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herein is 1in response to the letter from R.L. Doan,
9

and 2 Plant Design Analvsis, For reference, these changes and additions include

(2) Primary Svst
The design bas

faht

indicate ability to flood the con

references to containment capability assoqiated with 1007 core melt,

(1 Containpment Sorav Cooline Svarem - Secetion V-—1.,2.7

(4) Core Sprav System - Section VI-6.0

(5) Low Pressure Coolant Section VI-7.0

Describes new system core flooding subsequent to

coolant loss accident.

1 H

Describes new system added to accompl

loss of coolant arising from small line breaks.

(7) Standbyv Coolant Supply Svstem - Section VI-10.0

Describes new system to provide continuous feedwater capability under
emergency conditions. Figure 65 has been revised to indicate the addi-

Describes system change wherein one 'RCIC system is provided in lieu
1

of two systems. Figure 101 has been revised to ref
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has been prepared and

Hughes to Dr. R. L., Doan dated August 11, 1966, The eunvivons monitoring
1

-

On-site environs monitoring will dnclude continuous detection and recording
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The exact number of offsite sampling locations arve undetermined at this

time, however, the tvpes of sarn

atmospheric

silt, slime, and plankton, vegetatlon and milk,

Coilection frequencles will varv - waekly in the case of air particulate and

4

gamma radiation, monthly for surface waters, and semiannually for well

A continuous water sampler will be installed at a2 suitable location approx-

imately 10 miles downstresm of the station's discharge canal.

amples to be collected will dnclude air particnl

tion, surface water, well water, fall-out {(ralun) water,
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haavy section near the center {as in the case of the Ouad-City ol

ure turbine relor) the most probable fracture mode would consist of a
guartering of the larpe center pleces. Such fracture would involve a
number of small fragments originating shaft, after
the large quarter sections split.

The Ouad-Cities high pressure turbiune spindle Is approximately 22'-8" long
between bearings. The larpge dismetey center sections are 64-1/4" 0.0, x
approximately 576" wide. These heavy center cections will be machined to
hold the high pressure turbine bla

high pressure votor is 163,000 1bs.

to fracture according to the above

30,000 1bs could be produced as a

The low pressure turbine spindles ave constructed such

rings are shrunk on to z long cvlindrical shaft, rather
the blade vings inte the forging itself. The shaft for
sections 1s spproximstely 227 long between beaving cent

that sepavate blade
than machining
the low pressure
ey lines and the

shaft is approximately 32" 0.D. Failure of this kind of spindle has not
been experienced and, since the blade vings arve much smaller separate plece
fracture of one of these is not considered to be pavticularly hazardous.
Furthermore, major failure of this type of fabrication has not bean exper-
ienced. In anv event, the low pressure robors are not aligned with the

primary containment svetem and consequentlv do not pose
regard,

The genervator roter is encased in the heavy stator, and
rotor would not penetrate the casing.

The normal rotating speed of the turbine is 1800 rpm,

point, which would cause turbine trip, will be at 8 to

a hazard in this
any failure of the

The overspeed set

9% . The total



i
available to it. If no energy were consumed in the fracture and in passing

through the casing, the thzoretical max
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to about 350 ft/sec,

The potential trajectorv of any

5
rotor or blades consist of the followine:

a)

b)

c)

d) A plecs going straisht up would, of couvse, follow 2 straight

path unless deflected,

Foy each potential target poiunt, at

]
Wy

-ion the turbin

f

shaft, there are two angular directions that the missile could leave its
point of origin., At 45° there 1s onlv one tarzet point and this would
corresnond to the maxlimum rance.

Specifically, the turbine genevator center line at Nuad-Cities will be

on 6397-0", The refueling

2

it

b

e

located at approximately elevat: floor jevel

w
™
)
by

of the reactor buil« will be at elevation 690'-6" and the center line
of the turbine generator and the center line of the reactor vessel are

separated by aoproximatelv 125 fi. (c.f. fisure 33, PDAR Anmendwent 1)

If a potential missile originating at the turbine rotor were released, the

following directions can be congidered of no consequence:



o
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b)

c)

penstrations.

line, but only con the turbine side of the isolation valves.

A11 4 ot main floovy and te the west of the
plant, iy direction, since these arve direscted

awvay from the resctor bullding.

Al11l divectio he reactor bulild up to approxi

]
ravelling 1n this direction would str

horizontal.

conorete wa > &j oF: oty 1 turbine budldda.

1%
RS This—wait

This lesves the included angle from about 35 above the horizontal

907; d.e., straight up, towvard the reactor building as zn area for

milesiles to travel.and land on the refueling floor of the reactor

ot
Sk

> le to estimate the energy of the pleces

buildine, It is impossib
th

e

consumed in either

to

rotor fracture or by passing through the heavv

steel double cazing of the high pressure turbine. Furthermore, some

enerzy 1s consumed by a potential missile traveling through the turbine

building roof, reactor bullding superstructure, etc, It appears th

there éxists an avea approximatelv 57 in included angle toward the

veactor building which could vesult in a missile traveling in a
direction which would Jand the vieces on the 40 fr. diameter shield

plug over the primarv containment vessel at the refueling floor. This



It is caleculated that this

5 likely places of

and strike the top of the

steel cap of the drywell,

siderably more

difficult to assess vwhat this would be.

It is believed that the plug would first deform until 1t res

drywell cover. The cover would then bend and would probably

By

it contacted the reactor pressure vessel head., It is likely that the

drywell would not tear prior to contact with this

point the movement would cease since the vessel supported on concrete

il

which in turn would transmit further dovnward

=]

substructure.

If & missile were genevated, 1t is likely that even

damage the secondary containment, since tha guperstructure is

metal panel whose thickness is determined by resistan:
service conditions., The primary containment, however, is surrounded by
at least 6'-6" of concrete plus av additionzl concrete building which

tends to protect it. We, therefore, believe that no potential miss

i
criginating at the turbine would penetrate the primary containment from
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JUESTION
General (Continusd)
Discuss potential hazards to the facility which might resuli

from chemicals manufectured or stored at or shipped to adjacent

industrial plants. Include the effects of accidental upstreanm
dumping of corresive chemicals and fire and explosion hazards

in the discussion.

ANSWER

The potential hazards to the Quad-Cities Station from chemicals

manufactured or stored at or shipped te (or from) adjacen

e 3 - 4 PR N Fal * I . -
versely affect the fun capability of ihs primary cone

E o e Fqymm T ey A% S o S .2 A
tainment, reactor and turbine buildings or radicective liguid

nitrate product are such as to preclude any haszards of explosive
nature. The product is coated with an inorganic anti-setting
agent which differentistes 1t from that of explosive~type amnmoniuy
nitrate., A neteworlthy precess feature is the detection of any
trace of oil, The sensitivity of the detectlon method is capable
of deteciion ¢f trace quantities of o0il and assures the mainte-

nance of these ¢il concentrations well below 1% (trace concentra-

w

tions). (Ammonium nitrate-cil mixture of about 6% by weight may
become explosive if brought into intimate contact with organic



there at any given time, This guanti

i1

total of about 1000 tons of ammoniun nitrate solid
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are any petroleun or other organic fluids stored
tracks, thus precluding any inlteractions belween
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n aggregat
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tances
these
onium

®

il shipmen

o

No organic materials are received at the plant by
A1l shipments of ammonium nitrate from the facilit
ferred by vaill or trucl, ¥No shipuents are made by
mininmum distance separating the Quad-Cities Statio
from'ﬁhﬁ.Chicagog Milwaukee, St. Paul and Pacific

el
T

adjacent Roule B8l highway is approximately 1,000 fe

t

et.

P

highly unlikely event a chemical explosion should ocecur a

this closest point, no significant damage would be sustained

by the plant strw tures which would render it incanpa

¥l

2 safe shutdown. Since the safely record compile

manufacture, handling and shipping of nitrate produc

excellent, there is 2 minimal amount of experience upon which

to base estimates of such damage; however, as a result of

of the foregoing conclusion that ithe ran

be a radius of approxim

tely one half (1L/2) mile.

he pur

would

4
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eview of the commoditie

and related products and 30% conprized of a miscellany of

sulphur, salt, gravel and sand, and very minor quantitiss of
anhydrous ammoniz Lo list just a few. However, nons of the

in any special sense

by the agencies having Jurisdiciion over barge traffic.

The near-and long-term effects upon the plant s

ER N . SRR RO NP o gy g
r uvlilizs river water foe cooliin

have contact witt

M
]

g purposes

by the accildental upstream dumping of corrosive chemicals iy
Judged Yo be minor if not negligible. The Mississippi

River at the low flow rate®of 18,900 ¢fs represents a water

o

volume of about 8 million gallons per minute passi

plant intake canal, Plant operaling experience has shown

Yoo
Joute

¢l

rand

that condenser tubes, during acid clean procedures, are

o
[i3e]

exposed to concentrations of hydrochloric azcid of 59 by

weight at elevated temperatures (LLOCPF) for extended periods
(6 to 1l hours) without damage or significant reduction in

tube wall thickness.

t ds assuned that

e

If, for the purpose of this discussion,

4 -

an accidental reWaacb (dumping) of acid (HCL) occurred upsirean




ANl

in such a manner zs to preclude 2 significant degree (full)

of mixing, i.e. only 10% of the total river flow was thus
contaminated to 5% by weight with the acid (at low river flow),
and that this 10% portion of the stream was maintained in

tact (channeling effect) until drawn into the plant intake
canal, it would be necessary that the release (or dumping)

raete equal about 60,000 gpm of concentrated acid,

No quantities of corrosive chemicals or the facilities to
produce such guantities at this rate are known to exist
upsbtream of the Qusd-Lities Station. Furthermore, any streanm

flow rate in excess of this low flow would further reduce

the concentrations present by additional dilution. Finally,
the periodic chlorination of process ccoling systems which

is commonly practiced to improve performance of these systens
is not tog different from this situvation. Chlorination has

no significant deleterious effects upon condenser tubes
(especially stainless steel to be used at Quad-Cities Station)
or other process systems but rather is practiced as a process

improvement procedure.

Since it becomes obvicus that a 5% concentration in the river
could not be sustained for a long period of time (hours or
days) simply by the lack of available chemicals or by the
fact that loss of quantities of such magnitude could not go
unobserved indefinitely, it appears that if a short-terrn
exposure couvld occur, it would have only a neglipgible detri-

mental effect upon the plant systen,
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In the event of fire occurring on or near the plant site as

a result of chemical reactions, the plant has the fire-

fighting capability of protecting personnel, equipment and
structures by automatic initiation of water deluge and/or

carbon dioxide extinguishing systems; and trained fire brigades.
An adeguate supply of water for fire protection purposes is
available in all areas adjacent to the plant structures and
switchyards and is maintained at pressure by both electrically

powered and diesel driven pumps.




QUESTION

B. Site

1. In view of the relatively high frequency of tornados in the mid-

west, please provide the following information:

Provide specific tornado design criteria for the Quad-Cities
plant with respect to wind loadings and missile protection for
the containment, control room, radicactive waste storage tanks,
components or systemsz required for a safe shutdown and primary
steam system. Provide justification for the winds and missiles
chosen as a basis for design protection.

Discuss the location and specific design protection from wind
loadings and missiles of the type generasted by a tornado pro-

vided for the asbove systems and compdnente.

Define the ultimate capability of the above systewms and com-
ponents to withstand wind loadings and missiles of the type
generated by a tornado. - :

What effect wmight a ternado have during e refueling opsraticn?
What is the historv of tornado effects cn small bodies of water?
Could fuel in the fuel storage pool be disturbed by a tornado?
Provide the design considerations given to the lower compartments
of the secondary containment (by structural strength or venting)
to withstand the effects of a tornado-created vacuum in the

upper reactor building?

As stated in Section I-2.7.3 of the Plant Design and Analysis
Report the styuctures are designed to assure that safe shutdo
of the reactor can be achieved considering the effects of

possible damage to the structures when subjected to the forces

of shortvtermdfgrnééc loadings up to 300 mph. This design
basis is interpreted to mean that the reactor primary system as
described in Section IV 2.0 of the Plant Design and Analysis
Report, and components which directly affect the ultimate safe
shutdown of the plant are located either under the protection

of reinforced concrete or are located underground.



The technical literature provides little information on the

wind velocities within a tornado, and the selection of 300 mph
as a design value is arbitrary. The U.S. Weather Bureau has

ey

issued a publication which states:
"No structural damage is known to have resulted to a

reinforced concrete building in a tornado”.

A most important design and safeguards consideration is the
question of what damage level to evaluate. Recognition is

given to the fact that superstructure damage could be incurred
to the reactor building, turbine building, storage tanks, and
incoming power lines without affecting the ability to shutdown
the reactor and to maintain integrity of containment and certain
heat removal systems during and following a tornado which might
traverse the site. Simultaneous damage to all of these items is

not expected, vet as a design objective the power plant may be

safely shutdown and maintained in a safe shutdown condition with

the loss of all such superficizl equipment.

Those items of equipment or systems located either underground
or within the protection of the reinforced concrete include the

following:

Primary Containment and Isolation Valves
Reactor Primary System

Shutdown Heat Exchangers

Control Rod Drive Hydraulic Equipment
Standby Liquid Control System

Reactor Core Isolation Cooling System
High Pressure Coolant Injection Systenm
Low Pressure Coolant Injection Systenm
Core Spray Systems
Shutdown-Containment Spray System
Service Water System

Station Battery

Diesel Generator

Electrical Controls and Instrumentation for Above Systems Control Room
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Although the design basis wind is arbitrarily established at

300 mph, the actual design of the concrete structures is governed

by the seismic considerations. Therefore, the 18-inch thick
concrete panels of the reactor building are capable of resisting
winds in excess of 400 wph within normal allowable stresses and in

excess of 600 mph within yield. gxﬂgksgﬁ“j

-
The capability of the concrete building panels to re51st mlSSll@b
has been inventigated. A utility pole (35' long | 14” diam.) strlklng
the center of an 18-inch thick panel at 150 mph w111 not penetrate
It will cause local concrete cracking. Above this velocity, prog-
ressively greater yielding of the reinforcing bars will occur,
penetration could occur at a velocity of about 200 mph. It should
be noted that it is difficult to postulate the vectorial forces

¢

necessary to accelerate this missile to the velocities discussed.

A one-ton missile, such as a compactwtype automobile traveling at

160 mph will not penetrate the copcrete, with no credit being taken

for energy absorption of crushing the wehicle. However, at speeds
of 150 mph, portions of the vehicle (engine) may be capable of

penetration.

Therefore, the station has been designed with sufficient capability

to maintain a safe shutdown condition for prolonged periods.

REFERENCES
(1)

Gilbertson, V.C. 'and Magenau, E.F., "Tornadoes,"
ATA Technical Reference Guide, TRG 13-2, U.S. Weather Bureau.

yF
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The reactor buiiding walls have been designed to accommodate tornado

winds of 300 MPH. The walls which provide the secondary contalnment are
comprised of 1'-6" and 3'-0" thick reinforced concrete walls. Additional
protection for the primary containment is achieved by the 6'-6" thick con-
crete shielding walls surrounding the drywell. The wind design, however,
does not exceed the earthquake design requirements, therefore the earth-
quake design governs. Since the earthguake design governs;the wall can
accommodate tornado winds up to 500 MPH without exceeding normal stresses
for LOOO# per sq. in. concrete. All equipment necessery for the safe
shutdown of this plant is housed within these walls. The walls were also
analyzed for the effect of missiles generated by a tornado. The capability
of the wall to withstand these loading conditions is described in section |

B. 1. c.

i
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based on allowing the reinforcing steel to approach yileld stress. At this
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point, the walls can accomnodate a wind vélocity exceeding 500 MIT

We have considered two types of missiles that could be generated by a

: [
"tornado. (1) A utility pole 35'-0" long with a butt diameter of 13" and a
L
unit weight of 50#/ft.3 having a velocity of 150 MPH. (2) A l-ton mass with

a velocity of 100 MPH with a contact area of 25 sqg. ft.

The walls were analyzed for the effect of these missiles; the analysis was
based on ultimate stresses. The telephcne pole was considered to have a
perpendicular inciderice at mid point of a wall panel. Upon impact of the
pole on the wall compression waves are transmitted to the opposite face of
the struck wall (with a velocity equal to that of sound in reinforced con-
crete). These waves are reflected as tension waves. Based on this ph \enom-
enon, the projectile will pierce the 1'-6" wall without the wall attempting
to stop it by its bending resistance. The remainder of the panel may
develop cracxs but in essence would remain structurally sound. For th
3'-0" wall and column section, the effect of the utility pole projectile
would be different. The analysis reveals that a local failure would occu}:
The nature of the fallure would be a deflection of the wall causing cracksf

and concrete spalling, however this would not impair the structural
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stability of the entire structure. The effect of a one-ton mass with a
velocity of 100 MPH striking the reactor wells would be the same as that

for the utility pole hitting the 3'-0" thick wall and column section.

d. The mean recurrence interval for a tornado striking the Quad-Cities
site has been evaluated to be of the order of 500 to 700 years. The
reactor will normally operate in excess of a year between refueling
outages and these outages should be between two and three weeks in
duration. The mean occurrence frequency of a tornade at the site during
a refueling outage may therefore, be estimated at approximately 10,000
years.

t
If a tornado were to strike the reactor building, it has been calculated

that damage would result to the structure above the operating floor.
The reactor building superstructure siding is designed to accommodate

up to 170 MPH wind velocity equivalent to a pressure of 75 psf. When

this design velocity is exceeded, the siding will blow off and expose
the refueling floor. The structural steel frame will withstand the
force of a 300 MPH wind and at this point the steel will be at yield
stress. The reinforced concrete structure would not fail. The reactor
building and standby gas treatment system would probably be rendered

ineffective for fission product retention and elevated release.

During the refueling operation, the primary containment and primary
system are separated from the secondary containment by the large volume
of water above the reactor vessel and drywell. 1If a tornado were to
strike with these systems open, the greatest hazard appears to be assoc~
iated with objects being blown into the reactor vessel or fuel storage

pool which could result in fuel damage.

The general arrangement for storage of equipment during refueling is as
shown on Figure 27 of the PD &A Report. It is planned that the reactors

normally would be refueled separately. Therefore, at any one time only

half of the equipment and facilities shown would be stored on the floor.



- B-1-6

Exceptions to this are the refueling servicing tools which are common

to refueling functions for both reactors.

The following materiasl is presented to show the possible extreme effects

of a 300 wmph wind on some of the more obvious items.

A 300 mph wind will produce a velocity pressure of approximately 230
pst.

The reactor vessel head will provide a horizontal projected area of
approximately 200 square feet. The side~on loading with .a shape coeff-
icient of 0.60 (hemispherical) results in a total horizontal force of
approximately 14 tons. The vessel head weighs approximately 100 tons
so that frictional forces should prevent movement. The vessel head is
held on three (3) brackets on the floor, each of which is capable of

¢
developing a lateral resistance of at least 25 tons. The vessel head

would not move.

The drywell head will provide a horizontal projected areas of approx-

imately 450 square feet. The total horizontal force resulting from a
300 mph wind will be approximately 36 tons. This assembly weighs
approximately 65 tons s6 that friction alone may not prevent movement.

The drywell head will be located to prevent this potential movement.

The spent fuel shipping cask will be located in the decontamination area
after withdrawal from the pool. 1In this location, it is possible that
the tornado winds could topple the cask. The geometry of the cask, the
location of the decontamination area, and the location of the fuel
storage pool and reactor vessel are such that the cask will not topple

into the fuel storage pool or the reactor vessel,.

Most of the tools and equipment used during a refueling outage are of
such a geometry and density that they would not move under the contem-
plated wind load. 1If, however, a hand tool or similar sized cbject
were to be blown into the vessel or storage pool it could damage some
fuel. Objects of "lighter densities such as vessel insulation sections
- which could be blown into the vessel or fuel storage pool should not

cause fuel damage.
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The consequences of failing fuel under postulated accident conditions
may be approximated by considering the effects of the fuel loading
accident analyzed in Section XIV-3 of the Plant Design Analysis Regport
This analysis postulated the fission gas release from 92 failed rods
with the secondary containment and standby gas treatment system operable.
The maximum off-site whole body and thyroid doses from this accident

were calculated to be 5.5x10-3

and 3.Ox10_3 rems respectively.

The answer to Question H-1 of this amendment discusses these results in
conjunction with one of the design basis acéidents. Based on cal-
culations performed for Dresden, Quad-Cities and similar other reactor
plants, the effect of the stack and standby gas treatment system is

to reduce the whole body dose by a factor of about 10 and the thyroid dose
by a factor of about 2000. Therefore, if 92 fuel rods were to be dam-

aged during a tornado without the benefit of secondary containment,

maximum off-site whole body and thyroid doses as calculated at S.SXILO_"2

rem and 6 rem respectively. These valves are approximately 500 to 50

below the guideline valves of 10 CFR 100.

‘A literature search has been made to determine tornado effects on small

bodies of water such as swimming pools and pools of similar size. This
search uncovered no case where the water level was changed significantly

as a result of the tornado.

Because of the reactor building geometry, the methods of construction of
the fuel storage pool and the depth of water covering the fuel, it
appears the fuel should only be disturbed to the extent that lighter

objects may be blown onto the fuel inflicting minor damage.

The lower compartments of the secondary containment are constructed of
reinforced concrete. The Tloor slabs are designed for live loads of 350#
per sq. ft. up to 1000# per sg. ft. The walls above grade can accommodate
exterior tornado wini velocities of 500 MPH,euuivalent to Q0&# per sq. ft.,

without exceeding normal stresses,
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Tornado data on pressure gradients is practically non-existent, but the
lowest recorded air pressure during a tornado occurred at St. Louis,
Missouri on May 27, 1696. This reading was 26.94 inches and was 2.42
inches lower than the pressure recorded at the same time at the weather
bureau office seven blocks away. The 2.U2" pressure differential is
equivalent to a loading of 170# per sq. ft. which is much lsss than the ’
design loads. This loading of 17C# per sg. ft. would be induced only by

an instantaneous pressure drop.

Below grade, the suppression chamber walls are designed for a saturated

s0il condition of 87# per sq. ft. With an assumed ground water elevation

of 590'-0" during an extreme flood of 536'-0", the externazl wall loading
at the bottom of the suppression chamber compidriment will be added to the

170# per sq. ft. vacuum load due to the tornado. The walls are designed

=

< ‘\’\‘\:v»‘\l
A
<

to accommodate the stress due to this loading condition based on allowable

overstress of 33-1/3%. .



B. Site (Continued)

2. State the site elevation, maximum expected walter level and snovw loading

design criteria.

ANSWER

The plant site elevation for the Duad-Cities Station, Units 1 and 2 will

be 5%4'-6", All nmajor buildings and structures will be located at that
elevation. The land elevation at the site is 6057, thus the area occupled
by the plant will be excavated to the 594'-6" elevatioun. The slope between
the 594'-6" plant site and tha 605 elevation of the surrounding land will

be approximately 3:1. ¢

The high flood level was established in April, 1965, reaching an elevation
at the site of 586", This results in the plant site having an 8'-86" margin

above maximum flood stage. The plant swltchyard will be located at the

605" elevation, 19' sgbove maximum flood staze.

The plant buildings and structures will be designed to withstand, within applicabl
code allowance, a snow loading of 30 lbs/ft2 as recommended by the American

Standards Association for the area of the site,

@



QUESTION
C. Seismic Design

The following Adcitional information relative to the selsmic design of
your proposed facllity 1is recuirea:

1. Clarify maximum earthquake ground acceleration valueg for which the plant
is designed. ‘

ANSWER

The seilsmic design for critical structures and eguipment for
the station will be based on dynamic analysis of acceleration
or velocity response spectrum curves whilch are based on a

¢
ground motion of 0.12 g. To assure that the station can be

shutdown with the containment and heat removal facilities

intact, the critical structures will be designed to accormodate

a ground motion of 0,24 g, Further discussion of the seismic
design considerations are provided in Sections I-2.7.5, II-6,

and V-3 of the Plant Design and Analysis Report,
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GUESTION

C. Seismic Dssign (Continuea)

2. What 1s the scurce and applicability of the response acceleration spectrum

O
~
0]

plot on Flate V of Appendix F? Please provide am accurate plot on log

paper to include the short period range.
ANSWER

The response acceleration spectrum plot on Plate V of Appendix F was developed
through studies made of local and area geclogy, seismology, and seismic
history by John A. Blume and Associates, Engineers. Dr. Ross Heinrich was
Consulting Seismologist. Because mogt of the critical components and
structures are modeled and subjected to an excursion through ground motion,

e s 0. , ¢ .
it is desirable to adopt an actual earthguake record which produces a

Ao o
L CD}JULLDC

Y

N 2 . N . . R .
i3 51.::::111-\,;;46 with—that Pumuuldtcd on the basis of the seismic

}-J .
o

investigations. In this case, the 1957 San Francisco Golden Gate Park

S80E was chosen,

The purpose of the spectra shown 1s to provide earthquake response in a
dynamic analysis. These are averaged single-mass spectra and are usually
employed in a model analysis. These are not generally used in the analysis
of important critical components, since computer programs are ubtilized which
follow the actual earthquakes, rather than their response curves, and it is
not necessary to combine modes in some approximate manner to arrive at final

shears, moments and displacements.
2t

The response acceleration spectra are presented on a log-log plot as shown
on the attached figure. As explained above, these curves are not generally
used in the analysis of important critical components, since computer

prograns are utilized which follow the actual earthquakes.

e
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QUESTION

Seismic Design  (Continued)

Provide a table of the damping factors to be used for the Quad-Cities plant.
Discuss the advisability of using 2% damping for these structures and com-

ponents important to safety.

ANSWER
The damping factors to be used are listed below and are the
same values given in the "Plant Design Analysis", Volume 1,

Quad-Cities Station Units 1 and 2, as amended, Table V-5,

e

Page V-3-2:
’ PERCENT OF

ITEM CRITICAL DPAMPING
Reinforced Concrete Structures 5.0

Steel Frame Structures 2.0

Welded Assemblies 1.0

Bolted and Riveted Assemblies 2.0

Vital Piping Systems ‘ C.5

Most Class 1 structures or equipment,; such as the drywell,
vents, suppression chamber, reactor vessel, pumps, and other
mechanical pleces of equipment are assigned damping values
of 2 percent or less. The reactor bullding and ventilation
stack are assigned dampling values of 5 percent, Stresses in
the walls of the reactor bullding resulting from earthquake
loads are approximately 100 pounds per square inch. The

adjacent walls, acting in overturning, are stressed to about
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200 poundé per square inch. These values are without
consideration of wall reinforcements, Dead load from the
walls above only {(no floor loads included) results in an
additional 100 pounds per square inch. These shear and
tension values are doubled for twice the design éarthquake
condition., Stresses in ventilation stacks dg@“to earthquake
forces are of the same magnitude as noted aboiv'se It is a
Qell known fact that damping values for concrete structures

will vary with the stress level and since the above stresses

are near the allowable values it is reasonable to assien a

5 percent damping value,
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GQUESTION

Seismic Desizn  (Continued)

Describe the manner in which the seismic response analysis for the facility

stack will be carried out.
ANSWER

The stack is treated as an elastic cantilever system with masses appropri-
ately lumped. The resulting masses are considered supported by welghtlecss
elastic columns. DNatural freguencies, mode shapes and flexural response of
the equivalent multi-mass system are computed with the aid of a digital com-

Y

puter utilizing the actual earthguake record rather than response curves.

. t . . “ . - ..' : N . .
Stiffness characteristics of the stack include the contribution of ghear
rigidity in addition to flexural rigidity. Rocking of the stack on its

foundaticn is considered in a coupled system rather than combining a rocking

s

mode with the Tlexural modes.

Normally at least five modes are considered, and a damping wvalue of five

§

percent is used on all five modes., Curves showing the envelops of maximum

shears, moments, and displacements versus height are determined.
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QUESTIOCHN

Seismic Design (Continued)

Describe the manner in which Class I components within Class II structures

will be analyzed.

ANSWER

The response of the Class II structure will be calculated
taking into consideration the characteristics of the structure
and 1ts foundation. After the response of the structure has
been estimated the Class 1 component will be classified and
then desligned in accordance with its rigidity as defined in

Quad-Cities Station Units 1 and 2 "Plant Design Analysis"

%%év

Volume II, Appendix F - Pages 7 and 8,
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C. (Seismic Design - continued)

6. Describe the inspection and quality control procedures
to be followed during the construction of containment
structures and other critical structures to insure that
the seismic deslgn criteria will be met.

ANSWER

For the primary containment the quality control and Inspection
procedures are as follows:

1. The selsmic design criterla are accommodated in the englneering
design of the containment vessels per applicable ASME codes.
Calculations for these structures are submitted for approval
by the architect-englineer prior to starting shop fabrication.

4

2. Certified mlll tests are requlred for each heat of steel to be

used and are submitted for approval by the archlitect-engineer,

3. Qualification of containment fabricators welding procedures
prior to start of fabrication.

4, Certified charpy impact test reports are required for approval
by the architect-engineer on plate and pipe materials.

5. Containment contractor provides quality control for shop
fabrication with periodic shop inspection by the purchaser's
representative.

6. Hartford inspection for both shop and field work pvzformed by
containment vessel fabricator.

7. Radiography per applicable ASME code os shop and fleld welds,
Repalrs where necessary are made per ASME code,

8. Pneumatic overpressure and leak rate tests on completed
containment vesgsels, The overpressure test will be conducted
with the suppression chamber filled with water to the normal
operating level,

For the concrete secondary containment, the quality control and
inspection procedures are as follows:

1. Certified mill tests are required for each heat of AL32
reinforcing steel.

2. Inspection by independent laboratory services of zall concrete
and steel supplied to the Jjobsite as follows:
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a, Physical and chemical tests on all reinforcing steel,
b. Soundness tests on all aggregates,.

c. Make and test concrete cylinders for each 100 CY of
concrete placed to determine compressive strength. Two
cylinders are made for 7, 28 and 90 day tests for each
100 Cv.

d. Slump tests of all concrete are made at time of placing
concrete,

e. All compressive tests are submitted for review after
cylinders are broken,

Curing compounds are used to insure minimum loss of water
during curing. Stripping of forms by, subcontractors 1s
specified and controlled by construction manager to assure
appropriate initial strength in concrete,

@

Preliminary inspection of concrete supplier's source of
aggregate and routine checks on aggregate quality by
construction manager during course of job.

Control ot subcontractor's concrete placement by the
construction manager in the event of cold weather. Cold
weather precautions are specitied if temperatures go to
HOOF or below.
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QUESTION

C. Seismic Design (Continued)

7. Describe the response of the overhead crane to the design earthquake.
ANSWER

The bridge crane in the reactor bullding will be designed to
adequately withstand the plant design earthquake forces
described in Section V-3, Plant Design Analysis Report. The
structural steel supporting these cranes will also adequately
withstand these earthquake forces and would also remain intact,

. ¢
The crane bridge wheels are each double flanged and ride on

ralls firmly attached to the superstructure steel, Although

the crane would be displaced during an earthquake, it would

not leave the crane rails. The trolley will be attached to
‘the'bridge with clips which will run under the rails to prevent

the trolley from being thrown off the bridge rails.

The bridge wheels on the maln runway are equipped with
solenold-actuated spring loaded brakes., Upon loss of power
or when the crane is parked, the spring actuates a brake
lockling the wheels firmly in place to prevent the crane from

rolling out of positlon.

F 3



D. Containment

1. To protect the containment penetrations for large lines, pipe
anchors and stops are provided to limit movement in the event of
postulated pipe breaks. Although it has been stated that anchors

and stops will be provided to withstand axial forces, it is not
stated that such anchors can accommodate bending and twisting moments
associated with pipeline failure without stressing the containment
penetration. Please submit criteria to indicate the design require-
ments to preclude pipe failures occurring directly at the penetration.
Also provide the design and location of the principal pipe anchors
inside and outside containment on the main steam lines. Demonstrate

¢
how these restraints prevent stressing of the containment penetration.

ANSWER

[y

The containment penetrations for large lines, such as steam piping are
protected by pipe anchors and guides to limit movement cf the pipe in

all directions.

The piping design criteria accounts for normal thermal expansion, live
and dead loads, seismic loads and accident loads. The criteria are as

follows:

a) Major line movement is restricted to movement in the axial direction
by the guides.

b) Guide stops are provided to prevent movement in excess of the normal
thermal expansion.

¢) Piping must not impose stresses on the penetrations greater than those
permitted by code allowable under conditions of a pipe break combined
with a design earthquake.

d) Piping must not impose conditions on the penetration which will affect
the penetration integrity under conditions of a pipe break combined

with two times the design earthquake load.

Bending and torsional movements on the containment penetration are pre-
cluded by the use of pipe guides and anchors located in a manner to

satisfy the design criteria described above. Pipe supports provided
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with stops and guides will allow axial movement for normal pipe line

growth.

The analyses and the design of the pipe anchors and supports inside
and outside of the containment have not been completed to date. Such

designs when completed, will satisfy the above design criteria.




D-2-1

QUESTION

D. Containment (Continued)

2. Under the conditions of a steam line bresx, the steam line isolation valves
would be required to close under higher than operating flow conditions. In
view of this, describe the test conditions under which the valves will be
tested for closing time. How will these tests be related to accident and

operating conditions?
ANSWER
The specifications for the steam line valves require that each valve

be tested by the manufacturer to demonstrate that the valve will close

within three seconds azainst a line pressure of 1000 psig.

{

The design basis for these valves requires that they be designed to permit

periodic tests including the following: testing under approprilate power
oparation conditions or during shutdown such' as leakagze testing of the

valve at containment design pressure: testing of the various automatic

and manual modes of actuation and operation: checking set points of actuat-

ing sensors; and testing over the valve full stroke range.

At the present, definite operational test procedures for these valves

are in the formative stage. Meaninpgful test procedures will be developed
prior to plant startup. One possible test of closure time, which would
minimize effects on plant operation, would be to reduce total steam flow

to 75% then trip one valve closed and determine its closure time.

The relationship of this test to accident conditions may be judged by

comparing the following flows and pressures:

Test - Steam Flow AT57

Test = AP on Valve 5 to 40 psi
Line Rupture ~ Steam TFlow ~2007

Line Runtuéé ~ AP on Valve 1000 psi

Although the test conditions are only partial conditions with respect
to line rupture flow and pressure, nevertheless, they are deemed to be

sufficient to insure operation of the valwes when required.
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Containment (Continued)

The containment spray system, by virtue of its function does not require
automatic isolation valves. However, the system components are shared
with the shutdown cooling system, which in turn has provision for connec-
tions to the fuel pool. Unless the isolation wvalves in the interconnected
system are subject to leakage tests, the boundary of containment spray sys-
tems may be extended to the fuel pool. Please specify the contaimment

isolation criteria applicable to systems with shared componentis.
ANSWER

The containment isolation criteria for shared systems is the same as for
non=ghared systems wilith respect to Isolation Yalve testing., The fuel pool

connections shown on the shared shutdown/containment cooling low pressure

- X
]

-

.

coclant injection system are normally sealed off with blind flanges. This
connection capability is provided for additional fuel pool cooling in the
event it is necessary to unload the entire reactor core and stove it in
the fuel pool. Temporary connecting piping would be installed to utilize
the shutdown heat exchangers if the fuel pool heat exchangers could not

hold the fuel pool to the desired water temperatures.
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QUESTION

Containment (Continued

How will leaxage external tc the primary containment (e.g. containment
spray pump seals) be factored into the containment leakage rate and what
provisions will te made to enable the measurement of such leakages in

those systems and components external to the primary containment?

ANSWER

Refer to Dresden Unilt 2, (AEC Docket 50-237) Flant Design and Analysis
Report, Amendment No. 4, Ouestion 13. The leakage from pump seals is
insignificant in comparison to the design primary containment lezkage.

All pumps in the core spray system and the containment spray system have
leakoffs, which drain to the radlcactive waste disposal system, Therefore,

any leakage from these pumps can be collected and measured to determine their

contribution to the containment leakage rate.
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QUESTION

D. Containment (Continued

5. Please specify the isolation criteria and bases applicable to closed

systems within and outside the containment.
ANSWER

The isolation criteria applicable‘to closed systems is given in paragraph
V.1.2.4c of the Ouad Cities Station, Units 1 and 2, as amended, Plant

Design Analysis. All of the lines for which this criteria is applicable

are closed outside the contalnment, Even if a loss of coolant accident inside
the containment caused failure of one of these lines within the contalnment,
the line is still closed outside the containment and the (redundant) isola-
tion valve can be closed to isolate the line.! The closed segment of esach

of these lines outside the containment are designed to withstand ths

containment design pressure and therefore will not rupture on communication

with the containment.




QUESTION

Contzinment (Continued)

Since the secondary contelnment is reliea upon to significantly attenuate

off-site doses for the design basis accidents, please provide the follow-

ing information to enable an evaluation of the capablility of the system to

perform its intended function.

a.

Discuss the reliability and capability of the means provided to main-
tain a negative pressure under various external wind and barometric
conditions. What means will be provided to determine that a minimum
negative pressure of 0.25 inch of water will exist at any location of
the entire peripheral area of the bullding structure? Describe the
test procedure planned to demonstrale periodically the leak-tightness

of the building structure and the instrumentation to be used in such

F

.
.

.
.

|

measurenents.

Is
o

What provisions are planned to limit in-leakage to the specified rate

in the event of increased infiltration from the development of
fissures, increase in differential negafive pressure or the inadvertent

opening of access doors?

The accident analysis assumes that fission products lcaked from the
primary system are evacuated from the secondary containment at’the

rate of 100% of the containment volume per day. This holdup of fission
products has a significant effect on reducing the calculated two hour
dose in the maximum hypothetical accident. Discuss the potential for
inadvertent evacuation of compartments near the primary system at a rate
greater than 100% per day thus reducing fission product holdup in the

secondary system and lncreasing calculated off-site doses.

Discuss the possibility of diffusion of fission products through fissures
in the building walls against the small pressure gradient proposed in

your desizn.

Describe the design of the jolnis in the steel superstructure of the
refueling building which insure no significant impairment of the leakage

characteristics by the design earthguzxe.
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ANSWER

The secondary containment ventilation and standby gas treatment system

is discussed in Section V-2 of the Plant Desgign Analysis Report.

The reactor building (secondary conﬁainment) is designed so that its
in-leakage rate is not greater than 100 percent of the bullding volume
per day under neutral wind conditions when the building is subjected

to an internsl negative pressure of 0.25 inch of water. The behavior
of the reactor building leakage rates as a function of various exbternal
wind and barometric conditions is discussed in Section V-2.,2.2 of the
Plant Design Analysis Report. In summary, the studies show that at
wind velocities less than 35 to 65 mph there would be little if any
exfiltration from the reactor building. gaximum and nminimum calculated
reactor bullding exfiltration rates as a function of wind velocity are
shown in Figure 119 of the Plant Degign Analysis Report. The calculs-

tions which were made also suggest that exfiltration rales are almost

directly proportional to the initial in-leskage rate for a given

negative building pressure. Calculations show that the

rate could be many orders of magnitude larger and occur at much 1o
wind speeds without increasing the post accident doses above 10 CFR 100

guidelines. This is discussed further in answer to gquestion H-1 herein.

The standby gas treatment system has been designed to have a capability
of maintaining a 0.25 inch of water negative pressure for a building
in-leakage rate of 100 percent of the building volume per day. The
in-leakage rate and differential pressure may be measured during sny
normal mode of plant operation. A test section will be installed in
the common exhaust duct upstream from the two gas treatment units. The
test section will have been calibrated using a standard pitot tube with
the number and location of traverse points as recommended in the
"Standard Test Code for Air Moving Devices" but permitting subsequent
testing through the use of a single point velocity pressure reading on
an inclined U-tube mancmeter. The test instrument board will also
include indication of air temperature immediately downstream of the

test section. The reactor bullding static pressures will be transmitted
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from a point in the general open area of each floor. Because the

. s . L3 " 11
reactor building above the concrete structure is such an “open volume,
significant pressure differentials within this volume are not expected

to occur. The system may be tested as follows:

a. Shutdown the reactor building ventilaltion supply fans and close
the supply isolation valves.

b. When the building static pressure reachesg 0.25 inches of water
subatmogpheric pressure, start either unit of the emergency gas
treatment system.

c. Shutdown the building main exhaust fans and close the exhasust
igolation valves.

d. Pogition all control dampers to permit all building exhaust to

go through the operating emergency gas treatment system. After

equilibrium conditions have been reached, obtain the static pres-
sure, air temperature, ard pitos tybe mancmeter readirgs. From
this information compliance 4o the in-leaxage speciiicetion may

be determined.

Humboldt Power Plant Unit No. 3 operated by the Pacific Gas and Electric
Company has the same in-leakage requirements as those specified for this
station. Experience at the Humboldt Plant suggests that the design

criteria may be readily satisfied.

In the event of in~leakage rates in excess of the allowable rates the
source(s) of the ig—leakage will be located and repaired as required %o
meet the design criteria. Repairs would be made in accordance with
approved procedures., After repairs are completed the in-leakage will

be determined to assure compliance with the accepted criteria.

An increase in differential pressure could result from increassd flow
through the standby gas treatment system or decreased in-leakage.

Since each standby gas treatment system fan has a fixed capacity and is

sized for 100 percent of the building volume per day the maximum flow
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through the system is fixed. Total flow through the system is,
therefore, expected to be determined by the in-leakage and a decrease
in in-leakage should result in an increase 1n differential pressure.

This presents no problem and no corrective action is required.

A1l personnel and equipment access openings are alirlocks provided with
mechanically interlocked double doors, with weatherstrip type seals.
The interlocks on these openings provide a means for assuring that
building access will not result in loss of contairment integrity.
Possible deterioration of seals on the air locks will be detected

through periodic inspections and tests.

The standby gas treatment system takes suqtion from many areas of the

reactor building. Reactor building in-leskage will occur over the

whole surface of the reactor building, but predominantly through the
sheet metal walls above the operating floor rafher than through the
thick concrete walls which includes all surface below the operating
floor. The major part of the standby gas treatment system flow will
¢come from above the operating floor. Since leakage from the primary
containment will generally occur below the operating floor, the effec-
tive ventilation rate of figsion products will be well below lOO%/day
when the whole reactor building ventilation rate is 100%/day. There-
fore, the holdup for fission product decay will be greater than that

assumed in the Plant Design and Analysis Report.

The major effect of the reactor building and the standby gas treatment
system in reducing accident doses is filtration and release from an
elevated point. The holdup for decay is very secondary. For example,
even if half the wvolume into which the primary containment leskage
leaked were exhausted at 200%/day (increasing the effective reactor

building leakage rate by 50%) the resultant off-site doses would be

only about 6% greater. This would be a negligivle increase Lo a

negligible dose.
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d. A consideration of the volumetric leak rates due to pressure differences
and concentration differences shows that there is a potential for leak-
age of fissgion products through fissures in the building walls against
a small negative (0.25 inch of water) pressure gradient. The data below
shows the relative contribution of diffusion of krypton, xenon, and

iodine against a pressure gradient.

Table D-1
Calculated Relative Diffusion of Gases
Gas ‘ Relative Contribution of Diffusion
Krypton 5.1 (%)
Xenon 3.3
Todine 2l

The relative contributions of diffusion given above would represent

meximum values since the concentrations putside the building were

considered zero, thereby giving a maximum concentration gradient.

The volumetric flow rates were calculated using the equation on page

IT-2 of NAA-SR-10100. The following numbers were used in the equation:

Crack width, b = 1.4 mil
Crack length, L = 330,000 feet
Wall thickness, X = 1 foot

Pressure diffe%ence, Pi-Po = 0.25 inch water

The volumetric flow rate for the diffusion case was:

_ bID (Ci-Co)
9 = X

where Ci

D

i

concentration inside (Co assuned zero)

1

diffusivity (evaluated by the method on pages 512-13 of

Transport Phenomena by Bird, Stewart and Lightfoot;

Wiley and Sons, 1960,

o’

I, x are same as before,
2
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The final model used by combining the two equations was:

3 .
R, =[Ci a, bL (Pi-Po) | bLDll
12 Px X

where 4 = gravitational conversion factor\and)A, the viscosity of air.

The relative effect of the diffusion term was indicated in table above.

In summary, there is a possibility of some diffusion occurring against
the small pressure gradient, but at a maximum this effect is only on

the order of 2-5 percent of the total in-leakage.

e. The structural steel frame of the refueling building will deflect when
subjected to the ground motions due to the design earthquake, however,

the structure is designed to accommodate the forces caused by these

ground motions. The siding will be designed with caulked interlocking
vertical joints and overlapping horizontal joints. The horiiontal joints
%%% will be overlapped sufficiently to insure lesk tight integrity. To

@ further insure the leak tighitness of the siding, all joints will be pro-
vided with mechanical fasteners to provide positive connections to the
structural steel. In the event of a design earthguake causing movement
of structural steel frame, some of the siding connections may be dis-
tressed, however, 1t is expected that the mastic joint sealant will pro-

vide sufficient resilience to prevent the exfiltration of air,
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QUESTION

Instrumentation

Describe the design of the rod-block system with respect to designing

against a single failure.
ANSWER

The rod block system is not intended as a safety function to protect
against serious reactivity transients., It is, however, a backup to
procedural control to prevent inappropriate sequences of control rod
withdrawal. The most probable fallures (relay coil malfunctions, loose
connections and solenoid failures) will cause relay drop out and result
in a rod-block. Also, the neutron monitoring trips are arranged so that

those associated with protection logic channel! A can give a rod-block

indepoandent

o]

LA g=1

ndepen f these for lezic channel B, This is accomplished by having
relay contacts from logic channel B open the rod select bus circuit
whereas relay contacts from logic channel A neutron monitor trip end all

other rod-block trips open the circuilt te the rod withdrawzl bus. These

two buses are electriczlly independent such that no single short in the

wiring could prevent a rod-block from occurring 1f one of the four neutron
monitor (APRM) from each of the two protection logic channels give a trip

signal.



QUESTION

Instrumentation (Continued)

Please describe in detail the power/flow instrumentation and associated
circults. Include an analysis which shows that no single failure within
this system will nullify rod-blcock capability in response to off-normal

power/flow conditions.

ANSWER

The flow is sensed by two AP transmitters (an A and a B) on each of the

2 recirculation loops flow nozzles. Summation of the cutputs of the two
A transmitters is accomplished by a two-point summer to give tetal recir-
culation flow. The B transmitters are similarly added in a second summer

to glve a second total reclrculation flow. The outputs of the two summars

are compared and a pre-established differentiation between them causes a

dual rod-block signal (one from each of two comparator circuits).

The A summer feeds into the individual blas units for APRM channsls 1, 2, 3,

and 4 and the B summer feeds the bias units APRM channels 5, 6, 7, and 7

"where channels 1 and 5 are in the same quadrant of the core, ete. Thus,

-failure of one bilas unit can affect only one APRM, failure of cne summer

can affect only one half of the APRMS, but this failure will cause a rod-

block by virtue of the comparator clrcuits mentioned above,

Failure of one AP trapsmitter or square roolt connector will cause mismatch.
Incorrect lineup of the instrument values at the AP transmitters will cause
an apparent flow mismatch and cause rod-block. Closing of one set of root

valves, for the AP transmitter, could give an erroneous reading {(up scale,

or downscale) on both transmitter A and B. The root valves will be locked

in open position and checked prior to operation of the system and not

distributed for normal calibrgtion.

Closure of a flow check valve by excessive blow-down during calibration
would only affect one transmitter. This condition will be corrected
before completion of the calibration process and could not occur during
normal operation without havine an instrument line break of sufficient

maenitude to close an excess flow check valve.



QUESTTON

E. Instrumentation

3. Please provide an analysis of the refueling interlock system which
demonstrates that no single failure within the system will allow more
than one rod at a time to be fully withdrawn. Mode switch circuitry

should be included in the analysis.

ANSWER

‘The refueling interlock system is designed to function as a operator-
backup during the refueling process, It is brought into service to
monitor the operator during the period when He is performing the stuck

rod criteria. The system 1s designed to have maximum religbility using

standard components and is readily testable for operaticn. In the un-

[}

likely event that the system should fall to operate it is only one event

in a series of events that must occur before withdrawing multipls rods

would be of any consequence,
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QUESTION

Instrumentation (Continued)

Please discuss the effects of over-temperature on control room instrumenta-
tion. Discuss provisions to terminate reactor operation in the event of

excessive control room temperature.

ANSWER
All components of the safety system in the main control room can tolerate
higher ambient temperatures tharn a human operator can. The tempervature
ratings of the radiation and neutron monitoring amplifiers and trip

clrcuits are gg?c with a degrading of accuracy of only 17 which does

not constitute a safety problem but merely a probable 17 ghift in trip

points, ¢

a safe plant shutdown as ocutlined In question E-5 would be followad.
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QUESTION

E. Instrumentation (Continued)

5. Assume that fire occurs in the control room during full power operation
and that, as a result, immediate evacuation of the control room is required.
Please provide an analysis to show that an orderly shutdown can be accom-
plished under these circumstances. A discussion of manual-override capa-
bility of controls (e.g. valve controls) which might be accidentally

actuated by spuricus signals resulting from the fire should be included.
ANSWER

The probability of fire occurring in the control room is quite remote
for the following reasons:
(2) furniture and cabinets will be constructed: principally of

non-fiammable materials, (b) paper records will be stored in

metal cabinets, and (c)only minor quantities of flammable material ===
in the form of records, reports, food containers, ete., will be

brought into the control room during the course of unit operations.

Therefore fire in the control room which could cause evacuation of
personnel before they could initiate the immediate shutdown of the reactor
ié difficult to conceive, However, assuming that such a situation could
occur, it is possible to effect a safe plant shutdown by use of local
control panels located in the turbine and reactor buildings. A reactor
scram and turbine trip can be accomplished by opening power b%eakars at
the D.C. power centers. The depfessurizing and cooling of the reactor
system is possible by operation of the reactor auxiliary systems.from
their local control panels. Motor operated valves which have become
inoperative can be operated manually. Instrumentation on local control ,
panels would provide the information needed to assess the condition of

the reactor and turbine during the shutdown operation.
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© QUESTION

F. Reactor Core Isolation Cooling System

1. Under what conditions and restrictions would the RCIC system be used during
the operation of the plant? What limit is proposed for radiocactive isotopes
in the pressure suppression pool water and air volumes to insure access to
the containment? What provisions are proposed to reduce activity levels in

the suppression pool air and water volumes should this become necessary?
ANSWER

The RCIC system is to provide reactor primary coolant inventory makeup under
éonditions of isolation of the reactor from the main condenser (which is the
primary heat sink) coupled with loss of capability of inventory makeup with

the boiler feedwater pumps. This system is aﬁtomatically actuated by a low-

low reactor water level signal or by manual signal. If coolant inventory

can be maintalined by means of the feed pumps, the RCIC system would not be
operated. Rellef wvalve actuation would be réquired in either case to con-

trol pressure in the primary system. Except for testing it is not intended

that the RCIC system be actuated during power operation of the reactor.

Thé RCIC system operation will result in slow heatup of the suppression pool
water. One of the two shutdown/containment cooling systems must be placed

in service one hour after initistion of the RCIC system to 1limit pool temp-
eratures to 140°F. If in the very unlikely event that a cooling system could
not be placed into service by this time the reactor primary system would have
to be depressurized by use of the relief valves. The rate of depressuriza-
tion would be consistent with normal cool down rates. Since two cooling
systems of 100% capacity are provided and are powered from the emergency

power bus it 1s unlikely that a cooling system would not be available. ,

Use of the RCIC system with makeup from condensate storage would be restricted
by water inventory in the suppression pcol. High water level in the suppres-
sion pool would require that suction for the RCIC pump be from the suppression

ool thus maintaining inventory equilibrium.
P




Under normal continuous operation of the plant, the activity levels in
the suppression pool are not expected to exceed background levels by

more than a few mrem per hour. The permissible activity level would be
determined by access requirements for inspection and maintenance during
scheduled cutages and would be governed by limits applicable to limited

access areas to be established prior to startup of the units.

Clean-up of the suppression pool water can be accomplished by circulating
the suppression pool water through the waste water filter and demineralizer
system located in the radwaste facility. A pipe connection would have

to be made to either the core spray system or the low pressure coolant
injection system to accomplish such ¢lean-up. This is not provided.as

part of the normal operating piping in order to minimize the potential

of inadvertent draining of the suppression po%l. Clean water would be

pres P I y = m

condensate storage.



QUESTION

Reactor Core Isolation Cooling System (Continued)

Discuss provisions for manual operation of critical valves in the RCIC and

suppression pool cocling system.
ANSWER

Only the D.C. powered valve in the RCIC turbine inlet steam line is required
to open to put the RCIC system into operation., This valve serves also as
the outboard isolation valve and will be located in an accessible area in
the reactor building. It will be capsble of manual operation from the con-

trol room, although the normal mode of operation is automatic actuation.

All valves in the suppression pool cooling system are accessible and pro-

vided with manual operating features.
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QUESTION

Reactor Core Isolation Cooling System (Continued)

What is the criteria for protection of vital equipment from possible

migsiles from the RCIC turbine?
ANSWER

Vital equipment in the engineered safeguards systems will be located and
arranged so that such equipment is protected to the maximum extent possible
and that a single failure will not destroy the capability of the system to
perform its intended function. Components of each system will be examined

for the potential of the generation of missiles.

The RCIC turbine and pump for Units 1 and 2 aré located in their own con-

i : - + 2 o + ot ale F A B
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safe plant shutdown located within these compartments. See revised Figure

29 as submitted with this amendment.

Turbines of the type used for the RCIC system have shells that are suffi-
ciently strong as to contain any potential missiles. PFailure rates for
these turbines is very low and there 1s no case of a missile escaping the

shell of one of these units.
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QUESTION

F. Reactor Core Isolation Cooling System (Continued)

L. tate the criteria which would determine the time at which the reactor
would be depressurized if the suppression pool coolers became inoperative
during operaticn of the RCIC system. II the suppression pool is allowed
to exceed about 1LO°F (the upper limit of blowdown test data), what is the
basis for assuming complete condensation of steam during a cocolant loss

accident?
ANSWER

Two separate suppression pool cooling systemsvare provided;each 1s capable
of handling the design heat load. 1In addition to the high reliability of
A-C power to the station, either of the two systems can be operated from

the diesel emergencv bus. Therefore, it is highly unlikely that the

suppression pool coolers would become inoperable.

The containment cooling systems will be normally actuated within one hour

after initiation of the RCIC system. As shown in Figure 106%0f the Plant
Design and Analysis Report, the pool will not exceed 140°F due to the
ability of the containment cooling svstems to dissipate the decay heat
being removed by the RCIC. 1In the highly improbable event of a design
basis accident following significant operation of the RCIC system, the

temperature at the end of blowdown would not exceed 170°r.

The upper pool temperature limit at which steam no longer condenses
properly has not been established experimentally, but the tests conducted
at Hanford Operations (described in reply to Nuestion F-3) have shown that

steam quenches without difficultv even at pool temperatures well in excess
of 170°F.

General Electric's experience with both the Bodega and Humboldt Bay pressure
suppression tests indicate that condensation will occur in or near the
temperature range of interest. Initial pool temperatures were varied

during these tests to determine the effect on steam condensation. Vapor

condensation was rapid and complete throughout the entire range tested.
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Humboldt Bay Test #26, conducted with an initial pool temperature of 141%
and the design basis break, resulted in a final pool temperature of 170°F.
Also significant was Bodga Test #39. This had an initial pool temperature
of 120°F and a final pool temperature of 163°F after the design break

blowdown.

Therefore, it may be concluded that the quenching of steam will occur

even at the maximum expected pool temperatures.
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QUESTION

F. Reactor Core Isolation Cooling System (Continued)

5. Discuss the effect of water temperature during blowdown on vibrations
observed in the Moss Landing tests. What stresses might these vibrations
impose on the vent pipes and how would containment integrity and suppres-

sion pool capability be affected?
ANSVWER

In a 1959 ASME paper, 59-A-215, Pressure Suppression Containment for Nuclear
Power Plants, C. C. Whelchel and C. H. Robbins, it is stated that, "Test
results showed that tank vibration began when the water was 120°F - 130°F

or hotter. It was most severe at high steam flows."

¢
Subsequent tests at Moss Landing and at Hanford in connection with the NPR

did not repeat these vibrations with hot pool water. It is concluded now
that if the pool walls and piping are properly designed no excessive vibra-

tions will occur and no significant vibration-induced stresses will exist.

The vibrations observed in the early Moss Landing tests were most likely
the result of hitting a natural frequency of the tank itself. This tank
was made of one-quarter inch plate, 20 feet in diameter and 24 feet high.
In later tests at Moss Landing of the Humboldt and Bodega design the sup-
pression pool wall was comprised of concrete lined with steel plate and the
vent plpes were securely anchored. No significant vibrationg were noted in
the Humboldt or Bodega tests. These tests were more representative of cur-

rent actual suppression pool design.

Other significant results relating to pressure suppression are contained in
HW 68609, NPR Primary Loop - Fmergency Dump Tests, 1961. The tests described
in HW 68609 were run specifically because of the vibration phenomenon which
was mentioned in the 1959 ASME Paper noted above. Hanford ran a number of
tests to determine whether vibration would be excessive in a pressure sup-
pression type system planned and built for NPR. They ran tests with final

water temperatures as high as 200°F and found that vibrations were either

nil or minor.



. F-5-2

Several of the NPR conclusions are guoted below:

"The tests did not uncover any unsafe conditions when quenching hot

pressurized water in pools of subcooled water."

"Serious quench tank vibrations were not observed in any of the runs
which included quench water temperatures of T70° to 200°F. Vibrations
were nil with the dumps of 455° to 600°F water. Minor vibrations
developed during the dumps of 270°/275°F water with the vertical,
horizontal and cross-distributors. Vibrations were also nil with the

ring sparger and draft tube during the 270°/275°F dumps.”

In summary, the results of pressure suppressien tests which have been con-

ducted over the range of parameters of interest to the Quad Cities Units 1

T T and 2 design support i r esign is proper and
adequate to eliminate blowdown vibrations which might impose restrictions on

suppression pool capability.
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6.

F-6-1
QUESTION

Reactor Core Isolation Cooling System

Will sensors to initiate the reactor building emergency ventilation system
be located in the suppression torus to allow actuation of this system

should high activity levels be present due to operation of the RCIC system?
ANSVER

Radiation sensors are not provided in the suppression torus. The suppres-
sion chamber has the capability of limiting the leakage of fission gases
into the secondary containment under peak transient pressure conditions.
During opefation of the RCIC system the pressure difference between the
suppression chamber and the secondary containment will be essentially =zero.
However, if there were leakage of fission gases to the secondary containment
it would be sensed by the radiation monitors in the reactor building exhaust
ducts., The standby gas treatment system is then placed in service auto-
matically on the signal of high radiation in the reactor building exhaust

ducts.



QUESTION

G. System Analysis

1. To achieve consistency in the structural integrity of all components in
the primary system, comparable quality in design and manufacture must be
employed. Due to differences in code requirements, however, it appears
that certain primary system components could be designed to different
quality standards unless additional requirements are imposed. Please sub-
mit the following information on the primary system components:

&, Design specifications, including design life.

b. Vessel classification selected.

c. Lifetime design cycles for each transient

t

d. Reguirements imposed over and above code rules.

ANSWER

The probability of failure of the piping and other primary loop compeonents

1

is approximately equivalent to the failure of fthe react

- or vessel, However,
L i

in order to establish a rational basis for containment degign, the design
basis accident 1s assumed to be the mechanical failure of the reactor pri-
mary system equivalent to the circumferential rupture of one of the msain
recirculation pipes. This by no means was ever meant to infer that pipe

or component rupture was considered credible - this assumption only provided

a rational design approach.

As stated in the Plant Design and Analysis Report, paragraph 2.2.2 on page
IV-2-2, the primary piping system (both recirculation system and primary
steam system to the first isolation valve) is designed, fabricated and con-
structed to meet, as a minimum, the requirements of' the American Stendard
Association Code for Pressure Piping, ASA B31.1 and the applicable State
Regulations which reguire that the piping meet the requirements of Section I
of the ASME Boller and Pressure Vessel Code. In addition, the piping and

valves of these systems must mer* certain additional requirements imposed by

the General Electric Compz:., - . ..:2 specifications. The intent of these
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additional reguirements is to provide piping systems of such quality which
are at least equivalent to the reactor vessel to which it 1s attached. As

with the vessel, the piping system components have a LO year design life.

An ASME Boiler and Pressure Vessel Section I, Power Boiler classification

is used for the piping system since Section III, Nuclear Vessels, specific-
ally exempts itself from jurisdiétion over piping systems. Section I is
used for this specific plant because it is to be located in the State of
Illinols whose boiler inspection laws do not recognize the ASA Code for
Pressure Piping. The National code bodies are working on a Nuclear Piping
Code which, when completed, will serve as a companion to the ASME Section
IIT Nuclear Vessel Code. Moreover, these bodies have agreed that when the
Nuclear Piping Code is issued, piping which is,designed and constructed in
accordance with it will be stamped with a Section IIT stamp. In the interim,

piping systems are designed and constructed to meet the requirements of

Section I, or where permitted by law, are designed and fabricated to the
ASA B3l.1l Code for Pressure Piping plus additicnal requirements which per-

mit it to be classified as State Specials.

The piping system must meet the fabrication requirements of Chapter 6 of the
ASA B3l.1 Code for Pressure Piping. These requirements include an analysis
of the expansion stresses and flexibility. The prescribed method imposes a
stress reduction factor of 1.0 for all full temperature cycles over the ex-
pected life of 7000 or less. ©Since the expected number of full temperature
cycles of the plant is on the order of 100, the unity stress reduction factor
is appropriate. There are no cther life time design cycles which need be
considered for piping systems except in the area of branch connections
through which flow of water at a markedly different temperature may occur.
Where this occurs, a complete thermal stress analysis is made similar to

the manner in which vessel nozzles are analyzed. This stress analysis is
made by the methods prescribed by Section III of the ASME Boiler and Pres-
sure Vessel Code. The allowable stress rules of Section IIT must be met.
Thermal sleeves are utilized in such connections whenever the calculations

establish their need. As with the vessel, firgt-of-a kind configurations
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are analyzed and the results are used to justify the same arrangement in

subsequent plants when geometric symmetry exists and the expected design

conditions are the same.

The following cycles are considered in the reactor vessel design:

Cycle Number
Start-up, 100°F/nr. | 120
Shutdown lOO°F/hr: ’ 119
(Including Steam Space Spray and Flooding)
Blowdown 1000 psig to 160 psig in 10 min. 1
Reduction to 70% Power 10,000
Reduction to 50% Power 2,000
Rod Worth Tests . 50,000
Feedwater Heater Loss 80
Feedwater Flow Loss 80
Scrams (from 1000 psig) ) 200
Turbine Trip Lo
Pressure Excursion to 1250 psig
Pregsure Excursion to 1375 psig
Hydrostatic Test 1562 psig
Hydrogtatic Test 1250 psig 130
Core Spray Nozzle Flow 10
CRD Return Water Stoppage & Re-initiation 250
- CRD Housing Cooling Flow Stoppage and Re-
initiation 50
Sudden Start of Recirculation Loop 10
Back Flow in Recirculation Outlet Nozzle 10
Core Flood Nozzle Flow 10

The General Electric Company purchase specifications for the piping and the

valves impose the following requirements over and above Code Rules:

1. Full penetration welds on all attachments and reinforcements.
2. All inspection, test and fabrication procedures must be submitted

to General Electric for approval.
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Liguid penetrant testin . longitudinal and circumferentisal
welds and the entire surfaces of valve body castbings.
Check analysis of all fitting materials.

N

Backing rings with thelr inherent corrosion trap and incipient
crack are prohibited. All circumferential joints must use con-
sumable insert rings which result in a smooth inner bore, achieving
the equivalent of a double butt weld. '
Special bevel and radius reguirements on all weld preparations to
insure highest quality welds.

Liquid penetrant testing of all weld seams of fabricated fittings.
Complete radiography of all welds, cast fittings and valves.

" and smaller. (Section

Socket welded fittings are limited to 2-1/2
¢
I allows 3").

Perrite control of all austenitic stainiess steel welds and castings.
T

Conty and teat

13.

"1k,

15,
16.

17.

of pipe, fittings and valves,
Heat treatment of cast angteni
initially and after major repalirs.

An allowance for shrinkage 1s reguired on length of austenitic

piping to reduce the weld shrinkage stresses.

s

Heat treabment of austenitic piping is required after hot forming
operationg., In addition, all surfaces must be liguid

tested after forwming operations.

Accepltance stendards for ligquid penetrent testing are more restric-
tive than code reguirements.

All drawings and code calculations of austenitic piping and all
valves must be approved by ilhe Gencral Electric Company.

Liquid penetrant or magnebtic particle examination of all bolting.

In addition, it is Genergl Electric Company's practice to include the major

piping systems in the seismic analyses of the plant by oubside consultants

which have national stature in this field.
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As stated in the Plant Design and Analysis Report on page IV-2-2, the

[0

casing of the reactor recirculation pumps is designed in accordance with

the requirements of ASME Code Section III Nuclear Vessels Class C, plus
certain additional requirements Imposed by the General Electric Company

purchase sgpecifications. As with the piping and valves, the intent bf these
additional reguirements is to provide assurance of a pressure containing
cmponent of such quality which is at least egquivalent to the reactor vessel.

As with the vessel, and the rest of the primary system, the design life is

Lo years.

The recirculsation pumps are classified as machinery, and as such are specific-.
ally exempted from the jurisdiction of any section of the ASME Boiler and
Presgure Vegsel Code or of the ASA Code for Pressure Piping. The Standards

of the Hydraulic Institute are the only standards which are really applil-

cable; however, they sre more cogent to the testing and perfommance of th

punp and consequently provide 1little or no guidance in the areas of casing

guality and structural integrity. Therefore, in order to assure the General

Electric Company and the applicant that the pump casing is azn adequate pres-
sure container, the General Electric Company insists that the pump designers
utilize the allowsble stresses and fabrication rules of the ASME Boiler and
Pregsure Vegsel Code, Section IIT Class C, This Class ig used becausge the
pump casings do not experience the pressure transients and particularly the
temperature transients that the reactor vessels and certain piping connec-
tionsg experience, and therefore it 1s not necessary to make the cyclic

€

analysis required by Class A of Section ITI.

wd

The thermal inertia of the system is so large that the pumps do not exper-
ience the rapid thermsal transients that other portions of the system do.
e use of Class C is a conservative approach because the allowable stresses

of Class C are lower than those of Class A.

The General Electric Company purchase specifications for pumps impoge the

fO'lOWi ng reguirements over and above Code Rules:
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1. 100% radiography of all pressure containing parts to Class 2
standards and of all welds.

N

2. Liquid penetrant testing of the entire surfaces of the pressure
containing parts and all welds.

3. Submittal for approval of all inspection, test and fabrication
procedures.

L., Tiquid penetrant or magnetic particle examination of all bolting
which Join pressure containing parts.

)

5. ©Solution heat treatment and ferrite control of all pressure con-
taining castings.

6. Full penctration welds on all attachments and reinforcements.

7. Controls are established for descaling, cleaning and hest treat-
ment of castings. l

8. Heat treatment of castings after major repairs.

s
9. Acceptance gtandards for ligquid penetrant testing are more restric-

tive than code requirements.

[
]
@
s
e
o
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10, Drawings and code calculy must be approved by the General

Electric Company.
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QUESTION

In view of the influence of in-service inspection and testability
on the vessel and primary system design, please provide the
inspection and testability criterion for the primary system and
its bases. In particular, discuss the proposal to limit vessel
hydro-tests during the service life to 80% of design pressure.

ANSWER

Definitions: For clarification purposes, the

ant desires tocefine "in-service'" as that period in

fe of a nuclear generating unit for which an operating
license is obtained, i.e., after construction and before
retirement. Therefore, in-service is applicable to the reactor,
the primary system and the unit commencing with the issuance
date of the operating license and has no bearing upon whether
the licensed unit is operating or is not operating.

1

»

C
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For further clarification, in-service inspection and
testability can be subdivided further into (a) in-service
surveillance and (b) in~service testing.

(a) In-service surveillance can be accomplished
while the unit is operating by the study of operating records
and performance of operating tests. OCperating records can
be obtained from instrument logs or, in the case of the
reactor pressure vessel material, from "surveillance samples™

.of the actual materials of construction of the vessel,

strategically placed in the vessel prior to the start of
operation and removed during outages for physical tests to
provide specified "in-service" condition information.

~Operating tests can be carried out, in many cases, without

interrupting or stopping operation of the unit.

(b) In-service tests may be performed during outages,
i.e., when the unit is not operating. These tests, made to
demonstrate the pressure integrity and operational condition
of the parts of the various systems will also demonstrate
these characteristics of the systems and the unit. For
example, specified welds in the recirculating water, feed-
water and steam pi
inspected for exte

n

et

ping systems can be uncovered and visually
rnal cracks or other signs of distress and
visual inspection can be augmented by ultriasonic, dye-
penetrant, magnetic particle or gamm2 radiographic examination,
if in the opinion of the inspector, use of these non-destructive
testing methods is warranted. Pumps can be run to check their
pressure integzrity and operational ability and valves can be
pressure tested and operated to gain similar information



Specified areas of the inner and outer surfaces of the reactor

. vessel can be visually 1n50€ct€¢, directly or remotely using
“optical aids and this visual inspection can be augmented with

one or more of the previocu gly named non-destructive test

methods if the inspector thinks it is desirable. The previously-
mentioned (under {(2) above) tests of the pressure vessel

material surveilllance samples are intended to supp?eﬁent and
augment the information gained by direct examination of the
vessel and reduce the need for direct examination to a minimume

Criteria

1. In-service testing will be performed at sp631fled
intervals.

2. laximum use will be made of the design and
manufacturing staffs and facilities of the organizations
furnishing and installing the parts of the various systems
to Spec1fy and assist in the performance of the necessary

tests throughout the service life of the unit.

3. In-service tests will be designed and performed
to demonstrate the functional ability and integrity of
the operating parts of the systems and the pressure
1ntegz;uy of the systems in their entirety or of those
affected parts whnen their function in the univs operation

requires pressure integrity.

L. . Records of the results of the in-service
-inspections will be prepared, studied and kept available
for study by others so that trenés can be recognized as
they develop during the service life of the equipment.

Bases

1. In-service inspection and testing will be carried out at
specified intervals to assure safe future operation. The
development of records of results from these tests will
provide us with a basis for forecasting the continued safe
operation of the unit.



2. The use of the equipment manufacturers and ihstallers,
staffs and facilities to develop and perform in-service
inspections with our engineers insures their continuing
interest in the service life of the equipment as well as
assuring us of obtaining the benefits of the latest
developrnents in the wvarious arts of manufacturing, inspec-
tion, installation, etc., contributing to the equipment at
our time of purchase and throughout 1ts life. It will
also be beneficial to the manufacturers and installers
as they will be provided with information regarding the
pexrformance of their equipment throughout its operating
life which will help them to design better equipment for
future uniis.

3+ The in-service tests necessary for safety assurance, not
only for ourselves, but also for the various regulatory
agencies will have to be carefully considered during the
design of the units so that necessary access, readily removed
and replaced insulation and shielding and significant num-
bers of points of inspection can be provided. Further,
piping systems will have to be provided to furnish facilities
for in-service and in some cases operational demonstration

of the pressure znd operational integrity and abilily of
selected punps and valves.

b The development and recognition of trends in operating
performance of eguipment is of major importance for plan-
ning purposes. fogt of the units parts are not shelf
items and maintenance and replacenment must be carefully
planned for the future to maintain maximum availability
and as a2 corrollary, safety.

The same importance, but with safety foremost, attaches

to the recognition of trends developed as a resuli of
in-sgervice inspection of the parts of the systems which
comprise the unit for pressure integrity. The excellent
design, fabrication, manufacturing and erection efforts that
will contribute to the superior initial condition of ithese
systems must be continued throughout service life of the
unite. .

-

Proposed Hydro~Tests Pressure .

The design of the Dresden 1 system required the use
of 1000 psi as the nominal operating pressure and the early
state of the nuclear art dictated the choice of 1250 psi as
the design pressure. although this established a much wider
range than had been considered normal in fossil equipment, it
gave ample room for changes that might be dictated by operating
experience.
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ed Hydro-Tests Pressure {cont'd)

i When testing
involved removal and rep
pressure containing clos
operating pressure {1000 psi
to test for tightness. This use of the nominal operating
pressure (1000 psi) as a hydrostatic test pressure for
tightness, before returning the unit to service after an
outage, has been accepted by the State's and the Insurance
companies! Boiler Inspectors because the 1966 edition of the
Boiler Safety act and Boiler Rules and Regulations of the
3tate of Jllinois, Section 7, Part 6, Page 51 "Hydrostatic
Pressure Tests" under "Note'" reads:

ter an outage which hes
the vessel head or another
is reasgsonable to use the

"Note: When hydrostatic test is to be applied
to existing installations, the pressure shall be as
. follows:

n

(a) ™"For all cases involving the question of
tightness the pressure shall be equal to
the release pressure of the safety valve

> T 2 ~ v ~ »
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This is the background of the proposal to limit

vessel hydro-tests during the service life to 80% (1000 psi/1250 psi =
80%) of design pressure.

The inspector and the operator performing a hydro-
static test for tightness during the service life of the
vessel are only concerned that the vessel and its parts do
not leak during operation. Safety valves are set to relieve
at pressures no lower than the maximum working pressure
(1080-1120 psi for Dresden 1) or design pressure. Demonstrating
tightness does not r equire raising the pressure of the equipment . ‘
so high that the safety valves operate. Further, a great '
deal of damage can be done to the seats of the safety valves
if foreign objects are on the seating surfaces and the valves
are gagged (mechanically restrained) so that t heir seating
surfaces are overly Jjammed together. In the case of nuclear
units, there is an additional feature which makes discharge
of the safety valves undesirable: it is the fact that the
safety valves discharge into the containment and the clean-
up after such a discharge would be very difficult and expensive,

Note: Dresden Unit #1 safety valves were tested
and set on a fossil fuel boiler at Joliet Station
to avoid discharging them into the containment at
Dresden. At present, they are being tested and set
using nitrogen in the test set-up outside the
containment at Dresden. The use of the test installation
at Joliet Station is now limited to setting blow down
rates on repaired or rebuilt valves., All of this
testing has been carried out with the approval of the
Insurance companies! and the State's Boiler Inspectors.
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QUESTI ON

G. System Analysis (Continued)

<

design basis energy removal capability for the shutdown cooling
system., If the shutdown cooling system takes water from only one recircula-
tion loop as indicated in the drawings, provide the basis for this design

change.
ANSWER

The design basis energy removal capablility for the shutdown cooling system
is equivalent to the decay heat being generated in the core at the time the
shutdown systen is put in operation. This decay heat value is approximately
.15 - .80% of full reactor power. The system is designed to be capable of
removing not only the decay heat generated id the core, but also the sensi-

ble heat which is present in the vessel, piping, and the primary fluid.

The shutdown cooling sgystem volume flow requirements for the Quad Cities

units permit the use of a single suction line of adequate diameter. This

%%§ ig not considered a design change, as other General Blectric Boiling Water
reactors have this same feature.
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QUESTION

G. System Analysis (Continued)

L. Discuss the reason for the lower control rod worths specified for this

plant.
ANSWER

It is assumed that the question is concerned with the control rod system
worth entered in the reactivity balance in Table III-1-1 in the Plant Desgign
and Analysis Report. This shows a control rod system worth of -.17 ak.
Previous tables, such as the one submitied for Dresden Unit 3 indicated a

system worth of -.18 Ak.

£

Reactivity balances are not unique representatijons of the system because
the reactor conditions assumed can affect the magnitude assigned to each

Ak increment. The design process does not use, or result in a reactivity

balance. Balances are, therefore, only & ide.
b b o »

The change in the system worth is a direct result of the change in the

E . . 4 1 . .
@%g basic fuel k . Since there has been no physical change in the control

blades, the effect of the system expressed as Ak/k, to a first order
approximation, is independent of the basic k_ . Thus, if the basic k
decreases, the Ak due to control will also decrease to maintain a constant

Ax/k.

It should be noted that the design shutdown margin is unaffected by this

change.
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QUESTION

System Analysis Continued
S ¥

Discuss the ability of the systems provided for core cooling and inventory
control to provide protection for the core over the entire spectrum of

primary system breaks up to the design basis break.
ANSWER

As noted in previous applications of Commonwealth Edison Company for con-
struction permits and facility licenses, the Dresden Units 2 and 3 (AEC
Docket Nos. 50-237 and 50-249) and the Quad Cities Station Units 1 and o
(ARC Docket 50-25L) are substantially similar in design. Each unit will
utilize a single cycle, forced circulation, boiling water reactor furnished
by the General Electric Company. Amendment Nd. 5 to the Plant Design and
Analysis Report for Dresden Unit 3 dated August 12, 1966, presents s
EMETEENCy
core cooling which are designed to assure adéquate core cooling over the
full spectrum of postulated primary system losg of coolant accidents.
Those systems have also been incorporated into the design of Quad Cities
Station Units 1 and 2 and include the following with reference to the
appropriate section of the Flant Design and Analysis Report for Quad Cities
Staﬁion Units 1 and 2:

Section Reference in

Unit 1 and 2 Plant Design
Item and Analysis Report
High Pressure Coolant Injection System VI-9.0
Low Pressure Coolant Injection System VI-7.0
Core Spray Systems VI-6.0
Primary System Relief Valves IV-3.0
Emergency Coolant Supply System - VI-10.0

An exception to the above is the provision for use of the isolation con-

densers in Dresden Units 2 and 3, and the reactor core isclation cooling

e

nits 1

systems in the Quad Cities

o
&

d 2. However, the performance require-

N

[N

ol re the

Q

W

ments with respect to core ¢ ng

(7]
¢4}

ame for the two different systems.
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The integrated ability of these systems to protect the core under postulated

coolant loss conditions has been fully discussed in the aforementioned
amendment No. 5 for Dresden Unit 3. Such analyses and discussions are
3

equally applicable to Quad Cities Station Units 1 and 2.




QUESTION

G. System Analysis  (Continued)

6. Discuss design provisions to limit leaksge of the vessel shroud due to

d
thermal stresses during core flooding and thus maintain the integrity of

the "inner vessel".
ANGWEF

Two types of Jjoints connecting the jet pump diffusor to the shroud support
are being considered to insure that any potential leakage is within design
limits. That is, the leakage around the seal will be egual to or less than

3,000 g.p.m. when the water level is at the two-thirds core elevation.

One joint incorporates a welded construction utilizing a flanged stainless
steel insert welded to the hole in the shroud support. In the event that
some separation between the insert and shroud support would be initiated
during core flooding, the flange would limit the leakage path such that the
total integrated leakage would be within design limits. The connection of

the jet pump to the insert would be at a sufficient distence from the

shroud-insert Junction that any deformation of the shroud support plate

would be sufficiently attenuated at the connections to minimize tearing.

The second method of connection being congidered incorporates a mechanical
joint allowing relative motion between shroud support plate and jet pump
with a minimum of restraint. One method by which this can be accomplished

is threading the outer diameter of the jet pump and threading two collars

one above and one below the shroud support plate effectively clamping the

jet pump diffusor to the shroud support plate. (The jet pump would not be
threaded to the shroud support plate.) In this manner, relative motion
between collars and shroud support plate can occur without a gross distortion

of the jet pump body.

Both of the above designs can insure thalt the leakage is within design limits
if the core flooding system is activated. The mechanical Joint is as of this
date the preferred design. Analyses of the static and dynamic structural

effects of the mechanical Jjoint on the jet pump assembly are needed before a

o

%
.
Uk

o

final selection can be made.



System Analysis (Continued)

-

Discuss the use of a single header beneath the suppression pool as a water
source for several core and conbtalnment cooling systens. Are the relia-
bility of the several systems compromised by use of this single header?
What design criteria and protection are specified for this component?
Provide the reference design of the screened intakes to this header and
discuss the basis for the number of intakes versus the number of systems

served.
ANSWER
The header beneath the suppression pool is consideved a logical extension
of the pressure suppression chamber and, as suchy must meet the same design
criteria, surveillance, and testing as the primary containment. (See

Section V-1.0).

The suction piping is constructed of heavy-walled pipe firmly supported

from the lower portion of the suppression chamber al fifteen positions

around the circumference. Maximum protection of the suction pipe is afforded
by its physical location; i.e., adjacent to the suppression chamber in a room

containing no high pressure piping or mechanical equipment.

A single header design with three penetrations to the suppression chamber
was chosen to provide selection flexibility of specific equipment suction
pointg. It is considered thal the reliability of each connected cooling
system is not compromised by this arrangement in that the suction header is
strong, located in a highly protected area, and subjected to the same design,

inspection, and periodic testing as the adjacent suppressicn chamber.

Three intakes, 120° apart, are provided in the header. Stainless steel
strainers located on each intake are designed to screen out particles’
greater than 1/8 inch diameter. EFach of the three intsakes will be designed
to handle the total suction reguirements of the low pressure coolant injec-
tion system and one core spray system at a total maximum entrance head loss
across the screen of one foot of water. The total designed suction capacity
of the header system is over twice the total flow demand from the connected

cooling systems.
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QUESTION .
H. Accident Analysis
1. Provide an analysis of the consequences of violation of the secondar ary con

tainment by tornadic action as a function of time after the design basis

D

accident.

ANSWER

Based upon data relating to varlation In tornado fregquencles in specific
locations in the United States, compiled by the U.8. Department of
Commerce - Weather Bureau, it is estimated that the mean recurrence
interval for z tornado striking the OQudd-Cities site is of the order of
500-700 years. This low probability of GCLL?TC&CE of a damaging natural
phenomens, coupled with the extremely low a?cbability of a postulated
mechanical failure of a recivculation pipe in the drywell, results in an

insignificant probabllity of simultanecus occurrence of both events at

.

the same place at the same tiume,

However, the question has assumed that such an event occurs., If a tornado were
to strike the reactor bullding, it has been calculated that damage would

result to the superstructure above the operating floor. It is expected

that the steel panels of the building might be torn away from the struct-

ural steel members of the building. The massive rveinforced concrete walls

a

below the opervating floor would not faill., Thug the reactor buillding and
standby gas treatment system would be partially or totally ineffective for
fission product retention and elevated release. Several design basis
accidents ave postulated as a2 weans of evaluating the effectiveness of

the enginserved safeguards for mitigating accident consequences.

Table I-6-1, page I-6-11 of the Plant Design Analvsis for Ouad-Cities

Units 1 and 2 summarizes the maximum offsite doses from postulated accidents.
For the design basis accidents these doges, representing maximum off-site
exposures, range from 3.6 x 10~4 to 3.0 x 10"3 rems thyrold and from 8.6 x

-4 )
10 to 8.3 x 10 7 rems whole body

Based on calculations performed for Dreaden, Ouad-Cities, and other similar

reactor plants, the effect of the stack and the standby gas treztment
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)

system is to reduce the thyrold dose by a factor of about 2000. Similarl

I3

the 8tack reduces whole body dose by a factor of about 10 under postulated

accident conditions. Thus for the accident case cited above the whole
body dose for the worst case accident would be increased to approximately
0.8 rem, and the thyrold dose would be increased to approximately 6 rem.
These values are still approximately a factor of 30 to 50 below the guide-
line wvalues of 10 CFR 100.

W



H-2-1
QUESTION

Accident Analysis (Continued)

What is the maximum permissible radiocisotope inventory in the waste storage
tanks? Describe the environmental consequences of failure of the closure
valves to the stack and the environmentasl consequences of a tank leak,

resulting in a ground level release,.
ANSWER

The total capacity of the waste storage tanks is 130,000 gasllons and the
maximum concentration is 10'3)gy%u” Therefore, the maximum radioisotope
inventory, assuming that all the tanks are full at the same time, would be
about 4.9 x 1071 curies.

¢
The question of the mobility of the stored wastes is discussed on page

VII-L-L, as revised on August 18, 1966, of the Quad Cities Station Plant

Degign analysis. If a leak were to occur in a tank outside the building,
the liquid would be confined to the area of the tank by a retention curb,
A drain leads from the retention pad to the discharge canal which is pro-
vided with a continuous water sampler. If that were to happen, the concen-

tration of wastes in the canal would be less than 10-7/nC/ml.

The vents on all the storage tanks are not fitted with closure valves but

have breather pipes which are equipped with high efficiency filters.

.
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QUESTION

Accident Analysis (Continued)

Please provide an analysis of the physical consequences of a refueling
accident wherein a fuel bundle is dropped into a just-critical array.

We believe that an analysis of the potential effects on the secondary
containment should be considered (not withstanding the small probability
of the accident) because of the magnitude of the consequences if the

containment were violated.

This hypothetical accident has been analyzed using the basic excursion

. 1.
analysis models developed at APED ¢
peutron kinetiecs modetindicates € peak fuel enthalpy at the.

termination of the prompt power burst is approximately 400 calories per

gram. This model alsco calculates that approximately 450 kg of fuel has
enthalpies above 170 calories per gram. For this fuel, approximately
260,

000 BTU must be transferred to the water to subcool the fuel to 100

calories per gram below the melting point. The rate at which energy is

transferred to the water as a function of time was calculated using the

fuel failure model and a characteristic thermal time constant for finely

Y

dispersed fuel.

A thermodynamic-hydrodynamic analytical model was then used to calculate the

steam generation & water expulsion assuming that the energy released by the

dispersed fuel was transferred uniformly into the water contained in the cell

associated with the failed fuel pin.

1.

"Nuclear Excursion Technology'", H. A. Brammer, R. J. Mc Whorter,
J. E. Wood, Seminar tc members of Licensing and Regulatory Staff and
Advisory Committee on Reactor Safeguards, June 11, 1965,
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Figure 1 shows the resultant water spillage following the nuclear
excursion. The meximum surface velocity of the water in the reactor
well is approximately 16 feet per second. This produces a water

spillage rate of approximately 20,000 cubic feet per second.

At the termination of the hydrodynamic disturbance, approximately
3000 to 5000 cubic feet of steam at 40 to 60 psia will be in the core
of the reactor. It is anticipated that the bulk of this steam will
condense as it diffuses through ﬁhe 40 to 50 foot water column

remaining in the vessel and reactor well.

Based on this analysis, no structural damage to the vessel or refueling

building is expected to occur.
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. H-4-1
QUESTION

Accident Analysis (Continued)

Justify the identification of the height of the steam cloud after a steam
line break with the BNL data which were for small explosions. What energy

dissipation effects of the turbine building have been taken into account?
ANSWER

A copy of the BNL explosion test program or data resulting from such a
program as referenced in the question is currently unfamiliar to the appli-
cant. Until such data relating to small explosions have been obtained and

analyzed, no comparison can be made of steam clouds and explosion products.

A previous discussion of the abllity of a steam cloud to rise subsequent to

release from the turbine building is contained in the Dresden Unit 2 (A%C

Docket 50-237) Plant Design and Analysis Report, Amendment No. 2

Y E333 = AR RSt SAREssATI 8 Y Ua T pagti

III-4-2, question ITI-U-C. In these evaluations, no credit has been taken
for energy dissipation by or in the turbine buﬂldlpg, or for platecut or

washout of halogen in the turbine oulldlpg



QUESTION

H. Accident Analysis (Continued)

5. Discuss the ultimate capability of the reactor vessel to retain
portions of the core which are released to the lower plenum as a result
of partial ineffectiveness of the spray system. Could this quantity

be increased significantly if the sacrificial shield were flooded,
allowing heat transfer from the control rod drive thimbles? VWhat
amount of the core, including UOZ’ could react before the containment

reached its design pressure?

ANSWER

Even though the design basis requires the provision of engineered safe-

guards with both redundancy in equipment and technique for emergency

cooling so as to preclude situations of partial ineffectiveness of
emergency cooling for loss of coolant situations, evaluations of the

primary system behavior in the more degraded partial effective safe-

guard condition were made.

In attempting to determine the tolerable percent core meltdown for a
particular set of conditions, the following are the more important
parameters which must be considered: Area onto which the melt would
fall; thickness of‘@elt, conductivity of melt; allowable vessel structure
temperature; fraction of fission products remaining in the melted fuel;

and the time after scram from an assumed full power coperation,

Because of the difficulty of establishing a realistic mathematical model
and lack of appropriate phenomenological information on which to base
such a model, any estimate must necessarily remain speculative and highly
qualified. The model examined is as follows: The molten core portion
consisting of a mixture of U02 particles, zircaloy and stainless steel,
falls to the bottom of the vessel into water at a temperature of 250°F.
The bottom of the vessel is insulated,precluding effective vessel cooling.
;%%% Heat is removed by conduction through the melt and through the surface

film boiling coefficient under quasi-steady state conditions.



For this model and the stated assumptions, the interrelationship bet-
ween percent of core melt and the volume of melt at the bottom of the
vessel can be established. If no heat is transferred through the vessel
structure on which the melt falls and if film boiling is always present
on top of the melt (as will be the case for the heat fluxes of interest)
a temperature drop across the thiéknoss of the melt and the vessel wall
temperature can be determined as a function of the melt power density.
The power density in the melt is a function of the fraction of fission
products remaining in the melt, and the time after scram. Thus, all the
pertinent variables can be related in a manner to obtaln a solution

over a range of the possible values of the variables and the physical

properties of the melt.

The amount of fission products remaining in the melt was estimated to be

in the range of 50 to 80% and an effective mélt conductivity was'estimw
ated to be between 2 and 6 BTU? Hr ft. for the Zircaloy, stainless
steel, UOZ, mix. An allowable vessel wall temperature of 1200°F was
selected as a reasonable limit. A time after scram between 1 and 4
hours was considered appropriate for a partially effective core cooling

case.

Throughout the range of variables, it was determined that the probable
range of in-vessel melt retention capability would be between 5% and

15% of the total core inventory.

Since the reactor vessels are well insulated, immersion in water does not
have significant effect on the heat loses out of the vessel. Heat would
have to flow by conduction through the vessel wall and then through the
reactor vessel insulation or to the control rod thimbles and thén to

the water surrounding them. Since the thimbles are occupied by con-
centric cylinders with water spaces between them and because the portion
of the core festing on the vessel must be below melting temperatures if
vessel integrity is to be maintained, most of the fin effect will be due

to the outside cylinder of the thimble,



The thimbles represent about 187 of the area under the head. Thus,

even if their fin efficiency were as high as 200%, the net effective

heat transfer area added to the vessel would only be (1-.18) 4+ (.18x2)=
1.18, or 18% increase in area. This would be equivalent, then, to having
roughly 207% of the bottom head exposed to the heat sink and the other

80% insulated. 1f this heat transfer process through the bottom head

by fin effectiveness were as efficient as the heat transfer occurring

out of the top surface of the melt, the amount of core melt that

could be tolerated without vessel fajilure would be increased by only 207%.

A chemical reaction of U02~H20 can éccur under ideal conditions, but the
kinetics of the reaction are relatively slow in the temperature range

of interest. Markowitzl has examined the possibility of a UOz—HZO reaction
and recognized that the oxidation of U02 by water was thermodynamically

reversible and that U0, could be reduced to U0, if hydrogen were

2+ 2
present. He concluded that "—-eww Vhile oxidation of U02 can proceed
in an atmosphere of pure steam-—--~-a trace of hydrogen inhibits the

3

reaction; a partial pressure ratio of hydrogen to steam as low as 10
can make the mixture reducing----'"", that is, as little as 0.1% of
hydrogen in the steam will suppress the reaction completely. Essentially,
the same conclusion was also reached by investigations at the Argonne

o

. 2 L e .
National Laboratory. However, even if the reaction were to occur, the

B

maximum amount of hydrogen associated with the complete reaction of U02

to the end point oxidation state (U0 ) amounts to only an 8% increase

2.17
of that associated with the zircaloy-water reaction for any given portion
of the core. Conservatively assuming that the energy release is the same
for both, the containment capability3curves would shift downward approx-
imately 87 of the value shown. For an upper limit case involving a

hydrogen release of two hour duration, the containment capability would

drop only from 65% to 60Z.

1. Markowitz, J.M., "Internal Zirconium Hydride Formation in Zircaloy
. Fuel Element Cladding Under Irradiation." Report #WAPD-TM-351, Bettis
Atomic Power Laboratory, May, 1963. pp. 26

2. Adams, R.M., Glassner, H., Reactor Development Progress Report, ANL-7115
October, 1965, pp. 81-83

3. Figure 108, Quad-Cities Plant Design Analysis, Volume II

\
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QUESTION

Accident Analvysis (Continued)

To what level could the containment be flooded before design pressure was
reached due to compression of non-condensibles after a 257 metal-water

reaction?

ANSWER

The design basis for the Quad-Cities Units 1 and 2 emergency core cooling systems
is to prevent fuel clad melting for the postulated loss-of-coolant accident., This
is accomplished by means of.several engineered safeguards features with specific
performance characteristics to achieve the design function over a complete spectrum
of postulated break sizes. These engineered safeguards include the two core spray
systems, the low pressure coolant injection system, the high pressure coolant

[ 4
injection system, automatic relief valve actuation, coolant water availability

and emergency electrical power.

The results of calculations and experimental work provide a basis for the firm
conclusion that fuel cladding can be maintained below melt temperatures with the
above emergency core cooling systems, and that the extent of metal-water reaction
under accident conditions would be approximately 0.5%. As noted on page VI-6-2
of the Plant Analysis Report for Quad-Clties Units 1 and 2, this metal-water
reaction would result in a hydrogen concentration in the primary containment

of approximately 2.5%, and would provide & minor contribution to containment

pressurization.

]

A 257 metal-water reaction is not considered as the design baéis for the contain-
ment because of the core cooling systems provided for this station as noted above.
However, if it is postulated that an amount of hydrogen equivalent to a 25% metal-
water reaction were introduced in the containment, the drywell could be flooded

to within about 10 feet of the bottom of the reactor vessel as shown in Figure H-6-1
This assumes isothermal compression because the time required to compress the gases
is sufficiently long that most of the heat of compression will be dissipated, The
water temperature will be approximately 100°F. Neither decay heat mor stored

vessel heat significantly affects the water temperature. At this water elevation,
the stresses at the bottom of the suppression chamber would reach the design

pressure of 62 psig.

In the absence of hydrogen, consistent with the core cooling systems provided, the



’ H-6-2

‘containment can be flooded to about five feet above the bottom of the reactor

vessel.

If the containment non-condensibles were released in a controlled manner, the
water level in the drywell could be raised to flood the reactor core without
exceeding yield point stresses. Hydrostatic loading 1s recognized as being a
different type of load than a simple gas pressure loading and this is considered

in the design specifications for the containment.
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QUESTION

H. Accident Analysis (Continued)

7. Discuss the magnitude of nuclear excursions which might: (a) impair-:
the effectiveness of core quenching systems either by movement of the
core or damage to piping or shroud or (b) cause vessel rupture. Could
the excursion which caused damage to the vessel internals result in a

loss of primary system integrity?

ANSWER

It should be understood that a preventative design approach is taken with

respect to nuclear excursions. A limitation has been placed upon the

¢
amount of excess reactivity and the rate at which it can be added to the

core, rather than designing to contain a specific nuclear excursion

Thus, sufficient safety barriers (housing ‘supports, rod worth minimizer,
velocity limiters, plus operator procedures)‘have been provided to

preclude an excursion of such magnitude that could cause serious mech-
anical damage. However, these considerations have been in the interest

of defining specific functions, i.e., the spectrum of excursions, energies,,
and pressures, and probability of mechanical failures. Specific contain-
ment design bases and concepts for these exercises have not been set for

this type of accident. ’

With this in mind, the following values have been established:

Given a 2.5% 8k rod at hot standby and withdrawal velocity of 5 feet/

second, the resulting excursion yields an energy release of 4000 MW-S,
and a peak fuel enthalpy of 220 cal/gm and only minor fuel damage. As
previously reported*, the resulting pressure rise across those reactor
internals critical to the core cooling systems was only a few psi.

Therefore, the core cooling systems would remain unimpaired.

If a higher reactivity addition rate was considered possible, the energy
release would approach 7600 MW-S, with a peak fuel enthalpy of 340 cal/gm
and probably a significant pressure rise. The behavior of the coolant
(transient heat transfer, vaporization, pressure pulses, water slugs)
in this transitional range is not well known and would require additional

analytical aﬁd experimental work. A small amount of the fuel may be damaged
*Plant Design and Analysis Report, Dresden Units, Amendment 5
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and some dispersed, however, not resulting in prémpt dispersal or a fine
fragmentation. The rate of pressure rise is more rapid than in the 4000
MW-S excursion, but nct in the realm of a pressure pulse or water slug.
The pressure rise for this postulated condition cannot be accurately
calculated using presently available models. Some internal structures
may be damaged if significant fuel dispersal were to occur, hovwever,

the primary system remains intact.

However, with no primary system damage, supplementary core cooling is

not required to limit further core damage. The LPCI and HPCI systems

remain capable of injecting water into the primary system in addition

to a core spray operating capability.

If, for example the heat produced from the latter excursion were to be

transmitted to the water through the fuel timé constant, i.e., insignificant

dispersal) calculations indicate that the peak tramsient pressures
occurring across any of the structural components are under 15 psi, more
than a factor of ten under the lowest capability of the internal

*
structures., (Table II 3.2-1).

An excursion producing an energy release of 21,000 MW-S and a peak fuel
enthalpy of 470 cal/gm would result in a prompt dispersal of a small

amount of finely divided fragmented fuel, producing an undetermined

~ but high pressure transient rate and probable damage to the internal

structures and pessible the primary system as well. The maximum pressure
rise rate, determined by the peak fuel enthalpy in this excursion range,

is not dependent on total energy release. However, severe vessel move-

ment is not probable in view of the large forces required (Figure II 3.3.8).
Hence, it is probable, since the piping may remain intact, that the core

cooling systems retain significant capability to cool the core.

Additional analyses in this area is being performed. The staff will be

advised of any significant conclusions.



accident Analysis  (Continued)

If one class of instruments (such a- luvel detectors) did not function
during an intermediate sized breal, could the initiation of low pressure
systems be delayed? What assurance is there that vital instrumen®s will

work on diesel power?

ANSWER
It is improbable that instruments that are a part of the reactor protection
system would not function as required since such instruments must comply with
the design basis for that system. However, as presented in Amendment No. 5

of the Dresden Unit 3 Plant Design and Analysis Report, Table I1.3.9-1

Intermediate ﬁreaks, the time delay for initiation of the low pressure

systems 1s a function of the break area. To summarize herein, the follow-

ing are the delay times: )
S

Additional Time to

Break Area - ft2 Uncover Core, Minutes
0.03 30
0.06 20
0.15 6

The actual sensing of low-low level is a prerequisite to initiation of the
core and containment spray systems. Thus, if all level switches are assumed
to fail in the "normal condition, then low pressure alone could not initiate
spray action. However, manual operation would not be affected, and could be

used to actuate the systems.

The only instruments associated with the initiation of the core and contain-
ment spray systems are relays which inherently have a very broad voltage and
frequency tolerance. The sensing devices are direct acting mechanical de-
vices, thus no power supply sensitive equipment is involved. Furthermore,
it is most probable that the relays involved will be powered from the

station battery rather than the emergency diesel power.





