibilities 

Consistent with its role as prime contractor for the Dresden Unit 2, General 

Electric will coordinate and be responsible for the preoperational and startup 

testing programs. General Electric will specify, after consultation with 

Commonwealth Edison Company, . the testing required to verify plant desi
1

gn 

and the techniques to be utilized in carrying out the requirements of the test 

procedures. Appropriate records of Manufacturing's tests, construction and 

preoperational tests will be maintained for later reference or use in the plant 

operation, inspection and maintenance.· Commonwealth Edison Company will 

provide a staff of operating personnel to operate the Unit 2 plant beginning with 

operation of any permanent plant equipment under the technical direction of 

General Electric supervisory personnel. Starting with the loading of fuel into the 

reactor, and until .turnover and acceptance of Unit 2 byCECO, AEC licensed 

General Electric supervisory personnel will provide technical direction for 

AEC licensed CECO operators through .and in cooperation with AEC licensed 

CECO supervisors and management. 

2. O General Electric Organization and Responsibilities 

During the, preoperational test period, there will be a gradual transition from 

construction to testing and operational oriented activities. The General Electric 

startup organization will become similar in structure to the CECO operating 

organization at their upper three levels. Organization charts for General 

Electric and CECO are shown in Figure B. 2. 1. 
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2. 1 GE Operations Manager 

2.2 

The GE operations manager has overall responsibility for the execution anq 

completion of the testing and startup program from the beginning afpreopera

tio:i:lal: testing through acceptance of the Unit by CECO. He is responsible for 

development of the plans and procedures and the functional staff required for the 

safe and expeditious conduct of the test program; review of construction test 

records and concurrence with completion of construction testing respoilsibil~ties; 

integration of preoperational testing with coristruction completion; review and 

approval of all test procedures and issuance of supplementary procedures; and 

review arid approval of test results. 

He is responsible for GE's operation of the Unit throughout the test, startup, 

and acceptance programs. He is responsible for all GE personnel. 

GE Operations Superintendent 

The GE operations superintendent is responsible for the day to day operation of 

the plant. He is responsible for detailed planning and scheduling of test and 

other operational activities in cooperation with CECO. He is expected to have 

complete knowledge of all work in progress and the status of the plant at all 

times. He reports on operating problems to GE Operations Manager and CECO 

and initiates corrective action as required. He is responsible for the prepara

tion and current updating of all normal and abnormal operat:lng procedures for 

CECO review, approval and issuance to the appropriate CECO personnel. He 

directs the activities of and issues instructions to the GE reactor operations 

· engineers to implement the preceding functions. 

When the operations manager is absent, the operations. superintendent acts 

for him. 

2. 3 GE Operational· Test Engineer 

The GE operational test engineer is responsible for the technical content and 

planning in the test program. 
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Specific responsibilities include: 

A. Review all preoperational test procedures and supervision of other 

engineers in this function. 

B~ 2-3 

B. Prepar_ation of preoperational test .supplementary procedures for special 

procedures as may be required. 

C. Coordination of the efforts of the test directors in verifying that all 

prerequisites have been accomplished, that test equipment is at hand, 

and that all preparations are completed for starting a preoperational 

test. 

D. Coordination of the efforts of test directors (vendor representatives,· 

shift supervisors, and other GE engineers) where they function as test 

directors during preoperational testing. 

E. Coordination of the work of GE-APED design engineers and specialists 

where they are assigned to as1?ist in obtaining preoperational test data. 

F. Evaluation of test results and data (or obtaining additional evaluation or 

assistance from GE, S&L, or from vendors as required) and.specifying 

additional testing or recommending approval of test results to Operational . 

Manager or his delegate. 

G. Maintenance of adequate records of field repairs and modifications. 

2. 4 GE Unit 2/3 Shift Supervisor 

When around-the-clock shift coverage is started by GE personnel, the assigned 

GE Shift Supervisor will be responsible for technical direction of all activities 

relating to Unit 2 plant operation and safety on his shift. No work or activity on 

any Unit 2 system will be conducted without the express approval of the assigned 

GE Shift Supervisor. From the initiation of fuel loading, no work on Unit 2/3 

interface, systems will be conducted without the approval of the assigned GE Shift 
I 
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Supervisor. The ~hift Supervisor is to provide technical direction on all Unit 

2 and Unit 2/3 activities on his shift through his CECO counterpart. As a 

general principle, he will not give instructions directly to CECO operators, 

but he is expected to do so if war~anted by the circumstances. 

His duties and responsibilities include: 

A. Knowledge of the Unit 2 and Unit 2/3 work in progress and the status 

of systems and equipment. 

B. Control of access to all Unit 2 restricted areas of the plant. 

C. Approval of any work or activities in Units 2 and 3 relating to Unit 2 

plant operation or safety. 

D. Provision of technical direction and monitoring of all activities relating 

to Unit 2 plant operation and certain construction and maintenance 

activities as well as those dtrectly related to Unit 2 testing. 

E. · Maintenance of appropriate records of the Unit 2/3 activities during 

his shift. 

F. Execution of the properly approved preoperational test procedures 

and service as test director if required. 

G. Operation of the Unit 2 plant during his shift, including Unit 2/3 inter

face systems and equipment, with the commencement of around-the

clock shift activities. 

2. 5 GE Principal Test Design and Analysis Engineer 

The principal test design and analysis engineer is responsible for planning and 

detailing the startup test program beginning with fuel loading including coordi

nation and supervision of startup test preparation and obtaining final approvals 

of the procedureso He is responsible for the technical direction of all test 

49, bf 
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engineers assigned to him. He is responsible for compiling and evaluating test 

data, specifying further testing, and recommending approval of test results 

to the operations manager and CECO. 

2. 6 GE Test Directors 

Each preoperational test will have a test director assigned to be responsible 

for the satisfactory performance of that test. The test director will be lmow

ledgeable ill necessary details of the system to be tested and proposed test pro

cedure. He will review the results of construction tests with CECO to assure 

that the prerequisites for a given preoperational test or portion thereof are . 

satisfied before commencing the test. He shall keep the Operational Test Engi

neer adVised of the status of the system(s) assigned to him. 

In conducting a preoperational test he win work through the GE Shift Super

visor (if he is not the GE Shift Supervisor) who will arrange for the operational 

assistance required to prepare for the execution of the test. CECO Operations 

personnel will actually perform th.e testi~ with technical direction from 

General Electric, and CECO technical staff personnel will witness and record 

data for evaluation of all steps of the procedure. 

Examples of test directors assignments could be: 

1. An Installation and Service Engineering (I & SE) or Large Steam Turbine 

Generator (LSTG) representative as test director for the turbine gener

ator and auxiliaries. 

2. A person from Nuclear Instrument Department (NID) as test director 

for NID systems. 

3. 

4. 

5. 

An I&SE electrical test engineer as test director on electrical systems. 

An I&SE or GEPAC equipment representative as test director for the 

process computer. 

GE engineers as test directors for most other systems. 
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2. 7 Teclmical Support Personnel 

· General Electric will supply teclmical support personnel for consultation in 

specialized areas of plant operation and testing. They will be teclmically 

responsible to the Principal T~st Design and Analysis Engineer, but will 

report directly to the GE Shift Supervisor during testing or operational acti

vities related to their specialty. Teclmical support personnel will include: 

' \. 

2. 7 .1 G. E. Shift Test Engineer 

A GE Shift Test Engineer will be assigned to each shift commencing with 

fuel loading. He will analyze test results and advise the GE Shift Super

visor of their adequacy: if in doubt, he will refer such evaluation to the 

Principal Test Design and Analysis Engineer or to the appropriate con

sultants. 
' 

2. 7. 2 Other GE Personnel 

Other specialized support personnel will be provided by GE to be 

utilized for special tests or unusual problems. Examples of areas 

where such people will probably be employed are: 

1. Vibration measur~ments of reactor pressure vessel internals. 

2. Reactor Core thermal-hydraulics. 

3. Jet pump hydraulics. 

4. Radio-chemistry'. 

5. Plant dynamics and control. 

6. Steam Separator-Dryer.performance. 

49,~3 
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7. Warrantly measurements for electrical output and heat rate. 

8. Nuclear and conventional instrumentation. 

3. 0 Commonwealth Edison Organization and Responsibilities 

Commonwealth Edison, as owner of the plant, has the responsibility of co

ordinating all station (Units 1, 2 & 3) activities with all regulatory and other 

organizations and has overall responsibility for th~ safe and efficient conduct 

of operation. Commonwealth Edison will collaborate with General Electric in 

the startup program up to plant turnover in order to accomplish stated obj ec

tives in a safe manner. Commonwealth Edison has the direct responsibility of 

. station operation and the conduct of operating personnel. 

The station organization will function for the Unit 2/3 plant as nearly as possible 

to that now in effect for the Unit 1 plant and will merely be an extension of 

those functions to the new plant, with additional provisions as noted below. It 

is expected that Commonwealth Edison maintenance personnel will perform 

normal routine maintenan~e on equipment after acceptance by Commonwealth · 

Edison at the end of the preoperational test. This is not intended to apply to 

corrections of contractor or vendor efficiency prior to the expiration of warranty 

agreements. Major repair or correction work will be accomplished by return

ing the equipment to General Electric. 

Appropriate records will be kept of equipment maintenance and operating 

history. Commonwealth Edison will provide radiation protection services 

including appropriate records as required for personnel involved in the startup 

of the plant. 

Commonwealth Edison will assist General Electric in obtaining data required 

for the startup test programs. Commonwealth Edison will follow closely the 

conduct of the startup test in order to benefit from the lmowledge and experience 

gained during the test. Commonwealth Edison will review the test data, analyses 

and reports made by General Electric during the startup test program and will 
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make evaluations and reports as required by regulatory agencies aJ?.d good power 

plant practice. 

3. l Startup Organization Chart 

The organization chart for Dresden Station personnel shown in the SAR Figure 

13.1.1 has been expanded, Figure B. 2.1, to show the specific areas of responsi

bility for the startup test in operation. Positions held by personnel of the 

General Electric startup organization are· also shown in connection with the 

Commonwealth Edison personnel with whom close liaison will be maintained. 

Commonwealth Edison has assigned an Assistant Station Superintendent (G. L. 

Redman) and five startup engineers (who will act as shift foreman on Unit 2) to 

devote full time (i. e. , no responsibility for Unit 1) to the startup work activities. 
·-

Except as not.ed in the following sentences, the entire organization shown in the 

Startup Organization Chart (Fig. B .. ·2.1), wil~ be available by assignment to 

. assist in the startup work activities. These assignments will not reduce the 

Unit 1 manning below previously agreed to levels. One Assistant Station 

Superintendent [R.H. Holyoak] and Operating Engineer Mechanical 

[ F. S •. Morris] will devote full time to Unit 1. The Operating Engineer Elec

trical [w. P. Worden] will be primarily assigned as Operating Engineer for 

Unit 2 and secondarily assigned to Unit 1 for electrical operating matters. 

After Unit 2 turnover to Commonwealth Edison, the operation of Units 1 and 2 

will be integrated. 

3. 2 Role of Licensed Personnel 

The plant operations will be conducted by supervisors and operators having 

appropriate SO and 0 licenses. After proper approvals from the station 

superintendent and other authorization by regulatory boards, the implementa

tion of startup tests will be by order of the assistant superintendent and/or the 

operating engineer electrical to the shift engineer responsible for all station 

operations on his shift. A shift foreman or startup engineer will have the . 

responsibility of direct supervision of the work activities of operators assigned 

to Unit 2 operations in order to accomplish the startup test and operations. The 
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shift engineer and shift foreman will work closely with the. General Electric 

··shift supervisor to accomplish specific operations required for the startup 

test. 

The licensed fuel handling foreman will have the direct responsibility of the 

work being done by the fuel handling crew and will directly supervise their 

work during fuel loading into the reactor. He will communicate with the shift 

engineer,. the shift foreman or a nuclear engineer, one of whom will be in the 

control room during the fuel loading operations. He will be informed by the 

shift engineer or shift foreman of any special conditions existing and special 

actions required from time to time during conduct of fuel loading operations. 

When the fuel handling crew is performing fuel loading, it will be in direct 

communication with the Unit 2 control operator operating the controls of the · 

reactor. 

The senior control .operator will work with Unit 2 control operator as required 

and will remain informed of overall plant operations while co-ordinating opera-

; tions of the equipment operator and equipment attendants on all units. The 

equipment operator and senior control operator will assist a control operator 

when required. Common services for which controls are provided in the 

control room are normally operated by the senior control operator. 

4. 0 Resumes 

The attached resumes represent General Electric' s and. Commonwealth's 

startup personnel. 



GENERAL ELECTRIC 

DRESDEN UNITS 2 AND 3 

STARTUP PERSONNEL RESUMES 



n.esume for Robert R. Zrubek 

Name: Robert R. Zrubek 

Home ;\ddress: Rural Route //1 
Morris, Illinois 

General Electric Company 

Job Title: · Plant Test Engineer 

Citizenship: 

Age: 

Highest Formal f'.ducation: BS Elect. Eng. 

U.S.A. 

28 

Kansas State University, 1963 

Experience: 

Graduate '.fork in Vechanical Enp:iheerin;:: 
Nuclear Reactor Operations 
~Tichita State University 

Septer.ber 1968 to Present · 

B. 2-11 

General ~Slectric Co., Atomic Power Equipment Department, T':orris, Tllinois. 
Assigned as Plant Test Engineer at the Dresden 2 facility. T'artici:ratin;
in preparation of test procedures, initial activation and testinrr o'.:' 
systems and general prestartup activities. Satisfactorily corr.pleted 
requirements for Senior Heactor Operators license for the Dresden·!Yr:it :::' 
ff.m L"1 Eay, 1969. 

July 1968 to ~~eptember 1968 

General Electric Co., APED, Eorris, Illinois. Participated in standarcl 
tv:elve-1·1eek operators training course at the General ?:lectric Joilir.r; 
~:ater Reactor Training Center. Passed certification tests on the 
Dresden 2 sir.mlator. 

December 1967 to June 1968 

General :Glectric Co.', Plant Test Engineerin;P'.. Participated in K~t trainb<::' 
courses L"1 Basic Nuclear· Physics, Radiation Protection and Boilinp, ·.:ater 
Technolo~r. 

Participated in a four-month trainine program at the Hffi facility at 
~(ichland, ',iashington, leading to successful Operator Certification on 
the HPR reactor. 

~3eptember 1997 to December 1967 

General Electric Co., Atonic Power Equipment Department. Temporary assi.n;n
ment as a Plant Test lligineer at the Tarapur Huclear Power Static::;. in India .. 
Participated in the preoperational testing of reactor awd..l:i13. r:r systems :me~ 
the turbine-generator operational (nonnuclear) testing. 

1963 to August 1967 

Eansas Gas and Electric Company. Staff enp;ineer \'d.th various assignnents 
in turbine-generator testing. ·Betterment f'..Ilgineering and participation of 
capability and acceptance testing on ne1·1 380 I'~.J unit. 



Resume for Richard D. Wentzel 8.2-12 

Name: Richard D. Wentzel Citizenship: U.S.A. 

Home Address: 1714 Taylor Street 
Joliet, Illinois 

Age: 31 

Em.ployed By: General Elec~ric Company 

Job Title: Plant Test Engineer 

Highest Formal Education: 

Experience: 

April 196S to Present 

BS Aeronautical Engineering 
Univ. of Michigan, June 1960 

General Electric Co., Atomic Power Equipment Department, Horris, Illinois. 
Assigned. as Plant Test Engineer at the Dresden 2 facility. '?articipatin[': 
in preparation of test procedures, initial.activation and testine of 
s;irsterns and general prestartup activities. ~iatisfactorily conpleted 
requirements for Senior Reactor Operators license for the Dresden ·Unit 2 
Rin in Hay, 1969. 

1960 to Earch 1968 

Officer in U.S. Navy. Two years as Fire Control Officer on destro;rer and 
two ~rears as Eissile Officer on guided missile destroyer. 

Six months training at the Naval Nuclear Power School studying principles 
and theor;r of nuclear rropulsion. Six rr.onths training at the }faval 
nuclear Povter Training Unit when qulaification tests as Engineerinr 
Officer of the ~Jatch were passed. 

Over two years as officer on nuclear powered submarine on patrol as 
Hain Propulsion Assistant, Reactor Control Officer and Electrical 
Officer. ;Jatch duties included. direct responsibility for reactor 
controls and supervision of the operation of the reactor and associated 
au;dliaries. 



Re3ume for Larry C. Tabke 

Name: Larry C. Tabke 

Home Address: 914 N. Larkin 
Joliet, Illinois 

.Employed By; General Electric Company 

Job Title: Plant Test Engineer 

Citizenship: 

Age: ... :.· 

Highest Formal Education: High School Diploma 

Experience: 

49,70 

8.2-13 

U.S.A. 

34 

All nuclear related experience of Mr. Tabke has been with the Atomic Power 
Equipment Department of the General Electric Company • 

. January 1969 to Present 

General Electric Co., APED, Horris, Illinois. Assigned as Plant Test 
Engineer at the Dresden 2 facility. Participating in preparation ·of 
test procedures, initial activation and testing of systems and general 

. prestartup activities. Satisfactorily completed requirements for 
Senior Reactor Operators license for the Dresden Unit 2 EHR lli Hay, 1969. 

January 1968 to January 1969 

Assignment as Plant Test Engineer with the Boiling ':Jater Reactor Trainin.r: 
Simulator Project. Participated in the latter stages of design and 
engineering activities at San Jose before transferring to the facility 
in Horris in May 1968 for its initial activation. Responsibilit;,r for 
shiftwise operational and training activities, including conductinv of 
certification tests. Certified on the facility. 

September 1967 to December 1967 

Temporary assignment as a Plant Test Engineer at the Tarapur Nuclear 
Power Station in India. Participated in the preoperational testing of 
reactor auxiliary systems and the turbine-generator operational (non
nuclear) testing. 

July 1960 to Hay 1966 

Operator-Technician at the GETR reactor. A~er a period of trainin~ at 
the facility, received initial Operator License in July 1961. :\.cted as 
reactor operator, directly manipulating the controls of the reactor and 
auxiliaries during startup and shutdowns, normal operation and refueling 
activities. Received Senior Operators License in November 1965 attendant 
with increased operational responsibilities. 
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Resume for Denzell R. Shiflett B.2-14 

Name: Denzell R. Shiflett . Citizenship: U.S.A. 

Home Address: Red Bud & Starr Drive 
Joliet, Illinois 

Age: 32 

Employed By: General Electric Company 

Job Title: Plant Test Engineer 

Highest Formal F.ducation: BS Chem. Eng. 
Univ. of Idaho, June 1963 

Experience: 

Aueust 196g to Present 

General Electric Co~, Atomic Power Equipment Department, Morris, Illinois. 
Assigned as Plant Test Engineer at the Dresden 2 facility. Participatin? 
in preparation of test procedures, initial activation and testinr of 
systems and p,eneral prestartup activi~ies. Satisfactorily comrleted 
requirements for Senior Reactor Operators license for the Dresden Unit /. 
BWR in Hay, 1969. 

/ 

June 1968 to Aup;ust 196P 

General Electric Co., APED, l·:orris, Illinois. Particirated in standard 
twelve-week operators training course at the General Electric !3oilinr 
1,fater l1eactor Training Center. Passed certification tests on the 
Dresden 2 simulat.or. 

April 1966 to ,June 1968 

1:lestinghouse Electric Co., Naval Reactors Facilit~r., Idaho Fall, Idaho. 
Plant Operations Crew Supervisor with shiftwise responsibility for 
reactor and plant operations, coordination of physics testinR and traininp. 
of Paval and '.fostinghouse personnel in the operation and maintenance of 
the nuclear plant and propulsion systems. Directly responsible for 
operating duties, including startup checkout, console operation during 
startup, on-line oreration, and shutdo·tffi, and scram recoveries. 

August 1965 to Arril 1966 

':Jestinr,house Ele:ctric Co., Naval Reactor Facility, Idaho Fall, Ide.ho. 
In training on the nuclear plant and auxiliary, associated systerr:s on the 
AIW prototype reactors. Passed Naval Qualification Tests as Nuclear 
Plant Engineer and Engineering Officer of the Watch on the ADT plants. 
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Resume for Cecil D. Allred B.2-15 

Name: Cecil D. Allred Citizenship: U.S.A. 

Home Address: 909 Farragut 
Joliet, Illinois 

Age: 31 

Employed By : General Electric Company 

Job Title: Plant Test Engineer 

Hifhest Formal Education: BS :r.~ech. Eng. 
Univ. of Idaho, 1962 

Experience: 

October 1968 to Present 

General Electric Co., Atomic Power Equipment Department, !\orris, Illinois. 
Assigned as Plant Test Engineer at the Dresden 2 facilitv. Particiratinr: 
in preparation of test procedures, initial activation and testinp of 
systems and general prestartup activities. Satisfactorily completed 
requirements for Senior Reactor Operators license .for the Dresden .Unit 2 
&..JR in May, 1969. 

March 196P to October 1968 

General Electric Co., Plant Test Enrineering. Assigned :is Senior Cperations 
Consultant at the startup of the GKN boilin_i:i: water reactor power :r·lant 
in Arnhem, Holland. Position did not carry operating or supervisory 
responsibility. Acted as advisor to the customer throuP:hout the pre
cperational test reriod, initial fuel loading and low level testinrr and 
initial nuclear heatup testinf. 

March 1967 to ~arch 1968 

General Electric Co., Test Design & Analysis. Performed am.lytical studies 
on loss of coolant flow accidents for Rm plants. 

i:arch 1966 to ~·!arch 1967 

General Electric Co., Plant Test EngineerinP'. Writinr: and rerf'orl"'i.n13" 
preoperational equipment testinf!. Assigned to preoperational and power 
test rhase of lill.B nuclear power plant startup in ~"!est Germamr rrecP,dini:r 
turnover of rlant to customer. During period, or.erated all control:::> of 
reactor and auxiliaries through all modes of operation. Supervised the 
operation during limited test periods. Passed equivalent AEC Senior 
Operator Examination conducted b:r Dr. Forest Ilemick at the lli'.B rlant.. 
For additional details reference is made to letters from R.. C. Christianson 
to Frank L. Y.elly dated April 5, 196P and Vay 21, 196P. 

Lav 1964 to 'Febru.arv 1966 

GE Analytical Fethods Development. Conception and develorment of an;ilytical 
r.iodels employed in thermal-hydraulic design of nuclear roNer reactors. 
This work involved development of analytical formulation and arnlication 
to dif,ital computers. 
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B.2-16 
Experience of C. D. Allred (continued) 

Julv 1962 to April 1964 

GE Advanced En.r:ineering Training Program. A study cour3e to obtain 
.P'eneral backrrropnd in design and development of nuclear power re;.ctors. 
Experience obtained in: Desiim and fabrication of nuclear fuel, test 
design and srecification for control rod drive and h:-,rcfr.1.ulic comronents, 
fuel cycle economic and thermal hydraulic analyses. 



Resume for Arthur Grant Williams 

Name: Arthur Grant Williams 

Horne Address: Rt. #2 Church Road 
Minooka, Illinois 

Employed By: General Electric Company 

Job Title: · Plant Test Engineer 

Citizenship: U.S.A. 

Age: 30 

Highest Formal Education: High School Graduate 

Experience: 

lfay 196S to Present 

49. 74 
.B.2-17 

General Electric Co., Atomic Power Equipment Department, Norris, Illinois. 
Assigned as Operations Engineer at the Boiline "::fater Reactor Training 
Center. Participatil'lg in training of operators for Dresden 2 and 3 as 
well as operators of many other reactors. 

December·1967 to Hay 1968 

General Electric Co., Atomic Power Equipment Department, San Jose, California. 
Assigned as plant test engineer. Participating in preparation and check-out 
of the Km Simulator. 

April 1967 to December 1967 

General Electric Co., Atomic Power Equipment Department, San Jose, California. 
Assigned as Engineering Assitant, core development engineering. ?articipatinr, 
in engil'leering evaluation of fuel design. 

January .1964 to April 1967 

General Electric Co., Atomic Pow·er Equipment Department, Pleasa."1ton, California. 
Assigned as Engineering Assistant - Reactor Operation. Participating in 
Operations of the facility as a Senior Licensed Operator. 

January 1962 to January 1964 

General Electric Co., Atomic Power Equipment Department, Pleasanton, California. 
Assigned as an 1:A1t Reactor Operations Technician of the Valiecitors Boiling 
Hater Reactor. Participating in reactor operations, refueling, and ma,inten
ance as a licensed operator. 

November 1959 to January 1962 

U.S. lfaV'J, Idaho Falls, Idaho. Assigned as an Instructor - Operator of the 
SlW prototype. Participating in the training of Naval Submarine Personnel 
in operations and maintenance of nuclear power plants. 

December 1958 to Hovember 1959 

U.S. Navy, New London, Corm. ·Assigned to Nuclear Submarine U.S.S. Skate.as 
electricians mate. Participating in operations of steam and electrical plant. 

July 195S to December 1958 

U.S.Nav:,r, Idaho Fall, Idaho. Assigned as an operator in training of the SlW 
protpt:,rpe. 



Experience of Arthur Grant Williams (continued) 

January 1958 to July 1958 

B. 2-18 

U.S. Navy, New London, Conn. Assigned as a trainee to the Naval Nuclear 
Power Engineering school. 
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COMMONWEALTH EDISON COMPANY 

DRESDEN UNITS 2 AND 3 

STARTUP PERSONNEL RESUMES 



NAME: Harlan K. Hoyt 

PERSONAL BACKGROUND RESUME 

49,Jb 
B. 2-20 

BIRTIIDATE & PLACE: July l, 1912 
Barry, Illinois 

COLLEGE: Missouri School of Mines 

DEGREE: BSME .YEAR: 1935 
1961 
1943 . 

Professional Engineering Degree 
Professional Engineering License - State of Illinois 

PRESENT ASSIGNMENT: Station Superintendent 

'TRAINING: · Reference SAR Volume_ V 13.2 (not scheduled to take simulator ,train
ing - ·also station operation license activity with A.E. c.) 

EXPERIENCE: 

5/57 - · 6/69 - Superintendent of-Dresden Nuclear Power Station 
(12.l Yr.) 

Supervise and be responsible for the operation and 
maintenance of the_ station; the primary functions are 
· administrative: • 

. 11/55 - 5/57 - Assistant to Superintendent of Generating Stations 
(1.5 Yr.) 

2/52 .. 11/55 
(J. 8 Yr.) 

The primary function was to work with the design group 
on new units - construction or startup •.. 

Assistant Superintendent of Fisk Stadon 

To supervise and be responsible in _the operation and 
maintenance of the station •. The primary functions are 
superv~sory •. 

9/50 :.. 2/52 - System Efficiency Enginner - Technical Department 
(l.4 Yr.) 

To supervise and coordinate the activities of the 
Efficiency Division in evaluation of performance of 
all generating stations. 

6/48 - 9/50 - Staff Engineer - Generating Stations Office 
(2. 3 Yr.) 

Conducting tests, invest.igations, and surveys on 
equipment in the various generating stations. 

1/47 - 6/48 - Shift Foreman at Fisk Station 
(l.4 Yr.) 

In charge and responsible for boiler plant operation on 
an assigned work shift. 

·' . 
. ·3 



EXPERIENCE: . (Cont.) 

4/41 1/47 
(5.8 Yr.) 

-2-

Shift Foreman Northwest Statiort 
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In charge and responsible for boiler pla1;1t operation on 
an assigned work shift.· 

12/36 4/41. Operator - Calumet and Fisk Stations· 
(4. 3 Yr.) 

Operator of boiler-turbine equipment and assisted in 
conducting performance tests.· 



PERSONAL BACKGROUND RESUME 

NAME: George L. Redman 

BIRTHDATE & PLACE: July 31, 1925 
Omaha, Nebraska 

COLLEGE: University of Illinois 

DEGREE: BSME YEAR: 1947 
1960 
1964 

AEC Licenses: RO for Unit 1 
SRO for Unit 1 
SRO for Unit 2 (Not Completed) 

PRESENT ASSIGNMENT: Assistant Superintendent of Dresden Nuclear Power Station 

TRAINING: Reference SAR Volume V 13.2 • also station operation license 
activity with A.E.C. 

EXPERIENCE: 

6/67 - 6/69 - Assistant Superintendent of Dresden Nuclear Power Station 
(2.0 Yr~) 

Overall supervision of operation and maintenance for 
· Dresden I. 

8/65 - 6/67 - General Staff Engineer - Generating Station Departme·nt 
(1.8 Yr.) 

. Primary responsibilities in connection with design of 
Dresden Station Units 2 and 3 and Quad-Cities Units 1 
and 2. 

11/63 - 8/65 - Operating Engineer Mechanical - Dresden Station 
(1. 8 Yr.) 

Supervise and be responsible for operation and maintenance 
of all station mechanical equipment. 

7 /57 - 11/63 - Supervising Engineer - Dresden .Station 
(6.3 Yr.) 

Supervised the activities of the Technical Staff. 

3/56 - 7/57 - Boiler Room Engineer - Will County Station 
(1.3 Yr.) 

Supervised and responsible for operation and maintenance 
of all station boiler room equipment. 

3/54 - 3/56 - Shift Superintendent - Waukegan Station 
(2 Yr.) 

In charge and responsible for station operation during 
assigned work shift. 
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EXPERIENCE: (Cont.) 

3/51 - . 3/54 - Fuel Engineer - Waukegan Station 
(3 Yr.) 

49, 7fJ 
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Study and design of components of power plants. Preparation 
of reports and evaluation of station.performance. 

8/49 11/50 - Assistant Engineer - Waukegan Station 
(1.2 Yr.) 

10/47 - 8/49 

Assistant to turbine and boiler room engineers in charge 
of operation and maintenance. Prepared maintenance reports 
and expedited purchasing and maintenance requests. 

11/50 - 3)51 - Assistant Engineer - Waukegan Station 
(2.2 Yr.) 

Testing of electrical generating station equipment. 
Prepared operating and efficiency reports. 



• 

e·· 

PERSONAL BACKGROUND RESUME 

NAME: Robert H. Holyoak 

l)9, fO 
8.2-24 

BIRTHDATE & PLACE: May 4, 1928 
Astoria, New York 

COLLEGE: United States' Merchant Marine Academy 

DEGREE: BSME · YEAR: 
AEC Licenses: SRO for Unit l 

SRO for Unit 2 

1950. 
1967 
1969 

PRESENT ASSIGNMENT: A~sistant Super~ntendent of Dresden Nuclear Power Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

12/68 - 6/69 - Assistant Superintendent - Dresden Nuclear Power Station 
(0.6 Yr.) 

To supervise and be responsible iri the operation and 
maintenance of Dresden I • 

8/67 - 12/68 - Operating Engineer Mechanical - Dresden Station 
(1.3 Yr.) 

To supervise and be responsible for the operation and 
maintenance of all station mechanical equipment. 

12/66 - 8/67 - Supervising Engineer - Dresden Station 
(O. 7 Yr.) 

12/65 - 12/66 
(l.O Yr.) 

Supervise the activities of the Technical Staff. 

Senior Engineer - Generating Stations - Efficiency Dept. 

Coordinated the activities of six Generating Station·· 
Efficiency Division. Participated ·in bidding and 

. comments· for Zion Nuclear Power Station. 

6/64 - 12/65 - Engineer Assistant to Mechanical Operating Engineer -
(1.5 Yr.) Will County Station 

Supervised the shift engineer and coordinated all station 
maintenance work. 

12/62 - 6/64 - Engineer in charge of Technical Staff - Cnrwford Station 
{l.5 Yr.) 

Supervised the activities of the Technical Staft. 

12/61 - 12/62 - Shift Foreman - Ridgeland Station 
(l.O Yr.) 

Responsible for operation of station under direction of 
shift engineer. 
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EXPERIENCE: (Cont.) 

· 4/59 - 12/61 - Engineer 2 - Technical Staff at Dresden Station 
(2.8 Yr.) 

Assisted the Instrument Engineer in preparation for 
startup and startup of Dresden I. 

11/58 - 4/59 - Engineer 2 - Technical Staff at Will County Station 
(0.5 Yr.) 

Participated in performance tests on boilers, turbines 
and other auxiliary equipment. Conducted chemical 
tests on boiler water. 

11/57 - 11/58 - Engineer 2 - Generating Stations Office Staff 
(1.0 Yr.) 

3/56 - 11/57 
(1. 7 Yr.) 

· Work on specific problems as assigned such as incremental 
maintenance cost studies and computer application stud.ies. 

Engineer 3 - Technical Staff at Dixon Station 

Participated in performance tests on boilers, turbines 
and other auxiliary equipment. Conducted cehmical 
tests on boiler water. 

3/55 ~ 3/56 - Engineer 3 - Company Training Program 
(l.O Yr.) 

Brief assignments in various company departments. 

6/52 ~ 3/55 - Service Engineer - Babcock & Wilcox Company 
(2. 8 Yr.) 

Responsible for new boiler startups and trouble shooting. 

7/50 - 6/52 - Engineering Officer - Navy 

Patrol crafts. 
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PERSONAL BACKGROUND RESUME 

NAME: Frederic s. Morris 

BIRTIIDATE & PLACE: July 16, 1934 
Chicago, Illinois 

COLLEGE: · University of Illinois 

DEGREE: BSME. 
AEC Licenses: SRO for Unit 1 

SRO for Unit 2 

PRESENT ASSIGNMENT: Operating Engineer 
Station 

TRAIN!~: Reference SAR Volume v 13.2 

EXPERIENCE: 

YEAR: 1956 
1966 
(Not Completed) 

Mechanical at Dresden Nuclear 

12/68 - 6/69 - Operating Engineer Mechanical - Dresden Station 
(0. 6 Yr.) 

Power 

Supervise and be responsible for operation and maintenance 
of all station mecpanical equipment. · 

.7/66 - 12/68 - Shift Engineer - Dresden Station 
(1.4 Yr.) 

In charge and responsible for station operation during 
assigned .work shift. 

11/64 - 7/66 - Thermal Engineer - Dresden Station 
(1.8 Yr.) 

Direct and be· responsible for determination of station 
performance and establishing efficient operating procedures. 

9/63 - 11/64 - Staff Engineer - Generating Station 
(1.2 Yr.) 

Assisted in comliients on design of Kincaid Station. Prepared 
system maintenance schedules. 

11/60 - 9/63 - Engineer - Central Technical Office - ·Fisk Station 
(2.8 Yr.) 

Resolved operating problems on Automatic Dispatch System -
supervised turbine acceptance test calculations. 

1/59 - 11/60 - Engineer - .Technical Staff - Waukegan Station 
(1.8 Yr.) . 

Conducted performance test on station auxiliary equipment. 
Prepared station performance reports. 

2/56 - 2/57 - Engineer - Company Training Program 
(l.O Yr.) 

Brief assignments in various company departments. 
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PERSONAL BACKGROUND RESUME 

NAME: William P. Worden 

BIRTHDATE & PLACE: July 23, 1933 
Chicago, Illinois 

COLLEGE: Illinois Institute of Technology 

DEGREE: BSEE YEAR: 1955 
AEC Licenses: SRO for Unit l 

SRO for Unit 2 
1968 
1969 

B.2-27 

PRESENT ASSIGNMENT: Operating Engineer Electrical at Dresden Nuclear Power 
Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

10/67 6/69 
(1.6 Yr.) 

Operating Engineer Electrical - D~esden Station 

Sup~rvise and be responsible for the operation and 
maintenance of all st~tion electrical eq~ipment. 

1/66 - 10/67 - Operating Engineer Electrical - Ridgeland Station 
(1.7 Yr.) 

Supervise and be responsible for the operation and 
maintenance of all station electrical equipment. 

7/62 - 1/66 - Load Dispatcher - System Load Control 
(3.5 Yr.) 

Responsible for meeting the load demands on the 
Edison system through the economic loading of all the 
generating stations, the transmission system and through 
purchases and sales of energy with neighboring utilities. 

1/59 - 7/62 - Engineer l - Division Engineering 
(3.5 Yr.) 

Responsible for electrical system planning for future 
development of the company in the Chicago-South Division. 

6/58 - 1/59 - Engineer 2 - System Planning 
(0.5 Yr.) 

Responsible for planning for future development of the 
company electrical system in the Chicago Loop area. 

12/57 - 6/58 - Engineer 3 - Company Training Program 
(0.5 Yr.) 

Brief assignments in various company departments. 
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EXPERIENCE: (Cont.) 

12/55 - 12/57 - First Lt. - United States Air Force 
(2.0 Yr.) 

Cryptographic Officer - USAF Security Service 

6/55 - 12/55 - Engineer 3 - Company Training Program 
(0.5 Yr.) 

Brief assignments in various company departments. 

B.2-28 



• PERSONAL BACKGROUND RESUME 

NAME: William A. Joyce, Jr. 

BIRTIIDATE & PLACE: August 31, 1917 
Riverside, Illinois 

COLLEGE: 2 Years at Morton Jr. College - Civil Engineering 

DEGREE: None 
AEC Licenses: RO for Unit 1 

SRO for Unit 1 

YEAR: 
1960 
1964 

PRESENT ASSIGNMENT: Shift Engineer - Dresden Station 

.B.2-29 

TRAINII'I;: Reference SAR Volume V 13.2 (has not taken simulator training) 

EXPERIENCE: 

10/61 - 6/69 - Shift Engineer - Dresden Station 
(7.8 Yr.) 

In charge and responsible for the station during an 
assigned work shift. Since November, 1967, has been 
responsible for training at Dresden. 

3/59 - 10/61 - Senior Control Operator - Dresden Station 
(2.6 Yr.) 

10/39 - 3/59 - Operating - Crawford and Ridgeland Stations 
(19.4 Yr.) 



--

PERSONAL BACKGROUND RESUME 

NAME: William Barthelmes 

BIRTHDATE & PLACE: September 14, 1914'. 
Heiligerhouse, Germany 

COLLEGE: 2-1/2 Viars - University of Illinois 

DEGREE: None 
AEC Licenses: RO for Unit 1 

SRO for Unit 1 
SRO for Unit 2 

YEAR: 
1960 
1964 
(Not Completed) 

PRESENT ASSIGNMENT: Shift Engineer - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

7/58 - 6/69 - Shift Engineer - Dresden Station 
(11. l Yr.) 

49, 'l~ 

8.2-30 

In charge and responsible for station during an assigned 
work shift. 

4/45 - 7/58 Shift Engineer - Dixon Station 
(13.2 Yr~) 

In charge and responsible for station during assigned 
work shift. 

7/40 - 4/45 - Operating - Dixon Station 



PERSONAL BACKGROUND RESUME 

NAME: Joseph E. DeLeo 

BIRTHDATE & PLACE: DP.cember 14, 1913 
Chicago, Illinois 

COLLt:GE: 1-1/2 Years - Herzl Junior College, Crane Junior College, anci 
Illinois Institute of Technology 

DEGREE: .None 
AEC Licenses: RO for Unit 1 

SRO for Unit 1 
RO for Unit 2 

YEAR: 1960 
1964 
1969 

PRESENT ASSIGimENT: Shift Engineer - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

7 /58 - 6/69 - Shift Engineer - Dresden Station 
(L;. ') Year) 

In charge and responsible for station during an assignec1. 

work shift. 

1/55 - 7/58 - Assistant Shift Engineer - Ridgeland Statiou 
(3 .5 Year) 

In charge and responsible for station, under the direction 
of Shift Engineer, during an assigned work shift. 

2/35 - 1/55 - Operating - Crawford and Ridgeland Station 



PERSONAL BACKGROUND RESUME 

NAME: Herbert H. Habermeyer 

BIRTIIDATE & PLACE: August l, 1917 
Aurora, Illinois 

COLLEGE: 1/2 Year ~ Michigan State College 

DEG REE: None 
AEC Licenses: RO for Unit l 

SRO for Unit l 
SRO for Unit 2 

YEAR: 
1961 
1967 
(Not Completed) 

PRESENT ASSIGNMENT: Shift Engineer - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

3/59 - 7/67 - Senior Control Operator - Dresden Station 
. (8.3 Yr.). 

7/45 - 3/59 '." Operator - Aurora Station 
(13. 7 Yr.) 

8.2-32. 



PERSONAL BACKGROUND RESUME 

NAME: Walter L. Roman 

BIRTHDATE & PLACE: August 7, 1918 
Chicago, Illinois 

COLLEGE: None 

DEGREE: None 
AEC Licenses: RO for Unit 

SRO ~or Unit 
RO for Unit 

SRO for Unit 

1 YEAR: 
1 
2 
2 

1960 
1966 
1969 
(Not Completed) 

PRESENT ASSIGNMENT: Shift Engineer - Dresden Station 

TRAINING: Reference SAR Volume·v 13.2 

EXPERIENCE: 

8/66 - 6/69 - Shift Engineer - Dresden Station 
(2. 8 Yr.) 
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In charge and responsible for station during an assigned 
work shift. 

5/59 - 8/66 - Control Operator and Senior Control Operator - Dresden Station. 

4/44 - 5/59 - Operator - Fisk and Ridgeland Station • 

. ,, 



PERSONAL BAC!pioUJ!D R§SUME 

NAME: Norman N. Scott 

BIRTH.Dt\TE & PLACE: March 31, 1925 
Wayne County, Illinois 

CX>LLEGE: None 

DEGREE: None 
AEC Licenses: RO for Unit 1 

SRO for Unit. 1 
SRO for Unit 2 

YEAR: 
1960 
1966 

· (Not Completed) 

PRESENT ASSIGNMENT: Shift Engineer - Dresden Station 

TRAINIR;: Reference SAR Volume V 13.2 

EXPERIENCE:. 

1/66 - 6/69 - Shift Engineer - Dresden Station 
(3.4 Yr.) 

To be in charge of and responsible for the station 
during assigned work shift. 

3/59 - 1/66 - Senior Control Operator - Dresden Station 
(6. 8 Yr.) 

2/45 - 3/59 - Operator - Dixon Station 
(14. l Yr.) 

t/9, 9() 
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PERSONAL BACKGROUND RESUME 

NAME: Joseph W. Bauer 

BIRTHDATE & PLACE: October 30, 1925 
Chicago, Illinois 

COLLEGE: None 

DEGREE: None 
AEC Licenses: RO for Unit l · 

SRO for Uriit l 
SRO for Unit 2 

YEAR: 
1960 
1968 
(Not Completed) 

PRESENT ASSIGNMENT: Shift Foreman - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

11/67 - 6/69 - Shift Foreman - Dresden Station 
(l.6 Yr.) 

In charge and responsible, under direction of Shift 
Engineer, for station during an assigned work shift. 
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6/59 - 11/67 - Senior Control Operator, Control Operator and Equip-
(8.4 Yr.) ment Operator - Dresden Station. 

2/47 6/59 Operator - Calumet Station 
(6.8 Yr.) 



PERSONAL BACKGROUND RESUME 

NAME: Eugene Budzichowski 

BIRTiiDATE &.PLACE: September 3, 1924 
Chicago, Illinois 

COLLEGE: 3 Years Pre-Engineering W. Wright Jr. College and Illinois 
Institute of Technology 

DEGREE: None YEAR: 
AEC Licenses: RO for Unit 1 

SRO for Unit 1 
SRO for Unit 2 

1960 
1968 
1969 

PRESENT ASSIGNMENT: Shift Foreman - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

6/67 - 6/69 - Engineering Assistant - Dresden Station 
(2.0 Yr.) 

Supervised the instrument maintenan~e group which 
involves repair and calibration of instruments. 
Presently acting as a Shift Foreman. 

11/65 - 6/67 - Engineering Assistant - Will County Station 
(1. 6 Yr.) 

Conducted power plant performance tests, writing 
performance reports. 

6/59 - 11/65 - Equipment Operator - Dresden Statton 
(6.4 Yr.) 

1/47 - 6/59 - Operator - Northwest Station 
(12.4 Yr.) 

49, 9Z-
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PERSONAL BACKGROUND RESUME 

NAME: Frank J. Dunkel 

BIR'mDATE & PLACE: March 3, 1928 
Galena, Illinois 

OOLLEGE: . None 

DEGREE: None 
AEC .Licenses: 

. . •, 

RO for Unit l 
SRO for Unit 1 
SRO for Unit 2 · 

YEAR: 
1964 
1968 
(Not Completed) 

PRESENT ASSIGNMENT: Shift Foreman - Dresden Station · 

TRAINING: Reference SAR Volume V .13.2 

. EXPERIENCE: 

8/67 - 6/69 - Shift Foreman - Dresden Station 
(1.8 Yr.) 

In charge. and responsible, under direction of Shift 
Engineer, for statfon during assigned work shift. 

8/59 "" 8/67 - Control Operator and Equipment Operator - Dresden Station 
(8.0 Yr.) 

11/52 - 8/59 - Operator - Ridgeland and Crawford Stations 
(6.8 Yr.) 



\ 

PERSONAL BACKGROUND RESUME 

NAME: Felix K. Gebert 

·BIRTHDATE & PLACE: November 27, 1916 
·Chicago, Illinois 

COLLEGE: None 

DEGREE: None 
AEC Licences: RO for Unit 1 

SRO for Unit 1 
SRO for Unit 2 

YEAR: 1961 
1967 
1969 

PRESENT ASSIGNMENT: Shift Foreman - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

11/67 - 6/69· - Shift Foreman - Dresden Station 
(1. 6 Yr.) 

.B.2-38 

In charge and responsible, under direction of Shift 
Engineer, for station during an assigned work shift. 

5/59 .- 11/67 - Senior Control Operator and Control Operator - Dresden 
(8 •. 5 Yr.) Station. 

3/47 - 5/59 - Operator - Northwest and Ridgeland Station 
(12.2 Yr.) 



PERSONAL BACKGROUND RESUME 

NAME: Francis R. Stellwag 

BIRTHDATE & PLACE: September 13, 1917 
Chicago, Illinois 

COLLEGE: None · 

DID REE: None 
AEC Licenses:. RO for Unit 1 

YEAR: 

SRO for Fuel Foreman 
1960 
(Not Completed) 

PRESENT ASSIG~NT: Shift Foreman at Dresden Nuclear Power Station 

.B.2-39 

TRAINII«;: Reference SAR Volume V 13.2 (not ~cheduled for simulator training) 

EXPERIENCE: 

11/67 - 6/69 • Shift Foreman - Dresden Station 
(1.6 Yr.) 

In charge and responsible, under direction of Shift 
Engineer, for station during an assigned work shift. 

6/59 - 11/67 - Control Operator and Equipment Operator - Dresden Station 
(8.4 Yr.) 

9/48 - 6/59 - Operator - Fisk Station 
(10.8 Yr.) 



PERSONAL BACKGROUND RESUME 

NAME: Cordell Reed 

BIRTHDATI & PLACE: March 26, 1938 
Chicago, Illinois 

COLLEGE: University of Illinois 

DEGREE: BSME YEAR: 
Professional Engineer License - State of Illinois 
AEC ~icenses: RO for Unit 1 

SRO for Unit 1 
SRO for Unit 2 

1960 
1965 
1968 
1968 

.B.2-40 

(Not Completed) 

PRESENT ASSIGNMENT: Startup Engineer at Dresden Nuclear Power Station 

TRAINING: Reference SAR Volt.nne V 13.2 

EXPERIENCE: 

9/67 - 6/69 - Startup Engineer - Dresden Station 
(1.8 Yr .. ) 

Shift Foreman on Dresden Unit 1 - supervised operating 
personnel in refueling and normal plant operations. 

Participation in Unit 2 startup activities which includes: 
Pre-op Testing, Operator Training and Operator Supervision. 

1/66 - 9/67 - Technical Engineer - Central Technical 
{l.7Yr.) 

Supervised four engineers in station performance tests, 
economic studies, operating and maintenance procedures 
and station chemical control. 

Supervised four instrument mechanics in the repair and 
calibration of station instrt.nnentation and automatic 
controls. 

6/61 - 1/66 - Engineer - Technical Staff - Fisk Station 
(4.6 Yr.) . . 

Participated in performance test on boilers, turbines, 
pumps and heat exchangers. Conducted chemical tests, 
developed operating and maintenance procedures. 

6/60 - 6/61 - Company Training Program 
{l.O Yr.) 



49.97 

.B.2-41 

PERSONAL BACKGROUND RESUME 

NAME: Gerald J. Diederich 

BIRTHDATE & ·PLACE: April 2, 1938 
Aurora, Illinois 

COLLEGE: Marquette University 

DEGREE: BSME YEAR: 1961 
AEC Licenses: SRO for Unit 1 

SRO for Unit 2 
1967 
(Not Completed) 

PRESENT ASSIGNMENT: Startup Engineer at Dresden Nuclear Power Statfon 

TRAINING: Reference SAR Volume V 13.2 

General Electric·' s "Station Nuclear Engineering Course" in San 
Jose, Cali.fornia 

EXPERIENCE: 

9/68 - 6/69 - Startup Engineer - Dresden Station Unit 2 
(0.8 Yr.) 

Supervision of operational aspects of plant startup, 
preoperational testing, and training of operations 
personnel. 

7/66 - 9/68 - Thermal Engineer - Dresden StatiOn 
(2.2 Yr.) 

Supervision of equipment testing, thermal cycle efficiency, 
and preparation of operating procedures.for safe and · 
efficient plant operation. 

12/63 - 7/66 - Technical Staff Engineer ~ Dresden Station 
(2. 7 Yr.) 

6/61 - 12/63 
(2.0 Yr.) 

Observance of refueling operations, design of specialized 
tools, equipment testing, and the issuance of operating 
procedures for safe and efficient plant operation. 

Technical Staff Engineer • Will County Station (conventional) 
(includes six month's military service) 

Observance of plant operation, equipment. testing and 
thermal cycle efficiency calculations. 

6/58 - 6/61 - Co-op Student - Comnonwealth Edison Company (includes 1 1/2 
(1.5 Yr.) years of college) 

Training in power plant operation and other company functions. 



PERSONAL BACKGROUND RESUME 

NAME: Arthur M. Roberts 

BIRTHDATE & PLACE: August 14, 1937 
Kansas City, Missouri 

COLLEGE: Kansas State University 

.B. 2-42 

DEGREE: BSME. YEAR: 1959 
Registered Professional Engineer - State of Illinois 
AEC Licenses: RO for Unit l 

SRO for Unit l 
SRO for Unit 2 

· PRESENT ASSIGNMENT: Startup Engineer at Dresden Nuclear Power Station 

TRAINIR;: Reference SAR Volume V 13.2 . 

EXPERIENCE: 

7/67 - 6/69 - Startup Engineer - Dresden Station 
(1.9 Yr.) 

1968 
1968 
(Not Completed) 

Shift supervisor on Dresden l; directed all phases of 
operation. 

Supervision of operational aspects of plant startup, 
pre-operational testing an9 training of operations 
personnel. 

1/66·- 7/67 -·Technical Engine~r - Will County Station 
(1. 5 Yr.) 

Directed five engineers in performance testing, evaluating 
operating procedure, and writing new or revised operating 
procedures. 

Responsible for station chemical control.program. 

Direct instrument maintenance for. boilers and turbine. 

10/60 - 1/66 - Engineer - Technical Staff - Waukegan Station 
(5.2 Yr.) 

Directed preparations for performance tests on a large 
turbine generator unit. 

Wrote procedures and check-off lists. 

Conducted chemical control in boi,lers and turbine cycles. 

9/59 - 1/60 - Company Training Program 
(1.1 Yr.) 



B.2 ... 43 

PERSONAL BACKGROUND RESUME 

NAME: George P. Wagner 

BIR'lllDATE & PLACE: February 13, 1940 
Chicago, Illinois 

COLLEGE: Illinois Institute of Technology 

DEGREE: BSEE YEAR: 1962 
AEC Licenses: RO for Unit 1 

SRO for Unit 1 
SRO for Unit 2 

1968 
1968 
1969 

PRESENT ASSIGNMENT: Startup Engineer • Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

1/68 • 6/69 - Startup Engineer - Dresden Station 
(1.5 Yr.) 

Supervised operation and refueling activities on 
Dresden 1. Supervised operators in startup and 
pre-operational testing on Dresden 2. Prepared 
training guides and trained operators in Dresden 2 
systems. 

9/67 - 12/67 - Engineer - Dresden Station 
(.25 Yr.) 

Equipment and plant performance testing, preparation of 
test procedures, and design of spe~ialized tools. 

6/62 - 6/67 - U. s. Navy 
(4.5 Yr.) 

/, 
·i-' 

Main Engines Officer - supervised operation and mainten
ance of steam propulsion and generating equipment of a 
conventionally fired propulsion plant. Stood watch as 
Engineer Officer of the watch. 

Auxilaries and Electronics Officer - qualified and 
served as engineer officer of the·\.,atch on s~bmarine 
nuclear propulsion plant, 

Navy Nuclear Power Training - six months classro6m and 
six months on-the-job training at operating nuclear 
prototype plant. 



PERSONAL BACKGROUND RESUME 

NAME: George P. Wagner 

BIRTHDATE & PLACE: February 13, 1940 
Chicago, Illinois 

COLLEGE: Illinois Institute of Technology 

DEGREE: BSEE YEAR: 1962 
AEC Licenses: RO for Unit 1 

SRO for Unit 1 
SRO for Unit 2 

1968 
1968 
1969 

PRESENT ASSIGNMENT: Startup Engineer • Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

1/68 - 6/69 - Startup Engineer - Dresden Station 
(1. 5 Yr.) 

Supervised operation and refueling activities on 
Dresden 1. Supervised .operators in startup and 
pre-operational testing on Dresden 2. Prepared 
training guides and trained operators in Dresden 2 
systems. r 

9/67 - 12/67 - Engineer - Dresden Station 
(.25 Yr.) 

B.2 ... 43 

Equipment and plant performance testing, preparation of 
test procedures, and design of spe.._cialized tools. 

. . ~-

6/62 - 6/67 - U. S. Navy 
(4.5 Yr.) 

Main Engines Officer - supervised operation and mainten
ance of steam propulsion and generating equipment of a 
conventionally fired propulsion plant. Stood watch as 
Engineer Officer of the watch. 

Auxilaries and Electronics Officer - qualified and 
served as engineer officer of the watch on submarine 
nuclear propulsion plant. 

Navy Nuclear Power Training - six months classroom and 
six months on-the-job training at' operating nuclear 
prototype plant. 



--' 

PERSONAL BACKGROUND RESUME 

NAME: Thomas E. Watts 

BIRTHDATE & PLACE: March 13, 1933 
Chicago, Illinois 

COLLEGE: University of Illinois 

DEGREE: BSME YEAR: 
Professional Engineer License - State of Illinois 
AEC Licenses: RO for Unit 1 

SRO for Unit 1 

1956 
1961 
1968 
1968 

.B.2-44 

SRO for Unit 2 (Not Completed) 

PRESENT ASSIGNMENT: Startup Engineer - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

9/67 - 6/69 - Startup Engineer - Dresden Station 
(1.8 Yr.) . 

Supervised all phases of operation, including refueling, 
on Dresden 1. Training of station personnel in operation 
of Unit 2 equipment. Supervision of plant startup and 
pre-operational testing. 

1/66 - 9/67 - Efficiency Engineer - State Line Station 
(1. 5 Yr.) 

Supervision of Technical Staff engineers and instrument 
mechanics. Responsible for boiler water chemical 
control and demineralizer operation. 

11/63 - 1/66 - Engineer 1 - Central Technical Off ice 
(2.2 Yr.) 

Programming of station monthly performance reports on 
company 7080 computer. Resolved operating problems on 
Automatic Dispatch System. Supervised turbine acceptance 
test calculations. 

12/58 - 11/63 - Engineer 2 - Technical Staff - State Line Station 
(4.9 Yr.) 

Conducted performance test on sta~ion auxiliary equip
ment. Prepared station performance reports. 

12/57 - 12/58 - Engineer 3 - Company Training Program 
(l.O Yr.) 

Brief assignments in various company departments. 



PERSONAL BACKGROUND RESUME 

NAME: Donald D. Simpson 

BIRTIIDATE & PLACE: May 27, 1917 
Chicago, Illinois 

COLLEGE: None 

DEGREE: None 
AEC Licenses: RO for Unit 1 

SRO for Fuel Foreman 

YEAR: 
1960 

. (Not Completed) 

PRESENT ASSIGNMENT: _Fuel Handling Foreman - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

11/67 - 6/69 -.Shift Foreman - Dresden Station 
(1. 6 .Yr.) 

~"·~ . 

4-9. 103 

In charge and responsible, under the direction of the 
Shift Engineer, for the station during the assigned 
work shift. 

· 5/59 - 11/67 - Control Operator and Senior Control. Operator - Dresden 
(8.5 Yr.) Station 

11/42 - 5/59 - Operating - calumet Station 
(16.5 Yr.) 



PERSONAL BACKGROUND RESUME 

NAME: Warren I. F. Kiedaisch 

BIRTHDATE & PLACE: May 8, 1916 
Chicago, Illinois 

COLLEGE: Northern Illinois State Teachers College 

DEGREE: BE YF..AR: 1940 

.B.2-46 

PRESENT ASSIGNMENT: Supervising Engineer at Dresden Nuclear Power Station 

TRAINING: Reference SAR Volume V 13.2 (except not scheduled to take simulator 
training) 

EXPERIENCE: 

Detection and Control of Radioactive Pollutants in Air Taft School 

Radiochemistry and Analysis - Tracerlab, Inc. 

Waste Disposal and Decontamination - Argonne National Laboratory -
Six Weeks 

7/67 - 6/69 - Supervising Engineer - Dresden Station 
(1.9 Yr.) 

Supervise and be responsible for the work of the 
Technical Staff. 

7/58 - 7/67 - Chemical Engineer and Radiation Protection Engineer -
(9.0 Yr.) Dresden Station 

Supervised and be responsible for the activities of 
Radiation Protection Staff. 

4/57 - 7/58 - Staff Engineer - Generating Stations Department 
(1.2 Yr.) 

Coordinated the chemical and metallurgical investigational 
and routine activities for all generating stations. 

5/56 - 4/57 - Engineer ~ Technical Staff at Joliet Station 
(0.9 Yr.) 

Supervised the activities of the Technical Staff. 

3/54 - 5/56 - Staff Engineer - Generating Stations Department 
(2.1 Yr.) 

Conducted tests and established procedures for chemical 
cleaning of equipment and proper water condition for all 
generating stations. 



e. 

-2-

EXPERIENCE: (Cont•) 

3/49 - 3/54 - Assistant Fuel Engineer - Joliet Station 
(5.0 Yr.) 

B.2-47 

Assisted in studies of plant performance of power plant 
equipment and prepared reports. 

9/47 - 3/49 - Engineering Assistant • Joliet Station 
(l.5 Yr.) 

., Assisted engineers in conducting tests on equipment and 
in wrlting reports. 

10/45 • 9/47 - Lab Tester - Joliet and Waukegan Stations 
. (l. 9 Yr~) 

Conducted analysis on water-oil and other power plant 
. materials. 



NAME: Robert C. Lemke 

PERSONAL BACKGROUND RESUME 

19, fl)(,;, 

B.2-48 

BIRTHDATE & PLACE: October 12, 1942 
Milwaukee, Wisconsin 

COLLE.GE: University o_f Wisconsin 

DEGREE: BS - Physics YEAR: 1965 
BS • Nuclear-Engineering 1965 

PRESENT ASSIGNMENT: Head Nuclear Engineer - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

G. E. Process Computer Progranuning Course 

Argonne Nuclear Materials Safeguards Course 

EXPERIENCE: 

6/68 - 6/69 - Head Nuclear Engineer - Dresden Station 
(1.0 Yr.) 

Responsible for all techni~a~ nuclear _activities and the 
coo~dination of the efforts of the nuclear engineers. 

12/67 - 5/68 - Nuclear Engineer - Dresden Station 
(0.4 Yr.) 

Worked on core. management, nuclear f.uel accountability, 
write reactor operating and nuclear refueling procedures, 
physics test's, reactor thermal performance and incore· 
detector calibration. 

12/66 - 12/67 - On loan employee to General Electric Company working in 
(1.0 Yr.) their nuclear engineering· unit on the development of the 

physics programs for the process computer. 

6/65 - 12/66 - Nuclear Engineer - Dresden Station 
(1. 5 Yr.) 

Worked on core management, nuclear fuel accountability, 
write reactor operating and nuclear refueling procedures, 
physics tests, reactor thermal performance and incore 
detector calibration. 



--

PERSONAL BACKGROUND RESUME 

NAME: Ronald M. Ragan 

BIRTHDATE & PLACE: September 10, 1942 
Streator, Illinois 

COLLEGE: Illinois Institute of Technology 

DEGREE: BSME YEAR: 1967 

49, 107 

.B.2-49 

PRESENT ASSIGNMENT: Technical Staff Engineer (Thermal) - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

G. E. PAC 4020 Progr~mming Course.- Phoenix, Arizona 

EXPERIENCE: 

3/66 ~ 6/69 - Technical Staff Engineer - Dresden Station 
(3.2 Yr.) 

Major responsibilities on Dresden I - operating. 
procedures, efficiency and license revisions and· 

· reports. 



PERSONAL BACKGROUND RESUME 

NAME: James G. Marshall 

BIRTHDATE & PLACE: November 8, 1943 
Chicago, Illinois 

COLLEGE: Northern Illinois University 

DEGREE: BS YEAR: 1967 
Major Biology 
Major Chemistry 

PRESENT ASSIGNMENT: Radiation Protection Engineer - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

u. s. Department of H.E.W. Public Health Service Course 

"Basic Radiological Health" 

"Occupational Radiation Protection" 

EXPERIENCE: 

.B.2-50 

7/68 - 6/69 - Supervisor of the Radiation Protection Staff - Dresden 
(0.9 Yr.) Station 

4/67 - 7/68 - Engineer - Dresden Station 

Training in power plant health physics and boiling 
water reactor chemistry. 



.e 

. PERSONAL BACKGROUND RESUME 

4-7, ;o') 

B.2-51 

NAME: Gary A. Abrell 

BIR'lllDATE & PLACE: August 13., 193.9 
Taylorville, Illinois 

COLLEGE: U. S. Naval Academy 

DEGREE: BS YEAR: i961 

PRESENT ASSIGNMENT: Technical Staff at Dresden Nuclear Power Station 

TRAINING: Naval Nuclear Power Training Unit 

Idaho Fall~, Idaho - Qualify on AIW Prototype 

Naval Nuclear Power School. - Mare Island, California - Student 

Student -·u. s. Navy Submarine School - New Loridon, Connecticut 
. . ' . 

Graduated Nuclear Biological and Chemical ·warfare ~chool and 
Damage Control School - Philadelphia, Pe'nnsylvania 

EXPERIENCE:· 

1/68 - 6/69 - Technicai Staff - Dresden Station 
(1.4 Yr~) 

Review and conduct pre-operational tests for bresden II. 
Revie·w and rec0mmend equipment manual changes in view of 
pre-operational test experience. 

10/67 ~ 1/68 - Technical Stiff - Joliet Station 
_(0.2 Yr.) 

7/61 9/67 
(6. 2 Yr.) 

Miscella~eous routine tests, conducted boiler and feed-· 
water tests and assisted in writing monthly reports.· 

U. S. Navy 

Division Officer - u.s.s. - U. S. Grant SSBN 631 (B) 

Qualified as Conning Officer, Diving Officer and Engineer
ing Officer of the Watch Held following billets for up
keep and patrols. 

Auxiliary Officer, Reactor Control Officer and Electrical 
Officer responsible fot operation and maintenance of 
these systems in support of nuclear power plant. Super
vised training of enlisted and officer watch standers, and 
reconunendec;I. their qualitication to stand watch on various 
engineering watches. 



• EXPERIENCE: (Cont.) 

-2~ 

Division Officer - Ma.in Propulsion Assistant Damage 
Control Assist~rtt - U. s~ S. Bigelow DD 942. 

LJ9. /!0 
B,2..,52 

Qualified as offi~er of the deck, and as Engineer Officer, 
Held billet of Damage. Control Assistant during.yard over
haul. 



PERSONAL BACKGROUND RESUME 

NAME: Henry E. Bliss 

BIRTHDATE & PLACE: December 5, 1938 
Evanston, Illinois 

COLLEGE: Cornell Univeristy and Massachusetts Institute of Technology 

DEGREE: BS - Physics YEAR: 1962 
MS - Nuclear Enginee~ing 

SCD - Nuclear. Engineering. 
1964 
1966 

PRESENT ASSIGNMENT Dresden Technical Staff - Pre-operational tests 

EXl'ERIENCE: 

11/68 - 6/69 - Technical Staff- Dresden Station 

Worked on Dresden Unit 2 pre-operational tests -
reviewed procedures as well as conducted tests. 

11/66 - 11/68 - U. s. Army Engineer Reactor Program 
(2 Yrs.) 

49. I(/ 

B.2-53 

Fulfilled two year Rare conunitment working on Engineering 
problems for reactors in Army Nuclear Power Program. 



PERSONAL BACKGROUND RESUME 

NAME: . James M. Carmody 

BIR'llIDATE & PLACE: July 7, 1944 
Grand Rapids, Michigan 

COLLEGE: University of Notre Dame 

DEGREE: BSME - Nuclear Option YF.AR: 1966 

PRESENT ASSIGNMENT: Nuclear Engineer - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

Purdue University Nuclear Fuel Management Course 

General Electric Process Computer Course - Phoenix, Arizona 

General Electric Station Nuclear Engineers Course - San Jose, 
California 

6/67 - 6/69 - Nuclear Engineer - Dresden Station 
(2.0 Yr.) 

.B.2-54 

Responsible in part for all aspects of core management, 
i.e., cycle planning, refuel scheduling and operations 
and fuel. 

6/66 - 6/67 - Mechanical and Thermal Engineer - Dresden Station and· 
(l.O Yr.) Joliet Station (7 & 8) 



PERSONAL BACKGROUND RESUME 

NAME: William A. Nestel 

BIR'lllDATE & PLACE: April 26, 1937 
Minneapolis, Minnesota 

COLLEGE: University of Minnesota 

DEGREE: Bach. of Physics - YEAR: 1960 

PRESENT ASSIGNMENT: Assistant Radiation Protection Engineer 

TRAINING: Reference SAR Volume V 13.2 

EXPERIENCE: 

B.2..,55 

1/68 - 6/69 - Assistant Radiation Protection Engineer - Dresden ~tation 
(1.4 Yr.) 

Responsible for writing monthly and yearly reports, 
training new radiation men, evaluation of chemistry 
results and radiation surveys. 

1/61 - 1/68 - U. s. Navy 
(7 .O Yr.) 

Naval Nuclear Power Training, New London, Connecticut 

Prototype Training DIG, West Mitton, New York 

Instructor DIG, West Mitton, New York 

U. s. Navy Submarine School 

u. s. George w. carver SSBN 656 - ran primary and 
secondary chemical reactor water during startup. 

u. s. Dace SSN 607 - acted as Health Physicist and 
Chemist. 



.. . -~'1_, _ llLf -

.B.2-56 

PERSONAL BACKGROUND RESUME 

NAME: Douglas J. Scott 

BIRTHDATE & PLACE: July 25, 1941 
Chicago, Illinois 

<DLLEGE: Illinois Institute of Technology 

DEGREE: BSME YEAR: 1963 

PRESENT ASSIGNMEN.T: General Engineer - Technical Staff - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

G.E. Process Computer Program Course 

EXPERIENCE: 

10/66 - 6/69 - Engineer - Dresden Station 
(2.7 Yr.) 

Developed programs for the Dresden 2/3 on-line process 
computer. 

1/64 - 10/66 - Engineer - Joliet Station 
(2. 8 Yr.) 

Participated in the startup of Joliet Units 7 & 8. 

1/63 - 1/64 - This period was spent on the company graduate orientation 
(l.O Yr.) program with assignments in all areas of company operation. 



PERSC!iAL BACKGROUND RESUME 

NAME: Everett E. Spitzner II 

BIRTHDATE & PLACE: December 28, 1941 
Round Prarie, Illinois 

COLLEGE: University of Illinois 

DEGREE: BSEE Year: 1965 

PRESENT ASSIGNMENT: Technical Staff - Dresden Station 

EXPERIENCE: 

6/68 - 6/69 - Technical Staff - Dresden Station 

41,115 

.B.2-57 

Running pre-ops on Unit 2 and Unit 3 for Connnonwealth 
Edison Company and AEC acceptance. 

6/66 - 6/68 - Operational Analysis DepartmEnt - Kincaid 

Startup crew Kincaid Station. Run control checks and 
acceptance checks on power plant equipment. 

6/65 - 6/66 - Student program. 



J' 
·' 

PERSONAL BACKGROUND RESUME 

NAME: Douglas Riley 

BiRTHDATE AND PLACE: March 29, 1937 
Ironwood, Michigan 

COLLEGE: Notre Dame 

DEGREE: BSEE 

PRESENT ASSIGNMENT: Ihstrlime_nt _Engineer - Dresden Station 

TR.AINING: · Reference SAR Volume V 13.2. 

EXPERIENCE: 

Three months - Instrument Train~ng with General Electric. 
Five weeks - Computer Programing with General El_ectric. 

3/68 - 6/69 - Instrument Engineer - Dresden Station 
(1. 2 Yr.) 

: '·· 

B..2-58 

Directs and is responsible for calibration and maintenance 
of all station instruments and control system. 

6/58 - · 3/68 - Testing Department Engineer - Joliet Station (7 & 8) 
(9. 8 Yr.) 

-During this period was envolved in the startup o_f 
-Joliet 7 and 8. 



PERSONAL BACKGROUND RESUME 

NAME: Richard c. Mefferd 

BIRTHDATE & PLACE: December 24, 1926 
Chicago, Illinois 

COLLEGE: None 

DEGREE: None 

PRESENT ASSIGNMENT: Maintenance Foreman (Instrument) - Dresden Station 

TRAINING: Reference SAR Volume V 13.2 

G. E. Instrument Course - San Jose, California 

EXPERIENCE: 

6/69 - Maintenance Foreman (Instrument) - Dresden Station 

.B.2-59 

Assign instrument mechanic work, supervise work and 
order instrument spare parts. 

8/67 - 6/69 - Engineering Assistant - Dresden Station 
(1.8 Yr.) 

Assisted the Instrument Engineer in assigning instrument 
mechanics work, supervised their work, and ordered 
instrument spare parts. 

3/59 - 8/67 - Instrument Mechanic - Dresden Station 
(8.4 Yr.) 

Repair and calibration of station instruments. 

3/57 - 3/59 - Instrument Mechanic - Ridgeland Station 
(3.0 Yr.) 

Repair and calibration of station instruments. 

4/48 - 3/57 - Operating - Ridgeland and Northwest Stations 
(8. 9 Yr.) 



e . PERSONAL BACKGROUND RESUME 

NAME: Orville w. Dodd 

BIRTHDATE & PLACE: December 19, 1914 
Danville, Illinois 

~·11f .. 

. B.2-60 

CX>LLEGE: 3 Years at Illinois Wesleyan and Illinois Institute of Technology 

DEGREE: None 

PRESENT ASSIGNMENT: Maintenance Engineer at Dresden Nuclear Power Station 

TRAINING: Reference SAR Volwne V 13.2 • also three months maintenance 
observation at Hanford 

EXPERIENCE: 

6/58 ~ 6/69 - Maintenance Engineer and Master Mechanic - Dresden ·station 
(ll.O Yr.) 

In charge of all maintenance, mainly concerned with 
scheduling and planning of maintenance. 

4/40 - 6/58 - Maintenance Mechanic - Crawford Station 
(18. l Yr.) 

6/42 - 3/46 - Engineering Offices - u. s. Navy 
(3. 7 Yr.) 

In charge of maintenance on LST. 



PERSONAL BACKGROUND RESUME 

NAME: Eugene E. Meintel 

BIR'lli.DATE & PLACE: August 20, 1930 
Wheeling, West Virginia 

COLLEGE: Joliet Jr. College - Psychology and Math Courses 

DEGREE: None 

B.2-61 

PRESENT ASSIGNMENT: Assistant Master Mechanic at Dresden Nuclear Power Station 

TRAINING: Reference SAR Volume V 13.2 - Master Mechanic 

EXPERIENCE: 

12/68 - 6/69 - Assitant Master Mechanic - Dresden Station 
(0.6 Yr.) 

Supervise the activities of the Maintenance Department 
both electrical and mechanical. 

1/67 - 12/68 - Maintenance Foreman - Dresden Station 
(1.9 Yr.) 

2/55 - 1/67 - Maintenance Mechanic - Will County Station 
(11.9 Yr.) 

9/54 - 2/55 - Operating - Joliet Station 
(0.4 Yr.) 



D2,3 B.3-1 

QUESTION 

B. 3 Because Unit 2 will be operated prior to completion of Unit 3, describe the pro

visions which have been made to establish physical, electrical and mechanical 

independence between Units 2 and 3. For each system in Unit 2 whlch is com

mon to or interconnected with a counterpart in Unit 3, state the minimum com

pletion and performance requirements and provide an evaluation showing that 

design bases .will not be compromised by Unit 3 construction activities. Also, 

discuss provisions for controlling personnel access to Unit 2 from Unit 3. 

ANSWER 

1. 0 Introduction 

Completion of Dresden Unit 2 is scheduled to occur prior to completion of 

Dresden Unit 3. This results in the operation of Unit 2 while Unit 3 is in the 

final construction phase as has been the case for operation of Unit 1 with Unit 

· 2 under construction. 

Although Unit 2 and Unit 3 are adjacent, for the most part they are separate and 

distinct units, each being completely independent of the other unit. Where equip

ment is shared in common systems, construction and pre-operational testing· 

will be completed on the portion of the systems necessary to the Unit 2 startup~ 

portions not completed and tested will be isolated with appropriate valving and 

locks to prevent interaction. 

In the reactor building Unit 2 and: Unit 3 are separ~ted by a concrete wall except 

at the refueling floor~ ·: The refueling floor is common to both units and is en

closed by the reactor building superstructure. The superstructure over the 

Unit 2 portion of the refueling floor is completed, but the construction phase of 

Unit 3 will prevent completion of the superstructure over the Unit 3 portion of 

the refueling floor prior to the Unit 2 fuel loading. This means that initial fuel 

loading of Unit 2 will be accomplished without a completed secondary contain

ment. Initial fuel loading without secondary containment was investigated 
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thoroughly and the consequences of postulated incidents have been analyzed and 

are reported herein and indexed in detail in Section 6. O. Secondary contai:riment 

will be obtained prior to low power tests and full power operation by sealing 

all openings in the refueling floor. The secondary containment thus obtained 

will not include the reactor building superstructure, but rather will consist 

of the normal concrete walls below the refueling floor level, the sealed 

refueling floor forming the roof. 

An investigation was made to determine the incidents which could preclude 

initial fuel loading without secondary containment. The worst incident which 

could be determined to occur is a rod drop accident. This accident resU.lts in 
. -3 -3 

an off-site exposure of 1. 6 x 10 rem cloud gamma dose and 3.1 x 10 ·rem 

thyroid inhalation dose. It should be noted that during ihitial fuel loading, no 

irradiated. fuel will be present, so no fission product buildup within the fuel 

rods will have occurred. Also, during power operation with the refueling floor 

forming the roof of the secondary containment, no irradiated fuel will .be stored 

in the fuel storage pool. ·It is therefore considered that the consequences of the 

worst incident to occur does not result in exposures significant to preclude 

initial fuel loadillg without secondary containment. 

2. 0 Criteria 

Three of the four criteria outlined below will be the same that have existed 

during the past three years of construction. The additional criteria relative to 

secondary containment for the fuel loading is being provided to control the use· 

of a fuel loading technique which will permit a more effiCient completion of Unit 

3 and achievement of plant operation for Unit 2. Justification will be provided to 

show that this additional criteria maintains the original overall safety of the · 

plant for all operations including specialized fuel loading. The basic criteria 

are as follows. 

A. Physical separation will be maintai~ed between Unit 1 and Unit 3 and 

between Unit 2 and Unit 3 to prevent radiation exposure to construction 

personnel from either Unit 1 or Unit 2. · 
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B. Physical separation will be maintained between Unit 1 and Unit 3 and 

between Unit 2 and Unit 3 to prevent unauthorized personnel from 

. entering key operating areas of Unit 1 or Unit 2. 

C. Separation of electrical, ventilation, and water systems will be estab

lished between the construction area in Unit 3 and the two operating 

units to assure that no conditions occurring in Unit 3 would affect either 

Unit 1 or Unit 2. 

D. During fuel loading and initial testing without secondary containment, 

the worst possible accident will not result in off-site doses worse than 

previously accepted under accident conditions. The plant will meet 

secondary containment requirements for the power test program and 

subsequent power operation. 

3. 0 Description of -Unit 2 and 3 Separation and Unit 2 Secondary Containment 

The type of barrier or closure to achieve separation and secondary contain

ment is described below. In some cases, the location of the barrier can only· 

be approximate at this time, since the exact status of construction of Unit 3 

will not be known until fuel loading of Unit 2. 

3.1 Reactor Building 

3.1.1 Basement, FSAR Figure 12.1.32, El. 476' 6": 

A. Install a locked doorway·in the passageway between Unit 2 HPCI 

corridor and Unit 3 core spray and LPCI room. 

B.. Lock doorway between Units 2 and 3 reactor building equipment 

drain tank rooms at 496' level. 
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3 .1. 2 Ground Floor, FSAR Figure 12. 1. 31, El. 517' 6 ": 

A. Install an additional door to achieve an air lock entry with 

double interlocked doors into Unit 2 from Unit 3. The air lock 

will be fabricated from material meeting the same specification 

of the metal siding used above the operating floor. 

B. The two normal personnel accesses and equipment lock will 

operate as originally designed. 

C. All outside doors will be locked. 

3.1. 3 FSAR Figure 12.1. 20, El. 545' 6". Lock door between Units 2 and 3~ 

3.1. 4 FSAR Figure 12.1. 29, El. 570' O": 

A. Lock door between Units 2 and 3. 

B. Maintain normal personnel interlocked access between turbine 

building and reactor building. 

3.1. 5 Isolation Condenser Floor, FSAR Figure 12.1. 5, El. 5S9' O". Lock 

door between Units 2 and 3. 

3.1. 6 Operating Floor Level, FSAR Figure 12.1. 4, El, 613' 0 ": 

A. Install an air lock on the stairwell on the northeast side of the 

operating floor. This interlocked personnel access will be 

fabricated f~om metal siding meeting the present reactor build

ing specifications. 

B~ Seal the stairwell at the N.-44 column lines with the same 

material as above. 
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C. Seal the elevator shaft at northeast side of operating floor. 

D. The equipment hatch and the hatch on the east side of the fuel 

storage pool will be sealed to prevent air leakage. 

E. The shielding blocks over the reactor, between the reactor well 

and dryer separator storage area, and the shield blocks between 

the reactor well and fuel storage pool will be sealed as required 

to meet the secondary containment leak rate specifications. 

Material similar to that used for other secondary containment 

will be used for this purpose. 

NOTE: ALL OF THE PRECEDING FROM 3.1.1 THROUGH 

3.1. 6e IS NECESSARY TO OBTAIN SECONDARY CON

TAINMENT IN THE REACTOR BUILDING REQUIRED 

FOR THE POWER TEST PROGRAM AND FULL POWER 

OPERATION. 

F. An 8-foot solid personnel barrier and suitable dust barrier, as 

necessary, will be erected across the operating floor at the 

column 44 line. A locked personnel door will be provided in 

this barrier. 

3. 2 Turbine and Radwaste Buildings 

3. 2.1 Ground Floor, FSAR Figure 12.1. 31, El. 517' 6": 

An 8-foot chain link fence with one personnel locked gate will run from 

the west side of the entry to radwaste 16 feet south, east to column 44, 

south to column G, west past the co2 system and south to column H 

wall. A locked personnel gate will be provided in this fence • 
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3. 2. 2 FSAR Figure 12.1. 30, El. 534' O": 

A. An 8-foot chain link fence with a locked personnel gate will be 

erected from column C along column 44 to column E, then along 

oil tank area to standpipe. 

B. Lock entry to Unit 3 feedwater heater room. 

3. 2. 3 Turbine Floor, FSAR Figure 12.1. 29, El. 561' 6 ": 

A. Erect an 8-foot chain link fence from east side of north stairwell 

to a line parallel to access hatches between column lines 44 and 

45 to column G, east to column 44, and south to column H wall. 

B. Fan Floor, FSAR Figure 12.1. 29, El. 549 1 O". Erect a chain 

link fence on column line 44 between columns C and D and block 

stairwell to lower level. 

C. Additional temporary shielding for the turbine inlet lines will 

be provided as required on turbine front standard. 

3. 2. 4 A wall will be installed between fan units for Units 2 and 3. 

3. 3 Control Room Electrical Auxiliary Equipment Rooms for Unit 3: 

3. 3. 1 Install solid 8-foot fireproof wall from west wall of the control room 

past north end of panel 403-8 across to south end of 923. 5. 

3. 3. 2 Access to the auxiliary electrical equipment room will be provided 

through the trackway. The trackway will be fenced from column 33 to 

34 with a truck gate provided. All other doors to the track area will be 

locked. 
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3. 4 Outside Area 

3. 4.1 The tank area will be fenced by extendiiig present north-south fen~e on 

the east side to column H wall, and extending other fences to include the 

two new condensate tanks. This will exclude construction from the tank 

area. 

3. 4. 2 Install a temporary fence on the north side of the ~urbine buildings to 

foclude rad waste building, fuel oil storage tank, heating boiler house 

discharge structure, and crib house for Units 2 and 3. Access to this 

area will be limited to operating personnel. 

4. 0 Equipment Separation 

Key features inherent in the plant layout and design of Units 2 and 3 which 

minimize the possibilities for interactions are the provision of duplicate sys

tems for each unit and physical separation of the equipment and controls in all 

but a few cases as discussed below. Where possible, completion of installation 

and testing of these shared systems will be accomplished before Unit 2 startup. 

Table 4. 1 in the back of this section summarizes the equipment .discussed in 

this section • 

. 4. 1 Water Supply 

. The water supplied to Unit 3 for flushing and testing must be free of radioactive 

contamination. The source for such water is the two condensate storage tanks 

which could become slightly contaminated by processed water from the radwaste 

facility and from the Unit 2 hotwell. The piping will be modified and appropriate 

valves will be locked closed to isolate one of the two condensate storage tanks 

and maintain a source of uncontaminated water for Unit 3. 

4. 2 Intertied Systems 

In some cases, complete, separated systems have been provided for Units 2 and 

3 with interconnecting piping. 
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4. 2.1 Reactor and Turbine Building Closed cooling Water 

Valves to isolate Unit 2 from Unit 3 are located in the Unit 2 area and 

will be locked closed. 

4. 2. 2 . Fuel Pool 

Unit 3 demineralizer is located in Unit 2 reactor building and. precoat 

filter is in radwaste building. This equipment is intertied to the cor

responding Unit 2 equipment. The valves to accomplish the isolation 

are in the Unit 2 area and will be locked closed. Installation of this 

equipment will be complete before Unit 2 operation. 

4. 2. 3 Reactor Cleanup System 

The Unit 3 primary system drain to radwaste via the cleanup system 

connects to the corresponding Umt 2 line. The motor operated isola

tion valve is located in the Unit 3 area and will be disarmed electrically 

and locked closed. 

4. 2. 4 Instrument and Service Air 

Unit 2 system will be isolated from Unit.3 by locked valves in Unit 2 

area. Unit 1 service and instrument ah: systems will provide backup 

via interties to Unit 2 which open automatically on low pressure in 

Unit 2. 

4. 3 Shared Supply/Separate Distribution Piping 

Certain systems share supply equipment such as pumps, but distribution piping 

is located in both the Unit 2 and Unit 3 areas. 
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4. 3.1 Service Water 

All five pumps which serve both Units will be located in the Unit 2 

restricted area. Only two are required for normal operation. Pre

operational testing of these pumps is complete. Piping which connects 

Unit 3 heat exchangers to Unit 2 will be isolated with valves which will 

be locked open or closed as required for system operation. These 

· valves are located in the Unit 3 area. . Control of the supply pumps and 

the locked valves by Unit 2 operating staff will prevent interaction 

·problems due to unauthorized operation of the system. 

4. 3. 2 Fire Water 

Normal supply is from the Unit 2/3 service water pumps which are 

located in the Unit 2 restricted area. The distribution piping located 

in the Unit 3 area must be served by this equipment. Since its installa

tion and testing will be complete to provide required fire protection for 

the Unit 3 area, the probability of any interaction with Unit 2 will be 

minimized. 

A single motor operated valve can be closed to isolate the fire system 

from the service water system in event of a disturbance. Und~r these 

conditions the diesel driven pump would provide fire protection to 

Unit 3. 

4. 3. 3 Heating Boilers 

The heating boilers and their auxiliary equipment will be located in the 

Unit 2 restricted area. The system is completed, tested and has been 

in operation for a year. 

49, / 27 
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. 4. 4 Wholly Shared Systems 

4. 4.1 Standby Gas Treatment System 

Both circuits of the Standby Gas Treatment System will be required and 

available for Unit 2 operation. The suction line from Unit 3 will be in

stalled to the isolation valve which will be locked closed to separate the 

system from Unit 3. One circuit receives power from a Unit 3 motor 

control center, which will be located in the Unit 2 operating area and 

supplied from the Unit 2 auxiliary power system. 

4. 4. 2 . Radioactive Waste Treatment 

The radwaste facility Will be completed prior to Unit 2 operation, in

cluding the Unit 3 fuel pool. pre-coat filter. All piping from the various 

Unit· 3 systems which discharge to radwaste will be completed. Further

more, these lines will be kept isolat~d with locked valves to prevent 

back flow of contamination from radwaste to Unit 3 areas. 

4. 4. 3 Makeup Demineralizer 

The Unit 2/3 Makeup System is completely tested and in operation. It 

is located in the Unit 2 restricted area and is available for any of the 

three units. The makeup system of Unit 1 can also serve all three units 

as in the past. 

4. 5 Common Inlet/Effluent Systems 

In certain cases, complete systems are provided for each Unit with no shared 

equipment or interties, but which have common points of intake and/or effluent. 

In all cases, these common point(s) will be located in the Unit 2 restrict.ed area 

and hence under _direct control of the Unit 2 operating staff. 
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4. 5.1 Circulating Water 

The intake and discharge structure for Unit 2 and. 3 circulating water . 

are adjacent. The Unit 3 circulating \\Tater· pumps are located in the 
. . 

crib house with the Unit 2 restricted area. Their installation will 

therefore be complete before Unit 2 startup. 

4. 5. 2 Off Gas System 

The Unit 2 and 3 systems both discharge to the 310 ft. stack. To avoid 

introducing radioactive gaseous wastes into Unit· 3, the discharge piping 

of the Unit 3' steam jet air ejecto~s, condenser vacuum punip and gland 

seal will be completed to at least the appropriate isolation valves which 

will be locked closed before power operation of Unit 2. Drain lines for 
' . 

these systems to radwaste will also be completed and valves locked 

closed. 

4. 5. 3 Containment Cooling Service Water 

Suction for the system pumps, two each for Units 2 and 3, is from the 

adjacent intake structures located in the Unit 2 restricted area. Instal

lation of the Unit 3 suction piping is already completed. 

4. 5. 4 · Diesel Generator Cooling Water 

The suction for the cooling water pumps for each of the three diesel 

generators is located at the intake structure and the thre~ pumps are 

in the crib house. Their installation is complete, and .any testing of 

the Unit 3 pumps will be under direct control of the Unit 2 operating 

staff because this equipment will be located inside the Unit 2 restricted 

area. 
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4. 5. 5 Ventilation 

The Unit 2 and 3 reactor and turbine building ventilation systems dis

charge to common stacks. The Unit 3 duct work which connects to 

these stacks will be completed back to the first isolation valve which 

will be locked closed to keep potentially contaminated air from the 

Unit 3 area. All Unit 2 ventilation equipment will be located inside the 

restricted area. 

The Unit 2 turbine building ventilation system will be operated to main

tain air flow from Unit 3 towards Unit 2. The reactor building ventila

tion system will be operated to maintain the required negative pressure 

in the Unit 2 side of the reactor building except for the refueling floor 

which, as proposed, will not be within the secondary containment. To 

accomplish this, the pressure sensors for building pressure control 

will be moved from their intended locations on the refueling floor to the 

next lower floor to be inside the secondary containment. The refueling 

floor will not be ventilated on the Unit' 2 side. The incoming ducting will 

be blanked off and the outgoing ducting will be isolated by closing and 

. locking dampers. 

4. 6 Electrical Systems 

4. 6.1 Auxiliary Power 

Unit 3 will obtain its power for construction and testing from the .345 KV 

grid while Unit 2 reserve auxiliary power is supplied from the 138 KV 

grid which has no intertie to the 345 KV grid on the Dresden site. An 

intertie exists between the Unit 2 and Unit 3 auxiliary power systems 

which is the 4 KV connection between busses 24-1 and 34-1. Unit 2 will 

be operated without this intertie in service. The breaker required to 

complete this intertie is located in the Unit 2 area and will be locked out 

so this intertie cannot be inadvertently energized. A connection exists 

between Unit 2 480 KV bus 29 and Unit 3 Motor Control Center 39-2 for 

the purpose of supplying one of the two Standby Gas Treatment circuits 
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from Unit 2. This intertie will be energized, the alternate tie from 

Unit 3 bus 39 will be de-energized and the breaker will be locked out 

to preclude the effects of any disturbances from Unit 3. MCC 39-2 will 

be included in the Unit 2 restricted access area and therefore under 

control of Unit 2 operations personnel. An additional motor control 

center MCC 35-1 will be located in the Unit 2 area, but it will have no 

electrical connections to Unit 2. Any Unit 3 installation or test per

sonnel at this motor control center will be monitored by a rriember of the 

Unit 2 operating staff. 

The shared Unit 2/3 diesel generator can serve either Unit 2 bus 23..:1 

or Unit 3 bus 33-1. The bus 33-1 tie breaker will be locked out to pre

vent inadvertent connection to Unit 3. A portion of the tie to Unit 2 bus 

23-1 is located in the Unit 3 side of the reactor building, but it is ade

quately protected in bus ducting. Also, there is no major equipment in 

this area, and the bus duct follows a path well above the floor. There

fore, it will be safe from damage by construction activity. 

Based on the above discussion, Unit 3 construction activity can have no 

effect on Unit 2 operation because of the physical separation which exists 

and the electrical isolation which will be maintained. 

4. 6. 2 DC Power 

Units 2 and 3 each have complete 24/ 48V, 125V and 250V DC Systems .. 

The batteries,· chargers and electrical busses for each Unit are widely 

separated, being at opposite ends of the turbine building. In addition 

to the normal charger, reserve 125V and 250V chargers (one each) 

are provided which can serve either Unit and are located in the Unit 2 

area. The Unit 3 125V and 250V DC Systems will be intertied with the 

Unit 2 System to provide redundancy for . supply to essential equipment. 

The Unit 3 batteries, chargers, blisses and switchgear while in the con

struction area, will be isolated in locked, concrete rooms. The 125V 

interties have been placed in protective conduit and routed along an 
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elevated path. The 250V interties are in cable pans and are also routed 

along an elevated path. The Unit 3 DC supply equipment and interties 

will be separated from construction activity, and will be adequately 

protected from damage. 

After Unit 2 startup, various Unit 3 DC loads will be energized for 

purposes of testing and operation. In most cases, this activity will 

cause no drain on the Unit 2 and Unit 3 batteries because the chargers. 

will supply the load up to _their rating. 

If the load is greater than the charger rating, the batteries will supply 

only the excess. The total DC loads will be ~ept as small as possible 

to minimize use of the batteries. If disturbances or faults occur during 

testing or operation of any Unit 3 equipment, the overload will trip the 

protective breaker and separate the problem from the rest of the system. 

·Based on the above discussion, Unit 2 will have a reliable, redundant 

DC System for emergency situations. 

5. 0 Special Administrative Procedure 

5.1 Access Control 

Access to the Unit 2 restricted and controlled area by limited numbers of con

struction personnel will be necessary for special equipment maintenance 

throughout the plant. Such access to the restricted area will be through a 

single guard station located in the south east turbine building trackway which 

would be manned during working hours and locked at other times or by special 

escort of responsible operating personnel. All constr.uction people will sign 

·in and out. An access permit will be issued for any personnel, who have been 

summoned.to perform maintenance or other work on Unit 2 equipment and must 

·be signed by the General Electric Shift SuperVisor and the Commonwealth 

Shift Engineer indicating his knowledge of the activity. Each individual job will 

be evaluated at the time so special precautions can be taken as necessary or 

desirable. Work on or near critical equipment will be closely monitored by 
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Unit 2 operating personnel. ·For situations which involve radiation, CECO 

standard practices will be applied, e.g., badging, radiation work permits, 

posting areas, etc. Roving Unit 2 operating personnel will be instructed to be 

watchful for people in unauthorized areas and to escort such people to an 

authorized area. 

5. 2 Communications 

Construction testing, flushing and preoperational testing of certain Unit 3 equip

ment that could affect the Unit 2 plant operation will be supervised by General 
'. ' 

Electric or United Engineers personnel who will be required to inform Unit 2 

operations of their plans at regularly scheduled meetings and immediately prior 

to initiation of the worl,{. This will allow individual evaluation of each job so 

precautions can be taken to properly isolate the work from Unit 2, and the Unit 

2 operator to monifor the activity or defer the work until more favorable condi

tions exist. 

6. 0 Rod Drop Accident Analysis 

During cold critical tests it is not planned to move any control rod which is 

worth more than 1. 4%.6.k,. however, for the purpose of this analysis the assump

tion is made that a 2. 5%.6.k rod falls from the core at a velocity of 5 ft/ sec. 

The accompanying nuclear excursion results in a total energy release of 2500 

MW-sec; however, only 200 rods have fuel enthalpies high enough to cause 

cladding perforation, e.g., greater than 220 cal/gm. These rods experiencing 

cladding damage have a combined energy release of 83 MW-sec and encompass 

only 50 lbs of the uo2. The accident is assumed to occur with the reactor 

vessel head and shielding blocks removed thereby resulting in an easier escape 

path to the environment for those fission products released from the fuel. The 

conservative assumption is made that 100% of the noble gases and 50% of the 

halogens contained in that volume of fuel above 220 cal/gm and which are pro

duced as a consequence of the excursion are released to the reactor vessel. In 

addition, it is also assumed that 1 % of the noble gases and O. 5% of the halogens 

in the remaining rods which are perforated are also released to the reactor 

vessel. 



D2, 3 B.3-16 

Since a 2500 MW-sec transient could cause rapid boiling of the coolant sur

rounding the core, as well as possible ejection of some of the coolant from the 

refueling cavity; therefore, the assumption is also made that those fission 

products released from the fuel are released to the refueling floor where the 

halogens experience a combined plate-out-washout-fallout factor of 5. The 

Standby Gas Treatment system and the normal ventilation system are not avail

,able to mitigate the consequences of the accident. The release of fission 

products to the environment occurs at a height of 30 meters which is approxi

mately the height of the refueling floor above grade. It is also assumed that 

meteorological conditions which would cause downwash of the released fission 

products exists at the time of the accident. 

The higher the wind speed the greater the exfiltration rate; however, the higher 

wind speeds also result in better atmospheric dilution effects. For the purpose 

of this analysis, the most conservative assumption is made that all of the 

activity available for release in the secondary containment is instantaneously 

released to the environment and is transported down wind at a low velocity of 1 

meter/sec. 

The radiological effects of the above analysis results in a cloud gamma dose 
. . -3 . -3 
of 1. 6 x 10 rem and a thyroid inhalation dose of 3.1 x 10 · rem at the nearest 

site boundary. 

Calculations were also performed to investigate the radiological consequences 

of the release of 100% of the noble gases and 50% of the halogens from those 

200 rods which experience cladding damage. Based upon these conservative 

release assumptions, as well as the previous assumptions regarding halogen 

plateout, downwash, instantaneous fission product release to the environment, 

1 m/sec winds, and adverse meteorological conditions, the maximum off-site 
. -2 . -1 

exposures are 4. 6 x 10 rem cloud gamma and 1x10 rem thyroid dose. 

As shoWn, even with the worst set of assumptions, the off-site exposures are 

still many orders of magnitude below the guidelines set forth in lOCFRlOO. 



Item 

125 VDC System 

Batteries and Unit 3 charger 

Unit 3 Main Bus and Switchgear 

Unit 2/3 charger 

lntertie to Unit 2/3 charger 

Intertie to Unit 2 reserve bus 

250 VDC System 

Batteries and Unit 3 charger 

Unit 3 Turbine Bldg. MCC 

Unit 2/3 charger 

lntertie to Unit 2/3 charger 

lntertie to Unit 2 Reactor Bldg. MCC 

480 V Auxiliary Power 

Unit 3 MCC 39-2 

Tie from Unit 3 bus 39 to MCC 39-2 

Unit 3 MCC 35-1 

Tie from Unit 3 bus 35 to MCC 35-1 

Unit 3 MCC 36-2 

Tie from Unit 3 bus 36 to MCC 36-2 

Tie from Unit 3 MCC 38-2 to Unit 2/3 
125 VDC charger 

Tie from Unit 3 MCC 39-2 to Unit 2/3 
250 VDC charger 

Table 4.1 

DRESDEN UNITS 2/3 INTERFACE EQUIPMENT CONSIDERATIONS 

Location 

Unit 3 

Unit 3 

Unit 2 

Units 2 & 3 

Units 2 & 3 

Unit 3 

Unit 3 

Unit 2 

Units 2/3 

Units 2/3 

Unit 2 

Units 2/3 

Unit 2 

Units 2/3 

Unit 2 

Units 2/3 

Units 2/3 

Units 2/3 

Status for 
Unit 2 Startup 

In service 

In service 

Available 

Available 

In service 

In service 

In service 

Available 

Available 

In service 

In service 

De-energized 

Complete 

Complete 

Complete 

Complete 

De-energized 

De-energized 

Remarks 

t•1solated in locked, concrete room 

**Isolated in locked, concrete room 

*Power supply from Unit 2 

Protected by conduit and elevated path 

Protected by conduit and elevated path 

**Isolated in locked, concrete room 

**Isolated in locked, concrete room 

*Power supply from Unit 2 

Protected by elevated path 

Protected by elevated path 

*Power supply from .Unit 2 distribution 
feeders de-energized 

** 

*Electrically separate from Unit 2 

*Electrically separate from Unit 2 

** 

** 

*Under direct control of Unit 2 Operations Staff because of location inside of Unit 2 restricted access area. 
**Under direct control of Unit 2 Operations Staff because of locks. 

c.v 
I 
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Table 4.1 

DRESDEN UNITS 2/3 INTERFACE EQUIPMENT CONSIDERATIONS (Cont) 

Item 

4. lG KV Auxiliary 

lntertie between Unit 3 bus 34-1 to Unit 2 
bus 24-1 

Tie from Diesel Generator 2/3 to Unit 3 
bus 33-1 

Tie from Diesel Generator 2/3 to Unit 2 
bus 23-1 

Ties from Unit 3 busses 33 & 34 to Unit 3 
Circ and Svc. Water Pump 

Reactor Bldg. Ventilation 

Unit 3 Exhaust 

Unit 2 Refueling Floor 

Unit 3 Diesel Generator Cooling Water 
Pump 

Unit 3 Diesel Generator Fuel Oil 
Transfer System 

Unit 3 Containment Cooling Water 
Suction 

Unit 3 Steam Jet Air Ejector Discharge 

Unit 3 Gland Seal Exhauster Discharge 

Unit 3 Condenser Vacuum Pump 
Discharge 

Unit 3 Circulating Water 

Makeup Demineralizer 

Location 

Units 2/3 

Unit 3 

Units 2/3 

Units 2/3 

Unit 3 

Unit 2 

Unit 2 

Unit 3 

Unit 2 

Unit 3 

Unit 3 

Unit 3 

Unit 2 

Unit 2 

Status for 
Unit 2 Startup 

De-energized 

De-energized 

Available 

Complete 

Complete 

Complete 

Complete. 

·In service 

Complete 

Complete . 

Complete 

Complete 

Complete 

In service 

Remarks 

** 

** 

*Protected by bus duct and elevated 
path 

Isolation valves and ducting between 
isolation valves and stack complete 

*Inlet ducts blanked off and outlet 
·dampers locked closed. Pressure 
sensors for bldg. pressure control 
relocated 'to lower floor level. 

* 

**Required for Fire-pump diesel and 
Heating Boiler Startup fuel 

* 

**Complete between isolation valve and 
stack and drains to radwaste 

**Complete between exhaust discharge 
to stack 

**Complete between pump discharge and 
stack 

* 
* 

Radioactive Waste Treatment Unit 2 In service *Unit 3 interties isolated** 

*Under direct control of Unit 2 Operations Staff because of location inside of Unit 2 restri~ted access area. 
**Under direct control of Unit 2 Operations Staff because of locks. 

w 
I 
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Table 4. 1 

DRESDEN UNITS 2/3 INTERFACE EQUIPMENT CONSIDERATIONS (Cont) 

Item 

Standby Gas Treatment 

Heating Boiler 

Fire Water 

Service Water 

Instrument and Service Air 

Unit 3 Reactor Water Cleanup Drain 

Unit 3 Fuel Pool Equipment 

RB & TB Closed Cooling Water Intertie 

Radwaste Air Sparging Compressors 

Acid and Caustic Transfer 

Cardox C0
2 

System· 

Location 

Unit 2 

Unit 2 

Unit 2/3 

Units 2/3 

Units 1, 2, 3 

Unit 3 

Unit 2 -

Units 2/3 

Unit 3 

Units 2/3 

Units 2/3 

Status for 
Unit 2 Startup 

Available 

In service 

Available 

In service 

In service 

Complete 

Complete 

Complete 

In service 

In service 

Available 

* 
* 

·Remarks 

Suppl_v equipment* 

Supply equipment* Unit 3 isolation 
valves** 

Unit 2 isolated from Unit 3 * * Back
up to Unit 2 from Unit 1 * 

**Piping between Unit 2 drain and isola
tion MO valve complete 

*Derhineralizer, precoat filter and 
related piping complete electrically 
and mechanically 

** 

Controls* 

Tank and controls* 

*Under direct control of Unit-2 Operations Staff because of location inside of Unit 2 restricted access area. 
**Under direct control of Unit 2 Operations ·Staff because of locks. 
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QUESTION 

B. 4 In answers 5. 2 - 5. 7, Amendments 7 and 8, and their supplements, you indi

cated that an analysis has been performed to predict moisture carryover to the 

turbine and that carryover is within turbine limitations when the HPCIS is re

quired to operate. You further indicated that failures of the turbine when slug 

flow occurs would not result in excessive radiation releases. To support these 

conclusions, please provide the following information. 

a. A description of the model used to predict moisture carryover and slug 

flows for steam and liquid breaks and an analysis of expected carryover 

and slugging as a function of break size. 

ANSWER 

Our analysis does indeed indicate that moisture carryover is within turbine 

limitations. Further, our analyses, supported by the main stea,m line isolation 

valve tests, show that slug flow would not occur even if the level does rise to 

the steam line elevation. The nature of two-phase mixture flow was described 

in Jersey Central Amendment 34, Question #6, Section 1.1 and APED-5750, 

''Design and Performance of General Electric Boiling Water Reactor Main Steam 

Isolation Valves", Section 3. 2.1,. 3. 2. 6 and 5. 4, and it was demonstrated that 

slug flow will not occur. 

Gross failure of the HPCI pressure boundary cannot occur because the level 

does not rise high enough to allow significant moisture to enter the steam line 

and therefore no solid water slugs would be formed. Furthermore, even if a 

steam/mixture interface is hypothetically postulated to enter the line, it would 

disperse and form a gradual steam/mixture transition region~ Finally'· a two

phase mixture does not cause pressure surges which are significantly higher than 

for steam. Therefore, even if two-phase mixture did.carryover to the HPCI tur

bine, it would not result in water slugs which would cause gross failure of the HPCI 

pressure boundary. A description of the model and phenomena description 

follows below: 

(1) Following a primary system break, the position of the level in the 

separation region outside the core shroud and separators is determined 

by the volume of mixture in this region at any time. At the start of the 
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1 transient, the total mixture volume is known from the position of the water 

level and the separation regfon geometry (free surface region around 

separators). This volume is continuously integrated in the model simula

tion of reactor blowdown so that level can be tracked. 

The rate of change of mixture volume at any time is evaluated from the 

various flows to and from the separation region. These flows are: 

1. Separator flow 

2·. F1ow to the downcomer 
. . 

3. Free separation of steam from the surface 

The ability of the steam separators to perform their function is dependent 

on level. When. tracking the level after a steam break, it is assumed 

that separator efficiency becomes zero whenever the level reaches the 

top of the separators.· This is doubly conservative in that- a) the model 

ignores the steam 'tunneling' which will occur when the level is only 

slightly above the separators, and b) the steam flow from the upper 

plenum is injected into the entire mixture volume. This minimizes the . 

quality of any two-phase blowdown. 

Both the total separator flow and the flow to or from the downcomer are 

calculated from the current pressure differences. Each of these regions 

is a pressure node in the overall reactor model; internodal flow calcula

tions include momentum effects. 

During the transient, the rate at which steam is separating from the 

surface of the mixture is determined from the current surface area, 

the surface quality, and the bubble rise velocity. To maximize any 

level swell and to minimize the quality of any two-phase carryover to 

the steam lines, it is assumed that the mixture is of uniform quality. 

In fact, the surface quality would be higher than the average and the free 

separation rate thus g7eater than that calculated. A bubble rise velocity 

of 1 ft/ sec is used which is conservative because it results in faster and 

higher level rise than if a faster bubble rise velocity is used.· 
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(2) The depressurization rate associated with breaks below the water surface 

is much less than that produced by steam breaks. Even for the maximum 

liquid break, the level does not rise above its initial value. 

The ECCS performance bar chart· (FSAR Figure 6. 2.1) shows that for 

pipe breaks above the water surface, the HPCIS is required only for 

breaks smaller than 0.13 ft2• · However, an~lysis of moisture carryover 

to the HPCI turbine was based on the original value of O. 2 ft 2 which was 

presented in the "c:>ld" core cooling model. Therefore it must be em

phasized that the following analysis is conservative with respect to the 

expected level rise corresponding· to 0.13 ft2• The level rise transient 

for o. 2 ft2 break inside the drywell is shown in Figure B. 4. L The break 

inside the drywell could result in a more severe transient level response 

than the break which is outside the drywell because auto relief could be 

initiated by the combined reactor low-low level and high drywell signals 

maintained for 2 minutes. A break outside the drywell would not result in 

a high drywell pressure, therefore auto relief would not be initiated. 

The level rise presented in Figures B. 4~ 1 and B. 4. 2 show that the. two

phase mixture level in the dryer annulus (=10 in. above NWL due to dryer 

.6.P) is above the bottom of: the HPCI line for only four seconds during the 

initial part of the transient and that initiation of auto relief after about two 

minutes does not cause the level to reach the HPCI steam line. Therefore, 

the only period that must be considered with respect to HPCI moisture 

carryover is the fi.rst 2-6 seconds, and during this time, the HPCI system 

is ·not yet operating. This is because about 2 seconds is required to get 

the high drywell pressure signal and an additional 10 seconds until control · 

valves start to open and admit steam. Sinc.e the HPCI line is closed when 

mixture level reaches the line, no mixture is drawn into the line by steam 

flow. :{Iowever, some mixture will flow into the HPCI line by gravity 

while the water level is above the pipe line elevation. 

The mixture flow into the steam line when the mixture level exceeds the 

HPCI line elevation is shown in Figure B. 4. 2. The total integrated mass 
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entering the steam line is only 75 lb of mixture. Initially, this mixture 

will flow into the line as a stratified steam on the bottom of the pipe 

since there is no steam flow. Within 30 secon~s after the break, the 

steam velocity will increase to 32 fp~ because the turbine admission 

valves have opened. 

This velocity is sufficiently high that gradual moisture entrainment 

would be expected, particularly since the HPCI steam line is about 350 ft 

· long and includes vertical sections totaling about 85 ft. The most probable .. 
sites of moisture entrainment would be at each of a series of five vertical 

sections ranging in length from 8 ·to 26 feet. 

It is considered unlikely that the stratified flow could all be entrained at 

one vertical section. However, if this was postulated to be the case, ·the . 

entrainment rate would be only 4 lb/ sec, even if the stratified fluid was 

. flowing 1-inch d~ep in the bottom of the line. Therefore~ even with com

plete entrainment of the stratified stream at one vertical section, the 

resulting two-phase slip flow mixture would have a flowing quality of 

O. 91. The application of slip (annular) flow theory for this flow condition 

is confirmed by Figure 8. For the expected HPCiline mass velocity, 

the mixture flow is shown to definitely be in the annular flow regime. 

The fact that annular flow is established also demonstrates that "slugging" 

is not a concern. This is further discussed in a foll?wing paragraph. 

It is more likely,. however, that total entrainment would occur over at least two 

or three vertical sections rather than all in.one section. In this case the en

trainment rate would be considerably reduced anq the resulting two-phase mix

ture quality would be correspondingly increased. Therefore, the mixture quality 

reaching the HPCI turbine would more likely be O. 96 (4% moisture) or more. 

As discussed in Question B.4.bthe HPCI turbine can tolerate 5-10% moisture. 

For larger breaks (above the water level) than O. 2 ft2, the level rise would be 

higher and the moisture content at the HPCI turbine would be greater; however, 

analytically and experimentally it has been shown that no solid water slugs will 

form over the entire break spectrum and no gross failure of the HPCI pressure 

boundary will occur. 

B.4-4 
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First, it has been analytically shown that two-phase mixture carryover to the 

HPCI steam line would be of low moisture content for the largest break that 

requires HPCI operation (0.13 ft2) because the mixture level reaches the HPCI 

steam line elevation for only a short time (less than 4 sec) and only a small 

amount of mixture (less than 75 lb) could enter. The amount of moisture that 

could enter the line would be small because HPCI turbine admission valve is 

still closed for about 12 seconds· after the steam line break occurs. Therefore, 

the mixture would not be drawn into the steam line by HPCI steam flow. By the 

time the turbine admission valve begins to open, the- water level in the vessel 

would have dropped below the elevation of the HPCI steam line because the 

contro.l system reduces feedwater flow in response to the increased water lev.el 
. . 

and reduces turbine steam flow in response to the decrease in vessel pressure. 

When the admission valves do open, the small amount of saturated two-phase 

mixture that may have entered the line would mix with the incoming steam, 

giving a high quality two-phase mixture by the.time the mixture reaches the 

HPCI turbine. Flashing in the HPCI steam line due to line pres·sure losses · 

would also increase the mixture quality, but this was neglected in the analysis. 

It is concluded that solid water slugs are not formed and therefore cannot cause 

a gross failure of .the pressure boundary. 

Second, even if it is postulated that the mixture level is above the steam line 

elevation when the turbine admission valves are open, as might be the case for 

steam line breaks above O. 2 ft2, it would still not be possible to form solid 

water slugs in the steam line. If anything, flashing due to the static pressure 

drop at the inlet and other focal losses would tend to increase the mixture 

quality and provide turbulent mixing. The nature of two-phase mixture blow

down flow was. diScussed in Jersey Central Amendment 34, Question #6, Section 

1. 1, and it was demonstrated that slugs will not occur. 

Third, it has been experimentally demonstrated that the pressure rise caused 

by sudden deceleration of a two-phase mixture, such as _might occur in the HPCI 

turbine for the case under discussion, is not significantly higher than the pres

sure rise for steam. This experiment was discussed in Jersey Central Amend

ment 33, Appendix A. The pressure rise was measured following closure of a 

fast-acting valve (typically 50 milliseconds). Since the acoustic transmission 
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time to the vessel and back to the valve was 70 milliseconds, the valve closure 

was essen~ially instantaneous. Thus it is concluded that even if two-phase mix

ture did enter the HPCI steam line, no significant pressure rise would occur at 

the turbine since this deceleration would be less severe than the instantaneous 

deceleration used in the experiment, and therefore that no gross failure of the 

pressure boundary could occur due to "slugging". 

Fourth, additional experimental data is also provided by the main steam isola

tion valve test which was reported in APED-5750, "Design and Performance of 

General Electric Boiling Water Reactor Main Steam Isolation Valves," Section 

3. 2.1, 3. 2. 6, 5. 4. Reactor transient analysis is discussed in Section 3 and. 

comparison to experimental data is made in Section 5. The transitfon flow tests 

were started with an established steam/water interface. Even so, the measured 

pressure ris·e at the valve indicates that the interface had dispersed by the time 

it reached the valve. Furthermore, the experiementally measured pressure 

rise was only about one-third of the analytically calculated value which was 

based on a discrete steam/mixture interface. Therefore it is concluded that 

even .if a water slug did enter the HPCI steam line, it would disperse before 

reaching the HPCI turbine. 

For breaks smaller than O. 2 ft2, the moisture carryover would be within HPCI 

turbine tolerance. For the 0.13 ft2 break and smaller, which is based on the 

revised HPCI performance chart (Figure 6. 2.1, FSAR) would require HPCIS 

operation, the moisture carryover would be less than that corresponding to 

O. 2 ft2 break used for this analysis. 

For breaks below the water surface, the level will decrease below the initial 

level and therefore is not a concern with respect to moisture carryover to the 

HPCI steam line. 

QUESTION 

B. 4 b. Turbine design specifications and limitations with respect to moisture carry

over and water slugging. Relate expected performance to break sizes. 
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ANSWER 

Water slugging, as discussed in Question B. 4. a, will not occur. Any moisture 

entrained will be homogeneous and not in the form of slugs. 

The turbine w:;i.s specified for operation with dry, saturated steam~ The tur~ 

bine is of a class normally used in extraction steam applications where con-. 

tinuous operation with moisture content as high as 5-10% is encountered. For 

example, although not measured quantitatively, the following experiences are 

pertinent: 

(a) Boiler feed turbines of similar design are known to run continuously 

with moisture qualities as high as 5 to 10%. 

(b) The low pressure turbine of the main turbine operator unit normally 

runs with moisture qualities as high as 3 to 15% on a continuous basis. 

· The key point is that slugging cannot occur as proven experimentally even 

for very gross carryover. Therefore since carryover "is homogeneous in 

nature, the above experience leads to the conclusion and judgment that the· 

HPCI turbine will perform this service over the quality ranges expected up to 

the largest break for which it is needed, especially sinpe this condition only 

occurs for a short time. 

As discussed in B. 4. a, the moisture carryover to the HPCI steam line due 

to rising mixture level would be approximately 75 lbs of two-phase mixture 

for a steam line break of o. 2 ft
2

, and would result in two-phase mixture of less 

than 5% moisture at the HPCI turbine. Smaller steam breaks would result in 

less carryover. For steam line breaks the HPCI function is only required for 

breaks smaller than 0.13 ft2• Therefore for those breaks which would require 

the HPCI system operation, two-phase mixture carryover to the HPCI steam 

.line would result in moisture entrainment which is within turbine moisture 

limitations. 
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For break sizes larger than O. 2 ft
2, the moisture carryover would increase. 

However, as discussed in answer B. 4. a, solid water slugs will not be formed 

and no gross failure of the pressure boundary can occur. 

For breaks below the water surface, the water level decreases so carryover 

to the HPCI steam line is not a concern. 

QUESTION 

B. 4. c. The analytical and experimental bases for assuming that carryover and slugging 

will not cause gross failure of the HPCIS pressure boundary. 

ANSWER 

As indicated in answer to Question B. 4. a, it has been shown analytically and 

experimentally that slugs cannot form. The answer to question· 5. 5 in Amend

ments #7 and 8 provides the analytical and experimental bases for concluding 

that the HPCI pressure boundary will not fail even if it is hypothetically 

postulated that carryover or slugging were to occur. To our knowledge there 

is no other information available in the public domain. 

QUESTION 

B. 4. d. Your model for calculating radiation releases in the event of pressure boundary 

failures, including assumptions for the source terms (steam activity and leakage 

rate). 

ANSWER 

Allalytically and experimentally it has been shown (Question B. 4. a) that it is 

not possible for solid water slugs to enter the HPCI turbine. Therefore, failure 

of the turbine casing is not possible and no calculation of radiation release has 

been made for this hypothetical situation. Ingestion of two-phase mixture could 

result in a thrust bearing failure as discussed in Dresden 2, 3 Amendment 7 /8 
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and 10/11. If the gland seal condenser also failed, .then a small amo'unt of 

leakage could occur through the shaft seals (also discussed in Amendment 

10/11). It should be noted that our response to Question 5. 5 in Amendment 7 

addresses itself to the question of "water slugs" only because this was specifi

cally requested in the question, and not because it is a possible.occurrence. 

Calculation of radiation release for shaft seal leakage was based on the follow- . 

ing source terms: 

1. Total Coolant Activity of 2. 4 µc/cc 

2. A release to the secondary containment of 550 lbs of steam which was 

assumed to have associated with it the total activity consistent with 

550 lbs of liquid. 

3. Release of activity to the environment via the standby ·gas 'treatment 

system (filter efficiency for iodine of 99%) and the 95 meter stack. 

4~ In addition to the activity associated with the vaporized liquid, O. 01 

curies of noble gas activity are also released to the environment. 

QUESTION 

B. 4. e. The design requirements and specifications of the steam line isolation valves 

with respect to slug flow. 

ANSWER 

Analytical and experimental results (B. 4. a) have shown that no solid water slugs 

will reach the isolation valve. The MSN test demonstrated that the valve will 

close even if blowdown begins with an established water/steam interface. 

Therefore, design specifications for the isolation valves do not include this flow 

condition as a requirement. 

49, 141? 
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QUESTION 

B. 4. f An analysis of the ability of the steam flow sensors to reliably detect moisture 

carryover and slugging and an identification of the break sizes for which the 

sensors would initiate HPCIS isolation. Show that failures of any single compo

nent will not prevent isolation of the system. 

ANSWER 

General 

The HPCI steam line isolates by high flow indicative of an HPCI steam line 

break. The high steam flow trip setting is selected high enough to avoid spur

ious isolation, yet low enough to provide timely detection of an HPCI steam line 

break. The isolation trip set-point is 3 times maximum rated flow, correspond

ing to a break size of approximately 0. 05 square feet at the maximum operating 

pressure of 1135 psia. 

The flow sensors are differential pressure type sensing the differential pressure 

across elbow taps on the 10 inch schedule 80 elbow in the HPCI steam line. 

Flow Analysis 

The differential pressure (dp) across the elbow taps at turbine rated flow of 

145, 000 lb/hr of steam at 1135 psia, and at turbine rated flow of 102, 500 lb/hr 

of steam at 165 psia is below the isolation trip setting. 

The isolation trip is set for 3 times the high pressure rated flow, or 435, 000 

lb/hr of steam at 1135 psia. Analysis show that only 3000 gpm of saturated 

water would be required to produce the isolation trip differential pressure. 

The sensor is designed to produce a signal indicative of steam flow. As such, 

it does not give a reliable indication of moisture carryover. However, should 

a water slug occur and pass down the HPCI steam line at a velocity near that of 

rated steam flow, an isolation signal would definitly be generated. 
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Single Failure Analysis of HPCI Isolation System 

The isolation control function includes the sensors, trip channels, switches and 

remotely activated valve closing mechanisms associated with the valves in the 

HPCI steam line, which when closed, effect isolation of the primary contain

ment or reactor vessel, or both. 

1. Flow. There are two flow sensors of the differential pressure type, both 

connected across a single set of sensing lines across the steam line 

elbow within the primary containment vessel (drywell). The flow sensors 

are electrically connected to the isolation system such that a trip in 

either one or both sensors will initiate isolation. A failure of one sensor 

in the trip mode will initiate isolation. A failure of one sensor in the 

non-trip mode will neither initiate isolation nor prevent the other sensor 

from initiating, isolation on high flow. 

A failure of the low pressure (reference) flow sensing line will appear as 

high flow to both sensors and initiate isolation. A failure of the high. 

pressure flow sensing line will drive both flow sensors doWn scale 

appearing as instrument failure (below zero reading on one or both 

sensors) and initiate isolation. Both flow sensors will read zero in event 

of failure of both flow sensing lines and neither will initiate isolation, 

however backup is provided by the pressure sensors described in the 

next paragraph. 

2. Steamline Pressure. There are four static pressure sensors piped to 

the same sensing lines as the flow sensors and connected in a one out of 

two-twice logic that will initiate isolation in event of simultaneous failure 

of both sensing lines or upon low steam line static pressure. It is clear 

that no mode of failure of pressure or flow sensing devices will prevent 

isolation although inadvertent isolation will be initiated {or some modes 

of failure. 

3. Temperature. The HPCI steam line isolation valves are also closed 

by high space temperature in the HPCI equipment compartment. Sixteen 
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bimetallic temperature switches are used for this function. The sixteen 

sensors are grouped, four to a group and each group is connected in a one 

of two--twice logic to provide the isolation trip. The trip setting is 140°F 

to alarm and 200°F to automatically close the valves. Both settings are 

well above the expected ambient condition; but low enough to detect 

steam line leakage. Failure of any one sensor or group of sensors does 

not prevent isolation by the other sensors. 

4. Isolation Valves. There are two valves in the steam line for isolation 

service; one inside primary containment and one outside •. The outside 

valve is a d-c powered motor operated valve taking power from the 

station batteries. The inside valve is an a-c motor operated valve that 

is powered from the standby a-c systems. The power and control wiring 

to the ·two valves are physically separated and run by separate routes to 

the control cubicles. At least one valve will close when system isolation 

is required. 

5. Other Isolation Considerations. The turbine stop valves that close off 

the steam line for system control purposes are not reactor safety 

related, but do offer a secondary means of isolating the steam lines. 

The turbine and stop valves close as follows: 

A. Reactor high water line trips the HPCI turbine stop valves upon 

an increase in normal operating level of approximately 12 inches 

of water. This trip point is about 90 inches below the steam line 

outlet from the reactor. The stop valve is designed to close 

within less than 5 seconds following trip signal. The turbine 

control valve also closes as a result of stop valve closure so that 

a double valve closure of the line is effective under trip conditions. 

B. Pressure switches in the turbine exhaust line trip3 the stop valves 

upon high exhaust line pressure. In the event of two-phase 

mixture carryover with enough moisture to cause failure of the 

turbine thrust bearing, the turbine exhaust pressure would 

increase and initiate closure of turbine stop valves to isolate the 

turbine. 
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QUESTION 

B. 5 Provide the results of an evaluation regarding the likelihood of actuation of the 

automatic pressure relief system -following a loss of off site power. Describe 

· drywell pressure and reactor vessel water level as a function of time, and con

sider single system failures. Include the effects of reduced diesel availability 

in the event of a design basis accident in one of the units. Based on our pre

liminary review of this transient, it appears to us that reliance is placed on 

utilization of engineered safety features to prevent actuation of the auto-relief 

system for anticipated transients. What consideration has been given to in

corporation of an alternate reactor water level actuation signal that was identified 

· as triple low level for the Oyster Creek and Nine Mile Point plants ? 

ANSWER 

A loss of offsite power is not considered to be an anticipated transient. In fact, 

a loss of offsite power to a generating unit has only occured once in the entire 

-history of Commonwealth Edison Company and therefore, the loss of off site 

power is an abnormal transient. 

There are no combinations of circumstances, using the single failure crit~rion, 

which will cause automatic actuation of the automatic relief system under the 

severe accident conditions specified above. Consideration was given to all 

possible single failures, the major failures considered being (1) failure of the 

High Pressure Coolant IIijection System (HPCI), (2) failure of the isolation 

condenser, or (3) failure of the one available emergency diesel-generator 

(the other two diesel-generators were assumed to. be unayailable due to a design 

basis accident on the other unit). 

Our analysis has shown that the most severe case (i.e., the case for which the 

auto relief system comes closest to being actuated) is the G('.l.Se with the single 

failure.of the emergency diesel-generator. This case is the most severe because 

the loss of the diesel-generator means no power will be available to the reactor 
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in question. Thus high drywell pressure signal will occur due to loss of the 

drywell fan-coolers which would have normally been automatical~y loaded on to 

the emergency diesel-generator. This is significant because the high drywell, 

pressure signal is one of the two signals required to actuate the 120 second auto 

relief timer. With the high drywell pressure signal satisfied, only the low-low 

water level signal is required to actuate the 120 second auto relief timer", after 

which time the auto relief valves would be opened unless the low-low water level 

signal is deactivated by raising the water level beyond the trip point, or the 

operator over-rides the automatic blowdown manually. 

This particular accident was analyzed in detail and for all cases the water level 

will recover and this deactivate the Auto-Relief initiation signal before the 

120 second timer runs out. Thus the signal is not sealed in and the valves will 

not open. 

Consider the· following description of the accident. The major events that occur, 

but not necessarily in sequence, are as follows: 

1. Design bsis accident occurs in one of the two reactors. 

2. The second reactor in question is operating normally until it loses 

AC power and load on the generator; pumps coast down. 

3. Turbine protection system closes turbine stop valve, opens bypass; 

reactor scrams. 

4. High condenser pressure causes bypass valve to shut, and reactor 

is isolated. 

5. Pressure rises, relief valves open on high pressure and isolation 

condenser actuates. 

6. Diesel is signalled to start, but. fails to supply power (single failure). 

, 7. Drywell pressure starts to rise as fan-coolers coast down. 

8. Water level drops as mass is lost through the relief valves performing 

their pressure relief function only. 

9. . HPCI is actuated by either high drywell pressure of low-low water 

level, whichever occurs first. 
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10. Auto relief timer is actuated when both high drywell pressure and low-low 

water level trips are satisfied. 

11. HPCI restores water level, deactivating the auto-relief timer before 

the valves are actuated. 

It is very significant to note that the HPCI will be actuated. either by high 

drywell pressure of low-low water level, while both signals are required to 

start the auto relief timer. Therefore, if one of the trip signals occurs before 

· the 'other one, the HPCI will have a head start on the auto relief system equal 

to the amount of time separating the occurence of the two singals. Therefore, 

the minimum margin (i. e. , the maximum amount of time used up on the auto· 

relief timer) will only occur when both trip signals (high drywell pressure 

and low-low water level) occur at the same time. 

Considering the above accident, the minimum margin for two cases (HPCI 

alone and HPCI plus isolation condenser) would be on the order of one minute. 

This is the time remaining on the auto relief timer when the actuation signal 

is blocked by recovering the water lev.el back above the trip point: The results 

of the analysis which show this margin are shown in Figure B. 5.1. 

Figure B. 5.1. shows water volume vs time after scram for the loss of AC 

power accident under consideration. A complete description of the analysis 

used to calculate water volume vs time can be found in Section 6. 0 of the FSAR 

and also in Amendments 10/11. 

For the HPCI alone case, the low level trip was reached 53 seconds after scram 

and recovered at 107 seconds. Therefore, the minimum amount of time 

remaining on the auto relief timer would be 66 seconds. With the isolation 

condenser also operating, the time to reach low-low water level is delayed 

until 110 seconds after scram because the energy being removed by the con

denser reduces the amount of water lost through the relief valves. The water 

level is recovered at 172 seconds, therefore, the minimum time remaining on 

the timer would be 58 seconds. 

I 
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The time it takes to reach the high drywell trip setting is an important considera

tion in that it determines the reasonableness of the assumption used to define the 

minimum margin situation, i.e. , high dryweU pressure occurs at the same 

time as low-low reactor water level. It does in fact require conservative 

calculations, i..e., neglecting heat absorption by the drywell walls and fan-

cooler coastdown, to calculate times on the order of the one to two minutes 

which are required to meet the minimum margin criterion. Figure B. 5. 2 

shows just such a conservative calculation. The high drywell trip pressure will 

be reacted in from one and a half to two minutes after the start of the transient, 

depending on the initial condition, under the assumption of no energy removed 

from the drywell during the transient. Leakage into the drywell can be 

considered by reducing the time to reach the trip setting by 5 seconds per 

gpm of steam leakage or 2. 5 seconds per gpm of liquid leakage. Longer times 

could also be calculated by considering such effects as fan cooler coastdown 

and heat transfer to the drywell walls. But it is conservative to assume the 

high drywell pressure trip point could be exceeded at the same time as the low 

level trip, was done in this analysis. 

The evaluation of the other two major single failures (HPCI or isolation con

denser) would could occur showed that they have more margin in terms of auto 

relief actuation than the failed diesel-generator case just discussed. The· 

reason they have more margin is because the emergency diesel-generator 

would be available to drive the drywell fan-coolers and therefore prevent a high 

drywell pressure trip from occuring, without which automatic actuation of the 

relief valves cannot occur. Either the HPCI or the isolation condenser alone 

can remove the decay heat from the reactor and maintain water level above the 

top of the core for the postulated loss of auxiliary power accident. Eventually, 

some makeup for shrinkage and leakage will be required for the isolation con

denser alone case, but not for about two hours beyond the start of the accident, 

and then, since the emergency diesel is available, the control rod drive pumps 

could be used to provide the makeup required. 

Therefore, it is seen from the above analysis that no single failure for the 

improbable series of events postulated will lead to the actuation of the auto-



e 
2.4 

2.2 

2.0 

1.8 

1.6 

,-... 
(/) 1.4 Cl. 
'-' 

UJ 

"" Cl:: . 1.2 
UJ 
Cl:: 
:::::> 

"" "" UJ 1.0 Cl:: 
a... 

0.8 

0.6 

0.4 

0.2 

0.0 
0 20 40 60 80 

MIN. TRIP 

HEAT LOAD: 3 MB tu/hr CONTINUOUSLY 
2 MBtu/HF FOR 10 sec 
NO HEAT FLOW OUT 

100 120 140 

TIME AFTER LOSS OF AUXILIARY POWER (sec) 

'160 

FIGURE B.5.2 DRESDEN CONTAINMENT PRESSURE RESPONSE TO LOSS OF NORMAL AUXILIARY POWER 
••• ,J ., AND EMERGENCY DIESEL POWER (NO DRYWELL COOLING CAPABILITY) 

180 

-



D2, 3 B. 5-5 

relief valves. For the auto-relief valyes to actuate would require failure of the 

HPCI as well as the diesel. For relief valve actuation to occur further requires 

the assumption that the operator has taken no action to over-ride the auto-relief 

function in spite of the many indications that no AC power is available. There

fore, additional automatic protection is not needed. 

It can be concluded from the foregoing analysis that a triple low water level is 

not required, i. e. , the triple low water level was considered but was discarded 

based on the analysis presented. 
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The most sensitive leak detection system will be the air sample system. A 

continuous air sample will be drawn through a sample probe from the area of 

the steam tunnel through a fixture which contains a filter. A control valve will 

be set to maintain an air flow of one to two cubic feet per minute. This flow is 

maintained by a vacuum pump. The filter will be changed on a periodic basis; 

the filter will be counted for gross beta activity. Changes in activity from the 

previous filter activity would be indicative of the development of a leak. 

This air sample system is based on the successful operation of a similar 
' 

system used on Dresden Unit 1. · That system has detected leaks in the range 

of cubic centimeters per minute. 

Power plant operation both nuclear and fossil has shown that valve packing 

glands represent a major source of leakage. The four outboard main steam · 

isolation valves have been provided with leak off lines from their stuffing 

boxes. Failure of pa~king would be indicated by steam and water flow through 

these lines and through remote flow glasses. By checking these flow glasses 

it is possible to determine which valve is leaking. 

For larger leaks a temperature monitor system is also employed. There are 

four resistance temperature detectors located in different parts of the steam 
. . 

tunnel; any one of the four will alarm in the Control Room on high temperature. 

As an automatic back up system to handle larger steam and feedwater leaks,a 

system is employed which will send a trip signal to Group 1 isolation valves. 

These valves are the main steam isolation valves, main steam line drain, 

isolation condenser steam vent line and recirculation sample line. Operation 

of the main steam isolation valves will scram the reactor. 

The system consists of sixteen bimetallic temperature switches located within 

the steam tunnel. Four switches are used in each instrumentation subchannel. 

Two subchannels form one trip channel. The logic is a one out of two taken 

twice. 
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QUESTION· 

B. 7 Describe your plans for iri-service inspection and means of local leakage 

detection for assurance that the likelihood of failure of the main steam and 

feedwater lines is small. In addition, describe in detail the quality assurance 

and control measures that were employed for these lines and in particular to 

those .portions located in the drywell .. 

ANSWER 

Ideally, frequent visual inspection by trained operating personnel of the main 

steam and feedwater lines would provide the means for detection of small 

leaks. Due to the steam lines being high sources of radiation and the proximity 

of the feedwater lines to the steam lines visual inspection is possible only at· 

low reactor power for those lines outside the drywell, and with the reactor 

subcritical for those lines inside the drywell. 

This answer will address itself only to those portions of the steam and feedwater 

lines external to the drywell. T.he answer to Question B.14 will cover the 

problems of leak detection within the drywell. 

The quality assurance and control measures which were employed for the 

main steam lines and feedwater lines are described in detail in the answer 

to Question B.16. 

The area of critical concern for the steam lines. is between the drywell pene

tration and the turbine stop valves,- ·and for feedwater lines between the drywell 

penetration and the outlet valve of the top feedwat~r heater. This piping of 

critical concern ts contained in a compartment called the steam tunnel and 

other portions are located in the turbine building. 
{ 
\ 

Various remote leak detection and leak location systems have been provided 

so the Operator has the necessary intelligence to determine that a leak has 

developed-and its possible source. A back-up system is also provided which 

automatically takes action if a serious leak were to occur. 
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For the steam lines in the turbine building a remote leak detection system is 

used. A total of thirty-eight areas in both Units 2 and 3 turbine and radwaste 

building are provided with sample points which permit continuous air sampling. 

For each unit,12 of these sample points will monitor areas containing steam 

lines. 

For the Dresden Units, the use of the air sample system will provide a very 

sensitive system for the deteCtion of very small leaks for all steam and feed

water piping external to the drywell. Once a leak has been detected,increased 

surveillance of the affected area would be initiated to monitor ·the rate of 

leakage change. With Commonwealth's electrical system conditions permitting, 

a load reduction would be made so man entry into the area having the leak 

could be made. Once the leak is focated an assessment can be made of the next 

course of action, repair the leak, isolate the affected section, or shut the unit 

down if the source of leakage presents a problem to plant safety. 

4-J. lb/ 
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QUESTION 

The answer to Question III. K, ,regarding the control room, in Amendments 9 

and 10 is incomplete. In view of the complexity of the geometry involved, pro

vide drawings to show that the stated amount of shielding is available, and 

that the geometry does not permit significant leaks of radiation from critical 

directions. 

Indicate on the drawings the direction from which radiation reaches the control . 

room when there are radiation sources pres:ent in the Unit 2/3 reactor building • 

Describe the design features of the control room ventilation system with regard 

to margin to accommodate various radiation sources. 

ANSWER 

(Reference drawings are CRS 1, 2, 3, 4, and 5) 

Unit 2 or Unit 3 LOCA 

The Unit 2, Unit 3 control rooms were designed to provide occupancy during any 

design basis accident. The defined radiation design limit for the control rooms 

was O. 5 rem in any 8 hour period. The design basis accidents are defined i~ 

the Preliminary Design and Analysis Report Volume I Section XI. 5. The acci

dents which are significant for control room design are the fuel loading accide.nt 

Section XI. 5. 2 and the loss of coolant inside the drywell Section XI. 5. 4. The 

sources for control room shielding are the reactor building airborne fission 

product inventories. The maximum airborne activity for the fuel ~loading acci

dent is cited as occurring within 1 minute of the accident yielding 1.1 x 104 

curies of noble gases and 3. 2 x 103 curies of halogens. The maximum reactor 

building airborne activity for the loss of coolant accident is cited as occurring at 

one day after the accident yielding 4980 curies of noble gases, 350 cu,ries of 

halogeµs, 86 curies of volatile solids and 15 curies of other solids. The airborne 

activities in the reactor building were arrived at using a 10 percent leak rate 

from the reactor containment, radioactive decay, fallout and plate out and a 

reactor building air change rate of 100 percent building volume per day. 
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The analysis of the shield:.design was performed by applying the source as a 

point source. The point source was located at the nearest approach to the 

control room that did not require the radiation to penetrate the concrete walls 

of the reactor building. This point was determined to be a point at columns 39 

and K at elevation 636 feet. The control room point nearest the source point is 

the southwest corner of the Unit 3 control room 178 feet from the point source. 

The source was assumed to be 1 gamma ray per disintegration with an average 

energy of 1. 5 mev. The source was reduced to 12 percent of the total source to 

reflect the fractional part of the reactor building volume visible to the control 

room. 

The least sMelding path from the point source to the control room requires 

penetration through a 6" floor at elevation 561 '-6", the 18" west wall and the 

6" floor of the battery room. Shielding paths from the refueling floor to the 

control room which do not pass through the battery room floor must pass through 

the 3 foot turbine room floor. The exception to this is paths th~ough the tUrbine 

room floor hatch. In this area, the control room west wall has been constructed 

of magnetite concrete yielding an effective thickness of 34. 8" shielding paths 

from the refueling floor to the control room, shielding paths which do not 

penetrate this west wall, must penetrate the 24" battery room ceiling. Shielding 

paths from the refueling floor along column line 38 must penetrate the 18" turbine 

building wall along columnline H, plus the 20" west wall, guard wall to the 

.control room entrance, or penetrate the south wall of the control room, or the 

west magnetite wall of the control room. 

For shielding paths below the refueling floor, the radiation reaching the control -

room must penetrate the walls of the reactor building in addition to the penetra

tion through the walls of the control room. The reactor building north wall is 

4' thick to an elevation of 621 feet, and the east wall is 2' thick to an elevation 

of 613 feet. 

The following table shows the shielding path thicknesses and the calculated dose 

rates for several conditions: 

I 



• Perpendicular thickness (in.) 

Effective thickness (in.) 

8 hr Dose Refueling (rem) 

8 hr Dose Loss of Coolant with 
Containment leak rate at 

D2,3 

WEST 

24 

33.6 

.004 

10%/day (rem) . 036 

Design of Unit 2 or 3 for Unit 1 Accident 

SOUTH 

21 

39 

TOP 

30 

42 

B.8-3 

An additional condition placed on the shield design of Unit 2 or Unit 3 is that the 
' . 

control room will be occupied during an accident in Unit 1. The radiation dose 

design point for this condition remains .at O. 5 rem in any 8 hour period. The 1 

maximum source in Unit 1 is represented by 'the loss of coolant accident. The 

peak averaged 8 hour source for. a total fission product release is 4. 6 x 1018 

mev I sec. It was assumed that the average gamma ray energy was 1. 5 mev. 

This source was located inside of the Unit 1 sphere 320 feet from the control 

room. Attenuation credit was taken for the 1. 25" to 1. 4" thick ste.el shell of 

Unit 1 containment. A self shielding factor of O. 52 was also applied. 

There are only two potential paths for radiation from a point source located 

within the Unit 1 sphere to reach the control room of Units 2 and 3 without 

passing through the Unit 1 control room or the lower levels of the ,Unit 1 

turbine building. One path is through the east wall of the battery room and 

. then through the battery room floor. This path yields an effective concrete 

thickness of 48". The second path is through the magnetite concrete wall on 

the east side of the· Unit 2 & 3 control room south of the Unit 1 control room. 

This path yields an effective path length of 42" of ordinary concrete. 

The following table shows the conditions in control room 2 & 3 following an 

accident in Unit 1. 

Perpendicular thickness 

Effective thickness 

8 hr Dose Rate (rem) 

TOP 

48" 

48" 

o. 3 rems 

EAST WALL 

42" 

> 44" 

O. 3 rems 

49, I&? 

/ 
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Control Room Ventilation System 

Fission products from LOCA in Units 2-3 will be released from the top of the 

310' chimney. Should these fission products reach ground level during a brief 

atmospheric _fumigation condition, the control room ventilation system for the 

three control rooms can be isolated from outside air intake. The ventilation 

systems are designed to operate on a closed cycle.· For a LOCA in Unit 1 

49, /16 

fission products would be released from the steel containment sphere.· Depending 

on wind direction the ventilation systems could be placed on a closed cycle 

operating mode. 
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QUESTION 

B. 9 For the Emergency Gas Treatment System, provide the geometry of the 

charcoal beds, the charcoal content in pounds, and the EVESR charcoal 

absorption data referenced on· page 14. 2-26. A schematic for the normal 

reactor building ventilation system, indicating flow distributions and pressure 

distributions, and identifying the exhaust point should also be provided. 

ANSWER 

The geometry of the charcoal beds is shown on the attached Figure B. 9. 1. 

The charcoal absorbent is contained in twelve cells each containing 45 lb of 

activated charcoal for a total weight of 540 lb. 

The EVESR charcoal absorption data is 99. 8% to 99. 9% at relative humidities 

between 10-15% on organic halogens generation rate equivalent to full power 

operation. 

A schematic diagram for the normal reactor building ventilation system, 
' 

indicating flow distribution and identifying the exhaust point is sho~n on 

Drawing M-269 and attached hereto. 

The pressure distributions are not indicated on this drawing. It is no.rmal 

practice to flow air from points of less radioactiyity to points of greater 

radioactivity. This practice has been used throughout the design of thE:1 

ventilation system. 
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QUESTION 

B. 10 The information and analysis presented on the record concerning reactor 

building leakage in the emergency mode under various wind conditions is in

complete. Provide a complete description of the analytical model used to 

analyze the performance of this system and to produce the curve in Figure III. E. l 

of Amendments 9 and 10. This should include the allowances for leakage in 

· specific areas, the exposed external surface areas of metal siding on each side 

of the reactor building, the assumed wind pressure <;.>n each such surface, 

pressure drops in major components of the exhaust system at design flow, mode 

of system control, changes in the pressure drop distribution which occur when 

the filters reach the maximum design value of pressure drop. Include a basis 

for the 850 cfm infiltration rate at zero wind speed (Figure III. E. l), and a dis

cussion of system conditions which cause flow increases with wind. 

ANSWER 

The model used to analyze reactor building leakage assumes that 2 adjacent sides 

of the building are exposed to the wind, and 2 adjacent sides are on the lee side 

of the building. On the windward side of the structure the stagnation pressure 

will vary from approximately 0. 5 to O. 9 of the wind velocity pressure. Thus, 

in the model the static pressure acting on the 2 adjacent sides on the windward 

side of the building was considered to be O. 9 of the wind stagnation pressure. On 

the leeward side of the building the static pressure adjacent to the building siding 

will vary from -0. 3 to -0. 6 of the wind velocity pressure, therefore the static 

pressure acting was considered to be -0. 5 of the wind velocity pressure. The 

above model represents the worst possible differential effect on the building since 

component effects of the wind velocity vector is not considereci. 

Using the above criteria, the calculated building leakage is then predicated on 

maintaining a building pressure which is 1/4" negative with respect to the 

external pressure on the lee side of the building. Total leakage rates combine 

effects of leakage through the reactor building siding, personnel access doors,. 

railroad entrance door, and the electrical vent duct and piping penetrations. The 
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attached Table B. 1O.1 lists the building leakages under various wind velocities 

from specific areas and for the total structure. This table supersedes 

Figure III. E.1 shown in Amendments 9/10. 

The 85 0 cfm infiltration rate at zero wind speed formerly reported has been 

modified through recalculation to a value of 477 cfm. The basis for the 477 cfm 

leakage at zero wind speed is a summation of air infiltration from .all potential 

leak paths, considering a 1/411 H20 differential pressure across these paths. At 

wind velocities other than zero, the building leakage remains constant on the 

leeward portion of the building and is proportional to the square root of the wind 

pressure on the windward side. 

The reactor building external areas which are covered with siding are: 

North side 

East & West sides 

South side 

300' x 38' 

-120' X·47' 

300' x 47' 

= 
= 

= 

11400 sq. ft. 

5640 sq. ft. (each) 

14100 sq. ft. 

A typical siding detail is shown by Figure 5. 3.1 of the FSAR. 

The pressure drops attributed to the components of the standby gas treatment 

system (SBGT) exhaust train are as follows: 

System Components Pressure Drop Corresponding to 
4000 cfm, in H20 

Suction ductwork up to SBGT 0. 7 

Pressure drop across SGTS equipment 10. 5* 

Pressure drop for flow orifice 2. 0 

Discharge ductwork up to base of stack 2. 0 

Allowance for system head if ventilation 
air flowing in stack 0. 8 

TOTAL 

*With clean filters this .6,p is maintained by throttling suction dampers .. 
As filters become dirty, dampers are opened to maintain 10. 5. Dirty 
filters have a .6.p allowance of 4. O. 
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To maintain reactor building pressure, sensors are located on the exterior of 

the siding ~all on each side of the building above the operating floor level. For 

a wind of any velocity or direction an auction circuit will select the signal from 

the wall sensor with the most negative pressure condition. This signal is then 

sent to a control circuit which will position the suction dampe.rs of the standby 

gas treatment system fans to maintain a negative 1/4" of H20 relative to the 

worst negative pressure. Therefore fan mass flow is varied as a function of 

wind direction and velocity. 
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Table B.10. 1 

Pressure Pressure Piping/Elect. Total 
Wind On Windward On Lee Side Rx Bldg. Siding Door Penetrations, Reactor Bldg. 

Velocity, · Side of Bldg, of Bldg, Pressure, Leakage, Leakage, Leakage, Leakage 
mph in H

2
0* in H

2
0* in H

2
0* cfm cfm cf m cf m 

0 o. 0 o.o -0.25 60 325 92 477 

5 0.011 -0.006 -0.256 62 340 94 496 

10 0.043 -0.024 -0.274 66 365 101 532 

.15 0.094 -0.052 -0.302 74 410 111 595 

20 0.174 -0.096 .;..O. 346 84 470 127 681 t:1 
Nl 

25 o. 271 -0.150 -0.400 97 535 147 779 w 

30 0.390 -0.217 -0.467 113 605 172 890 

50 1.090 -0.600 -0.850 200 905 312 1417 

100 4.340 -2.410 -2. 660 5,75 1720 975 3270 

*Pressures are relative to barometric pressure in an undisturbed atmosphere. 

b:l .. 
~ I-' 

0 
I 
-~ ...._ 

'1 
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QUESTION 

B.11 . We understand that a year of onsite meteorological data taken at elevations up 

to the top of the new stack is available. In view of the complexity of the stack 

emission limits requested for the site, this information should be provided. 

The data should include, if available, a joint frequency distribution of wind 

speed, direction, and atmospheric stability at a level near the top of the main 

stack, as well as at any other levels where significant releases are anticipated. 
' 

In connectiOn with the stacks, the accurate distance from each to the nearest 

edge of the restricted area to the south and northwe.st should be supplied, as. 

well as the distance from each to the nearest corner of the Thorsen farm and 

the edge of the bluff across the river. The status, with respect to Part 20 

definitions of a restricted area, of the corridor to Dresden Dam designated on 

the revised site drawing should ·also be provided.' 

ANSWER 

The installation of meteorological equipment at Dresden Station was completed 

on December 20, 1968. Meteorological data has been collected continuously 

since that date. Monitoring instrumentation is installed at four levels on a 

400 foot guyed tower, the four levels are 35, 125, 300 and 400 feet. One wind 

. transmitter is installed at each level. The ambient temperature is measured 

at the 35 foot level with differential temperatures referenced to this level 

measured at the 125, 300, and 400 foot levels. 

The 1968 annual summary of wind speed, wind direction and atmospheric 

stability distribution for each tower elevation are indicated in the attached 

summary sheets. The unstable category (Pasquill Classes A, B, and C) 

correspond to stability indexes 1 through 3; the neutral category corresponds 

to stability index 4 (Pasquill Class D); and.the stable category (Pasquill Ciass E, 

F and G) encompasses stability indexes 5, 6 and 7. 

Following the summary sheets is a figure indicating the annual wind roses for 

each tower elevation. 
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The monthly summaries of atmospheric stability distribution as determined 

from lapse rate (rate of change of temperature with height) are included 

following the wind rose figure. 

Classification of stability based on lapse rate is as follows: 

Stability Class 

1 (A) 

2(B) 

3(C) 

4(D) 

5(E) 

6(F) 

7(G) 

Rate of Temperature Change 
T' (°F /1000 ft) 

b.T < -10. 3 

-10.3 :5 6T < -9.3 

-9.3 :s 6T < -8.3 

-8.3 :s 6T < -2.6 

-2.6 :5 6T < 8.9 

8.9 :5 6T < 20.4 

20.4 :5 6T 

A description of the Dresden site, ownership and permitted activities are 

covered in Volume I, Section 2. 2. The following table provides the distance 

from· each of the three points of airborne effluent on the Dresden site to the 

points requested in the question .. 

South Northwest Thorsen 
Boundar;y Boundar;y Farm Edge of Bluff. 

ft ft ft ft 

Unit 1 
(Chimney) 2790 2600 2790 . 3850 

Unit 2/3 
(Chimney) 2900 2250 2910 4100 

- Unit 2/3 
(ventilation· Stack) 2650 2450 2670 4250 

The parcel of property which extends in a southeast direction from the Dresden 

Lock and Dam is owned by the State of Illinois. This corridor of land is not 

developed and is accessible only by foot. It is slightly depressed and provides 
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drainage of the surrounding land. Commonwealth Edison does not exercise any 

control over this piece of property. However discussions are underway with 

the State of Illinois to lease this land under an agreement to make this corridor 

a "buffer" strip which would remain idle, and be under control of Common

wealth Edison. 

With this corridor under Commonwealth Edison control, the distance to the 

north boundary from the Unit 2/3 chimney and ventilation stack would be 

2700 feet and 2950 feet respectively. 
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35 foot el9vatlon 
**HOURLY STABILITY INDEX DISTRl~UTION•• TOTAL, NO or oBS• 61123 

•IN PERCENT or TOTAL. OBS• •IN PERCENT or HOURLY OBS• 
HOUR INDEX 1 2 J 4 5 6 7 1 2 3 4 5 6 7 

1 0,12 n,34 0,92 1,60 1,11 0 1 09 o,oo 1,81 8,07 22,11 38,25 26,67 2.11 DoOO 
2 0,09 o,37 0,94 1,41 1,28 0,10 0,04 2,08 8,68 22,22 n,33 30,U 2,43 1, D4 
3 0,12 0 137 0,78 1,44 1,29 0,18 0,01 2,81 8, 71 18,60 U,30 3n,ee 4,21 DI 3!J 
4 0,12 0,40 0,79 1,48 1,28 0,13 o,os. 2' ,.9 9,41 18,82 35,19 3n,u 3,14 D,3, 
5 0, 1:1 0132 0,76 1,42 1,35 0,09 0, 01 J,23 7,19 11,64 34, 77 U,97 2,15 D,36 ,, 0,12 o,34 0,84 1,32 1,42 0,13 0,01 2,81 8,07 20,0D 31,58 3' 104 3,16 0,3' ., o,1n 0,34 0,95 1,44 1,22 0,10 0,03 2,46 8 I O'I 22,s1 34,39 20,12 2,46 0. 'IQ 
e 0,21 o,41 1,0• 1,23 1,16 0,04 Q,QJ 4,98 9,96 25,27 29,89 28 111 11 O'I ft I 'f1 
9 . 0 118 1116 1119 1116 0144 0104 0101 4121 27172 28142 27,72 10. 53 ' lo 05 0135 

10 o,3• 1104 1.20 1,17 0,26 0,03 o.oo 8,33 25,72 29,71 28,99 6,52 Q,72 o,oo 
11 o.41 1126 o,95 1,22 Ot21 0,03 0100 10 I 07 Jo,94 23,38 29,86 5,o4 o.72 0100 
12 160 1136 0192 u,92 0126 0100 0101 14,70 33,33 22,58 22158 6,45 o, on 0136 
13 ,7o 1 138 o,91 o,91 0,25 0,01 o,o3 16,78 :52,87 21,68 21168 5,94 o,35 0 I 'f Q • 14 ,75 1119 1111 U I 'f9 g,18 0,01 0101 11,48 211,35 27,54 19,57 4,35 Q,36 0136 
15 ,5'1 1,23 1,25 u,75 0 ,34 0,01 o.oo ,,:S,'18 29,611 3o;o4 18,02 11,13 Q,35 o,ao 

(:" 1t1 ,62 1110 1,23 1,01 o,31 o,oo 0. 01 14,38 25. 611 211, .,, 23,63 7·119 o.oo 0134 
17 150 1111 1119 1107 0.20 0106 0100 11,81 26,39 28,12 25,35 6194 1139 Ot90 
18 ,45 o,64 1.10 1,23 0,62 0 106 o,oJ 10176 15,28 2s,12 29,17 14158 1.39 o,69 
19 .22 0154 lo OU 1,48 0 ,88 0107 0103 ,121 1218' 23,61 35,07 2n18J 1,74 a.•• 20 ,19 o,44 0,97 1,41 0,92 0125 0,03 4,53 10,45 23,0D 33,45 21,95 5,92 Ii, 70 
21 ,13 0,26 0,98 1,54 1,06 0,19 ·o, D4 3,14 6,27 23134 36,59 25,09 4,53 "'°' 22 ,·1e 0128 0,97 1,42 1,17 0,16 o, 06 4115 6,57 22,84 33,56 27, 611 3,11 1131 
23 ,10 0128 1,04 1,42 1,19 0106 O,OJ· 2,49 6,76 2!1127 :'14 152 21,83 1,42 11',71 
24 .12 012J 0,98 1,73 0,95 0,13 o.o:s 2 1s1 5,61 23,!11 41,4il 22111 3,16 O.o 70 

**STABILITY INDEX DISTRIBUTION llN PERCENT or 'OTAL OBS,)•• 

INDEX 1 2 3 4 5 6 7 
7,o5 16,J9 24·, o9 30156 19142 1199 n,5o 

••AVERAGE WIND SPEED roR EACH STABIL.ITY INDEX CIN HPM)*• 

INDE)( 1 2 l 4 5 6 7 
SPEEO 4,8 6,8 8,0 7,4 312 2,8 J,7 

••WIND ROSE roR EACH STABILITY PIDEX llN PERCENT or .EACH INDEX TOTAL>•• c 
c 

1 NnEx NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW N 
I.> CALM ~ 

1 1.66 1,87 2.10 1,46 2,49 3112 1,87 4,78 7169 9,77 10119 24,74 15;59 3,33 4,99 3,74 o.no ~ 2 1. ?.5 n,45 1,34 1,52 1, J4 1,25 . i!, 59 4,11 15,74 12,25. _7,60 10,64 14,31 6,98 3,94 2,24 1l'o•J ,_ 
:5 1,64 11 76' 4,26 2,13 2,62 4,32 6,57 11,07 8194 0,12 6,51 8,33 9,o6 9,37 7,73 6;'7 

..... 
o,oo 

4 6,no 4,12 4,75 5,18 7,87 10 141 11,oe 1n,n2 3,17 4,n8 •,94 6,33 7,10 5,42 4,60 4;94 o,no 
5 4,08 1,36 1,21 4,23 10,72 10,72 . 4,68 5,06 1181 2, 49, 3, 77 3,47 3,25 4, :1'3 1,13 0,38 37,43 

" 5,15 ?,94 n,uo 5,88 22,79 13,97 1,09 6,62 2,21 3,68 6,62 6,62 4,41 5'15 5,88 n,oo o·, no 
7 n,no 5,88 0 I QO 5,88 32,35 5 1 88 5,88 20,59 o,oo 2,94 14,71 0 I 00 o,oo 2,94 2,94 n,oo 0 1 OQ ~ 

'° .. -~ -
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35 foot elevation 

••TOTAL NO or OBSa 6823 •• 

**GROSS WIND ROSE (!N PERCENT OF TOTAL. OBSI•• 

NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW N CALM 
J,44 2,24 3,12 3,41 6,13 7,04 6,62 7,96 6,64 6,71 5,98 8,24 8,52 6,23 4,62 3;eo 9,:'!11 

.. sr.alLITY INDEX DISTRIBUTION FOR EACM WIND DIRECTION <IN PERCENT or DIRECTION TOTAL)•* 

INDElC NNE NE ENE E ESE SE SSE s ss;; SW WSW w WNW NW NNW N CALM. 
1 3,4o 5,88 6,10 3,uo 2,87 3,13 1,99 4,24 8,17 10,26 12,01 21,17 12,91 J,76 7,62 6;95 D 1 0D 2 llj, 96 J,27 7,04 7,Jo 3,59 2,92 6,42 B,47 38,85 29,91 20,83 21,17 27,54 18,35 13,97 9;65 21,et 
3 11,49 18,95 32,86 15,02 10,29 14,79 25,89 33,!12 32, .. 5 32,75 26,23 2 .. ,38 25,65 36,24 40,32 41,70 o,oo 
4 53,19 56,21 46,48 46,35 39,23 45,21 5l,11 311, "9 14,57 111,56 2!1,25 23,49 25,47 26,!19 30 148 39, 77 D1 DD 
5 2?,98 11, 76 7. !11 24,03 33,97 29,58 13,72 12,34 5,30 7,21 12,25 8,19 7,40 ·U,18 4,76 1,93 711,11 
6 2,98 2,61 o,oo 3,43 7,42 3,96 2,43 1,66 0,66 1,09 2,21 1,60 1,03 t,65 2,54 D~DD ~.DI 7 n,oo 1,31 o,oo 0,86 2,63 o,42 B,44 1,le9. o,oo 0,22 1,23 o,oo o,oo D 1 :!4 0,32 n,no 11,11 

.. sualLITY INDElC DISTRIBUTION p.1 PERCENT OF TOTAL, oes,•• 
INDElC NNE NF. ENE E ESE SE SSE s SSW sw WSW w WNW NW NNW N CALM 

1 0.12 n,13 0,19 0,10 o,18 0,22 e,13 o,34 o,54 o,69 0,12 1,74 1,10 n ,u 0,35 11j26 il.11 
2 n.21 n,n7 0,22 · 0, 25 0,22 0,21 D1 43 o,67 2,!18 2,01 1,25 1,74 2,J!I 1114 o,64 n,:!17 ,,1• 
J n,40 n,43 1,03 o,51 0,63 1,04 t,58 2,67 2,15 2,20 1,57 2, 0.1 2,18 2,26 1,116 1,511 D11D 4 1,83 1,26 1,45 1,58 2,40 J,18 3,39 J,06 o,97 1,25 1,!11 1,93 2,17 1,66 1,41 1,!11 a,11 
5 o,79 n,26 0,23 0,82 2,08 2,08 1,91 o,98 o,35 o,48 o,73 o,67 0 163 0, 112 0,22 0,117 '·" ,, n.10 n,06 o,oo 0,12 o,45 o,28 B,16 0,13 0,04 0,01 0,13 0,13 o,o9 n,10 0,12 n; ~o D 1ID 7 n.oo 0,03 o,oo 0 103 0,16 o,o3 e,03 n.10 o,oo 0,01 o,o7 o,oo o,oo n,01 0,01 1'1 1 DD O,DI 

••AVERAGE WIND SPEED< INVERSE wEIGHTEDIBY INDEX AND DIRECTION CJN MPM)•• 

INDElC NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW N 
1 2,1! 4,7 1, 8 2,2 1,9 2,1 3,6 2.' 4,8 3,J J,1 2;8 5,2 2,9 2,4 3;0 
:.> 4,7 4,1 4. 0 3,2 Z,7 3,8 t,4 7,3 . 7, 1 5,4 4,5 4,9 7,2 6,n 5,8 6~1 
~ 4,6 5,1 6,2 4,2 J,6 4,9 6,8 11, 0· 5,0 4,5 5,0 4,9 5,1 6,2 1,0 6;7 4 6,n "'• n 4,7 6,5 3,5 6,0 ,,7 6,1 2,7 3,4 3,8 5,3 4 10 5,6 !1,6 5,3 5 5,5 ~.6 2, II 4. 0 l,6 J,8 3,J J,, 3,0 1,9 J,7 2i6 2,4 3,6 3,1 '·' ,, 3,2 ?,2 0 '0 3,0 1,9 2,5 2,9 2,9 1,7 2,3 2,2 3;6 1,3 3,5 1,8 n,o 
7 n, n 4,0 o, n 3, 0 1,9 6,0 15,5 3,1 o,o 1,0 1, 0 o.o 0. 0 1,n 1,n ii; n 

-
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125 foot elevation 

••TOTAL ~o or OBS• 7584 •• 

••GROSS WIND ROSE I IN PERCENT or TOTAi,. OBS>•• 

NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW N CAUi 
J,52 ?. • 91 4,09 J,78 5,22 7,12 6,50 1;e3 8121 8 172 7103 9167 B,28 1 1no 4, tin J,68 -S 183 

••STAB IL.I TY INOEX DISTRIBUTION roR EACM WIND DIRECTION !IN PERCENT or DIRECTION TOTAL.I•* 

INl)EX NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW N CALM 
1 2.25 2,11 2.26 2179 3103 1t11 1,83 1,112 3121 2,72 2,25 1.50 1,75 2,ti4 2187 4,66 o.oo 

" J,37 4,07 1,94 1t0-5 3,03 2,41 2,64 3,03 2,25 2,12 1, 50 J,OO 2,07 2,ti4 4,n1 4, JO :U,65 
3 8,61 12,67 8,06 10,10 4104 6,67 10 ,34 7174 ,. • 70 6135 6,19 5146 _ 8192 8,85 12,03 2n, 7'9 o,no 
4 36,70 311,46 50,00 39,37 JJ,33 35,93 46,65 44, 78 44,62 39,33 37,52 27,29 35, 19' 28181 44141 50;90 o,oo 
5 35,58 3'5,29 31 ,61 40,07 39139 38,70 2'1,79 34185 30 1!10 34,80 34,90 39,29 29146 38,61 26136 12,54 6813!5 
6 9,74 5,88 5116 4,53 14,39 12,41 1,12 6,23 8135 12,25 12,20 17146 17152 13,94 6,59 4 ;:oso a,oD 
7 J,75 0,90 0,97 .2,09 2,78 2,78 2,03 1,85 J,37 2,42 !5,44 6,00 5,10 4,52 J, 72 2,51 a, DD 

**STABILITY I NDE>C DJSTRJBUTJON IN PERCENT or TOTAL. oes,•• 
INDEll NNE NE ENE E ESE SE SSE s SSW SW · WSW w WNW NW NNW N CAUi 

1 n,n8 n,08 o,o9 0, 11 0,16 0,08 1112 0,12 D,26 o,24 0116 0, 15 011!1 a ,18 0113 nji7 0 ·•Ii 2 0.12 0.12 0,08 o,o4 0,16 0,17 0,17 0124 0118 0118 0111 o,29 0,17 a ,18 o,u 0,16 0·~· J 0,30 o,37 o,33 o,3e 0,21 0,47 1,67 o,61 o,63 o,55 0,44 o,53 0,74 0,62 0,55 (). 76 a,oo 
4 1,29 1.12 2,04 1,49 1,14 2,56 J,03 3,!11 3,67 3,43 2,64 2,64 2,91 2,n2 2,n4 1;81 D,DD 
5 1,25 1,03 1,29 1,52 2106 2,76 1,e1 2,73 2,51 3,03 2,45 3 1 80 2,44 2,10 1,21 n; 46 1.~, 
6 o,J4 n,11 0,21 0 111 o,75 o,ee D,57 o,o o,69 1,07 o,86 1,69 1,45 0,98 O,JO 0; 16 i>, DD ., n, 13 · 0,03 0,04 o,oe 0,15 0,20 D,13 0,15 0,28 0,21 0,38 o ,!le 0,42 o,32 0,17 o;o9 D, DD 

**AVERAGE WfND SPEED< INVERSE wEIGMTEUlBY INDEX AND DlllECTION <IN MPMI•• 

INDEl! NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW N 
1 2. q· ;, , 1 J,2 3,5 2,6 1,7 6,4 4,0 5,6 6,4 2,8 312 5,1 3,5 5,1 3,4 
2 3,7 6,0 4. 0 J,6 l,4 3,0 6,5 4,9 4, 0 6,8 4,8 5,5 5,4 3,6 5,6 5,ll 
3 4,9 4,., 5,3 510 4,6 ". 3 

., ,5 6,2 6,9 7,0 6,5 9,6 8,5 8,1 8,3 6,7 
4 6,1 714 7,B 5,7 6,8 7,3 Iii, 2 11,2 10,1 10,6 11,5 12,4 13, 1· '·" 9,8 6,4 
'5 7,7 7 • ., B, 0 7,1 7,1 B,6 7,4 7,7 8,9 , 9. 0 9,8 1_0 I 3 10,J 1n,o 8,'5 !5;2 
6 6,1 ~.7 4. 3 5,1 7,6 6,7 !i. 2 6,8 ., • 3 ., ,2 7,0 9,1 819- 7,7 6,9 6,8 ·7 9,J 5,0 1,9 4 I 7 7,8 6,1 !it 0 ,. • 4 6,9 7 I 0 6,3 9,6 5,4 e,1 7,9 e;1 

-
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**** ANNUAL AVERAGE **** * O YR UATA • COMM, ED, CO., DRESDEN STATION ANNUAL DATA 1968 8!J 

300 foot elevation 

••HOURLY STABILITY INDEX DISTRlijUTION•• TOTAi,. NO or OBS• 7880 

•IN PERCENT or TOTAi,. OBS• •IN PERCENT nr HOURLV OBS• 
HOUR INDEX 1 2 3 4 ' 6 7 1 2 3 4 5 6 7 

1 0,08 0,06 0,10 u, 77 1,78 0,90 o.u 1,85 1,54 2,46 18, 77 43,08 21,8!J u,46 
2 0,15 0,08 0,14 u,65 1,10 1,05 0,36 J,69 1,8, 3,38 15,69 41,23 25,54 8,62 
J 0,09 0,06 0,06 u,63 1,65 1,19 o.u 2,18 1,56 1,56 U,58. 40,,0 29,28 t 1 H 
4 0 ,11 0,08 0,11 u,65 1,76 1 109 0,32 2,78 1,85 2,78 !5, 74 0,90 26,23 7172 
5 0,06 0,11 0,18 u,49 1,90 0,95 0,42 1,54 2,77 4,31 12, on 46,15 23,011 10,15 
6 0,05 0,16 0,10 u,66 1,62 1,09 0 ,·39 1,24 4,04 2,48 16,1, 39,75 26, 71 9,63 
7 0,09 0,08 0,20 u,67 1,65 0,98 ,43 2,11 1,16 4,95 u,41 40,25. 23,84 1D1!J3 
8 0,10 0,06 0,16 0193 1,65 D,91 ,;'6 2,•3 1,52 J,95 . 22,19 39,51 21,8e 11,''1 
9 0,08 0 113 0,18 1 140 1·,56 o,56 ,23 1 1 e5 3,011 4, 31· 3J,8!J J7,85 1J,54 ,,!J4 

10 0,10 0,23 0,27 1,69 1,36 o,43 ,1l 2,42 5,45 ·6,36 40,3n 32,42 10,JO ·2,73 
11 D,13 0, 19- ·a, 48 1,70 1,24 D,32 .10 3,05 4,57 11,59 40,8!l 29,118 7,62 2,44 
12 0,13 0,28 0,43 1,65 1,19 0,41 ,06 3,06 6,73 10,40 39,76 211,75 9,79 1,''3 
13 0,19 0128 0,65 1,60 1,07 0, 34 ,05 4,56 6,69 15,50 38,3n 25,53 8,21 1,22 
14 o.16 o,32 o,48 1,64 1,27 D,34 • O!I 3,87 7,44.-11,31. 31,39 29,76 8,04 !,1' 
15 0 ,16 0,22 0, 44 1,85 1,13 0,33 ,06 J,93 5,14 10,57 44, 11 · 26,119 7,8'5 1, "1 
16 o,25 0,18 D '3<1 1,54 1,52 D,36 ,11 '5,90 4,13 7,96 35,69 J!J,40 8,26 '·'' 17 0, 11 0,22 0,41 1,18 1, 74 o,65 ,04 2,63 4,97 9,J6 27,19 0,06 14,h b,81 
111 o.u 0,08 0,16 u,96 1,84 o,79 ,25 2,n 1,81 3,9J 22i96 u,111 18,73 6,04 
19 0,13 o,o4 0,16 o,84 1,76 1,13 0,25 2,94 0,88 J,112 19,~1 40,88 26, 111 !J,81 
20 0, 11 0,10 0 1 18 o, 77 1,48 1, 03. 0,57 2,69 2,J9 4,18 18,2·1 34,93 24,18 1~,u 
21 0,06 0105 0,20 u,7o 1,70 1,02 0,46 1,!!12 1,21 4,8!!1 16,67 40,61 24,24 10,91 
22 0,13 0,13 0,11 o,69 1,·62 o,95 0,47 3,10 3,10 2,79 16,72 :st,63 2J,2? 11 1 46 
23 0,05 0 113 0,14 u,56 1,64 1,15 0,47 1,:ZJ 3,07 .3,37 U,!ln 3t,"7 27,91 1l,35 
24 0,09 0, 10 0,13 u,67 1,54 o,99 0,47 2,23 2,55 3,18 16,88 311,54 24 ,a4· U,71 

••STABILITV INDEX DISTRIBUTION IJN PERCENT or 'OTAL oel,1•• 

INDEX 1 2 3 4 5 6 1 
2. 7<1 3,35 5,84 24189 37,39 18195 6,85 

••AVERAGE WIND SPEED FOR EACM STAal~ITY INDEX (IN MPMI** 

INDEX 1 2 3 4 5 6 7 
SPE'El'l 9,5 7,2 9,4 15,9 16,0 16, ii! 13,6 

••WIND ROSE roR EACH STABILITY INDEX (JN PERCENT or EACH INDEX TOTAL I•• 

INl'lEX NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW ··NW NNW N CALM 
1 11.11 12,96 2,31 2' 7t! 2,78 J,70 6,48 10,65 7,41 ",63 1,85 1,39 2,78 9,72 7,87 11;57 ii, no 
?. 1.52 4,55 4,17 2,65 4,17 7,58 9,85 9,47 9' 8!> 4,55 1,52 2,27 2,27 7 ,·20 3,03 3;41 21,97 
3 3,70 5,43 3,91 3 I 70 3,26 5,87 'j,43 10,43 8, 4t! e,26 4,78 6,74 5,65 8,26 3,91 12;11 o,no 
4 :? • 80 3,42 3,21 4,33 J,11 ", 28 ,,30 12,19 9_,33 8,98 5,86 7,90 7,29 7,14 6, 83 II; 0'1 o, no. 
5 3,26 ~.63 3,77 3,:.0 2,68 5, 77 !j. 74 7,57 9,91 10,18 6,38 10,39 8,18 7,74 5,80 2,95 2,55 
6 1. 74 3,28 2,88 2,61 4,55 7,17 4,62 6,43 6,50 10,58 9,24 14,07 11,72 7' !14 4,35 2;<11 o,oo 
7 ?. • 78 2,22 1,30 3,52 3,52 9,26 3,89 5,56 7,96 9,63 8,15 13,33 11,67 10,74 4,07 ?,41 o,no 

~ 
~ 
' --~ 
'-" 

~-



e -e--

•••• AN~UAL AVERAr,E **** * 0 Y~ DATA • COMM, EU, co,, 
1
DkESDEN STATION ANNUAL DATA L968 

300 foot eleva~ion 

••TOTAL NO or OBS= 7880 •• 

••GRnss wlND RnSE <IN PERCENT Of TOTAL OBS>•• 

NNE NE ENE E ESE SE SSE s SSW SW WSW w . WNW NW NNW N C~LM 
3. n 1 3181 3,27 3,5o 3,29 5191 'JI 43 8,68 8 183 9,47 6,54 9,94 8,38 7,88 5,52 4. 86· 1169 

**STABILITY IN~EX. DISTRIBUTION fDR EACH WIND DIRECTl~N (IN PERCENT or DIRECTION TOTA~>·• 

:NDEX NNE NE ENE E ESE SE SSE s ssw SW WSW w ·iolNW NW NNW ~I' eALH 
1 1n.13 9,33 1194 2117 2132 11 72 J,27 3,36 2130 1,34 0178 0138 0 ,9( 3138 3191 6,5J 0100 
2 1169 4. 00 4,26 2i54 4,25 4,29 6,07 3,65 3174 1,61 o,78 0177 o,91 31n6 1184 ?,35 431-~l 
3 7 .17 8,33 6,98 6,16 5,79 5,79 lj 1 84 1, il2 5,60 5,09 4127 J·,96 3,94 6112 4114 14,62 QI n 0 
4 23.21 22133 24,42 3o,Bo 23,55 18103 2•130 34194 26,29 23,59 22133 19180 21,67 22154 30,8n 40 199 o.ci 
5 40,51 35,67 43,o2 37 132 3u15o J6,48 39 149 32,&o 41195 40,21 J6 15o J9,08 J6,52 36 171 J9 1J1 21,12 ,6,3~ 
6 10.97 16,33 16,67 14,13 26125 22,96 16112 14,04 13194 21,18 26180 26,82 26152 18184 14,94 .;40 o.no 
7 6,33 4,oo .2,71 6188 7134· 10,73 4191 4,39 6,1d 6,97 8154 9120 915, 9134 51n6 J;39 a.no 

**STABILITY INDE~ DISTRIBUTION IN PE~CENT Of TOTAL.OBS1** 

INMEX t.JNE NE ENE E ESE SE SSE s SSW SW lolSW w WNW NW NJ';;..' N C4LM 
. 1 o.3o n,36 0 I 06. o,oe 0108 0110 0118 0,29 o. 2 n 0113 0105 0104 0 I Oii n127 0122 o,32 ii, iio 

2 0,05 o,15 0,14 o,u9 U114 o,25 0,33 o,32 0 I 33. 0,15 0,05 o,oe 0,011 n I:!'• 0,10 n,11 0,14 
:I 0.22 o,32 0,23 0,22 0119 o,34 1132 o,61 o,4~ o,48 0 128 0 139 0133 n 14!1 0,23 n; 71 ii. 00 4 0,70 0,85 0,3C 1;os 0 1 71 1107 1132 3,03. 2,32 '2123 1146 · 1197 1181 11'8 1 1 1 n ~ ,99 o,oo 
5 L22 t ,.JO 1,41· 1,31 1100 2116 2 1·14 2,83 3111 .3, 81 2,39 J,88 3,06 2189 2117 1,10 0,95 
6 o·, 33 0,6? '.I, <;5 o,4~ u,86 1,36 o,88 1,22 1,23 2,01 1175 2,66 2~22 1148 01A2 n,46 ii. 00 7 0,19 0,15 0 • J 0 124 u124 0,63'. 0,27 0 '· J8 QI 5!> 0,66 0,56 o,91 0180 n 114 0,28 , ; 16 o,oa 

••AVERAGE w1Nn SPEED<INYER~E "EIGHTED>Bv INDEX AND DIRECTION (IN MPl·O•• 

INDEX NNE NE ENE E ESE: SE SSE s SSW sw WSW ioj WNW NW NNW N 
t 5,5 4 '2 3 o1 415 1011 416 416 6,4 111 0 516 1517 2.1 1 1 a 719 4 1n 6,2 2 7,0 7,7 4,8 3,2 4,4 5,4 6,5 9,2 71J 615 513 415 9,7 4,9 'I" 416 3 4,A 5,tl 4,8 5,3 6,6 5,0 ., 15 8',. 7, 1 7,2 7,7 6,1 9,6 515 61? 1;1 
4 II, 3 7,9 9 •. 6 9,5 .8,6 10,2 1s,1 15,4 1313 13,7 10,5 13,5 14,5 12,4 1119 9;7 5 11. 4 9,7 1110 111 5. 1010 1315 14 I 3 1419 1319 1319 1410 ·14 I 6 1512 1311 1116 9;1 
6 12,7 7,4 10,2 1014 1312 1315 1s, 1 · 12. 7 12,9 1213 13,7 1513 1417 14,1 10,1 6; !I 7 7. 7 7. 1 13,1 9,9 12 18 13,2 1313 12,1 1010 10 18 1014 10,9 1,2. 5 912 9,9 !I; 0 

• 
8A 

~ 
~ 
.__ 

~ 
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**** ANNUAL AVERAr.E •••• • O yR UATA * COHH 1 ED, co., DRESDEN STATION ANNUAi. DATA 1968 lU 

400 foot elevation 

••MOURLY STABILITY INDEX DISTRIBUTION** TOTAi. NO Of" OBS• 7644 

•IN PERCENT or TOTAL OBS• •IN PERCENT Of" HOUAl.Y OBS• 
MOUR INDEX 1 2 3 4 5 6 7 1 2. 3 4 !I 6 ·. 7 

1 o,o4 0104 o,oJ 0160 1161 1,28 o,o o,96 o,96 0,64 14174 39142 31,4i U1H 
2 0,07 o,oo 0,12 o,47 1,64 1,26 0 159 1,58 D,DD 2,95 U,39 39156 30,38 141t4 
3 0,04 0,03 0,04 0,47 1,62 1,30 0 167 o,94 0,63 0194 11132 3ll,99. 31,13 16194 
4 0,05 0,01 o,oe o,4e 1145 1139 0164 1127 D,32 1,91 U,7ll 311135 33,76 1'161 
5 0,05 o,o4 o,o4 o,47 1153 1,62 . o, 47 1124 0,93 0,93 u, 1!!1 36122 3(1,39 u.u . 
6 0,01 0 ,01 0 I OB_ u147 1,60 1,41 0155 o,32 .0 132 1190 11,39 3tl. 61 34,U 13,H 
7 0,04 0,01 0,09 0,64 1,84 1,11 0,44 0,94 -0,31 2,19 15,31 44,06 26,56 1~,n 
8 0,03 0,01 0,10 o,e8 1,52 1,01 0,43 0,65 1,62 2,60 21, 75 37166 25,DO 10,11 
9 0,05 0105 0,26 1113 1174 o,55 0,30 1128 11a11 6141 27,56 42j63 13,46 7,37 

10 0,05 0,13 0,27 1,49 1,47 0151 o,u 1,28 3121 6173 361'4 35,90 12,5Q 3,15 
11 o,1n 0 11e 0,3•. 1,47 1141 0144 0,09 21!19 4153 11141 36125 U 1 95 11,10 1121 
12 0,09 0,18 0,41 1,64 1,30 0,39 o,u 2,22· 4,43 91111 39156 31,33 9,49 311' 
13 0,16 o., 25 0,42 1,61 1,30 0 .- .. 4 o,os 31 72 51.u 9191 3ll,Dll 30165 10,!13 1124 
14 0,14 0,21 0,42 1156 1,28 0148 0109 3,44 5,oo 10100 37119 38,63 U,'6 1119 
15 0,12 0117 0,21 1157 1,45 0144 01U 2184 4,10 6162 371115 3!5 102 10, 73 l1ll4 
16 0,13 0,22 0,27 1,48 1,58 0 , .. 8 0122 2198 5106 6125 3J163 36101 u,oi ,116 
17 D,13 0 1 13 0,21 1,13 1165 0,99 0,14 2199 2199 4, 78 ·25,67 37;11 22,69 !11H 
11! 0,17 0,01 0 ,111 0;80 2 103 0178 0127 3,95 11!12 .. ,26 181'4 47 1 11 18,24 6 131 
19 0,09 0,10 0,13 U,67 1178 1,01 0,54 2112 2,42 3103 1',4!1 41121 n,n 1'1"2 
20 0,08 0101 0,12 0159 1181 1,27 0 143 11112 o,3o 2174 13168 41195 29,48 11111 
21 0,04 0104 o,oe 0152 1173 1,35 O,!ID 0,92 0192 118!1 12131 40162 31,69 11 169 
22 0,04 0,04 0,10 0 142 1161 1116 0,68 0197 0,97 21!18. 10132 J0,611 28171 U17' 
23 0. 03' 0104 0,10 u1J4 1167 1,26 II' 160 o,65 0,97 2 ,!19 8,41. 41,42 31107 u, (19. 
24 0,01 o,oo 0,08 0148 1,48 1,50 0,43 o,33 o,ob 1,97 12,13 37,05 37,7h u,n 

**STA9ILITY INOEX 01STR!9UTION llN PERCENT OF" 'Ohl. 09&1>•• 

INDEX 1 2 J 4 5 6 7 
1. 77 2,04 4,25 21136 38 108 23i46 9104 

**AVERAGE WINO SPEED FOR EACM STABll.ITY INDEX (JN MPM)** 

INDEX 1 2 3 4 5 6 7 
SPEEO 7,8 6,2 9,3 1610 1817 18,0 15,8 

**WIND ROSE FOR EACH STABILITY JNDEX CIN PERCENT Of" EACH INDEX TOTAl.>u 

INDEX NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW N CALM 
1 5,9J 8,15 5,19 6,67 J17o 5,19 7,41 5,19 4, 44- .8,89 5,93 5,19 5193 12159 3170 ,;93 o,oo 
2 3,21 3,85 1,92 5,13 2,56 2,56 7,69 5,77 5, 77 7,05 .3,21 5,77 5,77 7,69 7169 7,115 1',31 
3 4,92 ?.. 11 2,15 2,46 4,62 6,15 5,54 8,92 8,92 9,54 5,54 8,92 8,oo 1 1n8 5,2J 9;u o,oo 
4 3,98 :I, 37 3,43 J,37 2,02 3,74 5,21 10,•0 9,3l: 10,96 6.55 6,74 6,92 7,59 7,65 e;10 o,oo 
5 2,95 3,16 3,61 J,50 2,s1 4,67 6,01 7,59 8,97 10,61 7,42 ·9,96 10,07 7, 15 7,39 ::s;1::s 1,31 . 6 1,R4 2,45 3,18 4,18 4,02 7,47 ,, 74 7,31 5,91 9,15 9,04 10,21 9,98 1n,93 5,69 2,90 o,no 
7 2,32 4,78 3,04 2,60 3,04 7,38 6108 5,79 6,22 11114 7,38 8,54 10, 71 12,45 6,51 2, o::s o,no 

~ 
~ 
....... 
""'\.\ 
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•••• ANNUAL AVERAGE •••• • 0 Y~ DATA • COMM, ED, co,' DRESDEN STATION ANNUAL DAU 1968 

400 foot elavation 

••TOTAL NO or OBS= 7644 ** 

••GROSS WIND ROS~ !IN PERCENT Of TOTAL OBS>•• 

NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW f\IW NNW N CALM 
3.oo 3 ._27 3,35 3 160 2192 5140 !jJ 182 7,95 7193 10.24 7142 8,99 9,18 8 111 6182 '·. '!15 Dill~ 

**STABILITY INnEX DISTRIBUTION FOR EAcM WIND DIRECTION (IN PERCENT or DIRECTION TOTALI** 

INOElC. NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW H CALM 
1 3,49 4,4o ·2. 73 3,27 2,24 1169 2,25 1,15 _o,99 1153 1,•1 1,02 1114 2,55 0196 ,;~o a.ea 
2 2,18 2,40 1,17 2191 1179 0197 a,10 1,48. ·1,49 1,•o 0188 1,31 11211 1, 110 Z,30 3~16 41,54 
3 6,99 3,60 2,73 2' 9·1 6173 4,84 4104 4,77 4,19 3196 J,17 4,22 3110 :S1•5 3126 8,62 o,no 
4 28,38 22,nn 21,88 20 100.14 180 14 177 19 1 10 28,13 25 108 22 186 18 187 16 101 16 110 18 162 23 199 411;90 0 1110 
5 37,55 36,80 41,02 37 109 32174 32 193 39 133 36,35 43,07 39 146 38 1 1~ 42 121 41 11( 31 123 41 127 26 115 58 146 
6 14,41 17,60 22,27 27 127 32 129 32,45 23 115 21 155 17 149 20 195 28 157 26 164 25 150 29,4J 19 1'!18 14;94 D;DD 
7 6,99 13,20 8,20 6 155 9,42 12,35 9,44 6,58 7,10 9 183 8 199· 8 159 10 154 12 191 8 164 4;ri2 . DillD 

**STABILITY INDEX D!STR(9UTION JN PE~CENT or TOTAL oes,•• 

INDEX NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW H CALM 
1 n.10 Oo14 O•U9 0112 0107 0109 : 0113 o,o9 0,08 0116 0 110 o.~9 0110 n122 01n7 ·D 1J0 01110 
2 0.01 n,08 o.o4 0,10 0,05 o,o5 0,16 n,12 0,12 0,14 0,01 0,12 0,12 n,16 0116 0,14 Ot:S5 
3 n.21 n,12 o,o9 0110 0,20 0,26 n,24 o,38 0 1311 0141 0,24 0 138 0,34 n,JO 0,22 111:59 0 1110 
4 o,85 n,12 o.73 0112 o., 43 0180 1111 2124 1199 2134 1140 1144 1148 1162 1164 1186 0100 
'5 1.13 1.2n 1.37 1133 0 195 1178 2129 2,89 3141 4104 2183 3179 3183 2172 2181 1119 D150 
6 n,43 n,58 o,75 0 198 0194 1175 1135 1.71 1139 2,15 2112 2139 2,34 2156 1133 n,61 D 1110 
7 n.21 o.43 0.21 o,24 0,27 o,67 0155 n,52 0 1'6 1101 0167 o,77 o,97 1113 o,59 n,i& D100 

**AVERAGE WfND SPEED!INVERSE ~EIGHTED>ev INDEX AND DIRECTION <IN MPM)•• 

INOEX NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW H 
1 4,n 3,4 4. 9 2,3 3,4 2,6 ii ,6 4,6 1016 6,4 13,2 8,7 9,9 1n,n 513 6;4 
2 2,1 5,6 1,6 5 I 0 912 4,3 e,o 7,5 7,5 6,0 12,7 3,2 518 5,6 6,6 1;1 
:5 4,8 "• n 5,6 5 1 8 6,2 5,6 J,1 9,2 7,8 7,6 7,6 7,1 8,3 1, II 6,4 11;9 
4 9,6 817 9,3 9,1 6. 0 9,6 .lt,9 16,9 14, 1 13,5 10,9 1017 13,, 1314 12,2 12,i 
5 12,0 9,7 12,8 12,2 12,0 15,o 1,,, 17,8 19,0 16,7 · 14 19 15,4 11,1 1418 1:5,4 11 ;:s 
6 11,2 11,5 11,U 12,1 1218 13,3 1,,3 14,8 1415 15,2 15,7 1"6,8 1713 15,5 1•18 111; 2 7 9,6 13 ,8 12,0 12,8 11,2 14, 0 1'17 15;• 910 14,8 12,5 13,8 13,8 11,0 12,1 8,Z 

.-
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• 
1 COMMONWEALTH EDISON co. (DRESDEN STATION) 12/67-12/68 CCDC•660(j 51 

***400•035 FT*** 

•STABILITY OISTRIBUTIONCIN PCNT ·oF EACH HOUR> FOR **JAN * 67121115 - 68123123 

l-4R 1 CA) ?(~) 3CC) 4 CD> 5CE> 6CF) 7CG) HR TOTAL 
0 o.oo n.oo o.oo 52.00 28.00 16.00 4.oo 25 
1 o.oo n.no o.oo 48.00 36.00 16.00 o.oo 25 
2 o.oo n.oo o.oo s2.oo 24.00 20.00 4.oo 25 
3 o.oo o.oo o.oo 48.00 28.00 20.00 4.00 25 
4 o.oo n.oo o.oo s2.oo 24.00 24.00 o.oo 25 
5 a.no n.oo o.oo 56.00 20.00 24.00 o.oo 25 

~ 

6 o.oo n.oo o.oo 56.00 24.00 16.00 4e00 25 
7 o.oo o.oo o.oo 64.00 16.00 16.00 •• oo 25 
A o.oo n.oo o.oo 12.00 12.no 12.00 4.00 25 
9 o.oo o.oo o.oo so.oo 16.00 o.oo 4.oo 25 

10 . 0. 00 / o.oo o.oo 87.50 12.so . o.oo o.oo 24 
11 o.oo n.oo o.oo 100.00 o.oo o.oo o.oo 25 
12 o.oo n.oo o.oo ioo.oo o.oo o.oo o.oo 26 
13 o.oo · n. no o.oo 96.15 3.AS o.oo o.oo 26 
14 3.85 n.oo o.oc 96.15 o.oo o.oo o.oo 26 
15 o.oo l'l. n n n.oo 100.00 n.oo 0 .oo . o.oo 26· 
16 o.oo n.oo o.oo 88.46 11.54 o.oo n.oo 26 
17 o.oo n.oo o.oo 42.31 57.69 o.oo o.oo 26 
\R o.no n.oo o.oo 30.77 61.54 7.69 o.oo ·26 
lQ o.oo n.oo n.oo 36.00 52.00 12.00 o.oo 25 
20 o.oo n.no o.oo 32.00 52.00 16.00 o.oo 25 
?. l o.oo n.on o.oo 36.00 s2.no 12.00 o.oo 25 
?.2 o.oo n.on o.no 40.00 44.00 16.00 o.oo 25 
;:tJ o.no n.oo o.oo 44e00 36.00 20.00 o.oo 25 

PF.R 
TOTAL ol7 n.oo OoOO 63.04 25.41 l0.23 1.16 606 



• 
l COMMONWF.'ALTH EDISON CO. CORESDEN STATION> 12/67•12/68 CCDC•6600 52 

***400•035 FT*** 

*STABILITY DISTRIBUTIONCIN PCNT OF EACH HOUR> FOR **FEB * 67121115 - 68123123 

HR 11 A) 2 CB> 3CC> 4(0) 5 ([) 6(f) 7(G) HR TOTAL 
0 o.oo n.oo o.oo 41.38 34.48 24.14 o.oo 29 
1 o.oo n.oo o.oo 3le03 44.83 17.24 6.90 29 
2 o.oo n.oo o.oo 34.48 37.93 24.14 3.45 29 
3 o.oo n.oo o.oo 27.59 48.28 13.79 10.34 29 
4 o.oo n.oo o.oo 41.38 31.03 17.24 10.34 29 
5 o.oo n.oo o.oo 37.93 34.48 13.79 13.79 29 

~ ,., o.oo n.oo o.oo 34.48 37.93 13.79 13.79 29 " >' 7 o.oo n.oo o.oo 34.48 44.83 3e45 17.24 29 
A o.oo o.oo o.oo 58.62 24.14 3.45 13.79 29 
9 o.oo o.oo o.oo 72.41 17.24 6.90 3.45 29 

10 o.oo o.oo 6.90 82.76 3.45 6.90 o.oo 29 
l 1 o.oo 3.45 3.45 86.21 6.90 o.oo o.oo 29 
12 a.on n.oo 27.59 72.41 o.oo o.oo o.oo 29 
f j o.oo 3.45 20.69 75.86 o.oo o.oo o.oo 29 
14 o.oo i.45 10.34 86.21 o.oo o.oo o.oo 29 
15 o.oo n. oo 3.57 96.43 o.oo o.oo o.oo 28 
\,., n.oo n.oo o.oo loo.oo o.oo o.oo o.oo 29 
17 o.oo n.oo o.oo 82.76 17.24 o.oo o.oo 29 
\A o.oo n.oo o.oo 4 l •. 38 58.62 o.oo o.oo 29 
\9 o.oo o.oo o.oo 41.38 51.72 6.90 o.oo 29 
20 o.oo o.oo o.oo 34.48 55.17 10.34 o.oo 29 
::it o.oo n.oo o.oo 31.03 5s.11 13.79 o.oo 29 
?2 o.oo n.oo o.oo 37.93 48.L>A 13.79 o.oo 29 
:;::i3 o.oo o.oo o.oo 37.93 44.83 17.24 o.oo 29 

P~R 

TOTAL o.oo .43 3.02 54.96 29.06 8.63 3.88 695 



• 
1 COMMONWF.ALTH EDISON CO, <DRESDEN STATION) 12/67 ... 12/68 <CDC•6600 53 

*••400•035 FT*** 

•STABILITY OISTRIRUTIONCIN PCNT OF EACH HOUR> FOR **MAR * 67121115 • 6812~123 

HR l (A> 2(8) 3CC> 4 (0) S<E> 6CF> 7(6) HR TOTAL 
0 o.oo n,oo o.oo 12.90 54.~4 25,81 ;;,45 31 
1 o.oo n.oo o.oo 16.13 51.61 32,26 o.oo 31 
2 o.oo n.oo o,oo 20.00 43,33 30.00 6,67 30 
3 o.oo o.oo o.oo 23,33 50,00 16.67 lo.oo 30 

.-···; 4 n.oo n .o·o o,oo 20.00 56,67 16,67 6,67 30 
5 o.oo n,oo o.oo 20.00 66,fi7 6,67 6,67 30 

. -·.:.. ·~ 6 o.oo o.oo o,oo 23.33 63,33 6,67 6,67 30 
7 o.oo n,oo o,oo 30.00 so.no 13,33 6.67 30 

)· .. 
R o.oo n.oo o.oo so.oo· 36,lol7 6,67 6.67 30 

). . 
Q o.oo n,oo o,oo 66,67 26,67 3,33 3,33 30 

10 3,33 t). 00 3,33 76,67 13.33 3,33 o,oo 30 
J 1 lo.oo n.oo 10.00 73,33 6,67 o.oo o,oo 30 
\2 3,33 1n,oo. 20.00 ~6.f.i7 o.oo o.oo o.oo 30 
13 3,33 20.00 16,67 56,67 3,33 o,oo o,oo 30 

-14 3,33 ?1.33 13.33 53,33 6,67 o,oo o,oo 30 
15 6,67 13933 ·6,67 73,33 o.oo o,oo o,oo 30 
16 o.oo 3,23 9,68 83,87 3.23 o.oo o,oo 31 
17 3.23 o.oo o.oo 93,55 . 3.23 o.oo 0.90 31 
lR o.oo o.oo o.oo 67,74 29,03 3,23 o,oo 31 
\9 o.oo n.oo o,oo 35.48 58,06 6.45 o.oo 31 
20 o.oo o.oo o,oo 25.,81 48.39 22,50 3.23 31 
? l o.oo n.oo o,oo 16.13 54,A4 22,58 6,45 31 
?2 o.oo n.oo o.oo 19.35 s1.~1 16.13 12.90 31 
?3 o.oo n.oo o,oo 12.90 61,29 19,35 6,45 31 

PER 
TOTAL 1,37 2,88 3,29 43.15 35.07 10,ss 3,10 730 



1 CO~MONWF,:ALTH EDISON co. <DRESDEN STATION) 12/67•12/68 <CDC•6600 54 

•••400-035 FT*** 

•STABILITY DISTIHBUTION <IN PCNT OF EACH HOUR> FOR **APR • 67121115 - 68123123 

HR· l< A) 2(H) 3<C> 4(0) 5 (E) 6 (F) 7(G) HR TOTAL 
0 o.oo n.oo o.oo 33.33 4he67 20.00 o.oo 30 
l o.oo n.oo o.oo 30.00 40.00 30.00 o.oo 30 
2 3,33 o.oo o.oo 36.67 46,f\7 10.00 3.33· 30 
3 3.33 n.oo o.oo 23.33 53.33· 16.67 3,33 30 
4 o.oo n.oo o.oo 26.'17 53.33 16,67 3,33. 30 

;. . ~ j 
5 0•00 n.oo .o.oo 26.67 50~00 16.67 69,67 30 

J.' 
1..;1 I fl o.oo o.oo o.oo, 36.67 40.00· . 23,33 o.oo 30 C'.J 7 o.oo n.oo 3,33 53,33 30,00 10.00 3,33 30 

A o.oo n.oo 10.00 63~33 l6.f>7 10.00 o.oo 30 
(') 

q 16.67 _,,..,67 3,33 43.33 23.33 3,33 3.33 . 30 
10 10.00 -l'.h33 ,3.33 6(1,00 10.00 3.-33 o.oo 30 
11 13.33 1l'I;00 16.67 56',67 3,33 o.oo o.oo 30 
12 17.24 . ,,.qo 10.34 62.07 3,45 o.oo o.oo 29 
13 13,79 ,,,QO 13.79 62,07 3,45 o.oo o.oo 29 
\4 13.33 ,., .1-.1. 20 .• 00 56.67 3,33 o.oo o,oo 30 
\S 13.33 io.oo 16.67 53.33 69f,7 o.oo o.bo 30 
16 3,33 3,33 16.67 73,33 3,33. n.oo o.oo 30 
1 7 3.33 ~.~3 6,67 86,'17 o.oo o.oo o.oo 30 
tA o.oo 10.00 o.oo 00.00 io.oo n.oo o.oo 30 
19 o.oo 1.33 o.oo 60.00 33.33 . 3.33 o.oo 30 
20 o.oo o.OO- o.oo 56,67 40.00 3.33 o.oo 30 
?.1 o.oo n.oo o.oo 46.67 so.no 3.33 o.oo 30 
22 o.oo 0. 00. o.oo 36,67 56,67 6e67 o.oo 30 
?.3 o.oo OeOO o.oo 33.33 53.33 io.oo 3,33· 30 

PFR 
TOTAL 4.60 '.h34 s.01 49.86 28.27 1.ao 1.11 718 

~ -'{) 
btl 



1 COMMONWEALTH EDISON co. (DRESDEN STATION> 12/67~12/68 <CDC•6600 55 

4'.t**400•035 FT*** 

•STABILITY DISTRIBUTION<IN PCNT OF EACH HOUR) FOR **MAY • 67121115 ... 68123123 

HR 1 (A) 2(8) 3<C> 4 (0) 5(f) 6 (F) 7<G> HR TOTAL 
0 o.oo n.oo o.oo 29.03 41.94 29.03 o.oo 31 
l o.oo n.oo o.oo 25.81 45.16 25.81 3.23 31 
2 o.oo n.oo o.oo 12.90 54.84 25.81 6.45 31 
3 o.oo n.oo o.oo 22.se 41.94 25.81 9e68 31 
4 o.oo n.oo o.oo 25.01 48.39 19.35 6e45 31 
5 o.oo o.oo o.oo 22.sa 45.16 22.58 9e68 31 . . ·~ 

6 o.oo o.oo o.oo 32.26 38.71 19.35 9.68 31 
7 o.oo n.oo o.oo 45.16 41.94 9e68 3.23 31 
R o.oo 3.23 3.23. 70.97 22.se o.oo o.oo 31 
9 9.68 n.oo 6.45 74.19 9.68 o.oo o.oo 31 

10 12.90 1,,.13 9.68 ·sa. 06 3.23 o.oo o.oo 31 
ll i.2. 90 q.68 6.45 70.97 o.oo o.oo o.oo 31 
12 19.35 f\.45 12.90 61.29 o·.oo o.oo o.oo 31 
1 3 6e45 1;>.90 19.35 58.06 3.23 o.oo o.oo 31 
14 16.13 9.68 9e68 f>l e29 3.23 o.oo o.oo 31 
15 6.45 ,,.45 12.90 74.19 o.oo o.oo o.oo 31 
16 9.68 6.45 9.68 70.97 3.23 o.oo o.oo 31 
17 3.23 t,.45 9e68 74.19 6e45 o.oo o.oo 31 
\A o,oo o.oo 3.23 B3e87 9.68 3.23 o.oo 31 '-19 o.oo n.oo o.oo 77e42 19.35 3.23 o.oo 31 
L»O o.oo n.oo o.oo 48.39 48.39 o.oo 3.23 31 
21 o.oo . n.oo o.on 29.03 64.52 3.23 3e23 31 
22 o.oo n.oo o.oo 35.48 48.39 12.90 3.23 31 
;3 o.oo n.ho o.oo 29.03 51.f>l 19.35 o.oo 31 

PFR 
TOTAL 4.03 .3.23 4.30 49a73 27.15 9~ 14 ·2.42 744 

~ 
~ 

' ~ 



1 COMMONWF.ALTH EDISON CO. CORE SOE~ STATION) 12/67-12/68 CCDC-6600 56 

***400•035 FT*** 

•STABILITY DI~TRIAUTIONCIN PCNT OF EACH HOUR) FOR **JUN * 67121115 .. 68123123 

HR 1 CA) ?.. ( B) 3CC> 4 (D) 5 ( E:, 6CF> 7CG) HR TOTAL 
0 o.oo n.oo o.oo io.oo 63.33 23.33 3.33 30 
l o.oo o.oo o.oo 10.00 63.33 23.33 3.33 30 
2 o.oo n.oo o.oo 13.33 66.f,7 13.33 6.67 30 
3 o.oo n.oo o.oo io.oo 60.00 16.67 13.33 30 
4 o.oo o.oo o.oo 20. 0.0 so.oo 16.67 13.33 30 

.. :..' 5 o.oo o.oo 0~00 10.00 so.on 20.00 20~00 30 .. ,, o.oo n.oo o.on io.oo so.no 23.33 16.67 30 
. ,, 

7 o.oo n.oo o.oo 26eft7 53.33 13.33 6ef>7 30 
8 o.oo ,,.67 6.67 60.00 23.33 3.33 o.oo 30 

.··· q 6.67 13.33 16.67 so.oo 13.33 o.oo . o.oo 30 
10 26.67 1~.33 13.33 33.33 13.33 o.oo o.oo 30 
11 23.33 20.00 10.00 33.33 13.33 o.oo o.oo 30 
12 26.67 16.67 l6.C:t7 26.67 13.33 o.oo o.oo 30 
13 33.33 ?.n.oo lo.oo 30.00 6.67 o.oo o.oo 30 
l4 26.67 ?.o.oo 16.67 20.00 13.33 3.33 o.oo 30 
15 30.00 ,,.67 lo.oo 36.67 13.33 3.33 o.oo 30 
16 16.67 to.no 26.67 30.00 16.f,7 o.oo o.oo 30 
17 13.33 3.33 3.33 63.33 16.67 o.oo o.oo 30. 
18 o.oo 3.33 6.67 60.00 30.00 o.oo o.oo 30 
19 o.oo n.oo o.oo so.no so.oo o.oo o.oo 30 
~o o.oo o.no o.oo 26.67 10.00 3.33 o.oo 30 
21 o.oo n.oo o.oo 20.00 66.67 13.33 o.oo 30 
?.2 o.oo n.oo o.oo 13.33 10.00 13.33 3.33 30 
it3 o.oo n.oo o.oo 13.33 10.00 13.33 3.33 30 

PF.R 
TOTAL 8.47 s.s6 5e69 28.19 3q.96 B.47 3.75 720 

··." .. ~ .· 



1 COMMONWEALTH EDISON CO. <DRESDEN STATION> 12/67-12/68 <CDC-6600 57 

000400-035 FTOO• 

•STABILITY DISTRIBUTION<IN PCNT OF EACH HOUR> FOR **JUL * 67121115 - 68123123 

HR i (A) 2(8) 3<C> 4 (0) 5<E> 6 <F) 7CG) HR TOTAL 
0 o.oo o.oo o.oo 3.10 77.78 14.81 3.70 27 
1 o.oo n.oo ·o.oo 3.10 74.07 11.11 11.11 27 
2 o.oo o~oo o.oo 3.70 62.96 25.93 7.41 27 
3 o.oo n. no o.oo 7.41 59.26 25.93 7.41 27 
4 o.oo n.oo o.oo 7e4l 62.96 14.81 14.81 27 
s o.oo n.oo o.oo 3.70 70.37 11.11 14.81 27 
6 o.oo n.oo o.oo· 3.10 62.96 22.22 11.11 27 
7 o.oo n.oo o.oo 40.74 48.15 11.11 o.oo 27 
8 3.70 1 1 • 1 1 7.41 48.15 29.63 o.oo o.oo 27 
q 14.81 1\.11, 14.81 55.56 3.70 o.oo o.oo 27 

10 22.22 Uh52 22.22 37.04 o.oo o.oo o.oo 27 
11 25.93 2Q.63 18.52 22.22 3.70 o.oo o.oo 27 
\2 14981 ~3.33 14.81 .37. 04 o.oo o.oo o.oo 27 
\3 11.11 ~7.04 14.81 37.04 o.oo o.oo o.oo 27 
\4 22.22 ::>?.. 22 18.52 37.04 0~00 o.oo o.oo 27 
15 11 • 11 37.04 18.52 33.33 o.oo o.oo o.oo 27 
H1 11.11 14.&l 14.81 s1.es 7.41 ' 0. 00 o.oo 27 
17 o.oo 11 • 1 1 25,93 59.26 3.70 o.oo o.oo 27 
lR o.oo 3.70 lB.52 74.07 3.70 o.oo o.oo 27 
19 o.oo n.oo o.oo 88.89 11. 11 o.oo o.oo 27 
20 o.oo n.oo o.oo 22.22 '77.78 o.oo o.oo 27 
21 o.oo o.oo o.oo 3.70 81.48 14.81 o.oo 27 
-='2 o.oo n.oo o.oo 11.11 59.26 29.63 o.oo 27 
?.3 o.oo n.oo o.oo 7.41 51.AS 40.74 o.oo 27 

PFR 
TOTAL 5.11 q.57 1.01 ?9.17 35.49 9.26 2.93 648 

/ 



l COMMONWF.:ALTH EDISON COo <DRESDEN STATION) 12/67•12/68 (COC•6600 58 

**~400-035 FT*** 

•STABILITY DISTRIHUTION<IN PCNT OF EACH HOUR> FOR **AUG * 67121115 - 6812:,123 

HR l (A) f..I ( 8) 3(C) 4 (0) 5<E> 6(F) 7<G> HR TOTAL 
0 o.oo o.oo o.oo 3e23 54.A4 41.94 o.oo 31 
1 o.oo n.oo o.oo o.oo 58.06 41.94 a.oo 31 
2 o.oo n.oo o.oo a.no 58.06 41.94 o.oo 31 
3 o.oo o.oo o.oo o.oo 54.04 45.16 o.oo 31 
4 o.oo n.oo o.oo o.oo 58.06 38.71 3.23 31 
5 o.oo n.oo o.oo o.oo 54.84 38.71 6.45 31 
6 n.oo n.oo o.oo 6.45 54.84 35.48 3.23 31 
7 o.oo n.oo o.oo 6.45 64.52 25.81 3.23 31 
R o.oo n.oo 3.23 58.06 29.03 9.68 o.oo 31 
9 16.13 19.35 6.45 4}.94 16.13 o.oo o.oo 31 

10 38.71 lQ.35 6.45 22.se 12.90 o.oo o.oo 31 
11 45.16 lf.>.90 6.45 22.se 12.90 o.oo o.oo 31 
l2 51.61 l ;:>.90 6.45 16.13 12.90 o.oo o.oo 31 
\3 48.39 ?;:>.58 3.23 12.90 12.90 o.oo o.oo 31 
14 54.84 l~.13 9.68 12.90 6.45 o.oo a.oo 31 
15 51.61 l ;». 90 9.6A lf,.13 9.68 o.oo o.oo 31 

'~ 25,81 2?.SA 9.68 35.48 6.45 o,oo a.oo 31 
17 9.68 22.ss 22,se 35.48 9.68 o,oo o.oo 31 
\A o.oo , ?. • 9 0 16.13 61.29 9.68 n.oo o.oo 31 
\Q o.oo n.oo 3,23 67.74 29.03 o.oo o,oo 31 
20 o.oo n.oo o.oo 19.35 77.42 3.23 o.oo 31 
i' 1 o,oo n.oo o.oo 12.90 70.97 16.13 o.oo 31 
22 o.oo n.oo o,oo 9.68 58.06 32.26 o,oo 31 
i'3 o.oo n.oo o.oo 6.45 64.52 29,03 o.oo 31 

PER 
TOTAL 14.25 7.26 4e30 19.49 37.37 16,67 .67 744 

. ,:, 



1 COMMONWEALTH EDISON CO. <DRESDEN STATION) 12/67-12/68 <CDC-6600 59 

***400•035 FT••• 

•STAB IL ITV DISTRIBUTION<IN PCNT OF EACH HOUR) FOR ••SEP * 67121115 - 68123123 

HR l (A) ;:! ( H) 31C) 4(0) SIE) 6(F) 7(G) HR TOTAL 
0 o.oo n.oo o.oo 13.33 36.67 36.67 13.33 30 
l o.oo n.oo o.oo 16.fl7 . 33. 33 26.67 23.33 30 
2 o.oo n.oo o.oo lo.oo 43.33 23.33 23. 33. 30 
3 o.oo o.oo o.oo 13.33 33.33 30,00 23.33 30 
4 o.oo n.oo o.oo 10.00 33.33 36.67 20.00 30 
5 o.oo o.oo o.oo 13.33 43.33 20.00 23,33 30 
6 o.oo n.oo o.oo l.0.00 40.00 23.33 26.67 30 
7 o.oo n.oo o.oo 13.33 36.67 30.00 20.00 30 
R o.oo n.oo n.no 36,67 . 33. 33 30,00 o.oo 30 
9 13.33 :..33 6.67 46.67 23.33 6.67 o.oo 30 

10 16.67 20.00 16.67 46.67 o.oo o.oo o,oo 30 
l 1 46.67 ?.n.oo 10.00 20.00 3.33 o,oo o.oo 30 
l2 66.67 i.33 3.33 23.33 3. 33. o.oo o.oo 30 
13 10.00 ft.67 3.33 20.00 o.oo o.oo n.oo 30 
14 10.00 1n.oo 3.33 13.33 3.33 o.oo o.oo 30 
lS 53.33 lft. 67 3.33 23.33 3.33 o.oo o.oo 30 
16 53,33 i.n.oo 6.67 26.67 3.33 n.oo o.oo 30 
17 16.67 1,.,.~7 io.oo 53.33 3.33 o.oo o,oo 30 
18 6.67 n • o o 3.33 10.00 20.00 o.oo o.oo 30 
lQ o.oo n.oo o.oo 36.67 so.no 13,33 o.oo 30 
20 o.oo n.oo o.oo 30.00 36.67 30.00 3,33 30 
?l 3,33 n.oo o.oo 23.33 33.:n Jo.oo io,oo 30 
?2 o.oo n.oo o.oo 20.00 30.00 . 36.67 13,33 30 
i?3 o.oo n.oo o.oo 16.67 46.fl7 23.33 ·13.33 30 

PER 
TOTAL 17.36 4.44 2.78 25.28 24.72 16.53 s.a9 720 



l COMMONWE:ALTH EDISON co. <DRESDEN STATION) 12/67-12/68 <CDC•6600 60 

*••400-035 FTOOO 

•STABILITY DISTRIBUTIONCIN PCNT OF EACH HOUR) FOR **OCT * 67121115 - 68123123 

HR l (A) ?. ( 8) 3(C) 4 (D) 5 (E) 6 CF> 7(G) HR TOTAL 
0 o.oo n.oo o.oo 12.90 51.61 22.s8 12.90 31 
l o.oo n.oo o.oo 12.90 58.06 9.68 19.35 31 
2 o.oo n.oo o.oo 9.68 51.61 19.35 19.35 31 
3 o.oo n.oo o.oo 6.45 61.29 9.68 22.se 31 
4 o.oo n.oo o.oo 6e45 64.52 6.45 22.50 31 

'.; 5 o.oo o.oo o.oo 3e23 64.52 9e6B 22.58 31 -·~ ·:...1 6 o.oo o.oo o.oo 12.90 Slefll 12.90 22.sa 31 0\ 
c:j 7 o.oo o.oo o.oo 12.90 51.61 12.90 22.5a 31 

H o.oo n.oo o.oo 32.26 41.94 19.35 6.45 31 
9 16.13 1.23 o.oo 67.74 12.90 o.oo o.oo 31 

10 25.81 19.35 12.90 38.71 o.oo 3,23 o.oo 31 
l 1 46.67 l1.33 6.1>7 30.00 o.oo 3.33 o.oo 30 
\2 60.00 l~.67 o.oo 23.33 o.oo o.oo o.oo 30 
13 46.67 23.33 6.67 20.00 3.33 o.oo o.oo 30 
\4 48.28 17.24 6.90 27.59 o.oo o.oo o.oo 29 
\5 44.83 to.34 l0.34 34.48 o.oo o.oo o.oo 29 
16 17.24 13.79 13.79 s1.12 3.45 o.oo o.oo 29 
11 0. 00. 1.45 o.oo R9e66 6.90 o.oo o.oo 29 
\A o.oo n. oo o.oo 19.35 eo.,,5 o.oo o.oo 31 
19 o.oo o.oo o.oo 3.23 BO.t-.5 16.13 o.oo 31 
?O o.oo fl. 00 o.oo 12.90 48.39 38.71 o.oo 31 
21 o.oo n.oo o.oo 16.13 45.16 29.03 9.68 31 
?2 o.oo n.on o.oo 12.90 51.61 2s.e1 9.68 31 
?. 3 o.oo n.on o.oo 12.90 48.39 2s.e1 12.90 31 

Pf R 
TOT/lL 12.41 4.91 2.32 ?3.47 37.11 llel9 0.s9 733 

~ 
::-(\ -~ 



1 COMMONW!='ALTH EDISON co. <DRESDEN STAT JON) 12/67-12/68 <CDC-6600 61 

•••400-035 FT*•• 

•STABILITY DISTRIHUTIQNCIN PCNT OF EACH HOUR) FOR **NOV • 67121115 - 68123123 

HR l< A) ?. ( B) 3<C> 4 (D) 5(£) 6(F) 7(G) HR TOTAL 
0 o.oo o.oo o.oo 53.33 36.67 lo.oo o.oo 30 
1 o.oo n.oo o.oo 40.00 43.33 13.33 3.33 30 
2 o.oo n.oo o.oo so.oo Jo.no 13 .33 . 6.67 30 
3 o.oo n.no o.oo 43.33 36.fi7 20.00 o.oo 30 
4 o.oo n.oo o.oo 46.67 33.33 16.67 3.33 30 
5 o.oo n.oo o.oo 43.33 36.67 16.67 3.33 30 
6 o.no n.oo o.oo 43.33 43.33 3.33 10.00 30 
7 o.oo n.oo n.oo 40.00 43.33 lo.oo 6.67 30 
R o.oo n.oo o.oo 10.00 23.3J 3.33 3.33 30 
9 o.oo lJ.33 6.67 56.67 20.00 3.33 o.oo 30 

10 16.67 ~.33 13.33 63.33 3.33 o.oo o.oo 30 
11 2·3. 33 20.00 lft.67 36.67 3.33 o.oo o.oo 30 
12 36.67 1.33 16.67 43.33 o.oo o.oo o.oo 30 
13 36.67 21.33 3.33 36.67 o.oo o.oo o.oo 30 
14 26,67 11.33 10.00 50.00 o.oo .o. 00 o.oo 30 
15 13.33 1.33 3.33 so.oo o.oo o.oo o,oo 30 
l fl n.oo 1,33 6.67 eo.oo 10.00 o.oo o.oo 30 
17 o.oo n.oo 6.67 66,67 23.33 3.33 o,oo 30 
lR o.oo o.oo o.oo 66.,,7 30.00 3.33 o,oo 30 
19 o.oo o.oo o,oo 60.00 36.f.17 3e33 o.oo 30 
?. 0 0. 00 o.oo o.oo 53.33 33.33 13.33 o.oo 30 
21 o.oo n.oo a.on 46.67 43.33 lo.oo o.oo 30 
22 o.oo o.oo o.oo 40.00 46.f.i7 10.00 3,33 30 
i?3 o.oo o.oo o.oo so.oo 36.f.7 13.33 o,oo 30 

P~R 

TOTAL 6,39 3.1+1 3.47 s2.so 25.56 6e94 1.67 720 



1 COMMONWEALTH EDISON CO. (DRESDEN STATION) 12/67•12/68 (COC•6600 62 

•••400•035 FT*** -
•STABILITY DISTRIAUTION<IN PCNT OF EACH HOUR> FOR ••DEC * 67121115 - 68123123 

HR 1( A) ;.» ( H) 3<C> 4 (0) SfE) 6<F> 7<G> HR TOTAL* 
0 1.96 t). 00 o.oo 52.94 35.29 9e80 o.oo 51 
1 1.96 n.oo o.oo 56.86 31.37 7.84 1.96 51 
2 o.oo n.oo o.oo 60.78 27.45 11.76 o.oo 51 
3 o.oo o.oo o.oo 5e.a2 27.45 9.80 3.92 51 
4 o.oo o.oo· o.oo 62.75 21.57 13.73 1.96 51 
5 o.oo o.oo n.oo 62.75 21.57 l3e73 le96 51 
6 o.oo n.oo o.oo 56.86 31.37 9e80 1.96 51 
7 o.oo o.oo o.oo 62.00 26.00 lo.oo 2.00 50 
8 o.oo o.oo o.oo 68.00 20.00 lo.oo 2.00 50 
9 1.96 I'). 00 o.oo 72.55 19.61 5.8e o.oo 51 

10 le96 i.96 o.oo 12.s5 19.61 3.92 o.oo 51 
11 le96 i.96 J.92 80.39 9.80 le96 o.oo 51 
12 1.96 i.96 7.84 84.31 1.96 1.96 o.oo 51 
13 2.00 4.00 4.oo ea.oo 2.00 o.oo o,oo 50 
14 3.92 1196 5188 84.31 3.92 0100 o.oo Sl 
ts 2100 4.00 a.oo e2.oo 4.oo o.oo o.oo so 
1.6 1196 \196 3.92 74,51 17.65 o.oo o.oo 51 
17 o.oo n.oo 3eR5 fl7.31 281A5 0100 o.oo 52 
18 o.oo o.oo o.oo 71.15 28185 o.oo o.oo 52 
19 n.oo n.oo o.oo 65.38 30.77 3.85 o.oo 52 
2 0 o.oo o.oo n.oo 55.77 3814b s.11 o.oo 52 
21 o.oo o.oo o.oo 53.~5 38.46 7.69 o.oo 52 
::»2. 1.96 n.oo o.oo 54.90 37.25 s.ea o.oo 51 
23 1.92 o.oo o.oo 50.00 40.38 5.77 1.92 52 

P~R 
TOTAL 1106 .73 1.ss 66.56 23.57 5.79 .13 1226 

* Includes data for December, 1967. 
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. QUESTION 

B.12 Describe the post-accident recovery provisions for the drywell including instru

mentation which would be available to assist in the evaluation of necessary action 

measures. 

ANSWER 

Accidents which could occur within the drywell are normally thought to be loss 

of coolant accidents. A loss of coolant accident could be a break in any line 

connected to the primary system from a small line break to a line break equiva

lent to the double-ended break of a recirculation line. Each break of a given, 

size can be postulated to occur in any one of the primary system pumps or 

valves or along any point in the varied primary system pipes. In addition to 

the numerous combinations of break sizes and locations and almost unlimited 

set of various conditions within the primary containment, secondary containment 

and site area can be postulated. 

The primary concerns du:ring an accident situation are identification of the acci

dent, automatic and manual protection following the accident, available intelli

gence related to the accident and the ability to take corrective action based on 

the intelligence. Analysis presented to date have emphasized the automatic 

protective features provided in the plant design. These automatic features 

limit and terminate the transient condition associated with the accident situation 

and enable the plant to be maintained in a safe condition thereafter. Those 

plant design features which could provide intelligence following the accident and 

the ability to take action which is deemed proper based on this intelligence are 

discussed below. 

Reactor Control System: The general status of the neutron flux is available. 

The co;ntrol rod positions are indicated by position lights and by rod notch 

position. ·The liquid control system is monitored for pump outlet flow and 

pressure, as well as solution volume and temperature. 
\ 
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• Primary System Parameters: The reactor vessel is monitored for 

preElsure, water level and temperature. 

it Primary Containment: The primary containment is monitored for dry

well pressure, drywell temperature, torus pressure, torus water level' 

and torus vacuum. 

• ECCS Flow: It is important to lmow the fl.ow of the various subsystems, 

Flow is monitored on each of the core sprays; the LPCI containment 

cooling has flow monitored as a total subsystem and also at the discharge 

into the recirc. header; the HPCI pump is monitored for flow; and each. of 

containment cooling service water loops are monitored for fl.ow, 

• 

• 

ECCS Pump Pressure: Each pump in the ECCS is equipped with a pres

sure indicator, Each pump is also equipped to indicate current fl.ow to 

the pump motor and an indicator giving status of the pump. 

ECCS Valve Positions: Each valve (except manually operated-locked 

open valve) in the fl.ow path for each subsystem has its position indicated. 

• Automatic Pressure Relief: The valve position is monitored and indica

tion is given upon initiation of the 2 minute timer prior to blowdown, 

• Diesel Generator Electrical Power: The diesel generator status is 

monitored by indication of the generator volts and amps, the emergency 

buses (23-1, 24-1, 33-1, and 34-1) volts and amps, and the fuel oil 

supply. 

• Standby Gas Treatment System: The SGTS flow is monitored, each 

major valve position is indicated and various filters dp and temperature 

indicators. . .;. 

In addition to the above listed items, there are many other items which will 

assist in accessing the accident situation. These other items are annunciated, 

indicated and/or recorded, Such items are: feedwater flow and pressure; 
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hotwell level; condensate storage tank level; recirculation pump fl.ow and 

pressure; isolation valve positions; isolation condenser water level, radiation 

at vent, and valve positions; off-site power status essential breaker positions 

and battery chargers volts and amps; area radiation monitors, ventilation 

monitors and stack gas monitors. 

In a loss of coolant accident situation, the recovery may take several months. 

~he refl.ooding capability of the jet pump will always assure the core to be two

thirds covered as long as one ECCS pump is available. The decision as how to 

proceed with such a recovery would be the subject of an extensive safety 

· evaluation. Time would be available for such evaluations since the core will 

be maintained in a safe condition with the redundant emergency core cooling 

subsystems which have redundant components for an indefinite period of time. 

When time permits the excess low pressure cooling pumps would be shut down 

under a carefully controlled procedure. ·Also, it will be possible to rotate the 

redundant components in service from time to time if believed desirable. A 

few days after the accident it will be possible to inspect this equipment remotely 

and after a few weeks it will be possible to make close...:up visual inspections of 

this equipment. 

After the emergency core cooling systems. have terminated the accident,' the 

control room operator's primary function would be to monitor the intelligence 

available in the control room to see that the core continues to be maintained 

in a safe condition. Some of the more important things that the operators will 

have to do are: (1) initiate the Generating station Emergency Plan (2) startup 

high priority auxiliary systems as required consistent with availability of power 

supply (3) secure balance of Unit safety (4) ascert.ain that both 2rimary and 

secondary containment have functioned properly and (5) start investigation to 

asce;rtain location and size of leak. Most of the systems or components would 

continue to function or would automatically shut down. For example, the re

actor feed pumps would trip on loss of suction pressure as soon as the con

denser hot well supply is exhausted. 
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Operating procedures will call for the operator to make no changes to the pri- . 

mary coolaµt loops following an accident. 

The recirculation pumps which are shut down when the accident occurs will not 

be started up. The shutoff valves on the suction and discharge sides of the 

recirculation pumps are to be left open if they have not automatically closed. 

It should be possible by systematic closing of the loop valves to determine the 

approximate location of the break. Closing of these valves will only be done 

after thorough safety reviews. The closing of these valves will be supervised 

by one or more of the station senior operators. If it is found that the break is 

on the pump side of the discharge valve it will be possible to close this valve . 

in the loop affected and then flood the reactor vessel. 

If a break has occurred which prevents complete refilling of the reactor vessel, 

it may be required to flood the drywell to accomplish eventual fuel removal. 

Provisions are provided to direct water into the drywell via the ·standby coolant 

supply ·system as discussed in Section 6. 3 of the FSAR, or via any of several 

alternative systems. Monitoring of the water level in the drywelf would be 

accomplished by providing pressure gauges on any one of several taps off of the 

drywell or torus. Again, the flooding of the drywell and removal of the fuel 

would only be accomplished under· direct supervisory control after careful 

consideration of the situation as it exists. 
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QUESTION 

B.13 At various meetings we discussed the flooding capability of the jet pump con

figuration employed in the reactor pressure vessel. In particular, matters 

related to your pre-operational testing plans to measure leakage from the jet

pump-shroud assembly were considered. Please describe these plans and state 

the basis for and the allowable leakage limits considered acceptable for these 

tests. 

ANSWER 

There are no plans to pre-operationally test for the leakage rate from the j .et 

pump-shroud assembly. This leakage rate is well knoW'n by other test and 

calculations and the leakage rates consid.ered in accident type analysis have a 

considerable margin of conservatism specified. The following paragraphs 

should be considered. 

The jet pump preoperational tests are integrally related to performance, vibra

tion and recirculation system testing. The jet pump differential pressure will 

be measured in all of these tests which are to be performed both cold and hot. 

As described in the jet pump topical report, APED 5460, the jet pump fl.ow can 

be determined by differential pressure measurement. These tests, however, 

are not to determine leakage of the jet pump - shroud assembly as such. 

The assembly consists of a jet pump support ring that is attached to the vessel 

wall and the core shroud support. This attachment, consisting of welded joints, 

was performed in the vessel fabrication shop and is a highly controlled operation. 

The core shroud to shroud support is also a welded joint. This joint is made in 

the field and dye penetrant checked to insure the weld integrity. The diffuser 

section of each jet pump is attached to the support ring by an adapter ring which 

is welded to the diffuser and to the support ring. This latter weld, a field weld, 

is dye perietrant checked on the first pass, half through the weld and the finish 

surface weld to insure its integrity. These are the only major joints separating 

the shroud outer area from the core inner space. 

'· 
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The other potential leakage areas are part of the jet pump assembly. These 

are the dif~ser slip joint, the throat clamp joint, the nozzle-throat entrance 

region, and the rise transition to the elbow joint. The diffuser slip joint pro

vides for thermal expansion and has been analyzed to determine leakage potential. 

As stated in APED 5460, an allowance of 225 gpm has been made for the total 

leakage through the joints in all 20 pumps. The diametrical clearances are a 

maximum of • 02 inch between the male and female sections and may be as low 

as • 01 inch and remain in tolerance. As well as controlling the manufacturing 

tolerance, the Dresden 2 jet pump assemblies were measured. to determine the 

gap to aid in the analysis of the vibration test data. 

The throat clamp joint is made in the manufacturers' facility and is a special 

marmon clamp arrangement that provides an essentially zero leak rate due to 

the wedge design of the clamp. The nozzle-throat entrance area is, of course, 

a leak path and is the limiting height for core reflooding for the design basis 

accident. 

The transition to elbow joint is the final potential leakage path. APED 5460 . 

states the allowable leakage that was used in the pump design as 582 gpm for 

10 pumps. The valu~ is conservative. The joint is preloaded to 25000 pounds 

force at assembly and prior to this, each elbow seat is hydrostatically tested 

.to 200 psi at the vendor shop to insure that the leakage at the joint is no greater · 

than 0.1 gpm. In addition, full scale tests have verified that the leak3.ge 'is at 

least an order of magnitude less than allowed in the design. 

It is emphasized that the LPCI and core spray systems, after a design basis 

accident, provide for initial flooding of 19, 400 gpm and 10, 000 gpm respectively. 

Even under a failed diesel condition the flood capability is about 10, 000 gpm and 

5, 000 for these systems. During the post accident period the flow into the 

· vessel to maintain the core flooded to 2/3 core height is designed for 3, 000 gpm 

from the LPCI and 5, 000 gpm from the core spray. 

In summary, the maximum expected leakage in the jet pumps - shroud region is 

not considered to be a significant safety problem. In addition, from the per

formance standpoint, the design includes a conservative allowance for leakage. 
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The preoperational tests will verify the operation of the safety systems, LPCI 

and core spray; and will also verify the operating performance of the jet pump 

system. Furthermore, to test the leakage in this area as a preoperational test 

of the LPCI would not be practical because the design basis accident open re

circulation line cannot be duplicated. Considering the minimum inlet flows of 

the safety systems versus the extremely conservative leakage estimates, there 

is at least an order of magnitude difference. 

I 

j 
1 

r 
' 
; 
;• 
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QUESTION 

B. 14 Describe your plans with regard to improving present methods of leakage 

detection in the drywell, study of possible means for continuous monitoring 

for vibration or for the presence of loose parts in various portions of the 

reactor coolant system including the reactor vessel, means to detect early 

signs of gross failure of fuel elements, and periodic in-service inspection of 

the high pressure coolant system including welds in the reactor pressure 

vessel. 

ANSWER 

Leakage Detection in the Drywell 

In the operation of any power plant, fossil fuel or nuclear, the ability to detect 

leaks and mitigate possible serious incidents is necessary to conform to safe 

p·ower plant operation. For a nuclear fuel plant, the detection and location of 

leakage is of paramount importance due to the possible consequences to the 

public. However, there is a major difference between the "detection" of a leak 

and the ''location" of a leak. The ability to detect a very small leak, e.g., in 

the cubic centimeters per minute range, is of no value unless the source of 

leakage can be found. 

The ability to find the source of leakage, once detected, becomes the crux of 

the problem. With the use of an unmanned containment for Dresden Unit 2 and 

3, remote means of leak location must be employed. However, at some point in 

the sequence of locating a leak, the visual inspection by a man is necessary. 

For this visual inspection to be meaningful, the primary system has to be at or 

near operating conditions of pressure and temperature. 

Therefore, once a leak has been determined to exist in the primary system 

within the primary containment, the first step would be to find the general area 

or, if possible, the specific component leaking. Next, the magnitude of the 

leakage has to be determined. This is necessary to assess the size of the leak. 
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If the source of leakage can be identified and is within the allowable limit set 

by Technical Specification, unit operation can continue. 

Since the primary containments for Dresden Unit 2 and 3 are unmanned systems, 

it is necessary that the Operator be provided with remote means for the detec

tion of leakage from the primary system. A number of systems are provided 

for the purpose.of leak detection. In addition to these systems and through the 

use of instrumentation on other operating systems, it is possible to determine 

the source and magnitude of leakage. 

The description of the systems contained in this section would be used by the 

Operator to determine that leakage does exist within the drywell. These various 

systems operating together or singly provide the intelligence to the Operator 

that a possible problem has developed within the drywell. 

1. Air Sample System 

Each drywell is equipped with 24 air sampling points, and each sup

pression chamber with one sampling point. For the leak detection mode 

of operation, one or two of the air sample points would be in service. 

Each half-inch tube will take an air sample from a selected point within 

the drywell. The air sample will be drawn through the tubing, out through 

a drywell penetration, auto-isolation valves, and then to a continuous air 

monitor. This air monitor will count gross beta activity which will be 

recorded, and alarm on an increase. This provides an indication that a 

leak has occurred. 

2. Thermocouple Leak Detection 

Large valves in the primary system are equipped with stuffing box leak 

off lines. Leakage through the stuffing box packing at approximately its 

mid-point is vented off through a closed piping system. _This hot leakage 

from each valve is routed past its own thermocouple and then to a water

filled reservoir and finally to the drywell equipment drain sump. An 

increase in temperature on any of the thermocouples will sound an alarm 

4-71 'tlO 
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in the control room. A similar system is also provided for the safety 

and relief valves. This system permits leak location information. 

3. F1ow or Pressure switches 

Each of the reactor recirculating pumps are equipp~d with flow switches 

which will actuate an alarm I in the control room on excessive seal 

leakage. 

A pressure switch will alarm if failure of the inner "O" ring takes place 

on the reactor vessel. Normal pressure between inner and outer "O" 

ring is drywell pressure. Again, these are leak location systems. 

once a leak has been detected within the drywell by any of the methods covered 

above, it becomes necessary to locate and, if possible, determine its magnitude 

and rate of change with time. The smaller the leak the more difficult it be:comes 

in locating its source. For example, through the use of the continuous air sam

ple system, it will be possible to detect changes in radioactive nuclides from 

one 24-hour periOd to the next. Very small leaks are thus possible to detect. 

The systems described above would be used by the Operator to find the source. 

_of leakage. The' systems are remote in nature and provide the Oper?-tor a 

method of cross checking to locate the source of leakage or the area in the 

drywell in which the leak has developed. 

1. Air Sample System 

For the drywell there are 24 air sampling points and one for the torus, of 

these 25 there are two which are used continuously for obtaining gross 

beta changes in the activity of the atmosphere within the drywell. The 

other 22 provide means of taking air samples from specific areas of the 

drywell. 

Air samples would be taken from these areas on a short period basis, 

with the sample being drawn through filters. The filters would be counted 

for gross beta. The points ·sampled are: 

47, Uf 
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· .. Air return from reactor head area . . . . . . . . . .. 
Air ,space around reactor vessel •••••••••.••• 

Area over each equalizing valve and suction 

2 samples 
6 II 

valve primary system •••••••••.••••••• • • 4 II 

Area over each discharge valve primary 

system . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2· II 

Area of recirculation pump seal each pump 

Area of main steam & f eedwater line 

..... 2 samples 

penetrations . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Area under reactor vessel control rods • • • • • • • • 1 

Openings to control rod area •••••• · • • • • • • . • • 2 

II 

II 

II 
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In addition, there is the one sample point from the inside of the torus. 

2. Thermocouple Leak Location 

As pointed out previously, large valves in'the primary system are pro

vided with a means to determine stuffing box leaks and safety or relief. 

valves. Actuation of this system pinpoints the source of leakage. 

3. flow or Pressure Switches 

Actuation of this system will locate the source of leakage. 

If it is not possible to pinpoint the leakage to a valve or piece of equipment, it 

is then necessary to find the leak by visual means~ This requires bringing the 

reactor subcritical and entering the drywell. The reactor should be near as 

possible to operating conditions of pressure and temperature. Once men are 

in the drywell, leaks would be located by sound, running water or blowing 

steam. 

Piping and equipment insulation have been designed for ease or removal which 

should aid in finding the source of leakage. 
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For any leak detection and location system, it still is necessary for a man to 

verify the location or, in some cases, find the leak. 

Study of Monitoring. for Vibration 

No study is being made to monitor for vibration or for the presence of loose 

parts Within the primary coolant system. The coolant system. including the 

reactor vessel and core were designed to prevent vibration.- Various points 

within the primary system will be monitored for vibration during startup as 

was presented in Amendment 9/10, Answer to question I.A. 3. Loose parts 

within the primary coolant system can only be detected by anomalies in the 

flow instrumentation available on the coolant system. · 

Detection of Gross Fuel Failure 

Gross failure of fuel elements will be detected by the steam line- radiation moni

tors and the off-gas monitors. These monitors are capable of detecting gross 

· fuel failure. The steam line radiation monitors are particularly desigued for 

early detection of gross fuel failur~ and, in addition, will initiate automatic 

shutdown of the reactor upon detecting gross fuel f~ilure. 

Periodic In-Service Inspection 

Commonwealth Edison has under study the piping systems in the Dresden Unit 2 

and 3 containment to determine the most effective inservice inspection program. 

This study on the various systems will continue after the units go into" service 

and the results of the in service inspections will b~ analyzed so that future in

spection wiil be as effective as possible. 

Accessibility and radiation exposu're are two of the factors studyed on all of the 

equipment in Dresden Unit 2 and 3 subject to inservice inspection. Common

wealth Edison will make a serious effort to coliform with the recently published 

draft ASME In Service Inspection Code but it should be realized that accessibility 

and radiation exposure will determine the extent of our conformance. 
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Considering accessibility and radiation, the inservice inspection of the main 

steam and ~oiler feed welds, whose failure could permit the affected pipe to 

whip and penetrate the containment, will get the extra attention they deserve. 



D2,3 B.15-1 

QUESTION 

B. 15 Your discussion of brittle fracture is limited to the reactor. vessel. For the 

ferritic steels in the reactor coolant and associated systems, provide the 

materials fracture properties and relate to pressurization temperatures. 

ANSWER 

The Dresden 2 Unit was designed before special specific rules for brittle frac

ture control in nuclear piping were developed and the material fracture proper

ties in pressurized systems, other than the reactor vessel, were not generally 

measured or controlled. This is in accordance with applicable industry codes 

and standards for the plant~ The genuinely good service experience in power 

piping has been the basis for not previously requiring special or brittle fracture 

control in such applications. 

According to ASME Section III even nuclear pressure vessel components of 
·, 

. 1/2 inch wall thiclmess or less are exempt from brittle fracture control. The 

4), zrs 

thiclmess of the feedwater line is only slightly larger than this, therefore, the 

ability of the line to operate in a safe and reliable manner should not be jeopard-

, ized. The toughness characteristics have been measured for the same type 

material (A106B) on a later plant (TVA) and were found to be quite adequate. 

A transient thermal stress and fatigue analysis of a similar, although larger, 

mixing tee (the sensitive component in the feedwater system) has shown that the 

tee can withstand many cycles of HPCI operation and maintain its integrity. 
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QUESTION 

B.16 The information contained in answer I. A. 7 in Amendments 9 and 10 does not 

indicate whether quality assurance measures beyond applicable code require

ments were followed in the design, fabrication, inspection, and installation of 

piping and other components within the primary coolant pressure boundary. 

Discuss in detail any additional measures which were specified in this regard. 

ANSWER 

Typographical errors in the answer to Question I. A. 7 of Amendments 9 and 10 

contained in I. C. 1 are as follows: 

"Circumferential butt weld in accordance with Paragraph UW-51. • . . . 
should read "Circumferential butt welds are radiographed in accordance 

with Paragraph UW-51. .• ~ • " 

"The casings are radiographed. • . . • " should. read "The castings are 

radiographed. • • • • n 

"After installation, a hydrostatic seal test is performed. . 

should read "After installation, a hydrostatic field test is 

performed. . • . . " 

" 

· The comments contained in the above-referenced answers were with regard to 

the main steam piping in particular. The same measures were taken on all of 

the piping and components within the primary coolant pressure boundary. For 

the most part, design, fabrication, inspection and installation of piping outside 

the drywell was the same as inside the drywell. 

In addition to the information contained in answer I. A. 7 in Amendments 9 and 

10, the following information is given concerning quality assurance measures 

bey~nd applicable code requirements as specified in USAS B 31.1: 

t 7, Z/(,, 

" 
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1. The piping required 100% radiography of all welded joints in plate 

pipe and butt-weld fittings with techniques and standards of acceptances 

complying to ASME Boiler and Pressure Vessel Code, Section VIII, 

Paragraph UW-51. All circumferential butt welds made during shop 

fabrication or field fabrication were similarly radiographed. 

2. Cleaning of stainless steel pipe was by shot-blasting using alumina grit. 

3. 

Carbon steel pipe was grit-blasted. Piping was shipped to the plant site 

with open ends metal capped and taped with silica-gel placed inside the 

pipe to insure against corrosion. Metal protectors were reinstalled on 

. the open ends of all piping during erection at the end. of each working 

day. 

Carbon steel piping in sizes 6" and larger in Schedule 160, X strong, 

and XX strong had supplementary tests S-5 and S-6 performed as 

described in ASTM Al06. The check analysis required ill the supple

mentary tests were made for each heat of piping involved and is 

essentially an etching test to insure the integrity of material. 

4.. Stainless steel welding electrodes had the ferrite content controlled by 

chemistry and checked by measurement with Magna or Severin gauges. 

5. The carbon steel material of dissimilar metal welds was clad with E-309 

electrode on the root pass and E-308 electrode on subsequent passes to 

obtain a minimum thickness of 3/8" with radiography of the final weld 

preparation and a liquid penetrant check. 

6. 100% radiography was performed on all valve castings in sizes 4" and 

larger for 900-lb class valves. Radiography on lower pressure class 

valves was performed on theweld ends and critical casting locations. 

7. A liquid penetrant test on all stainless steel socket welds was performed 

in accordance with ASTM E-165. 
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8. A seismic analysis was performed on those portions of piping within 

the pontainment. 

9. Third party inspection was provided for all piping between the vessel 

and the first isolation valve to assure code compliance • 
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QUESTION 

B.17a The location of the radiation monitors in the refueling area should be identified. 

Further, the manner in which these and the monitors in the building exhaust 

duct are connected into the building isolation trip circuit, as well as the inter

connection of their power supplies, should be described. Specify whether the 

design can accommodate the effects of single failures. 

ANSWER 

The Answer to Question ii. B. 5, Dresden Amendment 11/12 E)tated 'that four . 

radiation monitors are available to initiate the standby gas treatment system -

two in the ventilation duct and two on the refueling floor. This design has been 

changed to two ventilation monitors, each with their own low and high voltage 

power supplies, which will initiate the standby gas treatment system. The two 

radiation monitors on the refueling floor now provide an indication and alarm 

function only. 

The reactor building ventilation monitoring subsystem incorporates two chan

nels of instrumentation, each of which includes: 

- Geiger-Mueller Tube (sensor and converter) 

- Indicator and Trip Unit 

- Low and High Voltage Power Supply 

- A shared two pen recorder 

The range of the monitors is 0.1 to 1000 mr/hr. _Each channel provides a trip 

on high radiation level. A downscale trip is indicative of instrument trouble. 

The trip outputs from the two redundant monitoring channels are combined such 

that ONE UPSCALE TRIP OR TWO DOWNSCALE TRIPS (this is done twice for 

redundancy) initiate reactor building ventilation system· shutdown and startup of 

the standby gas treatment system. 
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Therefore, the reactor building ventilation monitoring subsystem is completely 

redundant, i.e. meets the single failure criterion for active components. 

The Area Radiation Monitoring System,monitors, indicates, records and alarms 

the refueling floor, but these monitors on the refueling floor are. not connected 

into the building isolation trip circuit. 

QUESTION 

J:3· 17b The transit time for activity released in the reactor cavity or fuel pool to reach 

the normal ventilation exhaust point should be supplied. The time for radio-· 

activity to reach the refueling monitors and to complete building isolation should 

also be supplied. 

ANSWER 

The transit time for activity released in the reactor cavity or fuel pool to reach 

the normal ventilation exhaust point to the atmosphere is 12 seconds. 

The transit time for radioactivity to reach the radiation monitor in the reactor 

plant exhaust duct is 8. 6 seconds. The time constant for the monitor is O. 5 

seconds. 

Building isolation is completed within 10 seconds after initiation of the radiation 

monitor. 

The total time to complete building isolation is approximately 19. l seconds. 
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QUESTION 

B.18 Your response to Question IV. 4. 5 of Amendments 9 and 10 did not contain 

sufficient information regarding single failure design protection of the RBM. 

Please identify in detail the areas of the RBM design which lack adequate 

redundancy or testability, and discuss the quality and equipment qualifications 

of the system components. 

ANSWER 

The rod block monitor (RBM) is installed in the Dresden 2, 3 reactor units to . 

' provide, in additicm to written procedures, an operating aid in the event of a 

single operator error. The RBM prevents exceeding thermal margins in the 

event that a control rod is fully withdrawn from the most adverse control rod 

pattern which can be postulated to exist. This control rod pattern must 

deliberately be created by violating operating procedures and ignoring alarms. 
. ' ' 

The details of this analysis is presented in Hatch Nuclear Plant, Docket 50..:.321, 

Amendment 6. 

The values established by 10CFR20 represent the limiting exposure to the public 

under normal operating conditions. The Technical Specifications allow for 

short term release rates greater than the 10CFR20 values. In view of the 

analysis made which show the adequacy of the reactor to withstand even a com

plete loss of the rod block monitor system under the most limiting· conditions 

and within the limitations specified by 10CFR20, the RBM system was not de

signed to meet single failure requirements. 

A complete description of the RBM has been presented in Section 7 of the FSAR 

and in Topical Report APED 5706, In-Core Neutron Monitoring System. Al

though the RBM has no reactor protection outputs, each RBM is nominally 

assigned to a separate trip system and the power supply is supplied from that 

source.· Thus, some redundancy and separation is provided by normal engi

neering design. However, not all aspects of the design can be interpreted to be 

in conformance with the guidelines of the proposed IEEE 279 criteria. Princi

pally, the system is located within a single cabinet and a single contact is 
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provided in the selection matrix circuitry. These features could be inter

preted as n<?t satisfying the IEEE 279 criteria. 

The rod block monitor and the APRM system components are of the same 

general quality and have been qualified to the same level of performance 

capability. 
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QUESTION 

B.19 We understand from the Division of Compliance that certain materials and 

fabrication methods used for the main steam line flow restrictors are con

sidered questionable with regard to acceptability on the basis of applicable 

codes. We will need your evaluation of this matter including your justification 

of the acceptability of the "as built" units considering their safety significance. 

ANSWER 

The Dresden 2 main steam line flow restrictors have been analyzed and non

destructivily examined to provide assurance that the design and material meet 

all the requirements of the ASME Boiler and Pressure Vessel Code, Section I, 

and USAS B. 31. 1. The Dresden 3 flow restrictors are of a different design and 

fabricated with different materials and are also satisfactory • 

The primary concern with the Dresden 2 flow restrictors are the center housing 

portions of the flow restrictors which were machined from ASTM A515, grade 70, 

6 inches thick, plate material which is certified as such by reference (1). Our 

interpretation of the Applicable Code· (ASME Boiler and Pressure Vessel Code, 

Section 1) does not prohibit the use of plate material for such an application 

providing that the material meets the code strength requirements. Applications 

such as hub type flanges and tube sheets are not permitted to be cut from plate 

material. The concern is laminations within the plate material that could 

4.,, 2Z-3 

create circumferential separation at the pressure boundary~ See Figure B.19.1. 

Both the hub type flanges and tube sheets have significantly different and more 

severe stress patterns than does the mid-section of the flow restrictor; there

fore, the application is not the same as referred to in the code. Additionally, 

non-destructive tests can be performed to assure that the material is free of 

harmful defects, including laminations. 

By means of material certification, non-destructive inspections, stress analysis 

and materials property data, the use of the plate material has been established 

as acceptable for this application and meets the intent and the requirements of 

the Code. The following summarizes the various findings. 
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1. Stress Analysis and Material Certification (Reference 1 and 2) 

2. 

The main steam line piping stresses at the steam flow restrictor locations 

have been analyzed (reference 2) and are summarized here., The maxi-

. mum allowable stress for ASTM A515 plate material is 17, 500 psi (-20 

to 650° F) per ASME Boiler and Pres8ure Vessel Code, Section 1, (1968) 

Appendix A-24, Table PG 23.1. The stress summary is based on calcu

lations as defined in USAS B. 31.1. 0, Power Piping, paragraph 102. 3. 

The calculated stresses, using a fitting geometry stress intensity factor 

of 2 (which is conservative), have at least a 1. 5 margin over the maxi

mum allowable stress values. 

Physical Property Data Review 

. The principal stresses in the center housing material are in a direction 

perpendicular to the surface of the rolled plate. A survey of data was 

made to determine what reliance can be placed on the mechanical prop

erties of 6" thick ASTM A515, grade 70 plate in the direction perpendicu

lar to the rolled surface. 

Specific conclusions from this survey are as follows: 

1. The ultimate tensile and yield strengths in the direction perpen

dicular to the surface of the rolled steel plate are equivalent to 

those in the longitudinal and transverse directions. 

2. The elongation and reduction in area values can drop to low levels 

in 1 11 plate in the direction perpendicular to the rolled surface, but 

increase again as the plate thickness increases. The size and 

number of small planar inclusions have a strong effect on these 

properties. ·All things being equal, the area of such planar in

clusions decreases in heavy plate because the degree of rolling 

decreases. Based on the data the elongation of heavy plate will 

easily exceed 10%. 



• 

• 

D2,3 B.19-3 

3. Charpy impact data show an increase in transition temperature 

and a lowering of upper shelf energy in the direction perpendicu-

. lar to the rolled surface. This data and theoretical considerations 

indicate that in heavy plate orientation will cause less change in 

these properties than in light plate. 

Reference 5a shows a change in Charpy transition (32 ft-lb) 

temperature from 20 ° to 30 ° to 50° F for longitudinal, transverse 

and perpendicular specimens at the 1/ 4 T location in 12" A5333 

plate. 

The data definitely indicate that heavy plate properties show little variation in 

the direction perpendicular to the rolled surface, and the 6" plate under con

sideration qualifies as heavy plate. In heavy plate a more likely occurrence 

would be gross laminations that could be detected by non-destructive tests such 

as ultrasonic or magnetic particle tests. 

3. Non-Destructive Tests 

Verification that the flow restrictors do not have undesirable laminations 

was obtained by illtrasonic Inspection and magnetic particle examination: 

illtrasonic Inspection was performed on all four flow restrictors. The 

entire surface area (including approximately 1 inch on the pipe side of 

each weld) was scanned in four directions. The UT procedure used was 

in accordance with Section Ill Nuclear Vessels, ASME Boiler and Pres

sure Vessel Code, Article N-322, Non destructive Examination of Forgings 

and Bars, paragraph 2, Angle Beam Examination. No indications were 

detected in this UT examination as stated in the UT examination report, 

reference (3). 

Magnetic particle inspection of the entire surface of the four flow restric

tors was performed by Magnaflux Corporation, Materials Testing Labora

tory in accordance with their test report, reference (4). No indications 
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of any defects were found in the parent metal or weld areas. These 

inspections provide proof that the center housing material is free of 

any defects that would be detrimental to the strength properties. 

4. Fabrication 

The welding of the steam fl.ow restrictors to the main steam line piping 

sections was performed by M. W. Kellog Company with code qualified 

welders. The radiographs for these welds were reviewed by qualified 

inspectors and found to be satisfactory. 

From the above, it is concluded that these steam fl.ow restrictors are acceptable 

from an engineering design standpoint and that the requirements of the ASME 

Boiler and Pressure Vessel Code, Section 1, and USAS B. 31.1 hav·e been met. 

Reference: *1. Material Test Report, Bergren steel Corporation, dated 
July 5, 1967. 

*2. Dresden 2 Main steam Piping Summary of Piping stresses 
at steam Rest'rictor Location, by F. Leone, dated 
April 21, 1969. 

*3. illtrasonic Inspection of steam Flow Restrictors at the 
Dresden 2 Reactors; JP Clark, April 9, 1969. 

*4. Inspection Report, Magnafl.ux Corporation, Materials 
Tet?ting Laboratory, April 2, 1969~ 

5. Published references: 
a) ORNL 4377, HSST Program, Semi-Annual Report to 

August 31, 1968 (April, 1969). 

b) D. Nagel and W. Schonherr "strength and Deformation 
Thickness", Metal Construction and Br~tish Welding 
Journal, February, 1969. 

c) H. W. Gillett, "Significance of Mechanical Property 
Data", ASME Handbook, Metals Engineering-Design, 
McGraw Hill, 1953. 

*Available at the Dresden site. 




